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Preface

This text presents the use of protein electrophoresis
of serum, urine, and cerebrospinal fluid in clinical
diagnosis. It is a revision of two previous books on
this subject with several substantive and many
trivial changes. The title has been changed from
High-Resolution Electrophoresis and Immuno-
fixation: Techniques and Interpretations to the
present one in recognition of the fact that the infor-
mation in this book may be useful to individuals
who interpret a wide variety of electrophoretic gels
(high-resolution or not).

There have been several significant changes in the
field since the second edition of High-Resolution
Electrophoresis and Immunofixation: Techniques
and Interpretation was published in 1994 by
Butterworth-Heinemann. That text was largely
written in 1993, making it 10 years old at the time
of publication of this book. At the time the second
edition was written there was no high-resolution
technique available that provided automated or
semi-automated methods for laboratories with a
large clinical volume of testing. There are now
several products presented, with examples. Some of
them are gel-based, others use capillary zone
electrophoresis. Some automated gel-based systems
have achieved an excellent degree of resolution that
allows efficient performance of high-quality tech-
niques by even moderately sized institutions. At the
time of the second edition, capillary zone electro-
phoresis itself was quite new with no methods avail-
able that had been approved for use in the clinical
laboratory by the Food and Drug Administration. I
discussed it only briefly. Now two such instruments
are already in place in many laboratories and there
have been several publications about the advan-
tages, artifacts and limitations of these techniques.
Improved resolution especially of protein bands has

resulted in better detection of bisalbuminemia by
laboratories using capillary zone electrophoresis.
That technique also has enhanced our ability to
detect genetic variants such as o,-antitrypsin
inhibitor deficiencies (PiZZ and PiSZ) as well as
benign variants.

In addition to technical advances in the general
detection and quantification of specific proteins, the
techniques available to identify the monoclonal
proteins have also changed significantly. Immuno-
subtraction using capillary zone electrophoresis was
not even mentioned in the second edition. Now,
immunosubtraction by automated technology is
used in many laboratories that employ capillary
zone electrophoresis. It is highly efficient, but suf-
fers from a lack of sensitivity and flexibility when
compared with immunofixation. This is discussed
in the present text. For laboratories using some of
the newer semi-automated gel-based techniques,
semi-automated immunofixation is now available.
Beyond the instruments, there are new reagents
available such as the ‘Penta’ (pentavalent) reagent
that one company supplies as a potential screen for
monoclonal proteins. Immunoselection was also
just touched on in the second edition. Now that vy
heavy chain disease is more readily recognized, a
broader discussion of immunoselection is provided.

Advances have also been made in reagents avail-
able for measurement of monoclonal free light
chains by nephelometry in both serum and urine.
Recent publications indicate that measurement of
free light chains in serum may be useful not only to
follow patients with known monoclonal free light
chains (Bence Jones proteins), but also to assist in
the difficult diagnoses of amyloid (AL) and even
non-secretory myeloma. This is discussed in
Chapters 6 and 7.
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In the second edition, high-resolution agarose gels
were preferred for detecting oligoclonal bands in
the cerebrospinal fluid from patients whose differ-
ential diagnosis included multiple sclerosis. Now,
the recommendation is the use of isoelectric focus-
ing or an immunofixation technique to identify the
bands as immunoglobulins. One company cur-
rently offers a semi-automated immunofixation
method for detecting oligoclonal bands (O-bands)
in cerebrospinal fluid on unconcentrated fluid.
There have also been improvements in the detec-
tion of leakage of cerebrospinal fluid into nasal and
aural fluids; these are discussed in Chapter 8.

Beyond technical issues, there have been improve-
ments in our knowledge of proper utilization and
interpretation of protein electrophoresis when
searching for the presence of a monoclonal
gammopathy. In 1998, the College of American
Pathologists Conference XXXII convened a panel
of experts to provide recommendations for the
clinical and laboratory evaluation of patients sus-
pected of having a monoclonal gammopathy.
These guidelines were published in 1999 and
provide an important framework that emphasizes
the partnership of clinicians with laboratory
workers.

Urine evaluation has improved with the newer
technologies and has been complicated by some
current procedures. For example, individuals
receiving a pancreas transplant may have the
exocrine pancreas drainage empty into the urinary
bladder. As discussed in Chapter 7, this results in -
migrating bands that may be mistaken for
monoclonal gammopathies. They are exocrine
pancreas secretions.

The method I suggested in the first edition and
expanded in the second for tailored reporting with
detailed sign-outs has been improved by feedback

from our clinicians. Our current sign-outs are pre-
sented in tabular form and readers are encouraged
to use them if they wish.

A couple of concepts were removed from this
edition. The technique of two-dimensional electro-
phoresis, while useful in research has not caught on
in the clinical laboratory and is not discussed in
this volume. Further, the indirect immunofluores-
cence techniques reviewed in the previous texts has
been replaced by immunohistochemical and flow
cytometry studies.

Finally, in this text I recommend the use of the
term monoclonal free light chain (MFLC) to
replace the term Bence Jones proteins. It is both a
practical and a technical improvement. Some indi-
viduals confuse the presence of an intact
immunoglobulin monoclonal gammopathy in the
urine with a Bence Jones protein. It is not. Bence
Jones protein is a monoclonal free light chain and
has much greater significance to the patient’s diag-
nosis and prognosis than an intact immunoglobulin
monoclonal gammopathy in the urine. The term
MFLC says exactly what we found (i.e. a mono-
clonal free light chain). So it is technically correct
and removes any possible ambiguity. This has the
advantage that individuals will no longer use a
hyphen that Dr Henry Bence Jones never used on
any of the papers or books that he wrote.

I hope you enjoy this book, or at least find it
useful. Your comments and questions help to
provide a focus for making this text more relevant
to the use of electrophoresis in clinical diagnosis.
Please feel free
kerend@wardelab.com.

to contact me via e-mail:

David F. Keren, MD
Ann Arbor, Michigan, USA
January 12,2003
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Protein structure and
electrophoresis
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The term ‘electrophoresis’ refers to the migration
of charged particles in an electrical field. The
success of electrophoresis in separating serum,
urine and cerebrospinal fluid proteins into clini-
cally useful fractions results from the heterogeneity
of the charges of these molecules. It is useful, there-
fore, to review briefly the structural features that
result in the observed migration.

PROTEIN STRUCTURE

The major structural and functional molecules pro-
duced by cells are proteins. They are important in
host defense, cell structure, movement, and as
regulatory molecules. Proteins are composed of
individual units called amino acids; the general
structure is shown in Fig. 1.1. As the name implies,
each amino acid contains an acidic carboxyl group
(-COOH) and a basic amino group (-NH,). The R
groups (sequences specific for each amino acid)
attached to the alpha-carbon can be neutral, acidic,
or basic. Unless the R group is a hydrogen atom
(glycine), the structure around the alpha carbon is
asymmetrical. Therefore, amino acids can exist as
one of two stereoisomers that are mirror images.

COOH
|
HN—C—H
|
R

Figure .1 General structure of amino acids.

These are the p- and L-forms (Fig. 1.2). In proteins,
the L-form is almost always present.'

L-Serine p-Serine
COOH COOH
HZN—|C—H H—|C—NH2
oH. oH.
H2|COH H2|COH

Figure 1.2 The L and b forms of serine.

When in solution, at the typical intracellular pH,
many amino acids behave as both acids and
bases. This results in the formation of a zwitte-
rion, a molecule in which both the amino and
carboxyl ends are ionized, yet the molecule is
electrically neutral (Fig. 1.3). Since this molecule
is electrically neutral, that is, isoelectric, it does

H
H* H;N—(I)—COOH
k
H
H,'N é—coof
h
H
OH- HZN—CID—COO’
k

Figure 1.3 Zwitterion and effect of acidic and basic solutions on
amino acid charge.
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not migrate in an electrical field. Of course, the
charge on each amino acid depends on both the R
group and the pH of the solution in which it is
dissolved.

By altering the pH of an aqueous solution, the
charge on an amino acid can be changed. In acidic
solution, the amino acid accepts a proton on its
carboxylate group, resulting in a net positive
charge on the molecule (Fig. 1.3). The positively
charged cation thus formed will migrate toward
the negative pole (cathode) in an electrical field.
Conversely, in basic solution the ammonium group
gives up a proton, leaving the amino acid with a
net negative charge (Fig. 1.3). This negatively
charged anion migrates toward the positive pole
(anode) in an electrical field. The pH of the solu-
tion and the nature of the R group (Fig. 1.4) have
an important effect on the migration of individual
amino acids. For example, both aspartic acid and
glutamic acid at pH 7.0 or greater are always non-
protonated (negatively charged) and consequently
are referred to as aspartate and glutamate. At
neutral pH, arginine, histidine and lysine are all
protonated (positively charged). These differences
in charge are important in determining the migra-
tion of proteins during electrophoresis. Further, in
genetic variants such as o,-antitrypsin deficiency,
the substitution of a charged amino acid for a
neutral amino acid, or the converse, will alter the
migration of the variant form that allows us to
detect the abnormality.

The solubility of proteins also is related to their
amino acid composition. For example, tyrosine,
threonine and serine have hydroxyl moieties in
their R group, and readily form hydrogen bonds
with water. Similarly, asparagine and glutamine
have amide R groups that are hydrophilic. In con-
trast, several amino acids are hydrophobic. Large
numbers of these hydrophobic amino acids (pheny-
lalanine, tryptophan, valine, leucine, isoleucine,
proline, alanine or methionine) in a protein render
it, or portions of it, relatively insoluble in aqueous
solutions. Functionally, hydrophobic amino acids
serve as key constituents of proteins, sometimes as
the parts of proteins that interact with the lipid
(hydrophobic) membranes of cells. At neutral pH,

most hydrophobic amino acids exist as zwitterions
(Fig. 1.3). However, when large numbers of
hydrophobic amino acids occur in other molecules,
such as occasional products of malignant plasma
cell clones, they may exhibit properties that cause
solubility problems. Hydrophobic amino acid
content is not the only factor that relates to solu-
bility problems. For example, the complex cold-
precipitating property of cryoglobulins (see
Chapter 6) is not thought to be related to an excess
of hydrophobic amino acids.”

Aliphatic Amino Acids

Glycine Alanine Valine Leucine
| | | |
H CH, C{I CH,
|
H,C CH, CH
/\
H,C CH,
Isoleucine Serine Threonine
| | |
H—C—CH, CH, H—C—OH
| | |
CH, H,COH CH,
|
CH,
@
Aromatic Amino Acids
Phenylalanine Tyrosine Tryptophan

I I I
CH, CH, CH,
8H
OH

Sulfur-Containing Amnio Acids

Cysteine Methionine
I I
CH, CH,

I I
SH CH,
I
S
I
CH,

(b)

Figure 1.4 (a-b) R-Group structure of amino acids.



Basic Amino Acids

Lysine Histidine Arginine
I I I
CH, CH, CH,
I NH I
CH2 | \CH CH2
I & I
CH, H+ CH,
I I
CH, NH
I I
NH,* C=NH,*

I
NH,
Acidic Amnio Acids
Aspartate Glutamate
I I
CH, CH,
I I
COO~ CH,
I
COO~
(9
Polar Amino Acids
Aspargine Glutamine
I I
CH, CH,
I I
C CH
SN | :
H,;N o
C
s SN
H,N O
Immuno Acids
COOH
I
CH Proline
N
T
H,C — CH,

C)

Figure 1.4 (c—d) R-Group structure of amino acids.

Peptide bonds and polypeptides

PRIMARY STRUCTURE

Amino acids may be linked by peptide bonds: the
linkage of the carboxyl group of one amino acid to

Protein structure 3

the amino group of the next. During the process, a
water molecule is produced and the covalent
peptide bond is formed (Fig. 1.5). The resulting
molecule has the charge characteristics inherent in
the R groups, together with the carboxyl and
amino terminal groups. When a group of amino
acids is linked through peptide bonds in a linear
array, it is referred to as a polypeptide. All
polypeptides have the same constituents on each
end, a C-terminal (with the free carboxyl group)
and the N-terminal (with the free amino group)
(Fig. 1.5). This linear sequence of amino acids is
termed the primary conformational structure of
protein molecules.

When relatively few amino acids are included in a
polypeptide, they are called oligopeptides. There
are dramatic differences in the sizes of proteins
from tiny hormone oligopeptides like vasopressin
(nine amino acids) to massive molecules such as
immunoglobulin M (IgM), which contain 10
polypeptide chains folded in a regular array con-
taining over 6000 amino acids.

SECONDARY STRUCTURE

The primary structure folds into a regular sec-
ondary structure along one dimension in a simple
structure, such as an o-helix, random coils or B-
sheet. The secondary structure is held together
mainly by hydrogen bonds that form between
peptide bonds.'

R’ H
AN |0
N—C—C\ /N—C—C\
H I Yo H Fla" OH

R H
H | O
H |
>N—<|3—c”;—N—(|:—c< +H,0
H H O R OH

Figure 1.5 During peptide bond formation, a molecule of water
is given off. The resulting molecule has an N-terminal end with an
amino group, and a C-terminal end with a carboxyl group.
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TERTIARY STRUCTURE

More complex folding into a three-dimensional
structure occurs as a result of formation of hydro-
gen bonds, ionic bonds, disulfide bonds, van der
Waals forces and hydrophobic interactions. The
hydrophobic interactions are the major forces hold-
ing the tertiary structure in place.’ Because proteins
usually are present in an aqueous environment, the
hydrophobic portions of the structure tend to reside
in the interior of the tertiary structure.'

QUATERNARY STRUCTURE

Some proteins have a quaternary structure that
consists of complexes of polypeptide monomers.
For example, although a single molecule of IgG is
considered one protein, it contains two identical
light polypeptide chains (220 amino acids each)
and two identical heavy polypeptide chains (440
amino acids each) (Fig. 1.6). In these more complex
proteins, the same forces involved in tertiary
structures stabilize its folded structure (Fig. 1.6)."?
An important part of understanding protein struc-
ture is to realize that the tertiary and quaternary
structures are not rigid. Portions of the amino acid
chain can move under certain circumstances.'
Further, this movement is often key to the function
of the molecule, such as in o,-antitrypsin (see
Chapter 4) where movement of a large domain is
key to its inhibition of enzymes.*

Heavy chains

lS--5
Ls--s

Light chain— <— Light chain

U U

Figure 1.6 General structure of immunoglobulin G (IgG). Two
identical heavy chains and two identical light chains are held
together by disulfide bonds.

GLYCOSYLATION

Proteins that have carbohydrate groups attached
covalently during synthesis or secretion are said to
be glycosylated. Some proteins exist in both glyco-
sylated and non-glycosylated forms. The existence
of these molecules is of importance in understand-
ing electrophoretic patterns and in diagnosing con-
ditions such as leakage of cerebrospinal fluid from
a skull injury (where identification of desialated
transferrin versus sialated transferrin is key) (see
Chapter 8).° Functionally, the attached carbo-
hydrate groups protect the protein from digestion
or help stabilize the conformation of the protein
and may affect its clearance.® The attached carbo-
hydrate groups can also affect the charge of the
protein and, consequently, its migration during
electrophoresis.

POST-TRANSLATION MODIFICATION

Although the amino acid sequence is determined
by the DNA sequence, post-translational phospho-
rylation, N-terminal acetylation, acylation of side-
chains, C-terminal o-amidation of glycine,
sulfation of tyrosine groups, and y-carboxylation
of glutamic acid may all occur, resulting in changes
in function and migration of the proteins
involved."”™ Such post-translational modifications
of protein explain why monoclonal protein
samples produce several points (or blobs) when
analysed by two-dimensional electrophoresis
instead of the single band seen on immunofixation
or serum protein electrophoresis."!

Because the composition of amino acids and
carbohydrates in a protein is unique, each protein
has a specific charge and migration pattern under
defined conditions during electrophoresis. Protein
molecules, like their constituent amino acids, have
their overall charge determined by the pH of the
solvent; consequently, there is a specific pH at
which the negative and positive charges balance,
and at which the protein will not migrate. The pH
at which the positive and negative charges of a
given protein balance is referred to as its isoelectric
point (pl). The pl is constant and highly specific for
a given protein molecule.'
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When a protein is dissolved in a solution that is
acidic relative to that protein’s pl, it will gain
protons and migrate toward the cathode. In solu-
tions that are basic relative to that protein’s pl, the
protein will donate protons and migrate toward
the anode. Although there are charge effects of
sulfhydryl groups for proteins in the serum, urine,
and cerebrospinal fluid, the amount of charge due
to free sulfhydryl groups is negligible with regard
to electrophoretic migration.

ELECTROPHORETIC TECHNIQUES
IN CLINICAL LABORATORIES

Moving boundary electrophoresis

Analysis of proteins for clinical purposes began in
the middle of the nineteenth century. Schmidt used
the term globulin in 1862 to describe proteins that
were insoluble in water.”” By the early twentieth
century, serum proteins were broadly divided into
albumin and globulins, depending on the precipita-
tion of ‘globules’ after the addition of sodium
sulfate to serum proteins. This process would
result in formation of a white residue, albumin
(alba Latin for white), after the salt was removed
by dialysis and the water was evaporated.” The
albumin to globulin ratio was an early, crude index
for evaluating liver pathology.

Studies of the electrophoretic mobility of proteins
were first carried out by Arne Tiselius in the 1930s
employing a liquid medium." For these studies,
Tiselius devised a U-shaped electrophoretic cell
and employed a Schlieren band optical system to
detect the degree of refraction of light by proteins
as they moved through the tube. He found that
there was a difference in the refractive index of
light at boundary interfaces between major protein
fractions as they moved by the light detection
device. Thus, this technique was called moving
boundary electrophoresis. For his technique,
Tiselius dissolved a specific volume of a protein
mixture in buffer, and carefully layered the solu-
tion on the electrophoresis tube below the same

buffer. The buffer was placed in contact with elec-
trodes, and the sensitive optical band method was
used to monitor the progress of protein fractions
during electrophoresis.

When the current was turned off at the end of the
run, a mixing of the boundaries occurred and only
the fractions at the extreme cathodal and anodal
ends of the tube could be collected in a relatively
purified form. Therefore, originally, this moving
boundary electrophoresis was used to test the
success of protein purification that had been per-
formed by other means. Although crude by today’s
standards, such early techniques were sufficiently
sensitive to allow Michaelis to determine isoelectric
points of the marginally purified enzymes he had
for study.” This moving boundary technique was
also instrumental in the original definition of the
major fractions of human serum proteins as
albumin, oy-, o,-, B-, and y-globulin.

Zone electrophoresis

Zone electrophoresis involved the use of a solid
support medium with staining by a protein dye to
visualize the major protein bands. One of the key
practical problems with moving boundary electro-
phoresis was its inability to achieve a complete
separation of electrophoretically adjacent major
protein fractions. Also, the refractive index that
was used to quantify the proteins in moving
boundary electrophoresis was limited in its dis-
crimination of subtle differences. The development
of zone electrophoresis made it possible to over-
come these difficulties by providing a stable
support medium in which proteins could migrate,
be stained and quantified. Zone electrophoresis,
then, offered the important feature of stabilizing
the migration of the proteins that moving bound-
ary electrophoresis could not achieve.

The first major supporting medium for electro-
phoresis was filter paper. Studies using this support
medium were begun as early as 1937. However, it
was not until the early 1950s that these techniques
were simplified and rigorously defined for practical
use in clinical laboratories."*
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The use of filter paper as a support medium intro-
duced new variables into electrophoresis. As with
the moving boundary technique, the migration of
individual proteins depended on the pI of the
molecule, the pH of the buffer, electrolyte concen-
tration of the buffer, and amount of current
applied. However, the texture of the filter paper
was found to be another important factor because
it offered substantially more resistance to the
movement of the proteins than was the case in the
free-moving boundary system.

Early in the development of paper electropho-
resis, Kunkel and Tiselius observed that the texture
of paper products differed, and that this resulted in
different migration of proteins depending on the
brand and lot of paper used.” Although the actual
distance that human serum albumin would migrate
may be greater on one brand of paper than on
another brand, the relationship between albumin
and the subsequent major fractions was relatively
constant, and could be used to create a correction
factor specific for that preparation of filter paper. It
was also observed that the type of paper affected
the migration of smaller molecules less than larger
molecules."

The use of paper as a support medium also intro-
duced the effect known as electroosmosis or end-
osmosis as another factor influencing the migration
of proteins. The support medium (filter paper, in
the present case, but also cellulose acetate and
agarose) contains anionic groups that possess a
negative charge relative to the buffer solution.
Obviously, each support medium is stationary and
cannot migrate; however, the positively charged
ions in the buffer solution flow toward the negative
electrode (cathode).

An understanding of endosmosis is important in
order to relate the migration of proteins to their
surface charge. For example, most electrophoretic
systems that are used in the study of human
serum, cerebrospinal fluid, or urine proteins
require an alkaline buffer with a pH of 8.6. At
this pH, almost all serum proteins, including the
v-globulins, will have a negative charge. Yet, they
do not all migrate toward the anode. Most of the
v-globulins and some PB-globulins may migrate

toward the cathode (Fig. 1.7). This is because of
movement of the cationic in the buffer
toward the cathode. Depending on the amount of
negative charge of the support medium, there will
be an equal, but opposite (positive) charge of the
buffer in the adjacent support medium. This will
pull the molecules that have a weaker negative
charge, owing to their lower pl, toward the cath-
ode (Fig. 1.8). These molecules are not moving
toward the cathode because they have a positive
charge under the conditions of the assay; rather,
they are just ‘weak swimmers’ (weak negative
charge) caught in a futile attempt to swim against
the flow of a strong river.

There were some major problems with paper
electrophoresis that limited its application. Paper
electrophoresis was slow, requiring several hours
(often overnight) in order to achieve adequate
separation of major protein fractions. Further-
more, it was opaque (frustrating early densito-
metric scanners), gave poor resolution, and had
significant problems with non-specific protein
absorption.” To quantify proteins from individual

ions

Origin
Anode Cathode
+ _
Albumin o B v Globulins

Figure 1.7 Schematic of electrophoretic pattern demonstrates
that the y-globulins migrate toward the cathode under typical
conditions which use buffer with a pH of 8.6.

Application
e S B
AL (-~
+ +) " - - - - -
Anode - _ Hk’ — (“L_P Cathode
(41 (41>

Figure 1.8 Endosmosis. Side view of electrophoresis illustrates
negative charge of support medium and flow of positively charged
buffer (+) to the cathode. Such flow affects migration of proteins in
the support medium.
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bands, they would be cut out, eluted and subjected
to a protein assay. Therefore, it is not surprising
that a search was conducted for better support
media for protein electrophoresis.

Cellulose acetate and agarose became popular
stabilizing media for the clinical laboratories in the
1960s and 1970s. With these media, electrophore-
sis could be performed in less than an hour, and the
clarity of the media facilitated densitometric scan-
ning to estimate the protein concentration of the
major fractions.

For several years, cellulose acetate electrophore-
sis was the most popular method for performing
routine serum protein electrophoresis.”” Cellulose
acetate electrophoresis has advantages over paper
electrophoresis: only minimal adsorption of serum
proteins occurs upon application, and a sharper
separation of the major serum protein bands is
obtained much more quickly than by paper elec-
trophoresis. However, the resolution on tradi-
tional cellulose acetate systems is inferior to that
obtained with most agarose gel electrophoresis
systems (see below).” Cellulose acetate has been
popular in the clinical laboratory because of its
simplicity, reproducibility, reliable quantification
of protein fractions by densitometry, and rela-
tively low cost.”

The successful replacement of paper electro-
phoresis by cellulose acetate electrophoresis was
facilitated by the demonstration that accurate
estimates could be made of each major protein
fraction by densitometric scanning. In 1964, Briere
and Mull demonstrated that densitometric scan-
ning of serum proteins separated by cellulose
acetate electrophoresis gave the same measure of
the major protein fractions as did elution and spec-

trophotometric (Table 1.1).%
Unfortunately, the relatively poor resolution of
most commercially available cellulose acetate

measurement

membranes limited the sensitivity of the technique.
Subtle abnormalities such as heterozygotes for o,-
antitrypsin deficiency and small monoclonal gam-
mopathies (especially those in the o,- or B-regions)
were often undetectable. The insensitivity of some
earlier low-resolution methods was demonstrated
by a College of American Pathologists Survey
report.” It disclosed that many systems had a lower
detection rate of a subtle monoclonal gammopathy
that was picked up by most participants using elec-
trophoretic systems with better resolution (Table
1.2).

Agar is a polysaccharide product that is produced
commercially by boiling red algae, filtering out the
larger impurities, and removing the water-soluble
impurities by freeze-thawing.”?” After precipita-
tion in ethanol, the mixture consists mainly of 1-4
linked 3,6-anhydro-o-L-galactose and 1-3 linked
B-n-galactose.”® The final agar gel is a chemically
complex structure. For practical purposes, it con-
tains varying quantities of agarose and
agaropectin. Agaropectin has a relatively high
sulfate, pyruvate, and glucuronate content, which
imparts a strong negative charge to the gel and
results in considerable endosmotic flow; pure
agarose has few anionic groups.”

Most commercial preparations of agar gels used
for electrophoresis today contain relatively pure
preparations of agarose. This minimizes non-
specific adsorption of some proteins (such as -
lipoprotein and thyroglobulin) to the agar and the
amount of endosmotic flow.*™" Although purified
agarose preparations substantially reduce the

Table I.1 Comparison of densitometric scans on cellulose acetate with eluted protein concentration®
Method Albumin (g/dl) a, (g/dl) o, (g/dl) B (g/dl) v (g/dl)
Densitometry 4.5+0.36 0.27 £0.08 0.62+0.10 0.64+0.12 0.95+0.27
Elution 4.8+0.34 0.22 £ 0.06 0.52 £ 0.09 0.59+0.13 1.01 £0.25
‘Data from Briere and Mull.®
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Table 1.2 Detection of small monoclonal gammopathy by different electrophoretic systems®

Company Monoclonal absent Monoclonal present Per cent correct
Worthington Panagel agarose 0 8 100
Beckman SPE2 agarose | 17 94
Beckman SPE| agarose 155 310 66
Helena agarose 65 127 66
CIBA Corning agarose 89 93 51
Beckman cellulose 3 2 40
Helena cellulose 169 9l 35
Helena REP agarose 78 41 34
Gelman cellulose 17 6 28

‘Data expresses the number of laboratories using the indicated technique. From CAP survey 1991.%

some manufacturers use sub-
of agaropectin to promote
endosmosis. Some endosmotic flow is desirable
for electrophoresis of serum proteins because it
pulls the vy-globulins cathodally. With these
systems, most serum monoclonal gammopathies
migrate cathodally as do oligoclonal bands seen
in cerebrospinal fluid from patients with multiple

endosmotic effect,
stantial quantities

sclerosis. By moving these important bands away
(cathodal) from the origin, these systems mini-
mize the effect that minor distortions, often
present at the point of application, have on inter-
pretation of y-region abnormalities. Distortions at
the point of sample application can be especially
problematic when one is dealing with a cryoglo-
bulin that often precipitates at the origin (see
Chapter 6).

Capillary zone electrophoresis

In the last decade, capillary zone electrophoresis
(CZE) has been developed for use in clinical labo-
ratories.” ™ This technique is a liquid-based system
that bears some similarities to the early Tiselius
system in that no permanent gel is produced in the
process, although available systems may create
virtual gel images (see below).”

For CZE, a small volume of sample (1-5 pl) is
aspirated into a thin fused silica capillary 25-50 pm
in diameter (Fig. 1.9). The strong negative charge
on the interior of the capillary, together with the
narrow lining, provides a large net negative surface
area. Under conditions of electrophoresis, this sets
up a strong endosmotic flow of cations toward the
cathode. In this system, the pull of this endosmotic
flow is stronger than the pull of the anode for the

Capillary Zone Electrophoresis

Capillary

+ Anode Cathode —

Sample

Positive buffer ions (+) flow to cathode

Figure 1.9 Capillary zone electrophoresis, schematic. The sample
is aspirated into the anodal end of the 25-50 um diameter fused
silica capillary. The negative charge (-) on the interior of the
capillary sets up a strong endosmotic flow of cations (+) toward
the cathode. An ultraviolet detector evaluates absorbance at
200-215 nm by the fractions indicated.



anionic proteins being evaluated. The proteins then
migrate toward the cathode, but are variously
impeded in their migration, based upon the nega-
tive charge of the proteins. Thus, the electrical field
separates the proteins by charge. An ultraviolet
detector that the absorbance at
200-215 nm (in various systems) determines the
protein concentration (Fig. 1.10). Since peptide
bonds absorb at 214 nm, these systems provide
quantitative measurements of the various proteins
that are not influenced by the presence of carbohy-
drate groups. However, this method of measure-
ment suffers from the disadvantage that other
substances that absorb at this wavelength will pro-
duce bands that may mimic monoclonal proteins or
genetic variants. Radiocontrast dyes have been the
most notorious causes of confusion with the CZE
system (see Chapter 2 ).*

evaluates

EARLY CLINICAL APPLICATIONS
OF ELECTROPHORESIS

It was soon recognized that when tissues responsi-
ble for the synthesis or excretion of proteins were
altered by disease, the resulting serum would
produce distinctive electrophoretic patterns that
could be helpful in diagnosis (Table 1.3). For
example, it was known as early as 1940 that in the

Table 1.3 Early clinical use of zone electrophoresis

Early clinical applications of electrophoresis 9

Capillary Zone Electrophoresis

Albumin

o-region
o-region
B-region
y-region

Transthyretin

Figure 1.10 Capillary zone electropherogram of serum
performed on a Beckman Paragon CZE 2000.

nephrotic syndrome the serum contained markedly
decreased levels of albumin and y-globulin with
increased levels of o,-globulin.* This was due to
loss of albumin and 7v-globulin through the
damaged glomeruli, with increased synthesis and
retention of the large molecules in the a,-region
(o,-macroglobulin and haptoglobin). At the same
time, it was recognized that the urine from these
patients contained the albumin lost from the serum
as well as many other serum proteins. In reversible
conditions, such as minimal change nephropathy,
then termed lipoid nephrosis, a return to the
normal serum electrophoretic pattern was noted
after resolution of the renal disease.”

Clinical diagnosis

Electrophoretic pattern

Reference

Nephrotic syndrome
Liver disease

Myeloma
Agammaglobulinemia
Active systemic lupus erythematosus

Multiple sclerosis, neurosyphilis

Decreased albumin, decreased v,
increased o

Decreased albumin, decreased {3,
increased y

Increased 7, decreased albumin
Decreased y
Increased y

Increased CSF y

Longsworth and Maclnnes*

|46

Wajchenberg et a

Reiner and Stern *
Bruton *'
Coburn and Moore **

Kabat et al.*

‘Decreased beta in massive liver necrosis.
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A small decrease in serum albumin was quickly
recognized as a relatively nonspecific occurrence
found in a variety of conditions that cause meta-
bolic stress and as a feature of the acute-phase
reaction pattern (discussed later). However, the
level of serum albumin in patients with liver
disease gave clinically useful information because it
was significantly correlated with the amount of
tissue damage.* Further, it was noted that patients
with severe liver disease had a broad elevation of y-
globulin,” although the immunological signifi-
cance of that observation would not be understood
for several years.

Detection of monoclonal gammopathies in serum
and urine is one of the most important uses of clin-
ical protein electrophoresis. Many different types
of electrophoretic patterns can result from prod-
ucts of the neoplastic B-lymphocyte and plasma
cell proliferation that occur in chronic lymphocytic
leukemia and multiple myeloma, respectively.
Most frequently, patients with multiple myeloma
have markedly elevated y-globulin regions with a
restriction in the migration (Fig. 1.11), although
abnormalities may be found anywhere from the o-
to the y-globulin region.

The older, paper zone electrophoresis techniques

o
i
I

Figure I.11 Three electrophoretic patterns are shown with the
anode at the left and the cathode at the right. The location of the
anode can be assumed to be on the same side as the albumin band.
Note the prominent area of restriction in the slow y-region of the
top pattern (arrow). This pattern is typical of patients with
multiple myeloma. (Paragon SPE2 gel system stained with Paragon
Blue.)

were occasionally too insensitive to detect the
abnormal serum protein in some of these patients.*
Using these early techniques, some studies reported
as many as 22 per cent of patients with multiple
myeloma had no significant abnormality in the
serum.” Some of their patients had light chain
disease with monoclonal free light chains (MFLC,
formerly termed Bence Jones proteins) in their
serum and, more frequently, in their urine. Since
immunoglobulin light chains are relatively small
molecules (25 kDa as monomers to 50 kDa as
dimers), they would pass into the urine and only a
minimal, or no monoclonal restriction was seen
with the older zone serum protein electrophoresis
techniques. Many of their patients might have been
expected to have decreased v-globulins; this
decrease is subtle, probably below the ability of the
early methods to discern. The MFLC were detected
best by electrophoresis of urine (see Chapter 7).”

A major step forward in understanding the basic
immunology of the system
involved the early application of serum protein
electrophoresis by Colonel Ogden Bruton at the
Walter Reed Army Medical Center.”’ One of his
patients was a boy with a history of recurrent pyo-
genic infections. When protein electrophoresis was
performed on this child’s serum, it was discovered
that the y-globulin region was absent (in reality it
was very low, but undetectable with the zone elec-
trophoretic techniques available in 1952). By using
v-globulin replacement therapy, Bruton was able to
successfully treat this individual. Because we
understand the inheritance pattern of this condi-
tion, today it is referred to as X-linked agamma-
globulinemia.” Early workers also recognized the
existence of other forms of immunodeficiency dis-
eases associated with low y-globulin levels on elec-
trophoresis of serum. When seen in infants, they
often represented transient hypogammaglobuline-
mia of infancy; in young adults, the common vari-
able immunodeficiency syndrome was the most
frequent cause of isolated hypogammaglobuline-
mia.”

Broad increases in the y-globulin region were
found to be associated with the immune response
to infectious agents and occasionally were reported

human immune



in autoimmune diseases. For instance, Coburn and
Moore™ found that patients with clinically active
systemic lupus erythematosus had elevated levels of
v-globulin. These findings preceded by 5 years the
demonstration by Hargraves et al.” of the auto-
immune phenomenon called the LE (lupus erythe-
matosus) cell, and represent one of the earliest
laboratory observations suggesting the complicity
of y-globulin in the pathogenesis of this disease.
The availability of zone electrophoresis encour-
aged many investigators to examine a wide variety
of fluids and extracts. Not surprisingly, consider-
ing its ready availability and long history of use in
the diagnostic laboratory, urine was one of the first
fluids studied. Urine from patients with nephrotic
syndrome contained considerable albumin and
some globulins in amounts that gave an inverse
correlation with the serum concentrations of these
proteins.* Monoclonal free light chains had long
since been described by Henry Bence Jones, but
with the advent of zone electrophoresis it became
apparent that they had greater heterogeneity than
previously thought. Although MFLC were always
globulins, they migrated anywhere from the o-
through the y-region (Fig. 1.12). This finding raised
important questions about the structure of these
molecules, which were previously assumed to be
homogeneous by virtue of their peculiar thermo-
precipitating characteristics (see Chapter 7).”
Because of the difficulty involved in diagnosing

Figure 1.12 Two electrophoretic patterns of concentrated urine
from patients with multiple myeloma. Both samples have relatively
little albumin (A), but large restrictions in the slow y- (top sample)
and fast y- (bottom sample) regions. These are both monoclonal
free light chains (MFLC) which have significantly different
migrations. (Paragon SPE2 gel stained with Paragon Blue.)

Early clinical applications of electrophoresis I

many central nervous system disorders, it was
logical to use electrophoresis to examine cerebro-
spinal fluid for any new clues that might aid
clinicians. Analysis of concentrated cerebrospinal
fluid from patients with multiple sclerosis and
neurosyphilis showed markedly elevated y-globulin
content.*® Similar elevations in the y-globulin were
found in central nervous system infections.

Despite these and many other observations, the
clinical applications of zone electrophoresis were
limited to obvious extreme elevations or reductions
of major protein components. Many diseases were
associated with more subtle alterations of proteins
that were beyond the limitations of the early zone
electrophoretic methods. Better
protein bands, simpler methods to quantify the
fractions, and greater sensitivity were required for
protein electrophoresis to aid in the diagnosis of
these conditions.

With the earlier methods, described above, it was
arguable whether agarose gels could provide better
resolution of the major protein bands than cellu-
lose acetate. The heterogeneity of agar prepara-
tions and the ready availability of pure,
commercially prepared cellulose acetate caused
much wider usage of the latter. In addition, cellu-
lose acetate allowed more rapid electrophoresis
and could be dried, stained, and cleared more
easily than agar.”

Around 1970, however, reports appeared that
demonstrated advantages of the careful, high-reso-
lution agarose electrophoresis system described by
Wieme.” One could achieve diagnostically useful
results on agarose with techniques and equipment
well within the capabilities of the clinical labora-
tory.” The availability of more highly purified
agarose preparations, which minimized endos-
motic flow and offered good optical clarity and
unimpeded migration because of their porosity,
was credited with some of the improvement in res-
olution.” By the mid-1970s, using the modifica-
tions described in the next section, a few agarose
and cellulose acetate methodologies had evolved
that facilitated the consistent demonstration of up
to 12 distinct protein fractions. It is certainly
debatable whether one needs to evaluate so many

resolution of
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proteins for clinical purposes. Most of the proteins
demonstrated by electrophoresis are readily avail-
able for specific assay by nephelometry or other
immunoassay techniques. The better quality of the
more recent electrophoretic techniques has,
however, improved the ability to detect subtle
monoclonal proteins, as documented by the results
of an independent study of electrophoretic results
by a College of American Pathologists’ survey
sample (Table 1.2). Systems with the better overall
resolution had higher detection rates of the small
M-protein than systems with poorer resolution.
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PRINCIPLES OF PROTEIN
ELECTROPHORESIS

When proteins migrate in an electrical field, the
extent of their migration and the degree of the
resolution of each band depend on several factors.
Two key factors that affect the migration of any
protein are its pl (see Chapter 1) and the pH of the
buffer. The pI of any given protein is constant and
dependent on its amino acid and carbohydrate
content. However, the charge that the protein
expresses is determined by the pH of the solution in
which it is dissolved. For example, a protein such
as fibrinogen has a pI of 5.5. In an electrophoresis
buffer with a pH of 8.6, it donates protons to the
buffer and is left with a net negative charge.
However, in a solution with a pH of 4.0, it would
accept a proton and has a net positive charge.

The amount of resolution in protein electrophore-
sis can be improved from the five-band method to
better discriminate between separate but closely
migrating major protein components. Important
factors in achieving improved resolution include
optimizing the velocity of migration, minimizing
passive diffusion, and avoiding interactions of pro-
teins with the supporting medium. Each can be
influenced by adjusting the variables in the elec-
trophoretic system. Excellent detailed discussions

of these factors can be found in Wieme,"' and Briere
and Mull.?

The speed with which a protein migrates in an
electrical field (electrophoretic mobility) under
defined conditions of pH, ionic strength, tempera-
ture, and voltage is characteristic for that protein.
The formula defining the variables involved in cal-
culating the electrophoretic mobility (u) of a
protein is

_d

" Et

where d is the distance traveled from the origin in
centimeters, E is the strength of the electrical field
in V/cm, and ¢ is the duration of electrophoresis in
seconds. Because the strength of the electrical field
is inversely proportional to its length, that is, V/cm,
a shorter support medium will permit faster sepa-
ration of proteins.

Increasing the voltage results in a faster separa-
tion of proteins; unfortunately, it also results in
more heat generation, which is deleterious to reso-
lution of individual bands. The amount of heat
generated (in joules) when the electric current
passes through the apparatus can be calculated by:

v

2

Heat generated = X 1

where x is the specific conductance of the appara-
tus, E is the strength of the electric field in V/cm,
and A is the mechanical heat equivalent. From this,
it follows that heat production increases exponen-
tially as the voltage is increased.
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This excessive heat production plays havoc with
good resolution of electrophoretic bands. One of
the major effects of heat is to increase the thermal
agitation and hence the diffusion of the protein
molecules. Diffusion broadens the width of a band,
thereby decreasing the resolution. Heat production
can also decrease the viscosity of the medium.
Although this does permit a more rapid elec-
trophoretic migration (i) of the proteins through
the gel, it is more than counterbalanced by an even
greater increase in diffusion, with a resulting
decrease in resolution. Before closed systems were
common, the heat generated further complicated
resolution by causing enough evaporation to
change ionic strength.

The ionic strength of the buffer is also an impor-
tant factor in the resolution of individual protein
bands. As the concentration of the salt ions in a
buffer increases, the velocity of electrophoretic
migration decreases for each protein being assayed.
There is no effect, however, on the relative migra-
tion of serum proteins as a result of ionic strength.
The effect of ionic concentration on the migration
of proteins in the electric field is largely the result
of interaction of the buffer ions with the surface
charges on the protein.

Consider a buffer in which we increase the con-
centration of NaCl. At the typical pH 8.6 of agar
gel electrophoresis, human serum albumin has a
negative surface charge. The positive sodium ions
are attracted to the negative charges on albumin
and diminish its effective net negative charge in the
solution (Fig. 2.1). Further, positively charged
ions, now in immediate proximity to the albumin,

+ Na*—
Anode . Na'— Na*— Cathode
=
Na*— Na'—
Na*— Nat— Na*—

Figure 2.1 At the pH of the typical serum protein
electrophoresis gel (8.6), albumin has a strong negative charge. The
positive ions in the buffer, in this case sodium, are attracted to the
negative charges on albumin and diminish its migration toward the
anode.

are attracted to the cathode during electrophoresis
and tend to retard the progress of albumin toward
the anode. This accumulation of positive charges in
the buffer around the negatively charged albumin
is known as the diffuse double layer. This is why it
is important to control evaporation with resultant
concentration of ions in the buffer during elec-
trophoresis.’

Another factor limiting the effective separation of
protein bands is adsorption of the molecules to the
agar gel itself. Because of the negative charges pos-
sessed by the relatively purified agarose solutions
used today, pH < 5.0 is impractical. Below this pH,
serum proteins would have a positive charge and
would precipitate in the gel.

Depending upon buffer strength, voltage, heat
dissipation, purity and thickness of the gel, avail-
able electrophoretic systems display from five to as
many as 12 protein bands, which encompass more
than 95 per cent of the total mass of serum pro-
teins.” A comparison of the resolutions generally
available is shown in Fig. 2.2. Better resolution is
an important part of detecting monoclonal gam-
mopathies.*’

To improve the detection of monoclonal gam-
mopathies, the Protein Commission of the Societa
Italiana di Biochimica Clinica published guidelines
for criteria for performance of sensitive electro-

Levels of

resolution Transferrin c3

41 8
Figure 2.2 This composite figure illustrates the resolution of
different samples run on different electrophoretic analyses.

Examining the B-region bands (transferrin and C3) helps to
evaluate the resolution available by the different techniques.

High-resolution

Y

Low-resolution




phoresis procedures. Aguzzi et al.” summarized
these recommendations as follows:

1. It should be possible to see the faint
transthyretin (prealbumin) band in the serum
of all healthy persons.

2. It should be possible to detect, if present, the
heterozygosity of o,-antitrypsin.

3. It should be possible to recognize the two
main components of the o,-zone (haptoglobin
and o,-macroglobulin).

4. The two main components of the B-zone
(transferrin and C3) should be clearly resolved
as two distinct bands.

5. In the y-zone, it should be possible to
recognize the presence of small monoclonal
components (< 1 g/l, i.e. < 100 mg/dl) and
possibly the oligoclonal pattern.

6. Zonal terminology and densitometric
reporting should not be used, and results
should be expressed in terms of qualitative
and semiquantitative variations of specific
proteins.

Similarly, recently published conclusions from a
conference on guidelines for clinical and labora-
tory patients with monoclonal
gammopathies recommends the use of systems
that provide resolution sufficient to separate B,
(transferrin) and B, (C3) proteins to improve
detection  of  monoclonal  gammopathies.*
Measurements of proteins present in concentra-
tions smaller than 10 mg/dl require immunoassay
techniques.*

evaluation

ELECTROPHORESIS ON AGAROSE

The basic principles of electrophoresis apply to
both the manual and the automated systems (see
below). The method of Wieme, as modified by
Johansson, is commonly used with agarose.” A 1
per cent concentration of agarose is used in
0.075 m, pH 8.6 barbital buffer containing 2 mm
calcium lactate. The calcium ions are especially
useful for improving the resolution in the B-region.
Commercially available agarose electrophoresis

Electrophoresis on agarose 17

kits usually have a uniform thin (about 1 mm)
layer of agarose on an inert plastic support.

The specimen must be applied to the agarose
surface in a very narrow band. In manual systems,
excess moisture is removed from the surface of the
gel by blotting with filter paper. The blotting is
needed to help the proteins diffuse into the gel and
to prevent excessive lateral movement at the point
of application. An inadequately blotted gel will
have distortions in all the bands (Fig. 2.3). A
plastic template with uniform narrow slits for
sample application is firmly layered onto the
blotted gel. The template should be applied evenly
to the surface of the agarose so that no air pockets
are present; these may distort the application of the
sample. In most systems, 3-5 pl of sample are
placed over each slit and allowed to diffuse into the
gel for 5-7 min. Consistency and attention to
detail in sample application are extremely impor-
tant in manual techniques because the final
bandwidth and configuration are determined by
the initial application. For example, in Fig. 2.4, a
small drop of serum fell on the top pattern prior to
electrophoresis, affecting the pattern.

o

Figure 2.3 Serum protein electrophoretic strip of two sera
stained from an inadequately blotted gel. Note the distortion
(irregularities) in all bands of these samples. The occurrence of the
distortion in all bands indicates that this is an artifact due to an
application problem (in this case insufficient blotting). (Paragon
SPE2 system stained with Paragon Violet.)

Occasional gel preparations have distortions
arising from their initial preparation, or from
problems with storage. A distortion in the gel may
give a pattern like that in Fig. 2.5. The top sample
shows a normal migration. However, the albumin
bands of the next three samples show a distinctive
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Figure 2.4 The middle sample in this electrophoretic strip has a
dark elliptical spot overlying the a,- to B,-region (arrow). This
represents a drop of serum falling on the gel (about in the
a.,-region) prior to electrophoresis. This did not interfere with the
interpretation of this sample, which has a subtle 3-region band.
However, such distortions can be problematic in more subtle
cases. They also make very ugly pictures. (Paragon SPE2 system
stained with Paragon Violet.)

bowing. The origin artifact (O) and C3 in the -2
region do not have this distortion. This indicates
the problem was not in the application, rather in
the gel itself toward the anode.

On the semi-automated, gel-based systems,
application devices are used along with auto-
mated washing to streamline the technical
process. The Helena Rep Unit (Helena
Laboratories, Beaumont, MI, USA) has been
available for several years and the Sebia Hydrasis
(Sebia, Issy-les-Moulineaux, France) has become
available more recently. The Sebia Hydragel B,—j,
15/30 method provides serum and urine gel
results with crisp separation of the B,—, region as
mentioned above. However, when processing
urine samples the technologist needs to be careful
of samples that contain solid matter (cells, crys-
tals, etc.). This may interfere with the wicking of
the sample onto the gel. If the sample does not
wick properly, no sample is applied to the gel.
The electrophoretic result on a urine containing a
large amount of protein will then appear as
though no protein were present. Because of this, I
recommend comparing the total protein on the

0

Figure 2.5 The top sample in this gel is a normal serum protein
electrophoresis pattern. The next three samples show gel
distortion manifest by a bowing of the albumin and o.,-region of the
second sample, and of albumin, o.,- and a,-regions of the bottom
two samples. Note that the origin artifact labeled O in the bottom
sample, and the C3 band in the B,-region of the bottom two
samples do not show any distortion. This indicates that the
application itself was not the problem. (Panagel SPE2 system
stained with Amido Black. Note the lighter staining pattern than
that in Fig. 2.3 stained with Paragon Violet.)

urine with the electrophoretic pattern to be sure
the sample applied. This is not a problem in
serum both because the lack of visible bands is an
obvious problem for any serum, but even in con-
centrated normal urine, albumin may not be seen
(see Chapter 7).

After sample application is complete, some mech-
anism for cooling the gel is used. With some
systems, the gels are cooled by convection. In other
systems, gels are oriented such that their plastic
backing is in direct contact with a cooling block
(typically kept at 4°C prior to electrophoresis). The
cooling block must be properly prepared and
stored; if it is not at the proper temperature, the
heat generated from the voltage applied to these
samples will produce the effects described above
and poor resolution of bands will result. A Peltier
cooling device is used to control the heat in some of
the automated systems.

The amount of buffer in the reservoir is another
important factor. If there is too much buffer in the
reservoir, the migrating y-region, upon reaching
the buffer, will form an artifactual slow y-band
(Fig. 2.6). Usually, this is obvious because all of the



v-regions have bands. However, when one sample
has a relatively large amount of polyclonal, slow
migrating y-globulin (as may occur in patients with
chronic active hepatitis), a slow 7y restriction may
be seen that could be mistaken for a monoclonal
gammopathy.

Most agarose systems run with an electrical field
of about 20 V/cm (a setting of 200 V for each 10-
cm length of agarose) and a current of about
100-120 mA. Under these conditions, the typical
run lasts 30-50 min. When electrophoresis has
been completed, the proteins are fixed with an
acid fixative. Some systems still use picric acid for
this step but most new methods do not. (Note
that picric acid can become explosive when stored
for long periods of time.* Good laboratory tech-
nique, including checking the bottle for the expiry
of the reagent and for crystallization around
bottle caps, is especially important with this
reagent.) After fixing the proteins, the gel is dried
with a gentle stream of hot air for 5-10 min (in

a -

Figure 2.6 High-resolution electrophoretic strip with four
samples that all appear to have a small, slow y-restriction (arrow in
restriction of top lane only). If such a band were present in only
one sample, a monoclonal gammopathy should be suspected.
However, when it occurs in more than one, it represents an
artifact. In this case, the artifact results from excess buffer in the
reservoir. (Paragon SPE2 system stained with Paragon Blue. Note
lighter staining than seen in Fig. 2.3 which used the same system
with Paragon Violet.)
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our laboratory, we just play recordings of my old
lectures!).

For examination of serum and urine proteins, we
prefer staining the gel with Amido black. Some
commercial suppliers have their own versions of
similar dye. Whereas both Coomassie Brilliant
Blue and Amido Black give similar patterns, the
Amido Black has less background between major
bands, which makes interpretation of serum and
urine electrophoretic patterns more straightfor-
ward.”” Part of the difference is that Coomassie
Brilliant Blue is more sensitive than Amido Black
and stains small protein molecules at these sites.
For cerebrospinal fluid, where sensitivity can be a
problem even after concentrating a sample 80-fold,
Coomassie Brilliant Blue is preferred. Coomassie
Brilliant Blue-stained gels give better results for
black and white photography.

ELECTROPHORESIS ON
CELLULOSIC MEDIA

Cellulose acetate has been available as a support-
ing media for protein electrophoresis since the late
1950s." The clarity of the background made this a
improvement filter paper.
Cellulose acetate has the advantage of uniform
porosity. As with agarose, a wide variety of
systems are available with cellulosic media. The
membrane is obtained by dissolving, in a volatile
organic solvent, the product of mixing carbonic
anhydride with cellulose." The resulting mem-
branes provide consistent five-band resolution.
However, by using gelification to prevent the mem-
branes from drying, gelled cellulose acetate is
created, with improved resolution of protein
bands." Preparations of gelled cellulose acetate
(Cellogel; Chemetron, Milan, Italy) can separate
serum proteins into the same fractions seen with
the high-resolution agarose methods."”™ Unlike
agarose electrophoresis, cooling is not required to
provide optimal resolution."  Furthermore,
immunofixation analysis may also be performed
on these gels. Under certain circumstances, the
Cellogel strips may be reused."

considerable over
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For electrophoresis results with high-resolution,
cellulose acetate gelatinized membranes are equili-
brated for 10 min in a Tris—glycine-salicylic acid
buffer solution provided for Cellogel by
Chemetron. The Cellogel strip is blotted between
two filter paper sheets and placed on an elec-
trophoretic bridge that is then introduced into the
electrophoretic chamber. A linear sample applica-
tor (designed to deliver 1 pl) is used to apply
undiluted serum 3 cm from the cathodic end of the
gel. The samples are electrophoresed for 25 min at
300 V. The samples are then fixed and stained with
a variety of stains including Coomassie Brilliant
Blue, Ponceau Red, Nigrosin, Schiff, gold, and

immunological reagents." Samples are then
destained in  methanol-water-acetic  acid
(47.5:47.5:5). Excellent resolution has been

reported by Aguzzi and Rezzoni (using the Cellogel
system), examples of which (provided by Dr
Aguzzi) are used in later chapters."”

CAPILLARY ZONE
ELECTROPHORESIS (CZE)

The Paragon CZE 2000 system provides auto-
mated, high-quality electrophoretic separation of
proteins with excellent resolution of transferrin
and C3 (Fig. 2.7)."*** In a similar manner, the Sebia
Capillarys System (Sebia, Inc.) provides an electro-
pherogram (Fig. 2.8). As a supplement to the
electrophrogram, the Paragon CZE 2000
(Beckman—Coulter, Fullerton, CA, USA) converts
the electropherograms into virtual gel images (Fig.
2.9).” On CZE systems, the electropherogram is
the basic information while the virtual gel image is
generated from that data. This is the opposite of
gel-based electrophoresis where the stained gel is
the basic information and the densitometric scan is
a line drawing generated from that information.
Both the Paragon CZE 2000 and the Sebia
Capillarys CZE systems provide high quality elec-
trophoresis with minimal investment of the
technologist’s time.

The Paragon CZE 2000 was the first automated
CZE apparatus approved by the Food and Drug

BTN

Figure 2.7 Electropherogram of normal serum (Paragon CZE
2000).

Administration for clinical evaluation of serum
and urine proteins. While serum is sampled
undiluted, evaluation of urine requires manipula-
tions that include concentration and desalting
before analysis may be performed. To perform

Figure 2.8 Electropherogram of a normal serum.



electrophoresis on serum, a sample volume of
10 pl (plus dead space) is needed. It is placed into
a bar-coded tube in one of 10 sectors. Each sector
can accommodate seven samples. Data from each
sector can be viewed as a virtual gel sector analy-
sis (Fig. 2.9). After the samples are aspirated, they
pass into seven 20-cm long uncoated fused silica
capillaries (inner diameter 25 pm). Software con-
trols both the physical operation of the instrument

Figure 2.9 Virtual gel image photographed directly from the
video monitor of the Paragon CZE 2000. A is just the left of the
albumin band, | is in the o.-region, 2 is at the start of the o(,-
region, T is just left of the transferrin band and C is to the right of
the C3 band. In the second lane (counting from the top), note that
the C3 band appears dark and broad. This reflects the presence of
an IgA k monoclonal gammopathy migrating in this location. Note
also the fifth lane from a patient that was receiving heparin. The
broad diffuse protein slur (s) anodal to the albumin band reflects
a,-lipoprotein that often migrates here in serum from heparinized
patients (see Chapter 4). Also, there is a very subtle diffuse band
overlying the C3 region (arrow). This was a subtle IgA
monoclonal gammopathy.
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as well as the display and output of results.”” The
apparatus uses pressure injection to sample un-
diluted serum from the sector. By use of a lower
ionic strength buffer to carry the sample than the
ionic strength of the running buffer, a stacking
effect (like airplanes queuing up for landing) is
produced.” The individual samples travel into one
of the six capillaries. At the alkaline pH of the
Beckman buffer system (pH 9.9 by this labora-
tory’s pH meter), endosmotic flow is created by
high voltage and the narrow bore of the nega-
tively charged silica capillary. This propels the
proteins toward the cathode where a deuterium
lamp emits ultraviolet light to all seven channels.*
Separation results from the individual isoelectric
points, tertiary structure and charge of the pro-
teins under the conditions of the electrophoresis.
This light passes through a 214 nm interference
filter and ultraviolet silicon detectors sense the
absorbance. The software automatically provides
delimits for the five major protein fractions, how-
ever, the operator can readjust these as needed.
Also, the operator can define limits of M-proteins
for measurement (Fig. 2.10). A copy of this mea-
surement is stored with the patient’s file in order
to measure the M-protein in the same manner on
subsequent samples.

In the serum protein electrophoresis mode, the
instrument has a throughput of 42 samples per
hour. Automated immunosubtraction may be per-
formed on the Paragon CZE 2000 (see Chapter 3).
For the immunosubtraction mode, five samples are
processed in 1 h. Results are displayed as the elec-
tropherogram and measurements of the percentage
of major protein fractions.

The software allows the operator to concentrate
on specific areas of the electropherogram by use of
the zoom feature. With the zoom feature selected,
an area of the curve may be indicated for closer
study. This may be useful in examining small dis-
tortions in the B- or y-region for the presence of
M-proteins (Fig. 2.11).

Recently, the Sebia Capillarys system received
Food and Drug Administration (FDA) approval for
clinical use.”” As in the Beckman instrument, the
inner diameter is 25 pm, however, the Capillarys
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Figure 2.10 (a) Measurement of a monoclonal gammopathy on a
Paragon CZE 2000 electropherogram is illustrated. The
monoclonal gammopathy is indicated by the arrow and the limits
were set by the interpreter. (b) Measurement of a biclonal
gammopathy on a Sebia Capillarys electropherogram. The two
monoclonal peaks are stained more darkly than the rest of the
pattern and are labeled | and 2.

uses eight 17-cm long capillaries. For this system,
serum is diluted 1:10 and the peptide bonds are
interrogated at 200 nm. To set up the strong
endosmotic flow, the Capillarys system uses a
pH 10 buffer. Further, the assay is performed at

LLLu

(b)

Figure 2.11 (a) The arrow indicates a slight irregularity in the fast
Y-region of this electropherogram (Paragon CZE 2000). (b) The
designated area was expanded to allow a better look at the fast -
region. The rounded area indicated by the line turned out to be
polyclonal. (Paragon CZE 2000.)

35°C, which may prevent the clumping of cryo-
globulins.

Bossuyt et al.”® compared the reference intervals
for the major serum protein fractions by cellulose
acetate, agarose, and CZE. They found significant
differences in the ranges for all fractions other than
v-globulins in men and women (Table 2.1). For all
fractions there were no significant differences
between cellulose (Microzone System; Gelman
Sciences, Ann Arbor, MI, USA) and agarose
(Paragon SPE kit) gels. However, for CZE



Table 2.1 Serum protein reference intervals in men and women®
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Fraction Cellulose (G/dl) Agarose (G/dl) CZE (G/dl)
Albumin 4.20-5.31 4.19-5.36 4.17-5.23
o, 0.12-0.25 0.13-0.27 0.26-0.45
o, 0.38-0.67 0.38-0.70 0.34-0.64
B, 0.61-1.00 0.65-1.14 0.58-0.95
Y 0.53-1.30 0.49-1.21 0.53-1.32
B. Women

Albumin 3.94-4.96 4.01-5.11 3.74-4.98
o, 0.14-0.26 0.14-0.28 0.26-0.51
o, 0.44-0.69 0.41-0.69 0.39-0.64
B, 0.55-0.95 0.65-1.00 0.55-0.87
Y 0.53-1.30 0.49-1.21 0.53-1.32
*Data modified from Bossuyt et al.”® Range in for all three instruments expressed as 95% confidence intervals. CZE, capillary zone
electrophoresis.

(Paragon CZE 2000), the lower and upper ranges
for o,,-globulin were twice as high as the ranges for
the gel-based systems. The o,- and B-globulin
fractions for CZE were slightly lower than those
from cellulose and agarose gels. Similar results
were reported when Katzmann et al.” compared
CZE (Paragon CZE 2000; Beckman Instruments)
with agarose gel electrophoresis (Helena REP
system). In their study, there was a 46 per cent
increase in the o,-globulin fraction in the CZE
samples compared with the agarose. They also
reported a 36 per cent decrease in o,-globulin frac-
tion and a 10 per cent decrease in B-globulin
fraction.”

The increase in o,-globulin likely reflects the
increased ability of CZE to detect both o,-lipo-
protein and o,-acid glycoprotein (orosomucoid)
compared with cellulose and agarose gels. The high
sialic acid content of orosomucoid interferes with
binding of protein dyes, whereas CZE detects pro-
teins via peptide bond absorbance that is not
influenced by this factor.”**

In contrast to the Bossuyt et al.”® study, however,
Katzmann et al.” noted a 21 per cent decrease in y-
globulin by CZE compared with their agarose

method. This difference likely relates to the differ-
ences in the gels and stains used by the agarose
commercial products, since the CZE instrument
used was the same in both cases. Despite minor dif-
ferences in the fractions from CZE to gel-based
techniques, Petrini et al.*® found good agreement
between interpretation of results when they com-
pared CZE to a high-resolution cellulose acetate
electrophoresis on one thousand sera.

Pediatric reference ranges

Reference ranges for the five major protein frac-
tions in a pediatric population was established by
Bossuyt et al.’* (Table 2.2). They divided the popu-
lation into four groups by ages: 1-2 years,
3-4 years, 5-9 years, 10-14 years. No differences
were found between boys and girls for any of these
age groups in any of the fractions. The o,-globulin
fraction values were lower in the older children
(5-14 years) than in the younger children
(1-4 years) because of higher values of o,
macroglobulin in the latter.”’ Not surprisingly, the
v-globulin fraction was higher in the older groups
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Table 2.2 Pediatric reference ranges for capillary zone electrophoresis (Paragon CZE 2000)

Age (years) n Albumin® o, o, B Y

1-2 33 635 (547-704) 63 (42-85) 108 (7-156)  94(75-11.6)  10.I (47-16.)
34 44 61.5 (53.9-70.4) 6.4 (4.8-8.1) 104 (7.6-152) 9.5 (7.4-11.6) 11.6 (7.1-17.8)
5-9 70 622(526-663)  62(42-7.6) 99 (T4-135)  94(79-113) 122 (85-187)
10-14 48 61.2 (54.1-69.1) 5.9 (4.4-8.0) 8.9 (6.8-11.4) 9.7 (8.5-12.9) 13.7 (8.8-17.6)

parenthesis.

*Data from Bossuyt et al.”' with permission. Results expressed as fraction percentages as median, 95% confidence limits in

than in the younger because of the increased
amount of immunoglobulin G (IgG) in older chil-
dren. Even in the 3-4 year group the y-globulin
fraction was higher than in the 1-2 year group.

Specimens that are hemolysed, lipemic and
plasma are not recommended for analysis by CZE.
Further, radiocontrast dyes create peaks anywhere
from the a,- to the y-globulin region.*>** Because of
this, any restriction suggestive of an M-protein that
has not previously been characterized must be
proven to be an M-protein by immunofixation or
immunosubtraction before reporting it as such. As
shown in Fig. 2.12, the electropherogram cannot
distinguish between this artifact and a true M-
protein. With version 1.5 software for the Paragon
CZE 2000, fibrinogen was not seen even in
samples from heparinized patients.”* However,
version 1.6 of this software now shows the fibrino-
gen band.

The crisp resolution on CZE has proven to be an
excellent vehicle to detect M-proteins.”** In
studies by Katzmann et al.” and Bossuyt et al.,” the
sensitivity of CZE to detect M-proteins was 93 per
cent and 95 per cent, respectively. In contrast, the
same two studies detected M-proteins in only 86
per cent and 91 per cent of their samples by the
agarose techniques they used. It should be noted,
however, the agarose techniques used were of rela-
tively low resolution (five-band patterns that did
not show two bands in the B-region). In an earlier
publication, Katzmann et al.* found good linearity
of the comparison of M-protein peaks on CZE
versus agarose. Bienvenu et al.”® found that the
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Figure 2.12 Electropherogram (Paragon CZE 2000) from patient

that had received a radiocontrast dye. The arrow indicates the
position of the dye peak between the anodal small transferrin band
and the cathodal C3 band to which it is linked. The size of the dye
peak depends on the dose and the time since it was given.

detection limit for an M-protein was < 0.5 g/l
(.05 g/dl). A similar level of sensitivity was
reported by Smalley et al.*

Whereas overall the high-resolution available
from CZE has been an advantage, there have been
a few reports of problems detecting small or
unusual M-proteins.”**** Capillary zone elec-
trophoresis failed to detect IgA, IgD and IgM
M-proteins that were present in concentrations
<3.2¢g/l (.32 g/dl) in the study by Bossuyt and
Marien.” In early studies, Jenkins and Guerin®
found that six M-proteins with high pl values
(between 6.9 and 8.3 for IgM and > 8.5 for IgG
monoclonal proteins) and extreme cathodal migra-
tion could not be detected. By increasing the ionic
strength of the boric acid buffer from 50 mmol, pH
9.7, to 75 mmol, pH 10.3, they were able to detect
all of these problem M-proteins. Henskens et al.*



reported a similar occurrence with an IgM M-
protein. 2-mercaptoethanol
pretreatment was needed before the concentration
of a B-migrating IgM M-protein could be accu-
rately determined by CZE (Fig. 2.13).*

As with agarose and cellulose acetate elec-
trophoresis, the most challenging M-proteins are
those that are of relatively low concentration that

In another case,

also migrate in the B-region. Transferrin and C3
may obscure these small M-proteins.” The recent
modification of the Paragon system to their version
1.6 system may help to detect some of these M-
proteins.

One of the most significant ongoing problems
with CZE is the presence of false positive bands
that occur when radiocontrast dyes are
present.”>*** With the increasing use of these dyes,
this problem occurs weekly in our laboratory.
Blessum et al.* successfully removed an artifactual

(b)

Figure 2.13 (a) Electropherogram (Paragon CZE 2000) with
small B-region peak (arrow). The amount of the peak was far too
small for the 1500 mg/dI that was measured for the IgM. (b)
Electropherogram (Paragon CZE 2000) of same case after
treatment with 2-mercaptoethanol. The M-protein is more
prominent and now located in the y-region.
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o,-region peak caused by sodium meglumine ioxi-
talamate (Telebrix, Guerbet Cedex, France) by
desalting the sample (Fig. 2.14). For their pro-
cedure, they used D-Salt Dextran plastic desalting
columns, 5kDa cutoff from DPierce (Pierce
Biotechnology, Rockford, IL, USA). However,
Arranz-Pefia et al.** reported obstruction in some
of their capillaries after trying that procedure.
They removed the interference by adding 0.2 g of
activated charcoal to 1 ml of serum, vortexing for
20s, and centrifuging at 200 g for 5-10 min at
room temperature. Sometimes, two or three cen-
trifugations were needed to clear the serum. In
Table 2.3 is the listing of radiocontrast dyes that
were tested by Arranz-Pefia et al. complete with the
region where false positives are known to occur.*
In addition to radiocontrast dyes, other molecules
that absorb at 200-215 nm will create unusual
bands on CZE. For example, Bossuyt and co-
workers*?  reported that the antibiotic
piperacillin-tazobactam (Tazocin; Wyeth Lederle)

(@)
| |
(b)
| j\LH/A/‘ 1

Figure 2.14 Electropherograms (Paragon CZE 2000) of a patient

serum sample before (a) and after (b) desalting. Figure from
|‘45

Blessum et al.* Used with permission.
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Table 2.3 Location in the electropherogram and ultraviolet (UV) maxima for radio-opaque media®

Location Radio-opaque Interfering substance UV maximum (nm)
Prealbumin Bilisegrol Meglumine iotroxate 237
a,-Globulin (anodal) Gastrografin and Urograffin Sodium meglumine amidotrizoate 237
Uroangiografin Meglumine amidotrizoate 238
o.,-Globulin (middle) Telebrix loxitaalamic acid 240
Xenetix lobitridol 242
a,-Globulin (cathodal)  lopamiro lopamidol 242
Omnitrast and Omnipaque lohexol 242
Ultravist lopromide 242
[3,-Globulin (anodal) Hexabrix Sodium-meglumine ioxaglate 243
B,-Globulin (middle) Optiray loversol 244
lomeron lomeprol 244
*Data from Arranz-Pefa et al.,”> with permission.

will produce a small peak in the B-globulin region
and the sulfamide sulfamethoxazole produces a
small peak at the anodal edge of the albumin frac-
tion.

In our laboratory, I have seen numerous small
deflections that likely represent radiocontrast dyes
or other interferences. The most convenient way I
have found to rule out a monoclonal gammopathy
is to perform an immunofixation with the Penta
(pentavalent) system (anti-G, A, M, K, and L in
the same reagent) on all suspicious cases (see
Chapter 3). This simple semi-automated
immunofixation is negative with contrast dyes and
other non-M-protein bands. Laboratories that use
CZE should encourage their clinicians to wait at
least a week to order serum protein electrophore-
sis on patients that have received radiocontrast
dyes.”

DENSITOMETRIC SCANNING

Densitometry provides objective information,
however, it should not be used without direct
visual inspection of the gel because it may miss

subtle o,-antitrypsin variants, small monoclonal
gammopathies and  oligoclonal  patterns.”’
Although the eye can detect variations in migra-
tion more readily than most available clinical
laboratory densitometers, differences in density of
staining may be objectively noted by the densito-
meter. Therefore, the objective
obtained from densitometric scans of protein gels
helps to draw the attention of the observer to a
subtle quantitative abnormality that otherwise
might have been missed. Unfortunately, the preci-
sion of densitometry is poor in examining the
smallest serum fraction (o,-globulin), although
there may be considerable variation in other
fractions * (Table 2.4). Because of this, some
consider clinical densitometry of protein elec-

information

trophoretic fractions to be a semiquantitative
procedure.*

The values obtained by densitometric scanning
of electrophoretic gels will differ depending on the
dilution of serum, the stain, the densitometer and
the electrophoretic system used for the analysis.
The dilution of the sample used can be particu-
larly important when estimating the concentration
of an M-protein by densitometry.”* For example,



Table 2.4 Precision of densitometric quantification®

Fraction Mean CV% CV% range
Albumin 29 1.3-5.1
o 9.5 4.4-20.2
o, 5.1 1.8-9.2
5.3 1.6-14.0
Y 6.7 2.5-27.2

’Data from Kahn and Strony * using |10 measurements of the
relative concentration in 30 samples.

in normal serum samples the concentration of IgG
determined by nephelometry was compared with
the densitometric scan of the total gamma region
and it was found that better linearity was
achieved at a 1:4 dilution of serum than when
neat solution was used.” When protein is too
concentrated, the dye binding is not linear in the
larger fractions such as albumin or monoclonal
proteins.”**°

When using densitometry, linearity is better on
gels stained with Amido Black, and some of the
analogous commercial reagents, than with
Coomassie Brilliant Blue, although the latter is
more sensitive. Sun’' noted that Amido Black is
also superior to Ponceau S for estimating the
major protein fractions. Silver stain, although
very sensitive, does not provide the type of linear-
ity of these more conventional stains.
Electrophoresis strips stained with Amido Black
provide a reasonable estimate of human serum
albumin, transferrin, and y-globulin.”* There is
excellent agreement between the densitometric
scans and nephelometric measurements of IgG
using the serum of patients having y-migrating
IgG monoclonal gammopathies.” Therefore, the
densitometric scan is used to follow these patients
(Fig. 2.15). Since most monoclonal proteins
migrate in the y-region, this provides a convenient
method for follow-up of these patients. However,
when the monoclonal protein migrates in the o-
or B-globulin regions, densitometry may be used
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Figure 2.15 Correlation of y-region concentration, as
determined by densitometric scans of serum protein
electrophoresis gels, with total IgG as determined by
nephelometry. Samples were serum from patients with known
Y-migrating monoclonal gammopathies. The excellent correlation
demonstrates why we follow these patients with serum protein
electrophoresis and densitometric scans only rather than repeating
immunoglobulin quantification and/or immunofixation. With
[-migrating monoclonal proteins, however, the usual transferrin,
B,-lipoprotein and C3 bands interfere with the accuracy of
scanning small monoclonal proteins.

but is problematic. The other major proteins such
as haptoglobin, o,-macroglobulin, transferrin,
and C3 that are found in these regions interfere
with this method.

Differences in the performance of densitometers
have been reported. For example, Schreiber et al.”
noted that albumin values were higher on the
Beckman Appraise densitometer than on the
Helena EDC. These instruments differed by an
average of 2.5 g/l (250 mg/dl) in measuring the y-
regions on the same gels.” This confirmed a similar
observation by Sun’ about relatively low albumin
values on the Helena densitometer. In the same
study, Sun noted that the Gelman densitometer
tested produced low y-globulin values compared
with other instruments. Nonetheless, once a labo-
ratory has developed its own normal range,
currently available densitometers provide useful
information that allows for comparison from one
patient to another and for following patients with
monoclonal gammopathies. Clinicians should be
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aware that these measurements are not standard-
ized and that there is considerable variability in the
measurement of an M-protein from one laboratory
to another.

The correlation between polyclonal immunoglob-
ulin concentration determined by nephelometry
versus the concentration determined by densito-
metry is far from perfect.”” Schreiber et al.”
compared the concentration of y-globulins with
nephelometric values of IgG + IgM + 1/2 IgA (they
assumed that about half of the IgA migrated in the
B-region of their system, and hence would not be
included in the y-fraction). Although the correla-
tion between the two techniques was very good (an
average correlation coefficient of 0.95), the densit-
ometric technique consistently gave lower results
than did nephelometry. This discrepancy became
more pronounced at higher immunoglobulin con-
centrations.” Similar results were reported by
Chang et al.”” who recommended diluting sera that
contain total protein from 9.1 to 11.4 g/dl 1:10,
whereas total protein > 11.5 g/dl should be diluted
1:20 to provide better linearity. Further, in esti-
mating albumin concentrations, overstaining of
albumin by some dyes may cause its concentration

to be overestimated compared with nephelometric
techniques.*™

While densitometry suffers from the limitations
of the dye used to stain the protein and the dilution
of the sample, nephelometric techniques also have
inherent problems due to antigen excess effects as
well as the characteristics of antisera used in the
measurement.”””® In their studies, Sinclair et al.”
and Tichy” found that electrophoresis followed by
densitometry was superior to immunochemical
methods for following IgM monoclonal gammo-
pathies.

Stemerman et al.®* also recommended following
monoclonal gammopathies (IgG in their study) by
densitometric scans of the serum protein electro-
phoresis patterns. They noted that there was a loss
of linearity above 6 g/dl requiring dilution for
accurate results. Further, they presented a table to
aid the interpreter in determining if a change in the
quantity of a monoclonal gammopathy is signifi-
cant (Table 2.5). They used Coomassie Brilliant
Blue to improve the sensitivity and scanned the
monoclonal band with the borders delineated
automatically by their Pharmacia LKB 2220
recording integrator.

Table 2.5 Minimal differences in paraprotein measurement that indicate true changes between sera’

Initial paraprotein

concentration (g/l)

85% Probability of a
true difference (g/l)

95% Probability of a
true difference (g/l)

0 .1
10 1.6
20 2.0
30 24
40 29
50 33
60 3.7
70 7.2
80 4.6

1.8
25
33
4.0
4.7
5.4
6.1
6.8
7.5

*Data modified from Stemerman et al.”
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Table 2.6 Comparison of normal serum protein values by cellulose acetate versus high-resolution electrophoresis densitometry

Serum fraction Cellulose acetate®

High-resolution agarose®

Albumin 3.54-5.0°
Q, 0.21-0.34
o, 0.40-0.75
B 0.73-1.07
Y 0.66—1.32

4.11-5.39
0.10-0.24
0.33-0.73
0.57-1.05
0.62-1.33

*Gelman ACD Densitometer used for scanning.
°*Beckman Appraise Densitometer used for scanning.
‘Results expressed in Gm/dl as 2 SD range.

pattern.’

‘Although the high-resolution scans can be separated into two B fractions, only one is used for comparison with the five-band

The M-protein peak on densitometric scans is
measured in the same manner described above for
CZE. The indicator is placed at the notch just
before and just after the M-protein peak. Clearly,
no currently available technique is able to
ompletely separate the M-protein concentration
from polyclonal immunoglobulins that
migrate in the same region. As with capillary zone
electropherograms, the B-region is more problem-
atic because of the presence of other major proteins
(see Chapter 4). However, this technique provides
a reliable method to follow M-proteins in serum
and urine.

We perform densitometric scanning on all gel-
based serum patterns. Even though gels with high-
resolution allow for recognition of up to twelve
proteins, our densitometric patterns of these gels
use a standard five serum-fraction pattern. This
reflects the variation in small bands such as B,-
lipoprotein and o,-antichymotrypsin, and the vari-
able proportions of C3 and C3 breakdown
product (which migrate in different regions — see
Chapter 4), depending on the conditions of stor-
age of the sample and in vivo activation. A com-
parison with our former five-band
cellulose acetate technique showed a lower level
of ;- and o,-globulins in the Amido Black-stained
agarose strips compared with the Ponceau S-

may

routine

stained cellulose acetate (Table 2.6). However, the
superior band discrimination by Amido Black
made this difference in densitometric information
insignificant for the purpose of clinical interpreta-
tion.”
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Whereas serum protein electrophoresis can detect
restrictions that resemble monoclonal gammo-
pathies, it cannot definitively identify a restriction
as an M-protein. For that, immunochemical
methods together with electrophoresis must be
employed. In this chapter, I review the principles of
the techniques employed for the identification of
restrictions seen on protein electrophoresis as M-
proteins. Most laboratories
immunofixation electrophoresis (IFE) to identify
the restriction as an M-protein. Laboratories using
capillary zone electrophoresis (CZE) may be able
to perform immunosubtraction (ISUB), depending
which CZE system they using.
Immunoelectrophoresis (IEP) is still used by some
laboratories. It does have a couple of advantages
over immunofixation, but it is slow, less sensitive
and more difficult to interpret than IFE. Lastly,
cases of heavy chain disease benefit from perfor-
mance of immunoselection (ISEL).

now perform

on are

PRINCIPLES OF
IMMUNOPRECIPITATION

Whether one is performing IFE, ISUB, IEP, or ISEL
the basic principles of the precipitin reaction are
the same, and understanding them is critically
important to making the correct interpretation of a

given sample. Immunoprecipitation involves the
interaction of antibody molecules with antigen in
either a gel or liquid matrix in which the molecules
are free to diffuse. The key to precipitation is the
multivalent nature of antibodies and antigens (each
has two or more sites with which they can inter-
act)."”?

In most chemical reactions, when substance A is
mixed with substance B to form a product C (let’s
call it a precipitate), the reaction can be expressed
as

A+B—>C

As shown in Fig. 3.1, as one increases the amount
of substance A while maintaining the amount of

A+B—C

Product of C

Amount of A added

Figure 3.1 As substance B is used up, no more product C is
formed by the addition of substance A.
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Ab +Ag — Ag—Ab

Equivalence

Antigen
excess

Antibody
excess

Amount of precipitate

Amount of Ab added

Figure 3.2 This classic immunoprecipitin curve shows that the
amount of precipitate (antigen—antibody complex) decreases with
the addition of excessive amounts of antibody.

substance B constant, the amount of precipitate C
will increase up to a point, and then remains con-
stant, despite addition of more substance A. No
more precipitate forms as more C is added because
all the available substance B has combined with A
to form the precipitate. Similarly, in immunologi-
cal reactions a precipitable product will form when
an antibody is added to its antigen. Unlike the
chemical reaction shown in Fig. 3.1, however, a
decrease in the amount of precipitate occurs when
excess antibody is added to a constant amount of
antigen (Fig. 3.2). Therefore, there is something
about the interaction of antibodies with antigens
that differs from the simple chemical reaction
shown above.

Antibody—-antigen interactions are  highly
complex because of the many variables that may
occur. Any given antigen molecule has many dif-
ferent surface determinants (epitopes) to which
antibodies may bind (Fig. 3.3). Each epitope may
elicit several different clones of B lymphocytes to
differentiate into antibody-secreting plasma cells.
The antibodies produced by each clone will differ
from one another in structure such that their
ability to bind to the epitope will vary from one
clone to the next. This strength of antibody
binding to a particular epitope is called its
affinity.

The binding of antibody molecules to epitopes
depends on four types of non-covalent inter-
actions. The forces involved are:

® cDE T epitopes
by e
— — — immunize animal
* serum
B-cell clone Activity Binding strength
clone 1 anti-A 107
clone 2 anti-A 1010
clone 3 anti-A 10°
clone 4 anti-B 107
clone 5 anti-B 108
etc.

Figure 3.3 Most antigens are complex molecules with many

surface epitopes to which antibodies will form. In turn, several
different B-cell clones may respond to each epitope, creating a
diverse array of antibody specificities with a variety of binding

strengths in the reagent antisera that we use.

1. Coulombic forces, which result from the
interaction of oppositely charged groups such
as NH," and COO~

2. Hydrogen bonding, which results from the
interaction of a hydrogen atom closely linked
to an electronegative atom (such as oxygen),
with another electronegative atom.

3. Hydrophobic bonding, which is analogous to
the effects of oil in water. Even when
dispersed, oil will coalesce, excluding the
intervening water molecules. Hydrophobic
bonding occurs because of the preference of
apolar groups for self-association.

4. wvan der Waals forces, which are the
interactions that occur in the outer electrons
of the reactants. These are relatively weak
forces that gain considerably in strength as the
distance between antigen and antibody
molecules decreases.

None of these interactions has the strength of cova-
lent bonding; therefore, antibody-antigen inter-
actions are readily reversible. The strength of the
interaction of a particular antibody with a particu-
lar epitope (affinity) depends on the number and
strength of the four types of bonds described above.

Understanding the immune precipitin reaction and



the need to consider the concentration of the anti-
body and antigen is critically important to optimize
IFE, ISUB, IEP, and ISEL techniques and to avoid
potential errors. Although the following concepts
are quite basic, commercial products whose instruc-
tions try to ‘simplify’ the technique occasionally
ignore them. Before launching into a discussion of
the chemistry involved, I will use the following case
to illustrate the relevance of the antibody and anti-
gen concentrations to the amount of protein present
in the gammopathy being studied.

Although the protein electrophoresis tract looked
like a monoclonal gammopathy — serum protein
electrophoresis (SPE) for Fig. 3.4a — the immuno-
fixation showed a very broad reactivity with IgG
and « that suggested a polyclonal reactivity. No
reaction was seen in the region where the slow y-
band was seen. Serum protein electrophoresis was
performed on the sample. As shown in Fig. 3.4b,
this gave a slow y-band similar to the one that
detected in the SPE lane of the referred gel. We
measured IgG, IgA, IgM, k and A by nephelometry.
From the data shown in Fig. 3.4c, it was concluded
that the serum contained an IgG k¥ monoclonal
gammopathy.

The problem with the referred IFE related to the
dilutions of patient serum applied to the gel. We
performed IFE, using the same commercial kit as
the outside laboratory, but adjusting the dilution
of the serum to approximate equivalence for the
antibody—antigen interaction (see below). As
shown in Fig. 3.4d, our IFE demonstrates that the
slow y-band is an IgG x monoclonal gammopathy.
We ran the K at two concentrations, 1:10 and 1:20,
both of which gave interpretable results. This
demonstrates that one must adjust the concentra-
tion to be near the equivalence range to obtain an
interpretable result.

The dilutions of patient’s serum on the first IFE
gel resulted in antigen excess effect in the region of
the monoclonal band. Note also that no precipitate
at all is seen in the IgA or A lanes. Did the technol-
ogist forget to place the sample or the antiserum in
this tract, or was the dilution used too large, result-
ing in an undetectable precipitate (in effect, anti-
body excess)? This is another key problem with
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using dilutions that do not attempt to account for
the approximate concentrations of the immuno-
globulins looked for. Why were broad precipitates
of IgG and « on the original IFE anodal to the
major band in the slow y-region? This represented
lower concentrations of the monoclonal protein
that had migrated behind the major band. The
broad migration may have reflected some self-
aggregation, heavy glycosylation, or the known
microheterogeneity of monoclonal proteins.’ It
stained well, however, because the concentration
of the monoclonal band in this region was consid-
erably lower than at the slow y-region where most
of the protein migrated. Because of its high con-
centration at the slow y-end, the complexes formed
were small and washed away during the wash steps
(antigen excess effect), resulting in confusion, or
worse, a false negative. Hopefully, this digression
on a real case will whet your appetite for the rather
dry, but straightforward, discussion of these
important basics.

In the immune precipitin reaction, the multi-
valency of the antibody and antigen allow for the
formation of a lattice (Fig. 3.5). In the zone of anti-
gen excess (Fig. 3.2), the large amount of antigen
present makes it likely that only relatively small
immune complexes are formed, with the formula
AB(1)AG(2). These molecules are too small to pre-
cipitate. As more antibody is added to the system,
a precipitate (large antibody—antigen latticework)
begins to form until a maximal precipitate is noted.
This maximal precipitate occurs in the zone of
equivalence where the formula is AB(1)AG(1) (Fig.
3.5). With the addition of still more antibody, the
epitopes on the surface of the antigen are saturated
with antibody molecules and therefore are not
available for reaction with other crosslinking anti-
bodies. Here the formula is AB(x)AG(I) where x is
the number of epitopes expressed on the surface of
a particular antigen. For optimal IFE, a large
crosslinked precipitate is needed. Smaller immune
complexes usually formed at antigen excess will
wash away. In the case shown in Fig. 3.4, there was
too much antigen present at the cathodal end of the
gel resulting in the band being washed away (anti-
gen excess effect).
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Figure 3.4 (a) Immunofixation of a serum referred to us from another laboratory. Specific antisera were added to the lanes as indicated

by the immunoglobulin labels. The dilutions used were not provided. The anode is on the top. Note the sharp band at the extreme
cathodal end of the SPE lane (arrow). Why are the bands in the IgG and « lanes so broad? Why is there no sharp band at the cathodal
end? Did the technologist add the sample to the lanes labeled IgA, 1gM and A? (Paragon system stained with Paragon Violet; anode at the
top.). (b) The top sample is from the case shown in (a). The distinctive y-region band is also seen in our gel (arrow). The bottom sample is
not from the present case but shows a striking monoclonal gammopathy. (Paragon SPE2 system stained with Paragon Violet.) (c) The
immunoglobulin quantifications for the serum from (a) are shown. The normal ranges are shaded for each column. The patient’s values are
shown in the square at the top of each column and depicted with a black square. K/L is the k/Aratio. Diff/Total is (IgG + IgA + IgM) —

( + A). In light chain disease it is often high. In this case, the IgG and k are elevated along with the k/A ratio. This, together with the

obvious monoclonal band in (b) is consistent with an IgG k monoclonal gammopathy. (d) Immunofixation in our laboratory demonstrates
the IgG k¥ monoclonal gammopathy. No IgM was run on this gel. Instead, two concentrations of k were used to see if the slow y-band
became weaker at greater concentrations. Note that IgA and A are visible, because the dilutions used were optimized to precipitate the
normal polyclonal IgA and A which were present. Note that the IgA is migrating in the correct position for polyclonal IgA, the -region.

(Paragon Immunofixation system stained with Paragon Violet.)
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Figure 3.5 Multivalency of antibody and antigens is responsible
for the classic immunoprecipitin curve (Fig. 3.2).

DOUBLE DIFFUSION IN TWO
DIRECTIONS (OUCHTERLONY
TECHNIQUE)

Ouchterlony devised a simple way to use the
immunoprecipitation reaction to determine anti-
body reactivity and to identify unknown antigens.*
He cut wells in an agarose gel and put antibody in
one well and antigen in another. These molecules
diffuse radially out of the wells (Fig. 3.6). As they
diffuse away from the center of the well, their con-
centration decreases logarithmically. A precipitin
band forms somewhere between the two wells at the
point at which their concentrations are equivalent.
If the precipitate is closer to the antigen well, it indi-
cates that the antibody was more concentrated than
the antigen because it had to diffuse further than the
antigen (thereby becoming more dilute) before a
precipitate could be seen. Other factors such as the
size of the molecules and interactions with the gel
also affect this reaction but, in general, the beauty

Antibody Antigen

Figure 3.6 As antibody and antigen diffuse from the well, their
concentrations decrease logarithmically. The precipitin line forms
where the concentrations are equivalent.
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Figure 3.7 Ouchterlony plates using specific antibodies can be

used to determine the antigen content of unknown solutions.
When different antigens (A and B) are reacted with antibodies to
A and B, two lines form, which cross one another (nonidentity).
When the antigen in both wells is the same, the two lines meet
(identity) because the antibodies to the antigen are absorbed out
in the precipitation and do not pass beyond the precipitin line to
react with the other antigen. When the antigen is similar (A"), only
some of the antibodies to the antigen (A) will be removed.
Antibodies to antigen A that are not expressed on A" will pass
through the precipitin band formed by anti-A and A’, and a second
line (spur) will form with antigen A. This is the partial identity
pattern.

of the antibody—antigen interactions when they dif-
fuse through agarose gel for a distance is that the
concentration of the reactants is automatically
adjusted to form the precipitate.

Ouchterlony also found that by using a known
antigen and antibody he could determine whether
an unknown antigen was structurally the same,
similar, or dissimilar. For example, immunoprecip-
itation of an antiserum with activity against both
antigens A and B is shown in Fig. 3.7. If antigen A
is in one test well and antigen B is in the other, a
pattern of non-identity occurs where the two lines
cross. The precipitin line does not resemble a solid
barrier, rather a grossly visible latticework (Fig.
3.5). Antibodies and antigen that lack specificity
for the epitopes on this immune complex readily
pass through this latticework.

If antigen A is placed in both wells, a pattern of
identity occurs. Here, the lines meet but do not cross
one another, because all the antibodies to antigen A
react with substance A they do not pass through the
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lattice. If antigen A is placed in one well and a chem-
ically similar antigen A' (which may lack one
epitope that antigen A possesses) is placed in the
other test well, a pattern of partial identity results.
This is a difficult pattern to identify and to under-
stand. Here, all of the molecules that react with anti-
gen A' are precipitated onto the lattice when they
meet antibody to A. However, since antigen A' lacks
one epitope that is present on antigen A, antibodies
to this unique epitope pass through the lattice
formed by anti-A + antigen A' and are available to
interact with antigen A. Because there are only
relatively few of these molecules and most of the
antibodies that react with anti-A have been removed
by the interaction with A', antigen A must diffuse
slightly further (to become more dilute in concen-
tration) before it is in equivalence to form a pre-
cipitate with the fewer remaining anti-A molecules
that react with the unique epitope. This explains the
‘spur’ of antigen A, which is the classic definition of
‘partial identity.’

IMMUNOELECTROPHORESIS

A logical development of the immune precipitin
reaction was to combine it with electrophoresis to
achieve separation by charge and then identification
of the molecules by immunological techniques. For
many years, IEP was the mainstay for combining
these two techniques in both research and clinical
laboratories.” It is performed by placing the
patient’s serum into a series of wells in an agarose
gel. The sample is electrophoresed to permit sepa-
ration of the major serum proteins (Fig. 3.8). After
electrophoresis, the gel is removed from the elec-
trophoretic apparatus and the troughs are filled
with antisera to various specific components of
interest, usually including antipentavalent human
immunoglobulin (which reacts with the three major
heavy and light chain classes), and the remaining
troughs are filled with monospecific antisera against
IgG, IgA, IgM, x-, and A-chains. For comparison of
electrophoretic migration patterns, and to be sure
that the correct antisera have been placed into the
appropriate troughs, a control serum is alternated

with the patient’s sample on the IEP strip. These
antisera slowly diffuse from the trough into the gel
while the protein components slowly diffuse in a
radial fashion. Precipitin lines form where the anti-
sera and the specific antigens are at equivalence.
Owing to the geometry of the application wells and
radial diffusion, the precipitin lines are in the form
of arcs. Large quantities of monoclonal proteins are
readily identified by IEP by comparing the migra-
tion of the control to the patient’s serum across a
trough containing a specific antiserum (Fig. 3.9).
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Figure 3.8 Immunoelectrophoresis (IEP) takes advantage of the
principles of electrophoresis, gel diffusion (which adjusts
concentrations during diffusion), and antibody—antigen precipitin
reactions to identify specific proteins. In the example shown, only
1gG is precipitated and present after the wash step. The closer the
IgG is to the antiserum trough, the greater is its concentration.
Large molecules, such as pentameric IgM, can be difficult to
examine by this technique because they diffuse slowly through the
agarose. Small monoclonal proteins are also difficult to identify
because this technique does not offer good resolution of individual
proteins.



Figure 3.9 Immunoelectrophoresis (IEP) shows a large 1gG A
monoclonal gammopathy. Note that control (c) serum alternates
with patient (p) serum. Antisera to pentavalent (PV), IgG (G), IgA
(A), IgM (M), x (K), and A (L) were placed in the troughs. A large
arc with excessively anodal migration is seen in the polyvalent, IgG,
and A areas of the patient’s sample (indicated in all three
locations). The A arc stains weakly, which is the prozone

phenomenon often seen with A reagents. Diagnosis of such large
monoclonal gammopathies is relatively easy by IEP.

Immunoelectrophoresis was a significant advance
in the identification of monoclonal proteins associ-
ated with multiple myeloma and Waldenstrom
macroglobulinemia. Unlike the antigen excess
problem with IFE discussed above, IEP is not as pro-
foundly affected by antigen excess because, as the
protein diffuses into the agar, its concentration
decreases greatly, allowing the system to adjust
automatically to antigen—antibody equivalence and
a precipitin arc to be formed. When monoclonal
proteins are present in large quantities, IEP is usu-
ally able to detect the condition properly because of
this diffusion effect.” When a large amount of mon-
oclonal protein is present, it needs to diffuse further
to decrease its concentration and will have its
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precipitin arc close to the trough. Occasionally, the
center of the arc actually diffuses into the trough
(Fig. 3.10). Except in extreme cases, the diagnosis
can readily be made without diluting the serum.
Similarly, IEP can detect a second monoclonal pro-
tein that results from the presence of a monoclonal
free light chain (MFLC, also known as Bence Jones
protein) simultaneously with an intact monoclonal
immunoglobulin molecule. The MFLC has a differ-
ent pl, a much smaller molecular weight, and it is
usually present at a different concentration than the
intact monoclonal immunoglobulin molecule.
Because of these factors, MFLC protein has a
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Figure 3.10 Immunoelectrophoresis of urine shows a large A
Bence Jones protein. Note that control (c) is serum so that we can
see the position of normal IgG, IgA, and IgM. Normal urine would
have too little immunoglobulin to detect with this method. The
patient’s urine (p) has so much of the monoclonal A protein that it
has substantially diffused into the trough before reaching
‘equivalence’ and forming a precipitate with the anti-pentavalent
(PV) and anti-A (L) reagents (indicated). Note that the pentavalent
reaction is quite weak. It is typical for polyvalent reagents to have
relatively weak anti-A reactivity. Compare this with Fig. 3.9
(symbols are same), in which the dense reaction in the pentavalent
reagent is caused by the anti-IgG (G).
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Figure 3.11 Immunoelectrophoresis from the serum of a patient
with both a monoclonal IgG A protein and a free A monoclonal
free light chain (MFLC) in the serum. The free A light chain
reactivity can be seen with the pentavalent reagent, where the
extra arc due to the anti-free A is indicated. The same area is
indicated in the anti-A reaction with the patient’s serum in the
bottom trough. This area is not seen with the anti-IgG reagent.

different migration than the intact monoclonal
gammopathy. Free light chains also express certain
epitopes on their surfaces that are not usually
expressed on the surfaces of a light chain attached
to intact immunoglobulin molecules. Commercial
antisera are able to detect these epitopes (Fig. 3.11).
Consequently, as with the Ouchterlony patterns of
partial identity discussed above, when the intact
immunoglobulin molecule reacts with the antiserum
it cannot remove antibodies to these hidden deter-
minants. The latter antibodies continue through the
precipitin band to react with the free light chain.

Limitations of IEP

Unfortunately, there are several problems with IEP
that encouraged the development of newer

approaches to the detection of M-proteins.
Although IEP is an accurate means to characterize
a large M-protein, it is also very slow, largely
because of the diffusion step, which requires at
least 18 h for optimal results. Further, for greatest
sensitivity the gel must be washed and stained
before final examination. Immunoelectrophoresis
with no complicating factors takes from 24 to 48 h
to complete. Immunofixation electrophoresis tech-
niques are more sensitive, semi-automated and can
be performed in less than 3 h.

In addition to being slow, IEP is unable to distin-
guish monoclonality in certain situations.”"* The
case shown in Fig. 3.12 is a typical example of the
‘umbrella effect’” problem with IEP. The patient

7 C

Figure 3.12 Nondiagnostic immunoelectrophoresis in a patient
with a fourfold increase in IgM and an obvious ¥ spike on serum
protein electrophoresis (shown on the top of Fig. 3.13). The
patient’s IgM is pentameric and is barely able to migrate out of the
well. The diffuse hazy area indicated near the well for each that
contains patient’s serum is where the monoclonal protein has
deposited. The normal k and A arcs represent the patient’s normal
serum IgG and do not reflect his monoclonal protein (the so-called
‘umbrella effect’).



was a 60-year-old woman who complained of
lethargy and was noted, upon physical examina-
tion, to have prominent axillary lymph nodes.
Despite an IgM level (1330 mg/dl) greater than
three times our upper limit of normal (350 mg/dl)
and an obvious spike on serum protein elec-
trophoresis (Fig. 3.13), the IEP (Fig. 3.12) of this
patient’s serum was non-diagnostic. One could
certainly say that the patient had more IgM than
the control, but that was already known from
the immunoglobulin measurement. Monoclonality
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Figure 3.13 Immunofixation of serum from Fig. 3.12. Top sample
is the serum protein electrophoresis of the patient’s serum run at
the same time as immunofixation (anode at left). The
interpretation is an IgM k monoclonal gammopathy. Note that the
monoclonal protein has the same electrophoretic migration in the
reaction with anti-IgM and anti-k. Also, by using the serum at the
proper dilution (see text), you have a built in control for the
antisera. IgA reacts in a broad B-region where IgA normally
migrates. Similarly, anti-IgG and anti-A reagents show proper
reactivity. Dilutions used were: IgG, 1:10; IgA, 1:2; IgM, 1:13; «,
1:14; A, 1:4). (Panagel system stained with Coomassie Blue; anode
is at the left.)
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(marked predominance of ¥ or A) could not be
determined because the patient had normal
amounts of IgG. The smaller molecular size of IgG
(160 kDa) than IgM (1000 kDa) allows IgG to
diffuse more quickly through agarose and to react
with antisera to the light chains. This prevents
reaction of anti-light chain antisera with the
bulkier, more slowly diffusing IgM. This shielding
of an IgM monoclonal gammopathy by polyclonal
IgG molecules is called the ‘umbrella effect,” and is
a well-known problem in IEP interpretation.""

There are several ways that one can still use TEP
to make the correct diagnosis in a case with the
umbrella effect.”'® One can add 2-mercapto-
ethanol to break disulfide bonds and then repeat
the IEP. To perform this procedure, we recommend
adding 5 ul of 0.1 m 2-mercaptoethanol to 1 ml of
serum and incubating for 1 h at 37°C. This will
usually break up aggregates of IgM to allow for
visualization of the monoclonal gammopathy by
[EP.">'"*" Unfortunately, this method is sometimes
unsuccessful. Reduction of disulfide bonds works
best to identify those monoclonal IgM proteins
that are elevated more than fourfold over normal.”
Other successful methods involve either a sizing
column or a charge column to separate the IgM
from the IgG, and then repeating the IEP on the
separated fraction. These methods are labor-inten-
sive and take considerable time, thereby delaying
the diagnosis. Such inefficient procedures are also
expensive, which is an even greater problem with
modern reimbursement systems that penalize hos-
pitals for a slow diagnosis. While some have
argued that the combined cost of such special pro-
cedures with IEP is less than that of IFE," this has
not been our experience. With IFE, one gets the
correct result the first time, in a few hours. With
IEP and special procedures, a couple of days are
needed, as the first IEP may be unreadable. Finally,
we use 50 per cent less of costly specific antisera to
perform IFE than to perform IEP and much less
technologist time with the advent of semi-auto-
mated IFE and ISUB.

Another difficulty with IEP is that its geometry
prevents an optimal resolution of individual
protein molecules. Therefore, it can be difficult to
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detect biclonal gammopathies, that are more
readily detected with IFE, which allows greater dis-
crimination than does IEP between two different
monoclonal proteins that have relatively close pls
(see Chapter 1).

Immunoelectrophoresis lacks sensitivity to detect
small M-proteins. Some believe that this insensitiv-
ity of IEP is an advantage because the larger mono-
clonal gammopathies detected are more likely to be
of clinical significance than smaller monoclonal
gammopathies. Small M-proteins, however, may
have clinical importance. As discussed in Chapter
6, Kyle has coined the term ‘monoclonal gammo-
pathy of undetermined significance’ for patients
with relatively small amounts of monoclonal
gammopathy who lack clinical evidence of
multiple myeloma.”?* Patients with monoclonal
gammopathy of undetermined  significance
(MGUS) need to be followed indefinitely, because
the gammopathy may develop into a malignant
process (myeloma or Waldenstrom macroglo-
bulinemia). Alternatively, small quantities of M-
proteins may represent the presence of a malignant
B-cell neoplasm. Such small M-proteins may be
detected in light chain myeloma, amyloid (AL),
chronic lymphocytic leukemia, Burkitt lymphoma,
and lymphocytic  lym-
phoma.””* It has become clear that some patients
with neurological complaints have monoclonal

gammopathies that are related to their clinical
28-34

in  well-differentiated

symptoms.

Another problem with IEP is over-interpretation
of polyclonal increases, resulting in misdiagnosis of
inflammatory conditions as monoclonal gammo-
pathies. This results when relatively massive poly-
clonal increases occur in IgG. Often, this produces
a distortion of the IgG band (as it requires a larger
space to diffuse to reach equivalence than is avail-
able). This can produce an appearance similar to
the restriction seen in true monoclonal patterns
(Fig. 3.14). Since there is twice as much total ¥
(light chain bound to intact immunoglobulin mole-
cules as well as the small amount of free light
chains that normally circulate; see Chapter 7) as A
under normal circumstances, and since the usual
K/ ratio is 2.0 in most polyclonal increases, the A~

band may not enter the trough, and thus appear
normal (Fig. 3.14).

IMMUNOFIXATION
ELECTROPHORESIS

Immunofixation electrophoresis has been a dra-
matic development for the clinical labora-
tory.”"*”3% This technique can be performed in
about 3-4 h, is not subject to the umbrella effect,
can readily detect the small monoclonal gammo-
pathies, is easier to interpret than IEP, uses half as
much antisera as IEP, and requires the same equip-
ment as that needed for many of the commercially
available protein electrophoresis methods. Further,
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Figure 3.14 Immunoelectrophoresis which was misdiagnosed as
an IgG k monoclonal gammopathy. It is a polyclonal pattern where
there is so much IgG and x that they have spread into the trough
and their pattern falsely suggests a restriction (arrows). This
should have been caught. The A actually also spills into the trough,
but since it was broader and did not line up with the IgG, it was
dismissed. Also, the IgA arc is markedly increased because of a
corresponding polyclonal increase in IgA.



semi-automated versions of IFE are currently avail-
able that allow for examination of several samples
with minimal technologist time. Sensitive new
methods even allow for detection of oligoclonal
bands in cerebrospinal fluid by IFE technique on a
few microliters of unconcentrated sample (see
Chapter 8).”

Selection of the dilution of patient’s
serum

One advantage that IEP had over IFE was the slow
diffusion step that allowed concentration of the
M-protein to adjust to the concentration of the
antibody. This avoided the problem of the antigen
excess effect that may occur with IFE if the sample
is not properly diluted. In IFE, the reaction occurs
quickly because there is no diffusion step. This was
the step in IEP that allowed the antigen and anti-
body to adjust to equivalence for maximal precipi-
tation.

To achieve optimum sensitivity and to avoid the
antigen excess effect, it is important to use a dilu-
tion of the serum that places it close to the equiva-
lence range for the immunoprecipitation reaction.
There is also considerable variation in the strength
and specificity of commercial antisera. Monos et
al.* compared several commercial sera with the
same M-proteins and found considerable variation
in detection of the monoclonal protein. They also
noted that an M-protein present in a concentration
of 700 mg/dl could be missed if the incorrect dilu-
tion of the patient’s serum was used with a com-
mercial antisera that had poor reactivity for that
particular protein.

There are several ways to determine which dilu-
tion of serum to use. The first is to use a standard
dilution (suggested by commercial IFE kits). While
this is an easy approach, it presents problems in
cases with very high or very low concentrations of
M-proteins. Monos et al.* found that a dilution of
1:10 for IgG, 1:5 for IgA, IgM, and k-chains and
1:2 for A-chains allowed them to make the proper
diagnosis of a monoclonal gammopathy in most
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cases. They cautioned, however, that if equivocal
results are obtained using these standard dilutions
of serum, the analysis should be repeated using a
different antiserum.*’ Fortunately, there is usually a
relatively large leeway for this dilution, although
this varies from one monoclonal protein to another
and from one commercial antiserum to another. As
shown in Fig. 3.15, the monoclonal gammopathy
could be detected by a variety of dilutions around
the equivalence region. This would not have hap-
pened, however, with all monoclonal proteins, or
with all commercial antisera (see Fig. 3.16). When
possible, it is a great advantage to know the con-
centrations of the major immunoglobulin classes
before one sets up the IFE. A study by Hadler et
al.* recommended that the optimum concentration
for detection of M-proteins in the system they were
using was 28-35 mg/dl. In our laboratory, we have
found that with most commercial antisera, the
antigen (IgG, IgA, IgM, or k) needs to be present at
a concentration of about 100 mg/dl for best
results. Antisera to A tend to give weaker reactions
and one may wish to dilute the patient’s serum to
about 50 mg/dl for A.

An example of the weakness of the anti-A
reagents is shown in Fig. 3.16. The serum protein
electrophoresis gel shows a prominent slow B-
migrating monoclonal gammopathy. By nephelo-
metry, the IgA measured 14 400. Yet, with a 1:10
dilution of IgA, one did not have an antigen
excess problem. The monoclonal band stained
very strongly, perhaps obscuring the possible sec-
ond IgA band (likely a multimer of the major
band). At 1:100, both the major band and the sec-
ond band are seen to advantage with the anti-IgA
reagent. However, with antisera to A at 1:10, a
problem with antigen excess effect is seen. The
center of the major band precipitate has washed
away owing to inadequate size of the immune
complexes formed by the anti-A reagent; neverthe-
less, at 1:10 the same monoclonal protein reacts
well with the anti-IgA reagent. Even at 1:50, the
center of the A band has begun to wash away.
With most antigen excess effects, one can still
make the diagnosis of the type of monoclonal
gammopathy, however, in some cases, it can make
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Figure 3.15 Immunofixation of serum from patient with an IgG K monoclonal gammopathy. The concentration of the IgG was
1740 mg/dl. The monoclonal band is readily seen at the 1:20, 1:40, and 1:80 dilutions. At 1:10 the band is visible, but is considerably

obscured by the amount of polyclonal IgG present. At |:5, there is a slight indentation at the junction of the band with the cathodal end of
the polyclonal IgG (arrow). However, | believe that this would have been missed. With the IgG undiluted (left lane), the band is not
detectable. (Paragon system stained with Paragon Violet; anode at the top.)

the correct interpretation difficult. When in doubrt,
one should always rerun the sample at other dilu-
tions or with other antisera.

In the past few years, manufacturers have rec-
ognized the need to adjust the concentration of
serum to account for extremely high and low
levels of antigen. For example, the Sebia
Hydragel (Sebia, Issy-les-Moulineaux,
France) offers several levels of dilutions depend-
ing on the total immunoglobulin concentration
(Table 3.1). In our laboratory, strict adherence to
these instructions has provided excellent results
with this kit.

When using ‘home brew’ IFE, or kits where no
suggestion is provided for diluting the serum,
adjustment for concentration of a monoclonal

system

protein may be accomplished in one of several
ways. One method involves evaluating serum

samples for monoclonal gammopathies by first
performing protein electrophoresis and quantifica-
tion of IgG, IgA, IgM, x and A by standard
immunological methods (nephelometry, turbidi-
metry, or radial immunodiffusion). Using this
method, one can characterize large M-proteins
without resorting to either IEP or IFE (see Chapter
8). In those cases where IFE is necessary (identify-
ing small bands, abnormal x:A ratio, clinical
picture compatible with monoclonal gammopathy
process despite normal protein electrophoresis and
quantifications), one already knows the
immunoglobulin concentrations and this allows
one to estimate readily the dilution to obtain
optimal results. For example, with the
immunoglobulin values shown in Table 3.2, results
are expressed as mg/dl. To determine the appro-
priate dilution to use for a given sample, divide the
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Figure 3.16 (a) Serum protein electrophoresis gel where the bottom lane contains a massive monoclonal ggmmopathy in the slow -
region. The serum immediately above this sample has a small monoclonal band in the B—y and another tiny restriction in the slow y-region.
Since the monoclonal band in the bottom lane stains as dense as the albumin bands on this gel and is considerably broader, one can
estimate that it will have about three times as much protein as albumin (about 12 g). (Paragon SPE2 system stained with Paragon Violet.)
(b) Immunofixation of the sample from the bottom lane of (a) using the indicated dilutions of patient’s serum. Note that the serum protein
electrophoresis (SPE) lane did not fix the albumin band. Therefore, one cannot use it to estimate the protein concentration of the
monoclonal band. A large IgA restriction is easily seen in the 1:10 and 1:100 dilution, but a second IgA band is somewhat obscured by the
adjacent large IgA band at |:10, but stands out nicely (arrow) at the 1:100 dilution. The center of the A precipitate has washed away at the
1:10 (XS arrow) dilution and even to some extent at the 1:50 dilution. A diffuse x band is seen using the 1:20 dilution. It indicates the
presence of this patient’s normal K. (Paragon system stained with Paragon Violet; anode at the top.)
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Table 3.1 Manufacturer’s suggested dilutions related to total
immunoglobulin concentration®

Track Ratio of serum

to dilutent

1gG

(total immunoglobulin > 0.5 < 2.0 g/dl) 1:5
IgA, IgM, K, A

(total immunoglobulin > 0.5 < 2.0 g/dl) 1:2
1gG

(total immunoglobulin > 2.0 g/dI) I:10
IgA, IgM, K, A

(total immunoglobulin > 2.0 g/dI) 1:4
1gG

(total immunoglobulin < 0.5 g/dl)
IgA, IgM, K, A

(total immunoglobulin < 0.5 g/dl) I:1

*Sebia Hydragel instructions.

quantity of the immunoglobulin by 100. If the
number is less than 1, in theory the serum should
be undiluted (neat). However, we usually dilute
samples at least 1:2 because when serum is used
neat, it is more likely to give us problems with arti-
fact bands at the origin. When very tiny amounts
are present < 50 mg/dl we will apply the patient’s
serum neat. Note that the optimal dilution will
vary different
However, diluting the immunoglobulin to be
assayed to a concentration of 100 mg/dl is often a
reasonable approximation for most antisera that I
have used. This might not be ideal for all antisera
and controls should be studied with each new lot
of antisera to ensure appropriate reactivity.

somewhat between antisera.

Dilution of serum for IgX = [IgX]/100

If the laboratory does not perform immuno-
globulin measurements as part of the evaluation
of serum for monoclonal gammopathies, one may
use the densitometric scan value of the y-region as

a crude estimate of IgG. This is similar to the
Sebia scheme above, since, in most sera, IgG
makes up most of the total immunoglobulin. With
most y-migrating IgG monoclonal gammopathies,
there is a reasonable correlation between the den-
sitometric scan of the y-region and the IgG deter-
mined by immunochemical methods.* Although
these estimates can be used as approximations of
the IgG concentration, they are far from per-
fect.*™* This method only approximates the IgG
values, and one must estimate to the concentra-
tions for the other chains. Usually, however, two-
thirds of the IgG is x and one-third is A. Also, IgA
and IgM tend to be present in relatively low con-
centrations (less than 300 mg/dl for most individ-
uals). When using this method to estimate
dilution, T prefer to start with a 1:2 dilution for
IgA and IgM. It is unusual that greater than a 1:4
dilution is required to avoid extreme antigen
excess for IgA and IgM under normal circum-
stances. Since IFE is performed after serum pro-
tein electrophoresis, the presence of a suspicious
band, and its size, will alert us to the occasional

Table 3.2 Calculation of dilution of serum to use with home
brew immunofixation

Immunoglobulin Concentration Dilution®
(mg/dl)

1gG 1434 I:14

IgA 24| 1:2

IgM 126 1:2°

k-Containing 1047 I:10

A-Containing 683 1.7

*In this example, dilution is based on closest approximation
to 100 mg/dl. If antigen excess effect is seen, a greater
dilution of serum will be needed for your system. If no
precipitate is seen, a more concentrated patient sample may
be needed. Adjustment needs to be made against controls
with each new lot of antisera.

*Dilute at least |:2 to minimize the origin artifact (see text).
“Antisera against A-containing immunoglobulins tend to give
weak precipitates; adjustment of the dilution of patient’s
sample may be necessary.




need to increase the dilution. When there is a
gross discrepancy between nephelometry and den-
sitometry, we usually favor the densitometric
value because, unlike nephelometry, it is not influ-
enced by the vagaries of the different commercial
antisera and antigen excess effects.**

One may estimate the y-globulin region of the
serum protein electrophoresis without densito-
metry. Because serum protein electrophoresis is
always performed before IFE in our laboratory,
our technologists become adept in estimating the
concentration of the y-region by examining the
stained gel itself. They base their dilutions on their
experience examining the gels. This method has
been adequate to estimate the dilution that should
be used to perform IFE and avoid the problems
associated with the extreme antigen excess effect.
Whether one uses a standard dilution or one of the
above methods for performing dilutions of the
patient’s serum for IFE, it is recommend that a
serum protein electrophoresis be performed at the
same time and compared with the IFE. Many of the
commercial products provide a serum protein elec-
trophoresis lane that can be used to detect the M-
protein for comparison purposes. Any band that is
not explained by the IFE should result in a repeat
IFE with other dilutions, or occasionally other
antisera.

Performance of immunofixation

When performing IFE, a separate sample of
serum, appropriately diluted, is applied to the gel
for each immunoglobulin or other antigen to be
assayed (Fig. 3.17). For example, although the
typical IFE uses antisera against IgG, IgA, IgM, x,
and A, antisera against other antigens such as IgE,
IgD, fibrinogen, or C-reactive protein may be use-
ful for identifying unusual bands in specific
samples (see Chapter 6). A sample of the patient’s
serum should also be placed in one lane for a
comparison protein electrophoresis. Some manu-
facturers have come up with ways to streamline
the initial screening. By using a pentavalent
(Penta) antisera (reactive with IgG, IgA, IgM,
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and A), an M-protein can be readily ruled out
(Fig. 3.18).

Following electrophoresis, the lane for compari-
son protein electrophoresis is fixed with acid. For
the pentavalent or specific immunoglobulin lanes,
the patient’s sample is overlaid with specific anti-
serum. In some systems, commercial antiserum
against a specific isotype is coated onto a strip of
cellulose acetate. This strip is placed directly on top
of the electrophoresed sample. In other systems,
using a template, the commercial antiserum is
directly layered onto the gel. Diffusion of the anti-
sera directly into the thin gel beneath is quite rapid,
requiring from as little as 5-30 min depending on
the system used.

Following removal of the antisera, gels are
washed and stained with Coomassie Brilliant Blue,
Amido Black or a specific commercial protein dye
provided by the manufacturer’s kit. Some workers
advocate silver staining for enhanced sensitivity. I
find silver stains clumsy and messy to use. In addi-
tion, the background that may result makes the
interpretation difficult. Sensitivity is not usually a
problem with IFE. Indeed, one of the more
common complaints about the technique is that
with the standard dyes, IFE shows too many
bands, not too few.

INTERPRETATION OF IMMUNOFIXATION

Before looking at the IFE results, one should
review the comparison protein electrophoresis gel
on the sample. Any suspicious band located any-
where from the o- to the y-region should be
noted and the IFE must resolve its identity. If the
antisera used do not identify a band seen in the
comparison protein electrophoresis lane, one
must consider additional steps: altered dilution of
the antisera (addressing the possibility of antigen
excess) or use of antisera against other proteins.
Other reagents used include antisera against IgE
or IgD, fibrinogen, C3, C-reactive protein
depending on the position of the restriction and
the clinical situation. Another approach that is
sometimes used involves pretreatment of the
sample with 2-mercaptoethanol. IFE
became so well standardized, I would occasion-

Before
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1. Select the appropriate dilution of patient’s serum:

cowy

Quantify IgG, IgA, IgM, Kappa, Lambda
Standard dilution of manufacturer

Estimate by densitometry

Estimate by experience reviewing the HRE gel

(beware antigen excess)

Origin

2. Apply patient’s
sample to
several tracts

SPEG A M K L
5. Wash and stain to

demonstrate
specific bands
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4. Fix first lane,
overlay others
with antisera

Figure 3.17 Schematic overview of immunofixation electrophoresis. The dilution of the patient’s serum for each lane must be selected

(Step ) by using one of four common methods for doing this — listed A-D and discussed in the text. After applying the serum to the
origin (Step 2), the proteins are separated by electrophoresis (Step 3) (in this example, the anode is at the top) and then (Step 4), acid
(SPE lane), or specific antisera (anti-G, A, M, k or A) are placed on each lane to precipitate the protein. In Step 5, the gels are washed and

stained to reveal, in this case, an IgG A monoclonal protein. Note that ideally, one should see diffusely staining bands at the appropriate

locations for the other analytes. This is achieved by appropriate dilutions of the patient’s serum. If a lane is empty, one would not be

certain if the correct antisera (or any antisera) was added, if the patient’s sample was added, or if there is just too little protein because

too large a dilution of the patient’s serum was used. HRE, high-resolution electrophoresis.

ally purify IgG and IgM with charge or sizing
With currently available IFE and
immunosubtraction (ISUB; see below) techniques,
I have not needed to use column purification for
several years.

The M-protein must have the same electro-
phoretic mobility in the IFE gel as it does in the
protein electrophoresis lane. Compare the migra-
tion across the gel as this identifies the position of
the suspected monoclonal protein. It is important

columns.

that the monoclonal protein lines up with the sus-
pected band because other proteins, such as fib-
rinogen, genetic variants (C3, transferrin) or such
as C-reactive protein can produce a suspicious
band in protein electrophoresis.” When two or
more small bands are detected in the y-region, one
is usually dealing with an oligoclonal expansion in
a patient with an infectious disease, an auto-
immune disease, or some lymphoproliferative
processes (see Chapters 4 and 6) with polyclonal
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Figure 3.18 (a) This capillary zone electrophoresis pattern contains a large y-region spike. The insert with the result of a Penta
(pentavalent) immunofixation is shown. On the left is the patient’s serum fixed with acid. On the right is the result of the immunofixation

with antipentavalent serum. This immunofixation demonstrates that the spike is caused by an immunoglobulin. To characterize the
immunoglobulin, further studies need to be performed. With such a large y-spike, | usually go straight to immunosubtraction or
immunofixation. However, with subtle B-region restrictions, the confirmation that it is due to an immunoglobulin can save us from
performing immunofixation on a radiocontrast dye. (b) Overview of an entire Penta Gel. Each number represents the serum protein

electrophoresis pattern and the number prime to its right is the Penta immunofixation on that serum. For this gel, M-proteins that require

a more complete characterization are found in cases 2, 7, 8, 9 and | 1. Case number 3 is arguable, but | would also perform a

characterization of that one. (Sebia Penta gel.)

expansion of immunoglobulins (Fig. 3.19). Small
bands on IFE can occur as artifacts. Cryoglobulins
can produce small, artifactual bands at the origin
(see Chapter 6). Some commercial antibodies
against human immunoglobulins contain antibod-
ies that react with normal B- or y-region compo-
nents. We have seen reactivity against several such
bands masquerading as monoclonal proteins
(Table 3.3).7

Biclonal gammopathies occur uncommonly and
can be readily diagnosed by IFE (Figs. 3.20 and
3.21). They are usually easily distinguished from
the polyclonal process, which has tiny oligoclonal
bands shown in Fig. 3.19. The monoclonal pro-
teins resulting from myeloma or B-cell lympho-
proliferative disorders are usually present in a
greater concentration than oligoclonal bands
found in polyclonal processes. Furthermore there is
often an accompanying decrease in concentration
of the polyclonal immunoglobulins in myeloma

and B-cell neoplasms as opposed to the diffuse
increase of immunoglobulins that accompanies
polyclonal processes in many infections and
autoimmune diseases.

Table 3.3 Reactivities of anti-immunoglobulin reagents that can
produce discrete bands resembling monoclonal gammopathies

Additional reactant®

Fibrinogen
Transferrin
C3

C4

‘Reactivities of commercial antisera with specificity for an
immunoglobulin.
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Figure 3.19 Immunofixation of serum from a patient with
pneumonia who had a few (oligoclonal) bands in the y-region. The
serum protein electrophoresis lane at the top shows increased o -
antitrypsin band, increased o -0, interzone (1 ), hemoglobin-
haptoglobin complex (H ) due to hemolysis during sample
preparation and several tiny y-region bands. Immunofixation shows
that the bands are both k (K) and A (L), therefore polyclonal.
Some of the small, round, clear areas seen best in the anti-IgG and
anti-IgM reaction are caused by air bubbles that prevent the
precipitin reaction from occurring. Dilutions used: IgG, 1:15; IgA,
1:3; 1gM, 1:2; x, 1:10; A, 1:4. (Panagel system stained with
Coomassie Blue; anode at the left.)

Limitations of immunofixation

As mentioned above, a key problem to avoid is the
antigen excess effect. When a large amount of
monoclonal protein is present, an antigen excess
effect can be seen (Fig. 3.22). In antigen excess, the
immune complexes formed are small and wash
away during the washing steps.

The lack of within-gel internal controls is a
potential source of error. Immunoelectrophoresis

1 AF

Figure 3.20 Serum protein electrophoresis (top lane) of this
sample shows lightly staining o,- and o,-regions indicating that an
inflammatory response is not likely. Two distinct y-bands (arrows)
are identified as IgG K by immunofixation electrophoresis. The
two bands may reflect a monoclonal protein that forms monomers
and dimers, post-translational modification of a monoclonal
protein or may be a true double (biclonal) gammopathy. In this
case, subclass determination showed that the two bands were of
different subclasses of IgG (a double gammopathy). Unlike Fig.
3.19, which shows a diffuse increase in the IgG proteins caused by
an infectious process, there is a relative hypogammaglobulinemia in
this IgG lane. The origin artifact (indicated) in the IgA and IgM
reactions is seen in some monoclonal proteins, which tend to self-
aggregate, but may also be seen with cryoglobulins or in normal
samples with a polyclonal increase in y-globulins. The origin artifact
is most obvious in the IgA and IgM reactions here because the
serum samples were applied undiluted to the gel (since the IgA and
1gM concentrations were low). A slight antigen excess effect (x) is
seen in one of the k bands. Note also that no precipitate was seen
with the anti-A reagent, likely due to too large a dilution of the
patient’s serum being used in this lane. Dilutions used: IgG, 1:20;
IgA, neat; IgM, neat; x (K), 1:12; A (L), 1:10. (Panagel system
stained with Coomassie Blue; anode at the left.)
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Figure 3.21 A double gammopathy. In the bottom lane, the
serum protein electrophoresis lane shows a discrete abnormal
band in the B-region (b), and a broader band in the y-region (g).
Immunofixation discloses an IgG x and an IgM x double
gammopathy. (Cellogel high-resolution acetate system; anode to
the left.) This photograph was contributed by Francesco Aguzzi.

has a control serum sample alternating with the
patient’s sample, allowing for comparison across
the specific antibody trough. IFE does not rou-
tinely employ a control serum on each sample gel.
If the appropriate dilution of the serum is used,
the normal immunoglobulins for each class should
be precipitated along with the monoclonal pro-
tein. A normal serum should have a precipitate for
each immunoglobulin class, unless its concentra-
tion is relatively low, such as may be true for IgA
and IgM (Fig. 3.23). In a serum with normal
immunoglobulins, there should always be a dif-
fuse precipitate in the IgG, x, and A lanes. This
precipitate represents the normal immunoglobulin
of the isotype for which one is testing. However,
when examining urine for MFLC, one will often
find no reaction at all in wells for the non-MFLC
light chain isotype. This is because, under normal
circumstances, only trivial quantities of light
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Figure 3.22 The serum protein electrophoresis lane (top) shows
a large y-restriction (R-). It is obvious from the immunofixation
that this is IgG. However, the light chain is not as readily seen,
because the wrong dilution of serum was placed in the k reaction.
Too much x-containing immunoglobulin was present for the
amount of anti-x reactivity in the antiserum used. This created an
antigen-excess situation (XS). The small complexes formed were
removed during the wash step, leaving the clear area indicated.
Note that it is surrounded by k, which was present at a lower
concentration. Once again, the anti-A reaction is barely visible.
Dilutions used: 1gG, 1:25; IgA, 1:2; IgM, neat; k (K), I:15; A (L), I:5.
(Panagel system stained with Coomassie Blue; anode at the left.)

chains are found in urine. When the protein
electrophoresis pattern and IFE pattern match
well (monoclonal spike in protein electrophoresis
of urine and one light chain type by IFE that
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corresponds to the spike in migration), the diag-
nosis is usually clear-cut (Fig. 3.24).

where the protein electrophoresis
shows y-globulins, but on immunofixation a poly-
clonal pattern is seen with only one light chain
type while the other light chain shows no reaction
should give the interpreter pause. Since there is no
built-in control, the interpreter may suspect that
one of the anti-light chain antisera had not been
added. In that case, the sample should be run
again.

The position of the precipitin bands is useful for
identifying the antisera used. For example, note
that the IgA in Fig. 3.23 gives a diffuse staining in
the B-region, because IgA is mainly a B-migrating

Instances

Figure 3.23 Normal serum protein electrophoresis (top) and
immunofixation. Note origin artifact (O-) with undiluted IgM.
Dilutions used: IgG, 1:10; IgA, 1:2; IgM, neat; k (K), 1:6; A (L), |:3.
(Panagel system stained with Coomassie Blue; anode at the left.).

N |
G
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Figure 3.24 Urine immunofixation from a patient with a known

K

1gG A monoclonal gammopathy in serum. This immunofixation
demonstrates a slow 7y IgG band, no bands in the x (K) lane and
two bands in the A (L) lane. The slower A band migrates the same
as the IgG and reflects the A bound to the intact monoclonal
protein. The smaller and faster-migrating A-band (arrow) is the
monoclonal free light chain (MFLC).

globulin. Similarly, IgM stays near the origin and
IgG is mainly a y-migrating globulin. If the IgA
lane has a broad precipitate in the y-region, the
wrong antiserum (likely anti-IgG or one of the
anti-light chain antisera) was used and the sample
should be run again.

The sensitivity of IFE requires one to deal with
the small oligoclonal bands that may be seen in
patients with infections, autoimmune diseases, and
occasionally patients with lymphoproliferative dis-
orders. Occasionally, one of these bands may be
relatively prominent. With difficult cases, I always
suggest that the clinician send urine to rule out an
MFLC. In addition, I recommend repeating the IFE
in 3-6 months. If the process is reactive, it may
resolve. If it reflects a true M-protein, the band will
persist and may increase.

As mentioned above, the sensitivity and resolu-
tion of IFE may result in the detection of minor
antibody reactivities in reagent antisera, which can
create confusing patterns.”’” Most commercial anti-
sera are monospecific reagents for the stated
immunoglobulin. Some reagent antisera against
immunoglobulins have minor cross-reactivities
with other serum proteins. This can lead to a false
positive interpretation for heavy or light chain
disease. The most common problematic reactivities
have been seen with B-region-migrating proteins:
fibrinogen, C3, C4, and transferrin. I have found
this problem most frequently with anti-IgM and



Figure 3.25 Serum protein electrophoresis lane (top) shows a
faint fibrinogen band (F-) just anodal to the origin. The anti-IgA
and anti-IgM reactions show a faint but distinct band (indicated)
due to reactivity of these commerecial antisera with a -region
migrating protein (possibly C4 or a complement breakdown
product). It was not identified. Minor reactivities such as these
usually were too small to be noticed with immunoelectrophoresis.
They can be controlled for by testing reagents with a normal
serum prior to use with patient samples. Dilutions used: IgG, 1:10;
IgA, 1:2; IgM, neat; x (K), 1:6; A (K), I:3. (Panagel system stained
with Coomassie Blue; anode at the left.)

anti-IgA reagents (Fig. 3.25). This reaction is
usually seen when the sample is run undiluted. The
lack of reactivity of the same area with either of the
two light chain antisera should cause the inter-
preter to suspect this cross-reactivity. Quality
control of such reagents should include use of a
normal serum run undiluted for IFE. If a plasma
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sample has to be used in an immunofixation,
control plasma must be run to check all reagents
for antifibrinogen reactivity that could give a false
positive band.

For laboratories with larger volumes, semi-
automated IFE procedures are available that may
perform as many as nine IFE simultaneously. As
shown in Fig. 3.26, nine monoclonal gammo-
pathies were easily characterized on this one gel.
The instrument performs the application of the
samples, washing and staining while the operator
places the samples in wells and determines which
antisera to add.

IMMUNOSUBTRACTION

Immunosubtraction was first used as an adjunct to
gel-based protein electrophoresis. In 1977, Aguzzi
and Poggi* reported a method to precipitate spe-
cific individual proteins by the use of monospecific
antisera prior to performing protein electro-
phoresis on cellulose acetate. They noted that by
removing specific bands or zones (immunosub-
tracting them) from the electrophoretic pattern it
improved their ability to interpret the final
product. A few years later Merlini et al.* passed
plasma samples through a layer of monospecific
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Figure 3.26 Semi-automated immunofixation gel from Sebia that
demonstrates nine monoclonal proteins with minimal technologist
time. The application, wash and staining steps are performed by
the instrument.
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antisera to subtract out certain proteins. They
applied this technique to prealbumin, albumin,
o-lipoprotein, o,,-antitrypsin, Gc-globulins,
o,-macroglobulin,  haptoglobin,  fibronectin,
transferrin, B-lipoprotein, C3 and fibrinogen to
demonstrate protein polymorphisms. The tech-
nique was used to detect M-proteins by White and
Attwood’ who found that it may be more sensitive
than IEP.

In the past decade, the high-quality resolution of
capillary zone immunosubtraction together with
its ability for automation has found its way into
several  high-volume  clinical laboratories.
Currently, it is available on the Paragon CZE 2000
technique as an automated module. For this, the
patient’s serum containing an M-protein is pre-
incubated in individual wells containing Sepharose
beads coated with antibodies against one of the
following: anti-IgG, anti-IgA, anti-IgM, anti-x or
anti-A. After a short incubation period, the beads
settle and the supernatant of each well is sampled
for electrophoresis.” As shown in Fig. 3.27, the M-
protein is removed by the antisera against its heavy

and light chain components. As currently per-
formed on the Paragon CZE 2000, it is an entirely
hands-free operation. A prepackaged container
with the antisera is placed on the instrument along
with the patient sample to be tested. The instru-
ment mixes the serum with the reagents and fol-
lowing an incubation period aspirates the sample
into the capillary for protein electrophoresis.
Removal of the M-protein peak identifies its
immunoglobulin  composition®  (Fig.  3.28).
Because the analysis is performed in all six capil-
laries simultaneously, the entire procedure takes
under 10 min.

How well does ISUB compare with IFE for
accuracy and sensitivity? ISUB is convenient and
when the M-protein is readily identifiable in the
CZE, ISUB should demonstrate the same heavy
and light chain types as IFE. However, there are
some problems. Immunofixation electrophoresis is
slightly more sensitive than ISUB because ISUB
can only deal with a band that one can remove.
Henskens et al.” found that classification of four
IgG monoclonal components was more readily

Immunosubtraction
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Figure 3.27 Schematic representation of one immunofixation lane. On the top, an arrow points to the prominent y-region spike in the
capillary zone electrophoresis pattern. Directly below is a diagram using block figures for the immunoglobulin molecules in this patient’s
serum. Beads are added to this serum that are coated with specific antisera. In this case the bead is coated with anti-k. On the top right,

after immunosubtraction with anti-, the spike is gone. Below, the k-containing molecules have all bound to the beads (one shown),

leaving on the A-containing immunoglobulins in the serum. Note that the beads bind not only the monoclonal k¥ immunoglobulins, but all

K-containing immunoglobulins.
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Figure 3.28 Immunofixation pattern from a patient with an IgG x
monoclonal gammopathy. The top right segment (serum protein
electrophoresis, SPE) is the capillary zone electrophoresis (CZE)
pattern on this patient. A large Y-spike is evident. The top left
segment displays the CZE pattern of this serum after it reacted
with beads coated with anti-IgG. The spike has been removed by
this treatment. Below this, reaction with beads coated with anti-
IgA had no effect on the spike, neither did the beads coated with
anti-IgM or anti-A. However, the beads coated with anti-k also
removed the spike.

performed by IFE than by ISUB, although one
IgM M-protein was detected more readily by
ISUB. There are occasional exceptions such as the
report by Oda et al.”* of a case with a small M-
protein. In that patient, there was also a marked
polyclonal increase in IgG that obscured detection
of the M-protein by IFE, whereas ISUB was able
to detect it.

In a multicenter report by Bienvenu et al.,” of M-
proteins with > 10 g/l (1 g/dl), the M-protein was
completely characterized by ISUB in 115 of 118
cases. The other three cases were detected, but the
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light chain could not be characterized. With M-
proteins < § g/l (0.5 g/dl), either they could not
identify both the heavy and light chain type, or the
ISUB missed the M-protein in 33 per cent of the
sera.’’ Similarly, Litwin et al.” compared the ability
of four readers to interpret ISUB on 48 serum
samples with an M-protein confirmed with IFE.
They found that only 60-75 per cent were cor-
rectly typed by ISUB when the interpreters were
blinded to the IFE results. They recorded several
concerns with ISUB patterns. Sometimes they
found normal-appearing CZE electropherograms
but abnormal ISUB patterns that two of their inter-
preters found confusing.” This produced a result of
false positives in 3 per cent and 7 per cent of nega-
tive controls by those individuals. Further, they
reported only 30-40 per cent of IgM M-proteins
correctly identified by ISUB.” Biclonal gammo-
pathies, especially of the IgM class were difficult to
interpret.

On the other hand, Katzmann et al. found that
of 208 samples studied, 16 with small M-proteins
were initially thought to be polyclonal when eval-
uated by IFE using their IFE assay.” On dilution,
these were found all to contain a monoclonal
protein. They noted that complicated electro-
phoretic patterns, biclonal gammopathies, light
chain disease and hypogammaglobulinemia with
no M-protein spike may still need IFE.” An
important conclusion of both the Katzmann et al.
and Litwin et al. studies was that with experi-
ence, the correct interpretations and better under-
standing of the limitations of ISUB would
improve.”>*

Bossuyt et al.” evaluated 58 selected specimens
with M-proteins identified by either IEP or IFE by
the same Paragon CZE 2000 system as Katzmann
et al.’* and Litwin et al.” It was found that ISUB
was able to correctly identify 91 per cent of these
cases. The few that were not detected by ISUB were
also not visible on their agarose and cellulose
acetate electrophoresis.”

In my laboratory when an M-protein peak can
be seen on CZE, ISUB will almost always charac-
terize it correctly and quickly. However, when the
peak is quite small, the ISUB may miss it and IFE
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is superior. Some clinically significant M-proteins
are present in small quantities that may not be
detectable by either CZE or gel-based electro-
phoresis, yet would be detectable by IFE.”* Recall
that in IFE, following electrophoresis, specific
antiserum is applied to each lane. This precipitates
the protein of interest and all other proteins are
washed away. Therefore, an M-protein that may
be obscured by transferrin or C3 in the B-region
will be seen detected after these proteins are
washed away in an IFE reaction. However, ISUB
does not remove the large amount of normal pro-
teins and usually will not improve on the sensitiv-
ity of CZE to detect small M-proteins. This would
be relevant in patients with small monoclonal
gammopathies associated with neuropathies
where the M-proteins often require IFE for detec-
tion.”

Immunosubtraction on the Paragon CZE 2000 is
set up to look at the major immunoglobulin
classes, but does not (at the time of writing) have
kits for IgD and IgE. Whereas IgE is exceedingly
rare, IgD is seen in about 1-2 per cent of M-
proteins in our laboratory and is easy to test for by
IFE. In cases where only a light chain is identified,
then, laboratories performing ISUB would either
have to perform their own in-house ISUB, maintain
a redundant IFE procedure to deal with IgD and
IgE or send the sample to a reference laboratory.
Since light chain myeloma represents about 15-20
per cent of cases we see, this part of the evaluation
is not rare. Therefore, laboratories that wish to
take advantage of ISUB in the automated system
need to be capable of also performing IFE, or
setting up an ISUB with a ‘home-brew’ method to
deal with this issue.

Overall, ISUB is a useful technique for relatively
large laboratories (processing about 40 or more
samples for serum protein electrophoresis daily).
It is recommended that laboratories using it
maintain an IFE technique to deal with ruling
out IgD and rare IgE in the many cases of light
chain disease that they will detect. In occasional
difficult cases, the wide availability of reagents
that can be used in IFE provides a further advan-
tage.

IMMUNOSELECTION

Immunoselection techniques were technically an
early version of immunosubtraction. It is now used
mainly in the detection of heavy chain disease. In
detecting free heavy chains, one wishes to distin-
guish between intact immunoglobulin molecules
and those that contain only heavy chains of a spe-
cific isotype (Y, o, or ). One may do this by puri-
fying the heavy chain fractions or separating them
in a manner that allows their identification by both
molecular size and immunochemical characteris-
tics. However, such purification methods are labo-
rious.

Early studies by Seligmann et al.” and by RadI*
used IEP with agarose that contained antisera
against light chains in the gel itself. By mixing
highly selective antisera into agarose used for IEP,
early workers were able to selectively remove light
chain determinants bound to intact immunoglobu-
lins.

In the original technique, antisera against K and A
light chains were mixed into the agarose when it
was in liquid form, but below 50°C. This was then
poured into the appropriate mold for standard IEP
(see above) and allowed to cool. When IEP was
performed on the patient’s serum or urine, intact
molecules of immunoglobulin which all contain
light chains would precipitate around the well of
origin. Only molecules of free heavy chain were
able to migrate from the well of origin. Following
electrophoresis, antisera against the heavy chain of
interest was placed in the trough and allowed to
diffuse overnight toward the electrophoresed
serum. The presence of a precipitin arc identified
the free heavy chain. The o heavy chains usually
migrate toward the B-region and will precipitate in
an arc with antisera against IgA.*>* Other isotypes
of heavy chain disease also can be detected by this
technique.

Sun et al.* report a modified ISEL procedure that
can be used in an IFE format to identify the heavy
chain. For this procedure, anti-k and anti-A reagent
is placed on an IFE gel in the region of the applica-
tion (Fig. 3.29). After allowing the antisera to
diffuse into the gel, specific antisera against the
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Modified immunoselection
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Figure 3.29 A modified immunoselection technique requires that specific antisera against both K and A light chain (anti-k & A) are

applied to the agarose just anodal to the origin 30 min prior to application of the patient’s serum (left). Just before application of the

patient’s serum, antiserum to the specific heavy chain is placed more anodal on the gel (center). After electrophoresis, any intact
immunoglobulins will precipitate near the well because it will react with the anti-k & A present in the gel (Normal IgG). Free heavy chains
can diffuse through this area containing anti-k & A and eventually precipitates with the anti-IgG (y Heavy Chain).

heavy chain of interest is applied to a more anodal
portion of the gel. The patient’s sample is applied
in a well at the origin and the serum is electro-
phoresed. As with ISEL in the IEP format, any

Anti- Anti-

Anti-

immunoglobulin containing either k¥ or A chains
would precipitate near the origin. Any free heavy
chains are able to migrate toward the anode where
they precipitate as a second arc (Fig. 3.30).

Anti- Buffer Anti-
K&A K&A
Control Control Control
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K& A K&A
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Figure 3.30 Immunoselection on a case of y-heavy chain disease. On the bottom are listed the samples placed in each well (control
serum, patient with y-heavy chain disease and a myeloma patient that had an IgG k¥ monoclonal gammopathy). Just above the contents of
the well are listed the reagents applied near the origin (anti-k & A, or buffer). At the top of the gel are listed the reagents applied at the
more anodal end of the gel (anti-k & A, or anti-Y). Note only the lane that had the patient’s serum treated around the origin with anti-k &
A and treated toward the anode with anti-y has the band characteristic of y-heavy chain disease (arrow).
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Both the classic and modified forms of ISEL are
complex and require considerable technical train-
ing and expertise in clinical immunology for
proper interpretation and to avoid pitfalls of
antigen excess situations.

IMMUNOBLOTTING

Immunoblotting (Western blotting) techniques
improve the sensitivity for detection of both small
monoclonal bands and oligoclonal bands.” Radl et
al. have found these techniques especially useful in
detecting monoclonal gammopathies that are asso-
ciated with dysregulation of the immune system
that may occur as a result of congenital, acquired
or iatrogenic conditions.** This technique may be
able to detect monoclonal proteins (homogeneous
immunoglobulins) in concentrations as low as
0.5 mg/L.*

For immunoblotting, sera are diluted up to
1000-fold in the buffer system. The dilution
depends upon the concentration of the analyte
sought.®” After electrophoresis (which may be
performed on agarose or by isoelectric focusing),
the separated proteins are blotted onto nitrocellu-
lose paper. This paper is cut into strips that are
incubated with specific antisera to the antigens
of interest. The reaction is often enhanced by
having a peroxidase-conjugated reagent as the
detecting antibody. Its most common use in our
laboratory is for the Western blot confirmation
for human immunodeficiency virus (HIV) infec-
tion.

Norden et al.” reported that this method was able
to examine 10 sera for the presence of monoclonal
gammopathies in only 1h. Further, its perfor-
mance matched that of immunofixation in a study
of 121 serum specimens. In addition to the study of
individuals with a variety of immunodeficiency
conditions, this method is sensitive for detecting
the small amounts of M-proteins present in B-cell
chronic lymphoproliferative processes, MFLC in
urine, and typing subclasses of M-proteins.”™”
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Proteins identified by serum
protein electrophoresis
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Y-Region 93
References 97

The protein bands identified by serum protein
electrophoresis may be divided into major and
minor protein bands (Tables 4.1 and 4.2). The
major bands constitute those that are virtually
always seen in normal serum (fibrinogen is
included because it is visualized in various cir-
cumstances). Minor bands are those that stain
weakly or not at all in normal serum but may
affect the electrophoretic pattern in a variety of

Table 4.1 Major proteins visible on high-resolution electrophoresis

clinical situations. The exact position of some of
the bands will vary slightly with the methodology
employed.

TRANSTHYRETIN (PREALBUMIN)

Transthyretin, a 55 kDa protein, is the first band
encountered from the anodal side of the

Protein Concentration® Function
Albumin 3.5-5.0 Transport/oncotic
a,-Antitrypsin 90-200 Protease inhibitor
Haptoglobin 38-227 Binds hemoglobin
a,-Macroglobulin 130-300 Protease inhibitor
Transferrin 240480 Binds iron

C3 90-180 Host defense
Fibrinogen 200-400° Thrombosis
Immunoglobulins Host defense

IgA B-region 70400

IgM origin 40-230

IgG y-region 700-1600

°*Concentration in plasma.

*Concentrations are for adults. They are expressed as g/dl for albumin and in mg/dl for all other proteins.
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Table 4.2 Minor proteins occasionally seen on high-resolution electrophoresis

Protein Concentration (mg/dl) Function

Transthyretin (prealbumin) 2040 Transport
o.,-Lipoprotein 27-96 High-density lipoprotein
o,-Acid glycoprotein 50-150 Acute phase
Inter-ci-trypsin inhibitor 20-70 Protease inhibitor
Group-specific component 20-50 Carrier protein
o,-Antichymotrypsin 30-60 Protease inhibitor
Pregnancy zone protein 0.5-2.0 Protease inhibitor
Ceruloplasmin 1446 Copper binding
Fibronectin 19-35 Wound healing
B-Lipoprotein 57-206 Low-density lipoprotein
C4 1040 Host defense
C-reactive protein <2 Inflammation

electrophoresis strip.' Its concentration in serum is
20-40 mg/dl. Structurally, transthyretin is a sym-
metrical tetramer composed of four monomers
each 13.7 kDa and 127 amino acids long.” It is syn-
thesized mainly in the liver and it provides
transport for about 20 per cent of serum thyroxin
(T4) (each molecule of transthyretin combines with
one molecule of T4).> Together with retinol-
binding protein, transthyretin also acts as a carrier
for vitamin A.” Its older name, prealbumin, merely
referred to its position just anodal to albumin.
Transthyretin is the new name for this protein that
reflects its roles transporting thyroxin and retinol-
binding protein.*

By most electrophoretic procedures on serum,
transthyretin produces only a weak, diffuse band
just proximal to albumin (Fig. 4.1). The best reso-
lution of transthyretin in serum from currently
available techniques is that provided by capillary
zone electrophoresis (CZE) (Fig. 4.2). However,
even with CZE, the transthyretin band is too small
for useful monitoring of any clinical condition.
Although it is present in lower concentration in
CSF than it is in serum (Fig. 4.1), transthyretin is a
more substantial fraction in CSF than serum

because it is synthesized locally in the choroid
plexus.’

Transthyretin has become a mainstay in assessing
the nutritional status of patients. When using
transthyretin levels to follow nutritional status,
quantification should be performed by nephelome-
try or radial immunodiffusion, not electrophoresis.
It has advantages over albumin as a monitor for
protein-calorie malnutrition because albumin has a
relatively long half-life (3 weeks, compared with
the 2-day half-life of transthyretin). Therefore,
transthyretin is a more sensitive indicator of
change in protein-calorie status.*” It is not,
however, a perfect test for malnutrition because
transthyretin levels are low in patients with severe
liver disease.

Rarely, one can note a marked increase in the
transthyretin band. This has been reported in
patients with inflammatory bowel disease. In an
extreme case of a patient with a long history of
diarrhea complicated with hepatitis B, Jolliff®
noted that it could be confused with bisalbumine-
mia (a matter that can be cleared up by
immunofixation) (Fig. 4.3).

Structurally, transthyretin has a high content of



Figure 4.1 Cerebrospinal fluid (C) and serum (S) samples are
alternated on this gel. The cerebrospinal fluid has been
concentrated 80-fold, whereas the serum has been diluted |:3.
Note the prominence of the transthyretin band in the
cerebrospinal fluid samples. The transthyretin band in the serum is
barely visible in the top and bottom sera (arrows), but is not
visible (although it is present) in the middle serum. (Paragon SPE2
system stained with Paragon Violet).

B-sheets with only one small o-helix by X-ray
crystallography.! The predominance of PB-sheet
structure may be related to the propensity of
familial amyloidosis to occur with minor struc-
tural changes to transthyretin. Transthyretin
variants are associated with two types of amyloi-
dosis: senile systemic amyloidosis (SSA) and
familial amyloidotic polyneuropathy (FAP).>"
Familial amyloidotic polyneuropathy is the most
common form of inherited amyloidosis with an
incidence of 1 in 100 000.” it may also be
caused by a genetic variant of apolipoprotein
A1." Genetic variants of transthyretin associated
with FAP cannot be identified by serum protein
electrophoresis. However, using mass spectrome-

Albumin 65

\

Figure 4.2 Capillary zone electropherogram of normal serum.
The small, but distinct, transthyretin band is indicated by the
arrow. (Sebia Capillarys.)

try, these variants may be characterized in cere-
brospinal fluid."

ALBUMIN

Albumin is a 69 kDa protein with a concentration
of 3.5-5.0 g/dl (35-50 g/) in adults 18-60 years
old. It is the most prominent protein in normal
serum. Similar to transthyretin, albumin is synthe-
sized in the liver and functions as a transport
protein. Albumin accounts for much of the osmotic
effect of serum proteins and transports a variety of
endogenous and exogenous molecules, including
bilirubin, enzymes, hormones, lipid, metallic ions,
and drugs. Many of these molecules are poorly
soluble in aqueous solution alone. The breadth of
the normal albumin band is partly due to its great
serum concentration and partly due to the micro-
heterogeneity resulting from the charges and size of
various molecules transported by albumin.” The
tendency for albumin to transport a variety of sub-
stances accounts for some of the abnormal patterns
of electrophoresis in patients receiving albumin-
binding drugs (such as antibiotics, especially
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@

SPE aTl

(b)

Figure 4.3 (a) Serum from patient with prominent transthyretin
band (arrow) is on top and a normal control is on the bottom. (b)
Serum protein electrophoresis (SPE) and immunofixation of serum
from patient in (a) demonstrates that the fast-moving band reacts
with anti-transthyretin (aT). Anode at the top. Figures contributed
by Carl R. Jolliff.

penicillin) or in patients with hyperbilirubinemia
(Fig. 4.4).'+"

Decreased albumin

Decreased concentration of serum albumin indi-
cates significant pathology either in the produc-
tion of albumin by the liver or its leakage through
a damaged surface (glomerular disease, gastro-
intestinal loss, or thermal injury) (Table 4.3). In
Western countries, a decrease in the production of
albumin most commonly reflects severe liver
injury. Because of the large reserve capacity of the
liver, hypoalbuminemia resulting from liver dam-
age occurs after most of the hepatocytes have been
damaged or destroyed. Such a decrease may be
accompanied by clotting abnormalities and
decreased synthesis of other hepatocyte products,
including haptoglobin and transferrin.” Mendler
et al.”*® recommend that serum albumin concentra-
tions should be performed by nephelometric tech-
niques rather than serum protein electrophoresis
in these patients.

In underdeveloped countries, severe protein mal-
nutrition (kwashiorkor) is the leading cause of
decreased synthesis of albumin. Patients with neo-
plasia or other chronic diseases also develop a
nutritionally related hypoalbuminemia. Despite
the decreased serum albumin band on serum
protein electrophoresis in most cases of protein-



Figure 4.4 The second serum from the top has an anodal
migration of albumin due to penicillin treatment. This can be seen
by comparing the anodal edge of that albumin band (arrow) with
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the other albumin bands on the gel. Also, the distance between the
cathodal edge of the albumin band in the second sample is further
from the o, -antitrypsin band (a) than for the other three samples
on the gel. (Paragon SPE2 system stained with Paragon Violet.)

Table 4.3 Alterations of serum albumin

Alteration Pathophysiology
Analbuminemia Congenital
Bisalbuminemia Congenital

Hypoalbuminemia A. Decreased production

I. Liver disease

2. Protein malnutrition

3. Acute inflammation

B. Increased loss

|. Kidney disease

2. Protein-losing enteropathy
3. Thermal injury

Anodal smearing Binding with anionic molecules
I. Bilirubin

2. Antibiotics (Penicillin, etc.)
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calorie malnutrition, quantification of albumin and
transthyretin (prealbumin) by immunoassays such
as enzyme immunoassay or nephelometry is the
preferred method to follow these individuals.”

A decreased concentration of serum albumin may
also result from excessive loss through injury to the
kidneys, gastrointestinal tract, thermal injury to
the skin or severe eczema, and in hypercatabolic
states. When renal damage is severe enough to
allow albumin to pass in large amounts into the
urine, there is a corresponding loss of other serum
proteins including y-globulins.”’? Some of the
largest serum proteins, such as o,-macroglobulin
with a molecular mass of 720 kDa, remain in the
serum and are synthesized at an increased rate.
These probably constitute the body’s attempt to
stabilize oncotic pressure.

Gastrointestinal loss in various protein-losing
enteropathies is also associated with hypoalbu-
minemia and a decrease in concentration of other
serum proteins.”* In studies of protein loss in
otherwise healthy adults, although albumin was
often found in stool, o,-macroglobulin was not.”
In protein-losing enteropathies, a normal to
increased level of o,-macroglobulin is seen in the
serum along with decreased albumin. Serum pro-
tein electrophoresis cannot distinguish between
gastrointestinal loss of protein versus renal loss.
When in doubt as to the interpretation of a pat-
tern, contacting the clinician often results in a use-
ful exchange whereby one learns, for example,
that the patient has had chronic diarrhea and the
clinician learns that the protein loss is severe
enough to create a marked hypoalbuminemia.
Such information can be of further use in helping
the clinician explain a corresponding lympho-
cytopenia that may accompany protein loss in the
gut.”

Albumin is also often decreased in patients with
acute inflammation and during chronic infections
and hemodialysis **. This may be related to the pro-
duction of interleukin-6 that increases the synthesis
of acute-phase reactants by the hepatocytes while
decreasing the production of albumin.” Other
work suggests that tumor necrosis factor (TNF)
also plays a significant role in this process.”®



68 Proteins identified by serum protein electrophoresis

Analbuminemia

Analbuminemia (markedly decreased or absent
synthesis of albumin due to inheritance of recessive
genes) is extremely rare (Fig. 4.5). Surprisingly, some
of the patients (30 cases are available for review at
the on-line Register of Analbuminemia cases)” who
have analbuminemia are clinically well, presumably
owing to the maintenance of oncotic pressure and
transport function by other serum proteins.’**
However, some patients have required diuretics to
control mild edema.”” Laboratory investigations
have occasionally disclosed elevated cholesterol,

@

A
|
| | | | |
Fraction Rel %
Albumin 42 ——
Alpha 1 9.8 +++
Alpha 2 33.6 +++
Beta 16.9 +++
Gamma 35.6 +++
A/G: 0.04

(b)

Figure 4.5 (a) Serum from a normal individual (top) is compared
with serum from a patient with analbuminemia (bottom). (b)
Densitometric scan from analbuminemic patient. Only minor
background distortions are seen in the albumin area (a). Figures
contributed by Carl R. Jolliff.

B-lipoproteins, acute-phase proteins and immuno-
globulins.” A follow-up 38 years after the report of
the first two cases revealed that the female patient
required occasional replacement therapy with
human serum albumin for edema, developed lipody-
strophy by her fourth decade and died at age 69 years
of a granulosa cell tumor.” Her brother did not
require albumin therapy and died of colon cancer at
59 years of age.* Both patients had osteoporosis.*
(If you come across one of these rare cases, please
report it to the Analbuminemia Register: Dr
Theodore Peters, Jr at (+1) 607 5473673 or Dr
Roberta G. Reed at (+1) 607 5473676). Information
about patients with analbuminemia is available on
the internet at www.albumin.org.)

Bisalbuminemia or alloalbuminemia

Another inherited abnormality of albumin is bis-
albuminemia, in which two types of albumin that
have slightly different electrophoretic mobility are
produced; this results in two distinct and equal
peaks if the variant produces albumin at the same
rate as the normal gene. Occasionally, two distinct
peaks of different heights are seen when the variant
gene produces less albumin® (Fig. 4.6). Variant
albumins may also alter binding of drugs such as
warfarin.”® Capillary zone electrophoresis is supe-
rior to gel-based techniques in demonstrating this
finding (Fig. 4.7).” Some variants of albumin will
migrate anodally to the normal position and others
will migrate cathodally; the albumin variant
depicted in Fig. 4.6 migrates cathodally to the nor-
mal albumin. Clinically, bisalbuminemia (alloalbu-
minemia) has no pathological consequence.” The
incidence varies depending on the population with
a range of 1:1000-1:10 000 in Caucasians and
Japanese, but with a frequency as high as about 1
per cent in some American Indian tribes.”*

Increased albumin

An elevated albumin indicates acute dehydration
and is accompanied by an increase in the other
serum proteins. Albumin has been used for many
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Fraction Rel % Grdl
1 61.9 + 4.33
2 2.0 0.14
3 10.7 0.75
4 13.6 0.95
5 1.7 0.82
Total G/dl  7.00

(b)

Figure 4.6 (a) The third sample from the top is a case of bisalbuminemia. Note that the two bands did not separate completely on this

gel. The fact that there are two bands present can be noted by the indentation (arrow) between the two bands. (Paragon SPE2 system

stained with Paragon Violet.) (b) Densitometric scan of the case of bisalbuminemia from (a). Note the two peaks atop the broadened

albumin band.

Figure 4.7 Clear separation of the bisalbuminemia bands on this
capillary zone electropherogram. (Paragon CZE 2000.)

years as a safe way to restore oncotic pressure in
individuals that have received plasmapheresis.*
Consequently, patients with normal or elevated
albumin and a decrease in the other serum proteins
may be the result of plasmapheresis for either
therapeutic reasons or donation (Fig. 4.8).

o-REGION

o,-Lipoprotein

With gel-based electrophoresis and some capillary
zone methods, o, -lipoprotein forms a broad,

usually faint band that extends from albumin into
the o, zone (Fig. 4.9). This band consists of high-
density lipoproteins (HDLs) that may vary
considerably in concentration in normal indivi-
duals as the result of diet, gender, and genetic
differences. The range for adults is 27-75 mg/dl
(0.27-0.75 g/l) for men and 33-96 mg/dl
(0.33-0.96 g/l) for women.” o,-Lipoproteins are
absent in Tangier disease, an inherited HDL defi-
ciency caused by a mutation in a cell-membrane
protein called ABCA1.” o,-Lipoprotein can be
decreased in a variety of acquired conditions
including chronic liver disease, renal disease, and
with acute inflammation.** Elevated o,-lipopro-
tein is often seen in pregnancy, with use of oral
contraceptives, in postmenopausal estrogen sup-
plementation, and among patients receiving statin
therapy.**” The effect of estrogens to increase o -
lipoprotein has been associated with its ability to
bind to the high-density lipoprotein receptor.*
Owing to the variability of o,-lipoprotein in
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Fraction Rel % g/dl
ALBUMIN 90.6 +++ | 5.07
ALPHA 1 4.0 022 —-
ALPHA 2 23 — | 0183 ——
BETA 23 — | 0183 ———
GAMMA 0.8 —— | 0.05 ——
Reference ranges

Rel % g/dl
ALBUMIN 52.6 -68.9 3.80-5.20
ALPHA 1 3.6- 81 0.30-0.60
ALPHA 2 5.3-12.2 0.40-0.90
BETA 8.3-14.3 0.60-1.10
GAMMA 8.2-18.6 0.60-1.40

A TP: 6.40-8.20 A/G: 1.20-2.20
TP g/dl: 5.60 — A/G: 9.62 +++

Figure 4.8 Normal albumin (but increased relative per cent of albumin) with decrease in all other bands. This serum is from a patient
that received plasmapheresis for a neuropathy and had albumin replacement. (Paragon CZE 2000.)

Figure 4.9 Darkly-stained gel emphasizes the o;- lipoprotein
region. Note the relatively clear area (C) between albumin and
o, -antitrypsin in the bottom serum. This patient was receiving
heparin and the o -lipoprotein migrates anodally to albumin as a
diffuse hazy band which extends out to and combines with the
transthyretin area (arrow). The top three samples have normal-
appearing o, -lipoprotein regions. (Paragon SPE2 system stained
with Paragon Violet.)

normal subjects and the diffuse nature of the band
itself, the examination of this area alone is not
particularly useful for clinical diagnosis. In trying
to assess the ramifications of this fraction for the
patient’s lipid status, it is better to quantify the
HDL or apolipoprotein A (which reflects the HDL
concentration) than to comment on the protein
electrophoresis findings. With the two currently
available CZE methods, o-lipoprotein (HDL) may
migrate as part of the albumin band (Sebia
Capillarys; Sebia, Issy-les-Moulineaux, France)
where it is not seen at all, or show up as a diffuse
increase in the baseline between albumin and o,-
acid glycoprotein (orosomucoid) (Paragon CZE
2000; Beckman Coulter, Fullerton, CA, USA) (Fig.
4.10). In neither system does it interfere with visu-
alization of the o,-antitrypsin band.

On some of the gel-based systems, o,-lipoprotein
may present such a dense band that it obscures the
o,-antitrypsin band. This can be a serious problem.
When the o,-lipoprotein band is dense and abuts on
the a,-antitrypsin band, one cannot confidently rule



out an o,-antitrypsin deficiency. In those cases, one
must use an alternative electrophoretic technique
(see below), or at least measure the amount of «,-
antitrypsin by immunoassay to detect any defi-
ciency. Even with quantification, however, an
o,-antitrypsin deficiency may be missed. Some
patients with o,-antitrypsin deficiency can have
borderline low normal amounts of o,-antitrypsin
during an acute-phase reaction. Therefore, a C-
reactive protein assay should be run simultaneously
to rule out that possibility.

The laboratory can remove the effect of o,-
lipoprotein by taking a lesson from the heparin
effect. Heparin alters the migration of the lipopro-
tein bands, but its effect depends on whether the
heparin was administered to the patient, or if the
tube to obtain the blood sample was heparinized.
When the patient is receiving heparin, it affects the
migration of both a,-lipoprotein and B,-lipoprotein
(Figs 4.9 and 4.11),* whereas, when heparin is
added to the blood sample from a non-heparinized
patient, only the migration of B,-lipoprotein is
affected.”

These different effects of heparin reflect two
processes. When heparin is added to a sample in
vitro, it binds directly to B,-lipoprotein, resulting in
a more diffuse and anodal migration.” However,
in vivo, heparin activates lipoprotein lipase in
endothelial cells, resulting in the liberation of free

Figure 4.10 Prominent o -lipoprotein is present in this capillary
zone electropherogram. (Paragon CZE 2000.)
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fatty acids from triglycerides.® The free fatty acids
bind to o,-lipoprotein and result in the anodal
migration of this band. The clinical laboratory can
take advantage of the effect of free fatty acids to
alter the migration of o,-lipoprotein in cases where
the density of this region obscures the view of o -
antitrypsin. For this method, my laboratory
prepares a 17.2 mmol/l solution of lauric acid in
the standard electrophoresis buffer.”® The serum is
diluted 1:4 in this lauric acid solution and routine
electrophoresis is performed on the sample. This
displaces the o, -lipoprotein to the prealbumin
region thus allowing a clear view of the o,-anti-
trypsin band.

o,-Antitrypsin

Second in importance only to detection of mono-
clonal gammopathies is the detection of decreased
and/or abnormal o,-antitrypsin. o,-Antitrypsin is
the major protein accounting for the discrete band
in the cathodal end of the o,-region. Although it is
represented by a relatively small band, in this text
it is classified as a major protein band because of
the clinical importance of abnormalities associated
with this band. This 52 kDa, single-chain glyco-
protein  has a normal concentration of
90-200 mg/dl (0.9-2.0 g/l) in adults. It is produced
in the liver and is classified as a member of a family
of protease inhibitors called serpins (serine pro-
tease inhibitors) that react with proteolytic
enzymes containing a serine group at their active
site.”!

Although its name implies that its functions are
limited to inhibiting the activity of trypsin, o,-
antitrypsin interferes with the enzymatic activity of
a variety of enzymes including trypsin, chymo-
trypsin, pancreatic elastase, skin collagenase,
renin, urokinase, Hageman-factor cofactor, and
leukocyte neutral proteases.” It is by far the most
significant protease inhibitor in serum, accounting
for the vast majority of the trypsin-inhibiting
capacity of human serum.” o,-Antitrypsin works
like a mousetrap to inhibit proteases.’* It docks
with the target protease, which cleaves the reactive
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Figure 4.11 Immunofixation of serum from a patient receiving heparin. The anode is at the top of the gel. There is a faint diffuse band (b)

anodal to albumin (a). The extreme anodal edge of this band reacts with antisera against apolipoprotein A (a,-lipoprotein component)

(Apo A). Transthyretin (prealbumin) is more cathodal to this band (Pre-Alb). For comparison, antisera against apolipoprotein B (Apo B)
which reacts with a 3 -lipoprotein component, o -antichymotrypsin (A-1 CT) and o, -antitrypsin (A-1 AT) are shown. Anode at the top.

(Paragon Immunofixation stained with Paragon Violet.)

center of o,-antitrypsin. This shifts the protease to
the other side of a,-antitrypsin which destroys the
protease.”” Mutations at the active site such as the
Z mutation (discussed below) inactivate the active
site of o,-antitrypsin.”

In the lung, it binds to and inhibits the pro-
teolytic activity of neutrophil elastase. The
protease—antiprotease theory of emphysema pre-
dicts that an excess of proteases or a deficiency in
antiprotease leads to destruction of alveolar
walls.” Therefore, patients with o, -antitrypsin
deficiency are vulnerable to this condition, and
examination of the o -antitrypsin band by serum
protein electrophoresis is an important mecha-
nism to detect individuals or families of individu-
als who may be at risk.

DECREASED o,-ANTITRYPSIN

By serum protein electrophoresis, decrease, altered
migration or absence of this band strongly suggests
the presence of an o,-antitrypsin variant. The
examiner must inspect each sample on the gel for
this possibility, as subtle decreases may be missed.
Although the results of a densitometric scan may
be helpful, it may provide a false sense of security.
A borderline normal densitometric scan (one with
values in the low, but normal range) does not rule
out an o, -antitrypsin deficiency. Since the densito-
metric scan of the o, -region usually includes
o,-lipoprotein, a relatively large o -lipoprotein
band could obscure a small or absent o,-anti-
trypsin band. Further, densitometers are inherently
inaccurate when trying to measure such small



bands. We reported a coefficient variation of 10
per cent in this region.*

Capillary zone electrophoresis offers excellent
resolution in the o,-region. Because it detects
peptide bonds, it is superior to gel-based tech-
niques in detecting o,-acid glycoprotein (a heavily
glycated molecule that does not stain well with the
dyes used in gel-based methods). In addition, o,-
lipoprotein and, in CZE systems,
triglycerides are also included in the o,-region.
Because of this, Gonzalez-Sagrado et al.” reported
that neither CZE nor gel-based methods provide
an adequate method to rule out deficiencies of o-
antitrypsin. They recommended performing
nephelometry and phenotyping when the total o,-
region (which includes all the proteins in this
region) on CZE is less than 400 mg/dl (4 g/l).

Detection of a decreased o,-antitrypsin band, or
one with altered migration, must be followed up by
genetic studies to provide prognostic information
to the family.’*”” Because of interference with neph-
elometric quantification of o,-antitrypsin levels by
anticoagulants, serum should be used to measure
the functional activity or the concentration by
immune precipitation assays. However, either
serum or plasma is suitable for phenotypic analysis
by reference electrophoretic methods (isoelectric
focus).*”*' Molecular techniques to detect both the
Z and S mutations are now widely available.”*

A complete discussion of the genetic polymor-
phism (involving about 75 possible alleles) of
o,-antitrypsin is beyond the scope of this volume,
but some details are relevant to interpreting and
understanding the serum protein electrophoresis
patterns that one will come across in patients with
o,-antitrypsin deficiency. Expression of the two
alleles of any individual is codominant, that is,
each allele controls production of a specific
o,-antitrypsin molecule unaffected by the other
allele. The alleles are referred to as Pi (protease
inhibitor) followed by a third letter characterizing
the particular allele. For example, the o -antit-
rypsin  from the allele with the
concentration (PiZ) has the slowest electrophoretic
mobility. The most common allele is PiM (Table
4.4). There are several variants of this gene, M1,

some

lowest
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M2, and M3, which produce ‘normal’ levels of
o,-antitrypsin.” Combined, the M alleles have a
gene frequency of about 0.94. The most cathodal
molecule denoted by the letter Z (it is the ‘zlowest’)
is the most common variant associated with severe
deficiency. It results in a change from Glu to Lys at
position 342 of the M allele.® About 3 per cent of
the population in the USA are phenotype PiMZ,
which usually does not result in clinical deficiency
(because of the presence of the single PiM allele).
Fortunately, only one in 3630 individuals has the
severe deficient PiZZ phenotype.®”

The second most common deficient phenotype,
referred to as S, migrates between M and Z on
serum protein electrophoresis. The S gene has an
allelic frequency of 0.02-0.04. Individuals with
PiSZ also have clinically significant deficiency; this
occurs in about one in 500 individuals in the
USA.”" The S mutation is a single base-pair substi-
tution from Glu to Val at codon 264.” Several
deficient genes been described.
However, these are very rare and often difficult to
detect by serum protein electrophoresis. Some have
extraordinary symptoms such as in the case of
antitrypsin Pittsburgh (single base-pair substitu-
tion from Met to Arg at codon 358), wherein the
mutated protein serves as an inhibitor of thrombin
(Fig. 4.12).”™ One of the two cases of antitrypsin
Pittsburgh was associated with severe hemorrhage.
Both cases were associated with a minor slow

other have

Table 4.4 Common o, -antitrypsin phenotypes

Genotype Electrophoretic migration

MM Mid-o,,

MS Mid- and slow o,

SS Slow «,

MZ Mid- and slowest o,

SZ Slow and slowest «,

o4 ‘Z'lowest @,

*Includes M|, M2, M3, M4 (types of M with normal activity).
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albumin component (called proalbumin), which
migrated more toward the cathode than normal
(Fig. 4.12).

Genetic deficiency of o,-antitrypsin is associated
with severe lung and, less commonly, liver disease.
Some affected individuals develop neonatal hepati-
tis (those who do are highly likely to develop
serious liver disease), others develop liver disease
later as children, or in adult life they develop a
form of cirrhosis (about 20 per cent of patients),
which is characterized by large globules of amor-
phous periodic acid-Schiff-positive material that
occurs within the cytoplasm of hepatocytes in the
periportal areas (Fig. 4.13).”7” These globules are
distinguished from glycogen because they are not
digested by treatment with diastase. Immuno-
histochemical studies have shown this material to
be an o,-antitrypsin precursor that is not
excreted.”””® They represent aggregation of the

PiZZ product. The variant molecule of PiZZ is
predisposed to polymerize resulting in disease due
to conformational change of the molecule.”” The
PiZZ and PiSZ genotypes may have hepatic dys-
function as early as the first three months of life.”
However, the presentation even in individuals with
PiZZ is quite variable. Some cases of PiZZ do not
present until their seventh decade (at that time with
both cirrhosis and emphysema).* Others have
noted cases with no clinical symptoms until their
eighth decade.” As discussed above, this variability
implies that factors other than the genotype are
involved. Personal and environmental factors such
as smoking or living in an area with considerable
air pollution have a negative effect on the lung
process.” However, since only 10-15 per cent of
individuals with PiZZ develop clinically significant
liver disease, a second factor relating to the ability
of an individual to degrade these aggregates in

Figure 4.12 Agarose gel with the anode at the top. In lane I, 2.5 ul of normal serum is shown to compare migration of albumin (note

location of the cathodal end) and o, -antitrypsin band (arrow). In lanes 2 and 7, 2.5 pl of plasma is shown from the original case of o;-

antitrypsin (Pittsburgh). Note the broader cathodal migration of the albumin band and the double 0. -antitrypsin bands. In lanes 3, 6, and 8
are 2.5, 0.6, and 5.0 l, respectively, of plasma samples from a second case of o,-antitrypsin (Pittsburgh). The cathodal migration of
albumin is apparent on all three, but the double 0. -antitrypsin band is only seen to advantage in lane 8 (indicated). The abnormal albumin
was purified by diethylaminoethyl Sephadex column (lane 9) and trypsin treatment restored the normal migration of this band (lane 10). In

lane 11, a normal albumin is shown for comparison. (Figure contributed by Stephen O. Brennan.)™*
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Figure 4.13 Liver from patient with o, -antitrypsin deficiency (PiZZ) is depicted. The periodic acid-Schiff (PAS), diastase stain, and
digestion disclose the large granules (arrows), which are especially prominent in the periportal hepatocytes.

hepatocytes may determine which patients develop
cirrhosis.”® In addition to the more obvious associ-
ation of PiZZ with cirrhosis, occasional cases of
chronic liver failure have been reported in patients
that are PIMZ or PiMS.*>*

The lung injury, resulting in early emphysema,
has been hypothesized to result from the
unchecked endogenous activity of a variety of pro-
teolytic enzymes that are liberated by minor
inflammatory events in these tissues.*™ Damage is
most severe at the base of the lung and is com-
pounded by environmental factors, especially
smoking.® However, even in non-smoking individ-
uals homozygous for PiZZ, lung function will
decline, especially after 50 years of age.®™®
Although heterozygotes are usually clinically well,
Dahl et al.¥ reported that individuals with clini-
cally established chronic obstructive pulmonary
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disease (COPD) who also have PiMZ have a
decreased forced expiratory volume (FEV1) com-
pared with PiMM individuals with COPD.

In examining electrophoretic patterns, the most
common genetic variant seen in the laboratory is
the PiMS banding (Figs 4.14 and 4.15). As with the
PiMZ heterozygotes, these patients have no clinical
disease, although family studies should be recom-
mended because siblings or children may carry two
defective genes. Another genetic variant likely to be
detected by examination of serum is reflected by
the protein product that migrates anodal to PiM
and is termed PiF (fast). This genotype is not
known to be associated with antitrypsin deficiency.

While serum protein electrophoresis cannot
detect some of the more unusual variants, it can be
helpful in detecting the more common ones. When
examining the electrophoretic pattern, one should
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Figure 4.14 A PiMS pattern with two bands of identical intensity
(a a) in the oy-region is shown in the second serum from the top.
Although one can clearly see the two bands with high-resolution
electrophoresis (HRE) technique, the actual phenotype a PiMS was
performed by isoelectric focusing, not by HRE. This patient had an
acute-phase reaction which is why the o,-antitrypsin bands stain
more strongly than an MS pattern usually would. This serum was
particularly interesting because the individual also was a
heterozygote for the transferrin band. Two bands of equal
intensity are seen in the 3, region (t t). (Paragon SPE2 system
stained with Paragon Violet.)

be especially aware of samples with decreased o,-
antitrypsin band and/or altered electrophoretic
migration. By noting that the weak o,-antitrypsin
band is located in the slow o, -region, it suggests the
possibility of either PiZZ, PiSS or PiSZ phenotypes
(Figs 4.16 and 4.17).

Some clinically significant variants such as
PiM, .. and PiM,,...... require molecular techniques
to detect because they have a normal electro-
phoretic migration, but have a substantial decrease
in the o,-antitrypsin level and can cause liver and
lung disease.”®™”" Some rare individuals are unable
to produce serum o,-antitrypsin because of dele-
tions and stop codons of o, -antitrypsin coding null
variants.” These patients are at high risk for the
early development of emphysema even if they
do not smoke.” Therefore, when there is altered
electrophoretic mobility, or decrease or absence

Heerlen

Figure 4.15 A PiMS pattern on a capillary zone

electropherogram. The two bands are of equal intensity (small
arrows). Interestingly, there is a small monoclonal gammopathy in
the fast y-region (block arrow). (Sebia Capillarys).

Figure 4.16 The second sample from the top is from a patient
with o, -antitrypsin deficiency (PiZZ). No band can be seen in the
o, -antitrypsin area. A very faint o.,-lipoprotein band (l) extends
from the cathodal end of the albumin band to the area where the
normal o,-antitrypsin band would normally be seen. For
comparison, the o, -antitrypsin PiMM band in the third sample is
labeled ‘a’. (SPE2 system stained with Paragon Violet.)



Figure 4.17 An o, -antitrypsin deficiency (PiZZ) deficiency on
capillary zone electrophoresis. The scaphoid region (arrow) at the
end of the o;-region denotes the absence of the o,-antitrypsin
band. (Paragon CZE 2000.)

of the o,-antitrypsin band, determination of o,-
antitrypsin levels and phenotype studies are
recommended.

o,-Antitrypsin augmentation therapy is available
that may decrease the rate of decline of the FEV1 in
patients with deficiencies.” Perhaps
because of this available therapy, an expert group
from the World Health Organization (WHO) has
recommended that o,-antitrypsin measurement be
included in neonatal screening programs.””” The
mean annual cost of this therapy in the USA was
estimated at $40 123 in 2001.” A study of the cost-
effectiveness noted that although the cost of the
current pooled human o, -antitrypsin therapy is
high (their estimate was $52 000/year), the incre-
mental cost per year of life saved varies
considerably depending on the reduction in mor-
tality.'  Unfortunately, because of the
demonstration of a deceleration in the rate of
FEV1 decline in non-randomized studies, it may
not be ethically possible to conduct placebo-
controlled randomized trials.'”

severe

Increased o,-antitrypsin

Increased levels of o,-antitrypsin occur in a variety
of conditions and can be useful in pattern interpre-
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tations (see Chapter 5). o,,-Antitrypsin is increased
as part of the acute-phase response, in patients
with hyperestrogenemia caused by pregnancy, oral
contraceptives, tamoxifen, tumors or with liver
disease." ™™ An increase in o,-antitrypsin levels
may help to predict the onset of labor."”

Note that o, -antitrypsin levels increase during an
acute-phase reaction even in patients with genetic
deficiency of this protein (except those with null
variants). Therefore, in a patient suspected of
having o, -antitrypsin deficiency, a normal level of
this protein does not in itself rule out a deficiency.
When measuring o,-antitrypsin in patients sus-
pected of having a deficiency, one should also
measure the C-reactive protein levels. When the C-
reactive protein is elevated, a ‘normal’ level of
o,-antitrypsin does not rule out the possibility of
deficiency. In such cases, more definitive testing of
o,-antitrypsin such as isoelectric focusing or mole-
cular studies should be performed.

o.,-Fetoprotein

o,-Fetoprotein is present in neonatal serum in con-
centrations up to 50 mg/dl (500 mg/l), whereas
normal adults have less than 20 pg/dl (200 pg/l),
except for pregnant females who may achieve
levels of 1 mg/dl (10 mg/l) at 20 weeks gestation.'”
Although this tiny amount is never seen on routine
serum protein electrophoresis, some patients with
hepatocellular carcinoma, yolk sac tumors, gastric
cancer and chronic hepatitis have markedly ele-
vated levels of this protein produced by the liver.'”
These determinations require immunoassay studies
for accurate measurement.

o,-Acid glycoprotein

o,-Acid glycoprotein, also known as orosomucoid,
is a minor band that occurs just anodal to o,-anti-
trypsin. Its serum concentration for ages > 1 year
ranges from 50 to 150 mg/dl (0.5-1.50 g/1)."
However, o,-acid glycoprotein is not usually
visible on gel-based electrophoresis methods unless
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greatly elevated because its high sialic acid content
interferes with binding of most stains such as
Amido Black or Coomassie Brilliant Blue. With
gel-based techniques, when o,-acid glycoprotein is
increased to greater than 200 mg/dl it may show
up with a fuzzy appearance on the anodal side of
o, -antitrypsin.'” However, since CZE measures
peptide bond absorbance at from 200 to 214 nm,
o,-acid glycoprotein more commonly is seen as a
prominent anodal shoulder to o,-antitrypsin (Fig.
4.18).

o,-Acid glycoprotein is commonly seen with the
acute-phase reaction pattern and in uremic patients
receiving hemodialysis (this protein is normally
lost through the glomerulus)."® Quantification of
this protein may be useful in detecting neonatal
infections because the serum levels of o,-acid
glycoprotein are much lower at birth than by
1year of age. Because of this, levels of
60-80 mg/dl (6-8 g/l) have been associated with
neonatal sepsis.'” These levels are too low, how-
ever, to be measured reliably by either CZE or gel-
based techniques and should be determined by
immunochemical methods.'” Similar to C-reactive

\

Figure 4.18 Normal capillary zone electropherogram with a
relatively prominent o, -acid glycoprotein (orosomucoid) shoulder
(arrow) just anodal to o, -antitrypsin. (Sebia Capillarys.)

protein (see below), increased a,-acid glycoprotein
levels are associated with an increased risk for
myocardial infarction.'

o,-Antichymotrypsin

o,-Antichymotrypsin is a tiny band that may be
found in the o,—o, interregion (Fig. 4.19). It is
about 1/10 as prominent as the o,-antitrypsin band
with a serum concentration of 30-60 mg/dl, and a
molecular mass of 69 kDa. It is a serine protease
inhibitor genetically linked with o,-antitrypsin.""
o,-Antichymotrypsin reacts with the potent neu-
trophil protease cathepsin G, mast cell chymase,
and prostate specific antigen."">'"* Recent data for
the o,-antichymotrypsin—prostate-specific antigen
(PSA) complexes have been used to evaluate
modestly elevated PSA levels."* However, this does
not affect the pattern visible on protein elec-
trophoresis. While its name implies a role in
chymotrypsin inhibition, it provides less significant
inhibition for chymotrypsin than does o,-anti-
trypsin.'”

In serum, its concentration increases rapidly after
acute injury, perhaps acting to inhibit some of the
enzymes liberated during this process, and it may
be seen in hepatocytes of individuals with hepatitis
C."* It is increased in the serum and cerebrospinal
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Figure 4.19 Small bands are often seen in the inter-o,—0., region.

In this photograph, they are best seen in the middle sample
(arrow). The serum in the bottom lane contains a slow-migrating,
weakly staining o,-antitrypsin band (indicated) which should be
further evaluated as a possible PiSS (see text). (Panagel System
stained with Amido Black.)



fluid of patients with Alzheimer’s disease, and the
levels may be related to its heightened secretion by
astrocytes in those patients."” By serum protein
electrophoresis, one only sees a variable, deeper
staining in the o,—0, interregion. Obviously, a
decreased  o,-antichymotrypsin  concentration
would not be detectable by routine electrophoretic
techniques. Congenital deficiencies of this inhibitor
can be detected by immunoassay methods and may
predispose individuals to liver and lung disease.'"’

ol,-Macroglobulin

o,-Macroglobulin is one of the two major proteins
in the o,-region. Synthesized mainly by the liver, it
is a tetramer composed of four identical subunits.
The subunits are held together as dimers by di-
sulfide bonds. Each o,-macroglobulin molecule
consists of two sets of these dimers."* With a serum
concentration of 130-300 mg/dl (1.3-3.0 g/l) in
adults, it accounts for about 3 per cent of the total
protein in serum.'” Because of the variable migra-
tion of the haptoglobin types (see below),
o,-macroglobulin is often adjacent to, or comigrat-
ing with, haptoglobin and is therefore not seen as a
discrete band. An important exception is in the
neonate where little haptoglobin is present and o,-
macroglobulin levels are much higher than in
adults. a,-Macroglobulin is an enormous molecule
(the tetramer has a molecular mass of 720 kDa)
that functions as a protease inhibitor.

It is part of the family called thiol ester plasma
proteins. This name refers to the presence of a
unique cyclic thiol ester bond that is involved with
the covalent binding of proteases."® This family of
proteins includes o,-macroglobulin, pregnancy
zone protein, C3, C4, and C5."* While it is partic-
ularly effective at inhibiting plasmin activity, o,-
macroglobulin is also able to inhibit the enzymes
trypsin, chymotrypsin, thrombin, and elastase."”
o,-Macroglobulin binds to B,-microglobulin, sug-
gesting that it may modify the metabolism of the
latter.” It is also the major serum collagenase
inhibitor, which may be important in wound heal-

ing.” In addition, o,-macroglobulin has been
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shown to bind to various cytokines, including
interleukin-2, interleukin-8, and heat shock pro-
tein receptor CD91, indicating the diverse reper-
toire of this molecule.*"**

o,-Macroglobulin has a unique mechanism for
trapping the proteinase in the ‘bait’ region of the
disulfide-linked dimers. After the proteinase has
cleaved a peptide bond in the middle of each of the
four o,-macroglobulin subunits (bait region), o,-
macroglobulin rearranges itself to trap the pro-
teinase within the o,-macroglobulin molecule.'>'*
The o,-macroglobulin bound to the proteinase
creates a conformational change that results in a
more compact o,-macroglobulin molecule that
migrates faster during electrophoresis.'*'* Despite
its effects on proteinases, o,-macroglobulin is not
an acute-phase reactant and does not increase with
inflammation.

The function of o,-macroglobulin as a pan-
proteinase inhibitor, together with its ability to
bind with B-amyloid have raised the suggestion
that the o,-macroglobulin gene is a candidate gene
in relation to Alzheimer’s disease."”'* However,
this area of investigation is controversial because
recent investigations have not confirmed this asso-

ciation.'? !

INCREASED 0,-MACROGLOBULIN

o,-Macroglobulin is elevated in neonates, the
elderly, patients with elevated estrogen levels, and
especially as part of the nephrotic pattern in
patients with selective glomerular leakage. In
nephrotic syndrome, there is a compensatory
increase in the synthesis of o,-macroglobulin.
Further, its large size prevents its passage into the
urine.

Serum levels of o,-macroglobulin are moderately
higher in cord blood and during the first week of
life than in adults, averaging about 300 mg/dl."*'*
Elevated levels of o,-macroglobulin are commonly
seen in diabetics, especially in longstanding
cases."” In patients with o,-antitrypsin deficiency
and emphysema an increased concentration of o,-
macroglobulin is often also present.'**

On serum protein electrophoresis, elevated o,-
macroglobulin may be seen as a sharp band in the
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Figure 4.20 Usually the o,,-macroglobulin band is obscured by
haptoglobin. However, in the second serum from the top, the
haptoglobin stains relatively weakly, and the o,-macroglobulin band
shows to advantage in the anodal side of the o, region band
(arrow). (Paragon SPE2 system stained with Paragon Violet.)

anodal end of the a,-globulin region (Fig. 4.20),
but usually it is masked by haptoglobin.

DECREASED o,-MACROGLOBULIN

A decrease in o,-macroglobulin is extremely diffi-
cult to detect using serum protein electrophoresis.
Haptoglobin will almost always hinder such an
interpretation. Therefore, although a decreased o.,-
macroglobulin has occasionally been reported in a
variety of diseases, electrophoresis is not the way
to detect it.

Haptoglobin

Haptoglobin is a glycoprotein of variable molecu-
lar weight and migration (depending on its
expressed alleles — see below), synthesized by the
liver with a serum concentration (in adults) of
38-227 mg/dl (0.38-2.27 g/1)."” It is an o,-migrat-
ing protein that binds free hemoglobin liberated
during intravascular hemolysis, thereby preserving
iron and preventing renal damage."”"*” During this
process, each molecule of haptoglobin can bind

with two hemoglobin molecules via the globin
portion of the hemoglobin molecule; this prevents
loss of the iron in free hemoglobin that would
readily pass through the glomeruli if not bound to
the bulky haptoglobin molecule."*® The resulting
hemoglobin-haptoglobin rapidly
taken-up by the reticuloendothelial system, where
the iron is liberated for reuse. This hemoglobin—
haptoglobin complex is removed at the rate of
15 mg/100 ml.hour.  Therefore, intravascular
hemolysis usually is associated with a decreased
haptoglobin rather than free hemoglobin, unless
there has been recent massive hemolysis."**'*

On serum protein electrophoresis, haptoglobin
has a relatively complex pattern that often causes
confusion about what is happening in the o,-
region. This complexity results from genetic
polymorphism and alteration of electrophoretic
mobility by the hemoglobin—haptoglobin complex;
the latter is most commonly a result of improper
handling of blood specimens, but may be seen with
recent massive hemolysis.

There are three major phenotypes of haptoglobin
resulting from the codominant expression of two
alleles, Hp' and Hp?, which can be discerned by
their serum protein electrophoretic pattern (Table
4.5).7%>13%14 The polymorphisms of haptoglobin
were first demonstrated with starch gel elec-
trophoresis.”” Haptoglobin 1-1 is found in
individuals that are homozygous for the Hp'
allele.”*®"*" Its name reflects the fact that it has the
fastest electrophoretic mobility, migrating anodal
to o,-macroglobulin and obscuring the minor
inter-o-trypsin inhibitor region bands (Fig. 4.21).
The cathodal end of this haptoglobin type merges
with o,-macroglobulin, preventing complete sepa-
ration of these two proteins by most serum protein
electrophoresis techniques. The presence of hapto-
globin 1-1 phenotype has been associated with a
significantly lower prevalence of diabetic retino-
pathy than in diabetics with the other two major
phenotypes.' The superior antioxidant capacity of
this phenotype may prevent the damage.

Individuals that are homozygous for Hp* produce
a pattern of several slower-moving bands on starch
gel electrophoresis. However, by serum protein

complex is



Table 4.5 Characteristic of the major haptoglobin phenotypes®

o-Region 8l

Genotype Concentration (mg/dl) Mass (kDa) HRE® migration
Hp type I-I 57-227° 86 Mid-o,,

Hp type 21 44-183 86-300 Mid-o,

Hp type 2-2 38-150 170-900 Slow o,

°High-resolution electrophoresis.

*Data adapted in part from Langlois and Delanghe," Janik,'” and in part from van Lente.

138

Figure 4.21 The top sample shows a haptoglobin |-I variant

which migrates anodally from o,-macroglobulin. The second and
fourth sera contain a haptoglobin 2-2 variant that migrates
cathodally to o,-macroglobulin (from which it cannot be
distinguished on this gel). The third serum contains a haptoglobin
1-2 variant which migrates directly over o,-macroglobulin. The
slow y-region of the third serum also contains two dark-staining
bands which may represent a double gammopathy (see Chapter 7).
(Paragon SPE2 system stained with Paragon Violet.)

electrophoresis agarose gels and CZE, Hp’
homozygotes produce a broad band at the catho-
dal end of o,-macroglobulin (Fig. 4.21).
Heterozygotes, Hp'/Hp?, on starch gels produce
one weak band in the 1-1 position and several
slower-migrating bands. By routine serum protein
electrophoretic techniques, these appear as a broad
band just anodal to and directly over a,-
macroglobulin. Molecular studies on the genotype

distribution of three phenotypes demonstrated the
presence of 14.5 per cent Hpl-1, 48.2 per cent
Hp2-1, and 37.3 per cent Hp2-2."*

DECREASED HAPTOGLOBIN

There are several important causes of decreased
haptoglobin levels that can be suggested by the
serum protein electrophoresis pattern (Table 4.6);
the most clinically significant causes relate to
hemolysis. For the clinician studying a patient with
a hemolytic process, the laboratory interpretation
of ‘marked decrease in haptoglobin consistent with
intravascular hemolysis’ is useful both in suggest-
ing the process (extravascular versus intravascular)
and in following the response of the patient to
therapy. As usual, there are some caveats. An
uncommon phenotypic variant of haptoglobin,
referred to as type 0-0 (seen most frequently in
black patients), produces no or very low levels of
haptoglobin." Further, infants have little hapto-
globin; the concentration goes from virtually zero
in the cord blood to adult levels by around the age
of 4 months."” Ineffective erythropoiesis such as
occurs during folate and vitamin B,, deficiency may
produce a decrease in the haptoglobin region on
serum protein electrophoresis.

When hemoglobin binds to haptoglobin, the
complex has a much slower migration than that of
haptoglobin alone (Figs 4.22 and 4.23). The pat-
terns shown in these figures usually indicate that
the sample has been handled poorly, with iz vitro
hemolysis producing the haptoglobin—hemoglobin
band indicated. However, in cases of recent
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Table 4.6 Decreased haptoglobin

Decreased haptoglobin

Ineffective erythropoiesis Vitamin B, deficiency
Folate deficiency
Congenital Hp O phenotype

Neonates

Hemolysis

In vivo: Intravascular hemolysis
Extravascular hemolysis

In vitro:

Poor blood sampling technique; (hemoglobin—haptoglobin migrates

between o,,-macroglobulin and transferrin)

Normally have low haptoglobin

incompatible blood transfusion or recent massive
hemolysis, as in malarial or clostridial infections,
this may reflect an urgent clinical situation.
Haptoglobin may also be decreased in severe liver
disease. The presence of a decreased haptoglobin in
a patient with hypoalbuminemia, polyclonal

Figure 4.22 The top sample shows a prominent o,-macroglobulin
band followed by a broad, moderately dense staining band that
extends to the transferrin band. This is hemoglobin—haptoglobin
complex. A wavy band due to B,-lipoprotein can be seen just
anodal to transferrin. A thin, straight band in the middle of the
hemoglobin—haptoglobin complex was not identified (arrow).
(Paragon SPE2 system stained with Paragon Violet.)

hypergammaglobulinemia and a low transferrin
often has a poor prognosis.'*

INCREASED HAPTOGLOBIN

An increased synthesis of haptoglobin occurs in
patients with an acute inflammatory response and
in patients with increased corticosteroid and estro-
gen stimulation (pregnancy, contraceptive drugs,
estrogen-secreting neoplasms, and cirrhosis).””"*"'*
A key factor for the increased synthesis of hapto-
globin and other acute-phase reactants is
interleukin-6.” A patient may have simultaneous
processes that result in a normal haptoglobin level
when an elevation or decrease may have been pre-
dicted by the available clinical information. For
example, if a patient has an autoimmune disease
with intravascular hemolysis, the haptoglobin
should be decreased. However, if the autoimmune
disease is clinically active, with acute inflamma-
tion, there will be a stimulation of haptoglobin
production by the liver. In this case, the haptoglo-
bin band on electrophoresis will depend on which
process predominates at the time the sample was
taken.'”

Patients with renal disease may have an increase
or a decrease in haptoglobin depending on the
phenotype and on the degree of renal damage.
During renal injury, there may be inflammation
resulting in an increase in haptoglobin. However,
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Sebia Capillarys

Paragon CZE 2000

Figure 4.23 Capillary zone electropherograms display a prominent slow B-region band (arrow) due to hemoglobin—haptoglobin complex.

Note, more recent buffer solution on the Sebia Capillarys may result in a different migration of the hemoglobin—haptoglobin complex.

since the Hp 1-1 phenotype is a relatively smaller
molecule than Hp 2-1 or 2-2, it will more readily
pass into the urine, so the first phenotype hapto-
globin may be decreased, whereas the last two
would be increased."”’

Ceruloplasmin

Ceruloplasmin is an important copper-binding
transport protein produced by the liver. However,
its low concentration in normal serum
(14-46 mg/dl)*° precludes its detection on the rou-
tine serum protein electrophoresis. Even during the
acute-phase response, when its concentration in
serum often increases, it is difficult to see because of
the increase in the other o,-globulins. It is elevated
during an acute-phase response, in steroid therapy,
and in cases of biliary tract obstruction.

The most significant feature of ceruloplasmin is
its marked decrease in patients with Wilson’s
disease. The lack of this transport protein is
thought to play the major role in hepatolenticular
degeneration. elec-
trophoresis will not aid in the detection of a
decreased ceruloplasmin, and specific assays must
be performed.

However, serum protein

Pre-B,-lipoprotein

Serum protein electrophoresis is not used to screen
for lipid abnormalities. However, some patients
will have unusual electrophoretic patterns due to
hyperlipidemia. In the Pref area (very low density
lipoproteins, VLDL), a broad elevation similar to
that seen with hemolysis has also been seen in
patients with elevated prep,-lipoprotein. Therefore,
when there is an elevation in this area, look at the
serum sample to see if it is hemolysed. If it is not, a
lipoprotein evaluation may be appropriate.

Fibronectin

Fibronectin (cold insoluble globulin) is a faint band
regularly seen between the a, and B, region. It is a
large, 440 kDa protein that derived its original
name from the observation that it precipitates in
the cold and with heparin. The band becomes more
prominent during pregnancy or with cholestasis,
when the protein increases beyond its usual serum
range of from 19 mg/dl to 35 mg/dl."”" Fibronectin
acts in the wound-healing process by interaction
with fibrinogen and by mediating the adherence of



84 Proteins identified by serum protein electrophoresis

fibroblasts and monocytes at sites of tissue
damage.”>" It is increased in pregnancy, and is
further increased in patients with pre-eclampsia
caused by vascular injury, increased production or
enzymatic degradation.” It is also increased in the
vessel walls in active central nervous system
plaques from patients with multiple sclerosis, pos-
sibly enhancing myelin phagocytosis in these
lesions."’ During the first 48 h of the acute inflam-
matory response, fibronectin is rapidly deposited in
the damaged tissue. Simultaneously, its concentra-
tion in the serum decreases.'”

B-REGION

Transferrin

Transferrin is the major band at the anodal end of
the B,-region. Transferrin is a single polypeptide gly-
coprotein with a molecular mass of 76.5 kDa that
functions to transport non-heme ferric iron from
the gastrointestinal tract and from the breakdown
of hemoglobin to the bone marrow."*"” Each trans-
ferrin molecule can bind two molecules of free iron,
but normally only about one-third of the transfer-
rin molecules are saturated with iron. The total
iron-binding capacity of serum is a reflection of the
amount of transferrin present; its normal concen-
tration is 240-480 mg/dl."** In patients with iron-
deficiency anemia, the levels of transferrin are
considerably increased. Determinations of the
transferrin levels are useful in distinguishing
between iron deficiency anemia (inadequate intake
or chronic hemorrhage with loss of iron stores)
from iron-refractory anemias. In iron deficiency, the
concentration of serum transferrin goes up, but as
less iron is available for transport, the saturation of
the transferrin falls, often to less than 15 per cent
compared with 33 per cent normally. Transferrin
levels are also increased in patients that are preg-
nant or in patients receiving estrogens."”

TRANSFERRIN VARIANTS

Serum protein electrophoresis using either CZE
or gels that provide a crisp separation of transfer-

rin from C3 can demonstrate relatively common
genetic variants of transferrin (Fig. 4.24). Both
electrophoretically slow and fast variants of
transferrin have been identified. The major fac-
tors that determine the migration of transferrin
on serum protein electrophoresis are the amino
acid sequence and its sialic acid content (see
below). The migration of transferrin in the vast
majority of people (98 per cent) is due to the
common type of transferrin TfC."*'*' Variants
that move toward the anode are TfB and those
which move toward the cathode are TfD."* Black
patients have a gene frequency of about 10 per
cent for TfCD."”"** Homozygotes of fast or slow
variants are rarely detected, perhaps because they
would be difficult to recognize by commonly used
clinical laboratory electrophoretic techniques.
However, heterozygotes are easily seen as two
equal staining bands in the B, region (Fig. 4.24).
These represent the codominant expression of
two alleles, one normal and one variant.” Despite
the characteristic appearance, I recommend per-
forming an immunofixation, usually a Penta
(pentavalent, see Chapter 3), to rule out a small
monoclonal gammopathy. While earlier studies
suggested that these variants had no functional
effect on patients, recent studies by Kasvosve et
al.”” demonstrate that the amount of iron bound
by transferrin is lower in TFCD individuals than
with the other common variants. This may have
functional significance to partly protect these
individuals from increased iron accumulation in
iron overload situations.”” While one cannot sub-
type the variants by serum protein electrophore-
sis, it is important to understand the possible
double bands associated with the variants. These
may be mistaken for small M-proteins. This is
one reason why bands suspected of being M-
proteins must always be characterized to prove
that they are immunoglobulins.

Serum transferrin is normally glycosylated by two
complex carbohydrate chains that contain a
charged component, sialic acid. The number of the
sialic acids attached varies from none to six. Each
sialic acid molecule present has been estimated to
alter the plI of transferrin by 0.1 pH unit.'*"** The
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Figure 4.24 The middle serum is from a patient with genetic variant of transferrin. There are two discrete bands (indicated) of

equivalent intensity. (Panagel System stained with Amido Black.)

most common isoform of transferrin has two mol-
ecules of sialic acid attached.'” Patients that
consume large quantities of alcohol contain serum
transferrin with few sialic acid molecules attached
(none, monosialated and disialated transferrin)
with a correspondingly higher pI than normal.'**'*’
This is referred to as carbohydrate-deficient trans-
ferrin. Although, using iron specific stains, a
difference in migration on serum protein elec-
trophoresis has been reported, it is not possible to
distinguish reliably this difference in migration
using routine protein stains.'”® A variety of
methods, including CZE have been used to
carbohydrate-deficient  transferrin.'®
However, those capillary zone studies were per-
formed on a P/ACE 5000 electropherograph
(Beckman), not the currently available clinical
equipment (Paragon CZE 2000 or Sebia
Capillarys).'”

We can detect cerebrospinal fluid leakage in the
ear or nose following head trauma or secondary to
a neoplasm by taking advantage of the fact that
serum transferrin usually contains sialic acid mole-
cules.”™"” Cerebrospinal fluid normally contains
both the B,-migrating glycated transferrin seen in

measure

serum and a substantial transferrin band in the
B,-region (t fraction of transferrin) that lacks the
sialic acid residues. This form of transferrin is
also present aqueous
Immunofixation of cerebrospinal fluid with anti-
bodies against transferrin will demonstrate two
transferrin bands (discussed in Chapter 8): one due
to the normal sialated transferrin seen in the B,-
region of serum and the other due to the 1 fraction,
(a serum control from the same patient must be
examined in tract next to the nasal or ear fluid to
be sure the patient does not normally have
asialated transferrin in his or her serum)."” Altered
migration of genetic variants and changes of sialic
acid in alcoholics could result in false positives if a
control serum was not studied.”>"”

in human humor."”

INCREASED TRANSFERRIN

The transferrin band is increased in patients with
iron deficiency anemia.'” Occasionally, the trans-
ferrin band may be obscured by the presence of a
large amount of preP or B,-lipoprotein (see below).
Also, when using CZE, some radiocontrast dyes
will migrate in the B-region and may result in a
falsely elevated transferrin band (see Chapter 2)."”
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In addition to radiocontrast dyes, the antibiotic
piperacillin-tazobactam (Tazocin; Wyeth Lederle,
Collegeville, PA, USA) was reported to produce a
small peak just anodal to the transferrin band on
the Paragon CZE 2000, using software version
2.21)."® Such a band could be mistaken either for a
transferrin variant or small M-protein. It is recom-
mended that all suspicious unidentified bands be
evaluated by performing an immunofixation. A
Penta screen may be the most efficient manner in
which to do this (see Chapter 3).

Lower resolution electrophoretic methods that do
not provide a crisp separation of the B, and j3,
bands do not offer a clear view of the transferrin
band. This may make it more difficult to detect the
occasional M-protein that causes a distortion of
the transferrin band. When [,-lipoprotein obscures
this region, electrophoresis could be repeated with
heparin added to the sample. This pulls the B,-
lipoprotein toward the anode and gives the
interpreter a better view of the [,-region (Fig.
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4.25).°° Another strategy to rule out a mono-
clonal gammopathy is to perform an
immunofixation (such as a Penta evaluation) on all
suspicious bands (see Chapter 3).

DECREASED TRANSFERRIN

Transferrin is usually decreased in alcoholic cirrho-
sis."”” During acute inflammation, the synthesis of
transferrin by the liver is largely shut down, result-
ing in a faint B,-region band. Transferrin is also
decreased during renal disease and thermal injuries
because of loss through the glomeruli and damaged
skin, respectively." Congenital atransferrinemia
has been reported, but is quite rare. These indivi-
duals suffer from a microcytic, hypochromic
anemia, despite the presence of normal serum iron
levels; they have a very low iron-binding capacity.
Their poor ability to transport iron also predisposes
them to develop hemochromatosis unless detected
and treated early."""** Therefore, the finding of an
undetectable B,-region band on serum protein

20 10 0 0

Figure 4.25 Serum treated with heparin (concentrations indicated units/ml). Note that the [,-lipoprotein band becomes weaker and
moves toward the anode, making the transferrin region easier to inspect in difficult cases. (Photograph from work by Jeffrey Pearson).



electrophoresis has considerable importance both to
the individual patient and for their relatives.

B-Migrating monoclonal
gammopathies (M-proteins) and
complement activation products

The major proteins that need to be distinguished
from the double transferrin band (heterozygous vari-
ants), are P-migrating monoclonal gammopathies
and complement activation products. It is often erro-
neously believed that immunoglobulin molecules
only migrate in the y-region. Although IgG usually
resides in the y-region, IgA is mainly a B-migrating
molecule while IgM tends to migrate between these
two (Fig. 4.26). Further, the rare IgE, uncommon
IgD and the more common monoclonal free light
chains (Bence Jones protein) will frequently occur in
the B- or even in the o-globulin regions. Monoclonal
gammopathies involving any of these B-migrating
immunoglobulins may only produce a subtle distor-
tion of the transferrin or C3 band.

The presence of a second B,-region band (other
than transferrin) that is due to an M-protein of the
IgA class usually will be denser and more diffuse
than the equal transferrin lines seen in the hetero-
zygous variants. Performing an immunofixation to
rule out the possibility of an M-protein is recom-
mended when there is distortion of the transferrin
or C3 band. Occasionally, monoclonal bands lie

Origin
+
IgG
Albumin IgM
IgA

Figure 4.26 The usual locations of IgG, IgA and IgM molecules
are indicated by lines below the schematic representation of the

gel.
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Figure 4.27 The bottom sample has a very prominent 3,-region
(transferrin region) band (arrow) because of an IgA K monoclonal
gammopathy which migrated on top of the usual transferrin
location. Even though the migration is correct for transferrin, the
band is far too dense in staining to be caused by iron deficiency.
This sample, and those above it, also suffer from a slight distortion,
possibly owing to insufficient blotting. (Paragon SPE2 system
stained with Paragon Violet.)

directly over transferrin or C3 (see later) (Fig. 4.27).
Therefore, when there is a large transferrin band,
but no clinical history of an iron-deficient anemia,
one should rule out the possibility of a monoclonal
gammopathy by an immunofixation (such as the
studies discussed in Chapter 3).

The other major protein band of clinical signifi-
cance that is often confused with the transferrin
variant is the C3c product of complement (see
later). This may be an in vitro activation due to
poor specimen handling or may reflect in vivo acti-
vation caused by autoimmune disease or ongoing
inflammation. As discussed later, when the band
anodal to transferrin is C3c¢, the usual C3 band (B,-
region) is decreased or absent. To be certain,
however, performing an immunofixation is recom-
mended to rule out an M-protein.

B,-lipoprotein

B,-lipoprotein (low density lipoprotein) is an
unusual molecule in two respects: its position on
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gel electrophoresis varies considerably depending
on its concentration and it has an irregular anodal
front (Fig. 4.28). The molecular mass is enormous
(2750 kDa) and its concentration spans a wide
range between 57 mg/dl and 206 mg/dl in adults."
B,-Lipoprotein transports lipids, cholesterol and
hormones. Because the migration of B,-lipoprotein
on gels decreases with increasing concentration, it
may be found anodal to the transferrin band or
cathodal to the C3 band. The band often has an
irregular anodal front on gel-based systems. This
irregularity may also occur with a few IgM and IgA
monoclonal gammopathies. It is related to the ten-
dency of these molecules to aggregate when present
in high concentration. At the anodal edge, the
movement is faster and the concentration of the
molecules is lower than at the center of the band,
where aggregation tends to occur. The aggregation
of these large molecules interferes with the electri-
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Figure 4.28 The irregular B -lipoprotein bands migrate slightly
anodal to transferrin in the top two samples (arrows) and almost
abuts on the anodal edge of the transferrin band in the bottom
sample (arrow). The B,-lipoprotein band is not visible in the third
sample. This serum was from a patient receiving heparin. The
o,-lipoprotein and B, -lipoprotein become more diffuse and migrate
more anodally in patients receiving heparin. A faint anodal slurring
(a) is barely seen just anodal to albumin, and the [,-lipoprotein
band is now merged into the haptoglobin band and, consequently,
is not seen. (Paragon SPE2 system stained with Paragon Violet.)

cal field and endosmotic flow (see Chapter 1) in the
immediate vicinity of the band. The partial inter-
ruption of the regular field
endosmotic flow results in an irregular band or
small parallel bands (striae) with a crescent-type
shape (the middle lagging toward the cathode).'™
Such irregularity is especially pronounced in gels
that have narrower pores with a greater molecular
sieve capability. While these gels often give excel-
lent resolution of y-globulins, the B,-lipoprotein
band can obscure other important beta proteins.
This tendency will vary from one manufacturer to
another. Therefore, in some systems, f3,-lipoprotein
will produce a diffuse band that does not signifi-
cantly interfere with the interpretation of the major
B-region bands or B-migrating monoclonal gam-
mopathies; other systems can give irregular,
dark-staining bands that may obscure transferrin
variants or small monoclonal gammopathies. In
CZE systems, B,-lipoprotein may migrate in the
slow o,-region (Fig. 4.29). Because of a relative
constancy of position of B,-lipoprotein on the
available CZE systems, I have found less confusion
with an M-protein than in gel-based systems.
Elevated levels of B,-lipoprotein are seen in condi-
tions with increased cholesterol, such as the
nephrotic syndrome and Type II hypercholes-
terolemia. Preincubating a patient’s serum with
40 units of heparin/ml serum will cause the B-
lipoprotein band to migrate more anodally as a
faint diffuse band and may provide the interpreter
with a better view of the B,-region *»*° (Fig. 4.25).

electrical and

/

Figure 4.29 The arrow in the 0,-region indicates the usual
position of o.,-lipoprotein and the other arrow points to the
prominent 3,-lipoprotein restriction at the junction of the o.,- and
[B-regions in this electropherogram of serum that contains
increased P, -lipoprotein. (Paragon CZE 2000.)



C3

After transferrin, C3, the third component of com-
plement, is the next major protein band seen on
both gel-based and CZE. C3 is the only component
of complement present in sufficient concentration
to allow its recognition by serum protein elec-
trophoresis. It is normally present in serum at a
concentration of 90-180 mg/dl (0.9-1.8 g/l) and
consists of a 110 kDa o-chain and a 75 kDa B-
chain that are linked by disulfide bonds.""*>'*
This band’s density and position can vary depend-
ing on genetic differences, active inflammatory
disease, or poor specimen processing.

The use of calcium lactate in the buffer systems
for some gels improves the resolution of this band.
Occasionally, the C3 band may appear as a double
line (Fig. 4.30). This is because of the genetic poly-
morphism of C3." C3 variants are uncommon.
They represent the codominant production of
variant genes. Rarely, C3 variants have been
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associated with a decrease in hemolytic comple-
ment."” However, most C3 variants have no
known significance but need to be distinguished
from small M-proteins." The two C3 bands are of
identical intensity when they result from a genetic
variant. With a monoclonal gammopathy, one
almost always sees variation (darker or lighter) of
the band. When in doubt, I perform the
immunofixation to be certain.

Complement is a complex group of serum pro-
teins that may be activated by the interactions of
antibody with antigen or by a variety of other
stimuli (Table 4.7). C3 may be decreased when
either the classical or alternative pathway is acti-
vated. Either pathway ends up with the formation
of C3 convertase that cleaves native C3 into the
small, active molecule C3a and a larger C3b frag-
ment. C3a is 9 kDa
polypeptide. It can induce vasodilatation and
increase vascular permeability, with resulting
edema. The presence of C3b on the initiating

a particularly active

Figure 4.30 The second sample from the top is a C3 heterozygote with two identical staining bands (indicated) in the B,-region.
(Cellogel high-resolution acetate system.) This photograph was contributed by Francesco Aguzzi.
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complex has functional significance. Most phago-
cytic cells have receptors for C3b on their surface
and, therefore, the C3b on the surface of the initi-
ating complex will be more readily attached to
neutrophils, monocytes and eosinophils.

During inactivation of C3b, Factor I first cleaves
the o-chain into the inactive C3bi. Next, in a kinet-
ically slower reaction, Factor I cleaves the terminal
end of the a-chain, resulting in the formation of a
small C3d fragment (30 000) and a larger C3c
fragment (160 000) that is often seen in serum
protein electrophoresis of poorly processed blood
samples or aged specimens. In the latter reaction,
with serum proteases.
Usually, the presence of the C3c band indicates
that the specimen has been processed poorly,
stored at room temperature, lyophilized (most
lyophilized commercial standard serum prepara-
tions will show this C3c band), or stored for
several days at 4°C. Owing to the short biological
half-life of C3c, it is unlikely that the C3c¢ seen by
serum protein electrophoresis relates to active
inflammation in vivo.

When C3 breaks down, the C3 (B,-band) band
declines and smaller, smudgy bands may appear
anodal to transferrin, cathodal to transferrin or
even in the y-region, depending on which electro-
phoretic system is used. On most gel-based systems
and on the Paragon CZE 2000, using Version 1.5,
the C3c¢ breakdown product appears anodal to
transferrin (Figs. 4.31 and 4.32).

Factor I collaborates

Table 4.7 Factors that activate complement

The concentration of C3 is elevated late during
the acute phase response. It is upregulated by inter-
leukin-1 (IL-1), interleukin-6 (IL-6) and TNEF."®'"*
Because C3 and haptoglobin are often elevated
after other acute-phase reactants, ao,-acid glycopro-
tein (orosomucoid), o,-antitrypsin and C-reactive
protein have declined to the normal range, I refer
to the combined elevation of o,-region and C3 (j3,-
band) together with a decrease in transferrin as a
subacute reaction.

The use of a CZE system may be more sensitive
than gel-based methods for detecting C3 even on
specimens that have been stored for up to 30 days
at 4°C."” In addition to providing crisp separa-
tion of the B,- and B,-regions, it has been sug-
gested that CZE may provide useful estimates of
both C3 and transferrin that did not require
further testing."” However, I recommend specific
nephelometric-determined concentrations for best
accuracy.

C4

C4 is a large, 206 kDa glycoprotein with an
adult serum concentration of from 10 to
40 mg/dl (0.1-0.4 g/)." It is visible on serum
protein electrophoresis only when present in the
higher normal range or when increased such as
in patients with an acute inflammatory reaction.
It may be seen just anodal to C3 on gel-based

Classical pathway

Alternative pathway

Immune complexes
Staphylococcal protein A-lgG
Polyanions:

DNA

Dextran sulfate

Inulin

Some RNA viruses

C-reactive protein

Aggregated immunoglobulins
Complex polysaccharides:

Bacterial dextrans

Cobra venom factor
Erythrocyte stroma

Nephritic factor
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Figure 4.31 C3 activation is seen in the middle sample. A C3c band is now present (indicated), while the usual position of intact C3 in
the B,-region shows only a faint slur toward the anode. (Panagel system stained with Amido Black.)

Figure 4.32 Electropherogram pattern of a 2-week-old sample
sent to the laboratory. The arrow notes the lack of C3. In

addition, an anodal shoulder to the transferrin band indicates the
position of some C3 breakdown products. (Paragon CZE 2000.)

systems that provide crisp separation of the B,-
and B,-bands. On the Paragon CZE 2000
Version 1.6 CZE system, C4 may give a tiny
deflection to the C3 band. Knowing the position
of this band is relevant primarily to the possibil-
ity of a P-migrating monoclonal protein.
Nonetheless, check distortion in this region by
performing an immunofixation. Genetically het-
erogeneous C4 deficiencies have been reported in
association with systemic lupus erythemato-
sus.'”"” However, serum protein electrophoresis
is too insensitive a tool to use to detect such
deficiencies.

Fibrinogen

Fibrinogen is a 340 kDa protein that is present
in plasma in concentrations of 200-400 mg/dl in
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adults.”” Although fibrinogen is not present in
properly processed normal serum, a small fibrino-
gen band may be seen in serum protein elec-
trophoresis due to insufficient clotting or failure
to remove the serum from the clot with the release
of fibrinogen breakdown products (Fig. 4.33).
Fibrinogen may also be seen in the ‘serum’ of
patients on heparin therapy. It is strongly recom-
mended that plasma not be used for serum protein
electrophoresis fibrinogen band
obscures detection of monoclonal gammopathies
in an important part of the B~y region.

One may suspect that this band is fibrinogen
because of its position on gel electrophoresis or
CZE, and on gel-based systems fibrinogen may
have an irregular, curved or non-symmetrical
pattern. However, because monoclonal gammo-
pathies may also migrate as irregular bands if
they self-aggregate or occur as cryoglobulins, one
may perform an immunofixation to identify the
fibrinogen (Fig. 4.34). The fibrinogen band has
led to false positive reports of monoclonal
gammopathies.” However, currently, I prefer the
use of an immunofixation to rule out that the
band is an immunoglobulin (see Chapter 3). If
one wishes to avoid the expense of the
immunofixation, one may wait 24 h and repeat
the serum protein electrophoresis. The fibrinogen
band may disappear after allowing the sample
to clot further. However, the time and the

l -‘ﬂ

Figure 4.33 The bottom sample has a prominent fibrinogen band

because the

(arrow). This dense band indicates that the sample was likely
plasma and not serum. This band must be distinguished from a
monoclonal gammopathy by immunological studies. When it is this
prominent, it may mask a monoclonal gammopathy in this region.
The slight irregularity to all the bands on this gel indicates there
has been inadequate blotting. (SPE2 system stained with Paragon
Violet.)
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Figure 4.34 Immunofixation, with the anode at the top,
comparing a serum (serum protein electrophoresis, SPE)
containing a prominent monoclonal gammopathy (M) and a second
band which migrates in the fibrinogen region (F) with plasma (Plas).
The lane to the right of the SPE is the serum diluted 1:5 and
reacted with anti-fibrinogen (Fib). The lane to the left of the Plas is
the plasma diluted |:5 and reacted with anti-fibrinogen (Fib). The
fibrinogen bands from both have the same migration. This
identifies the second band in the serum as fibrinogen. (Paragon
Immunofixation stained with Paragon Violet).

additional electrophoresis are just about as costly
as adding one sample to immunofixation gel (see
Chapter 3).

Occasionally, one may be misled by immunofix-
ation studies because of the non-specificity of
some immunological reagents that may not be
caught by the laboratory’s quality control mea-
Some reagent  antisera against
immunoglobulins may contain minor crossreac-
tivities against fibrinogen.'” This seems to be a
problem particularly with reagents directed
against IgA and IgM. Laboratories typically test
new lots of reagents against serum and known
monoclonal proteins. However, they should also
test the lots against plasma because cross-reactiv-
ity against fibrinogen cannot be detected using
serum controls.

sures.
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C-reactive protein

C-reactive protein is a hepatocyte-derived,
135 kDa non-immunoglobulin  protein  that
migrates in the v-region. C-reactive protein
derives its name from the fact that it reacts with
the capsular polysaccharide of Streptococcus
prneumoniae”” It is one of the most reliable,
objective measures of the acute inflammatory
response, and has
particularly strong indicator of bacterial infec-
tions.”'?* C-reactive protein may be superior to
cytokine assays of IL-6, IL-1B and TNF for
detecting inflammation in serum from patients
receiving intensive care.”” In the past few years,
the use of high-sensitive (hs) C-reactive protein
assays has proven useful to detect individuals at
increased risk of stroke or coronary artery
disease.”'**"

As with most of the bands discussed above, its
exact position will vary somewhat depending
upon the particular electrophoretic system being
used. Although its
<2 mg/dl is far too low to be noticed, C-reactive
protein levels may increase considerably during
acute inflammatory responses to concentrations
greater than 100 mg/dl. In the latter case, it
creates a distinctive mid-y-band that may be mis-
taken for a small monoclonal protein on gel-
based systems (Fig. 4.35).”" Interestingly, using
nephelometric assays, the opposite has also
occurred. Crossreactivity between C-reactive
protein and M-proteins has resulted in falsely
elevated levels of C-reactive protein with some
immunochemical quantitative methods.*"
the elevation of C-reactive protein occurs during
an acute inflammatory response, the presence of
the typical acute phase pattern should alert the
reader to include C-reactive protein in the differ-
ential. Quantification of the C-reactive protein
level or immunofixation for C-reactive protein
(Chapter 3) may be used to achieve correct identi-
fication of the restricted area.

been recommended as a

normal concentration of

Since
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Immunoglobulins

The y-region consists overwhelmingly of
immunoglobulin molecules. Because of the rela-
tively slow migration of most of these molecules,
the term ‘gamma globulin’ was at one time syn-
onymous with immunoglobulin. It is now clear
that antibody molecules migrate anywhere from
the o- to the slow y-region. The term y-globulin
reflected the fact that most of the serum antibodies
are of the IgG class that primarily migrates in a y
location.

To understand the unusually broad electro-
phoretic migration of this important group of
molecules, it is worth reviewing the structure of
immunoglobulin molecules. More details can be
found in the review by Frazer and Capra.’” The
basic monomeric unit of an immunoglobulin mole-
cule consists of two identical heavy polypeptide
chains and two identical light polypeptide chains
(Fig. 4.36). One reason for the vast heterogeneity
of pl values among immunoglobulins is that there
are five different major classes of immunoglobulin
in heavy chains and two different classes of
immunoglobulin light chains, each with differing
electrophoretic mobilities. In addition, there are
millions of possible antigen-combining sites, creat-
ing an enormous diversity of charge.

The characteristics of the heavy chain bands are
listed in Table 4.8. Immunoglobulin molecules are
named for their heavy chain class, which is of
major importance in the biologic capabilities of the
molecule (Table 4.8). The five major classes of
immunoglobulins are IgG, IgA, IgM, IgD, and IgE.
Some of the heavy chains have been further divided
into subclasses, such as IgG1, 2, 3 and 4. Any
heavy chain may be combined with either of the
two light chain types, « or A. Only one type of light
chain is produced by a clone of B cells or in a
plasma cell tumor. The normal &/ ratio of intact
immunoglobulins in serum is 2:1. Interestingly,
however, plasma cells all produce excess amounts
of free ¥ and A light chains. Since free polyclonal «
light chains occur mainly as monomers, they have
a more rapid glomerular filtration rate than free A
polyclonal light chains that occur as dimers.”" As a
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Figure 4.35 The top lane is an immunofixation with anti-C-reactive protein. It indicates the location of this prominent protein. The
second lane is the serum protein electrophoresis from the same case. This serum was from a patient with an acute phase reaction and
shows increased «, (al), 0, (a2), and decreased transferrin (t). The markedly elevated C-reactive protein is demonstrated by the discrete
band (indicated) in the mid-y-region. The C3 band is missing because the sample had been stored for several days before the
immunofixation was performed for this demonstration. (Panagel stained with Coomassie Blue.)

Table 4.8 Characteristics of human immunoglobulins

Characteristics 1gG IgA IgM IgD IgE
Concentration (mg/dl)'* 700-1600 70-400 40-230 0-8 -
Mass (kDa)'* 160 160 (serum) 900 184 188
380 (mucosal)
Subclasses® Gl, G2, G3, G4 Al, A2 None None None
Serum half life* 23° 6.5 7 0.4 0.016
Complement activation Yes No Yes No No
Opsoniztion Yes Yes No No No
Secretory No Yes Yes No No
Cross placenta Yes No No No No
Binds Mast cells No No No No Yes
Surface membrane of early B-cells  No No Yes Yes No
*Subclasses, serum half life (days).”*
°Half-life varies with different subclasses.
°All of the immunoglobulins appear on the surface of some B cells, however, only IgD and IgM are present on early B-lymphocytes.
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Figure 4.36 Schematic representation of the immunoglobulin
molecules. The constant regions are indicated by dark gray
shading; the variable regions are indicated by mid gray shading.
Note that the variable regions for both light chains are identical
and the variable regions from both heavy chains are identical. The
fragment with antigen binding (Fab) capability is identified by light
shading. The fragment which crystallizes (Fc) upon papain digestion
is indicated. (Note, the designations of Fab and Fc were derived
from papain digestion studies on rabbit immunoglobulin.)

result, when the new specific assay for free serum
light chains is performed, the free /A ratio range is
0.26-1.65.*"7 So when reading about the k/A ratio,
be sure to check whether the authors mean free or
bound «/A.

During early studies of the basic molecular struc-
ture of immunoglobulins, it was found that the
enzyme papain cleaved the molecule into two
major fragments. One fragment was called Fc (the
fragment that crystallized), while the other frag-
ment was called Fab (the fragment with antigen
binding activity) (Fig. 4.36). Fc is the C-terminal
half of the two heavy chains, and Fab contains an
intact light chain and the N-terminal half of one
heavy chain. Further investigation into amino acid
sequences of the immunoglobulins took advantage
of the fact that myeloma proteins provide
extremely large amounts of a single, specific
immunoglobulin molecule. These studies disclosed
that the C-terminal half of all x light chains is
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remarkably homogeneous (constant region) while
the N-terminal half varies considerably from one x
light chain protein to another (variable region).
Similarly, the N-terminal quarter of a Yy heavy
chain (variable region) varies in amino acid com-
position from one myeloma protein to another,
while the C-terminal three-quarters (constant
region) are almost identical.””

There is occasional confusion about nomencla-
ture of immunoglobulins. Isotype refers to the
heavy chain class. Therefore, there are five major
isotypes; 1gG, IgA, IgM, IgD, and IgE. The term
idiotype refers to the specific antigenic makeup of
the variable portion of the Fab region; this is
unique to an antibody molecule of a certain speci-
ficity. 1 like to oversimplify and think of the
‘idiotype’ as referring to the specific binding site of
the antibody molecule. Allotype refers to certain
genetic alleles that may occur within the popula-
tion such as Gml or Gm2.*"

The Fc portion of the immunoglobulin molecule
determines the biological capabilities of the anti-
body. For example, IgG1, IgG3, and IgG4 have Fc
regions that are capable of activating complement
through the classical pathway following an anti-
body-antigen There is practical
importance in being aware of the different IgG sub-
classes, as this will help one to understand some
unusual monoclonal and polyclonal patterns. For
example, although most serum with polyclonal
increases in IgG due to an infectious process shows
a broad increase in y-globulin, patients with a
marked polyclonal increase in IgG4 subclass may
show an atypical electrophoretic pattern with a rel-
atively broad peak in the B-y region.”®" Such
atypical peaks have been mistaken for monoclonal
gammopathies. IgA and IgG2 are relatively ineffec-
tive at complement activation because of the
structure of their Fc regions.

interaction.

IMMUNOGLOBULIN G

Immunoglobulin G, the major immunoglobulin in
the y-region, is responsible for the broad, light-
staining characteristic of this region in normal
individuals. In adults, IgG occurs in a concentra-
tion of 700-1600 mg/dl, whereas in children the
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concentration is variable. Neonates will have
almost normal adult levels, because this molecule is
transported across the placenta through specific
Fc-receptors on the placenta. However, the
newborn child does not begin to synthesize IgG for
several months. The maternal IgG that crossed the
placenta is gradually catabolized so that at about
6 months a nadir is reached where extremely low
levels of IgG are present in the serum. Children
with congenital immunodeficiencies are asympto-
matic until after 6 months of age because they are
protected by the maternal IgG that crossed the
placenta.””

Many abnormalities of IgG occur. Elevations
with infections, autoimmune diseases, liver disease
and multiple myeloma are commonly seen. It is the
immunoglobulin most often found in multiple
myeloma.” Two or three discrete bands (oligo-
clonal bands) occur in the y-region of serum from
patients with circulating immune complexes,
acquired immune deficiency syndrome, hepatitis or
polyclonal increases in response to other infec-
tions.”” The bands may be especially prominent
during infectious diseases.””

An isolated decrease in IgG demonstrated by
finding faint staining of the y-region with other
fractions being normal is a highly significant
pattern that may indicate a variety of conditions
including: humoral immunodeficiency, B-cell lym-
phoproliferative disorders, light chain disease,
nonsecretory myeloma, or amyloid AL (amyloid
associated with immunoglobulin light chain; dis-
cussed in Chapter 6).

IMMUNOGLOBULIN M

Immunoglobulin M usually occurs as a pentamer
in the serum. As such, it has a molecular mass of
about 900 kDa. The normal concentration is
40-230 mg/dl."* It is the most effective of all iso-
types in activating complement. Whereas IgG
may require 100 or more molecules in an
antibody-antigen complex to effectively activate
complement, a single IgM molecule will suffice for
complete activation through the terminal lytic
sequence on a cell surface.”” This property prob-
ably relates not only to the amino acid makeup of

the Fc portion, but also to the physical proximity
of the five Fc groups of the pentamer. The pl and
bulk of IgM are such that it does not stray far from
the origin on gel-based electrophoresis. Depending
on the character of the support medium for the
particular electrophoretic system, it may migrate
slightly cathodally or slightly anodally. By CZE,
IgM migrates mainly in the B~y region. Marked
elevations may occur with infections or malig-
nancy and are reviewed further in Chapter 7.

IMMUNOGLOBULIN A

Immunoglobulin A is the other major isotype of
immunoglobulin in the serum. In the serum, IgA
occurs mainly as a 160 kDa 7S monomer that has
a concentration of 70-400 mg/dl in adults. It is
thought to function mainly along mucosal surfaces
where it is the most prominent immunoglobulin
isotype.”” Along the mucosa of the gastrointestinal
tract, respiratory tract, mammary or other glands,
IgA is secreted from plasma cells as a dimer
attached by a small 12 kDa polypeptide called
joining (J) chain. It then migrates toward the
epithelium where it combines with a 60 kDa glyco-
protein called secretory component, which is made
by the surface epithelium. This is secreted into the
mucosal lumen where it prevents pathogenic
microorganisms and their toxic products from
entering and attaching to the surface epithelium. It
is a poor activator of complement and does not
opsonize for phagocytosis. Its role in the serum is
unclear, although some studies suggest it may be
able to collaborate with killer cells in cytotoxic
reactions.”**”

Isolated IgA deficiency is the most common of all
congenital immunodeficiencies, occurring in 1 of
133 blood donors.”® Although there is usually a
compensatory increase of IgM along the mucosal
surfaces, these patients have a significantly increased
incidence of autoimmune disease and allergy. They
may also be subject to severe life-threatening ana-
phylactic reactions to blood products if they have
developed a hypersensitivity to the IgA from previ-
ous transfusions. When these patients require intra-
venous immunoglobulin therapy, preparations of
IgA-depleted immunoglobulin have proved to be



safer than standard y-globulin preparations.”* In
normal concentration, IgA is too diffuse to be seen
by serum protein electrophoresis. However, in
patients with IgA myeloma, or with cirrhosis, which
results in a polyclonal increase in IgA (Chapter 5),
a discrete increase in the - and B~y zone (B-y bridg-
ing), respectively, is seen.

IMMUNOGLOBULIN E

Except in the extremely rare case of an IgE
myeloma, IgE is normally present in insufficient
quantity to be seen by serum protein electrophore-
sis. It is the immunoglobulin class that is elevated
in atopic conditions and in parasitic infestation. In
allergies, the Ce3 portion of antigen-specific IgE
attaches to two specific receptors on mast cells in
the mucosa and skin.””?* When the specific aller-
gen attaches to these cells, it causes an immediate
release of the mast cell products that are respon-
sible for the acute symptoms seen. Reagenic
antibodies such as IgE may play an important role
in host defense against parasitic infections.”***

IMMUNOGLOBULIN D

Similar to IgE, IgD is normally present in quantities
too small to be seen by serum protein electrophoresis.
While having only a minor defined role in the serum
(possibly related to immunological memory), IgD is
one of the major immunoglobulin classes found on
the surface membrane of B lymphocytes (Chapter
6).”" One interesting feature of IgD myeloma is that
whereas most cases of IgG and IgA myeloma con-
tain ¥ light chain, IgD myelomas have a clear pre-
dominance of A with a /A ratio reported in studies
variously from 1:2 to 1:9.** The concentration of
IgD is considerably increased in patients with IgD
myeloma, yet the M-protein spike typically is smaller
than seen with IgG or IgA myeloma.”

A polyclonal increase in IgD occurs as part of the
hyper-IgD syndrome. In this condition, patients
(usually children) suffer from recurrent febrile
episodes, lymph node enlargement and occasion-
ally arthritis.”**” These patients have IgD levels
above 150 IU/ml. Among these patients, the /A
ratio is usually elevated (often > 5.0), along with a
polyclonal increase of IgG and decreased IgM.**
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As with any clinical laboratory method, control
serum samples must be run daily. Commercially
available lyophilized controls are convenient and
ensure adequate migration of the sample. Note that
C3 may not provide a discrete band in some
lyophilized preparations, altering the appearance
of the B-region. Densitometric scanning or electro-
pherograms (for capillary zone electrophoresis) of
control serum provide objective criteria to deter-
mine whether the percentage of the major bands is
within an acceptable range. Although some labora-
tories interpret gel-based serum protein electro-
phoresis without densitometric scanning, the
information available from densitometry is useful
in quality control, confirming impressions from
direct visual examination of the gel and following
patients with monoclonal gammopathies (M-
proteins).' Below is a brief list of the approaches I
recommend when interpreting protein electro-
phoretic patterns.

1. Use all the information available, both clinical
and laboratory.

2. Use a consistent logical approach.

3. Know the basics (Chapter 4).

4. Know the artifacts: application problems,
hemolysis, incomplete clotting, drug-binding

effects, improper storage, radiocontrast dye
effect on capillary zone electrophoresis (CZE),
improperly labeled specimens, and
contaminated specimens.

5. With gel-based methods use a densitometric
scan for adjunctive information, but not as the
sole means to evaluate a specimen.

6. When encountering a pattern you do not
understand, call the clinician for more clinical
information.

INITIAL PROCESSING OF THE
SAMPLE

When the patient’s blood sample is received in the
laboratory with a request for serum protein elec-
trophoresis, the serum should be allowed to clot,
separated from the clot and then refrigerated. The
longer the sample sits at room temperature (with
the many neutrophil proteases being released), the
more some key analytes (such as complement) dete-
riorate. The sample should be checked to be sure the
correct procedures have been followed in special
circumstances. For example, if the clinician has
requested that the sample be examined for a cryo-
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globulin, be sure the sample has been drawn into a
prewarmed syringe, transported to the laboratory
at 37°C and then centrifuged at 37°C. If the sample
was not handled properly, redraw the patient.”

Previous electrophoretic results are of great
importance in following patients with M-proteins.
Therefore, as part of our initial specimen process-
ing, we check the laboratory file for any previous
electrophoretic studies performed on the patient.
These files, together with the present material, are
reviewed by the pathologist at the time of sign-out.
It is recommended that clinicians provide pertinent
information on the requisition slip. Even in a hos-
pital laboratory situation, however, it is often diffi-
cult to obtain history; in a reference laboratory
(off-site) the lack of history can be frustrating. This
is why the person reviewing the electrophoretic
material should be aggressive about calling clini-
cians when an unusual pattern occurs, or when the
present material is inconsistent with previous
reports. For example, if a patient has had an M-
protein documented by serum protein electro-
phoresis and immunological studies (characterizing
the M-protein) and the present sample shows no
evidence of a monoclonal process, one must be very
skeptical as to the correct identification of one of
the samples (how sure are you that the original was
the correct sample?). This requires contacting the
clinician and obtaining another sample, as well as a
little detective work to find out where the sample
mix-up occurred.

OVERVIEW OF THE
ELECTROPHORETIC STRIP

On gel-based techniques, the basic information is
in the gel itself. The densitometric scan provides
useful objective measurable data. Therefore, when
examining agarose or acetate gels, I prefer to
examine the gel itself first to review the overall
migration and staining of the bands. A study of the
densitometric values for the control serum ensures
reliability for these values for the patient samples
of that run.

A consistent approach in examining serum

Approach to pattern interpretation in serum

protein electrophoretic gels helps to avoid missing
subtle alterations. Obvious findings should be
noted and discussed (Fig. 5.1). Migration should
be consistent from one sample to the next. By
reading down the strip, comparing the same
protein band from sample-to-sample, the exam-
iner, in effect, uses adjacent samples as visual con-
trols. This allows one to more easily note changes
in concentration or subtle migration differences,
such as anodal slurring of albumin caused by drug
or bilirubin binding. After reviewing albumin, I
proceed cathodally, observing the o,-region for
increase or decrease in concentration and alter-
ation of electrophoretic mobility of the o,-anti-
trypsin band (Fig. 5.2). By reading down the gel,
one is more likely to detect a double o,-band or a
shift in the migration of that band as will be seen
with o,-antitrypsin Pittsburgh (see Chapter 4) than
if one reads across a specimen on the gel.

In the o,- and B-regions, monoclonal gammo-

Figure 5.1 When comparing the top sample to the others on this
gel, there is an obvious problem. The albumin band (I) migrates
much too far toward the anode. There is a hazy zone between it
and a second large band (2). Further, there is a densely staining
haze between the other bands and the y-region stains very lightly.
This is due to a double application to this gel. One was at the
normal location, and the other was anodal to it. The first albumin
band (I) results from the anodal application and the second (2)
results from the correct application. Bisalbuminemia would not
have this great a separation and would not have the haze between
the bands. (Paragon SPE2 system stained with Paragon Violet.)



Figure 5.2 By reading down the bands of this gel, one is struck by

the o,-antitrypsin band in the bottom lane (arrow). It stains more
weakly than those above it. Further, it has a much greater anodal

migration than the others. This is due to a homozygous PiFF (fast)
(typed by isoelectric focusing; clinically, they do not develop liver
or respiratory disease). Note that there is a slight difference in the
migrations of the o-antitrypsin bands in the three top samples
because of the different M isoforms which have no clinical
significance. (Paragon SPE2 system stained with Paragon Violet.)

pathies may be cloaked by the presence of other
bands. One advantage of procedures that provide
crisp discrimination of the B,- and B,-regions is that
one can recognize the usual appearance of transfer-
rin and C3 in the many normal cases examined.
However, to take proper advantage of this
improved resolution, I believe the interpreter must
read down the gel, comparing the same band in
many samples. When there is a change in the size
or shape of either band, performing an immunofix-
ation is recommended to be certain that a mono-
clonal gammopathy is not present. Figure 5.3
shows the serum protein electrophoresis from the
2001-SPE02 survey sample from the College of
American Pathologists. Because of the crisp resolu-
tion of the technique used, and by comparing the
C3 bands in the five cases shown, there is a subtle
distortion of the band in the second sample (survey
sample). It is broader and more diffuse than the
sharp C3 bands above and below it. This auto-
matically results in an immunofixation in our

Overview of the electrophoretic strip I

@

(b)

Figure 5.3 (a) Five serum protein electrophoresis patters are
shown. The second sample is from the College of American
Pathologists (CAP) Survey 2001-SPE02. Reading across this
pattern, it may look normal. However, if you look at the C3 band
(B,) in all five samples | think you will note a difference in the
indicated sample. | have not put an arrow on this band because it
would draw too much attention to it. The other four C3 bands are
sharp distinct bands. This one is not. It is a faintly staining broad
band. My laboratory always checks this band by performing an
immunofixation. (Sebia B,, gel.) (b) The immunofixation in this case
for IgA, Kk and A demonstrates an IgA A monoclonal gammopathy.
(Sebia immunofixation.)
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laboratory that demonstrated the IgA A mono-
clonal gammopathy. Both high-resolution gel-
based methods and CZE methods lend themselves
to quantify the B,- and B,-regions thereby providing
objective evidence that an abnormality is present.

After T have compared each band on the strip, I
briefly turn the gel 90° and look at them again.
This only takes a minute (since I have already
formed an impression about any alterations seen).
In addition to picking up several B-region mono-
clonal gammopathies, this examination technique
improves detection of o,-antitrypsin variants,
transferrin variants, or oligoclonal banding. I
know of no objective justification for this; perhaps
an analogy is when one turns one's head to the side
when looking at some paintings to try to achieve a
different perspective. Try it.

With CZE, there are no readily available methods
that compare with reading down the electro-
phoretic gel. Since each sample is processed
individually through a small capillary, there will be
subtle variations in migration from one sample to
the next. However, CZE has the advantage of not
having to rely upon a protein stain like Amido
Black or Ponceau S. These dyes are taken up to
varying extents depending on the degree of glyco-
sylation of the protein. Therefore, the specific o,-
antitrypsin band can be distinguished from the
o,-acid glycoprotein (orosomucoid) band with this
technique. Alterations in migration, or duplicate

Control

o,-antitrypsin bands can be detected by paying
close attention to this region of the electrophero-
gram.

With regard to detecting subtle B-region mono-
clonal gammopathies, CZE offers high-resolution
and crisp transferrin and C3 bands. By paying close
attention to the sharpness of these two analytes,
one can pick up small monoclonal gammopathies
by detecting changes in and between these two
peaks. Figure 5.4 demonstrates the same subtle
monoclonal gammopathy by CZE that was shown
in Fig. 5.3. Although one cannot read down the gel,
both currently available CZE systems provide a
control overlay that allows one to compare the
crispness of the bands. Even immunosubtraction on
such a subtle case is able to identify the monoclonal
gammopathy as an IgA A (Fig. 5.5).

INTERPRETATION OF THE
INDIVIDUAL PATIENT’S SAMPLE

After the entire strip has been examined and
abnormalities noted, the pattern for each patient is
reviewed and compared with the densitometric
scan. When an abnormality such as an increase in
the oj-region is suggested by the initial review, it is
useful to have objective, quantitative corrobora-
tion by the densitometric scan. However, with gel-
based methods I rely more on the visual inspection

2001 SPE-02

Figure 5.4 The same College of American Pathologists (CAP) Survey sample from Fig. 5.3 is demonstrated on this capillary zone
electropherogram (right) with a control serum on the left. Here, | indicate the location of the monoclonal gammopathy (arrow). (Paragon

CZE 2000.)
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Figure 5.5 This is the immunosubtraction on the same survey
sample as in Fig. 5.3 (College of American Pathologists (CAP)
Survey 2001-SPEQ2). In this case the monoclonal gammopathy is
seen as a bridge (note the arrow in the IgG lane) between the
normal sized transferrin band and the small C3 band. The bridge is
only absent in the IgA and A lanes, indicating that this is an IgA A
monoclonal gammopathy. (Paragon CZE 2000.)

of the gels than the densitometric measurements,
because the eye is more sensitive to subtle alter-
ations in migration and staining intensity than is
the densitometric instrumentation presently avail-
able for gels. In contrast, the electropherograms of
CZE are a direct representation of the information
from the procedure. With both CZE and some
densitometers, one can alter the magnification and
pick up tiny band shifts barely visualized on
inspection of the strip (Fig. 5.6).

When the electrophoretic strip, densitometer infor-
mation, appended clerical information, and our lab-
oratory file for that patient have been reviewed, an
interpretation is made for each sample. We have
developed coded phrases for many commonly
observed patterns and have entered these into the
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laboratory computer (Table 5.1). Please feel free to
use or modify any of these interpretations for your
laboratory. I do not force unusual diagnoses into
these pigeon holes and occasionally write a report
about any unique finding.

In some cases, interpretation cannot be completed
until the clinician has been contacted. I am quick to
contact clinicians for a variety of reasons: when I
have a pattern that is unusual and does not fit into a
typical disease pattern, or when there has been a
clinically significant change in the pattern from a
previous sample, such as the loss of an M-protein. I
also have my client services department contact the
clinician to cancel needless repetitions of serum
protein electrophoresis (often, several individuals
order tests on a patient, or there is a misunderstand-
ing of what can be learned from serial protein elec-
trophoresis studies). Canceling such needless tests
has always been good laboratory practice, but
because the laboratory is now viewed as a cost
center, this is an absolute necessity for cost-efficient
management.

SERUM PATTERN DIAGNOSIS

Pattern recognition is an excellent screening tech-
nique for a wide variety of abnormalities, and for
suggesting or confirming a clinical diagnosis. There
are analogies to tissue pathology pattern recogni-
tion; for example, a collection of chronic inflam-
matory cells may suggest the diagnosis of
tuberculosis, fungal infection, autoimmune
disease, or lymphoma. To complete the diagnosis,
it is necessary to correlate the pattern and clinical
information with additional testing such as acid-
fast stains, fungal stains, autoantibody testing, or
lymphocyte surface marker assays. Similarly, the
finding of an unusual electrophoretic pattern sug-
gesting elevated hormone levels should be followed
up to establish the cause, which may range from
birth control pills or pregnancy to a steroid
hormone-producing neoplasm. As always, under-
standing the clinical situation is critical to provid-
ing a useful interpretation. For example, including
‘birth control pill effect’ or ‘pregnancy pattern’ as
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(b)

part of the interpretation of the electrophoretic
pattern for a middle-aged man (whose age and sex
were not provided, but which one did not bother to
look up) may be a source of humor on the clinical
ward, but will do little to enhance the laboratory’s
credibility.

LIVER DISEASE PATTERNS

Cirrhosis

The electrophoretic changes that occur with
advanced cirrhosis were among the earliest of the

Figure 5.6 (a) The top sample shows two faintly stained bands in
the o,-region (arrows) compared to the normal o,-region in the
other serum. (Panagel stained with Amido Black.) (b) A
densitometric scan indicates that the o,-region abnormality
observed in (a) can be seen (arrows) by enhancing the sensitivity of
the densitometer.

clinically relevant patterns described.”™ It is no
surprise that the many proteins which the liver
normally synthesizes will be decreased when there
has been extensive loss or damage to hepatocytes.
However, this is complicated by the fact that
during early injury (for example, in hepatitis),
some acute-phase reactants such as o,-antitrypsin
will be increased. Whether a particular analyte is
increased or decreased will depend on the balance
of inflammation (increased) the ever
decreasing number of hepatocytes synthesizing the
protein. The pattern consists of hypoalbuminemia
(typically with anodal slurring due to the binding
of bilirubin), increased (occasionally normal, or

versus
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Table 5.1 Serum protein electrophoresis interpretation templates

Normal pattern

There is a decrease in all parameters suggesting hemodilution.

One measured value is slightly outside the normal range. The pattern is otherwise within normal limits.

Decreased albumin.

There is blurring of the anodal margin of albumin. This change may be caused by binding of a drug or bilirubin to
albumin. This may also be seen during heparin therapy where o,-lipoprotein may migrate anodally to albumin.
Markedly reduced o -antitrypsin band. Recommend: o, -antitrypsin measurement and phenotype studies to exclude

congenital deficiency.

Abnormal o -antitrypsin band. Recommend: o -antitrypsin measurement and phenotype studies to exclude congenital
deficiency.

Relatively low o, -antitrypsin band. Recommend: o -antitrypsin measurement to exclude congenital deficiency.

Increased a,- and o.,-globulins, decreased albumin and transferrin, consistent with acute inflammation.

Relative elevation of acute phase proteins suggesting a reactive condition.

Increased a,-globulin and C3 band suggest subacute inflammation.

Increased acute-phase reactants and polyclonal increase in immunoglobulins suggest active, chronic
inflammation.

Decreased haptoglobin with a slow o, band is likely due to hemoglobin—haptoglobin complex. This pattern suggests
hemolysis. Hemolysis may occur as a result of venepuncture technique.

Haptoglobin is decreased. This is consistent with a hemolytic process or hereditary deficiency.

Increase in 0,-globulin consistent with estrogen effect.

Increase in o,- and B-globulins consistent with estrogen effect.’

The transferrin band is increased. If this is not due to estrogen effect, an evaluation for iron deficiency is
warranted.®

Increased [3,-band may be due to increased transferrin in iron deficiency, or to the presence of an exogenous agent
such as a radiocontrast dye. Recommend: correlate with history and iron studies if warranted.”

The pattern reveals 3—y bridging. This suggests an increase in IgA. This may occur in liver disease, intestinal or
respiratory infections, and rheumatoid arthritis.

Decreased albumin and haptoglobin with a polyclonal increase in y-globulins and B—y bridging. This is consistent with
liver disease.

Decreased total protein with low albumin and y-globulin. This is a mild protein loss pattern.

Very low albumin, transferrin and y-globulin with increased o,-globulin. This protein loss pattern suggests renal
disease (nephrotic syndrome) or gastrointestinal protein loss.

A small restriction is present at the application point on the gel. This may indicate the presence of a cryoglobulin.
Recommend: evaluate serum for cryoglobulin on a new sample drawn in a 37°C tube and transported to the
laboratory at 37°C.

Polyclonal increase in immunoglobulins is consistent with chronic inflammation.

Borderline polyclonal increase in y-globulins suggesting a chronic reactive condition.




16 Approach to pattern interpretation in serum

Table 5.1 - continued

There is a polyclonal increase in y-globulins with oligoclonal banding. This pattern may be seen in a variety of
conditions, most often chronic infections, occasionally autoimmune diseases and less commonly lymphoproliferative
processes.

A few tiny oligoclonal bands are seen in the y-region. These bands can be seen with infections and autoimmune
diseases. Occasionally, they have been noted as part of lymphoproliferative processes.

One of the oligoclonal bands is more prominent than the rest. Recommend: urine protein electrophoresis now and
repeat serum studies in 3—6 months.

Borderline hypogammaglobulinemia. This may be seen in some chronic lymphoproliferative conditions.

Hypogammaglobulinemia is present. In adults, this may reflect the presence of immune deficiency, chemotherapy or
B-cell neoplasm. Recommendation: immunofixation of urine or quantification of serum free K and A chains to
detect monoclonal free light chains (or Bence Jones protein). In addition, immunofixation of the serum and
measurement of IgG, IgA, and IgM will help to rule out a monoclonal process.

A tiny restriction is seen in the y-region. This may indicate the presence of a lymphoproliferative process.
Recommend: immunofixation of urine or quantification of serum free K and A chains to detect monoclonal free
light chains (or Bence Jones protein) and repeat serum electrophoresis in 6—12 months to see if the process
regresses.

A monoclonal gammopathy is present. This indicates the presence of a lymphoproliferative process. Recommend:
serum and urine immunofixation.

Recommend: immunofixation of urine or quantification of serum free K and A chains to detect monoclonal free light
chains (or Bence Jones protein) if light chain disease is part of the differential diagnosis.

The monoclonal gammopathy is identified as ____ (specify type) and measures _____ (specify quantity measured by
densitometry or electropherograms measurement).

The monoclonal gammopathy persists with no significant change from the previous study.

The monoclonal gammopathy persists significantly greater than on the previous study.

The monoclonal gammopathy persists significantly less than on the previous sample.

The normal y-globulins appear suppressed.

To identify the monoclonal protein, please call (telephone number) to add an immunofixation to this sample. No
redraw is necessary.

Unusual electrophoretic pattern indicates that the sample is denatured. Please resubmit.

Repeat immunofixation is not recommended to follow patients with previously characterized M-proteins.

Serum and 24-h urine electrophoresis with measurement of the M-protein will provide quantitative information to
follow this patient. Alternatively, a serum measurement of serum free k and A chains will provide a useful

assessment of free light chains associated with the M-protein.

*Use for women suspected of having estrogen effect.

*Use only for capillary zone electrophoresis.

These suggested sign-outs should be adjusted for the needs and communication style of each institution. They are not all inclusive.
Often, | will combine different sign-outs as needed. Not infrequently, a narrative report is required when a sample does not fit into a
particular category.




even low) o, -antitrypsin, polyclonal hypergamma-
globulinemia, beta-gamma bridging, and often,
decreased haptoglobin (Figs 5.7 and 5.8).”

This relatively complex pattern is the result of
several pathophysiological alterations. Synthesis of
albumin and other proteins is affected by the
number of hepatocytes remaining, their current
state of health (damage by ethanol, toxins, or bio-
logical agents), and the nutritional and metabolic
status of the individual resulting from diet and
hormonal changes.*"" Clearly, when sufficient
hepatocytes are damaged, synthesis of albumin will
be decreased, but this is not necessarily the cause of
hypoalbuminemia in most cases of cirrhosis.

Although considerable loss of hepatocytes has
occurred in patients with cirrhosis and ascites, the
large reserve capacity of the liver can result in a
normal or even elevated synthesis of serum
albumin in some of these individuals.”? Therefore,
hypoalbuminemia in many individuals results from
the altered distribution of albumin due to the pres-
ence of ascites. Attempts to remove the ascites
result in an absolute loss of albumin. It is not useful

WSS
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to perform serum protein electrophoresis on ascites
fluid.”

The complex pathophysiology of hypoalbumine-
mia prevents the interpreter from equating the
level of albumin with prognosis." When hyper-
bilirubinemia accompanies the liver disease, the
bilirubin binds to albumin, causing an anodal
slurring of this band (Figs 5.7 and 5.8). In addi-
tion to albumin, other hepatocyte-derived proteins
including oy-acid glycoprotein (orosomucoid) and
haptoglobin are often decreased.” Whereas
transthyretin (prealbumin) is decreased consis-
tently in cirrhosis and serves as a sensitive indica-
tor of the level of hepatocyte function,” serum
protein electrophoresis is too insensitive for mean-
ingful quantification of this band, even with the
excellent resolution found with newer CZE tech-
niques.

Although transferrin is often decreased in cirrho-
sis, this is difficult to detect on serum protein
electrophoresis because of increased IgA. The B—y
bridging in cirrhosis results from a marked poly-
clonal increase in the level of IgA that migrates in

Figure 5.7 Center serum has a classic cirrhosis pattern. Albumin is slightly decreased and moved anodally (indicated) due to bilirubin
binding. The o.,-region is quite low. Prominent B—y bridging (—B-) is seen together with a polyclonal increase in y-globulin. Note that the

top sample has a diffuse polyclonal increase in the slow y-region. The sample in the bottom lane is normal. (Panagel stained with Amido

Black.)
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Fraction Rel % g/dl
ALBUMIN 238 —— | 2.07 —-
ALPHA 1 5.9 0.52
ALPHA 2 51 - 0.45
BETA 185 +++ | 1.61 +++
GAMMA 46.6 +++ | 4.06 +++
Reference ranges

Rel % g/dl
ALBUMIN 52.6 -68.9 3.80-5.20
ALPHA 1 3.6—- 81 0.30-0.60
ALPHA 2 53-12.2 0.40-0.90
BETA 8.3-143 0.60-1.10
GAMMA 8.2-18.6 0.60-1.40

TP: 6.40-8.20 A/G: 1.20-2.20

LA

Figure 5.8 This capillary zone electropherogram demonstrates the features of cirrhosis. Albumin is decreased and the band itself is

broadened toward the anode, likely because of bilirubin binding. Although the o,-region is in the normal range, it is at the lower end.

There is a prominent —y bridging and a polyclonal increase in y-globulin. (Paragon CZE 2000.)

this region and tends to obscure other B-region
bands. There is also a considerable polyclonal
increase in IgM and IgG levels that completes the
‘bridge’ and is responsible for the broad increase in
v-globulin. Overall, the increase in polyclonal
immunoglobulins likely relates to an immune
response against enteric antigens.'*"® In addition,
patients with accompanying cholestasis have
elevated secretory IgA levels in serum."”

In addition to o,-antitrypsin, o,-macroglobulin
may also increase in cirrhosis. Both may function
to inhibit proteases released during the ongoing
tissue damage in many of these patients. o,-
Macroglobulin helps restore serum oncotic pres-
sure that declines due to hypoalbuminemia.” The
o,-macroglobulins may be increased as a result of
the hyperestrogenic effect seen in patients with
cirrhosis. There is also usually an effect on the
lipoproteins in cirrhosis. o-Lipoprotein (HDL)
levels are usually decreased while B,-lipoprotein
(LDL) levels are increased during biliary obstruc-
tion with jaundice.”” However, these are not
readily measured by serum protein electrophoresis.
Biochemical assays for cholesterol and low-density
lipoproteins will provide more precise information
about serum lipids in those patients.

Hepatitis

During active hepatic injury, relevant changes of
the serum protein electrophoresis pattern occur
prior to the development of cirrhosis. However,
these are too non-specific to be interpreted as a
hepatitis pattern without supportive clinical and/or
laboratory information.

Although considerable ongoing injury results
from inflammation, the concentrations of the pro-
teins associated with an acute inflammatory reac-
tion pattern (discussed later) may be elevated or
may be in the normal range because they are pro-
duced by the liver. Specifically, o,-acid glyco-
protein (orosomucoid), oy-antichymotrypsin, and
C-reactive protein are usually in the normal range
while haptoglobin is either normal or reduced.
Transferrin, which is usually decreased in the acute
inflammatory reaction pattern, is in the normal or
elevated range in most of these patients. Only o,-
antitrypsin follows the usual acute reaction pattern
by being elevated in patients with active hepatic
injury.” Obviously, some exceptions to these find-
ings occur, such as occasional elevations of C-
reactive protein (especially early in the disease).

Most patients with hepatitis have normal serum



albumin levels. However, an anodal slurring of
albumin results from attachment of bilirubin (Figs
5.9 and 5.10). As in cirrhosis, the o,-lipoproteins
are usually decreased, but unlike cirrhosis the B,-
lipoproteins show no characteristic changes during
hepatitis.

Examination of the y-globulin region can supply
useful information about hepatitis patients. A poly-
clonal gammopathy, occasionally with oligoclonal
bands suggesting the presence of particular expan-
sion of a few of the B-cell clones is often seen during
clinically active hepatitis (Figs 5.9 and 5.10). The
polyclonal increase in patients with chronic active
hepatitis tends to be especially prominent in the slow
v-region. Patients with acute hepatitis usually have
a polyclonal gammopathy initially that may become
more pronounced if the disease progresses but usu-
ally regresses with clinical improvement.”>*

The polyclonal expansion may have two, three, or
more small discrete bands that reflect an oligo-
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clonal gammopathy. These bands reflect the greater
expansion of those particular B-cell clones and are
further evidence of the polyclonal nature of the
process. When immunofixation is performed on
such a sample, both k- and A-bands will usually be
identified. The polyclonal gammopathy is partly in
response to the inciting agent (typically hepatitis B
or C). The better prognosis, found in individuals
whose polyclonal and oligoclonal gammopathy
regresses, parallels recovery of normal hepatocyte
structure with restoration of more normal intra-
hepatic blood flow.** Some clonal expansions in
the y-region may be especially prominent, produc-
ing areas of restricted mobility in the slow y-region
that may be mistaken for monoclonal gammo-
pathies.” Indeed, monoclonal gammopathies do
occur with increased frequency in patients with
hepatitis (see below). However, a small monoclonal
gammopathy superimposed on a polyclonal pattern
may reflect a transient process (Fig. 5.11).

Figure 5.9 Bottom serum is from a patient with hepatitis. The anodal slurring is caused by bilirubin binding to albumin. In the slow y-

region, several prominent bands (indicated) are superimposed on a polyclonal (diffuse) increase in y-globulin. There is no B~y bridging. The

top two lanes contain normal serum. (Panagel stained with Amido Black.)
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A/G ratio : 0.79
T.P.:8.8 g/l

Serum protein electrophoresis

Fractions % Ref. % Conc. Ref. conc.
Albumin 440 < 453-67.7 3.9 3.4-52
Alpha 1 4.5 29- 6.8 0.4 02-04
Alpha 2 12.2 6.2—-14.9 1.1 05-1.0
Beta 114 8.1 -18.0 1.0 0.6-1.1
Gamma 279 > 8.8—-24.5 2.5 06-1.6

Figure 5.10 Capillary zone electropherogram from a patient with active hepatitis. The o -region is at the upper limit of normal and the

concentration of the o,,-region is slightly increased. There is a prominent —y bridging with polyclonal and oligoclonal increase in the -

region. The irregularity and slightly angled peaks indicate the oligoclonal banding. (Sebia Capillarys.)

No particular pattern will allow the interpreter to
identify the causative agent of the hepatitis. This
should be accomplished by appropriate serological
and molecular investigations. The currently avail-
able cadre of assays for specific antibodies, anti-
gens and virus-specific acid
determination of the probable etiological agent, as
well as often assisting the clinician in determining
the infectivity of the patient. The most serious error
I have seen in interpretation of these patterns has
been to ‘overcall’ the polyclonal slow 7 increase as
a monoclonal gammopathy. Sometimes, aberrant
bound (i.e. intact immunoglobulin) /A ratios can
develop in these patients, although the vast major-
ity have a ratio close to 2:0.

Patients with hepatitis C virus are particularly
prone to develop Type III cryoglobulinemia (see

nucleic allows

Chapter 6).*”” Some of these patients may go on to
have one clone predominate and switch to a Type
II cryoglobulin.” In one study, 11 per cent of
patients with hepatitis C virus infection developed
an M-protein.”’ The likelihood of this occurring
increased when the disease was caused by hepatitis
C genotype 2a/c.’* If a large v band develops, I
recommend characterizing it immediately by
immunofixation, testing the serum for the presence
of a cryoglobulin and evaluating the urine for the
presence of monoclonal free light chains (MFLC;
see Chapter 7).

BILIARY OBSTRUCTION

Biliary obstruction is an end result of a wide variety
of disease processes, which may involve the hepatic
parenchyma proper, such as in primary biliary
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Fraction Rel % g/dl
ALBUMIN 291 —— | 274 —-—
ALPHA 1 4.6 0.43
ALPHA 2 5.5 0.52
BETA 7.7 - 0.72
GAMMA 53.0 +++ 4.99 +++
Reference Ranges

Rel % g/dl
ALBUMIN 52.6 -68.9 3.80-5.20
ALPHA 1 3.6- 8.1 0.30-0.60
ALPHA 2 53-12.2 0.40-0.90
BETA 8.3-143 0.60-1.10
GAMMA 8.2-18.6 0.60-1.40

TP: 6.40-8.20 A/G: 1.20-2.20

Figure 5.11 Capillary zone electropherogram from a patient with hepatitis C infection. In addition to decreased albumin and a broad

polyclonal increase in y-globulin, a modest-sized monoclonal band is present (arrow). On cases with these features | note the presence of

the monoclonal gammopathy superimposed on a polyclonal pattern. | recommend performing a urine test to rule out the presence of

monoclonal free light chains, but caution the clinician that monoclonal gammopathies in the presence of a polyclonal pattern could indicate

the presence of a transient, reactive process. Because of this, | recommend a repeat electrophoresis of serum in 3—6 months to see if the

process resolves. (Paragon CZE 2000.)

cirrhosis, or which may result from external obstruc-
tion of the biliary tree by stones, inflammation, or
neoplasm. The main effect on the serum protein elec-
trophoresis pattern is anodal slurring of albumin
because of its association with bilirubin. Additional
irregularities may include acute-phase reaction, ele-
vated C3, increased B,-lipoprotein, decreased o-
lipoprotein, and occasionally elevated y-globulin,
especially in patients with primary biliary cirrhosis
(who wusually have an elevated IgM level).””™
However these findings do not allow a specific diag-
nosis. Although the albumin band is broadened
(slurred) toward the anode because of the binding of
bilirubin, it is normal or only slightly decreased in
concentration and IgA is only slightly elevated
(therefore, no B—y bridge is seen). These features are
helpful in the differential diagnosis from the cirrho-
sis and hepatitis patterns.

RENAL DISEASE PATTERN

When renal disease is severe enough to produce the
nephrotic syndrome, serum protein electrophoresis

demonstrates a characteristic pattern consisting of
a low serum albumin, a diffuse slurring of o,-
lipoprotein anodal to albumin (possibly due to
heparin’s activation of lipoprotein lipase; see
Chapter 4), decreased or low normal o, globulin,
and decreased y-globulin. The o,- and B-regions are
often elevated (Figs 5.12 and 5.13).**** Examining
the selectivity index, however, provides better clin-
ical information about ultimate outcome for the
patients than the electrophoretic pattern of their
serum proteins (see Chapter 7).”

The nephrotic pattern results from loss of serum
proteins through the damaged nephron and the
body’s attempts to restore the oncotic pressure by
overproduction of large proteins that do not pass
through the damaged glomeruli. Nephrotic syn-
drome is defined as proteinuria (> 3 g/24 h.1.73 m’
of body surface area), hypoproteinemia, edema, and
hyperlipidemia. Considerably less proteinuria can
produce a clinical picture of nephrosis, especially in
children having a relapse of renal disease.* Electro-
phoresis of serum will only detect the severe cases
of renal damage and, as mentioned above, is of little
help in defining the specific site of damage in the
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Figure 5.12 The third sample from the top is from a patient with

the nephrotic syndrome. Albumin is decreased in concentration,
although this is difficult to appreciate on this Paragon Violet-
stained sample. There is anodal slurring of albumin with a faint
haze (arrow) anodal to albumin due to heparin’s activation of
lipoprotein lipase. This liberates free fatty acids that bind to o -
lipoprotein causing it to migrate anodal to albumin. Note the
especially clear o,-lipoprotein region (L) in this sample. The o,-
globulin is increased because of the large molecules (0.,-
macroglobulin and haptoglobin) in this region. Once again, this
increase is difficult to appreciate in this gel. In contrast, the
Y-globulin region is decreased. (Paragon SPE2 gel stained with
Paragon Violet.)

Approach to pattern interpretation in serum

nephron. However, examination of the urine by rou-
tine urinalysis, study of specific proteins and/or elec-
trophoresis of urine (see Chapter 7) can help to
determine the site and extent of the renal damage.

Transthyretin, albumin, o-acid glycoprotein, o,-
antitrypsin, transferrin and smaller proteins are
lost into the urine. Depending on the degree of
damage, somewhat larger proteins such as IgG may
also be lost. The loss of albumin and other proteins
into the urine decreases the oncotic pressure,
resulting in edema. As a compensatory mechanism,
the synthesis of serum proteins is increased.
Because they are relatively large proteins, o,-
macroglobulin and B,-lipoprotein (see Chapter 4)
do not readily pass through even moderately
damaged glomeruli and are retained in the serum.
Many such patients will have a,-macroglobulin as
the major serum protein. For this reason, dye-
binding techniques give an inaccurate assessment
of serum albumin levels in nephrotic patients. Dyes
such as bromcresol green bind to o,-macroglobulin
as well as to albumin. Whereas in normal serum
the binding of bromcresol green to o,-macroglobu-
lin is a relatively trivial false addition (about 5 per
cent) to the quantification of albumin and a rela-
tively constant factor, it results in a gross overesti-
mation of the serum albumin in nephrotic patients.

Fraction Rel % g/dl
ALBUMIN 39.2 —— | 2.00 —-
ALPHA 1 8.8 + 0.45
ALPHA 2 28.5 +++ | 1.45 +++
BETA 14.3 0.73
GAMMA 9.2 0.47 ——
Reference ranges

Rel % g/dl
ALBUMIN 52.6 -68.9 3.80-5.20
ALPHA 1 36— 81 0.30-0.60
ALPHA 2 53-12.2 0.40-0.90
BETA 8.3-143 0.60-1.10
GAMMA 8.2-18.6 0.60-1.40

TP: 6.40-8.20 A/G: 1.20-2.20

Figure 5.13 Capillary zone electropherogram demonstrates more clearly some of the quantitative features of a nephrotic pattern.
Albumin and y-globulin are decreased with a prominent increase in a,-globulin. (Paragon CZE 2000.)



Elevated cholesterol in patients with nephrotic
syndrome is directly related to the increased B,-
lipoprotein.*** Because of the self-aggregation that
occurs with B,-lipoprotein at elevated concentra-
tions (Chapter 4), its electrophoretic mobility is
slowed and it appears as an irregular band catho-
dal to its usual location using gel-based methods.

Samples from patients receiving hemodialysis
may be incompletely clotted by the heparin that
they are given during their treatment. In addition
to a band in the fibrinogen region, patients
receiving heparin have the o,-lipoprotein band
migrating anodal to albumin and the B,-lipoprotein
band migrates in the o, region owing to activation
of lipoprotein lipase and the binding of heparin to
B,-lipoprotein respectively (see Chapter 4).%*

GASTROINTESTINAL PROTEIN
LOSS

Damage to the gastrointestinal tract will affect the
serum protein electrophoresis pattern in a variety
of ways. Acute damage from invasive bacteria or
acute exacerbation of inflammatory bowel disease
produces an acute-phase pattern.
Similarly, dehydration due to agents such as Vibrio
cholera or staphylococcal enterotoxin B will result
in an increase in the concentration of all serum
proteins. Patients with inflammatory bowel disease
usually have a polyclonal increase in the y-globulin
region reflecting the chronic inflammatory nature
of that condition. Also, depending on the extent
and severity of the process, absorption of nutrients,
including amino acids, may be impaired and serum
protein may be lost into the lumen of the bowel.
One cannot distinguish between ulcerative colitis
and Crohn’s disease by this technique.
Protein-losing enteropathy may occur at any age
as the result of a wide variety of pathological
processes including: gluten-sensitive enteropathy,
enteritis,  Whipple’s  disease, and
Henoch—Schonlein purpura. The serum protein
electrophoresis pattern usually displays hypoalbu-
minemia, occasionally with decreased y-globulins.*
o,-Macroglobulin may be increased as in the

reaction
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nephrotic pattern but, in contrast, it is unusual to
have an elevated B,-lipoprotein in patients with
protein-losing enteropathies. Whicher* suggested
that the amount of protein loss into the gastro-
intestinal tract can be estimated by measuring the
o, -antitrypsin excretion in stool. Obviously, the
features of protein-losing enteropathy are far too
non-specific for serum protein electrophoresis pat-
terns to suggest a specific diagnosis. An absolute
distinction between a nephrotic and a protein-
losing enteropathy pattern cannot be made reliably
just from looking at the electrophoresis pattern.
Clinical history and ancillary laboratory informa-
tion are needed for the diagnostic process.

PROTEIN LOSS THROUGH
THERMAL INJURY

Thermal injury to the skin produces a large surface
area through which serum protein is lost. In the
first few days following thermal injury, there is an
increase in acute-phase reactants, including C-reac-
tive protein and o,-antitrypsin along with o,-
macroglobulin (the last is not typically an
acute-phase reactant — its rise may reflect renal loss
of other proteins — see below), while albumin is
decreased.* At the same time, patients with
thermal injury experience a rapid fall in the levels
of transthyretin (prealbumin) that reach their nadir
at 6 days post-burn.” The administration of low
dose insulin-like growth factor-1/binding protein-3
intravenously to children with burns covering > 40
per cent of their skin has been shown to increase
the levels of constitutive serum proteins such as
transthyretin and transferrin, while attenuating the
increases in o, -antitrypsin, o,-acid glycoprotein,
and haptoglobin.*

The early thermal injury pattern differs from the
nephrotic and protein-losing enteropathy patterns
in that the last two usually show decreased o;-
globulin.* After burn injury, protein is also lost
into the urine. Initially the pattern of loss resembles
a mild glomerular proteinuria that may transform
to a tubular proteinuria (see Chapter 7).”

Studies of serum from burn patients with sodium
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dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) have demonstrated abnormal bands
that react with antibodies against haptoglobin.
These haptoglobin-like fractions correlate with the
presence of immunosuppressive factors in the
serum of these patients.” This finding may help to
account for the increased susceptibility to infec-
tions that patients with thermal injury suffer.

ACUTE-PHASE REACTION
PATTERN

During acute episodes of tissue damage (infection,
tissue injury, tumor necrosis) with or without
inflammation, elevation typically occurs in a group
of hepatocyte-derived proteins called the acute-
phase reactants. Reference distributions for the
major acute phase proteins have been reported by
Ritchie et al.’*® The presence of these acute-phase
reactants often parallels clinical features including:
fever, leukocytosis, muscle proteolysis, and a nega-
tive nitrogen balance.” In addition, a correspond-
ing decrease occurs in other proteins. The typical
serum protein electrophoresis pattern of acute-
phase reaction contains a slightly low albumin, ele-
vated oj-globulin with slight anodal slurring,
elevated o,-globulin, decreased transferrin and a
small mid-y band (due to C-reactive protein) (Figs
5.14 and 5.15). Late in the course of the acute-
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Figure 5.14 The bottom serum is from a patient with a classic

acute-phase reaction. Albumin is slurred toward the anode, likely
because of the antibiotic this patient was receiving (the patient did
not have an elevated bilirubin). The a,- and a,-regions are
increased and the transferrin band is decreased (arrow). In the y-
region, a small band indicates the presence of C-reactive protein
(—C). Some fine black speckling between the o, and «, interregion
is an artifact caused by precipitation of Paragon Violet stain.
(Paragon SPE2 system stained with Paragon Violet.)

phase reaction (sometimes termed subacute), C3 is
elevated.

Some of the components of the acute-phase reac-
tants such as C-reactive protein, ceruloplasmin and
serum amyloid A, which undergo major increases
in concentration, do not produce dramatic effects
on the serum protein electrophoresis pattern
because their concentrations are too low. Indeed,
increased serum amyloid A has no effect at all, and
C-reactive protein produces only a minor (albeit
occasionally troublesome) band in the y-region of
gel-based techniques (see below). Serum amyloid
protein A has been suggested as a good marker for
acute viral infections, whereas C-reactive protein
shows little change (measured immunochemically)
in most viral infections.” Using highly sensitive C-
reactive protein assays, a strong correlation has
been found between elevated levels of C-reactive
protein and the risk of myocardial infarction.*
However, these levels are too low to be measured
by serum protein electrophoresis. A major protein
of the acute-phase reaction is fibrinogen but this is
not seen on serum protein electrophoresis.

The acute-phase response results from the effect
of cytokines, released from inflammatory cells
(mainly macrophages), on protein synthesis by
hepatocytes. Several cytokines play major roles.
Interleukin-1 (IL-1), interleukin-6 (IL-6), tumor
necrosis factor-o. (TNF-a) and tumor necrosis fac-
tor- (TNF-B) have all been identified as prime
inducers of the acute-phase proteins produced in
the liver.”>” However, they play different roles.
Interleukin-6 is a major stimulator of the acute-
phase proteins whereas TNF-oo and TNF-B
increase production of o,-antichymotrypsin while
lowering production of haptoglobin.’*” In wvivo,
the overall acute phase response will vary from
one situation to another, depending on the
cytokines released, the individual’s response to
them, the duration of the stimulus, and other fac-
tors such as coexistent hemolysis (hemoglobin will
bind to haptoglobin).

The typical time-course of an acute-phase
response following a single episode of tissue injury
is outlined in Table 5.2. Using gel-based methods,
the anodal end of the o-antitrypsin band initially
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A/G ratio : 0.6
T.P.:3.4 g/dl

Serum protein electrophoresis

Fractions % Ref. % Conc. Ref. conc.
Albumin 37.5 < 453-67.7 1.3 3.4-52
Alpha 1 20.5 > 29- 6.8 0.7 0.2-04
Alpha 2 18.9 > 6.2-14.9 0.6 0.5-1.0
Beta 11.9 8.1-18.0 04 0.6-1.1
Gamma 11.2 8.8-24.5 0.4 06-1.6

Figure 5.15 Capillary zone electropherogram from a patient with acute-phase reaction. Albumin is decreased, although there is no
noticeable slurring toward the anode. The percentage of o,- and o.,-globulins is increased, the transferrin band is decreased, and the entire
B-region concentration is decreased. The y-globulin is also low, a feature sometimes seen in acute-phase reaction. (Sebia Capillarys.)

has a diffuse increase in density caused by the rapid
increase of oy-acid glycoprotein. However, when
using CZE, the oj-acid glycoprotein band can be
distinguished as a shoulder to the oj-antitrypsin
band (Fig. 5.16). C-Reactive protein is not
detectable by serum protein electrophoresis in
control  specimens  (normal  concentration
<2 mg/dl), but with a vigorous acute-phase reac-
tion, it may be seen as a small band in the mid-y-
region on gel-based systems (Fig. 5.14). As such, it
may be confused with a small monoclonal gam-
mopathy. By observing the presence of the other
elements of the acute-phase pattern, noting other
laboratory values and appropriate clinical history,
one will not be led astray. If there is any doubt, a
serum quickly
demonstrate that the band is not an immuno-
globulin (see Chapter 3). The increase in serum

immunofixation reaction will

concentration of C-reactive protein can be quite
dramatic after some inflammatory stimuli (as much
as 1000-fold).” Quantification of the C-reactive
protein (by immunochemical means) has been rec-
ommended to detect early infection in patients with
leukemia who often do not demonstrate typical
granulocyte responses to the infection.®' I have not
observed a C-reactive protein band in CZE
samples of acute-phase reaction.

By 12-24 h after the onset of inflammation, o,-
antitrypsin and haptoglobin levels have usually
increased (Table 5.2). Because «,-antitrypsin
levels increase during acute tissue damage even in
patients with o,-antitrypsin deficiency, the pres-
ence of acute inflammation may obscure the
presence of this deficiency (see Chapter 4). In
such individuals it is important to perform a con-
comitant measurement of C-reactive protein to be
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Table 5.2 Time course® of positive acute-phase reactants which
affect the high-resolution electrophoresis pattern

Protein Earliest Peak
elevation elevation (h)

C-reactive protein 6—12h 48-72

o, -acid glycoprotein 1224 h 48-72

oL,-antitrypsin 24 h 72-96

o, -antichymotrypsin 24 h 72-96

Haptoglobin 24 h 72-96

Fibrinogen 24 h 72-96

C3 4-7 days -

*Following a single acute episode of tissue damage. Note that

many diseases have ongoing tissue injury, which results in

more complicated, overlapping elevations of several

components. Data modified from Ritchie and Whicher,” and

Fischer et al.®

certain that the patient does not have evidence of
an acute-phase pattern. Pregnancy or the use of
birth control pills is usually accompanied by an
elevation of o,-antitrypsin, but these also produce

an elevation in transferrin, which does not

Approach to pattern interpretation in serum

usually occur in an acute-phase reaction (iron
deficiency being an important exception).
Haptoglobin is variable in the acute-phase reac-
tion. Although it is usually increased 24 h after
an acute episode of tissue injury, if hemolysis
accompanies the acute tissue injury then hapto-
globin will bind hemoglobin and this product
will be removed by the
system, resulting in a decreased haptoglobin
level. Fibrinogen is increased within 24 h of the
injury, but one needs to quantify fibrinogen in
plasma to measure this. Less consistently, eleva-
tions in C3, hemopexin, ceruloplasmin, and Gc¢
globulin are seen within a week after acute tissue
damage. 544

As noted in Table 5.2, the elevation in C3 occurs
later during the inflammatory response and I refer
to it as an indicator of a later or subacute stage of
the inflammation. C3, however, is an inconsistent
marker because both synthesis and catabolism may
be increased. During the inflammatory process,
complement is activated by the alternative and/or
classical pathway (depending on the initial mode of
stimulation - see Chapter 4), therefore, the
increased C3 produced may be used up in the
process.”

reticuloendothelial

Fraction Rel % g/dl
ALBUMIN 399 —— | 251 ——
ALPHA 1 14.3 +++ | 0.90 +++
ALPHA 2 21.2 +++ | 1.34 +++
BETA 12.4 0.78
GAMMA 12.2 0.77
Reference ranges

Rel % g/dl
ALBUMIN 52.6 -68.9 3.80-5.20
ALPHA 1 3.6—- 81 0.30-0.60
ALPHA 2 53-122 0.40-0.90
BETA 8.3-14.3 0.60-1.10
GAMMA 8.2—-18.6 0.60-1.40

TP: 6.40-8.20 A/G: 1.20-2.20

Figure 5.16 Capillary zone electropherogram from a patient with an acute-phase reaction, In addition to the features mentioned in
Figure 5.15, this serum has a prominent anodal shoulder to o, -antitrypsin due to an increase in o,-acid glycoprotein (orosomucoid)

(arrow). (Paragon CZE 2000.)



Several proteins consistently decrease in concen-
tration following an episode of acute tissue injury.
These ‘negative’ acute-phase reactants are useful
guides in distinguishing an acute-phase pattern
from estrogen effect. Typically, albumin and trans-
ferrin decrease within a few days following injury
(Table 5.3). However, the concurrent presence of
an iron deficiency anemia can produce an elevation
of transferrin which would produce an atypical
pattern.” Although transthyretin (prealbumin) and
o,-lipoprotein also decline during an acute-phase
reaction, such a decrease is not reliably detected by
serum protein electrophoresis because of the small
quantity of transthyretin and the diffuse staining
and wide variation of o,-lipoprotein in the general
population.

The acute-phase pattern is non-specific in that it
can be seen following a wide variety of tissue
injuries; however, when some clinical history is
provided, its detection can be useful in confirming
clinical impressions, in timing an internal injury
event, and in predicting infections in patients with
impaired leukocyte responses such as individuals
with leukemia or others receiving chemotherapy.®
In patients with autoimmune diseases, C-reactive
protein levels have been useful as a more objective
indication of disease activity than other tests such
as erythrocyte sedimentation rate.’* Interestingly,
this is not true in systemic lupus erythematosus

Table 5.3 Time course® of negative acute-phase reactants that
affect the high-resolution electrophoresis pattern

Protein Earliest Lowest
decline levels
(days) (days)
Transthyretin (prealbumin) | 1-3
Transferrin 1-2 34
Albumin 2-3 -

*Following a single acute episode of tissue damage. Note that
many diseases have ongoing tissue injury, which results in
more complicated, overlapping elevations of several
components. Data modified from Ritchie and Whicher,” and
Fischer et al.”®
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where C-reactive protein usually does not correlate
with increasing C-reactive
protein in patients with systemic lupus erythe-
matosus may indicate a coexistent bacterial infec-
tion.*’

inflammation. An

PROTEIN ABNORMALITIES IN
AUTOIMMUNE DISEASE

While early studies held some promise for the use
of electrophoresis in the diagnosis or prognosis of
autoimmune diseases,”™® it has become clear that
the electrophoretic findings in these conditions are
too non-specific and varied to provide much useful
information. There is often a polyclonal increase in
v-globulin. Further, during active autoimmune
disease, circulating immune complexes are often
accompanied by an oligoclonal pattern. An acute-
phase reaction is seen during acute exacerbations;
the o,-globulin fraction may be altered with hapto-
globin binding to hemoglobin during episodes of
intravascular hemolysis.”” Overall, screening for
autoimmune diseases and for following particular
patients, specific autoantibody titers and evidence
of in vivo complement activation such as CHj,, C3
and C4 levels are more useful than serum protein
electrophoresis.

PROTEIN PATTERNS IN
HYPERESTROGENISM

The alterations in hormone balance that occur
during pregnancy, in patients taking birth control
pills or estrogen supplements, and in patients with
estrogen-producing neoplasms cause changes in
many of the serum proteins seen by serum protein
electrophoresis. During pregnancy, albumin and
IgG levels are decreased by 20-25 per cent while
o,-antitrypsin and transferrin levels are increased
by about 66 per cent (Fig. 5.17).° The same
protein alterations are seen in patients taking birth
control pills. Whereas patients with preeclampsia
may have a decreased transferrin level.”"””
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Figure 5.17 The top serum is an acute-phase reaction from a

patient with a PiMS o, -antitrypsin variant. The albumin in the top
sample has moved more toward the anode (compare it with the
albumin below) and the o.,-lipoprotein (L) region is relatively clear.
The inter-o.,—0, region, which contains o,-antichymotrypsin
(arrow), is increased and the transferrin band is decreased. The
moderate polyclonal increase in the y-region of the top lane
suggests that there is a chronic inflammatory process in this
patient as well. The bottom sample has a densely staining o -
lipoprotein region, a heavy staining a,-antitrypsin band, and o.,-
globulin and transferrin stain densely. This combination is
consistent with the estrogen effect. In an acute-phase reaction, the
transferrin would be decreased along with the o,-lipoprotein.
However, the densely staining transferrin band should be viewed
with suspicion. Even in patients with iron deficiency or on estrogen
therapy, the transferrin band should not stain this darkly.
Immunofixation studies of this case demonstrated that the dark
transferrin region was due to an IgA monoclonal gammopathy.
(Paragon SPE2 system stained with Paragon Violet).

v-GLOBULIN PATTERNS

Increased y-globulin

DIFFUSE POLYCLONAL

A broad, diffuse increase in the y-globulin region is
the result of a polyclonal plasma cell response to
chronic antigenic stimulation. These may be seen in
patients with a wide variety of chronic infections,
autoimmune diseases, chronic inflammatory bowel
diseases, inflammatory lung diseases, and in cirrho-
sis (see above) (Figs 5.18 and 5.19). Occasionally
polyclonal gammopathies can be large, producing
bands that give an impression of monoclonality
(Fig. 5.20). Usually, with experience using a partic-
ular system, the broad base of the polyclonal
pattern will be distinctive enough for a correct
interpretation. When in doubt, however, perform-
ing an immunofixation is recommended because
some monoclonal gammopathies (especially IgA

Figure 5.18 The second sample from the top shows a moderate
diffuse polyclonal increase in y-globulins that is typical of chronic
inflammatory reactions. The bottom sample shows an acute-phase
reaction with a decreased albumin (no anodal slurring is seen in
contrast to Fig. 5.14), increased o,-globulin with a more anodal
migration than usual (possibly reflecting a fast variant of o -
antitrypsin), increased o.,-globulin, marked decrease in transferrin
(arrow), a faint C-reactive protein band (C-), and a very tiny Y-
restriction directly beneath the ‘C’. (Paragon SPE2 system stained
with Paragon Violet.)

and IgM) have a broad migration. When polyclonal
gammopathies are extremely large, they may pro-
duce an increase in serum viscosity (increased
viscosity is not limited to Waldenstréom’s macro-
globulinemia or myeloma).”

RESTRICTED POLYCLONAL

Polyclonal increases in one isotype of
immunoglobulin or one subclass can give a broad
area of restriction (Fig. 5.21). Polyclonal increases
in IgG4 subclass have been reported to mimic a
monoclonal gammopathy. IgG4 typically is
increased under conditions of chronic antigen
exposure and can be enhanced by the presence of
glucocorticoids.”*” Polyclonal increases in IgG4
have been reported in patients with filarial infec-
tions, allergies, individuals receiving allergy
immunotherapy, patients with Wegener’s granulo-
matosis or Sjogren’s syndrome.”™* By performing
an immunofixation or immunosubtraction, the
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A/G Ratio : 1.09
T.P.:7.8 g/

Serum protein electrophoresis

Fractions % Ref. % Conc. Ref. Conc.
Albumin 52.2 453 -67.7 4.1 34-52
Alpha 1 4.4 29- 6.8 0.3 02-04
Alpha 2 8.2 6.2-14.9 0.6 0.5-1.0
Beta 10.4 8.1-18.0 0.8 0.6-1.1
Gamma 24.8 > 8.8-245 1.9 06-1.6

Figure 5.19 Capillary zone electropherogram (Sebia Capillarys) with a straightforward polyclonal increase in y-globulin.

polyclonal nature of this increase can be demon-
strated.

Polyclonal increases in IgM can present a difficult
diagnostic problem (Fig. 5.22). They must be dis-
tinguished from monoclonal lesions by either
immunofixation or immunosubtraction. The case
in Fig. 5.22 was polyclonal. Recently, a benign
lymphoproliferation has been demonstrated with a
polyclonal increase in IgM. Persistent polyclonal B-
cell lymphocytosis (PPBL) presents with a poly-
clonal increase in IgM, low to normal levels of IgA
and IgG in association with a polyclonal B-cell
lymphocytosis.* The condition occurs more often
in women, and especially in those that are cigarette
smokers.”” PPBL has been reported in identical
twins, is associated with HLA-DR7 phenotype and
in three-quarters of the patients, a +i(3Q) chromo-
somal abnormality.** The peripheral blood of
these patients contains bilobed lymphocytes where
the two lobes are joined by a delicate chromatin

bridge.¥ About half of the patients have
splenomegaly and lymphoid aggregates in bone
marrow express FMC7.* Immunophenotyping in
the case reported by Woessner et al.” demon-
strated these cells to be CD19+, HLA-DR+, IgM+,
CD3-, CD5—, CD23—, K+, and A+ (the last two
markers prove the polyclonal nature of the pro-
liferation).” The lymphocytosis persists for years,
and although it is still unclear whether this is a pre-
malignant or benign condition, aggressive treat-
ment has been discouraged.®**

Polyclonal increase in IgM has also been reported
in the X-linked hyper-IgM immunodeficiency syn-
drome.” In addition to polyclonal increases in
IgM, these patients have hypogammaglobulinemia.
As its name implies, these cases present during
infancy with recurrent infections, diarrhea and
often require parenteral nutrition to combat failure
to thrive.”” The defect is caused by a mutation
in the CD40 ligand (CD40L), which results in
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A/G Ratio : 0.44
T.P.: 7.7 g/

Serum protein electrophoresis

Fractions % Ref. % Conc. Ref. Conc.
Albumin 30.5 < 453-67.7 2.3 34-52
Alpha 1 5.5 29- 6.8 0.4 02-04
Alpha 2 10.5 6.2-14.9 0.8 0.5-1.0
Beta 9.0 8.1-18.0 0.7 0.6-1.1
Gamma 44.5 > 8.8-245 3.4 06-1.6

Figure 5.20 Capillary zone electropherogram (Sebia Capillarys) of a patient with decreased albumin and a marked polyclonal increase in

Y-globulin. Because the capillary zone electropherogram patterns have relatively small y-globulin regions compared with gel-based systems,

large polyclonal increases can have the appearance of monoclonal gammopathies. When there is any uncertainty, | recommend performing

an immunofixation.

IgG1 = 549 (180-780)
IgG2 = 440 (100-460)
IgG3 = 20 (30-140)
IgG4 = 450 (8-180)

Figure 5.21 This capillary zone electropherogram (Paragon CZE
2000) demonstrates a rounded area of restriction in the -y region
(arrow). Whereas most monoclonal gammopathies have a more
narrow restriction, | have seen cases of IgA and IgD monoclonal
gammopathies with similar appearances. In this case, the
restriction was caused by a polyclonal increase in IgG4 subclass.

Figure 5.22 This capillary zone electropherogram (Paragon CZE
2000) demonstrates a rounded area of restriction in the mid-y-
region (arrow). | recommend performing an immunofixation or
immunosubtraction on such restrictions. They are unusual, could
be monoclonal gammopathies, and should have the polyclonal
nature documented. This is a polyclonal increase of IgM.



disturbed antibody production and poor T-cell
function.”

DIFFUSE OLIGOCLONAL

The prefix ‘oligo’ is Greek and means ‘having few’.
In a variety of benign and malignant conditions, a
few clones of B cells proliferate in excess.
Sometimes these are in response to an obvious
stimulus such as in viral hepatitis or in bacterial
endocarditis. In those cases, the responses are tran-
sient, although they may persist for months. Other
oligoclonal expansions are the result of signifi-
cantly altered immunoregulatory mechanisms,
such as angioimmunoblastic lymphadenopathy
where aberrant T cell clones (usually CD4+) result
in massive polyclonal B-cell proliferation.” These
oligoclonal responses were once thought to repre-
sent immune complexes, but it is now clear that
they reflect the immunoglobulin products of a few
clones of B cells/plasma cells. Patients with chronic
lymphocytic leukemia and chronic B-cell lym-
phoma may have hypogammaglobulinemia and
oligoclonal bands (Fig. 5.23)

Occasionally, a combination of several factors is
responsible for an oligoclonal pattern. For
example, transplant patients have profound
immunosuppression from the required therapy and
they suffer from a variety of infections because of
this suppression. Also profoundly immunosup-
pressed by their disease, acquired immune-defi-
ciency syndrome (AIDS) patients have a complex
pattern with occasionally massive polyclonal

'll |

Figure 5.23 The bottom sample has a hypogammaglobulinemia

with three or four oligoclonal bands (three are indicated). The
sample above has a normal y-globulin region for comparison.
(Paragon SPE2 system stained with Paragon Violet.)
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increases in 7y-globulin, often accompanied by
oligoclonal, or occasionally monoclonal gammo-
pathies (Figs 5.24 and 5.25).""* Some of these
bands have been shown to have specificity for
human immunodeficiency virus antigens.'”
Taichman et al.'"” reported a positive correlation
between the presence of oligoclonal bands and the
degree of anti-human immunodeficiency virus
(HIV) antibody positivity. In their study, they
found that 43 per cent of patients that were HIV
antibody positive had oligoclonal bands by serum
protein electrophoresis. These patterns are the
result of immune suppression due to decreased
CD4 lymphocytes and extraordinary antigenic
stimulation by the many infections they contract.

In other instances, patients with autoimmune
diseases can have complex serum protein electro-
phoresis patterns because they may have aberrant
immunoregulation with T-cell dysfunction, be
receiving a variety of immunosuppressive regi-
mens, infections related to the
immunosuppression, and may be receiving plasma-
pheresis or y-globulin replacement therapy.

Oligoclonal gammopathies have been described
in the serum of patients with circulating immune
complexes.'” ™" Kelly et al.""’ pointed out that
during an oligoclonal B-cell expansion due to an
infection, individual clones do not always achieve
equivalent serum concentrations. Furthermore, the
peak response of one clone may not occur synchro-
nously with those of others. Thus, a particular
sample from such a patient may show only the
larger peak that could be mistaken for a mono-
clonal gammopathy that was part of a lymphopro-
liferative process.'”'"

Oligoclonal bands may be particularly prominent
in chronic hepatitis B and C.*'” These are other
instances of infectious diseases where M-proteins
have been reported."*"® One must be cautious,
however, when describing an M-protein in a poly-
clonal background, or a background with oligo-
clonal expansion. In some infectious diseases, the
monoclonal gammopathy is transient. The M-
protein may persist for as long as 6 months."”’
Monoclonal gammopathies may be especially
prominent in bacterial endocarditis caused by

suffer from
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Figure 5.24 The middle sample shows a massive polyclonal expansion of y-globulins in a patient with acquired immunodeficiency
syndrome (AIDS). This massive expansion is also seen in patients with hepatitis and occasionally in angioimmunoblastic lymphadenopathy.
This pattern is not diagnostic of AIDS, but this, or a similar polyclonal y increase with or without oligoclonal bands should cause one to
include these conditions in the differential diagnosis. (Paragon SPE2 system stained with Paragon Violet.)

staphylococcal species.'>?*"*' When one of the
oligoclonal bands is appreciably larger than the
rest, I note its presence and recommend a urine
protein electrophoresis to rule out monoclonal free
light chains (Bence Jones proteins) and a repeat
serum electrophoresis in 3—-6 months to see if the
process resolves.'>'*'?

It is important not to dismiss the potential impor-
tance of a monoclonal gammopathy in a patient
with an infectious disease. Infections are a frequent
feature of patients with multiple myeloma.
Monoclonal gammopathies in AIDS patients have
been seen together with myeloma and lymphomas
(the latter often in association with Epstein—Barr
virus).” When monoclonal gammopathies are
identified in serum, performing urine immunofixa-
tion electrophoresis (IFE) is recommended to deter-
mine if a Bence Jones protein is present and
following the serum immunoglobulin concentra-
tions to determine if the process regresses or
evolves.

POLYCLONAL GAMMOPATHY IN NEOPLASTIC
DISEASES

Less well appreciated, however, is that polyclonal
increases can also be seen in leukemias and lym-
phomas. In some cases, specific mechanisms can be
identified that explain the response. In others, the
presence of the polyclonal gammopathy has prog-
nostic significance. For example, Surico et al.'”
reported that the presence of a polyclonal hyper-
gammaglobulinemia at the onset of acute myeloid
leukemia was associated with an increased number
of cases that achieved complete remission. In one
case of chronic lymphocytic leukemia that pro-
duced interleukin-2 (IL-2), a polyclonal increase in
v-globulins was present, in contrast to the usual
moderately hypogammaglobulinemia in that
condition.” In one case of mantle cell lymphoma,
the polyclonal hypergammaglobulinemia was
associated with the presence of autoreactive T-cells
that were thought to provide a polyclonal stimulus
for B cells."”” Polyclonal B-cell lymphocytosis
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Fraction Rel % g/dl
ALBUMIN 199 — | 233 ——
ALPHA1 29 —— [ 0.34
ALPHA 2 6.8 — 0.80
BETA 6.9 — 0.81
GAMMA 63.4 +++ | 7.42 +++

Figure 5.25 Capillary zone electropherogram (Paragon CZE
2000) of serum from a patient with a massive polyclonal increase
in y-globulins. This patient had a co-infection with human
immunodeficiency virus and hepatitis C virus.

accompanied by a polyclonal increase in IgG was
reported in four patients with hematological and
clinical features of hairy cell leukemia."”® The
authors viewed this to be a nonmalignant counter-
part to hairy cell leukemia."®

Angiofollicular lymph node hyperplasia is charac-
terized histologically by lymph node hyperplasia
with hypocellular germinal centers, prominent
polyclonal  plasma  cells, prominent
immunoblasts. This histopathological complex is
not specific and has been reported in patients with
autoimmune syndromes, acquired immunodefi-
ciency syndrome, Wiskott—Aldrich syndrome, and
Takatsuki’s syndrome (an unusual dysproteinemic
condition)."**"

Angioimmunoblastic lymphadenopathy (AILD)
is characterized by lymphadenopathy, hepato-
splenomegaly, high fever, and histologically by
obliteration of normal lymph node architecture,
prominent immunoblasts, plasma cells, and vascu-
lar proliferation with finely arborized vessels.”*'™'*
The serum often demonstrates marked polyclonal
increases in y-globulin (especially IgG and IgA),

and
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often with an oligoclonal pattern. Occasional cases
with cryoglobulinemia and, uncommonly, mono-
clonal proteins have been demonstrated.”**"** The
polyclonal increase in IgA will often result in a —y
bridging. This, together with the polyclonal
increase in IgG, often with a decrease in albumin
and increase in o -antitrypsin will produce a
pattern that looks like that seen in patients with
cirrhosis. The polyclonal increase in y-globulins
correlates with the extent of IL-6 production by the
lymphoma cells in these patients. Hsu et al."
found that patients with AILD who did not
produce IL-6 in their lymphoma cells did not have
the polyclonal gammopathy. Late in the course of
AILD, however, immunological suppression may
result from increased suppressor T-cell function."”

In AILD, abnormal T-lymphocytes are thought to
promote B-cell hyperactivity. Clinically, the disease
progresses with a median survival time less than
2 years diagnosis, evolving
immunoblastic lymphoma (Fig. 5.26)."”
tioned above, one must be wary of assuming that a
polyclonal or oligoclonal process is always part of
an infectious process. This assumption has occa-
sionally delayed the institution of chemotherapy."*

after often into

As men-

CHRONIC LYMPHOCYTIC LEUKEMIA

In chronic lymphocytic leukemia and well-differen-
tiated lymphocytic lymphoma, the y-globulin
region is usually decreased in concentration. Some
cases, however, display small monoclonal or occa-
sionally small oligoclonal bands, often on the
background of hypogammaglobulinemia. With the
increased sensitivity afforded by serum immunofix-
ation, cases of lymphocytic leukemia with two,
three or more monoclonal proteins (oligoclonal
expansions) have been described."”

POST TRANSPLANT LYMPHOPROLIFERATIVE
DISORDER

Patients that have received allogeneic organ trans-
plants are maintained on various regimens of
immunosuppression to inhibit rejection of the
graft. About 2 per cent of these patients develop a
lymphoproliferative
Epstein—Barr virus."*'* Many of these lesions will

disorder associated with
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Figure 5.26 (a) The top serum is from a patient who had
angioimmunoblastic lymphadenopathy that evolved to
immunoblastic lymphoma. The prominent 3—y bridging together
with the marked diffuse increase in y-globulins, and the slightly
decreased albumin, give this serum the appearance of a cirrhotic
pattern. There are also several small areas of restriction
(oligoclonal bands) in this y-region (indicated on the
immunofixation in (b). SPE, serum protein electrophoresis.
(Paragon SPE| system stained with Paragon Violet.) (b)
Immunofixation of the top serum from (a) identifies several of the
oligoclonal bands (indicated) as IgG, IgM, K, and A. This emphasizes
the altered polyclonal B-cell proliferation that occurs in some
cases of immunoblastic lymphoma. SPE, serum protein
electrophoresis. (Paragon immunofixation stained with Paragon
Violet; anode at the top.) Photographs contributed by Dorothy
Wilkins.
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regress when the clinician decreases the immuno-
suppressive therapy. Recently, the use of anti-
CD20 (rituximab) has been shown to be effective
in treating post-transplantation lymphoprolifera-
tive disorder (PTLD).'*
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The type of immunosuppression has a major
effect on when the disorder begins. For example,
patients receiving either cyclosporine A or mono-
clonal anti-T3 (OKT3) can develop PTLD rela-
tively early (1 month after transplantation),



whereas individuals receiving neither of these
drugs may take years before PTLD develops.'* The
disease is often regional, but may be widespread.
The latter has the worse prognosis.

Both monoclonal and oligoclonal gammopathies
have been found in these individuals. Myara et
al.'"” found that 35 per cent of their 76 heart trans-
plant patients had oligoclonal bands; 15 per cent
had monoclonal components. The most common
protein band found was IgG and it was seven times
more common than IgM; IgA was not found in
their series.'” Oligoclonal bands in these patients
are usually present in low concentration, and are
usually transient. Monoclonal gammopathies in
these patients may precede the demonstration of
PTLD.145,146

Monoclonal gammopathies are discussed in
Chapter 6.

Decreased y-globulin

v-Globulin is decreased in several clinically impor-
tant circumstances (Table 5.4). Decreased v-
globulin may be seen as part of a protein loss

Table 5.4 Conditions to consider with isolated
hypogammaglobulinemia

Children X-linked agammaglobulinemia

Transient hypogammaglobulinemia of the

newborn

Pre-B-cell deficiency

Autosomal recessive immunodeficiency

Adults Common variable immunodeficiency®

Light chain disease

Chronic lymphocytic leukemia

Well-differentiated lymphocytic
lymphoma

Chemotherapy

Plasma exchange

*Common variable immunodeficiency is usually detected in
young adults.
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pattern, either renal or gastrointestinal loss (see
above). Isolated hypogammaglobulinemia, how-
ever, with other serum protein fractions in the
normal range, implies an immunological abnor-
mality. A low y-globulin in an individual older
than 2 years of age may indicate an abnormal
immune system, and should be pursued. The
immunodeficiency may be congenital or acquired
owing to suppression by a neoplasm or suppres-
sion by chemotherapy. Even individuals in their
eighth and ninth decades should have normal y-
regions (assessed by densitometric scan) (Fig.
5.27). Knowledge of the age and sex of the patient
are of great importance in evaluating a patient with
hypogammaglobulinemia.

BRUTON’S X-LINKED AGAMMAGLOBULINEMIA

Bruton’s X-linked agammaglobulinemia (XLA) is a
congenital deficiency of B cells in males which
occurs once in each 100 000 live male births."”* It
is caused by mutations in the gene coding for

T

Figure 5.27 The middle sample has a very significant finding
which is frequently overlooked: isolated hypogammaglobulinemia.
The albumin and other major protein bands are normal (perhaps
transferrin is slightly decreased). Therefore, the decrease in -
globulin likely relates to a dysfunction of the immune system and
not merely to protein loss (renal or gastrointestinal). The
densitometric scan of this region was 0.40 (lower normal is 0.62
on our system). Evaluation of the urine from this patient
demonstrated « light chain disease. | recommend that any case
where the y-region is below our cut-off, has urine evaluated for

the presence of monoclonal free light chains. (Paragon SPE2
system stained with Paragon Violet.)



136

Bruton’s agammaglobulinemia tyrosine kinase.'"
Their bone marrow and peripheral blood B-lym-
phocytes are markedly decreased."”
lating B lymphocytes they do possess may express
the CD20 surface marker, but not CD21."” A mat-
urational arrest occurs between the cytoplasmic p
negative and positive stages.”” Because maternal
IgG crosses the placenta, the newborn with XLA
has a normal y-globulin until about 6 months of
age. IgG has a half-life of about 21 days, therefore,
after about 6 months the maternal IgG has been
catabolized. By that age, most normal children will
begin to synthesize their own IgG. Patients with
XLA will not be able to synthesize IgG and begin
to suffer from recurrent pyogenic, bacterial infec-
tions because of the lack of opsonins and comple-
ment-fixing antibody.”

The few circu-

TRANSIENT HYPOGAMMAGLOBULINEMIA OF
INFANCY (THI)

THI must be considered in the differential diagno-
sis of hypogammaglobulinemia pattern in an infant.
This condition has been associated with a delayed
maturation of helper CD4 lymphocytes.”'"”* They
possess normal numbers of peripheral blood B lym-
phocytes. Some patients with transient hypo-
gammaglobulinemia of infancy develop mucosal
infections (usually respiratory), however, they do
not suffer from the pattern of recurrent pyogenic
infections seen in patients with XLA.

COMMON VARIABLE IMMUNODEFICIENCY
DISEASE

Common immunodeficiency disease
(CVID) was the most common form of acquired
immunodeficiency disease in adults prior to the
AIDS epidemic. It usually manifests with diarrhea
or respiratory tract infections in young adults. The
disease is uncommon in childhood or in the elderly.
Despite the similarity in name to acquired immune
deficiency, the pathogenesis is not related to HIV.
The electrophoretic pattern shows extreme
hypogammaglobulinemia  (usually less than
250 mg/dl of IgG). These patients respond well to
v-globulin replacement and judicious antibiotic
therapy.” The cell surface marker patterns in these

variable

Approach to pattern interpretation in serum

patients vary from one to another. This indicates
that CVID is really a cluster of diseases which
share the end-stage characteristic of extreme
hypogammaglobulinemia."® Many cases of CVID
demonstrate benign lymphoid lesions, including
atypical lymphoid hyperplasia, reactive lymphoid
hyperplasia and chronic granulomatous inflamma-

tion."*

LYMPHOPROLIFERATIVE DISEASE

As discussed in Chapter 6, light chain disease,
chronic lymphocytic lymphoma and well-differen-
tiated lymphocytic lymphoma are commonly asso-
ciated with isolated hypogammaglobulinemia
(Table 5.4). This is usually a much more subtle
decrease than the hypogammaglobulinemia associ-
ated with the immunodeficiency diseases men-
tioned above. When the deficiency in y-globulin is
profound, intravenous y-globulin therapy has been
reported to
Therefore, in adults, any decrease in the y-globulin
region below our two standard deviation limits
causes us to note its existence in a narrative sign-
out. We also recommend performing immunofixa-
tion on a urine sample to rule out the possibility of
a monoclonal free light chain (Bence Jones
protein).

decrease bacterial infections."’

IATROGENIC HYPOGAMMAGLOBULINEMIA

Some forms of therapy suppress the immune
system. Chemotherapy may be given for a variety
of  autoimmune neoplastic
Depending on dose and duration, this may
decrease the y-globulin levels. Plasma exchange is
now commonly used for autoimmune diseases and
for hyperviscosity syndromes. Immediately after
plasma exchange, most plasma components are
decreased, but they usually recover within a day
or two. It takes about 2 weeks for IgG to return
to its former value, whereas IgA and IgM often
return to their reference values within a week of
plasma exchange."® Therefore, when hypogamma-
globulinemia is detected on protein electrophore-
sis, clinical correlation is important to help avoid
confusion as to the significance of this finding for
the patient.

and diseases.
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A monoclonal gammopathy is defined as the
electrophoretically and antigenically homogeneous
protein product of a single clone of B lymphocytes
and/or plasma cells that has proliferated beyond
the constraints of normal control mechanisms.
Monoclonal gammopathies are detected in serum
and/or urine from individuals with a wide variety
of neoplastic, potentially neoplastic, neurological
and infectious conditions. The monoclonal
gammopathy is produced by a single clone of
plasma cells or B lymphocytes. Several terms have
been used to refer to monoclonal gammopathies:
paraprotein, dysproteinemia, monoclonal gammo-
pathy, monoclonal component, and M-protein."”
The guidelines for clinical and laboratory evalua-
tion of patients with monoclonal gammopathies

has recommended the use of the term ‘M-protein’
and T will use it in this chapter interchangeably
with monoclonal gammopathy.’

DIFFERENTIATION OF B
LYMPHOCYTES

The discovery that there are major subpopulations
of lymphocytes resulted from careful observations
of immune deficiency in humans and a serendipi-
tous discovery in bursectomized chickens. In
1952, Bruton® described a child that suffered from
recurrent infections with pyogenic bacteria. Using
serum protein electrophoresis, then a relatively
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new clinical laboratory test, he demonstrated that
this child’s serum lacked a y-globulin region. The
patient was treated successfully by administering
v-globulin parenterally. Such patients are now
known to have Bruton’s X-linked agammaglobu-
linemia (XAG), which is caused by deficient matu-
ration of the B lymphocytes as a result of the
absence of Bruton’s tyrosine kinase (BTK).” A few
years after Bruton’s report, Glick et al.® discovered
that removal of the cloacal Bursa of Fabricius
early in the life of chickens produced agamma-
globulinemia similar to that found in Bruton’s
patients. Both bursectomized chickens and indivi-
duals with XAG lack plasma cells in their tissues,
and neither has germinal centers in their lymphoid
tissues. Nonetheless, normal numbers of peri-
pheral blood lymphocytes are present, and the
patients do not have problems with viral, fungal,
or intracellular bacterial infections. We now know
that the remaining lymphocytes are the normal
peripheral blood T-lymphocytes, which play the
main role in host defense against viral, fungal, and
intracellular bacterial infections. The B-lympho-
cytes are so named because in the chicken they are
derived from the Bursa of Fabricius. In humans,
B- and T-cells originate in the bone marrow.
However, T-cells must be processed subsequently
in the thymus gland, while B-lymphocytes are sub-
sequently processed in the fetal liver and bone
marrow.

Differentiation of B-lymphocytes from hemato-

Table 6.1 Maturation of B lymphocytes before activation by antigen

poietic stem cells to plasma cells is a continuous
process, however, it is useful to divide the process
into maturation before and after activation by
antigen. The earliest stage of B-lymphocyte devel-
opment occurs in the fetal liver and continues in
adult life in the bone marrow (Table 6.1).” The
availability of cluster designation (CD) mono-
clonal antibody markers to lymphocyte surface
antigens has dramatically improved the delineation
of the stages of B-lymphocyte maturation and fine-
tuned the characterization of lymphoproliferative
disorders. At the stem cell stage CD34 is
expressed. Following this, the earliest B-
lymphocytes (pro-B cells) express CD19 (a marker
present at all stages of B-cell maturation), and
HLA-DR (an HLA Class II antigen prominently
expressed on B-cells) in addition to CD34. These
early B- lymphocytes also contain the enzyme
terminal deoxyribonucleotidyl transferase (TdT) in
the nucleus. At this time, the B cells have already
begun the process of immunoglobulin gene
rearrangement that will result in the production of
antibody directed against a single epitope. Even
before the pre-B cell stage, the cell has rearranged
its L chain gene, although the p heavy chain cannot
yet be detected in the cytoplasm.”" These ‘pre-
pre-B’ cells usually express the major histocom-
patability antigen HLA-DR, and have surface
markers that are recognized by CD10 (common
acute lymphoblastic leukemia antigen, CALLA),
CD19 and CD20 (dim)."

Stage of maturation Markers Immunoglobulin gene
Stem cell CD34 Germline

Pro-B-cell CD34, CDI9, TdT, HLA-DR Germline
Pre-pre-B-cell CD34, CDI9, CD20 (dim), CDI0, TdT, HLA-DR Rearranged

Pre-B-cell CDI10, CDI9, CD20, HLA-DR, cpu* Rearranged

Mature B-cell CD19, CD20, CD21, HLA-DR, slgD and/or slgM° Rearranged

*cl, cytoplasmic [i-heavy chain.

*slgD and/or slgM, surface IgD and/or surface IgM.




Around the eighth week of human gestation,
large lymphoid cells with a small amount of
detectable cytoplasmic QW heavy chain but no
detectable light chains are present in the fetal
liver. These are termed ‘pre-B’ cells, they do not
show surface expression of the p chain at this
stage.">” Pre-B cells already have selected the
region that will be part of the
immunoglobulin heavy chain that their plasma
cell progeny will eventually produce. Pre-B cells
divide at a rapid rate (generation time is about
12 h), leading to the production of small pre-B
lymphocytes that still contain cytoplasmic p. At
this stage, allelic exclusion occurs wherein either
the k¥ or A gene is selected for production.
Although there will be subsequent switches in
heavy chain expression, the light chain remains
constant for this clone. On the surface of the cell,
one finds CD10, HLA-DR, CD19, and CD20. A
small subset of pre-B cells also express CDS$
(usually a T-cell marker).”

The next stage of development can be recognized
in the fetus by the tenth to twelfth week of gesta-
tion."”” These mature B cells contain surface whole
IgM and/or IgD molecules with the selected light
chain, but they no longer contain the cytoplasmic p
chain. The variable regions of both the light and
heavy chain are the same as those in the
immunoglobulins ultimately produced by the
plasma cell progeny of these B cells. Although IgD
and/or IgM are the major surface isotypes at this
stage, they will not usually be the final isotype pro-
duced by this clone. At this point they lose their
CD10 marker while they continue to express

variable

Table 6.2 CD markers in lymph nodes®
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CD19, CD20 and, when they pass into the circula-
tion, CD21.7

The genes that direct the expression of the heavy
chain undergo rearrangement as the B-lymphocytes
mature to plasma cells. Whereas the light chain is
always the same, these mature B cells may express
more than one isotype on their surface; under-
standing this helps to explain the occurrence of
some biclonal gammopathies. In most biclonal
gammopathies, both monoclonal proteins have the
same light chain type. When the light chains are the
same, it is likely that we are seeing expression of
two heavy chain genes by the same clone. This reca-
pitulates the events seen during development.
When the light chain types differ, the monoclonal
components of a biclonal gammopathy truly arise
from different clones."

Following contact between B-lymphocytes and
antigen with the appropriate costimulation by
macrophages and helper T cells, the B-lymphocytes
become activated. At this level of maturity, B-
lymphocytes migrate to secondary lymphoid
tissues where further differentiation occurs in the
lymphoid follicles.””” Here, the surface antigen
expression varies depending upon the location of
the B-lymphocytes within the lymph node (Table
6.2).

The final differentiation of activated B cells to
plasma cells results in loss of expression of surface
immunoglobulin, HLA-DR, CD20, and CDA40.
Normal bone marrow plasma cells are strongly
positive for CD38 and CD79a (an immunoglobulin-
associated antigen), express CD19 and CD45 weakly,
but lack expression of CD56.""

Location within lymph node Markers

Mantle zone and marginal zone
Follicular center

Pan lymph node

CD21, CD22, CD23, CD24, CD39, CDw76,
CD10, CD38(dim), CD77, CD22(dim), CD23(dim), CD24(dim), CD79a(dim)
CD19, CD20, CD37, CD40, CD45, CD72, CD74, CD275, CDw78

*Data from Pirruccello and Aoun.”
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CONDITIONS ASSOCIATED WITH
MONOCLONAL GAMMOPATHIES

Monoclonal gammopathies are found in a wide
variety of conditions, benign lymphoproliferative
disorders, malignant lymphoproliferative dis-
orders, infectious conditions, neuropathies, and
poorly understood conditions. At one end of the

spectrum of conditions associated with mono-
clonal gammopathies is multiple myeloma; at the
other end is monoclonal gammopathy of undeter-
mined significance (MGUS) (Table 6.3).

Most monoclonal gammopathies found in serum
are classified as MGUS. They usually have no
specific symptoms (although they may eventually
progress to a malignant lymphoproliferative condi-

Table 6.3 Electrophoretic patterns associated with monoclonal gammopathies

Condition

Typical serum electrophoretic pattern

I. Multiple myeloma
I1gG

Light chain disease (K or A)

Heavy chain disease (a, L, Y)

Biclonal (double) gammopathy
Nonsecretory

Il. Waldenstréom’s macroglobulinemia
IgM

IgA

IgG

I1l. B-lymphoproliferative disorders
Chronic lymphocytic leukemia
Well-differentiated lymphocytic lymphoma
IV. Amyloidosis (AL)

With multiple myeloma

Not associated with myeloma

Autoimmune diseases
Neuropathy

Infectious disease

VI. Monoclonal gammopathy of undetermined

significance

V. Monoclonal gammopathy with other clinical correlation

Large 7y spike

Broad spike at origin

Broad {3 spike

Small y or [ spike

Small B spike

Hypogammaglobulinemia, occasional 3 spike
Broad f3 band

Two 7 spikes

Low 7 region, normal

Broad band near origin
Broad band near origin or slightly

Broad band near origin or slightly v

Low v, small band

Low v, small band

Y Spike

Normal, low v

Small y spike

Small usually IgM By restriction

Small v spike usually with a diffuse or oligoclonal
increase in y-globulin

Small y spike
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tion). Malignant lymphoproliferative conditions
associated with monoclonal gammopathies involve
bone marrow, soft tissues and produce immuno-
globulin products that may have peculiar
characteristics, such as self-aggregation (resulting
in hyperviscosity), cryoprecipitation (occasionally
producing life-threatening vascular problems), or
specific reactivity (producing neuropathies, coagu-
lation defects or problems with various laboratory
tests). Consequently, the clinical signs and symp-
toms that precipitate the performance of screening
tests for malignant lymphoproliferative disorders
associated with monoclonal gammopathies are
varied (Table 6.4).

There is not a precise cut-off in terms of gravi-
metric amount of the monoclonal gammopathy for
the clinical laboratory to separate malignant from
‘benign’ monoclonal gammopathies. The sensi-
tivity of electrophoretic techniques to detect M-
proteins varies from one method to another.
Methods with higher resolution can detect subtle
M-proteins. M-proteins located in the B-region may

Table 6.4 Clinical features associated with monoclonal gammopathies

be obscured by transferrin, C3 or B-lipoprotein.
Techniques that provide a crisp transferrin and C3
band are more likely to disclose the presence of
subtle M-proteins. Finding small monoclonal
proteins in the serum can be critically important in
cases of light chain myeloma (Fig. 6.1).

The vast majority of the M-proteins found are
MGUS (see below). They are present in asympto-
matic individuals and have no apparent clinical
significance at the time of their detection and hence
fit into the MGUS category established by Kyle.***
Some may, however, progress to clinically signifi-
cant lymphoproliferative disorders and are
therefore associated with an increased risk in mor-
tality.” Others are associated with infectious
diseases and usually are evanescent.”***

Because of the heterogeneity of the conditions
associated with monoclonal gammopathies, differ-
ences in their occurrence by race, as well as the
differences in sensitivity of the electrophoretic tech-
niques used, estimates of their prevalence vary in the
medical literature. Kyle” reported the prevalence of

Clinical feature

Possible monoclonal-associated disorder

None

Back pain

Osteolytic lesions
Unexplained fatigue
Elevated sedimentation rate

Nephrotic syndrome

Infections associated with immunoglobulin deficiency
Congestive heart failure

Carpal tunnel syndrome

Dizziness

Anemia

Peripheral neuropathy

Monoclonal gammopathy of undetermined significance

Myeloma

Myeloma

Myeloma, Waldenstrém’s

Myeloma, Waldenstrom’s

Myeloma (monoclonal free light chain — Bence Jones
protein), Amyloidosis, MIDD*

Myeloma

Amyloidosis, MIDD*

Amyloidosis

Waldenstréom’s

Myeloma, Waldenstrém’s

Monoclonal anti-myelin-associated glycoprotein

disease (HCDD), and a combination of the two.

*MIDD, monoclonal immunoglobulin deposition disease. This includes light chain deposition disease (LCDD), heavy chain deposition
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Figure 6.1 (a) Serum protein electrophoresis of three serum
samples. The top sample is normal. The middle sample contains an
obvious mid-y-monoclonal gammopathy. The bottom sample has a
normal albumin, but a decreased y-globulin and a very small slow
Y-restriction (arrow). Although the slow y-restriction is very small
in the bottom lane, the presence of decreased y-globulin makes
this band highly suspicious. (Paragon SPE2 system stained with
Paragon Violet.) (b) Immunofixation of urine from the patient
shown in (a). A large slow y-band is present (arrow), which at the
100-fold concentrated urine reacts only with K. A second much
fainter band is seen toward the anode (monomer and dimer
monoclonal free light chains are not uncommon). In the center of
the k (K) band, one sees an antigen excess effect (X). (Paragon
system stained with Paragon Violet; anode at the top.)
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monoclonal gammopathies to be about 1.5 per cent
of the population over 50 years of age and about 3
per cent of the population over 70 years of age.
Looking at different age groups, Axelsson et al.”
found monoclonal gammopathies in 2 per cent of
Swedish subjects between the ages of 70 years and
79 years and 5.7 per cent in the subjects older than
80 years. Cohen et al.” evaluated samples from indi-
viduals older than 70 years of age using the Paragon

SPE2 system (Beckman Coulter, Fullerton, CA,
USA) and reported that of 1732 individuals, 8.4 per
cent of blacks and 3.8 per cent of whites had mon-
oclonal gammopathies. This finding is notable
because multiple myeloma also occurs approxi-
mately twice as often in blacks than in whites.”*
Lastly, using a high-resolution acetate method,
Aguzzi detected monoclonal gammopathies in 7-8
per cent of patients over 55 years of age.”



Nonetheless, these studies all point out the common
occurrence of M-proteins and agree that the occur-
rence of monoclonal gammopathies progressively
increases with age.

MULTIPLE MYELOMA

Clinical picture in myeloma

Multiple myeloma is a malignant neoplasm,
expressed mainly as a proliferation of plasma cells,
that usually presents with bone marrow involve-
ment.”** While the plasma cells form the vast
majority of the malignant cells, remnants of the
parent B-cell clone and other B-clonal precursors
persist and play a role in the evolution of the neo-
plastic process.”™ Typically, these malignant
plasma cells synthesize and secrete considerable
amounts of monoclonal whole immunoglobulin or
fragments of immunoglobulin and/or monoclonal
free light chains (MFLC; Bence Jones proteins).
Depending on their structure and concentration,
these M-proteins may increase the viscosity of
blood or precipitate in various tissues or form a
cryoglobulins.®* Rare cases of non-secretory
myeloma produce no detectable immunoglobulin
in serum or urine when studied by conventional
electrophoretic techniques. About 15 per cent of

Table 6.5 Presenting signs and symptoms of multiple myeloma®

Multiple myeloma I51

cases of multiple myeloma make only MFLC and
may be mistaken for non-secretory myeloma if the
urine is not examined because monomeric MFLC
are more readily detected in urine than in serum by
electrophoretic techniques. However, a new quan-
titative immunoassay can measure free light chains
(unbound to heavy chains) in both serum and urine.
As discussed below, this technique will improve
detection of cases of light chain disease and should
provide an improvement over 24-h urine samples to
follow the tumor burden of these patients.
Patients typically present with fatigue, bone pain
and pathological fractures. The prominent bone
marrow involvement in this disease is associated
with lytic lesions in the ribs, vertebrae, skull, and
long bones. The bone involvement results in hyper-
calcemia and a normochromic, normocytic anemia.
In addition to its effects on the bone marrow, mon-
oclonal free light chains damage the kidneys and
other organs occasionally with deposition of MFLC
or amyloid AL (amyloid associated with immuno-
globulin light chain; see chapter 7).%** Suppression
of normal y-globulins in advanced cases is associ-
ated with recurrent bacterial infections.” Ong et al.”
looked at the medical histories of 127 patients diag-
nosed with multiple myeloma to see which symp-
toms were associated with patients who were
diagnosed quickly and which with those in whom
the diagnosis was delayed. As shown in Table 6.5,

Symptom or sign

Delayed diagnosis

Diagnosis at first presentation

Bone pain/fractures Il (23%)
Malaise 9 (19%)
Infection/fever 4 (9%)
Anemia 12 (26%)
Hypercalcemia 1 (2%)
Hyperviscosity/bleeding 1 (2%)
Elevated ESR Il (23%)

59 (74%)°
37 (46%)
8 (10%)
47 (59%)°
18 (23%)°
7 (9%)
16 (20%)

*Data from Ong et al. ¥ ESR, erythrocyte sedimentation rate.
*Chi-square significance P < 0.001.
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those with delayed diagnosis were significantly less
likely to have bone pain and/or fractures, anemia or
hypercalcemia.”

Multiple myeloma accounts for about 1 per cent
of all malignancies and 10 per cent of hematopoi-
etic malignancies.” Although the incidence
increases dramatically with age, multiple myeloma
has been reported (rarely) in a few children.’'”*
However, the clinical picture is often unusual,
lacking key features such as anemia, elevated
calcium (in about one-third of the patients), and
lytic lesions. It has been better documented in a few
young adults, but even this is exceptionally rare.*
Individuals under the age of 40 years account for
only 2 per cent of myeloma cases and those under
30 years comprise just 0.3 per cent.”

Nonetheless, the possibility of this disease should
not be ignored when appropriate symptoms are
present.** A comparison of the clinical presenta-
tions and laboratory features of the disease
revealed no significant differences between those
that present with multiple myeloma prior to
50 years of age and those who present after age
50 years.” Although prognosis for younger
patients does not generally differ from that of older
individuals, young patients with good renal func-
tion and low B,-microglobulin levels have a longer
survival than the older patients and may benefit
from aggressive therapy.””” The overwhelming
majority of children with monoclonal gammo-
pathies do not have multiple myeloma. They usu-
ally have B-cell lymphoproliferative lesions that are
sometimes related to the presence of primary and
secondary immunodeficiency diseases, occasionally
to autoimmune diseases and also to hematological
malignancies other than myeloma.**

There have been dramatic improvements in the
therapy offered for myeloma patients in the past few
years. The therapy offered depends on the stage of
the disease (see below). Depending on their perfor-
mance status, newly diagnosed cases of multiple
myeloma may now be treated with stem cell trans-
plantation rather than the previous chemo-
therapeutic approach with melphalan
prednisone.’® Kyle* recommends that patients under
the age of 70 years be considered for autologous

and
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peripheral blood stem cell transplantation. He notes
that the main issues at the present time for this
therapy are the ability of chemotherapeutic agents
to destroy the tumor cells in the patient and the need
to remove myeloma cells and their precursors from
the harvested stem cells that are given back to the
patient to reconstitute the bone marrow.* This
treatment has been highly successful in some cases
(Fig. 6.2). In addition to more conventional chemo-
therapeutic agents, thalidomide and new immuno-
modulatory agents show promise.” Nonetheless,
despite these new techniques and aggressive chemo-
therapy, the prognosis is poor for most cases.”

Staging

Prognosis in myeloma is highly dependent on clini-
cal and laboratory features. The system devised by
Durie and Salmon® is still largely used to predict
prognosis (Table 6.6). Based on their criteria,
individuals with stage I, ITand III disease had median
survivals of 38, 35 and 13 months, respectively.®”’
Using a multivariate analysis of 265 patients
with multiple myeloma, Cherng and coworkers*
found that the three most important factors were
plasmacytosis (>30 per cent), hypercalcemia
(> 11.5 mg/dl), and hypoalbuminemia (< 3.5 g/dl).”
Other factors predicting an unfavorable course
include elevated alkaline phosphatase, hyper-
uricemia, renal insufficiency, and male gender.”

Flow cytometry studies are also improving our
ability to stage patients with multiple myeloma.
Patients with plasmablasts positive for CD56 had a
63-month overall survival compared with 22 months
for those that had CD56-negative plasmablasts.”
Others have shown that hyperdiploidy on initial
bone marrow examination has a significantly better
overall survival than diploid or hypodiploid tumor
cells.”” This area is still somewhat controversial, how-
ever, because although an Eastern Cooperative
Oncology Group (ECOG) study was able to confirm
the survival advantage of hyperdiploid versus
diploid, it was unable to confirm the worse prognosis
of the hypodiploid cases.” Clearly, the issue of stag-
ing will be undergoing changes.
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Fraction Rel % g/dl

1 26.6 —— 3.38 .

2 2.4 0.30 Fraction

3 56 —— 0.71 1

4 60.7 +++ 7.71 +++ 2

5 47 —— 0.60 —— 3

@ (b)

Fraction
ALBUMIN
ALPHA 1
ALPHA 2
BETA
GAMMA

ALBUMIN
ALPHA 1
ALPHA 2
BETA
GAMMA

Reference Ranges

Rel % g/dl
162 —— 0.82 ——
4.2 0.21
79.6 +++ 4.04 +++
Rel % g/dl
54.7 3.94
6.5 0.47
13.7 0.98
8.5 0.61
16.7 1.20
Rel % g/dl
49.7 -64.4 3.55-5.04
48-10.1 0.25-0.74
85-151 055-1.14
7.8-13.1 0.55-1.04
10.5-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

()

Figure 6.2 (a) Densitometric scan of serum protein electrophoresis from a patient with multiple myeloma prior to receiving a bone
marrow transplantation. The massive monoclonal gammopathy in the B-region measures 7.71 g/dI. (Scan from Paragon SPE2 gel stained
with Amido Black.) (b) Urine from pre-transplant analysis demonstrated a massive monoclonal free light chain (MFLC) (> 5 g/24 h). (c)
Capillary zone electropherogram of serum protein electrophoresis from same patient as in (a) 9 years after bone marrow transplant. The

patient is clinically well with no sign of multiple myeloma. The urine is negative for MFLC.

Epidemiology myeloma is 5-10 per 100 000.” In 2002, estimates
from the American Cancer Society predicted
There has not been a change in the rates of devel- 14 600 new cases of multiple myeloma in the

opment of multiple myeloma for the past half USA.* Multiple myeloma

remains twice as

century.”* The annual incidence of multiple common among blacks (mean age of onset
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Table 6.6 Myeloma staging criteria®

Stage Criteria

| Must have all of the following:
Hemoglobin > [0g/dI
Serum calcium < 12 mg/dl
No lytic lesions or solitary plasmacytoma on
radiographs
Relatively low quantity of M-protein:
1gG < 5g/dI
IgA < 3g/dl
Urine monoclonal free light chains <4 g/24 h
I Lacks criteria for stage lll, but exceeds
criteria for stage |
1] Has criteria for stage |, and has any one or
more of the following:
Hemoglobin < 8.5g/dl
Serum calcium > 12 mg/dI
Advanced lytic bone lesions
Relatively large quantity of M-protein:
1gG > 7 g/d|
IgA > 5 g/d|
Urine monoclonal free light chains = 12 g/24h
Subclassification:
A. serum creatinine < 2.0 mg/d|

B. serum creatinine = 2.0 mg/d|

*Table from Durie and Salmon.*

67 years) than among whites (mean age of onset
71 years) and is somewhat more common in men
than women.”?*” These differences may relate to
socioeconomic factors including diet and dietary
supplement use (such as vitamin C).”””* There is a
clear association of multiple myeloma with radia-
tion exposure in Japanese survivors of the atomic
bomb, radium dial workers, and even among radi-
ologists.””® Although there has been a report that
individuals who work at nuclear power plants may
have an increased risk for myeloma, there does not
appear to be a risk for those living near the plants.*
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Neither does there appear to be a risk of develop-
ing multiple myeloma associated with the small
doses of radiation one receives through diagnostic
radiology procedures.*

Genetics and cytogenetics

There are suggestions of a genetic predisposition to
the development of monoclonal gammopathies.
Many studies have recorded multiple myeloma in
first degree relatives.*™ Individuals that report
having first-degree relatives with multiple myeloma
have a 3.7 times greater chance of developing mul-
tiple myeloma than those that do not share this
family history.* Broader epidemiological evidence
that genetics plays a role derives from Bowden et al.
who documented that monoclonal gammopathies
are more often detected in Americans than in a
Japanese cohort."” However, while genetic differ-
ences may play a role, the American population had
a larger proportion of older individuals, which may
have accounted for some of their results.

Cytogenetic abnormalities have been found in
multiple myeloma."" The most typical transloca-
tions occur at the site of the immunoglobulin heavy
chain locus in switch regions."”>'”® Fluorescence in
situ hybridization (FISH) probes are available to
detect the presence of translocations on chromo-
some 11 at position q13." Cytogenetics may be
especially useful in cases of non-secretory myeloma
where M-proteins are not demonstrable in serum
or urine by traditional electrophoretic methods.'”
Karyotypic instability has been detected at the ear-
liest stages of multiple myeloma and increases
along with progression of the disease."” These
cytogenetic abnormalities may eventually explain
why myeloma plasma cells do not undergo their
usual programmed death by apoptosis.*

Cellular features of myeloma
Most neoplastic plasma cells in multiple myeloma

lack surface immunoglobulins despite the secre-
tions they produce. Bone marrow plasma cells



from patients with multiple myeloma express
CD45, CD38, and CD79a but, in contrast to
normal plasma cells, they have an aberrant expres-
sion of CD56 (the natural killer cell antigen) and
CD19 (CD19-/CDS6+ or CD19-/CDS6-).'%"
This surface marker information may be useful in
the differential diagnosis between multiple
myeloma and MGUS. Sezer et al.” noted that all
MGUS patients in their study contained both phe-
notypically normal (CD19+/CD56-) plasma cells
and aberrant monoclonal populations (CD19-
/CDS56+ and/or CD19—-/CDS56-). The ratio of the
normal to all bone marrow plasma cells was
always 20 per cent. In contrast, individuals with
multiple myeloma had either no phenotypically
normal plasma cells (CD19+/CD56-), or when
they were present always totaled less than 20 per
cent of the bone marrow plasma cells."”

A histological correlate of this immaturity and
malignant behavior is the presence of large atypical
cells that may be seen, occasionally with binucleate
cells, in the involved marrow. However, atypical
nuclei and multinucleate plasma cells are insuffi-
cient criteria to absolutely distinguish between
proliferating polyclonal plasma cells in chronic
osteomyelitis (for example)
plasma cells of multiple myeloma.

Although multiple myeloma is mainly a disease of
malignant plasma cells, both circulating B-lympho-
cytes and even pre-B cells in the bone marrow can
be found that express the specific idiotype of the
monoclonal protein being produced by the myeloma
cells from that patient."”""° The finding of such pre-
cursor cells may seem surprising considering that
the neoplasm is characterized by mature-appearing
plasma cells. However, this is entirely consistent
with our understanding of the variable maturation
by neoplastic cells. For example, a squamous cell
carcinoma may consist mainly of mature keratinized
cells, yet one is not at all surprised to find some
immature non-keratinizing elements in the same
neoplasm. Indeed, it would be difficult to explain
why a neoplasm of mature plasma cells would pro-
duce such a rapidly fatal disease if there were not
progenitor cells that formed the ‘silent’ proliferative
compartment of the neoplasm.

and monoclonal
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There are some markers that can help to detect
the B-cell precursors of the neoplastic plasma cells
in multiple myeloma. Unlike normal activated B
cells, the circulating B cells in patients with
multiple myeloma express adhesion molecules
including PB,-integrins that may facilitate trans-
portation of these cells as they metastasize
(localize) in the bone marrow and other sites.'"
Despite the fact that the neoplastic B cells circulate,
a case of myeloma in a 27-year-old pregnant
woman whose child did not show evidence of
myeloma after a 2-year follow-up suggests that
these B cells do not readily pass through the
placenta.'” Although circulating CD19 lympho-
cytes are increased in myeloma patients, circulating
mature plasma cells in these patients may be diffi-
cult to detect except in the extreme case of plasma
cell leukemia (see below).

Although T-lymphocytes in myeloma are not
thought to be involved directly in the neoplastic
process, there are notable alterations in their
peripheral blood subpopulations because they are
affected by the myeloma process. The production
of transforming growth factor B (TGF-B) by the
myeloma cells suppresses the normal proliferation
and blastogenic response of T-lymphocytes to
interleukin-2 (IL-2)."” This observation explains
the decreased responsiveness of peripheral blood
T-lymphocytes from patients with multiple
myeloma to lectin stimulation and also the
decrease in the number of CD4-positive cells."*""

Individuals with multiple myeloma who have
normal levels of CD4+ and CD19+ cells at the time
of diagnosis have a better prognosis than those
with decreased levels."*"” This observation has
been extended by a recent ECOG study where the
peripheral blood lymphocyte levels were followed
from baseline to the end of a chemotherapy
regimen. They found that when patients undergo-
ing chemotherapy maintained the baseline
numbers of CD3+, CD4+, CD8+ and CD19+ cells
in the peripheral blood, they had a better long-term
survival than those that did not."*

Cytokines play a major role in the growth and
drug responsiveness of myeloma cells.">"* Both
interleukin-6 (IL-6) and insulin-like growth factor
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1 (IGF-1) are important in the proliferation and
drug resistance of myeloma and may operate by
upregulating telomerase activity of the malignant
cells.” This interferes with dexamethasone-
induced apoptosis in the cells.'”
Interestingly the plasma cells themselves can
produce IL-6 along with the bone marrow cells.
While not thought of as a currently used marker of
the disease, the level of IL-6 in serum has been
shown to correlate inversely with survival.””
Patients with multiple myeloma also have higher
serum levels of TGF-B than do patients with
MGUS." Interleukin 1 (IL-1) and IL-6 have both
been implicated either as a marker or as part of the
process resulting in conversion of MGUS to
myeloma."” In addition to correlating with conver-
sion of MGUS to myeloma, IL-6, tumor necrosis
factor-o. (TNF-0) and soluble interleukin-2 recep-
tor (sIL-2r) have been used in experimental studies
as markers of cases of known myeloma that have

myeloma

an aggressive advanced disease.”” Again, these
markers are not currently recommended to distin-
guish between these conditions.

Circulating plasma cells and plasma
cell leukemia

Under normal circumstances, plasma cells are not
detected in the peripheral blood. However,
patients with multiple myeloma and patients with
amyloid AL may have circulating monoclonal
plasma cells.””" Their presence in concentrations
>4 per cent of immunoglobulin positive cells or
>4 x 10°1 is a negative prognostic indicator and
suggests the presence of multiple
myeloma."”*"” The mere presence of plasma cells in

active

the circulation of patients with multiple myeloma,
however, does not equate with the diagnosis of
plasma cell leukemia.

Plasma cell leukemia is an uncommon occurrence
in myeloma (about 2 per cent of cases), making it a
rare disease indeed.”®"* To qualify, a patient needs
to have an absolute plasma cell count of =2 x 10°/1
and =20 per cent plasma cells in the peripheral
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blood.”™"* Two-thirds of cases of plasma cell
leukemia do not have evidence of multiple
myeloma at the time of presentation and are
termed primary plasma cell leukemia.””"' The
remainder of cases are usually the end-stage of a
case of multiple myeloma."””"" Perhaps because of
the late stage of presentation in the secondary
form, plasma cell leukemia has a reputation for an
aggressive course.”

Monoclonal gammopathies in multiple
myeloma

IMMUNOGLOBULIN ISOTYPES IN MULTIPLE
MYELOMA

The prevalence of the major immunoglobulin
isotypes among large studies of monoclonal
gammopathies roughly parallels the concentration
of that immunoglobulin isotype in serum. For
example, in his large series of patients with
myeloma, Kyle found an IgG monoclonal protein
in about 55-60 per cent of cases, IgA in about 25
per cent, and « light chain was twice as frequent as
A (consistent with the normal 2:1 ratio of x to A in
the serum).””” About 15 per cent of cases only
secrete MFLC, IgD accounts for about 1-2 per cent
of cases, IgM in 0.5 per cent, and IgE is exceedingly
rare.'*

The vast majority of IgM monoclonal gammo-
pathies associated with lymphoproliferative dis-
orders are considered separately as Waldenstrom’s
in the Kyle series, but they typically comprise about
25-30 per cent of cases of monoclonal gammo-
pathies.” Similar findings for the occurrence of
major isotypes in multiple myeloma have been
reported in smaller studies."””"** There are, how-
ever, some notable exceptions to the generalization
that the occurrence of M-proteins in myeloma fol-
lows their concentration in the serum. Among the
subclasses of IgG, Schur et al.”’” found significantly
fewer cases of IgG2 than would be predicted by its
concentration in the serum. Similar observations
have been made about the infrequency of IgA2
monoclonal gammopathies.'*



In most cases of myeloma, electrophoretic find-
ings are straightforward. The characteristic densely
staining spike typically occurs in the y-region, near
the origin, and in the B-region, for IgG, IgM, and
IgA monoclonal proteins, respectively (Fig. 6.3).
Note, however, that monoclonal gammopathies
may migrate in the da-region (uncommonly), and
they may bind to other serum proteins thereby
altering their migration on electrophoretic gels."*!

IGG AND IGA MYELOMA

IgG myeloma proteins are almost always 160 kDa
monomers that only rarely produce clinical symp-
toms of hyperviscosity (although the measured
viscosity of serum may be elevated in most patients
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with multiple myeloma)."*"* IgA myeloma pro-
teins can occur as monomers or as polymers with
variable molecular weight (monomers, dimers,
trimers and tetramers in the same myeloma
serum).'*'* Because these molecules can self-
aggregate, they have been known to cause
problems with hyperviscosity.">'*"* This poly-
merization may result in the presence of two or
three M-protein peaks on the serum protein
electrophoresis (Fig. 6.4). Since most of the IgA
monoclonal gammopathies migrate in the B-region,
they may be masked by the C3, 1 lipoprotein and
transferrin bands on serum protein electrophoresis.
Because of these concerns, the Guidelines for
Clinical and Laboratory Evaluation of Patients

Figure 6.3 Three samples with monoclonal proteins in typical positions for their heavy chain class. The top sample has an IgG

monoclonal protein migrating in the mid-y-region. Middle sample has an IgM monoclonal protein near the origin. Bottom sample has a

broad IgA monoclonal protein just cathodal to the C3 band. Although these are typical locations for monoclonal proteins of these

isotypes, they may migrate at a variety of locations from o,-region to the slow y-region. (Panagel system stained with Coomassie Blue.)
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Fraction Rel % g/l
ALBUMIN 440 — 3.26 —
ALPHA 1 6.4 0.47
ALPHA 2 11.4 0.84
BETA 33.6 +++ | 2.48 +++
GAMMA 47 —— | 0.35 —-
Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.55-5.04
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 85-151 055-1.14
BETA 7.8-13.1 0.55-1.04
GAMMA 10.5-195 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

Figure 6.4 Capillary zone electrophoresis demonstrates three peaks (arrows) of an IgA k¥ monoclonal gammopathy. (Paragon CZE 2000.)

with Monoclonal Gammopathies recommends the
use of immunofixation in cases where the serum
protein electrophoresis is negative, but where there
is a high index of suspicion.’ In practice, however,
in the laboratory we often do not know the clinical
history. Therefore, anytime a distortion in the B-
region protein bands is observed, I perform an
immunofixation to rule out a subtle M-protein. By
using the pentavalent (Penta) antisera available on
semiautomated immunofixation gels, this can be
done quickly and, using otherwise unused portions
of the Penta gels, at very little cost. By performing
this extra step I have detected cases of M-proteins
where the major portion was found in the urine.

IGM MYELOMA

Although wunusual, IgM may be the main
immunoglobulin in cases of multiple myeloma,
accounting for about 0.5 per cent of cases."”*"'
Clinically, these cases resemble the typical case of
multiple myeloma but may have an increased
propensity to hyperviscosity.””> Typically, there is
suppression of the uninvolved immunoglobulin
classes, IgG and IgA."’ IgM myeloma is associated
with plasma cell proliferations as opposed to the
more typical IgM monoclonal gammopathies (part
of Waldenstrom’s macroglobulinemia) in which
lymphoplasmacytoid cells are seen.'”” The use of

immunophenotyping to confirm the presence of the
plasma cell surface antigen CD38 is helpful to dis-
tinguish this condition from Waldenstrom’s
macroglobulinemia."”>"* Another useful marker for
making this distinction is the translocation
t(11;14)(q13;932), which is present in the vast
majority of cases of [gM myeloma."”’

IGD MYELOMA

IgD myelomas are uncommon, accounting for only
1-2 per cent of cases, but they have some
characteristics of which one must be aware to
avoid misdiagnosis.”**"*"” Most IgD monoclonal
gammopathies migrate in the y-region, 25 per cent
of cases have B-region spikes, and in one case the
monoclonal component was in the o,-region (Fig.
6.5)."7 IgD myeloma may be missed because the
monoclonal gammopathy can be relatively small
and it may be hidden among the normal o,- or B-
region proteins. A high index of suspicion about
subtle distortions in the B- and y-region helps in
detecting them. Individuals with IgD myeloma tend
to have a worse prognosis than most other isotypes
because of the increased chance of renal involve-
ment due to the high proportion of cases with
monoclonal free light chains, amyloidosis and
extramedullary plasmacytomas, although, rarely,
they may have good responses to chemo-
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Figure 6.5 (a) Immunofixation of serum with mid-y M-protein in the ELP lane. The M-protein is matched by a broad restriction in the k¥
(K) lane, but in none of the other lanes. (Sebia Immunofixation). (b) Immunofixation of serum from case shown in (a). Here, the IgD and x

lanes both demonstrate this IgD k¥ monoclonal gammopathy. The anti-free k demonstrates that the extra band in the « lane is due to

monoclonal free light chain. (Sebia Immunofixation). This case was contributed by Chrissie Dyson.

therapy.”*"*"” Cytoplasmic crystalline inclusions
and amyloidosis have been described in patients
with IgD myeloma.''*" The latter may require
immunohistochemical identification. Although an
IgD monoclonal gammopathy is usually associated
with a lymphoproliferative process, IgD MGUS
does occur.” Cutaneous plasmacytomas have been
reported rarely in patients with IgD myeloma.'*
Older literature reported the k/A ratio of cases with
IgD myeloma to be 1:9 (as mentioned above, it is
2:1 for most other monoclonal gammopathies,
paralleling the usual /A in the serum); however, a
more recent study of 53 cases at the Mayo Clinic
revealed a ratio of k/A of 1:2 in their cases.” In any
event, A clearly predominates.

To follow the tumor burden in IgD myelomas,
measurement of IgD may be performed by a variety
of techniques, including nephelometry, radial
immunodiffusion and enzyme immunoassay.'*>'**
The IgD measurements may be more useful than the
typical densitometric or electropherogram mea-
surements of the M-protein because accuracy
decreases with smaller quantities of the protein mea-
sured. However, because the immunoassays for IgD
are standardized to the low concentrations of IgD
normally found in serum, a falsely low value may
be obtained unless the serum is further diluted prior
to performing the assay. This is what happened in

the case shown in Figure 6.5. Therefore, when send-
ing a sample to a reference laboratory, inform them
that you suspect an elevated IgD and ask that they
perform the assay ata 1:10 and 1:100 dilutions. IgD
myeloma should always be suspected when a light
chain is identified in the serum by immunofixation
or immunoelectrophoresis but there is no corre-
sponding heavy chain (y, W, or o). One should also
have a higher index of suspicion for an IgD mono-
clonal gammopathy in cases containing A than for
K spikes (reflecting the disproportionate k/A ratio in
the occurrence of IgD myelomas).

IGE MYELOMA

IgE myeloma is rare (38 cases were reported in the
most recent tally I found).”® The reported patients
have been younger than is typical for myeloma,
and the disease pursues a relatively rapid course.
Patients with IgE myeloma are more likely to have
MFLC, anemia and plasma cell leukemia than
patients with other isotypes (Table 6.7).”° The
average survival time from time of diagnosis is
16 months compared with 30 months for non-IgE
multiple myeloma.”>' Osteolytic lesions have
been found in 14 of 28 patients where skeletal
information was available.'”® Other boney lesions
include osteoporosis, vertebral collapse and one
case with osteoblastic lesions.'*'* In addition, two
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Table 6.7 Characteristic features of IgE myeloma at clinical presentation®

Feature IgE myeloma Non-IgE myeloma
Monoclonal free light chain 59% 49%
Anemia 86% 62%
Plasma cell leukemia 18% 1-2%
Mean survival 16 months 30 months
K/A Ratio 1.8 2.0
o.,-Region migration by electrophoresis 2/29 cases n/a
B-Region migration by electrophoresis 5/29 cases n/a
Y-Region migration by electrophoresis 22/29 cases n/a
*Data from Macro et al.'” and Kyle."
cases with hyperviscosity have been reported.””'®®  polyclonal increase in immunoglobulin produc-

Small, occasionally diffuse peaks have been
described in the few cases where the IgE mono-
clonal protein migrates in the B-region."”"”” Macro
et al’s summary of 29 published cases where
electrophoretic data was available is shown in
Table 6.7."° As with IgD myelomas, when I detect
a monoclonal light chain in the serum without a
corresponding heavy chain (using the more usual
IgG, IgA and IgM antisera) I perform an
immunofixation to rule out an IgE M-protein.

MONOCLONAL FREE LIGHT CHAINS AND
LIGHT CHAIN MYELOMA

As discussed in Chapter 7, plasma cells produce
heavy and light chains separately. Under normal
circumstances, these chains combine and are
secreted as intact immunoglobulin molecules
bearing two identical heavy chains and two identi-
cal light chains. Free light chains are produced in
excess by normal plasma cells. These light chains
are secreted as monomers (mainly k) with a molec-
ular mass of about 25 kDa, or as dimers (mainly A)
with a molecular mass of 50 kDa."”"'” These poly-
clonal free light chains (PFLC) are usually
reabsorbed by the proximal convoluted tubules
where they are catabolysed. As a result, little PFLC
finds its way into urine under normal circum-
stances. PFLC proteinuria results when there is a

tion, glomerular damage or tubular damage. In
those circumstances, by electrophoresis on concen-
trated urine, PFLC migrate broadly in the B- and
v-regions. Yet, by immunofixation, they may
produce a ladder pattern that could be confused
with a monoclonal gammopathy (see Chapter 7 for
discussion of ladder pattern) (Fig. 6.6). In contrast,
when MFLC are present, they usually migrate as
one, two or more discrete bands in the B- and y-
regions (Fig. 6.7). The specific isotype may be
determined by immunofixation. The Guidelines
recommended that both urine protein electro-
phoresis and immunofixation be performed on
concentrated urine as the screening test for MFLC.
Urine protein electrophoresis alone is too insensi-
tive to reliably detect some of the small MFLC that
may be associated with amyloid AL (Fig. 6.8).

For the past several years, the standard has been
to perform electrophoresis and immunofixation on
concentrated urine to detect and identify the
MFLC. After identification, it is important to
measure the amount of MFLC to estimate the
tumor burden. For this, a 24-h urine specimen is
submitted for electrophoresis and protein determi-
nation. The MFLC peak is integrated by
densitometry and the final result is expressed as
mg/24 h (see Chapter 7). Using these electro-
phoretic techniques, Kyle'” demonstrated that
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Figure 6.6 Immunofixation of a urine concentrated 100-fold with
a mild protein loss pattern indicated by the presence of a small
amount of albumin (A) in the far left lane (protein electrophoresis
fixed in acid). Although no other protein bands are visible in the
left lane, there are multiple bands visible in the k¥ immunofixation
electrophoresis lane (arrows), and a faintly staining diffuse haze in
the A lane. This is a classic ladder pattern that occurs in any urine
containing polyclonal free light chains. The bands are more often
seen in X, although they are also seen, on occasion, with A. The
bands with this polyclonal pattern are evenly spaced (like the rungs
on a ladder). | interpret this pattern as ‘Negative for Bence Jones
protein’. Although the bands vary somewhat in their staining
intensity from one to another, none shows the type of dense
staining or antigen excess effect of the monoclonal free light chain
(MFLC) protein bands in Fig. 6.7. (Paragon system stained with
Paragon Violet; anode at the top.)

about 60 per cent of cases of multiple myeloma
produce MFLC (formerly termed Bence Jones pro-
teins) in addition to the
immunoglobulin, or exclusively when present as
part of light chain myeloma. The presence of
MFLC produces a more dire prognosis than their
absence.””*"® Occasionally, patients with small or
modest-sized monoclonal gammopathies in the
serum will have massive amounts of MFLC in the

intact monoclonal
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Figure 6.7 Immunofixation of urine concentrated 100-fold. The
far left lane (protein electrophoresis fixed in acid) shows a weakly
staining albumin band (A) along with a few weakly staining o.,- and
B-region bands (small arrows) most consistent with a tubular
proteinuria. The y-region shows one prominent band (P) and one
faint band (F). Immunofixation for Kk shows two strong bands in
with the same migration as the prominent and faint bands in the
adjacent lane. Note that the center of the prominent band shows a
slight antigen excess effect (X). Slightly above the faint band and
slightly below the prominent band are lightly staining areas (large
arrowheads), which may represent other forms of the monoclonal
proteins (breakdown products, post-translational modifications, or
forms associated with intact heavy chains). Note that this
immunofixation only shows k and A reactions, therefore, we
needed to perform immunofixation for heavy chains to be certain
that these were not intact monoclonal proteins (in this case they
were not). Contrast this pattern of true k monoclonal free light
chain (Bence Jones protein) with a classic ‘ladder pattern’ in Fig.
6.6. (Paragon system stained with Paragon Violet; anode at the
top.)

urine. This is why urine must always be studied
(Figure 6.9). Weber et al.” studied the course of
101 asymptomatic patients with multiple myeloma
who were detected by chance while they lacked
symptoms and found that the presence of MFLC
excretion of > 50 mg/24 h in the urine was a signif-
icant independent variable that indicated treatment
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Figure 6.8 (a) The top sample (1) is a lyophilized serum for reference. The bottom two samples of urine concentrated 100-fold (2, 3)
have no protein bands visible. (Paragon SPE2 system stained with Paragon Violet.) (b) Immunofixation of the urine sample labeled 2 from
(). In the serum protein electrophoresis (SPE) lane a very faint band is barely discernable (arrow), yet the immunofixation using anti-x

shows an obvious K monoclonal free light chain. (Paragon system stained with Paragon Violet; anode at the top.)

even when the patients lacked lytic skeletal lesions.
Further, Knudsen et al.**' reported that myeloma
patients with renal failure who have relatively low
amounts of MFLC in their urine have a better
chance of achieving an improvement in their renal
function with chemotherapy than patients with
high quantities of MFLC.

In most cases of light chain multiple myeloma, the
serum protein electrophoresis shows hypogamma-
globulinemia and only a small M-protein spike
because most of the MFLC passes through the
glomerular basement membrane into the urine.
However, in cases of tetrameric light chain disease,
or aggregates of light chains such as the mono-
clonal A hexameric aggregates (trimolecular
complex of A dimers) reported by Abraham et al.,"
a large M-protein is seen in the serum that contains
only light chain and no heavy chain."**"*
Nonetheless, in the vast majority of cases of
MFLC, protein electrophoresis  and
immunofixation lead to the correct diagnosis.

In some patients, the presence of a polyclonal
increase in serum Yy-globulins does not rule out
multiple myeloma in the presence of an appropri-

urine

ate clinical picture: lytic lesions, anemia, hypercal-
cemia, and elevated creatinine. Urine must always
be studied to rule out light chain multiple
myeloma. Patients with multiple myeloma are
more predisposed to develop infections and the
antigenic stimulation from such infections may
result in a polyclonal increase in y-globulins.'”
While detection of MFLC by electrophoresis and
immunofixation has been useful, it will likely be
supplemented by assays that allow quantification
of total (polyclonal and/or monoclonal) free light
chains (FLC) in serum or urine. Using sensitive
nephelometric  techniques to FLC,
Bradwell et al."” found that the vast majority of
patients with multiple myeloma produce excessive
amounts of the FLC type that corresponds to the
intact M-protein (i.e. free K chains in an IgG k¥ M-
protein) that can be detected in serum (Freelite;
The Binding Site Ltd, Birmingham, UK; see
Chapter 7). Katzmann et al'® established
0.26-1.65 as the diagnostic interval of FLC /A in
serum. Their 95 per cent reference interval for x
FLC in serum was 3.3-19.4 mg/l and for A was
5.7-26.3 mg/l. This method was more sensitive

measure
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Figure 6.9 (a) Immunosubtraction of serum from a patient with a modest-sized monoclonal gammopathy in the y-region (arrow in serum
protein electrophoresis (SPE) box, top right). When the serum was preincubated with antisera against the immunoglobulin indicated in
each box, only the antisera against IgA (arrow) and k (arrow) removed the monoclonal protein. (Paragon CZE 2000 immunosubtraction.)

(Continues over page)
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(b)

Figure 6.9 (contd) (b) Composite figure showing the protein electrophoresis on urine concentrated 50-fold (arrow indicates sample)

from the patient identified in (a) as having an IgA k¥ monoclonal gammopathy. The pattern shows a small amount of albumin and several
small proteins in the - and y-regions consistent with tubular damage. The densitometric scan demonstrates the massive amount of
monoclonal protein present. The immunofixation to the right of the densitometric scan has dense staining only in the k (K) lane with a
tiny amount of IgA staining. Although both the small amount of intact IgA k and the large amount of k monoclonal free light chain (MFLC)

migrate in the same location, the entire peak is integrated to measure the MFLC. (Sebia 3,, gel and Sebia Immunofixation.)

than current immunofixation methods of serum
and urine to detect free light chains in patients with
amyloid AL." Marién et al.'"” compared capillary
zone electrophoresis (CZE) with determination of
FLC in frozen sera from 54 patients confirmed to
contain M-proteins by immunofixation. They
found that sera from all 16 patients studied had
abnormal /A and increased absolute values for the
relevant FLC."”’

The method to measure FLC in serum is a power-
ful new tool that will improve our ability to detect
and follow many of these patients. It will be much
easier to obtain the serum sample than the 24-h
urine to follow the MFLC level in these patients. At
the time of writing, however, 24-h urine is still the
standard, although our laboratory is beginning to

use the free light chain assay to follow myeloma
patients. The main limitation of the FLC assay is its
inability to distinguish between MFLC and poly-
clonal FLC of the same isotype. Electrophoresis
and immunofixation do this by the presence of
restricted mobility. Therefore the demonstration of
probable monoclonality is accomplished by statis-
tical comparison of reference ranges. In cases
where there is a polyclonal increase along with
MFLC, a combination of electrophoresis,
immunofixation and FLC measurement may prove
to be ideal.

NON-SECRETORY MYELOMA

Non-secretory myeloma has been reported in from
1 to 4 per cent of patients with multiple



myeloma.”"* These are cases of monoclonal

plasma cell proliferations in which no monoclonal
protein can be detected in the serum or urine by
electrophoretic  techniques. The
plasma cells in this condition may contain a mono-
clonal immunoglobulin, which may be detected by
immunohistochemical analysis and occasionally
ultrastructural studies.”>"” A model of non-secre-
tion by plasma cells is offered by Mott cells
(plasma cells with large intracytoplasmic inclu-
sions of immunoglobulin). They have a partial or
complete block of the secretion of their
immunoglobulins, resulting in distended endoplas-
mic reticulum."” Indeed, this phenomenon seems to
be responsible for at least one report of non-secre-
tory IgA k¥ myeloma where immunohistochemistry
was used to demonstrate the trapped intracellular
M-protein."

Some cases of non-secretory myeloma result from
synthesis of structurally abnormal molecules that
may be degraded intracellularly.” Waithin the
plasma cells from these patients, one may detect
truncated or even intact M-proteins, but they are
not secreted in sufficient quantity to be found in
the serum or urine by conventional electrophoresis
and immunofixation."” Molecular evidence of
abnormal immunoglobulin formation in non-
secretory myeloma was presented by Cogné and
Guglielmi*® who demonstrated a truncated 42 kDa
v, heavy chain that lacked a variable region
because of a 2-base pair (bp) deletion.
Cytogenetically, the vast majority of non-secretory
myeloma cases have the same t(11;14)(q13;q32)
translocation seen with other types of multiple
myeloma.'”’

Non-secretory multiple myeloma presents clini-
cally with similar symptoms as cases of secretory
myeloma, yet they lack the renal involvement (due
to the absence of MFLC production) and lack the
convenient M-protein in serum and/or urine to
confirm the diagnosis.”! To avoid delay in diagno-
sis, special diligence is needed when confronted
with symptoms of hypercalcemia in patients with
radiographic and other features consistent with
multiple myeloma but no M-protein in serum or
urine.'”*"" Typically, the diagnosis is made when a

conventional
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bone marrow biopsy and aspirate are obtained to
explain the hypercalcemia and lytic skeletal
lesions. Similarly, because of the lack of a measur-
able M-protein, the response to therapy has been
also followed by bone marrow studies.""

Occasional cases of acquired non-secretory
myeloma secondary to chemotherapy have been
reported. These can be a particular problem
because the M-protein is an important measure of
tumor burden.”” The decreased, or absent synthe-
sis in the ‘natural’ or chemotherapy-acquired
non-secretory myeloma may relate to a defective B-
cell response to differentiation signals.*”

Another unusual situation is that of pseudo-non-
secretory myeloma described in two patients where
no M-protein was found in serum or urine, but
where it was found by in vitro studies of the neo-
plastic plasma cells.”*” In those cases, the authors
concluded that the secreted M-protein was rapidly
catabolized and deposited in the kidneys and other
organs.””

The FLC nephelometric assay improves our
ability to detect most cases of non-secretory
myeloma. Drayson et al.*” studied serum from
patients with non-secretory myeloma using the
FLC assay and detected abnormal ratios of free k/A
in 19 of 28 patients. This indicates that non-secre-
tory myeloma may really be a pauci-secretory
disease in most of the cases described where small
amounts of MFLC are secreted.

BICLONAL GAMMOPATHIES

Biclonal gammopathies (or double gammopathies)
are uncommon, but not rare. They occur in about
3-5 per cent of patients with conditions associated
with monoclonal gammopathies.””"**** Because of
their unusual appearance, biclonal gammopathies
can be somewhat confusing. Clinically, there is no
difference between biclonal gammopathies and
monoclonal gammopathies in terms of outcome for
the patient.”® There have been two cases reported
in the past few years where biclonal gammopathies
(an uncommon lesion) were associated with the
occurrence of angioimmunoblastic T-lymphomas
(another unusual lesion).””?" This is probably a
coincidence, but it deserves notice. However, in
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patients with multiple myeloma and a biclonal
gammopathy, it is important to measure both
clones during follow-up because the clinical
response to the two clones may be asynchronous.*"

The term ‘biclonal’ implies that the plasma cell
neoplasm arose from two separate clones of B lym-
phocytes. As such, they should always have a
different variable region and may differ in light
chain class. There is no reason to look at variable
regions in clinical laboratory testing. Biclonal gam-
mopathies may originate from a single clone or
separate clones.”**"

The presence of different light chains is a priori
evidence that the neoplasm represents the product
of two separate clones, which would be true
‘biclonal’ gammopathies (Fig. 6.10). However,
most reported cases and most that we have seen in
our laboratory have had the same light chain type
with two different heavy or heavy chain subclass
types. Some heavy chain classes occur more fre-
quently in double gammopathies with IgG-IgM
occurring most frequently followed by IgG-IgA,
IgG-IgG (detected by their different electrophoretic
mobilities), and IgA-IgM.*"* These may represent
one clone of B-lymphocytes that is expressing two
different heavy chain constant regions (similar to
the stage in B-cell ontogeny where both IgM and
another heavy chain class are present on the surface
of the B cell). Therefore, for cases with the same
light chain type one may use the term ‘double gam-
mopathy,” which recognizes the fact that two dis-
tinct proteins are seen but does not imply that they
resulted from two separate clones.

The reasons for the occurrence of double gammo-
pathies are better understood by examining the
structure of the immunoglobulin heavy chain con-
stant-region gene sequence (Fig. 6.11). When a cell
switches from expressing one heavy chain gene to
another, such as from [ to o, the intervening genes
(in this case cp—ca,) are deleted and cannot be
expressed later.””” The remaining segments, how-
ever, could be selected and subsequently expressed.
This occurs normally during B-lymphocyte matu-
ration where B cells often bear both surface IgM and
another heavy chain isotype. Hammarstrom et al."*
noted that in gammopathies with two heavy chain

classes but only one light chain type, there may be
preferential switches to explain the frequency of the
two heavy chain types observed. Fortunately, other
than being confused by the initial electrophoretic
pattern itself; there is no known clinical significance
to the demonstration of double (or even true
biclonal) gammopathies. Most of these patients
have ‘monoclonal gammopathy of undetermined
significance’ (see below), while others have B-cell
lymphoproliferative disorders or multiple myeloma.

Oligoclonal expansions due to infections, often
seen as part of hepatitis C virus infection or acquired
immunodeficiency syndrome may produce two,
three or more M-protein peaks.”® It is not clear
where one of these peaks ceases to be a prominent
oligoclonal band and becomes an M-protein. When
one peak of an oligoclonal process appears appre-
ciably larger than the rest, I measure it and recom-
mend that the clinician perform a urine study to rule
out MFLC, and follow the serum sample in
3-6 monthsto seeif the process regresses (Fig. 6.12).

Immunosuppression in multiple
myeloma and B-cell
lymphoproliferative disorders

In multiple myeloma and chronic lymphocytic
leukemia, concomitant suppression of the normal
immunoglobulin secretion is a key feature recog-
nized by examining the electrophoretic pattern
(Fig. 6.13).'*"* The decrease in production of
polyclonal immunoglobulins predisposes these
patients to recurrent bacterial infections and may
be a cause of death.”®

The production of normal immunoglobulins is
the result of a balanced interaction between B cells,
helper T-cells, cytokines, and antigen presenting
cells. Peripheral blood lymphocytes from patients
with multiple myeloma exhibit a mechanism
extrinsic to the B cells that mediates an arrest in
terminal B-lymphocyte maturation.'* These data
are also consistent with a profound decrease (as
much as 20- to 600-fold) of the normal polyclonal
B-lymphocytes in the circulation of patients with
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Figure 6.10 (a) The sample in the third lane has one relatively
small band in the y-region (arrow). However, by comparing the C3
regions of all of the samples, one may note that the C3 region of
this sample is considerably darker (C-). Therefore, despite the less
than optimal separation of the different protein bands on this gel,
one should be suspicious that a second monoclonal band may also
be lurking in this area. (Paragon SPE2 system stained with Paragon
Violet.) (b) Immunofixation of the serum from (a) demonstrates a
true biclonal gammopathy (IgA « and IgM A). These small bands
were not associated with clinical symptoms and in this case are
considered biclonal gammopathies of undetermined significance
(BiGUS?). (Paragon system stained with Paragon Violet; anode at
the top.)
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Germ line heavy chain gene configuration
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Figure 6.11 Schematic representation of heavy chain gene rearrangement during B-cell maturation. In B lymphocytes, the C L chain is

usually selected to be the heavy chain isotype expressed on the lymphocyte surface membrane. During further maturation to a plasma cell,
another heavy chain gene is selected (in this case C o,. While intervening genes are deleted (C 1, Cd, Cy;, and C v, in this case) during

maturation of a particular clone, the remaining heavy chain genes are still available and may be selected for expression at a later time in

maturation. This could result in the double gammopathies; that is, two heavy chains that originated from a single clone. Note that the

variable region gene (actually a combination of genes) selected is the same in the B-cell surface membrane and in the eventual

immunoglobulin product secreted by the plasma cell.

multiple myeloma, implying the existence of a sup-
pressive influence on B-lymphocyte proliferation.”’
Interestingly, the number of B cells does not seem
to correlate with disease status or the concentra-
tion of the monoclonal protein.*”

The decrease in normal immunoglobulins that
occurs in myeloma patients has variously been
hypothesized as reflecting excessive suppressor-T
cell activities, deficient helper T-cell numbers and
function, decreased numbers of pre-B cells,
unusual macrophage products or dysfunctional
natural killer (NK) cells.”**** In studies using
mitogen stimulation of peripheral blood mononu-
clear cells from patients with multiple myeloma
and reduced serum immunoglobulin levels,
Walchner and Wick?® identified CD8+, CD11b+,
Leu-8— T cells as playing a role in suppressing
polyclonal immunoglobulin secretion.

In evaluating serum protein electrophoresis, after
I measure the M-protein in the y-region, I note the
amount of non-M-protein Yy-globulin. If the
number is less than 0.25 g/dl I note that there is

suppression of the normal y-globulin content. This
number has not been derived through rigorous
investigation. It reflects the cut off of 0.25 g/dl that
has been used as a marker for common variable
immune deficiency (CVID). In patients with CVID,
those with IgG levels over 0.3 g/dl have adequate
lymphocyte proliferation responses to S. aureus
and E. coli, whereas those with IgG levels < 0.125
g/dl have markedly decreased responses.”

HEAVY CHAIN DISEASE

0. Heavy chain disease

o Heavy chain disease is extremely uncommon,
especially in the Western world. It occurs most
frequently in the Middle East and Mediterranean
region.””?* The disease has an onset in much
younger patients than myeloma or most B-cell
lymphoproliferative diseases. It usually develops
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Fraction Rel % g/dl

Albumin 42.7 2.60
Alpha 1 8.1 0.50
Alpha 2 1.9 0.73
Beta 9.2 0.56
Gamma 28.0 1.71

TP: 6.40-8.20 A/G: 1.20-2.20

@)

in the third decade, but has been reported as early
as 9 years of age.”” Using immunoelectrophoresis
or immunoselection techniques (see Chapter 3),
free o heavy chains have been demonstrated in the
serum, urine and intestinal fluids.”””** Clinically,

Figure 6.12 (a) Electropherogram illustrating a monoclonal
gammopathy superimposed on a modest polyclonal and oligoclonal
increase in y-globulins. The M-protein was an IgG x, but there
were several smaller bands including an IgG A on immunofixation.
(b) Immunofixation on serum from the same case demonstrating a
definite IgG « band, a smaller IgG A band and at least a second A
band anodal to the obvious one. The presence of these multiple
small bands indicates the process is more likely either reactive to
an infection or part of a systemic dysregulation of the immune
system than a precursor to multiple myeloma.

the patients present with diarrhea (often with
steatorrhea), malabsorption and weight loss.
Usually, there is slow progression of their disease
during the early phase and, importantly, cures
have been reported when treated at this stage.”
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Fraction Rel % g/dl
Albumin 52.3 4.29
Alpha 1 2.4 0.20
Alpha 2 6.6 0.54
Beta 10.1 0.83
Gamma 28.5 +++ 2.34 +++

(b)

Figure 6.13 (a) Serum protein electrophoresis with a large
monoclonal gammopathy with suppression of the normal -
globulins. (b) Densitometric scan of sample from (a) provides a
clear view of the virtual absence of the normal y-globulins.

Unfortunately it may progress to high-grade lym-
phoma."

The tissue distribution of o heavy chain disease
roughly parallels that of the normal distribution of
IgA along the gut and bronchial mucosa, but it has
been reported in the respiratory tract and other
locations.”** Histologically, the gastrointestinal
tract (occasionally the respiratory tract or other
location) is involved with a lymphoplasmacytic pro-
liferation that results in the chronic diarrhea and
malabsorption.”* The T-cells present within these
lesions may occasionally cause them to mimic a T-
cell lymphoma.”’ Immunohistology demonstrates
the presence of o heavy chains in the cytoplasm of
these cells without corresponding light chains.”*

Unlike multiple myeloma, o heavy chain disease

Conditions associated with monoclonal gammopathies

is usually difficult to diagnose in the clinical labo-
ratory because serum protein electrophoresis may
fail to disclose the presence of the abnormal
protein. Immunofixation will show heavy chain
restriction without corresponding light chain
restriction. The same laboratory picture can be
found in some cases of IgA myeloma, where their
light chains are not detected by some antisera.”’
An antigen excess situation may also cause one to
falsely identify a patient with multiple myeloma as
having o heavy chain disease. This error can be
avoided by recalling the vastly different clinical
pictures of these two diseases. oo Heavy chain
occurs in adolescents and young adults, whereas
IgA multiple myeloma is found in middle-aged and
older adults. Also, o heavy chain presents with
complaints related to the gastrointestinal tract and
lacks bone lesions, whereas multiple myeloma
rarely presents with gastrointestinal complaints
and usually has bone lesions. Therefore, when the
clinical picture does not match the interpretation
of o heavy chain, take a step back and redo the
immunofixation with another manufacturer’s anti-
light chain antisera and/or adjust the dilution of
the patient’s serum used in the immunofixation to
avoid antigen excess situations.

In as many as half of the patients with true o
heavy chain, the o chains are either not secreted, or
secreted in tiny amounts by the neoplastic cells.”*
Further, gene deletions in o heavy chain disease
may influence either the amino acid sequence of the
secreted chain or the ability of the neoplastic cells
to secrete it at all.”’ Many patients with o heavy
chain disease have unremarkable serum protein
electrophoresis patterns.” For those cases with vis-
ible alterations, a broad B-band is the most typi-
cally seen on serum protein electrophoresis,
however, discrete bands and y-migrating bands
have been reported.”® Since there is no monoclonal
light chain by definition, the disease ideally is
established by demonstrating the lack of light
chain in the presence of excessive heavy o chains.
An immunoselection technique has been used to
assist in this diagnosis (see Chapter 3 for details).
Briefly, anti-k and anti-A antisera are mixed into
the agarose (as is done for radial immunodiffusion)



and standard immunoelectrophoresis is carried
out.” Since intact immunoglobulin molecules con-
tain either k¥ or A chains, they will precipitate
around the sample well, the o chains will form a 8-
migrating precipitin arc with the anti-a antisera.**'

Y Heavy chain disease

Whereas o heavy chain disease usually has symp-
toms relating to the mucosal surfaces, y heavy chain
disease (Franklin’s disease) has systemic symptoms
more reminiscent of lymphoma: weakness, fatigue,
anemia (sometimes autoimmune hemolytic), gene-
ralized lymphadenopathy, hepatosplenomegaly,
pleural effusions, and ascites. In addition, there is
often edema of the uvula and soft palate.'*****
Further, yheavy chain disease is found in the Western
world and that occurs in middle-aged or older indi-
viduals (more often in men than women).**?* In the
peripheral blood lymphocytes, lymphocytoid
plasma cells or plasma cells may be found that con-
tain a truncated y-molecule in the cytoplasm, but no
identifiable light chains.”*>* Histological examina-
tion will demonstrate infiltrates with atypical lym-
phocytes and plasma cells in the lymph nodes
involved and in bone marrow.'****"

Similar to o heavy chain disease, in y heavy chain
disease the electrophoretic pattern often is non-spe-
cific, giving a relatively broad band anywhere from
the o,- to the y-region (Fig. 6.14). y Heavy chain
disease has been reported to occur as a biclonal
lesion together with other B-cell neoplasms.”"** A
low 7v-globulin region on serum protein elec-
trophoresis in a patient with a normal or elevated
total IgG level could suggest this diagnosis.”
Because of the deceptively benign appearances of
the serum protein electrophoretic patterns, clini-
cians must be alerted that immunofixation should
be requested as the screening test for patients sus-
pected of having heavy chain disease.” Sun et al.
reported a modified immunoselection technique
that takes advantage of the simplicity of the
immunofixation procedure to make the identifica-
tion technique more readily available in clinical lab-
oratories (see Chapter 3 for details).”*
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K Heavy chain disease

This is an extremely rare B-cell lymphoproliferative
disorder that has shown a similar clinical picture to
v chain disease, with the addition of hypogamma-
globulinemia in u heavy chain disease.'*”*>*¢
Unlike y heavy chain disease, peripheral lymph-
adenopathy s whereas hepato-
splenomegaly is usually present. Serum protein
electrophoresis may be negative and immunofixa-
tion or immunoselection are usually needed to
identify the w heavy chains in serum. The u heavy
chains are fragments that lack a variable region or
light chain.'**” Interestingly, the urine of these
cases demonstrates a MFLC, most often a « light
chain in the urine but no WU heavy chain (the latter
was found in the serum).'*” It is not clear why u
heavy chain is absent in the urine in these cases.
The clinical course of the disease is slowly progres-
sive, as illustrated by one of the cases initially
termed ‘benign’ monoclonal gammopathy, but
which evolved within 3 years to become an aggres-
sive lymphoproliferative malignancy.””** The mis-
nomer ‘benign’ is a good reminder of the value of
Kyle’s term MGUS.

uncommon,

WALDENSTROM’S
MACROGLOBULINEMIA

Waldenstrom’s macroglobulinemia is a low-grade
B-cell lymphoplasmacytic disorder in which a rela-
tively large IgM monoclonal gammopathy is
present in serum.”” It occurs at a rate of 6.1 cases
per million in white men and 2.5 per million in
white women; it occurs much less commonly in
black individuals.”® As with multiple myeloma, the
incidence increases sharply with age such that the
incidence rate per million over the age of 70 years
is 25.7 versus only 0.4 at the age of 40 years.”"**
The disease typically involves the bone marrow,
lymph nodes, occasionally with hepatomegaly
and/or splenomegaly (Table 6.8).>° Despite the
bone marrow involvement, however, these patients
do not have lytic skeletal lesions. Uncommonly,
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Table 6.8 Presenting clinical features of Waldenstrém’s
macroglobulinemia®

Clinical feature Percentage present
at presentation

Fatigue 70
Lymphadenopathy 22

Splenomegaly 18

Hepatomegaly 13

Extranodal involvement 6

Bleeding tendency 17

Infection 17

Hyperviscosity syndrome 12

Cardiac failure 25

*Data from Kyrtsonis et al.**® ()
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Figure 6.14 (a) The top lane shows a serum with an acute-phase reaction and a polyclonal increase in y-globulins. The serum in the
second lane has a somewhat diffuse restriction (arrow) in the fast y-region. It stands out especially well, despite being rather small because
the remainder of the y-region is decreased. The third sample has a borderline low/normal y-region. The bottom lane shows a polyclonal
increase in y-globulin. SPE, serum protein electrophoresis. (SPE2 system stained with Paragon Violet.) (b) Immunofixation demonstrates
the diffuse band in the fast y-region is IgG (arrow), but at |:5 dilution, no such band is seen in the K or L lanes. This is presumptive
evidence for y heavy chain disease, however, an immunoselection procedure which precipitates the intact IgG molecules and
demonstrates the free IgG would be needed to absolutely confirm this impression. (Paragon system stained with Paragon Violet.)

(c) Immunosubtraction of the same serum from (a) and (b) demonstrates that the large monoclonal gammopathy can only be removed by
the antisera against IgG, not by either the anti-k or anti-A antisera. Further supportive evidence of this case being y heavy chain disease.
(Paragon CZE 2000.) Case contributed by Dr Gary Assarian.
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other major organs are involved.**?** Worse prog-
nosis is associated with older age of onset
(= 60 years), males, anemia, neutropenia, albumin
levels lower than 4 g/dl (40 g/l), and thrombo-
cytopenia.>*%*

Clinically patients usually present with fatigue
and weakness caused by anemia (normochromic
and normocytic), elevated erythrocyte sedimenta-
tion rate and hyperviscosity.”>*”> Hyperviscosity, a
key feature of this disease, produces significant
neurological complaints, cardiac insufficiency, and
resultant vascular insufficiency throughout the
body. They have an increased bleeding tendency,
often resulting in epistaxis and cutaneous purpuric
lesions.”” Uncommonly, amyloidosis has been
reported.”***!

Whereas the hyperviscosity caused by IgM is
usually attributed to the large molecular weight of
this molecule, other features such as
asymmetry of the molecule, self-association, and
extremely high concentrations likely explain the
hyperviscosity associated with the other isotypes.”
As mentioned above, rare patients with IgM
monoclonal proteins have the clinical picture of
multiple myeloma, including lytic skeletal lesions,
and should be treated accordingly."

The clinical course of Waldenstréom’s macroglob-
ulinemia is more indolent than that in multiple
myeloma, although exceptional cases have been
noted.” Hyperviscosity usually causes significant
clinical problems when the IgM concentration is
greater than 2.0 g/dl (20 g/l).”’ Histologically, the
bone marrow is infiltrated with lymphoplasma-
cytoid cells, the monoclonality of which can be
demonstrated by the immunohistochemistry.
Immunophenotyping has been useful to confirm the
diagnosis of Waldenstrom’s macroglobulinemia.
Harris et al.”** reported that 90 per cent of cases had
the phenotype of post-germinal center cells:
CD19+, CD20+, CDS—, CD10-, and CD23—2

On serum protein electrophoresis, a typical case
of Waldenstrom’s macroglobulinemia demon-
strates a monoclonal gammopathy either at or near
the origin of gel-based techniques and in the B-y
region of CZE (Fig. 6.15). This electrophoretic
behavior reflects both the isoelectric point of IgM

axial

Conditions associated with monoclonal gammopathies

1T 1
:

Figure 6.15 Serum protein electrophoresis from a patient with
Waldenstrém’s macroglobulinemia. The prominent M-protein
migrates just cathodal to the origin. (Panagel System stained with
Coomassie Blue.)

and a molecular mass of around 1000 kDa and its
predilection to self-aggregate. It should be noted
that, occasionally, cases of IgM with a half mole-
cule 7S associated with a single light chain
weighing  only 64kDa  may  occur.”®
Immunoglobulin quantification usually demon-
strates a several-fold increase of IgM. While IgG
and IgA typically are in the normal range,
hypogammaglobulinemia has been reported in as
many as one-quarter of the cases.” From 2.0 to
3.0 g/dl (20-30 g/l) have been suggested as cut-off
levels for the diagnosis
macroglobulinemia.”®”**?* Monoclonal free light
chains (Bence Jones proteins) may be found in
about half of the patients and cryoglobulinemia is
present in about 5 per cent.”*® As discussed below,
under cryoglobulinemia, the presence of an IgM «
M-protein in cryoglobulin is strongly associated
with both hepatitis C and type II cryoglobulinemia.
Although IgM is overwhelmingly the major
immunoglobulin class associated with this condi-
tion, rare cases have been reported with IgG and
IgA monoclonal proteins.”***

Laboratories that use immunoelectrophoresis
(IEP) may experience problems typing the light
chain because of the umbrella effect (see Chapter 3).
Characterization of the M-protein by immuno-
fixation or immunosubtraction is usually straight-
forward. About once a year, I need to use
2-mercaptoethanol (2-ME) to break up a molecule
into a form that is easier to deal with. Even with
CZE, 2-ME is occasionally needed (Fig. 6.16).>"

Finally, some of the IgM monoclonal proteins
have been found to have specific reactivity, most
often against self antigens (autoimmune). In a

of Waldenstrom’s
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Figure 6.16 Composite figure showing original electropherogram
on a patient with Waldenstréom’s macroglobulinemia but an
unimpressive M-spike (arrow in top figure) (Paragon CZE 2000).
The middle figure is the densitometric scan from the Sebia f3,, gel

that demonstrates the prominent M-protein peak. The bottom
figure is the same serum re-assayed by capillary zone
electrophoresis following treatment of the serum with 2-
mercaptoethanol.

study of 57 patients with Waldenstrom’s macro-
globulinemia, Jonsson et al.”” reported that 51 per
cent of them had clinical and/or serological
autoimmune findings: autoimmune hemolytic
anemia, rheumatoid arthritis, parietal cell anti-
bodies and IgM-anticardiolipin. Occasionally, the
reactivity of these M-proteins explains specific
symptoms, such as IgM antibodies against myelin
basic protein in patients with neurological symp-
toms.”  Another lupus
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anticoagulant activity and gastrointestinal malab-
sorption possibly caused by ischemia.””

Monoclonal gammopathies in
lymphoma and leukemia

Protein electrophoresis of serum and urine may
provide useful information about B-cell lympho-
proliferative processes. As discussed above,
patients with multiple myeloma have clonal B-cell
precursors with surface immunoglobulin and even
pre-B cells with cytoplasmic W of the same idiotype
(roughly equivalent with reactivity), implying that
although the neoplasm manifests mainly as mono-
clonal plasma cells, this is a disease of the entire
lineage of that particular B-cell clone.”"'"** B-cell
chronic lymphocytic leukemia (CLL) and myeloma
represent cells from the same lineage at various
stages of maturation; although myeloma seems to
involve the transformation of a pluripotent stem
cell, whereas, CLL seems to involve a more mature,
terminally committed cell.””** The stage of a given
B-cell neoplasm is not irreversibly fixed, and may
change during the course of an illness. Not surpris-
ingly then, B cell neoplasms such as chronic
lymphocytic leukemia may transform to a predom-
inantly plasma cell neoplasm producing the same
heavy and light chain types found on the B cells,
and some cases of myeloma evolve into an aggres-
sive lymphoproliferative phase, characterized by
rapidly enlarging soft-tissue masses.**"*”

When less sensitive techniques were available to
evaluate serum and urine from patients with B-cell
lymphoproliferative disorders, monoclonal gam-
mopathies were detected only in a small number of
cases.”” However, the current widespread use of
immunofixation demonstrates that a large number
of patients with chronic lymphocytic leukemia will
have at least one and some will have a few (oligo-
clonal) clonal immunoglobulin products demon-
strable in and/or urine.**  Using
immunofixation and high-resolution agarose gel
electrophoresis Berstein et al.”” detected mono-
clonal gammopathies in the serum from 36 of 111
patients with CLL. This is not a new finding. In

serum
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1909, Decastello detected monoclonal free light
chains in the urine from a patient with CLL.** Not
surprisingly, the monoclonal gammopathy in the
serum and/or urine of patients with CLL corre-
sponds to the molecules expressed on the cell sur-
faces.”™ " B-lymphocytes from patients with CLL
can be induced, by Epstein—Barr virus or mitogens
such as phorbol ester, to differentiate into
immunoglobulin-secreting cells in vitro.*” Other
CLL cells have been shown to spontaneously secrete
monoclonal light chain or monoclonal whole
immunoglobulins.”’ Further, the demonstration of
a monoclonal gammopathy in those individuals was
associated with a decrease in median survival from
103 months for those without the monoclonal gam-
mopathy to 63 months for those with one.””
Interestingly, that decrease was independent of the
clinical stage of the patients.

Other B-cell lymphoproliferative processes have
also been reported to show monoclonal proteins in
serum or MFLC in urine. Nodular lymphoma,
Burkitt’s lymphoma, lymphoplasmacytoid leu-
kemia with hairy-cell morphology, and even
angioimmunoblastic T-cell lymphoma (AITL)
evolving into an immunoblastic lymphoma have
had monoclonal proteins demonstrated by a com-
bination immunofixation.*"'*? It should be noted,
however, that in most cases of AITL the serum con-
tains a polyclonal increase in y-globulins.*” One
extraordinary case of T-cell acute lymphoblastic
leukemia has been reported in a child with a mono-
clonal gammopathy.** Molecular studies on that
case demonstrated both rearrangement of the T cell
receptor B gene and the immunoglobulin heavy
chain genes.”

As mentioned above, similar to patients with
multiple myeloma, those with B-cell lymphopro-
liferative disorders may also suffer hypogamma-
globulinemia and have difficulty synthesizing
immunoglobulins in response to infectious dis-
eases.'"”* Intravenous y-globulin has been rec-
ommended to ameliorate this problem.*” As in
multiple myeloma, mechanisms have been hypothe-
sized for the decreased immunoglobulin production
against normal stimuli. One mechanism involves
impairment by the neoplastic B cells of the function
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of T lymphocytes to facilitate proper maturation of
uninvolved B lymphocytes.””® Another hypothesis
notes that CD95 is upregulated on the uninvolved
plasma cells of patients with CLL. Interaction of the
CD95 ligand (CD95L) produced by the neoplastic
B cells with this receptor leads to death of normal
plasma cells via apoptosis.’® Paradoxically, even
with their hypogammaglobulinemia, patients with
CLL are more likely than the general population to
develop autoantibodies, and especially those
against hematologic cells (i.e.,
hemolytic anemias and immune thrombocytope-
nias).ll,329,330

autoimmune

MONOCLONAL GAMMOPATHY
ASSOCIATED WITH TISSUE
DEPOSITION: AMYLOIDOSIS AND
NON-AMYLOID MONOCLONAL
IMMUNOGLOBULIN DEPOSITION
DISEASE

Amyloidosis

Amyloidosis is another major clinical condition
associated with monoclonal gammopathies.
Amyloid is a general term that literally means
‘starchlike’. It is defined by the tinctorial quality of
the staining reaction in paraffin-embedded tissue.
Amyloid stains with Congo Red and has a charac-
teristic yellow-green birefringence under polarized
light. Several different proteins may result in this
deposition; therefore, amyloidosis may be caused
by a wide variety of conditions. On an ultrastruc-
tural level, the amyloid fibrils of serum amyloid A
(see below) are 7.5-8.0 nm wide whereas those for
transferrin-associated familial amyloidic poly-
neuropathy are 13.0 nm wide.” All forms of
amyloid have the B-pleated sheet structure that
accounts for the Congo Red birefringence.”
Amyloid may be broadly classified as acquired or
inherited. The most common form of acquired
amyloidosis is amyloid AL that has an incidence of
0.9 per 100 000 person years.” Amyloid AL
results in the deposition of MFLC systemically as
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amyloid fibrils. Tissue deposition of AL preferen-
tially involves the tongue, heart, gastrointestinal
tract, blood vessels (including glomerular capillar-
ies), tendons, skin, and peripheral nerves. The
clinical picture in these patients parallels the sites
of involvement, with macroglossia, congestive
heart failure, carpal tunnel syndrome, purpura,
renal failure, and peripheral neuropathy as promi-
nent features. Further, the optimal sites (which
should be judged on the symptoms for the individ-
ual case) for biopsies of suspected cases reflect
distribution and availability of the site. These
patients usually do not have bone pain or oste-
olytic lesions.** Kyle and Greipp®™* recorded 229
patients with AL of whom 47 (20.5 per cent) had
multiple myeloma; they found that the presence of
myeloma did not contribute to prediction of sur-
vival at 1 year. Using a five-band electrophoretic
technique, Kyle and Greipp found a discrete band
in only 40 per cent of their patients with amyloido-
sis while demonstrating monoclonal protein in 68
per cent of the sera and MFLC in 70 per cent of the
urine by immunoelectrophoresis.’
fixation is more sensitive and may detect a
monoclonal component in as many as 95 per cent
of amyloid AL cases.”** Prognosis varies with the
type of light chain involved. The presence of mono-
clonal A light chains in the urine of patients with
primary systemic amyloidosis was found to have
an average 12-month survival compared with the
30-month survival of patients with k chain excre-
tion and 35 months for those with no monoclonal
protein in the urine.*”’

Kyle** cautions that amyloid AL needs to be ruled
out when a patient has unexplained renal failure,
congestive heart disease, peripheral neuropathies,
hepatomegaly, or malabsorption. Amyloid AL is
always associated with clonal plasma cell prolifer-
ation, however, in 15 per cent of them a
monoclonal gammopathy is not detected in either
the urine or serum even when immunofixation is
used to enhance sensitivity.**"*>*¥

When the serum and urine are negative in an indi-
vidual suspected of having amyloid AL, one further
study should be performed. Katzmann et al." have
demonstrated that the presence of abnormal free
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K/A ratio in serum using the nephelometric FLC
assay is more sensitive than immunofixation in
detecting patients with amyloid AL as well as in
patients with light chain deposition disease.

The other form of acquired amyloidosis is reac-
tive systemic or secondary amyloid A.*** This form
of amyloid is found in patients with a wide variety
of chronic inflammatory processes and is com-
posed of the an acute-phase reactant protein,
serum amyloid A (SAA).**" Its synthesis in both
hepatic and extrahepatic locations is stimulated by
IL-1, IL-6 and TNF.** The deposition of SAA is a
dynamic process during the inflammation such that
the use of anti-inflammatory agents to keep SAA
concentration below 10 mg/l may allow the
amyloid deposition to regress and the organ
involved to recover its function.*

The hereditary form of amyloidosis may be
caused by deposition of a wide variety of struc-
turally abnormal forms of plasma proteins:
transthyretin (prealbumin), apolipoprotein A-I,
apolipoprotein A-II, fibrinogen, lysozyme, gelsolin,
and cystatin C.*** Variants of transthyretin are the
most common forms of autosomal dominant
systemic amyloidosis typically resulting in neuro-
pathies (although some do involve the heart or
kidneys).*® It is important to distinguish between
hereditary forms of amyloid, amyloid AL, and
amyloid AA because the treatment, prognosis and
genetic counseling differ. Although the presence of
an M-protein in serum or urine is helpful, it does
not confirm that the patient has amyloid AL. As
discussed below, monoclonal gammopathy of
undetermined significance is common and may be
an innocent bystander in the serum of a patient
with a hereditary form of amyloid. Therefore, if
immunohistochemistry of the tissue involved does
not confirm the presence of immunoglobulin light
chain, genetic studies should be performed.**

Non-amyloid monoclonal
immunoglobulin deposition disease

Light chains are made in excess by plasma cells,
pass readily through the glomerulus and are
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reabsorbed mainly by the proximal convoluted
tubules. About 1-2 g of protein can be reabsorbed
by normal tubules in a 24-h period. Since the
amount of polyclonal free light chains rarely
exceeds this, only trivial quantities of polyclonal
free light chains find their way into urine daily.
These can be visualized by performing immunofix-
ation only after concentrating the urine much
greater than the typical 50- to 100-fold used in the
clinical laboratory.

Large amounts of MFLC overwhelm the low-
affinity receptors present on the brush border of
the proximal convoluted tubules that normally
bind the polyclonal free light chains and begin
them on their journey to lysosomal acid hydroly-
sis.** In patients with large amounts of MFLC,
these proteins may deposit in glomeruli.
Absorption of the excess amount of MFLC occa-
sionally damages the proximal convoluted tubule
cells. Sanders and Booker** note that the proximal
convoluted tubule damage and the myeloma cast
nephropathy are different events.

Although amyloidosis has been classically associ-
ated with systemic dysfunction due to deposition
of amyloid in the involved tissues, non-amyloid
light chains (and occasionally truncated heavy
chains) can also deposit in glomeruli and other
organs, resulting in disturbed function.**** In this
situation, where amyloid cannot be demonstrated
(negative for Congo Red staining), but light chains
can, the term light chain deposition disease
(LCDD) has been used.** Because we now recog-
nize that occasionally truncated heavy chains
may also be involved either alone or with light
chains the terms HCDD and LHCDD have been
added.****** Since these terms become clumsy, I
prefer the ‘lumpers’ designation of monoclonal
immunoglobulin deposition disease (MIDD).**
Serum and urine protein electrophoresis and urine
immunofixation demonstrate the presence of a
monoclonal gammopathy in 70-85 per cent of
patients with MIDD.*” Often, hypogammaglo-
bulinemia is notable in the serum.

Although many cases of MIDD occur in patients
with multiple myeloma,**" it can be a part of
MGUS or may present with clinical manifestations,
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such as restrictive cardiomyopathy, or more com-
monly, renal disease.****** Reports of tumoral
non-amyloidotic immunoglobulin
light chain deposits in lymphoid and pulmonary
tissue may be an early presentation of LCDD.*!
Amyloidosis AL is more likely to occur in the
absence of multiple myeloma than is MIDD;
however, the clinical overlap of the two conditions
is considerable. In Buxbaum’s series, 13 per cent of
patients with amyloidosis AL and 20 per cent of
patients with LCDD had neither serum nor urine
monoclonal component (Fig. 6.17).>* Light chain
deposition disease is present much less often than
either amyloidosis or BJP (Bence Jones protein)
cast nephropathy. In an autopsy series of 57
patients with myeloma, Ivanyi*” found that 32 per
cent had MFLC cast nephropathy, 11 per cent had
renal amyloidosis and only 5 per cent (three
patients) had light chain deposition nephropathy.
The severity of the renal involvement varies widely
with the survival related to the diagnosis of the
underlying plasma cell process.**

In those cases where there is no monoclonal com-
ponent in serum or urine the diagnosis of MIDD
can be a challenge. Light chain deposition disease
has been described in cases of non-secretory
myeloma, called ‘pseudo-nonsecretory
myeloma’ because of the demonstration in vitro
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Figure 6.17 Percentages of patients with the indicated clinical
features are shown for those with amyloid AL (black bars) and
those with light chain deposition disease (LCDD; white bars). Data
from Table 2 of Buxbaum.*
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that the bone marrow plasma cells produce a
defective monoclonal protein.*® As mentioned
above, in those cases with a high index of suspicion
but a negative immunofixation of serum and urine,
measurement of the free ¥/A ratio in serum using
the nephelometric assay specific for polyclonal free
light chains may demonstrate the presence of an

abnormal ratio.'®*%

SOLITARY PLASMACYTOMA

Solitary plasmacytomas may be located in bone in
extramedullary locations or, rarely, at both sites.”*
There is a major difference in outcome depending
on whether the bone is involved. Whereas all of
these patients are probably part of the same
spectrum of disease, patients with solitary plasma-
cytomas of bone have a worse prognosis than
individuals with extramedullary plasmacytomas
(typically the head and neck, especially in the
upper respiratory tract).”” This may partly reflect
the difficulty in excluding involvement of other
bones at the time of diagnosis; since in multiple
myeloma, the bone marrow involvement is often
patchy.”® The best outcome seems to be among
individuals with primary lymph node plasma-
cytomas, where none of the 25 cases progressed to
multiple myeloma.*”

Although solitary plasmacytoma involving bone
may be an early presentation for multiple
myeloma, Frassica et al.”® reported that they had
a much better S-year survival (74 per cent) than
did patients with multiple myeloma (18 per cent).
They recommend the use of aggressive radiother-
apy for these lesions. Monoclonal proteins are
found in 56 per cent of serum screens (using a
low-resolution electrophoresis method) of these
patients.””® The presence of a
gammopathy, however, is not required for a diag-
nosis of either solitary plasmacytoma of bone or
extramedullary plasmacytoma. Typically, mono-
clonal gammopathies in both groups of patients
are relatively small. If a serum or urine mono-
clonal protein is present, follow-up electro-
phoresis is useful to gauge response to the
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radiotherapy. When the monoclonal protein dis-
appears after radiotherapy, a long-term disease-
free survival can be anticipated.*”** Liebross et
al.**® found that plasmacytoma patients with non-
secretory lesions and those with a monoclonal
gammopathy that persisted both had about a 60
per cent chance of developing multiple myeloma
as opposed to only about 20 per cent of patients
with a monoclonal gammopathy that disappeared.

MONOCLONAL GAMMOPATHIES
NOT ASSOCIATED WITH B-
LYMPHOPROLIFERATIVE
DISORDERS

Autoimmune disease

Monoclonal gammopathies occasionally have been
detected in patients with autoimmune diseases. In
some cases, such as monoclonal anti-rheumatoid
factor, anti-nuclear antibody, lupus anticoagulant,
anti-platelet, anti-neutrophil, and anti-insulin, the
specificity of the autoantibody is known.**'?*" In
other cases, the relationship of the monoclonal
antibody to the autoimmune disease is not known.
However, removal of the monoclonal antibody by
plasmapheresis has been reported to result in clini-
cal improvement in patients with monoclonal
gammopathies associated with polymyositis
(where monoclonal antibodies have been detected
in the sarcolemmal basement membrane).**® Of
course, other antibodies and non-immunoglobulin
molecules with significant biological activity are
also removed by this process. In some patients with
Sjogren’s syndrome, IgM monoclonal proteins
have been associated with plasma cell infiltrates in
the salivary glands.’®

In addition to autoantibodies, monoclonal pro-
teins have reactivity to other common antigens. A
wide variety of reactivities of monoclonal proteins
that have been determined include bacterial pro-
teins, cardiolipin, polysaccharides, viral antigens,
and other major serum proteins including iso-
enzymes, albumin, and o,-antitrypsin.”**"
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Monoclonal gammopathies and
neuropathies

About 10 per cent of patients with idiopathic
peripheral neuropathies have monoclonal gammo-
pathies in their serum.”*” Looking at it from
another perspective, almost half of the individuals
with macroglobulinemia have clinical evidence of
neuropathy.” The underlying process may be
benign or malignant.”” Yet, because monoclonal
gammopathies are relatively common, coincidental
occurrence of this finding with a patient that has
peripheral neuropathy from another cause needs to
be ruled out.”” This can be accomplished by
looking at the specific reactivity of the monoclonal
protein. The neuropathies are usually sensori-
motor, but may be limited to motor disturbances.
IgM x is the most common M-protein detected,
although other isotypes have been described.
Whereas the relationship between the monoclonal
gammopathy and the peripheral neuropathy is
unclear in most cases, autoreactivity with myelin
has been shown in some.””*

Specific reactivity against myelin-associated glyco-
protein (MAG; 100 kDa) has been characterized in
many cases.””” Demyelinating peripheral neuro-
pathy isassociated with [gM monoclonal anti-MAG,
whereas antibody reactivity against ganglioside
antigens GM1 is most closely associated with motor
neuropathies, and anti-GD1b, anti-sulfatide and
anti-chondroitin sulfate reactivity has been associ-
ated with sensory neuropathies.”****** Further, the
monoclonal antibody HNK-1 has been shown to
react with an epitope similar to that recognized by
IgM anti-MAG.* In vitro studies suggest that the
anti-GM1 antibodies are a key participant in facili-
tating blood-nerve barrier dysfunction.”

While most cases of monoclonal gammopathy
associated with peripheral neuropathies are spo-
radic, familial occurrence of polyneuropathy has
been reported.””>” It is important to distinguish
between hereditary neuropathies and those associ-
ated with monoclonal gammopathies directed
against MAG because the latter may respond to
interventional drug therapy while hereditary neu-
ropathies lacking these antibodies do not.**
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Even though most of the recorded cases have an
IgM monoclonal antibody, IgA and IgG mono-
clonal isotypes have also been described in patients
with polyneuropathy, especially those associated
with osteosclerotic myeloma (POEMS syndrome;
see below).”””*” Histologically, nerve biopsy may
reveal loss of both myelinated and unmyelinated
nerve fibers,
macroglobulinemia, diffuse infiltration by lympho-
plasmacytic B-cells.” The monoclonal antibodies
have been found in widened lamellae of myelinated
fibers by immunoelectron microscopy.*”*”

The quantity of these monoclonal proteins in
serum may be quite small, requiring electrophoretic
techniques of high-resolution and immunofixation
for adequate demonstration; routine five-band
electrophoresis may miss the monoclonal band.”
Vrethem et al.*® have documented that immuno-
fixation, overall, is superior to routine agarose
electrophoresis in detecting small monoclonal
gammopathies in these patients. The correct diag-
nosis is important because plasma exchange has
been shown to be helpful in treating some neuro-
pathies associated with MGUS.*" Surprisingly, con-
sidering that IgM is located mainly in the
intravascular compartment and would be expected
to decline more rapidly with plasma exchange than
would IgG or IgA, plasma exchange has been more
effective with IgA and IgG monoclonal proteins than
with IgM monoclonals.*' This may reflect a differ-
ence in the pathogenesis of neuropathy associated
with IgM than that associated with IgG or IgA. IgM
monoclonal proteins associated with polyneuropa-
thy can result in a complement mediated demyeli-
nation.*” In contrast, a controlled study of
intravenous immunoglobulin in demyelinating
neuropathy associated with IgM anti-MAG con-
cluded that this form of therapy had only a modest
benefit to less than 20 per cent of their patients.*”

and in cases associated with

POEMS SYNDROME

Another association of monoclonal gammopathies
and neuropathies is the POEMS syndrome, also
called Crow-Fukase syndrome.**** The acronym
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POEMS stands for peripheral neuropathy, organo-
megaly (usually hepatosplenomegaly although
lymphadenopathy has been included as an alterna-
tive), endocrine dysfunction (including diabetes
mellitus, thyroid dysfunctions, impotence, viriliza-
tion, gynecomastia and infertility), monoclonal
gammopathy and skin changes (hyperpigmenta-
tion).*” The disease tends to occur in a younger age
group than multiple myeloma, with a mean of
51 years reported in a study of 99 patients.*”
Median survival was 165 months in that study.

The presenting signs and/or symptoms in most of
these cases relate to neuropathy or weakness.*”
The POEMS syndrome is associated with the rare
osteosclerotic variant of multiple myeloma. Most
patients with myeloma develop lytic skeletal
lesions that result in bone pain and pathologic frac-
tures. However, about 3 per cent of myeloma
patients have osteosclerotic lesions and do not
manifest bone pain. These individuals usually have
a single or multiple sites of osteosclerotic bone
lesions, but do not have diffuse osteosclerotic bone
involvement. This distinction is important because
Lacy et al.*” report that patients with widespread
bone lesions have a more aggressive clinical course
typical of multiple myeloma rather than the more
indolent course of POEMS syndrome. The mono-
clonal proteins that occur with the POEMS
syndrome are usually small IgA or IgG A mono-
clonal gammopathies that do not have specificity
for myelin.*” However, there is no clinical value in
distinguishing the more common osteosclerotic
myeloma (with one or a few sites involved) from
POEMS syndrome because they have a similar clin-
ical course.*”

MONOCLONAL GAMMOPATHY
OF UNDETERMINED
SIGNIFICANCE

The incidence of both polyclonal and monoclonal
gammopathies increases with advancing age.*’ A
monoclonal gammopathy is demonstrable in the
serum of about 1 per cent of individuals over the
age of 25 years.”" The incidence of MGUS

increases with time such that 2 per cent of individ-
uals over the age of 50 years and 3 per cent over 70
will have one. Another study found 10 per cent of
the ambulatory elderly population have a demon-
strable monoclonal gammopathy.”*** Although
the cause of this increased incidence of monoclonal
gammopathies with age is unknown, it is clear that
immunoregulatory capability also declines with
age.*>"* Deficiencies of regulatory T-suppressor
activity could allow emergence of clonal prolifera-
tions, resulting in monoclonal gammopathies.*”’
The risk of an MGUS to progress to either multiple
myeloma or a related B-cell lymphoproliferative
process was reported by Kyle et al. to be about 1
per cent per year.” However, that may be a rela-
tively high estimate because the MGUS cases culled
early on in that data used electrophoretic tech-
niques of low resolution that may not have
detected some of the small M-proteins detected by
many laboratories today.

It is unclear how, or even if, a ‘benign’ monoclonal
gammopathy evolves into a malignant process;
hence Kyle coined the term monoclonal gammo-
pathy of undetermined significance (MGUS) to
account for this phenomenon in order to avoid the
term ‘benign’ monoclonal gammopathy.** An
MGUS is the presence of a monoclonal gammopathy
in serum at a concentration of < 3.0 g/dl (30 g/l) in
patients with no or at most moderate amounts of
MFLCin the urine and who do not have lytic lesions,
anemia, hypercalcemia, or renal insufficiency (sec-
ondary to a monoclonal protein).”® Bone marrow
must contain less than 10 per cent plasma cells.”

In a review of 241 patients thought to have
‘benign’ monoclonal gammopathy, 24 per cent
developed myeloma or related disorders after
20-3S5 years of follow-up (Table 6.9).*¢ Because of
this long-term potential problem, evaluation for a
monoclonal gammopathy should be part of the
workup of a potential bone marrow donor.*”
Recently, Kyle et al.” reported on the long-term
follow-up of 1384 patients with MGUS diagnosed
between 1960 and 1994. With 11 009 person-years
of follow-up they found that 115 of the patients
progressed to develop either multiple myeloma, or
another B-cell lymphoproliferative disorder (Table
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6.9). The greatest risk (compared with an age- and
sex-matched population) of progression was for
Waldenstrom’s macroglobulinemia and multiple
myeloma, and the overall risk of progression to
some lymphoplasmacytic neoplasm was 7.3 times
that of the controls.”

There have been many attempts to identify the indi-
viduals with MGUS who are most likely to progress.
As mentioned above (see Multiple Myeloma
section), the neoplastic cells from patients with
multiple myeloma typically have translocations
involving the immunoglobulin heavy chain locus in
switch regions."™'” Some workers have suggested
that 14q32 translocations and monosomy 13 sug-
gest a transition phase from MGUS to multiple
myeloma.***"” Unfortunately, translocations of the
immunoglobulin heavy chain locus were found in
46 per cent, A light chain translocations in 11 per
cent, and t(11;14)(q13;932) in 25 per cent of
patients with MGUS and were not felt to be useful
in early detection of progression.* At present, cyto-
genetics does not help to distinguish the subpopu-
lation of MGUS patients who are at highest risk for
progression of their disease. The clinical significance
of these translocations for the prognosis of those
patients is not known.

A variety of non-invasive markers including bone
turnover markers, cytokines, and labeling studies
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have been reported with varying degrees of suc-
cess.”**' None of these special markers has yet
been embraced to evaluate MGUS patients.
However, some more common clinical features of
MGUS may be helpful, in identifying those indivi-
duals that might benefit from stricter monitoring.
The presence of > § per cent bone marrow plasma-
cytosis, detectable MFLC, hypogammaglobuline-
mia, and increased sedimentation rate indicates an
increased chance of MGUS progressing to a neo-
plastic lymphoplasmacytic process.**
these factors are not agreed upon by all studies.
Kyle et al.”” did not find a clear association between
suppression of the uninvolved immunoglobulin
class and progression. They also did not find that
the presence of an MFLC in the urine indicated pro-
gression. Yet, they did note that patients with IgM
or IgA MGUS were more likely to develop a malig-
nant lymphoplasmacytic process than patients that
had an IgG MGUS.” They also found that the
higher the concentration of the M-protein was, the
more likely it was that the disease would progress.*

However,

Smoldering multiple myeloma

To diagnose myeloma, one must document the pre-
sence of increased plasma cells, tissue involvement,

Table 6.9 Risk of monoclonal gammopathy of undetermined significance (MGUS) progressing’

Final diagnosis

Number of patients

Relative risk of progression®

Multiple myeloma 75
Lymphoma“ 19
Amyloid AL 10
Macroglobulinemia 7
Chronic lymphocytic leukemia* 6

Plasmacytoma |

25
3.9
84

46
1.7
85

‘Data from Kyle et al.”
°Risk is compared with age- and sex-matched populations.

‘Includes patients with IgM, IgA or IgG monoclonal gammopathy and lymphoma.
‘Includes patients with IgM, IgA or IgG monoclonal gammopathy and chronic lymphocytic leukemia.
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and monoclonality. Kyle and Greipp®** noted that
some patients with these features did not undergo
progressive deterioration; they did not have anemia,
lytic bone lesions, hypercalcemia, or renal failure.
Even though the median initial monoclonal protein
was 3.1 g/l, overt symptoms of myeloma did not
develop for at least 5 years of follow-up. They
termed the disease of these individuals ‘smoldering
multiple myeloma’ and recommended following
them closely without therapy. Other investigators
also have reported a slow course. Kanoh*” reported
a case with 3—4 g/dl of IgG x monoclonal protein
and 10 per cent plasma cells in the bone marrow.
Although the patient was mildly anemic (hemoglo-
bin was 10.2 per cent), he was otherwise well and
was followed with no disease progression for more
than two decades. The type of monoclonal protein
does not appear to be a distinguishing feature; even
IgD MGUS cases have been described. The presence
of > 10 per cent plasma cells in the bone marrow,
detectable MFLC in urine and a monoclonal pro-
tein of the IgA isotype are useful hints that closer
monitoring of patients with smoldering multiple
myeloma may be indicated.**

It is not always possible to categorize patients as
having myeloma or MGUS. There are many
reported cases in the literature in which a patient
with a small monoclonal protein was followed for
several years, sometimes longer than two decades,
before the condition ‘evolved’ into clear-cut
myeloma. I have seen a case in which a solitary
plasmacytoma was removed, and 17 years later a
monoclonal protein of the same isotype was
detected in the serum. Therefore, although the lym-
phoproliferative condition in most patients with
MGUS will not evolve, it is important to follow
these patients every 6-12 months with a serum and
urine protein electrophoresis (depending on the
location of their gammopathy) to determine if the
disease is evolving. When a monoclonal gammo-
pathy is detected for the first time, the patient needs
to have a thorough physical examination, labora-
tory evaluation for hemoglobin, hematocrit, white
blood cell count and differential, calcium, urine
study for MFLC (note that the serum assay for
free ¥ and A may supersede this), bone marrow

examination, skeletal X-rays, and examination of

tissue lesions for the conditions discussed
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MONOCLONAL GAMMOPATHIES
IN INFECTIOUS DISEASES

Monoclonal gammopathies have been reported in
association with infections.”>**** Endocarditis is a
particularly frequent clinical diagnosis in infections
with monoclonal gammopathies.**** Most of the
monoclonal gammopathies associated with infec-
tious diseases are transient, although some persist
for more than 6 months.*** More typically,
patients with infections have oligoclonal gammo-
pathies.”” The reported monoclonal gammopathies
may reflect the fact that during an oligoclonal
expansion caused by an infection, individual clones
may not always produce the same serum concen-
trations of antibody directed against the infectious
agent. Therefore, the peak response of one clone
may predominate to such an extent that it has the
same electrophoretic appearance as that of a mono-
clonal gammopathy caused by a neoplastic lympho-
proliferative process. I have seen many cases of
oligoclonal gammopathies and occasionally mono-
clonal gammopathies in patients with acquired
immune deficiency syndrome (AIDS). In patients
with AIDS, relatively large M-proteins may be seen
along with plasma cell hyperplasia as part of this
#% When I see one or more M-proteins
superimposed on a polyclonal background, in my
interpretation, I caution that this may be reflecting
a reactive process. I recommend urine immuno-
fixation and a follow-up of the serum electro-
phoresis to determine if the process regresses or
evolves into either a clearly infectious or definable
neoplastic condition. Since infections are occasion-
ally a presenting feature in patients with multiple
myeloma, one cannot dismiss the potential impor-
tance of a monoclonal gammopathy in patients with
infections. I look for indications that the mono-
clonal gammopathy is probably caused by an
infection (Table 6.10). Despite the electrophoretic

infection.
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Table 6.10 Transient prominent oligoclonal band versus monoclonal gammopathy

Factor

Transient process

Lymphoproliferative process

K/A Ratio

Uninvolved isotypes®
MFLC® in urine No
Follow-up samples

Acute-phase reaction Usually present

Usually normal range

Usually normal or elevated

M-protein resolves

Usually high or low

Often decreased

Often present

M-protein persists/increases
May be present with

hypogammaglobulinemia

°*MFLC, monoclonal free light chain.

If the isotype of the M-protein is IgG, the uninvolved isotypes would be IgA and IgM.

appearance of an M-protein, infections usually have
an oligoclonal expansion and therefore do not share
the same features that an M-protein due to the pres-
ence of multiple myeloma or a lymphoproliferative
process do.** Also, although patients with multiple
myeloma and suppression of the normal IgG
response may suffer from infections and develop an
acute-phase pattern on serum protein electrophore-
sis, the M-proteins that arise from infectious
processes do not have hypogammaglobulinemia.
Thus, the presence of an acute-phase pattern in the
presence of a normal or polyclonal increase in the
uninvolved y-globulins suggests that the process
may be a transient reaction to infection.

This serves to reemphasize that monoclonal
gammopathies do not equate with myeloma or
uncontrolled B-cell proliferation. To help in under-
standing these processes, I recommend both
clinical and laboratory follow-up with urine and
serum specimens when monoclonal gammopathies
are detected. Fortunately, one does not treat
asymptomatic myeloma, whereas the infection will
be treated with antibiotic therapy. The true nature
of the monoclonal process will usually declare
itself with careful follow-up. Finally, when the
findings of any particular case are confusing, speak
to the clinician to be certain that they understand
the findings you have, while you learn more about
their differential diagnosis to guide your interpre-
tations.

MONOCLONAL GAMMOPATHIES
IN IMMUNODEFICIENCY

A wide variety of congenital and acquired immuno-
deficiency conditions have been associated with the
presence of oligoclonal and monoclonal gammo-
pathies. Radl*’ pointed out that monoclonal
gammopathies (homogeneous immunoglobulin
components) in the elderly may represent a loss of
immune regulatory function with T <B immune
system imbalance. Monoclonal gammopathies of
this sort also develop in experimental animals as
they age or under the influence of antigenic stimu-
lation.***' The relationship of an immune system
dysfunction to development of monoclonal
gammopathies is supported by the findings in
immunosuppressed allograft recipients who often
develop post-transplant lymphoproliferative dis-
order (see Chapter 4).** Clearly, the immunosup-
pressive therapy permits infectious agents and/or
spontaneous proliferation of B cell clones that will
often regress when the immunosuppressive therapy
is discontinued.**** Monoclonal gammopathies in
children are exceedingly rare but, when present,
may indicate either a transient or congenital
immune dysfunction.®*" Congenital immunodefi-
ciency diseases such as Wiskott—Aldrich Syndrome,
DiGeorge Syndrome, Nezelof Syndrome and severe
combined immunodeficiency (SCID) are frequently



associated with the presence of monoclonal
immunoglobulins.*” Therefore, in addition to the
conditions described above, immune dysfunction
may be the underlying cause of monoclonal and
oligoclonal gammopathies.

CRYOGLOBULINS

Cryoglobulins are immunoglobulins that aggregate
and precipitate or gel at temperatures lower than
37°C. Most are not monoclonal proteins. They
have clinical importance because, in addition to
problems caused by the underlying condition (such
as multiple myeloma, hepatitis C, autoimmune
disease, etc.), they can precipitate in blood vessels
with life-threatening consequences. They were first
recognized in association with multiple myeloma
in 1933 by Wintrobe and Buel, but the term ‘cryo-
globulin’® was introduced in 1947 by Lerner and
Watson.**** Depending on their primary disease
association, they have been treated by various
means, including ribaviron and o-interferon, cyto-
toxic drugs, steroids, plasmapheresis, and even
colchicine.**** Occasionally, the therapies seemed
to trigger adverse events.”*** Cryoglobulins have
been classified by Brouet into Types I, II, and III
(Table 6.11).*” When no underlying disease such
as multiple myeloma is known to be present, the
term ‘essential’ is used to describe the cryoglobulin.
However, as we learn more about the etiology of
cryoglobulins, the use of ‘essential’ has declined.
For example, as discussed below, most cases of
Type II cryoglobulins used to be thought of as
essential cryoglobulins, but since the discovery of
hepatitis C virus (HCV) it has become clear that
HCV is a major cause of both Type II and Type III
cryoglobulins.****

Type I cryoglobulins are most often seen in
patients with lymphoproliferative diseases, espe-
cially — multiple Waldenstrom’s
macroglobulinemia, and monoclonal gammopathy
of undetermined significance. IgM is the most fre-
quent isotype this category
followed by IgG, then IgA.* In Type I cryoglobu-
linemia, the monoclonal protein is usually present

myeloma,

encountered in
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in large amounts (> 500 mg/dl) (Table 6.11). In the
original data from Brouet et al.,*” Type I cryoglo-
bulinemia accounts for about 25 per cent of cases
of cryoglobulinemia. However, the recent data
from Trejo et al.*' demonstrate that the extraordi-
nary number of HCV infections have dramatically
changed the percentage of cases that result from
infectious diseases in recent years (Table 6.12) such
that in their series only 7 per cent of cases were
associated with hematologic conditions. Those
numbers more likely reflect differences between the
current case mix and that of the original Brouet
data.

Type II cryoglobulins are also associated with
monoclonal proteins, but are different from those
of Type I. As shown in Table 6.11, these are
usually present in smaller amounts than Type I
cryoglobulin. Type II cryoglobulins are a mixture
of an IgM (rarely IgA and IgG) usually k¥ mono-
clonal protein with rheumatoid factor activity
(reacts with the Fc portion of IgG).*”**** These
proteins are present in lower concentration than
Type 1, and are most often found in patients with
infectious conditions. They have occasionally been
described in association with autoimmune or
lymphoproliferative diseases. In the past decade,
several studies have pointed to an extraordinarily
high incidence of HCV infection in patients with
Type II cryoglobulinemia.****** Indeed, HCV
was a major factor in the recent series by Trejo et
al.*' where they evaluated sera from 7043
samples sent to their immunology department
between 1991 and 1999. Of the 443 patients with
a cryocrit of =1 an extraordinary 321 (73 per
cent) had HCV (Table 6.12). In contrast, hepatitis
B infection accounted for only 15 (3 per cent)
cases.

Type III cryoglobulins, the type most frequently
encountered and unrelated to monoclonal pro-
teins, consist of polyclonal rheumatoid factor,
usually IgM, that reacts with polyclonal IgG.*°
Since both Types II and III cryoglobulinemias
contain more than one type of immunoglobulin,
they are termed mixed cryoglobulins. Currently,
the vast majority of these patients are infected
with HCV, although the exact percentage varies
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Table 6.11 Classification of cryoglobulins®

Type Cryoglobulin level (mg/dl)
<100 100-500 > 500 Composition
| 10% 30% 60% Monoclonal immunoglobulin
Il 20% 40% 40% Monoclonal (usually IgM, rarely 1gG or IgA)
and polyclonal IgG
1] 80% 20% 0 Polyclonal IgM, 1gG and (occasionally) IgA
*Data from Brouet et al.*’

Table 6.12 Etiological factors in cryoglobulinemia®

Factor Number of patients (%)
Infection 331 (75)

Hepatitis C virus (HCV) 321 (73)

Hepatitis B virus (HBV) 15 (3)

Human immunodeficiency virus (HIV) 29 (19)
Autoimmune disease 95 (24)

Primary Sjogren’s syndrome 40 (9)

Systemic lupus erythematosus 30 (7)

Polyarteritis nodosa 7(2)

Systemic sclerosis 6 (2)

Other (primary antiphospholipid syndrome, rheumatoid arthritis, autoimmune

thyroitiditis, Horton arteritis, dermatomyositis, Henoch—Schonlein) 13 (2.9)
Hematologic disease 33 (7)
Non-Hodgkin’s [ymphoma 16 (4)
Chronic lymphocytic leukemia 3(1)
Multiple myeloma 3 (1)
Hodgkin’s lymphoma 2 (0.5)
Myelodysplasia 2 (0.5)
Waldenstrém macroglobulinemia | (0.2)
Castelman disease 1 (0.2)
Thrombocytopenic thrombotic purpura | (0.2)
Essential cryoglobulinemia 49 (1)

‘Data from Trejo et al.*'




widely from one study to the next. In addition to
HCV, however, these cases may be associated
with other infectious diseases or autoimmune
diseases.””™” Interestingly, however, even the
autoimmune diseases may have more than a
passing relationship with the HCV infection.*”
Typically, Type III cryoglobulin is present in low
concentration (< 100 mg/dl). Because of the rela-
tively small amount of cryoglobulin in these
cases, they prove the most difficult to character-
ize. Immunoblotting and two-dimensional electro-
phoresis studies have demonstrated that rather
than a polyclonal IgM, the cryoglobulin is com-
posed of a few clones of (oligoclonal) IgM with
polyclonal IgG.**>+”

It is not clear why cryoglobulins precipitate.
Some have noted structural changes in the vari-
able portions of the immunoglobulin heavy and
light changes, an abundance of hydrophobic
amino acids, unusual glycosylation, a decrease in
galactose at the Fc portion of IgG, or a change
in the CH3 domain glycosylation sites."****
Unfortunately, there is no consensus on the
mechanism, and it is likely there are several
mechanisms depending on the individual proteins
involved.

Cryoglobulins can have significant clinical conse-
quences that occur secondary to the obstruction of
blood vessels and/or to the vasculitis that results
from the inflammatory effects of immune complex
deposition.*” Prominent signs and
include: purpura (virtually always), arthralgias,
renal (often  membranoproliferative
glomerulonephritis),  peripheral  neuropathy,
hepatic involvement, abdominal pain (likely due to
vessel involvement in the gastrointestinal tract),
Raynaud’s phenomenon, and leg ulcers.*** The clin-
ical consequences of cryoglobulins may depend as
much on the temperature at which they precipitate
as on their amount. Letendre and Kyle** described
two patients with relatively small amounts of Type
I cryoglobulin who had significant clinical conse-
quences because they precipitated in vitro at
temperatures higher than 25°C. The presence of
cryoglobulinemia in patients with autoimmune
disease, such as systemic lupus erythematosus,

symptoms

disease
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significantly increases the likelihood that the
individual will develop renal disease.**

In the clinical laboratory, a tiny amount of cryo-
globulin may be detected in normal individuals.
Levels up to 80 ug/ml may occur in controls.**
When a cryoglobulin is detectable, but present in
amounts <2 per cent, we cannot characterize
them. I report them as trace of cryoglobulin
present, but too small to quantify. Types II and III
(the mixed cryoglobulins) can present with a
variety of laboratory findings, including rheuma-
toid factor activity and often a low level of Clq
and C4 (although C3 is usually normal).**** A
definition of clinically symptomatic mixed cryo-
globulinemia by Invernizzi et al.** provided a
usable standard. Key laboratory features of their
definition of mixed cryoglobulins are: the presence
of a cryocrit > 1 per cent for at least 6 months, C4
less than 8 mg/dl, and a positive rheumatoid
factor.” In addition, patients often have increased
erythrocyte sedimentation rates and a normo-
chromic normocytic anemia.**

Cryoglobulins may be missed by electrophoretic
analysis, especially if they precipitate at relatively
high temperatures — a feature with considerable
clinical importance.** If proper precautions are not
taken in handling the specimen, the cryoglobulin
will precipitate during the clotting process and will
be missed by electrophoresis or when the sample is
placed in the cold. To detect cryoglobulins, the
specimen should be drawn in a prewarmed (37°C)
red top tube or syringe. To minimize transporta-
tion problems, ideally the patient would have their
venepuncture in the laboratory. However, because
of the condition of the patient or the location of the
laboratory, this is often not practical. To maintain
the temperature during transportation to the labo-
ratory, some house officers place the sample close
to the body such as under an armpit or in a pocket.
As a more reasonable alternative when the patient
cannot be readily transported to the laboratory, I
recommend using a device to maintain that
temperature. A commercial device is now available
for this, facilitating temperature maintenance
during transportation. One inexpensive solution is
to use a thermos filled with a material to preserve
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the temperature at 37°C. For years, I recom-
mended using sand in the thermos kept in a 37°C
incubator. However, the sand can be messy, and a
clever alternative is to put commercially available
gel-filled plastic bags in the thermos (suggested by
Linda Thomas at the University of Michigan
Immunology Laboratory, Ann Arbor, MI, USA)
instead of the sand. These gel packs are available as
Gel-Ice (Pioneer Packaging Co., Kent, WA, USA)
and as Polar Pack (Mid-Lands Chemical Co.,
DesMoines, TA, USA). This provides excellent
thermal stability when compared with 37°C water
in a styrofoam cup, and has resulted in improved
yield of cryoglobulins (Fig. 6.18).*”

After separating the clot, the specimen is split into
two fractions. One is kept at 37°C while the other
is placed at 4°C. Samples are examined daily for up
to 7 days. When a precipitate is seen in the 4°C
tube and not in the 37°C tube, it is reported as pos-
itive for cryoglobulin. The precipitate is most often
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Figure 6.18 Thermal stability of water under the conditions
indicated. When water is stored in a thermos containing sand,
there is almost no change in temperature up to | h. Thus, unless
the patient can have their venepuncture in the laboratory (the best
solution, but one which is not practical in many circumstances), |
recommend using a transportation method that reliably maintains
the temperature at 37°C to transport blood samples from patients
suspected of having a cryoglobulinemia.
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a fluffy, white flocculant substance; however, some
are crystalline or gelatinous (the latter are often
Type III cryoglobulins and may take up to 7 days
to form).* One may visualize cryoglobulins as
small as 1-5 pg/ml.**® The cryocrit is measured by
placing the warm serum sample into a Wintrobe or
other calibrated tube and incubate it at 4°C until
the precipitate forms. Centrifugation at
1000-1200 g for 30 min in the cold provides the
cryocrit.® Unfortunately, there is not a world-
wide standard for the measurement of the
cryoglobulin and even low cryocrits have been
associated with severe disease whereas some high
cryocrits are clinically asymptomatic.”® An alterna-
tive to quantify the cryoglobulin involves washing
the cryoprecipitate at least six times with ice-cold
saline by repeated centrifugations and vortexing.
Then one redissolves the cryoprecipitate in 37°C
and performs a total protein determination on the
redissolved precipitate. Unfortunately, consider-
able cryoglobulin may be lost in the washing
procedure. Therefore, I prefer to use the simpler
cryocrit.

After establishing the cryocrit, our laboratory
characterizes cryoglobulins by immunofixation on
the thoroughly washed cryoglobulin (as above).
One needs to wash thoroughly in order to remove
the polyclonal immunoglobulins that are in the
serum but which are not part of the cryoglobulin.
Redissolving cryoglobulins may be a problem. If
the cryoglobulin does not readily dissolve upon
reheating to 37°C, adjusting pH or salt concentra-
tions can help. Grose*® suggested adding 5 per cent
acetic acid to a mixture of saline and the cryopre-
cipitate. When I examine the serum protein electro-
phoresis (SPE) lane (fixed in acid) on the
immunofixation gel I can tell if the sample has been
washed adequately by requiring that no albumin
band be visible (Fig. 6.19). By immunofixation, a
Type I cryoglobulin will have only the monoclonal
protein present. A Type II cryoglobulin will have
the monoclonal protein (usually IgM «) and poly-
clonal IgG (Fig. 6.19). A Type III cryoglobulin will
have polyclonal immunoglobulins present. Other
laboratories use either gel diffusion or immuno-
blotting to characterize the cryoglobulins.***+°
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Figure 6.19 Immunofixation of thoroughly washed cryoprecipitate. Note that the serum protein electrophoresis (SPE) lane shows no
band in the albumin position, indicating that the sample has been washed adequately. There is a diffuse broad staining in the IgG and faintly
in the A lanes. There is a dense band near the origin in the IgM and the « lanes. In addition, there is some diffuse staining in the k lane both

anodal and cathodal to the band. This is a Type Il cryoglobulin. It contains monoclonal IgM k and polyclonal IgG (and of course the light

chains bound to the polyclonal IgG). If this had been a Type | cryoglobulin, there should be no polyclonal antibody present. The wash step

that removes unbound polyclonal antibodies is critical to making this distinction. (Paragon Immunofixation stained with Paragon Violet.)

When a Type II or III cryoglobulin is present, I rec-
ommend performing serology for HCV, rheuma-
toid factor and C4.

Serum protein electrophoresis in patients with
Type I cryoglobulin usually shows the M-protein.
With Type II cryoglobulins, an M-protein may or
may not be seen by electrophoresis. It may be
present in an amount so small that an immunofix-
ation will be needed to identify it. Type III
cryoglobulins will usually have a polyclonal
increase, and sometimes a polyclonal and oligo-
clonal increase in the y-region. However, serum
protein electrophoresis is not an appropriate
screening test for cryoglobulins. Normal patterns
and even hypogammaglobulinemia have been

reported in patients with cryoglobulinemia.***'~*

In addition to the above patterns, on gel-based
electrophoretic techniques, there may be a precipi-
tate at the origin because of the cooler tempera-
ture of the gel allowing precipitation of some
cryoglobulins (Fig. 6.20). Finding such a precipi-
tate should prompt one to investigate the patient
for cryoglobulin. Since the protein precipitates
without any specific antisera being added, it may
also produce confusing patterns on immunofixa-
tion of the serum. Therefore, when an immunofix-
ation of a serum sample shows an origin
precipitate  in lanes, I repeat the
immunofixation, replacing one of the antisera
with buffer or saline. When the precipitate recurs
in this location, one is certain to be dealing with a
spontaneously precipitating protein, usually a

several
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Figure 6.20 Serum protein electrophoresis of four samples. The
top and bottom samples contain obvious M-proteins in the -
region and near the origin, respectively. The third lane contains a
large transferrin band that deserves an immunofixation to be
certain it is not a monoclonal gammopathy. The second lane
contains an origin artifact (arrow) that may indicate a cryoglobulin.
Just cathodal to this origin artifact is a lightly staining, but distinct
band likely representing a monoclonal cryoglobulin. (Paragon SPE2
system stained with Paragon Violet.)

cryoglobulin. At that point, a fresh specimen
drawn and transported as recommended above
will provide the best results to characterize the
cryoglobulin.

Cryofibrinogens may be confused with cryoglob-
ulins when the sample is drawn in a tube with an
anticoagulant rather than the recommended red
top (no anticoagulant present) tube. They result
from a precipitation of fibrinogen with fibrin in the
cold.* Detection of cryofibrinogen
drawing a sample of blood into a prewarmed cit-
rated tube and allowing it to sit overnight at 4°C.
One should not use ethylenediaminetetraacetic
acid (EDTA) because this may inhibit cryofibrino-
gen formation, neither should one use heparin
because it may enhance cryoprecipitation of
fibronectin.*® A washed cryofibrinogen immuno-
fixation may be used to characterize the nature of
the precipitate with anti-fibrinogen antibody
(Figure 6.21).

requires
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BANDS MISTAKEN FOR
MONOCLONAL GAMMOPATHIES

One must maintain a high level of suspicion for
monoclonal gammopathies when one finds any
alteration in the electrophoretic pattern (even o.-,
or B-region changes). There are several alterations
which can mimic monoclonal gammopathies that
need to be considered.

Fibrinogen

One of our most common problems in dealing with
serum protein electrophoresis is the presence of the
fibrinogen band. This should not be present in a
properly clotted specimen. However, it may be
present owing to a variety of circumstances: a
blood sample may not have been allowed to clot
for a sufficient period of time; the patient may be
on an anticoagulant which prevents complete clot-
ting; the sample may have been collected in a tube
containing an anticoagulant and then the fibrino-
gen band appears in the B~y region of virtually all
gel-based electrophoretic systems (Fig. 6.22). With
the earlier Paragon CZE 2000 system 1.5
(Beckman Coulter), a fibrinogen band was not
visible. In the more recent version of this system
1.6 and in the Sebia Capillarys system, fibrinogen
also occurs at the B~y region. There is no way to
absolutely rule out a monoclonal gammopathy
when detecting a band in that location by just
examining the serum protein electrophoresis. If the
tube containing the sample is examined, and a clot
is present at the bottom, this suggests that some fib-
rinogen was present after the clot was removed.
One may repeat the electrophoresis on the next
run, if the band is gone (because the fibrinogen has
now clotted), it is due to fibrinogen. Care is needed
here because, if the band is due to a cryoprecipitat-
ing monoclonal gammopathy, this too would form
a precipitate in the bottom of the tube (however,
the precipitate from cryoglobulins usually looks
different from the typical fibrin clot). When I
suspect a fibrinogen band is present, I perform a
Penta immunofixation (see Chapter 3). An alterna-
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A

Figure 6.21 (a) Serum protein electrophoresis demonstrates
three samples. The top sample has a large B~y region band that
had a cryoprecipitate form at 4°C. The second lane shows the

@

results of the washed precipitate. Note that albumin is still present
(arrow) indicating that it was not washed thoroughly. The bottom
sample is a lyophilized control with no C3 band.

(b) Immunofixation of the washed precipitate from (a). A
precipitate is at the origin of all the lanes. No specific precipitate is
seen in any of the lanes with antisera against immunoglobulins.
However, anti-fibrinogen gave a definite precipitate (arrow)
indicating that this was a cryofibrinogen. The additional material
seen in the SPE lane anodal to the origin may be another
cryoprecipitating protein, fibronectin.

tive is to perform a three-lane immunofixation
using antifibrinogen, anti-k and anti-A.

Genetic variants

As discussed in Chapter 4, transferrin, o,-anti-
trypsin, and C3 have several possible alleles in the
population and may give two bands or one band
with an unusual migration. The typical situation is
the heterozygote, with a band in the usual location
for the particular protein and a second band of
identical staining intensity immediately anodal or
cathodal to it. These twin bands are usually
obvious as to their nature. When they are seen in
the o,-antitrypsin area, I recommend that studies

' ._, %i Lambda
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. b IgA
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be performed to determine the individual’s pheno-
type for genetic counseling.

In the transferrin and C3 areas, however, things
are often more confusing. First, this region is more
likely to have monoclonal gammopathies than the
o,-region. Second, the band may be obscured by
the presence of B,-lipoprotein band. Consequently,
it is more difficult to conclude with certainty that
one is seeing a genetic variant as opposed to a small
monoclonal gammopathy. I have occasionally seen
small monoclonal gammopathies (some of which
later become major monoclonal spikes and others
already are responsible for large MFLC in the
urine) that migrate precisely over, or next to, the
transferrin and C3 bands. This causes these bands
to be larger than usual or to have an altered migra-
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Fraction Rel % g/dl

Albumin 65.5 + 4.26
Alpha 1 4.0 0.26
Alpha 2 8.2 0.53
Beta 1.2 - 0.73
Gamma 1.1 - 0.72

Figure 6.22 Densitometric scan of serum with a fibrinogen band
(indicated) at the B—y region. In the mid-y-region there is a small
restriction that turned out to be k monoclonal free light chain.
(Densitometric scan of SPE2 gel.)

tion. Therefore, when I see any unusual band in the
transferrin and C3 regions, although T suspect a
genetic variant, I perform an immunofixation to
rule out a possible monoclonal gammopathy.

C-reactive protein

As mentioned above, C-reactive protein normally
is not seen on serum protein electrophoresis.
However, in cases with strong acute-phase reaction
patterns, a small band is often seen in the mid to
slow y-region on gel-based techniques. With CZE,
I have not seen a C-reactive protein band even in
cases with prominent acute-phase patterns. One
may determine where it migrates on their gels by
performing an immunofixation. With the availabil-
ity of rapid immunofixation testing such as the
Penta test, I always perform this procedure even
when the band is in the typical C-reactive protein
location. Patients with light chain multiple
myeloma may have a small component of the M-
protein in the y-region of the serum. Further, the

immunosuppression these patients may exhibit will
predispose them to infections that elicit an acute-
phase pattern.

HEMOLYSIS

A hemoglobin-haptoglobin band usually migrates
in the o,- to B,- region. It can resemble a monoclonal
gammopathy. Usually, there is marked depletion of
the normal haptoglobin band and the serum is red.
If the serum is not red, or if the haptoglobin band
is not depleted, perform an immunofixation to rule
out a monoclonal gammopathy.

Radiocontrast dyes

On CZE, radiocontrast dyes create peaks any-
where from the o,- to the y-globulin region (see
Chapter 2). Because of this, any restriction sugges-
tive of an M-protein that has not previously been
characterized must be proven to be an M-protein
by immunofixation or immunosubtraction before
reporting it as such. When a small restriction is
seen, perform a Penta analysis to rule out an M-
protein.

UNUSUAL EFFECTS OF
MONOCLONAL GAMMOPATHIES
ON LABORATORY TESTS

The monoclonal proteins themselves can play
havoc with many clinical laboratory tests. For
example, some M-proteins bind to enzymes such as
lactate dehydrogenase (LDH) creating unusual
migration; others have been associated with facti-
tious hypercalcemia, unpredictable artifactual
increases in serum iron levels (which can be espe-
cially problematic because these patients are often
being studied for the presence of anemia), increases
in organic phosphorus, and positive direct Coombs
tests (due to passive adsorption of the monoclonal
immunoglobulin onto the erythrocytes).”**”
Several coagulopathies have been noted in patients
with monoclonal gammopathy, including isolated
factor X deficiency, acquired von Willebrand



disease, a cryoglobulin that inhibited fibrin poly-
merization, and disseminated
coagulation.””* Unusual physiological manifesta-
tions can occur, for example the monoclonal
protein that bound to insulin and produced recur-
rent severe hypoglycemia,”™* or the binding of an
IgM monoclonal gammopathy to calcium resulting
in a hypercalcemia while the ionized fraction of
calcium was normal.’” Interaction between an ery-
throcyte lysing reagent and an IgM monoclonal
gammopathy resulted in inaccurate hemoglobin
measurements in one patient with Waldenstrom’s
macroglobulinemia.’” Because of their unique
properties, cryoglobulins may be mistaken by elec-
tronic cell counters when the size of the precipitates
fall within the ranges the instrument interprets as
cellular components, resulting in elevated leuko-
cyte or platelet counts.”” " Direct analysis of such
blood smears will demonstrate suspicious aggre-
gates of amorphous particles.’"

intravascular
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URINE PROTEIN COMPOSITION

Evaluation of the protein content of urine
samples can provide useful information about the
location and degree of damage within the
nephron, as well as the presence of monoclonal
proteins (Fig. 7.1). The protein composition of
urine depends upon both factors intrinsic to the
protein itself and on pathophysiological alter-
ations in the patients.

Size and amount of the protein

The glomerulus acts as a barrier to the passage of
proteins into the urine. The glomerular basement
membrane itself serves as a filter that permits mol-
ecules smaller than about 50 A (about 15 kDa)
diameter to pass freely into Bowman’s space.
Molecules between 15 kDa and 69 kDa (albumin)
pass through the glomerulus to a lesser extent and
larger molecules are retained in the blood. For

albumin itself, its size and charge allow less than
0.1 per cent of its plasma concentration to pass

Albumin

Origin

Mild

I I I Glomerular

Tubular

I I I Combined

Figure 7.1 Schematic of mild proteinuria with albumin only,
glomerular proteinuria, tubular proteinuria and combined
glomerular with tubular proteinuria.
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into the glomerular ultrafiltrate.' Yet, because of its
large concentration in the serum, it is often the
predominant protein detected in the urine even in
cases with only minor glomerular leakage (see
below).

Charge of the protein

Charge of the protein is another major influence on
glomerular permeability. The glomerulus has a net
negative charge because of the presence of negatively
charged glycoproteins.> Consequently, the poly-
anion albumin is repelled by this negatively charged
glomerular capillary surface. Neutral dextran of
similar molecular weight to albumin will pass much
more readily into the glomerular filtrate.’

Hydrostatic pressure

Another factor that may alter protein composition
of urine is the hydrostatic pressure within the sys-
temic circulation. As blood pressure increases,
larger molecules pass through the glomerulus. This
results in a glomerular filtrate with a dispropor-
tionate number of molecules larger than 100 kDa.
Consequently, among patients with primary hyper-
tension and albuminuria, reduction of the blood
pressure reduces the albuminuria.*

Glomerular filtrate and tubular
absorption

Under normal circumstances, the glomerular filtrate
contains about 10 mg protein/l.’ This is composed
of numerous low molecular weight proteins and
polypeptides, along with albumin. As mentioned
above, despite its size and negative charge, its large
concentration in serum accounts for the presence of
albumin in the glomerular filtrate. The most com-
mon small proteins in the glomerular filtrate include
o,-acid glycoprotein (orosomucoid, 40 kDa), o,-
microglobulin (27 kDa), B,-microglobulin (12 kDa),

vy trace protein (12 kDa), and retinol-binding protein
(20 kDa). More than 90 per cent of the low mole-
cular weight proteins that pass into the glomerular
filtrate physiological
reabsorbed by binding to specific receptors on the
proximal convoluted tubules, where they are cata-
bolized. Absorption is also influenced by the charge
on the protein. Proteins that are relatively anionic
are more readily absorbed than cationic proteins.
Despite the reabsorption, a small amount of protein
(less than 150 mg/24 h), mainly albumin, normally
finds its way into the urine.

under conditions are

Protein in normal urine

In most urine samples, insufficient protein is present
for detection by standard electrophoretic tech-
niques. Consequently, normal urine must be con-
centrated to facilitate examination of the various
protein fractions. In concentrating the urine, one
must be concerned with the possible loss of low
molecular weight proteins that are useful to deter-
mine the location of damage within the nephron.

Normally, adults excrete about 100-150 mg/24 h
and children excrete 60-100 mg/24 h of protein
(mainly albumin) in the urine. Often, a 24-h collec-
tion is difficult to obtain. Because of this, the ratio
of total protein to creatinine on random samples of
urine has been employed as an alternative method
to study urine protein. For adults, the normal
protein/creatinine ratio is < 0.2, for children age
6-24 months it is < 0.5, and for children older than
24 months it is 0.2-0.25.¢

A faintly staining albumin band may be seen by
using electrophoresis on concentrated urine. The
albumin band in urine samples migrates closer to
the anode than it does in the serum and there is
often anodal slurring that smears albumin toward
the positive electrode. This migration of albumin is
attributed to the binding of anions to its surface.” In
addition to albumin, a small amount of
Tamm-Horsfall protein (80 kDa), the heavily gly-
cosylated (about 30 per cent carbohydrate) secre-
tory product from the cells in the thick ascending
limb of the loop of Henle,* makes up most of the



other protein found in normal urine. Too little is
present for detection by electrophoresis.

Electrophoresis on the typical 50-100 times con-
centrated sample of normal urine does not disclose
staining in the y-region. However, small amounts
of polyclonal free light chains are usually present in
concentrated urine from patients with mild
glomerular or tubular disease. It is important to
distinguish these polyclonal FLC from the mono-
clonal free light chains (MFLCs, formerly Bence
Jones proteins; discussed below). Heavy chains are
normally secreted by plasma cells only as part of
intact immunoglobulin molecules. Uncoupled
heavy chains remain in the endoplasmic reticulum
and are degraded.”® Unlike normal heavy chains,
however, normal light chains may be secreted as
part of the intact immunoglobulin molecule, or as
free light chains.'”" The excess free light chains
that occur as monomers (mainly k) with a molecu-
lar mass of about 25 kDa or as non-covalent
dimers (mainly A) with a mass of 50 kDa are small
enough to pass through the glomerulus and are
reabsorbed by the proximal convoluted tubules
where they are catabolized.

When excessive amounts of free light chains are
present because of an increase in immunoglobulin
production, or glomerular or tubular damage, they
are not completely reabsorbed by the tubules, result-
ing in a light chain proteinuria. If the excreted light
chains are polyclonal, they migrate broadly in the
B- and y-regions. Plasma cells in the bone marrow
of patients with polyclonal increases in the serum
gamma globulins often produce large amounts of
free polyclonal light chains. If one is unaware that
polyclonal free light chains can be found under
these conditions, an immunoelectrophoretic or
immunofixation pattern could be mistaken for
MFLC because of the relatively restricted hetero-
geneity of free polyclonal light chains (Fig. 7.2).

MEASUREMENT OF TOTAL URINE
PROTEIN

The most common test for proteinuria is the dip-
stick. However a dipstick should never be used
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when screening for MFLC; dipsticks are adequate
only as general screens for proteinuria. Further, in
assessing urine for the presence of MFLC it is
important to discard the use of the classic heat
precipitation test of the urine. Most MFLC that are
in the urine in large quantities will precipitate
when heated to 56°C and upon further heating will
dissolve; unfortunately, so will some polyclonal
light chains. Further, the heat test misses at least
30-50 per cent of true monoclonal free light chains
because some MFLC do not precipitate and dis-
solve under these conditions at any concentration
and others are present in too small an amount to be
detected by this insensitive method." Although sul-
fosalicylic acid (SSA) is more sensitive than
Albusticks (Bayer AG, Leverkusen, Germany), I
have seen many cases of obvious MFLC protein-
uria detected by urine protein electrophoresis and
immunofixation that gave negative SSA tests.
Therefore, when screening urine for MFLC, I rec-
ommend performing urine protein electrophoresis
and immunofixation on concentrated urine (see
below). Examination of the urine sediment for the
presence of cells, casts, and crystals can be helpful
in establishing etiology and prognosis. It is worth
repeating since a negative dipstick does not rule
out MFLC.

There are several methods currently in use in clin-
ical laboratories to measure urinary proteins. A
24 h collection of urine provides a good sample on
which to base the measurement of total protein.
The classic biuret method is still used in a few lab-
oratories to measure total urine protein. It reacts
with peptide bonds and provides an equal mea-
surement of both MFLC and the other urine pro-
teins.” Other techniques do not detect MFLC to
the same extent as they do other proteins.
Although it does measure a variety of proteins with
the same sensitivity, the biuret method is not
amenable to automation. Therefore, in recent
years, a wide variety of other methods have been
employed in clinical laboratories.

Because of their ease of automation, more
common assays now used to quantify urine protein
are turbidimetry by trichloroacetic acid (TCA),"

TCA-Ponceau S, and several dye-binding
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methods."”"®  Unfortunately, the dye-binding

methods differ in their ability to react with proteins
of different charge. Therefore, the reaction varies
with the albumin to globulin ratio. One aid to con-
sistency in performance of dye-binding assays is
standardization of the calibrator. Marshall and
Williams'” demonstrated that the use of a urinary
protein calibrator improved the agreement

Figure 7.2 (a) Urine from a patient with chronic osteomyelitis
and renal tubular damage. The pattern shows a combined
glomerular and tubular proteinuria. Around the origin, a hazy
density (indicated) may resemble a monoclonal free light chain.
(Urine concentrated 100-fold; Panagel system stained with
Coomassie Blue.) (b) Immunoelectrophoresis of urine from a
patient with chronic osteomyelitis and renal tubular damage.
Patient urine (P) alternates with control serum (C). Reaction with
pentavalent (PV) antisera demonstrates a large arc, which extends
into the trough, and two smaller arcs (the larger of the small arcs
is indicated; the smallest arc is barely visible just above the P). The
larger of the two small arcs corresponds with an arc that reacts
with anti-lgG (G) and the other with anti-IgA (A). Typically, there
is no reaction with anti-IlgM (M), since this large molecule finds its
way into the urine only with extreme glomerular damage. Note
that both the anti-k (K) and anti-A (L) precipitin lines extend into
the trough, indicating the great concentration of both of these light
chains in the urine despite the rather tiny amounts of IgG and IgA
heavy chain present. Therefore, they are free polyclonal light
chains (a relatively common finding). The fact that the A arc
extends into the trough and looks a bit ‘restricted’ (arrows) means
that it has been mistakenly interpreted as a monoclonal free light
chain.

between the Coomassie Brilliant Blue and the pyro-
gallol red-molybdate dye-binding methods.
Lefevre et al.” further noted that there was less
than a 15 per cent difference between pyrogallol
red-molybdate and pyrocatechol-violet (UPRO
Vitros; Ortho-Clinical Diagnostics, Raritan, NJ,
USA) when measuring light chain proteinuria.
However, in samples with glomerular proteinuria,



they noted considerable differences in the total
protein obtained.

No single particular automated method is consis-
tently superior to another. Whichever method is
chosen in the laboratory should be used for all
samples on that patient in order to provide consis-
tent data when following a patient. If two different
methods are used on samples taken at two different
times, any apparent increase or decrease may be
caused by variability in the methods rather than a
change in the patient’s condition.

CONCENTRATION OF URINE
SAMPLES

Urine samples need to be concentrated sufficiently
to allow visualization of the protein bands in most
techniques used by clinical laboratories for urine
protein electrophoresis. Colloidal staining with
gold or silver does not require concentration of
urine samples."” These staining methods are about
200 times more sensitive than protein dye staining
methods such as Ponceau S or Amido Black and
others that are commonly used to stain urine
protein electrophoresis.” However,
methods are technically more laborious than the
dye methods, not readily automated and give
grainy results that may obscure subtle bands.
Most laboratories use commercially available dif-
ferential filtration techniques to concentrate urine.
Some are passive diffusion while others use cen-
trifugation to speed the process.” The amount of
concentrating required will vary depending on the
technique used for electrophoresis and on the con-
centration of protein in a particular sample. For
most agarose or cellulose acetate methods when
stained by protein dyes, a 50-100 times concentra-
tion is usually sufficient for urine specimens that
have low concentrations of protein. While some
have suggested concentrating urine as much as
300-600 times to detect tiny quantities of MFLC,*
such concentrating is technically laborious and can
result in highly viscous samples that are difficult to
process.” In samples with a large amount of pro-
teinuria, too much concentration may overload the

colloidal
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gel. Yet, Kaplan and Levinson"” caution against
using only 10-20 times concentration, claiming it
to be insufficient to detect some cases with MFLC.
I have not found concentrating urine more than
50-100 times to be necessary to detect the pattern
of proteinuria, or, as discussed below, clinically
relevant amounts of MFLC by immunofixation.

The speed at which the stationary filtration devices
concentrate the urine is inversely proportional to the
concentration of proteins in the sample. Therefore,
samples with large protein concentrations, such as
those from patients with a non-selective proteinuria,
will concentrate slowly. There is no reason to con-
centrate such samples even 50 times. Our labora-
tory places the urine samples into the concentrators
and allows them to concentrate for up to 4 h. We
monitor them to prevent ones that concentrate
quickly from evaporating. Thus, one may concen-
trate samples for a standard period of time as long
as one records the final concentration.

Concentration of urine is especially important to
detect small, but clinically relevant quantities of
MFLC by immunofixation. Detection of even small
quantities of MFLC may have importance in cases
of amyloid AL (amyloid associated with
immunoglobulin light chain) or B-cell lymphopro-
liferative disorders (see Chapter 6). To rule out amy-
loidosis, all adult patients with nephrotic syndrome
should have an immunofixation of both serum and
urine.” Unfortunately, with current techniques, not
all cases of amyloid AL will have positive urine
samples for the presence of MFLC by immunofixa-
tion,*** and biopsy is still the main method of diag-
nosing these cases. However, the advent of new,
highly sensitive and specific nephelometric methods
to quantify free light chains in both serum and urine
(see below) has provided a method that is capable
of detecting many cases of amyloid AL that formerly
were not detected by urine protein electrophoresis
or even by immunofixation.*

The practical limit of detection of MFLC by
immunofixation is related to the background of
polyclonal free light chains that occur in the
urine.” The limited heterogeneity of these mole-
cules results in a banding pattern that makes reli-
able distinction of MFLC at concentrations similar
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to those of the bands found with polyclonal free
light chains unreliable with currently available
techniques. Because we readily see the ladder
pattern on 50x concentrations of urine with even
the small quantities of protein present in cases of
mild tubular proteinuria, our laboratory does not
concentrate samples more than that.

PROTEINURIA AFTER MINOR
INJURY

Relatively minor injury has been associated with
transient proteinuria. Vigorous physical exercise
may cause significant increases in the concentra-
tion of albumin in the urine.® Congestive heart
failure, normal pregnancy, heavy alcohol con-
sumption and reactions to drugs are all associated
with minor, usually transient proteinuria.”
Patients with non-renal febrile illnesses also may
have proteinuria.**** During such episodes, usually
only an albumin band is seen on electrophoresis.
However, cases with a combined tubular and
glomerular proteinuria have been reported.”” The
etiology of the proteinuria in these conditions is
unclear. Within 2 days after such illness, most of
the proteinuria has resolved. Pre-eclampsia and
gestational hypertension are associated with rela-
tively large amounts of proteinuria that may
exceed 25 g/l. These patients may have glomerular,
glomerular with tubular leakage and even non-
selective glomerular patterns (see below).***'

OVERFLOW PROTEINURIA

When large amounts of relatively low molecular
weight proteins are present in the serum, they are
cleared through the glomeruli and overwhelm the
ability of the tubules to reabsorb them. Therefore,
this condition is termed overflow proteinuria."**
It is commonly seen in urine from patients with
multiple myeloma, where large amounts of MFLC
are produced. However, other conditions can
result in the production of large amounts of
protein that may mimic MFLC in the urine.

Massive hemolysis and crush injuries will result in
the release of large quantities of hemoglobin and
myoglobin, respectively, which will produce a
single large band in the urine (Fig. 7.3).* Among
other ~ small  molecules, B,-microglobulin,
eosinophil-derived neurotoxin and lysozyme have
been reported to cause a band in protein elec-
trophoresis that could be mistaken for MFLC (Fig.
7.4).%% This is why immunofixation or measure-
ment of free light chains should be used to evaluate
unexplained bands seen on urine protein elec-
trophoresis to avoid an erroneous interpretation of
MFLC.

GLOMERULAR PROTEINURIA

Severe renal disease results in a profound protein-
uria, the characteristics of which can be defined by
urine protein electrophoresis in many cases. In
general, patients with glomerular disease excrete
considerably more protein than do patients with
tubular disease. This reflects the pathophysiology
in which tubular dysfunction prevents absorption
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Figure 7.3 The top urine sample has a tubular proteinuria

pattern with a massive monoclonal free light chain (MFLC) in the
B—y region. The middle urine sample contains a small amount of
albumin (A), but has been contaminated by the sample below. This
results in prominent staining in the albumin, a,- and B-regions only
in the lower portions of the second lane (indicated). The bottom
sample is from a urine with considerable hemolysis and has a
prominent hemoglobin band (arrow) that cannot be distinguished
from an MFLC without an immunofixation. (Paragon SPE2 system
stained with Paragon Violet.)
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of the few small proteins that normally pass
through the glomerulus, whereas glomerular
disease literally opens the floodgates to serum pro-
teins of 50 kDa or more.

A wide variety of conditions result in sufficient
damage of the glomerular capillary wall to permit
large molecules to pass into the glomerular filtrate.
Diabetes mellitus and immunological renal dis-
eases make up the vast majority of the cases with
glomerular proteinuria.” When glomerular damage
occurs, large molecules pass into the glomerular
filtrate along with smaller proteins. The smaller
proteins and some of the larger molecular weight
proteins can be reabsorbed by the renal tubules.
However, the absorptive capacity of the tubules is
limited to approximately 10 g of protein over 24 h.

Urine protein electrophoresis can distinguish
glomerular from tubular damage.*** In glomerular
proteinuria patterns, large molecules such as albu-
min, o,-antitrypsin, and transferrin predominate
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Figure 7.4 (a) Immunofixation of urine demonstrates a
prominent B-region band in the serum protein electrophoresis
(SPE) (acid-fixed) lane. However, no immunoglobulins are
demonstrated by anti-IgG (G), anti-bound k (BK), anti-bound A
(BL), anti-free k (FK) or anti-free A (FL). (b) The densitometric
scan indicates the size of the B-region band. (c) Immunofixation
performed with antibodies against [3,-microglobulin with the urine
at decreasing concentrations in lane 4 (note the prominent antigen
excess effect at this higher concentration of urine); lanes 5, and 6
demonstrate the identity of this band. Figure contributed by
Beverly C. Handy,” and used with permission from Archives of
Pathology and Laboratory Medicine.

(Fig. 7.5).” When sufficient quantities of protein are
lost into the urine, the patient suffers from the
nephrotic syndrome and displays the severe protein
loss pattern on serum protein electrophoresis (see
Chapter 5).

All glomerular damage is not the same. The
amount of proteinuria and the size of the molecules
permitted to pass through the glomerular capillary
walls will depend on the degree of injury to the
glomeruli. A useful measure of glomerular selectiv-
ity (the degree of damage) is the selectivity index.

The concept of ‘selectivity’ refers to the ability of
the glomerulus to permit only smaller proteins for
passage through the glomerular basement mem-
brane. If very large molecules, such as IgG, IgM or
o,-macroglobulin leak through the glomerulus in
similar proportions to smaller molecules such as
albumin or transferrin, then the proteinuria is
termed ‘non-selective’; that is, the glomerulus is not
able to discriminate between these two sizes. The
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Figure 7.5 Three examples of glomerular proteinuria. Note that the urine samples do not line up exactly because they were
electrophoresed on three separate runs. In all three, the main protein excreted is albumin with varying amounts of a-antitrypsin,
transferrin and other globulins. The top and middle samples have moderate amounts of haptoglobin (H), indicating that the glomeruli have
lost some degree of selectivity. The discrete smaller bands which are seen in the o~ and B-regions of patients with tubular proteinuria are

not seen. The middle sample has a small restriction around the origin that needs an immunofixation. (Top two urine samples concentrated

25-fold; bottom urine concentrated |100-fold. Panagel system stained with Coomassie Blue.)

greater the glomerular damage, the less selective is
the proteinuria. The degree of glomerular damage
correlates with the level of the selectivity index
(S1).”!

The SI is estimated from the ratio of the clearance
of one of these large molecules to that of albumin.
Several studies have examined the implications of
the selectivity index as a marker for patients with a
variety of glomerular diseases.”” Tencer et al.”>*
reported that by using SI with IgM or a,-macroglob-

ulin they were able to distinguish cases with mini-
mal change nephropathy and other transient
conditions from those with crescentic glomeru-
lonephritis. The selectivity index based on IgG was
notas useful because of its lower molecular weight.”
The formula for the selectivity index using a specific
high molecular weight (MW) analyte is:

(high MW analyte ur/albumin ur)
(high MW analyte ser/albumin ser)

Selectivity index =



where: high MW ur = high molecular weight
analyte concentration in urine; albumin ur = albu-
min concentration in urine; high MW ser = high
molecular weight analyte concentration in serum;
and albumin ser = albumin concentration in serum.

The total amount of proteinuria increases with
decreasing selectivity of the glomerulus. Typically,
mild glomerular damage (mainly albumin) has
less than 1500 mg/24 h, moderate damage
(selective glomerular proteinuria) has from
1500-3000 mg/24 h and non-selective patterns
have greater than 3000 mg/24 h. When a random
urine sample has been obtained, the ratio of total
protein to creatinine for low-grade proteinuria
(mainly albumin) is 0.2-1.0, moderate proteinuria
(selective glomerular proteinuria) is from 1.0 to 5.0
and values > 5.0 are seen in non-selective patterns
(nephrotic).® In a case of minor glomerular damage
where selectivity is maintained, albumin, o,-anti-
trypsin, occasionally o,-antichymotrypsin and
transferrin are found on electrophoresis of concen-
trated urine (Fig. 7.5). In the most severe cases of
glomerular damage, selectivity is lost and the urine
protein electrophoresis resembles the normal serum
protein pattern. A non-selective pattern, then, will
also display the large haptoglobin, o,-macroglobu-
lin, and intact immunoglobulin molecules in addi-
tion to the molecules seen in selective glomerular
proteinuria.

Some laboratories use sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) to
evaluate urine protein excretion.” It delineates the
molecular weight of proteins escaping from the
damaged nephron, providing information about
the specific small proteins in the urine from
patients with tubular damage.’*** As such, it allows
one to distinguish individuals that have combined
selective glomerular and tubular proteinuria, from
those that have non-selective proteinuria. Using
both SDS-PAGE and fractional excretion of o,-
microglobulin to divide glomerular selectivity into
high (minimal damage), moderate or low selectiv-
ity, Bazzi et al.” reported that the amount of
glomerular selectivity correlates with final outcome
and with response to therapy. However, SDS-
PAGE remains a more laborious technique than
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routine agarose or acetate electrophoresis and
lacks a ready method for automation. A relatively
simpler technique employing SDS-agarose gel elec-
trophoresis to separate the urine proteins by mole-
cular weight is now available for the same
purpose.” This technique has the advantage of dis-
pensing with the concentration step required for
routine urine protein electrophoresis on agarose or
cellulose acetate. However, this technique is not as
sensitive to detect MFLC as immunofixation on
concentrated urine.*

TUBULAR PROTEINURIA

When there is damage to the tubule reabsorptive
function, small proteins in the glomerular filtrate
(o,-acid  glycoprotein,  o,-microglobulin, ,-
microglobulin, y-trace protein, and retinol-binding
protein) pass into the urine.** Because of their low
concentration in serum compared with other pro-
teins these small molecules are undetectable when
the serum is examined by electrophoretic tech-
niques used in clinical laboratories. However,
when they pass into the urine unencumbered by the
more plentiful larger molecules, they can be visual-
ized on concentrated specimens studied by elec-
trophoresis (Fig. 7.1).

Acute tubular necrosis, the most common cause of
acute renal failure, can result from a wide variety of
injuries.””* Some forms are reversible, such as
those caused by transient ischemia, exposure to
heavy metals, toxins, or radiocontrast dyes.*®”*7*
Chronic causes include congenital Fanconi syn-
drome, Dent disease (an X-linked condition caused
by inactivation of the renal chloride channel gene),
and acquired Fanconi syndrome (the most common
cause of which is myeloma kidney).””* Light chain
Fanconi syndrome is often associated with intracy-
toplasmic crystals formed from MFLC in the prox-
imal convoluted tubules,” although some cases of
Fanconi syndrome caused by light chain deposition
do not form crystals, perhaps owing to the absence
of side-chains in the CDR-L3 loop which are
needed for dimer formation.”

Patients with tubular disease have a normal
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glomerular selectivity because only small molecules
passinto the glomerular filtrate. These molecules bind
to receptors on the proximal convoluted tubules.
After they are reabsorbed, the proteins are catabo-
lized by the tubular epithelium into amino acids that
are reused by the body.” When the tubules are dam-
aged, these small molecules pass into the urine.

The amount of proteinuria that results from
tubular damage is only a fraction of that seen in
glomerular disease. In tubular damage, traces of
albumin accompany the smaller molecules into the
urine (Fig. 7.6). Because of the relatively small

amounts of proteinuria resulting from tubular
disease (1-3 g/24 h), the urine must be concen-
trated 50x for the protein to be visualized by elec-
trophoresis. The albumin band is considerably
fainter than that seen in glomerular proteinuria.
Typically, it will be similar in intensity, to slightly
more intense, than the o,-microglobulin and f,-
microglobulin bands (Fig. 7.7).

When examining electrophoretic patterns from
patients with tubular disease, one finds consider-
able variation because the amount of damage
differs from one patient to another. However, a

Figure 7.6 Three examples of tubular proteinuria. Note again, that these three samples were performed on three different runs and

have slightly different migrations. With tubular proteinuria, the glomeruli are relatively intact and do not allow large amounts of albumin

and other large molecules to pass into the glomerular filtrate. Therefore, albumin is a relatively minor component, or slightly greater than

the many smaller molecules seen in the o- and -regions. Note that the middle sample is from a patient with a k monoclonal free light

chain (indicated). This sample has two fused bands perhaps due to the formation of both monomer and dimer free monoclonal ¥ chains.

(Urine concentrated 100-fold. Panagel system stained with Coomassie Blue.)
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Figure 7.7 Three urine samples with different patterns for comparison on the same gel. The top sample shows a striking tubular

proteinuria pattern with an albumin band (A) that stains no darker than the multiple bands in the o, - and y-regions. The middle sample

is a predominantly glomerular pattern of proteinuria, but the two bands in the o.,-region (indicated) are consistent with a coexisting

tubular leakage, because they correspond to the type of staining seen with the o, microglobulins rather than the broad haptoglobin

pattern shown in Fig. 7.5. The bottom sample has barely discernable albumin and o,-region bands (just below the indicated bands in the

middle sample). The strong band which lines up with the transferrin region (arrow) is an monoclonal free light chain. It would be

inconsistent to have such a large transferrin band with such a minor tubular proteinuria and almost no albumin. (Urine concentrated 100-

fold. Paragon SPE2 system stained with Paragon Violet.)

consistent finding is that albumin is much less
dominant than in glomerular
Individuals with chronic renal disease will often
have a combined glomerular and tubular pattern
indicative of widespread damage to the nephron
(Fig. 7.8). In these patients, the albumin content
resembles that of glomerular proteinuria, but the
smaller bands in the o~ and B-region can also be
observed. The occurrence of combined glomerular
and tubular proteinuria may be obscured in urine
from that
glomerular leakage pattern. In those individuals,
either the use of SDS-PAGE (see above) or mea-
surement of specific small molecular weight pro-
teins (see below) may be needed to detect the
coexistence of tubular dysfunction. Since SDS-
PAGE provides a separation of the molecules on
the basis of molecular weight, it can be useful to

proteinuria.

individuals have a non-selective

make this distinction in samples with nonselective
pattern.

Rarely, one may see analbuminuria in cases of
tubular proteinuria. Sun et al.** reported such a
case in a diabetic, hypertensive patient with
tubular proteinuria. They hypothesized that the
patient may have had end-stage kidney disease
such that the glomerular filtration rate was so low
as to allow practically no protein through the
glomeruli. Yet, the tubules may have leaked the
smaller proteins, possibly as a result of analgesic
abuse in that case (Fig. 7.9).

Quantification of low molecular weight proteins
may be used as an indication of tubular proteinuria.
This may be especially important as an assessment
of renal function in patients with multiple
myeloma.* The urinary protein most often used to
evaluate this is B,-microglobulin, a molecule that
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Figure 7.8 Two samples from patients with combined glomerular and tubular proteinuria. Whereas albumin predominates in both

samples, many discrete bands are present in the o~ and B-regions. (Urine concentrated 25-fold. Panagel system stained with Coomassie

Blue.)

has homology with immunoglobulins.*™ f,-
Microglobulin migrates between transferrin and C3
on electrophoresis. While it is elevated in tubular
proteinuria, it is unstable at pH < 6.5 and, there-
fore, reliance solely upon quantification of urine 3,-
microglobulin to detect tubular damage or

dysfunction may result in a false negative.*”*

o,-Microglobulin is another plasma glycoprotein
that passes freely into the urine. Because it is rela-
tively stable at the acid pH of urine some have sug-
gested that it may serve as a better indicator for renal
tubular dysfunction than f,-microglobulin.*”!

Figure 7.9 Urine (top and bottom lanes) and serum (middle lane) are from a patient with diabetes, hypertension, and renal impairment.

Despite the presence of considerable tubular proteinuria, an albumin band is not present in this patient’s urine. Figure contributed by

Tsieh Sun.®



However, Donaldson found that although B,-
microglobulin is more susceptible to denaturation
under acidic conditions, other marker proteins,
including o,-microglobulin, also deteriorate below
pH 6.0 and suggested that routine alkalinization of
urine upon voiding be employed to enhance detec-
tion of these proteins.* In addition to these two mol-
ecules, other suggested markers for detecting
tubular proteinuria include retinol-binding protein,
lysozyme, and N-acetyl-B p-glucosaminidase.*****>*

FACTITIOUS PROTEINURIA

The protein bands identified can also give informa-
tion about factitious proteinuria.”*”” For example,
in cases reported by Tojo et al.” and Sutcliffe et
al.,” the electrophoresis of urine demonstrated
unusual protein bands. The albumin migrated
almost in the o -antitrypsin region and the other
major bands also did not line up. The problem was
species: immunofixation confirmed that the protein
was egg albumin. Therefore, be suspicious when
protein bands do not migrate correctly; ask for a
new sample under controlled collection conditions.
Identification of the abnormal band is the key to
correct diagnosis of factitious
However, before suggesting this diagnosis, recall
that denaturation also may produce unusual
bands. Denaturation of proteins in urine may
occur because of deterioration of a sample with
time, bacterial overgrowth, the presence of pro-
teases from leukocytes, or laboratory errors such
as the accidental addition of a biuret reagent prior
to electrophoresis. When abnormal bands are seen
that are not monoclonal gammopathies, hemoglo-
bin, myoglobin, lysozyme, eosinophil-derived neu-
rotoxin, or B,-microglobulin, a repeat fresh urine
sample is often the best approach.

proteinuria.

MONOCLONAL FREE LIGHT
CHAINS

In this book, I am encouraging the use of the term
MFLC instead of the traditional term, Bence Jones
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proteins. This reflects confusion that I have
observed when some physicians equate the pres-
ence of a monoclonal intact molecule, such as IgG,
in the urine with a Bence Jones protein. It is not.
Further, it does not have the same significance for
the patients. Monoclonal free light chains are asso-
ciated with a greater likelihood that the patient has
a dire condition such as multiple myeloma or
amyloid AL than does an intact monoclonal
immunoglobulin. They are more likely to damage
renal tubules and deposit in glomeruli, tubules and
other locations.

Monoclonal free light chains have been referred
to as ‘Bence Jones proteins’ to recognize the contri-
bution made by Henry Bence Jones. His descrip-
tion of the first reported case of multiple myeloma
recorded the characteristic of MFLC to precipitate
when weakly acidified urine that contained them
was warmed to 40-58°C, only to redissolve upon
heating to 100°C.* He called the protein a
‘hydrated deutoxide of albumen’ in that paper. Dr
Thomas Watson referred the patient, a 44-year-old
man who complained of chest pains after a fall, to
Dr William Maclntyre. Doctor Maclntyre studied
the urine, noting its peculiar thermal characteris-
tics and sent the specimen to Dr Jones who
reported his studies in 1848. Two years later,
Maclntyre reported the urine characteristics in
detail.”'® Doctor John Dalrymple examined the
slides of the bone marrow from the autopsy on this
patient. He noted a large number of nucleated cells
that varied in size and shape, also noting irregular
cells with two or three nuclei (likely the malignant
plasma cells).'*"'

Doctor Jones was a prominent physician and
during his lifetime was described by Florence
Nightingale as being ‘the best chemical doctor in
London’."” Another odd fact concerns the hyphen
that is occasionally placed between his middle and
last names. Although one often sees his name
hyphenated, he did not hyphenate his name in any
of the 40 papers and books that he wrote.'"”
Further, in his contemporary reference books, he
was listed under Jones.'” The hyphen was added
by some of his descendants.'” I presume they were
members of the ‘Bence’ clan. The final point of note
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is that the test he and Dr Maclntyre used was quite
insensitive and should never be used today to
detect MFLC.

In the 1960s, the recognition that Bence Jones
proteins in the urine were homogeneous popula-
tions of immunoglobulin fragments played an
important role in the delineation of antibody struc-
ture.'” Although the normal product of plasma
cells is an intact immunoglobulin, these cells also
produce excess free light chains." This differs from
heavy chains that normally are secreted only as
part of intact immunoglobulin molecules. When
light chains are not present, the normal heavy
chains remain in the endoplasmic reticulum and
are degraded.”® Unlike normal heavy chains,
however, normal light chains may be secreted as
part of the intact immunoglobulin molecule, or as
free light chains."” Most of the  free light chains
are secreted as monomers (25 kDa), although
dimerization certainly also occurs, whereas most A
light chains exist as dimers (50 kDa).">'” Both
monomeric and dimeric light chains pass through
the glomerulus and are reabsorbed by the proximal
convoluted tubules where they are catabolized.
Because of their different sizes, however, free Kk
chains have a clearance rate of approximately three
times that of A light chains.'”

When there is a polyclonal increase in
immunoglobulin production, such as occurs in
chronic inflammation and some autoimmune di-
seases, the amount of polyclonal free light chains
produced also increases and, together with other
low molecular weight proteins, they may surpass
the ability of renal tubules to reabsorb them. This
results in the presence of overflow proteinuria of
polyclonal free light chains in the urine, which may
produce a ‘ladder pattern’ on examination of the
urine by immunofixation (see below).”

There are many disorders of plasma cell and lym-
phoplasmacytic cells where proliferation of a single
clone occurs, termed plasma cell dyscrasias. The
variety of conditions parallels the broad spectrum
of their clinical significance. At the one end of the
spectrum is multiple myeloma and at the other end
is monoclonal gammopathy of undetermined sig-
nificance (MGUS). In between are Waldenstrom

macroglobulinemia, amyloid AL, B-cell
Hodgkin lymphoma and B-cell leukemia. These
conditions may result in production of excessive
amounts of MFLC from the clone of plasma cells
(or lymphoplasmacytic cells in the case of lym-
phoma, leukemia and Waldenstréom macroglobu-
linemia). The free light chain products may exist as
monomers, dimers, tetramers, or light chain frag-
ments. Occasionally, they may bind to other serum
components.””'” Patients suspected of having
amyloid AL should have urine immunofixation to
identify MFLC.»

In myeloma, when large amounts of the MFLC
are present, they overwhelm the capacity of the
proximal convoluted tubules and can be detected
in the urine (overflow proteinuria). It is important
to separate polyclonal free light chains from MFLC
for diagnostic purposes. The presence of MFLC in
urine samples often portends a poorer prognosis,
as this protein is much more frequently seen in
association with myeloma (50-60 per cent) and
amyloidosis (60 per cent) than it is with ‘benign
monoclonal gammopathy’ (14 per cent) that today
would be termed MGUS."7'*”

non-

RENAL DAMAGE CAUSED BY MFLC

The pathology resulting from such proliferation of
plasma cells relates to the lesions created by the
plasma cells themselves, interference with the pro-
duction of normal bone marrow elements, and
damage caused by the monoclonal immunoglobu-
lin products of the clone on various organ systems.
Because the free light chains and their fragments
readily pass through the glomerulus and are reab-
sorbed by the renal tubules, a major portion of the
pathology resides in the kidney."” Monoclonal free
light chains may damage renal tubules directly or
indirectly by facilitating release of intracellular
lysozymes.”*""" This results in dysfunction of the
proximal convoluted tubules. In addition, light
chain cast nephropathy or deposits of light chains
in the glomeruli or around the tubules as light
chain or as amyloid AL also result in renal dys-
function.'"*""*  Almost all patients who have



>1 g/24 h of MFLC in the urine suffer from renal
tubular dysfunction.**'"

When the proximal convoluted tubules are
damaged, the patients suffer Fanconi syndrome.'*
This manifests as a loss of amino acids, glucose,
phosphate and bicarbonate in the urine."*"* The
MFLC-mediated damage to the proximal convo-
luted tubules of patients with multiple myeloma is
the most common cause of acquired Fanconi syn-
drome.” In some of these cases, crystals can be
found in the renal tubules (proximal tubules, distal
tubules and collecting ducts)."”""* These patients
can have a paradoxically low serum calcium due to
loss into the urine.'” After therapy for myeloma
and decline of MFLC, some cases of Fanconi syn-
drome have shown improvement in tubular func-
tion.'*

There have been several studies indicating the
potential toxic effects of MFLC on kidney tubules.
Batuman et al.""* used MFLC purified from patients
with multiple myeloma to study their effect on
transport of phosphate and glucose by cultured rat
proximal tubule cells. They reported that both x
and A MFLC were able to inhibit the uptake of
these analytes in a dose-dependent manner,
whereas albumin had no such effect. This group
later demonstrated that Na-K-ATPase activity of
primary cell cultures from rat proximal convoluted
tubule cells also was inhibited by monoclonal free
A light chain."* Na—-K-ATPase is an important part
of the physiological mechanism for the sodium
gradient in these cells. Further, Pote et al.""* used
cultures of human proximal convoluted tubules to
demonstrate a direct toxic effect of MFLC on the
ability of these cells to proliferate as well as induc-
ing apoptosis within 2 days of exposure to the light
chains in vitro. These studies indicate that a direct
toxic effect by the MFLC on proximal convoluted
tubules may explain the occurrence of Fanconi syn-
drome in patients with plasma cell
dyscrasias.

Both the distal tubules and collecting ducts are
involved in myeloma cast nephropathy. They
contain prominent renal casts and renal function
suffers from loss of concentrating ability and acid-
ification."* The third complementarity-determining

some
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region (CDR3) of both k¥ and A MFLC binds to
Tamm-Horsfall proteins resulting in the formation
of the dense cast material present in the distal
tubules myeloma
kidney.*"">"*"'>* The presence of these casts in the
distal tubules is associated with dilatation of the
tubular lumen, atrophy of the tubule epithelium,
and significantly worsens the survival compared
with patients with pure light chain deposition
disease."”'""" In addition to the light chain-Tamm-
Horsfall protein complex, casts contain mono-
cytes, lymphocytes, multinucleated giant cells,
occasionally tubular epithelium, and neutrophils.'*
Unfortunately, these consequences may recur in
patients that receive renal transplantation. Short et
al.”® suggested that the histological pattern of
damage in the patient’s kidneys helps to predict the
outcome of subsequent renal allograft. Individuals
that had light chain deposition disease with a pro-
liferative glomerulonephritis in their native kidneys
had worse graft survival than those with cast
nephropathy.'” of light chain
nephropathy is a serious complication that should
cause the clinician to consider the implementation
of early dialysis."**

Deposits of the MFLC as either fibrillar amyloid
AL or non-fibrillar light chain deposition disease
(LCDD) may occur in glomeruli or around tubules
in extracellular spaces."""’ The same distribution
is found in cases of heavy chain deposition disease
(HCDD). Amyloid AL deposits are irregular in
their distribution, Congo Red-positive and display
the characteristic apple-green birefringence under
conditions of polarized light (see Chapter 6). In
contrast, LCDD deposits usually follow basement
membranes, are not fibrillar and are Congo Red-
negative.'”

and collecting ducts in

The presence

DETECTION AND MEASUREMENT
OF MFLC

Guidelines for clinical and laboratory evaluation of
patients with monoclonal gammopathy recommend
that detection of MFLC is best achieved by
immunofixation of concentrated urine.”>”* The
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measurement of MFLC once demonstrated by
immunofixation currently requires quantification of
the MFLC 125,126
However, these guidelines were written before sen-
sitive and specific automated assays for detecting free
light chains (FLC) in serum were readily available.
The availability of these assays (see below) makes it
possible to follow MFLC by convenient and consis-
tent serum samples. Because most laboratories are
still using the urine electrophoresis and immunofix-
ation tests at the time of this writing, I will review
evaluation of urine in some detail. However, all lab-
oratories should be following the emerging literature
on automated measurement of FLC in serum and
consider incorporating them into their evaluation of
patients with monoclonal gammopathies.

in a 24-h collection of urine.

DETECTION OF MFLC IN THE
URINE AND SERUM BY
ELECTROPHORESIS AND
IMMUNOFIXATION

There has been some controversy regarding the
optimum specimen to use for detection of MFLC.
Although many authorities recommend a 24-h
urine collection for the initial detection of
MFLC,"”" others accept random urine samples
for analysis.””® Brigden and coworkers'*® reported
that an early morning voided sample was as good
as, and perhaps superior to, a 24-h sample. They
noted, however, that random samples collected at
times other than the early morning void were
clearly inferior for the initial detection of MFLC
(Table 7.1). The early morning voided sample has

been concentrated naturally and will provide excel-
lent material for study. Note, however, that if a
patient has a random sample taken at another
time, a positive result is useful, but a negative result
will not rule out MFLC. Indeed, even a negative
result on an early morning void may engender a
repeat analysis on a second sample from a clinician
that has a high index of suspicion. Alternatively,
the laboratory now may suggest the use of FLC
assays on serum in cases with a high index of sus-
picion (see below). The new automated serum FLC
assays have been reported to detect abnormal /A
ratios in a large number of patients that had been
thought to have non-secretory myeloma."”

After the initial detection of a MFLC on the early
morning urine, I recommend a 24-h sample to quan-
tify the amount of MFLC. This is especially impor-
tant in patients with light chain disease, as the
amount of urine MFLC is a key indicator of tumor
burden and response to therapy. Once patients have
been informed that a monoclonal protein is present
in their urine, they should be sufficiently motivated
to provide a reliable 24-h collection. Once again,
the new automated serum FLC assays (discussed
below) have been shown to provide good informa-
tion to follow patients with MFLC and may be more
convenient and perhaps more accurate than the
urine assays.” Recently, Salomo et al."* reported the
use of high-resolution Sebia Hydragel HR (Sebia,
Issy-les-Moulineaux, France) agarose electrophore-
sis on unconcentrated urine to measure the amount
of MFLC. They found that they could estimate the
concentration of MFLC in urine by comparing the
densitometric scans of staining intensities of the
MFLC bands relative to the staining intensities of
albumin solutions.

Table 7.1 Detection of monoclonal free light chains in urine samples from patients with multiple myeloma*

24-h Sample + Early morning — Early morning + Random sample — Random sample
Positive = |7 17 0 14 3
Negative = 3 2 | 3

*Data from Brigden et al."®




Detection of MFLC in the urine and serum by electrophoresis and immunofixation

For initial detection of the MFLC in urine, we
first review our files on that patient to determine if
we have a previous serum protein electrophoresis
or immunofixation study demonstrating an M-
protein. If so, we use that information to determine
the set-up for the immunofixation. For example, if
the patient is known to have an IgGk M-protein,
we perform immunofixation for IgG, ¥ and A on
the initial urine study. If there is no history, we
perform electrophoresis on concentrated urine and
immunofixation for k and A. I prefer to use antisera
against total (bound and free) ¥ and against total A
for these studies rather than antisera that reacts
solely with FLC. An MFLC will usually have dif-
ferent electrophoretic migration and/or concentra-
tion from the intact immunoglobulin molecule.
Therefore, as shown in Fig. 7.10, we report the
MFLC when the light chain band has a distinctly
different electrophoretic migration than the heavy
chain band. In cases where the intact immunoglob-
ulin and the light chain overlap in migration, they
typically differ sufficiently in concentration that it
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is not necessary to use antisera against FLC (Fig.
7.11). In instances where the intact immunoglobu-
lin and the light chain have both the same migra-
tion and the same concentration, it is not possible
to rule out MFLC by this method. In those cases,
laboratories may wish to perform immunofixation
with antisera specific to FLC.*' We prefer the anti-
sera to total light chains because we have found
them to be stronger than the anti-FLC antisera and
more sensitive in detecting small MFLC. Some of
my evaluations of antisera against FLC have found
their specificity to be disappointing.

If no suspicious bands are present, the sample is
reported to be negative for MFLC. However, if one
or more M-protein bands are seen, the analysis is
repeated with antisera against the most common
heavy chains found in the urine (i.e. IgG and IgA).
If this is a 24-h urine sample, we perform a total
protein measurement (see above) and use a densito-
metric scan of the known location of the MFLC
(correlating it with the immunofixation) to quantify
the 24-h MFLC content of the urine (Fig. 7.12). If
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Figure 7.10 Immunofixation on 50-fold concentrated urine. The urine protein electrophoresis (UPE) lane (fixed in acid) demonstrates an

albumin band and a tiny band in the slow y-region (arrow). This band is identified as IgG and x by reactivity in those two lanes. In addition,

however, an anodal band is present in the x (K) lane that does not react with any heavy chain (arrow). This is a monoclonal free light
chain (MFLC). Note also at the anodal end of the IgG lane is a partial fragment of IgG (G). (Beckman Paragon system stained with Paragon

Violet; anode at the top.)
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Figure 7.11 Immunofixation on 50-fold concentrated urine. The

1gG lane shows a faint band. The x (K) lane has a monoclonal free
light chain (MFLC) that migrates only slightly faster than the band
in the IgG region, but is broader and darker in staining intensity.
Although they have similar migrations, | consider this to be MFLC
rather than intact IgG k. The A (L) lane shows diffuse staining.
(Sebia immunofixation.)

it is a random sample, we report the type of MFLC
and intact immunoglobulin and recommend that a
24-h sample be obtained to quantify the M-protein.

All urine samples suspected of having MFLC
should be evaluated by immunofixation.”>"?*"' We

Total protein = 1696.00 g/dl

% g/dl
25.9 439.26
68.1 1154.98
6.0 101.76
Serum 3
|
GAKL

Figure 7.12 Densitometric scan of 50-fold concentrated urine
with a small albumin band to the left and a large monoclonal free
light chain (MFLC) to the right. The immunofixation of the urine
(the label serum 3 is from the manufacturer’s kit, but this is
obviously not serum since there is no staining at all in the IgG lane)
demonstrates a large kK MFLC. The protein concentration circled is
measured in mg/dl. (Sebia 3,, gel and Sebia immunofixation.)

have found urine from patients with multiple
myeloma who had MFLC detected only by
immunofixation of the urine. Even more sensitive
techniques than immunofixation have been used to
detect MFLC in clinical laboratories. Immuno-
blotting has been recommended as an alternative
to immunofixation.'** Using this technique, Pezzoli
and Pascali® concentrated urine up to 300-fold and
found that they could identify B-cell lymphoprolif-
erative disorders with small amounts of MFLC.
However, as discussed above, our laboratory does
not concentrate urine greater than 50-100 times.

Whereas MFLC in the urine are usually associ-
ated with multiple myeloma, MGUS or other B-cell
lymphoproliferative processes, Pascali and Pezzoli
have reported their occurrence in the urine from 32
per cent of the 28 patients they studied who had
multiple sclerosis.”*>"”* Similarly, Mehta et al.'¥
found increased quantities of free light chains both
in patients with multiple sclerosis and in individu-
als with other neurological diseases. Perhaps the
new automated immunoassay for FLC (see below)
will be able to shed more light on these interesting
findings.

Monoclonal free light chains may be seen in the
serum protein electrophoresis in four circumstances.
(1) Most commonly, small amounts of MFLC
accompany the intact monoclonal protein in the
serum (Fig. 7.13). These may be overlooked and are
often hidden by the other B-region bands. Therefore,
the hypogammaglobulinemia that often accompa-
nies light chain myeloma should prompt investiga-
tion of the urine and serum by immunofixation (Fig.
7.14). (2) When MFLC occur as tetrameric light
chains, they are too large to pass through the
glomerular basement membrane and usually pro-
duce a spike in the serum. (3) As a result of renal
damage with sufficient loss of nephrons to reduce
clearance of MFLC in the serum. (4) The MFLC may
bind to other serum proteins including
transthyretin, albumin, o,-antitrypsin, and trans-
ferrin (Fig. 7.15).”%"” The last can usually be
demonstrated by finding numerous bands by
immunofixation that resolve upon treatment with
2-mercaptoethanol (as described in Chapter 6).

Occasional cases of cryo-Bence Jones proteins
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Figure 7.13 The serum in the top lane has a small band just
cathodal to the C3 band. This subtle band (arrow) could have been
overlooked. The second sample is the urine concentrated 100-fold
from the same patient. An obvious monoclonal free light chain is
present. The third sample is from a normal urine concentrated
100-fold. The lane appears empty. The bottom sample is a serum
with a polyclonal increase in the y-region. (Paragon SPE2 system
stained with Paragon Violet.)

have been reported in the serum.”*"'* These usually
give an artifact at the origin. Of course, when a
monoclonal light chain is identified in the serum,
the laboratory should rule out the possibility of
IgD or IgE heavy chain.

Although only a handful of patients with pure
tetrameric light chain disease has been reported,'**'*
Solling et al." found that 25 per cent of patients with
Kk-secreting myelomas have detectable tetrameric
kappa chains in their serum (coexisting with dimeric
and monomeric forms). The reported cases of
tetrameric light chain disease are dramatic because
MFLC is only in the serum unless considerable renal
damage has occurred, which often sends the labora-
torian off on a fruitless effort to identify the non-
existent heavy chain. Tetrameric MFLC have been
described in patients with multiple myeloma, pri-
mary amyloidosis and angioimmunoblastic lym-
phadenopathy."” Polymerization of x light chains
may result in a hyperviscosity syndrome.”*'"
Interestingly, polymerization of light chains does not
increase the nephrotoxicity of MFLC."*
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False positive MFLC in urine by
electrophoresis

Some urine samples are sent to evaluate the pattern
of proteinuria, and not to screen for MFLC (see
above for patterns of proteinuria). In those cases,
an immunofixation of the urine is not included as
part of the routine test in our laboratory. Just as
with serum, a variety of proteins can produce
bands in the urine that may be mistaken for mono-
clonal gammopathies on urine protein electro-
phoresis. The most common protein that may
produce a large band in urine is hemoglobin.
Depending on the characteristics of the system
used (gel type, ionic strength, and pH — see chapter
1 for details), it may migrate from the o,- to the B-
globulin region (Fig. 7.3). Usually, when large
quantities of hemoglobin are present, the red color
of the urine is good evidence for the identity of the
band. However, when smaller quantities of hemo-
globin are present in the urine, the color may not
serve as a sufficient guide. The naked eye can detect
amounts >300 mg/l in urine."”* In those cases where
there is uncertainty, the performance of immuno-
fixation for ¥ and A will rule out the presence of a
MFLC. Hobbs and Levinson suggest performing a
415 nm scan on an unstained gel sample of the
patient’s urine.'” This wavelength is near the Soret
band (414 nm) where hemoglobin shows maximal
absorbance.”” Hobbs and Levinson'” found that
they could detect as little as 0.2 g/l of hemoglobin
by this technique. Although rarely commercial
antisera may not always react appropriately with
monoclonal proteins,”"**'* our laboratory has not
found this to be a problem in distinguishing
between a hemoglobin band and an M-protein on
urine. The location of hemoglobin on our gels plus
the negative ¥ and A immunofixation is sufficient
evidence for us to rule out an MFLC. If heavy
chain disease is part of the differential diagnosis
(see Chapter 6), immunofixation for IgG, IgA and
IgM are needed.

Other molecules will also produce bands in urine
that may be confusing. In crush injuries and some
myopathies a myoglobin band may be seen.* The
distinction between myoglobin and hemoglobin is
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useful for the clinician. Hamilton et al.” point out
that myoglobin usually appears as a light brown color
whereas hemoglobin is usually red, especially in a
fresh sample. However, aged samples, unstable
hemoglobin and methemoglobin will also appear a
brownish color." The best solution to this issue is to
perform an immunoassay to detect the myoglobin.
As mentioned above, B,-microglobulin, eosinophil-
derived neurotoxin, and lysozyme, when present in
sufficient quantity, will produce a band in protein
electrophoresis that could be mistaken for

MFLC.##*4” Proteins added to the urine in cases of

@

factitious proteinuria (see above) may produce pecu-
liar bands (usually in the albumin and o,-region).
A new source of unusual banding in the urine is
found in samples from patients with pancreas and
pancreas—renal transplants. Since 1987, the pre-
ferred drainage of their exocrine pancreas secretions
is into the urinary bladder."*" It is well documented
that their urine contains discrete forms of the pan-
creatic enzymes.'” " Indeed, evaluation of these
enzymes has been suggested as a means to follow
rejection in these patients.'”"** Nonetheless, the
bands may be confusing to laboratories. I have seen

IgG
1:2

IgA
1:2

(b)

iz 1:2 1:2
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two such cases (Fig. 7.16), one of which has been
recently documented as being due to pancreatic
enzymes by Song et al.'” Although this is a some-
what unusual source of confusion it re-emphasizes
the two key things that the laboratorian should do
when confronted by unusual bands that may be
MFLC in urine: perform the immunofixation for ¥
and A, then if they are negative call the clinician to
discuss the case.

There is always the rare possibility of a false neg-
ative immunofixation due to an antigen excess
effect (see Chapter 3). When a large band seen on
urine protein electrophoresis fails to yield a reac-
tion with ¥ and A (yet is not consistent with the
sources mentioned above); one may wish to con-
sider a repeat immunofixation on 10- and 100-fold
diluted urine to help rule out antigen excess prob-
¢ Tt is unusual that these dilutions yield a
result that was missed with the original sample.
Antigen excess effects are usually easy to recognize.

One should also consider including antisera

lems.
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Figure 7.14 (a) A urine concentrated |00-fold (top) and a serum
diluted 1:3 from the same patient (bottom) are shown. The serum
shows a hypogammaglobulinemia and the urine has a suspicious
band in the fast y-region (arrow). (Paragon SPE2 system stained
with Paragon Violet.) (b) Immunofixation of the serum from (a)
shows a small IgA k¥ monoclonal gammopathy (arrows) which had
been hidden in the B-region beneath the prominent B,-lipoprotein
and transferrin bands. In addition, there is a small, but suspicious
band in the x region (S). Dilutions of the serum used for
immunofixation of serum are shown below the immunoglobulin
antisera used. SPE, serum protein electrophoresis for comparison.
(Beckman Paragon system stained with Paragon Violet.) (c)
Immunofixation of 100-fold concentrated urine of the urine from
(a) shows a massive ¥ monoclonal free light chain protein band, no
IgA band and a tiny A-band (indicated) thought to be part of the
ladder pattern. (Beckman Paragon system stained with Paragon
Violet; anode at the top.)

against heavy chains to rule out the possibility of
heavy chain disease. This should give a distinct
band that matches the one in the serum. In per-
forming immunofixation for heavy chains in urine,
however, one must be aware that the o,-region of
urine may demonstrate the presence of fragments
of free polyclonal y-chain that may be present in
urine samples (Fig. 7.10).'” The presence of these
fragments is not uncommon in urine, although the
exact cause is unclear. The fragments may result
from breakdown of IgG by many factors such as
proteases or bacterial enzymes.

FALSE NEGATIVE MFLC IN URINE
BY ELECTROPHORESIS

Roach et al."® provided an excellent example of a
potential source of false-negative urine for MFLC.
They presented a pattern in urine protein
electrophoresis that resembled the ‘ladder pattern’



238 Examination of urine for proteinuria
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Figure 7.15 This serum has a densely staining band in the C3
area (arrow). When immunofixation was performed with anti-x
(K) and anti-A (L), the dense k-band was seen indicating that this
was a K monoclonal gammopathy. No reaction was seen with the
other heavy chain antisera (not shown). Also, in the x reaction are
three other more anodal bands (indicated). When the patient’s
serum was reduced with 2-mercaptoethanol (K red), these extra
bands disappeared. They are identified by performing
immunofixation of the purified x chain with antisera to o,-
antitrypsin (A-lat) and albumin (Alb). (Panagel system stained with
Coomassie Blue; anode to the left.)

seen on immunofixation (Fig. 7.17). Their
immunology studies, however, demonstrated that
this reflected multimer formation of a MFLC.'®

Rl

Figure 7.16 A urine protein electrophoresis is in the top lane
and serum from the same patient is in the bottom lane. Several
discrete bands are present throughout the - and y-regions. This is
not a tubular pattern of proteinuria. Those bands would be much
smaller and migrate in the o-and B-regions, not the y-region. This
urine is from a patient with a pancreas transplant. The exocrine
duct of the pancreas is drained through the urinary bladder and
the pancreatic enzymes may be found in the urine. Case
contributed by Lu Song.

We have seen similar cases in our laboratory. The
key lesson is that the ‘ladder pattern’ refers only
to the multiple faint bands seen on immunofixa-
tion of urine, not on electrophoresis of urine.
Immunofixation is several times more sensitive
than urine protein electrophoresis. When the
bands are distinct enough to be seen by urine pro-
tein electrophoresis, they deserve an immunofixa-
tion to rule out MFLC.

FALSE POSITIVE MFLC IN URINE BY
IMMUNOFIXATION

Immunofixation on concentrated urine often
shows multiple, small and somewhat indistinct
bands in the ¥ and A lanes that have been termed
the ‘ladder pattern’ (Fig. 7.18).””'” The ladder

Figure 7.17 Urine protein electrophoresis on a sample concentrated 50-fold. The y-region shows numerous closely spaced bands that

resemble a ladder pattern on immunofixation. Immunoelectrophoresis demonstrated that this was a case of A monoclonal free light chain.

When unusual patterns are seen on urine protein electrophoresis, immunological studies are needed. Case contributed by Drs Adrian O.

Vladutiu and Barbara M. Roach.
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Figure 7.18 (a) Schematic view of the ladder pattern in urine.
Several evenly spaced bands with variable weak staining are often
seen in the k (K) reaction and occasionally seen in the A (L)
reaction. (b) Schematic view of monoclonal free light chain to
contrast with (a). In this case, a smaller second band is seen just
anodal to the large MFLC. This is often due to monomer and
dimer MFLC and would not be mistaken for a ladder pattern. SPE,
serum protein electrophoresis.

pattern now is well recognized and with experi-
ence, will not cause problems in interpreting the
vast majority of cases of urine immunofixation.
The typical ladder pattern demonstrates five or six
faint, regular and somewhat diffuse bands with a
notable hazy background staining between the
bands. These bands may be seen in any urine
sample with a polyclonal increase in immunoglob-
ulins.”*”'"""" The ladder pattern likely represents
the relatively limited heterogeneity of normal poly-
clonal free light chain molecules. They are more
often seen in the x lane than in the A lane of an
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immunofixation gel, but may be seen in both. They
are usually regularly spaced which is why Harrison
refers to them as a ‘ladder’ pattern.”*””° They may
be seen when there is considerable polyclonal IgG
and IgA present (Fig. 7.19), or when there is little
intact immunoglobulin present (Fig. 7.20).

Bailey et al.”” and Hess et al."* noted that when
these bands are relatively dense, they may be espe-
cially confusing with small MFLC. Some laborato-
ries use descriptions of these patterns as ‘oligoclonal’
or ‘pseudo-oligoclonal’ in their reports. These terms
are inaccurate and confusing to clinicians. Since
these are not MFLC proteins, I sign urine samples
with ladder patterns as ‘negative for monoclonal
free light chains (Bence Jones proteins)’. However,
as noted by Hess et al.,’® in some cases one of the
bands may be more prominent than the others or
spaced in an unusual pattern (Fig. 7.21), such that
one cannot unequivocally rule out an MFLC. In such
cases, a repeat immunofixation using larger dilu-
tions may help; however, occasionally I am not
certain whether or not the band is a true MFLC. In
those cases, I report that ‘a small restriction is seen
in the x (or A if appropriate) chain reactivity. The
clinical significance of detection of MFLC that are
present in amounts so small that their existence is
obscured by the presence of a ladder pattern is not
known. A repeat urine sample in 3-6 months will
help to determine if the process regresses’. This
allows the clinician to know what we know: the case
is unusual, a small restriction is seen which we can-
not confidently classify as a MFLC protein, a fol-
low-up is needed to be sure this is not a process that
will progress. I avoid using the term ‘MFLC or Bence
Jones’ proteins until I am certain of that diagnosis.
As always, it is useful to obtain more clinical his-
tory on such cases. Another alternative that is now
available in such situations is to recommend that a
serum FLC assay be performed. Patients with even
very small quantities of true MFLC in urine will
almost always have an altered «/A ratio in serum.”

Finally, a modest, but straightforward case of
MFLC is shown in Fig. 7.22. Note that the K lane
contains several small ladder rungs and there is
some diffuse staining in the L lane. Nonetheless,
this case is clearly MFLC.
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Figure 7.19 Urine containing polyclonal IgG and IgA with a ladder pattern with the K antiserum (K) and a diffuse weak staining with A
antiserum (L). The interpretation is ‘Negative for MFLC (monoclonal free light chain).” (Beckman Paragon system stained with Paragon
Violet; anode at the top.)
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Figure 7.20 Urine containing very little polyclonal IgG and no detectable polyclonal IgA or IgM. The ladder pattern is quite prominent in
the reaction with the k antiserum (K) and also shows up very faintly with the A antiserum (L). (Beckman Paragon system stained with
Paragon Violet; anode at the top.)
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Figure 7.21 A faint diffuse pattern with a hint of a ladder is seen with the x antisera (K). One band is particularly prominent (arrow),
although it is a very small band. The significance of such small bands is not known. | do not report this as a monoclonal free light chain. |
note that a small (tiny) K-restriction is seen and recommend repeating the urine immunofixation at 3—6 months to see if the process
evolves or regresses. (Paragon system stained with Paragon Violet; anode at the top.)
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Figure 7.22 Typical immunofixation of a urine with a prominent A monoclonal free light chain (MFLC) (arrow) and a faint ladder pattern

with the K antisera (K).(Beckman Paragon system stained with Paragon Violet; anode at the top.)
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NEPHELOMETRY TO MEASURE
TOTAL KAPPA AND TOTAL A
LIGHT CHAINS IN URINE

When the medical literature refers to the measure-
ment of kK and A chains it usually refers to the total
k and total A, rather than the free k¥ and free A.
Total x is the ¥ bound to heavy chain (intact
immunoglobulin x) plus the free . Total A refers to
the A bound to heavy chain (intact immuno-
globulin A) plus the free A. In serum, the amounts
of free ¥ and free A are insignificant when com-
pared with the k¥ and A that are bound to intact
immunoglobulin molecules. When I refer to assays
specific only for free x and free A I will use those
terms. Caution should be exercised when review-
ing articles in the literature that merely refer to the
measurement of K and A to check the specificity of
the assay being described.

Although there was hope that assays for total x
and total A might replace the need for immuno-
fixation to detect MFLC, this has not been real-
ized in practice. Some studies reported that
laboratories might use nephelometric measure-
ments of total ¥ and total A in the urine as a more
cost-effective way to screen urine samples for the
presence of MFLC than by immunofixation.
Levinson'” compared rate nephelometry using
antisera that reacted with both total k and total A
chains. In normal urine, the poor sensitivity of the
nephelometric method used often gave a result of
‘too low to detect’ for ¥ and/or A. With the recent
advent of automated FLC assays, this approach
has been abandoned.

TECHNIQUES TO MEASURE FREE x
AND FREE A LIGHT CHAINS IN
SERUM AND/OR URINE

Many assays have been devised in the past 20 years
that attempted to measure free k¥ and free A light
chains in serum and/or urine.”>'*>*'”"'”7 Because
there are orders of magnitude between the concen-
tration of bound versus free light chains, some

means to distinguish them needed to be employed.
Physically separating the free light chains from
intact immunoglobulins was used in early studies
to facilitate the measurement of free light chains by
polyclonal antibodies directed against total «x
chains."”” However, physical separation techniques
are problematic for clinical laboratories that
depend upon automated immunoassays for effi-
ciency.

In order to use immunological techniques to dis-
tinguish between free and bound light chain in the
same serum sample special antisera that are highly
specific for antigenic determinants only expressed
on free light chains needed to be made."” The
antisera needed to react only with determinants are
unavailable to react when the light chains are
bound to the heavy chains. Both polyclonal and
monoclonal antibodies have been developed for
use in these assays.

Polyclonal antibodies are prepared by immuniz-
ing an animal (typically a rabbit, goat, or sheep)
with purified MFLC, often from the urine of a
patient with multiple myeloma (Fig. 7.23). The
serum from this animal is extensively adsorbed
with intact immunoglobulin molecules. Unfortu-
nately, the adsorption may not remove all anti-
bodies that react with bound light chains.
Further, the adsorption also dilutes the concen-
tration of antibodies reactive with the antigenic
determinants expressed only on unbound light
chains. Because of this, more recent studies have
further purification by reacting the
adsorbed sera onto free light chains attached to
Sepharose 4B (Pharmacia, Uppsala, Sweden).'”
After extensive washing of the affinity column,
elution of the antibodies provides a highly puri-
fied, specific antisera against free light chain. To
facilitate the automation, Bradwell et al.'” pro-
duced F(ab")2 fragments that were attached to
latex beads. Such antibody-coated beads (The
Binding Site Limited, Birmingham, UK) are read-
ily adapted for use on currently available instru-
mentation: Beckman IMMAGE  (Beckman
Coulter, Fullerton, CA, USA), and Dade Behring
BNII nephelometer (Dade Behring Inc., Deerfield,
IL, USA).

used
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Figure 7.23 Commercial polyclonal sera with reactivities to free light chain can be created because some light chain antigenic

determinants are ‘hidden’ in intact molecules. In the example shown, determinant E in the intact molecule is not available to react with

antisera. When the light chains are separated from the heavy chains, this determinant is now expressed along with the many antigenic

determinants (A, B, C, D) which are also expressed in the intact molecule. When these light chains are used to immunize an animal,

antibodies against all of these determinants can result. By absorbing these antisera with intact molecules, in theory, only the antisera against

free light chain determinants will remain. However, these antisera are often very weak, and often crossreact with intact molecules. This is

why recent methods required further purification on Sepharose 4B columns coated with purified light chain.

Monoclonal antibodies have also been produced
against the antigenic determinants of free light
chains that are hidden when bound to heavy
chains.”>"*"”* This provides highly specific anti-
sera; however, monoclonal proteins may not react
with the entire spectrum of light chains produced.
Eventually, reagents composed of cocktails of
monoclonal antibodies may provide the breadth
and specificity of reaction required for optimal
results. However, at present, the highly purified
polyclonal products seem to have an edge.

The serum ratio of total x to total A (which repre-

sents overwhelmingly intact immunoglobulins that
contain ¥ or A light chains respectively) is 2:1.
However, the most recent studies of serum using
highly specific polyclonal or monoclonal antibod-
ies that are able to distinguish bound from
unbound light chains have demonstrated a free
K/free A ratio of approximately 1:2.">"* Abe et
al.,'” who used monoclonal antibodies in an
enzyme-linked immunosorbent assay hypothesized
that the disparity in free versus intact light chain
ratios may be due to a higher rate of production by
A plasma cells than x plasma cells. They further
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Table 7.2 Free light chain measurements in serum and urine®

Reference Serum free x Serum free A Urine free x Urine free A

(mean mg/l + SD) (mean mg/l + SD) (mean mg/24 h £ SD) (mean mg/24 h £ SD)
Abe et al." 16.6 6.1 33.8+48 296 £ 1.84 1.07 £ 0.69
Bradwell et al.'® 841266 145+ 44 5.5+4.95 3.17+33

*Table modified from Bradwell et al., Table 2, with permission.'*®

suggested that the quaternary structural differences
between k and A free light chains also may play a
role. Bradwell et al.,'” who used polyclonal anti-
bodies in an automated immunoassay suggested
that since « chains exist predominately as
monomers (25 kDa) they will be cleared more
quickly through the glomeruli than the mainly
dimeric A free light chains (50 kDa). The normal
serum and urine free ¥ and A concentrations are
noted in Table 7.2. Whereas the serum free light
chain ratios are the opposite of serum intact light
chain ratios, in urine, the free x/free A ratios in the
two studies are 2.8:1 and 1.7:1; both similar to the
total K/total A ratio usually quoted for serum. This

10000 T

)
£
£ 1000
[
el
E
£
[0
g
S 100+
(6]
C
3
=
o
£
=) .
= 10
o
[T

reflects the molecular sieve properties of the
glomerulus to favor passage of the smaller k¥ mole-
cules into the urine.

Bradwell et al. reported a free light chain w/A
ratio in serum to be 1:1.62 with a 95 per cent
confidence interval of 1:2.75-1:0.99."” This free
light chain x/A ratio in serum provided consistent
discrimination between individuals with myeloma
and those i
immunoglobulins.

increases  in
Sera from patients with
multiple myeloma or Waldenstréom macroglobu-
linemia contain increased concentrations of the
free light chain type associated with the M-protein
in all 27 cases examined (Fig. 7.24)."” They also

with  polyclonal

26,105

T T
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Normal sera

T T T
Kappa Lambda
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' Kappa ILambdaI
A myeloma sera

Figure 7.24 Comparison of free light chain concentrations (means and 95% confidence interval shown) in 100 normal sera, sera from 27
patients with monoclonal gammopathies (IgG, closed circle; IgA, closed triangle; IgM, open square), and sera from |2 patients with
systemic lupus erythematosus (SLE). Figure contributed by Dr Arthur Bradwell, and used with permission.'*
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Table 7.3 Comparison of initial serum free light chain (FLC) and 24-h urine M-protein in patients with light chain multiple myeloma

Patients 24-h urine M-protein Serum x FLC Serum A FLC Serum Kk/A
g/24 h (normal 2-11.2 mg/l) (normal 6.8-25.2 mg/l) (normal 0.09-0.89)

K Patients

| 0.33 22.6 12.3 1.837
2 2.25 4370 10.1 432.673
3 1.77 699 14.3 48.881
4 1.36 1390 5.6 248.214
5 1.81 693 1.2 577.500
6 0.10 276 1.1 250.909
7 0.03 2820 8.1 348.148
8 0.30 1230 9.8 125.510
9 1.31 351 5.1 68.824
A Patients

10 0.29 10.4 235 0.044
I 1.53 1.0 1030 0.001
12 3.04 33 15900 0.000
13 6.32 4.8 116 0.041
14 331 7.0 I'1 000 0.001
15 0.11 1.1 46.5 0.024
16 4.11 0.9 545 0.002
17 5.02 6.8 1390 0.005
18 1.23 72 1430 0.005
19 4.20 9.2 4690 0.002
20 1.46 3.1 71.8 0.043
21 7.14 1.2 654 0.018
22 10.81 6.9 2700 0.003
23 4.0l 16.9 2360 0.007
24 6.48 10.5 1420 0.007
25 0.79 46.7 10 000 0.005
26 0.10 5.9 81.6 0.072
27 2.99 1.00 326 0.003
28 5.58 4.5 3570 0.001

*Table modified from Abraham et al., Table |, with permission.”
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investigated sera from 12 patients with systemic
lupus erythematosus as an example of the effect of
polyclonal proliferation of immunoglobulins on
the /A ratio. While the level of circulating free
light chain was increased for both x and A, the
free K/free A ratios were in the reference range
they established.'” As would be expected in situa-
tions of decreased renal clearance, polyclonal free
light chains also occur in patients receiving
chronic hemodialysis."”

In their studies, Bradwell et al.'"” reported two
patients with a negative urine study for MFLC
using radial immunodiffusion (RID) screening with
a sensitivity of 40 mg/l, where the serum nephelo-
metric immunoassay demonstrated increased free
light chains of the monoclonal type.

Abraham et al.** compared the urine and serum
levels for free x and free A light chains using the
same nephelometric immunoassay with a normal
free x/A of 0.09-0.89." Their data is shown in
Table 7.3. The selected population all had mono-
clonal free light chains in the urine, but only three
of nine patients with x-secreting monoclonal
gammopathies and 13 of 19 patients with A-secret-
ing monoclonal gammopathies had a monoclonal
peak on the serum protein electrophoresis.
Nonetheless, all of the patients had abnormal &/A
ratios (Table 7.3). As a control group, they evalu-
ated seven patients with lupus glomerulonephritis.
None of the seven patients had an abnormal /A
ratio, although one had an elevation of the free A
light chains in serum. This indicates that serum
measurements of free K and free A light chains by
automated immunoassays may provide a viable
alternative to the current 24-h urine collections to
follow the clinical response of patients with multi-
ple myeloma.*

The serum free light chain assays may be of con-
siderable assistance with another difficult problem,
the ‘non-secretory’ cases of multiple myeloma.
Drayson et al."”” have reported the utility of auto-
mated immunoassays for free light chains in serum
from patients with the diagnosis of ‘non-secretory’
multiple myeloma where no monoclonal protein in
either serum or urine could be demonstrated by
traditional methods of immunofixation and elec-

trophoresis. They detected increased concentra-
tions of one free light chain along with an abnor-
mal free /A ratio in sera from 19 of the 28 patients
with the diagnosis of non-secretory multiple
myeloma. Of course, these assays do not prove the
existence of a monoclonal protein. A polyclonal
increase in one or the other light chain type could
result in an abnormal free /A ratio. However,
Drayson et al.’s finding that the clinical changes
during follow-up of six patients correlated with the
changes in the free light chain concentration during
that time period suggest that this assay will be of
use in many patients with non-secretory myeloma
(a name we may need to change — ‘pauci-secre-
tory’?)."”

The technique of automated immunoassays for
free light chain measurement in serum and urine is
evolving rapidly. Currently, reagents are available
from The Binding Site, Ltd, and assays have been
performed on the Beckman IMMAGE and on the
Dade Behring BNIIL. The reader is encouraged to
seek the most recent information about this tech-
nique.
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APPENDIX Recently, techniques to perform this technique in
the urine have become available in both experi-
Capillary zone electrophoresis (CZE) has dramati- mental and clinical settings. In this Appendix, I
cally improved the efficiency and quality of serum  show examples contributed by Margaret A.
protein electrophoresis in many laboratories.  Jenkins and Cynthia Blessum.
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AT7.1 This is a capillary zone electropherogram of unconcentrated human serum showing predominantly albumin proteinuria. Total urine
protein is 0.17 g/l. The peak with the highest absorbance is at approximately 7.3 min. This is the urea/creatinine peak. Albumin is the
largest protein peak and occurs at 13.2 min. The smaller peaks before and after albumin are small amounts of other molecules that absorb
at 200 nm. The technique was performed on a Beckman MDQ CE instrument; assay buffer was 150 mm boric acid pH 9.7 containing
calcium lactate. Separation voltage was 18 kV and detection was at an absorbance of 200 nm. This figure was contributed by Margaret
Jenkins, Austin and Repatriation Medical Centre, Heidelberg, Australia.

0.40+ r 0.40
0.344 0.34
0.284 0.28
0.22- o -0.22
<
=] ™~ S
<< 0.16 F0.16 <
0.104 0.10
0.04 0.04
—0.02 F—0.02
0 5 10 15
Time (min)

A7.2 This is a capillary zone electropherogram of unconcentrated urine with a predominantly tubular pattern. Total urine protein is
1.40 g/I. Once again, the largest peak is due to urea/creatinine at approximately 7.3 min. The albumin peak at approximately 13.2 min is
difficult to see between the numerous tubular protein peaks. Conditions as in A7.1. This figure was contributed by Margaret Jenkins,
Austin and Repatriation Medical Centre, Heidelberg, Australia.
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A7.3 This is a capillary zone electropherogram of unconcentrated urine with monoclonal free light chain (MFLC) and albumin. Total urine
protein is 3.59 g/l. The urea/creatinine peak is at approximately 7.3 min. Immediately following this peak are two sharp peaks that merge at
their base. They are at 7.9 min and 8.3 min and represent a double free kK MFLC. The albumin peak is prominent at approximately

13.1 min. Conditions as in A7.1. This figure was contributed by Margaret Jenkins, Austin and Repatriation Medical Centre, Heidelberg,
Australia.
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A7.4 This is a capillary zone electropherogram of unconcentrated urine with combined glomerular and tubular proteinuria. Total protein
is 5.2 g/l. Again, the urea/creatinine is a good marker peak at approximately 7.6 min. The albumin peak is the second largest and occurs at
13.7 min. Conditions as in A7.1. This figure was contributed by Margaret Jenkins, Austin and Repatriation Medical Centre, Heidelberg,
Australia.
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A7.5 This is a capillary zone electropherogram of unconcentrated
urine with a prominent monoclonal free light chain (MFLC). The
total protein is > |.5 g/l. No urea/creatinine peak is present on the
patterns performed on the Paragon CZE 2000; neither are the
precise elution times noted. The albumin peak (arrow) is the small
peak toward the anode. A large peak due to the kK MFLC is seen at
the B—y region interface. The technique was performed on a
Paragon CZE 2000, borate buffer, pH 10.0. Electrophoresis at

10.5 kV, 24°C for 4 min. This figure is courtesy of Cynthia
Blessum, Beckman Coulter, Inc.

A7.6 This is a capillary zone electropherogram of unconcentrated
urine with a combined glomerular and tubular pattern. The total
protein is > 1.5 g/l. No urea/creatinine peak is present on the
patterns performed on the Paragon CZE 2000. This pattern closely
resembles a normal serum protein electrophoresis pattern with a
few exceptions. The o,-region has the appearance of an irregular
mesa and drops off sharply just before the transferrin band. There
is some B~y bridging and irregularity in the y-region. The technique
was performed on a Paragon CZE 2000, borate buffer, pH 10.0.
Electrophoresis at 10.5 kV, 24°C for 4 min. This figure is courtesy
of Cynthia Blessum, Beckman Coulter, Inc.

‘ JAN
— T T T 1 1

A7.7 This is a capillary zone electropherogram of unconcentrated
urine with a glomerular pattern. The total protein is > |.5 g/l. No
urea/creatinine peak is present on the patterns performed on the
Paragon CZE 2000. Basically, two peaks are seen. The prominent
albumin peak and a small B,-region peak due to the presence of
transferrin. The technique was performed on a Paragon CZE 2000,
borate buffer, pH 10.0. Electrophoresis at 10.5 kV, 24°C for 4 min.
This figure is courtesy of Cynthia Blessum, Beckman Coulter, Inc.
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A7.8 This is a capillary zone electropherogram of immunosubtraction on an unconcentrated urine with A monoclonal free light chain.
Each square shows the pattern of migration after the urine was treated with beads coated with antibodies against the specific
immunoglobulin class noted in each square. The prominent y-region spike is present in all the sectors, except the one pretreated with
anti-A. The technique was performed on a Paragon CZE 2000, borate buffer, pH 10.0. Electrophoresis at 10.5 kV, 24°C for 4 min. This
figure is courtesy of Cynthia Blessum, Beckman Coulter, Inc.
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EARLY ELECTROPHORETIC
STUDIES

Early studies by Kabat et al."* reported that cere-
brospinal fluid (CSF) from control individuals
contained relatively little y-globulin compared with
serum, whereas CSF from patients with a variety of
neurological conditions had an elevation of the
total CSF protein with a decreased ratio of
albumin/globulin. They pointed out that in
patients with either multiple sclerosis or neuro-
syphilis, there was a consistent increase in both the
v and the transthyretin (prealbumin) fractions."
Currently (as discussed below), the most specific
laboratory test for multiple sclerosis is the demon-
stration of oligoclonal bands in the CSF that are
not present in a corresponding serum.*

CEREBROSPINAL FLUID PROTEIN
COMPOSITION

Source of CSF proteins

Cerebrospinal fluid is an ultrafiltrate of plasma
that is continuously produced at the rate of
about 500 ml/day in the choroid plexus.” Since
the total volume of CSF is only 135 ml, it must
turn over every 6 h.° Reabsorption occurs into

the bloodstream at the superior sagittal sinus by
the arachnoid granulations.” The vast majority of
CSF proteins are serum proteins that pass
through the blood-CSF barrier at the choroid
plexus. Only about 20 per cent of CSF proteins
are synthesized locally.® Proteins passing through
the choroid plexus are limited by molecular size,
charge, their concentration in plasma and the
integrity of the blood—CSF barrier.”” Whereas,
their plasma concentration and the integrity of
the blood—CSF barrier may change dramatically
in some disease processes, the size and the charge
of the proteins are relatively constant factors
(with some exceptions in charge and genetic
structural variants). The sieve effect of the
blood—CSF barrier is not as clear-cut as that of
the glomerular basement membrane in the
kidney; small molecules such as
transthyretin (prealbumin) preferentially pass into
the CSF, and the larger o,-macroglobulin and
haptoglobin are greatly restricted.'™"

While most proteins are passively transferred into
the CSF, some, such as transferrin, have an active
mechanism. Transferrin binds to specific receptors
on the endothelium of cerebral capillaries and
neurons.™” Once within the cytoplasm, transferrin
releases its attached iron and some of the transfer-
rin molecules also lose their terminal sialic acid
residues from its carbohydrate side-chain. This
forms the desialated transferrin (T protein also

however,
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called ‘CSF-specific slow transferrin’) that exists in
CSF along with the usual sialated form of transfer-
rin. As discussed below, the presence of this
desialated transferrin can be used as a marker of
CSF leakage into nasal and aural fluids as a result
of damage to the cranial vault." Although some of
the desialated transferrin finds its way into the
blood, most of it is quickly taken up by receptors
on reticulo-endothelial cells that do not bind trans-
ferrin containing the terminal sialic acid residues.®
The presence of desialated transferrin (also termed
carbohydrate-deficient transferrin) in the blood has
become a convenient marker for the presence of

1518 However, even in alcoholics, the

alcoholism.
concentration of desialated transferrin is too low
to interfere with electrophoretic techniques that

have been employed to detect CSF leakage.

Electrophoretic pattern of normal
CSF

Because of the molecular sieve action of the
choroid plexus and the presence of proteins
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unique to CSF, the protein electrophoresis pattern
seen with CSF differs considerably from the pat-
tern seen with serum (Fig. 8.1). Normally, the
transthyretin (prealbumin) band in serum is barely
visible, whereas this band is increased relative to
the other protein bands in concentrated CSF (Fig.
8.2). This results from both a preferential trans-
port of transthyretin because of its size and charge
characteristics as well as its local synthesis by the
epithelium of the choroid plexus.”” Because of
this increase in its relative concentration,
transthyretin had been used to detect CSF leakage
into nasal and aural fluids. However, since the
advent of both detect
desialated of
prostaglandin D synthase (formerly B-trace pro-
tein) (discussed below), I no longer recommend
studies for transthyretin to detect CSF leakage.”
Isoforms of albumin, transferrin and immuno-
globulins comprise the vast majority of CSF
proteins.” Albumin is a major protein band in CSF,
as in serum, but it usually migrates more toward
the anode in CSF than in serum. o,-Lipoprotein
tends to overlap albumin or migrates anodally to it

immunofixation to

transferrin and measurement

B4-Lipoprotein

Bo-Transferrin
C3

Figure 8.1 Schematic comparison of serum versus concentrated cerebrospinal fluid (CSF). The CSF transthyretin band is much stronger

than in the corresponding serum. In contrast the o,-region is considerably weaker in CSF because the high molecular weight haptoglobin

and o,-macroglobulin are restricted from passing across the blood—CSF barrier under normal circumstances. Increased protein in this

region is an indication of a disturbed blood—CSF barrier. In the 3,-region of CSF an extra band is present, B,-transferrin that is not
normally present in serum. The y-region of CSF normally stains considerably lighter than the y-region in the corresponding serum.



Figure 8.2 Comparison of several pairs of serum diluted 1:3

and CSF concentrated 80-fold (serum above and CSF below

from each patient for comparison). The transthyretin (prealbumin)
band anodal to the albumin is considerably more prominent in the
CSF. The o -lipoprotein band (A) migrates more anodally in CSF
than in the corresponding serum. It is often hidden by the albumin
band, but occasionally can be seen between transthyretin and
albumin. The area between albumin and o,-antitrypsin is,

therefore, much clearer (C) in the CSF than in the adjacent serum.

The o,-region bands are always much denser in serum, unless
there is a damaged blood—CSF barrier. Note that the C3 band
(C3) is more prominent in the serum than in the corresponding
CSF below it. Cerebrospinal fluid contains two transferrin bands,
the B,-region transferrin band (T) corresponds to that of the
adjacent serum, but a f3,-region transferrin band (T2) is normally
present only in CSF. (Paragon SPE2 system stained with Paragon
Violet.)
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in CSF, therefore, the region between albumin and
o,-antitrypsin stains more weakly with protein
dyes such as Amido Black in CSF than in serum
(Fig. 8.2). The o,-antitrypsin band may be slightly
more diffuse in the CSF than in the serum due to
desialation of this protease inhibitor within the
CSF.” As stated earlier, the large o,-macroglobulin
and haptoglobin molecules do not pass readily into
the CSF and, therefore, the o,-region is weakly
stained in normal CSF compared to serum. When
the o,-region stains strongly, likely causes include a
traumatic tap or damage to the blood—CSF barrier.

The B-region has two major bands; however,
unlike serum, the bands reflect different forms of
transferrin. The more anodal band (Figs 8.1 and
8.3) is transferrin, which is structurally the same as
its serum counterpart. There is relatively little C3
in the CSF. As mentioned above, the second major
B-region band is the desialated form of transfer-
rin.”? The small amount of C3 found in CSF is
located just anodal to the desialated transferrin
band (Fig. 8.3). IgM is also part of the slow B-
region in serum, but, because of its size, IgM does
not readily pass into the CSF, although it may be
formed locally and as such may serve as a marker
for early intrathecal immune response.”

As with the serum, the most clinically significant
region is y-globulin. Normally, this region contains
little protein, even after concentration. The IgG
that is present in the CSF tends to show less het-
erogeneity than serum IgG. In the y-region, a
2.3 kDa protein called y-trace protein, not an
immunoglobulin, may be seen (depending on the
method of concentration — some concentrators
exclude molecules this small).>*

Because of the significance of oligoclonal bands in
the diagnosis of multiple sclerosis, it is important to
be aware of the location of y-trace protein (pI 9.5)
or artifacts that may occur in some electrophoretic
systems.”** The location of these non-immunoglob-
ulin bands should become obvious with experience.
I batch several CSF samples on the same gel and this
allows for comparison from one sample to the next.
True oligoclonal bands differ in their location in the
v-region from one case to another. Therefore, if one
finds bands in two or more CSF samples from
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Figure 8.3 The top sample is CSF concentrated 80-fold. To demonstrate the constituents of the B-region bands in the CSF,

immunofixation with anti-transferrin (Tf) and anti-C3 are shown immediately below. Note the two transferrin bands normally present in

the CSF. (Panagel system stained with Coomassie Blue.)

different individuals on the same gel, one should
consider the presence of some artifact either in that
run or inherent to the system one is using. In the
mid-y-region of some electrophoretic systems, one
may find a slight sharpening of the y-band owing to
restricted migration of CSF IgG, which could be con-
fused with oligoclonal bands (Fig. 8.4).” In some
electrophoretic methods, I have noticed two faint
bands in the fast y-region that have been mistaken
for oligoclonal bands (Fig. 8.5). They do not stain
with anti-immunoglobulin reagents. More recent
techniques use specific identification of oligoclonal
bands by immunostaining on all samples.
Immunofixation of CSF has the advantage of requir-
ing much less CSF (since a concentration step can
be eliminated) and also allows one to rule out non-
specific bands caused by y-trace protein (Fig. 8.6).

The tally of total CSF proteins reveals a content
about 1/350th of that in plasma. In adults up to
about 50 years of age, the concentration is

12-60 mg/dl (0.12-0.60 g/1).* However, in chil-
dren, there is a considerable age-dependent change
that must be taken into account when looking for
increased protein concentrations.”** Biou et al.”’
reported that during the first 6 months of life, there
is a dramatic decline in the total protein content of
CSF. This reflects the
blood—CSF barrier of the newborn (especially of
premature infants) that permits larger amounts of
protein to transfer into the CSF than does the
blood—CSF barrier of older children (Table 8.1).
Similarly, a gradual increase in CSF occurs,
perhaps because of a less stable blood—CSF barrier,
in individuals over the age of 45 years.'*"

difference immature

Damaged blood—CSF barrier

Alterations of CSF protein patterns occur in a wide
variety of conditions. However, there is little clini-
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Figure 8.4 Serum diluted 1:4 (top) and cerebrospinal fluid (CSF) concentrated 80-fold (bottom) from the same patient are shown. Note

the single band (indicated) in the y-region of the CSF, which is not present in the corresponding serum. This is not an immunoglobulin by
immunofixation and should not be confused with oligoclonal bands seen in patients with multiple sclerosis. The presence of these bands
emphasizes the importance of using immunological identification of the bands. (Panagel system stained with Coomassie Blue.)

cal diagnostic significance for alterations other
than those in the y-region. Meningitis results in an
elevated CSF total protein because of increased
blood—CSF barrier permeability. With increased
permeability the total protein content of the CSF
increases, as does the proportion of larger proteins
such as those in the o,-region. Yet, there are better
laboratory methods to support the diagnosis of
meningitis, such as CSF differential cell counts and
serum C-reactive protein levels to distinguish
between bacterial and aseptic meningitis.** An

Table 8.1 Cerebrospinal fluid (CSF) total protein in children®

elevated CSF albumin or CSF total protein can be
helpful in confirming the diagnosis of
Guillain-Barré syndrome in the face of a normal
CSF differential cell count.® Thompson and Keir®
also point out the useful finding of decreased CSF
transthyretin concentration relative to the other
CSF proteins as an indicator of obstructed CSF
flow within the spinal cord.

In addition to meningitis, a damaged blood—CSF
barrier can result from other sources of inflamma-
tion (such as encephalitis from a variety of infec-

Age n 50th Percentile 5-95% Interval

1-8 days 26 71 (0.71) 33-108 (0.33-1.08)
8-30 days 76 59 (0.59) 31-90 (0.31-0.90)
1-2 months 155 47 (0.47) 27-77 (0.27-0.77)
2-3 months 115 35 (0.35) 18-60 (0.18-0.60)
3—6 months 66 23 (0.23) 10—40 (0.10-0.40)
6 months—10 years 599 18 (0.18) 10-32 (0.10-0.32)
1016 years 37 22 (0.22) 1041 (0.10-0.41)
*Data from Biou et al. expressed as mg/dl (g/l).”
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Figure 8.5 Several sera diluted 1:3 and their corresponding CSF
concentrated 80-fold immediately below each serum is shown.
Note the two faint bands that are indicated in each CSF sample.
These are not immunoglobulins and should be ignored when
examining samples for oligoclonal bands. Note that true oligoclonal
bands (seen in the slow y-regions of CSF specimens 2 and 3 stain
darker than these bands. Note also that the two bands indicated in
the top three samples vary in staining intensity, roughly correlating
with the amount of protein in the CSF. (Paragon SPE2 system
stained with Paragon Violet.)

tious agents), cerebrovascular accidents, metastatic
or primary tumors of the central nervous system
(CNS), hydrocephalus or herniated intervertebral
discs.”** The disturbed blood—CSF barrier permits
the larger o, molecules to penetrate into the CSF
and enhances the staining in this region (Fig. 8.7).
Also, the total CSF protein is increased because of
a proportionately larger amount of other proteins
passing into the CSF. On the electrophoretic strip
itself, it is difficult to distinguish this pattern from
that of a traumatic tap, where some whole blood or
plasma is mixed with the CSF. Often, with a trau-
matic tap, the sample will have some hemoglobin,
giving it a red or pink tinge.

Approach to pattern interpretation in cerebrospinal fluid

Because albumin is formed only in the liver, the
ratio of CSF albumin to serum albumin is a stan-
dard index (albumin quotient, Q Alb) for the
integrity of the blood—CSF barrier.'"”"" This tech-
nique was used to document the increased
permeability of the blood-CSF barrier with age.”
For ages 18—44 years, Q Alb has a mean of 4.7
with a standard deviation of 1.2, whereas from
ages 45-88 years, the mean increases to 5.9 with a
standard deviation of 2.1."" The Q Alb is useful
not only in confirming leakage of the blood—CSF
barrier, but also in ruling it out.”

ELECTROPHORETIC METHODS TO
STUDY CSF

A wide variety of methods have been used for the
electrophoretic evaluation of CSF. I currently rec-
ommend the use of methods that enhance the sen-
sitivity and specificity by using immunological
identification of bands, such as isoelectric focusing
or immunofixation methods. The least sensitive are
methods where routine gel electrophoresis is used.”
A recent study of a commercial agarose gel elec-
trophoresis method to detect oligoclonal bands
recorded a disappointing 53 per cent positive among
individuals with clinically unambiguous multiple
sclerosis.* Furthermore, in addition to relatively
poor sensitivity, even high-resolution agarose and
cellulose methods require that the sample be con-
centrated (typically 80-fold on a commercial ultra-
filtration device) before staining with a protein dye
such as Coomassie Brilliant Blue. Unfortunately,
this increases the volume of CSF required for analy-
sis. The use of silver stains on unconcentrated CSF
has been advocated as a means to decrease the vol-
ume requirements while preserving the sensitivity of
the assay.*** Recently, CSF has also been studied by
capillary zone electrophoresis (CZE).* This method
is able to detect oligoclonal bands, has the advan-
tages of not requiring concentration or staining and
has a shorter analysis time. However, none of the
available CZE procedures is currently approved by
the US Food and Drug Administration (FDA) for
this type of analysis.
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Figure 8.6 Immunofixation performed on unconcentrated cerebrospinal fluid (CSF). In this technique, CSF samples are alternated with

serum. Note that in sample |, each lane contains CSF from a separate patient because neither had serum available at the time of the assay.
In the remainder of the cases, they are paired CSF and serum from the same patient. Note the diffuse staining of the two negative CSF
samples in the sample | pair. In contrast, oligoclonal bands are present in the CSF lanes of samples 2, 3, and 5. The sera for all of these
samples are stained diffusely with no evidence of oligoclonal bands. Samples 4 and 6 are negative in both the CSF and serum lanes. (Sebia

CSF immunofixation gel.)

Figure 8.7 The top sample is a normal cerebrospinal fluid (CSF)
concentrated 80-fold with its corresponding serum diluted |:3
directly below it. Note the relatively light staining o,-region in the
normal CSF (N). The CSF sample below the normal serum is an
80-fold concentrated sample from a patient with a compromised
blood—CSF barrier. All of the bands stain darker in this CSF than
usual. The abnormal o,-region (Ab) shows much denser staining
than is present in normal CSF. The presence of these large
molecules (0,,-macroglobulin and haptoglobin) indicates either a
damaged blood—CSF barrier or a traumatic tap. The corresponding
serum is in the bottom lane. (Paragon SPE2 system stained with
Paragon Violet).

Sensitive and specific methods are available for
the detection of oligoclonal bands.®??"##3444
Isoelectric focusing is a more challenging technique
than routine agarose or cellulose acetate, but pro-
vides crisp oligoclonal bands that have been
demonstrated with silver or immunoenzymatic
staining to enhance band visibility (Fig.
8.8).*>*% Lunding et al."" were able to detect
oligoclonal bands in all 20 cases of multiple sclero-
sis examined by their isoelectrofocusing technique
which was enhanced by immunofixation, while
only nine of the 20 patients had oligoclonal bands
on agarose gel electrophoresis and only nine had
an IgG Index above the cut-off of 0.72.

An alternative to isoelectric focusing is the use of
immunofixation on agarose-based systems to
improve both the sensitivity of the detection of
oligoclonal bands as well as specificity by docu-
menting their immunoglobulin nature (Fig.
8.6).*° Although this method was first suggested
by Cawley et al.¥ in 1976, the recent development
of automated commercial methods to perform
these assays has provided a practical means for
clinical laboratories to take advantage of the
improved specificity and sensitivity that this
method provides. Richard et al.”* demonstrated a
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Figure 8.8 Isoelectric focusing (anode at the top) followed by nitrocellulose blotting and immunofixation with antiserum against IgG is

one of the most sensitive methods to detect oligoclonal bands. This photograph compares oligoclonal banding of cerebrospinal fluid (C)

and serum (S) pairs from the following situations: Normal (N), paraproteinemia (P), multiple sclerosis (MS), subacute sclerosing

panencephalitis (SSPE), and a peripheral inflammatory response — not within the central nervous system (l). Photograph provided by E. J.

Thompson.®

sensitivity and specificity of 83 per cent and 79 per
cent respectively for clinically definite multiple scle-
rosis using an immunofixation peroxidase method
on unconcentrated CSF. With immunofixation on
agarose gels, not as many bands are seen as on the
isoelectric focusing methods and they are broader
in their migration. The number of bands and their
electrophoretic migration tend to remain constant
during active and inactive disease over a period of
years.”»” However, the number of bands per se is
not recommended to be used in clinical decision-
making.*

I prefer batching several samples on the same gel
to facilitate comparison of positive and negative
samples. Aside from the improvement in efficiency
that this offers, it makes artifacts due to specific gel
preparation relatively obvious. I recommend that
serum from the patient accompany the CSF
sample. My laboratory will report a negative study
for CSF oligoclonal bands when serum is not pro-
vided. However, when a CSF sample contains one
or more bands in the CSF and no serum is pro-
vided, no final interpretation can be made with
confidence. The report is always appended with

‘serum must be run with CSF sample to improve
the specificity of this information.” Our laboratory
accepts a serum up to 2 weeks after the CSF sample
was run to assay as the control serum. If the serum
had oligoclonal bands, they will still be present in a
large enough concentration to be detected. This
cut-off is arbitrary and has not been rigorously
investigated.

Although the blood-CSF barrier excludes most
immunoglobulins, some do cross the blood—CSF
barrier. For example, in Fig. 8.9, a patient with an
obvious monoclonal gammopathy in the serum has
had some of it transfer into the CSF. When CSF
samples contain one prominent band and we are
not sent a corresponding serum, we recommend
that the clinician examine the serum and urine for
the presence of a monoclonal gammopathy. In
patients with prominent oligoclonal banding in the
serum, these immunoglobulins will also find their
way into the CSF (Fig. 8.10). Typically, they stain
more strongly in the serum than in the correspond-
ing CSF, whereas, if the bands had originated in
the CSF (due to local synthesis in patients with
multiple sclerosis), they would not be detectable at
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Figure 8.9 The bottom cerebrospinal fluid (CSF) is concentrated
80-fold and has a small monoclonal band (arrow). This has likely
diffused across the blood—CSF barrier from the serum, because
the corresponding serum (diluted 1:3) immediately above has a
much denser band in the same region. Whereas one cannot rule
out involvement of the central nervous system by the monoclonal
proliferation of plasma cells, one would expect that the staining in
the CSF would be stronger or at least equal to that seen in the
serum (relative to the density of other bands). A normal serum
and its corresponding CSF are in the top two lanes for
comparison. (Paragon SPE2 system stained with Paragon Violet.)

all in the serum. Under conditions of damage to the
blood-brain barrier, one must be very suspicious
of bands present in both the CSF and in the corre-
sponding serum. By using the lack of oligoclonal
bands in the corresponding serum as a criterion for
reporting the presence of oligoclonal bands in the
CSF, one improves the specificity of the assay with
only a slight decrease in sensitivity. In one study
using high-resolution agarose, the sensitivity of the
CSF oligoclonal band test was 84.9 per cent with a
specificity of 78.9 per cent when the lack of these
bands in the corresponding serum sample was
required, however, when the requirement for no
corresponding oligoclonal bands in the serum was
withdrawn, the specificity dropped to 64.8 per
cent.”

It is necessary to define what will be included as
an ‘oligoclonal band pattern.” When using the less
specific agarose gel-based methods, it is important
to exclude other non-immunoglobulins that may
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Figure 8.10 A serum sample diluted 1:3 in the top lane shows

prominent o,- and 0.,-globulins along with three distinct oligoclonal
bands. The cerebrospinal fluid (CSF) below is concentrated 80-fold
and has the same three oligoclonal bands barely visible. Because of
the density of staining of the bands in the serum and their faint
staining in the CSF, | report that since both CSF and serum have
the same oligoclonal bands that it is considered negative for CSF
oligoclonal bands. The patient had a systemic inflammatory
condition, not multiple sclerosis. (Paragon SPE2 system stained
with Paragon Violet.)

be seen as bands in the y-region. For example,
y-trace protein band or the slight mid-y restriction
normally seen with ¥ CSF proteins can be prob-
lematic in cases with only a few bands. I also
excluded artifacts such as the two fast y restric-
tions mentioned above seen on the Paragon SPE2
system (Figs 8.4 and 8.5). Once these artifacts are
known, these methods will demonstrate the more
prominent oligoclonal bands (Figs 8.11 and
8.12).

The literature supports switching from high-
resolution agarose gel electrophoresis to isoelectric
focus or other techniques that use unconcentrated
CSF and identify the bands as IgG. In the 2002
College of American Pathologists (CAP) Survey M-
B, 218 laboratories (93 per cent) were listed as
using electrophoresis to perform analysis of oligo-
clonal bands, whereas only 17 (7 per cent) were
listed as performing isoelectric focusing.*® At that
time our laboratory was performing the Sebia
Hydragel CSF (Sebia, Issy-les-Moulineaux, France)
by immunofixation, there was no category for this
type of testing and we listed the method as ‘other’.
These figures indicate that while most investigators
recommend isoelectric focusing and/or
immunofixation methods to enhance the sensitivity
and specificity of the examination of CSF for oligo-
bands, the vast majority of clinical

now

clonal
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Figure 8.11 The bottom lane contains cerebrospinal fluid (CSF) concentrated 80-fold from a patient with multiple sclerosis and the

corresponding serum diluted 1:4 is immediately above. Several oligoclonal bands are evident in the CSF. (Panagel system stained with

Coomassie Blue.)

laboratories participating in this survey do not use
these more sensitive and specific methods.

Some authors note that IgM oligoclonal bands
may be useful to document the onset of multiple
sclerosis or to document acute relapse.****"*
However, the clinical evidence of relapse itself may

Figure 8.12 The top sample is a cerebrospinal fluid (CSF)
concentrated 80-fold from a patient with multiple sclerosis and the
corresponding serum diluted :3 is immediately below. The y-
region of the CSF from this patient has several densely staining
oligoclonal bands (O) which are not in the corresponding serum.
The CSF is in the third lane and has a faint, slow y-band not seen in
its corresponding serum below. This single band is insufficient for
an interpretation of oligoclonal bands. (Paragon SPE2 system
stained with Paragon Violet).

provide sufficient evidence of its occurrence, or, if
objective information is needed, immunoassay for
myelin basic protein in CSF is an excellent indica-
tor of disease activity.”'

MULTIPLE SCLEROSIS AND
OLIGOCLONAL BANDS

The most common reason for performing electro-
phoretic analysis of CSF is to help in the evaluation
of a patient suspected of having multiple sclerosis.*
Although detection of oligoclonal bands in the -
region is not specific for multiple sclerosis,
examination of the CSF for the presence of oligo-
clonal bands is helpful because the clinical
diagnosis of multiple sclerosis can be difficult and
supportive laboratory data is useful to the clini-
cian.’

Multiple sclerosis is a disease predominately of
young adults (beginning 20-40 years of age) and is
more frequent in women (2:1). It occurs in about
100 per 100 000 individuals among Caucasian
populations.” The incidence of multiple sclerosis
is, however, much lower in Asian populations. In
Japan, the incidence is 0.7-3.8 cases per
100 000.4* Further, the Western type of multiple
sclerosis tends to diffusely involve the CNS,
whereas the Asian type more selectively involves
the optic nerves and spinal cord.”* The epidemio-



logical differences are paralleled by a difference in
the occurrence of oligoclonal bands. In Western
countries, over 90 per cent of individuals with
diffuse multiple sclerosis have oligoclonal IgG
bands in their CSF. Among Japanese patients with
diffuse multiple sclerosis, only about half have
oligoclonal bands and they are present in only
about 10 per cent of individuals with the more
selective form of multiple sclerosis.***

In multiple sclerosis, localized destruction of
myelin occurs in the CNS.* The immune system
has been implicated by the demonstration of
myelin-reactive T lymphocytes and the oligoclonal
bands in CSF reflecting synthesis of
immunoglobulins.” Presenting clinical symptoms
and signs of multiple sclerosis are highly variable
and include: weakness, diplopia, optic neuritis,
paresthesias, numbness, poor vibration sensation
leading to difficulty with coordinated movements,
absence of abdominal reflexes, trigeminal neural-
gia (in young adults), vertigo, and easy fatigabil-
ity.*”** The diagnosis of multiple sclerosis depends
on recurrent episodes of the above phenomena
involving at least two anatomic sites. Magnetic
resonance imaging (MRI) is both a diagnostic
tool, and a marker to monitor the progress of the
disease. It serves as a measurable baseline for
therapeutic trials.*””® Because early clinical signs
and symptoms are non-specific, the diagnosis of
multiple sclerosis at this stage can be quite diffi-
cult. The clinical laboratory provides useful infor-
mation to support the diagnosis in many of these
patients.

The etiology of multiple sclerosis is unknown,
but genetic factors have been implicated mainly by
family studies. The fact that 26 per cent of
monozygotic twins both develop multiple sclerosis
compared with only 2.3 per cent of dizygotic
twins is strong evidence for a genetic basis for
multiple sclerosis.”! Further support for this idea
comes from the observation of a higher risk for
developing multiple sclerosis in offspring of
affected individuals than in spouses of affected
individuals.” Alterations of the immune system
have been implicated in this process. For example,
patients with multiple sclerosis have a restricted

local
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immune response with predominately IgG1 sub-
class.” Genetic linkage studies have indicated a
variety of associations, but the strongest is with
HLA-DR2 (human leukocyte antigen) genes.*’* A
genetic predisposition would be consistent with
findings of distinctive idiotypes and a proclivity
toward development of autoantibody-secreting
cells in multiple sclerosis.”’” Evidence that the IgG
heavy chain repertoire in plaques from patients
with multiple sclerosis differs from that of their
peripheral blood lymphocytes implies a specific
CNS antigen-driven targeting that may have a
genetic basis.”

Several tests can be performed by clinical labora-
tories to aid in the diagnosis of multiple sclerosis:
oligoclonal bands in CSF, CSF IgG synthesis (IgG
Index), CSF myelin basic protein, and serum
antibodies against myeline oligodendrocyte glyco-
protein (MOG) and against myelin basic protein
(MBP).”*” Detection of oligoclonal bands is the
most sensitive for supporting the initial diagnosis.*
Seres et al.”® reported that, whereas 76 per cent of
the 37 patients with clinically documented multiple
sclerosis had an elevated IgG Index, 91 per cent
had oligoclonal banding as demonstrated by
agarose gel electrophoresis. Anti-MOG and anti-
MBP in serum are strong predictors for early
conversion of early to clinically definite multiple
sclerosis.”

Patients with multiple sclerosis have an increased
local (CSF) synthesis of immunoglobulins. This is
demonstrated by the fact that oligoclonal bands
are found in the CSF, but not in the corresponding
serum in over 90 per cent of these
patients.>**"*>7>%  Multiple sclerosis patients
lacking oligoclonal bands in the CSF have fewer
plasma cells within the meninges and fewer
plaques at time of autopsy than patients whose
CSF contains oligoclonal bands. This suggests that
the oligoclonal bands are a reflection of the local
synthesis of immunoglobulin by plasma cells in the
diseased tissue.”” Although there have been many
studies on a wide variety of possible antigens
(many viral), the specific antigen(s) against which
most these antibodies are being made has not been
identified. It is likely that many antigens are
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responsible.

Myelin basic protein is elevated in CSF during
acute episodes of multiple sclerosis.**** As such, it is
useful in following disease activity.** However,
since myelin basic protein may not be detectable
during periods of quiescence, it may give a false
negative result in these patients.*¥ Also, myelin
basic protein will be elevated in other conditions
involving damage to myelin in the CNS.*

Calculation of CSF IgG index

Patients with multiple sclerosis do not usually
have elevated total protein in the CSF, as indi-
cated by a normal CSF albumin quotient.” The
ratio of CSF IgG to serum IgG (there are several
formulas for this that use various corrections for
serum proteins) provides an estimate of local pro-
duction of IgG within the CNS. Normally, the
immunoglobulin synthesized within the CSF is a
relatively small amount compared with the other
CSF proteins. However, in multiple sclerosis,
there is an increased local synthesis of IgG that
results in a decrease in the albumin/globulin ratio
of the CSF. An IgG index is used to correct for
decreases in albumin/globulin ratio associated
with diseases that merely increase the permeability
of the blood brain barrier."” The upper limit of
normal is 0.72.*

(CSF IgG/serum IgG)

CSF (IgG index) =
IgG index) (CSF albumin/serum albumin)

Reports on the sensitivity of an elevated IgG index
for multiple sclerosis vary widely from slightly less
than 50 per cent to as high as 80 per cent.*"*
Although an elevated IgG index is useful with a
patient in the appropriate clinical setting, elevated
local production of IgG is also seen in patients
with viral encephalitis, bacterial
neurosyphilis, subacute sclerosing panencephalitis,
poliomyelitis, and Guillain-Barré syn-
drome.” Elevated IgG index has also been reported
in patients with neurosarcoidosis, systemic lupus
erythematosus and other conditions, but these

meningitis,

acute
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cases do not usually have oligoclonal bands.”™”

Patients whose CSF IgG elevation is caused by the
presence of a systemic polyclonal gammopathy,
with immunoglobulin passively diffusing into the
CSF, will have a normal IgG index because the
serum IgG value will negate this factor in the equa-
tion. A combination of the IgG index and oligo-
clonal banding yields confirmatory evidence of
multiple sclerosis in more than 90 per cent of cases.
Papadopoulos et al.** caution that to minimize
errors in laboratory methodology, the same
immunochemical method (e.g. nephelometry)
should be used to calculate the IgG and the albumin
of both the CSF and the serum.

Interpretation of O-band studies

In multiple sclerosis, the oligoclonal IgG is synthe-
sized locally in the CNS. Therefore, the oligoclonal
bands in multiple sclerosis patients are present in
the CSF and not in their serum.*”"** My standard
laboratory sign-outs for CSF are provided in Table
8.2. Please feel free to use them. Occasionally,
there are unusual features to a case that require me
to depart from the standard sign-out and write a
unique interpretation.

The presence of diffusely staining immunoglobu-
lin in both CSF and serum is a negative pattern. I
encourage the clinicians to submit a serum with the
CSF, however, a negative CSF can be interpreted
without a serum. The serum may be helpful,
however, because the presence of a monoclonal
gammopathy in the serum may be related to neuro-
logical symptoms.

A positive result least
immunoglobulin bands in the CSF with no match-
ing bands in the serum (Fig. 8.13). I do not report
the number of oligoclonal bands in the interpreta-
tion. Avasarala et al.” that the
number of oligoclonal bands is an insensitive prog-
nostic indicator and recommended that it not be
used to influence decisions about therapy. The
bands persist, unchanged in pattern in most
patients. The clones of B lymphocytes in the CNS
seem to be quite robust, because even following

requires at two

documented
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Table 8.2 Interpretations of cerebrospinal fluid (CSF) protein electrophoresis

CSF is negative for oligoclonal bands.

the serum is sent within the next 2 weeks.

CSF is positive for oligoclonal bands. No bands are seen in the corresponding serum.

CSF contains oligoclonal bands. Since the corresponding serum contains the same oligoclonal bands, this is not
specific enough to be considered supportive evidence for multiple sclerosis.

Oligoclonal bands are seen in the CSF. Without a corresponding serum sample, we are uncertain as to the

significance of these findings. Recommend: serum for comparison with the CSF pattern. Repeat CSF is not needed if

One y-band is seen in the CSF. This is insufficient to be supportive evidence for multiple sclerosis.

A monoclonal band is present in the serum. Recommend serum evaluation of monoclonal gammopathy.

autologous hematopoietic stem cell transplanta-
tion the oligoclonal bands were found to persist
despite magnetic resonance imaging (MRI) evi-
dence of reduction in some lesions.”

When I observe oligoclonal bands in both the CSF
and serum, I consider this to be a result of diffusion
of the serum oligoclonal bands into the CSF. This

I I |
5 < CSEACLES W ESE 6

CSF

Figure 8.13 Immunofixation performed on unconcentrated
cerebrospinal fluid (CSF). Sample 4 has a negative CSF and negative
serum (S). Sample 5 has several oligoclonal bands in the CSF and
none in the corresponding serum. Sample 6 has a monoclonal band
in both the CSF and the serum. (Sebia CSF immunofixation gel.)

has been referred to as the ‘mirror pattern’.* An
occasional case of multiple sclerosis with oligo-
clonal bands in both locations does occur, but this
is not considered useful in confirming the presence
of multiple sclerosis.”

The presence of oligoclonal bands in the CSF
with no serum sample submitted is of question-
able significance. When this occurs, I recommend
that a serum be sent within the next 2 weeks for
comparison with this CSF pattern. The 2 weeks is
an arbitrary period, which reflects the fact that if
the oligoclonal bands came from a systemic
process, the IgG from those systemic clones
should have a half-life of about 2-3 weeks.
Therefore, at least half of the amount should be
present. Obviously, the ideal is to have the serum
accompany the CSF sample. But the patient can
avoid a needless repeat lumbar puncture if the
serum can be obtained relatively soon after the
first sample.

When there is one small band in the CSF but
none in the serum, I note its presence but advise
the clinician that this is not sufficiently strong evi-
dence to support the diagnosis of multiple sclero-
sis.

Finally, occasionally I have observed a relatively
large monoclonal band in the CSF; these cases also
have the band in the serum. When I observe this, I
recommend an evaluation of the patient for the
monoclonal gammopathy (which may be account-
ing for the neurological symptoms).
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OTHER CONDITIONS WITH CSF
OLIGOCLONAL BANDS

Approach to pattern interpretation in cerebrospinal fluid

Table 8.3 Conditions in which oligoclonal bands may be found in

cerebrospinal fluid (CSF)

One early sign of multiple sclerosis is optic neuritis.
Examination of the CSF for the presence of oligo-
clonal bands and/or an elevated IgG index
increases the risk that these individuals will go on
to develop multiple sclerosis. However, a normal
CSF study in this group cannot rule out that possi-
bility.”

A positive CSF oligoclonal band test is not patho-
gnomonic for multiple sclerosis. Oligoclonal bands
can be found in a wide variety of neurological
diseases, including inflammation, neoplasia, cere-
brovascular accidents, structural CNS lesions,
demyelinating diseases, and some peripheral
neuropathies (Table 8.3).”*'” Except for those
patients with subacute sclerosing panencephalitis,
the percentage of patients with these conditions
who have oligoclonal bands is considerably less
than the approximately 90 per cent of multiple
sclerosis  patients with  oligoclonal  bands.
Fortunately, multiple sclerosis is not part of the dif-
ferential diagnosis in most of these clinical
conditions.

Because the oligoclonal band test is non-specific,
it should be used in defined situations, such as in
the case of a patient that has had few clinical
episodes suggestive of multiple sclerosis, but the
diagnosis is not yet secure. The presence of oligo-
clonal bands in those patients is useful supportive
information. A negative test will cause the clini-
cian to review the clinical features, as 80-90 per
cent of patients with multiple sclerosis should
have oligoclonal bands in the CSF. The labora-
tory test should never be used as the sole evidence
of multiple sclerosis. Using a sensitive polyacry-
lamide gel electrophoresis technique, Coret et
al.'" reported the diagnoses associated with CSF
oligoclonal bands in a study of 488 patients suf-
fering from neurological disease (Table 8.4).
While multiple sclerosis represented the vast
majority of cases, almost half of their patients
with infectious diseases had oligoclonal bands, as
did 11 per cent of patients with vascular malig-
nancies.

Multiple sclerosis®

Subacute sclerosing panencephalitis
Creutzfeldt—Jakob disease
Meningoencephalitis

Spinal cord compression
Guillain—Barré syndrome

Syphilis

Peripheral neuropathy

Optic neuritis

Hydrocephalus

Cerebrovascular accident

Immune complex vasculitis
Systemic lupus erythematosus
Diabetes

Whipple’s disease

Neoplasms

Acquired immune deficiency syndrome (AIDS)
Lyme disease

Fever of unknown origin

*In multiple sclerosis about 90% of patients will have
oligoclonal bands in the CSF. In most of the other conditions
listed, such bands are uncommon but may be seen.

Central nervous system systemic
lupus erythematosus (CNS lupus)

Some patients with systemic lupus erythematosus
(SLE) develop central nervous system (CNS)
involvement, that manifests a variety of symptoms:
psychosis, cranial nerve palsy, seizures, cerebrovas-
cular accidents, and transverse myelopathy.'*'"
The incidence of CNS manifestations in patients
with SLE varies widely from 25 per cent, reported
in a large clinical series, to as high as 75 per cent in
a retrospective postmortem " Central
nervous system involvement can be the cause of
death in as many as 13 per cent of these patients.'”

Unfortunately, symptoms of CNS lupus can be

series.



Detection of CSF leakage in nasal and aural fluid following head trauma

Table 8.4 Occurrence of cerebrospinal fluid (CSF) oligoclonal
bands in patients with neurological disease

Diagnosis Per cent of
patients with
CSF O-bands
Definite multiple sclerosis 84
Probable multiple sclerosis 46
Inflammatory infectious diseases 43
Possible multiple sclerosis 7

Vascular malignancies Il
Other neurological diseases
Control CSF

*Data from Coret et al.'®

mimicked by steroid psychosis, and the clinician is
occasionally faced with a patient with known SLE
who is receiving steroid therapy and demonstrating
psychotic symptoms. Should the steroids be
increased (for CNS lupus) or should they be
tapered (for steroid psychosis)? Over the years,
there have been many attempts at establishing lab-
oratory tests that would help with this differential
diagnosis. Largely, they have failed. Levels of C3,
C4, anti-DNA, oligoclonal bands and, more
recently, interleukin-1 and interleukin-6 levels in
CSF are, at best, only partly helpful.'” One recent
improvement in the use of these assays is the adop-
tion of the ratios (Q) of CSF C3 to serum C3, and
CSF C4 to serum C4 rather than the absolute
values. The CSFQ3 and Q4 are increased in some
patients with CNS lupus."* Nonetheless, the
clinical picture remains the gold standard for
whether the patient has CNS lupus.'*"*'"

The presence of oligoclonal bands in the CSF also
has been suggested as an aid in the diagnosis of
CNS lupus. Unfortunately, this is a poor marker
because only a minority of patients with CNS
lupus have such bands.'" Further, a negative oligo-
clonal band test in a patient with clinically
suspected CNS lupus will not cause the clinician to
withhold therapy. I recommend use of the CSF
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oligoclonal band test only as a confirmatory test
for patients suspected of having multiple sclerosis.
The increased IgG levels in CSF of some patients
with CNS lupus result primarily from an impaired
blood—CSF barrier.""

Serum antibody against ribosomal P has been
suggested as a marker for patients with lupus psy-
chosis."”"* These antibodies give a pattern on the
fluorescent antinuclear antibody (ANA) test that
shows both cytoplasmic and nuclear staining
similar to that seen with mitochondrial antibody.
Previously, confirmation of this antibody required
either Western blot or a specific immunoassay for
ribosomal P.”' However, a recently reported
enzyme-linked immunosorbent assay (ELISA) that
used a 22 amino acid peptide that corresponds to a
common epitope on ribosomal PO, P1, and P2 had
an 83 per cent concordance with Western blot.'”
When this ELISA was used to test sera from 178
consecutive patients with SLE and 28 others with
CNS lupus, the presence of anti-ribosomal P was
associated with clinically active disease, high levels
of anti-dsDNA and decreased C4 levels.””
Unfortunately, only 11 of the 28 patients with
CNS lupus were positive for anti-ribosomal P.
While this is significantly greater than in unselected
SLE patients, it leaves more than 60 per cent of
individuals with CNS lupus as false negatives.
Therefore, in its present form, a positive suggests
more clinically active disease and is supportive, but
not diagnostic evidence for CNS lupus. Also, the
absence of the antibody does not rule out CNS
lupus.'”

DETECTION OF CSF LEAKAGE IN
NASAL AND AURAL FLUID
FOLLOWING HEAD TRAUMA

Leakage of CSF into nasal or aural cavities is most
often caused by trauma, but also results from
intracranial surgical procedures, infection, hydro-
cephalus, congenital malformations, and neo-
plasms.” In order to prevent the development of
meningitis, the CSF leakage must be differentiated
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from allergic rhinitis or infectious rhinosinusitis as
soon as possible."”>** There are two highly specific
methods available to detect CSF leakage: B,-trans-
ferrin demonstration by immunofixation or
immunoblotting and measurement of B-trace pro-
tein (prostaglandin D synthase). At present, the
detection of P,-transferrin is more commonly
employed. However, it requires non-standard
immunofixation or immunoblotting techniques, as
described below. In contrast, prostaglandin D syn-
thase may be measured by either nephelometry or
immunofixation and will likely become the pre-

Approach to pattern interpretation in cerebrospinal fluid

As mentioned earlier in this chapter, the presence
of neuraminidase in the CNS causes desialation of
some transferrin molecules in the CNS. The loss of
these negatively charged sialic acid groups from
some transferrin molecules results in two transfer-
rin bands by electrophoresis: the B, fraction (the
same as that found in serum), and a more cathodal
B,-transferrin band (t fraction, also called CSF-
specific transferrin).”* B,-Transferrin is not
normally present in serum, tears, saliva, sputum,
nasal or aural fluid, perilymph or endolymph,
although it is present in aqueous and vitreous

ferred method for this situation.'*'* ! humor."”” However, one must be cautious to
—— p — p— — alanad ey — e — -
A -
— = e sy p— — —_ — — —
— — - g — —
ol — ol 1 — —_—
— — e — p— —
oo
NF1 a-Tf a-Tf a-Tf a-Tf NF2
NF1 Ser CSF NF2

Figure 8.14 Examination of two nasal fluids for the presence of B,-transferrin. The electrophoresis of nasal fluid | (NFI) fixed in acid is
shown in the far left lane, and its immunofixation with anti-transferrin (a-Tf NFI) is in the second lane. We had a control serum from NFI
patient which is in the third lane (a-Tf Ser). A control cerebrospinal fluid (CSF) (not from either patient) reacted with anti-transferrin is in
the fourth lane (a-Tf CSF). The immunofixation with anti-transferrin for nasal fluid 2 (NF2) is in the fifth lane (a-Tf NF2) and the
electrophoresis of NF2 fixed in acid is in the far right lane. A B,-region band is present in both the NF| sample (arrow) and in the control
CSF. No such band is present in the NF2 sample. Note, however, that the NF2 sample stains more weakly and has less protein.
Therefore, one cannot exclude a sensitivity problem. Also, a serum was not sent with the NF2 sample, so if a ,-transferrin band had been
seen, we would have had to obtain a serum to exclude a genetic variant.
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control for genetic variants of transferrin.
Immunological identification of B,-transferrin pro-
vides a sensitive and specific tool to distinguish
CSF leakage from serous nasal or aural fluid.
Immunofixation, or more
blotting procedures on these fluids have proven
useful to make this distinction.""****

My laboratory performs immunofixation on 10x
concentrated samples of the nasal or aural fluid.
After concentration, 3-5 ml of unknown fluid are
applied onto the gel in two lanes with the patient’s
serum diluted 1:3 in an adjacent lane to control for
genetic variants of transferrin. A CSF control is
applied to two other lanes as a positive control for
B,-transferrin (Fig. 8.14). After a 5-min diffusion
time, the gels are gently blotted and the samples are
electrophoresed at 100 V for 30 min. The gels are
then overlaid with 80 pl of antiserum against
human transferrin. Following a 35 min incubation
at room temperature in a moisture chamber, the

sensitive Immuno-

Electrophoretic
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gels are washed twice in isotonic saline, dried,
stained with Paragon Violet for 5 min, and
destained in two washes of 10 per cent glacial
acetic acid."

Western blotting may also be performed to detect
some of this leakage as well as genetic variants of
transferrin.”*"** This involves performing serum
protein electrophoresis and then blotting the pro-
teins onto nitrocellulose paper. The paper is then
incubated with anti-transferrin (Fig. 8.15). By
using immunoenzyme conjugates, this technique
may provide greater sensitivity and lower back-
ground than immunofixation. Normansell et al."*’
report a sensitivity of 1 mg/ml and their procedure
has the further advantage of not requiring a con-
centration step. By using a combination of
isoelectric focusing on polyacrylamide gel, direct
immunofixation and silver staining, Roelandse et
al.”® have further improved the sensitivity of this
procedure.

Blot onto nitrocellulose

separation
|
® g X
Cut into strips /
React with

anti-transferrin,
wash, labeled
second antibody

Normal transferrin

Normal

desialated transferrin

Transferrin variant

Desialated
transferrin variant

Figure 8.15 Schematic view of Western blot to detect transferrin variants.
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When interpreting these qualitative electro-
phoretic assays for B,-transferrin, one must exclude
false positives that may result from genetic protein
variants that migrate in the B,-region (Figs 8.16
and 8.17)."”* Fortunately, the most common trans-
ferrin variant migrates anodal to [,-transferrin.
Rare cases have been reported, however, with a
variant transferrin band at the B, position.”*"* If
the serum control shows such a band, then this
technique will not provide a definitive answer for
that patient. If one could obtain CSF from that
patient, however, it might show that the desialated
form of that transferrin variant has an even greater
cathodal migration that could be recognized.
Normally, however, one does not need to have a
CSF sample from the patient if the serum does not
show a B,-migrating transferrin band. Finally, a
negative result does not rule out CSF leakage; it
may represent a sensitivity problem. A remote
possibility is a patient with congenital atransfer-
rinemia, but this would be obvious from the
patient’s serum control lane."* Therefore, when a
negative result is obtained, a cautionary note about
the limitations of the procedure is added.

The other method to detect CSF leakage involves
detection of prostaglandin D synthase, formerly
known as B-trace protein. There are two isoforms

A .
B '

Figure 8.16 Agarose gel of serum (lane A) and cerebrospinal

<> M

fluid (CSF; lane B) from a patient with a slow-moving transferrin
variant. The serum contains the normal transferrin band and a
cathodal variant (long arrow) migrates between it and C3. The
CSF contains two abnormal bands. One (short open arrow) has a
similar mobility to the variant band in the serum and the second
(short filled arrow) migrates more toward the y-region. The latter
band is due to the desialated transferrin variant. This photograph
was provided by Drs Arthur J. Sloman and Robert H. Kelly."
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Figure 8.17 Western blot of the sample from Fig. 8.16. For the
Western blot, the proteins were separated by agarose
electrophoresis and then transferred to nitrocellulose. Strips of
nitrocellulose were reacted with anti-transferrin and then with
peroxidase labeled anti-globulin. This produces a result similar to
immunofixation, but is more sensitive and may have less
background. The patient’s cerebrospinal fluid (CSF) is in lane A, a
normal CSF is in lane B and the patient’s serum is in lane C. The
patient’s CSF (lane A) shows four bands. The band with the open
arrow is the variant TfD which corresponds to the variant in the
patient’s serum (C), also labeled with an open arrow. The
desialated variant is seen in the patient’s CSF as the most cathodal
band (filled arrow, lane A). The normal CSF in lane B shows the
usual B-transferrin band and the slower, usually weaker-staining
B,-transferrin band. This photograph was provided by Drs Arthur
J. Sloman and Robert H. Kelly."”*

of this enzyme. The CNS isoform of prostaglandin
D synthase catalyses the
prostaglandin H2 to prostaglandin D2A."" It is
involved in the rapid eye movement during sleep."*
Felgenhauer et al. first established an Ouchterlony
method to detect this protein as an indication of
CSF leakage."’ This method was too insensitive,
however, and others suggested the use of immuno-
electrophoresis.”” Of 59 cases of CSF leakage
examined in this manner, 57 were detected, two
were missed and 73 true negatives were ruled out
for leakage, resulting in a sensitivity of 97.3 per
cent and specificity of 100 per cent.” Kleine et al.”
used nephelometry to detect prostaglandin D syn-
thase and compared the results to detection of
B,-transferrin by isoelectric focusing with transfer-
rin specific immunofixation. Although they found
the prostaglandin D synthase method to be more
sensitive and less prone to interference, they rec-
ommended complementary use of the two assays to

conversion  of



detect nasal and aural leakage of CSF. More recent
nephelometric studies substantiate the claimed sen-
sitivity of greater than 90 per cent with a
concentration of prostaglandin D synthase (B-trace
protein) of 6 mg/l or higher and a specificity of 100
per cent. Detection of this enzyme may soon
become the method of choice to identify CSF

leakage.

21,125,128-131,142-145
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In the past decade there have been several changes
to the testing available for the clinical evaluation of
patients suspected of harboring a monoclonal
gammopathy. As detailed in Chapters 2 and 3,
improved resolution on gels and capillary zone
electrophoresis, together with automated and semi-
automated systems of electrophoresis and
immunofixation, have provided more efficient and
sensitive methods for these studies. Recent
immunochemical methods to measure free light
chains in serum and urine promise to enhance
further our ability to detect and follow monoclonal
proteins in these patients. Because of the sensitivity
and efficiency of the new methodologies, our labo-
ratory has changed our method of evaluating
monoclonal gammopathies in the past few years.
These methods allow for the efficient detection and
immunochemical characterization of most mono-
clonal gammopathies in 1 day.

There is no perfect strategy to detect monoclonal
gammopathies. A laboratory with a relatively large
volume of testing may prefer to use automated
screening methods, such as capillary zone electro-
phoresis, a laboratory with a more modest volume
may choose a semi-automated gel-based method
and one with a smaller volume may prefer to use a

manual method. These decisions need to be based
on the technical demands, available skills and
economic realities of the individual laboratory.
When reviewing the alternatives presented in this
chapter, consider how each strategy would work in
your specific laboratory situation.

GUIDELINES FOR CLINICAL AND
LABORATORY EVALUATION OF
MONOCLONAL GAMMOPATHIES

The major reason for incorporating serum protein
electrophoresis and immunofixation into the
clinical laboratory is to improve the detection of
monoclonal gammopathies. In 1998, the College
of American Pathologists Conference XXXII con-
vened a panel of experts to provide recommenda-
tions for the clinical and laboratory evaluation of
patients suspected of having a monoclonal gammo-
pathy. As a result of that conference and several
subsequent teleconferences, guidelines were agreed
upon and reported in the Archives of Pathology
and Laboratory Medicine.' The findings of the
expert panel were reported as nine guidelines and
published with detailed articles to provide a basis
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for selection of the best available strategy to detect,
characterize and follow patients with monoclonal
gammopathies. Since the publication of these
guidelines, I have received suggestions from several
sources to improve the information presented. I
will include some of the suggestions, together with
a review of the guidelines in the following discus-
sion. The reader is encouraged to review the guide-
lines document and the articles that accompanied
them to flesh out the details involved in selecting
patients to be tested, optimal methods for follow-
ing those patients, and evaluation of unusual cir-
cumstances, such as cryoglobulins.'*

Guideline 1 recommends that electrophoretic
techniques capable of high-resolution be used to
evaluate serum and urine on samples suspected of
containing a monoclonal gammopathy. Because
there are many techniques available for electro-
phoresis at various levels of resolution (see Chapter
2), the practical definition offered in one of the
papers that accompanied the guidelines was that
the method provide crisp separation of the trans-
ferrin (B,) and C3 (B,) bands.’ Direct examination
of the gel itself was encouraged. However, at the
time of the conference, capillary zone electro-
phoresis (CZE) with high-resolution electrophero-
grams, such as those presented in this book, were
not widely used in clinical laboratories. Although
capillary zone electrophoresis provides virtual gel
images, the basic information is the electrophero-
gram. This is the opposite of the situation with
gels, where the gels are the basic information and
the densitometric scans provide useful adjunctive
information about the quantity of protein in
specific regions of the gel. Use of methods provid-
ing low resolution was discouraged. Guideline 1
recommended use of densitometry (I currently
include electropherograms) to quantify the M-
protein peak thereby providing an estimate of
tumor burden and a reproducible way to follow
the patient’s course.

Guideline 1 also noted that these recommenda-
tions apply most commonly to clinical disorders
that suggest the presence of malignant B-
cell/plasma-cell lymphoproliferative disorders, as
detailed in Chapter 6 of this book. Although not
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included in these guidelines, it is important to
recognize that individuals with immunodeficiency
diseases (congenital, acquired or iatrogenic) also
may present with monoclonal gammopathies
and/or prominent oligoclonal banding that may
require sensitive techniques such as immunoblot-
ting for detection (see Chapter 6).”"

Guideline 2 recommends the use of immunofixa-
tion to define the abnormal protein type. It also
noted that in cases where serum protein electro-
phoresis screen is negative, but there is a high
clinical suspicion that the patient may harbor a
plasma-cell dyscrasia, immunofixation with anti-
sera against X and A may be useful to detect more
subtle M-proteins. Since publication of these
guidelines, the semi-automated immunofixation
technique with pentavalent antisera (Penta: one
reagent antiserum that detects IgG, IgA, IgM, «
and A) has become available and provides the
advantage of being able to detect heavy chain
diseases as well as monoclonal gammopathies in
one lane while providing a control serum protein
electrophoresis in the adjacent lane (Fig. 9.1).
Guideline 2 also recommended that immunofixa-
tion may be useful to investigate subtle bands that
cause asymmetry in the y-region or distortions of
the B-region bands. Finally, Guideline 2 discour-
aged the use of immunoelectrophoresis because it
is less sensitive than immunofixation, often more
difficult to interpret and slower. The advantages
and disadvantages of those techniques are detailed
in Chapter 3. Immunoblotting was not mentioned
in the Guidelines because it is not commonly used
in clinical laboratories of the individuals at the
conference. However, it is a sensitive method to
detect subtle M-proteins and oligoclonal bands. It
is especially useful for evaluating patients with
monoclonal proteins as a result of immunodefi-
ciency problems, detecting monoclonal free light
chains (MFLC) in urine and the more subtle bands
that occur in patients with lymphoma and
leukemia."*"

Guideline 3 recommends that after an M-protein
is identified, it should be followed by measurement
of the spike on densitometry (electropherogram
measurements are the equivalent) in preference to
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immunonephelometric, immunoturbidimetric or
radial immunodiffusion techniques that are stan-
dardized against polyclonal rather than mono-
clonal immunoglobulins (see later). The only
exception is when a small M-protein is obscured by
a serum protein band, such as C3, in which case
measurement of the immunoglobulin type may be
more accurate. This guideline also noted that there
is no reason to repeat immunofixation on a pre-
viously characterized M-protein unless there has
been a change in the electrophoretic migration,
development of an additional M-protein, or for
confirmation of remission after treatment. Other-
wise, repeating immunofixation on a previously
characterized M-protein is wasteful. When I
receive requests for a redundant immunofixation I
append a note to the report that repeat immunofix-
ation on previously characterized M-proteins is not
indicated.

Guideline 4 recommends that clinicians order
measurements of serum immunoglobulins at the
time of detection of the M-protein to determine the
level of the uninvolved immunoglobulins. This
Guideline also cautions that immunoglobulin mea-
surement should not be the sole primary screening
technique for M-proteins. Nephelometry and tur-
bidimetry were preferred to radial immunodiffu-
sion as methods to measure the total
immunoglobulins (IgG, IgA, and IgM).

Guideline 5 recommends that all patients sus-
pected of having plasma-cell dyscrasias have a
24-h urine sample studied as well as the serum. As
discussed in Chapter 7, some studies indicate that
an early morning void may be adequate for the
initial screening if a 24-h urine sample is not
obtained.” However, once a MFLC has been
detected, a 24-h collection is currently the standard
to use as a baseline to follow these patients.
Guideline 5 also noted that the urine should not be
tested with dipsticks, sulfosalicylic acid or the
ancient acidified heat precipitation tests as screens.
Urine should have the total protein measured by
one of the techniques discussed in Chapter 7 and
then have both immunofixation and urine protein
electrophoresis performed on concentrated urine.
With the recent availability of immunoassays for
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free light chains (FLCs) in the serum and the urine,
it may soon be possible to follow the MFLC by
merely studying the FLC in a serum sample.”**
However, at present, there is relatively little infor-
mation in the literature to acquaint clinicians with
the possibilities of these techniques. One of our
tasks in the laboratory is to encourage the use of
efficient sensitive new techniques. This seems to fit
that description. By the end of 2003 an article will
be published in our laboratory publication (The
Warde Report) that will be sent to clinicians who
use our laboratory. Please feel free to review mate-
rial from the Warde Report (www.Wardelab.com).

Guideline 6 recommends intervals that are useful
to follow patients with previously identified mono-
clonal gammopathies in serum or urine. The
Guidelines recognized that the follow-up time
would vary depending on the clinical circum-
stances. For individuals that are actively being
treated for a lymphoplasmacytic neoplasm, exami-
nation of both serum and urine are recommended
at 1- to 2-month intervals. At the other end of the
spectrum are patients that have been diagnosed
after careful clinical and laboratory evaluation to
have monoclonal gammopathy of undetermined
significance (MGUS). These only
require annual evaluation of serum and urine along
with their physical examination, unless there has
been a change in their clinical condition.

Guideline 7 addresses the issue of hyperviscosity
syndrome. On occasion, hyperviscosity requires
intervention by emergency plasma exchange. By

individuals

performing serum viscosity and serum protein
electrophoresis prior to the first plasma exchange,
one may be able to correlate the level of the M-
protein with symptoms. Then by following the
M-protein as described in Guidelines 3 and 6, the
clinician may anticipate the need for plasma
exchange by a rise of the M-protein toward the
level where the patient experiences viscosity
problems.

Guideline 8 recognizes that cryoglobulins are
unique problems in evaluating patients with mono-
clonal gammopathies, as well as some autoimmune
and infectious conditions. Not all patients with M-
proteins require study for cryoglobulins. This
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Guideline discouraged screening for cryoglobulins
in individuals with vague, non-specific symptoms.
It is recommended that evaluation for cryoglobu-
lins be performed on individuals who have specific
clinical features reflecting cold sensitivity (detailed
in Chapter 6). For the evaluation, the initial collec-
tion and transport of the specimen are known to be
critical.>** A 10 ml sample of blood should be
collected in a prewarmed tube (37°C) and trans-
ported to the laboratory at that temperature
(unless the venepuncture may be performed in the
laboratory). After separating the serum from the
clot, the sample should be split into two tubes, one
kept at 37°C the other at 4°C or up to 7 days. A
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precipitate that forms in the 4°C tube, but not in
the 37°C tube should be measured and character-
ized as described in Chapter 6.

Guideline 9 reaffirms the importance of the tech-
niques used in evaluating M-proteins. It recognized
that either gel- or capillary-based electrophoretic
techniques of high-resolution were preferred.
Guideline 9 also recommended immunofixation and
immunoselection (for documenting cases of heavy
chain disease). Immunoselection, however, is a
highly specialized technique and should only be per-
formed by laboratories that have experience with its
use (see Chapter 3). The guidelines also recognize
the potential value for immunosubtraction.

)
4
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Figure 9.1 (a) Twelve serum samples are assayed on this Penta (pentavalent) screening immunofixation gel. Each sample is placed in two

lanes. The first lane of each sample provides an acid fixation of the serum protein electrophoresis for orientation, whereas the second

lane is the immunofixation with the Penta reagent (Sebia, Penta immunofixation). (b) Electropherograms by capillary zone electrophoresis
for the same twelve samples shown in (a). Note in specimen | a normal electropherogram is present. This corresponds to the normal

pattern of sample | in (a) and the Penta immunofixation in 1" shows a diffuse pattern. In contrast, in specimen 2 of the electropherogram,
there is a small, but obvious M-protein in the mid-y-region. In (a) this corresponds to the restriction seen in 2 and confirmation in 2’ that

it is an immunoglobulin. A more difficult sample is number 9. On the electropherogram is shown only a bridging between 3,- and 3,-

globulins. However, in (a), the arrow in 9" demonstrates that this is a small M-protein that requires further characterization. Similarly, in

the electropherogram for specimen |1 a tiny restriction is seen in the fast y-region where we commonly see a fibrinogen band in samples

with inadequate clotting. However, the Penta of sample | |” in (a) shows that the restriction is caused by an immunoglobulin (arrow) and

deserves further evaluation. (Paragon CZE 2000.)

These guidelines form the basis for developing the
strategy that a laboratory could adopt in evaluat-
ing serum and urine for monoclonal gammo-
pathies. The use of serum protein electrophoresis
with immunofixation or even more sensitive tech-
niques such as immunoblotting increases the detec-
tion of small monoclonal gammopathies. Is there
a screening technique that will detect clinically

relevant bands and distinguish them from bands
that are not clinically relevant? Unfortunately,
there is no such test. Small monoclonal gam-
mopathies are occasionally part of infectious con-
ditions, often part of MGUS, which may be
transient.**>" All monoclonal gammopathies must
be followed for the remainder of the patient’s life
because some are a reflection of a malignant,
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potentially malignant process or a dysregulation of
the immune system.

INITIAL SCREEN BY SERUM
PROTEIN ELECTROPHORESIS AND
PENTA IMMUNOFIXATION

Regardless of which other technique is used, the
initial screen should be performed by electrophore-
sis on both serum and urine. As mentioned in the
guidelines, methods that provide crisp resolution
of the B-region bands are recommended. Currently,
when serum is sent to our laboratory to evaluate
for a possible monoclonal gammopathy by
immunofixation, we first perform serum protein
electrophoresis using a high-resolution capillary
zone method. If no suspicious band is seen, we
perform a Penta immunofixation that will detect
IgG, IgA, IgM, k and A (Fig. 9.1). The combination
of a normal serum protein electrophoresis and a
normal Penta immunofixation should detect virtu-
ally all monoclonal proteins in serum. When a
band suggesting an M-protein is seen on the initial
serum protein electrophoresis, we go straight to
immunosubtraction or immunofixation to identify
the heavy and light chain type, foregoing the Penta
screen. If the band is quite small, immunofixation
is chosen. Immunosubstraction by the capillary
zone method is highly reliable, requires very little
technologist time and can be performed in under
an hour.” However, with small M-proteins it is
sometimes difficult to detect the effect of the
immunosubtraction, and for those I prefer
immunofixation. It is unusual that a case requires
measurement of immunoglobulins to identify the
monoclonal protein.

The availability of semi-automated screening
techniques such as the Penta is helpful in dealing
with the occasional subtle restrictions or distortion
of B-region bands. I use the Penta immunofixation
to demonstrate that the cause of the restriction is or
is not an immunoglobulin. If it is an immunoglob-
ulin, an immunofixation or immunosubtraction
will identify it. The most common cause for non-
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immunoglobulin bands when using CZE is the
presence of radiocontrast dyes.” The proteins that
cause non-immunoglobulin restrictions are dis-
cussed in Chapter 6.

When using automated immunosubtraction, all
evaluations are for IgG, IgA, IgM, x and A.
However, with immunofixation, we can tailor the
reaction depending on the electrophoretic migra-
tion of the M-protein. A slow y-migrating restric-
tion results in immunofixation with antisera
against IgG, x and A. If the monoclonal protein is
not identified by this, immunofixation is repeated
with IgA, and IgM antisera; IgD and IgE are only
evaluated when the other antisera fail to identify
the monoclonal protein.

A fast y- or [-restriction is evaluated by
immunofixation with antisera against IgG, IgA,
IgM, x and A. Monoclonal restrictions of ¥ or A in
the serum with no corresponding restriction of
IgG, IgA or IgM by immunofixation are usually
caused by light chain disease. However, these cases
require evaluation for possible IgD or IgE mono-
clonal proteins. One may perform immunofixation
for IgD and IgE or one may quantify the levels of
these isotypes. A urine study for MFLC by
immunofixation is always recommended when a
monoclonal protein is suspected, regardless of the
serum immunofixation findings. The early morning
void has been shown to be as sensitive as a 24-h
sample (although the latter is needed to quantify
the MFLC once it has been demonstrated)."”

/A TOTAL (NOT FREE)
QUANTIFICATION AND THE
DIAGNOSIS OF MONOCLONAL
GAMMOPATHIES

Before the availability of automated high-resolution
screening, CZE-based automated
subtraction and the automated Penta immuno-
fixation, our laboratory used a combination of
serum protein electrophoresis (using a high-
resolution method) and quantification of IgG, IgA,
IgM with measurement of total Kk and A in serum to

immuno-
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identify many of the M-proteins encountered. I no
longer find this to be a useful method to identify the
M-protein. The method took advantage of the nor-
mal ratio /A in the serum in our population,
1.2-2.6 (+ 2 SD).** When patients have a chronic
infectious disease with a marked elevation of
immunoglobulins, there is a polyclonal expansion
of B-cell clones. In this situation, although the total
amounts of ¥ and A are elevated, the k/A ratio usu-
ally remains in the normal range. In contrast, when
a monoclonal gammopathy is present owing to a
malignant process such as multiple myeloma, there
usually is a marked alteration in the k/A ratio.* This
results from the combined effect of the increase in
the monoclonal protein of the single light chain type
and the suppression of normal polyclonal
immunoglobulin-secreting clones that occur in
myeloma. However, a k/A ratio cannot be used to
predict whether one is dealing with MGUS or mul-
tiple myeloma.

Unfortunately, in some circumstances, serum
protein electrophoresis, immunoglobulin quantifi-
cation and the «/A ratio are inadequate to charac-
terize a monoclonal gammopathy. For example, in
a double (biclonal) gammopathy, where one neo-
plastic clone secretes a k-containing monoclonal
protein and the other clone secretes a A-containing
monoclonal protein, the k/A ratio may give mis-
leading information. If one does not have a serum
protein electrophoresis pattern to demonstrate an
obvious double gammopathy, one could seriously
underestimate the process. Because of the presence
of normal polyclonal immunoglobulins, the /A
ratio is too insensitive to detect relatively small
monoclonal gammopathies. The k/A ratio has great
difficulty detecting monoclonal gammopathies that
are smaller than 400 mg/dl.*® Immunoglobulin
measurements should not be used without a serum
protein electrophoresis to include or rule out the
presence of a monoclonal gammopathy.

When there are massive increases in the amount
of a monoclonal protein, nephelometric determi-
nations of a particular immunoglobulin compo-
nent can grossly overestimate or underestimate the
amount present.’ ¥ Ideally, the amount of the
serum M-protein measured by densitometry or
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electropherogram, the heavy chain isotype of the
monoclonal protein and the light chain type of the
monoclonal protein would be very close in con-
centration (unless a considerable amount of
MFLC is present). This is often not the case. For
example, in Fig. 9.2, compare IgG, IgA, IgM, «,
and A concentrations and the total protein of the
spike (by densitometry) in selected patients with
prominent monoclonal gammopathies. Note that
in some individuals, there is a very poor correla-
tion between the concentration of the light chain
and the heavy chain. In patient RK, the concentra-
tion of the spike is similar to that of the x light
chain, but the IgM concentration is twice as high
as the light chain concentration. In patient FC, the
IgA concentration is twice as high as x and the
spike is intermediate in amount. The concentra-
tion of A in patient SP is half again greater than
that of the spike, whereas the IgA heavy chain has
an intermediate concentration (this could be
explained by a large MFLC, but this was not the
case in patient SP). Yet, in contrast to these exam-
ples, patients NG, MS, and EK have reasonably
good correlation between the densitometric scan
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Figure 9.2 Immunoglobulin and monoclonal spike (from
densitometry) values on selected patients with monoclonal
gammopathies. Note that in the last serum protein electrophoresis
patients (NG, MS, and EK) there is reasonably good correlation of
the spike and the monoclonal proteins as measured by
nephelometry. However, in the first serum protein electrophoresis
patients (RK, FC, and SP), there is disparity between these values.
Therefore, in following those patients, if one were to use the
densitometric information one time and the light chain or heavy
chain number another time, one would not have consistent
results.
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and the heavy and light chains involved in the
monoclonal gammopathy.

If these differences between the nephelometric
amounts and densitometry were merely due to
antigen excess, then adjustment of the dilution of
patients’ serum should have changed the antigen
concentration and achieved a different result. The
overestimations or underestimations of immuno-
globulins by nephelometry are not accounted for,
however, by dilution studies to bring constituents
into the equivalence region (Fig. 9.3).% % The
problem is caused by variation in the specificities of
the reagent antisera used.

Comparison of quantification of ¥ and A mono-
clonal gammopathies by two manufacturer’s
reagents demonstrated poor correlation of the k-
containing monoclonal gammopathies (Fig. 9.4),
despite excellent correlation with polyclonal
samples (Fig. 9.5).” As the concentration of the
monoclonal proteins increased, when examined by
these reagents, the values were less likely to agree
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Figure 9.3 Dilution of the sera from Fig. 9.1 with re-assay by
nephelometry did not correct for the differences between the
heavy and light chains (ideally the ratio should be I:1). Although
light chains weigh about half as much as heavy chains, the
measurement is of light chains attached to the heavy chain and is
expressed as k-containing immunoglobulin. The fact that the ratio
of heavy/light chains (H/L) does not correct to 1.0 with increasing
dilution of at least two of the six samples indicates that the higher
ratio in those two samples was not due only to simple antigen
excess effect.
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Figure 9.4 A poor correlation was found with comparison of k
monoclonal gammopathies in serum quantified by reagents from
two different manufacturers. (Data from Bush and Keren.)”
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Figure 9.5 A good correlation was found with comparison of
normal and polyclonal increases in ¥ in serum quantified by
reagents from two different manufacturers. (Data from Bush and
Keren.)”

between reagents. The samples labeled A, B, C, D,
and E are compared with the densitometric infor-
mation in Table 9.1. If the densitometric informa-
tion is regarded as the gold standard, neither
manufacturer’s reagent consistently gave ‘correct’
results with these samples. Neither was there a con-
sistent trend. With sample A, the Beckman reagent
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Table 9.1 Comparison of five non-linear kK monoclonal samples
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Sample (g/l)
Method A B C D E
Kallestad 35.40 57.00 16.70 28.20 19.70
Beckman 16.80 98.60 79.80 48.60 4650
Densitometry* 16.10 57.00 82.90 25.20 22.00
‘Data from Bush and Keren.”
*Gamma optical density (OD) = densitometric scans of the y-region of serum protein electrophoresis gels.
agreed closely with the densitometry measurement
while the Kallestad reagent gave a value twice as <4 C
high. In contrast, with sample B the Kallestad A E
reagent agreed with the densitometric measure- cll o Anti-A
ment, with the Beckman reagent twice as high. c + Anti-C 7
These are both good reagents for measuring poly- An B|ED Anti-E 7
clonal immunoglobulins. However, in extreme E UA m oo g
concentrations of monoclonal immunoglobulins . §9
and suppression of the normal polyclonal popula- ~ é/
tion, nephelometric techniques may give, at best, Polyconal solution Large precipitate
rough estimates of the amount of monoclonal
protein present. _— —
The differences between results obtained on the '
same monoclonal proteins with different reagent CllE ’ B
antisera may result from the lack of standardiza- ® Anti-A ~ Bl B
tion of polyclonal reagents for nephelometry. Take b ® + Anti-C / ol ol o°
the example of determinants A, B, C, D, and E on Al Bl| D Anti-E ~ , Bl .
the polyclonal immunoglobulins shown in the c/| D m D
A . B =
solution in Fig. 9.6. The reagent antibody shown H o9
has strong reactivity against determinants A, C and P =

E. It produces an excellent precipitate with poly-
clonal immunoglobulins that have an abundance
of all sites represented. However, with monoclonal
proteins that express mainly B and D, this anti-
serum has poor reactivity, considerably underesti-
mating the concentration of the monoclonal
protein present. Of course, the typical reactions
using reagent antisera are much more complex,
with varying affinities of antibodies against a vast
number of epitopes. However, these are standard-
ized against polyclonal serum in which these epi-
topes are roughly evenly distributed from one

Monoclonal solution Small precipitate

Figure 9.6 Schematic representation of problems involving the
limited antigen expression of some monoclonal proteins and the
inferior precipitates that may occur. With a polyclonal preparation
of immunoglobulin (many epitopes expressed: A, B, C, D, and E)
on top, the reagent antisera that reacts with epitopes A, C, and E
can form a precipitate with all of the molecules present
(disregarding equilibrium for this illustration). However, in the
monoclonal expansion of molecules that express mainly
determinants B and D, only a weak precipitate is formed. The
amount of precipitate formed depends upon the affinity and
amount of antibodies directed against the major epitopes of the
monoclonal immunoglobulins.
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individual to another. In monoclonal proteins,
there is a distortion of the type of epitopes
expressed, and the standardization may be consid-
erably off.

Thus, k/A ratios and immunoglobulin quantifica-
tions were useful to identify M-proteins when used
along with serum protein electrophoresis. How-
ever, their potential to provide misinformation is a
key factor in my no longer using this strategy. The
availability of better electrophoretic screening
techniques, semi-automated techniques, immuno-
fixation electrophoresis and immunosubtraction
by CZE provides our laboratory with a more effi-
cient and reliable way to perform the electrophore-
sis with immunofixation, as described above.

Despite the problems discussed here, if one
wishes to use immunoglobulin measurements
along with serum protein electrophoresis to avoid
excessive performance of immunofixation, one
should take a logical approach. To this end, algo-
rithms have been proposed for deciding whether a
serum examined by serum protein electrophoresis
and immunoglobulins quantification has sufficient
likelihood of a monoclonal gammopathy to
require further study by immunofixation. In sim-
pler algorithm, Liu et al.***
five independent criteria (any one abnormality
results in immunofixation) (Table 9.2). In this

recommend the use of

Table 9.2 Criteria for further workup of probable monoclonal
gammopathy®

Independent criteria for monoclonal gammopathy

Abnormal potential monoclonal band on
electrophoresis

Hypogammaglobulinemia (IgG < 700 mg/dl)

Disproportionate increase in IgA (IgG/IgA < 3.0)

Disproportionate increase in IgM (IgG/IgM <4.0)

Abnormal /A (< 1.0 or > 3.0)

‘These five criteria are independent. The presence of a single
criterion is sufficient to indicate a possible monoclonal
gammopathy.**

Laboratory strategies for diagnosing monoclonal gammopathies

algorithm, any abnormal potential monoclonal
band seen on electrophoresis should result in an
immunofixation. They also recognize the impor-
tance of hypogammaglobulinemia as a sign of
monoclonal gammopathies. To avoid redundant
performance of immunofixation in the many poly-
clonal increases in y-globulins, they relate the con-
centrations of IgA and IgM to that of IgG. If there
is a polyclonal increase in immunoglobulins, IgG
is almost always involved. Therefore, if IgA or
IgM increase disproportionately greater than the
increase in IgG (which they define as IgG/IgA
< 3.0 and IgG/IgM < 4.0), a monoclonal gammo-
pathy should be suspected. Finally, the presence of
a low or high x/A ratio should be evaluated for a
monoclonal gammopathy in this system. Using
these criteria to determine whether they will
perform further studies such as immunofixation,
they achieved a sensitivity of detection of mono-
clonal gammopathies of 98 per cent.”®” A multi-
national study by Jones and colleagues***
computer-based algorithms to fine tune this
process, yet they misassigned 2.5 per cent of
monoclonal gammopathies when they were pre-
sent in concentrations greater than 1000 mg/dl
(Table 9.3).

The algorithms may be useful for evaluating the
immunochemical information in the context of
serum  protein  electrophoresis  information.
Regardless which system is used, however, occa-
sional cases of monoclonal gammopathy will not
be detected. Therefore, should be
encouraged to send repeat serum and urine
samples on cases where suspicion of a monoclonal
gammopathy persists after a negative analysis
(which may include an immunofixation). False
negatives do occur. Some cases may be non-secre-
tory myeloma. Those may benefit from the FLC
immunoassays as described in Chapter 7. About
half of the cases of non-secretory myeloma were
found to have abnormal /A ratios in serum.* Just
as anywhere else in the laboratory, the occasional
sample may be switched with another.
Alternatively, a cryoglobulin may have precipi-
tated because of routine use of room-temperature
processing.

used

clinicians
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Table 9.3 Decision pathway used to classify monoclonal gammopathies

Step |. Analyse serum protein electrophoresis and IgG, IgA, IgM, Kk, and A
Step 2. Decide whether classification can be attempted:
if (2) single band and x/A > 0.75% and < 2.30°
or (b) multiple bands are present
or (c) no bands are present and K/A > 0.75* and < 2.30°
then report immunofixation is necessary
Step 3. Assign light chain class:
if K/A gt; 2.30°, then light chain class = K
if K/A < 0.75%, then light chain class = A
Step 4. Assign heavy chain class:
heavy chain = immunoglobulin in highest concentration (expressed as multiples
of the standard deviation of the reference range to correct for the normally higher
presence of IgG than IgA or IgM)
Step 5. Calculate monoclonal light chain concentration (LC:MC):
if LC =k, then
[k:MC] = [k:total] — {[|:total] x 2.20°}
(accounting for the polyclonal k which is assumed to be present)
if LC = A, then [:IMC] = [I:total] — [k:total]/0.95* (accounting for
the polyclonal A, which is assumed to be present)
Step 6. Detect free light chains:
if [light chain:total] > [heavy chain:total] X 0.8,
then free light chains are present
Step 7. Check confirmatory criteria:
if [heavy chain] > [light chain:monoclonal component] x 0.75°
and [heavy chain],,” > — 0.35*
then report heavy chain:light chain (e.g. 1gG x) and free light chain (e.g. x), if present
Step 8. Check for possible IgD or free light chain disease:
if [light chain:total] > [heavy chain:total] x 0.80°
and [lgG];, < — 0.80°
and [IgA],, <— 0.80°
and [IgM],, < — 0.80°
then report free light chain disease or IgD is possible and immunofixation is
necessary for classification
Step 9. Unable to classify:

report immunofixation is necessary for classification

*Number derived from iterative procedure described in Jones et al.***
*[Heavy chain], = concentration expressed as multiple of the standard deviation of the reference range.
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FOLLOWING MONOCLONAL
GAMMOPATHIES

Because of the variation in nephelometric informa-
tion, I follow the recommendation of the Guidelines
described above to use densitometric scan or elec-
tropherogram pattern (with CZE) to follow mono-
clonal gammopathies they have
characterized. Previously, I followed B-migrating
monoclonal proteins with nephelometric informa-
tion, but was wary when values differed markedly
from the densitometric information on very large
monoclonal proteins (> 3.0 g/dl). I now establish a
baseline even with interference by the transferrin,
C3 or B,-lipoprotein bands. By keeping a record of
the location of previous measurements, one can
provide a reproducible estimate of the M-protein. I
use nephelometric or turbidimetric measurements
to follow IgD monoclonal gammopathies when
they are present in small quantities.

once been

CLUES TO DETECTING
MONOCLONAL GAMMOPATHIES

Recognizing the various appearances that mono-
clonal gammopathies can display on the serum
protein electrophoresis is key. For example
hypogammaglobulinemia is an important finding
that is highly suggestive of a monoclonal gammo-
pathy or a B-cell lymphoproliferative disorder
(Table 9.4). It is not a normal finding in older

Table 9.4 Conditions associated with isolated’
hypogammaglobulinemia

Multiple myeloma (especially light chain disease)
Chronic lymphocytic leukemia
Well-differentiated lymphocytic lymphoma
Immunodeficiency

Amyloidosis

Chemotherapy

*Isolated means no other serum abnormalities.
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individuals. Older individuals usually have normal
immunoglobulin Total B-cell
number and immunoglobulin content are the same
in older individuals as in young. This erroneous
impression has a grain of truth because some spe-
cific antibody levels do differ in older patients from
those in younger patients, while the total gravimet-
ric quantity of IgG does not change significantly.
Because of decreased suppressor T-cell function
and altered helper function, more autoantibodies
are seen as individuals age, whereas the response
elicited to foreign antigens is often weaker in the
elderly than in the younger patients. Certainly
older individuals have a much higher incidence of
monoclonal gammopathies that may be related to
deterioration of their immune regulatory func-
tions. Hypogammaglobulinemia (which we define
by densitometric scan or electropherogram of the
y-region) is an important clue that the patient may
have light chain disease or one of the B-cell neo-
plasms described in Chapter 6, or the effect of
chemotherapy. When hypogammaglobulinemia is
present, I recommend a wurine and
immunofixation to rule out MFLC.

Other abnormalities in the serum must be care-
fully scrutinized. Monoclonal proteins may occa-
sionally bind to normal serum components altering
their migration. Consequently, any abnormal band
from the o;- to the y-region is regarded with suspi-
cion. Most can be interpreted by understanding the
pattern diagnoses outlined in Chapters 4 and 5. A
nephrotic patient will have a markedly elevated o,-
macroglobulin, and an iron-deficient patient will
have an elevated transferrin band. Any unex-
plained band should cause the interpreter to
inform the clinician about the abnormal pattern
and perform immunofixation.

When one is consulted about the results from the
general chemistry laboratory information of a
patient, low albumin, elevated calcium, elevated
total protein, elevated sedimentation rate, or
decreased albumin/globulin ratio are sufficient
abnormalities to recommend evaluation of serum
and urine for the presence of a monoclonal
gammopathy. Information about these chemical
abnormalities should raise one’s level of suspicion

concentrations.

serum
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when viewing a serum protein electrophoresis
pattern. Similarly, routine hematological screening
tests that demonstrate plasma cells on the differen-
tial, rouleaux formation on the blood smear, or a
bone marrow with > 10 per cent plasma cells are
highly suspicious. These relevant laboratory find-
ings should result in evaluation of serum and urine
for a monoclonal gammopathy.

MAINTAINING AN ACTIVE FILE OF
ALL MONOCLONAL PROTEINS

To conserve time and important laboratory
resources, one should maintain a file on all patients
with monoclonal proteins. When a sample is
received with a request to evaluate for monoclonal
protein, the old file is checked for previous find-
ings.” Serum protein electrophoresis is performed,
and the monoclonal band (if in the y-region) is
quantified by densitometry.** If there is no change
in pattern, there is no reason to perform immuno-
fixation because the monoclonal protein was
characterized on the original sample. However, any
change in the pattern of migration, or the appear-
ance of a second band
immunofixation. By comparing the present results
with previous ones, the laboratory helps clinicians
follow the patient by determining the change (if
any) of the monoclonal protein quantity. The same
quantification method should be used to follow a
particular patient. For example, if the densitometric
scan of the y-region was used to estimate the
concentration of a y-migrating monoclonal gammo-
pathy, continue to use this on subsequent samples,
unless there is a change in the pattern (such as the
development of a second monoclonal band).

should result in an

SCREENING AND FOLLOW-UP OF
MFLC

If the patient has MFLC, 24-h urine should be col-
lected, total protein determined, and densitometry
used to establish the percentage of MFLC.
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Tetrameric light chain disease must be followed by
serum samples, as the molecules are too large to
pass into the urine.” As with the serum, any change
in the electrophoretic migration or the develop-
ment of other suspicious bands should trigger a
reinvestigation, complete with immunofixation to
determine if the patient is developing a double
gammopathy, or if the course of the condition has
altered.

When the clinician sends urine to be evaluated for
MFLC, we perform serum protein electrophoresis
on 50-fold concentrated urine. When the urine has
considerable protein, it will not readily concentrate
to this level. As the guidelines recommend, the acid-
ified heat test, sulfosalicylic acid test and urine dip-
sticks are inadequate screens for MFLC.* Urine
immunofixation  has  replaced
trophoresis on all samples in our laboratory. With
immunofixation, a false negative may occur because
the dilution used may be inappropriate; therefore,
occasionally, an additional dilution may be useful
to be certain of the final result when an antigen
excess effect is seen. In practice, we have found that
such dilutions are rarely needed. Most commercial
antibodies are sufficiently strong that even when an
antigen excess situation occurs, it is usually obvi-
ous. We end up repeating less than 1 per cent of our
urine immunofixation with additional dilutions.
When using immunofixation on urine, one must be
aware of the ladder patterns that occur mainly with
Kk and to a lesser extent with A (Chapter 7). As
always, clinicians should be encouraged to send a
second sample (preferably the early morning void
or a 24-h urine) if the first is negative and myeloma
or amyloidosis is still part of their differential diag-
nosis. I also recommend serum assays for FLC in
these situations because of its proven sensitivity in
detecting light chain myeloma and some cases of
non-secretory myeloma.**’

immunoelec-

MONOCLONALS WHICH MAY BE
DIFFICULT TO DIAGNOSE

Monoclonal proteins can create diagnostic dilem-
mas for the clinical laboratory. Tetrameric light
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Figure 9.7 Several samples show a fibrinogen band (indicated) because the samples were not allowed to clot completely before
separation of the serum. (Panagel system stained with Coomassie Blue; anode at the left.)



chain disease can be missed because the serum
spike is often in the B-region, where it may be
confused with other proteins, and because of
molecular size the light chains in this situation do
not appear in the urine as MFLC. Fibrinogen in
an incompletely clotted specimen may be mis-
taken for a monoclonal protein (Fig. 9.7). This
error will be avoided by checking the serum for a
clot (if a small one is present, it indicates that
some fibrinogen was left), and repeating the
sample (always the best choice when one is not
certain of the diagnosis). If still uncertain,
immunofixation with Penta, or anti-light chain
antisera or even antisera against fibrinogen will
reveal the true nature of the protein. A possible
trap, however, lies in the non-specific reactivity of
some commercial antisera. We have found that
commercial antisera against immunoglobulins
occasionally will react with fibrinogen, C3, C4
and transferrin. For example, in the case shown
in Fig. 9.8, a fibrinogen band reacted with anti-
sera against IgM. When this antisera was reacted
against normal plasma, it gave the same line.
Therefore, when evaluating new lots of reagents
used for immunofixation in the laboratory, it is a
good idea to test it against a sample of plasma to
be sure that this will not be a problem, for
example, in specimens from patients on anticoag-
ulants.

Figure 9.8 Immunofixation of a sample with a prominent
fibrinogen band gave a false positive reaction (arrow) with antisera
against IgM. (Panagel system stained with Coomassie Blue; anode
at the left).
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Polyclonal free light chains in the urine can occa-
sionally obscure the presence of a monoclonal
gammopathy. When the immunofixation pattern
of urine gives dense staining, a repeat immunofixa-
tion should be performed in order to rule out a
monoclonal process.” Uncommonly, it may not be
possible to distinguish between polyclonal and
monoclonal free light chains migrating in a ladder-
banding pattern (see Chapter 7). In those instances,
I advise the clinician to follow both the urine and
serum after 2-3 months to see if the process
evolves.

FINAL WORDS

The strategies reviewed in this chapter provide
efficient processing of specimens, benefiting the
patient, the clinician, and the laboratory. They
help prevent inappropriate ordering and over-uti-
lization of the laboratory. With the incorporation
of newer methods such as semi-automated gel-
based and CZE, immunosubtraction and Penta
immunofixation screens, more rapid turnaround
times are possible, which have been appreciated
by clinicians. In general, when I discuss unusual
cases with clinicians, they appear to like being
involved in the evaluation of challenging speci-
mens. An occasional clinician has objected to the
report of a small monoclonal protein or hypogam-
maglobulinemia in patients that were clinically
well. However, a few of these prove to be associ-
ated with lymphoproliferative processes. We are
not able to determine the meaning of each abnor-
mality detected by these sensitive methods, but we
do know (as has been discussed) the important
conditions that need to be ruled in or ruled out.
When we have a very small monoclonal gam-
mopathy, about which we are uncertain after talk-
ing to the clinician and studying the urine, we
recommend repeating the evaluation in a few
months. If it represents an early neoplastic mono-
clonal process, it will still be there or may have
progressed to the point where it will be readily
detectable. Myeloma is not treated in the early
clinical stages, therefore, there has been no
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problem with delay in diagnosis. If it was merely
an oligoclonal expansion due to some infection or
other process, it will likely have resolved by this
time.

It is important to view our diagnostic process in
context of the causes for monoclonal gammo-
pathies. For example, when classifying the etiology
of monoclonal gammopathies as caused by B-cell
malignancies and B-cell benign processes, Radl and
colleagues' estimate that the newer, more sensitive
techniques detect one true malignancy for 100
benign processes. Typically, the monoclonal
product is much larger in malignant than in benign
processes. However, size of the gammopathy alone
is inadequate to distinguish MGUS from malignant
or potentially malignant processes. When dealing
with small monoclonal bands in a serum sample, I
recommend that the clinicians follow both the
serum and the urine.

Occasionally, we receive requests for immunofix-
ation on serum samples from children. These are
relevant in the evaluation of children with a wide
variety of immunodeficiency diseases. Myeloma in
children is vanishingly rare. The normal x/A ratio
in children increases with age from about 1.0 at
4 months to the adult values of about 2.0 by mid-
(15 years).””® When I
request for an immunofixation on a child, I con-
tact the clinician to find out what they are consid-
ering in the differential diagnosis of the case.
Invariably, in my experience, the clinicians are
concerned about the possibility of an immunodefi-
ciency disease such as Wiskott—Aldrich syndrome,
Bruton’s X-linked agammaglobulinemia, an
immunoglobulin subclass deficiency, or a comple-
ment deficiency because the child has had recur-
rent pyogenic infections. This is helpful
information because individuals with various con-
genital and acquired immune disorders can have
monoclonal or oligoclonal gammopathies with
abnormal /A ratios.”™”

Finally, a cooperative relationship between the
laboratory and clinician is one of the critical points
in dealing with difficult
Contacting the ordering physician for more clinical
information can be helpful. When uncertain about

adolescence receive a

to success cases.

Laboratory strategies for diagnosing monoclonal gammopathies

a result, repeat the procedure, speak to the clini-
cian, perform further studies, occasionally send for
a fresh sample, or send the sample off for reference
work.
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This chapter allows one to interpret some cases
from my files. In most of these cases, I only know
the age and sex of the individual at the time of the
initial interpretation. I hope that you will review
the electrophoretic information, make your inter-
pretation and, where appropriate, any suggestions
for the clinicians. The following discussion reviews
my interpretations on each case. I have included

cases processed with a variety of techniques to give
a broad overview of the possible patterns. In the
past, some readers have sent me correspondence by
mail. T welcome these, but if you want a quicker
response (perhaps) you could e-mail me at
kerend@wardelab.com. I will get back to you as
soon as I can.



Fraction Rel % g/dl
ALBUMIN 199 —— 233 ——
ALPHA 1 29 ——  0.34
ALPHA 2 6.8 —— 0.80
BETA 6.9 —— 0.81
GAMMA 63.4 +++ 7.42 +++

@
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Figure 10.1 (a) Capillary zone electropherogram performed on serum from a 42-year-old man. (b) Immunosubtraction of the serum

from (a). (Paragon CZE 2000.)

INTERPRETATION FOR FIG. 10.1

The absolute value of albumin is decreased. The
o,-, O,-, and B-globulins are all decreased along
with albumin in their relative percentage of the
serum proteins. This results from the massive
increase in y-globulin that has a total concentra-
tion of 7.42 g/dl. Such a massive increase in
v-globulin causes one to consider multiple
myeloma. The peak of this massive y-globulin
region is relatively sharp, yet the base of the
v-globulin extends throughout the entire y-globulin
region. Nonetheless, such a massive increase
deserves an immunosubtraction or immunofixa-
tion to rule out monoclonality.

The serum protein electrophoresis (SPE) recapit-
ulates the findings in the capillary zone electro-
pherogram. When serum preincubated with beads
coated with anti-IgG was evaluated, the beads
subtracted out the massive spike, indicating that it
was overwhelmingly due to IgG. Neither preincu-
bation with beads coated with anti-IgA nor with
beads coated with anti-IgM decreased the peak.
However, what about the light chains? The beads
coated with anti-k removed most of the peak, but
not all. How much was removed? We’re not given
an exact amount but at least three-quarters of the
peak seems to be gone. If this was a monoclonal
gammopathy, I would expect the peak to be
completely removed by the beads. Yet, could one
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see an antigen excess situation where the amount
of antibody on the beads was insufficient to
remove all of the antibody? Now consider the
results in the L (anti-A) electropherogram. At first,
it may appear that the anti-A beads have not
affected the massive y-globulin region. It is not
readily apparent what has happened unless a
frame of reference is established. I use albumin.
Note that in the SPE electropherogram the y-
globulin peak is considerably higher than the
albumin peak. But, in the anti-A electropherogram
the beads have clearly reduced the peak to well
below the height of albumin. This indicates that it
has subtracted perhaps one-quarter of the peak. In
a polyclonal response the ideal is if the x-contain-
ing IgG accounts for two-thirds of the response
and the A-containing IgG accounts for one-third.
Here, the ratio seems to be three-quarters to one-
quarter. One can quibble because we do not have

exact quantities. However, if this were a massive
IgG x monoclonal gammopathy, one would
expect virtually all of it would be x-containing
and almost none A. Therefore, the anti-A beads
should have had no noticeable effect. Since it did,
this is a massive polyclonal increase in IgG. Such
increases are uncommon. The differential includes
viral infections such as human immunodeficiency
virus, hepatitis C virus, a combination of the two,
and Epstein—Barr virus. T-cell immunoblastic lym-
phoma (angioimmunoblastic lymphadenopathy)
may also produce a picture of decreased albumin
and polyclonal increase in y-globulin with B—y
bridging. Fortunately, these conditions can be
tested for serologically and with molecular stud-
ies. I have also seen an idiopathic case where no
underlying cause has been found for a period of
over S years.

ALBUMIN 52.1 4.48
ALPHA1 3.8 0.33
ALPHA 2 12.3 1.06
BETA 19.1 1.64 +++
GAMMA 12.8 1.10

Total g/dl : 8.60 A/G: 1.09

Reference Ranges

Fraction Rel % g/dl
ALBUMIN 0.0-0.0 3.20 - 5.60
ALPHA1 0.0-0.0 0.10 - 0.40
ALPHA 2 0.0-0.0 0.40-1.20
BETA 0.0-0.0 0.50-1.10
GAMMA 0.0-0.0 0.50 - 1.60

@

Figure 10.2 (a) Densitometric scan of serum protein electrophoresis from a 3-year-old girl with a history of a skin rash and anemia. IgA

level was elevated, IgM was low and IgG was in the upper limit of normal.
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Figure 10.2 (contd) (b) Immunofixation of this patient’s serum (Paragon immunofixation). Case contributed by Joseph M. Lombardo.

INTERPRETATION OF FIG. 10.2

The most remarkable finding is the presence of
two distinct, y-region restrictions. This is an
unusual finding in a child. The immunofixation in
Fig. 10.2b demonstrates that both the anodal and
cathodal restrictions are consistent with IgG x M-
proteins. The immunofixation also confirms the
impression of a polyclonal increase in IgA and a
very low level (almost absent) IgM. Monoclonal
gammopathies, biclonal gammopathies and even

prominent oligoclonal banding are unusual in
young children. However, they do occur with
increased frequency in patients with immunodefi-
ciency syndromes. Although these features bore
resemblance to the Wiskott—Aldrich Syndrome,
this suggestion was rejected as having been ruled
out by the clinician. Wiskott-Aldrich Syndrome is
X-linked and has only rarely been reported in
girls. The most recent follow-up information from
the clinician indicates that this child’s immunode-
ficiency is ‘uncharacterized’. What do you think?
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Figure 10.3 (a) Four urine samples are shown with the anode indicated to the left. The bottom sample came from a 51-year-old man.

(Sebia B,, gel). (b) Immunofixation for anti-k (K) and anti-A (L) on the bottom sample from (a).

INTERPRETATION OF FIG. 10.3

The bottom urine sample (arrowed) has a tubular
proteinuria pattern. The albumin band is small
compared with the two samples above it that have
glomerular and tubular proteinuria. The numerous
small bands and diffuse staining in the o- and B-
regions are consistent with the many small proteins

that normally pass through the glomerulus and are
reabsorbed by the tubules. However, in the B~y
region there is a prominent band. It is suspicious
for a monoclonal free light chain (MFLC, or Bence
Jones protein). However, it does not produce a
band with k¥ or A immunofixation. We tested the
urine for myoglobin and found that it had a value
of 9642 ng/ml (normal is < 90 ng/ml).
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Fraction

ALBUMIN
ALPHA 1
ALPHA 2
BETA
GAMMA

Rel % g/dl

309

10.7 + 0.72 +
16.0 + 1.07
15.6 ++ 1.04 +

51.1 3.42 —

6.6 —— | 0.44 —

Reference Ranges

ALBUMIN
ALPHA 1
ALPHA 2
BETA
GAMMA

Rel % g/dl
49.7-64.4 3.60-5.00
48-10.1 0.30-0.70
85-151 0.60-1.10
7.8-13.1 0.60-1.00
10.5-19.5 0.70-1.40

TP: 6.40-8.20 A/G: 0.99 —1.81

SPE

(b)

bt
L
L
L

L

Figure 10.4 (a) Serum from a 73-year-old woman. (Capillary zone electropherogram, Paragon CZE 2000).

(b) Immunosubtraction of the serum from (a).
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(d)

Figure 10.4 (contd) (c) Immunofixation to rule out IgD and IgE. (d) Urine: the small albumin band is to the left and the massive MFLC is

obvious.

INTERPRETATION OF FIG. 10.4

The albumin is slightly decreased with an increase
in o,- and B-globulins. There is also a relative
increase in the percentage of o,-globulin. The B,-
region band (transferrin) is elevated, accounting
for the modest increase in the B-region. Note that it
barely edges above the upper limit of 1.00 g/dl for
that region in our laboratory. The y-region is
decreased considerably and there is a slight mid-y-
region restriction. The combination of decreased
albumin and low y-region are a concern for protein
loss. The increase in o,-region with a low albumin
could indicate an acute-phase pattern, but then I
would expect the transferrin band to be decreased.
The elevated transferrin band could indicate an
iron deficiency anemia, or it may be hiding a
monoclonal gammopathy. The decrease in the y-
region is out of proportion to the slight decrease in
albumin. Because of the small restriction and the
concern about the transferrin band, the immuno-
subtraction was performed. In the SPE lane, the
electropherogram findings are repeated as a frame

of reference. Incubation with beads coated with
anti-IgG subtracts out the small y-region restric-
tion. No change is seen in the IgA, IgM, or K lanes.
However, when the serum was preincubated with
anti-A, not only was the tiny restriction removed
(identifying it as a small IgG A monoclonal gam-
mopathy), but the ‘transferrin’ band was cut down
to normal size, indicating a likely A MFLC. Figure
10.4¢ shows the immunofixation to rule out IgD
and IgE. Dilutions of the patient’s serum are shown
in each lane. It also demonstrates the small IgG A in
the y-region and, interestingly, it shows the A
MFLC migrating in the o,-region. Electrophoretic
conditions differ between gel-based systems and
capillary zone electrophoresis, such that (usually)
slight differences in migration of some M-proteins
will be seen. The patient’s urine in Fig. 10.4d
shows the small albumin band on the left and the
massive MFLC is obvious. This is another example
of how the presence of, in this case, both a very
small IgG monoclonal gammopathy and a subtle
change in the transferrin peak, helped to make the
diagnosis of light chain multiple myeloma.
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Fraction Rel % g/dl
ALBUMIN 50.4 3.73
ALPHA 1 8.7 0.65
ALPHA 2 16.4 + 1.21 +
BETA 1.7 0.87
GAMMA 12.8 0.95

Reference Ranges

Rel % g/di
ALBUMIN 49.7-64.4 3.55-504
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 8.5-15.1 0.55-1.14
BETA 78-131 0.55-1.04
GAMMA 105-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

Figure 10.5 (a) Capillary zone electropherogram for an 80-year-old man (Paragon CZE 2000). (b) Penta (pentavalent) immunofixation of

serum from (a) (Sebia Penta Immunofixation).
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Figure 10.5 (contd) (c) Immunosubtraction of serum from (a).
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(e

Figure 10.5 (contd) (d) Immunofixation for IgD, IgE, IgM, k, and A. (e) Densitometric scan of urine.

INTERPRETATION FOR FIG. 10.5

The electropherogram has a slight increase in the o,-
region, but otherwise the values are normal.
However, there is a small band at the interface
between the o,- and B-regions. Sometimes a small
hemopexin band may be seen here, but this seems too
large. In the y-region, there is an asymmetry to the
usually almost ‘normal’ distribution of the immuno-
globulins here. This asymmetry may represent a poly-
clonal increase in a subclass. However, because of
these two features, I wanted to see a pentavalent
(Penta) immunofixation of this sample. The Penta
immunofixation in Fig. 10.5b demonstrates two
bands in the o,-region and a more subtle band in the
v-region. This finding indicates that a monoclonal
gammopathy is likely present. Immunosubtraction
was performed in Fig. 10.5¢c, but there was a prob-
lem. No record was obtained from the capillary that
contained the results of the IgM immunosubtraction,
so we just see a flat line. No conclusions may be drawn
about IgM from this study. The SPE lane provides the
frame of reference for the other areas. In the IgG
immunosubtraction, much of the y-region is removed,
but its anodal end (where we saw the asymmetry on
the initial electropherogram) now has a well-outlined,

though small band. Also, the small band between o,
and B is still present. The IgA immunosubtraction has
no effect on the band between o, and B, but the k
immunosubtraction makes the small band in the fast
end of the y-region more obvious (having removed the
K-containing polyclonal IgG, the non-k monoclonal
gammopathy is more evident). The A immunosub-
traction discloses that both the band between o, and
B as well as the band at the anodal end of the y-region
has been removed. They are both A monoclonal
gammopathies. But do they have a heavy chain
attached? We do not know yet. Thus, an immuno-
fixation was performed for IgM, «, A, IgD and IgE
(Fig. 10.5d). Dilutions of the patient’s serum are
shown in each lane. Here the band at the anodal end
of the y-region is found to be an IgD A monoclonal
gammopathy and the one between o, and 3 is found
to be two bands (the cathodal one quite faint — I hope
that you see it), both A MFLC (possibly a monomer
and a dimer). Lastly, the urine densitometric scan in
Fig. 10.5e demonstrates the urine contains a large
amount of A MFLC (by immunofixation, the band
had no IgD heavy chain attached to it). The weak
staining of the A where it is bound to IgD is not
unusual and occasionally leads to an erroneous
impression of heavy chain disease.



314 Case studies for interpretation

Fractions % Ref. %

ALBUMIN 44.7 < 45.3-67.7
ALPHA 1 6.3 29- 6.8
ALPHA 2 16.9 > 6.2—-14.9
BETA 17.4 8.1-18.0
GAMMA 14.7 8.8—-24.5

@ (b)

Figure 10.6 (a) Electropherogram for a 72-year-old man (Sebia Capillarys). (b) Penta (pentavalent) immunofixation screen of serum from

(a) (Sebia Penta immunofixation).
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(d)

Figure 10.6 (contd) (c) Immunofixation of serum from same case. (d) Immunofixation of urine from same case.

INTERPRETATION OF FIG. 10.6

This sample was sent for an immunofixation of the
serum. In our laboratory, a request for immunofix-
ation requires both a capillary zone electrophoresis
(CZE) and the serum Penta immunofixation. The
serum electropherogram has a slightly decreased
percentage of albumin with a modest increase in the
o,-globulin. There is a small restriction present at
the anodal end of the B,-region. The y-region has a
few irregularities consistent with oligoclonal bands.
The most cathodal band is a little more prominent

than the rest. In Fig. 10.6b, the Penta immunofixa-
tion screen demonstrates two bands in the o,- and
B-regions. The y-region of the Penta has a few tiny
oligoclonal bands consistent with the electrophero-
gram. Because of the o,- and B-region bands, the
immunofixation in Fig. 10.6¢ was performed. It
demonstrates that the two ¥ are MFLC. Another
immunofixation (not shown) ruled out IgD and IgE.
The urine immunofixation in Fig. 10.6d has the
same finding as the serum, although the two K-
bands are more prominent. It is likely that the two
K MFLC represent a monomer and a dimer.
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Fraction Rel % g/dl
ALBUMIN 49.9 274 ———
ALPHA 1 10.2 + 0.56
ALPHA 2 15.8 + 0.87
BETA 7.0 — 0.39 ——
GAMMA 171 0.94
Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.60-5.00
ALPHA 1 48-10.1 0.30-0.70
ALPHA 2 8.5-151 0.60-1.10
BETA 7.8-13.1 0.60-1.00
GAMMA 10.5-19.5 0.70-1.40

@

—E

IgG SPE

-

IgA

-

P

(b) IgM

TP: 6.40-8.20 A/G: 0.99 —1.81

Figure 10.7 (a) An 84-year-old woman who presented with a ‘viral syndrome’ — aches, pains, and dehydration (capillary zone

electropherogram, Paragon CZE 2000). (b) Immunosubtraction from same sample.
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Figure 10.7 (contd) (c) Immunofixation for
IgG, x (K) and A (L) from same sample.

INTERPRETATION OF FIG. 10.7

Albumin is decreased, there is a relative increase
in the percentage of o,- and o,-globulins. In the
o,-region, there is a prominent o,-acid glycopro-
tein (orosomucoid) shoulder just anodal to the
o,-antitrypsin band. The B-region is decreased
especially with a decreased transferrin band.
These features are consistent an acute-phase
reaction. The y-region has two or maybe three
modest-sized restrictions. The immunosubtraction
in Fig. 10.7b was performed because of the
unusual y-region. Once again, the SPE lane offers
a frame of reference to the immunosubtraction.
Removal of IgG eliminates the restrictions, but
removal of IgA and IgM by immunosubtraction
has no effect on the bands. Some of the bands are
lost when «-containing immunoglobulins are
removed (although the most prominent remains)

and by removing A-containing immunoglobulins,
the most prominent band is lost, although a few
other tiny ones remain. This is a prominent oligo-
clonal response. The immunofixation also nicely
demonstrates the several oligoclonal bands in Fig.
10.7c.

After viewing the immunofixation, I called the clin-
ician and learned that the patient had just died. Her
legs had developed petechiae that grew larger and
red golf ball-sized bumps broke out on her arms.
Her temperature had been 102°F (38.9°C). We per-
formed an anti-neutrophil cytoplasmic antibody
(ANCA) test on the serum and it was positive for
cytoplasmic ANCA at a titer of 1:320. This anti-
body was confirmed by a specific enzyme
immunoassay that was positive for anti-serine pro-
tease 3 (PR3), but negative for anti-myeloperoxi-
dase. These findings are consistent with Wegener’s
granulomatosis.
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Fraction Rel % g/dl
ALBUMIN 36.2 —— | 3.94 —
ALPHA 1 5.6 0.53
ALPHA 2 8.1 — 0.76
BETA 8.2 0.77
GAMMA 41.9 +++ | 3.94 +++
Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.55-5.04
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 85-151 0.55-1.14
BETA 7.8—-131 055-1.04
GAMMA 10.5-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

@

Figure 10.8 (a) Serum from a 64-year-old woman. (Capillary zone electropherogram, Paragon CZE 2000.)

INTERPRETATION OF FIG. 10.8

This serum has a decrease in albumin and a
markedly elevated y-globulin. The elevation is
unusual because it has a relatively broad base and
a shoulder on the left side. These features are most
likely a monoclonal gammopathy. The cathodal
shoulder could represent the normal IgG or per-
haps a second M-protein. This question is quickly
answered by the immunosubtraction pattern in
Fig. 10.8b. Using the SPE as the frame of refer-
ence, it is clear that subtracting out the IgA

removed almost the entire peak, including the
shoulder. The residual amount left in the y-region
after subtracting the IgA shows us the patient’s
normal IgG. It is very low. Similarly, subtracting
the A removes the same amount of the peak leav-
ing a little normal k-containing IgG as a residual.
It would not be a bad idea here to go back and
look at the immunosubtraction from Fig. 10.1.
There, the massive IgG increase was polyclonal
and K-containing
immunoglobulins removed about three-quarters of
immunosubtraction of A-containing

immunosubtraction of

it while
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Figure 10.8 (contd) (b) Immunosubtraction on the same sample.
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immunoglobulins removed about one-quarter of
it. Contrast that with the removal of well over
90-95% of the spike by the relevant immunosub-
traction in the present case. Further, the residual y-
region protein left after the k-immunosubtraction
in the present case is normal polyclonal IgG,
whereas both the k- and A-immunosubtractions in

Fig. 10.1 had the same basic shape. The breadth of
the present IgA A as well as the presence of the
shoulder likely reflects two features of IgA mono-
clonal gammopathies. They tend to be heavily gly-
cosylated and thus have a broader migration. They
also tend to form multimers that could explain the
shoulder.

Fraction Rel % g/dl
ALBUMIN 442 —— 3.14 ——
ALPHA 1 8.3 0.59
ALPHA 2 15.0 1.07
BETA 10.8 0.77
GAMMA 21.7 ++ 1.54 +
Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.55-5.04
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 85-15.1 0.55-1.14
BETA 7.8-13.1 0.55-1.04
GAMMA 105-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

@

Figure 10.9 (a) Serum from a 59-year-old man. (Capillary zone electropherogram, Paragon CZE 2000).
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Figure 10.9 (contd) (b) Penta (pentavalent) immunofixation for this case and for Fig. 10.10 (Sebia Penta immunofixation).

INTERPRETATION OF FIG. 10.9

This sample has a decrease in albumin with a
modest increase in y-globulin and possibly a slight
B—y bridge. There is a prominent band in the
cathodal end of the o,-region. In Fig. 10.9b, the
Penta immunofixation for this case (number 8 and
8') demonstrates that the o,-region restriction is
not an immunoglobulin. On the gel-based Penta
system, a protein dye is used and no such band
even appears in the acid-fixed lane (8). In previous

cases, it is clear that the Penta immunofixation can
detect even quite small M-proteins. So what is this
band? T called the clinician and learned that the
patient had received a radiocontrast dye during the
performance of a stent procedure. This is a
problem with the CZE technique because these
dyes absorb at the same wavelength that peptide
bonds do. As shown on the Penta gel, however,
they will not stain with the protein dye. A table of
radiocontrast dyes that are known to produce this
artifact is present in Table 2.3 (Chapter 2).
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Fraction Rel % g/dl
ALBUMIN 56.0 252 ——
ALPHA 1 12.0 ++ 0.54
ALPHA 2 171 ++ 0.77
BETA 10.4 0.47 —
GAMMA 45 —— | 0.20 ——

Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 355-504
ALPHA 1 48-101 025-0.74
ALPHA 2 85-151 0.55-1.14
BETA 78-131 0.55-1.04
GAMMA 105-195 0.65-1.44

—/\/\J‘\A TP: 6.40-8.20 A/G: 0.99 — 1.81

TP g/dl: 450 ——— A/G: 1.27 Operator Initials: ALR
Run date: 1/2/03 Edit date: Reviewer Initials:
@

Fraction Rel % g/dl
ALBUMIN 58.5 4.68
ALPHA 1 6.1 0.49
ALPHA 2 10.6 0.85
BETA 9.1 0.73
GAMMA 15.8 1.26

Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.55-5.04
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 8.5-15.1 0.55-1.14
BETA 78-131 0.55-1.04
GAMMA 105-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

(b)

Figure 10.10 (a) Serum from a 54-year-old woman (capillary zone electropherogram, Paragon CZE 2000). (b) Serum from a 74-year-old
man (capillary zone electropherogram, Paragon CZE 2000).
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Fraction Rel % g/dl
ALBUMIN 51.6 3.41 -
ALPHA 1 10.2 + 0.67
ALPHA 2 15.8 + 1.05
BETA 10.4 0.69
GAMMA 12.0 0.79
Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.55-5.04
ALPHA 1 48-10.1 0.25-0.74
ALPHA 2 85-151 0.55-1.14
BETA 78-13.1 0.55-1.04
GAMMA 10.5-19.5 0.65-1.44

TP: 6.40-8.20 A/G: 0.99 —1.81

(9)

Figure 10.10 (contd) (c) Serum from a 67-year-old man (capillary zone electropherogram, Paragon CZE 2000).

INTERPRETATION FOR FIG. 10.10

Serum 10.10a is has a decrease in albumin with a
relative increase in the percentage of o,- and o,-
globulins. The y-globulin is considerably decreased
which, together with the low albumin, suggests a
protein loss pattern. However, it could also be con-
sistent with immunosuppression due to light chain
multiple myeloma. Also, MFLC will cause renal
damage possibly resulting in a pattern like this.
When I looked at the B-region expecting to see a
decrease in transferrin to confirm an impression of
an acute-phase pattern, I noticed a discrete band
just anodal to transferrin (B,). The same sample is
processed in lanes 5 and 5" on the Penta gel from
Fig. 10.9b. There is no evidence of a monoclonal
band. This could represent a transferrin variant.

However, in this case it does not. Look at the same
area just anodal to the transferrin band in Figures
10.10b, and 10.10c. Both of these also contain
some type of shoulder or suggestion of a double
transferrin band. All three samples were run in the
same capillary as the first sample. By processing
these specimens in other capillaries, the band dis-
appears. It is an artifact. Both the Paragon CZE
2000 and the Sebia Capillarys have several capil-
laries that serum passes through. Occasionally, if a
highly lipemic sample is processed, the capillary
may give spurious results for the next few assays.
Furthermore, as the capillary ages similar artifacts
can occur. Therefore, when I observe an unusual
band in a sample, I check other samples that passed
through that particular capillary on the same run
prior to rendering my interpretation.
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Figure 10.11 (a) Electrophoresis of five urine samples concentrated up to 50-fold is shown for interpretation (Sebia 3,, gel). (b)
Electrophoresis of five more urine samples concentrated up to 50-fold is shown for interpretation (Sebia 3,, gel)

INTERPRETATION OF FIG. 10.11

The top lane in Fig. 10.11a contains a small
amount of albumin; discrete staining in the - and
B-regions indicate tubular proteinuria. However,
the main observation is the presence of a large y-
region band that almost certainly represents
MFLC. This was confirmed to be a kK MFLC on
immunofixation. The second lane demonstrates a
prominent albumin band with an o,-antitrypsin
and transferrin band as main other components.
This is predominately glomerular proteinuria. The
third sample shows a strong albumin band with
both o,-antitrypsin and transferrin band identifi-
able; however, there is broad diffuse staining that
may reflect some denaturation of the protein. This
must have glomerular and tubular leakage, but it
needs an immunofixation for further comment.

The fourth sample shows no protein at all.
Whenever I see a pattern like this I check the total
protein. It was huge (7320 mg/24 h) so electro-
horesis was repeated. It appears as the fourth
specimen in Fig. 10.11b. This shows a massive
proteinuria consistent with a nonselective pro-
teinuria. The patient is a diabetic with glomerular
disease. This illustrates the problem of the wick
effect. On this automated application system, the
samples are placed in a well that is attached to a
wick made of paper. The sample needs to ‘wick’ to
the end of the paper for application to the gel. In
cases with high protein content, such as this, and
ones that contain particulate material (crystals,
cellular elements) we have found a problem with
adequate sampling. This is discussed further in
Chapter 7. The last sample in Fig. 10.11a is also a
glomerular pattern.
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Fraction Rel % g/dl
ALBUMIN 50.1 3.75
ALPHA 1 6.5 0.49
ALPHA 2 12.9 0.97
BETA 17.0 +++ | 1.28 +++
GAMMA 13.4 1.01

Reference Ranges
Rel % g/dl

ALBUMIN 49.7-64.4 3.60-5.00

ALPHA 1 48-10.1 0.30-0.70
ALPHA 2 85-151 0.60-1.10
BETA 7.8-13.1 0.60-1.00
GAMMA 10.5-19.5 0.70-1.40
TP: 6.40-8.20 A/G: 0.99 —1.81

| _ l |

G A K L
(b) (c)

Figure 10.12 (a) Capillary zone electropherogram for a 4|-year-old woman (Paragon CZE 2000). (b) Penta (pentavalent) immunofixation
on the sample from (a). (c) Immunofixation on the same sample.

INTERPRETATION OF FIG. 10.12 C3 bands both are slender and symmetrical. Here,

the transferrin band is broad and slightly asymmet-
The capillary zone electropherogram has two rical showing a subtle cathodal shoulder. The
unusual features. First the transferrin band appears  second area of concern was the B—y bridge. A B~y
to be broader than usual. Typically, transferrin and ~ bridge usually reflects a polyclonal increase in IgA.
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It can be seen in a wide variety of circumstances,
but one of the more common is cirrhosis and some-
times hepatitis. This pattern looks like neither of
those. Further, considering the normal amount of
total y-globulin, the bridge has the unusual appear-
ance of going up into the B-region rather than just
being a flat bridge across. Because of these con-
cerns we performed the Penta immunofixation
in Fig. 10.12b. It
immunoglobulin band (likely an M-protein) at the
anodal end of the immunofixation (approximately

shown demonstrates an

the location of transferrin). There is a second
broader area in the B—y-region that likely reflects
the bridging described in the electropherogram. In
Fig. 10.12¢, the immunofixation demonstrates that
the restriction in the transferrin-region was due to
the small IgG A monoclonal gammopathy. The
bridge, however, is a polyclonal increase in IgA.
This can be determined by looking at the ¥ and A
lanes. There is a broad increase in both light chain
types in the same area of migration that has an
increase in the IgA.

Fraction Rel % g/dl
ALBUMIN 37.0 ——— | 2.37 ——
ALPHA 1 104 + 0.66
ALPHA 2 18.2 +++ | 1.17 +
BETA 221 +++ | 1.42 +++
GAMMA 12.3 0.79
Reference Ranges

Rel % g/dl
ALBUMIN 49.7 -64.4 3.60-5.00
ALPHA 1 48-10.1 0.30-0.70
ALPHA 2 8.5-151 0.60-1.10
BETA 7.8-13.1 0.60-1.00
GAMMA 10.5-19.5 0.70-1.40

TP: 6.40-8.20 A/G: 0.99 —1.81

@

Figure 10.13 (a) Serum protein electrophoresis from 5|-year-old woman (capillary zone electropherogram, Paragon CZE 2000).
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Figure 10.13 (contd) (b) Immunosubtraction of serum from Figure (a).
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Figure 10.13 (contd) (c) Immunofixation of same serum (Sebia immunofixation). (d) Immunofixation for fibrinogen.

INTERPRETATION OF FIG. 10.13

This serum has a decrease in albumin, a relative
increase in the percentage of o,-globulin, a modest
increase in o,-globulin, and a considerable increase
in B-globulin. The transferrin band is decreased
and is consistent, together with the above findings,
with an acute-phase response. However, forming a
cathodal shoulder to the C3 band is a broad, but
definite restriction. The ty-region has a slight
restriction in its anodal end. But the concentration
is in the normal range. Because of the presumption
that the slow B-region band was a monoclonal
gammopathy, I skipped the Penta step and per-
formed the immunosubtraction shown in Fig.
10.13b. The SPE electropherogram provides the
frame of reference for the immunosubtraction
study. It demonstrates the unusual cathodal cling-
ing to the C3 band. Unfortunately, it is not
removed by any of the immunosubtractions. There
is a slight decrease in the B,-region after IgA has

been subtracted out; however, that is where poly-
clonal IgA normally migrates and one would
assume that this would decrease the overall height
of the B,-region because of that. The shoulder to
C3 remains, however, even in the IgA immunosub-
traction. Because of this, we performed the
immunofixation shown in Fig. 10.13c. Since we
already knew that the IgM had no effect on the
restriction, we did not include this in the
immunofixation. There is a subtle restriction in the
middle of the IgG lane that corresponds to a
similar subtle restriction in the middle of the ¥
lane. This may represent a tiny IgG k¥ monoclonal
gammopathy that is most likely part of the acute-
phase response, but what is responsible for the
shoulder? Finally, I performed an immunofixation
for fibrinogen (Fig. 10.13d). The mystery protein is
fibrinogen. With the earlier versions of the Paragon
CZE 2000 fibrinogen did not show up as a band,
but with the new buffer systems it does.



Case studies for interpretation 329

Fraction Rel % g/dl
ALBUMIN 351 — | 270 —-—
ALPHA 1 8.7 0.67
ALPHA 2 12.2 0.94
BETA 19.0 +++ | 1.46 +++
GAMMA 25.0 +++ | 1.93 +++

Reference Ranges

Rel % g/dl
ALBUMIN 49.7-64.4 3.60-5.00
ALPHA 1 48-10.1 0.30-0.70
ALPHA 2 85-15.1 0.60-1.10
BETA 7.8-13.1 0.60-1.00
GAMMA 10.5-19.5 0.70-1.40

TP: 6.40-8.20 A/G: 0.99 —1.81

@)

Fraction Rel % g/dl

FRACTION1 35.1 2.70
FRACTION2 8.7 0.67
FRACTION3 12.2 0.94
FRACTION4 1.8 0.14
FRACTION5 12.4 0.95
FRACTIONG6 4.8 0.37
FRACTION7 25.0 1.93

T
(b)
Figure 10.14 (a) Capillary zone electropherogram of a 56-year-old man (Paragon CZE 2000). (b) Measurement of suspicious band in (a).
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Figure 10.14 (contd) (c) Immunosubtraction of same serum.
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INTERPRETATION OF FIG. 10.14

The albumin is decreased and there is an increase
in both the B- and y-globulins. The y-region has a
few tiny irregularities, most notably at the catho-
dal end were it drops off sharply to the baseline.
However, the transferrin band is very unusual. It
is much broader and taller than normal. Believing
this to be a likely M-protein, I measured the band
as shown in Fig. 10.14b. I recognize that this mea-
surement includes the residual transferrin, but it
provides a baseline that can be used to follow the
patient’s M-protein over the years. If one prefers,
after identifying the isotype, one can measure the
total isotype. However, if that turns out to be IgG
(although a little improbable in this location, we
just saw a case of it in Fig. 10.4) since there is
1.93 g/dl of IgG (assuming the y-region is all IgG)
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this will in fact be an even worse approximation.
There are other ways to do this, such as measur-
ing the immunofixation band, but we do not get
one with immunosubtraction. Anyway, that is
how I measured it. Unfortunately, this is all rather
academic because the immunosubtraction in Fig.
10.14¢ does not demonstrate a monoclonal gam-
mopathy. The large transferrin band remains large
in all subtractions. The subtraction of the IgG
reduces the vy-region to almost nothing (as
expected). Similarly, the subtraction of k and of A
reduce the y-region by two-thirds and one-third
respectively. The call to the clinician resolved the
issue. Yes, it is another radiocontrast dye effect. I
should have done a Penta screen and saved the
trouble. The alternative would be to use the tech-
nique described by Cynthia Blessum to remove the
dye (see Chapter 2).
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Fractions % Ref. % Conc. Ref. Conc.
Albumin 35.8 < 453-67.7 2.4 34-52
Alpha 1 5.7 29-6.8 0.4 02-04
Alpha 2 12.6 6.2—-14.9 0.8 05-1.0
Beta 9.0 8.1-18.0 0.6 0.6-1.1
Gamma 36.9 > 8.8—-24.5 25 06-1.6

@

Figure 10.15 (a) Capillary zone electropherogram on a 60-year-old woman ( Sebia Capillarys).
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IgM L

(b)
Figure 10.15 (contd) (b) Immunosubtraction of serum from (a) (Paragon CZE 2000).
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G K L
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Figure 10.15 (contd) (c) Immunofixation of same serum (Sebia
immunofixation).

INTERPRETATION OF FIG. 10.15

The albumin is decreased and there is a large, but
relatively broad increase in the y-globulin. Figure
10.15b is the immunosubtraction on this case. The
subtraction of IgG removes virtually all of the y-
region. Immunosubtraction of Kk removes about
half and of A removes the other half of the y-glob-
ulin. There is considerable irregularity, however,
which shows up in the light chain immunosubtrac-
tions that are consistent with an oligoclonal expan-
sion. In Fig. 10.15¢ is the immunofixation that
demonstrates both small x and small A bands that
confirm this impression. A conversation with the
clinician disclosed that this patient has abdominal
lymphadenopathy involving adenocarcinoma of
unknown primary.
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Figure 10.16 (a) Serum protein electrophoresis on four samples (Paragon SPE2 system stained with Paragon Violet).
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Fraction Rel% g/dl Fraction Rel% g/dl

Albumin 61.8 4.51 Albumin 39.7 --- 2.94 --
Alpha 1 3.5 8.26 Alpha 1 5.4 .48
Alpha 2 19.9 8.80 filpha 2 9.5 8.70
Beta 108.8 9.72 Beta 6.8 --- 8.44 ---
Ganna 13.9 8.95 Sanns S8 b 2.92 +4+

() ©

Fraction Rel% g/dl e oh
Albumin qeio oo 3.08 -- F;?EE;?: “21”6 91%’55
Alpha 1 4.5 0.38 Alena 4 4.1 2.27
Alpha 2 ?-g 8.64 Alpha 2 108.1 8.66
Be‘ta 9- 8-82 Beta 11-9 --I'?
Gamma 42.2 +++ 3.59 +++ Ganma 19.4 + 1.28

(d) (®

Figure 10.16 (contd) (b) Densitometric scan of sample in the top lane of (a), which was from a 61-year-old woman. (c) Densitometric
scan of sample in the second lane of (a), which was from an 81-year-old man with dizziness. (d) Densitometric scan of sample in the third
lane of (a), which was from a 29-year-old man. (e) Densitometric scan of sample in the bottom lane of (a), which was from a 78-year-old
man.



®
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Figure 10.16 (contd) (f) A somewhat underexposed second photograph of the gel in (a).

INTERPRETATION FOR FIG. 10.16

Top lane

The top lane in Fig. 10.16a is a normal serum. The
gel stained relatively lightly; in this case o,-regions
do not show to advantage, especially in the top and
bottom lanes. However, the densitometric infor-

mation helps here by letting us know they were
quantitatively in the normal range.

Second lane
The albumin band is moderately decreased as is the

B,-region. In the y-region, there is a relatively large
spike. By immunofixation, the spike is character-



338 Case studies for interpretation

ized as an IgM x monoclonal gammopathy.
Clinically, this patient had Waldenstrom’s
macroglobulinemia that accounted for her dizzi-
ness. I recommended that a urine specimen be eval-
uated for the presence of MFLC.

Third lane

The albumin band is decreased and there is a
marked increase in the y-globulin. Because of the
extreme density of the staining of the y-globulin
region, a second photograph of this gel is given
(Fig. 10.16f). This photograph is somewhat under-
exposed to emphasize the presence of oligoclonal
bands in the y-region. These bands can be appreci-
ated by holding the gel up to a strong light. On the
densitometric scan, the irregularities in the y-region
are the counterparts to these oligoclonal bands.
The presence of a massive polyclonal increase in
with oligoclonal bands usually indicates profound
infectious disease. Rarely, patterns like this one
are seen in patients with angioimmunoblastic

lymphadenopathy, although they often have a f-y
bridging which this sample lacks. This type of
pattern may also occur in patients with acquired
immunodeficiency syndrome (see Fig. 10.1).

Bottom lane

All of the fractions are normal except y-globulin.
There is a tiny restriction in the slow y-region.
This can be seen directly on the gel and by not-
ing the sharp drop-off at the cathodal end of the
densitometric scan (Fig. 10.16e). Compare this to
the smoother decrease in the cathodal end of the
normal sample in Fig. 10.16b. This very tiny
restriction is present in an otherwise normal vy-
globulin region. I noted that a tiny y-globulin
restriction was present and that the significance
of such tiny restrictions is unclear. I recom-
mended that this serum and a urine have an
immunofixation. I also recommended that the
serum be re-evaluated in 3-6 months to see if the
process resolves.

@

Figure 10.17 (a) Serum protein electrophoresis on two samples is shown (Paragon SPE2 system stained with Paragon Violet).
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Fraction Relx Sfdi Fraction Relx <dl

ARlbumin £8.6 4.34 Albumin 49.3 - 2,71 ---
Alpha 1 2.9 B.29 Hlphali .1 8.28
flpha 2 8.1 B.68 fflpha 2 8.4 B.48
Beta 13.9 B.96 Beta 12.32 B.68 -
Gamma 16.4 1.21 Ganma 24.9 +++ 1e3i

(b) ()

~ — e -] p p - -
=

SPE lgG IgA IgM K L
1:2 1:8 1:4 1:4 1:4 1:4

C)

Figure 10.17 (contd) (b) Densitometric scan of sample in top lane of (a), which was serum from a 59-year-old woman. (c) Densitometric
scan of the sample in bottom lane of (a), which was serum from a 28-year-old woman. (d) Immunofixation of serum from sample from
bottom lane of (a) (Paragon system stained with Paragon Violet; anode at the top).
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Figure 10.17 (contd) (e) Immunofixation of same sample as in (d) before and after removal of IgG fraction by a commercial column

(Paragon system stained with Paragon Violet; anode at the top).

INTERPRETATION FOR FIG. 10.17

Top lane

The top lane in Fig. 10.17a is a normal serum.
Note that the densitometric scan in Fig. 10.17b
(and the other) barely separates the o,-region from
albumin, yet by looking at the gel, one can clearly
see the o,-region band. Contrast this with the
clarity of earlier CZE figures depiction of the o,-
region. With gel-based techniques, it was usually
impossible to see the o,-acid glycoprotein band,
but this is commonly seen with CZE, especially in
cases with acute-phase reactions (see Chapter §5).
Another important feature of these samples is the

unusual appearance of the B-regions of the densito-
metric scans. The B,-lipoprotein band creates a
third band that is confusing when looking at the
densitometric scans in the absence of the gel. This
is one of the reasons I always show the gel for com-
parison. With CZE this is not usually a problem.
As demonstrated in Chapter 4, B,-lipoprotein usu-
ally migrates in the slow o,-region and the B-region
bands are transferrin and C3. Unlike the capillary
zone electropherograms where I demonstrated the
ability to detect subtle monoclonal proteins by
identifying distortions of the usually sharp and
slender transferrin and C3 bands, the muddle of
the densitometer B-region patterns makes this very
hard. However, the gels themselves provide a rea-
sonably good look at this region.



Bottom lane

There is a considerable decrease in the albumin
band, which is best appreciated by the densitomet-
ric scan information. In the anodal end of the y-
globulin region there is a faint and somewhat
broad restriction. This is also seen as a distortion in
the anodal portion of the densitometric scan. This
type of distortion may be due to a small mono-
clonal gammopathy, but may also represent a poly-
clonal increase in an immunoglobulin subclass.
Immunofixation of the serum (Fig. 10.17d) con-
firmed that there was a restriction in the IgM
isotype, but did not demonstrate a corresponding
light chain isotype restriction. This is because the
patient has a normal quantity of IgG which
obscured the light chain restriction. Therefore, a
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commercial IgG absorbent was used to remove
most of the serum IgG and the electrophoresis was
repeated. In Fig. 10.17e, the serum treated with the
absorbent is compared with untreated serum in the
immunofixation reaction. By removing the poly-
clonal IgG, one can demonstrate that the mono-
clonal process is due to an IgM x monoclonal
gammopathy. The obscuring of the IgM
immunofixation in the present case is the counter-
part to the umbrella effect commonly seen on
immunoelectrophoresis (see Chapter 3). Owing to
the better resolution of immunofixation compared
with immunoelectrophoresis, it is very uncommon
to have to perform such purifications. In this case,
I also recommended that a urine be provided to
rule out MFLC.
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Figure 10.18 (a) Serum protein electrophoresis on four samples is shown (Paragon SPE2 system stained with Paragon Violet).



Fraction

Albumin 61.9
Alpha 1 2.6
Alpha 2 6.7
Beta 14.3
Gamma 14.4

(b)

Fraction Relx
Albumin 65.6
Alpha 1 4,9
Alpha 2 9.8
Beta 13.1
Gamma 6.6

C)

B.47
1.88
1.81

<dl

2 3.61
B.27
.54
B.72
8.3¢6
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Fraction
Rlbumin
Alpha 1
Alpha 2
Beta
Gamnma

(9)

Fraction
Albumin
Alpha 1
Alpha 2

Beta
Gamma

(e

13.7
25.5 +++

Relx
59,3
3.4
9.4
12.8
i15.9

Zdl

2 3.74
8.32
8.56
1.83
1.91 +++

<dl

2 4.83
8.23
8.64
8.82
i.88

Figure 10.18 (contd) (b) Densitometric scan of sample in the top lane in (a) (54-year-old woman). (c) Densitometric scan of sample in
the second lane in (a) (55-year-old man). (d) Densitometric scan of sample in the third lane in (a) (51-year-old man). (e) Densitometric

scan of sample in the bottom lane in (a) (76-year-old woman).
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INTERPRETATION FOR FIG. 10.18

Top lane

Although all of the densitometric scan informa-
tion is normal, note how much better the informa-
tion is by looking directly at the gel. The gel in the
top lane of Fig. 10.18a shows a dense B,-lipopro-
tein band in the middle of the B-region with the
normal transferrin and smaller normal C3 band
also visible. However, the densitometric scan of
this sample in Fig. 10.18b indicates the ‘spike’ due
to the B,-lipoprotein, but it is difficult to perceive
the transferrin band and the C3 band does not
show up well at all. Look back to the earlier cases
that used electropherograms to contrast the con-
sistent crisp B,-region bands that these electro-
pherograms display. For the present case, direct
inspection of the y-globulin region of the gel dis-
closes the presence of at least two small restric-
tions. These bands are most likely related to an
inflammatory process, but there is no correspond-
ing acute-phase reaction. I recommended a follow-
up sample in 3-6 months.

Second lane

There is polyclonal increase in y-globulins with B~y
bridging. The presence of the B~y bridge usually
corresponds to a polyclonal increase in IgA.
Although the B—y bridge is traditionally associated
with cirrhosis, this pattern is also seen in other
individuals with chronic inflammatory processes
that share an increase in IgA. Autoimmune condi-
tions and infections may have this pattern. This
patient has normal albumin with no evidence of

anodal slurring (often seen when the bilirubin is
elevated), and the - and B-globulin fractions are
normal.

Third lane

When comparing the major bands on this gel, it
becomes apparent that the anodal edge of albumin
for the case in lane three has a slightly faster anodal
migration than the other albumin bands on this
gel. In addition, there is a decrease in the y-globu-
lin region. The other bands are unremarkable. The
interpretation of this case notes the presence of the
anodal slurring and its possible relation to drug
binding (commonly antibiotics or heparin) and
emphasizes the isolated hypogammaglobulinemia.
I recommend a urine be evaluated for the presence
of MFLC in any case of isolated hypogammaglob-
ulinemia.

Bottom lane

Despite the presence of an obvious mid-y mono-
clonal gammopathy in case D, there is no increase
in the y -globulin region overall. This patient had
been being followed for a known IgG x mono-
clonal gammopathy (characterized by a previous
immunofixation) for many years. We always
examine our records of patients with monoclonal
gammopathies when a new sample is sent to us.
There had been no significant change in the
amount or migration of this monoclonal protein
since the examination 12 months previously. This
was noted on the report. A repeat was not neces-
sary because there was no change in the migration
of the monoclonal protein.
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Fraction

Rel% g-dl 2 '
dhatn W Yim o Tracen  rael e
Mipnad a0 2:22 Alpha 1 6.8 ++ 9.44 +
phasc - . Alpha 2 13.2 + 8.84
Beta 15.7 1.88 Betz 1a.2 8.91
Gamma 23.3 +++ 1.4%9 - %

Gamma 19.8 8.64
(b) (c)

Figure 10.19 (a) Serum protein electrophoresis on three samples (Paragon SPE2 system stained with Paragon Violet). (b) Densitometric
scan of sample in the top lane in (a) (76-year-old man). (c) Densitometric scan of sample in the second lane in (a) (61-year-old man).
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Fraction
Albumin 57.4 4.48
Alpha 1 6.9 ++ B8.54 +++4
flpha 2 10.7 8.83
Beta 12.9 1.81
Gamma 122 8.95

C)

Figure 10.19 (contd) (d) Densitometric scan of sample in the
third lane in (a) (41-year-old woman).

INTERPRETATION FOR FIG. 10.19

Top lane

There is anodal slurring of the albumin band in
Fig. 10.19a. Although it is difficult to discern by
looking at the photograph of this gel, the
densitometric information in Fig. 10.19d demon-
strates a decrease in albumin. The other bands
are normal, although there is a relative increase
in the y-globulin region. In addition, there is a
slight B~y bridge in this sample. When I spoke to
the clinician about this patient, I learned that the
patient had hyperbilirubinemia and cirrhosis.

Middle lane

There is a slight increase in the absolute amount of
o,-globulin and a relative increase in both o,- and
o,-globulins. This is consistent with a mild acute-
phase reaction pattern. The transferrin band
appears normal, however, and no C-reactive
protein band is seen.

Bottom lane

There is a moderate increase in the o,-globulin,
which has not separated as well as I like to see from
the albumin band. Once again, looking at the pic-
ture of the gel in Fig. 10.19a provides a better view
of this than the densitometric scan which does,
however, provide quantitative information. This
may be due to an increase in the o,-acid glycopro-
tein (orosomucoid) which migrates just anodally to
o,-antitrypsin. But unlike the capillary zone elec-
tropherograms, even in cases with a marked
increase in this band, it is difficult to see on most
gel-based systems. Both proteins increase as part of
the acute-phase response. Alternatively, there may
be an increase in o,-lipoprotein which may obscure
the region between albumin and o,-antitrypsin.
The o,- and transferrin-bands are both at relatively
high normal levels. Therefore, the combination of
elevated o,-lipoprotein, o,-antitrypsin and trans-
ferrin may reflect a hyperestrogen effect rather than
an acute-phase response. The most important find-
ing in the case is that of a slow-migrating y band. A
band in this position is almost always due to a
monoclonal gammopathy. In urine from a patient
with myelogenous leukemia, this band could be
due to lysozyme. The previous records from this
patient indicated that she had an identical slow vy
band 6 months previous to this sample.
Immunofixation at that time revealed an IgG
monoclonal gammopathy. There was no change in
migration or amount of the monoclonal protein on
the present sample, therefore, immunofixation was
not repeated. Urine did not contain a MFLC.
Annual follow-up was recommended.
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Figure 10.20 (a) Serum protein electrophoresis on four samples is shown. (Paragon SPE2 system stained with Paragon Violet).
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Fraction

Re1lx

. g/dl Fraction Rel% /dl
Eigﬁgxz 4%'? o g'g; Albumin 54.8 S 4.16
Alpha 2 7:9 g:-fg Rlpha E-‘ 4.9 3.31
Beta 23.2 +++ 2,04 +++ fipha < 2.5 g.z;
Gamma 21.9 ++ 1.93 +++ Bets 12.1 .92

Gamma 21.5 ++ 1.66 ++
(b) (9)

Fraction Relx g-dl
Albumin 30.8 ==~ i T e
Alpha 1 3.9 B.332
Alpha 2 8.6 8.72
Beta iE.2 1.28 +
Gamma 41.4 +++ 3.48 +++

(d)

Figure 10.20 (contd) (b) Densitometric scan of sample in the second lane in (a) (35-year-old man). The tube was marked as ‘grossly
hemolyzed'. (c) Densitometric scan of sample in the third lane in (a) (45-year-old man). (d) Densitometric scan of sample in the bottom
lane in (a) (75-year-old man).
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Figure 10.20 (contd) (e) Immunofixation of sample in (d) (Paragon SPE2 system stained with Paragon Violet).

INTERPRETATION FOR FIG. 10.20

Top lane

This is a normal electrophoretic pattern (no
densitometry shown).

Second lane

This serum has a marked increase in the B,-region
demonstrated both by the densitometric scan
numbers in Fig. 10.20b and by comparing the
transferrin bands on the adjacent tracts. The -
globulin region shows a polyclonal increase and
there is P~y bridging. This is a poorly handled

specimen from a patient with a polyclonal increase
in y-globulin. The serum was bright red. The
markedly increased B,-region band is too large for
transferrin in an iron-deficient patient. It could rep-
resent a monoclonal gammopathy. That possibil-
ity, however, is unlikely in the face of the gross
hemolysis and the polyclonal increase in 7. If one is
uncertain of the nature of such a band, an
immunofixation will rule out a monoclonal
gammopathy.

Third lane

This serum has a slight increase in the o,-lipopro-
tein region between albumin and o -antitrypsin. It
can be seen best by comparing the region between
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albumin and o,-antitrypsin with the serum above
and below. There is also a modest polyclonal
increase in y-globulin with no B~y bridging. This
pattern is most consistent with a chronic inflam-
matory process.

Bottom lane

The serum has a decrease in albumin and an
increase in both B- and y-globulins by the densito-
metric scan information in Fig. 10.20d. Although
one’s attention is drawn to the massive y-globulin
spike, one must not ignore the other significant
findings on this gel. The B,-region band is far too

large for C3 under any circumstances. On these
gels, fibrinogen migrates between the B- and the y-
regions. Therefore, the large band in the C3 region
is almost certainly another monoclonal band. In
addition to the large y-region spike mentioned
above, there is a decrease in the staining density of
the remaining y-globulin. The immunofixation of
this patient’s sample (Fig. 10.20e; Paragon SPE2
system stained with Paragon Violet) demonstrates
that the B-band is due to A MFLC and the mid-y
band is due to an IgG A monoclonal protein. Upon
discussing this case with the clinician, I learned
that this patient has multiple myeloma. A 24-h
urine specimen was recommended to quantify the
amount of MFLC.

@

Figure 10.21 (a) Serum protein electrophoresis on three samples (Paragon SPE2 system stained with Paragon Violet).
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Fraction Rel% g

’ i 1 al
2t 3 flbumin £4.2 .89 --
FL:Z&?E Rg%?z 9/51.'.’? Alpha 1 5.4 8.31
AlPha 1 4.2 B.27 filpha 2 6.5 Beats
Alpha 2 Q.32 8,52 Beta 14,7 8,84
Beta 12.9 B.72 Bamna 18.9 1.88
Gamma BE.& ==~ B8.31 =-=--
(b) ()

Fraction R

el% g~ dl
flbumin £5.9 4.47
Rlpha 1 3.4 B.27
Alpha 2 8.6 B.6%9
Beta 13.2 1ot
Gamma 18.2 i1.4¢6

(C)

Figure 10.21 (contd) (b) Densitometric scan of sample in the top lane in (a) (6 |-year-old man with lymphocytosis). (c) Densitometric
scan of sample in the middle lane in (a) (69-year-old man). (d) Densitometric scan of sample in the bottom lane in (a) (83-year-old
woman).
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INTERPRETATION FOR FIG. 10.21

Top lane

This serum has a striking hypogammaglobulinemia
confirmed by the densitometric scan information in
Fig. 10.21b. There is also a small mid-y restriction.
The other major protein bands are unremarkable.
Isolated hypogammaglobulinemia is associated
with B-cell lymphoproliferative disorders, multiple
myeloma (light chain or non-secretory), amyloido-
sis (AL), humoral immunodeficiency syndromes
and chemotherapy. Review of the hematology
information on this patient demonstrated that he
had chronic lymphocytic leukemia. I also recom-
that a 24-h urine be studied by
immunofixation and electrophoresis to rule out
MFLC.

mended

Middle lane

This serum has a modest decrease in albumin.
Otherwise, the serum is unremarkable.

Bottom lane

This woman has an oligoclonal restriction in the
mid- to slow y-region. As discussed before, this is
associated with a wide variety of infectious,
autoimmune, and immunodeficiency conditions. It
represents a restricted clonal proliferation of (in
most cases) unknown cause. There is no acute-
phase response and the overall quantity of y-globu-
lin is normal. Although the quantifications of the
major protein fractions are normal, the transferrin
band seems large compared with the transferrin
bands in the two samples above. I recommend an
immunofixation on such samples.
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Figure 10.22 (a) Serum protein electrophoresis on four samples (Paragon SPE2 system stained with Paragon Violet).
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Fraction Relx g-dl

Fraction Relx g-dl Albumin 48.9 - 2.64 ---
filbumin 60.9 3.59 Alpha 1 18.4 +++ B.E6 +++
Alpha 1 3.6 8.21 Alpha 2 18.3 +++ 9.99 +
Alpha 2 9.5 B.56 Beta 11.4 8.62 --
Beta 11.2 B.66 - Gamma 11.9 8,59

Ganma 14.8 B8.87
(b) ()

%_.m%_"_m_

1
: e - Fraction Rel% g-dl

Fraction Relx g~/ dl flbumin 67.6 4.73
ARlbumin 47.2 - 3.82 -- Alpha 1 3.8 8.27
Alpha 1 8.5 +++ 8.54 +++ filpha 2 Tal 8.58
Alpha 2 16,1 +++ 1.83 ++ Beta 16.7 B8.75
Beta 13.8 8.83 Gamma 16.8 B.76
Gamma 15.3 9.98

(d) (e)

Figure 10.22 (contd) (b) Densitometric scan of sample in the top lane in (a) (68-year-old man). (c) Densitometric scan of sample in the
second lane in (a) (67-year-old man). (d) Densitometric scan of sample in the third lane in (a) (55-year-old man). (e) Densitometric scan of
sample in the bottom lane in (a) (43-year-old man).



INTERPRETATION FOR FIG. 10.22

Top lane

Although there is a slightly decreased B-region by
the densitometric scan in Fig. 10.22b, the remain-
der of this sample is unremarkable. T interpret this
as one value slightly abnormal. No repeat is rec-
ommended.

Second lane

There is a decrease in the albumin (Fig. 10.22c)
with a very slight accentuation of its anodal migra-
tion compared with the anodal edge of the albumin
bands above and below it. The o,-globulin is
markedly increased. There is a prominent inter
o,—0,-region band (associated with other acute-
phase reactants; see Chapters 4 and 5) and a
modest haptoglobin  (hp2-2).
Transferrin is slightly decreased compared with the
other B,-region bands on this gel and the B-region is
decreased quantitatively by the densitometric

increase in
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information. There is a small mid-y-band consis-
tent with C-reactive protein. To be certain, an
immunofixation is needed to rule out a small M-
protein. These features define a classic acute-phase
reaction in a patient likely receiving antibiotics
(anodal slurring of albumin).

Third lane

The densitometric information in Fig. 10.22d
demonstrates a decrease in albumin, although
anodal slurring is not seen. Both a,- and o,-globu-
lins are increased. A tiny mid-y-region band is seen
just below the C-reactive protein band in the
sample above. In addition, there is an increased
staining in the slow y-region. These features are
consistent with an acute-phase reaction with an
oligoclonal response.

Bottom lane

This is a normal serum electrophoretic pattern.
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Figure 10.23 (a) Serum protein electrophoresis on three samples (Paragon SPE2 system stained with Paragon Violet).



Fraction Relx g-dl
Albumin 35.7 --- 1.61 ---
Alpha 1 6.0 8.27
Alpha 2 26.8 +++ 1.21 +++
Beta 20.6 +++ 8.93
Gamma 10.9 B.49 -

(b)

Figure 10.23 (contd) (b) Densitometric scan of sample in the
middle lane in (a) (74-year-old man).
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INTERPRETATION FOR FIG. 10.23

Top lane

Typical for lyophilized controls, the C3 (B,-region)
band stains very weakly. No densitometric scan is
shown.

Middle lane

This serum has a markedly decreased serum
albumin and a moderate decrease in y-globulin. In
addition, there is a marked increase in the o,-glob-
ulin region and a prominent B,-lipoprotein band.
These features are typical of nephrotic syndrome.

Bottom lane

Normal electrophoretic pattern. No densitometric
pattern is shown.
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@

Fraction RelX g-dl

Albumin 29.2 2.37
Alpha 1 32.7 2.65
Alpha 2 9.8 8,73
Beta 26.7 2.16
Gamma 2.5 B.28

(b)

Figure 10.24 (a) Serum protein electrophoresis on three samples is shown. Case X is from a 46-year-old man with liver disease.
(Panagel system stained with Amido Black). (b) Densitometric scan of case X.



INTERPRETATION FOR FIG. 10.24

The top and bottom serum sample in this figure
are normal. The electrophoretic pattern (X) is
markedly abnormal. Two dense bands are seen in
the albumin region. The densitometric scan in
Fig. 10.24b demonstrates that the two albumin
bands are unequal in height. Further, the cathodal
albumin band has a broad shoulder that covers
up the o,-antitrypsin band. There is a diffuse haze
between the second albumin region band and
transferrin. No distinct o, band is seen. C3 is
absent although a diffuse haze extends from the
transferrin band to about the origin. No staining
is found in the y-globulin region. One interpreter
thought that this was a bisalbuminemia in a
patient with severe liver disease. When I first saw
this pattern, I doubted that it came from a
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human; I know of no disease that could cause
such a pattern.

This is an artifact due to partial denaturation of
the serum proteins. On questioning the techno-
logist, it became clear that at the same time he was
monitoring this serum protein electrophoresis gel,
he used adjacent tubes for the total protein deter-
mination (biuret technique). We suspected that a
drop of biuret reagent may have fallen into the
patient’s sample. We were able to reproduce this
artifact by placing a drop of biuret reagent into the
serum and performing electrophoresis. When
unusual samples like this one are found and the
interpretation is unclear, a repeat analysis should
be done. In this case, the repeat revealed a normal
electrophoretic pattern. If the unusual pattern
repeats, one should call the clinician and ask for a
new sample.
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@

Fraction Eelx g-dl

1 44.6 - 3,39
2 3.8 8.29
3 13.2 1.088
4 24.9 +++ 1.89 +++
5 13.6 1.83
(b)

Figure 10.25 (a) Serum protein electrophoresis on two samples. Case X is from a 72-year-old woman (Paragon SPE2 stained with
Paragon Violet). (b) Densitometric scan of serum from case X.
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Figure 10.25 (contd) (c) Immunofixation of serum from case X (Paragon system stained with Paragon Violet; anode at the top).

INTERPRETATION FOR FIG. 10.25

The electrophoretic pattern for both samples
demonstrates irregularities (best seen at the catho-
dal end of the albumin bands) that reflect inade-
quate blotting of the gel prior to application of the
sample. The top sample is normal. The bottom
sample (X) has an enormous band in the transfer-
rin region. The densitometric scan information in
Fig. 10.25b confirms the visual impression of the
large B,-region band. A transferrin band would
never be this large, even in the presence of iron defi-

ciency. The immunofixation in Fig. 10.25¢ reveals
an IgG K monoclonal gammopathy. This is an
unusual location for an IgG monoclonal gammo-
pathy. I had expected to find an IgA monoclonal
protein in this location. Note that at the dilution
used, the broad polyclonal nature of the IgA pro-
tein is obvious. Only faint staining is seen in the A
reaction. This is too dilute for optimal conditions
with the reagent we were using at the time. It should
have been diluted to about half the concentration of
K for a better reaction (1:4 or 1:5). I also recom-
mended that urine be evaluated for MFLC.
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@

Fraction Relx
sk 52.4 4.832
2 3. B.28
3 ii'g 2' ig Figure 10.26 (a) Serum protein electrophoresis on three
5 17 : 7 1: 26 samples. Case X is from a 7|-year-old man (Paragon SPE2

stained with Paragon Violet). (b) Densitometric scan of serum
(b) from case X.
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Figure 10.26 (contd) (c) Immunofixation of serum from case X (Paragon system stained with Paragon Violet; anode at the top).

INTERPRETATION OF FIG. 10.26

The bottom sample (X) has a slight mid-y band.
This is also obvious on the densitometric scan in
Fig. 10.26b. The immunofixation in Fig. 10.26c
identifies this band as an IgG ¥ monoclonal gam-
mopathy. One could argue that with such tiny
restrictions, a follow-up serum and a urine to rule
out MFLC would be sufficient. Certainly the pres-
ence of a normal amount of y-globulin other than

the restriction is evidence in favor of this process
being a monoclonal gammopathy of undeter-
mined significance. In this case, the urine turned
out to be negative for MFLC. Note how much
more darkly the y-globulin regions appear on this
gel stained with Paragon Violet compared with
Fig. 10.24 that used the Panagel system stained
with Amido Black. This is why one should know
which system is being used when interpreting gel
patterns.
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Figure 10.27 (a) Serum (top lane) and urine (bottom lane) protein electrophoresis from a 76-year-old man. (Paragon SPE2 stained with
Paragon Violet). (b) Immunofixation of serum and urine from serum and urine of case shown in (a) (Paragon system stained with Paragon

Violet; anode at the top).



INTERPRETATION OF FIG. 10.27

The o,-region band in the serum (top lane) stains
weakly. The o,-region is darker and broader than
normal. There is a diffuse haze between the o,-
region band and the dense sharp band (presumed
to be B,-lipoprotein). This serum was not hemol-
ysed. The B,-region band (transferrin) is beneath
the dark B,-lipoprotein band. The B,-region has
two bands. The first is C3, the second is not identi-
fied. In the mid-y-region of the serum there is a
weakly staining band that is barely visible. The y-
region stains very weakly indicating that hypo-
gammaglobulinemia is present. The corresponding
urine has an artifactual restriction at the origin.
Two small bands are present in the y-region of the
urine.

Immunofixation of the serum and urine shown in
Fig. 10.27b demonstrates that the complex serum
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and urine patterns described above are the result of
the presence of biclonal gammopathy and one with
the further complication of monoclonal free light
chains. IgA k and IgA A monoclonal proteins are in
the serum while k¥ and A MFLC are in the urine.
Note how much more densely the Bence Jones pro-
teins stain in the immunofixation than in the urine
protein electrophoresis gel. This illustrates why
merely performing serum protein electrophoresis
on concentrated urine samples is an inadequate
screen for MFLC. The recent availability of
immunoassays for free light chains in serum and
urine are already available to aid in the diagnostic
process (see Chapter 7). Also, note that tiny
amounts of the intact IgA monoclonal proteins are
also present (albeit barely visible) in the urine, but
their light chain counterparts are not seen at the
dilution of urine used for this study (concentrated
100 times).
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Figure 10.28 (a) Serum protein electrophoresis on four samples. Case X is from an 82-year-old man (his name is not Lirpa Loof!)
(Paragon SPE2 stained with Paragon Violet). (b) Densitometric scan of serum from case X. (c) Immunofixation of serum from case X
(Paragon system stained with Paragon Violet; anode at the top).
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Fraction Re1lx g-dl

1 49.9 3.89
2 4.8 8.25
3 13.4 8.83
4 11.3 B.78
5 21.5 1.332

Tatal g-dl 6.20
(b)

SPE Ig IgA IgM K L
1:2 1:4 1:6 1:6 1:4 1:2
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INTERPRETATION OF FIG. 10.28

This is a true story (though perhaps embellished
with time). On April 1, not quite 20 years ago, I
was presented with a sample demonstrating a tri-
clonal gammopathy to interpret on a patient sup-
posedly named Lirpa Loof. My residents were able
to contain themselves for only a few minutes while
I waxed poetic about the theoretical possibility of
this happening, and its even greater likelihood in
this era of acquired immunodeficiency syndrome
(AIDS) (which was then a new disease). After my
monologue, they gleefully pointed out that Lirpa
Loof was April Fool backward, and showed me the
serum gels from the three separate monoclonal
patients they had mixed to produce the artifact.
The serum X from Fig. 10.28a is not a mixture of
sera, and this 82-year-old man does not have
AIDS. The serum shows three distinct monoclonal
bands. The darkest band is in the fibrinogen
region. In the mid-y-region a small, but distinct
band is present. Just cathodal to the mid-y-band
is a slightly fainter, but also distinct band. The

densitometric scan in Fig. 10.28b shows these three
irregularities. In Fig. 10.28¢, the immunofixation
demonstrates that the large band in the fibrinogen
region is an IgA A monoclonal gammopathy. The
breadth of the IgA and associated A light chain
band probably reflects the glycosylation of many
IgA molecules. Interestingly, migrating at the same
location is a smaller IgM & monoclonal gammo-
pathy, a band I was not able to appreciate on the
serum protein electrophoresis or on the densito-
metric scan. This same combination (IgM «x) is
responsible for the mid-y-region band seen on the
electrophoresis in Fig. 10.28a and on the densito-
metric scan. It is possible that this is a multimer of
the IgM « band seen in the B-region. However, it
could be a product of an entirely separate clone.
The slowest band is due to an IgG A monoclonal
gammopathy. Note that the light chain does not
stain as well as the IgG on this immunofixation
pattern. The patient did not have a lymphoprolif-
erative process.

If my former residents are reading this, all T can
say is Lirpa Loof lives!
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SPE IgG IgA IgM K L
1:2 1:4 1:2 1:2 1:8 1:2
(b)

Figure 10.29 (a) Serum protein electrophoresis on two samples is shown. Case X is a College of American Pathologists (CAP) survey
sample EC-08 (Panagel system stained with Paragon Violet). (b) Immunofixation of Case X. (Paragon system stained with Paragon Violet;
anode at the top).
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INTERPRETATION FOR FIG. 10.29

The electrophoretic pattern shows a small fast y-
restriction. Note that the normal sample below has
a tiny origin artifact which should not be mistaken
for a monoclonal gammopathy. The immunofixa-
tion of the College of American Pathologists (CAP)
sample identifies this band as an IgM k monoclonal
gammopathy. As discussed in Chapter 2, as many
as two-thirds of the laboratories that used the

other methods missed this small, but obvious
monoclonal gammopathy. examples
demonstrated that small serum monoclonal gam-
mopathies may be associated with excretions of
large amounts of MFLC found most readily in the
urine by electrophoresis and immunofixation.
Further, as discussed in Chapter 6, small IgM
monoclonal gammopathies are associated with
peripheral neuropathies.

Earlier
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Figure 10.30 (a) Serum protein electrophoresis on four samples. Case X is from a 46-year-old woman with anemia, elevated calcium and
lytic bone lesions (Paragon SPE2 stained with Paragon Violet).
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Figure 10.30 (contd) (b) Immunoglobulin measurements on the serum from case X on the Beckman Nephelometer.

Case studies for interpretation

IgG
291

600

500

400

300

200

100

600

500

400

300

200

100

IgM
17

1800

1500

1200

900

600

300

246

463

1200

1000

800

600

400""

200

K/A
0.53

5.0

4.0

3.0

2.0

1.0

0.50 ‘

0.25




Case studies for interpretation 373

lgG IgA IgM K A K/A
291 3550 17 246 1810 0.13
2100 5.0
600 600 1800 1200
1800 4.0
500 500 1500 1000
1500 3.0
1200 2.0
900 1.0
200 200 600 400
600 0.50
100 100 300 200
300 0.25
0 ‘ 0
° ° O
®

()

Figure 10.30 (contd) (c) Immunoglobulin measurements same data for IgG, IgM, and «, but IgA and A remeasured on the serum diluted
1:10 prior to analysis.
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Figure 10.30 (contd) (d) Immunofixation of serum from case X (Paragon system stained with Paragon Violet; anode at the top).



INTERPRETATION FOR FIG. 10.30

A broad, massive band is present in the B-region.
The y-region is markedly decreased compared with
the other samples on this gel. This is certainly a
massive monoclonal gammopathy. The immuno-
globulin measurements in Fig. 10.30b disclose an
extraordinary increase in the amount of IgA
present that correlates well with the amount of
protein seen on the serum protein electrophoresis
gel. Please note that the light chain measurements
are presented as the total concentration of the
immunoglobulin they are attached to (i.e. calcu-
lated as the molecular weight of the molecule to
which they are attached rather than as the weight
of the free light chain). At the time this study was
performed, that was the standard. More recently,
only the molecular weight of the light chain is con-
sidered in calculating the quantity of light chain
present. These numbers will likely differ from
current numbers you may see in your patients.
Therefore, with the study numbers, in theory x and
A should add up to the total of IgG + IgA + IgM. In
this case they do not. Indeed, there seems to be no
corresponding light chain for the massive IgA.
Could this be a case of o heavy chain disease? No,
but situations like this are often mistaken for heavy
chain disease despite the fact that the history does
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not fit. o heavy chain disease occurs among indi-
viduals in their second and third decades in the
Middle East and Mediterranean regions. It pre-
sents as a gastrointestinal disease and does not
cause lytic bone lesions or elevated calcium values.
This is a woman in the latter half of her fifth
decade. So what is wrong? Even the k/A ratio is
only barely abnormal. This is a demonstration of
the problems of using nephelometry alone to detect
monoclonal proteins. As discussed in Chapter 9,
some monoclonal proteins do not react well with
antisera standardized against polyclonal immuno-
globulins. The immunofixation in Fig. 10.30d
clearly demonstrates an IgA A monoclonal gammo-
pathy. When the immunoglobulin quantifications
were repeated prediluting the sample 1:10 as
shown in Fig. 10.30c, more of the monoclonal A
light chains were detected. However, further dilu-
tions did not allow better approximation of the
amount of IgA present. When a patient appears to
have a heavy chain disease because of the lack of
reactivity of a light chain either by nephelometry or
by immunofixation, be careful. Use another tech-
nique such as immunosubtraction, or send it to a
laboratory that performs immunoselection to make
a definitive diagnosis. This patient has classic mul-
tiple myeloma.
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Fraction Relx g<dl

Albumin 48.3 - 2. 78 ===
Alpha 1 7.8 +++ 0.44 +
Alpha 2 18.3 +++ 1.82 ++
Beta 15.8 9.88

Gamma 9.8 8.55

(b)
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Figure 10.31 (a) Serum protein electrophoresis on three samples. Case X is from a 67-year-old man with recurrent pneumonia (Paragon

SPE2 stained with Paragon Violet). (b) Densitometric scan of serum from case X. (c) Immunofixation of serum from case X (Paragon

system stained with Paragon Violet; anode at the top).

INTERPRETATION OF FIG. 10.31

Although the albumin band on the photograph of
case X looks similar to the other two samples on
the gel, the densitometric scan in Fig. 10.31b doc-
uments a decrease in albumin concentration. Both
the o,- and o,-regions are increased, consistent
with an acute inflammatory response. The trans-
ferrin band stains fainter on the gel specimen
(Fig. 10.31a) than the transferrin bands in the
two samples below it. The C3 band is slightly
broader than the two samples below it (possibly
indicating a subacute inflammation). The y-region
stains more weakly than the two samples below

and a couple of faintly stained bands are barely
discernable. Immunofixation was ordered on this
sample. It demonstrates that the slightly broader
C3 band was really due to a tiny IgG A band that
migrates in the C3 region. There are also two
slower-moving IgG « bands and a third slow-
migrating IgG A band. This oligoclonal expansion
in the context of a borderline hypogammaglobu-
linemia can be seen in patients with B-cell
lymphoproliferative ~ disorders  (discussed in
Chapter 6). A call to the clinician revealed that
this patient has chronic lymphocytic leukemia
with a leukocyte count of 70 000 (virtually all
mature lymphocytes).
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Figure 10.32 (a) Serum protein electrophoresis on a 79-year-old man with endocarditis. All sera on this gel are from this patient. Top to
bottom: January 15, 18, 27, 29, and February 3 (Paragon SPE2 stained with Paragon Violet). (b) Immunofixation of serum from January 27
sample (Paragon system stained with Paragon Violet; anode at the top). (c) Immunofixation of urine from January 27 sample (Paragon

system stained with Paragon Violet; anode at the top).
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Figure 10.32 (contd) (d) Patient serum from March 5 on top and control serum on bottom (Paragon SPE2 stained with Paragon Violet).

(e) Immunoglobulin measurements from January 27 sample.



INTERPRETATION OF FIG. 10.32

The earliest electrophoretic sample on the gel from
Fig. 10.32a shows a barely discernable mid-y band.
The second sample shows an increase in o,- and o,-
globulin and the presence of a faint band in the
mid-y-region. The third through the bottom sera
all have anodal slurring of albumin (presumably
due to the antibiotic therapy), an acute-phase reac-
tion and a prominent mid-y-region band. The
immunofixation performed on the serum from
January 27 (Fig. 10.32b) shows an obvious IgG x
monoclonal gammopathy. The urine immunofixa-
tion from the same date (Fig. 10.32¢) shows a very
faint IgG band which corresponds to the band in
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the serum and a ladder pattern with both kappa
and lambda. No MFLC (Bence Jones protein) is
seen.

With time, this pattern evolved into an oligo-
clonal pattern (Fig. 10.32d), demonstrating that
the original monoclonal band was likely an early
response of a prominent B-cell clone to the infec-
tious agent causing the endocarditis. Transient
monoclonal gammopathies have been reported
with endocarditis and other infectious diseases and
are discussed in Chapter 6. Typically, they do not
have accompanying MFLC. Also, in cases with
reactive clonal bands, the k/A ratio is often in the
normal range, as it was in this case (Fig. 10.32e).
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INTERPRETATION FOR FIG. 10.33

The serum protein electrophoresis lane (fixed in
acid) in Fig. 10.33a demonstrates a massive band
at the origin. Inspection of the immunofixation
reaction (dilutions of patient’s serum used for the
reactions are recorded below) looks as though
there is an IgM & monoclonal gammopathy.
However, there is also a distinct restriction in the
IgA lane that has the same migration Also, on the
gel I can see a faint band in the same location of the
A lane (this may not show up in the final figure you
are looking at). Is this a double gammopathy, or is
this just a protein precipitating at the origin of the
gel? I suspected that it was a cryoglobulin that was
precipitating on the cool gel. Except for the reac-
tions in the IgM and « lanes (which were diluted a
whopping 1:80), the density of the precipitate
seemed to correlate with the dilution of the
patient’s serum. That is, a stronger precipitate was
seen with IgA at 1:2 than with A at 1:20 (even if
you cannot see it, take it on trust for a moment).
To determine if the bands in the IgA and A regions
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are due to a cryoglobulin or really represent a
second gammopathy, we repeated the immunofixa-
tion using the a dilution of 1:2 of the patient’s
serum in the IgG lane, but instead of using the anti-
IgG, we just placed saline on this lane. Also, I was
curious what would happen in the A lane with a
1:10 dilution of the patient’s serum. As shown in
Fig. 10.33b, the same band appears in the lane
where saline was used. The density of staining cor-
relates with the dilution in these lanes
A < saline < IgA indicating that this is the precipi-
tation of this patient’s Type I cryoglobulin
(massive IgM «, no rheumatoid factor activity) at
the origin. How do we know that the IgM « is not
just cryoprecipitation? The massive dilution of
IgM and « (1:80) should produce no artifactual
band (witness the result of the 1:20 dilution of
patient’s serum with anti-A). Therefore, when an
immunofixation of a serum sample shows an origin
precipitate as in Fig. 10.33a, I repeat the
immunofixation replacing antisera against one
component with buffer or saline.

Figure 10.33 (a) Immunofixation on serum from an 82-year-old man with dizziness, paresthesias, and skin ulcers surrounded by

erythematosus plaques on his legs (Paragon system stained with Paragon Violet; anode at the top). (b) Repeat of the immunofixation on

the same sample, this time, instead of overlaying the sample with anti-IgG, saline was placed in that lane (Paragon system stained with

Paragon Violet; anode at the top).
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Figure 10.34 (a) Immunofixation on serum from a 49-year-old man with shoulder pain. (Paragon system stained with Paragon Violet;
anode at the top).
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Figure 10.34 (contd) (b) Immunoglobulin measurements from the same serum.

INTERPRETATION FOR FIG. 10.34

The immunofixation in Fig. 10.34a shows a dense
band in each of the immunoglobulin classes. The
pattern resembles, somewhat, the origin artifacts
that are often seen in patients with cryoglobuline-
mia. Examination of the SPE lane discloses the

major problem in this case. There has been grossly
inadequate migration. (Someone turned off the
power too soon.) The poor separation of the
protein led to this confusing picture. The
immunoglobulin quantifications are consistent
with a normal sample, but the immunofixation
needs to be repeated.



386 Case studies for interpretation

@

Figure 10.35 (a) Serum protein electrophoresis on four samples is shown. The sample in the top lane is from a patient at the oncology
clinic (Paragon SPE2 stained with Paragon Violet). (b) Immunofixation of serum from case in top lane in (a) (Paragon system stained with
Paragon Violet; anode at the top). (c) Immunofixation of serum from same case using antisera against IgG subclasses.
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INTERPRETATION OF FIG. 10.35

The top lane of the electrophoretic pattern in Fig.
10.35a shows a broad, but distinct band in the
slow B- to fast y-region. Although one might
suspect that this increase would be associated with
an elevated serum IgA, it was in the mid-normal
range (233 mg/dl). However, the IgG was elevated
(3070 mg/dl, about twice the normal upper limit).
The immunofixation shown in Fig. 10.35b demon-
strates that both x and A lanes show a broad band
similar to that seen in the serum protein electro-
phoresis lane. Although the x lane stains more
weakly than the A lane in this region, note that the

K is diluted 1:30, whereas the A is diluted only 1:8.
This broad band is not a cryoglobulinemia because
no such bands occur in the IgM lane (diluted 1:2),
although a tiny origin artifact is seen at this con-
centration. A logical supposition for this pattern is
that there is a polyclonal increase in one subclass of
IgG. The IgG4 subclass was elevated but the other
subclasses were not. The immunofixation, in Fig.
10.35c, performed using subclass antisera demon-
strates that the IgG4 subclass corresponds to the
same migration. Follow-up on the patient revealed
he had an epithelial malignancy and chronic respi-
ratory disease, not a monoclonal gammopathy.
This case contributed by Dr A. C. Parekh.
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Figure 10.36 Case A: cerebrospinal fluid (CSF) concentrated 80-fold and serum (immediately below) diluted :3 from a 28-year-old
woman. Case B: CSF concentrated 80-fold and serum (immediately below) from a 42-year-old man. Case C: CSF only is shown from a 12-
year-old girl (no serum was sent) (Paragon SPE2 system stained with Paragon Violet).

INTERPRETATION FOR FIG. 10.36 techniques are preferred for sensitivity and for
identification of the bands as immunoglobulins.
I no longer recommend using serum protein However, many clinical laboratories are still using
electrophoresis to detect oligoclonal bands. Fither  these techniques. Therefore, I’ve included this
isoelectric  focusing or immunofixation-based example.
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Case A: the cerebrospinal fluid (CSF) is negative
for oligoclonal bands. Case B: the CSF is positive
for oligoclonal bands; the corresponding serum is
negative for these bands. Case C: the CSF is
negative for oligoclonal bands. The lack of a corre-
sponding serum does not interfere with interpreta-

tion in a negative CSF. However, if there had been
oligoclonal bands in this CSF, we would have
requested that a serum be sent to rule out systemic
oligoclonal bands that had diffused across the
blood-brain barrier.
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Figure 10.37 Five pairs of CSF and serum samples are present

for review. These samples have been processed without
concentration on the Helena SPIFE IgG Isoelectric Focusing (IEF)
technique (Helena Laboratories, Beaumont, Texas).

INTERPRETATION FOR FIG. 10.37

This technique uses both IEF and immunologic
identification of IgG to allow detection of oligo-
clonal bands in unconcentrated CSF. However, to
achieve this level of sensitivity, after electropho-
resis, the samples must be blotted onto nitrocellu-
lose paper for the immunofixation reaction with
peroxidase-conjugated anti-IgG. In this case,
although there was minor distortion of samples 4
and 5 during this transfer, it does not affect the
interpretation. The samples are applied at the top
of the gel, therefore, all lanes have one or two arti-
factual bands at the top that should be ignored
during interpretation.

In Case 1, the CSF (C) has several obvious oligo-
clonal bands and the corresponding serum (S) is

Case studies for interpretation 391

negative. This indicates a positive test for CSF
oligoclonal bands.

In Case 2, the CSF and serum are both negative
for oligoclonal bands.

In Case 3, many oligoclonal bands are readily
evident in CSF, but serum contains only a few
barely discernible bands. This case is positive for
CSF oligoclonal bands.

Case 4 provides a more difficult example. Here
one finds several weakly staining oligoclonal bands
in the CSF, most of which are present in the serum
(where they stain more strongly). This likely
reflects the passage of serum oligoclonal bands into
the CSF. With this technique, it is harder to detect
a slight traumatic tap than with the serum protein
electrophoresis technique where one can examine
the o,-region molecules (see Chapter 8). In this
case, however, there is another line in the CSF
(indicated) that doesn’t match up with a serum
Nonetheless, because the overwhelming
pattern shows the same bands, I interpret this as a
mirror pattern — insufficient to support the diagno-
sis of multiple sclerosis.

Dr. Jerry A. Katzmann (Mayo Clinic) requires
four or more distinct bands in the CSF that do not
have parallel bands in the serum in order to inter-
pret the CSF sample as being positive for oligo-
clonal bands. Further, he and his colleagues have
improved the sensitivity of detection of CSF oligo-
clonal bands from 60 per cent with a high-resolu-
tion method to 90 per cent with the Helena SPIFE
IgG Isoelectric Focusing (IEF) technique (personal
communication).

Case 5 demonstrates several oligoclonal bands in
the CSF and like Case 3 has a few barely discernible
bands. This case is positive for oligoclonal bands.

line.
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Figure 10.38 Urine (concentrated |100-fold) from a 56-year-old man (Paragon system stained with Paragon Violet; anode at the top).

INTERPRETATION FOR FIG. 10.38

The wurine protein electrophoresis lane shows
mainly albumin with a couple of smaller bands in
the o,-region. A diffuse IgG band is seen. No IgA
or IgM is detectable. There is a classic ladder
pattern in k¥ and a fainter ladder pattern in A. The

interpretation in this case is ‘Negative for mono-
clonal free light chains (Bence Jones protein)’.
Ladder patterns merely reflect the limited hetero-
geneity of polyclonal free light chain migration.
Terms such as oligoclonal or minimonoclonal are
confusing and ambiguous.
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Figure 10.39 Urine (concentrated 100-fold) from a 68-year-old man with a known serum IgG x monoclonal gammopathy from our files

(Paragon system stained with Paragon Violet; anode at the top).

INTERPRETATION FOR FIG. 10.39

The urine protein electrophoresis lane has a single
dense band in the o—B-region, no albumin band is
visible. There is also a tiny band in the slow y-
region. The o—B-region band is hemoglobin and
the urine was red. This band causes a faint artifac-
tual staining in all of the immunoglobulin antisera

lanes. The slow y-region band is the counterpart of
the IgG x monoclonal protein seen previously in
this patient’s serum. However, in addition, there is
a free kK MFLC that migrates in the fast y-region.
The interpretation noted the MFLC and recom-
mended a 24-h protein quantification of this com-
ponent. I also reported the presence of the IgG k
monoclonal protein.
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Figure 10.40 Urine (concentrated |100-fold) from a 53-year-old woman (rule out monoclonal free light chain) (Paragon system stained

with Paragon Violet; anode at the top).

INTERPRETATION FOR FIG. 10.40

Two very faint bands are barely discernable in the
albumin and o-regions of the urine protein elec-
trophoresis lane. No bands are seen in the IgG,
IgA, IgM or A lanes. However, the k lane has a
small but distinct band superimposed on a diffuse
hazy area with some suggestion of a ladder pattern.
Some individuals would say this is a variant of a
ladder pattern with one prominent band. Others
would say that this must be a MFLC because it
stains out of proportion to the diffuse hazy back-
ground. I do not call this a MFLC or a ladder
pattern, because I am not certain about its signifi-
cance. [ interpreted this pattern as ‘There is a small
K restriction present. The significance of such tiny «
restrictions is not known. Recommend serum
immunofixation now and follow the urine at 3- to

6-month intervals to determine if the process
evolves or regresses.” A new alternative not avail-
able when this case was seen is the use of free light
chain assays in the serum and urine. As discussed
in Chapter 7, almost all cases with clinically signif-
icant MFLC will have an abnormal ratio of free k/A
in serum. Beyond testing, however, I often call the
clinicians in these unusual cases. In this case he
informed me that the patient had joint pains which
resembled osteoarthritis, and he wished to rule out
a MFLC (Bence Jones protein). I discussed our
findings and he sent a serum for study. It was neg-
ative. We continue to follow this patient. This case
emphasizes the need to let the clinician know our
limitations in the laboratory. When I am not
certain about the interpretation, I emphasize the
importance of following the process.
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