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Our mission

Investigate molecular mechanisms in

Cancer — Acute Injury — Neurobiology
to improve patient management

3 important technological cornerstones of our research:

+ Advanced cell culture and in vivo models
+ Global approaches

+ Detailed mechanistic studies



Advanced cell culture and in vivo models

Cellular Models for Functional
Studies

Human/Mouse cells m
A

CRISPR/Cas9-mediated
recombination

ATG [oene

Endogenously tagged gene

[affinity - degron - fluorescence]

—» —f[ @g 7 Gene

e tag  § ]

Tools for Detection - Isolation - Manipulation
of Proteins

= Ctrl — GFP-tag

C}<\ HA-tag

a - WB: HA

WD ae 8w VB:ACTB

l—— counts
1
3

GFP

In vivo Models for Controlled
Oncogene Expression

o0 day On
0 @0 TRE, 4 Oncogene
L

@ Engraftment

i > Off
Treat with
Doxycycline ~» 19— TRE Oncogene
I
|
|

—ay

Investigation of in vivo Oncogene Dependence in Leukemia
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Global approaches

Mass Spectrometry-Based
Interaction Proteomics

Primary cells/cell lines

%

Inducible expression
‘ of tagged proteins

“ protein of interest
q ‘é Interaction partners
Affinity purification
(2D-Shotgun LC-MS/MS)

Q
strep ) -
Protein-interactomes

Functionally Annotated Protein Interaction Networks

vetmeduni
vienna

Global Genomic Analysis
of Disease Models

Cell culture and mouse models

Oncogenic
transcriptional
programs

RNA-seq / ChiP-seq / ATAC-seq

Global Patterns of Transcriptional and (Epi)genomic
Alterations
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Detailed mechanistic studies
CRISPR/Cas9 Loss-Of-Function Approaches Chemical Biology/Enzymology Patient-Derived Xenograft Models
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Functional Genomics

What is functional genomics?
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http://nas-sites.org/dels/events/next-steps-for-functional-genomics-a-workshop/
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What makes us different?

Model organisms Veterinary Species Humans
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Genomes store information

DNA (DeoxyribonucleicAcid)
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https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics
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“The Central Dogma”

THE CENTRAL DOGMA
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Functional Genomics

Functional genomics is the study of how genes
and intergenic regions of the genome contribute
to different biological processes.

https://www.medicalnewstoday.com/articles/318764
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Functional Genomics

How do the components of a biological system
work together to produce a particular phenotype?

Functional Genomics focuses on the dynamic expression of
gene products in a specific context, e.g.

 Development
* Disease

- Linking genotype to phenotype

13



Functional Genomics -]
Approaches

Researchers in the field of functional genomics
often study effects in a global level
l.e. “genome-wide”: -Omics studies

Approaches:

 DNA level: Genomics / Epigenomics
 RNA level: Transcriptomics
* Protein level: Proteomics

 Metabolite level: Metabolomics

<)
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Functional Genomics vetmedun g
Approaches

Genomics and epigenomics Transcriptomics
The study of the DNA sequence and The study of the RNA molecules
associated heritable biochemical present in a sample
modifications
Phenotype

1:.

3 l 1
Proteomics Metabolomics
OH
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The study of the proteins present in a sample. The study of the metabolites present in a sample.
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Functional Genomics

Examples of biological questions that can be tackled
using functional genomics:

* Why are some cultivars of rice more resistant to drought
than others?

 What makes some individuals more susceptible to
skin allergies?

« Why do some cancer drugs only work effectively
on a subset of patients with the disease?

16
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Drug Discovery and Cancer
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41 % of all people will be diagnosed with cancer at some point in their life

Since 1971 (Nixon: “War On Cancer”) >1 Trillion $ spent on cancer research

Source: WHO, 2017
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The Drug Discovery Process

Drug discovery is a multi-step process

Cellular & Synthesis & Library Drug Affinity Animal Models Clinical Trials
Genetic Targets Isolation Development & Selectivity of Disease States & Therapeutics
P . Combinatorial Structure Activity Cellular Behavioural
RO Chemistry Studies Disease Models Studies
Proteomics Assay In Silico Mechanism Functional
Development Screening of Action Imaging
Bioinformatics High-throughput Chemical Lead Candidate Ex Vivo
Screening Synthesls Refinement Studles
Target Lead Medicinal In Vitro In Vivo

Selection Discovery Chemistry Studies Studies

https://www.embodi3d.com/gallery/image/900-drug-discovery-process/

18



Functional Genomics in Drug vetmedin @

Discovery

e The first steps in the drug discovery pipeline:

Genetic Targets

Bloinformatics « Characterisation of the disease process
* Identification of drug (‘therapeutic’) targets

Target
Selection

A 'target' is defined as a protein or messenger RNA
which, when modified by a drug, favourably affects
the outcome of a disease.

19



Vet R

The Drug Discovery Process

De novo drug discovery
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https://www.saintjohnscancer.org/translational-research-departments/drug-discovery/current-research-topics/introduction-to-drug-repurposing-for-rare-diseases/
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The Genetic Complexity of

Cancer
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Analyzed samples: 1,343,214
Coding mutations: 5,366,273
&
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Lawrence et al., Nature (2013)

Size of the human genome: 3200 Mb

Acute Myeloid Leukemia (Blood cancer): 1000 mutations 21

Melanoma (Skin cancer): 30,000 mutations



The Genetic Complexity of vetmedun: 3

_COSMI'C. Analyzed samples: 1,343,214
cooauect e Coding mutations: 5,366,273
Intertumor heterogeneity Intratumor heterogeneity

Clonal evolution

“time (cell divisions)

Subclone 3
Subclone 2

Burrell et al., Nature (2013) Cancer genes total: 572
Driver genes per patient: 5-35
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Development of Targeted vetmegun &
Therapies

The conventional approach

Genetics P Mechanism P Target P Intervention
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Source: ASH Image Bank
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Development of Targeted ViSHina
Therapies

Genetics P» Mechanism P Target P Intervention
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Source: ASH Image Bank
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Development of Targeted Vienfia
Therapies

Genetics P» Mechanism P Target P Intervention
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Development of Targeted ViSHina
Therapies

Genetics P» Mechanism P Target P Intervention
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Mughal et al., Haematologica (2016)

26



vetmeduni

Development of Targeted
Therapies

Genetics P» Mechanism P Target P Intervention
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Vemurafenib

Mutated BRAF

Wagle et al., Journal of Clinical Oncology (2011)
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Development of Targeted ViSHina
Therapies

Genetics P» Mechanism P Target P Intervention
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Melanoma (Skin cancer) 15 weeks treatment
BRAF-mutated Vemurafenib (BRAF-inhibitor)

Vemurafenib

Mutated BRAF

Wagle et al., Journal of Clinical Oncology (2011)
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Development of Targeted vienna &
Therapies

Genetics P» Mechanism P Target P Intervention
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Development of Targeted @
Therapies

Genetics » Mechanism P Target P Intervention
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Development of Targeted ViSHina
Therapies

Evaluation/ Phase v

? Lab and animal Phase I: 20-100 healthy volunteers (up to (more than
{5

experiments Phase II: 100-500 patients 2 2 years) 2 years)
safety, dosing

Phase Ill: 1,000-10,000 patients =»
% efficacy, adverse events
g ,

oTE

1 drug
approved

Test compounds by health
authorities

(s] 2 4 6 8 10 12 Years

N

cumulative failure rate in clinical trials: 94%
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Development of Targeted Vienna
Therapies

Genetics » Mechanism P Target P Intervention
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Philip et al., JCO (2010)
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Development of Targeted vienna s
Therapies

Genetics » Mechanism P Target P Intervention
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Genetic tools needed
to study potential drug targets systematically

Philip et al., JCO (2010)
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Development of Targeted vienna
Therapies

Genetics » Mechanism P Target P Intervention
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1.Systematically identify the most effective targets

2. Study underlying response mechanisms & biomarkers

3. Explore candidate targets in combination

4. Rigorously test intervention effects in vivo

- on tumor cells: efficacy?
- on normal tissues: safety?

34
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Development of Targeted vienna
Therapies

Genetics » Mechanism P Target P Intervention
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1. Systematically identify the most effective targets
2. Study underlying response mechanisms & biomarkers

3. Explore candidate targets in combination Functional Genomics Experiments
CRISPR/Cas9

Loss-of-Function

Gain-of-Function

4. Rigorously test intervention effects in vivo
- on tumor cells: efficacy?
- on normal tissues: safety?
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Loss-of-Function (LOF)

(b) Loss of function: Null/amorphic mutation
Homozygous Heterozygous

Alleles ,’{ — —EE—

e — —_—

e

Products None
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Null alleles produce no functional product.
Homozygous null organisms have mutant
(amorphic) phenotype due to absence of the
gene product. Heterozygous organisms produce
less functional gene product than homozygous
wild-type organisms and may have mutant
phenotype. See text for discussion of dominant
versus recessive mutations.

Amorphic = no function I

(c) Loss of function: Leaky/hypomorphic mutation

Homozygous Heterozygous

Alleles F‘ — —f {" e
— ———

Products

© 2072 Foars Educaten. we

Leaky mutant alleles produce a small amount
of wild-type gene product. Homozygous
organisms have a mutant (hypomorphic)
phenotype. Heterozygous organisms may
also be mutant.

Hypomorphic = less function I
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Gain-of-Function (GOF) vienns

(e) Gain of function: Hypermorphic mutation
Homozygous Heterozygous

Alleles :£ a :é >
= +3)

Products E st
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(f) Gain of function: Neomorphic mutation
Homozygous Heterozygous

@ﬂ:ﬂ
Products H=

Alleles
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Excessive expression of the gene product leads
to excessive gene action. The mutant phenotype
may be more severe or lethal in the homozygous

genotype than in the heterozygous genotype.

Hypermorphic = more function I

The mutant allele has novel function that
produces a mutant phenotype in homozygous
and heterozygous organisms, and may be
more severe in homozygous organisms.

Neomorphic = new function I
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Forward vs. Reverse Genetics

Reverse Genetics

Select a gene

\

of the gene

Generate a null mutant

N\

Forward Genetics

Identify gene(s)
causing the phenotype

/

Screen a collection

&«

of mutants

vienna
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Functional Genomics Tools

Targeting genes

Targeted nucleases
(ZFNs, TALENs, CRISPR-Cas9)

GFP or intein-tagged
(for example, via CRISPR-Cas9 or transposon)

NHE] of DSBs for the isolation of indels Homology-directed repair of DSBs for point
mutations, targeted deletions or knock-ins

CRISPRa CRISPRi
Transcription activation Transcription inhibition

Ta rg eti n g m R N As Normal translation

g'::;\ria:ig:ir:z?ﬂ:mﬁ\ m
™A™ A, S el Al Al :
P & l Protein

A (]

Degron-mediated proteoly
RNAi against gene target (via peptide tag or GFP)
Degradation of mRNA

Morpholinos Small-molecule
M Block translation or splicing inhibitors

Nature Reviews | Genetics

Housden, et al., Nature Reviews Genetics (2017)
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Functional Genomics Tools

- Targeting genes

Targeted nucleases
(ZFNs, TALENs, CRISPR-Cas9)

GFP or intein-tagged
(for example via CRISPR-Cas9 or transposon)

DNA

NHE] of DSBs for the isolation of indels Homology-directed repair of DSBs for point
mutations, targeted deletions or knock-ins

CRISPRa CRISPRi
Transcription activation Transcription inhibition

Ta rg eti n g m R N As Normal translation
'S'e‘ﬁLZ%EZ'n’Z?.f.?NA m WW .
el " & | Protein

Degron d proteolysi
RNAi against gene target (via pepude tag or GFP)
Degradation of mRNA

Morpholinos Small-molecule
M Block translation or splicing inhibitors

Nature Reviews | Genetics

Housden, et al., Nature Reviews Genetics (2017)
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The CRISPR/Cas System

CRISPR/Cas9 nuclease (CRISPR)

Clustered Regular Interspaced Short Palindromic Repeats

+ Natural

+ Ancient
+ component of a ,,bacterial immune system*

Defense against invading pathogens
found in:

Campylobacter sp.
Staphylococcus sp
Streptococcus sp.
Neisseria sp.

...and many others

https://lwww.sciencesource.com/Doc/SCS/Media/TR1_WATERMARKED/2/a/7/f/ISS2104469.jpg?d6364 1154958
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The CRISPR/Cas System

Prokaryotes use the CRISPR/Cas system to fight pathogens

A Adaptaton

L Jeemse || Foreign genetic elements are

\ acquired by Cas1-Cas2 and
Integration

integrated into the CRISPR
array in a process termed
- Detecting foreign ada ptation .

' genetic material

m /R 0 Casl-Cas2

Bacterial cell

Knott and Doudna, Science (2018)
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The CRISPR/Cas System

Prokaryotes use the CRISPR/Cas system to fight pathogens

The CRISPR array and
T eReIeNeDe associated Cas proteins are
Transcription ‘ expressed .

Q0 | The CRISPR array is

H processed and Cas effector
;% ¢ Effector nuclease . .

@ )@ ) nucleases associate with a
i Processing | crRNA to form a surveillance
Survelllance complex and assembly
& s F complex.

L ey svr e

Knott and Doudna, Science (2018)
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The CRISPR/Cas System

Prokaryotes use the CRISPR/Cas system to fight pathogens

e eneenete The Cas effector nucleases

target foreign genetic
@ elements complementary to
Target interference

their crRNA, leading to target
interference and immunity.

Knott and Doudna, Science (2018)
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The CRISPR/Cas9 System

2 Components:
+ Cas9 Nuclease (enzyme that cuts DNA)

+ guide RNA molecule

Cas9 Cas3/gRNA
Protein RNP

LOULLLU R
m F | LU

+ ! : :
RRELTARRNE - T
gRNA T

- -

45



vetmeduni
vienna &

The CRISPR/Cas9 System

. Guide RNA
PAM ~ P
sequence —
Matching genome — _Cas9
sequence =
Genomic DNA l
(N\/

\Y/,

+ The guide RNA targets Cas9 nuclease activity to specific regions in

the genome
+ Cas9 induces a DNA double strand near the PAM sequence
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The CRISPR/Cas9 System Ve

,Genomic Surgery*:
Introduction of cuts in specific regions
of the genome

\)
N

https://innovativegenomics.org/glossary/genome-surgery/
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CRISPR/Cas9

p DISRUPTION p DELETION p CORRECTION
THHHTRH THIN TH THIHT THH

Non-homologous end joining (NHEJ) vs. homologous recombination

<-4

Mazhar Adli, Nature Communications (2018)
http://crisprix.com 48



Summary

CRISPR/Cas9

Recognition: sgRNA-DNA

Knockout

Nucleus

Cas9 nuclease loaded with single guide RNA
(sgRNA)

DSB - NHEJ - Insertion/deletion (Indel)
Knockout of Gene of Interest

+
+
+
+

Targeting N-terminus or specific protein domains

Targeting multiple alleles
Very high efficiency, scalable
High throughput screening feasible!

In-frame mutations
Not reversible

Cytoplasm

vetmeduni z
vienna &8

= Genomic
—E—I-I—_—I—I—

locus

- .
......
- .
-----
-----
.
-
.

sgRNA

lNHEJ

Premature

> stop codon
l—l-l—l’i—l—l—

Indel
mutation

O AAAA
AAAA
O AAAA

Depletion of target mRNA
via NMD and functional protein




CRISPR/Cas9 — an example
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viral vector containing Cas9 viral vector containing sgRNA and GFP sgRNA:
% :@_ :@ % @ @_ Ctrl  Rpa3 .
®®® & @@@ @ G@ O time course: da
@ @ @@ @ @ @@ G@ @@ measurent of GFP+ cells a7
@@@@L CICICIC, $~®GO@ > "
@ @ @ @ @@ G @ G d21
Cobpar®r* cells Cebpgﬂa;/r?i*;esxiﬁ;el:.sci:;gl clone mﬁl;rﬁ'lfoefcl:zénzgc;;i;igl,lps—) 10[:-:0 il cellso
MBM CXXC PHD BD CS WIN SET
Mil1 ]
[l | /7 \\
sgRNA: 1 -4 5 6 78 9 10 11-13 14-20
SGRNA Non-SET WIN SET
Ctrl  Rpa3 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
do
) d4
@ d7
s d11
) d14
ES d21
= d28

Schmidt, et al., Leukemia (2019)
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Functional Genomics Tools

Targeting genes

Targeted nucleases
(ZFNs, TALENs, CRISPR-Cas9)

GFP or intein-tagged
(for example, via CRISPR-Cas9 or transposon)

LY ALY 1Y ) Q1Y gl

NHE] of DSBs for the isolation of indels Homology-directed repair of DSBs for point
mutations, targeted deletions or knock-ins

CRISPRa CRISPRi
Transcription activation Transcription inhibition

Targeting mRNAs Normal translation Targeting proteins

RNAi against GFP
Degradation of mRNA WW

A (]

Degron-mediated proteoly
(via peptide tag or GFP)

RNAi against gene target
Degradation of mRNA
Morpholinos Small-molecule

M Block translation or splicing inhibitors

Nature Reviews | Genetics

Housden, et al., Nature Reviews Genetics (2017)
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CRISPRI/CRISPRa

CRISPR-inhibition (CRISPRI)

CRISPRi
Inhibitor . . .
B Fusion of nuclease-deficient Cas9 to
(L\C - inhibitory domain
\ as
li o
f \\‘\\\ .
RNAP""' TS Gene repreSSIOH

29 Temporary or persistent

Epigenetic modification or RNA targeting

Doudna, Nature (2020)
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CRISPRI/CRISPRa

CRISPR-activation (CRISPRa)

Fusion of nuclease-deficient
Cas9 to activating domain

Gene activation
Temporary or persistent

Epigenetic modification

Doudna, Nature (2020)
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CRISPRa

/l? Activator
Cas9 \
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The CRISPR/Cas9 Transformation Vemedii@
of Cancer Research

In Cancer research, CRISPR/Cas9 has enabled us to:
- make better models of mutations associated with cancer

- better interrogate gene function in cancer

+ Ease: only few working steps, no special equipment or methodology required
+ Time: Knock-out single genes in 3 weeks

+ Flexibility: Remove — introduce — modify - visualize

+ Scalability: single genes vs. genome-wide, non-coding genome

+ Access to knowlegde: reagents (addgene.org), publications (biorxiv.org),
Online tools for CRISPR design (see next presentation), Twitter (twitter.com)

54



Methods for Delivery of Gene-

Editing Tools

vetmeduni
vienna

Property Nanoparticles Viruses RNPs
T AAVs are the most Purified protein and guide RNA can be
Features and S:éﬁ?f;'fc'g ps(:.:I);Tee:\i ;Zgu?:r commonly used clinical electroporated into stem cells extracted from
applications cargo. facilit aF:in cellular ent delivery vehicle for gene patients to treat blood disorders such as sickle cell
g0, 9 Y- therapy. disease.
Size 50-500 nm 20 nm 12 nm
mRNA, DNA, RNP (from most to
Payload least commonly used) DNA Preformed enzyme complexes
) . . - Broad tissue targeting
t (:n?:)%?:ls;ve and relatively easy possibilities - No genomic integration
Advantages P - Clinically established - No long-term expression and fewer off-target

- No genomic integration
- Low immunogenicity

- Limited capacity for tissue

Disadvantages targeting

Targets Liver

Doudna, Nature (2020)

method
- Efficient

- Limited cargo size

- Undesired integration risk
- Sustained expression can
lead to off-target effects

- Immunogenicity

- High cost and
manufacturing challenges

Liver, eyes, brain, lungs
and muscle

effects

- Will not enter cells without engineering or
additional reagents

- Potential immunogenicity in vivo

- Unprotected RNPs are at risk of degradation

Oocytes, stem cells and T cells
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Can CRISPR be used to combat diseases?
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Cancer Immunotherapy

Isolation of Cancer Patient’s T-cells

w h
e PD-L1 Reinfusion of modified cells\
into patient

T-cell
receptor

Ant‘igen

T-cell Tumor
OFF Cell

CRISPR/Cas9 editing of
PD-1 gene
and expansion

1st clinical trial started in October 2016, Chengdu, China, Lung Cancer

>10 more clinical trials currently recruiting in China,
Breast, Prostate, Bladder, Oesophageal, Kidney, Colorectal Cancer

+ additional trials started in China, USA, UK etc.
o7
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Human Papilloma Virus

Human Papilloma Virus (HPV) can cause
cervical cancer

Cervix
/ % ! fecti a
U [ e _ Infection .o

b) HPV e®
® e ~30% heal HPV DNA integrated
within two years into tumour cell DNA
Viral Cor— ~ TN 0.8% develop
replication - , \®) ( :
‘ \ o [ (N ! cencer
5 5 o 5 o )
° =

'.A o ~/

00! PEL) --
Infected HPV in epithelial Invasive _~T 277
basal cell ! cells cancer (o ))cn

S—LNEN
N

The Nobel Committee for Physiology or Medicine 2008 lllustration: Annika Rohl

+ HPV proteins E6 and E7 lead to oncogenic transformation
+ E6 and E7 deletion leads to death of HPV-positive cells

NCT03057912: CRISPR-mediated disruption of HPV E6 and E7 genes to
treat HPV persistence.

Application of a gel containing CRISPR reagents to the cervix.

1st clinical trial ever to delete genes while they are inside the body 58

Start Date: January 2018, Sun Yat-Sen University, China
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CRISPR: Sickle Cell Disease

Sickle cell disease

HSPC @D]]]]]I[D]]I

Adult HBB gene

GGA CAC C(CTC

DNA 111 111 1 —_—>
CCT GTG GAG

RNA CCU GUG GAG

amee @) e
el e

Aggregated HbS

Patients with Sickle Cell Disease have
a homozygous Glu—>Val mutation
in the HBB gene

Blood cell editing

HSPC @ @ Edited
HSPC
| | | e | | |
GTG GAG —> '
i @ (%) Healthy

Healthy haemoglobin
_or_

HSPC TIITIIT
BCL1 1A gene

=@ e -9
@@@@@5 RBC

v-Globin production,
healthy haemoglobin

Repair of HBB gene defect or re-activate expression of fetal globin? 59
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Two future Nobel laureates?

The discoverers of the CRISPR system

Emmanuelle Charpentier Jennifer Doudna
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Thank you for your attention!
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