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Mouse cancer models

* [Introduction < Transgenic mice generation -

Introduction

Really need a genetically modified mouse (high financial and time cost) ?

« In vitro or ex vivo alternative (faster and cheaper)

* Non-germline mouse model alternative (recombinant viral vector, ShRNA,
CRISPR/Cas9)

Mouse advantage:

- same organ and tissue systems as man

- short generation time (3 months)

- Mouse germline can be genetically modified by engineering

Search if the transgenic mouse already exists

Ethical consideration:
Look at local and governmental regulations and need ethical approval
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3 types of genetic modification

=

Stable: cannot be altered and remains stable over time and generation
1. Gene knockout allele: deleting a critical exon from a gene in the mouse
germline
2. Conditional: conditional allele is controlled by a site-specific recombinase

3. Inducible: allows temporal control

* Introduction + Transgenic mice generation + Mouse cancer models



=PrL  Conditional system: Cre-Lox recombination

' | |
e

tissue specific
promoter 1 l
Active Cre No Cre
e

P

* Introduction + Transgenic mice generation + Mouse cancer models



=prL Inducible systems:
Ligand-dependentinducible systems

'—’ CreERT2 (o)) —— STOF’

it

Nucleus

Tamoxifen Cytoplasm

CreERT2

STOP

* Introduction + Transgenic mice generation + Mouse cancer models
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Inducible systems: Tet-offand Tet-On

1. Tet-Off : 2. Tet-On

{TA ;

TRE

l + doxycline / tetracycline

- : 2 + doxycline / tetracycline
~ \ doxycline / tetracycline l o 4

0 ~ doxycline / tetracycline

tTA
= %
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Inducible systems: Tet-offand Tet-On

1. Tet-Off
rtTA = TetR + VP16

tTA: tetracycline transactivator
TetR: tetracycline repressor

VP16: transcriptional activation domain of VP16

tTA

/\ /| doxycline / tetracycline

(e ——

TRE

TetO: Tet operator

2. Tet-On
rtTA = TetR + VP16
tTA: tetracycline transactivator

TetR: tetracycline repressor
VP16: transcriptional activation domain of VP16

rnTA

vl \ ™ doxycline / tetracycline

e ——

L |
TRE

TetO: Tet operator



- Which genetic modificationto do?

ncer models

: 1. gene inactivation
! 2.gene modification
¢ 3.gene activation

Transgeni

* |ntroduction -



=PFL. Gene Inactivation

1. Insertion/Deletion (indel) mutation X

2. Deletion of a critical exon or an entire gene

3. Genetrap [SA-LacZ [
. ore 1
4. Knock-in

* Introduction + Transgenic mice generation + Mouse cancer models



=PFL Gene Inactivation

g 1. Conditional gene inactivation

> 2. Inducible gene inactivation T

2 1. Tet-On/Tet-Off

% shRNAmir

=)}

8 TRE EGFP PA gRNA TRE  [EGFP ires [JINGESSIN pA
£

o ué

o

@ 2. Transgenic mice expressing Cas9

= + recombinant virus that expresses a specific gRNA

G

In combination with
SgRNA encoding virus

* |ntroduction -

12



=PFL Gene modification

1. Defined point mutations |
2. Conditional point mutation > PA> |

3. Expressed sequence tags
1. For analysis viaimmunohistochemistry (e.g. V5-tag)

2. For fluorescent imaging (e.g. with EGFP tag)

* Introduction + Transgenic mice generation + Mouse cancer models
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Geneactivation

1. Overexpressionfromatransgene

Gene pPA

2. Conditional gene activation

STOP Gene pA

> >

3. Inducible gene activation: Tet-Onand Tet-Off system
TRE Gene pA

itTA pA

* Introduction + Transgenic mice generation + Mouse cancer models
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“F"L. How to introduce such modifications ?

Using built-in cell mechanisms
Homology Directed Repair

DNA DSB

ot

Homelogaus Template » Used for most often for insertion

e.g. Sister chromatid

CtlP/BRCA1
MRN; RPA

Mouse cancer models

* Double Strand Break repair mechanism

Resection

« Using a template to insert

l RADS51; BRCA2

:¢/_ _ » Using CRISPR to induce a DSB
— Strand invasion/Branch

'lr - » dsDNA or ssOligonucleotide

polymerase

Holliday
junction

h Y A -4

ssOligo

/\ Repair
D

dsDNA

Transgenic mice generation -

HR
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How to introduce such modifications ?

Using built-in cell mechanisms
Non-Homologous End Joining

DNA DSB
« Often used for deletion
Ku70/Ku80
A » Less faithful than HDR
Direct N
U u Recoanition « Use errors to our advantage
v WV
DNA-PKcs * Can induce frameshift or null allele

\4
« Can also be used for insertion in spontaneous DSB

w @ Processing

DNA
polymerases
pandA

Artemis

|

XLF/DNA Ligase I
v

XRCC4 I

APLF \'l

O T

Joining
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How to introduce such modifications ?

Using external vectors

1. Translation of transposase

Transposase

Transposons

Mouse cancer models

e Clone the DNA between the ITR
 Used mostly for insertion

« Several single copies

Bacterial composite transposon -

Genes for

Inverted transposition Structural genes MWWWMJ WWWWWWM Genomic DNA

Repeats
* 4, Insertion of the transgene into random genomic loci

Inverted IS

Transgenic mice generation -

* |ntroduction -
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How to introduce such modifications ?

Using external vectors

Recombinases and Integrases

« Efficient, precise and controlled integration, like Rosa26 or Collal
 Needs a docking site
« Constituted of a selection cassette and recombination sites
 Needs a target docking site

Gene of interest

el TARGATT

integrase attL attR
: (* Gene of interest

E— S— (attP)

18
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Embryonic Stem Cells (ESCs) route

Classic route:

» Targeting vector introduced in the cells
 Incorporated cells injected into blastocysts
» Establish the line after passing down

generations

GEMM route:

* Shortens the time needed for insertion

» Requires less crossbreeding

“ Whatarethe possibleinjectionroutes ?

TARGETING VECTOR

€ J .

Negative drug  Target gene
selectior ne

ansfect target vector
into mouse ES cells by
» | electroporation
N

Positive drug selection
®| for neo* ES cells

of nonhomologous
» | recombinants

® & HOMOLOGOUS
¥ , RECOMBINANTS

N
Confirm correct

Negative drug selection

homologous recombination
by PCR and Southern blot

Inject donor ES cells

1) (+/-) into MOUSE
- BLASTOCYST

Surgical transfer of
into pseudopregnant

embryo

, PSEUDOPREGNANT
MOUSE

o

CHIMERIC PROGENY
A9

fag
.

Somatic incorporation
of targeted gene

Breedin,

KNOCKOUT MOUSE with
disruption of targeted
gene in every tissue

L
Germ cell

incorporation
of targeted
gene

g steps

===
< g ’?
—

19
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What are the possibleinjectionroutes ?

Zygote route

Classicroute:

« Inject DNA in the pronucleus of a zygote ’ 9 —_
« Cleaved embryosinjected in oviduct a\w/ ' ]

+ Use PCR/Southern Blot to checkfor properintegration  zygote Blastocyst KO mice
“Ca<9 | ' gRNA
GEMM route: B[%j [E DNA et |

« Makes modifications easier

« Strain background adds breeding complexity ) y/ o
« Vary in phenotype @ — (€
L ,f v

R~ S

Zygote Blastocyst KI mice
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What are the possibleinjectionroutes ?

Summary
Zygote route ESC route

{prefarred elrains, o.0. FVEN drain (prefermd ESC clones; ag rom 129, CETEG sraires)

E—

prowded docking
site g present

Transposan

MHE. HDRA with s=0lgo mediated integmtion

HOR with dsDNA Recombinasalinteg mss

meadiated integration
Targating plasmid

‘ ‘ ‘ S
arpase. o

N el e R gmm-—ﬂl_ﬁ_ o =M .

Ciptional;
ITR TR Shuttie phamid
gFRMAz saliige — M | mokg ) —fp—— cﬂ} '&)

M_IL gr—NA_I!L
g2 —Pp—

provided docking
siteis prasant

—

GEMM-zygote route GEMM-ESC route
& &
Zygote route ESC route
iall olher slraire) (ESC cones Irom othar srains)
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Mouse cancer models

Indispensable intermediate model system bridging reductionist in-vitro
research with human studies.

Mimic the complexity of human cancer as a Darwinian process of
neoplastically transformed cells in crosstalk with their local, systemic and
Immune environments.

Different goals for different applications:
Fundamental discovery research translation-related appliedresearch

—/_

Simple models more intricate models

24
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Different mouse cancer models

a Cell line-derived models b PDX models

506 (82%)

43 (7%)

¢ Environmentally induced d GEM models

models

A
vy
= i@"
a—
+ ¥
‘
i

N 38 (6%)

Preclinical mouse solid tumour models: status quo, challenges and perspectives,
Nicolas Gengenbacher, Mahak Singhal and Hellmut G. Augustin, 2016

25
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Cell line-derived models

506 (82%)

Concept: long-term in-vitro cultured tumor cell lines and their in %%\

Vivo inoculation in mice.
= @é

Upsides Downsides
- low-cost - Perturbed tissue architecture and
micro-environment (due to the rapid
- synchronous tumour growth non-autochthonous growth of the
tumours)

- easy technical manipulability
- Loss of genetic heterogeneity and
irreversible changes in gene
expressionare imposed bylong-term
in vitro propagation

26



cPFL

* Mouse cancer models

Transgenic mice generation

* |ntroduction -

Cell line-derived models

2 types of grafts

Murine tumour cells

Allograft 9 ~J ‘ "

Human tumour cells 1
T~ e / f\\l\
—————3
-

Xenograft | .”1;:

f-\)

Q \

=

506 (82%)

27
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«nude» mice

« Scid » mice

28

« Rag » mice

Foxnl”, TF required for
both hair follicle and thymic
development

Hairless and athymic (T-cell
deficient)

Advantage: facilitated
tumour monitoring

Prkdc”, required for DNA
repair and seals the double-
stranded DNA breaks that
occur during somatic
recombinationof T cell
receptors (TCR) and
immunoglobulin (Ig) genes.
TCRand Ig genes cannot
rearrange, resulting in mice
that are both T and B cell
deficient.

Ragl”or Rag2”’, required for
the somatic recombination of
T cell receptors (TCR)and
immunoglobulin (Ig) genes.
TCRand Ig genes cannot
rearrange, resulting in mice
that are both T and B cell
deficient.



cPrL  Xenograft mouse strains: Upsides & Downsides
(o

* Mouse cancer models
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«nude» mice

« Scid » & « Rag » mice

29

Advantage: loss of hair and nude skin
allows for facilitated tumour
monitoring

Disadvantage: still have B cell
response sonotsuitablefor leucemia
(blood cancers, ...)

Advantage: T and B-cell deficient so
suitable for blood cancers ; radiation-
sensitive meaning that DNA repair is
impaired

Disadvantage: mice needto be shaved
to help tumour visualisation



ePFL  Cell line-derived models

* Mouse cancer models

* |Introduction + Transgenic mice generation

506 (82%)

3 methods of cell injection %%\

Y o
(&) @é

Orthotopic: engraftment into the anatomically correct organ.

Ectopic: engraftment not in the tissue of origin (usually
subcutaneously)

Systemic: injection in the general circulation (Peritoneal or
intravenous injection), mostly for studying metastases.

30
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* Mouse cancer models

Transgenic mice generation
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Concept: Subcutaneous implantation of, surgically derived
human tumour material into immunodeficient mice.

Upsides Downsides 43 (7%)
- Retain molecular, genetic and - High cost
histopathological features of the
originating tumours. - Low engraftmentrates

- Incorporate the vast inter-patient
and intra-tumour heterogeneity that is
inherent to human cancer.

- Allows direct evaluation of clinically-
approved drugs

- Engraftment rates strongly vary
between different tumour types and
grades.

- Human stroma gradually replaced
by mouse stroma.

- Necessary use of immunodeficient
mouse models



=PFL  Patient-derived xenograft models (PDX)

Negative correlation between PDX engraftment and clinical
survival of patients.

Three-year disease-free survival according to tumorigenicity of the
primary colorectal tumor for colorectal cancer patients (stage I-IV) 4307%)

A
1.0
k Tumorigenicity (-)

o L

* Mouse cancer models

067 Lt
Tumorigenicity (+)

0.44

Transgenic mice generation
Cumulative survival

p=0.011
00

T 2 3 T T T T
00 10.00 20.00 30.00 40.00 50.00

Time (months)

Correlation between tumor engraftment in patient-derived xenograft models and
clinical outcomesin colorectal cancer patients, Oh BY et al., 2015

* |ntroduction -
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Environmentally-induced models 5 @

Concept: Tumour induction by environmental carcinogens ‘\ y

(chemicals, radiation and pathogens) @ 38 (6%)

Upsides

Downsides

- Closely recapitulate the genetic
heterogeneity of their human
counterparts.

- Representall stages of multistep
carcinogenesis.

- Long latency and high variability of
penetrance

- Render study designdifficult
(choosing adequate animal numbers
and identifying relevant time points)

Particularly beneficial in defining genetic risk factors and assessing prevention

strategies

34
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* Mouse cancer models

Transgenic mice generation
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Concept: The mouse’s own genome is altered from birth.

Upsides

Downsides

- Spatially- and temporally-controlled
introduction of genotype

- Faithfully recapitulate molecular and
histological features of human
disease

- Expensive & time-consuming

- Reduced clonal heterogeneity
compared with human tumours

- Evaluation of metastasisis
challenging, as most GEM models
must be sacrificed before developing
metastatic disease

35
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Genetically-engineered mice (GEM)

147 (24%)

Different types: knock-in, knock-out, inducible (temporal control),
tissue-specific (spatial control) or both.

Mouse cohorts can be used for patient stratification by identifying
genetic biomarkers of drug resistance and responsiveness as
well as for evaluation of combination therapies.

This is by far the best model for testing therapies targeting the
tumour microenvironment.

36
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Different cancer types might prefer different models

mﬁ@wwﬁ%@

Breast Lung Colorectal Melanoma Pancreas Brain Prostate Liver
n=13% n=3838 n=69 n=~62 n=47 n=47 n=36 n=32

O Cell line-derived [ PDX O GEM B Environmentally induced

Preclinical mouse solid tumour models: status quo, challenges and perspectives,
Nicolas Gengenbacher, Mahak Singhal and Hellmut G. Augustin, 2016

Two obvious outliers are found:

Liver/colorectal cancer studies rely much more on environmentally induced
models than their counterparts (28% and 17% respectively, mean 6%). Both
cancers are indeed often caused by exposure to environmental factors.

Pancreatic cancer relies much more on GEM models than its counterparts
(60%, mean 24%) ==y early discovery of a pancreatic tissue-specific promoter
Pdx-1 in 1996*

*Offield. M. F. et al. PDX-1is required for pancreatic outarowth and differentiation of the rostral duodenum. Development 122. 983-995

37
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KPC mice

Pancreatic ductal adenocarcinoma GEM model, established in 2005
(relatively early for GEM), «gold standard» ever since.

« B

N __4

KPC = LSL-Kras®'?""*; LSL-Trp53R'72%/*; Pdx-1-Cre

Cre

STOP

STOP

Tissue-specific (pancreas) expression of mutant Kras oncogene and mutant
p53 TSG mmp spontaneous formation of pancreatic adenocarcinoma

38
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Modelling tumour progression & metastasis

Metastasis: 90% of cancer-related mortality, only 25% of studies focused on it.

Experimental: 2/3 of studies; recapitulate only metastatic colonization and
circumvent the primary disease, metastasize to a single organ strongly
influenced by the site of injection (tail vein -> lung, heart-> brain, spleen->liver)

Spontaneous: 1/3 of studies; recapitulate the entire metastatic cascade,
tumour resection is often required to make metastases rate-limiting

Experimental metastasis

eeks to months
¢ (

Preclinical mouse solid tumour models: status quo, challenges and perspectives,
Nicolas Gengenbacher, Mahak Singhal and Hellmut G. Augustin, 2016
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* |Introduction + Transgenic mice generation

Discussion: mouse cancer models

GEM, PDX and environmentally induced models > cell-line models.
However, compared to the latter, they are more time consuming and
cost intensive, which explains their relative sparsity.

Metastatic studies not optimized and too sparse.

Many published therapeutic studies directly initiate therapy upon

inoculation of tumour cells -> meaningless for human cancer patients.

40



* General Conclusion

41

General conclusion

» Genetic manipulation of mice is indeed an effective tool for
analyzing phenotypical traits.

» Rigorous ethical scrutiny around genetics and their engineering

» While not perfect, mouse models remain the gold standard for

cancer studies. Additional funding from private and public
institutions could push towards more intricate and therapy-oriented

mouse models.
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Thank you for your attention
Questions?



