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Small intestine

crypts: dividing cel

stem cells
(dark blue)

anti-Ki67 staining marks proliferating cells

Ki67- brown nuclei
counterstained witrhematoxyling blue nuclei
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Epithelial lining
represents one of the
most intensively self-
replenishing organ in

mammals

Intestinal villi/colon
lumen: non-dividing
cells
lifespan i 5 days

Paneth cells
(yelow) are
postmitotic

Small intesting

if #8-4

crypts:
dividing
cells
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Dynamic and organized cell turnover in the intestine represents an
attractive paradigm for tissue maintenance studies

Clevers Lab | YWY Lm0
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Absorptive cell Paneth cell Goblet  Enteroendocrine
- enterocyte cryptidin-1 cell cell
cryptidin-6

MMP7 Cellular architecture in the crypt of the small intestine

l Precursors

aneth
cell-precursor

Paneth cell
precursor Stem cell markers:
Lor5 Lgr5
Axinz Ascl2
Smoc2 stem
Stem cell AXin2 cells

E Barker and Clevers, 2009
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ephrin-B Hh BMP
(& ) cryptbase columnar Lgr5* cell

(=% Paneth cell

=) +4Bmit*cell

& ) transit-amplifying cell
Villus @ enterocyte

@ enteroendocrine cell

@ goblet cell

<. myofibroblast
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BMP

Wnt EphB NOtCh antagonists EGF ;
Krausovsg8 & KoS2nek

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
GC2dzy RAy3d GKS /SYyiNB 2F ¢NIyaaSyaAO ¢SOKy2ft23AS5a¢




| > Y RIMG
* * .
" european ot f N
\ ’, > social fund in the MINISTRY OF EDUCATION,  OP Education

czech republic  EUROPEAN UNION YOUTH AND SPORTS for Competitiveness  Institute of Molecular Genetics of the ASCR, v. v.

Czech Centre for Phenogenomics
INVESTMENTS IN EDUCATION DEVELOPMENT

The Wnt signaling pathway

neighboring cell A The Wnt pathway is active in many
i adult tissues

A Biological effects: stem cells
maintenance, cell proliferation, cell
differentiation

Cadherins

Frizzled A Target genes in the intestine

c-myc, Cyclin D1, Lef-1, Lgr5,

Axin2
cytoskeleton . . .
i A Target genes in the liver
_ (P-catenin)——p glutamine synthetase
Ax'"Q R glutamate transporter 1
APC GSK-3p

ornithine aminotransferase
AXin2

Geo =
@ A Some inhibitors of Wnt signaling are
targets of the pathway
U J J

adopted from Reya and Clevers, 2006 I negative feedback loop
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Wnt signaling in intestinal cancer

A 75-85% cases of cancer of the colon and rectum: inactivated APC gene
A 5-10 %of sporadic tumors contain mutations in genes encoditiger components of the Wnt pathway (e.lg-catenin,

Axinl/2)
A >90 % of all tumors display aberrant Wnt signaliegsential fotumor initiation

Cells with mutated APCCells withmutated b-catenin

GSK-3p "‘% @ EE——
Axin % (p-catenin) APC GSK-3f

, —> 9
b= =

GSK-34

. ~ .
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Cells with intact APC

Axin APC

Genetic alterations and the progression of colorectal cancer
PI3K
Cell Cycle/Apoptosis

Pathways

.
=

Normal colonic epith/elium Small adenoma Large adenoma Carcmoma
Patient age (years) 40-60
© Vogelstein andinzley 2013
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{ colorectalcancer cell linewith aberrantlyactivated\Wnt signaling pathway

CqI0320 DLD1

Chromatin Immunoprecipitation (Tcf4

DNA Microarray

TROY, NKD1
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NKD1 and TROY are the Wnt signaling target genes

AN kd 1 (drosophila naked cuticle homologue 1) is negative

regulator of Wnt signaling (van Raay et al., 2007,2011)

A drosophila nkd is required for its embryonic development
(Zeng et al., 2000)

A Nkd1 interacts with Dvl (Yan et al., 2001) and b-catenin (van
Raay et al., 2011)

A Nkd1 mutant mice display in impaired spermatogenesis (Li et
al., 2005)

A Nkd1/Nkd2 double mutant mice are viable and fertile (Zhang
et al., 2007)

ATroy (Inf-receptor family member [19] expressed in the
whole embryo) encodes a transmembrane protein

A Troy was described to participate in NF-kB (Hashimoto et al.,
2005), JNK (Eby et al., 2000), RhoA (Shao et al., 2005) and
Racl signaling (Paulino et al., 2010)

A Troy defficient mice has no major phenotype Wnt target gene

NUCLEUS
adapted from Li et al., 2012
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Bacterial Arteficial Chromosome recombineering:
large piecesof DNAcanbe manipulatedin bacteria
Bacterial plasmid /——/\/.‘/ V——\

Gene of interest

Escherichia coli
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Bacterial Arteficial Chromosome recombineering:
regulated Cre expression from Troy and Nkd1 locus

RP23-166C22
i ——
65 Kb 125 Kb "~ 88 Kb

pBla :

FRT / FRT
CreERT2 __ [N | Kan®

La |

RBG pon/A

Ifoy locus
/ EI_
RP23-301N2
@ — —
NBKb 74 Kb ~. 8Kb
pBla k

FRT / FRT

I a | CreERT2_N | Kan® ) b
/
Nkd1 locus \?BG poly A
) —
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BAC purification on sepharose column,
Pulse Field gel electrophoresis

SR
0@
o

N3 N4 N5 N6 N7 N8 N9 N10
3 [ { g

---

Injection to
fertilzed egg=>
Troy-CreERT?2
NKDXCreERT2
mouse strains
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BACinjection into mouseoocyte
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Reporterinductionin Nkd1/ Troy-positive cells inmice

Nkd¥ TroyBAC transgenic mouse crossed to Rosa26 reporter mouse

Situation ingenomicDNAof Nkd1/ Troy*
+ Tamoxifen cells
(inducesCremediated
excision of the stop cassette)

roy
Nkd1 transgene

CreERT I \

Rosa26 gene @\
ST CacZfpolyAl

loxP

»

loxP
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Crossbreedingroy/Nkd1-CreERTWith ROSALacZreporter strain)

ROSA-Lacz/ ROSA-LacZz/
Troy ISH TROY-CreERT?2 Nkd1 ISH NKD1-CreERT2

) &

A expression of BAC driven transgene corresponds
to wt gene as detected biy-Stu Hybridization

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
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A sites of expression of BAC driven transgene corresponds to sites of activation of
established Wnt reporter strains

—— TOPGAL ! BATGAL ! Axin2-ac —,

Al Alam et al., 2011
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Expresion oflroy-CreERTand Nkd1-CreER Tdiffers in the
Intestine

ROSA-LacZ/TROY-CreERT2 ROSA-LacZ/NKD1-CreERT2

33.8% (SD=8.5) 16.6% (SD=4) 26.15% (SD=4.5)
. (1] ——.
<5%  <1% 42.38% (SD=6) <2%  <1%
: .
.
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Lineage tracing. a prove of hitting stem cell

Transit Amplifying
Compartment
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Cremediatedlossof APCiunction: model to cancerinitiation

Microadenomasn the small intestine

ﬂloxed APC gene \

* loxP loxP
wt APC protein

\- <>

Cremediated
recombination

ﬂ\PC gene with deleted exon 14 \

loxP

truncated APC protein Ir_nmunohls_tocheml_cal stglnlng
\_ APC] / with an antib-catenin antibody
2 weeks after recombination

APC conditional knoebut (APC CKO)

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
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Different Crelines give different output
2weeks T

‘ A
;
|
-
-

N

Will not survive

Troy*
intestinal

APC CKO/TROY-CreERT

APC CKO/NKD1-CreERT2

*€ b-catenin
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K-Rassignalling

A K-Rass mutated in
30-60% cases of
colorectal cancer

EGFR EGFR
A The most common
iy #_, KRASnutations in
U @'5) codons 12 and 13

KMﬁ . .
are activation
mutations,causing
the GTPaseomain
of Rasbeing

insensitiveto
@ R inactivation by GAP

el LN | e/ |\

Angiogenesis Survival Angiogenesis Survival

Migration | Migration
Adapted from GE Healthcare
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Flpomediated activation of oncogeniz-Ras

7.9 kbp , , 10.3 kbp

A oncogenic KRasactivation is embryonically lethal

A tdTomatoexpression allows tracking of G1REEas
positive cells (too weak fluorescence in the emb

RedRas*, ACTB-Flpe RedRas*, ACTB-Flpe*

The presentvation is supportgd frorrlthe project OP EC CZ.1.07/238.0027 @ BIOCEV
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Mouse modelsfor mimickingcolorectalcancerdevelopmentin mice

APCCKOTTroy(Nkd1}CreERT2 model toaberrantWnt signaling
AdencFlpd RedRag model tooncogenid-Rassignaling

Crossindo p53 mutantstrainto further promote progressionnto carcinoma

ST S SE &

Modelsfor testingcancertherapeutics

E— ————— PISK
Pathways Cell Cycle/Apoptosis

TGF-B

X
= e

Normal colonic epithelium Small adenoma Large adenoma Carcinoma

Patient age (years) 40-60
©Vogelstein andinzler 2013
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Complex regulation of/\Vnt signalling
+Wnt/RSPO

A Lgrd is the main

receptor forWwnt A Troy iSWnt
signaling agonist signallingiarget
Rspo gene

A Lgr4 helps, via A Troy inhibitswnt

scaffolding protein signalling by so far

IQGAP1, to hold the unknown
b-catenin mechanism

destruction complex
at the membrane '

B-catenin increase
(canonical signaling)

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
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and transgenic mice generated by technology

A Troy is produced
specifically in the
intestinal stem cell

% N-Myc Troy

A N-Myctag will allow
stem cell labeling
and sorting

A Lgrd is produced on
all the cells of the
intestinal crypt

A HA tag protein will
labelWnt/Rspo
receiving cells

Stainingof transfectedHeL
cells

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
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TALENyenerated NMyc Troy mouse

Troy locus Exon 3
A~

Exon 1 (5° UTR) / T TALEN cuttiqg_ggifi

Troy protein (N-terminus) | Signal peptide F target seq. || |R target seq.| extracellular part _ |

kﬁg”’;-\ 3’f/romologyseq.

ssDNA oligonucleotide for g

the homology-directed repair | a | Myc tag b |
/ X YR target seq. (mutated)

5‘ homology seq. F target seq. (mutated)

Signal peptide | Myctag | processed \\ protein |

predicted product of the |
homology-directed repair
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TALENSs generates mosaic (multiallelic) mice

Expected DNA sequence

Left TALen binding site Myc Tag insert Right TALen binding site

TGGETTTTTCTTYTATAGECATGTARAAGTGAGTTGCGAAT CTGAGGAGCAGAAGCTGATCTCAGAGGAGGACCTGAGAT CTGGAGA! TGtAGaCAGCAaGAATTCBFGGATCGATCTGGAAA

Bl Y I GCAGGCAGCAGCAATTCARGGATCGATCTGEALD

TEETTTTTCTTTTATAGGCATGTRAAAGTEAGTTGCGALATCTEGAGEAGCAGRAGCTEGATCTCAGARGEAGEACCTGAGATCTGEAGAT TECAGGCAGCAGGAATTCARGGATCGATCTGEALD

TG T T T T T T T AT A GGCAT G T AL A T EACTTGUGRAR . & v v e e e e e e e mm GCTGATCTCAGRGGAGCGACCTCGAGATCTEGAGATT GTtAGaCAGCAGGARTTCARGGATCGATCTGGAAD
mouse 2

Bl ol o I Il ACCGGAGATTGCAGGCAGCAGGAATTCAAGGATCGATCTGGARL

Bl o o I Il Y £ | CCGGAGATTGCAGGCAGCAGGARTTCAAGGATCGATCTGGALL

Bl I I T GECAGCAGGAATTCAAGGATCGATCTGEALD,

It N ] GGCAGCAGGAATTCAAGGATCGATCTGGARAR
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Intestines:Conclusions |

A two strains otamoxifeninducible CreERT2ecombinasecan
promote loss of APC with different intensity

A Oncogenic KRassignallingogether with hyperactivévnt
signallingwill be used to further promote oncogenic process
In mouse model

A N-terminal labeling ofVnt signaling antagonist and stem cell
specific marker Troy will allow tracking of stem cell

A N-terminal labeling of_gr4will allowtracking ofWnt
signalingreceiving cells

A TALENswith ssDNAmediateddsDNAbreakrepairgenerates
more than two alleles

A Transgenic mouse models of colorectal cancer will be used f
tracking, isolation and characterization of cancer stem cell
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Liverlobule: basicfunctional unit of liver

Liver
=" lobule

Hepatic
sinusoid

Hepatocyte

Hepatic duct

Hepatic portal | Portal
vei'r)\ e triad

Hepatic artery
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Liver:zonated organ where zones are defined by APC/Wnt protein:

Apc ptotein

Portal Triad
( @ @2 I Periportal ' Perivenous |
: Proximal : Distal : Distal : Proximal :
, PP ¢ PP | PV i PV
1 1 | [

Periportal

(o o(®

Portal ) ' Centri-

T 00T =

Activated B-catenin |

Perivenous

of Wnt signalling

I | I
- I | I |
Intermediate | Cpst | Cpst ; Cpsf ! :
| Argt ! Argt : .
1 GIs2 | | Axin2* | Axin2*
\ | Pepck1 | RNase4* | RNase4' |
| - | , GS'Lect2*
| : | 1 GIt1* RhBg"
l 1
I
|

Dkk-mediated inhibition I ' I

Hepatic lobule/acinus \ Central
Vein

Burke et al., 2006

The presentation is supported from the project OP EC CZ.1.07/238.0027 @ BIOCEV
GC2dzy RAy3d GKS /SYyiNB 2F ¢NIyaaSyaAO ¢SOKy2ft23AS5a¢



. e ’\Kﬁr A
. m"/ european L I M G

social fund in the MINISTRY OF EDUCATION,  OP Education
[ 4 czech republic ~ EUROPEAN UNION YOUTH AND SPORTS for Competitiveness  Institute of Molecular Genetics of the ASCR, v. ..

INVESTMENTS IN EDUCATION DEVELOPMENT

Both Nkd1-CreERTand Troy-CreERTtransgenes are expressed in

pericentral hepatocytes
ROSA-Lacz/TROY-CreERT2 ROSA-LacZ/NKDl- reERT2

Vo
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Microarrayprofiling of EYFPpericentralhepatocytes

ROSA-EYFP/NKD1-CreERT2

A liver perfusion with colagenase/hyalurinodase
A cell isolation, FACS sorting

A RNA isolation, miroarray profiling
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