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(The study of pathogenesis and identification of new

biomarker for liver cancer using pluripotent stem cell model)
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Abstract

Cholangiocarcinoma (CCA) is the second most common primary liver cancer that arise
from bile duct epithelial cells. However, the prognosis of CCA is poor due to detection at
advanced stage. Moreover, the disease relapse was usually found after treatment. The
understanding of molecular biology provides crucial pathway mutation required for develop
the targeted therapeutic strategy. But the mechanism of crucial mutation drive

cholangiocarcinoma remains largely unknown.

In this study, we derived cholangiocyte organoid from human induced pluripotent stem
cells and engineered them by introduced mutation of related gene, such as SMAD4 and TP53
using CRISPR-CAS9 in order to obtain unique tools for cholangiocarcinoma development. It
will be given the understanding mechanism of cholangiocarcinogenesis and useful for drug

development and advance therapy in future.



GUEVRVERN

AARANTTHUTENVF oo 1
UTIAREID ..o 2
ADSTIACT ... 3
v oA

Y131 o K 4
BITTUBININ e 5
o a / [ ¢ o 1 o a o

AsUNedaNYal wazAEaNTYIUNTITING 6
UTIU .o 7
ATAMTUNTNTIVE e 8
BUAMITIDY oo 11

A158519 Cholangiocyte progenitors 311 human induced pluripotent stem cells

(RUMAN TPSCS) .ottt 11
ﬂ’ﬁﬁ%’N inducible SMADA-KNOCKOUL IPSCS.........ccoovoiiieeeeeeeeeeeeeeeeeeeeeeeee e 15
ARt A AL (LT 1o I 17
UTTOUTUNTH s 18

R A R R R G a1 o 20



A13UNN

a i 1 Endoderm and foregut differentiation ................ccoooiii i 12
i 2 Hepatoblast taz Cholangiocyte differentiation...............cccccoevviiiiiiniiii i, 14
i 3 Cholangiocyte liKe CellS (CLES) .......cccueiiiuiieiiie ettt ettt re e e bee e eareeebeeeeareas 14
20l 4 Gene EXPression @nalysis ...........cocciiiiiiiiiiiiiiiie e re e s eabae e e san 14
AT 5 indUCible SMADA-KNOCKOUL IPSCS.............eeeeveevvveoveeeeeesssssssssseseeeeeeessssssssssssssssssssssees e 15
a i 6 Inducible SMAD4-knockout iPSCs Genomic ANAIYSIS ....ooeeiieee e 16

a0 7 Inducible Cas9 mRNA EXPresSioN ANAIYSIS.........ccveiiviiiiiiiiiieee e 17



o 1

ASUNYAEYyaNYal kazAgaNldlunsIde

iPSCs induced pluripotent stem cells

CLCs Cholangiocyte like cells
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Differentiation of hiPSCs into Cholangiocyte progenitors

1. MNSNZLaee hiPSCs TrimnunuwuuUseaa 80% confluent

2. Day 0: ynmsdnumaasie 1XPBS udwinseay hiPSC colony Tidungumaduuinanlag

19 CTK solution ¥MA15UNT 37 aewawded Wual 5 wii

3. MN1Ta10adne 1XPBS 91U3U 2 ASY Lagvinn1swu hiPSC colony ¢ mTeSR1 media

Wiladu colony vwmtdn wainsiwgidesly mTeSR1 media 71 37 ssAnwaldoa 5% CO2

4. Day 1: ¥nn5iUdsueImIsiaeaeas wagyinnisinigiaesaly mTeSR1 media 9 37 a9

WwaLed 5% CO2

5, Day 2: wilgahle hiPSC ansdsuuasiuifiy Endoderm Tagvinnnsimziaes COM-
PVA fiUsznausie Activin-A (100ng/mL), bFGF (100ng/mL), BMP-a (10ng/mL), LY294002

(10M), CHIR99021 (3|UM) YINN1SLWIZLEENT 37 aerwaLdied 5% CO2

6. Day 3: Wasuensasumadifiu COM-PVA fiuszneusie Activin-A (100ng/mL), bFGF

(100ng/mL), BMP-4 (10ng/mL), LY294002 (10JAM) Pl 37 ssrwaldua 5% CO2

7. Day &: \Waswewnsiasseadidu RPMI-B27 medium 7iusznausie Activin-A (100ng/mL),

bFGF (100ng/mL) ¥NA1StWIzLaesil 37 esrsaldud 5% CO2

8. Day 5-7: wiflsnhliwadiinnsidsusdasiuidu Anterior Definitive Endoderm (ADE)
Tnevimsmzidedly RPMI-B27 differentiation medium with fiussnausae Activin-A (50 ng/ml)

o & [ LY [ N & L3 1Y)
MNTWILLALUUNIAT 3 U V]Wﬂ'ﬁL‘UaEJUEﬂ‘imﬁLaEJQL“U@@V!ﬂ5] 24 Flai

9. Day 8: ynsnnzLaes DE cells Tu RPMI+B27 medium #iUsznaudng activin-A (50 ng/ml)

Juaan 3-4 days wieadns foregut cells.

10. Day 12: ¥n1siwziaes foregut progenitoriu RPMI+B27 medium ﬁ‘d'ﬁzﬂauﬁw SB-

431542 (10uM) uag BMP4 (50 ng/ml) \luiaan 4 Ju Wieada Bipotent hepatoblast

11, Day 16: wilenilsf hepatoblast 1A biliary specification Tnevinsiwizides hepatoblast
T RPMI+B27 medium 7iusznausng FGF10 (50ng/ml), Activin A (50ng/ml) tag retinoic acid

(3uM) 1Wuan 4 Su



Maturation of Cholangiocyte progenitor cells to CLCs
1. vn15888 Cholangiocyte progenitor Tilluiwagiiedlneld Cell dissociation buffer

2. suspended fiaududu 8 x 104 cells/ml Tu 40% Matrigel + 60% William's E medium
fiusznausie 10 mM nicotinamide (Sigma-Aldrich), 17 mM sodium bicarbonate (Sigma-
Aldrich), 0.2 mM 2-phospho-L-ascorbic acid trisodium salt (Sigma-Aldrich), 6.3 mM sodium
pyruvate (Invitrogen), 14 mM glucose (Sigma-Aldrich), 20 mM HEPES (Invitrogen), ITS+ premix
(BD Biosciences), 0.1 UM dexamethasone (R&D Systems), 2 mM Glutamax (Invitrogen), 100

U/ml penicillin, 100 Jlg/ml streptomycin wag 20 ng/ml EGF (R&D Systems)

3. N3 drop 50-MUL droplet 989 cell suspension adlu center ¥9 well Tu 24-well plate

q. HATUNT 37 perwaldea Wuwnan 1 Pluaieliaawds wasvinnisUaviuntinaanie

William's E medium

5. MsUaey media 9109 48 Falus uazinisinnzidsaduian 10 T

Stromal cells overexpressing specific gene

1. NS854 overexpression vector Nl coding sequence U84 specific gene Naulalu

inducible PiggyBac vector (PBOM812A-1) LaiinN13ATINADUAINYNABIVBIAIAU DNA fae DNA

sequencing
2. Day 0: ¥!1n15tWgtaes 1x106 Stromal cells aslu 6 well plate
3, Day 1: Waesuewmnsiasuead uazyiins transfect cells Ine Td transfection complex wae

MNTINZLAe99 37 asrwaadea tWunan 24 32l

4. Day 2: Wagusmsideagad
5. Day 3: vhn1stoaiadlagld 0.25% Trypsin-EDTA Wutian 2 wiil uazneaujisenlagld
9IMTELLTAR

6. imstusiesfionnagnauwadnaiaisaseu 1000 rpm Wuian 5 undl



7. 1A resuspend cells 9119 wazvinisiwiziaedlu 100 mm dish iAunUILLIY 20%

confluence luommsiagawadiiinisiu puromycin @usuAndnsadndn1TLanI0oNYDd gene

L4

~ ° X ~ A
Nreans Mnmsmnziassaulalalaivuialvgiiisane

8. MN15uen single colony WNTIUIU UATVAGDUNITUENIDDNTBY gene Tulsiazlaau lng

A5 cumate WoAMEBNLAAUNADINS

Immunohistochemistry, Immunofluorescence, and Image Analysis

1. N3 fix Liver organoids 91uAUAY 4% PFA 21n1uvinn15819 uazdneadlu tissue
cassata way paprafilm blocks kazyinn15dm Tissue sections VUM 4 uM d@1m5U cell culture ¥in

M3 fix ¢e 4% PFA 1Huinan 15 undl permeabilize $ae 0.3% Triton X-100 15 undl

2. 91nUUYIATS Block M8 10% goat serum twiaan 45 Wil wag immunofluorescence

p1e antibody fismzse hepatoblasts, cholangiocytes hepatocytes

3. n138en Nuclei aae DAPI Lazyinn1sanenInaIenaed Fluorescence microscope

RT-PCR and gPCR Analysis
1. vinsann RNA agld Tri reagent

2. 1 Reverse transcription Ay Moloney Murine Leukemia Virus reverse transcriptase

LWOAS19 cDNA

3. wazyinns amplified gene Naulalagly gene specific primers wag SYBR Green fgLAToY

ABI 7500 wazdiAsIzvivoya



NAN15IY

N158319 Cholangiocyte progenitors 210 human induced pluripotent stem cells (human
iPSCs)

\ievin13a¥1e iPSC derived Cholangiocytes wwﬁiﬁalﬁﬁmmwmgm iPSC Tuomsiaes
waa CDM- PVA ﬁﬂi%ﬂ@‘uéﬁ&l Activin-A, bFGF, BMP-4, LY294002, CHIR99021 LﬁaLﬁﬁﬁl’Jﬁﬂﬁ iPSC
Aansdeuuasluidiu Definitive endoderm ndannmsmnzidsnduig 3 Su nuinwadiing
uanIoenyes SOX17 Fadulusiufiinisuansesnlu Endodermal cells waziiloyhmsgnisuanioon
983 FOXA2 Tufudl 8 983n5 differentiation wuinwasiinisuanseenveslusiuiananiuandliidiu
TugaslaAnnsdsuntaclui@u foresut progenitor (MMTI1A waz 1B) Wiewmdeathlvwadiie
nsiasuuUasluidu Bipotent hepatoblast Ingn1snsedusng BMPA wuinwadiiudl 12 veanis
\in differentiation &N 15uanteanved HNFda waziiiawnileaiinls hepatoblast Lin biliary
specification Tngvhmsinziaes hepatoblast 11 RPMI+B27 medium fiuszneuse FGF10, Activin
A wae retinoic acid Tufuil 17 wadeziin1suansoenves CK19 wag SOX9 Fuiulusiuiiings
uansoonlu Cholangiocyte progenitors LLaZLﬁaVTWﬂﬁLWWL?:EN cholangiocyte progenitors Tu 3D
culture Liiaadns Cholangiocyte like cells WUﬂ’mﬁﬁmﬂﬂ’ﬁLWWngsJﬂu 3D culture condition wag
szfinsadislassairadudnuaizge Wiy Cholangiocyte organoids Fnzideddaniuile
Y09AUUNR (NWTI2A, 2B waz nwil 3) 39 Cholangiocyte like cells fiadnsldasiinsuanioanues
somatostatin receptor (SSTR) subtype 2 (SSTR2) Fadulushufieatios Bile duct secretion (A

i a)



Al 1 Endoderm and foregut differentiation

A. wansdnuagn1silasunUasues iPSCs 1y Endoderm cells wag foregut cells U7 3 way
U7 8 999 Cholangiocyte differentiation Liavi1n15AN®IAI8NA DY inverted microscope B.

WEAINANITILATIENNITUERIeDNUe9lUSAUTY Endoderm cells way foregut cells Aa8inala

immunofluorescence staining






il 2 Hepatoblast wag Cholangiocyte differentiation

A wansdnwaznisiUdsundasves iPSCs Tuidy Hepatoblast, Cholangiocyte progenitors wag
Choangiocyte like cells #i5ufi 12, 16 wazufl 26 vaa Cholangiocyte differentiation 43
NIN15ANYIA18NADY inverted microscope B. LaAINAN15ILATIZRNTHAAIDDAUDILUTAWTUY
Hepatoblast, Cholangiocyte progenitors WL @ ¢ Choangiocyte like cells a1 8L v A U A

immunofluorescence staining

i 3 Cholangiocyte like cells (CLCs)

UWARISNULYB Cholangiocyte like cells WaviN13ANYIAI8NADY inverted microscope

ATNH 4 Gene Expression analysis

a ¢ a A a Y o a . . .. =
LLERINANTIIILATICUNITLLENIDDNVBIYUNLNYIVDINUNTTLARN Cholanglocyte differentiation L@

MNSANYIMIEMATLA Real-time PCR



158519 inducible SMAD4-Knockout iPSCs
ileAnwnilawareanisiia SMADA mutation sien13iiin Cholangiocarcinoma N193aelevin
N15a379 inducible SMAD4-Knockout iPSCs lagltinalla Genome editing #78 Transcription

activator-like effector nuclease (TALEN) (m‘wﬁ 5)

AR 5 inducible SMAD4-Knockout iPSCs

WAAITUABUNITESS inducible SMAD4-Knockout iPSCs Inglainaiia Genome editing

#1e Transcription activator-like effector nuclease (TALEN)

IPena91nyinN1sUas TALEN vector, SMAD4 gRNA Puro-Cr donor vector Wag Neo-
M2rtTA donor vector g iPSCs saewmnatla nucleofector  lavinisdnawian inducible SMAD4-
Knockout iPSCs gl Puromycin Wag Neomycin \efnideon Puromycin-Neomycin resistance
iPSCs clone Fvazifiunsdmdan iPSC clone Aifinsunsndaves SMAD4 gRNA Puro-Cr donor vector
ae Neo-M2rtTA donor vector %aammamamaaqmmsaﬁwmiﬁ’mﬁaﬂ Puromycin-Neomycin
resistance iPSCs clone ”Lﬁﬁu’wm 5 Clones uaziilonnaaunIsunsndves SMADA gRNA Puro-Cr
donor vector way Neo-M2rtTA donor vector fisuwis AAVST site sewnailn PCR wui inducible
SMAD4-Knockout iPSCs fifmidenuniinsunsndaves SMADA gRNA Puro-Cr donor vector aun
6861 bp uaz Neo-M2rtTA donor vector ¥um 4941 bp aglusinumiis AAVST site Wieoenves

Chromosome 19 (m‘wﬁ 6)



\lenadeauin inducible SMADA-Knockout IPSCs @1iNINAIUANNTUAAIBNTBY Cas?
protein Tudnwase inducible ¢y Doxycycline ltavseld neidulavimsvegeu Tnenisld
Doxycycline hnadluommsidsavadifunal 48 Faluawdwhnsmngeunisuanieantes Cas
MRNA fewaila RT-PCR wudn luanmedifinisifia 1 ug/ml was 5 ug/ml Doxycycline Azl
Tinsuanseanves Caso undudu 756 wh way 2050 wh WewSsuidisufuannyitlifnsdy
Doxycycline (nwil 7) wandlyifiudn inducible SMADA-Knockout iPSCs ﬁa%ffmiﬁawu'ﬁaﬂ’m@ﬂﬁ
\An Genome editing liluan1izfigasnslélaensiia Doxycycline eliAnnnsadns Cas9 protein
way gRNA 7isum1zsa SMADG gene Feazviniswasuuyas inducible SMADA-Knockout iPSCs 'l
Ju Hepatoblast, Cholangiocyte progenitors Wwag Choangiocyte like cells hagvinn1sAnuidna

Y99 SMAD4 mutation luwwadusavelinindwmalifnanulasuwlaenuaudivedsadedials

il 6 Inducible SMAD4-knockout iPSCs Genomic analysis

LARAINANITILATIERNITUNINAIVBY SMADA gRNA Puro-Cr donor vector gz Neo-M2rtTA

donor vector fisnumils AAVST site ghewmnaila PCR



A0l 7 Inducible Cas9 mRNA expression analysis

LAASKNANNTIATIZINITHEAIDBNUDY Cas9 MRNA Tu inducible SMAD4-Knockout iPSCs Tu
dnmeNdnisdu Lug/ml, 5 ug/ml Doxycycline Wisuiisuivanizfliiinisiiu Doxycycline 1

YINNNFIATIEVIEmALA RT-PCR

AUTIYNANIINAADY

NWANI5E319 Cholangiocytes 210 human induced pluripotent stem cells (hiPSCs) 119

YA o v

{ifuanunsaaine Cholangiocyte like cells (CLCs) l¢idna Gensiinnisiudsunes hipsCs Tuidu

' 1%
a a =

cLcs lunanannaes LinTuidwidsafuiiiintuly development Aeiin1sidasuudasann
pluripotent state l‘ngj definitive endoderm B duwadisudureinisadi gastrointestinal tract
wdAnn15asuLUasiy foregut progenitor Failuiiadivinnindlunisadiseorzvesmnaiu
g1saIufudasanlude Liver (hepatocytes wag cholangiocytes) feutAnnsiuasunasiuidu
Hepatoblast Fuduiwadiitmidifilunisadae hepatocytes hag Cholangiocytes WagLAANS
Wasuulaaludu Cholangiocytes progenitor kag Cholangiocyte like cells &4 Cholangiocyte like
cells fiad19ldanuisavireuldnilon Cholangiocytes fia In1suansoanves SSTR2 daviuiing

WEIUBINU Bile duct secretion

TudiuveinsAnwInaueIn1siin mutation 8981 SMADA fan15Lin Cholangiocarcinoma
N1953381Aa319 inducible SMAD4-Knockout iPSCs 88581319n15ANYIHINAYBINTTAA SMADA
mutation lulgaausazaiin Ae Hepatoblast, Cholangiocyte progenitors ag Choangiocyte like
cells #1@¥1991n inducible SMAD4-Knockout iPSCs Indanaliiinamilasundasenaauifives

waang1ls
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