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Research progress in animal models of cholangiocarcinoma
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[Abstract] Cholangiocarcinoma (CCA) is a malignant neoplasm derived from cholangiocytes. The incidence of CCA is only lower than that of
hepatocellular carcinoma and ranked the second in liver malignant cancers. The prognosis of CCA patients is poor and most patients will die within a few
months after diagnosis. CCA is related to various risk factors, including primary sclerosing cholangitis, cirrhosis, certain chemical agents and liver fluke.
Establishment of proper animal models of CCA can not only be helpful for understanding the mechanisms of incidence and development, but also lay a
solid foundation for developing novel treatment strategies. Common animal models of CCA include carcinogen-induced models, implantation models,

operation models, and genetically engineered models.

[Key words] cholangiocarcinoma; animal models; carcinogen-induced models; genetically engineered models; review

0 4% 40 Mg %% (cholangiocarcinoma, CCA) & — fii 2
I8 TR b e AN A e g, 2 93 32 Ok T T 4 i
W, BLFITE B bR 5 2 4, o T D5 S iR
10% ~ 15%, ARk, HERFFIET R EBETH R ITE
HU, BT Z AE M RIS 5 IR R RYT T
Kk CCA BEMAETE AR, Kb BELEWRISHTfEHY
JIA-HRZET: ™, CCA kS LRl R EME, w4
}?Zi‘fﬂiﬁﬁﬂﬁﬁﬂﬂmﬁ JFRETE., b2 Al R T W o Je
Gulie U, ST A E SR AT AE AR CCA 1y
RAFNR JEALE, RIS A I R I W FIiaTT CCA it
BT HREG , A SO 2% CCA B b B AL HE B M % & A
B PR TY  FARRETUL R R R R L5k

HENERIRE

Ho i kA B i 4w Y CCA #EAY, R

HUE R A — SR & Bom KIIE R T3, R 1
B A, MR CCA,

1.1 AR S s A B!

@mﬁlﬁiﬁﬂkm i A N R A Bl A R B P A B0
W, L KRS S 0.03% f R Rk G, 4>
ﬁ'JEﬂ% 9‘ 12 %D 16 JEBL 1 A AN AN B A: | AL
SR R, I HFTA R BUS A7 558 40 JALAR ©,
B wror " BoR, R BRILEGSE (& c-Met FI c-erb-B2 1E T
ROMENE %3/ CCA REBEAI BT, Mififenix 2
AHEFER AR CCA JRITIMHE A&, UkAh, Ling 55 ™ fE R
ORI R IR B (TGE-B) Ay bk
D11 AT B AR AT LT AR BE PO BB A R A,

1.2 LIRS S iy

TR A E R AT AR M A e L R B

[E€TEH] BEX AR EL (81472243) (National Natural Science Foundation of China, 81472243)

[fEHEEAN]T 7 B (1992—), [tk 1546 . simonsha23@163.com,
[BEEE] B B, BFE4: x1aqlang@medmall com.cn,

http://xuebao.shsmu.edu.cn

SRR (BN . 201737 0) ()



408 | LisssEAEER (¥R

Yy, Eillid ke fb DNA 854418 s DNA 5% LR IE SR
H ik kR Y, Liu % " FIR ORISR Y
BT 2R R Fn CCA AR IR BRI R BLLE MR A [l
ISk ORI AL s k- 5 A 36 CCA MTLL, iZzhy
B2 U I iR A= K 7E Al

1.3 55 S v T A VPRI e 75 Y

B S R — R R S A R, B TEERY
LT DU AR A b B AN S o W4 2 CCA R AR T
Plengsuriyakarn % " i1 45 Bl 5 PN ECE & 50 /- 22 M) 11 B3 I
SEO RS, 4 BRSSP R ok dE
SR 8, ZJEITA GRIIEEL T CCA, MITIIE Sk BF
JEEW i 5 CCA KA K, Thanee % ™ FEAMIBARL A K&
LT e T Al bR A CD44 kil , 1fi CD44 "l d i £a
SE MR —r IR Fa R AN B i 2R G, Ik
B iz R L 18] 258 TR R AR A

BT LA ESomash, w0 RE sk .
SR R 3 L 4 T EURECE " %, SURIA
KBTI TH0E, A ARBeRI DL nifo e IZ B, (B

i 15304 5 S IR TR N TR, IR/ N R B A G —

BESh, BORAEAE B Z 4 Sk A SB[ 2
TURPRERTZ I, BRI T — 2B M, Rk, 3RfF Ak,
S BOREP A AR K AT S SR T 1]

2 MiEmIRE

[ 1985 45, Hudd % " ¥ g A5 10 457 40 Mg 7 S
ERE TR RS, Pl CCA BTR i gkis T
JHZR, FOGEERA B T3A 1 — W9 CCA 1k
RSRHLHICARARBLIRTT o He 5 B 45 A D s Bl D50 785 4
MRS AN RN, T gR AR AR A P2
PERY IR

2.1 iygi e 2RI R

Cavalloni 2 "™ 17 {5l \ 2 J50 % JIF P JH 480 4 1 ke 4y
IR TRREUR T, Hob 1 R S s B Fhda, R
S EW S T PR ) e EL A R e v BEAR (DL 2H 2 42 2
BRI R R AL (K-RAS GI2D 72 5¢) FfHREESER, &
Rl AT B IRATT T AR IR A 4 e kR
AMEACIERTT 5.

2.2 iR 2Rl
221 Sty Hulr, VF2SER NI & R

'r.#LJ" JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2017, 37 (3)

T T HREUS NS S (R A T, [ kR b eg 4 e AR i 0k
miRNA g Fi Jfl siRNA (708K S PR SR 98 CCA B B ik
5y FHLHICA B BL MR TT . Zhang % " ez &35 miR-
26a [y CCLP1 40 fitd A& M T #R B A N, & 3L miR-26a ji
aof AU B DA BB -3B (GSK-3B) Jfii B- i & A
(B-catenin) {2t T CCA A, M/, fE HuCCTI 4fif
HhfaE e A miR-494 W w] il it A0 G HEEA S 1]
N U R A . BAh, Zhang % M BFRE LB,
FIFH siRNA JLERF R [ 7 Slug (p53 _EIHAT I /Y
M, 25T BYZE Al QBCI39 Anlifsth
FARILEAC, RIS R AE SC IR i iR (T 29 e ) %
BEE TR, A, CypA LA Beclin-1 # 5T 2K w41 il
MR, X g Ry CCA LAY B A H %
B,
222 JE{rEEY TR N b A K RO ROR B S
TEAARRE, B, A5 2R R A B R T
WESIRA . Sirica % ™ MK RUIBAE b B H 3R E T B 50 o
402 % BDEneu 430 T KRBT 22 L5 T FAT 2258 v
FEARIEISE 21 ~ 26 H WG EIIA KR HEL T HEAE 20
Hefhdeg s eI, BEE R AT, R ANE HEL 1 ik
FU R, IEE R Z R . X — R A
BT IR AR T I RO SRt fad A, (E e e TR
FRMRIELL R MM 2% NI HLAERT

CCA T 8 15 700 0 HE A B J 2 0 1 (e i AE T 5%
Tl ERRE S, HPERTRE . IR/ NS
HARSCHEIE RIS T4 AR B DUMIRIRTT, B fE TR
IR I TETE e A AU IR AR KBRS, i o7 e A T
W8 VR R A AR DR IN IR]

3 FRERE

A 20 k22 90 £ AR, A2 ikl i F ATy
ST CCA iRy, Z IR AE T ARl RS
FREOERDOM T XA, TR Z M T2
CCA R it BRI A RAERIBE ST,  H AT LB B Eh
TAHLLT 2

3.1 ARSI IR T S

Sirica % ™ F e R BB EAT AT LER 1B, JHIEIX 2
Ji 45 K Bl R 4 i BDEneu 4 5 JiF 7 I A T S S A
B, TR R ST SR SR e 240 T L7 48 LR L et B2
ZERRI, 21 d Jaf A 2 LR RIE W /Y CCA,
I ELME WSRO T IRA . peAh, MBEEEFLRRRIE TR 5E

Vol.37 No.3 Mar.2017



bR, ¥

BN IR EE T o (BN R I, RhiARE ]
(i 22% RS APk B 58 2 2 iR, W1 AELE T ey ik
J& ™ ik —FARBAL AR A Bk R R, L
AEALL T I SEAE BT MRt S (SN, et I S I T 4 2454
TEfE TR R K

3.2 O Je AT A LB

Yang % ® F 2011 4R Sl sr Tk, Bk T5ikh
Balb/c /N B o552 2 J8 O AR IE TS, 2 R
SEFL/NELRY Ze R A, 1 JE S T = O A e SR
ANERBEAT A ERE T, SRR KON 28 8, SRR, /R
JEMETESE 8. 12, 16 F11 28 45 Bl HIEL T 2 kM e g
AxL IBAE B R Al S R A AR RN CCA BFITiE &
B, D o-Mye PR AR RS540 S h B3 |
T B4 ACE, R e-Mye ZEE MM T Mhys gk
J& . X PR HORTER AR RN R E— AR L TR AR
T B[] e ) P FIE A R N JE TR c-Mye £ CCA ik
e HA 1 T S T

FARBRIIPE AL TRERAUN CCATERUE R, LA
JIEL A LR P MR A7 R % i i e VR, A B T ANE
T 258 FIANG R IR TS . AR ARAB Yy 2t Srocd R AE X 42 2%
FIERT, SREASAIRIEIEELE, B PRI E R D,

4 HEERE

VLA, Ak R s R R R TR TR i A &
JE AL ) ARl A 1T 38 28 1S A B ST R B i B i TR B A A 7
1 D PRl o A SR R L AR TR, T S s g e
CCA, BRI 8~ CCA Wy B AR5 F-HLHILL K ] 254
(T B S,

4.1 SMAD4-Pten 3P I500
Xu 2 P 1988 3k ) SMAD4 F1 PTEN J& [ 4y Wl 56 1

[1] Moeini A, Sia D, Bardeesy N, et al. Molecular pathogenesis and targeted
therapies for intrahepatic cholangiocarcinomalJ]. Clin Cancer Res, 2016, 22(2):
291-300.

[2] Spolverato G, Kim Y, Alexandrescu S, et al. Management and outcomes of
patients with recurrent intrahepatic cholangiocarcinoma following previous
curative-intent surgical resection[J]. Ann Surg Onco, 2016, 23(1): 235-243.

[3] Raggi C, Invernizzi P, Andersen JB. Impact of microenvironment and stem-
like plasticity in cholangiocarcinoma: molecular networks and biological
concepts[J]. J Hepatol, 2015, 62(1): 198-207.

[4] Zhang H, Yang T, Wu M, et al. Intrahepatic cholangiocarcinoma: epidemiology,
risk factors, diagnosis and surgical management[J]. Cancer Lett, 2016, 379(2):

http://xuebao.shsmu.edu.cn

WA AR T B Ao e | 409

/N 2R FE A3 T AR R, o PTEN AR nl LAE ST
JATLA R Ml 186 5 1 PISK Al B i ™, S5 R B, e
AN BILE 2 ~ 3 /4> A I B | B 40 22 ok 3
A, FE T A HEFEHBL CCA, iZBI 5 A3 CCA HEA
W 71% [ PTEN 2 {5 11 48% 1) SMAD4 335 ik Je B 4
FIFF, MR PTEN 1 SMAD4 H: R n] BE 42 A ke il 24
Ve IR R

4.2 p53 JEPBRIGE Y DU A AL s AL BIESERY

TFEIE R p53 248 R AT DA HEAE e vl i UL R A S
22— MR Farazi % ST, IR pS3
HE R R/ DT LAESE 4 J8 L A 3 Y SRR
SRR, DU ps3 AEHEB I (pS37 Fps3™) /N
SCRAL PG e Ia B TIPSR G . e 2ft. M4 b g
it S U B8 1 e T B CCA (p537 i p53™ /MR =R
53 WIR 54% 1 18%) , IZMREL & T p53 K R pibR 5 ik
FF G IR Y A Rh, AP, T AN R rh 2R R
P I (R BRI I R, B R AR BRI B BRI )it
Ktk s A e Ttk — itk

4.3 Kras JEPIHG -Pren 3& DI R0

BB EE 5 K CCA Zh#y 58 8 i Tkenoue % ™ 7£ 2016
SEAIEE, IR IE R Kras 340G /NRS Pten & TR ai
afi & /R AR Ja K IR ST N CCA TR, R
FII I A0 2 o R4 A UE B b 40 e ok T R4 | B4l
e AR AN, A FF K v JE 457 A A e e e 245 4 B
T,

Br T UL BEIL R Zhig i ob, RADHIE A Kras 2
BTG -pS53 FE R BHBRRRE R ° S BRI R Sh i A B T
L4 ML R B R T CCA 145 F-HLHIF: il 2 £ % e S e
RIERBWNETT J5iko B THAE A GE S RE 2, WK
AESrm, HRLeR T R iR, B ERAR, RO
B ATy AT gk

198-205.

[5] Chaiteerakij R, Yang JD, Harmsen WS, et al. Risk factors for intrahepatic
cholangiocarcinoma: association between metformin use and reduced cancer
risk[J]. Hepatology, 2013, 57(2): 648-655.

[6] Yeh CN, Maitra A, Lee KF, et al. Thioacetamide-induced intestinal-type
cholangiocarcinoma in rat: an animal model recapitulating the multi-stage
progression of human cholangiocarcinomal[J]. Carcinogenesis, 2004, 25(4): 631-
636.

[7]1 Mansuroglu T, Ramadori P, Dudas J, et al. Expression of stem cell factor and
its receptor c-Kit during the development of intrahepatic cholangiocarcinoma[J].
Lab Invest, 2009, 89(5): 562-574.

BHSSEREE (R L 2017.37 ) ()



410 | Lisss@AEER (e

[15

[16

[18

[19

[21

]

Ling H, Roux E, Hempel D, et al. Transforming growth factor § neutralization
ameliorates pre-existing hepatic fibrosis and reduces cholangiocarcinoma in
thioacetamide-treated rats[J]. PLoS One, 2013, 8(1): €54499.

Walesky C, Edward G, Borude P, et al. Hepatocyte nuclear factor 4 alpha
deletion promotes diethylnitrosamine-induced hepatocellular carcinoma in
rodents[J]. Hepatology, 2013, 57(6): 2480-2490.

Liu B, Hervé J, Bioulac-Sage P, et al. Sodium iodide symporter is
expressed at the preneoplastic stages of liver carcinogenesis and in human
cholangiocarcinoma[J]. Gastroenterology, 2007, 132(4): 1495-1503.
Plengsuriyakarn T, Eursitthichai V, Labbunruang N, et al. Ultrasonography as
a tool for monitoring the development and progression of cholangiocarcinoma
in Opisthorchis viverrini/dimethylnitrosamine-induced hamsters[J]. Asian Pac J
Cancer Prev, 2012, 13(1): 87-90.

Thanee M, Loilome W, Techasen A, et al. CD44 variant-dependent redox
status regulation in liver fluke-associated cholangiocarcinoma: a target for
cholangiocarcinoma treatment[J]. Cancer Sci, 2016, 107(7): 991-1000.

Hickling KC, Hitchcock JM, Chipman JK, et al. Induction and progression of
cholangiofibrosis in rat liver injured by oral administration of furan[J]. Toxicol
Pathol, 2010, 38(2): 213-229.

Gi M, Fujioka M, Yamano S, et al. Modifying effects of 1, 2-dichloropropane
on N-nitrosobis(2-oxopropyl)amine-induced cholangiocarcinogenesis in male
Syrian hamsters[J]. J Toxicol Sci, 2015, 40(5): 647-656.

Zhang F, Li L, Yang X, et al. Expression and activation of EGFR and STAT3
during the multistage carcinogenesis of intrahepatic cholangiocarcinoma
induced by 3'-methyl-4 dimethylaminoazobenzene in rats[J]. J Toxicol Pathol,
2015, 28(2): 79-87.

Hudd C, Euhus DM, LaRegina MC, et al. Effect of cholecystokinin on human
cholangiocarcinoma xenografted into nude mice[J]. Cancer Res, 1985, 45(3):
1372-13717.

Cavalloni G, Peraldo-Neia C, Sassi F, et al. Establishment of a patient-derived
intrahepatic cholangiocarcinoma xenograft model with KRAS mutation[J]. BMJ
Cancer, 2016, 16: 90.

Zhang J, Han C, Wu T. MicroRNA-26a promotes cholangiocarcinoma growth
by activating b-catenin[J]. Gastroenterology, 2012, 143(1): 246-256.

Olaru AV, Ghiaur G, Yamanaka S, et al. MicroRNA down-regulated in human
cholangiocarcinoma control cell cycle through multiple targets involved in the
G1/S checkpoint[J]. Hepatology, 2011, 54(6): 2089-2098.

Zhang K, Chen D, Wang X, et al. RNA interference targeting slug increases
cholangiocarcinoma cell sensitivity to cisplatin via upregulating PUMA[J]. Int J
Mol Sci, 2011, 12(1): 385-400.

Obchoei S, Weakley SM, Wongkham S, et al. Cyclophilin A enhances
cell proliferation and tumours growth of liver fluke-associated

)
B

[29]

[30]

[ YgFSHHEA ] 2016-08-15

'r.#LJ" JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2017, 37 (3)

cholangiocarcinoma[J]. Mol Cancer, 2011, 10: 102.

Hou YJ, Dong LW, Tan YX, et al. Inhibition of active autophagy induces
apoptosis and increases chemosensitivity in cholangiocarcinoma[J]. Lab Invest,
2011, 91(8): 1146-1157.

Sirica AE, Zhang Z, Lai GH, et al. A novel ‘patient-like’ model of
cholangiocarcinoma progression based on bile duct inoculation of tumorigenic
rat cholangiocyte cell lines[J]. Hepatology, 2008, 47(4): 1178-1190.

Blechacz BR, Smoot RL, Bronk SF, et al. Sorafenib inhibits signal transducer and
activator of transcription-3 signaling in cholangiocarcinoma cells by activating
the phosphatase shatterproof 2[J]. Hepatology, 2009, 50(6): 1861-1870.

Yang H, Li TW, Peng J, et al. A mouse model of cholestasis-associated
cholangiocarcinoma and transcription factors involved in progression[J].
Gastroenterology, 2011, 141(1): 378- 388.

De Minicis S, Kisseleva T, Francis H, et al. Liver carcinogenesis: rodent models
of hepatocarcinoma and cholangiocarcinomal[J]. Dig Liver Dis, 2013, 45(6):
450-459.

Marquardt JU, Raggi C, Andersen JB, et al. Human hepatic cancer stem
cells are characterized by common stemness traits and diverse oncogenic
pathways[J]. Hepatology, 2011, 54(3): 1031-1042.

Yang H, Liu T, Wang J, et al. Deregulated methionine adenosyltransferase o 1,
c-Myc, and Maf proteins together promote cholangiocarcinoma growth in mice
and humans[J]. Hepatology, 2016, 64(2): 439-455.

Ko KS, Peng J, Yang H. Animal models of cholangiocarcinoma[J]. Curr Open
Gastroenterol, 2013, 29(3): 312-318.

Xu X, Kobayashi S, Qiao W, et al. Induction of intrahepatic cholangiocellular
carcinoma by liver-specific disruption of Smad4 and Pten in mice[J]. J Clin
Invest, 2006, 116(7): 1843- 1852.

Zou S, Li J, Zhou H, et al. Mutational landscape of intrahepatic cholangiocarcinomalJ].
Nat Commun, 2014, 5: 5696.

Churi CR, Shroff R, Wang Y, et al. Mutation profiling in cholangiocarcinoma:
prognostic and therapeutic implications[J]. PLoS One, 2014, 9(12): e115383.
Haga H, Patel T. Molecular diagnosis of intrahepatic cholangiocarcinomalJ]. J
Hepatobiliary Pancreat Sci, 2015, 22(2): 114-123.

Farazi PA, Zeisberg M, Glickman J, et al. Chronic bile duct injury associated
with fibrotic matrix microenvironment provokes cholangiocarcinoma in p53-
deficient mice[J]. Cancer Res, 2006, 66(13): 6622-6627.

Ikenoue T, Terakado Y, Nakagawa H, et al. A novel mouse model of
intrahepatic cholangiocarcinoma induced by liver-specific Kras activation and
Pten deletion[J]. Sci Rep, 2016, 6: 23899.

O’Dell MR, Huang JL, Whitney-Miller CL, et al. Kras(G12D) and p53
mutation cause primary intrahepatic cholangiocarcinoma[J]. Cancer Res, 2012,
72(6): 1557-1567.

[AxHmE ] K=

Vol.37 No.3 Mar.2017





