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[ Abstract ]  Cholangiocarcinoma is the second most common malignant tumor of the liver, which is characterized by atypical
early symptoms, high malignancy and high mortality. Currently, the overall incidence of cholangiocarcinoma has been increased year
by year worldwide and a majority of cholangiocarcinoma patients obtain poor prognosis. Effective diagnosis and treatment strategies are

urgently required to change this situation. The establishment of disease models is a hot topic in cancer research. The establishment of

experimental models of cholangiocarcinoma contributes to in-depth understanding and study of the incidence, development and drug

therapeutic effect of cholangiocarcinoma, which is of significance for early diagnosis and treatment of cholangiocarcinoma.

[ Key words ]

FEMERAE O — T S R 2R R S
Jik, AR IEAE 7 LR AT K6y LR T
FORAEA, (H AT R4 R R st SO se g i
JrATAFAE TR I3 AN L, FEARZRR R, FRATR R
R EEAR I, WS, IR A
BEDHZH A RN R

—. PEEERSMREY

W UL A FELAE IR A SRR TR ) 355 A M R T | Bk
ARVRBIRY | AR 3D AT EPRL LSS
HMER — BRI AT B T H,, HHEA
Sl EE R AE AR AT EEAT
W E . R AR E VA S O R A 52
A bR, HENIdA LR R, BT SN
iR S BRI S A AR . AR AR S R B
R ST W A B v EL A R AR S . A
PO ARSME T B IR 455 A B SR I L

HEWH . WAL VRHE L RE S (CXPJJH122002-037 )

Cholangiocarcinoma; In vitro model; 3D printing; In vivo model; CRISPR/Cas9; Genetic engineering

Wkabts, A REFT o IR L3

1. R 4 e R AR

N FR S SRR IE TR H H, ELRRAE B
WAL A RRE I AR, AR, B TR
FTHEAT 3 R s . T A R LS A SR AR U
P SN NTE ) W (s B a1 < e
K 5y o b g JR BB 2R 058, 9 BOH TO 1 LA R
Ji 22 B 9Ra 110 S M. Xue 257 {8 B T QBC939 F
HuCC-T1 2 F AR T ML, TESE T Tweety K
B 5L 3 FE RIAE 2 Fi RS 96 40 B v 2Rk i B R AN
fEE T IS A M P G5 . SRR AR 28R, iE]
AEIM I Wnt/B-catenin {558 B2 HE AR Tz -
[T Ak (CEMT ), 40 i R BEAUHE 0 T 24 E AT e
437K X RR A B A L R R S D AE AL
5 T BHR ARG 5 P

2. BRR AR

BRCIR AR R 2 41 2R B % v A & S B = 4

TEF A : 416000 FHE, HE K (5KEE) 5 416000 Kb, WIS (BUEAE ) 5 427000 5KEFE, sk A AR EBFIRSMEE (&

i)
BEEE, W4, E-mail: zjjgxzh@126.com



2024 42 HEE 55 8% 2 81

HEE 97

A R R ALK, AFTRA, ZHURER T HA 2
L1200 it R T B AN 2 n A RE T i A,
XA B 1 AR AR RE T (CSC), Waiilh
JEALSFIRYT TN 25 R 52 R M EE R R, X AE
i 25 7% HoAT BB P BRI R —Fh i
) CSC B )1, Correnti 5P W98 T N4 A MR E
P BRI 7 B3 35 PR 7R AR T 20 R A 8 v
ZRIRE DL, IR E UG A BB H AR &
Yo AR [ 2 30 2L 200 i 2R A 7R g ot 2 ek
T O B JRy B o

3. REEER

KA EARRE h ZRE T MG . B K
A —x AR 0 = e e Gk, g
AR BRI LA JRR IR R A 1) 22 B AR i S B
FRRL LB L R 2 R, RRAEARSM G SRR R
HREED I, TR R R R R A S L
AWFEE VAL T RERIER MR E (PDO) 1
TG PR 8 % T oo 29 R v v ), AR
TN RIQPETR 100%, R 5 2R 93%, FATERBAPETT
ML 435 J9 88% H1 100%%, 41, B4 PDO
e AL iE R 50, o HF B0 B E A
SR G PE R A AR R T, B ORI
ey A e B AR T B S I PR 1T 4 R AR b T
Yo B 2 ) AR B FRARLASE RS, (L E RTAE AR AR
B, FLEREZR Ok T oM 55
PR

4. 3D AEYJFTENBERY

3D FTENF AR DIBCAASE R S 3y, 254 T
itk @i ITENR & %2 . LIRSk,
SIS TN AT Ry 3D A 4T ER, At il
FAYIR R, A0 (5% 40A PRS0 R AR 4 Ep
il B K AL AR LU 28 B AR AN [ B
FURATERAT R, RT3 M 3E T e A Y 4TEn . 5
TR AEDFTED . SehBEwITE . e
PIATER DU R . B0 SOk v B B D5 R e e
BN T AR AR A4, ORI .

FEFH AT Z B R ) M AEY
FTEN 3, B ad BF Az 1y 58K fi H g o 142
SLET AL 22 DT ORATED, A SR HA 4
I A B B KA 2, (R A A ML
RS 3t 200 40 75 P AR BB T Mao 25
il FHET AT ER A S T B R IR AR 3D FTERARL
R, IS0 RN R AT T R RS SRR EIEA
ZE0L R 3D FTEDBLRL Y T ERRE . £F e AL AR D

AR AL TE 1 AR VAR b Y B i AR A 2 4
5, HLAERE R B0 2590003 2 B 5 5 1 i
2yttt 3D AW TENRLRITE g R | e T AR |
25 e PEAG s IR B RS, G
AT ALEMR AP B A A L SUR LA 454, AR
AT IR AR Y, I A 2R AR AL K )
AR,

=. IBEEENRE

FIELAE Jos P PN ASE R i P S o SRR S, FHIBE
TYGLAE iR RO AR R | B T AL 22 BUR ) 1Y KA
BRI T R/NRBLRL (GEMM ) 45, HAE A iH
P PR PSR T LA T R TR 358 e S 8 T A e AR
LIS IS EWNE L P sp e S TR 1 e e SR 7 = U G
SR, BUA Sh B RAFAE AN R R BR- Y, 30A 58
SE R AT LA R A AT SR BT R, A
AR SE I B4 AR OCHE, %R
PR A A BT MR RO
SRR F AR, A BE

1. A AR AR A

i 95 o RELASE 250 2 Fif R AR PN AUF 5 P A A8
— B AN ) i 2 B g A 9 S A0 S e RS,
EAIAESE ., ATEE MR AR TS BRI B
[VRL, 8 T IR PR ST e 245 W B9 7 350 T A2
Yo i T REAE T IE N B A AR B RE, PR I Dt
{37 B8 HE AR Y LU S 67 A% A B 3 A B UL N R IR R
Y A e R i A, B U0 RS AR R R A L BIORL CT
MRT 577 PPk R /N B S AR Dt

S RS LA AR 0 o B Y S R A g 4
RS T o e BRI/ Bl R RO 57, SRR
DIy ] A T e M 0 ) Ao AR AR B B e
R R A DI R SR LU IR
M TR SRR R AR | W e ) DL R = i
TS Sk, W 2 i R R AR A Y %
SRR S B BEXE BaRER, A BRI
PDO S RS AB R IR S 1 RVl 7 44 Py sl oh 22 it
KPHEEIR, PDO S MRS ARAR At m] i BH 5540
PRELE P 200 P A T) 14 2E 2 23 5 g A R PR ek it
T S A A AR U RE ] T BB 1 1, AT
BT IR s b, BMRE RS AR S e BN
[Fi) 49y ol 22 [ R 5 8 AN DL JE 7 E 23 ) 52 B 45 2R 7
SN, DRI S A RS AR AR Y R FH 52 ) T BRI

(7 7 % AL ASE 683 ] D5 S5 8 B Sy, T A —
E T o i T SR B B SRR 25



98 HEE

2024 42 A% 55 8% 2 1

Aoki S (P[] 35 R L /) SO 96 40 i DR /A
FEIR /N B R b, SESE T BEIB G A K T
SEPR A i el W R TR B ( AKT) TS AL AR
i 240 R ) 388 B S AR 2R R A R AR,
NSRRI TR HE TR T

2. BT FBUB YT AR

EZ A m i QRO 7 Y b AN M A R N R A RE
SO Y S B IR A0 i DNA SERME | I 200
U 5 JONE I B 7 AR SE P R PE RN, DTS & /)
ST E 2, SRR A 27 ik, (i otk —
ik IR, W EBUEYI A 4
FEVAERE (DEN), —HIL A (DMN ), Wi,
Tt O R o U A fb ik (CCl4) 251, BRI T
M BRI TS R B R A 2y TR, B R ]
BN, (HER TIHER " ENEREZI, a7
RESS U5 A e sl A 4 Sp PRI, SR S e 4 21
PRI 2 2 A1) B A 5 IR R R L R R e 5
R P SHe 41 o A A e A i Dy 2R e,

3. R IR R

JE A FRURE RS 5] G A2 B A 45 4L ( LMBDL)
BT, 3 2 ™ A AR A R ke 2 f6f IR A5 9 o A
%A, HAre R PR ERRAS % . IR
FIELY 1 P B A 0 JE S D B 2 Ay R A 9 98 5 28 119
mEHER, HBS5HTHREREFC. Yang 557 ff
FHAL 2% 25 LMBDL 1 DEN B¢ 4 adf, 4530 R
AL 50% (1) BUSSRIZE SR 28 JEIHE se IR e, 1
Fuph 2% LMBDL 8%, DEN 114 304 IR 48 g % A2 RN
0%. RHIHIRBUEAI AT RS S5 4L TR, XHRER
(R H R AR #5 R, HLSCI B 32 R A= R
JRUIS: PRI 28 1 5 ) S 50 S B 2

4. 1 B R YL B AY

JHF W Hh J e A 2 3 Ao R i 3 IR A
A SRORE LA KA b Rz A 0405 A0 X B e
D1 G 08 9 B S IO A2 R4S 98 19 & 2 . Thamavit
STl T TR YR DMIN (R ZE A, 4R
5 SR R PR RS PR DMN, - B 100%
(RSB0 B AR IR i, TR I A A TR A A Ty R %
. BB — LA LA, WEENZE, T
NI AR 225, RG2S 1 1
RIS A, & FEEER TR EE,

5. GEMM

GEMM J2 i i 5% i) 28 T 5., 38 2 35 [N g
LT B R R R A A R R A L T B0 A G
FEH B A e CREBR ). 2 ik ok 28 48 5 AR 75

T BT AE MR, E TR SRR gy
Mr8uvEIEi . Mgl L, DIRE =20 E
SIRARTERIE G & PR R AR YT R IR R B
FIVE AL, J&nl A Sob iR B0 WS i A= 024 br ik
Wy, T G R AT PRAS S ) 254 136 7 O
A TR R AR 2 2 1 GEMM h 3 & &
A1, BEAT HUARALA S AR A i (1 Sl e
{H GEMM s #r e, Ha Ikl R I e AH DG 1
M) . RIAEFHEAE

CRISPR/Cas9 J K 4l R 40 & AR TR & LAY
T3 B B FE s PR B PE AL, 3222l RNA
1Y Cas9 A% B2 A HL5E 5| 5 RNA (sgRNA) 41
A%, sgRNA $2 §if & B #h LX) 5 ) 5] 5 Cas9 5 H
B DNA 5 854, i Cas9 S FIYIE] . K7 24 X%
DNA, 7EFJS ) DNA B E s, EfFABE
R [ V5 A ot 1 4 P 1 00 T R AT 6 PR E 4 %
52 Gao 25V i ] CRISPR/Cas9 3 [l 4 4 £ 4t
WAL T AT E R (IDH ) 277 /Y 045 98 240
Mo B AT, FSIESE T IDHI 287535 3 10 R-2- B2 5L
% @ (R-2HG ) 3 F AT DL 3E 2 98 35 FTO/m6A-
methylated ERa/miR16-5p/Y AP {5538 [ Sk 41 il
BEE K . CRISPR/Cas9 T H AT 4 T8
MR T > —, HAPGE, @ #
YERTAE . BUASHE X B . RS o A I DM i 5 R 4
e LA, BN H T Ay B
M5 NFEBIR AT, XIS EISIRAE T Z R
FHATS, ARYE H 0L PR A 75 B AT o
RIS TR A R DR R R S TR BE TR 5 S

5.1 Z5AFIRE UL B DR /)N RS

SR AR H B 3 PR AR AL 4 Bl Cre-LoxP H 41
i 240, JFHCE S50 R 38 R 7 B F IS
(1) Cre T 21 i 47 1 2 D Bl /N BT Zhao 2570 £
B Cre-LoxP R4t M /NRZLAS, #5 THEH IR 8
TG WA Cre EEALEFAY SMAD4 2 PTEN 2
BRAZE R, IESCHMEE L CULLIN 3 $ )5 nT )42
P EROHE A Aveg 730h, DA HE 2 14 R -1 7=
A= DY R SO, X PR 5 1 SMAD4
FERFD PTEN 3 R BRI Tkenoue 257 i FH 1
A 3h 7 U B RE % KRAS JE KR PTEN 2
PT35I 35 BRUEE 37 JH U 4 5 M KRAS S P T
FPTEN JEPRI SRR | 2 g ik e e 5 A
BRI A, AU 46 d, 1
22N N2 QD WA R SR NN R R ST N
TESZ5 A W 3] MAPK A1 PI3K-mTOR 15 518



2024 42 HEE 55 8% 2 81

B

99

BB, RIS I P IR AE R e AR AL A AR
R ZRUNRAE Ji A5 1 TG TR i DRSS AR TG 7 A 40
PP . SE R b i B S IR A BE, TR
18 T AR D AR R A AT

5.2 ARSI 5% T/ BB A

Al S A 35 PRt e A g e Sy 3 3 A /N BRUFF
Wk RBAE R R G TR (5 e tER sl
AT IR DI JE PROR ST . R 1A 7 AT A S Ay AR IR
FER R B AE sh AR b AT @ R o, 2SR N TR
S AR AT IR T T, e i R S
NEGPEF o Hu %58 1K i sh 727 B § ke 5 i
9 NI T HE Yy AKT AT NICD S0 3k IR 2 5256 /)N
BlL, INESE T Ake-NICD KEIARAY, JEUEsE 74
il DNA H B RSl (TEAD ) B 4% 55 14 08 4% 4 1,
HEE AR Ake-NICD B3R 3l 1% i 40 i ) g AR
IR AL, SO IR AR AL TR R0 MR T
BB, S5 B (AKT) ML, Yes #HEHEM
(YAP) J&—Fh 5 9E & A G iy i s oG I+
FIEEA™, KA AKT/YAP B FokL Y IESE A
IR A S T/ NIRRT EE N7 AKT/
YAP JERIFEAY 3l i B RS, Zhang SEPISES T
Y AP 3 i FE G sE A S S5 3K (TEAD ) Ak F%
SEIIE 15 B-Catenin i AH BLAE FHI SRR A8 19
KA, MiEERER Catenin Betal [R5 1T I 28 0 i H:
KA R X A M i AR, IR 5 G ke B
il PR AR T AR EA B S

=. BEERE

NRAS e — R WUR B2 n e, B H ITEUn
BLI R 58 A WA, R0 S S0 AR AR S8 R 1) 2 0
PLRIOESE . P i Je SR 7 PEAG h s i, A
SCAER T SR 270 g IR A AR R G A R
DL SR A R AL (R R i BN S, B IR s A AU A
TE— & R BRYE, 2R A R 48 1) 416 B
A i AR 1R R R v R MR R 0 P 2 X
RS A] BT B E B AR AOR I R BE R 21 . R
LRI | S 2 RN AR 1 i 4 25 A5 AT IR AT
i BT DA s A SO AL . o3 SRl bR R
51a FOAEAEN . MR DL &I
PN AE S TR, WA T ATG T R JRE
PR LA AR HE 25 ik AR I R S B, x4
fe A s LRI VA KPR SCER

(1]

(2]

[3]

(4]

[5]

(6]

(8]

(9]

[14]

o

Z X Wt

Xue W, Dong B, Zhao Y, et al. Upregulation of TTYH3
promotes epithelial-to-mesenchymal transition through Wnt/
{3 -catenin signaling and inhibits apoptosis in cholangiocarcinoma
[T ] Cell Oncol ( Dordr ), 2021, 44 (6): 1351-1361.

Tamai K, Fujimori H, Mochizuki M, et al. Cancer stem cells
in intrahepatic cholangiocarcinomas; their molecular basis, and
therapeutic implications [ J |. Front Physiol, 2022, 12 : 824261.
Correnti M, Cappon A, Pastore M, et al. The protease-inhibitor
SerpinB3 as acritical modulator of the stem-like subset in human
cholangiocarcinomal J |. Liver Int, 2022, 42 (1) : 233-248.
Saito Y, Muramatsu T, Kanai Y, et al. Establishment of patient-
derived organoids and drug screening for biliary tract carcinoma
[J 1 Cell Rep, 2019, 27 (4) : 1265-1276.¢4.

Vlachogiannis G, Hedayat S, Vatsiou A, et al. Patient-derived
organoids model treatment response of metastatic gastrointestinal
cancers [ J ] Science, 2018, 359 (6378 ) : 920-926.

Zhou G, Lieshout R, van Tienderen G S, et al. Modelling
immune cytotoxicity for cholangiocarcinoma with tumour-derived
organoids and effector T cells[ J | Br J Cancer, 2022, 127 (4):
649-660.

Daly A C, Prendergast M E, Hughes A J, et al. Bioprinting for
the biologist[ J ]. Cell, 2021, 184 (1) : 18-32.

Placone J K, Engler A J. Recent advances in extrusion-based
3D printing for biomedical applications [ J . Adv Healthc Mater,
2018, 7 (8): el701161.

Mao S, He J, Zhao Y, et al. Bioprinting of patient-derived
in vitro intrahepatic cholangiocarcinoma tumor model:
establishment, evaluation and anti-cancer drug testing|[ J |.
Biofabrication, 2020, 12 (4) : 045014.

Ben-David U, HaG, Tseng Y Y, et al. Patient-derived xenografts
undergo mouse-specific tumor evolution[ J ]. Nat Genet, 2017,
49 (11): 1567-1575.

Broutier L, Mastrogiovanni G, Verstegen M M, et al. Human
primary liver cancer-derived organoid cultures for disease
modeling and drug screening[] | Nat Med, 2017, 23 (12):
1424-1435.

Aoki S, Inoue K, Klein S, et al. Placental growth factor promotes
tumour desmoplasia and treatment resistance in intrahepatic
cholangiocarcinomal J |. Gut, 2022, 71 (1) : 185-193.
Maronpot R R, Giles H D, Dykes D J, et al. Furan-induced
hepatic cholangiocarcinomas in Fischer 344 rats [ J ] Toxicol
Pathol, 1991, 19 (4 Pt2) : 561-570.

HER, XX, LIk, % . B-amestinl il i% L p38 (75
g 3R VRO T IR A AR R IR R AL () ] B, 2023,
54 (1) :59-65.

Xia Y H, Liu H L, Jiang J, et al. { -arrestinl activates hepatic
stellate cells to promote liver fibrosis via activating p38 signaling

pathway [ J | J New Med, 2023, 54 (1): 59-65.



HES

2024 42 A% 55 8% 2 1

[16]

[18]

[19]

[21]

Mohr R, Ozdirik B, Knorr J, et al. In vivo models for
cholangiocarcinoma-what can we learn for human disease[ J | Int
J Mol Sci, 2020, 21 (14 ) : 4993.

Henderson ] M, Zhang H E, Polak N, et al. Hepatocellular
carcinoma: mouse models and the potential roles of proteases[ I
Cancer Lett, 2017, 387 : 106-113.

Yang H, Li T W H, PengJ, et al. A mouse model of cholestasis-
associated cholangiocarcinoma and transcription factors involved
in progression[ J . Gastroenterology, 2011, 141 (1) : 378-
388, 388.e1-388.e4.

Thamavit W, Bhamarapravati N, Sahaphong S, et al. Effects
of dimethylnitrosamine on induction of cholangiocarcinoma in
Opisthorchis viverrini-infected Syrian golden hamsters[ J |.
Cancer Res, 1978, 38 (12 ) : 4634-4639.

Kersten K, de Visser K E, van Miltenburg M H, et al.
Genetically engineered mouse models in oncology research and
cancer medicine[ J | EMBO Mol Med, 2017, 9 (2): 137-153.
Janik E, Niemcewicz M, Ceremuga M, et al. Various aspects of
a gene editing system-CRISPR-Cas9[ J ]. Int J Mol Sci, 2020,
21 (24) : 9604.

Gao Y, Ouyang X, Zuo L, et al. R-2HG downregulates ER a to
inhibit cholangiocarcinoma via the FTO/m6A-methylated ER o/
miR16-5p/YAP1 signal pathway[ J . Mol Ther Oncolytics,
2021, 23 : 65-81.

[27]

Andrusaite A, Milling S. Should we be more cre-tical? A
cautionary tale of recombination [Jl Immunology, 2020, 159
(2):131-132.

Zhao M, Quan Y, Zeng ], et al. Cullin3 deficiency shapes tumor
microenvironment and promotes cholangiocarcinoma in liver-
specific Smad4/Pten mutant mice [ J | Int J Biol Sci, 2021, 17
(15): 4176-4191.

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.

Hu S, Molina L, Tao J, et al. NOTCH-YAP1/TEAD-DNMT1
axis drives hepatocyte reprogramming into intrahepatic
chnlangincarcinoma[ I Gastroenterology, 2022, 163 (2):
449-465.

Garcia K, Gingras A C, Harvey K F, et al. TAZ/YAP fusion
proteins: mechanistic insights and therapeutic opportunities[ J |
Trends Cancer, 2022, 8 (12 ) : 1033-1045.

Zhang Y, Xu H, Cui G, et al. B -catenin sustains and is

required for YES-associated protein oncogenic activity in

cholangiocarcinoma [ J ]. Gastroenterology, 2022, 163 (2):
481-494.

(e H . 2023-02-25)
(AR Y. PEMRS)




