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Ponatinib inhibits growth of patient-derived xenograft of cholangiocarcinoma expressing

FGFR2-CCDC6 fusion protein in nude mice

WU Tianyu', JIANG Xiaoging’, Xu Bin', WANG Yu'
'Department of Hepatobiliary Surgery, *Surgical Intensive Care Unit, Nanfang Hospital, Southern Medical University, Guangzhou 510515,
China

Abstract: Objective To investigate the antitumor effect of ponatinib on the growth of cholangiocarcinoma xenograft derived
from a clinical patient in a mouse model expressing FGFR2-CCDC6 fusion protein. Methods Lung metastatic tumor tissue was
collected from a patient with advanced intrahepatic cholangiocarcinoma and implanted subcutaneously a NOD/SCID/
I12rg-knockout (NSG) mouse. The tumor tissues were harvested and transplanted in nude mice to establish mouse models
bearing patient-derived xenograft (PDX) of cholangiocarcinoma expressing FGFR2-CCDC6 fusion protein. The PDX mouse
models were divided into 4 groups for treatment with citrate buffer (control group), intragastric administration of 20 mg/kg
ponatinib dissolved in citrate buffer (ponatinib group), weekly intraperitoneal injections of 50 mg/kg gemcitabine and 2.5 mg/
kg cisplatin (gemcitabine group), or ponatinib combined with gemcitabine and cisplatin at the same doses (10 mice in each
group, and 9 mice were evaluated in ponatinib group). The expressions of p-FGFR, p-FRS2, p-AKT, p-ERK, CD31, and Ki-67 in
the xenografts were evaluated with immunohistochemistry, and cell apoptosis was analyzed with cleaved caspase-3 (CC3)
staining and TUNEL staining. Western blotting was used to detect the expressions of FGFR2, p-FGFR, AKT, p-AKT, ERK,
p-ERK, FRS2 and p-FRS2 in the tumor tissues. Results Compared with those in the control group, the mice in ponatinib group
showed a significantly reduced tumor volume (P<0.0001) and suppressed tumor cell proliferation with significantly increased
cell apoptosis. Western blotting and immunohistochemistry revealed obviously lowered phosphorylation level of FGFR and its
downstream signal markers FRS2, AKT and ERK in the xenografts from ponatinib-treated mice. Gemcitabine treatment
combined with cisplatin more effectively inhibited tumor growth than ponatinib alone (P<0.0001) but did not further decrease
the phosphorylation levels of FGFR or its downstream signaling molecules FRS2, AKT and ERK. Conclusion Ponatinib can
regulate FGFR signaling to inhibit the proliferation and induce apoptosis of tumor cells in mice bearing patient-derived
cholangiocarcinoma xenograft with FGFR2 fusion. FGFR inhibitor can serve as a treatment option for patients with
cholangiocarcinoma with FGFR2 fusion.
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Fig.1 Establishment and verification of a xenograft (LIV31) endogenously expressing FGFR2- CCDC6 fusion protein. A:
Abdominal contrast-enhanced CT image of the patient before surgery. B: Chest contrast-enhanced CT image after resection (9
months later). C-D: HE staining of primary carcinoma tissue and lung metastatic tumor. E: Sanger sequencing results of RT-
PCR products. F: LIV31 grows subcutaneously on the flanks of nude mice. G: Tumor tissue excised from LIV31 xenograft in
nude mice. H-K: FGFR2 break-apart FISH results from control tissues, primary liver tumors, lung metastases and xenografts.
L: G-banded karyogram of the LIV31 cell line. M: Metaphase state of LIV31 cell line using FGFR2 BAC and D10Z1 probes. N:
Metaphase spread of LIV31 cell line with the application of whole chromosome paint 10 probe.
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Fig.2 Effect of different treatments on growth of subcutaneous LIV31 xenografts in nude mice. A: Tumor growth curves in
each group. B: Percentage of mice in each group with tumor volume less than 400mm3. C: HE staining and
immunohistochemistry in each group. D: Representative tumors collected from each group. E: Quantification analysis of the
results of immunohistochemical staining (Ki-67, CD31, cleaved caspase-3 and TUNEL) in the 4 groups. **P<0.01 vs the

control group.
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Fig.3 Effects of different treatments on FGFR signaling pathway in LIV31 xenograft. A: Western blotting for detecting the
downstream markers of FGFR signaling pathway. B: Quantitative analysis of the results of Western blotting. C:
Immunohistochemical staining of the tumor tissues in each group. D: Quantitative analysis of the results of
immunohistochemical staining. **P<0.01 vs the control group.
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Fig.4 Changes in tumor volume and body weight of the mice in each group and expression of FGFR2-CCDC6 fusion
protein and matrix metalloproteinase. A: A mouse from each group at 63 days after initiation of treatment. B:

Changes of body weight of the mice during the treatment. C, D: Expression of FGFR2-CCD6 fusion compared with
the control group. E: Immunohistochemical staining.



http://www.j-smu.com

J South Med Univ, 2020, 40(10): 1448-1456

+ 1455 -

3 it

FGFR il G C A Ry Z2 e 1) —F g i) 24
YIRS R o, A B e (FGFR3) ™ B o B4
Je9% (FGFR1 F1FGFR3)"" FLHE (FGFR2) Y Flfir i)
CCA(FGFR2), A HAEE &30 T FGFR2 5
ZA BRI SRR A X B AP IR R A
TR, S FGFR IR AN RS S
ZH RO , 935 RAS/MASK FIl PI3K/AKT i@ %™ ',
K, FGFR2 /N T4l 550 rT A iz s AR
PP, TESRTRIAETE D FRA T IR IE 1T — T
iCCA PDX A, LIV31, H: R 235 FGFR2-CCD6
RS . RS R Sk Y 5 7E RT-PCR
FAEMF G 5 — RPN AP 2] TRk, A
DE— AR R TR & B T FGFR2 5 CCDC6 [ fil
ALY, 445 FGFR-CCDC6 Fill & 7E N 1) FGFR Fil &
I RS AR ME S TS S5, T
PRI AN 7™, X B8R FRATTIR K A (AR
. FGFRIMGIFIMARE ETE FGFRIGE I Z R0 A
Mg R AU TS (EAHE R
B, S5 UN AR, 22 TGS 14 FA FGFR 1-4
P ZAH R XIS A2 Sk O v R > > X T
HFGFR2 B G R iICCA B3 WA e nl 55
JeEa e /0N, X ARG — 91 2 BRHIAERR Je A S R f 2
AR AR S AT SR e I A A R AR R A2
PRI AT AR A PR320 (EX FGFR AT TS 1Y
SRk, PRI, Fefl /X A FGFR2-CCD6 Bk 51 iCCA /)N
BRI PRSI T PR RS JE Bt R VE . #E 20 mg/kg
Bt PRS2 S 25 ] LIV 3 1 A5 SR () b A -
SIRIE LA L, AR e 20 [0 A R AR B SR i )N,
HAFTE 2 s Mg AR BV N T 400 mm’ (/N & 4
FLIA B UAD, Sy AL AR R PSS S s R
JEAH FGFRAR S (3G , 2 LIV 1 A 4
Ry el RIRNYiS Waei )7 S oy s i L ol 6Pl (B = i
TR THERT7E FGFRY a5 iy A1 BCR ABL 4K
SRR IR RN RO, XU T FGFR2 11
IR e X iICCA g A I fEH o 75 PU b e N
IR IR AR A TS OGA 3 26. 1% 006
R IR SR TP A BN 8.1 A ERK E 117 A7,
PRI, BF5 FGFR A2 7 REHG 5 5 7 A AU/
P FGFR2 @il & M IR e h UiV E R R B
FEARUR SIS T, AT B0 FGFR2 S FRIMAR
Je A VbR, ) K FGFR2 MHIFIAARE 2
AT PO RN AR LT T A T X e 255 &
WIS E L2 T SRR T 7 28 W1 8 e Ao
{5 FHMAARER JE BEA R, T — 5 BT AR s e s
RESRCFPIE A AT T IORICR . OISR e 5 P s A

FE = BINEIVE AT RESE R FRAT 1457 T A AR i
T PUABEE RN ; 5, AT g i TR uE S ir 2
SRR AL 35 PG bR AN R SRR,
DL AR PR 22, 2 PEfEE (50 mg/kg)
FEA (2.5 mg/kg) BIALA LT 58 24l e A= 1
IEARMEE T SR e L Ak B MRCR . BRI,
2 T RETREAIFSY FGFR ) ) A B 75 74 e
FUBEE A YRY T AR SRR , A AE (8 FGFR A 71
Z AT VA Y SRR S . A5 i T, R
FHIEARAE JE X FGFR A H R 5 5 4nic FRS2 AKT Al
ERK B L3 A7 B BRI E AR LL 2 i
A7 T3 ZE A DA B S P B A | R0, ik LA i
IR TAE , N\ 53— J7 I 75 , FGFR fil 73 35 R B
FEIRTF WA VT BEAE A FGFR 314G 20 il i A
YIbRE) o FEI 4w AR G T A A 200 i e 3 e A
%%, 7E FGFs MIFGFR (62 SYhpl R L 5155
B GA P R ERATT e T R FGFR2 il 5] st
MMP 7E# FH 520, SEER 45 R R, 75 H FGFR2 411
FIFNEIT S , MMP2 MMP3 FIMMP9 (5754 &
Ak, 2 W3 U BL 5 4 S B 1 BN 2 FGER2 4 7y
AR Je P s & A E R B . HAT—ZRBE G
I7 BRAT Tk J AR IRY T e BRATIRAT L, R A
FRUER) — 23697 7% . £ % EGFR.VEGF I MEK
Ml 50T 7 A B AT AR R TR IR
SR, A B RIS B A SR A TR
N o MR R JE , J& — FP £ X VEGFR, PDGFR 1
FGFR [ Z 505 TKI 259 . fif HC BB s 7
— LRI BT S E A FGFR2-TACC3 Filt 5 By e i fIH
R ZE/N . L, FGFR AW AT FER
J7 FGFR 35t {5 2028 IR A 1 47 ik RR 2 A7 A
FGFR2 il & it

S FRATHRGE T — P IR PDX B 45
#IZ&A FGFR 2-CCD6 il 5 R 1, 71 8 — A7 BfE
FHEERS IR T AR S 22 B i SR AR 2 Je X
ISR P R AT PRSI 1 o 63X 1> PDXRETRY 1 iAiR
BT SHREA T 75 VU I R AT AR N ]
YEH o (H5 XA HL 2, B0 0 FH A0 &% e Xt
PDX AR E A R M 2 UL

Sk

[1] Bertuccio P. Global trends in mortality from intrahepatic and
extrahepatic cholangiocarcinomal J]. J Hepatol, 2019, 71(1): 104-14.

[2] Rizvi S, Gores GJ. Emerging molecular therapeutic targets for
cholangiocarcinomal J]. J Hepatol, 2017, 67(3): 632-44.

[3] Razumilava N, Gores GJ. CholangiocarcinomalJ]. Lancet, 2014, 383
(9935): 2168-79.

[4] Morizane C, Okusaka T, Mizusawa J, et al. Combination gemcitabine



-+ 1456 -

J South Med Univ, 2020, 40(10): 1448-1456

http://www.j-smu.com

plus S-1 versus gemcitabine plus cisplatin for advanced/recurrent
biliary tract cancer: the FUGA-BT (JCOG1113) randomized phase
111 clinical trial[J]. Ann Oncol, 2019, 30(12): 1950-8.

[5] Valle J, Harpreet W, Daniel HP, et al. Cisplatin plus gemcitabine
versus gemcitabine for biliary tract cancer[J]. N Engl J Med, 2010,
362(14): 1273-81.

[6] Lamarca A, Barriuso J, McNamara MG, et al. Molecular targeted
therapies: Ready for "prime time" in biliary tract cancer [J]. J
Hepatol, 2020, 73(1): 170-85.

[7] Parker BC, Engels M, Annala M, et al. Emergence of FGFR family
gene fusions as therapeutic targets in a wide spectrum of solid
tumours[J]. J Pathol, 2014, 232(1): 4-15.

[8] Wu YM, Su FY, Shanker KS et al. Identification of targetable FGFR
gene fusions in diverse cancers[J]. Cancer Discov, 2013, 3(6): 636-
47.

[9] AraiY, Yasushi T, Fumie H, et al. Fibroblast growth factor receptor
2 tyrosine kinase fusions define a unique molecular subtype of
cholangiocarcinomal J]. Hepatology, 2014, 59(4): 1427-34.

[10] Borad MJ, Champion MD, Egan JB, et al. Integrated genomic
characterization reveals novel, therapeutically relevant drug targets
in FGFR and EGFR pathways in sporadic intrahepatic cholangiocarcinoma
[J]. PLoS Genet, 2014, 10(2): €1004135.

[11] Graham RP, Fritcher EG, Pestova E, et al. Fibroblast growth factor
receptor 2 translocations in intrahepatic cholangiocarcinoma [J].
Hum Pathol, 2014, 45(8): 1630-8.

[12] Ross JS, Kai W, Laurie G, et al. New routes to targeted therapy of
intrahepatic cholangiocarcinomas revealed by next-generation
sequencing[J]. Oncologist, 2014, 19(3): 235-42.

[13] Sia D, Losic B, Moeini A, et al. Massive parallel sequencing
uncovers actionable FGFR2-PPHLNI1 fusion and ARAF mutations
in intrahepatic cholangiocarcinomalJ]. Nat Commun, 2015, 6: 6087.

[14] Abou-Alfa GK, Sahai V, Hollebecque A, et al. Pemigatinib for
previously treated, locally advanced or metastatic cholangiocarcinoma:
a multicentre, open-label, phase 2 study[J]. Lancet Oncol, 2020, 21
(5): 671-84.

[15] Bahleda R, Italiano A, Hierro C, et al. Multicenter phase i study of
erdafitinib (JNJ-42756493), oral pan-fibroblast growth factor
receptor inhibitor, in patients with advanced or refractory solid
tumors[J]. Clin Cancer Res, 2019, 25(16): 4888-97.

[16] Goyal L, Saha SK, Liu LY, et al. Polyclonal secondary FGFR2
mutations drive acquired resistance to FGFR inhibition in patients
with FGFR2 fusion-positive cholangiocarcinoma [J]. Cancer
Discov, 2017, 7(3): 252-63.

[17] Singh D, Chan JM, Zoppoli P, et al. Transforming fusions of FGFR
and TACC genes in human glioblastoma. Science, 2012. 337(6099):
p. 1231-5.

[18] Morales-Barrera R, Suarez C, Gonzalez M, et al. The future of
bladder cancer therapy: Optimizing the inhibition of the fibroblast
growth factor receptor[J]. Cancer Treat Rev, 2020, 86: 102000.

[19] Borad MJ, Gores GJ, Roberts LR. Fibroblast growth factor receptor
2 fusions as a target for treating cholangiocarcinomalJ]. Curr Opin
Gastroenterol, 2015, 31(3): 264-8.

[20] Ren M, Qin H, Ren R, et al. Ponatinib suppresses the development
of myeloid and lymphoid malignancies associated with FGFR1
abnormalities[ J]. Leukemia, 2013,27(1): 32-40.

[21]Wynes MW, Hinz TK, Gao DX, et al. FGFR1 mRNA and protein
expression, not gene copy number, predict FGFR TKI sensitivity
across all lung cancer histologies [J]. Clin Cancer Res, 2014, 20
(12): 3299-309.

[22]Chase A, Bryant C, Score J, et al. Ponatinib as targeted therapy for
FGFRI1 fusions associated with the 8p11 myeloproliferative syndrome
[J]. Haematologica, 2013, 98(1): 103-6.

[23]O'Hare T, William CS, Zhu XT, et al. AP24534, a pan-BCR-ABL
inhibitor for chronic myeloid leukemia, potently inhibits the T3151
mutant and overcomes mutation-based resistance [J]. Cancer Cell,
2009, 16(5): 401-12.

[24 |Damaraju VL, Kuzma M, Mowles D, et al. Interactions of multitargeted
kinase inhibitors and nucleoside drugs: Achilles heel of combination
therapy[J]? Mol Cancer Ther, 2015, 14(1): 236-45.

[25] Stetler-Stevenson WG. The tumor microenvironment: regulation by
MMP-independent effects of tissue inhibitor of metalloproteinases-2
[J]. Cancer Metastasis Rev, 2008, 27(1): 57-66.

[26] Elewa MA, Gayyar MM, Schaalan MF, et al. Hepatoprotective and
anti-tumor effects of targeting MMP-9 in hepatocellular carcinoma
and its relation to vascular invasion markers[J]. Clin Exp Metastasis,
2015, 32(5): 479-93.

[27] Ardi VC, Steen PE, Opdenakker G, et al. Neutrophil MMP-9
proenzyme, unencumbered by TIMP-1, undergoes efficient activation
in vivo and catalytically induces angiogenesis via a basic fibroblast
growth factor (FGF-2)/FGFR-2 pathway [J]. J Biol Chem, 2009,
284(38): 25854-66.

[28] Pintucci G, Yu PJ, Sharony R, et al. Induction of stromelysin-1
(MMP-3) by fibroblast growth factor-2 (FGF-2) in FGF-2-/-
microvascular endothelial cells requires prolonged activation of
extracellular signal-regulated kinases-1 and -2 (ERK-1/2) [J]. J Cell
Biochem, 2003, 90(5): 1015-25.

[29] Onesti CE, Romiti A, Roberto M, et al. Recent advances for the
treatment of pancreatic and biliary tract cancer after first-line
treatment failure [J]. Expert Rev Anticancer Ther, 2015, 15(10):
1183-98.

(i 22 1)



