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CCA LA ¥ 5 ik, Hoilid IGF2BP1/PI3K/AKT 5 53 B 18 5 CCA 40 M i 39 5 S 3T 7% B
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Effect and mechanism of ubiquitin-specific protease 21 on proliferation and
migration of cholangiocarcinoma cells

TAO Lu', ZHANG Yaodong’, SHAO Shenye’, ZONG Qianxing’, CHEN Yananlan® (1. Department of Emergency, Zhongda Hospital
Affiliated to Southeast University, Nanjing 210009, Jiangsu, China; 2. Department of Hepatobiliary Surgery, the First Affiliated
Hospital of Nanjing Medical University, Nanjing 210029, Jiangsu, China; 3. School of Life Sciences and Biotechnology, Jiangsu
University Jingjiang College, Zhenjiang 212100, Jiangsu, China)

[Abstract] Objectives: To investigate the expression of ubiquitin-specific protease 21 (USP21) in cholangiocarcinoma (CCA) and its
effect on the proliferation and migration of CCA cells, as well as the underlying mechanisms. Methods: The expression of USP21 in
CCA tissues and cells was detected using bioinformatics approaches, immunohistochemistry, and Western blotting (WB). The effects of
USP21 knockdown on the proliferation and migration of CCA cell lines (QBC939 and RBE) were assessed by in vitro colony
formation, EdU, and Transwell assays. The oncogenic mechanism of USP21 was explored using RNA sequencing, mass
spectrometry, co-immunoprecipitation (CO-IP), and WB. Results: Analysis of databases such as TCGA revealed that USP21 mRNA
expression was significantly elevated in CCA tissues (P < 0.05) and USP21 protein expression was highly expressed in both CCA
tissues and cells (P < 0.05, P < 0.01, or P < 0.001). Knockdown of USP21 led to a significant decrease in the proliferative and
migratory abilities of QBC939 and RBE cells (P < 0.01 or P < 0.001). RNA sequencing results indicated that USP21 knockdown
inhibited the proliferative and migratory abilities of CCA cells by suppressing the PI3K/AKT signaling pathway (P < 0.05). Mass
spectrometry identified a binding between USP21 and insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1). Co-IP and WB
results demonstrated that USP21 interacts with IGF2BP1 and regulates its protein expression through the ubiquitination pathway
(P <0.001 or P <0.000 1). Conclusion: USP21 is highly expressed in both CCA tissues and cells and enhances the proliferative and
migratory abilities of CCA through the IGF2BP1/PI3K/AKT signaling pathway.
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DUB) , H o MRSy 2 e 2 B ke . BB 2 1)
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IGF2BP1 [ AR &E &7 25 J USP21 W #% IGF2BP1 2 FUFIAHEM 5 PIBK/AKT {5 538 % .

Q\
A 04 B .
NHZVIT‘I{S]S‘,LIQ!DiLlTTlelN‘P‘ElR{OOH
% ,,ln T b b by by
100} ?
T5¢
<« Gr2BPI S0
25F ' b,
0 100 200 3'!)‘"3'”"10(') Sﬂlﬂ 50(& 700 800 |900 IDO‘D 1100 1200 1300 1400 1500 1600 1700 m/Z
C  pam USP21 IGF2BP1 &I
D q?»\ G MG132 _ MGI32
> - o .
¢ \3%8‘ S 7 = &
— Ay — Ay
. IGF2BP1 U N @ 9
e o 253 258
iGr2erL g N USP2l . D =
; L LIE | IE
q'\,\q’\m» O IBHA a IB:HA 2
IR o S © S
SO0 Lo - b = =
_— A IB:IGF2BP1 2 IBIGF2BPI ted =
IGF2BP1 W 1GF28P1 8 ' ' '
[ Y USP21 = -
USP21 e Us2 I B - - - e s Ul e
. =]
Bractin g e - B-actin e - w—. B-aCtin g g | P-actin s w—— |
1]
QB(C939 RBE QB(CY39
) 400 " 9 3007 mEe s
" ez *®
o 300 T 200
& 200 bS]
& 100 g 100
= S
<] S DD 9 RO
P .’é (L\' (‘;\r p— ‘% q’ r‘I}\,
Y SV ¥ S
© 9%{ ’\3‘5 ° \5‘5 \3‘6
& & & &
F QBCY39 RBE QBC939 RBE
) 400 | X 6
MGI32 - - + MGI32 - - ® 00 R ® .
si-USP21 - + + i-USP21 - + + Hﬂé{ Pﬁ* < )
200 200 %
1Grapp21 8 - TR IGF2BP21.- = =
| % 100 % =
UsP2l M gy USRI B e & S 3 & 2
. B ) QG N \,\ = é@ \ \ 0 1 2 3 4
P-actin g e P-aClD g - & chi @ & \ng IGF2BP1 mRNARIA

@ &Y Q\

ARG R IR 1gG K USP21 454 7 R85 H : B: IP/MSHESZ IGF2BP1 5 USP21 45 & C: A s 94 s Yt i USP21 5 IGF2BP1 3t
SEAL( % 400) s D: Co-IP T2 HHIE 52 USP21 15 IGF2BP1 4 & s E: il USP21 AT 41 il IGF2BP1 £ 13814 s F: MG 132 7] Wi # USP21 %}
IGF2BP1 HJ 4 HI/E A s G: USP21 i i i 4% IGF2BP1 32 % A K HEAE H s H: TCGA 4l 12 A 26 11 43 #r CCA 41 rh USP21 5

IGF2BP1 mRNA #¢t. Input: 85 FAZHERE AL ;P < 0.01,™ P < 0.001, P <0.000 1,
El4 USP21 BT EIFEFEIHEIEIGF2BP1 ik



990 -

Hp [ MR R TR T A, 2024, 31(10)

zi TR, USP21 7E CCA 4 4UR4 i b S 3K,
HuliE it IGF2BP1/PI3K/AKT 15 5 B I L i3 CCA 4 it
(RIIGTE SRS o ASHIE T8 NG 53¢ i A% SR P e A i AL
JZTHHRFT T USP21 4% CCA 15T HLE, b Bhil R
B AR 12 CCA AWt e R 2% , [ 2 CCA
A AR R AR TR T 1)

(& % xx #]

[1] BANALES J, MARIN J, LAMARCA A, et al. Cholangiocarcinoma
2020: the next horizon in mechanisms and management[J]. Nat Rev
Gastroenterol Hepatol, 2020, 17: 557-588. DOI: 10.1038/s41575-
020-0310-z.

[2] FLORIO A A, FERLAY J, ZNAOR A, et al. Global trends in
intrahepatic and extrahepatic cholangiocarcinoma incidence from
1993 to 2012[J]. Cancer, 2020, 126(11): 2666-2678. DOI: 10.1002/
cncr.32803.

[3] ALABRABA E, JOSHI H, BIRD N, et al. Increased multimodality
treatment options has improved survival for hepatocellular
carcinoma but poor survival for biliary tract cancers remains
unchanged[J]. Eur J Surg Oncol, 2019, 45(9): 1660-1667. DOI:
10.1016/j.€js0.2019.04.002.

[4] TAURA K. Comment on "meta-analysis and meta-regression of
survival after liver transplantation for unresectable perihilar
cholangiocarcinoma"[J]. Ann Surg, 2021, 274(6): €920-¢921. DOIL:
10.1097/SLA.0000000000005016.

[5] D’ ARCY P, WANG X, LINDER S. Deubiquitinase inhibition as a
cancer therapeutic strategy[J]. Pharmacol Ther, 2015, 147: 32-54.
DOLI: 10.1016/j.pharmthera.2014.11.002.

[6] LANGE S M, ARMSTRONG L A, KULATHU Y. Deubiquitinases:
from mechanisms to their inhibition by small molecules[J]. Mol
Cell, 2022, 82(1): 15-29. DOI: 10.1016/j.molcel.2021.10.027.

[71 HOU P P, MA X D, ZHANG Q, et al. USP21 deubiquitinase promotes
pancreas cancer cell stemness via Wnt pathway activation[J]. Genes
Dev, 2019, 33(19/20): 1361-1366. DOI: 10.1101/gad.326314.119.

[8] ZHANG Q X, CHEN Z X, TANG Q K, et al. USP21 promotes self-
renewal and tumorigenicity of mesenchymal glioblastoma stem
cells by deubiquitinating and stabilizing FOXD1[J/OL]. Cell Death
Dis, 2022, 13(8): 712[2024-02-18]. https://www.ncbi.nlm.nih. gov/
pmc/articles/PMC9381540/. DOI: 10.1038/s41419-022-05163-3.

[91 ZHOU P, SONG T, SUN C J, er al. USP21 upregulation in
cholangiocarcinoma promotes cell proliferation and migration in a
deubiquitinase-dependent manner[J]. Asia Pac J Clin Oncol, 2021,
17(6): 471-477. DOI: 10.1111/ajco.13480.

[10] XU X, CHEN Y, SHAO S'Y, et al. USP21 deubiquitinates and
stabilizes HSP90 and ENOI to promote aerobic glycolysis and
proliferation in cholangiocarcinoma[J]. Int J Biol Sci, 2024, 20(4):
1492-1508. DOI: 10.7150/ijbs.90774.

[11] JIANG X L, LIU BY, NIE Z, et al. The role of m°A modification in
the biological functions and diseases[J/OL]. Sig Transduct Target
Ther, 2021, 6: 74[2024-02-18]. https://doi.org/10.1038/s41392-020-
00450-x. DOI: 10.1038/s41392-020-00450-x.

[12] HUANG X W, ZHANG H, GUO X R, et al. Insulin-like growth
factor 2 mRNA-binding protein 1 (IGF2BP1) in cancer[J/OL]. J
Hematol Oncol, 2018, 11(1): 88[2024-02-18]. https://pubmed. ncbi.

nlm.nih.gov/29954406/. DOI: 10.1186/s13045-018-0628-y.

[13] XIAO P, MENG Q H, LIU Q, et al. IGF2BPl-mediated
Nf-methyladenosine modification promotes intrahepatic
cholangiocarcinoma progression[J/OL]. Cancer Lett, 2023, 557: 216075
[2024-02-18]. https://pubmed. ncbi. nlm. nih. gov/36736530/. DOI:
10.1016/j.canlet.2023.216075.

[14] SUN L X, SUN W, SONG H B, et al. MiR-885-5p inhibits
proliferation and metastasis by targeting IGF2BP1 and GALNT3 in
human intrahepatic cholangiocarcinoma[J]. Mol Carcinog, 2020, 59
(12): 1371-1381. DOI: 10.1002/mc.23262.

[15] CILLO U, FONDEVILA C, DONADON M, et al. Surgery
for cholangiocarcinomal[J]. Liver Int, 2019, 39(Suppl 1): 143-155.
DOI: 10.1111/1iv.14089.

[16] OHAEGBULAM K C, KOETHE Y, FUNG A, et al. The
multidisciplinary management of cholangiocarcinoma[J]. Cancer, 2023,
129(2): 184-214. DOIL: 10.1002/cncr.34541.

[17] CHEN S Y, LIU Y Q, ZHOU H C. Advances in the development
ubiquitin-specific peptidase (USP) inhibitors[J/OL]. Int J Mol Sci,
2021, 22(9): 4546[2024-02-18]. https://pubmed. ncbi. nlm. nih. gov/
33925279/. DOLI: 10.3390/ijms22094546.

[18] LIAO Y N, SHAO Z L, LIU Y, et al. USP1-dependent RPS16
protein stability drives growth and metastasis of human
hepatocellular carcinoma cells[J/OL]. J Exp Clin Cancer Res, 2021,
40(1): 201[2024-02-18]. http://dx. doi. org/10.1186/s13046-021-
02008-3. DOI: 10.1186/s13046-021-02008-3.

[19] ZHANG DY, ZHU Y, WU Q, et al. USP1 promotes cholangiocarcinoma
progression by deubiquitinating PARP1 to prevent its proteasomal
degradation[J/OL]. Cell Death Dis, 2023, 14(10): 669[2024-02-18].
http://dx.doi.org/10.1186/s13046-021-02008-3. DOI: 10.1038/s41419-
023-06172-6.

[20] YUAN P T, FENG Z H, HUANG H, et al. USP1 inhibition suppresses
the progression of osteosarcoma via destabilizing TAZ[J]. Int J Biol
Sci, 2022, 18(8): 3122-3136. DOI: 10.7150/ijbs.65428.

[21] PARK J M, LEE J E, PARK C M, et al. USP44 promotes the
tumorigenesis of prostate cancer cells through EZH2 protein
stabilization[J]. Mol Cells, 2019, 42(1): 17-27. DOI: 10.14348/
molcells.2018.0329.

[22] LI W J, CUI K S, PROCHOWNIK E V, ef al. The deubiquitinase
USP21 stabilizes MEK2 to promote tumor growth[J/OL]. Cell
Death Dis, 2018, 9(5): 48[2024-02-18]2. https://doi. org/10.1038/
541419-018-0523-z. DOI: 10.1038/s41419-018-0523-z.

[23] WhAERN, 4575 b, 72 350, 4% . NCOR2 £ [Ki# 1 1§ 4% PI3K/AKT J#
AR S £ BT IR AN RS K'Y SEAS0 4H TR A2 22 (0], Hh 5 g
IR IT A4 K, 2024, 31(4): 342-350. DOI: 10.3872/j.issn. 1007-
385x.2024.04.004.

[24] AT, skate, TLGH, 55 . 53O miE T PIBK/AktmTOR {5518 i%
S S5 e SWASO ZH MG IR TR 1 W], o iR AR e T 2
&, 2024, 31(7): 694-699. DOIL: 10.3872/j.issn.1007-385x.2024.07.008.

[25] JIANG W J, YANG X, SHI K H, et al. MAD2 activates IGFIR/
PI3K/AKT pathway and promotes cholangiocarcinoma progression
by interfering USP44/LIMA1 complex[J]. Oncogene, 2023, 42(45):
3344-3357. DOI: 10.1038/s41388-023-02849-6.

(WS HEAT  2024-02-19 [f&EBHA]  2024-09-08
[Axx4wig] 3kl

are



