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Arsenic trioxide inhibits proliferation of hepatocellular carcinoma cells by decreasing expression of Pinl and
regulating Wnt/p-catenin pathway
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[ Abstract | Objective To investigate the inhibitory effect of arsenic trioxide (ATO) on the expression of peptidyl-
prolyl cis-trans isomerase NIMA-interacting 1 (Pinl) in liver cancer and its molecular mechanism. Methods The expression
of Pinl in human hepatocellular carcinoma cell lines and liver cancer tissue was analyzed using DepMap database and GEPIA
database. Human hepatocellular carcinoma cell line Huh7 and mouse hepatocellular carcinoma cell line H22 were used as
cell models to detect the effect of ATO on tumor cell viability by adenosine triphosphate method. The effects of ATO on Pinl
expression at protein and transcription levels were detected by Western blotting, immunofluorescence staining and quantitative
polymerase chain reaction (qPCR). After pretreatment with chloroquine to inhibit lysosome pathway in Huh7 cells, the
regulation effect of ATO on Pinl expression was detected by Western blotting and immunofluorescence staining. The effects
of ATO on hepatoma cell growth and Pinl expression in vivo were verified by subcutaneous tumor-bearing mouse model
and immunohistochemical staining. The possible signaling pathways affected by ATO were analyzed by RNA sequencing
and were verified by Western blotting and qPCR. Results The expression of Pinl in 23 kinds of human hepatocellular
carcinoma cell lines in DepMap database and human hepatocellular carcinoma tissue in GEPIA database showed a high level.
In vitro, the viability of Huh7 and H22 cells was decreased after ATO treatment, and the protein and transcription levels of
Pinl were decreased. The effect of ATO on Pinl expression was reversed after inhibiting lysosomal pathway by chloroquine.
In the subcutaneous tumor-bearing mouse model, ATO showed certain anti-tumor effects, and immunohistochemical staining
showed that Pinl expression and tumor cell proliferation were inhibited after ATO treatment. The genes related to Wnt/

[(¥FsEHEI] 2023-10-30 [(#ZH#] 2024-01-18

[EemB] B DAMES A2 ARG RPFSE T (202340091 ). Supported by Clinical Research Project for Health Industry of Shanghai
Municipal Health Commission (202340091).

[EE®MN] 2 ik, Wi4/E . E-mail: arcenciel lixin@126.com

"5 E# ( Corresponding authors ). Tel: 021-81887471, E-mail: tem2008nian@126.com; Tel: 021-81887473, E-mail: wanxuying@126.com



.« 434 .

MR R 2024 4E 4 H, 45 %

fB-catenin pathway were enriched in ATO-treated H22 cells, and the expression of B-catenin was decreased after inhibiting

Pinl expression in H22 cells. Conclusion ATO inhibits proliferation of hepatocellular carcinoma cells by inhibiting Pinl

expression through lysosomal pathway and affecting Wnt/B-catenin signaling pathway.
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Fig1 Expression of Pinl gene in human hepatocellular carcinoma cell lines in DepMap database and human

hepatocellular carcinoma tissue in GEPIA database

A: Analysis of Pinl expression in 23 kinds of human hepatocellular carcinoma cell lines from DepMap database; B: Analysis of Pinl

expression in human hepatoma tissue from GEPIA database. Pinl: Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; TPM:

Transcripts per million.
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Fig2 Effect of ATO on viability of Huh7 and H22 cells
detected by ATP method
n=3, x*s. ATP: Adenosine triphosphate; ATO: Arsenic trioxide.
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KB (K 6B) , UiHH ATO il i i Pinl W22 T
AR AR K AT RE SR o Wnt/B- IR R (E S H KA
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Fig3 Effect of ATO on Pinl expression in Huh7 and H22 cells
A: Immunofluorescence diagram of Huh7 cells (200 X); B: Western blotting pictures; C: Results of quantitative polymerase chain
reaction (" P<<0.01. n=3, Xx+s). ATO: Arsenic trioxide; Pinl: Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; DAPI:
4’ 6-diamidino-2-phenylindole; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Fig4 Effect of chloroquine pretreatment on expression of Pinl in Huh7 cells after ATO treatment
A: Expression of Pinl in Huh7 cells detected by Western blotting; B: Co-localization expression of LAMP1 and Pinl proteins in Huh7
cells detected by immunofluorescence (630X in the left 4 column images and 12 000X in the right 1 column image). Chloroquine
is an autophagy lysosome inhibitor. ATO: Arsenic trioxide; Pinl: Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase; DAPI: 4’,6-diamidino-2-phenylindole; LAMP1: Lysosomal-associated membrane

protein 1.
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K FRES' . 8K, Pinl 78 22 B0 M b g IRIEERI T RENE, 253 R ATO JRILM 454 Pinl 7Pk
Iz sk KRR, ,\~J;‘W?%J(?£5llﬁnf“ﬁ}:$ R 2% Y HH £, BN Pinl & HIFICE Pinl FEfE, MM
T Rkl Pinl WM AAEEUE Kras 8 Pinl ACE, HEANE K Y L fEFLIRET ATO
T i il h 2N FAEN Y 60 Z R E AT A R e R DRI I 6] Pinl 3k, BHT B- iR
K1 30 Z2 R A R4 s i & A= 1 L B & SEVRAR, MR FUIRE AR A K ARWFSe g
B, FR Pind 17N IR A e BE ARk, HOA FEYITEIAY T, ATO X Pinl 7R H FUKFE A
E‘fﬁﬁft?% T RBFSE AT R, Pinl TEITE PHIWER, Hamid RNA U2 = 908 & 38 ATO

I BEFRIK, WA ATO B#AK Pinl ZEMURE 4R A3 403 Pinl ATHES Wnt/B- iEA Z I EAT C.



WEEERFFER 202444 H, 45 % o 439 o

PB

%]

ATO

Pinl

Ki-67

‘ y I A Tl - B

5 ATO X} H22 4HR8 R T/ N RAFEE K EMIEHE LA Pinl 1 Ki-67 FRiXHIF200

Fig5 Effects of ATO on hepatocellular carcinoma growth and Pinl and Ki-67 expression in tumor tissue of H22 cell

subcutaneous tumor-bearing mice

A: Therapeutic effect of ATO on tumor growth; B: Hepatocellular carcinoma pathology detected by hematoxylin-eosin staining;

C: Expres

sion of Pinl and Ki-67 in tumor tissue detected by immunohistochemical staining. ATO: Arsenic trioxide; Pinl: Peptidyl-

prolyl cis-trans isomerase NIMA-interacting 1; PBS: Phosphate-buffered saline.
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Fig 6 Effects of ATO treatment and inhibiting Pinl expression on Wnt/B-catenin pathway in hepatocellular carcinoma cells

A: Gene set enrichment analysis results showed that Wnt/B-catenin pathway-related genes were significantly enriched in H22 cells

after ATO

treatment; B: The effect of ATO on B-catenin expression in Huh7 cells detected by Western blotting; C: The effect of PIN1-3

on B-catenin expression in Huh7 cells detected by Western blotting; D: The effect of PIN1-3 on B-catenin transcriptional level in

Huh7 cells detected by quantitative polymerase chain reaction (n=3, x*s). PIN1-3, also known as sulfopin, is an inhibitor of Pinl.

ATO: Arsenic trioxide; Pinl: Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; PBS: Phosphate-buffered saline; KEGG: Kyoto

Encyclopedia of Genes and Genomes.
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