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Abstract

Purpose: To investigate the potential mechanism of the deubiquitinating enzyme gene OTUB1 in
sorafenib resistance in hepatocellular carcinoma (HCC) and to screen potential small-molecule com-
pounds capable of downregulating OTUB1 expression. Methods: Differential expression of deubiq-
uitinating enzyme family genes was analyzed based on transcriptome data from sorafenib-resistant
and sorafenib-sensitive HCC samples. The GEPIA database was used to evaluate the expression lev-
els of differentially expressed genes in HCC tissues versus adjacent non-tumor tissues. The Kaplan-
Meier Plotter database was employed to evaluate the prognostic value of differentially expressed
genes. Further analyses, including methylation, clinicopathological features correlation analysis, and
survival prognosis, were conducted on the core gene (OTUB1). Potential compounds targeting OTUB1
were predicted via the CTD database, and molecular docking was performed to analyze their poten-
tial interactions with the OTUB1 protein. Results: A total of 20 differentially expressed deubiqui-
tinating enzyme genes were screened. Among these, 0OTUB1 was significantly overexpressed in re-
sistant samples and correlated with poor patient prognosis (p < 0.05). Ten candidate compounds
capable of targeting and downregulating OTUB1 were screened through databases, and molecular
docking suggested that SB431542 has the best docking activity with OTUB1 protein.
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1. 518

JESE T 20 SR R MR RN A PR, JRUA A A e A2 T P A B s ] i 2 21 A 1k iR e A2 4k
JiHE R AR 4 5 2 A B R IR RSB MR AR JL I . AR I — 2 B B A 9 R BE T 91 R AR AE AR
W, TS _E 45 3% TR BT AR AT 47. 19 FHR ST 6 A AL e AR BRI [1] o i A P i A L FR) Ak
SRR, BFERT R IR 1A S 39.3 Fifl, (54 BRI 50%LA b, FETR] 36.92 FifFl, AT
FEREE[2]. PSRRI e, B R 2, W LA I PRER LA A XA . RK
ME. ZJ HE, HHATTERPRE IS, M B AR SUE. IS RWHAIE T I AR
2Ja MBS IAERIEE . WA REIRA Y] B BRI R LR .

2z AR JE (sorafenib) i B AN IR 25 Sl S 750, 48 1 1 3 P e 200 6 R 8 I A 1) 22 B R TR IR
AR ARBE BRI, 2 —Fh 2 3L S PUIR 25, 2 2 T HF e 10ia 7 [2] . R ARJE A 9 2 Bl il 771
HAWE G AER . — 5 @ Raf/MEK/ERK {5 5% @ % B HAM I g A= K, 55— 5 Thi s 10
i) L5 A LA A RSO R i FR A o (O T = PR S AR (T 1 B I N B2 ZE KR AL 32 4k VEGFR,
M ANRATAE R ZE A R 5~ 52 & PDGFR Al o-KIT JEURE L PR, BELINT S8 7 26 M 26 B, TR)B3-400 o ke 4 A A=
Ko REAFRAENE I ) —Lia i 24, KA &5 BFE A 41k, FrelE WA E 25
T+ F IR AL AR ST 5P AL A2 RIS R R A IR R S AR Je I AR Huh7SR
MG, R T, TRE S ] PISK/AKL 5 T IE A R [3]. RIS KL AMD3100 m fig
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IR CA9. CXCRA 1A PR i 4 M6 28 AR JE T 2450, 39 58 28 47 3 JE ke e 40 ot £ 389 e R A2
2 AHI[4].

BT, H 4R e OF 7 X2 M HBON 2 MiUiHs R B AR e i 251 259 2 — . 2016 4%, Bruix 55
S SERR T — LS AT N BAIG ARG, BRI T AR R AR BE A Bz R h AR SR 16T 5 IR
BB E PG IRIT AL SR SR, IARRH ML KB R T 37% [5]. RIEE B2 71— NIEIR
R UL v iR =i AR TN 2 1K1 25%), 76 3 1] CELESTIAL R, S2@mMtt, Re e itm 7 i e
B IS AL BI(OS) M Te ik i AEAFIH(PFS) . WF TN SUVFAl 1 -RIEE JE AR 5B AT e 32 R AR JE RGUIRIT )
BHEPERH . HRERY], S5BFME, RESREZ REZRh AR AR 7 oS (h
fi%¥11.3vs 7.2 M H: HR=0.70, 95% ClI: 0.55~0.88) [6].

BRI AR e F RIS R AR IR T P R B AR e i 25 Hh e DL — @ T 3, HEWEF AR 2. ik
ERHH WEIE AR FRBERRN . JEZ . E7E. S8R AR RS, 5™ ) N A
FERF R i, B s fLAER S . RIEB e E WA R RN AFEIRE . 5257 BT milE. F2
FEIRINE AR SR MR REREAS R I 26 % . DL R F R, ELARZR AR R T 24 AH SR S HUAS
Tk, HETERZST A BER/NZY) . RERRB ARSI 28 8 S & F AN TG
VB BRI R L.

F:iz Z AL (Deubiquitinating enzymes, DUBs)ill it B bR Y& A LIz 28, Wi HARErE. el
Dise, Mz5 g aiEs. FRERM, BOZ 2R RE SRR RAERREVIMEER, %
Wi ELFE AN AR A . R NI AL R S B FE . DUBs H B8R I E . P40 B 5 or S A A 5 1 25 52 3]
FERG I o FERRT R, VF 22 SCBE (I i B 2 1 #5221 DUBS ¥4 . AR, DUBSs 314 74 5 g
RAZ TP DNA BB R FTS. B (5 5% PG00 )i RS 0IB K, S22t s 4 i
A RBAEF . Y5 T DUBS TE I8 U 42 0 48 Hh (i oA FH R FE D e < s g i AR 1 3k 3, B2k
g B LR 250 . B R, O 2 AN DUBS (/873 T-40 750 1E AL T B g va I 7 Bt & 1 B 7]

AR, £Z FZWEE(DUBS)ES , R A2 e yT i B 2 E F H 2 52 315 000, 2 00 748
s T RSN ANG T I 1 AL MR 5T b, B 52518 T DUBs 14338 Th g S HLAE ' 41 il (RCC)
HHE L], FEERTT TSR DUBs FJEIEYR YT SRS [8]. ¥ RAESE RIS OTU Sz R4 & &
[ 2 (OTUB2)IE i #M RNA fAs2 el 54 (RIG-1)¥G 1, i b ki 40 i i 20 1754 I (NETs) FE R DA K 45 B
Jig9e (CRC) 20 B 1A 71 A2 28 66 73[9] - Liu Xiangxiang 25487~ 1 AS 28R F S840 1425 cGAS Fae LB L,
FHEB] PRMT1-cGAS-USP7 %l I /N A fifiJee: (NSCLC) 38 75 36 97 #E 5[ 10]« Wang Wenpeng Z51iF 52 72
ZILEF JOSD2 & F e (ESCC) R A R Bl £ X EEIEM[11]. Chen Yourong 253 i ik & I
OTUD1 25 A 5% 4 5 U S0 411 B (OCSC) 414 28 9% FE 2 [12] . Wu Liang 25467~ 7 OTUD3-YY1 i@ % 7£ CRC
HHRRITIE 7D, R IR OTUD3 ZE Y YY1 i SCHAE FH[13]. ZRE LA EBEFL, DUBS i@ 4% S S L i
S R A R BKT, IRZI R AN A K 1R 28 R LU 2, R T HAE R IR R
iy 24 2 L s R BRI 7T

2. ik
21 EZREUBEENERREDN

NETE R PR 25 5dE 5 GSEL09211 (21 UK. 46 B Z5FEA). 1217 R A “limma” 4,
PAFold Change| > 1.5 H. p < 0.05 Jy2kft, iGEMY 2R A W28 BiA N 2 m RIA N . A, %
ZRRILFENE 108 A2z RAUBEEERICZEE, # € i R B aE JE Y 2540 5% 72 5 R ik 2202 KRB
(sorafenib resistance associated DUBs in liver cancer, SRADUB-LC). #t— 3 F| F] GEPIA ¥ ¥& % 4> #r
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SRADUB-LC £ /i 4 24(TCGA-LIHC) 5 5% IE & 2 h ik KF,  fiiAriE: |Fold Change| > 1.5 H
p <0.05,

2.2. SRADUB-LC BT TRE S

FIH Kaplan-Meier Plotter $#% % (https://kmplot.com/analysis/) %} SRADUB-LC #4574 4750 07, Ti)a1e
B3 e AR A7 H] OS FAF i ir PR AE A7 DSS. BARERMEN T : 75 “mRNA RNA-seq” ik #% “Start
KM Plotter for liver cancer” , 7£ “Gene Symbol” HE % NN (R [KI 44 FR, £ “Split patients by ” ARHLizk
# “Auto select best cutoff” , 7& “Survival” B &R “0S” K, HAMSELREFERAAZ; £ “Survival”
kS “DSS” If,  “Patient” L) “Sorafenib treatment” EIHEFE “treated (n=230)" , HAhSH{#
FRERAAE

2.3. REEEIEKS 5 FHHERT

1) IGARZAKRIEG: J8Id GEPIA ¥t Fe 73t X B DR 1k 5 1 &3 TNM 23 AR AH 5k

2) HARIAKAE: #T The Human Protein Atlas & UALCAN $d 2, A B SE R 7E i 41 21 5
I 55 AP BRI IKF

3) WmRAAEI M. RIBIE 34 29 42 Zhr ek Je in o7 I e S AR AP s, VP A DG s L A 1) il s
VIXIER

4) FEAL KA : M) UALCAN S48 i 73 B < 5 5 DR 78 JHHes Ao 55 2L 28 (5 3 1 R AR B
I ECIHAEAS [ JiJeg 73 3 S L 23 2 I R e ) 22 7

2.4. BEXEERMUEYITE
H1 B K4\ Comparative Toxicogenomics Database (CTD)%#i &, i1k T 1% 3 R 3k HIAL &40 -
2.5. X

IEMOCHERE A ) 10 MR F TN EY), TR SZOEREA RS 7. B4R T

1) AL M RCSB PDB il B 3K IR HE & F dn i 45K, 8 H PyMOL 2.5 #FR/K 71 A& J5
Fic A s

2) EkRLERIAL: 38iE PubChem $REUAL &4 3D 4544, #If Open Babel 3.1.1 ¥ SDF #% Rk
mol2 4% A FHAR A HL AT 5

3) XS HEE: KA AutoDock Tools 1.5.6 X2 (452 1k K FCARBAT INA. Bk, HEdn
PDBQT #&{;

4) W5 AL 2 AutoDock Vina #EAT 7 7, REREE A B HAE(AG)RIK M E &R,
ik PyMOL #EAT 25 4 AT AR AL 73 HT

2.6. SERTRAERHER B (real-time PCR)

8 TRIzol IXGRI(FE AtE4l, CWO0580S) M F=AH i 42 LS RNA, Ff8F HiFiScript gDNA (FE At
&g, CW2020M)3#E 471 4% 53¢ ) B . 7 CFX Connect S5 7€ 5t € & PCR £l & 4i(Bio-Rad) I f# Hf MagicSYBR
TR (FE N it4e, CW3008M)i#E T E & PCR (QPCR)%#T. LL GAPDH fE AN ZHEK . i 27 ~AACt %
AT mRNA FRik&E. SI%FFIWR: OTUBL-F: 5-GCAGAACCCTCTGGTGTCAG-3'; OTUBI-R:
5-TGGTCTTGCGGATGTACGAG-3'; GAPDH-F: 5-TTTTGCGTCGCCAGCC-3'; GAPDH-R:
5-ATGGAATTTGCCATGGGTGGA-3'.
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3. &R
3.1. FFERAMNIERWANEXEZTRINEBERRTGIE

HF e R AR e i 245 20 5 U I L s BB, X 108 Rz RABR R AT Z R R IE T 45
BEoR, L% 5 20 4 SRADUB-LC, 194: USP2. USP17. USP8. USP10. USP32. USP33. USP34.
USP42. USP48. USP49. USP54. OTUD7A. OTUBL. JOSD1. ZC3H12D. COPS5. PRPF8. UCHLL.
UCHL3. MPND (/4 1).

e Up o Notsig © Down

Log, (Fold Change)

Figure 1. Volcano plot of differentially expressed genes in sorafenib-resistant/sensitive liver cancer samples

1. FFERNAERMA/MBHAERFTEERNLE

3.2. SRADUB-LC s#ZLEFERTFE SI8IE

e 59 55 722 R 40 M i 7x » SRADUB-LCSRADUB-LC H11Y 6 M3 [H: USP10.USP32. USP33.USP48.
OTUB1. UCHL1 7EfT 2 B3 2= 7Rk (K 2).

o
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Figure 2. Differential expression of deubiquitinating enzyme genes in liver cancer and adjacent tissues

2. EZEZUBERAEREREESPERRTIL

3.3. #LER TR S

BT Kaplan-Meier Plotter %45 % % USP10. USP32. USP33. USP48. OTUB1. UCHL1 47T E417
M1 (0S). SR EIR, USP48. OTUBL f UCHLL ik (i) iH i A H: OS 2% F£ ik (logrank P < 0.05),
MR = AR RIE 5 N OS TE M M (1 3). DSS /i és R, e R AERIRIT T
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FER A, OTUBL mRiA 1 iHE s AL DSS 2.3 4% (logrank P < 0.05), 1] USP48 & UCHL1 |5 DSS
To R FEARINE (] 4). OTUBL ik 5 i NAEAE R & ARG DA R4S RIOR, OTUBL Ris 5 T
SR AT Az e RV M B IRAR DS, OTUBL Al fe & @ R hr A it 2 i fERE 4. DG, JRATES
OTUBL £ Ja S5 T I pi

USP10 (9100) USP32 (84669) USP33 (23032)
o o S
— HR =0.75(0.53 - 1.07) — HR =1.27(0.87 - 1.85) ] HR=1.4(0.92-2.14)
logrank P =0.11 logrank P =0.21 logrank P =0.12
0 | 0 | o0 |
S S 3
2o Ze 2
= o = o =3
<} 2 2
] ] <
S ° °
e X4 S X o <
[P a o -ol =)
t
«a ) N
< | Expression S| Expression < | Expression
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Figure 3. Prognostic analysis (Overall Survival, OS) of deubiquitinating enzyme genes in liver cancer patients
E 3. £ZRWEEEFEERTER ARG (0S) 7
OTUBI (55611) USP48 (84196) UCHLI1 (7345)
= oM HR =7.81 (0.98 - 62.23) 21+ HR =2.06 (0.69 - 6.16) 21+ HR =0.54 (0.18 - 1.63)
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S) i < i S) i
o._ T hlghI T T T d_ T hlgh\ T T T o._ T hlgh\ T T T
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Number at risk Time (months) Number at risk Time (months) Number at risk Time (months)
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Figure 4. Prognostic analysis (Disease-Specific Survival, DSS) of deubiquitinating enzyme genes in liver cancer patients
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3.4. OTUBL BG4 574

5, BATFIH GEPIA HdE /3 Hr T OTUBL 31k 55 i £ 38 11 AR 20 3 R A Ok« 25 SRR B, OTUBL
(K285 7K 75 B g 40 90 38 25 A 96 (14 5(a)) . #E—25, i3 THE HUMAN PROTEIN ATLAS %4k 1 UAL-
CAN ##5 PEXT OTUBL & I RIA I 40 M o, 288 7R s 2 23 rp i) 20 X 25 v T 55 2L 2R (1 5(b),
5(c)), 53 mRNA Rkt —8. BiJE, NIRA OTUBL #EAFE R Ris M RN, BATEAT TR H E3)
THEM . GRER, SESHSML, RS OTUBL B3l T H A KCTF B E R 6),
AT B 5 i 23 0 5 23 R O (1] 6(D)), 47 R B IR FR B L T e /2 OTUBL fEHm 4t RIA
FWREEZ —.

Protein expression of OTUBI in Hepatocellular carcinoma

F value =2.95 207 M High 35
Pr (>F) =0.0329

W Medium

w

M Low

Obhe Xiigg: = =

Numbers
=

Z-value
(=]

[

3
() f—— Normal (n = 165) Primary tumor (n = 165)
Normal ~ Tumor
CPTAC samples

Stagel  Stagell StageIll  Stage IV

Figure 5. Correlation between OTUBL expression and liver cancer progression. (a) Correlation between OTUB1 expression
and pathological staging of HCC; (b), (c) Expression of OTUBL1 protein in liver cancer and adjacent tissues
& 5. OTUBL RiAS5HHRIARMEXM I . (a) OTUBL RiIXASHTRRIENHARIMERME; (b), () OTUBL EAERER

REEAAhHRIL
a b
Promoter methylation level of OTUB1 in LIHC Promoter methylation level of OTUB1 in LIHC
14 15
0.9+ T 0.9 - = - .
o 0.5 i o 084 - : i
3 = 3 == a
= 0.7 = 0.7 :
o] ! 3 : :
2 0.6 ; 4 0.6 £ ; g
0.5 0.5 £ 4 +
0.4 0.4
Normal Primary tumor Normal Gradel Grade2 Grade3 Grade4
(n=50) (n=377) (n=50) ®=55)  (=180) (n=124)  (n=13)
TCGA samples TCGA samples

Figure 6. Analysis of OTUBL1 gene promoter methylation. (a) Methylation analysis of OTUBL in liver cancer and adjacent
tissues; (b) Methylation analysis of OTUBL at different stages of liver cancer
6.0TUBL £FEBaIFREMNTH. (2) OTUBL TERFEREZMREILSHT; (b) OTUBL ZERFERRE S HAREREL

S

3.5. OTUB1 FEFFEZE N IE B 25 58U 4aka rh B9 3RIX I8 iE

R TP HIR OTUBL 5B R K AR By 25 196 &, FATid it RT-PCR A&l 1 FLAE MU AN il (HepG2)
JeZ A AR JE T 245 40 il (HepG2-SR) H [ ik o 45 B IR, OTUBL E R AF JE i 24 ATy 4 ffa v 1) 2234 8 3 v
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TR 7).

2.0 p =0.016

1.5 l

1.0

0.5

Normalized to control

0.0- T

HepG2 HepG2-SR

Figure 7. OTUBL is significantly highly expressed in sorafenib-resistant hepatocellular carcinoma cells
& 7. OTUBL B&SFA T ERRIE BT 540

3.6. OTUB1 HE{EA L &PTFiE
M 5 B4 1 CTD #dE ZE il <8 OTUBL HIAk&4, W#k 1 s,

Table 1. Ten compounds that downregulate OTUB1
% 1. TV OTUBL K 10 ™ML &4

Compound Interaction
2,2',4,4'-tetrabromodipheny| ether results in decreased expression of OTUBL protein

4-(5-benzo(1,3)dioxol-5-yl-4-pyridin-2-yl-1H-imidazol-2-yl)benzamide results in decreased expression of OTUB1 mRNA

Amitrole results in decreased expression of OTUB1 mRNA
beta-lapachone results in decreased expression of OTUB1 mRNA
Curcumin results in decreased expression of OTUB1 mRNA
Diquat results in decreased expression of OTUBL protein
Diuron results in decreased expression of OTUB1 mRNA
epoxiconazole results in decreased expression of OTUB1 mRNA
Isoproterenol results in decreased expression of OTUB1 mRNA
Methimazole results in decreased expression of OTUB1 mRNA

37. T

AT 58I oy et — B 17 10 MEE Y S OTUBL 2 A A BEAEH (14 8). 4R ER: 4-(5-
benzo(1,3)dioxol-5-yl-4-pyridin-2-yl-1H-imidazol-2-yl)benzamide . beta-lapachone #1 epoxiconazole 3 5
OTUBL & H B R iFrxtfeibiE, Hrh 4-(5-benzo(1,3)dioxol-5-yl-4-pyridin-2-yl-1H-imidazol-2-yl)benzamide
5 OTUBL tEH IS A RERAR, W& R 9).
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Compound Min.Energyl|Min.Energy2|(Min.Energy3| A{E
4-(5-benzo(1,3)dioxol-5-yl-4-pyridin-2-yl-1H-imidazol-2-yl)benzamide -6.576 -6.481 -6.493 -6.517
beta-lapachone -6.104 -6.113 -6.095 -6.104
epoxiconazole -5.63 -5.636 -5.702 -5.656
Isoproterenol -5.552 -5.698 -5.625 -5.625
Curcumin -5.684 -5.512 -5.674 -5.623

Diquat -5.178 -5.165 -5.193 -5.179
2,2',4,4'-tetrabromodiphenyl ether -4.781 -5.115 -4.839 -4.912
Diuron -4.699 -4.7 -4.676 -4.692

Amitrole -3.916 -3.906 -3.912 -3.911
Methimazole -3.293 -3.365 -3.283 -3.314

Figure 8. Molecular docking results of 10 compounds with OTUB1
8. 10 MrEWS OTUBL A FXHELER

Lys
Lys Gl A:271
A:256 A:110 VAL
A:229
GLU SER GLN s TYR
— A:110. A28 A225 4258 A:258

" i SER

\ K A230 oy

A:256

oA

A:224 PRO

P N
VAL A:228

ARG A:229

b GLU o

PRO A254
A250 ALA

A:103

Interactions Interactions | .

m Conventional Hydrogen Bond = Pi-Anion 3 Carbon Hydrogen Bond = Amide-Pi Stacked nteractions

S Carbon Hydrogen Bond et = Pi-Anion 3 Alkyl 3 Carbon Hydrogen Bond =1 Pi-Alkyl
Pi-Cation Pi-Alkyl Pi-Donor Hydrogen Bond 9 Pi-Alkyl = Alkyl

Figure 9. Schematic diagram of molecular docking between the top 3 compounds and OTUB1
B 9. 713 BEHYS OTUBL A FXHERERE

4. g

2 & - HANARG0E BN & AR AR TR L AL, 8 RAB WA TR B A R AR,
Z 5 FE . T ke . 2572 K 1Ll (Deubiquitinating Enzymes, DUBS) Ui it ¥ 4472 & Akt
FRYERFEE S AR E M. WEUREA, DUBs (5 # i rl e ik s & 2B R JE R i 24[14]. H AT, DUBSs 7E
JFFeE 28 AR JE i 24 R AE AR R e i o ARG AEYE B 500 TR, ik B & 38 e
ZIFHRN) 20 AN ZESRIL DUBs . 6 MZOEER K 1 MNOCEEEER(OTUBL), JRfEH 10 Al i
OTUBL HIETELAY -

AR Xz FAEEER OTUBL TEMR & AR R R R vp R ¥ 5 AR . S5 SS R LA
JH 20 (HCC) Rk Fh sy, SR RPERE B A R UG AHOC, FRilid Fa e RACKL 25 0T PISK/AKT
J FAK/ERK {5 5B BR A2 1k HCC 48758 15 7 F5 [15] o 558 7= S510F 9275 1 DEAG (ART) il 40k 1L-6/STAT3
fHF50/> OTUBL #3 K H AT SLCTALL Xz &AL, MIMi% T o0 @42k FET-[16]. Lin G 254
OTUBL %78 M4l B W (CRC)BRBE T (P B4 5 (R -, Himidfa e GPX4 KIE/EHA, #EH OTUBL-GPX4
A TR Z5[17]. Zhu Y 2500 R B2 i@ T iH OTUBL FRIAE#E TGFBL [4f#, #i%] TGFB1/VEGF
RS 40 AR 22 RN AR B, AT 45 i ie [ 18] SRTMT,  H A MR IRIE OTUBL 7E AT R AR e i 24
WA A B A S/ E R A UL & . AR OTUBL fEfPE R AL EAFHREEER T
TBURREAS, HL Ik 5 P A0 0 2 B ARG, KRk OTUBL T % N 2 24k B 197 5 OS M
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DSS & T OTUBL ik R A . X a4t gt R OTUBL 2 i &R AR JE i 24584 5. {H Kaplan-
Meier Plotter 45 & HF AN W s 1 29 42 R A AR e i a7 IR N, /NFEA IR AE A I AT AR AE — 2 IR BR
PE,  ARR TR RIG R AR & T 50 kil — P IHIE .

BT CTD #¥a e dr, AL 10 Mg &Y, 2 IURSZEFRE 1 El1x OTUBL RKIiAH)
TiEYER . Sheller-Miller S 2558, {#iff] PBDE 4hbFH /L A GELAMER 24 /NG, TARA ST R
OTUB1 & A &3 Nifi[19]. Vaibhav S ZEWF 7R, NOG A S5 H KR £ R WHES; SB431542 JLALHE ]
F#{k OTUBL mRNA #i4[20]. Ramhgj L S5 220 11K G B g T~ IR i 4604 20 401 o 70 R 2588 R e sl 2
P2 16 K, RNA I 275 OTUBL ik Fif[21]. Zhao L %5/ p-hiMARRALFE N S5 0@ 40, RNA-
seq 70 M & B HE SR SET 3 N OTUBL mRNA [22]. Erzurumlu Y 45 FH 35 85 25 kb 3R 51 s 40 . 48 /)
W J5, qRT-PCR A2l 78 OTUBL mRNA /K- 5 3 B {IK[23]. Zhang %5 FHRC ERACH/INER, B ZH 28R 15
oM R~ OTUBL & (B R N iA[24]. Pierre A %5 Ak L& AR AR #8720 miRNA £IAJE
[5G CD8 + T 4H &1, kB OTUBL mRNA Fif[25]. Ludovic C L &fd 24 i K H G A K I 2 5 T304
FMe, S BoRJE 18 OTUBL mRNA Rif[26]. Cristi G Z5iE BB R A T/ AEA S LIRER 10
K, KRIL = OTUBL mRNA ik Fif[27].

RS E R, 76 LR TFIR LAY, SB431542 4 Tl v 4E ] OTUBL 58 X i% # . Vaibhav
S HRIRE T R B A2 1 OTUBL MRNA [20]. 27Xt it — 2 IR, SB431542 5 OTUBL &
H R A AR EEE((H X OTUBL & & M I B B2 M v 75 SR 50 36 1UE) . SB431542 & —Fl i 2 H.i%k
PEPEM ALKS (ICs0 =94 nM) J2 TGF-p SZARINHI7] . 4T TGF-p 15 5 1M B 78 FF AT Ao A4 A e & A R i i)
HIEMERH, HRHE5HREVIEG: SEEM A RR LHPP = nl@ i #uE TGF-p/Smad3 {55 34 Il 4
JPE T I INE A AT 4EMh[28] . TR PSR TGF-AR Hiil 77 vl Hir [R1 45 5% 2 g4 e X Ht HCC ¥ AR 5 ik 42
Jp R AR F29]. 5K 7R TGF-4 155 M1 Hippo 155 HhA1E S CYR61 ik, HEim 0T 2 R4 i
(HSC)iE b F1 HSC i SRR A= L IR 512 78([30]. X 28R B NIR AT 78 SB431542 iEid % TGF-p 15
S & OTUBL ik 78 e 555 IR $2 it 1 BB A

5. &

g5 LRTR, A0 FUE A G B IE S o T EERR, WP HROR 252 AU OTUBL & e &R
AR R 25 (S di s 3L ), [R)INHI% i AL &) SB431542 fE R 2 T i OTUBL mRNA ik -] TGF-
pAETEE, FREDIRR SB4A31542 B AL ¥E [FiZ M B, N IR AR e i 25 3R (it — Fh B A i 16T 5K
s, {EfFH—SRE.

ELmEB
TR 2E R A A AL I 2R 1R T0 H (S202410593459)
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