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WE 2 E4FR &G #36(ubiquitin specific peptidase 36, USP36)52 v USP364 A % A4 ¢4 &
ZAAE Y X, il khega L2 H ISR Ra Raa e i fe, £l
SHHT. KAMEMAmLE R RIEETEAER, o L ERTE T 6 aeFE A i R E.
A58 i & W43 8 5 AT USP36 42 I 40 it 7% (hepatocellular carcinoma, HCC) ¥ #9 & X K-F A H 5
& RFRJE 8 % & . MIEUSP364 B 3T & A Fo gk AK 69 HepG2 5 Huh 7AT % 28 JL Ak, 2 3| £EGF B F =
TNF-aE F 38 A0 T3 ATmIeg i, 4. 12 2R B T4 % 36 v9 F A48 J 2 ik (MTTi%).
N E A (Transwel iEA%). RJRFE . AKX @ICRBSRAL A 3mA7iLiR(TUNEL)]. @& &G i £&
PP it 7% (Western blot) s 47 F Bt R 4 B-8% ) (Caspase-8% €1). F LA F Ik K AB5-8% & (Cleaved-
Caspase-8%& &) F A K-, 4R E7: USP36EHCCAL T 25 54k, AL ZHEALE S H 0984k
& 5% (0S). it R A G H(PFS). Kk A A4 H(DES) = £ B & 4 4 EA(RFS)¥H £ it k. ¥k
B, USP3635 1R id & 12 40 £EGF A F 5 TNF-a B F #)% T, Caspase-8. %% & /K-F 23 A, (27EH
ACleaved-Caspase-8%& &) T4, Flf afindgsh . £ 5422480 ik, mATKF R TR, 4R,
USP3635 %20 & I it Caspase-8 % & 4 1&. Cleaved-Caspase-8%k A & EFf, Hémfedgsh. A fiz
ZHEAMEG, AT KFRI. B, USP36id iL44 & Caspase-8, 37 H| 41 R 1 B = F A2 3t AY 78 40 L o
Wik EAERR, AR AEHCCH R A 5 X Rt ZARIIBE R . USP36H 2 A M #1697 495 12
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Ubiquitin-Specific Peptidase 36 Suppresses Apoptosis in Hepatocellular

Carcinoma by Stabilizing Caspase-8
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Abstract USP36 (ubiquitin-specific peptidase 36), a key deubiquitinating enzyme encoded by the USP36
gene, modulates protein stability and function by removing ubiquitin modifications. It plays crucial roles in intracel-

lular signal transduction, protein degradation, and cell cycle regulation. However, its functions and mechanisms in
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HCC (hepatocellular carcinoma) remain largely elusive. This study first investigated the expression levels of USP36
in HCC and their correlation with clinical prognosis using bioinformatic analysis. Subsequently, this article estab-
lished USP36-overexpressing and knockdown HepG2 and Huh7 HCC cell lines. A series of in vitro assays, includ-
ing MTT, Transwell, wound healing, flow cytometry, and TUNEL, were performed to evaluate cell proliferation,
migration, invasion, and apoptosis under stimulation with EGF and TNF-a. The protein expression levels of total
Caspase-8 and its activated form, Cleaved-Caspase-8, were analyzed by Western blot. These results revealed that
USP36 was significantly upregulated in HCC tissues. Furthermore, high USP36 expression was negatively corre-
lated with OS (overall survival), PFS (progression-free survival), DFS (disease-free survival), and RFS (recurrence-
free survival) in patients with HCC. In vitro, upon stimulation with EGF and TNF-a, overexpression of USP36 led
to a significant increase in total Caspase-8 protein levels but a decrease in its active form, Cleaved-Caspase-8. Con-
currently, USP36 overexpression enhanced cell proliferation, migration, and invasion, while substantially inhibiting
apoptosis. Conversely, knockdown of USP36 resulted in decreased total Caspase-8, increased Cleaved-Caspase-8
expression, attenuated cell proliferation, migration, and invasion, and promoted apoptosis. In conclusion, these
findings suggest that USP36 exerts a pro-tumorigenic role in the development and progression of HCC. Mechanisti-
cally, USP36 stabilizes Caspase-8, thereby inhibiting extrinsic apoptosis and promoting the proliferation, migration,

and invasion of tumor cells. These findings highlight USP36 as a promising potential therapeutic target for HCC

treatment.
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BOE M, RHR RS A A s e X — O R AR
& VE SIS i R Z R AHIE A
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UNZRER/ O VNSRSt R el R B i o 1
USP365 H, Ml AT B2 B, fEfs V)%
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Ae /1. [FFE, 7545 LY (colorectal cancer, CRC)
Hr, USP36A B T4 i 40k, SBUMRE
RIFMBEMIT 2500, thsh, fE 3L+, USP36/E



Bh AR 2 3URR S I AR 1 B3 61 4% Caspase- 8401l i 240 i 7 T 1879

V92 Warburg U, S e 40 i A A -5 16 5 = AR o
B M, FEHCCH, USP36-5 % 4 4 i 3= 1 & e
PER A S5 TR REY], X 3 W H B VE7E IR 9%
7 R FEAER U1, SR1T, USP36X%) Caspase-8 HI1E H
WA . R T, AW AE T USP36, it i
K8 R I RN i 263k USP3 611 FFe 40 B ik, #RH HLAE
EGF/EGFR{E I F IR 15 & TNF-afie 8 12 ME K385 K
oF 3 A L ) T AR S e, R AT R0 AL

1 HHFS A
1.1 UALCANZ#EEE. GEPIA2X kmplotfE4k 53 4f

HF UALCANTE 26 54 = (http://ualcan.path.
uab.edu) 73 AT FEHE T 2 RA i 5 A 2 ) 1 2k PR 5
AR, DR I8 S B Im PR 2 0 8 B 27 40 2 5%
Il PRAFAE 5 25 PR 38 7K1 (R AH G 1% .- FI A GEPIA2
JekmplotfE £k 73 At T. 5., K Kaplan-MeierE 7 Hh £
5 Log-rank #3536, XA [7] 38 7K~ 41 18] 1 A2 A7 22 S
T LAVEAl
1.2 MRS EREN

AHIE T 1% N 48 i % HepG2 A1 Huh7, Tl H
BB A M S A TARBE TR . AMOAE S 10%
JiG 2 If1L37 (fetal bovine serum, FBS, Gibco, £[H ). 1%
H 5 7855 2 (penicillin-streptomycin, Gibco, 3¢ [E) [
DMEM#4 774 (Gibeo, 36 H ) 15577, SR E 137 °C.
5% CO:ffE IR T TR A P 4k 235 57 . AL NEGF I
TNF-a4 ) 5 MCE 2 7] (MedChemExpress, 52 [H).
1.3 USP36i3FiESRURME

A G Hh A H IR JH- e 40 g Ak Hep G2 A1 Huh7 73
AT T USP36WIE RIZ MR, BRRT%S
HRIRATTZ AT A A 2T
1.4 Western blot53#ft

HepG2 1 Huh7 W Bh 4L, 7379 340« % R4
USP36igJk4H . USP36it ik . ik sy 4 FEmt b
234 EGF(100 ng/mL). TNF-o(5 ng/mL) 25 X1
BEAT T 1196 he 4EM0RLE S, FH BCATLIE 8 HK
%, FEHEM (30 ng)lid 10% SDS-PAGEH K7
Ba, B PVDEE b FH 5%BI G Wk 7
i NAFEE A1 h, SR )E R R % — Pt [(GAPDH,
Caspase-8. Cleaved-Caspase-82& 1), i Bt LL 45 A
1:1 0001 & T4 °CRI ALK K, & _H
FELLAGI A 1:5 000) H BRI S AL P9 1 (horseradish

peroxidase, HRP)bricJ&, T2 iR F#FE 1 he LML
K12 (electrochemiluminescence, ECL) KA M & H
FIENEHL, B EFRIEE HLH B B ChemiDoc # 4t
F Ltk

1.5 “ApEIE5E SIS ——MTTEE & 554050 (methyl-
thiazolyldiphenyl-tetrazolium bromide assay)

HepG2 1 Huh7 W Fh AL, 5329 340 % R 4H .
USP36i8#H . USP36iE3IAH . ik o 2H Al
7y A4 EGF(100 ng/mL). TNF-a(5 ng/mL) 25 A1
AT 796 ho K5 HepG2F1Huh740 g 43 7 £ 5 T 96
UM R, B A 5x10%/4L. AN ® 6 NESL, o
BTG TR0 R 5258 REFLINA20 uLECLF (IMTT
W (5 mg/mL), BT 37 )CE - 461 E 4 ho BRs %
B, THRILFEI 100 L) DMSO, i %
10~20 min. £ (045 5 52 VR 5, 18 B bR
ACFFE 52 490 nm R K, X6 34 FL IR IR BE (R4 7
SE o AHMTE ST 23 PO AR T (S5 2H IR IO R Uk
2577 A RO B ) B DL O HE L R RO P2 A ik 25
T HHAPROCTEE), FIRLA100% .

1.6 XIJRSE55(wound healing assay)

HepG2 1 Huh7 W Bh 4L, 7379 340« % R4
USP36i 2 . USP36id Rk . bk sy 4 5L 1
234 EGF(100 ng/mL). TNF-o(5 ng/mL) 25 X1
BT P96 ho HU6FLANAER TR, 5 B S
o) it SRR 2k, BESAREZRIAIEE 0.5 cm. K% 4H
S LAREAL 5 105 R %5 BE AT HE R, Ao 4t IR
fLfE, ARG S B R TR AR FLR I3
SIME LR . F PBSZEMUT 4l BE B 39k, BhR T~
I am e 25 o DN TC I35 B 7R B E d AT s 9%, T
24 W BE IR EE R I,

1.7 Transwell3£&

HepG2F1 Huh7 B AP 4i i, 43 340 X RR4H .
USP36rsifi 2l USP363t ikl . iy 4l 3t b
434 EGF(100 ng/mL). TNF-o(5 ng/mL) 25 X+
BEAT 96 ho ¥ Transwell/N=5 B T 24 7L 55 754K
W, 78 BN, REFLIIAE S 10%), B 5 B
T37 °C. 5% CO:MHEFRF 1 EEF724 he H55, AR
At B ERZ MR, P 4%2 5% % (parafor-
maldehyde, PFA)Z i [ € 10 min, 2 J5 1R IF 51t
TR T =M. RT3,

1.8 RN ARE AT
HepG2H HUH7 PR A A, 7 320« X HE2H L
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USP36m k4. USP36it FKIAM . bk sy 4 At
434 EGF(100 ng/mL). TNF-a(5 ng/mL) 2F# [
FHREAT T 1196 ho BT X HA KR A0 F 2] 6
FULAR B, AL TAEARFR 2 mL, Befha o1l
1.2x 1020 A . 2 BT T 1 53 2H A 348 56 4] B2 [R] 5
WCEEZM A, P T0A () PBSYEE: 20K, K 4 v Ji 1 %
N 1x109mL. %[ Annexin V-FITCi W $531E, F
1 h P FH AL A (SRS I A B ) T2 . SR IEAT 3K
1.9 R eESNET

HepG2H Huh 7 Fh4f L, 739 340« % R4
USP36i i USP36iERIEM . ikl Eah -
43 W% EGF(100 ng/mL). TNF-a(5 ng/mL) 2FfX 7
HHAT 96 ho S Jor H i P I 55 35 7 O,
SR LA 60%~70% [T 40 2 FE EAT PR, 75 48 fifa g 2
Z a5 mnZiER 96 h. Z9W1E I I G ¥ RS 3=
i, BE S EREAFLHINAN 1~2 mLTS A E1H) 4%
PFA, =i 2 30 min/5 Bk, 7 H PBSIEE 11K,
RS min. =40 LA4% I 2 5 H RS R [ 52, iE AL
ZJa, F DAPIMAZ IR HEAT e, 5 Bh 98 WAk aioxt
R TS 2 T LLZ I
1.10 Zitoth

B S 2 /0 A 30, Al Y ME thn itk 2
(ets) R am . LA ELE BT, A ST R AR o6 56 5%
F B 7 2501 (One-Way ANOVA), P<0.05814
H4 it L. HGraphPad Prism 5.0 T4 1
3T

2 R
2.1 USP36EERtRE+FERIE, BS5MERIFER
GEES

Ptz HAYME B 0T 1ERAR 5T USP361E T
i LA PR e S BUG (B . ATTE i UALCAN
H¥& 4E (http://ualcan.path.uab.edu/analysis.html) 7 47
USP361E 1E A 235 J5 R P s v () 223K 15 00
WE PR, 5IEF S, FHEA ST USP363%
EEEEHEIARMEB). [FHE, USP36/3iEK
PSR 5 e S ) PR T2 1 (& 1C) Je HCCf
T B 5 0 2 (K] 1D) Rk e Al — B 2 3 .
TV I USP363%IE e = X, FATTRH Ka-
plan-Meier#z il AE A7 th 2% . F1]FHH GEPIA2(http://gepia2.
cancer-pku.cn)Xf TCGAFI GTEx ¥ & 1) B s k4T
AR T, RIW USP3 61 221 20 i i o 1) e AR A7

# (overall survival, OS)& ZFL LKA (HR=1.7,
P<0.005)(Kl 1E), [FIB}JCH 417 % (disease-free
survival, DFS) & KL TIKEE 4 (HR=1.7, P<0.005)
(Kl 1F). 1 Kaplan-Meier Plotter(https://kmplot.com/
analysis/)fEZE T B0, KL USP36=3RIEH EH
1Tt e A2 47 2 (progression-free survival, PFS) . 3
K TR F L4 (HR=1.92, P<0.005)( 1G), LE KL
172 (recurrence free survival, RFS) i F K Tk KL
2 (HR=1.65, P<0.05)(F 1H), XebsE R IR USP36
e MARRUG R 2, $278 USP36{ERT R4 2
meik, HS5WEARRA K.
2.2 USP36#HupG2FfHuh74R i Ay 1838, 1T
iR

N TR USP36/E T4 g il . iR iR 28
RV, FRATTR 22 i g ) A8 € 1 2 A A1
USP36[JHupG2 fTHuh 741 f bR (1% 25 S & & )1, IF
TEANFR A R 3T T 40H 5000 . RATE I 7
VS IMEGF A TNF-0uiX P9 DA 5 HEAT R, B 7RS4
i JRE T A 5 v AN R AR ) RS, o EGF/EGFR
TS AT . TR EE VA E, T TNF-a
T 25 5 1 5 98 i S DL AT AN BRI T2 0 3B R X P A AL
BRATEE S T 47 My 4R 2 USP367E A [6) foEA 15 4 3 R
X R B R R B EAE R . 5, MTTSR5
S5 R (F2AME2B) o, S50 M AH UL, USP36
it 275 40 1 Hep G2 A1 Huh 740 il /£ EGF AT TNF-of]
WON, 4HRE 77 5 3E N, T USP3 6K 25 44 M 3
J10A B AR, R W] USP36 /)L F A3k 1 e 4m e
(5, ORI TG . AR VP AN T R AR 2
i, Transwell/NZ (& 2CHIE 2E) 45 R 2o~ , USP36
Tk 2 35 2H 4 £ EGF A TNF-aff B R, TR fg
YR T R A W SR BN A S AL RS R . [
FEHL, KR S256 (B 2GR E 2D WAESE T M R A,
USP361t B4 A B 7E 24 hJE 2 3% Ik 1 RIJR
() PG, T o R 2EL P 200 PRI A T 52 B BH R A o 3X
SR PR R, USP36i I 4% T 40 M iR 39 G L 3T
FFMR 28, 15 1R AR5 R S AR R S 3 DG A
A, 31X 2R B AR AR T A B I R L Y
2.3 USP36iF#=HupG2F1Huh 740 R AT

EGF/EGFRf5 5 f#lid i J#0% Ras/Raf/MEK/ERK
M PI3K/AKSHAF 510 6, e 2 i 8 4 i 1) 38 8 A A7
%19, 7 TNF-o U] i TRADD-FADD-Caspase-8i& 1%
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(A) Expression of USP36 in LIHC based on sample types
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A: UALCANKLH54E 70 Hr, USP364E IE & ATZHAUS Ji R AR T h IR IS 1 005 B: CPTACHU 4270 HT IE 5 AT AL 415 AT A 21 h USP36 ) 8 1%
1% 7 5 (http://ualcan.path.uab.edu/analysis.html); C D: USP36[13%35 55 s T 43 HHIKIAH I 14:(C) JLUSP36 /¥ 234 15 il J8d i B2 43 2 (1 AH DG (D);
E~H: Kaplan-Meier £ £7 i 28 20 Hr 22 B, USP36MIR ik 5 AL HIOS(E). Tk EZWIDFS(F). JCilt & A7 WIPFS(G) [ TC B % A= A WIRFS(H)
SR, ##P<0.01, *#**P<0.001, 5 IEH AL, n=3.
A: analysis of the UALCAN, database showing USP36 expression in primary HCC (hepatocellular carcinoma) tissues and normal liver tissues; B:
differential protein expression of USP36 in HCC and normal liver tissues based on the CPTAC database; C,D: correlation analysis between USP36
expression and clinical-pathological features, including tumor T stage (C) and pathological grade (D), using the UALCAN dataset. E-H: Kaplan-Meier
survival analysis demonstrating the negative correlation between USP36 expression and patient prognosis; USP36 expression was negatively correlated
with OS (overall survival) (E), DFS (disease-free survival) (F), PFS (progression-free survival) (G), and RFS (recurrence-free survival) (H). **P<0.01,
*#%P<0.001 compared with the normal group. n=3.

E1 USP36IERTEFRIRIESTHE ST

Fig.1 Expression and prognostic analysis of USP36 in hepatocellular carcinoma
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Fig.2 USP36 promotes the proliferation and migration of hepatocellular carcinoma cells
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A. B: fEEGFAITNF-oll 1 T, MTTSE KA M Hep G241 (B A) K Huh 741 i (BEIB) e X6 R 41, USP3 641 Je USP363c 3 ik 4L 41 ¥i% 775 C~F: &
EGFFITNF-ofilli# ', Transwell S50 45 0l Hep G241 g (BIC) A Huh 741 AR EIE)TE ST HZH . USP36mAR4H S USP365d ik H LR 68 /1, EIDAEF /331
Hof I CRITEIE A 58 45 By G~J: fEEGFRITNFE-ofi 3 T, R SZIAG I Hep G241 il (K1G) K Huh 74 (B E X R 2 . USP36Rifk 4 X USP363 Fik
HIRZREE T, IHAIE I3 S0 B G RITF E B a5 . 4P<0.05, 44P<0.01, 5T AL, n=3.

A,B: the viability of HepG2 (A) and Huh7 (B) cells, following transfection with USP36-knockdown (sh-USP36) or overexpression (oe-USP36) vectors,
was assessed by MTT assay after stimulation with EGF and TNF-o; C-F: the migratory capacity of HepG2 and Huh7 cells was evaluated using a Transwell
migration assay under EGF and TNF-a stimulation; representative images of migrated HepG2 (C) and Huh7 (E) cells are shown; the corresponding quan-
titative results are presented in (D) and (F); G-J: the effect of USP36 on cell migration was further examined by a wound healing assay; representative im-
ages show wound closure in HepG2 (G) and Huh7 (I) cell monolayers; the quantitative analysis of the wound closure rate is shown in (H) and (J). #P<0.05,
44P<0.01 compared with the control group. n=3.

&2 USP36{E3tATLMARTE MAEAYIEIEFNIT RS

Fig.2 USP36 promotes the proliferation and migration of hepatocellular carcinoma cells
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Fig.3 USP36 inhibits apoptosis in HepG2 and Huh7 cells
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A,C: after stimulation with EGF and TNF-a, apoptosis was assessed by two independent methods; the percentage of apoptotic cells was determined

by Annexin V/PI staining and flow cytometry in HepG2 (A) and Huh7 (C) cells; B,D: apoptosis was further confirmed by a TUNEL assay in HepG2

(B) and Huh7 (D) cells. Representative images and quantification of TUNEL-positive cells are shown. #P<0.05, #4P<0.01 compared with the control

group. n=3.
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Fig.3 USP36 inhibits apoptosis in HepG2 and Huh7 cells
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