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EHES 5404 1% & 4F & @ BE9X (ubiquitin-specific protease 9X, USPIX)xt AT & (pri-
mary hepatocellular carcinoma, HCC)#a i SMMC772142HepG2 P #% 40 it & A 5% -1 (myeloid cell leuke-
mia-1, Mcl-1)%& @ 49 & LB 45 Bt s e f = Aok K& ) 69350, 345 AUSPIX-siRNALL F» 1A 14
St BRNCLE ) 4 AT 547 . IVIVWestern blot3 K 4 % 4 MUSPOX A AT & 48 It SMMC7721. HepG2
Fa SE AT a0 JEARLO2 ¥ 49 & & A A L, B2 1K 5 A A USPIX-siRNA%E 4 A % 40 JESMMC7721
F2HepG2, i it Western blot. 7 X, @ MxﬁnMTT#&vﬁv |4 4 A7 5 Mcl-149 & @ &L £ F VA B 4a o A
A KE T, R K, USPOXAER & 40 e SMMC7721 4 HepG2 ¥ #9 % & £ kKT 3 & F
I 48 JRL02(¢=15.155, P=0.000; t=9.171, P=0.001); SMMC77214=HepG2 48 it % 37 4| USPIX 4t
B 2 FiAMcl-169 % @ &L, F-F 3 A ﬁiﬁ@i]nﬁwi K& HBEAK, 87, R mISMMCT7214=
HepG2 " USPIX & A £ #8; USPOX & A MK T 4818 12 T AMcl-149 & & & A 3t M if 5 AN & @ e
SMMC7721#2HepG2449 /8 1=
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Low Expression of USP9X Promoted Apoptosis of Hepatoma
Cells Through Mcl-1 Down-regulation

Hu Huiwen', Tang Chengyong?, Jiang Qinghu', Luo Wei', Liu Jiming', Wei Xufu', Liu Rui', Wu Zhongjun'*
(‘Department of Hepatobiliary Surgery, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China;
“Department of Clinical Pharmacology, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract  In this paper, we investigated the regulation of inhibiting ubiquitin-specific protease 9X (USP9X)
on myeloid cell leukemia-1 (Mcl-1) protein expression and its effect on apoptosis and viability of human hepatocel-
lular carcinoma (HCC) cells SMMC7721 and HepG2. There were two groups in the study, USP9X-siRNA group
and NC group. The protein expression of USP9X was detected in SMMC7721, HepG2 and normal human liver cell
line LO2. SMMC7721 and HepG2 cells were infected with USP9X-siRNA, and cell apoptosis and cell growth vi-
ability were analyzed by flow cytometry and MTT. Mcl-1, a potential target of USP9X, was detected by Western
blot. We found that the protein expressions of USP9X in SMMC7721 and HepG2 were both higher than that in L02
(z=15.155, P=0.000; 7=9.171, P=0.001). Inhibiting expression of USP9X in SMMC7721 and HepG2 cells obviously
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suppressed Mcl-1 protein expression as well as increased cell apoptosis and decreased cell viability. These results

suggested that expression of USP9X was upregulated in hepatoma cells SMMC7721 and HepG2, and inhibiting

USP9X might induce cell apoptosis in hepatocellular carcinoma cells SMMC7721 and HepG2 by down-regulating

Mcl-1 protein expression.
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Jik 4 40 i BT 96 (hepatocellular carcinoma,
HCC)/2 3 H H WL B 1 e 2 —, ROm R BB
R, mEKEREZ-DERNZHR. £
AR AR, DR, TR N T R A P
AR THLRBAF U EE ., TR, =2
Z 5 57 M & F EE9X (ubiquitin-specific protease 9X,
USPOX) 8L 2572 22 A0SR H 9 oK 52 M firk 6 441
. FMAE ST, EMREEREERN R
—, RO MEARENE. SERRE. R
T& 1 LA 2 ¥ s i 42 55 7 ThD #8 B A 2 10 /R I
H RTRE U B, USPOXAEM L . 4 fde . T A
FU M e b ik A, M USPOX AT 1 1 47 B 4
J 1 11975 -1 (myeloid cell leukemia-1, Mcl-1)25 117
T 4 R R B0 Mel-12 R T A £
H, T AR R b s R A T & 2 R . Mel-14E
IR Tt Rk, Hm Rk S A R A R A T
KU HHT, USPIXS i R AL K R 1 56 & i A
T, NS0 T IR U S POXTE -8 41 A R I I
A R RIATE O, JEAE e 40 i D H USPOX 3
B MR FEE T BE, PI2D PRI USPOXAE i & A Kk
Jeh IfE -

1 MRS REE
1.1 ##

RPMI1640%% 7# 3£ (3% [H Gibco s 7); fifi 2F 1L
THEWUM U ZE A A); MTT(E [E Sigma/A 7); RNA
PEHCR TR . 3 % K R & M1 Taq DNAK &
(TaKaRa/A &)); FiEPTIUSPOXPTUIAR(Z BT, i =&
EERAIRA A, RITHIMcl-1HTR R, K
—H AV ARG R A F); RIEPB-tubulindt /A& (H
P, RE=FAEMHEARARAA); ECLA A KOG
CARREWHERAT), BN TEZREMAE
BN 75 A 25 A siRNA (I 75 B 25 R B IR A
7]); # YLk ) Lipofectamine2000( K = &7 AW+
ARERAF]).

ubiquitin-specific protease 9X; hepatocellular carcinoma; cell apoptosis; cell viability; my-

1.2 5%

121 @mie3 s A 40 #kSMMC7721,
HepG2H1 1E & AT 40 il RLO2IW B & K & Bl ok 224
AR e B R S 2, DL 10% K3 iR 2 1L 1
RMPI16403% 77 F£ 7E37 °C. 5% CO,%% 1F F & ¥ 4
Fro 0.125%JEMEH A AEAR, HOM Hi AR+ A4 i3k
IT5E50 . M FHsiRNAACEEZNiE48 hg, HF @~
WUSPOX 41 s A

1.2.2 siRNAF# B EAKIHSMMCT7721#1
HepG24H f 4% Fh T-6FLAR, 17K 2240%~50%H] i A
20 pumol/L1JsiRNA(NC-siRNA 7 %1, 1F X B: 5'-
UUC UCC GAA CGU GUC ACG UTT-3", J X %%:
5'-ACG UGA CAC GUU CGG AGA ATT-3"; USP9X-
siRNAJF 41, 1E 8% 5'-“AGA AAU CGC UGG UAU
AAA UUU TT-3', Jx S #E: 5-AAA UUU AUA CCA
GCG AUU UCU TT-3"). 48 h/i U £ 40 e, $2 B &
RNAFI & & [ i, #F4T7RT-PCRflIWestern blot4) #T;
S A R AR A AR A B R AT R TS
123 RT-PCRA&M KA TrizoliEIREUERNA, 43
He LR MIRNAK . 5 18 SCHk[13]% 11 514,
PLGAPDH N W 2 2 [H. H(300 ng/ = RNATZ 1 %
SR A U A e DNA T 41, SR J5 i ATPCR %
N, &A1 R 94 °CHIAE P43 min; 94 °CAZ 130 s,
52 °CiB k35 s, 72 °CHEAH50 s, FE30NEIF; H e
72 °CIEAH 10 min. GAPDHUIAH [F) 4 14 52 N304 1
o PCRIMILE 2% 35 IR &E I 1 FLIK 30 min/5 2
. WA R4 Quantity One®PEHEAT I/ A 40 ¥, 11
A% B . JF LA Bio-Image Analysis Systemitf
AT B M, 45 5 LAAH X 4 % B H (relative optical
density, ROD)xfif4(mm?) & 75 . mRNA [FJFHXT & 5
=(H #4671 RODX [ #1)/(GAPDH4 1 RODX [ 4 ) o
USPOX /741 (L7514 : 5'-AGA TGA CCA AGA
TGC CCC AGA TGA G-3', Ti#51%): 5'-TTC ACC
GCC TTC ATA ATT TTC TTG TGC-3'); GAPDHJ¥
I (EW 51 5'-GAG CCA AAA GGG TCA TCA
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TCT C-3', Fi5149: 5'-AAA GGT GGA GGA GTG
GGT G-3').

1.2.4 Western bloty#7  {ZESMMC7721 H1HepG2
R, AR R A RIS E A . BCAL
MEFRAWRE G, M S*E A LR, K
& 10 min. £ 8% SDS-PAGEH Ik &5, S
0.45 um PVDFJE, 5%/ lG 494 1 h, 4 °CH
HHLUSPIX(1:1 500). FiMcl-1(1:1 000)F1 =
B-tubulin(1:5 000)Puifid &, PBSTEEYE 3¢K 5 F Bk
MR AL BE AR IBC AT —FT(1:3 000)iF F 1 h, ¥t )5,
H ECLAL 2% & 615 & 8, 7E ChemGel Doc 441X
(Bio-Rad, EE)pHrasi . W45 R4 Quantity One
AT b, TR R AR . LA Bio-Im-
age Analysis Systemif17 =€ B4 HT, 45 H LA RODx
A (mm?) R . &AM & E=(HWEO%XH
RODX I F1)/(B-tubulinZ& i RODX [ £7) .

125 AX@miAenmpBl T EL  6fLIRFPm
SMMC7721 H1HepG24H fifd % %4 J548 h, Y &40 i, H]
A IPBS P40 I3 7K, 2 000 r/min, 2505 min, Y5
AN, IIAS00 pL S B 7 4B I IS uL
MG TARFNR AT G, IS pLii R e, Y82,
ER. WG, M5 minfE, I 40 AR I 40
LR T

1.2.6 MTT:E#maie® /) %54 000441
J 11 2% B BHO6FLAR, NI B B SASFAT AL, R4t
A K B HURFE G, 73 BIAE R G J524, 48, 72 hiA
MTT(5 mg/mL)iRk7, FL20 pL, k455774 h, 35 L41
3% 75, BEFLIIA150 mL DMSO, #EHCHEERE10 min,
SR FHBEAR X AE490 nmAb b f, 224 Kl 28 .

(%) OF RN
o
a L
Z 05
3
§ 04 F
&
X 03 f
USPOX "y s e 290kDa &
5 02+
Ptubulin W W W S5 KDa S
o
= 0.1 F
1 2 3 =
£ 00

1.3 ZiitsaE

BB 1G0Tt 2 55 BT S 76 Ge ik 2 B A4 SPSS 17.0
AT, BT R SEE6 A /0 A 3R, S 5
+hRiEZE RN, WAL ELBCR F G 56, P<0.058 2% 57
B, P<0.01NZE SR EE,

2 %
2.1 USPYXTE BT & 40 fESMMC7721. HepG2H
BEEHFTIE L

Western blot#s Il SMMC7721. HepG2 #1102
HUSPOX Y & [ R 1k, K ILUSPOXTE M fi# 4 i
SMMC7721 1HepG2 H ¥ & 2R IA 7K 1 3 5 0E 5
4i L2 5 (P<0.01), iF BHUSPIXAESMMC7721F1
HepG2 18 A K IE Eif(El1).
2.2 ¥ %5 BT % 48 fRSMMC7721F1HepG2H
USPIXHImRNAFNE B FRiA 4 HNH!

RT-PCR FllWestern blot4) %] & Wl # 4% 5
SMMC7721 AHepG24 g /1 A [A] 4b # ZHUSPIX I
mRNAFIEE [ Rk, K I F 40 USPIX-siRNA
HUSPOX [IImRNAFH £ [ F 1k 7K & ANCHL 1
P&, 253 g L(P<0.05), iIE B E YL USPIX-
siRNA i SMMC7721 f1HepG2 #1 USP9X ) mRNA Fll

T AR A S (B 2FE3).
2.3 HNHIUSPIXFR L IFE S BT f2 A fESMMC7721
FHepG2HY T

I 240 AR A T B G SMMC7721 FHepG24H
148 hJ % 4140 B B0 JE T2 KT, 45 3 2R, USP9X-
SIRNAZH ¥ e 40 R R T 3 3 i T % ENCA, %= 57
A Gtk E X (P<0.01), UF B HIUSPOXF 1k 1] {2

1 2 3

A: Western bloths i USPOXTE % ZH 4H g 7 1) 85 1 414 7K1 B: USPOXTE % ZHAH I o 1) 2 A AR XS RIL & Si it Bl 1: SMMC772140/l; 2: HepG24H

M; 3: LO24HME. **P<0.01, SLO24H Eb%s .

A: the protein expression of USP9X in three cell groups by Western blot; B: quantification of USP9X protein levels relative to that of B-tubulin in three

cell groups. 1: SMMC7721; 2: HepG2; 3: L02. **P<0.01 vs LO2 group.

El1 USPIX7ERTREMAISMMCT721 5 HepG2h E B RIA LiE
Fig.1 USPIX protein levels were up-regulated in SMMC7721 and HepG2 cells
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(A) B)

GAPDH |~ K W 542bp

The ratio of USP9X/GAPDH mRNA

NC USP9X-siRNA
0.7 1
0.6
0.5
0.4

0.3

0.2

0.1

The ratio of USP9X/B-tubulin protein

0.0
NC USP9X-siRNA

A: SiIRNATH 5 USPIXMRNA/KFAE AL B: siRNATFH 5 USPOXTImRNAAA X 8 T 4511, C: siRNAFHE/FUSPOX 1 & 117K 48 4k; D:
SIRNATHJL R USPOX Y 2 AR XS A8 B4t #P<0.05, **P<0.01, 5NCALLLAL .

A: RT-PCR analysis of USP9X mRNA; B: quantification of USP9X mRNA levels relative to that of GAPDH; C: Western blot analysis of USP9X pro-
tein; D: quantification of USP9X protein levels relative to that of B-tubulin. *P<0.05, **P<0.01 vs NC group.

B2 #FERFEMAMESMMCT721 USPIXAImRNAFIZE B FRIEH HIH]
Fig.2 mRNA and protein levels of USP9X were inhibited in SMMC7721 cells after siRNA interference

(A) (B)
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The ratio of USP9X/GAPDH mRNA

0.0

NC USP9X-siRNA

©) (D)
09 |
08 |
07t
06 |
05 |
04 |
03 |
02 |
01 b
0.0

USPOX e e 290 kDa

B-tubulin 'EEEG— N 55 kDa
%?'
& A
D
&

The ratio of USP9X/B-tubulin protein

NC USP9X-siRNA

A: SIRNATH G USPIXIFImRNAZKSF AR 4L; B: siRNATH 5 USPIXImRNAM X FiE = (4511 E; C: siRNATHEUSPOX I8 F17KF A8 4k D:
SIRNAFHL /5 USPOXIX i FA AR RIS B ST . #P<0.05, **P<0.01, 5NCHL AL,
A: RT-PCR analysis of USP9X mRNA; B: quantification of USP9X mRNA levels relative to that of GAPDH; C: Western blot analysis of USP9X pro-
tein; D: quantification of USP9X protein levels relative to that of f-tubulin. *P<0.05, **P<0.01 vs NC group.
E3 e ERTE AR HepG2h USPOXAYmRNA TN E B R IA M HNH
Fig.3 mRNA and protein levels of USP9X were inhibited in HepG2 cells after siRNA interference
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:2 - - ati -3 -
100 10! Ann]e();in\/ 10° 10 10° 10! 10? 10° 10*
3 Annexin-V
USP9X-siRNA NC
(B) &

The percentage of cell apoptosis (%)

USP9X-siRNA NC

A Vi A ARSI A [7) Ak B 2L 240t P 97 1 1415 B: sIRNAFHR 5 AN R A BEZH A0 M0 R I T e vk . #+#P<0.01, 5NCAL LA
A the cell apoptosis of different treated groups by FCM; B: quantification of cell apoptosis in different treated groups. **P<0.01 vs NC group.
E4 FEAMPEARENUESMMCT721F R EA IR A MR ET
Fig.4 The apoptosis of different treated groups in SMMC7721 by FCM

(A)

10*

10°

PI
10

10!

10°

10° 10! 10* 10° 10*

. 100 10! 102 103 10*
Anne).(m-V Annexin-V
USP9X-siRNA NC
(B) 30

25

20

The percentage of cell apoptosis (%)

USP9X-siRNA NC

A YA A I AS (7] 4 2 ZE 40 P 8 T2 1 B siIRNAT- P S AN R AL SR A AR B P T e it . *+P<0.01, 5NCALEL#L.
A: the cell apoptosis of different treated groups by FCM; B: quantification of cell apoptosis in different treated groups. **P<0.01 vs NC group.
E5 RN TEHepG2H AN [E1 20 2R 20 4B A6 AR =
Fig.5 The apoptosis of different treated groups in HepG2 by FCM

f§SMMC772 1 F1HepG24H f 7 T (K4 A11&5) . FHAHHIAE490 nmAb W FEAR, ezl R K42
2.4 HPIH|USPIXFR 1A P& K BT 72 4 fBSMMC7721 4 5 5 R, USP9X-siRNAZH (14 JFT-Je 248 o W% S 5 4 35
FHepG2HYEKIE N KT EANCYL, Z 548 Giit22 5 X (P<0.01), LA

MTTH % 4L SMMC7721 FlHepG24H ff148 hJe HIUSPOX ik FALSMMC7721 FlHepG2 4= K3 1
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14 ¢ ——USP9X-siRNA L4r —+ USPIX-siRNA
1.2 —-NC 12 f = NC
1.0 Lor
208 F " g 038
2 . Q k%
S 06 0-6
0.4 - 047 =
02 . 027 =
, , 0.0 . :
0.0 24 48 72 24 48 2
Time (h) Time (h)

#*P<0.01, SNCA L.
*#*P<0.01 vs NC group.
Ele HIHIUSPIXFRIAMEMSMMCT721FH MBI E KIE D
Fig.6 Suppression of SMMC7721 cell growth viability by
inhibiting expression of USP9X

(A) (B) ¢
%) 12 ¢
g
£ 10
S
0.8
Mol-] R SS— ) D, ©
= 06
-tubulin MR G <5 D,
= 04
NC  USP9X-siRNA 5
§ 0.2
£ 00
© D e 70

Mcl-1 ‘* 40 kDa
B-tubulin -. 55 kDa

NC  USP9X-siRNA

The ratio of Mcl-1/B-tubulin protein

*#P<0.01, SNCALLH .
**P<0.01 vs NC group.
7 $IHIUSPIXFRIE &K Hep G2t 2 AR ECIE S
Fig.7 Suppression of HepG2 cell growth viability by
inhibiting expression of USP9X

NC USP9X-siRNA

NC USP9X-siRNA

A: Western bloth Il % 445 SMMCT7721 41 i HMcl-1 1R 7K1 B: #6445 SMMCT721 41 Mcl-1 1 R AR 2k Bt ; C: Western blot
far 4% J% 5 Hep G241 i M cl-1 1) R 17K D: %% %4 J5 Hep G241 il 1 Mcl- 1 [ 2R AR RIA B MG iT Bl *#P<0.01, 5NCA L.
A: Western blot analysis of Mcl-1 protein in SMMC7721; B: quantification of Mcl-1 protein levels relative to that of B-tubulin in SMMC7721; C: West-
ern blot analysis of Mcl-1 protein in HepG2; D: quantification of Mcl-1 protein levels relative to that of B-tubulin in HepG2. **P<0.01 vs NC group.
El8 HIHIUSPIXFKILFSMMCT7721FHepG2Hh Mcl-1E B FRIA T
Fig.8 Down-regulation of Mcl-1 protein expression in SMMC7721 and HepG2 cells by inhibiting expression of USP9X

(El6F1E 7).
2.5 HNHIUSPIX TR IA 15 AT 22 ZH FESMMC 772170
HepG2H Mcl- 19 EHFIE T

Western blotf | # %¢SMMC7721F1HepG24H
848 hf5 FifE AMcl-1EARIE. GRER, 5
% ANCHL L #;, USPOX-siRNAZL F1Mcl-1#) & A %
IEE N, Z R g E U(P<0.01), UE{ESM-
MC7721F1HepG2H, #llfi|USPOXZR ik 7] fMcl-1
)8 H R IE(EIR).

3 iTig

P40 2 0 T UL S P R 2 —, 4
BRAEEAE AL16075 BB T IFHE0Y, Ho R 5 26 A58 1 2%
S350 5 AT BIRE 1) S5 6 R R0 4B 3709, s T b e
(T, T R T HC C IR A i 5 A ok F 1] 3
B, 2 50 (A R 40T LU I 2 20
I A R 1, T B L R e S O
§i AR, USPOX A —E 25 T 2 1,
A 1E FZ 3 5 60 7 1 2 160 (1 36 B o 0 7 5 4 18,
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MR Z AT RE, $0H 0 B AR, Ok 25 0E
HEME R, R s R O R W R, R
i gRE 1) R AR R R, IR AR LR B, USPOXS 5%
bR ) R A R S i AR, S it IR I R A R
TE %A OG0 H BT 9T I, USPOXAE itk T8
20 7N R R S W R vl w1 sl |
JRL PR R T, R A R AR R R A T AR
W 50 & B, USPOXTE AT ¥ 4 fESMMC7721 flHepG2
Hh )Rk T R A, v T R T USPOXTE
W T RE, ASBIE AT AR 9 41 iR SMMC 772 1 fiHepG2
A HIUSPOX, ¥ 248 i {3CRIMT T Wl 7 30 417 61
USPOXZIA B A1 a2 200 it 0 T AN 400 1| 345 5

W F8 30, Mel-152 38 1= 30 il 2 R, 76 48 g
JHF 9 1, Mel-12 3 b 1 L m i sk 40 ) f e 0 A 1)
8 T A AT R 3 P 400 M T 9 1 S, R,
W F6 T PMel-1 68 A 3 i T8 1 A e B 1A 7 i 35
Bl Mcl-152USPOX [ L £ 2 —, 7E Ik B8 w417 il
USPOX R Al LU IS FMcl-110 % iz 24E 1
AR P ROA AR R R 2R 7545 e A i o, 40
HITUSPOX (1) 3% £ 0T LA id it 2 #EMel-1 1932 25 44 % fif
fiMcl-185 A R IB PR = AP0 10 AHE 528 - US-
POX-siRNAFE 4 \ I3 41 rISMMC7721 FHepG2, &
BIMcl-11 8 F 20k B & R, $27R 76 i FUSPIX
A AT DLF AMl-119 8 (A 3R 0E, XEMET S
VGIERH 7 USPOX AT LU I 1 2 Mel- 152 i i e 1) A A

Zx ERTIR, AHE T HEN H H USPOX KA A BE
I N YMcl-1 85 208 7 T I A T, (2
JF 968 R A R IR L s B2 4, USPOXI) T Ui HE A
AT REAN 1 —A, DR A s A USPOX I Bh fig 2 1 4%
BL AT 75 33— 2D B 92
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