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Abstract

AIM: To evaluate the impact of silencing of the
USP22 gene by small interfering RNA (siRNA)
on the proliferation of human gastric cancer
AGS cells.

METHODS: Three USP22-specific siRNAs and a
negative siRNA were designed and transfected
into AGS cells using Lipofectamine 2000. Quan-
titative real-time PCR (qQRT-PCR) and Western
blot were utilized to detect the expression levels
of USP22 mRNA and protein, respectively. Cell
proliferation was measured using Cell Counting
Kit-8 (CCK-8). The distribution of cell cycle was
determined by flow cytometry.

RESULTS: All three USP22-specific siRNAs
could silence the expression of the USP22 gene.
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Forty-eight hours after transfection, the expres-
sion levels of USP22 mRNA and protein were
reduced by 80.47% + 2.99% and 79.40% + 3.58%,
respectively; the reduced rate of cell prolifera-
tion was 27.33% % 3.49%; and the proportion
of gastric cancer cells arrested in G,/G; phase
increased significantly, while those arrested in S
phase decreased significantly.

CONCLUSION: Transfection of USP22-specific
siRNAs could effectively inhibit the expression
of the USP22 gene and significantly suppress cell
growth in human gastric cancer cell line AGS.

Key Words: Ubiquitin-specific peptidase 22; Small
interfering RNA; Gastric cancer; AGS cells; Cell pro-
liferation

Deng MZ, Tao KX, Wang GB, Liu XH. SiIRNA-mediated
silencing of the USP22 gene inhibits cell proliferation in
human gastric cancer cell line AGS. Shijie Huaren Xiao-
hua Zazhi 2011; 19(19): 1985-1989

DS

BHy: K3 FHRRNA(SIRNA) B Z F 45
S M IR BE22(ubiquitin specific peptidase 22,
USP22)% B % 4 #L38 7444 % o)

Tk A xTUSP22 K B % i34 siRNA R A 14
siRNA, JA fig i #kLipofectamine 20004 4 & J&
AGS#%aje, i8 it 52 B £ 2 PCRA»Western blot#s
M 5 AGS 4 JUSP22 2 Bl P mRNA o &
B K KT8 T A O, X g i A e ) 2 e
JE A oA AL S, CCK8 3 Aa i 4m i3 74 %
B Fp ) &

SERR: 4448 /5, 34siRNAX A2 E 494
USP22 mRNAﬁwRéJ oy kak. Hd, EER
USP22 siRNA3G# R ¥ 2, mRNAF &
B F ik 5 A T 1480.47%+2.99%F279.40% +
3.58%. g ¥g sh o B % ) dp4), USP22 siR-
N A3 2m 0.3 78 47 4 5 £ 27.33%+3.49%. m
BB 209 Gy/G A da f3g %, S 4m LR 1.

Zig: EARNATHE RS A A TE
USPZZE@EB}%%& ik, G2 F R B S e e eh

¥4 %4

B AR I
HALR MG, R
RF RBKA K
N L &
#, 2R RE
FEMA, KK
WisH F XA
—EHENL. Z
MK B
22(USP22) A 5
I 9% #m B B A0 AR
* AR e A,
5 m g 3G 3 %
2L B

lﬂ%ﬁﬂ%
X, THEE
I, B AR SR
FLERS—H
& B TR AY A



1986 ISSN 1009-3079 (print) ISSN 2219-2859 (online) HFRLAMATE 201167H8E $19% 55195
WA A i A, 5'-GGAGAAAGAUCACCUCGAATT-3'Fl
N Fde bR , o
MMy . _ _ __ 3-TTCCUCUUUCUAGUGGAGCUU-S'; siR-
dgori oy AR ZREREKEL ATHRNA BB |\ ) 5 0cUGCAAAGGUGAUGACAAUTT3!
&P Ababst AGSHIRE; ZEAENETE .
5L H 9 RNATF FI3-TTGACGUUUCCACUACUGUUA-5'; siR-
AL 8 5

W M B AR R,
FRI S EN
RNA F 389 2. %5
& B A ok R
8 19 4.

Wi £ 8
Zhang % 72 M J%
o) — R B R P AR
%, @it RNAF
HILHEUSP22 5
AELE &2 Y= F
B ST
F ), dy HLiE 5
USP22 4 B & 4
B FE R B 38
74 P AL — T8
R, LinvF s
W % 64 B 5P AE
FUSP22 & k& ik
5WMER £, 5T
HAB X,

SEEEM, PEE, EER, XL, siRNATTEUSP22ERNE
FRBIIZIEVIIHIER. BRENEEKAE 2011; 19(19):
1985-1989
http://www.wjgnet.com/1009-3079/19/1985.asp

0515

T g 2 T A R e LIRS R 2 — . RS T
ARl B A ST AN IO 5o, 1 s B TS
DIAERAEN, B 40 s i o o 5 808 e B
A A7 SRk AR 170 S D DR, DR b ) S s A
TE AR i B R . S o R TS 1)
HETFB. HAT, WA B, gk
RN R T g RS Sy R R T
15 B WSRO 2 B E A, R AE )
TR B S A R B W IR T AR 1 S B R 22 P
12 #Z 4 PEIK R 22(ubiquitin specific peptidase
22, USP22)Z 5 iy 41 i J& 399 AH 5C I TRl 1) i 4%,
-5 40 P38 5 DI AR 90, AR Sz 56 4 7 T U1
SEEG T CUUF S B AL 2 USP22 8k A s R A, 7E
BEHEA |, ASZEGSR A /N T-HRN A(small inter-
ference RNA, siRNA) I il 5 AGS4I fliUSP22
SEPRI R0, DA 5 FL 56T 5 194 L 11 5 10

1 RS

1.1 AR B A G S M (AN B B Jrs B S 56
HARAT), AR FEEEDMEM(HyClone), 21
TE WML IYZET), Lipofectamine 2000(Invitrogen),
Opti-MEMIK: F:E. HEH#. B85 ZWPLUGib-
co), TRIzol. Wif% %17 & (TaKaRa), Fast SYBR
Green Mast Mix(Applied Biosystems), USP22%
e bEPUA(Abcam), —HLEPH 14E). CCKS
R A0 M R A I ) . EC LI A
AR (ZE = K), SDS-PAGERER Hl %k
A AR AEY)), FITEXT siRNAFIUSP22
SIRNA( N Bi A9 A 7)),

1.2 7%

1.2.1 @mpds e 3R 100 mL/LJG 4
7% MDMEME; 7538, 137 'C. 50 mL/L CO, %%
T, 48-72 hEAC B

1.2.2 USP22F 4k k ey kit & 4k il Am-
bion M3k BE £ XU S P22 3 K (1) S+ siRN A
JEA, FERT MBI A B A G FPHI4: siRNA-1,

NA-3', 5“GAAGCAUAUUCACGAGCAUTT-3'
M3 -TTCUUCGUAUAAGUGCUCGUA-5'".
[ I B TF B X FRRNA, %1 4 5'-GAGA-
AGACUACUCAAGCATT-3'"F13'-TTCU-
CUUCUGAUGAGUUCGUA-5'.

1.2.3 smfedk e $EYLRT1 dLA2 X 107/ LB R 64L
B, F5 40 B4l FLIE 29 50% 0, 2% M8t 19
sIRNAEHI UL B e g, i Gt A AN & bk
FEMOpti-MEM I F- 3L F'siRNA [ BENILipo-
fectamine 2000%% G 7], B L ZAAFH2 mL,
FLsiRNAMK 50 nmol/L, 46 hJm e, S5y
2H: 2% XTI 4H (control): 1 & Hs 45, BHME:
X HEZH (negative siRNA): & YR 7 RIAS T
H R BEDR 2RI 1T B T HiZH(USP22 siR-
NAs): SR FRTPe 7 B

1.2.4 ZafE FPCR: WHEH Y48 hF 40,
TRIzolVEFEIAN L B RN A, Wi 5% A M Cdna.
WL S E EPCRY MG H M. &NV A R
420 pL, P Fast sybr green mix 1 10 pL,
¢cDNA 2 pL, b, N5 1##0.8 pL, ddH,0 6.4
ul. N A: 94 CHARPE20 s, 94 CARE
55, 60 ‘CIBK. FEM30 s, MNAOMEIR. K
FH2 44550 B B 1R JE R m RN AR A 6 A 7K
P YL R S M HInvitrogen 2w
&Ik, FEA K USP22(115 bp)5'-CTACCAG-
GAGTCCACAAAGCAG-3'F15-CACATAC-
GTGGTGATCTTCCGC-3"; GAPDH(131 bp), 5'
-GTCTCCTCTGACTTCAACAGCG-3'H15'-AC-
CACCCTGTTGCTGTAGCCAA-3'.

1.2.5 Western blot: %% 4441 ii48 h/& K HRIPA%
AR R (A, JIBCAVEIH TR A E &, ilE
10% SDS-PAGEZ%} 2 /610 mL: H,0 4 mL, 30% A
}WEN3.3 mL, 1.5 mol/L Tris-HCI(pHS8.8)2.5 mL,
10% SDS 0.1 mL, AP 0.1 mL, TEMED 5 pL. 5%
SDS-PAGE#4ii 4.5 mL: H,0 3 mL, 30% A%
f0.75 mL, 1 mol/L Tris-HCl(pH6.8) 0.75 mL,
10% SDS 60 pL, AP 45 uL, TEMED 6 uL. B2
HH 30 pg FAETIRGAIR, 80 VHLK AT 5
AN B IEE, FRSCRE 100 V, 15 Ik S
HLYKFR 78 RS 2 03 B0 e Uit I 25 B 45 1 LK
200 mA LI i FH 3 5% il 9k R TBST
FHA12 h, 4 THFFEUSP22. GAPDHYUA %, H

www.wjgnet.com



NEZEM, 2. siRNAJTERUSP22E RN EiRBieigiEaviilsER 1987
150 CVE S ¥
i AXERRET
%] #HUSP22AH
e A5 A R A
48 Go/Gif St G,/M} N 100 R 75 2 S
ﬁ - o/ GiE 5 o/ MEA -g[ - 8 58 60 4 4 1 .
REOWIRE 42.65+2.46 40.32+1.27 17.03+1.19 S it TR 8
PEMIIBZE 43.93+2.63 39.36+4.50 16.72+1.87 Z o3 78 B A e
o 50 a a P B %4
FHE3  58.67+3.75° 27.44+3.96° 13.89+0.25 & - 2 e, #1460 T B Ahom
N a YRR ST
w
D
°P<0.05 vs ZENIRA. 0 T T T T T
1 2 3 4 5

T HigGEIRIRF I E2 hfia, TBSTUEE, ECLK
6, AlphaBaseFCHRAREAT K B4 LA 4 A ARG
W R IA1H, LA\GAPDH 4 A 5} .
1.2.6 A X gm A 2 i 8 0 4e48 his, i
JEE W A A i, 15 R ORI S B0 4 i, HIPBS
VEBRA 1Y, MIANT00 mL/L Z. /%1 mL & i 7,
2R EGOBR 2R, H1452 ¢/L PIFFIPBS 500 puL
Fak, WG E 30 min/a, U0 QORI #%
0 1 SRS ) 23 A 1 1O
1.2.7 CCK84&m 4m B3 78: ¥ 41 A3 X 10°/4L
PR Fo64LMR, BSR4 BE6ANEIFL, 5 41 o f it 4L
JERS50%H 3 Je i fitg, 4540100 pL, siRNAWKESO
nmol/L, #4448 hj5 & fLIMACCKS8IAF10 pL,
F37 CREFER T E 2 h, AT B AR £:450
nm A E BOGAE, 54 i 3G 5 22 R S
il %

it B AL TR N SPSS18.0HEAT 4E 2440 #T,
FFH S FE R 3R, H i Uimean+SDERIR, 241
) LU AR FH LR 22 7 22 9, AR5 I SNKEAT
PRI LA, P<0.05 0 22 A7 G vt 24 i L.

2 B8

2.1 USP22 siRNA*FUSP22 2k B & ik 84 %y i Yt
34HUSP22 siRNA Jv B fEmRNAZKFFIE 17K
P B REAFTUS P22 PR R B {2 1 1 (P<0.05).
o, PLFEYLUSP22 siRNA3JG RUR £ (2, mRNA
I FIRIE S 3 T F#80.47% 1 2.99%F179.40%
+3.58%. 1% G X R 4TsiRNAJSmRN A
B A TG 2 U (P>0.05). BRI, JEFEXS
USP22JE RIYTER R B i [FTUS P22 siRNA3ZH v
B AT Ja ek (K1, 2).

2.2 USP22 siRNA3* § & AGS 2 e 2 i J2) A 19
#o HYLUSP22 siRNA3Z Jib, AGS4I B+ G,/G,
AN 2 T 25 (0 HR 4. (P<0.05), SIAZH /T
X AL (P<0.05). e QLRI PEXS HisiRN AZ
AGSAI T Gy/G 3 K SH4HN i 15 2 14 %k 1 ZH AH
L TEHH 2Rk (P>0.05, €3, 4, K 1).

2.3 USP22 siRNA3*Y § A GSan A 3 78 4 497 4

www.wjgnet.com

1 SCAYESPCRIGMIEE S48 hFUSP22EEMRNAKIZR
JRIKIE. 1: 23RS HEA,; 2: BAMEGHIRZE,; 3. FFidht; 4: T
2H2; 5: FFiZH3. “P<0.05 vs 23 AR HEZH.

1 2 3 4 5

Da
usp2; DD GG e () (00

GAPDH D D SN SN SN 36 000

150 1

i

X

K 100 -

=

o

il

& 50+ 2 2

& a

5 ]
0 T T T T T

1 2 3 4 5

B 2 Western blotiiiill#%Z:48 hiGUSP22 B EIHVRIXINKE.
1: 25 VR IRZE; 2: FRMEXSIRAE; 3: FFiidH; 4. TF0gH2; 5: +
FiiZH3. ‘P<0.05 vs 23 AR HAZH.

YR k48 h)m, USP22 siRNA3ZH 40 iy 4 5411
IR AN27.33%+3.49%, 525 (A4 201 B34
B (P<0.05). BAYEXT HEsiRN AL 4N it 184 5 41 61
KA 3.84% +6.64%, 5 7% (AN IR A1 22 51 0 B
P L(@P>0.05, F5).

3 ik

202 B FBATREE, B 3R Ak K
B (ubiquitin C-terminal hydrolases, UCH)A17Z %
7 P 0 T (ubiquitin-specific processing prote-
ases, UBPEXUSP). -2 LB H T4l BN I — &
FVAEAL SN, RGN ) A oAk, IR TR K,
T4 M R, SO R 5 AT, USP22
J& Tz =R eI LR %, AT NR1 T B
Lk, D 11 774)60 000 Da, il 7z k&
i i 1)U 1 40 R ST R Mk g B AR
T O HERE B L USP22 s, St o
IRARIEPY. USP227E I bt Fl 45 i 4 vp ik



1988 ISSN 1009-3079 (print) ISSN 2219-2859 (online) U MILZYE 20117880 £19% 551958
WL REE A_ B c
USP22R Bt 8| 8- ! o
Romms g, o I S
HREA TG S 8 S
BARBT A 8 8 o
Heyde k. 4 ES] S °
USP22 A B %t Z2g] Pl 8
RNAF#, 474 ¥ Q o
WA, hE S g g
REEHMER | - -
i; — R AR 40 80 120 160 0 40 80 120 160 0 30 6 90 150
B 3 RSN NAGSBIEE D HAIRE. A: 25 IR B: FAMEATIRA; C: FHh43.
1201 1G/G, mS mMGyM 1507
100
5
< god m 100 ——
£ a
-”_' — —
= 60 g
Eﬁ & 50+
& 40 S
£
20 0
0. ZSENIRZE BAMETIRZE s

= POyiEHE

RS A

T3

B 4 FHH3NIAGSHIREIADEVRIN. £<0.05 vs 23
IR

re T 5 I AR, i LB A R o R )
WINUSP22RIA AR, A, USP225 45 e it
FERE RN 22 M OGE. IR P53 R IE B K I
I H1 29941 M (AT 5T W], 3B RNAT-HLDTER
USP22JE R )35 i, i 40 e 3 5 1 4 32 3140
Y P A R X B I E AN M A AT 5
TR, B AT TUSP223E R 7E
e AR, T AR AR AR, i AT T ik
EEXFUSP22EE DR e vt i B, DOMEEH I
VX 9 AGS AT B G5 1) 5 0.

A T2 B R U S P22 JE PR ¥ v 4 1/ 43
T B 3LTHL BedRe T1E 48 hia e
mRNAFIE (/K R HUSP223E N I 2RIE. T,
USP22 siRNA3Z Jr Byt BR A% 55 71, mRNAFH
HHKFUSP224 35 75 7l B#41K80.47% +2.99%
H179.40% 13.58%. JIERUSP22JL A 5 B #HAGS
N PS8 5 1 Sk 52 2. 40 A, Go/G,
g B B 2, SN B, 5
X FEZH AT EE, USP22 siRNA3Z 4 Judiihil R A
27.33%£3.49%. HHIHIFLE Y], SAGA(Spt-Ada-
GenS acetyltransferase) & &4l it 2 5 #I1E )5
KT 21 R A& i DR T — R A 16 A Py
2, ety s 4B, W3k, 28k
B AL 2504 TUSP222SAGAK A AN —

B 5 FIAIXAGSMIISEAVRIIN. 'P<0.05 vs 25X
HAZH.

AW, B 5SAGAH M W EILFEIEH S5
2R, WA AL B2 AR S 2T,
USP22il it A~ PR HH2AFIH2B 2592 %1k, LA
VT UL (1 RIE KT, UL (15 5 S0, 3
FEAT, T b A 22, Ak, USP224 )¢
c-My oA\ 3 (1 5% Fir 06 75 1), 4L 3R ik 5 3
c-My U i SN A, E I 1 e 486 K
Fgn i 3R 470 Rk, USP22 T fig i i i
Y8 A RIE KOV B ik e-My % i ik 21
E bR A VR D, JCRS AL G A A — 20
WEFT.

B2, RS USP22 B T4 B,
B#AI% T USP223E M (1 21K K, Jfid ik 1E— 51
U T A G SN MK i, BHE T 40 A 1,
K USP22 A by i) B s 384 GBI (1 4 0, RNAT
PEBRA R T B T A T 8 .

Tl RMEN., sEAEGREAEATD T
BT R AR

4 SEIM

1 Shah MA, Kelsen DP. Gastric cancer: a primer on
the epidemiology and biology of the disease and an
overview of the medical management of advanced
disease. | Natl Compr Canc Netw 2010; 8: 437-447

2 B, MRS B THEAa TR S, e
N L7 2007; 15: 2672-2678

www.wjgnet.com



BEEM, . sIRNATTFRUSP22 2 AN BB ABIRIZIa NI EA 1989
3 Wu WK, Lee CW, Cho CH, Chan FK, Yu J, Sung JJ. 363-397 | oRaR: Xt
RNA interference targeting raptor inhibits prolif- 18  Hussain S, Zhang Y, Galardy PJ. DUBs and cancer: A& it&3E, 4
eration of gastric cancer cells. Exp Cell Res 2011; 317: the role of deubiquitinating enzymes as oncogenes, R T1z, H—&
1353-1358 non-oncogenes and tumor suppressors. Cell Cycle W RAH Hi{h.
4 De Vita F, Giuliani F, Silvestris N, Catalano G, 2009; 8: 1688-1697
Ciardiello F, Orditura M. Human epidermal growth 19 Nijman SM, Luna-Vargas MP, Velds A, Brum-
factor receptor 2 (HER2) in gastric cancer: a new melkamp TR, Dirac AM, Sixma TK, Bernards R. A
therapeutic target. Cancer Treat Rev 2010; 36 Suppl 3: genomic and functional inventory of deubiquitinat-
S11-S15 ing enzymes. Cell 2005; 123: 773-786
5 Zhang XY, Varthi M, Sykes SM, Phillips C, War- 20 Lee HJ, Kim MS, Shin JM, Park TJ, Chung HM,
zecha C, Zhu W, Wyce A, Thorne AW, Berger SL, Baek KH. The expression patterns of deubiquitinat-
McMahon SB. The putative cancer stem cell marker ing enzymes, USP22 and Usp22. Gene Expr Patterns
USP22 is a subunit of the human SAGA complex 2006; 6: 277-284
required for activated transcription and cell-cycle 21 0%k, RS, BIRAEE, (ER, F&F, BEER, ST
progression. Mol Cell 2008; 29: 102-111 1. PRSI NE e e T AiEh R 2 U S P22
6  Zhang XY, Pfeiffer HK, Thorne AW, McMahon SB. mRNAZKE 3T NSRS AR, IR
USP22, an hSAGA subunit and potential cancer JRIMRI 2% 2009; 24: 140-144
stem cell marker, reverses the polycomb-catalyzed 22 Liu YL, Yang YM, Xu H, Dong XS. Aberrant expres-
ubiquitylation of histone H2A. Cell Cycle 2008; 7: sion of USP22 is associated with liver metastasis
1522-1524 and poor prognosis of colorectal cancer. | Surg On-
7 Ramakrishna S, Suresh B, Baek KH. The role of deu- col 2011; 103: 283-289
biquitinating enzymes in apoptosis. Cell Mol Life Sci 23 5&, W4, T8, BER, BTz, I/ NRNA
2011; 68: 15-26 TR FHIUSP22ELRIUBRIIA 52 RS SN
8 Grillari ], Grillari-Voglauer R, Jansen-Diirr P. Post- FlZE 2010; 27: 1511-1513
translational modification of cellular proteins by = 24  Baker SP, Grant PA. The SAGA continues: expand-
ubiquitin and ubiquitin-like molecules: role in cel- ing the cellular role of a transcriptional co-activator
lular senescence and aging. Adv Exp Med Biol 2010; complex. Oncogene 2007; 26: 5329-5340
694: 172-196 25 Rodriguez-Navarro S. Insights into SAGA func-
9 Kimura Y, Tanaka K. Regulatory mechanisms in- tion during gene expression. EMBO Rep 2009; 10:
volved in the control of ubiquitin homeostasis. | 843-850
Biochem 2010; 147: 793-798 26 Bhaumik SR. Distinct regulatory mechanisms of
10  Fang Y, Fu D, Shen XZ. The potential role of ubiq- eukaryotic transcriptional activation by SAGA and
uitin c-terminal hydrolases in oncogenesis. Biochim TFIID. Biochim Biophys Acta 2011; 1809: 97-108
Biophys Acta 2010; 1806: 1-6 27  Pijnappel WW, Timmers HT. Dubbing SAGA un-
11  Bardag-Gorce F. Effects of ethanol on the protea- veils new epigenetic crosstalk. Mol Cell 2008; 29:
some interacting proteins. World | Gastroenterol 152-154
2010; 16: 1349-1357 28  Atanassov BS, Evrard YA, Multani AS, Zhang Z,
12 Tsukamoto S, Yokosawa H. Inhibition of the ubiq- Tora L, Devys D, Chang S, Dent SY. Genb and
uitin-proteasome system by natural products for SAGA regulate shelterin protein turnover and telo-
cancer therapy. Planta Med 2010; 76: 1064-1074 mere maintenance. Mol Cell 2009; 35: 352-364
13  Shabek N, Ciechanover A. Degradation of ubiqui- 29 ZhaoY, Lang G, Ito S, Bonnet ], Metzger E, Sawat-
tin: the fate of the cellular reaper. Cell Cycle 2010; 9: subashi S, Suzuki E, Le Guezennec X, Stunnenberg
523-530 HG, Krasnov A, Georgieva SG, Schiile R, Takeyama
14  Katz EJ, Isasa M, Crosas B. A new map to understand K, Kato S, Tora L, Devys D. A TFTC/STAGA mod-
deubiquitination. Biochem Soc Trans 2010; 38: 21-28 ule mediates histone H2A and H2B deubiquitina-
15  Fujita K, Srinivasula SM. Ubiquitination and TNFR1 tion, coactivates nuclear receptors, and counteracts
signaling. Results Probl Cell Differ 2009; 49: 87-114 heterochromatin silencing. Mol Cell 2008; 29: 92-101
16  Finley D. Recognition and processing of ubiquitin- 30  Frappier L, Verrijzer CP. Gene expression control
protein conjugates by the proteasome. Annu Rev by protein deubiquitinases. Curr Opin Genet Dev
Biochem 2009; 78: 477-513 2011; 21: 207-213
17 Reyes-Turcu FE, Ventii KH, Wilkinson KD. Regu- 31  Avvakumov N, Nourani A, Coté J. Histone chap-

lation and cellular roles of ubiquitin-specific deu-
biquitinating enzymes. Annu Rev Biochem 2009; 78:

www. wjgnet.com

erones: modulators of chromatin marks. Mol Cell
2011; 41: 502-514

i EWE Wi AT



