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Abstract

AIM: To observe the changes in cell proliferation
and apoptosis in gastric cancer cell line SGC7901
after silencing the hexokinase II (HK-II) gene
with an HK-II-specific shRNA, and to assess
the potential application of HK-II-targeted gene
therapy for gastric cancer.

METHODS: Gastric cancer cell line SGC7901
and gastric epithelial cell line GES-1 were used
in this study. Both SGC7901 cells and GES-1
cells were divided into 5 groups: HK-II shRNA
group, positive control group, negative control
group, empty liposome group, and blank control
group. After transfection of HK-II-specific shR-
NA into SGC7901 and GES-1 cells, the change in

the expression of HK-II mRNA was detected by
reverse transcription-polymerase chain reaction
(RT-PCR), and the changes in cell proliferation
and apoptosis were assessed by MTT assay and
flow cytometry, respectively.

RESULTS: The expression level of HK-II mRNA
in SGC7901 cells was significantly higher than
that in GES-1 cells (t = 12.119, P < 0.01). The ex-
pression of HK-II mRNA was obviously silenced
after transfection of HK-II-specific sShRNA (P
< 0.01). HK-II knockdown could significantly
inhibit proliferation (F = 159.811, P < 0.01) and
promote apoptosis (x° = 21.324, P < 0.01) in
SGC7901 cells, but had no significant effect on
proliferation and apoptosis in GES-1 cells (F =
0.704, P = 0.592; x> = 1.007, P = 0.909).

CONCLUSION: HK-II knockdown significantly
inhibits proliferation and promotes apoptosis in
SGC7901 cells, but has no significant impact in
GES-1 cells. HK-II may be a potential target for
the treatment of gastric cancer.
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mia(t = 12.119, P<0.01), HK- 1T shRNA T vA
BF . F7 %) 7 Ak 4w i P HK- 11 #9 &GA (P<0.01).
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HK- 1135 7 280, HHK- A i 3% i
60 0 6 P 2 B P, [0 k35 g o 2 P
PRI A . PR T R A T A R LI
PERIR, A KRR, H AT HK-
T 25k DR 3 2 %) 5 A T 04 s 90 T e oA DL ik
8, HK- 175 B a7 b i B A (8 2T e A
. AR SZEG I W g R JERRNA(short hairpin,
shRNA)URHK- 1T F35 57 i 79 2 H F R 4
RIS T 1Ak, BRI AN T HK- TT 2k
LA B iE . BTIOCR, VP HK- ILAE B
(AR 725 SCRI N, FH A 5.

1 MRS

1.1 ## HK-1I shRNA(pGCsilencer™ U6/Neo/
shGFP RNAi# ik, B A g5 gLl 254
RABRAF]; Lipofectamine 2000( /i i 4) 4
HlnvitrogenZ iy FE/RAF 78 ok B LR B 57 0%
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(dulbecco's modified eagle medium, DMEM)I% H
GibcoZ il JRHEEIA [ Solarbio 2y il ; A= L3 I
AT PO Z 5 2 TREM R R A A, —HE
(DM SO) I [t [ 1= 27 2 e A 4y s 2 1
FEREFET.

1.2 7%

1.2.1 #mfn3zsc: BHESGCT01 41 M) H Fg 5t Hl
YRR JEA R AT, B GES-141 i
JE Kb e Bt AL T 70 = RS 5 10% 81 A/
A0 . 100 KU/LERE % 100 KU/LEERE 21
HHDMEM, 137 C. 50 mL/L CO,. A5
(13 FRAR Th 5 7. S FH o) 5 AR S 4 .
1.2.2 i# 45 -Je & B4k BB (RT-PCR): #4TRIzol
R AU SEE A L B RN A, IR Ak
cDNA. H#iGenBank$Z i FTHK- 1T mRNA/F4
wilG Y. LS. 5-ATCTGCTTGCCT
ACTTCTTC-3', Fiff514): 5-TCTCCATCTCCA
CCTTCTG-3', /" JE311 bp. PCRKV 51}
95 ‘C A5 min; 94 °C 30's, 55°C 30s, 72 °C
1 min, 30MEH; 72 ‘CHEAHS min. PCRA™“H)H]
1.5% IR RH &L v vk 4 e . AB-WLEh B o A

1.2.3 HK-TT sShRNAZ%% % 5236 HK- 1T shRNA: 5'-
CCAAAGACATCTCAGACAT-3', #2452 932
(NCBI BANK NM 00018913 K & 41y i 1= 7
P2 AR PR 7 11T, GAPDHBH X 7
51: 5'-CTCTGGTAAAGTGGATATT-3'; [J1 4%
JE41: 5-“TTCTCCGAACGTGTCACGT-3', 4 A
g AL 2B A B A L R T Ak Al i
TR K40 PR T-6 L4 i A, 250 uLt
I35 55 773 M8 3 uL Lipofectamine 200054 44k
I, 7£5 minA [FIFRE K SURIDNATR G, B =59
IINFIBEFLA, #4637 °C, 50 mL/L CO,H 4k&ss
7548 h. 927> WHK-11 shRNAZ(AZH). BHE
XTIEALBAL), BT EAL(CAL), i iikdl(DAL),
7 N FRAL(E4L), R %3N R AL

1.2.4 MTT::# M shRNA%: 3 )5 2 ie3g 74 [l
T A I IFTE G R A M4 Rh T 9641 4 i 1 7
Br, FHICILE B IR IR B Lipofectamine 2000%%
PR, 755 min P[RR FURDNATR &, 14 5
SR EEFL, 4837 °C, 50 mL/L CO,H14%
S35 7796 h. J120 pL/ALMTTH(S g/L), 4 hj&/»
DI ER R, £RFLIN150 uL — F IV A(DMSO).
Model 550Z4RFARACAEA90 nm P AE (A ).
S Y40 AT (HK- 1T sShRNAKE Jesicigy), BE4 1
WS EAL.

mi £ E
Golshani-Hebroni
F oy B A,
HK- 1T #= & 45 46
SR E G 0 4 A
RAZ 48 Sk T4 5k
B P45 3 A A
ATP, Hmig A,
R E B AL
T Ao BAZ ) B
47, T A E &
BARREE L0
ADP W Amik = %
BB,
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WA % & 5 &R 1 SGC79014MAR K GES-14BIREEREHK- 1| mRNABIZRIX (HK- Il /B-actin, 7 = 9)
FCIECHD S-S/ =
HK-IT &k 37 &
pRsSCIN Y oA GES-1 SEHRIANOVA) SGC7901 SEHRIANOVA)
A -lzm b b
W, Mo, 5 B 0.094+0.012 F=94601, 0.136+0.038 F =50.799,
BHK-T 4 %%  BA 0.214+0.014 P<0.01 0.307 +0.039 P<0.01
ﬁﬂi@“ﬁ'?ﬁ\ AT cA 0.224 +0.025 0.325 +0.042
Y. D4 0.226+0.016 0.334+0.032

2| 0.223+0.015 0.337+0.029

°P<0.01 vs HAtIAH.

1.2.5 X tm g AU 2 io 8 = WAEH 448 h
Jei 6FLAR AN, e Bl i A 0 5 T, LA
FE>10°4N. A 100 mL/LI i3 2 13 () DMEM
% 5 UK U 4 T RS A B ARV, TR A
I B BT B0 T, 1000 r/ming
05 min. HPBSIEVES AN M2k, HHIEE 30 E
5 R 2 R B B B T B I
AL N EEPD PRI, 224 ClEE30 min,
AU 40 A T

it A MR I mean+ SDE R,
PRI 2 T) FH AR 96 B SN KR, 22 2H 22 1) 2 [
BTG, THECB R R B R T A, P =
0.05 0 i & PEAKHE, P<0.05H G52 . R
SPSS16.04t 11 43 it AT 43 47

2 BR

2.1 @ P HK- I mRNA# & &z RT-PCRZ IS
DAL e B 40 bk S G C7901 J2 1 Rz 41 ik
GES-1""HK-II mRNAPZRIEKIL, Mk iy
HHK-1T mRNAKFRIEE2). HK- I 78 H 41
JIFES G CT7901 ¥ 218 I b iy T~ b R 4 Jfa ik
GES-1(£ = 12.119, P<0.01).

2.2 HK-1TT shRNAZ%% 3 amfb 5 o4 3% % A 400
HeRARIS AR 6 FLR P kAT, SRR A G 7.
9O BB R, H YR A4L. B4L,
CAL4N M A7 2k A 5 ok 11 GFPIE R, JLAE
A A B AR A K R B PR 2O WA T 2D
(IR T HATREAE R (R 2R (5. 5k), DAL, E
LRI G(E3), 1t W PR AR 4 G i .
2.3 HK-TT shRNA#:Fm e /zHK- 1 mRNA#
#ik HK-1T shRNAR 440148 h)517RT-PCR
FrillB-actin X HK- 11 323k, TR AESGCT901iE 2
GES-140Jif1, # J*HK- Il shRNAJ7, HK- 1l ik &
B AR TP AL MR IR AL, R Ak
2 R 25 A X AL (P<0.05, 1, K4, 5); iEEpk4l
J S P O PR TR AL BIPEXIRAL. TR Ak

SiIGFP

U6 promoter

SV40 promoter
Ampicillin

pGCsi-U6/Neo/shGFP
5122 bp

Neomycin
pUC ori

1 HK- Il shRNAGRHL.

Y R 0 AL 2 (M B TGt 2 22 7:(P>0.05).
PEWTHK- 1T shRNA R LA 80U HK- 1T 35 1)
KL

2.4 HK-IT shRNA#: 3 2m it )& sm f it 3% 396 &
F UL shRNAKL Y B9 41 fuAkSGC7901 48 h)m
FEEE BT N EE, A IIHK- 1T shRNAZH 41 i
Hewwihs, TAZR, 9546, AR, HILE
BRI 5 1y B P Xl I ) R R g o A 4 4
A /45 (&16). HK-1T shRNAZL 4 i %
B BAL T AL & 41(P<0.05), Al Ab &4
T 40 i %5t T M 2 5 () = 3.854, P = 0.278).
shRNARGLE bR 4 lARGES-1 )5 % 441 Jfl &
AR W B (K 7); A mfEEE NS
140 i %t 0 (8 P 22 e () = 6.307, P = 0.177).
2.5 HK- I shRNAZ#% 2 2 o )5 21 238 75 09 % v
shRNAR L4196 h)m, MTTiAEEMISGC7901
K GES-141 LG EEAE, YESGCT901 40 i 5246
1, HK- 1T ShRNAZT W 5 A W AR T BH P e
1 BV IR R AR AL K S T IR (2,
P<0.05); TMFHPEXGT FE4L. BIYEXT R4 . Jg st ik
M. BN RAZ LR EEERE = 0.567,
P =0.639). shRNA¥L Y GES-141 i )5, #5212 [H]
WS AR TC 0 3 M 2 5 (F = 0.704, P = 0.592,
2). PRIAMTTAS Il FR) R s B2 AL S Bl 40 i 4 B 15
., ULHHHK- 1T shRNARE I ZHIHISGC7901 41 iy
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2 SGC WMZzA%EE
7901%GES-1 4] AshRNA K &
HK- Il g9 3K ERABR
k. A: B—actin; K IKSIRNAGF 7T
B HK-1 AACHHK T
1: Marker; 2: A B AL. HK-
coor ™ 1 shRNAMA
bp SGC7901; 3: HK- 1T 4 .34 28 70
300 GESTL BAPH AR
R g, St HAR
LegE =, X AR
ATl ARAT 45 ) 2k
REME BT
B 3 ®m3E RET-AEH
SGC7901R®GES—1  HREHZ @
MIEEBHK- Il

500

shRNAZB3Z Y ( x
100). A: SGC79014H
lfd; B: GES—14Hiffu.

B 4 HERBSCC
7901408 -actin
RHK- Il BIRIX.
A: B—actin; B: HK—
II; 1: Marker; 2:
bp HK-II shRNAZE;
300 O PHEEXHIGAE 4 FA
(EDERIEITEN
2H; 6 2SR A

S48 GES-1 BETE(ANOVA) SGC7901 BETE(ANOVA)

AR 0.407 +0.015 F=0.704 0.371+0.028° F=159.811

B 0.405+0.016 P =0.592 0.502 +0.013 P<0.01

CH 0.403 + 0.021 0.498 +0.015

DZH 0.413 +0.022 0.497 +0.016

EZH 0.412 +0.023 0.503+0.014
°P<0.01 vs Efh4H.

FIBESE, X IR s S L EARGES- 141 p ks oA T oW g m.

B TG i,

2.6 HK-T shRNA# % mmp Gt tm oy 3 e

oy 70 A A A I e S R R T, T R ORE IR AR R R AR R AE, 2
SGC790146 4L JFHK-11 shRNAZLET % G ANMSEMERAL ) e L. ORI & a4 40

T H AL A 41 (P<0.01), MR %A YT
FEMZER( = 0.249, P = 0.969, %3). GES-141
WG Y5 & A TR TR T B R (=
1.007, P = 0.909, £4). ##HK-II shRNA{Z
SGC7901 41 fE it =, T 1E % H L GES-141
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JHOHH P AR 1 L R G, H AT A0 AR A HK-
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[ JaRaRER N 5 BEFFGES
AXLBHR LA — -1AfRp-actink

EE R,
BRI SR,
— A A

A 1 2 3 4 5 6 B 1 2 3 4 5 6
bp bp
500 300

r® 3 HAGESGC7I0MRAVETR (%)

HK- Il B92RIX. A
B—actin; B: HK—1II;
1: Marker; 2: HK— I
shRINAZH; 3: BRI
BEZH; 4: BHMES IR
2H; 5: EIARZ; 6

ZR PR
6 BPE

SGC790148f8. A:
HK-1I shRNA; B:

78 3 R A A ( <
400).
7 ®BZRE

GES-14Hf8. A: HK—
Il shRNA; B: 2519
X IRZE AR x 400).

248 AT (EINEE) FHHE
A 234 425 32.1 31.2 28.9 345 27.6 34.1 321 y*=21324
B 7.6 8.7 10.2 11.2 9.8 8.4 85 9.5 89  P<0.01

€ 8.7 9.7 8.6 8.9 9.0 1.1 9.6 9.8 7.6

D 9.4 7.9 8.5 8.0 8.6 9.9 9.7 8.9 11.2

E 8.1 9.2 10.5 8.7 6.5 7.2 10.1 8.7 11.2

xR 4 FERECES-1AIREVET R (%)

papii| ATEENEE) SitE
A 10.2 €7 8.6 7.6 749 7.8 8.6 8.9 78 x* = 1.007
B 7.9 7.0 95 8.6 8.4 7.9 7.6 8.1 7.7 P =0.909
© 7.6 9.8 9.6 11.1 9.0 8.9 8.6 8.7 8.7

D 11.2 8.9 9.7 9.8 8.6 8.0 8.5 79 9.4

E 1.2 8.7 10.1 7.2 6.5 8.7 10.6 9.2 8.1

g5 M7 RAEAEE, Golshani-HebroniZ5! )
0 B, HK- 1T AR A B4 1) 45 A ANME,

BELE OBl Bl S 45 R T ATP, nadopie A, i
B R A T P A, T HLRE TR
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e AR AE T 22 A D P N = IR IRTE IR, [F]
IF, = SR IRAE FA 1R I ot mT DL ek gy e AL o )
W UG e — R IATPI ARl — 48
PEE 1 BTG I R I L R, AR R
WA RAZIRTE. sl A Ko R )
a0 o = A2 5 22 AT PRI R BE 22 19 8 11 5T
ORI 1 2 br R S ML 2R 11K 25 A T R AR
P N rhot. Gelb% B R I, HK-TT S ) 14
K 22 550 0F) e 0 v S =25 e G ) — A
J DRl gk A A RN b AR S BEAR 45 . T3 ok, Sebifh
455 MHK- [T A RS el T oh e, 240 sk
FLAR IR ORI 5, Aok 40 B g = AR 5 B T4
FAE L RLR KT LI R A — e, HK- TP T
LRARIME, 5 VDAC. ANTZE R HMPTP(Z: ki
PRI E M AL 5 AEK), FFFIBel-2 5K b —
2 5 o AR Bz . SMEPEHK- 1T
LIEW{EFEMPTP K 1, #1fIBax. tBidi5 3141
J g T, RIS TN (Bax. Bak)Z (#)
TR, KHK-TTZ Rk F oy 3 o] 535040 i
PAT, Bel- 28R BEHMHDE AR . AT FHRT-
PCREII T SGC7901 B 41l X GES-11 | 3¢
A HK- TT ek, R0 S J 40 i - HK- 11
RIS W T H bRz, g RS R E A
(IR0 e LD 7S A P HKC- TT 2 1 5 i — 2
U7 3 — 20 i B T HK- 116 9 40 i g A=
KA F AR . HHK- T i 40 B 1 5
PHTI) RE M AR DL AR TE . DRI I FRAT ) ARUE 1 I 2 T
BHK- [T R K07 )5 B SGCT7901 & b  GES-1
AN HEAE . AT, A HTHK- 11X S 0 4 i 4
PHTIR 5E M.

RNA TH(RNA interference, RNAD)F A&
TR R 1) — o (R Bk DRI UBRBER, Al 2 #
AMEYE I XUBERNA(double strand RNA, dsRNA)
SN AT TR A A (RNA-induced
silencing complex, RISC), 5 [AJH#mRNARF
fiff V) — Tl ) P S Rk R, S8 T A s S BRI

2R (posttranscriptional gene silencing, PTGS)™".

RNATHA Z M5k, Hrp—Fp 5k s
HEREAE AR N e s M BUE, TEBENIIANT —A
19-21 ntff 2 [0 FHEJFF, 1118]4-9 nthlHE 5 H 1
FERUAN B AR, FI U6 5 31 5LH 1S ) 73K 5, %
Jedi s, BEAEAN N sk HmRNA, JEk A &
ZEIREER, CShRNA, #5% H IshRN A5 41 g
Wt Dicerfi 2 &, MMl H 2L FIRNA
B, b2 H TS IRNA T 5%, A1k %
T shRNAMEATEE Y58, 5296 T Il T 5 F ST HK-
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I 7 KFcdsX fIshRNA, HILH4SGC7901 &
GES-140 )5, #9590 B e BoR, #
PeJGHK-1T shRNAZL(AZ]). BHPEXTRZ1(B4L),
F 4 0] HEZH (C 20 4l A 4 (2 9 e (IR 35 47
GFPHE], FLAEAR N BRI IK I B AR5 2
TR T 22 WG IOR W] R H BAT R R IR ) 2R
D), MR ARLL(DAL), 25 (X AL (E4L) o4k
G, VLT 0 PRRZE M IR B D 1. I
HHRT-PCRIF T A M G Ja HK - 1T IR R 46
15, RIHK-1T shRNARE A 2 005 41 i 35 ]
(12T

W Y HK- 1T shRNA J5 40 g 1)
KO M TG BRI, # Q¥ HK-11 shRNAJS,
SGC790 141 M 1y 14 5 W] Wil =2 4], i 8 1 F2 ]
B, UEHK- T 0] AERESGCT7901 41 i i3
B, AL T T IR b 40 B (GES- 1))
BGPTSR XA B HK- 16
ek 240 0 %) 396 A EEEENW, TR IE R A B A
BN AHK-TT shRN ARSI J 40 i 1) 44
L RIS I N O T (TD = o = B &4t L O L
W, AT REAT BLR IR 55, g Al A AR
ARt 1 11 SR B, A R 0 1 4 B I A4 e
U5, BIMEEA SIS DL R, 02 3 SR SE R I
PEOALREIE, THK- T 1E A B P A 1) = 22 PR i 2
—. LK, G TR, HK- 1155 08 40 i ) 8 1
AU OC, ReAE It s 40 i 1) & 145 i, FHTHK -
11, i 40 i ] e H 3 2 1 e = i S 4 2 4, B
AT, Jh4h, HK-TT 5 28 kA 454 nT g 1t i g
0 W 2 R A4 A P PR, A4 fIBax. tBid
G54 M T MR HK- 1119 334 w] Gl
LRIk g G R H K- TLib, AT A8 2 Ak (1 &5
PR R AR A (MP TP ) 3 PR3 =, Al
SRRLAAR P IR (2 0 1 DR R TS 3 M T, W L A
caspase-37E N I ZeRi AN T 40 B H 7215 518
e, AT S 40 g e,

S, FIHShRNARIREAR, 1644 A BN &
LsiRNAZ 1A DUAT A HK - 11 PR A,
HK-II shRNAJUHEHK- T 1355 B8 I 2906
A A, O BRI T, X H AT I
PRAT 43 80 22 0 S R T S it T — AME AR
IG5 ).
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