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Abstract
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Background and Aims: The dysregulation of oncogenes and tumor suppressors is a critical factor for the
initiation and progression of hepatocellular carcinoma (HCC). Previous studies demonstrated that G-protein-
signaling modulator 2 (GPSM2) functions as a tumor suppressor in lung cancer, while acts as an oncogene in
breast cancer and pancreatic cancer. However, the expression of GPSM2 in HCC and its biological functions have
not been reported yet. This study aimed to investigate the expression GPSM2 in HCC tissues and its effects on cell
proliferation and glycolysis.

Methods: The GPSM2 mRNA and protein expressions in HCC tissues and adjacent non-tumor tissues qRT-
PCR and Western blot. The relations of GPSM2 expression in HCC tissues with the clinicopathologic features
and prognosis of the patients were analyzed. In HCC Huh?7 cells after GPSM2 knockdown by a specific small
interfering RNA (siRNA), the changes in cell proliferation as well as the glucose consumption and lactate
production were determined by CCK-8 assay and corresponding kits, and the changes in protein levels of the key
rate-limiting enzymes of glycolysis hexokinase 2 (HK2), phosphofructokinase, liver type (PFKL) and pyruvate
kinase M2 (PKM2) were examined by Western blot. The difference in GPSM2 expression in Huh7 cells between
normoxic and hypoxic conditions was compared.

Results: Both GPSM2 mRNA and protein levels in HCC tissue were significantly higher than those in adjacent
nontumor tissue (both P<0.000 1). Results of clinical data analysis indicated that GPSM2 mRNA expression
was significantly associated with tumor sized, Edmondson-Steiner grading and TNM stage (all P<0.05). TCGA
data analysis based on the GEPIA platform showed that HCC patients with high GPSM2 mRNA level had a
significantly lower overall survival and disease-free survival than those with low GPSM2 mRNA level (both
P<0.000 1). In Huh7 cells after GPSM2 knockdown, the proliferation was significantly inhibited, and glucose
consumption and lactate production were significantly reduced, furthermore, the protein level of HK2 was
significantly decreased (all P<0.0S). In addition, protein level of GPSM2 was significantly upregulated in hypoxic
condition compared with those in normoxic condition (P<0.05).

Conclusion: The GPSM2 expression is increased in HCC tissue, and is closely related to the unfavorable
prognosis of the patients. GPSM2 is a hypoxia response gene, which promotes the proliferation and glycolysis of
HCC cells probably by enhancing HK2 expression. These results indicate that GPSM2 is a potential prognostic
biomarker and therapeutic target for HCC.

Carcinoma, Hepatocellular; G-protein-signaling modulator 2; Glycolysis; Cell Proliferation

CLC number: R735.7

M4 edEE (hepatocellular carcinoma, HCC,
A BRI ) R W L B R R PE T, R A BRER N
R WLREAE , LR T BURAE AR S IE T 2R — R s
PRI AR SR B 2 DR K PR R . ATTAE T J5 X
IS, BEAFE 204 84 T3 19 T8 3B 4 ) #1178 T3 )
JIF9REAH SR BET i 1), Hrp R 29 5097, R
I IR BeR S TB BB A 5=, (H IR e 1
I AN AR R A R . BT & 12 B A
W5 SR G T AR > T O AE A BE

GHEHFEZIH1HEMH2 (G-protein-signaling
modulator 2, GPSM2 ) , HWFKLGN, ZE—Fhn]
DI CEAGIEMER, 75420200 kEE
ZAEHIY . GPSM2 Y SR R IE 5 2 R E 1 K
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AREA K. BRIEFR Z VTR GPSM2 i it i &
Snail #1542 1 AE /N 40 i g 5% B U A 2L AR
L, GPSM2i# id PSD-95/Dlg/Z0- 1454
( PSD-95/D1g/Z0-1 binding kinase, PBK ) 0
UREE DR AN 3 N SR (R P AR al U
GPSM2%ik, WHR/RBEAR RIS, 786k b
it 2238 GPSM2IE i i A0 L RS me 11 Hh ik
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1.1 @ RARA

SO TP KXok L 988 55 ( BE B RT3 %2 em )
AR AL LUR IR T 20174E1 H —20184F 12 4 b T
AROVER I B2 B bR A o B A7 H U A B 1K )
WAPHER TR, RIG KRIRAFAE-80 CUKAR . Fr A
AR T B FE A . AT 0 %S
T R A o — o R 5 Bt IS 2 A B B s b i
1.2 EE#H

AT 9 4n i &R Huh 7 0 op B B2 Be b il AR
i B AF 5T BE A B IR b, AR SE R R
1. Dulbeccol ik EEaglei%?eF% (Dulbecco's
Modified Eagle Medium, DMEM ) ( Hyclone),
JHE i 2 I 4 1% ( Gibeo ) , MPL (Hyclone),
X-tremeGENE siRNA Transfection Reagent
( Roche ) , GPSM2#L/& ( Proteintech ) , RIPA
W . BCAEHERIH & . 5 x EHREEZE
W (H¥EBEZ ) , TRIzol (Life technologies) ,
SYBR Premix Ex Taq™ II Kit (Takara), C ¥
fiti—-2 (hexokinase 2, HK2) . JT #5058
fif§ (phosphofructokinase, liver type, PFKL) .
TN i) 78 7 ik ML 2 (pyruvate kinase M2, PKM2) ¥t
& (Cell Signaling Technology ) , Ht% %S H T
la (Hypoxia inducible factor-1a, HIF-1a )
ETIILN (Abcam), B L (Polyvinylidene
fluoride, PVDF ) J&. Mikrik2: % ¢ (enhanced
chemiluminescent, ECL ) &5 (Millipore) s
GPSM2., B-JEh&EH ( B -actin) H|¥ (%
BE) A0 AR AR DN AR L LR A A DU
W& (Abcam ) , 41T HGAH & -8 (Cell
Counting Kit-8, CCK-8 ) ( Dojindo ) o
1.3 KBTTE
1.83.1 @mjeszsc AR Huh7 R T& 1%
WAL, 10% Jif 4 M 9 DMEM 538 3 h, Jf s
T 5%CO,. 37 CHFAAI 1%0,. 37 CIFAH . B
A ROIRZS KA BAE T XPEUU A Huh7 201 T 5256
1.8.2 zmfa sk R Ab T A KX EOW Y Huh7 28
Bt B, LL2x 10° A 40 f / FL AP T oS fLdR,
2 M W EE L 40 ML Rl 20 30%~50% R, R
X-tremeGENE siRNA Transfection Reagent M il
U8B0 5, BU X-tremeGENE siRNA Transfection
Reagent (uL) 5 siRNA (pg) b1 & 10:2, ff
AN & 1ML % B9 DMEM # B X-tremeGENE siRNA
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Transfection Reagent Al siRNA & & W) #1756 4%
siRNA W T3 Wi R A HEARA R A A . GPSM2
siRNA: 1F X4% 5'-AGU UCA AGU UGG AAC UGA
AdTdT-3', JZ X #f 5'-UUC AGU UCC AAC UUG
AAC UdTdT-3'. X} B siRNA: IFE X % 5'-UGC
UGA CUC CAA AGC UCU GdATdT-3', /& X 4% 5'-
CAG AGC UUU GGA GUC AGC AdTdT-3',

1.3.3 Western blot JH RIPA Z v 1F 4 C 4
FF 5 or 24 A0 ML, 4R MR R B i, ] BCA &
EEAWE, BGERSEAMA Sx LS
WG 95 CEW S5 min BHEHE A, HEEMEA
JETE 10%SDS 5 T M 196 i 58 e b 3 A7 Mo Uk IS 5% 7%
F| PVDF B8 Lo BB 10% B8 BE 2F 05 78 5 38 £ 4]
2h 5, BEE—Pr (GPSM2: 1:500; B -actin: 1:1 000;
HK2: 1:1 000; PKM2: 1:2 000; PFKL: 1:1 000;
HIF-1a: 1:1000) 4 CHE LR, HEE 5
(1:1 000) ZiEIFH 2 h, H ECL LB, &
JEi W Amersham™ Imager 680 B AL A HARE
1.3.4 RNA £H(} qRT-PCR ¥ TRIzol JII A 200
ey B R A ZH R T LR ECEL RNA, nanodrop
M E RNA WS, 1 pg & RNA #% PrimeScript
RT ik 7] & U8 B 45 K RNA X 5% 5% 5 cDNA.
3 uL ¢DNA #%# SYBR Premix Ex Taq™ II Kit i)
HH A S ¥ #E4T qRT-PCR., S %% 5% & qRT-PCR
fE BIO-RAD CFX96 [ i#17. GPSM2 IE[]: 5'-AGG
CAG CCG TGG ATT TTT ATG A-3'; ZIi]: 5'-CAC
CAC TTT TAT CCC CAA CCT CTC-3', B -actin IF
l: 5'-GGA CTT CGA GCA AGA GAT GG-3' JZ [i]:
5'-AGC ACT GTG TTG GCG TAC AG-3',

1.3.5 JFHEMLB P GPSM2 R ARG &L IE
GEPIA ( http://gepia.cancer-pku.cn/detail.php )
W37 5 43 BT TCGA 8l 2 b GPSM2 mRNA Kk
5598 BB AR AR A7 SRR T A A7 R 0 A e
1.3.6 CCK-8 540 CKFEULMAniELL 1 x 10° 4~ /100 plL
R B A 96 fLtk, 15 5%C0,. 37 CHiFRM
WiE 24,48, 72h )5, MA CCK-8 X5 10 pL/ 4L,
37 CH#E 2 h, BRI EE 450 nm AL AYIOGIE
1.3.7 #MHBHASLBRAERTSE HEBINE
SE . KGRI L 2 x 10* S/ FLANE 6 FLAR
Fram My BEJ5 , BEFLANA 2 mL JC I 15 757 (5 40 g
UK o i PBS ¥ 3 KU, A 2- JId 4 4 46 1
e FR R 20 R A DN 3k ) 6 T T 5 T A A, O
AR TE 412 nm WOGE . FLER A S i%
e di i Ll 3 x 10* 4~/ FLAR7E 6 FLAR H, F 4il i
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WBESS , LI 2 mL LR SR, Y 24 h 5 (1)
MR IR, B BR AN R, i BREL R AR R
IR B A UL B A B N, AT RE S AE 450 nm
Ab (R W
1.3.8 HEAAEA e 5 AL T A K B
Huh7 400350, L5 x 10° g fpF I, k3%
£ DMEM = B 55 32 5600 A 10% i 48 13 F1 1%
UL, B4R A W SRR IR A, A0 BE S A
BRI FRAN . 48 h 5 BUR BT R SRS 5
1.4 GitF4biE

S 45 R F GraphPad Prism 8.0%K 4 E47 43
B, P4 RR HAE S BIWilcoxon fF 5 Bk
Ky, BB BRI M S FEAR R 56, 4% 4L LR
FIT 2341, P<0.05E 54505 X,

2.1 GPSM2 7ERrEfMESIEME A R R i) RIE
$2 B8 O 4] T 9 21 2 Fn 9 5 AE b g 41 21 RN A

o5 HCC 555 HCC J85% HCC J#2% HCC
e W W e SN2
pq-‘--v:ﬁﬂ B -actin

—————— -
——————— - (DPS)]2

s —— — — — — —— 3 -aClin

HATqRT-PCRA T, 25 BRI 4181 GPSM2
mRNARBMHE FEWFEMBEANHE TS
(P<0.000 1) (K1) . 4k, BEHLLEH20H4]
I A1 05 06 g 57 4 2L E AT Western blothg i), 4%
RALIRGPSM2 8 /K 7E i A 4 b Wl e & T
o7 H41 (P<0.0001) (KE2) .

-
=
|

P<0.000 1

S
|

A~
|

GPSM2 mRNA A%} ikt
T 7

(=)

1 1
FERHL (n=80) HCC 24 (n=80)

B 1 GPSM2 mRNA ZEAHER B IEEA R RIRIA
Figure 1 The expression of GPSM2 mRNA in HCC and adjacent

non-tumor tissues

P<0.000 1

—

GPSM2 X Rk &

FEFA (n=20)  HCC 4147 (n=20)

B2 GPSM2 ZEB#EMERESIEMBAATRRIE

Figure 2 The GPSM2 protein levels in HCC and adjacent non-tumor tissues

2.2 FFEHAZAH GPSM2 mRNA Rix 5k K% E

HIERNX R

AR AL P GPSM2 mRNA ik i A7 4k
(5.48) A W00 MR IKA (<5.48,
n=40) FMEFILH ( =5.48, n=40) . WWFI
Ji7n, GPSM2 mRNAZ K5 H & M
K/N (P=0.003) . Edmondson-Steiner4; 2%
(P=0.025) FITNMZr#] (P=0.045) X, M5
AEWE MRS, HBVIERZL | IEAFPACE . R AL
MAERALTCR (¥HP>0.05)

© WA )T i [ & F I F 2P H

2.3 FFEHALAYH GPSM2 mRNA Rix5EE4F

TEGEPIA ( http://gepia.cancer-pku.cn/detail.
php ) M35 G 3 T TCG AR 2 b I 8 4 40
GPSM2 mRNAZRIE 5B H WG A M, 2588
/RGPSM2 mRNA 5 3R 35 1Y JHHE B 3 S A A R FE
96 AR A7 R I BAK T GPSM2 mRN AR 3k JIT 98 &
# (¥P<0.0001) (F3)
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&1 GPSM2 mRNA Rz S5HERE InAREFHERX R [n=40, n (%) ]
Table 1 Relations of GPSM2 mRNA expression with clinicopathologic features of HCC patients [n=40, n (%)]

i (%) i gea 5k

< 50 29 14 (35.0) 15 (37.5) 0.816 1 66 35(875) 31(775) 0.239

=50 51 26 (65.0) 25 (62.5) ) =2 14 5(125) 9(225) )
1 I RAL

L2} 63 30 (75.0) 33 (825) TR 5 42 24 (60.0) 18 (45.0) B

E'a 17 10 (25.0) 7 (175) : 2 38 16 (40.0) 22 (55.0) :
HBV Jkyy Edmondson-Steiner 73-2%

7 18 12 (30.0) 6 (15.0) 0.108 I+11 44 27 (67.5) 17 (42.5) 0.025

2 62 28 (70.0) 34 (85.0) ’ II+1V 36 13 (325)  23(575) )
1L AFP 7KF (ng/mL) TNM 431

<20 25 16 (40.0) 9(225) 0001 I+11 65 36 (90.0) 29 (725) G

=20 55 24 (60.0) 31 (775) : I+1V 15 4 (10.0) 11 (275) :
MR/ Cem)

<5 33 23 (57.5) 10 (25.0) 0.003

=5 47 17 (425) 30 (75.0) )

——— GPSM2 {kFik 3 ——— GPSM2 fik#ik
— GPSM2 ik — GPSM2 ik
P<0.000 1 P<0.000 1

B3 GPSM2mRNA BRESEREFBEELEFIMN A BEFRIZ: B: TR
Figure 3  Survival analysis of HCC patients with high or low expression of GPSM2 mRNA A: Overall survival curves; B: Disease-free

survival curves

2.4 FH GPSM2 3BT £ A 184 78 Fn HEEE i A 22 1 PeGPSM2 W 5 i Huh 7 40 B 3% 58 fiE 77 ( P<0.05)
TEHuh 7 40 i BRI 55 Y GPSM2 siRN A FX Y (E5) o 54, g R e THcPSM28

HsiRNA, #Yt48 h)5gWestern bloth ] & 314 0 Huh 7 48 it 4 20 1% 5 #€ FFLmR £ s ( P<0.05)

ZHGPSM2E H/KFHI BRI (P<0.05) (El4) . (E6) .

N CC K-8 4G T 441 At 3% 5 Ak A8k, 453 s

XFHEZH T

GPSM2

B -actin

4 GPSM2 siRNA 7£ Huh7 s FH R
Figure 4 The knockdown efficiency of GPSM2 siRNA in Huh?7 cells
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5 T GPSM2 3f Huh7 4BREIE5EAE 19 %00
Figure 5 Effect of GPSM2 silencing on the proliferation of Huh7

cells

6 Tt GPSM2 Xt Huh7 ZREE Z1 4% A FE A0 FLER 4 A RO R2 M
Figure 6 Effects of GPSM2 silencing on the glucose consumption and lactate production of Huh7 cells

2.5 F#H GPSM2 X B ¥z £ Be AR 4% B % o 4 PR i GPSM2XHuh740 il FHK2 . PFKLATPKM2% 47K
fgE AKFERIF T Fsgm . g5 R EMTHPCPSM2B B /D HK2 8K
Wl % i 2ok AR A7 31 34N O B PR o R 4, 4R HKF (P<0.05) , Wi AZMPFKLAPKM28E H
HK2. PFKLAIPKM2, ¥ Western blotks i+t KA (CHET) .

X HEZH T4

xRz
R el

7 F#t GPSM2 3 Huh7 4RI HK2, PFKL 1 PKM2 & B &Rk %00
Figure 7 Effects of GPSM2 silencing on HK2, PFKL, and PKM2 protein expressions in Huh7 cells

© WA T o (5] & E S FL 7 & T http://www.zpwz.net



51

$F, %:C EAFATEA 2 AMEALT IR B 4 R B AR 61

2.6 REFSIEAMP GPSM2 Fik

B AR Dl B S5 R T T 20 AR VR i 1) G K B
PUER, St — 28 B 50 B R & 5 0T 40 i
GPSM23 1K o Huh7 40 i 16 Bk 515 37 4 b 15 97

WA (20%0,) B4EH (1%0,)

v

|

48 hJ5, Western blotKgMHIF-1 o« FIGPSM2%E A
KA. BR BR B T B Huh 740 i P HIF-1 o &
B 2 A, () I R A R B G PSM2 4 K P B e |
# (P<0.05) (K8) .

o
n

P<0.05

GPSM2 & xRk
S oL B

154
i

S
2

HEEA (20%0,)

A (1%0,)

B8 &I Huh7 ff HIF-1 o 1 GPSM2 BB RIZHIHMN
Figure 8 Effects of hypoxia on HIF-1a and GPSM2 protein expression in Huh7 cells

3 it i’

I 988 2 TH 53 P N i DL A S P R 2 —
T A [E G MR 3007 A8 T, 29 A i R
FEAH BT N B — 2 AR HR K
Lo SRS eI = S & 1R T L9
ST AW S 5 T M R 1 DG BE F
PH AR N 2%, R R BT RR BB AR 2 B A R )
BIT 7% B m IR T ROR K A i UE
HAAHREZ L.

R S A5 R TR N I I 22 S0 i R Y R
WASAE, 5 b i R AN R 2 D) AR T
HIF-1/2 o WEAEEAN B SE 20 A 5 — AR 7
BUE MR, B THIF-1 o W3, MMifER S
HIF-1 B H e MHIF- 157 240k, JEmss &
2 H Y JE 3 5 X A S W e (hypoxia-
response element, HRE ) , iﬁﬁ%%%“slo
HIF-1EE N 25 1@ 1F 2 it #, G4m0k
WEfe . MEOH . THE. mE2ybE . kiR . g AR
J AN R0 Ok B 2 1 98 B DR B UE SR HIF -1
AUREIE N, 7 T A B R rh R R AR . AR
P BEAEAT I A B, A8 JIF 8 v B S 5 = B HILF - 138
5 MAEY R EBEE H (vasodilator-stimulated
phosphoprotein, VASP) Ji3l+ X HRESS
A, FERGSEAKE B VASPRY R, 4k VASP
3 3 WG Ak ORI E R K 8% 2 2 AT (2 2R Fn ik 22
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BAAA S B TURT 1l a8 34076 Ca®™ /PI3K/ A kil A2 F
JHF 9 A K FFE RS Fibulin-538 1 T 0 5L 5 4 8 /R
57 ( matrix metalloproteinase 7, MMP-7 ) ik
00 15 95 40 S B R AR 220 AR BF 9 I S 7E Bl
ZMF TR P CPSM2E AR B L FE T m. 1
HFJEE IR R EEA S, GPSM2 mRNAFIZE H %51 W
F T N 5 AR IR 4L, e R BHE o A 4R R
GPSM2 mRNA & 3k 5 o 85 0% M I R 9 24
fiE (MIEA =5 ecm. B Edmondson-Steiner/r 4%
FIETNM A ) DA RO R B B VIAH G, DA 145
JF B CPSM 278 I g 1F i vh ] BEAE by 98 2k X & 4%
YERT, HO R HIF-1 09 7E S 5L A,

B E MR R, WA Warburg®Ohi, &8 5T
T A L I AE TE T 0 20 M b B — A 2 £ i
G, R B E GO TR ELR P, BARTE
ATPAE BT AR BAR, FUR I o] LSS A= 9 &
B, I AR T, IF R AR S AR, DAY R
I 20 M AE R ME S F T A AETE PO FEBRAE MBI 9T op
K GPSM2 AT LA oF ¥ PI3K/AK T B # JH- 98
A KRR AR T HE— 5T T GPSM2 XTI
52 200 JHUAH T (0 5 0 o 38 3k si RN AT 4 Huh 40 fifg o
GPSM23 ik, FRATT J B0 Ja 40 B 386 9 . 3 7440 B 004
FELL KRR AE i W > . R R T
PLGPSM2 ] LA AR M e i IR MR HK 2 R 5, DL 1
25 A 7R GPSM2 n] Rl o 8 45 HK 2 5% i i 9 20 g
WEEE M . BEAEBF SRR B, 7E P 40 P GPSM2
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PG PI3K/ Ak 5 % . M58 & & E SEPI3K/
Akt {5 53 %30 3o R HK 2 283k 48 1E T 98 20 i ol 1
it R, S5 HEN GPSM2 AT AE I i 1T PI3K/
Aktf5 =il SR HFHK 2R3k .

ZE LTIk, AHESE B I R B & B i 41 4
HGPSM2E A EMIF S5 AR MSH L, GPSM2
ﬂ%ﬁﬁﬁﬁHmﬁﬁ%ﬁﬁﬁ%mﬁﬁWﬁﬁ
o F3Hh, ARWFIEIUESE GPSM2J& — > il 48 iz i Jik
ﬁ,ﬂﬂ%u@ﬂﬁ%%%Hﬁ%w%@%c
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