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FA WST-175 VR T s e i AT M AR 3 TG WU 2 S 200 B 7 184 9 4 % T2 BRI 4T I R 39, PR IR A5 51236  Transwell S50 6 1 41
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GBX2 over-expression promotes proliferation, migration and invasion of human
cervical carcinoma SiHa cells

WANG Ling'?, LIN Wansong'?, LI Jieyu"?, CHEN Mingshui'’, YE Yunbin'* (1. Immuno-Oncology Laboratory, Fujian Cancer Hospital
& Fujian Medical University Cancer Hospital, Fuzhou 350014, Fujian,China; 2. Fujian Key Laboratory of Translational Cancer Medi-
cine, Fuzhou 350014, Fujian, China)

[Abstract] Objective: To investigate the effects of GBX2 gene on the proliferation, migration and invasion of human cervical carci-
noma SiHa cells and to explore the mechanism. Methods: Recombinant plasmid over-expressing GBX2 gene (pCMV6-entry-GBX2,
experimental group) and empty vector plasmid (pCMV6-entry, negative control group) were transfected into cervical cancer SiHa cells
by plasmid transfection technique. The proliferation, colony formation and cell cycle of transfected cells were detected by WST-1 meth-
od, Colony formation assay and flow cytometry, respectively. The cell migration and invasion were detected by wound healing assay
and Transwell assay. The expression level of IL-6 in cell culture supernatant was detected by ELISA. WB was used to detect the
expression changes of EMT-related proteins and to explore its possible mechanism. Results: Compared with the SiHa/pCMV6 nega-
tive control group, after up-regulation of GBX2, (1) the proliferation, colony formation, migration and invasion of SiHa/GBX2 cells in
the experimental group were significantly enhanced (all P<0.01); The proportion of cells in GO/G1 phase decreased while the propor-
tion of cells in S phase and G2/M phase increased (all P<0.01); (2) the expression of E-cadherin decreased, and the expressions of
N-cadherin, vimentin and snail increased (all £<0.01); (3) the expression of IL-6 in the culture supernatant of SiHa/GBX2 cells was sig-
nificantly up-regulated (P<0.01); (4) STAT3 phosphorylation in SiHa/GBX2 cells was enhanced, and could be inhibited by STAT3 in-
hibitor S31-201 (P<0.01). Conclusion: GBX2 may induce EMT of cervical cancer SiHa cells through IL-6/STAT3 pathway, thereby
promoting the proliferation, migration and invasion of cervical cancer cells.
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B 3 e 0 2R DL R R 2 — R R R
FRIRZFAEICFA R T AL , IF HOR A a1
SRR, E B R TG S MR R IR R
VIFRSG, Horh EMT PR U B B, 7 g gk R AN 7
RAEH N, i R TR v [l £ 2 (gastrulation
brain homeobox 2, GBX2) J& [FlJ & 3 K K b 2 —,
Y B R IE - £ -WER e 245 4] PR e s R, GBX2 AE i 411l
FEAA 2 (TSU-prl \PC3.DU145 A LNCaP) th4Lid
1, R GBX2 A I i 41 B 2 L P v B TR 1 R
7149, GBX2 i b 1L-6 (1 23A M@ 1 IL-6/JAK/
STAT3 {5 5 i B AL 2k 57 41 i 4 M 7 AR EREIZH
TR X 3 21 S0 2H 2R 1 HAH B e 55 2H A e
SR R T 236 /> .35 72 e ik B [ (differentially
expressed genes , DEG) , 3 i % i /3 DEG i i qPCR £
27 X B EUE A S HE S A A N LASRAIE , R I GBX2
TEE SR R RN, (RS SR+, GBX2
A LB IL-6 755 EMT A AE et = 2 (1) %
AR 2%, H e ILARIE . AR 7T DL S 20 SiHa 41 i
PRI TN B, 3 BRI Geid 94 GBX2, ¥R 1 GBX2
X} SiHa 40 M 34 58 | 12 28 TR [ 520 S vT ReL] , B 7E
MIERHEE T A FE R 7T LA GBX2 4R s yG 97 & 20 BT H
B G R BLFME , e S0 VR T S AR g .

1 MR57EE

L1 fmfetch 2 X5

N E St 20 ik SiHa W B o R =B R 55724
PRI L 240 22 . DMEM 57756 H Hyclone A ],
Ji6 4 L35 e B Gemini 2 7] , 5 4H i B p)CMV6-entry-
GBX2 J¢ 73 845Uk p)CMV6-entry I H OriGene A 7 ,
KWt B DHS o 8 5 44 Lipofectamine 2000 4 H Roche
A W], BCA 8 HRENE A& BBz R AT, Rl
N b B2 45 %6 % 1 (E-cadherin) « #2245 %6 2 4 (N-cad-
herin) 2 FE 5 A T Snail . STAT3 & pSTAT3 (Tyr705)
PUIAIAIIA H Cell Signaling 73 7] , STAT3 inhibitor VI(S3I-
201) 4 H Santa Cruz 2 & , BT AP 2 [ (vimentin)
Ptk . GAPDHFU/AI | Abcam A ], Hi % —HUW [ Santa
Cruz A \), f0 % & OG5 &0 H Thermo 2 @] , BD
Cycletes™ Plus DNA Reagent Kit 4 H BD A ], WST-1
A H Roche 2 7, 2134 8 A H 3& [ Millpore 2 7],
Transwell 12 28/)N % 1 H 3% [E Corning A 7] , Matrigel I
I 5 3% [ Bio-Rad A 7] , IL-6 ELISA 7 & FH HiX fH
AV TREERA A .
1.2 fmf3E ok oMy 3 GBX2 iT & 4 89 SiHa 4 JiLk

SiHa 4 fL7E 75 10 % i 4 I35 ) DMEM 3 7%
FAEARRE 7R . 4% QIAGEN 77 &k B 5 1) 7 VAT
JRCR B . SR Je R, 230K B 2H GBX2

F R 215 BB pCMV6-entry-GBX2 (5256 41) f %%
AR IR pCMV6-entry (B P B8 2HD 17 G ) 5 28
SiHa 40, #5445 72 h A WB %8 YL bR
1.3 WB Al GBX2 it 1A X%} 5 2 SiHa 4H i
GBX2 & R IA 52

AR A M R 1 IFE B, R E N 30 ng,
8%- 10% SDS-PAGE 43 %Il H ¥k 43 &5 J5 ¥4 # % PVDF
5o 5% MR Wk B h 5 MA—H(1:1 000~
1:5000 FkE) , 4 °CREIRIF B ik % . X H , TBST $Efii
5 minx3 {X . HRP Fric B H1 % 1gG =Hi (1:3 000
B, EiRMFE 2he TBSTYEHE S minx3 k. #%1: 11
B ROCEZHF, B PEE 3 ~ 5 min J5 , £ Bio-
Rad Bt/ S8 24t % . GAPDH AN Z .
1.4 WST-1:k4 M GBX2 id 4% i *f SiHa %@ i1 34 74 6%

W O B 5 A 1< 107/l , 328 T 96 FLAR (100
WAL, AR E 3N E L. 37 °C.5% CO 5 Hll K5 77
0.24.48 A1 72 h, NN 10 pl WST-1 ¥ & 2 h )5, T
FRAXCLE 3 4 450 nm Ab s I 248 A 1 ' 2% % (DO R, 1R
5 D (B 22 1) 41 it 18 B T 28
1.5 %% i 5F 3b 46 M GBX2 iT % ik 2t SiHa %a i 5
TS AR RE 7] 89 %S vR

FEFLAR 8x10° AT 6 FLER A , EBE 3~4 d 38T
BRI . 12~14 d J5 3 IHEE TR, PBS BES 2 VK, 100%
FABE[E] € 30 min.  HAARE TS, BEALEL600 pl T-0.1% 45
i 25 415,20 min, PBS PRV 2 IR, THRARTE 2L
1.6 AKX mfa KN GBX2 id & £ g # /% SiHa %9
e JB) 2 89 % o

WCSEBL YL JE 4l i, NN 1 ml 28 PPl T TR 2T,
W HY 2] 5x10° /™ 40 B 258 1 3 O B B R vl
BT, H4E CycleTEST™ PLUS DNA i 7145 15 B
FAR M ABL C ik 7] & 250,200,200 pl % & 10
min, F 50 pm BJE I 38 5, B AL ORI -4
1 6 1 184 L1 O
1.7  #@fe X & & 52 34 ) GBX2 id & A &g 3 %
SiHa %@ i1 0 & & fE 71 69 % ¥R

VARELN M 25 R 2 5x10° N/ FLIERh B 6 FLIR , FEAH 15
EHINEAL. £724 h g IGEE A, FH 10 pl bk e
L e tH—TE I 51 IR , H PBS W 25 & I 40,
AT R 775 DMEM, 37 °C. 5%CO, 4k 4: 597 24 h,
FERIIR 0,24 h R4S T O SRR A1 O
1.8 Transwell 52 34 M) GBX2 i3 % ik *t 5 %7 /& SiHa
m o 3T A% BAZ £ 78 1) 69 %5 vh

P E RSS20 W 10 pl AR H (1 pg/pD ¥y
SJURERAE Transwell N = [ I, 37 °CH; FR 5 i E 4
ho PG I35 1% 75 5 DMEM 1 % 48 fifg 25 i 42 5% 10



- 852 -

HR [ iR 2R iR YT AR, 2019, 26(8)

ul, B 100 pl 40 2 n 2 =, T E A 600 ul 75
20% FBS ] DMEM 5 729, %1% 3 & fL. 37 °C.
5% CO.M & 48 h e, IR EH L FEE FoRIT
& 041 H , PBS ¥k 2 X, HY B [8] 5€ 30 min. [ 2R T
J&i o 0.1% 45 558 Ye 0 20min. 37 YLV, W% K3 2
Wo JZERMBL(x200) T BV R A AR SsA
AN [R5 4 4, BP9 1E -

Y1 Jf9 4R 28 5256 - B 200 pl Matrigel 5% )57 FH 300
ul JC 1M 75 1% 7% 5 DMEM #i B . BX 100 wl 7 B 5 1)
Matrigel i il & Transwell /N ZE 1) EZ= A, B T 37 °C
YEEAR T E 2 hfd Matrigel B . & TSR 58
SIS AR
1.9 ELISA # i GBX2 if & i * ‘g 31 & SiHa 2@ e 6
IL-6 & ik K-F 89 %o

AR 35 727 35 , ELISA V20 R B b vk
st FLARTREASFL , B 5 FL A D0 [R) R BE R b A4 5 100
pul, BEASFLIN R B 4 (1) AR5 DU i 100 wl, 1B 25 %
FEAL , BEFR AN E 35,37 °C 5B 90 min. 35 25 WAE
W KUK 40T AP BR=S AT RS A v S FLRIARE
A AL AR LI IL-6 Hi A 100 pl, B Axtiobn b 56
37 °CJ M. 60 min. FFEAK, WK 4L E3a+, &L
VR, 5 B 1 min, JB RV ok 4t BT, &
VAR 3 U, B ALIIN ABC TAETR A 100 pl (25 (3 5%
FEFLER A1) 5 37 °C S M 30 mine #2441 90 pl f Xk I
A ELTE 37 °CF-1 30 min ) TMB 2 €43 , 37 °CE
SR 10 min, 4 FL N TMB £& 153 100 ul, T EEFR AL
B AKAE 450 nm 4B E KLY DAE -
1.10 %tz it

IR WB WST-1 523 T2 i U4 B AR L RIJR

& S0 | Transwell /2 ELISA S236 ) B H 3 k. H
SPSS19.0 Beit 2= 3 AFEAT 0 M 8 o« TH B304 DL o+
SR 3 AL IA) U e SR T e K56, 22 2T b AR i B IR
R 2. LA P<0.05 85 P<0.01 £/8 2 FA Guit 2

2 &% B

2.1 AH 3 GBX2 A& B i & ik 49 SiHa 2w it #h

I FH R 0 A 2 G R R T K 45 4 GBX2 1) pC-
MV 6-entry-GBX2 5 41 iR % 4L 5256 2H (SiHa/GBX2)
SiHa 41 i ¥ pCMV 6-entry 7= 35 4 Ji iz 55 G 21 [ 14
Xif B 21 (SiHa/pCMV6) SiHa 411 g , WB S 56 46 1 45 5
(| 1) &R, SiHa/GBX2 41 SiHa 41l jifd ' GBX2 B 4 %
A KT B B T B 2H (0.88+0.05 vs 0.06+0.01, =
29.50, P<0.01). Z5HRFMH, %58 m, GBX2 3
IR 7F SiHa 41 ff b i ek , Bl il oh 2 37 GBX2 i & ik
SiHa 41 #% -

1 2

1: SiHa/pCMV6; 2: SiHa/GBX2
1 BTN GBX2 i3 3RIAH) SiHa 2R AR K
Fig. 1 GBX2 over-expressed SiHa cell line was successfully
established

2.2 GBX2 i % kA2 SiHa % 2 69 38 74 Ak

WST-1 5 60 45 5 (B 2) & 3, 48 h J5 , SiHa/
GBX2 2H 4t ffu 1) 3% 58 fe /) 2. 3% 98 T~ SiHa/pCM V6 21
4 H.(0.710.02 vs 0.63£0.02, =4.90,P<0.01) .

k%

0.8F -#- SiHa/pCMV6
-& SiHa/GBX2

Cell proliferation (D)

0 2‘4 4I8 72
Time (t/h)
"P<0.01 vs SiHa/pCMV6 group
El2 GBX2id &Rk SiHa HARHIIETERE
Fig. 2 GBX2 over-expression promoted
the proliferation ability of SiHa cells

EEVE T S o6 45 R 7, SiHa/GBX2 4141 g 1)
LV B BE 7 W] 558 T SiHa/pCMV6 441 i, 5a [ T
KR B B N [(358.67+8.33) vs (56.00+£5.30) 7,
=53.14,P<0.01].

it A P A AR I 25 L (] 3) B R, 5 SiHa/pC-
MV6 2141 ffg b 4% , SiHa/GBX2 2H 41 i GO/G 1 #1141 iy
T 5 EE A5 P A (49.80£2.08)% vs (75.00+£2.56)% , =
13.23, P<0.01]-S #A4H i Lb 451 7 5[ (36.10+£0.96)% vs
(18.14£1.56)%, t=17.03, P<0.01]. G2/M 41 iy Lt 451 7+
E[(14.35+£0.900% vs (7.15+1.41)%,=7.44,P<0.01].
SR UL, GBX2 i KA 2 A4 G0/G1 I SiHa 4H i fir
EU 51 B S B S 15 G2/M 31 4 4 A B 451 386
2.3 GBX2it & 4% F SiHa b dy it A1z £ A8/

KR 5256 A1 Traswell S256:45 B (4 Box. 41
R 9% 24 h J5 , 5 SiHa/pCMV6 41 b %5 , SiHa/GBX2 41
41 i 1 451 49512 S fg 7 B 5 38 5 (¢=53.20, P<0.01;
4A) , IR YN BB B 16 0 (1=17.75, P<0.01; K1 4B) ,
77 JRAT A B0 2 5 0 (=9.80, P<0.01; 40D .
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(=
200- 70; 5 20
]
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40 80 120 160 200 40 80 120 160 200 -
Channels (PI-A) Channels (PI-A) GO0/G1 S G2/M
SiHa/pCMV6 SiHa GBX2

“P<0.01 vs SiHa/pCMV6 group
B3 GBX2id3kikxf #4H SiHa 4 HAH0 200
Fig.3 Effect of GBX2 over-expression on cell cycle distribution of SiHa cells
A
@ SiHa/pcMV6
S &3 SiHa/GBX2
S . 4001
5 g
=3 g
) 3
£ i 300
2 «
g 200
E
t>\<l § 100
[~
= 0
T
wn
Time (t/h)
B _ 400 "
2 —
E 3001
E :
S 200}
=)
E
&0 100 1+
=
0
SiHa/pCMV6 SiHa/GBX2
c 100 *ok
B ol
g 80
S 60
8
g
3
E 20
g 0 - -
SiHa/pCMV6 SiHa/GBX2 SiHa/pCMV6 SiHa/GBX2

“P<0.01 vs SiHa/pCMV6 group
A: Healing assay detected effect of GBX2 over-expression on the migration of SiHa cells (x100);
B: Transwell assay detected effect of GBX2 over-expression on the migration of SiHa cells (x200);
C; Transwell assay detected the effect of GBX2 over-expression on the invasion ability of SiHa cells (x400)
4 GBX2 @ RIAZIRS SiHa HMEHNEFRE (A B)MIREZ(CIEEN(ERERE)
Fig.4 GBX2 over-expression improved the migration (A,B) and invasion (C) ability of SiHa cells (crystal violet dyeing)

2.4 GBX2it & k5t SiHa L EMT A8 £ & @ 69 %h  FIEASEE A R IEE A . Snail FiA/K T L (0.62+
WB R EMT AR AR EERESHKI, 5 0.07 vs 0.17+£0.03,£=10.13;0.15+0.03 vs 0.05+0.01, =

Hof HE A LA, SEOG 20 SiHa A i b A5 & R IR IAK 6.60;0.42+0.06 vs 0.17+0.02,=7.32; ) P<0.01) . £

P53 R F%(0.20+£0.07 vs 0.64+0.11,=6.16,P<0.01), R, GBX2 i Rk e it SiHa 40 s EMT.
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2.5 IL-6/STAT3 i% i 22 GBX2 4 $ SiHa %@ f2 EMT
RAENEEREK

ELISA £l 45 F (K 6) &R I, 5 SiHa/pCMV6 41
EL#2 , SiHa/GBX2 441 i 1% 55 b 3% o 40 WA ) TL-6 7K
I E (5 803.33£155.67) vs (1 675.67+141.74),
=33.96, P<0.01) . WB I 25 5 (& 7) & I, SiHa/
GBX2 41 s STAT3 i % 1k 3% 5% (0.39+0.04 vs 0.18+
0.01,£=9.81, P<0.01) , J it #% S31-201 A #i i (0.21+
0.02 vs 0.39£0.04,=7.64,P<0.01). %351, STAT3
FIBERR AL AT E /2 IL-6 15 T SiHa/GBX2 4l il & 4= EMT

- N-cadherin

Vimentin

e a— 03]

1: SiHa/pCMV6; 2: SiHa/GBX2
5 GBX2 i3RI SiHa 488 EMT 18X &R HRIL
Fig.5 GBX2 over-expression affected the expression of
EMT-related protein in SiHa cells

8000T

k%

6000 [

4000

2000+

IL-6 lever [p,/(pg-ml™)]

SiHa/pCMV6 SiHa/GBX2

"P<0.01 vs SiHa/pCMV6 group
El6 ELISAE SiHa/GBX2 #1575 b3&E = IL-6 7k F
Fig.6 The concentration of IL-6 in cell culture supernatant
of SiHa/GBX2 cells was measured by ELISA

3 W

12 78 FIVEE K 2 T8 iR 1) 28 AR AR W) 22 R AIE ,
i B A R UG 5 HAR 28 LR B ¢, H
L AYNE R 2T LI Nt 2 e TR 22| TN
B0, B SR i RS O 1) 20 T R R e B TS A

A A B DR, DAL PR O AR 2R B B2 I HIL A 0
HUEg T kA EEE L AF T AR &R
GBX2 fE AWt v BT v L OR <7 1 BE TR 42 41
AR E B H g i A R T T A
BRI, AR AL R BT TR I, GBX2 1 B S
LA 3 R A H GBX2 Rk 5 5 200 41 A
B IR 2% ERE IO AR R W SCHR IS . AT Ui
JoRE e G F R i 30k GBX2 4 SiHa 41 i, 5 I
SiHa/GBX2 4 /il Fr) 8 58« v B 2 A % AR 2% g

B 2 18 9, Ul W] GBX2 fie 2t B S50 40 i ) 4% 2% AN
.

1 2 3

A STATS

AR W s | PSTATS

1: SiHa/pCMV6; 2: SiHa/GBX2; 3: SiHa/GBX2+S31-201
Bl7 GBX2{2i# SiHa 4l STAT3 BB 1L
Fig.7 GBX2 promoted STAT3 phosphorylation in SiHa cells

EMT 1E Ay b R R e e Ak Fee ik 7 v ) 2 22
IR, 5 MR R UM O, e AR R
B U REAE PR 20 PR G B 23 1 b R S B R SR KT
[ T S Sl 1 Wi R ORI g S vy N o ¥
), 3t 278 GBX2 1 SiHa 41 ity b 7 45 28 2 (1 =
KT B, T A 4885 R B B 88 R Snail 1A
KA O, 5271 GBX2 7] BLE #F SiHa 41 4 EMT.
EMT {E 0 i 988 7 7% 5 BB B i — A QD 3R, T 32
Z PP 5 3 B 1 L [R]85 TGF-B/Smad K
JAK/STAT3 {5 5l # . TGF-B/Smad &% T EMT K
ARG BG5S I8 1%E, H & TGF-B1 i T 1) Smad3
%1k 75 B JAK/STAT3 5 S B 1 2 5 , 0% JAK/
STAT3 15 5 il % 7] DA% 5% TGF-B/Smad i #% 175 T 1)
EMT DL K 40 e FE FIAZ 28 R /1. JAK/STAT3 {5 5 il
FE AR T E AR E A R R AR
15 SR [ ARG 240 B 1) 1) 6 B PE S AT 35 5 EMT IR
42 . STAT3 7 L5 Snail ()i 8 T 45 A it s A3k
15, Snail 454 B b B % & F 2L K5 311X E-box J7 41
) R AR A TR . STAT3 iR RE SR
HEEFE R PLIERT A A IS 4 A BT
I ZBP-89 kAR AH HAE F Rk T B R
KW, TL-6 & —Fh 2 Ty R A AR 7, 7E G % Rl JORE
SN 2t A K 1 DA R R T R e R )
YRR, JAK/STAT3 {5 5 i@ ¥ 2& IL-6 KIEEH K

are
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HEFSREZ —. IL-6 SHZARELELREHE
WA s PR ) TL-6/IL-6R/gp130 AN ARG , il 5T JAK 5
JoR B B0 STAT3, 1% A4 [ STAT3 7] LLAE 4H i i3
TV 1 [R5 B SR — SRAK, e N A% N 45 & FE 8
LR DNA PR HE A RiE™ . £ 8
Jed FO IS 5 S8 AH 5% R 2T 4E 41 Y ( cancer-associated
fibroblast, CAF) 73 WA B IL-6 i it JAK/STAT3 15 5 i@
5 SR AN A EMT i R A0, AR SZEG ELISA 6
SiHa/GBX2 4H a3 77 Hig K I, IL-6 7K1 B ik iy T 5%
820 SiHa/pCMV6 4l , iIF S GBX2 REAE i3k 7 2 Si-
Ha 28 Jfa (1) 38 G AN v FE T BCRE JT . 45 SRR, 76 B 3
Jit 1 GBX2 ] i IL-6/STAT3 15 5 3 i 5 Wi 4 i f4)
HIBE R 2B 5 EE AL, 1K A5 R LT BT 41 R 1 e R
(AR O —FE 388 TL-6 2 55 37 X389 ) ATTA
B e e T — B .

gi b, i Rk GBX2 fig#i =1 B 20 SiHa 41 i (1)
WU v BETE R T R AR 2 R 7, HE 5 AR IL-6
()43 WA 53R T 38 1 TL-6/TAK/STAT3 15 5l %1% 5 EMT
RAEAA I XS S0 L R 2 W TR T SR it — e s

(& % 3 #K]
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