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Apatinib enhances the anti-tumor effect of cisplatin on gastric cancer by inhibiting
HMGA2

ZHAN Fajie’, ZHU Haiyan®, LYU Yuxin’, SU Guohong®, LU Yimin’, LI Chengbiao® (a. Second Department of General Surgery;
b. Department of Oncology, Wuwei People's Hospital, Wuwei 733000, Gansu, China)

[Abstract] Objective: To investigate the effect of apatinib (APA) combined with cisplatin (DDP) on the proliferation, invasion and
migration capacity of gastric carcinoma (GC) cells and its molecular mechanism. Methods: Cancer and para-cancerous tissue samples
resected from 50 GC patients, who were surgically treated in Wuwei People's Hospital from January 2016 to June 2019, were
collected for this study; in addition, GC cell lines MGC803 and SGC7901 were also collected. gPCR was used to detect the HMGA2
expression in tissues and mRNA expressions of molecules related to cell proliferation, migration and invasion in GC cell lines.
MGC803 and SGC7901 cells were transfected with pcHMGA?2 by liposome transfection technology. After treatment with DDP and
APA at different concentrations, the cells were divided into NC, pcHMGA2, pcHMGA2+DDP and pcHMGA2+DDP+APA groups.
Protein expression of HMGA?2 in GC cells was detected by Western blotting, and proliferation, migration and invasion of the cells were
detected by MTT and Transwell assay, respectively. Results: The mRNA expression of HMGA?2 in GC tissues was higher than that in
para-cancerous tissues (P<0.05), and the survival rate of GC patients in the high expression group was significantly reduced (P<0.01).
DDP significantly inhibited the proliferation, invasion and migration of MGC803 and SGC7901 cells (all P<0.01); the proliferation,
invasion and migration of MGC803 and SGC7901 cells in DDP+APA group significantly decreased (all P<0.01) as compared with
DDP group; APA significantly enhanced the inhibitory effect of DDP on HMGA2 expression in GC cells (P<0.01); APA enhanced
the anticancer activity of DDP against GC by down-regulating HMGA2 expression. Conclusion: APA promotes the anticancer
activity of DDP against GC, and its molecular mechanism is the promotion of the inhibitory effect of DDP on HMGA?2 expression.
[Key words] apatinib(APA); cisplatin(DDP); high-mobility group protein A2 (HMGAZ2); gastric cancer; MGC803 cell; SGC7901 cell;
proliferation; invasion; migration
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Pt « BB 3 AR TP 29 M B0 RTS8 s BT A
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7 A A, Lipofectamine™ 2000 % 4% i 7] & Il CCK-8
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Transwell /N % W T AL o RHE A R A
1.2 mpasddc B R Aa e

¥ GC 41 it & MGC803 f1 SGC7901 2 Ff + &
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6 LR , % 18 Lipofectamine™ 2000 %% 40575 ik B 15 %+
25 4% 4k A1 pcDNA3.1-HMGA2 # %% T MGC803 FlI
SGC7901 ZHfigH, T 37 °C 5% CO, £ 37 46 55 77 15
7% 48 h J5 , Fil 4 pmol/L DDP B¢ Jf] 4 umol/L DDP Al 2
umol/L APA [F] I 4b ¥ % 4% pcDNA3.1-HMGA?2 [¥]
MGC803 F1 SGC7901 4 fit 48 h, 4 5256 73 S NC 4H
pcHMGA2 241 .pcHMGA2+DDP 41 .pcHMGA2+DDP+
APA 4.

B0 0AE K 3 59 MGC803 A1 SGC7901 4 it , 1]
ASTE MR DDP (1,248 umol/L) A P 41 iy 48 h 5 5
FHAS [ EE APA (04123 pmol/L) #1 4 pmol/L DDP
FLE AL FE 5, MTT #6000 25 4L 40 B 8 B3 77 5 43 0 i i
100 11) 40 o 264 B 0 B RO FE 5 SRR 7 I NC 4
DDP 2H .DDP+APA #4..

1.3 qPCR#M GC 22 4% # HMGA2 mRNA #= £ fit,
Y98 LAY BAZ AR K A H mRNA 89 & ik K-F

F TRIzol 73 il $/ B A5 DN 2H RN 248 it 55 v s
RNA, F — 3015 100 i 56 70 0K 42 30 RNA B 5% ik
cDNA, A B-actin NP 2, #{E qPCR A & 1 B 5 E
()22 BRFEAT QPCR, I PP A W3 1. PCR V2%
94 °CHJHAEAE T 2 min; 94 °CAEE 20 5,60 °CiE K 34 s,
FLAOAMEIR . LG AL R 2 42 KR

#*1 PCR3|4F5
Tab.1 Primer sequence of PCR

Gene Sequence

B-actin  F:5'-AGCGAGCATCCCCCAAAGTT-3'

R:5'-GGGCACGAAGGCTCATCATT-3'
HMGA2 F:5'ACCCAGGGGAAGACCCAAA-3'

R:5-CCTCTTGGCCGTTTTTCTCCA-3'

CDX1 F:5'-AGCGCAAAGTGAACAAGAAGAAACAG-3'
R:5'-GGGGCTATGGCAGAAACTCCTCT-3'

MMP15 F:5-TGAACCGTGTCCCTCCTAAA-3'
R:5'-GGTGTCTCTGGCCATTGAATAA-3'

EZH2 F:5-AGGAGTTTGCTGCTGCTCTC-3'
R:5'-TTTCAGTCCCTGCTTCCCTA-3'

CLDN4 F:5-CGCTTTCATCCTCAGGCAGTT-3'
R:5-GTCTCCTCTGACTTCAACAGAG-3'

1.4 MTT# M GC ety 344 % 7

WA B Ak T 0 50 A K S P A5 U 4 L, £ R A B
J& LA 1x10°A/ml 1% B2 8 M 42 96 Lk, B T 37 °C.
5% CO, B 2 M P 85 95 24 he 4> IAE K% 55 0.24.48.
72.96 h [ AF AL 10 pl MTT V8 W, AH [7) 24 F 4k
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(35 P<0.05) , 1fij 5 £ 35 0914 1) S AF 0% JifRg K /N TE %
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"P<0.05 vs Para-cancer tissues
A: HMGA2 mRNA expression in GC tissues was detected by qPCR;
B: Kaplan-Meier analysis of the relationship between HMGA2 expression and survival in GC patients
1 HMGA2 mRNA 7 GCHAFHFTIAR S GCREEFZEMX R
Fig.1 Expression of HMGA2 mRNA in GC tissues and its relationship with the survival in GC patients
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SGC7901 41 ML Fig 2850 3 K (3 P<0.01) .
g5 WL 0], DDP A] #1111 MGC803 1 SGC7901 £ fif1 f)

HE5E TR AR ZRAE ST

%2 HMGA2 mRNA 7E GC AR HHFRIERE S BEEIRARBIBFHERI X R [n(%)]

Tab.2 The correlation between expression of HMGA2 mRNA

and clinicopathological indicators of GC patients [r(%)]

HMGA2 expression

Clinicopathologic feature N(%) - V4 P
Low High
Gender
Female 17 (34.0) 7(41.2) 10 (58.8) 0.49 0.62
Male 33 (66.0) 16 (48.5) 17 (51.5)
Age (t/a)
<50 23 (46.0) 9(36.1) 14 (60.9) 1.16 0.25
=50 27 (54.0) 15 (55.6) 12 (44.4)
Tumor size (d/cm)
<5 22 (44.0) 12 (54.6) 10 (45.4) 1.06 0.28
=5 28 (56.0) 11 (39.3) 17 (60.7)
Clinical stage
[-1I 19 (38.0) 4 (21.1) 15 (78.9) 3.21 0.0014
-1V 31(62.0) 21 (67.7) 10 (32.3)
Lymph node metastasis
No 19 (38.0) 13 (68.4) 6(31.6) 3.21 0.0013
Yes 31(62.0) 7 (22.6) 24 (77.4)
Tumor infiltration depth
T1-T2 18 (36.0) 11 (61.1) 7 (38.9) 2.47 0.014
T3-T4 32 (64.0) 5(22.7) 17 (77.3)
A B C
T 23 MGC803 MGC803
% 2.0 " LA
£ 15 T
% 1.0
% 0.5
© 0

NC 1 2 4 8
DDP [cp/pmol-L"]

2 25 SGCA901 3 s00r mmNC == DDP Z 500 = NC = DDP
Q = 2
= 20 - £ 400 § 400
S [ 2]
E 15 B 2300 o ok Z 300 ek o
8 E = == i == —
£ 1o 5 200 5 200
B 05 2 100 £ 100
S o z 0 Z 0

NC 1 2 4 8 MGC803 SGC7901 MGC803 SGC7901

DDP [cp/pmol-L"]
"P<0.05, "P<0.01 vs NC group

A: MTT assay was used to detect the proliferation of MGC803 and SGC7901 cells;
B and C: Transwell was used to detect the migration and invasion of MGC803 and SGC7901 cells
2 DDP % MGC803 1 SGC7901 4AAFHETE I B FR AR (L5 R KR, x40)

Fig.2 Effects of DDP on proliferation, migration and invasion of MGC803 and SGC7901 cells (crystal violet staining, x40)

2.3  APA ¥7% DDP *f GC %@ .49 7P 7
FAANER EE APAC0.1.1.2.3 pmol/L) 14 pmol/L DDP
FLFEAEFE S, MTT Al 25 5 (B 3A) 27 , MGC803 Al
SGC790 1 AR5 /% Fe B DDP &b 22 52 4K i 4
BAAR, ELIRFE O 3 wmol/L 45 X5 4 ffd 184 5t ¥ 750 £

K (¥ P<0.01),155 2 pmol/L 4H L Z R I Ge it 24 7%
M (¥ P>0.05) . Transwell £l 45 5 (| 3B, C) B,
DDP 12 pmol/L APA 3 [F]4b 2 MGC803 A1 SGC7901 4
Ji )5, A b 5 A DDP Ak B, 41 i f 3R AR 2%
e )35 PR (33 P<0.01) . &5 5K B, APA 3555 DDP
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g
3 ;
S0s =
(=" 1
= DDP} DDP
] +APA © +APA

DDP 01 1 2 3
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215 8GC7901 G 250 =mDDP == DDP+APA £ 250 wmDDP == DDP+APA
IS ° B
5 £ 200
kS 5150
g

b= < 100
K 2 50
] £
] 2 0 l

DDP 01 1 2 3 MGC803 SGC7901 MGC803 SGC7901

APA [c/umol-L"]

"P<0.05, “P<0.01 vs NC or DDP group
A: MTT assay was used to detect the proliferation of MGC803 and SGC7901 cells; B and C: Transwell was used to detect the migration
and invasion of MGC803 and SGC7901 cells
3 APA %38 DDP %f MGC803 #1SGC7901 AR AT A 14 (LE R L, x40)
Fig.3 APA enhanced the anti-tumor activity of DDP against MGC803 and SGC7901 cells (crystal violet staining, x40)

2.4 APA %4 DDP 4% ¥ 4k F] DDP i# — ¥ 374 GC 4@
fe gl LA RAZ &

qPCR 61 25 5 (& 4A) 7% , DDP fig & 2 P& IC
GCMGC803 1 SGC7901 4 H 34 5  JE AL FIZ Z2HH K
F#£ X (HMGA2.CDX1.MMP15.EZH2 .CLDN4)mRNA
(127K, Horh i HMGA2 mRNA 2655 7K 500 ¢
R (5 P<0.01) . WBELIZE (] 4B) &7, DDP
(4 umol/L) fig . 2 411 MGC803 F1 SGC7901 4 fft
HMGA?2 & A 113215 7KF () P<0.01) , il APA fl DDP
A AbEE I, i A HMGA2 & [ [ RE 5 i A DDP
Ab PR 53 PR (P<0.05) o 45 R B, APA B4 DDP %
FUMUFH DDP 3t — B 9] GC 40 i35 T 78 KR 2% .
2.5 APAi# i$ T HMGA?2 % ik 3 7% DDP *F GC #%
FOIF It

WB & 45 & (B 5A) &8, pcHMGA2 41
MGC803 1 SGC7901 4 Jifd H HMGA2 & H FKikK
PR E T (3 P<0.01) ;5 pcHMGA2+DDP 41 41l i
HFHMGA2 % [ % ik 5 pcHMGA2 21 15 2% B A% (13
P<0.05) ; pcHMGA2+DDP+APA 41 g ' HMGA2 &
FF55 KT pcHMGA2+DDP 4 415 ($41 P<0.01) , H.
ENCH R ZE RTG53 P>0.05) .

MTT Fl Transwell #5025 £ (K 5SB.C.D) 7R~ ,
pcHMGA2 ZH 21 Jfd (1) 38 5 « (= 28 FIEFE 6 71 3 T
() P<0.01) ; p)cHMGA2+DDP 41 41| iy (1) 345 - 1 28
AT # € )1 8 pcHMGA2 21 B 2% F& A% (15 P<0.05) ;
pcHMGA2+DDP+APA 20 4l fitd 1) 34 5 - 3T 7% #1137 28
¢ 1 pcHMGA2+DDP # # — & [# 1K (P<0.05

al P<0.01) .
DL SzEg gk LI, APA BT R HMGA2 %14
1458 DDP % GC 2 fa (1370 i Jgg 4

3 W

GC A2 555 ML gl 2 — , FLR IR A S
43 AL JE BT R 993 9 4D 15.8% AT 17.7% . W A%
BH , GC 2t Hf 1 T K0 B o e R g J A2 A T G 1, il
SRR T R B AT GC a7 AR T 0 ki
NELH SEIMR A, . DDPZIGYT GC A2,
nlifE Tt 5 DNA BG4 &, K% DNA A FIME,
FEAEA-DNA NG, w4 s SR s h . SR
AN FAIT 29—, 51— DDP AT A1
T e 2 P 243 e PR A PR T IV e A AR B
R, BB 2506 GC 1R T £ 55 5. A7 &3, DDP
DL FEE gt s A1) MGC803 A1 SGC7901 4 iy () 1t
F R BRI .

APA J& —FlHT B /N o) 7 45 B R B 4 ) 7L ©
B UF B T L6 B 2 Bl 2 B N S 2 Rk o
B AL B M GC LI e A 25900, (H 25 F& 3] APA
PN — 25N BR A5 AL , 228 3L 5 oA 254 41
B . WEFRUIZR I, P A R [ 1R 97 R R 1
GC H HIL 9T VE R LA B P R 8Os, HsA it
Z B B, APABRA S-1 i BB k4% GC B3
(R 15  SiE K 5 35 1R OSU'S) s APA W] 448 5 5 S i A 5
(RIRT R o7 8 £ P12 22 R/ FH U s APA RN TR A R IRA5 1oL
F ] 35 2% F 4 T8 Hep3B 41 A 3856 5 32 #8 F11R 28
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fe H0, AW KR, APA 5DDPIE FH Al W58 DDP X GC ZH s 5 2 AT B A kIfE R .

A MGC803 SGC7901
<
ng 1.2 mmNC == DDP é 1.2 maNC == DDP
E =
09 3
<
= 0.6 T
k] 3
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=03 2
8 g
=) =
Z 0 Z ol
HMGA2 CDX1 MMPI5 EZH2 CLDN4 HMGA2 CDX1 MMP15 EZH2 CLDN4
B gr C MGC803 SGC7901
N RN ‘:t' 1.2 : 12
& ¥ P ©) S
o S 09 S 09
§|HMGA2- — 5;.5 . 52.5 .
: 3 2 0.6
S|P ——— £g%¢ g3
B '§ 2 *A .% a #A
S|HMGA? (i - w— £ o3 2 03
o
Sl Pactin e —— £ o Z o
NC DDP DDP+APA NC DDP DDP+APA

"P<0.05, "P<0.01 vs NC group; “P<0.05 vs DDP group
A: qPCR was used to detect mRNA expression of molecules associated with proliferation, invasion and migration in GC cells; B: WB was
used to detect the expression of HMGA?2 protein in GC tissues; C: WB was used to detect the expression of HMGA?2 protein in GC cells
4 APAEXA DDP A DDP #—HHIH| GC AAEIETE IR R IRFE
Fig.4 APA combined with DDP further inhibited proliferation, migration and invasion of GC cells compared with DDP alone

A B
R mNC  sspcHMGA2 SGC803 SGC7901
i s pcHMGA2+ DDP - NC . - NC
—— e e ——— O = -
%|HMGA2 52_5 peHMGA2+ DDP+APA 33 o MGASTODE 3 &3 T s roor ﬂ
g [-actin e_—>" ——— 220 = = peAMGAZ+ DDPFAPA S pcHMGA2+ DDP+APA 44~ 4
. 2 S2
= g £ g ¥
HMGAZ---- Z15 g 5
a < &
[}actm---- £ 1.0 s1 s 1
HMGA2 + gO.S 3 %
C) - o
K DDP - s + o+ @ 0 SO s 1 96 0w o
APA - - - 4 MGC803  SGC7901 Time (¢/h) Time (/h)
pcHMGA2+DDP
C N pcHMGA2  pcHMGA2+DDP +APA
;59 oy

=mNC  sspcHMGA2
8001 ™ pcHMGA2+DDP
pcHMGA2+DDP+APA
* % *k

600

400

200

Number of migration cells

MGC803  SGC7901

mNC  wspcHMGA2
800r ™= PpcHMGA2+DDP
pcHMGA2+DDP+APA

ke *k

Number of invasion cells

MGC803 SGC7901

“P<0.01 vs NC group; *P<0.05 vs HMGA?2 group; “P<0.05 vs HMGA2+DDP group
A: WB assay was used to detect HMGA2 expression in MGC803 and SGC7901 cells; B: CCK-8 was used to detect
the proliferation of MGC803 and SGC7901 cells; C and D: Transwell assay was used to detect the migration and invasion of
MGC803 and SGC7901 cells (crystal violet staining, x40)
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Fig.5 APA enhanced the inhibitory effect of DDP on the proliferation, migration and invasion of MGC803 and SGC7901 cells
by down-regulating HMGA?2 expression
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