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1&mE T FRITPX2; LB XS N S HifzHeLaZi A
T FURZRIFZ N B AL

BT MRE RERE K A £ A
(P52 4 R IR R B I B, AT 010050)

WE ZXH B R RN 19 XkIp2¥e & & (targeting protein for Xklp2, TPX2)iT 2k
xS AT B HeLam JL B = 12 £ 6B A BAUH] . ) HE4FF 8A TPX2-shRNA#) & 2812 )% 2 & L A
Pt BB 5 5AE F LRIE SR A A AL B AT F Sk HeLafm e, F) B 52 B 3% %% % PCRA=Western blot
b itk th TPX200 BR AR s 4 69 — A HeLam ioAF A T IRA AT B 4 K 3. R A Transwel A & IR 4R
BT R A m e st . R AKX e AR &40 4m 44 B T H JL. Western blotAa )
TPX2-shRNA%E 3 77 5 40 i B = B AR L AR X & & iBcl-2. Bax. Caspase-3. MMP9. TIMP-1%
nm23-HI1KF. 2R 25, ik RNATF I 5% & BARLV-TPX2-shRNA-1 7T A 247 %] HeLa%m A&
TPX2¢4 &34, 5t BB 4a4atk, T 40 9 HeLasm iR 8 = 8 R 38 H0(P<0.01); F il Transwell/ s & A&
JRJE 2 L BA B8,V (P<0.01). HeLa%m L & 2 LV-TPX2-shRNA-14¢ T 8 /8 T 48 % & @ Bcel-249 & ik
K, L iflCaspase-3%4 Bax#y & ik K-F(P<0.05); Lif4Z 2248 % & & Jinm23-HI A TIMP-1/K-F, F
PFIMMPIK F(P<0.05). vA_E% R R, IUERTPX2 K A AE38 hn g H % tm ety A o=, Tae 5 2 LA
Caspase-3&Bax/K-F, FABcl-2/K-FH %; LK TPX2 & K 464748 F % mipsz 26k ), The 5 & £
PATIMP-1%nm23-H1K-F, FAMMP#K-F4 X.

XH2IR  EHUE; TPX2-shRNA; 1855 4004 15 iR 2%

The Effect of Silencing TPX2 Gene Expression
Mediated by Lentiviral on Apoptosis and Invasion in

Human Cervical Cancer HeLa Cells and Its Mechanism
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(The Department of Obstetrics and Gynecology, the Affiliated Hospital of Inner Mongolia Medical College, Hohhot 010050, China)

Abstract This article was aimed to investigate the effect of silencing 7PX2 expression mediated by
lentiviral on apoptosis and invasion in human cervical cancer HeLa cells and its mechanism. The four lentivirus
expression vectors carried 7PX2-shRNA and the negative control were constructed. The recombinant lentivirus
carried TPX2-shRNA1/2/3/4 and TPX2-NC-shRNA were infected into HeLa cells, respectively. The expression
levels of TPX2 mRNA and protein in HeLa cells were determined by Real-time fluorescent quantitative PCR and
Western blot, respectively. The recombinant lentivirus was chosen with the best silence effect for the following

function experiment. Effect of TPX2-shRNA on cell invasion in HeLa cells was detected using Transwell basement
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membrane invasion experimen. Effect of TPX2-shRNA on apoptosis in HeLa cells was detected by flow cytometry
(FCM). The changes of Bcl-2, Bax, Caspase-3, MMP9, TIMP-1 and nm23-H1 protein levels were detected by
Western blot. The result showed that optimizing and selecting recombinant lentivirus named LV-TPX2-shRNA-1
could effectively inhibit 7PX2 expression in HeLa cells, then LV-TPX2-shRNA-1 was selected for follow-
up experiments. In the group of TPX2-shRNA-1, the apoptosis rate was significantly more than those in the
control group (P<0.01), cells through the basement membrane of transwell chamber were significantly decreased
compared to those in the control group (P<0.01). Silencing TPX2 expression could up-regulate the levels of
Caspase-3, Bax, nm23-H1 and TIMP-1, down-regulate the levels of Bcl-2 and MMP9 in HeLa cells (P<0.05). In
conclusion, silencing TPX2 expression could increase the apoptosis, which might be related to the up-regulation
of the Caspase-3 and Bax, down-regulation of the Bcl-2 in HeLa cells. Silencing 7PX2 expression could inhibit
the invasion in HeLa cells which might be related to the up-regulation of the nm23-H1 and TIMP-1 levels, down-
regulation of the MMP9 levels in HeLa cells.

Keywords cervical cancer; TPX2-shRNA; lentivirus; cell apoptosis; cell invasion

Xklp2# & [ (targeting protein for Xklp2, TPX2)
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1.1 ZHAE A7

N B S HeLaZH PR A AR S0 25 R A7 BRI
WY R B Agel. EcoR TRIE R & W HNEBZ
H); 1895 75 2 AR Pglv2U6Puro Ml £, 2% Jiii ¥ pGag/Pol.
pRev. pVSV-GIty { b ifg 7 3 5 R4k 2 A BR 2 w5
T SR & R4 BT & T H Qiagen A F;
RNA$H #2371 Trizol. %% 44 /| Lipofectamine 2000

I H Invitrogen /A 7] ; Real-time fluorescent quantitative
PCRIA I &+ cDNAMW % 5% 3 771 £ H Fermentas 22
H ;A B AR BCA L B E =R
&, RPLATPX2P04A 1 B Abcam /A i ; Transwell/y
% ) H Corning 2~ 7] ; Matrigel Basement Membrane
MatrixJJ § BD/ 7] ; Caspase-3. Bcl-2. Bax.
nm23-H1. MMP9. TIMP-14&3 H Abcam A 7 .
1.2 753k

1.2.1 TPX2-shRNAE 4112 # & HAK BAL 4 m Jo R
ML mie  DITPX2NHE R, BUIIH & T LV-
TPX2-shRNA1/2/3/4 5 91 #4565 B(LV-NC)FL 550 5 21
15 95 85 344, - 7EHeLaZi Mo o 0 ik H A2 4% 40 i 7k,
SIS 9 ' 52 B PCR AT Western blot) 5l 46l £ 4H 4 ity
TPX2 mRNAFIE (1T BR R . 57 i H T BR &L
IR AELV-TPX2-shRNA- 1 4015 £: Thfie Se . 3%
B 2 A R L(Blank): A G189 35 34 [{ HeLa
Y Pt T X R AL(LV-NC): J8 e B 3t [ s 75 1
HeLaZil ffd; T 3t 40 (LV-TPX2-shRNA-1): F4 & J& 4
LV-TPX2-shRNA-1%% % [fJHeLaZll Y, #E17 5 8L ThRE
S25G . TPX2-shRNA-1 2 B4 HER T IR 7 41 L3R 1 .
1.2.2 AKX I AR(FCM) N TPX20 Bk AT /& HeLa%a

&1 TPX2-shRNA-1XPAMEX BRIZEER TR
Table 1 TPX2-shRNA-1 and NC oligonucleotide sequence list

SIATR ¥

Primer name Sequence

TPX2-shRNA-1

Forward: 5'-AAT TCA AAA AGC CTC AGA GAA GAT CTC TTA GCT CGA GCTAAG AGATCT TCT CTG AGG C-3'

Reverse: 5'-AAT TCA AAA AGC CTC AGA GAA GAT CTC TTA GCT CGA GCT AAG AGA TCT TCT CTG AGG C-3'
NC Forward: 5'-CCG GTT CTC CGA ACG TGT CAC GTC TCG AGA CGT GAC ACG TTC GGA GAATTT TTG-3'
Reverse: 5'- AAT TCA AAA ATT CTC CGA ACG TGT CAC GTC TCG AGA CGT GAC ACG TTC GGA GAA-3'
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JRRAT AL KRR E3AGH M 2 R R
ZH(Blank). [ 4 %F 1E 2H(LV-NC) f2 T $ 41(LV-TPX2-
shRNA-1)} 7272 him, FAS S EDTAR I 2 H B 1
Y H, B0 WG, B RO L2 000 r/min O
5 min, 775, FAPBSYEL 41 23k (2 000 r/min
205 min), W 4 fd. 400 puL[#binding buffer
HOR M. E4H MR DG IS uL AnnexinV-
FITCYL, 4 °CIM 15 mine SN 5 FHEEGIIAL0 pL
FIPIVE ], 4 °C/ %5 min. 7E1 hy FHECMAG .
1.2.3  Transwell» & R JEAZ 2 52 BaAe i) TPX 270 Bk
A /& HeLa2m oAz 2 fie /7 49 TA4L FRAFT-20 °C
[FIBD matrigel & T4 °Cfifb I, G M i 55 77 5 4%
1:4%% %, I N\ Transwell |5 %30 uL, 7£37 °CH;:7=46
W B . IR AN, (I BRTTEOR T2, A
i %5 & N10%mL, [/ Transwell & == 4 L 1 A 100 pL
Y0 B 24U = H N N500 pL 7 15% FBSIF)
DMEM#; 773, IEH 17748 ho FEEEM B, FEM
BRI, FARSEREE L PR RAZZ2 R4 A, 17 T 20
500 uL PBS, 55 FTPBSIE 2TE VeI K m HI1E
H, EE—IR. JEMRNEIA4%Z FEHEES00 pL, ff
PR 2R R AE L b [ e 40 A, [ 5220 min, 772 [
SE W, 18] & Transwell/N =, fHJEIE N R L, HAR
KT TG B E E 1 Transwell/)N = [ JE BT
TG AOR S5 R AL, F FH30 min; PBSTE Bt 1,
bi e N T G VIR =2 (B R i

1.2.4 Western blot#0 TPX2 3 & 770 B 77 J& HeLa2m it
AT RARRAR K RO R KT LRI % 240
M FR I N 41 B 24 AA R, 10 000 r/minE5 0210 min,
B30 puL_L3, 10 pL 4xSDS loading buffer, 100 °C
AL FE10 mine 12 000 r/minZ 01 min, B i 1
Ff. BCAEHFI G ERMED &S, M
8% SDS-PAGEHLUK /7 85, AL EFEE 820 pg. 261+
SRS IS FLK 80 V 30 min, 43255 HLiK 120 V 70 mins
I ZPVDFIE, H1JE N80 V, FIF90 min. & [

BAFEEIREL ho IMAFRELF 10—, 4 CIF B LR .
F IXPBSTYES3VK, £:K10 min. A1 ANFERELFIK 47,
FiRPFE 1 he HIXPBSTHRIR3IK, HIKX10 min. H
ECLIEWIRHAT A28 R, Xt it &8
B EL R, A R AR, 18 F Gel-Pro
analyzer M 3EAT K FE 74T € £

125 %itsa#r  HISPSS 15.040 184, 45 LA
xtsFow, AR ELECR 7 20T, LAP<0.05 8 2% 5
EEVES-9'¢

2 &
2.1 TPX2-shRNA-1ERIEFRSH A KT MR
PREIMIE 5i%I%

W 45 AR SE, S 1 804 5 10 2 e 1), SR
FH0.4 pg/mLGEM 25 2 B Dl i 126 H TPX 2950 BR 20 Ak o
SR 7% Ot 8 BPCR I 7w, JE YLLV-TPX2-shRNA-111]
HeLa#fl ffd, TPX2 mRNAAH X} 7K~ 4(0.2140.07), 5
7 XS HE2H.(1.08+0.07) 55 B A4 X ]E 20 (1.04+0.06) #H
ELi 145 G it 2 3 X (P<0.01). Western blot4f 5t i
R, I YLLV-TPX2-shRNA-1[fJHeLa4ll i, TPX2H
J5 AR X K SF 40.19+0.28, 5 2% [ X ER £1(0.64+0.03)
Je 9115 2H.(0.68+0.66) LU A G 152 2 X (P<0.01), H
E A KRS T H(69.11%+0.05%). a5 HHE
IIPEZH LT S vt 5 22 7:(P>0.05) (1)

2.2 ELHIEHBLV-TPX2-shRNA-13%ZHeLa
Femi EMpE AT Tk

FH I 2 40 B AR D 5 25 14 0t B 4. (Blank) B
X} I ZH(LV-NC) & T $i 2H(LV-TPX2-shRNA- 1) fig
FT L. 45 R EIR, THH(LV-TPX2-shRNA-1)4f
O VE T N 38.6%+1.28%, BF 4 IR 2H [F)(LV-NC)
2 B R 9 T 2 N23.27%+3.5%, 25 5 IR 41(Blank)
ZH 20 B 1 R TS 3R ON22.46%+3.70%, T 5w A
Xof HEZHL e B P 0T I 2 L 2 4 e T 2R 35 B R
(P<0.05). BH 5% B4 (LV-NC) Al 4% [ % [ 4H.(Blank)

1 2 3
no—
e —— —

10 2 AT HEZE; 20 B ST HR A 3: T4
1: blank group; 2: LV-NC group; 3: LV-TPX2-shRNA-1 group.

[El1 Western bloti&l E 4R 187 F LV-TPX2-shRNA-1 2 He LaZi BT /F TPX2%E H K F
Fig.1 Effect of LV-TPX2-shRNA-1 on the level of TPX2 protein in HeLa cells detected by Western blot
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Fig.2 Effect of TPX2-shRNA-1 on apoptosis in HeLa cells detected by FCM

Blank
&3 TranswellE KRR ZES206 480 TPX2%THeLaZl B (R ZZ HI 2 M (40%)
Fig.3 Effect of TPX2 on cell invasion in HeLa cells detected by Transwell (40x)

FHECEL, Togiit 5 2 7(P>0.05)(&2).
2.3 E4HEHBLV-TPX2-shRNA-1%HeLaZH il
REMRM

[ FH Transwell/)s &8 2 Ji 5422 28 SI2 56 7 & =
% 18 41 (Blank). B 1 X B8 ZH(LV-NC) S T #i 41
(LV-TPX2-shRNA- )4 12 21 5, 45 1 2o, T4k
H(LV-TPX2-shRNA-1)12 28 % ik 5% 55 JEE 41 i 25
15.00+3.001™, i T T B 4% B2 (LV-NC)39.00+3.65
A Je %% [ %) I8 20 (Blank)38.33£2.51 M (P<0.05). %
4} H8 2H (Blank) 5 [P0 BB 4H(LV-NC) b, Egeit
2 FE T (P>0.05)(13).
2.4 E4HIBHBLV-TPX2-shRNA-13%HeLa4H
ERTE AT RIREEXEERKFRETKL

Western blot /7 7 & Ml 2% 1 % #E 2H (Blank).  [¥]
PEXTHEZH(LV-NC) & THL A (LV-TPX2-shRNA-1)4H fifd
R AL, 45 12K, LV-TPX2-shRNA-14141
i rhBel-2 kMMPOE 1 25 B AR T X R4, 22 7
Gt it B (P<0.05). LV-TPX2-shRNA-14H 41 g
Bax. Caspase-3. TIMP-1%nm23-H1%5 [ 5 B & 5
TXIEA, 72 54 Guit 22 L (P<0.05)(El4).
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LV-NC LV-TPX2-shRNA-1
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TPX2 2 — i 52 41 i J& 1A 7 A 1 42 (10 4% 38 BE A
REE I, WA A 2255 245 v o AR (1) T B
R M 4 Fr A AL BRI, R, AbhsE
K201, TPX2FEIR it 2k RE 5 804 i b O A 38,
HINDNAZ 5 4A J AR . TPX2EE R I 7 i R 1A
BANRFLZEBEMENEE. REXAREY. G0
FOAESE, TPX2RETE AR . e . EaUE. 8
B R A LR S 2 Bl R R A R A
LG, HARR 50T 5 R (P MR FE AR OGN, AR
A BT WA T AR 52, TPX2AE B #2023 rp R ik %
WA 38 v, LKA B S R 0 o . R L
LG R 2 DA O,

AHIF 5T BRI TPX 2] B 2598 41 M o7 1 2 12
ZI N, PATPX2FE DR B8 i, Wit IF & 42 0t
% T H #rshRNA B SUEEDNA K & 45 14, #) 4 2
H TPX2-shRNA ) H 20 155 B A H B 10t HE, 455
M B 4 A AR S I N B HeLadll i, F1
SE I % & FEPCRAIWestern blot i i H TPX2¥T Bk
R A 1 — A HeLaZi Ha 15 D T4 4L 3047 ) 4 sk
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A: the levels of Bcl-2 protein in HeLa cells in various groups; B: the levels of Bax protein in HeLa cells in various groups; C: the levels of Caspase-3
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protein in HeLa cells in various groups; D: the levels of nm23-H1 protein in HeLa cells in various groups; E: the levels of MMP9 protein in HeLa cells
in various groups; F: the levels of TIMP-1 protein in HeLa cells in various groups. 1: Blank group; 2: LV-NC group; 3: LV-TPX2-shRNA-1 group.
*P<0.05 vs 1 and 2 groups.

El4 ZiHHeLaf AT RIREMAXERRKE

Fig.4 The levels of proteins associated apoptosis and invasion in HeLa cells in various groups

3. SR 9% 5E S PCRFIWestern blotS2 36 5 7, 7K B S 52 B H0 1, R BIRNAT- 12 97 2 4k 1k
% Y FIRNA T 1896 55 AR LV-TPX2-shRNA-1 °] LV-TPX2-shRNA- 14 2 5.3 . FCMAG I 2520 4 i F)
A HeLadh s TPX2(F) 2% 3%, TPX2 mRNAFI & 4 TN 357, HeLadi B /2 YL 189 75 2 AR LV-TPX 2-
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HisE HeLaZt Mo 8 T2k A4, IR S BT T-EA
Caspase-3. Bcl-2381A Fifl, {2 -8 A Bax®iA k-
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R I HE, N TPX2Z2 5 5 B0 IR T O —

Al RE. TPX27E M8 4 B A h (1) ey 2R 04 5 i 98 4t
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T 00 1 4 L £ 2 AN R 10 . AR SO TR 485 SRR s,
7EHeLaZll il A SO BR TPX 2 23 )5, 40 1R 22 fg
778 F A, 7T B8 Snm23-H1 K& TIMP-1%3% () _E 7+
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FT:, nlRe 5 H FifiCaspase-3 & Bax/KF, FifiBcl-2
IKPAH % PUERTPX2R IS Re | H 1R 28 68 71, nIRE
5H EATIMP-1/nm23-H1/K ¥, F HMMPI] /K
FHK.

S 3k (References)

1 Perez de Castro I, Malumbres M. Mitotic stress and chromosomal
instability in cancer: the case for TPX2. Genes Cancer 2012; 11:
721-30.

2 XT3, A B, SRbR IR, TPX27E 41 i 5] 3 2 5 DNAR % )%
K 3 55 R R AR 9% A T ST JEE. T 2R 5 27 (Liu Wanwed,
Li Enliang, Wu Linquan. 7PX2 involved in the DNA damage
response in the interphase of the cell and its relationship with
tumor research progress. Guangdong Medical Journal) 2016;
37(4): 1245-7.

3 W, BACE, OB 4R AN, TEET. TPX2AE B SR PR
5 & S FERBEE 2 5 IR PR (Chang Haiping, Wang Jingzhi, Tian
Yuan, Xu Jie, Cheng Jianxin. Expression of TPX2 in cervical
carcinoma and its significance. Basic and Clinical Medicine)
2012;32: 561-5.

4 WU, R, AF AR, G TPX23E K shRNATE 7% 2 28 74 1)
Koy I %5 58 . LAl %% 5 i JR(Chang Haiping, Song Shufang,
Ren Jie. Construction and identification of shRNA Lentiviral
vector targeting TPX2 gene. Basic and Clinical Medicine) 2017,
37(7): 945-52.



T AR R R T A TPX2UTEON N5 35 HeLaZf L T RS 2R D 52 i S AL 1421

Iyer J, Tsai MY. A novel role for TPX2 as a scaffold and co-acti-
vator protein of the chromosomal passenger complex. Cell Signal
2012; 24(8): 1677-89.

Yan L, Li S, Xu C. Target protein for Xklp2 (TPX2),
amicrotubule-related protein, contributes to malignant phenotype
in bladder carcinoma. Tumour Biol 2013; 34(6): 4089-100.

Hsu PK, Chen HY, Yeh YC. TPX2 expression is associated with
cell proliferation and patient outcome in esophageal squamous
cell carcinoma. J Gastroenterol 2014; 49(8): 1231-40.

Chang H, Wang J, Tian Y. The TPX2 gene is a promising
diagnostic and therapeutic target for cervical cancer. Oncol Rep
2012; 27(5): 1353-9.

Ma 'Y, Lin D, Sun W. Expression of targeting protein for xklp2
associated with both malignant transformation of respiratory
epithelium and progression of squamous cell lung cancer. Clin
Cancer Res 2006; 12(4): 1121-7.

Warner SL, Stephens BJ, Nwokenkwo S. Validation of 7PX2
as a potential therapeutic target in pancreatic cancer cells. Clin
Cancer Res 2009; 15(21): 6519-28.

?K%iﬁ Z= G AL, FLIRE AL 2R TPX2 8 (1M R IE S 3
I R 2. I PR 5 T2 50995 B % 4 . (Zhang Chunmei, Li Min, Zhou
Shixian. Expression of TPX2 in breast cancer tissue and their
clinical significances. Clin Exp Pathol) 2015; 31(5): 528-31.
XI5k B B BUR CRNARE [ UUBR TPX2JE R e 2 A
Jits Ji 468 A 549240 it f)ﬁJ T2 J FAH G L. 8 (Liu Ying, Zhang
Hui, Tang Xi. TPX 2 gene-targeted short hairpin RNA induces
the apoptosis of human lung adenocarcinoma A549 cells and its
related mechanism. Tumor) 2011; 31(12): 1055-60.

Ok, BRVEAL, ER T, . TRPMSRS A 57 98 48
U251 480 it 8 T F0 20 38 4 52 . B4 2 2% 4% & (Huang wel,

17

Chen jieyi, Huang junyong, Zhou Chenyu. Effect of TRPMS8 on
proliferation and apoptosis of human brain gliomacell U251.
Journal of Tropical Medicine) 2015; 15(2): 203-6.

Huang Q, Li F, Liu X. Caspase 3-mediated stimulation of tumor
cell re-population during cancer radiotherapy. Nat Med 2011; 17:
860-6.

BT, EA A MR, SR, 200 A e g T R 4 R
TRAIL }% Caspase-3% 1% EHPVF& Y ()R OE M AL AR IR
B Ji& 4 = J% £ (Jia Wanjun, Cao Xuequan, Gan Meifu, Zhang
Yabin. Relationship between expression of apoptosis regulatory
genes of TRAIL and Caspase-3 in cervical lesions and HPV
infection. Chinese Journal of Nosocomiology) 2011; 21(22):
4677-9.

Q Li, Guo YL, Z Li, Xu XY. The interference of picroside II
on the expressions of Caspase-3 and PARP following cerebral
ischemia reperfusion injury in rats. Chin Pharmacol Bull 2010;
26(3): 342-5.

B MEE, = 4E U, bel-24 bax. caspase-37E 4H Ay U T+ 4 1E
FH B H G &L v [ 22 4F 4 2% 7 (Dong Yajie, Gao Weijuan. The
roles of BCL-2, bax and caspase-3 in the apoptosis and their
relationships. Chinese Journal of Gerontology) 2012; 32(11):
4828-30.

Pytliak M, Vargova V, Mechirova V. Matrix metalloproteinases
and their role in oncogenesis: a review. Onkologie 2012; 35: 49-
53.

Hartsough MT, Morrison DK, Salerno M. Nm23-H1 metastasis
suppressor phosphorylation of kinase suppressor of Ras via a
histidine protein kinase pathway. J Biol Chem 2002; 277: 32389-
99.



