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ABSTRACT
The targeting protein for Xenopus kinesin-like protein 2 (TPX2) is a putative oncogene in different human
cancers. This study assessed TPX2 expression in gastric cancer tissue samples and then determined the
effects of TPX2 knockdown on the regulation of gastric cancer cell malignant behaviors in vitro. Tissue
samples from 115 gastric cancer patients were analyzed for TPX2 expression. The effects of TPX2 siRNA on
gastric cancer cells were assessed in vitro, including cell viability, cell cycle distribution, apoptosis,
migration, and invasion. The data showed that TPX2 was overexpressed in gastric cancer tissues
compared to that in the adjacent normal epithelia. Moreover, TPX2 overexpression was associated with a
poor overall survival and was an independent prognostic predictor of gastric cancer. In addition, the
in vitro study further confirmed the ex vivo data, i.e., knockdown of TPX2 expression reduced gastric
cancer cell viability but induced apoptosis and arrested cells at the G2/M phase of the cell cycle.
Knockdown of TPX2 expression also inhibited the tumor cell migration and invasion capacity in vitro. At
the gene level, knockdown of TPX2 expression upregulated the levels of cyclin B1, cdk4, p53, Bax, caspase-
3, and E-cadherin, but downregulated the levels of cyclin D1, cdk2, N-cadherin, slug, matrix
metalloprotease (MMP)-2, and MMP-9, suggesting that knockdown of TPX2 expression suppressed tumor
cell epithelial–mesenchymal transition (EMT). This study demonstrated that detection of TPX2
overexpression could serve as a prognostic marker and therapeutic target for gastric cancer.

Abbreviations: TPX2, Targeting protein for Xklp2; EPP86, restrictedly expressed proliferation-associated protein;
EMT, epithelial–mesenchymal transition; AJCC, American Joint Committee on Cancer; PBS, phosphate-buffered
saline; DMEM, Dulbecco’s modified Eagle’s medium; FBS, fetal bovine serum; CCK-8, Cell Counting Kit-8; SDS-PAGE,
dodecyl sulfate-polyacrylamide gel electrophoresis; TBS-T, Tris-based saline-Tween
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Introduction

Gastric cancer is a global health problem and reported to be the
fourth most commonly occurring cancer and the second leading
cause of cancer-related deaths in the world, with an estimated over
1,000,000 new cases and 738,000 deaths in 2008.1,2 Although
advancements in early detection, prevention, and treatment
options have led to a consistent reduction of gastric cancer inci-
dence and mortality, the absolute number of new cases is still high,
which could be due to aging population or health care inequities.1

A great portion of gastric cancer is diagnosed at the advanced stages
of disease; therefore, curable surgery is impossible. Moreover, such
advanced and metastatic gastric cancers are not easily treated by
conventional chemotherapy. The overall survival of advanced gas-
tric cancer patients is currently approximately 10 months without
surgery.3 Thus, the identification of biomarkers for early cancer
detection and the search for novel treatment targets could help us
to control gastric cancer in the clinic.

Emerging data from gene expression profiling indicate that
differentially expressed genes in gastric cancer could provide
novel targeted therapy strategies for gastric cancer patients and

serve as biomarkers for early tumor detection or prognosis pre-
diction in the clinic.4 Toward this end, our research has focused
on the targeting protein for Xenopus kinesin-like protein 2
(TPX2), also known as REPP86 (restrictedly expressed prolifera-
tion-associated protein) in various human cancers.5,6 TPX2 is a
100-kDa microtubule-associated protein whose gene is localized
on chromosome 20q11.1 and plays an important role in the for-
mation of mitotic spindles.6 Thus, TPX2 expression is strictly
controlled during cell cycle progression, i.e., it appears between
the G1 and S phases of the cell cycle and disappears after comple-
tion of cytokinesis of cells.6,7 Alteration of TPX2 expression has
been reported to be associated with human carcinogenesis.8-13

In lung, cervical, bladder, esophageal, liver, and pancreatic
cancers,8-13 TPX2 is overexpressed and associated with abnormal
amplification of the centrosome, aneuploidy, and malignant
transformation of cells. TPX2 overexpression also has been
shown to promote cell proliferation and cell cycle progression,
but reduce cell apoptosis.10 Other previous studies also have
reported that TPX2 overexpression is associated with tumor
metastasis and a poor prognosis in several human cancers.9-13
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Gastric cancer, like most other human cancers, is involved in
chromosome abnormalities, cell proliferation, and apoptosis.
Therefore, in this study, we aimed to assess TPX2 expression in
gastric cancer tissue specimens for association with clinicopatho-
logical data and the overall survival of patients. In addition, we
explored the effects of TPX2 knockdown on the regulation of
gastric cancer cell malignant behaviors in vitro. Our study will
provide insightful information regarding TPX2 to serve as a
prognostic marker and therapeutic target for gastric cancer.

Results

Overexpression of TPX2 protein in gastric cancer
tissue samples

In this study, we first assessed TPX2 expression in gastric can-
cer and paired normal tissue samples and found that TPX2 pro-
tein was expressed in the cell nuclei. However, the expression of
TPX2 protein was absent in 93/115 (81%) or at a low level in
22/115 (19%) of normal gastric mucosa samples (Fig. 1A),
whereas the expression of TPX2 protein was at a high level in
54/115 (47%) of gastric cancer tissues (Fig. 1A). Therefore,
TPX2 protein was overexpressed in gastric cancer tissues com-
pared to the paired normal gastric tissues (P < 0.001).

Association of TPX2 overexpression with
clinicopathological characteristics and overall survival
`of gastric cancer patients

The data on the association of TPX2 overexpression with clini-
copathological characteristics are shown in Table 1. Specifically,
the expression of TPX2 protein in tumor tissues was strongly
associated with the depth of tumor invasion (P D 0.022), lymph
node metastasis (P D 0.036), distant metastasis (P < 0.001),
and AJCC stage (P D 0.001). However, TPX2 expression was
not associated with gender, age, tumor size, tumor location, or
pathological type.

Kaplan–Meier curves were plotted to stratify TPX2 expression
for overall survival of patients with gastric cancer. Our data
showed that TPX2 overexpression was associated with a poor
overall survival of these patients (P < 0.05; Fig. 1B).

Furthermore, the univariate analysis showed a significant associ-
ation between overall survival and tumor size (HR D 2.84; 95%
confidence interval (95%CI) D 1.34–5.98; P D 0.006), depth of
invasion (HR D 2.48; 95%CI D 1.47–4.20; P < 0.001), lymph
node metastasis (HR D 6.189; 95%CI D 2.46–15.51; P < 0.001),
distant metastasis (HR D 8.51; 95%CI D 4.95–14.62; P < 0.001),
AJCC stage (HR D 3.99; 95%CI D 2.75–5.79; P < 0.001), and
TPX2 overexpression (HR D 3.60; 95%CI D 2.08–6.22;

Figure 1. TPX2 overexpression in gastric cancer tissues and its association with the survival of gastric cancer patients. (A) Immunohistochemical staining of TPX2 protein
in gastric tissues. TPX2 protein is localized in the tumor cell nuclei (d–f), whereas TPX2 protein is negative in the normal gastric mucosa (a–c). (B) Kaplan–Meier curves
stratified by TPX2 expression levels in gastric cancer. The data showed that patients with higher TPX2-expressing tumors had a shorter overall survival, whereas patients
with lower TPX2-expressing tumors had a better overall survival (P < 0.001).

Table 1. Association of TPX2 overexpression with clinicopathological characteris-
tics from gastric cancer patients.

TPX2 expression, n (%)

Variable
Number
of patients C ¡ P value

Gender
Male 78 34 (43.6) 44 (56.4) 0.29
Female 37 20 (54.1) 17 (45.9)

Age (yrs.)
< 55 59 25 (42.4) 34 (57.6) 0.31
� 55 56 29 (51.8) 27 (48.2)

Tumor size (cm)
� 4.0 28 9 (32.1) 19 (67.9) 0.071
> 4.0 87 45 (51.7) 42 (48.3)

Tumor location
Gastric Cardia 27 17 (63.0) 10 (37.0)
Body 36 14 (38.9) 22 (61.1)
Antrum 48 20 (41.7) 28 (58.3)
Diffuse 4 3 (75.0) 1 (25.0)

Tumor differentiation
Well 31 15 (48.4) 16 (51.6)
Moderate 39 15 (38.5) 24 (61.5)
Poor/undifferentiated 45 24 (53.3) 21 (46.7)

Tumor stages
T1CT2CT3CT4a 84 34 (40.5) 50 (59.5) 0.022
T4b 31 20 (64.5) 11 (35.5)

Lymph node metastasis
Absent (N0) 32 10 (31.2) 22 (68.8) 0.036
Present (N1–3) 83 44 (53.0) 39 (47.0)

Distant metastasis
Absent (M0) 84 31 (36.9) 53 (63.1) <0.001
Present (M1) 31 23 (74.2) 8 (25.8)

AJCC stage
I 30 6 (20.0) 24 (80.0)
II 13 5 (38.5) 8 (61.5)
III 42 21 (50.0) 21 (50.0)
IV 30 22 (73.3) 8 (26.7)

TPX2, Targeting protein for Xklp2; AJCC, American Joint Committee on Cancer.
Distant metastases included the peritoneum, liver, transverse colon, pancreas, and bone.
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P< 0.001); however, there was no statistical significance between
overall survival and gender, age, tumor location, or differentia-
tion (Table 2). The multivariate analysis further showed that
lymph node metastasis (HR D 3.19; 95%CI D 1.12–9.08;
P < 0.029), distant metastasis (HR D 3.45; 95%CI D 1.18–10.07;
P D 0.024), TPX2 overexpression (HR D 2.17; 95%CI D 1.23–
3.81; P D 0.007), and AJCC stage (HR D 2.14; 95%CI D 1.07–
4.28; P D 0.0071) were all independent predictors for a poor gas-
tric cancer prognosis (Table 2).

Effects of TPX2 knockdown on gastric cancer cell viability,
cell cycle arrest, and apoptosis

To further confirm the role of TPX2 in gastric cancer devel-
opment and progression, we performed in vitro experiments
by first assessing the level of TPX2 protein in 5 human

gastric cancer cell lines: AGS, BGC-823, MKN-28, MGC-
803, and SGC-7901. We found that TPX2 protein was highly
expressed in AGS and MGC-803 cells compared to that of
BGC-823, MKN-28, and SGC-7901 cells (Fig. 2A). Next, we
knocked down TPX2 expression in AGS and MGC-803 cell
lines using 2 TPX2 siRNA constructs and found that TPX2
expression was significantly knocked down after transient
siRNA transfection for 48 h (Fig. 2B). We then assessed the
effects of TPX2 knockdown on gastric cancer cell viability,
cell cycle arrest, and apoptosis. Specifically, knockdown of
TPX2 expression caused a marked reduction in the viability
of AGS and MGC-803 cells compared to the negative siRNA
control cells (P < 0.01; Fig. 2C). The cell cycle distribution
data showed that knockdown of TPX2 expression had a dra-
matic increase in the G2-M fraction, from less than 20% in
the control samples to more than 40% for TPX2_s1 siRNA
and TPX2_s2 siRNA in both cell lines (P < 0.01; Fig. 3A-B),
but a significant decrease in the G1 and S fraction, from
more than 55% and 30% in the control samples to < 36%
and 18% for TPX2_s1 and TPX2_s2 siRNA in both cell lines,
respectively (P < 0.01; Fig. 3A-B). In addition, we found that
TPX2 siRNA-transfected AGS and MGC-803 cells had a
marked increase in apoptosis (P < 0.01; Fig. 4A-B).

Effects of TPX2 knockdown on inhibition of gastric cancer
cell migration and invasion

Since our ex vivo data showed that TPX2 overexpression was
associated with gastric cancer metastasis, we assessed whether
TPX2 knockdown could inhibit gastric cancer cell migration
and invasion. Our data showed that TPX2 siRNAs significantly
reduced the migration (Fig. 5A) and invasion capacity (Fig. 5B)
of AGS and MGC-803 cells.

Table 2. Univariate and multivariate analyses of individual parameters for associa-
tion with overall survival of gastric cancer patients.

Univariate Multivariate

Variable HR CI (95%) P value HR CI (95%) P value

Gender 1.16 0.68–1.97 0.58
Age 1.38 0.83–2.29 0.21
Tumor location 0.99 0.72–1.35 0.96
Pathological type 0.95 0.69–1.31 0.72
Tumor size 2.84 1.34–5.98 0.006 1.32 0.60–2.93 0.48
Depth of invasion 2.48 1.47–4.20 0.001 1.70 0.97–2.97 0.06
Lymph node metastasis 6.18 2.46–15.51 <0.001 3.19 1.12–9.08 0.029
Distant metastasis 8.51 4.95–14.62 <0.001 3.45 1.18–10.07 0.024
AJCC stage 3.99 2.75–5.79 <0.001 2.14 1.07–4.28 0.031
TPX2 3.60 2.08–6.22 <0.001 2.17 1.23–3.81 0.007

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on
Cancer; TPX2, Targeting protein for Xklp2.

Figure 2. Effects of reduced TPX2 expression on the inhibition of gastric cancer cell viability. (A) Western blot analysis of TPX2 protein in gastric cancer cell lines. (B) West-
ern blot. Two different siRNA constructs were transiently transfected into gastric cancer cells to knock down TPX2 expression. (C) CCK-8 assay. Two TPX2 siRNAs were tran-
siently transfected into gastric cancer cells and then subjected to the CCK-8 cell viability assay.
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Effects of TPX2 knockdown on the expression of cell
growth, apoptosis, and epithelial–mesenchymal transition
(EMT)-related genes

Next, we further explored the underlying molecular events after
knockdown of TPX2 expression in gastric cancer cells. Our data
showed that knockdown of TPX2 expression significantly upre-
gulated the levels of cyclinB1 and cdk4 proteins, but downregu-
lated the levels of cyclinD1 and cdk2 proteins (Fig. 3C). These
data indicate that TPX2 regulated cell cycle progression in gas-
tric cancer cells. Furthermore, we found that knockdown of
TPX2 expression increased the expression of p53, Bax, caspase-
3, and cleaved caspase-3 in AGS and MGC-803 cells (Fig. 4C).
After that, we assessed tumor cell EMT-related gene expression;
for example, during cell EMT, the expression of epithelial
markers, such as E-cadherin, will be downregulated, whereas
the expression of mesenchymal markers, such as N-cadherin
and slug, and cell mobility markers, such as MMP-2 and
MMP-9, will be upregulated. Our data showed that knockdown
of TPX2 expression significantly modulated the expression of
these proteins (Fig. 5C).

Discussion

Gastric cancer at an early stage often shows no symptoms or
only causes nonspecific symptoms, such as heartburn, nausea,
or loss of appetite; but by the time symptoms occur, the tumor
may have reached an advanced stage.1,2 Thus, without cancer

screening, like endoscopy, many patients are diagnosed with an
advanced incurable disease at the time of presentation. For
those with potentially resectable gastric cancer in conjunction
with adjuvant chemotherapy or chemoradiotherapy, the overall
5-year survival rate can reach up to 35%;14,15 whereas the
majority of patients with metastatic disease can be treated with
a combination of triple chemotherapy regimens, and their over-
all survival rate is approximately 9 to 11 months.16,17 Therefore,
research and identification of molecular markers could help
clinicians to diagnose gastric cancer early and to improve the
survival rate. In the current study, we detected TPX2 expression
in gastric tissue specimens for association with gastric cancer
behaviors and the overall survival of patients. Then, we assessed
the effects of TPX2 knockdown on the regulation of gastric can-
cer cell malignant behaviors in vitro to confirm our ex vivo
data. We found that TPX2 protein was overexpressed in tumor
tissues compared to that in the adjacent normal epithelia, the
expression of which was associated with the depth of tumor
invasion, tumor lymph node and distant metastases, and
advanced AJCC stages. Furthermore, our data showed that
TPX2 overexpression was associated with a poor overall sur-
vival and was an independent prognostic predictor of gastric
cancer. Our in vitro data demonstrated that knockdown of
TPX2 expression reduced gastric cancer cell viability but
induced apoptosis and arrested tumor cells at the G2/M phase
of the cell cycle. Knockdown of TPX2 expression also inhibited
the tumor cell migration and invasion capacity in vitro. At the
gene level, knockdown of TPX2 expression upregulated the

Figure 3. Knockdown of TPX2 expression in induction of gastric cancer cell cycle arrest. (A-B) Flow cytometric cell cycle analysis. Two TPX2 siRNAs were transiently trans-
fected into gastric cancer cells and then subjected to flow cytometric cell cycle analysis. (C) Western blot. Two TPX2 siRNA constructs were transiently transfected into gas-
tric cancer AGS and MGC-803 cell lines and then subjected to western blot analysis of cell cycle-related proteins. Columns, mean of 3 independent experiments; bars, SD.
�P < 0.05, NS D not significant.
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expression of cyclinB1, cdk4, p53, Bax, caspase-3, and E-cad-
herin, but downregulated the levels of cyclinD1, cdk2, N-cad-
herin, slug, MMP-2, and MMP-9. Our current study
demonstrated that TPX2 protein could serve as a prognostic
marker and therapeutic target for gastric cancer.

Indeed, cancer development is characterized by uncon-
trolled cell proliferation and transformation. Moreover, at the
molecular level, a great number of genes are altered, including
proteins that regulate cell proliferation and death as well as
genomic stability.18,19 In this context, the human TPX2 gene is
localized at chromosome 20q11, a region that has been shown
to be amplified frequently in human cancers.20,21 Other studies
have demonstrated that the DNA copy number of chromosome
20q is increased and associated with TPX2 overexpression in
various cancers,22-25 whereas additional studies have shown
that TPX2 overexpression in many cancers is not related to
DNA amplification.26,27 Although our current study did not
assess DNA copy number changes, our data, for the first time,
show TPX2 overexpression in gastric cancer tissues. TPX2
overexpression was associated with gastric cancer progression
and a poor overall survival of patients, which is consistent with
previous studies in other cancer types.8,9,13,28

Gastric cancer is a heterogeneous and complex disease as gas-
tric cancer development involves multiple gene alterations.3 Our
current study only focused on TPX2 protein overexpression and
the knockdown of TPX2 expression, which inhibited gastric

cancer malignant behaviors in vitro, consistent with a previously
published study in another cancer type.10 For example, after
knockdown of TPX2 expression, gastric cell proliferation was
remarkably reduced. As a mitotic regulator, the TPX2 protein
regulates formation of the mitotic spindle and cell mitosis. Upon
knockdown of TPX2 expression, tumor cells are unable to form
a normal level of the mitotic spindle and are arrested in the G2/
M phase of the cell cycle, which is consistent with previous stud-
ies in other tumor types.6,8,10,13 However, Yan et al. found that
the cell cycle is arrested in the G0/G1 phase in bladder carci-
noma after siRNA treatment.11 At the molecular level, knock-
down of TPX2 expression modulated the expression of multiple
genes that regulate cell proliferation, apoptosis, and EMT.

Tumor cell EMT plays an important role in tumor cell invasion
and metastasis. During EMT, tumor cells lose even more polarity
and gain the ability to migrate and invade by degradation of the
extracellular matrix (ECM).29 MMPs are a family of zinc-depen-
dent endopeptidases and function to degrade ECM components in
tissues.30,31 Our current data revealed that knockdown of TPX2
expression suppressed gastric cancer cell migration and invasion
by downregulation of MMP-2 and MMP-9 expression. We also
found that knockdown of TPX2 expression upregulated the levels
of E-cadherin and downregulated N-cadherin and slug. Previous
studies have shown that knockdown of TPX2 expression also sup-
presses the activity of the PI3K/Akt, Ras/Raf/MEK/ERK, andWnt/
b-catenin pathways in hepatocellular carcinoma and colon cancer

Figure 4. Knockdown of TPX2 expression in inhibition of gastric cancer cell apoptosis. (A-B) Flow cytometric apoptosis assay. Two TPX2 siRNAs were transiently trans-
fected into gastric cancer cells and then subjected to a flow cytometric apoptosis assay. (C) Western blot. Two TPX2 siRNA constructs were transiently transfected into gas-
tric cancer AGS and MGC-803 cell lines and then subjected to protein gel blot analysis of apoptosis-related proteins. Columns, mean of 3 independent experiments; bars,
SD.
�P < 0.05, NS D not significant.
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cells.13,28,32 Moreover, TPX2 is recognized as an oncogene in many
tumors.8-13,28 Targeting TPX2 expression or activity could be fur-
ther explored as a therapeutic strategy in the future control of gas-
tric cancer. However, our current study did not assess or explore
how TPX2 expression was altered or how TPX2 regulates the cell
cycle, apoptosis, or EMT.

Materials and methods

Patients and tissue samples

Paired gastric cancer and normal gastric tissues from 115 gas-
tric cancer patients were obtained from The Second Affiliated

Hospital to Nanchang University. These patients were histolog-
ically diagnosed with gastric cancer by the Department of
Pathology, according to the World Health Organization crite-
ria,33 and underwent surgery between 2009 and 2013. In this
study, fresh tissue samples were cut into 4-mm cubic blocks,
snap-frozen in liquid nitrogen, and stored at ¡80�C. Clinico-
pathological data, such as gender, age, tumor size, tumor loca-
tion, differentiation, depth of invasion, lymph node metastasis,
distant metastasis, and American Joint Committee on Cancer
(AJCC) stage, were obtained from their medical record. This
study was approved by the Ethics Committee of The Second
Affiliated Hospital to Nanchang University, and a written
informed consent was obtained from all the participants. This

Figure 5. Knockdown of TPX2 expression in inhibition of gastric cancer cell migration and invasion. (A) Tumor cell Transwell migration assay. Two TPX2 siRNAs were tran-
siently transfected into gastric cancer AGS and MGC-803 cell lines and subjected to the Transwell migration assay. (B) Tumor cell Transwell invasion assay. Two TPX2 siR-
NAs were transiently transfected into gastric cancer AGS and MGC-803 cell lines and then subjected to the Transwell invasion assay. (C) Western blot. Two TPX2 siRNAs
were transiently transfected into gastric cancer AGS and MGC-803 cell lines and then subjected to western blot analysis of EMT-related proteins. Columns, mean of 3 inde-
pendent experiments; bars, SD. �P < 0.05, NSD not significant.
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study was performed in accordance with the ethical standards
of the Declaration of Helsinki.

Immunohistochemistry

Paraffin-embedded tissue blocks were cut into 4-mm thick sec-
tions, and these sections were first stained by hematoxylin and
eosin for confirmation of diagnosis. For immunohistochemis-
try, we utilized a 2-step immunohistochemical method. Specifi-
cally, tissue sections were first deparaffinized twice in xylene
for 10 min each, rehydrated in a graded alcohol series (100–
50%) for 2 min each, and then subjected to antigen repair in a
pressure cooker at 130�C for 10 min. The sections were incu-
bated with hydrogen peroxide (0.3%) to block potential endog-
enous peroxidase activity, washed 3 times for 3 min each with
phosphate-buffered saline (PBS), and then washed with 20%
normal goat serum for 30 min at room temperature. After that,
the sections were subsequently incubated with a mouse mono-
clonal anti-TPX2 antibody (BioLegend, San Diego, CA, USA)
at a dilution of 1:200 at 4�C overnight. On the next day, the sec-
tions were washed 3 times with PBS briefly and then incubated
with a biotinylated goat anti-mouse IgG (#PV-6000, ZSGB-Bio,
Beijing, China) for 30 min at 37�C. After washing 3 times with
PBS, the sections were subsequently subjected to a color reac-
tion with 3,30-diaminobenzidine solution, counterstained with
hematoxylin, and mounted with coverslips. The immunos-
tained tissue sections were then reviewed and scored under a
microscope (Nikon, Tokyo, Japan) independently by 2 patholo-
gists in a blinded fashion. TPX2 protein was localized in the
nuclei of the positive cells. Our scoring system was based on
staining intensity and the percentage of staining, i.e., the stain-
ing intensity was graded as 0, no staining; 1C, mild staining;
2C, moderate staining; or 3C, strong staining. The percentage
of staining was scored as 0, no staining; 1, <10% staining; 2,
10–40% staining; or 3, >40% staining. The overall staining
index was then computed by multiplying these 2 scores to reach
0 to 9 for each immunostained section and summarized and
designated as follows: 0–1, negative TPX2 expression or 2–9,
positive expression, according to a previous study.8

Cell lines and culture

The gastric cancer cell lines AGS, BGC-823, MKN-28, MGC-
803, and SGC-7901 were obtained from the Cell Bank of Type
Culture Collection of Chinese Academy of Sciences (Shanghai,
China) and cultured in high-glucose Dulbecco’s modified
Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS, Hyclone, Logan,
UT, USA) at 37�C in a humidified incubator with 5% CO2 and
95% air. Cells were grown in the exponential phase and subcul-
tured at approximately 80% confluency.

Protein extraction and western blot

The total cellular protein was extracted using RIPA buffer
(KeyGEN, Nanjing, China) containing 1% phenylmethanesul-
fonyl fluoride and quantified using the Bradford method. The
protein samples were then separated using sodium dodecyl sul-
fate-PAGE (SDS-PAGE) in an SDS-PAGE minigel and

transferred onto polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA). For protein gel blotting, the membranes
were first incubated in 5% bovine serum albumin in Tris-based
saline-Tween 20 (TBS-T) and then subsequently incubated
with the respective primary antibodies overnight at 4�C. On
the next day, the membranes were washed with TBS-T 3 times
for 10 min each and further incubated with a horseradish per-
oxidase-conjugated secondary antibody for 1 h at room tem-
perature and then subjected to color development with
Enhanced Chemiluminescence reagent (ECL; Millipore). The
antibodies against cyclin B1, cyclin D1, CDK2, and CDK4 were
from Bioworld (Dublin, OH, USA); while anti-caspase-3,
cleaved caspase-3, p53, Bax, E-cadherin, N-cadherin, slug,
matrix metalloprotease (MMP)-2, and MMP-9 antibodies were
from Cell Signaling Technology (Danvers, MA, USA) and used
according to the manufacturers’ instructions. An anti-b-actin
antibody (ZSGB-Bio, Beijing, China) was used as an endoge-
nous loading control.

siRNA and gene transfection

Human TPX2 siRNA reagents were obtained from Gene-
Pharma RNAi Company (Shanghai, China), and their sequen-
ces were TPX2_s1, 50-GAAUGGAACUGGAGGGCUUTT-30
and TPX2_s2, 50-AUGAAAGUUUCUAACAACAAATT-30.
GAPDH siRNA was used as a positive control (50-GUAUGA-
CAACAGCCUCAAGTT-30), and the negative control
sequence was 50-UUCUCCGAACGUGUCACGUTT-30. Gas-
tric cancer AGS and MGC-803 cell lines were grown in 6-well
plates and transiently transfected with these siRNA reagents for
48 h using Lipofectamine 2000 (Invitrogen), according to the
manufacturer’s protocol. Transfected cells were used in further
assays or for protein extraction.

Cell proliferation assay

The CCK-8 assay kit (KeyGEN, Nanjing, China) was utilized to
measure cell proliferation after TPX2 knockdown. Briefly, cells
were seeded in 96-well plates at a density of 5000 cells per well,
incubated for 12 h, and then transiently transfected with these
indicated siRNA reagents. The cells were grown for 24 h, 48 h,
72 h, and 96 h, respectively, with regular growth medium
replacement. At the end of each experiment, cell culture
medium was added with 10 mL of CCK-8 reagent to each well,
the mixture was incubated for an additional hour, and then the
optical density was measured by using a microplate reader
(PerkinElmer, Pomona, CA, USA) at a wavelength of 450 nm.
The data were summarized as the mean § standard error and
calculated as a percentage of the control. The experiments were
performed in triplicate and repeated at least 3 times.

Flow cytometric cell cycle and apoptosis assay

To analyze the cell cycle distribution, cells were grown and
transiently transfected with the siRNA reagents for 48 h. Then,
1 £ 106 cells were harvested using trypsinization, washed with
PBS, and fixed with 70% ethanol at 4�C overnight. On the next
day, the cells were resuspended in 500 mL of propidium iodide
(PI)/RNase staining solution (Sungene, Tianjin, China) and
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incubated at 37�C for 30 min. The samples were then analyzed
by a FACScan flow cytometer (BD Immunocytometry Systems,
San Jose, CA, USA).

To detect cell apoptosis, duplicate cells from the cell cycle
analysis were subjected to measurement with the Annexin V-
FITC/PtdIns Apoptosis Detection Kit (KeyGEN, Nanjing,
China), according to the manufacturer’s instructions. Briefly,
the cells were washed in ice-cold PBS and incubated with
Annexin V-FITC and PI solution in the dark for 15 min and
then analyzed for apoptosis rates using a FACScan flow cytom-
eter (BD Immunocytometry Systems). For each sample, at least
10,000 cells were analyzed, and the data were summarized as
the mean § SE and calculated as the percentage of the control.

Transwell tumor cell migration and invasion assay

To assess the tumor cell migration and invasion capacity, we
utilized modified 24-well Boyden chambers with the filter either
uncoated or precoated with Matrigel (BD Biosciences). Gastric
cancer cells were grown and transiently transfected using
siRNA reagents in serum-free DMEM at a density of 1 £ 106/
mL. Next, we seeded 300 mL of the cell solution into the upper
chamber with a filter containing 8-mm pores, and DMEM con-
taining 20% FBS was added to the bottom chambers. After
incubation for 48 h, the cells in the upper chambers were
removed using a cotton swap, and the cells that had migrated
or invaded into the lower chamber of the filter were fixed in 4%
paraformaldehyde and stained with 0.5% crystal violet. The
number of migrated or invaded cells was counted under an
inverted microscope (Nikon, Tokyo, Japan) in 5 randomly
selected fields at 10£magnification.

Statistical analysis

The Mann-Whitney U test was used to compare TPX2 expres-
sion between gastric cancer and paired normal tissues, while
the Chi-squared test was performed to detect statistical signifi-
cance between TPX2 expression and clinicopathological fac-
tors. Overall survival was assessed using Kaplan–Meier curves,
and the difference in overall survival was stratified by TPX2
expression and evaluated using the log-rank test. The Cox pro-
portional hazards regression model was used to assess the haz-
ard ratio (HR) and to identify factors that independently
predicted overall survival. The in vitro data were expressed as
the mean § standard error and analyzed using one-way analy-
sis of variance using factorial design to compare the growth
curves of the different siRNA treatment groups. All P values
were based on a 2-sided statistical analysis, and a P value
� 0.05 was considered statistically significant.
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