
ONCOLOGY REPORTS  38:  1822-1832,  20171822

Abstract. Triosephosphate isomerase (TPI) is highly expressed 
in many types of human tumors and is involved in migration 
and invasion of cancer cells. However, TPI clinicopathological 
significance and malignant function in gastric cancer (GC) 
have not been well defined. The present study aimed to 
examine TPI expression in GC tissue and its biological func-
tions. Furthermore, we investigated its downstream genes by 
gene chip technology. Our results showed that TPI expression 
was higher in gastric cancer tissues than adjacent tissues, 
although no statistical differences were found between TPI 
expression and clinicopathological factors. TPI overexpression 
in human gastric carcinoma cell line BGC-823 enhanced cell 
proliferation, invasion and migration, but did not change cell 
cycle distribution, while TPI knockdown suppressed prolifera-
tion, invasion and migration, induced apoptosis and increased 
G2/M arrest of human gastric carcinoma cell line MGC-803. 
Since the cell division cycle associated 5 (CDCA5) was identi-
fied as the one with the most decreased expression after TPI 
knockdown, we investigated its role in MGC-803 cells. The 
results showed that CDCA5 knockdown also inhibited prolif-
eration, migration, induced apoptosis and increased G2/M 
arrest similarly to TPI knockdown. CDCA5 overexpression 
promoted MGC-803 cell proliferation, clone formation and 
migration abilities. These results indicated that TPI expression 
level might affect GC cell behavior, suggesting that both TPI 
and CDCA5 might be considered as potential tumor markers 

related with GC development and might be potential new 
targets in GC treatment.

Introduction

Gastric cancer (GC) is the fourth most common cancer and the 
second leading cause of cancer death worldwide and its inci-
dence is the highest in some Asian countries such as China and 
Japan (1,2). New molecular biomarkers and therapeutic target 
need to be found to improve the survival rate of GC patients.

Triosephosphate isomerase (TPI) is a housekeeping gene 
located in 12p13, encoding the enzyme triosephosphate iso-
merase. TPI main function is to catalyze the interconversion of 
dihydroxyacetone phosphate and glyceraldehyde-3-phosphate 
in the glycolysis pathway and other metabolic pathways (3). 
TPI is upregulated in many types of cancer, such as esopha-
geal (4), lung (5) and prostate cancer (6). Linge et al (7) found 
that TPI expression in uveal melanoma tissue of patients who 
have subsequently developed metastasis was higher than 
those who have not, while its silencing was associated with 
a decreased invasion and metastasis. Therefore, the study by 
Linge et al (7) indicated that TPI may play an important role in 
the development of tumor associated with migration and inva-
sion. However, TPI involvement in GC needs to be confirmed 
to establish if it has a crucial role in its development. In the 
present study, we focused on TPI function in GC cells and 
on the identification of its downstream functional genes, to 
provide experimental evidence clarifying its role in this tumor 
type, with the aim of identifying a new potential target in GC 
treatment.

Materials and methods

Patients and tissue samples. Paraffin-embedded tissue samples 
were obtained from patients with histological diagnosed GC 
at Handan Central Hospital during the period between July 
2014 and December 2014. Forty-two male and eight female 
patients, the mean age was 63 years (range, 38-76 years). 
Patients were classified in TNM stages from Ι to IV based on 
the Seven Edition of American Joint Committee on Cancer 
(AJCC). Informed consent was obtained from the involving 
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participants to allow the collection and use of the samples. All 
procedures performed in studies were approved by the ethics 
committee of the Affiliated Hospital of Guangdong Medical 
University.

Immunohistochemistry. Fifty gastric cancer tissues and 
forty‑nine samples of para-carcinoma tissue were examined 
TPI expression by streptavidin -perosidase immunohisto-
chemical staining method. Immunohistochemical staining was 
performed by using a standard immunoperoxidase staining 
procedure. TPI protein level was evaluated by two patholo-
gists. According to the cancer cell staining intensity, the TPI 
staining results were classified as follows: 0, no staining; 1, 
weak staining; 2, moderate staining; and 3, strong staining. 
The positive cancer cells were classified as score 0, <10%; 
score 1, 11-50% positive cells; score 2, >50% positive cells. 
The percentage of positive cells and the staining intensity was 
added as the final score. Score 0-1 was considered negative 
expression; score 2-3 was considered positive expression. 
Score >4 was considered strong positive expression (8,9).

Cell lines. Human gastric cancer cell lines BGC-823, 
SGC-7901, NCI-N87 and MGC-803 were purchased from the 
Cell Bank of Institute of Life Science, Chinese Academy of 
Science (Shanghai, China). All cell lines were cultured with 
RPMI-1640 medium (Gibco-BRL, Grand Island, NY, USA) 

medium with 10% fetal calf serum (FCS), in humidified 5% 
CO2 at 37˚C.

Plasmids and small interfering RNAs. The pcDNA-encoding 
TPI and CDCA5 reporter plasmids were purchased from-
Shanghai Genechem, Co., Ltd. (Shanghai, China). The mock 
vector was used as a negative control. Plasmids were extracted 
by TIANScript cDNA (Tiangen Biotech, Co., Ltd., Beijing, 
China). The specific siRNAs for TPI and CDCA5 siRNA 
and were designed respectively and obtained from Shanghai 
Genechem. Scramble siRNA was used as a negative control. 
Cells were seeded in 6-well plates and transfected with siRNAs 
or DNA plasmids using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). siRNA sequences of TPI and CDCA5 
are shown in Table I.

RNA extraction and real-time PCR. Cells were harvested 
after 24-h transfection and total RNA was extracted by using 
Trizol reagent. Then reverse transcription was performed 
with First Strand cDNA Synthesis kit (Roche Diagnostics, 
Indianapolis, IN, USA) following its instructions. Real-time 
quantitative PCR (RT-qPCR) was performed with FastStart 
Universal SYBR-Green Master (Roche Diagnostics) by 
PikoReal™ Real-Time PCR system (Thermo Fisher Scientific, 
Waltham, MA, USA). Amplification primers are shown in 
Table II.

Table I. siRNA sequences of TPI and CDCA5.

siRNA identifer	 SenseSeq	 AntiSeq

TPI	 CACCCAUGUGAGGGAAUAATT	UU AUUCCCUCACAUGGGUGTT
TPI	 AGAGCACCCGUAUCAUUUATT	U AAAUGAUACGGGUGCUCUTT
TPI	 AGGUCGUCCUGGCCUAUGATT	U CAUAGGCCAGGACGACCUTT
TPI	 CUAUAAUGGUUGGAACUAATT	UU AGUUCCAACCAUUAUAGTT
CDCA5	 CGGAAAGUUUCCUCGCGUATT	U ACGCGAGGAAACUUUCCGTT
CDCA5	 GGAACUAAAUUUAAGGAAATT	UUU CCUUAAAUUUAGUUCCTT
CDCA5	 GAAAGCCCAUCGUCUUAAATT	UUU AAGACGAUGGGCUUUCTT
CDCA5	 CCGAGAAACAGAAACGUAATT	UU ACGUUUCUGUUUCUCGGTT

Table II. Primers for cloning promoters.

Genes	 Forward primers	 Reverse primer

TPI	 GGACTCGGAGTAATCGCCTG	 TGTTGGGGTGTTGCAGTCTT
BMPR2	 GCCTTGTTATTTCATTTCCA 	 TGTTTCTCCTGTCCATTCA
CAV2	 GCTCAACTCGCATCTCAA	 AGGAACACCGTCAGGAAC
CDCA5	 CGTAAGAAGAAGAAAATGCC	 ACAGGACAGGAGGGAGAG
CD109	 ATTGTCATCAGTGGGGAGT	 TGCCAGGAGTCAGAAAGT
PRKACA	 TAAGGGCAAATGAACGAA	 GGAGTAGAGGAAGGAGGGA
ROCK2	 GTGGGTTAGTCGGTTGGT	 TGGTTTTGCTGTATCTTCATT
SETD7	 TCCTCCTCCTCCAAACTC	 GTAATCCGTCATCGTCCA
TFAM	 GAAAGATGCTGAAGAAATGAA	 TAAAATAAATACACAACCCTCCT
β-actin	 GGGAAATCGTGCGTGACATTAAGG	 CAGGAAGGAAGGCTGGAAGAGTG  

Data show the sequence of the primer.



ONCOLOGY REPORTS  38:  1822-1832,  20171824

Western blot analysis. Total protein was extracted by using 
RIPA reagent (Beijing Solarbio Science and Technology, Co., 
Ltd., Beijing, China). Protein samples were fractionated by 
SDS-PAGE gel (CWBIO, Beijing, China) with concentration 
of 12%. Then the protein was transferred to PVDF membranes 
(Immobilon; Millipore, Bedford, MA, USA) and membranes 
were blocked by skim milk of 5% concentration for 1.5 h at 
room temperature. The membranes were incubated over-
night at 4˚C with primary TPI antibodies (1:2,000; Abcam, 
Cambridge, MA, usa), CDCA5 antibodies (1:2,000; Abcam), 
GAPDH antibodies (1:2,000; Abcam), β-actin (1:2,000; Cell 
Signaling Technology, Danvers, MA, USA), respectively. Next 
day, membranes were incubated with secondary antibodies 
(1:2,000; Abcam) for 1 h at room temperature. Finally, protein 
bands were visualized by infrared imaging system (LI-COR 
Biosciences, Lincoln, NE, usa). Gray values were analysed 
by the Quantity One software.

Cell proliferation assay. Cells were collected after 24 h of trans-
fection and cultured in 96-well plates (BGC-823, 30,00/well; 
MGC-803, 1,000/well). Each group was set to 5-wells. Add 
100 µl of Cell Counting kit-8 (CCK-8) diluent (10 µl CCK-8 + 
90 µl RPMI-1640; Dojindo Laboratories, Kumamoto, Japan) 
and incubated at 37˚C for 3 h, then optical density (OD) value 
at 450 nm was measured by microplate reader (Thermo Fisher 
Scientific) every 24 h for 3 days. The experiment was repeated 
three times.

Colony formation assay. Cells were collected after 24 h of 
transfection and cultured in 6- or 12-well plates. Approximately 
1-2 weeks later, cells were fixed by precooling methanol for 
20 min and stained with 0.2% crystal at room temperature for 
30 min. Colonies containing >50 cells were including when 
counted. This experiment was repeated three times.

Transwell migration assay. Cells were collected after 24-h 
transfection and suspension was made with RPMI-1640 
medium without fetal bovine serum (FBS) (concentration of 
BGC-823 and MGC-803 cells were 0.5x106 and 0.2x106) added 
into upper chambers of Transwell (8 µm for 24-well plate; BD 
Biosciences), each well added 200 µl suspension. The lower 
chambers were filled with 600 µl RPMI-1640 containing 10% 
FBS. Then, the cells were cultured in incubator with 5% CO2 
at 37˚C. After 48 h, cells were fixed, stained and photographed 
in 5 random fields and counted. The experiment was repeated 
three times.

Transwell invasion assay. The matrigel (Corning, Inc., Corning, 
NY, USA) matrix was diluted with RPMI-1640 medium 
without FBS (1:5), and filled into upper chambers of Transwell 
(60 µl/well). Then the plates were placed at 37˚C for 4 h. After 
that, 200 µl cells suspension was added to upper chambers 
of Transwell (BGC-823, 0.5x106; MGC-803, 0.1x106). The 
lower chamber was added with 600 µl RPMI-1640 medium 
supplemented with 10% FBS in 5% CO2 at 37˚C. After 48 h of 
incubation, the remaining steps were the same as the migration 
assay.

Flow cytometric cell cycle distribution and apoptosis assay. 
Cells were harvested after 48-h transfection, then fixed with 
pre-cooling 70% ethanol at 4˚C for 2 h or overnight. Then 
cells were stained with 50 mg/ml propidium iodide (PI) for 
30 min at room temperature in the dark. Cell cycle analyses 
were performed by a FACSCalibur flow cytometer (BD 
Immunocytometry Systems; BD Biosciences, San Jose, CA, 
USA). The percentage of cells in G1, S and G2 phase was 
analyzed by the ModFit software.

To detect cell apoptosis, cells were harvested 48 h after trans-
fection and were measurement with the Annexin V-FITC/PI 
apoptosis detection kit (Dojindo, Shanghai, China) according 
to manufacturer's instructions. Cells were incubated with 
Annexin V-FITC and PI solution in the dark for 15 min. After 
that, cells were analyzed for apoptosis rates using a FACScan 
flow cytometer. Each sample analyzed had at least 10,000 cells.

Microarray analysis. TPI downstream genes were detected by 
microarray analysis, Affymetrix GeneChip Human Genome 
(Affymetrix, Inc., Santa Clara, CA, USA). Total RNA was 
extracted from MGC-803 cells with siTPI or siNC transfec-
tion. The RNA quality was determined by NanoDrop 2000 
(Thermo Fisher Scientific) and Agilent Bioanalyzer 2100 
(Agilent Technologies, Santa Clara, CA, USA). Each group 
was set to three repetitions. Gene ontology (GO) analysis 
and KEGG pathway analysis was carried out as previously 
described (10).

Results

TPI expression in GC tissues and para-carcinoma tissues. In 
total, 50 GC samples were analyzed by immunohistochem-
istry. TPI staining was observed in GC cell cytoplasm and 
membrane. TPI staining was positive in the cytoplasm. The 
results showed that TPI expression in GC tissues was markedly 

Table III. Expression of triosephosphate isomerase in gastric cancer tissue and para-carcinoma tissue by immunohistochemistry, 
n (%).

	 TPI cases
	 ----------------------------------------------------------------------------------
Tissue type	 n	 Low expression	 High expression	 χ2	 P-value

Cancer tissue	 50	 9 (18%)	 41 (82%)	 45.3	 <0.001a

Para-carcinoma tissue	 49	 42 (85.7%)	 7 (14.3%)

aP<0.05 was regarded as statistically significant; TPI, triosephosphate isomerase; χ2, Chi-square test.



CHEN et al:  Role of TPI and downstream functional genes on GC 1825

higher than in para-carcinoma tissues (P<0.001) (Table III): 
41/50 specimens (82%) showed a highly intensity staining 
(score ≥2) (Fig. 1A), and 9/50 specimens (18%) showed negative 
staining (score 0-1) (Fig. 1B). We also examined the relation-
ship between TPI expression and patients' characteristics or 
clinicopathological characteristics. However, no statistical 
differences were found between TPI expression and age, sex 
and tumor grade (Table IV).

TPI mRNA expressions in human gastric cancer cell lines. TPI 
expression was detected in four GC cell lines by RT-qPCR. 
TPI highest mRNA expression was observed in MGC-803 
cell line and relatively low TPI mRNA expression was found 
in BGC-823 and SGC-7901 cell lines  (Fig.  2). Therefore, 
BGC-823 cell line was chosen to perform TPI overexpression 
by plasmid transfection and MGC-803 to perform TPI knock-
down by siRNA.

TPI upregulation effect on proliferation, colony formation, 
migration and invasion and cell cycle distribution in BGC-823 
cells. Since TPI is upregulated in many carcinomas, we investi-
gated the role of TPI in gastric cancer cell line behavior. Since 
TPI expression was low in BGC-823, we chose this cell line to 
explore the effect of TPI overexpression by pcDNA3.1 (+)/TPI 
transfection. RT-qPCR and western blot results demonstrated 
that TPI mRNA and protein expression were significantly 
higher in cells transfected with pcDNA3.1 (+)/TPI than in 
cells transfected with empty vector pcDNA3.1 (Fig. 3A and B; 
P<0.001). The upregulated TPI group was named BGC-TPI 
and the control group was named BGC-NC.

In order to evaluate the role of TPI in GC progression, we 
used CCK-8 test and colony formation assay to detect cell prolif-
erative ability, transwell assay to detect migration and invasion 
abilities, and flow cytometry to detect cell cycle distribution 
in BGC-823 cells. The results showed that proliferation and 
colony formation abilities were significantly increased in the 
TPI upregulated group than in the control group (Fig. 3C and D; 
P<0.001). Transwell assay results indicated that BGC-823 
migration rate was higher in the TPI upregulated group than 
in the control group (Fig. 4A; P<0.001). The transwell invasion 
assay results indicated that TPI increased expression caused a 

Figure 1. TPI expression in human GC specimens. (A) TPI high intensity staining in GC specimens. (B) TPI negative immunoreactivity in GC specimens.

Figure 2. TPI mRNA measured by RT-qPCR in four GC cell lines. Data are 
expressed as mean ± SD.

Table IV. Relationship between TPI and clinicopathological 
characteristics in GC.

Variables	 n	 Negative	 p o s i t i v e 	
P-value

Age (years)				    >0.05
  <60	 14	 3	 11
  ≥60	 36	 6	 30
Sex				    >0.05
  male	 42	 8	 34
  female	 8	 1	 7
T stage				    >0.05
  T1-2	 3	 1	 2
  T3-4	 47	 8	 39
N stage				    >0.05
  N0	 11	 1	 10
  N1-3	 39	 8	 31
M stage				    >0.05
  M0	 46	 8	 38
  M1	 4	 1	 3
TNM stage				    >0.05
  I-II	 3	 1	 2
  III-IV	 47	 8	 29

Statistical analyses were carried out by Pearson's χ2-test. P<0.05 was 
considered statistically significant. TPI, triosephosphate isomerase; 
GC, gastric cancer.
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Figure 3. Effect of TPI overexpression on proliferation in BGC-823 cells. BGC-TPI, transfected with pcDNA-3.1/TPI; BGC-NC, empty vector pcDNA3.1. 
(A) TPI mRNA was 20 times increased in BGC-TPI group than in BGC-NC group (***P<0.001). Data were expressed as mean ± SD. (B) The result of western 
blot analysis showed that TPI protein was increased in BGC-TPI group compared to BGC-NC group. (C) TPI overexpression resulted in an increased cell 
growth compared with BGC-NC group (***P<0.001). (D) The result of colony formation assay showed that BGC-TPI group colony numbers were higher than 
in BGC-NC group (***P<0.001). Data were expressed as mean ± SD.

Figure 4. Effects of TPI overexpression on transwell migration, transwell invasion and cell cycle distribution in BGC-823 cells. (A) Transwell migration 
assay showed that BGC-TPI group cell migration was higher than in BGC-NC group (***P<0.001). Data were expressed as mean ± SD. (B) Transwell invasion 
assay showed that BGC-TPI group cell invasion was higher than in BGC-NC group (***P<0.001). Data were expressed as mean ± SD. (C) Cell cycle distribu-
tion measured by flow cytometry. TPI overexpression did not significantly affect the cell cycle. Each phase of the cell cycle did not change in BGC-TPI and 
BGC-NC group after 48-h transfection. Data were expressed as mean ± SD. ***P<0.001.
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significant increase in BGC-823 invasive ability compared to 
control group (Fig. 4B; P<0.001). Cell cycle distribution results 
showed no significant difference between BGC-823 upregu-
lated group and control group (Fig. 4C).

TPI knockdown effect on proliferation, colony formation, 
migration and invasion, cell cycle distribution and apoptotic 
abilities in MGC-803 cells. Since we demonstrated that TPI 
overexpression has a role in increasing proliferation, migration 
and invasion, TPI was silenced in MGC-803 cells by siRNA to 
evaluate the TPI role in GC development and progression. The 

results demonstrated that TPI mRNA and protein expression 
were significantly lower in cells transfected with TPI siRNA than 
in cells transfected with negative siRNA (Fig. 5A and B). TPI 
mRNA level was significantly reduced by 90% in comparison 
to the si-NC group (Fig. 5A; P<0.001). TPI protein level was 
also significantly reduced by 55.3% in comparison to the 
si-NC group (Fig. 5B). In order to obtain more reliable results, 
TPI siRNA-3 and TPI siRNA-4 were chosen for our further 
experiments.

The results indicated that TPI silencing could decrease 
proliferation and colony formation abilities in the si-3 and 

Figure 5. Effect of TPI silencing on proliferation in MGC-803 cells. Four TPI-specific siRNAs (siTPI-1, siTPI-2, siTPI-3 and siTPI-4) were abbreviated as 
si-1, si-2, si-3 and si-4, respectively. The control group was transfected by scramble siRNA and named as si-NC. (A) Cells transfected with siTPI showed a 
reduced TPI mRNA expression compared to cells transfected with scramble siRNA (***P<0.001). Data were expressed as mean ± SD. (B) Western blot result 
showed that TPI protein in si-NC group was higher than that in si-3 and si-4 groups after 48-h transfection in MGC-803 cells. (C) CCK-8 assay showed that 
TPI silencing resulted in a decreased cell growth compared with si-NC group (***P<0.001). (D) Colony number in siTPI group was less than in siNC group 
(***P<0.001). Data were expressed as mean ± SD.

Table V. Differentially expressed genes in Gene Ontology (GO) categories.

		  Predicted
		  activation	 Activation
Diseases or function annotation	 p-value	 state	 z-score	 molecules	 DEGs

Autophagy	 0.000175	 Decreased	 -3.933	 41	 ROCK2
Proliferation of cells	 1.08E-13	 Decreased	 -3.568	 319	 CDCA5, BMPR2, CAV2, CD109,
					     PRKACA, ROCK2, TFAM
Cell viability of cell lines	 0.0000909	 Decreased	 -3.165	 25
Migration of cells	 3.76E-09	 Decreased	 -2.585	 174	 CDCA5, BMPR2, PRKACA, ROCK2
Cell movement	 6.04E-09	 Decreased	 -2.429	 189	 BMPR2, PRKACA, ROCK2
Cell proliferation of tumor cell lines	 2.18E-13	 Decreased	 -2.414	 163	 BMPR2, PRKACA
Cell death of cancer cells	 0.000458	 Increased	 2.434	 37
Necrosis	 2.13E-11	 Increased	 2.541	 235	 PRKACA, ROCK2, TFAM
Cell death	 3.77E-12	 Increased	 2.812	 291	 PRKACA, ROCK2, TFAM
Organismal death	 2.12E-08	 Increased	 5.064	 204	 BMPR2, PRKACA, TFAM
Morbidity or mortality	 2.42E-08	 Increased	 5.21	 206	 BMPR2, PRKACA, TFAM

DEGs, differentially expressed genes.
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si-4 knockdown groups  (Fig. 5C and D). In addition, TPI 
silencing inhibited tumor cell migration and invasion abilities 
in MGC-803 cells  (Fig. 6A and B). Cell cycle distribution 
results showed a dramatic increase in the G2-M fraction, 
from <10% in control group to >30% in TPI si-3 and TPI si-4 
groups, while a significant decrease in the G1 fraction was 
observed (Fig. 6C; P<0.001). Flow cytometric results showed 
that apoptotic cells in the knockdown group measured by 
Annexin V-FITC were significantly increased compared to 
control group (Fig. 6D; P<0.05). These results indicated that 
the anti-proliferative effect of siTPI was due to cell cycle arrest 
in G2 phase and consequent apoptosis promotion.

TPI downstream genes by GeneChip. According to the 
P<0.05 cut-off criteria and |log2 fold change| ≥1, a total of 

948 differentially expressed genes (DEGs) were obtained, 
including 746 downregulated and 202 upregulated DEGs. 
The heat map of hierarchical clustering analysis showed a 
clear DEGs different expression between TPI knockdown 
and negative controls and the majority of DEGs were 
downregulated (Fig. 7A).

TPI downstream genes screening and verification. GO 
analysis showed that TPI knockdown could decrease 
autophagy, viability, proliferation, cell migration, and 
increase cell death, necrosis, organismal death and morbidity 
or mortality (Table V). Most of our experiment results were 
consistent with these function predictions. Our experiment 
showed that TPI silencing could inhibit proliferation, 
migration and invasion of MGC-803 cells. Downstream 

Figure 6. Effects of TPI silencing on transwell migration, transwell invasion, apoptosis and cell cycle distribution in MGC-803 cells. (A) Migrated cells in 
the siTPI group showed significantly lower motility compared to that in siNC group (P<0.01). Data were expressed as mean ± SD. (B) Invading cells in the 
siTPI group showed significantly lower motility compared to that in siNC group (P<0.001). Data were expressed as mean ± SD. (C) The result of cell cycle 
distribution showed that the amount of cells in G2/M phase was increased in si-3 and si-4 groups compared to control group siNC (P<0.001), while the amount 
of cells in G1 phase was decreased in si-3 and si-4 groups compared to control group siNC (P<0.001). Data were expressed as mean ± SD. (D) TPI silencing 
in MGC-803 cells resulted in a remarkable increase in apoptosis compared to control group (P<0.05). Data were expressed as mean ± SD. *P<0.05; **P<0.01; 
***P<0.001.
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genes were analyzed according to the function predicted by 
GO analysis. Within the functional categories, downregulated 
genes were selected by literature search in the database. 
Among the downregulated genes, several genes were related 
with proliferation, migration and invasion such as CDCA5, 
BMPR2, CAV2, CD109, PRKACA, ROCK2, TFAM and 
PRKACA. Thus, these genes were selected to validate 
their expression by RT-qPCR. TPI knockdown resulted 
in CDCA5, BMPR2, CAV2, CD109 and ROCK2 mRNA 
downregulation  (Fig.  7B; P<0.05). Since CDCA5 mRNA 
showed the most remarkable decrease, we verified whether 
it was regulated by TPI at protein level. The result of western 
blot analysis indicated that CDCA5 protein was decreased 
when TPI was silenced (Fig. 7C). Thus, CDCA5 was chosen 
for our next experiment.

Effect of CDCA5 knockdown on MGC-803 cell proliferation, 
colony formation, migration and cell cycle distribution. Four 
CDCA5-specific siRNAs (siRNA-1, siRNA-2, siRNA-3 and 

siRNA-4) were transfected into MGC-803 cells. The control 
group was transfected with scrambled siRNA and named 
si-NC. RT-qPCR and western blot analysis were used to detect 
the efficiency of CDCA5 knockdown. CDCA5 mRNA and 
protein were reduced after siRNA transfection (Fig. 8A and B). 
Functional results indicated that CDCA5 knockdown could 
inhibit MGC-803 cells proliferation, colony formation and 
migration compared to control group  (Fig. 8C-E; P<0.01). 
Moreover, CDCA5 knockdown could arrest cell cycle in G2/M 
phase (Fig. 8F; P<0.01).

Effect of CDCA5 overexpression on MGC-803 cell prolifera-
tion, colony formation and migration abilities. The eukaryotic 
expression vector of CDCA5 was constructed and was trans-
fected to MGC-803 cells. The empty vector was as control 
group. The result of RT-qPCR and western blot analysis 
showed that the mRNA and protein level of CDCA5 were 
increased in CDCA5 overexpression group (Fig. 9A and B). 
CDCA5 overexpression could enhance growth and promote 

Figure 7. TPI downstream gene screening and verification. (A) DEGs hierarchical clustering. Three replicates per group are shown. KD, knockdown; NC, 
negative control. Red color indicates upregulated DEGs; green color indicates downregulated DEGs. (B) RT-qPCR was used to verify genechip results. Eight 
genes were selected for verification. The result showed that BMPR2, CAV2, CDCA5, CD109 and ROCK2 mRNA were significantly decreased when TPI was 
silenced by siRNA. Data were expressed as mean ± SD. (C) CDCA5 protein level was analyzed by western blot analysis after TPI knockdown. The result 
showed that CDCA5 protein was decreased in si-TPI group compared to si-NC group. *P<0.05; **P<0.01; ***P<0.001.
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colony formation of MGC-803 cells (Fig. 9C and D; P<0.01). 
Furthermore, CDCA5 overexpression could also enhance 
MGC-803 cell migration (Fig. 9E; P<0.001).

Discussion

In the present study, we found that TPI expression was upregu-
lated in GC tissues compared to matched para-carcinoma 
tissue. These results suggested that TPI might have onco-
genic functions in GC. In recent years, TPI was reported 
overexpressed in several tumors, including pancreatic (11), 
esophageal  (4), colorectal cancer  (12) and lung squamous 
cell carcinoma (5). However, none of these previous studies 
reported the relationship between TPI expression and patients' 
characteristics or clinicopathological characteristics although 
we did not find any statistical difference between them, prob-
ably due to the small sample size in this study. the results of 
the present study showed that TPI was overexpressed in GC 
tissues, which was consistent with the previous reports.

TPI upregulation could significantly increase the prolifera-
tion and colony formation in BGC-823 cells, while silencing 
inhibited these abilities in MGC-803 cells. Similar results have 
been reported by the study of Ritterson Lew and Tolan (13) who 
showed that TPI knockdown by siRNA in Ras-transformed 
NIH-3T3 cells could decrease cancer cell proliferation by 25% 
because glycolysis pathway was affected in some ways. Tumor 
cells proliferating more quickly could accelerate the tumor 
growth and the development. The ability of colony formation 
in cancer cells reflected the proliferation of tumor cells and 
ability of tumor formation to a certain extent, suggesting that 
the enhanced ability of colony formation could increase the 
formation of metastatic tumors. the present study indicated 
that TPI promoted tumor growth.

In addition, invasion and metastasis were analyzed 
to further explore the function of TPI in GC cells. Our 
results indicated that invasion and metastatic abilities 
were increased when TPI was overexpressed in BGC-823, 
while they were reduced when it was si lenced in 

Figure 8. Effects of CDCA5 knockdown on MGC-803 cells. (A) Cells transfected with siCDCA5 showed a reduced CDCA5 mRNA expression compared to 
cells transfected with scramble siRNA (P<0.01). Data were expressed as mean ± SD. (B) The result of western blot analysis showed that siRNA1, siRNA2 and 
siRNA4 groups resulted in a decreased CDCA5 protein compared to siNC group. (C) Cell growth curves showed that CDCA5 knockdown significantly inhib-
ited MGC-803 cells growth (P<0.01). (D) Clone formation rate was lower after CDCA5 knockdown compared to control group (P<0.01). Data were expressed 
as mean ± SD. (E) Transwell migration assay showed that CDCA5 knockdown could suppress MGC-803 cell migration (P<0.01). Data were expressed as 
mean ± SD. (F) The result of cell cycle distribution showed that CDCA5 knockdown resulted in a decreased number of cells in G1 phase and S phase, while 
resulted increased in G2/M phase compared to control group (P<0.05). Data are expressed as mean ± SD. *P<0.05; **P<0.01; ***P<0.001.
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MGC-803. Thongwatchara  et  al  (14) reported that TPI 
expression is elevated in patients with positive lymphatic 
metastasis compared to patients without lymphatic metas-
tasis. Moreover, two studies showed that TPI expression is 
also higher in cells with highly metastatic ability than in 
cells with poor metastatic ability (15,16). Thus, our result 
suggested that TPI might play a crucial role in cell inva-
sion and metastatic abilities in GC cells. TPI is an enzyme 
required in glycolysis. In order to meet the need of local 
hypoxia in rapid growth of tumor cells, most of them obtain 
energy through aerobic glycolysis and this phenomenon 
is called the Warburg effect  (17). This means that TPI is 
indispensable in Warburg effect. The Warburg effect plays 
an important role in tumor metastasis and may be the reason 
for the invasion and metastasis of tumor (18). Notably, one of 
the reasons inducing cancer cell movement to other region 
is because the end-product of glycolysis, lactic acid, makes 
the microenvironment acid, leading to an uncomfortable 
tumor cells life (19). The above studies give some evidence 
explaining the TPI ability of promoting invasion and metas-
tasis in cancer cells.

The present study showed that TPI overexpression or 
knockdown could affect the malignant biological behavior of 

GC cell lines, but little is known about its molecular mecha-
nism. For example, it is not known which downstream genes are 
directly or indirectly regulated by TPI and which downstream 
genes have a biological function similar with TPI. In order 
to evaluate these unknown aspects, TPI downstream genes 
after TPI knockdown were analyzed. The function predicted 
by GO analysis showed that TPI knockdown could decrease 
cell proliferation and migration, which were consistent with 
our experimental results. Furthermore, the expression of 
several genes was decreased when TPI was silenced, including 
CDCA5, CAV2, BMPR2, CD109 and ROCK2, suggesting that 
they might be regulated by TPI. Among these genes, CDCA5 
showed the most decreased expression.

The main function of CDCA5 is to ensure that the sister 
chromatids are accurately separated at the later stage of 
mitosis (20). In recent years, CDCA5 was reported overex-
pressed in a number of cancer tissues such as lung cancer 
tissue, squamous cell carcinoma (OSCC) tissue, urothelial 
carcinoma tissue and was related with the prognosis in 
patients. Indeed, high CDCA5 expression was associated 
with a poor prognosis (21-23). These results suggested that 
CDCA5 may have oncogenic functions like TPI. On the one 
hand, our present study showed that CDCA5 overexpression 

Figure 9. Effect of CDCA5 overexpression on MGC-803 cells. MGC-CDCA5, CDCA5 overexpression; MGC-NC, control group. (A) CDCA5 mRNA was 
increased in MGC-CDCDA5 group compared to MGC-NC group (P<0.001). Data are expressed as mean ± SD. (B) The result of western blot showed 
that CDCA5 protein increased in MGC-CDCDA5 group compared to MGC-NC group. (C) Cell growth curves showed a faster cell growth rate in MGC-
CDCA5 group compared to MGC-NC group after 48-h transfection (P<0.01). (D) Colony number in MGC-CDCA5 group was higher than in MGC-NC group 
(P<0.001). Data are expressed as mean ± SD. (E) Transwell migration assay showed that cell migration number was higher in MGC-CDCA5 group than in 
MGC-NC group (P<0.001). Data are expressed as mean ± SD. *P<0.05; **P<0.01; ***P<0.001.
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could accelerate the growth of MGC-803 cells, and promote 
cell migration ability. These results demonstrated for the first 
time that CDCA5 overexpression could increase the malignant 
behavior of GC cells. Moreover, the present results might give 
some evidence explaining CDCA5 overexpression in cancer 
cells and why high CDCA5 expression was associated with 
a poor prognosis. On the other hand, this study showed that 
CDCA5 knockdown could suppress proliferation, migration 
and invasion abilities of MGC-803 cell and could arrest the 
cell cycle in G2/M phase. Thus, the present study indicated 
that siCDCA5 anti-proliferative effect was exerted via 
arresting the cell cycle in G2 phase that was similar to the 
results obtained after TPI knockdown. This result was similar 
to previous results showing that CDCA5 knockdown could 
inhibit the proliferation of lung cancer cells and human oral 
squamous cell carcinoma (OSCC) cell lines (22,23). Besides, 
CDCA5 knockdown could suppress the invasion ability of 
OSCC cell lines and arrest cells in G2 phase as well  (23). 
The reason why CDCA5 knockdown could arrest cells in G2 
phase may be associated with CDCA5 main function, which 
is to ensure the chromosome partitioning accurately (20). Our 
results indicated that TPI knockdown affected the malignant 
behavior of GC cell lines that might be related, at least in part, 
to CDCA5 silencing.

To the best of our knowledge, this is the first report exploring 
TPI and CDCA5 expression and function in gastric cancer, as 
well as their linking. Our results revealed some TPI oncogenic 
roles and the potential role of its downstream gene CDCA5 in 
GC cells. Hence, TPI and CDCA5 might be important poten-
tial tumor-markers related with GC development and might be 
considered as novel targets for the treatment of gastric cancer.
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