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Background: This study aims to examine the influence of human transformer-2-beta1 (Tra2-beta1) 
on endometrial carcinoma (EC) development. The effects of Tra2-beta1 on the proliferation, apoptosis, 
invasion, and cell cycle of EC cells were also investigated. 
Methods: Functional in vitro experiments were performed on Tra2-beta1 knockdown cells and hypoxic 
model cells. Western blot was used to detect HIF-1a, vascular endothelial growth factor (VEGF), and Tra2-
beta1 protein expression; CCK8 assay was used to detect cell proliferation; flow cytometry was used to detect 
apoptosis and cell cycle, and Transwell assay was used to detect cell invasion ability. Tumor specimens were 
collected from 128 consecutive patients to detect the expression of Tra2-beta1, and the relationship between 
and EC and Tra-beta1 were analyzed by clinical pathological data, which included lymph node metastasis, 
pathological types, histological grade, myometrial invasion, etc. 
Results: Tra2-beta1 was highly expressed in EC and was associated with clinical pathological features. 
It was related to the prognosis, and was found to promote proliferation (F=48.3, P<0.001) and migration 
(P<0.05), and inhibit apoptosis (P<0.05). Statistical analyses revealed a positive correlation between Tra2-beta1  
and HIF-1a (correlation coefficient =0.36, P<0.001) and VEGF protein (correlation coefficient =0.23, 
P=0.021). In the hypoxic cell group and the combined intervention group, cell proliferation after 72 h 
was 9,783±45.6 and 6,783±68.4 (P<0.001), while the number of invasive cells was 421±16.8 and 276±11.2 
(P<0.001), respectively. The apoptosis rates were 0.45±0.03 and 1.28±0.16, respectively (P<0.05).
Conclusions: The present findings demonstrate that the development of EC is positively correlated with 
Tra2-beta1. Tra2-beta1 may reverse the effect of hypoxia on EC, and this may provide new insights into the 
occurrence and development of EC.
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Introduction

Endometrial carcinoma (EC) consists of a group of 
epithelial malignancies occurring in the endometrium, 
mainly in perimenopausal and postmenopausal women. The 
estimated incidence is at 15–20 per 100,000 women per 
year, making it the sixth most common cancer in women (1), 
and approximately 89% of cases occur between 65–69 years 
of age (2,3). Recently, the occurrence of EC has increased, 
and a trend towards younger patients has been observed (4). 
EC has a high incidence in developed countries, accounting 
for 6% of all cancers in females, with the incidence being 
highest in the United States and European countries (5). 
With the development of the economy and the change of 
diet structure, the incidence and mortality of EC in China 
are also gradually increasing, showing a rise in occurrence 
in younger patients and posing a serious threat to the 
health of women (6). It has been recognized that EC is 
related to many cancer-related genes. The occurrence 
and development of G protein-coupled estrogen receptor 
(GPER), estrogen receptor (ER), and human heterogeneous 
nuclear ribonucleoprotein G (hnRNP G) in EC are of great 
significance (7,8). These findings provide an important 
theoretical basis for the study of the diagnosis, prognosis, 
and targeted therapy of EC. It is thus of great significance 
to further deeply explore the role of cancer-related genes in 
EC for the diagnosis and treatment of this cancer.

Limited genes in vivo can generate protein diversely 
through alternative splicing of precursor mRNAs (9). 
The alternative splicing of mRNAs is determined by the 
interaction among the cis-acting elements, the trans-acting 
factors, and the family of serine/arginine (SR)-like proteins. 
transformer-2-beta1 (Tra2-beta1) is a member of the SR-
like protein family and contains an RNA recognition motif 
(RRM) and two SR domains. When these acting elements 
are abnormal, they will lead to abnormal development of 
various diseases. Multiple experiments have demonstrated 
that Tra2-beta1 is highly expressed in tumor tissues and is 
associated with the prognosis, occurrence, development, 
and metastasis of tumors (10-12).

A large number of studies have shown that hypoxia exists 
during the formation and development of EC, and these 
hypoxic conditions will also seriously affect the development 
of EC (13). Firstly, hypoxia can promote the formation of 
tumor blood vessels in solid tumors and further promote the 
metastasis of solid tumors. Secondly, a hypoxic environment 
can enable tumor cells to eliminate the survival process and 

retain tumor cells with a strong ability to survive and divide, 
so as to improve the overall invasion and viability of tumor 
cells (14). In hypoxic tissues, the HIF-1 protein, which is 
closely related to the expression of vascular endothelial 
growth factor (VEGF), increases, thereby maintaining the 
function of cells under hypoxia (15,16). Tra2-beta1 has 
significant effects on the proliferation, apoptosis, metastasis, 
and cell cycle of tumor cells under a normal oxygen state. 
Whether Tra2-beta1 and Hif-1 are related to regulation, 
and the effects of Tra2-beta1 on hypoxic endometrial cells, 
remain to be studied.

We intended to elucidate the potential regulatory 
influence of alternative splicing of Tra2-beta1 in hypoxic 
EC cells and to determine its potential impact on the 
clinicopathological characteristics and clinical outcome.

Methods

Patients and tissue samples

A total of 128 consecutive patients with EC, who were 
treated at the Affiliated Hospital of Tongji University 
between January 2011 and December 2012, were included in 
this study. The study was approved by the ethics committee 
of the Affiliated Hospital of Tongji University, and the 
informed consent was obtained from all subjects. The age 
of patients at the time of diagnosis was 58.2±10.36 years 
(median ± interquartile range). All patients were diagnosed 
by pathological examination, who were not receiving 
hormone replacement therapy, surgery, chemotherapy, 
and radiotherapy. Those who lacked complete clinical 
data, or who had a history of secondary tumors, multiple 
organ failure, or multiple tumors, were excluded from this 
study. The general information and clinical pathological 
examination indicators were acquired through the hospital 
medical record inquiry system. Follow-up occurred every  
4 weeks and was terminated on December 31, 2017. 

Tissue samples were obtained along with surgery. Each 
patient specimen consisted of 1 pair of EC tissue and 
adjacent normal tissue (≥5 cm away from the tumor). The 
specimens of each patient were frozen by liquid nitrogen 
in order to detect Tra2-beta1 expression and were fixed by 
formalin for histopathological analysis.

RNA extraction from tissue and cDNA synthesis

Total tissue RNA was extracted by using the High Pure 
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RNA kit (Tiangen Biotech, Beijing, China) and reverse 
transcribed using the High Capacity cDNA Reverse 
Transcription Kit (Tiangen Biotech, Beijing, China), 
according to the manufacturer’s instructions. An RNA 
quality check was performed by a photometer (accepted 
with A260/280 between 1.8 and 2.0).

Cellular RNA was extracted 48 h after transfection 
by applying the TRIzol reagent isolation protocol 
recommended by the manufacturer (Invitrogen, Carlsbad, 
CA, USA). 

Real-time quantitative polymerase chain reaction (PCR) 

cDNA was used as a template of qPCR at 95 ℃ for 10 min,  
for transgender degeneration at 95 ℃ for 15 s, and 
for annealing at 60 ℃  for 1 min (50 cycles).  The 
dissolution curve analysis program was as follows: 95 ℃  
for 15 s, 60 ℃ for 1 min, 95 ℃ for 15 s, and 60 ℃  
for 15 s.  For the primer sequence of Tra2-beta1, 
forward was ATGAGCGACAGCGGCGAGCA, and 
the reverse was TTAATAGCGACGAGGTGAGTA. 
F o r  p r i m e r  s e q u e n c e  o f  β - a c t i n ,  f o r w a r d  w a s 
CCTGACTGACTACCTCATGAAG, and the reverse 
was GACGTAGCACAGCTTCTCCTTA. The qPCR 
reactions were performed in triplicate, and the comparative 
CT method (2−ΔΔCT method) was used to calculate the 
relative gene expression levels. 

Western blot 

Western blot analysis was performed to evaluate the  
Tra2-beta1 expression both in tissues and cells and before 
as well as after transfection. Proteins were extracted from 
cells, and the protein concentration was determined using 
a bicinchoninic acid (BCA) kit (Beyotime, China). After 
blocking, membranes (Millipore, USA) were incubated 
with milk containing the antibody (1:2,000 dilution; 
Abcam, USA), and then incubated overnight at 4 ℃. 
Subsequently, horseradish peroxidase-conjugated goat anti-
rabbit immunoglobulin G (1:2,000 dilution; Abcam, USA) 
was added to the membranes and incubated for 1 h before 
detection.

Cell culture and transfection 

Human EC cel l  l ine Ishikawa and HEC-1A were 
maintained in 89% Dulbecco’s Modified Eagle Medium 

(DMEM) medium (Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS) (Gibco, USA) and 100 U/mL 
penicillin (Hyclone, USA) in a humidified atmosphere 
containing 5% CO2 at 37 ℃. Cells (150×103/well) were 
placed in 6-well plates 24 h before transfection, leading to 
cell confluency of 70%. The Tra2-beta1siRNA sequence 
was provided by Genema Company (Shanghai, China) and 
is synthesized and purified by a Shanghai bioengineering 
cooperation. The sequence of siTra-beta1-1 (5'-3') was 
AGCTAAAGAACGTGCCAAT, siTra-beta1-2 (5'-3') was 
CCGATGTGTCTATTGTATA, siTra-beta1-3 (5'-3') was 
ACGCCAACCAGGAATTT, and scramble control siRNA 
(5'-3') was UGCAACUCACGGAAUCAUTT. The small 
interfering RNA (siRNA) with the highest knockdown 
rate was selected as the target siRNA in the combined 
intervention group and the knockdown group.

A hypoxia cell model built by cobalt chloride powder (17) 
was dissolved in 150 mL phosphate-buffered saline (PBS) 
solution, and the bacteria were removed by a 0.2-micron 
filter. At the logarithmic phase, 96 wells of cells were paved 
with plates, with 5,000 for each hole, and 160 μL of cobalt 
dichloride intervention solution was added to the culture 
for 24 h. In the combined interference group, Tra-beta1 
was knocked down based on the hypoxia model.

Cell counting kit (CCK)-8 assays

A commercial CCK-8 (Sigma Chemical Co., St. Louis, MO, 
USA) assay was used to evaluate cell proliferation. Cells 
were seeded onto 96-well plates at a density of 5×103 cells  
per well and cultured at 37 ℃ in the air with 5% CO2. 
The absorbance was measured after an additional 3 h 
of incubation. A microplate reader (Thermo Fisher 
Scientific Inc., Waltham, MA, USA) was used to detect the 
absorbance at a wavelength of 450 nm.

Cell invasion assay

A cell invasion assay was performed using 6.5 mm transwells 
with 8.0 µm pore polycarbonate membrane inserts coated 
with a 0.5 mg/mL Matrigel matrix (BD, USA) placed in a 
24-well plate (Corning, USA).

Statistical analyses

Statistical analyses were performed using SPSS (version 21; 
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IBM Corp., Armonk, NY, USA). The student’s t-test was 
used for analyzing qPCR results, and western blot results 
with clinicopathological data. The correlation between 
Tra2-beta1 protein and EC clinicopathologic features 
in tissues was analyzed by one-way analysis of variance 
(ANOVA). Dunnett’s and least significant difference (LSD) 
tests were used for pairwise comparison. Patients’ survival 
curves were calculated using the Kaplan-Meier method. 
A log-rank test was performed to test the difference in 
survival curves in different groups. Multivariate prognostic 
analyses used multivariate Cox regression test in a forward 
stepwise manner; data are described as mean ± SD or mean, 
which were adjusted for Tra2-beta1 mRNA, and nuclear 
expression levels, age (<50 vs. ≥50), International Federation 
of Gynecology and Obstetrics (FIGO) Stage (I/II vs. III/IV), 
tumor differentiation grade (G1/G2 vs. G3), myometrial 
invasion, pathological types, lymph node metastasis, and 
estrogen receptor (ER) and progesterone receptor(PR). 
According to the median of 4.32 which was the relative 
expression level of Tra2-beta1 protein in EC, 128 EC 
patients were divided into two groups: the Tra2-beta1  
high expression group (≥4.32) and the Tra2-beta1 low 
expression group (<4.32). When the data conformed to 
the normal distribution, it was described by the mean ± 
standard deviation; when it did not conform to the normal 
distribution, it was described by the median, interquartile 
range. A P value <0.05 was considered statistically 
significant.

Results

Tra2-beta1 protein expression in EC tissue and 
paracarcinoma tissue

The results of Western blot detecting the expression of 
Tra2-beta1 protein in EC and para carcinoma tissues are 
presented in Figure 1A. The relative expression level of 
Tra2-beta1 protein in EC tissues was significantly higher 
than that in para carcinoma tissues (P<0.001) (Figure 1B).

Tra2-beta1 RNA expression in EC tissue and para 
carcinoma tissue

qPCR detected the mRNA of Tra2-beta1 in EC tissue 
and para carcinoma tissue (Figure 1C). The expression of 
Tra2-beta1 mRNA in EC tissue and para carcinoma tissue 
(quartile) was 3.474 (0.931–9.872) and 1.031 (0.208–3.201),  
respectively. Mann-Whitney U test compared the 
differences between the two groups, and the results showed 
that the relative expression of Tra2-beta1 mRNA in EC 
tissues was significantly higher than that in adjacent tissues 
(P<0.01). 

The correlation between Tra2-beta1 protein and EC 
patients’ clinicopathologic features

The results (Table 1) showed that Tra2-beta1 protein was 
highly expressed in patients with positive lymph node 

Figure 1 Tra2-beta1 protein and RNA expression in EC tissue and paracarcinoma tissue. (A) transformer-2-beta1 (Tra2-beta1) protein 
expression in EC tissue and paracarcinoma tissue. Protein expression in EC tissue was higher than that paracarcinoma tissue. These are 
samples from 4 patients: a, b, c, and d are EC tissue samples, while a’, b’, c’, and d’ are paracarcinoma tissue samples; a and a’ are from patient A, 
b and b’ are from patient B, c and c’ are from patient C, and d and d’ are from patient D. (B) Tra2-beta1 protein expression in EC tissue and 
paracarcinoma tissue. *, P<0.05. (C) Tra2-beta1 RNA expression in EC tissue and paracarcinoma tissue. **, P<0.01.
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metastasis, high histologic grade, squamous cell carcinoma, 
high pathological stage, ER-positive, and PR positive 
(P<0.05). There was no significant correlation between 
Tra2-beta1 protein expression and patient's age, tumor size, 
and the depth of myometrial invasion.

The relationship between Tra2-beta1 protein and EC 
prognosis

For the 128 patients with EC, the median follow-up time 
was 32.5 (11.7–53.6) months. The median total survival 
time was 28.9 (10.3–49.2) months. The cumulative survival 

rates were 83.6%, 62.5%, and 52.3% for 1-, 3-, and 5-year 
survival, respectively. Kaplan-Meier analysis showed that 
the median survival time and the progression-free time were 
significantly longer in the Tra2-beta1 low expression group 
(survival time, 37 vs. 19 months; progression-free time, 31 
vs. 13 months; low and high expression groups respectively; 
P<0.01).

The results of Cox regression showed that the independent 
risk factors included positive lymph node metastasis, 
histologic grade G3 and G2, pathological staging II, III 
period, ER, PR, and high Tra2-beta1 protein expression. 
Positive lymph node metastases, histologic grade G3, depth 

Table 1 The correlation between Tra2-beta1 and EC clinical pathological features

Pathological 
features

Group N (%)
Tra2-beta1

Chi-square value P 
High expression Low expression

Age <50 38 (29.7) 20 18 0.381 0.537

≥50 90 (70.3) 42 48

LN P 41 (32.0) 28 13 19.144 <0.001**

N 87 (68.0) 24 63

Histological grade G1 49 (38.3) 12 37 8.268 0.016*

G2 69 (53.9) 28 41

G3 10 (7.8) 7 3

Myometrial invasion Non 22 (17.2) 7 15 5.908 0.052

Light 77 (60.2) 36 41

Deep 29 (22.7) 19 10

Pathological types EAC 98 (76.6) 42 56 7.756 0.021*

ESAC 21 (16.4) 16 5

Others 9 (7.0) 4 5

FIGO I stage 87 (68.0) 31 56 9.671 0.008*

II stage 32 (25.0) 19 13

III stage 9 (7.0) 7 2

Tumor size <4 cm 96 (75.0) 45 51 1.500 0.221

≥4 cm 32 (25.0) 19 13

ER P 105 (82.0) 42 63 8.733 0.003*

N 23 (18.0) 17 6

PR P 102 (79.7) 44 58 11.739 0.001**

N 26 (30.3) 21 5

*, P<0.05; **, P<0.001. LN, lymph node metastasis; EAC, endometrioid adenocarcinoma; ESAC, endometrial adenoid squamous 
carcinoma; P, positive; N, negative.
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of muscular layer infiltration stage, pathological stage II and 
III, ER, PR, and high Tra2-beta1 protein expression were 
independent risk factors for the development of EC overall 
survival (Table 2).

Expression differences of Tra2-beta1 protein in 2 EC cell 
lines

Before transfection, we detected Tra2-beta1 protein 

expression in Ishikawa and HEC-1A by western blot. The 
results showed that the expression of the Tra2-beta1 protein 
in the Ishikawa was significantly higher than that of the 
HEC-1A cell line (Figure 2A).

To verify our transfection effect, the expression level of 
Tra2-beta1 protein in the intervening cells was detected by 
western blot 48 h after transfection. The results showed that 
the expression of the Tra2-beta1 protein was significantly 
decreased in both Ishikawa and HEC-1A. In both types 

Table 2 Multivariate regression analysis of EC

Pathological 
features

Group
Progression-free survival  Total survival

HR 95% CI P HR 95% CI P

Age <50 – –

≥50 0.98 0.42–1.64 0.861 1.06 0.72–1.82 0.478

LN N – –

P 3.89 1.67–6.89 0.008* 4.32 1.68–6.75 0.007*

Histological 
grade

G1 – –

G2 2.12 1.09–3.98 0.047a 1.08 0.64–2.85 0.361

G3 2.56 1.23–4.23 0.023* 1.98 1.09–3.68 0.042*

Myometrial 
invasion

Non – –

Light 1.35 0.78–2.78 0.671 1.45 0.73–2.92 0.285

Deep 2.09 0.87–4.28 0.187 1.89 1.08–2.89 0.048*

Pathological 
types

others – –

ESAC 1.46 0.87–3.76 0.372 1.28 0.98–3.98 0.062

EAC 0.98 0.46–2.98 0.792 0.83 0.47–1.89 0.398

FIGO Stage I – –

Stage II 2.78 0.93–2.78 0.058 3.09 1.32–3.95 0.011*

Stage III 3.67 1.78–5.78 0.003* 4.65 2.32–6.89 <0.001**

Tumor size <4 cm – –

≥4 cm 1.65 0.75–3.29 0.321 1.87 0.89–4.09 0.078

ER N – –

P 3.64 2.65–7.83 0.000** 2.98 2.13–6.43 0.001**

PR N – –

P 2.31 1.56–8.34 0.002* 1.78 1.21–4.68 0.031*

Tra2-beta1 Low expression – –

High expression 2.89 1.15–6.43 0.043* 3.21 1.98–8.56 0.003*

*, P<0.05; **, P<0.001. HR, hazard ratio; CI, confidence interval; LN, lymph node metastasis; EAC, endometrioid adenocarcinoma; ESAC, 
endometrial adenoid squamous carcinoma; P, positive; N, negative. 
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of cells, there was no significant difference in Tra2-beta1 
protein expression between the blank control group and the 
negative transfection group.

The change of cell proliferation in each group (Figure 2)

After 72 h of Ishikawa cell culture, the number of cells 
(M ± SD) of the blank control group, the negative control 
group, siTra2-beta1-1, siTra2-beta1-2, and siTra2-beta1-3 
were 8,345±67.3, 7,389±59.3, 4,568±56.8, 3,908±68.2, 
and 4,120±52.5, respectively. ANOVA and Dunnett-t-test 
showed significant differences in cell numbers between the 
five groups (P<0.001), with siRNA groups being lower than 
the negative group (P<0.001). There was no statistically 
significant difference in the number of cells between 
the negative control group and the blank control group 
(P>0.05). After 72 h of HEC-1A cell culture, the number 
of cells of the blank control group, the negative control 
group, siTra2-beta1-1, siTra2-beta1-2, and siTra2-beta1-3 
was 6,321±18.3, 6,394±25.6, 3,362.3±25.9, 3,681±123.6, and 

4,362±69.3, respectively. There were significant differences 
in the number of cells in the five groups (P<0.001), and 
the number of cells in the siRNA groups was significantly 
lower than that in the negative group (P<0.001). There 
was no statistically significant difference in the number 
of cells between the negative control group and the blank 
control group (P>0.05). The proliferation multiple at each 
time point was calculated based on the cell number at 0 h,  
and the proliferation trend was observed in all types of 
intervention cells. However, the proliferation trend was 
significantly decreased in cells transfected with siTra2-beta1. 
According to the number of cells at 0 h and the proliferation 
multiple at each time point, all types of intervention cells 
showed a proliferation trend, but the proliferation trend 
of cells transfected by siTra2-beta1 significantly decreased 
(Figure 2B,C).

Changes in cell invasiveness in each group (Figure 2)

The number of Ishikawa cells (M ± SD) in the blank control 

Figure 2 Tra-beta1 inhibits proliferation and invasion in Ishikawa cells and HIC-1A cells. (A) Tra-beta1 protein expression in Ishikawa and 
HEC-1A. *, P<0.05 compared with each other. (B) Multiplication trend of Ishikawa. In Ishikawa cells, Tra-beta1 inhibits proliferation. (C) 
Multiplication trend of HEC-1A. In HEC-1A cells, Tra-beta1 inhibits proliferation. (D) Cells number of invasion in Ishikawa. *, P<0.05, 
**, P<0.01 compared to negative control group. (E) The number of invasive cells in HEC-1A. *, P<0.05, **, P<0.01 compared to negative 
control group. 

Is
hi

ka
w

a

H
E

C
-1

A

Ishikawa HEC-1A

Blank control
Negative control
siRNA-Tra2-beta1
siRNA-Tra2-beta2
siRNA-Tra2-beta3

Blank control
Negative control
siRNA-Tra2-beta1
siRNA-Tra2-beta2
siRNA-Tra2-beta3

B
la

nk
 c

on
tr

ol

N
eg

at
iv

e 
co

nt
ro

l

si
R

N
A

-T
ra

2-
be

ta
1-

1

si
R

N
A

-T
ra

2-
be

ta
1-

2

si
R

N
A

-T
ra

2-
be

ta
1-

3

B
la

nk
 c

on
tr

ol

N
eg

at
iv

e 
co

nt
ro

l

si
R

N
A

-T
ra

2-
be

ta
1-

1

si
R

N
A

-T
ra

2-
be

ta
1-

2

si
R

N
A

-T
ra

2-
be

ta
1-

3

250

200

150

100

50

0

400

300

200

100

0 C
el

l n
um

be
r 

of
 in

va
si

on

C
el

l n
um

be
r 

of
 in

va
si

on

A B

E 

C

D

6

4

2

0

5

4

3

2

1

0

4

3

2

1

0

P
ro

te
in

 e
xp

re
ss

io
n 

of
 T

ra
2-

be
ta

1

M
ul

tip
lic

at
io

n 
tr

en
d 

of
 Is

hi
ka

w
a

M
ul

tip
lic

at
io

n 
tr

en
d 

of
 H

E
C

-1
A

*

*
*

* *
**

**

0  24    48 72 0  24    48 72



2667Translational Cancer Research, Vol 9, No 4 April 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2660-2671 | http://dx.doi.org/10.21037/tcr.2020.02.66

group, the negative control group, siTra2-beta1-1, siTra2-
beta1-2, and siTra2-beta1-3 were 256±9.6, 298±10.9, 
169±11.3, 178±12.4, and 183±9.7, respectively. In HEC-
1A, the numbers were 179±9.4, 186±5.3, 112±4.5, 128±8.7, 
a 136±4.8. In Ishikawa and the HEC-1A cells, the results of 
variance analysis showed that the number of siRNA groups 
cells passing through the artificial basement membrane was 
lower than the negative control cells (P<0.05; Figure 2D,E).

The changes in cell cycle and apoptosis in each group

The fluorescence intensity of cells was measured by flow 
cytometry, and the DNA content and cell division stage 
were subsequently calculated (Table 3). ANOVA showed 
that the proportion of cells in the siRNA transfection group 
was increased in the G0/G1 stage, while it was decreased 
in the S stage for both Ishikawa and the HIC-1A cells. 
The apoptosis rate was significantly increased in both 

transfection groups.

Proteins expression of Tra2-beta1, HIF-1a, and VEGF 
proteins in hypoxic cells 

The expression levels of Tra2-beta1, HIF-1a, and VEGF 
proteins in the 4 groups of cells were detected by western 
blot after they were exposed to hypoxia or transfected with 
siTra2-beta1, or underwent both interventions (Table 4). 
HIF-1a and VEGF protein expression levels were increased 
in hypoxic cells. The expression levels of Hif-1a and VEGF 
protein were significantly decreased after transfection of 
the interfering siRNA with siTra2-beta1. In the combined 
intervention group, Tra2-beta1 protein was positively 
correlated with HIF-1α (correlation coefficient r=0.36, 
P<0.001) and VEGF protein (r=0.23, P<0.05). At the same 
time, there was a positive correlation between Hif-1a and 
VEGF protein expression level (r=0.59, P<0.001).

Table 3 Cell cycle and apoptosis in the intervention cells

Cell types Groups
Cell population

Apoptosis rate (%)
G0/G1 stage S stage M/G2 stage

Ishikawa Blank control 52±4.3 32±5.4 16±2.6 0.73±0.12

Negative control 48±5.2 29±6.1 23±1.6 0.95±0.11

siTra2-beta1-1 62±6.1* 28±4.3 10±3.5 1.69±0.13*

siTra2-beta1-2 58±4.1* 29±8.1 13±2.9 2.31±0.32*

siTra2-beta1-3 64±9.2* 25±2.4* 11±3.7 2.61±0.26*

HEC-1A Blank control 59±8.6 26±1.6 15±2.9 1.02±0.24

Negative control 62±7.3 28±3.7 10±1.6 1.24±0.31

siTra2-beta1-1 69±4.5* 19±3.9* 12±1.8 1.98±0.16*

siTra2-beta1-2 74±6.1* 21±2.8 5±1.7* 2.36±0.28*

siTra2-beta1-3 71±7.5* 23±4.6 6±1.5* 2.95±0.34*

*, P<0.05.

Table 4 Expression of Tra2-beta1, HIF-1a, and VEGF in each group

Groups Tra2-beta1 (M ± SD) HIF-1a (M ± SD) VEGF (M ± SD)

Blank control 1.08±0.13 1.12±0.19 1.13±0.14

Hypoxia model 1.89±0.09 5.46±1.45
a

3.87±0.32
a

siTra2-beta1 0.22±0.04
a,b

0.97±0.09 1.06±0.13

Combined intervention 0.35±0.07
b

3.43±0.87
b,c

2.87±0.48
b,c

a
, P<0.05 compared with the blank control group; 

b
, P<0.05 compared with the hypoxia group; 

c
, P<0.05 compared with the siTra2-beta1 

group; combined intervention: built by cobalt dioxide and siRNA. M, mean; SD, standard deviation.
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Table 5 The cell cycle and apoptosis rate in each group

Groups

Stage (%)
Apoptosis  
rate (%)G0/G1 

stage
S stage

M/G2 
stage

Blank control 52 32 6 0.87±0.14

Hypoxia model 34 46 20 0.45±0.03
a

siTra2-beta1 69 24 7 2.56±0.17
a

Combined 
intervention

47 36 13 1.28±0.16
b,c

a
, P<0.05 compared with the blank control group; 

b
, P<0.05 

compared with the hypoxia group; 
c
, P<0.05 compared with 

siTra2-beta1 group.

Figure 3 Anoxia promotes proliferation and invasion in KLE cells. (A) Multiplication trend in every group; (B) the number of invasive cells 
in every group. ***, P<0.001.

The proliferation capacity of intervention cells and hypoxia 
cells

 
After the transfection of siTra2-beta1, the cell optical 
density (OD) value was detected at 0, 24, 48 and 72 h, and 
the cell number was calculated according to the standard 
curve equation: y=0.00005x + 0.1602. The results of the 
variance analysis showed that the difference in cell number 
after 72 h in the 4 groups was statistically significant 
(P<0.001). Student-Newman-Keuls (SNK) comparison 
results showed that the proliferation of the hypoxia group 
built by cobalt dichloride was the fastest (P<0.001), followed 
by the proliferation of the siTra2-beta1 group (P<0.001). 
The joint intervention also exhibited the same phenomenon 
(P<0.001). According to the number of cells at time 0, the 

multiple proliferation at each time point was calculated. 
The results revealed that all types of intervention cells 
showed a proliferation trend, with faster proliferation in the 
hypoxia group compared to the siTra2-beta1 group and the 
combined intervention group (Figure 3A).

The capacity of invasiveness in hypoxia cells 

The number of cells passing through the artificial basement 
membrane in the field under 200 times magnification was 
detected by Transwell assay to assess the invasiveness of 
cells in each group (Figure 3B). The number of cells in 
the blank control group, the hypoxia group, the siTra2-
beta1 group, and the combined intervention group (mean 
± SD) were 287±12.5, 421±16.8, 164±9.4, and 267±11.2, 
respectively.

The fluorescence intensity of cells was measured by flow 
cytometry, which speculated upon the DNA content and 
cell division stage (Table 5). The chi-square analysis showed 
that there were significant differences in the proportion of 
cells at all stages of the intervention in each group (P<0.001). 
The proportion of cells in the siTra2-beta1 group was 
higher in the G0/G1 stage and lower in the S stage and 
M/G2 stage compared to the control group. The hypoxia 
group was lower in the G0/G1 stage, and higher in the 
S stage and M/G2 stage compared to the control group. 
Similarly, compared with the hypoxia group, the combined 
intervention group had a higher proportion in the G0/
G1 phase and a lower proportion in the S phase and M/
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G2 phase. At the same time, we compared the apoptosis 
rate of each group through variance analysis, and the 
results showed that the apoptosis rate of the 4 groups was 
statistically significant (P<0.001). The SNK test comparison 
results show that Tra2-beta1 had the highest apoptosis 
rate of 2.56±0.17. In contrast, hypoxia cells had the lowest 
apoptosis rate of 0.45±0.03.

Discussion

This study explored the relationship between the occurrence 
and development of EC by examining the expression 
characteristics of Tra2-beta1 in EC tissues and performed 
functional in vitro experiments on TRA-Beta1-knocked-
down cells and hypoxic model cells. The results showed that 
the high expression of Tra2-beta1 in EC was significantly 
correlated with the clinical characteristics of patients 
and closely related to the occurrence and severity of EC. 
Furthermore, we constructed a hypoxic cell model that 
promoted proliferation, apoptosis, and metastasis. Knockout 
of Tra2-beta1 in hypoxic EC cells inhibits the metastasis of 
EC cells, promotes apoptosis, and keeps cells in the G0/G1 
phase, slowing their division and growth. The findings of 
this study suggest that the development of EC is positively 
correlated with Tra2-beta1, and Tra2-beta1 may reverse the 
effects of hypoxia in EC. 

In the process of formation and development of most 
EC, hypoxic conditions arise and affect the development of 
EC. Therefore, in order to further analyze the correlation 
between Tra2-beta1 and HIF-1a/VEGF signals, we analyzed 
the correlation between Tra2-beta1, HIF-1a, and VEGF 
expression levels in hypoxic EC cells. Our study showed 
that knockdown of Tra2-beta1 in hypoxic EC cells could 
inhibit the metastasis of EC cells, promote apoptosis, and 
keep cells in the G0/G1 phase, slowing their division and 
growth, enhancing the proliferation and metastasis capacity 
of hypoxic cancer cells, and reducing the apoptosis capacity.

HIF-1a is an oxygen stress factor that is highly expressed 
in hypoxia cells and has been increasingly recognized as 
playing a broad and critical role in normal development, 
postnatal physiology, cancer, and many other diseases 
(18-20). HIF-1a may be associated with EC based on the 
C1772T polymorphism (21). Horrée’s results showed that 
HIF-1a was not a risking factor for EC, although this study 
still maintains that HIF-1a promotes EC growth (22).

VEGF is an important angiogenic factor, which can 
promote the formation of new blood vessels and lymphatic 

vessels, and thus plays an important role in the progress of 
EC. It is a vital element in tumor proliferation and several 
pathological processes (23). It has been reported that VEGF 
takes part in the tumorigenesis and metastasis of EC (24). 
Moreover, VEGFRs were shown to be highly expressed 
in EC, with VEGFR-3 being remarkably correlated with 
tumor stage and survival (25).

Our previous study hinted that HIF-1a and VEGF had 
a higher positive rate in patients with positive lymph node 
metastasis, high histological grade, tumor size greater than 
4 cm, and positive PR. Taking all evidence into account, 
we believe that Tra2-beta1 is involved in some way with 
the regulation of HIF-1a expression; the best proof for 
this theory is that the expression of Tra-beta1 is positively 
correlated with the expression of Hif-1a and VEGF, which 
have an important role in EC development. 

This study did not examine the VEGF, and HIF-1a 
proteins would change after the knockdown of Tra-beta1, 
and what specific pathways might be used. Furthermore, 
we did not analyze the effect of VEGF and HIF-1a on the 
prognosis and development of patients. These are all areas 
that we should investigate in the future.

Conclusions

The present study strongly supports the potential clinical 
significance of Tra2-beta1 in EC prognosis. The activity of 
Tra2-beta1 might critically influence the prognosis process 
of EC. The present findings provide insight into the 
pharmaceutical targeting therapy and prognosis of EC, and 
our study offers new ideas and approaches to the occurrence 
and development of EC.
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