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Abstract. Although the medical science has been developed for decades, the molecular mechanism 
of endometrial cancer (EC) is not yet completely clear. Previous studies have shown that the tripartite 
motif containing 28 (TRIM28) plays a crucial role in tumor development. However, TRIM28 is rarely 
studied in EC, and its role and mechanism need to be further determined. This study was aimed to 
delve into the related molecular mechanism underling the role of TRIM28 in EC cell growth and 
migration. qPCR assays and Western blot assays revealed that the expression level of TRIM28 was 
higher in EC tissues or cell lines (HEC1B, AN3CA, and Ishikawa) than normal tissue or human 
endometrial epithelial cells (hEEC), respectively. Then, CCK-8 cell viability assay and clone forma-
tion assay were performed in HEC1B and AN3CA cell lines after overexpression or knockdown of 
TRIM28. The results verified that suppression of TRIM28 expression inhibited the proliferation of EC 
cells. The wound scratch healing assay and transwell assay were performed in HEC1B and AN3CA 
cell lines after overexpression or knockdown of TRIM28. The results showed that suppression of 
TRIM28 expression inhibited the invasion and migration of EC cells. Finally, the Western blot as-
says hinted that overexpression or knockdown of TRIM28 in HEC1B and AN3CA cell lines would 
promote or inhibit the phosphorylation of AKT and mTOR protein. These findings indicated that 
TRIM28 promoted the growth and migration of EC cells via regulating the AKT/mTOR pathway. 
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Introduction

Endometrial cancer (EC) is an epithelial malignancy occur-
ring in the endometrium, accounting for about 8% of all en-
dometrial malignancies in women. In recent years, with the 
improvements in living standards, the rate of female obesity 
and incidence of EC has also been increasing (Samat et al. 
2020). Patients with early EC generally have a good progno-
sis, with a 5-year survival rate up to 95% (Miller et al. 2019), 
while those with advanced stage have a poor prognosis, with 

a low 5-year survival rate (Buhtoiarova et al. 2016). Although 
the medical science has been developed for decades, the 
molecular mechanism of EC is not yet completely clear. It 
has been reported that VEGF overexpression has been as-
sociated with EC progression. Meanwhile, PI3K-AKT-mTOR 
pathway and RAS/RAF/MEK pathway are also believed to 
be important factors in EC development. Therefore, it is 
of great significance to further explore the pathogenesis of 
EC and find new early diagnosis and treatment targets for 
improving the prognosis of EC.

Studies have shown that the human tripartite motif 
(TRIM) protein family can not only maintain the normal 
physiological function of the body, but also participate in 
the regulatory process of a variety of disease pathogenesis, 
including viral infection, tumorigenesis, neurodegenera-
tion and other diseases (Czerwińska et al. 2017; Liu et al. 
2019). TRIM28 is a large molecular protein with multiple 
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domains and is a member of TRIM protein family. Among 
them, TRIM28 is highly expressed and plays an important 
role in many human malignant tumors (Yin et al. 2016). It 
has been reported that TRIM28 is overexpressed in breast 
cancer tissues and promotes the metastasis and proliferation 
of breast cancer cells (Wei et al. 2016). TRIM28 overexpres-
sion promoted the proliferation, metastasis and invasion of 
ovarian cancer cells by promoting Wnt/β-catenin pathway 
(Deng et al. 2017). The down-regulation of TRIM28 can 
lead to the inhibition of cervical cancer cell cycle arrest and 
proliferation (Li et al. 2018). It is highly expressed in patients 
with gastric cancer, and its high expression is associated with 
poor prognosis (Yokoe et al. 2010). These results indicated 
that TRIM28 plays a  crucial role in tumor development. 
However, TRIM28 is rarely studied in EC, and its role and 
mechanism need to be further determined.

In this study, it was found that TRIM28 was overex-
pressed in EC tissues and cells, and TRIM28 overexpression 
increased the migration and proliferation of EC cells by 
regulating the activity of AKT/mTOR pathway. This study 
provides a  new theoretical basis for the treatment of EC, 
and TRIM28/AKT/mTOR pathway may be a new molecular 
target for EC treatment.

Materials and Methods

Tissue sample

EC tissue and para-carcinoma tissue samples (n = 60 in each 
group) were randomly collected at the First Affiliated Hospi-
tal of Gannan Medical College from EC patients. Informed 
written consents were obtained from all patients for sample 
collection. This study was approved by the Ethics Committee 
of the First Affiliated Hospital of Gannan Medical College 
and conducted according to the principles expressed in the 
Declaration of Helsinki (2013).

Cell culture

The human endometrial epithelial cells (hEEC) were ob-
tained from Lonza (Basel, Switzerland). The human EC 
cell lines HEC1B, AN3CA, and Ishikawa were purchased 
from the Chinese Academy of Sciences (Shanghai, China). 
The cells were cultured in culture medium (RPMI-1640 or 
DMEM; Gibco, Carlsbad, CA, USA) with 10% fetal bovine 
serum (Gibco), and 1% penicillin/streptomycin (Gibco) in 
a humidified 5% CO2 incubator at 37°C. 

qPCR

Trizol reagent (Invitrogen, Carlsbad, CA, USA) was used 
for the extraction of total RNA from cells. The quantity and 

integrity of extracted total RNA were evaluated by a Nano 
Drop 1000 spectrophotometer (ThermoFisher Scientific, 
Waltham, MA, USA). The expression level of TRIM28 was 
detected through qRT-PCR by the SYBR Premix EX Taq 
(Takara, Dalian, China). The PCR primers were synthesized 
by Sangon Biological Engineering Technology (Shanghai, 
China). GAPDH was used as an endogenous reference 
gene to normalize mRNA expression levels. The relative 
expression level of TRIM28 was analyzed using the 2–△△Ct 
method. All reactions were performed in triplicates. Primer 
sequences are shown in Table 1.

Western blot

Briefly, cells were washed in pre-cooling PBS buffer three 
times, and the total protein was separated by RIPA (Beyo-
time, Shanghai, China). BCA protein assay kit (ComWin 
Biotechnology, Beijing, China) was used to detect the pro-
tein concentration. An equal amount of total proteins was 
electrophoresed by SDS-PAGE, and were transferred to the 
polyvinylidene difluoride membranes (PVDF; Millipore, 
Bedford, MA, USA) and blocked by 5% non-fat milk for 1 h. 
The protein was incubated with specific primary antibod-
ies TRIM28 (Rabbit Anti-TRIM28 antibody, PA5-35079, 
1:3000; Invitrogen), p-AKT (Rabbit Anti-AKT (phospho 
T308) antibody, ab38449, 1:3000; Abcam, Cambridge, MA, 
USA), AKT (Rabbit Anti-pan-AKT antibody, ab8805, 1:3000; 
Abcam), p-mTOR (Rabbit Anti-mTOR (phospho S2448) an-
tibody, ab1093, 1:3000; Abcam), mTOR (Rabbit Anti-mTOR 
antibody, ab2732, 1:3000; Abcam), and GAPDH (Rabbit 
Anti-GAPDH antibody, ab9485, 1:3000; Abcam) overnight 
at 4°C. Then, the membranes were further incubated with 
HRP-conjugated goat anti-rabbit immunoglobulin G second-
ary antibody (ab205718, 1:2000; Abcam) and the bands on the 
membranes were visualized by the ECL chemiluminescence 
reagent (Beyotime). The analyzed samples were normalized 
by GAPDH and the protein bands were quantified by gray 
value and analyzed by ImageJ software (National Institutes 
of Health, Bethesda, MD).

Cell transfection

For TRIM28 knockdown, two kind of human TRIM28-tar-
geting short hairpin RNA (shRNA) oligonucleotide sequences 
and a scrambled shRNA as a negative control were cloned 
into vector. The shRNA sequences were shTRIM28#1: CT-
GAGACCAAA CCTGTGCTTA and shTRIM28#2: CCTG-
GCTCTGTTCTCTGTCCT (Su et al. 2018). The synthetic 
TRIM28-targeting shRNA, scrambled shRNA and TRIM28 
mimics were obtained from GenePharma (Shanghai, China). 
After cells were cultured in 12-well plates for 24 h, TRIM28-
targeting shRNA, scrambled shRNA and TRIM28 mimics 
were transfected into cells by Lipofectamine 3000 (Invitrogen).
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CCK-8 cell viability assay

To assess cell viability, a CCK-8 assay was used. Briefly, 
3.2×103 cells were plated into 96-well plates in triplicates 
and treated with different conditions as indicated in each 
experiment. Following treatment, 10 μl CCK-8 solution 
(Beyotime) was applied and incubated for another 4 h. The 
optical density value of each sample was checked at 450 nm 
through a microplate reader (BioTek, Winooski, VT, USA).

Cell cloning assay

To assess the extent of cell proliferation, a crystal violet stain-
ing method was used. Briefly, 4.5×103 cells were plated into 
6-well plates in triplicates and treated in different conditions 
as indicated in each experiment. After culture for 3 weeks, 
the supernatant was removed and 4% formaldehyde was 
added for 15 min. Following treatment, cells were stained 
with 0.25% crystal violet solution for 25 min.

Scratch assay

To assess the extent of cell migration, a scratch assay was 
used. Briefly, 4.5×105 cells were plated into 6-well plates in 
triplicates and treated in different conditions as indicated 
in each experiment. The next day, a horizontal line on the 

surface of the plate was scratched by a pipette tip and a ruler. 
Following treatment, the plate was softly washed three times 
with PBS and the cells were cultured in culture medium in 
a humidified 5% CO2 incubator at 37°C. The photos were 
taken 24 h after incubation.

Transwell assay

To assess the extent of cell invasion, a  transwell assay was 
used. Briefly, 2.5×104 cells were plated into transwell inserts 
(Costar, Manassas, VA, USA) in triplicates and treated in dif-
ferent conditions as indicated in each experiment. 250 µl of 
serum-free medium was added to the upper chamber and 550 
µl of medium with 10% FBS was added to the lower chamber. 
After culture for 24 h, cells that migrated to the lower surface 
of the membrane were fixed in 4% paraformaldehyde for 
15 min and dyed by 0.1% crystal violet solution for 25 min. 

Statistical analysis

All data were shown as mean ± standard error of the mean 
from three independent experiments. Comparisons between 
two groups were performed using Student’s t-test. p values of 
<0.01 (two-tailed) were considered to indicate a statistically 
significant difference. GraphPad Prism 5 (GraphPad Soft-
ware Inc., San Diego, CA, USA) was used for data analysis.

Figure 1. The mRNA expression level (A; n = 60) and the protein expression level (B; n = 3) of TRIM28 in EC (tumor) and normal tis-
sues. The mRNA expression level (C) and the protein expression level (D) of TRIM28 in hEEC and three EC cell lines (HEC1B, AN3CA 
and Ishikawa). Data were presented as mean ± SD with three independent experiments. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. Normal 
group or hEEC group.

A B

C D
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Results

TRIM28 was overexpressed in EC tissues and cells

In order to investigate the correlation between the expression 
levels of TRIM28 and EC progression, a total of 60 EC tissue 
and normal tissue samples were recruited and analyzed by 
qRT-PCR and Western blot. The expression level of TRIM28 
was obviously increased in EC patients compared with those 
in normal group (Fig. 1A,B). Then, the expression level of 
TRIM28 in human endometrial epithelial cells (hEEC) and 
three EC cell lines (HEC1B, AN3CA and Ishikawa) were 

also determined by qRT-PCR and Western blot. The results 
revealed that the expression level of TRIM28 was signifi-
cantly higher in EC cell lines compared to that in hEEC cell 
line (Fig. 1C,D). These results verified that TRIM28 was 
overexpressed in EC tissues and cells.

Suppression of TRIM28 expression inhibited the proliferation 
of EC cell

To examine the effects of TRIM28 on EC cell prolifera-
tion, EC cell lines (HEC1B and AN3CA) were transfected 
with empty vector (Control), TRIM28 mimics (TRIM28), 

Figure 2. Suppression of TRIM28 inhibited the proliferation of EC cells. A. Overexpression or knockdown of TRIM28 in HEC1B and 
AN3CA cell lines was verified by Western blotting. B. CCK-8 cell viability assays detected the proliferation of HEC1B and AN3CA cell 
lines after overexpression or knockdown of TRIM28. C. Clone formation assay detected the proliferation of HEC1B and AN3CA cell 
lines after overexpression or knockdown of TRIM28. Data were presented as the mean ± SD with three independent experiments. ** p < 
0.01, *** p < 0.001 vs. Control group; ## p < 0.01 vs. shNC group.

A

B C
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shRNA control (shNC), and two kinds of TRIM28-target-
ing shRNA (shTRIM28#1 and shTRIM28#2), respectively. 
After transfection, the protein expression level of TRIM28 
in HEC1B and AN3CA cell lines were examined. Cells 
transfected with TRIM28 mimics displayed dramatically 
higher TRIM28 expression compared to control group. 
Meanwhile, cells transfected with TRIM28-targeting 
shRNAs showed strikingly lower TRIM28 expression 
compared to control group, confirming the successful 
transfection efficiency (Fig. 2A). TRIM28#2 was used for 
TRIM28 knockdown in subsequent experiments due to 
its better knockdown effect than TRIM28#1. CCK-8 as-
say was carried out to detect the effect of TRIM28 on the 
EC cell proliferation. The results showed that, compared 
with control group, overexpression of TRIM28 markedly 
promoted the proliferative ability of EC cell lines, while 
suppression of TRIM28 expression dramatically inhib-
ited the proliferative ability of EC cell lines (Fig. 2B). 
Furthermore, clone formation assay was used to evaluate 
the proliferation of EC cell lines in vitro, and the results 
revealed that up-regulation of TRIM28 could increase the 
number of cell clones and down-regulation of TRIM28 

could decrease the number of cell clones (Fig. 2C). These 
results showed that suppression of TRIM28 could inhibit 
the proliferation of EC cell.

Suppression of TRIM28 expression inhibited the migration 
and invasion of EC cells

Furthermore, to examine the effects of TRIM28 on EC cell 
migration and invasion, EC cell lines (HEC1B and AN3CA) 
were transfected with empty vector (Control), TRIM28 
mimics (TRIM28), shRNA control (shNC), and TRIM28-
targeting shRNA, respectively. The wound scratch healing 
results suggested that the migration of HEC1B and AN3CA 
cells was notably enhanced after TRIM28 was overexpressed, 
while markedly reduced after transfection of TRIM28-
targeting shRNA (Fig. 3A). The transwell assays results 
revealed that the numbers of invaded HEC1B and AN3CA 
cells were obviously increased after TRIM28 was overex-
pressed, while dramatically decreased after transfection of 
TRIM28-targeting shRNA (Fig. 3B). These results suggested 
that suppression of TRIM28 inhibited the migration and 
invasion of EC cells.

Figure 3. Suppression of TRIM28 inhibited the migration and invasion of EC cells. A. Wound scratch healing assay of HEC1B and 
AN3CA cell lines after overexpression or knockdown of TRIM28. B. Transwell assay of HEC1B and AN3CA cell lines after overexpres-
sion or knockdown of TRIM28. Data were presented as the mean ± SD with three independent experiments. ** p < 0.01 vs. Control 
group; ## p < 0.01 vs. shNC group.

A

B
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TRIM28 was involved in the activation of AKT/mTOR 
signaling pathway

To estimate whether the mechanism underlying the effects of 
TRIM28 on promoting the growth of EC cells was mediated 
by AKT/mTOR pathway, the Western blot assay was applied 
to detect the expression levels of AKT and mTOR in HEC1B 
and AN3CA cell lines (Fig. 4). The dramatic upregulation 
in the phosphorylation levels of AKT and mTOR proteins 
was found in EC1B and AN3CA cell lines after TRIM28 was 
overexpressed. However, the markedly downregulation of 
phosphorylation levels of AKT and mTOR proteins were 
observed in EC1B and AN3CA cell lines after transfection 
of TRIM28-targeting shRNA, indicating that TRIM28 could 
activate AKT and mTOR signaling pathway. These data in-
dicated that TRIM28 was involved in the activation of the 
AKT/mTOR pathway.

Discussion

Recently, several studies have suggested that TRIM28 has the 
potential to play an important role in tumor development 
(Czerwińska et al. 2017). However, TRIM28 is rarely studied in 
EC, and understanding the molecular regulatory mechanism 
of TRIM28 in EC may provide the novel therapeutic targets 
for EC treatment. However, rare studies considered this topic.

TRIM containing proteins have been shown to play vital 
roles in modulating cell growth and migration processes 

(Wei et al. 2018). Many TRIM containing proteins are 
highly expressed in tissues or organs, contributing to the 
maintenance of normal tissue functions and homeostasis, 
and thus affect cell growth and migration (Huang et al. 
2017). Moreover, many TRIM containing proteins are 
implicated in cancer-associated cell growth and migration, 
and disorders of TRIM containing proteins play a vital role 
in the occurrence and progression of cancer (Dai et al. 
2019). Specifically, studies have also found that TRIM37 
promotes the aggressiveness of non-small-cell lung cancer 
(NSCLC) cells via activating the NF-κB signaling pathway 
(Li et al. 2018). Recently, the relationship between TRIM11 
and microRNA-5193 in the progression of human prostate 
cancer was confirmed (Pan et al. 2019). Moreover, TRIM25 
was found to promote the invasion and proliferation of 
colorectal cancer cells via TGF-β pathway (Sun et al. 2017). 
This study disclosed that the mRNA and protein expression 
level of TRIM28 was higher in EC tissues or cell lines than 
that in normal tissue or hEEC, respectively. Suppression of 
TRIM28 inhibited the proliferation, migration, and inva-
sion of EC cells. These results hinted that TRIM28 may 
act as a promotive factor in the growth and migration of 
EC cells.

An increasing number of researches confirmed that TRIM 
containing proteins exert their functions by regulating the 
expression of target mRNAs (Zhang et al. 2019). A previous 
study proved that TRIM28 regulates endothelial angiogenic 
and inflammation activity via retaining protein expression 
levels of TNFR-1, TNFR-2, and VEGFR2 in endothelial cells 

Figure 4. TRIM28 was involved in 
the activation of AKT/mTOR sign-
aling pathway. The protein levels of 
AKT, p-AKT, mTOR, and p-mTOR 
in HEC1B (A) and AN3CA (B) cell 
lines after overexpression or knock-
down of TRIM28, as determined 
using Western blotting. Relatively 
quantitative results were determined 
by ImageJ and shown as histogram. 
** p < 0.01 vs. Control group; ## p < 
0.01 vs. shNC group.
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(Wang et al. 2017). Moreover, TRIM59 was reported to regu-
late autophagy via modulating both ubiquitination and tran-
scription of BECN1 protein (Han et al. 2018). In addition, 
TRIM14 was reported to mediate epithelial-mesenchymal 
transition via ZEB2 signaling pathway in glioblastoma cells 
(Feng et al. 2019). Another novel discovery of this study 
was that AKT and mTOR are the target of TRIM28. AKT 
belongs to a  serine/threonine-specific protein kinase and 
mTOR belongs to the phosphatidylinositol 3-kinase-related 
kinase family, which plays a vital role in multiple cellular 
processes including cell growth, migration, and proliferation. 
Here, the fact that TRIM28 could target AKT and mTOR 
was demonstrated by Western blot assays. Overexpression 
or knockdown of TRIM28 in HEC1B and AN3CA cell lines 
would promote or inhibit the phosphorylation of AKT 
and mTOR protein, indicating that TRIM28 promoted the 
growth and migration of EC cells by regulating the AKT/
mTOR pathway.

In conclusion, in this study, the fact that TRIM28 was 
overexpressed in EC tissues and cells was discovered. 
Moreover, suppression of TRIM28 inhibited the prolif-
eration of EC cell. Meanwhile, suppression of TRIM28 
inhibited the migration, and invasion of EC cell. Finally, 
overexpression or knockdown of TRIM28 in HEC1B and 
AN3CA cell lines would promote or inhibit the phos-
phorylation of AKT and mTOR protein. All these results 
figured out the role of TRIM28/AKT/mTOR signaling 
pathway in promoting the growth and migration of EC 
cells, which could conceivably pave the path for advanced 
therapeutic targets in EC.
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