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Objective: The aim of this study was to examine the effect of TRIB3 on proliferation, apoptosis, 

and migration of endometrial cancer (EC) cells and explore the relationship between TRIB3 

and AKT signaling pathway in EC progression.

Methods: Immunohistochemical analysis was performed to measure the expression level of 

TRIB3 in normal endometrium tissues and EC tissues. Overexpression and shRNA knockdown 

techniques were applied by transfecting EC cells (ISK and AN3CA), and the effect of TRIB3 on 

EC cell biological behaviors was evaluated. Cell Counting Kit-8 and colony formation assays 

were utilized to investigate EC cell proliferation ability, and flow cytometry was performed 

to assess the apoptosis of EC cells. Moreover, the migration and invasion of EC cells were 

detected by transwell assay, and the levels of MMP-2 and MMP-9 were measured by ELISA. 

Additionally, Western blot analysis was carried out to determine the levels of AKT and p-AKT.

Results: The expression level of TRIB3 was higher in EC than normal endometrium tissues, and 

its overexpression promoted apoptosis and suppressed proliferation of EC cells. Furthermore, 

TRIB3 retarded the migration and invasion of EC cells and decreased the levels of MMP-2 and 

MMP-9. Conversely, TRIB3 inhibition enhanced the expression levels of MMP-2 and MMP-9, 

and proliferation and migration of EC cells but suppressed their apoptosis. Similarly, TRIB3 

overexpression reduced while its knockdown increased the level of p-AKT.

Conclusion: TRIB3 inhibited proliferation and migration and promoted apoptosis of EC cells 

probably through regulating AKT signaling pathway.

Keywords: endometrial carcinomas, Drosophila tribbles homolog 3, endometrium,  shRNA 

knockdown, overexpression

Introduction
Endometrial cancer (EC) is one of the common malignant genital tumors in female 

characterized by high recurrence and adverse outcomes. Its morbidity and mortality 

have presented an ascending trend in the last few years, and it is reported that it occurs 

over a wide range of age groups from young individuals to elderly women.1,2 Surgery, 

chemotherapy, and radiotherapy have been considered as effective treatments for EC.3,4 

Alternatively, an increasing number of investigators have focused more attention on 

exploring and elaborating the pathogenic mechanisms of development and progression 

of EC.5 Remarkably, extensive studies have demonstrated that endoplasmic reticulum 

(ER) stress is preferentially responsible for EC cell survival, which is induced and 

accompanied by inflammatory stimuli, hypoxia, and glucose starvation occurring 

during carcinogenesis.6 Ulianich and Insabato7 stated that unfolded protein response and 

GRP78 were activated under the ER stress and subsequently participated in regulating 
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the growth and migration of EC cells. Also, previous studies 

implied that ER stress could regulate the expression level of 

TRIB3, which is a pseudokinase present in mammals and also 

known as TRB3, NIPK, SKIP3, and SINK, to control cell 

proliferation, apoptosis, migration, and invasion.8–10

Encouragingly, overwhelming evidence indicated that 

TRIB3 is closely associated with underlying molecular 

mechanisms of a wide variety of cancers.11,12 Su et al13 

suggested that activated ER stress and altered expres-

sion levels of TRIB3 were implicated in the apoptosis of 

lung cancer cells. Zhou et al14 examined the relationship 

between TRIB3 and lung cancer development and found 

that TRIB3 was probably associated with cancer occur-

rence and cell migration through the regulation of JAG1/

Notch pathway.

Additionally, AKT signaling pathway was also found 

to play an essential role in various cancers,15,16 and more 

interestingly, TRIB3 could target AKT to inhibit the 

tumorigenesis.12 Restelli et al17 pointed out that TRIB3 con-

trolled cancer cell processes such as cell proliferation and 

growth by binding to Ser473 of the AKT protein kinase. 

Zhang et al18 claimed that TRIB3 overexpression blocked 

AKT activation and promoted the apoptosis of tongue squa-

mous cell carcinoma. Unfortunately, the effect of TRIB3 on 

oncogenesis and progression of EC has not been understood. 

Our study used overexpression and shRNA knockdown 

techniques to investigate the biological function of TRIB3 

in EC cells. The objectives of this work were as follows: to 

investigate the effect of TRIB3 expression on the develop-

ment of EC; to examine the impact of TRIB3 on EC cell 

proliferation, apoptosis, and invasion; and to explore the 

potential molecular mechanism involved in the progression 

of EC. The findings of this study may facilitate the develop-

ment of potential strategies for EC treatment.19

Materials and methods
cell lines, antibodies, and plasmids
The human EC cell lines ISHIKAWA (ISK) and AN3CA 

were purchased from American Type Culture Collection 

(ATCC) and were cultured in DMEM supplemented with 10% 

FBS and maintained in a humidified incubator with 5% CO
2
 at 

37°C. Following incubation, they were detached by digestion 

with 0.25% trypsin and continually passaged. Tissue samples 

were collected from hysteromyoma patients who were under-

going hysterectomy and patients suffering from EC between 

2014 and 2016. In addition, TRIB3 cDNA overexpression 

plasmids and TRIB3-shRNA plasmids were obtained from 

GeneChem Company (Shanghai, China). EC cell lines were 

transfected with TRIB3 overexpression plasmids or TRIB3-

shRNA plasmids using Lipofectamine 2000 (Thermo Fisher 

Scientific, Waltham, MA, USA) in light of the manufacturer’s 

protocols, and subsequently, the transfection efficiency was 

evaluated. The cell lines were divided into normal control 

group (NC), TRIB3-shRNA inhibitor negative control group 

(TINC), TRIB3 overexpression group (T), and TRIB3 inhibi-

tor group (TI). This study was reviewed and approved by the 

Ethics Committee of Shanghai First Maternity and Infant 

Hospital, and all subjects gave written informed consent in 

accordance with the Declaration of Helsinki.

immunohistochemical analysis of TriB3 
expression
A tissue microarray (UT801a; Alenabio Company, Xi’an, 

China), including 13 normal endometrial tissues, five endo-

metritis tissues, 23 endometrial hyperplasia tissues, as well 

as 25 endometrioid adenocarcinoma tissues, was employed 

for immunohistochemical staining to examine the expres-

sion of TRIB3. The tissue microarray was washed three 

times for 5 minutes with PBS and then incubated in PBS 

solution with 3% H
2
O

2
 to eliminate endogenous peroxidase. 

This was followed by cleaning with PBS two times for 

5 minutes and soaking in PBS containing 1% normal goat 

serum for 20 minutes to block the nonspecific binding. 

Afterwards, TRIB3 primary antibody (1:200; Proteintech 

Group, Rosemont, IL, USA) was added and incubated at 

4°C overnight. After washing three times for 5 minutes, 

secondary antibody marked by horseradish peroxidase 

(1:500; Dako, Glostrup, Denmark) was added and incubated 

for 30 minutes at room temperature. Finally, the products 

were stained with 3,3′-diaminobenzidine, counterstained 

with hematoxylin, sealed, and observed under a fluores-

cence microscope (Nikon Eclipse, Tokyo, Japan). Scoring 

systems were employed to assess the staining intensity of 

positive cells (no staining: 0; pale brown staining: 1; and 

brown staining: 2) and to identify the percentage of positive 

cells (unstained cells: 0; #25%: 1; 26%–50%: 2; $50%: 3;  

the score between 0 and 2 indicates negative and .2 indi-

cates positive).

cell viability assay
Cell viability of the experimental groups (NC group, TINC 

group, T group, and TI group) was examined by Cell 

Counting Kit-8 (CCK-8) assay. Briefly, cells in logarithmic 

growth phase were seeded into 96-well plates at a density of 

3×104/mL at a volume of 100 μL/well and incubated to sup-

port cell attachment. After culturing for 0, 48, and 96 hours, 

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2237

Qu et al

CCK-8 solution (10 μL/well) was added into the 96-well 

plates, respectively, and cells were maintained and cultured 

at 37°C for 1 hour. Then, the absorbance at 450 nm was 

measured with an ELISA reader (Thermo Fisher Scientific, 

Waltham, MA, USA) to further determine the cell viability. 

This assay was conducted in triplicate for each group.

Plate clone formation assay
The ISK and AN3CA cells in logarithmic growth phase 

were digested using trypsin solution, counted with cell-

count boards, and seeded at a density of 100 cells/well in 

six-well plates. The cells were cultured for 7 days, and the 

cell growth conditions were observed daily. The cell clones 

formed were washed twice using PBS solution and fixed with 

100% methanol for 15 minutes followed by drying at room 

temperature. Then, these cells were stained with Giemsa 

solution for 30 minutes at room temperature, rinsed three 

times, and photographed after drying.

annexinV-FiTc/propidium iodide (Pi) 
apoptosis assay
The cell apoptosis in all the four groups mentioned above 

was evaluated by the AnnexinV-fluorescein isothiocyanate 

(FITC)/PI double-staining method. Cells were plated at a 

density of 1×106/mL in serum-free medium and subsequently 

harvested in the reaction tubes followed by washing twice 

with PBS. Then, the supernatant was discarded and cells 

were resuspended in precooled binding buffer (100 μL). 

Afterwards, AnnexinV-FITC (5 μL) and PI (10 μL) were 

added to cells, vortexed, and incubated for 15 minutes at 

room temperature away from light. Finally, the cells were 

mixed with binding buffer (400 μL) and quantitatively ana-

lyzed using a flow cytometer system (BD, Franklin Lakes, 

NJ, USA).

Transwell assay
The transwell assay was utilized to determine the migra-

tory abilities of cells in the different treatment groups. The 

bottom chamber of the transwell was coated with complete 

medium (800 μL). Meanwhile, approximately 4×104 cells 

were suspended in the serum-free medium (200 μL) and 

then seeded onto the upper chamber of the transwell (8 μm 

pore size) and incubated for 16 hours. Following incubation, 

the migrated cells adhered to the lower surface of the mem-

branes were stained with calcein-AM (0.2 μg/mL; Thermo 

Fisher Scientific) for 30 minutes, counted, and visualized. 

All experiments were carried out at least three times.

elisa
TRIB3 level in TRIB3 overexpression groups, TRIB3 interfer-

ence groups, and corresponding control groups was measured 

with a commercial ELISA kit (Boster Biological Technology 

Co. Ltd, Pleasanton, CA, USA). First, the standard solution 

was added into a 96-well plate and sealed and incubated for 

90 minutes at 37°C. Then, the prepared anti-biotin human 

MMP-2 antibody and anti-biotin human MMP-9 antibody were 

separately added and incubated for 60 minutes at 37°C followed 

by the addition of ABC solution. Subsequently, 3,3′,5,5′-tetra-

methylbenzidine solution was used as chromogenic reagent and 

the absorbance at 450 nm was measured after the termination 

of chromogenic reaction. Finally, the relevant concentration 

was calculated and standard curves were obtained.

Western blot analysis
The total protein was separately extracted from cells trans-

fected with the TRIB3 overexpression plasmid and TRIB3 

interference plasmid and subjected to SDS-PAGE. Then, 

the protein was transferred onto nitrocellulose membranes 

(Millipore), blocked with 5% nonfat milk, and maintained 

for 60 minutes at room temperature. Following this, primary 

antibodies, which included anti-actin (1:2,000; Proteintech 

Group, Rosemont, IL, USA), anti-TRIB3 (1:1,000; Thermo 

Fisher Scientific, Waltham, MA, USA), anti-AKT (1:1,000; 

CST, Danvers, MA, USA), and anti-p-AKT (1:1,000; CST), 

were added and incubated overnight. Membranes were sub-

sequently washed three times and incubated with secondary 

antibodies for 60 minutes at room temperature. Finally, the 

signal from protein bands was visualized by enhanced che-

miluminescence reagents (Thermo Fisher Scientific).

statistical analysis
The SPSS software (IBM, Armonk, NY, USA) was applied 

to conduct all the statistical computations in this study, and 

all data are expressed as mean ± SD. The significance of dif-

ferences between two groups was determined by Student’s 

t-test, while one-way ANOVA was applied for comparison 

among more than two groups. P,0.05 was considered as 

significant statistical difference.

Results
TriB3 was highly expressed in 
endometritis, endometrial hyperplasia, 
and endometrioid adenocarcinoma
The TRIB3 expression levels in various endometrial tissues, 

including normal endometrium, endometritis tissues, 
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endometrial hyperplasia tissues, and endometrioid adeno-

carcinoma tissues (IB, II, and III stages), were investigated 

by immunohistochemical analysis. The results showed that 

TRIB3 expression was positive in normal endometrium 

tissues and was primarily found in the cytoplasm (Figure 1A). 

Meanwhile, the expression of TRIB3 was dramatically 

increased in sections of tissues with endometritis, endome-

trial hyperplasia, and endometrial adenocarcinoma and also 

detected in the cytoplasm (Figure 1A). Furthermore, the 

subsequent statistical analysis revealed that TRIB3 expres-

sion levels were significantly different between normal 

endometrium and endometrial adenocarcinoma tissues 

(P,0.01) (Figure 1B). These findings suggested that the level 

of TRIB3 was prominently enhanced in EC cells compared 

with normal tissues.

assessment of the effects of TriB3 on 
the proliferation and clone formation 
ability of ec cells
To detect the effects of TRIB3 on proliferation and 

colony formation capacity, the ISK and AN3CA cells 

were first transfected with TRIB3 overexpression plasmid 

and corresponding TRIB3-shRNA interference plasmid, 

respectively (Figures 2 and 3). Then, the ability of TRIB3 

overexpression plasmid to upregulate TRIB3 and the ability 

of two different shRNA-containing plasmids (TI-1 and 

TI-2) to downregulate TRIB3 in ISK and AN3CA cells 

were determined by Western blot analysis (Figure 2A). 

CCK-8 assay showed that the overexpression of TRIB3 

suppressed cell survival while the inhibition of TRIB3 

presented an opposite pattern (Figure 2B–E). Similarly, the 

plate colony formation assay also indicated that the number 

of cells in case of high TRIB3 expression was significantly 

decreased in the transfected group compared to the normal 

control group, and inversely, larger and more clones were 

observed in cells with TRIB3 inhibition (Figure 3A and C). 

Moreover, there were statistically significant differences 

between control cells and transfected cells in cell prolif-

eration and clone formation ability as shown in Figure 3B 

and D (P,0.05).

Detection of the effect of TriB3 
expression on the apoptosis of ec cells
To investigate whether TRIB3 expression was correlated 

with the apoptotic effect of EC cells, ISK and AN3CA 

cells were transfected with TRIB3 overexpression plasmid 

Figure 1 immunohistochemical analysis of the expression of TriB3 in control tissue and tissues with endometritis, endometrial hyperplasia, and endometrioid adenocarcinoma 
(stages iB, ii, and iii).
Notes: (A) representative examples of TriB3 staining. TriB3 staining was mainly localized in the cytoplasm. (B) Quantitation of immunohistochemical data. **P,0.01 by 
anOVa.
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and TRIB3-shRNA plasmid, respectively. Flow cytometry 

analysis demonstrated that TRIB3 dramatically enhanced 

cell apoptosis levels (Figure 4A and C) while the frequency 

of apoptosis in the TRIB3-shRNA-transfected group was 

significantly decreased compared with the control group 

(P,0.05) (Figure 4B and D).

evaluation of the effect of TriB3 
expression on the migration of ec cells
The results from transwell assay revealed that TRIB3 over-

expression significantly reduced the migratory ability of 

ISK and AN3CA cells compared with the control group. 

However, we found that the migration rates in TRIB3 

knockdown groups were higher than that of control group 

(Figure 5A). Meanwhile, statistical analysis also showed 

that the effect of TRIB3 on migration of ISK and AN3CA 

cells was significantly different between experimental groups 

and control groups (Figure 5B). Additionally, the expres-

sion levels of MMP-2 and MMP-9, which were closely 

associated with cancer cell migration,20 were measured to 

further explore the underlying mechanism of the migration 

inhibition of EC cells. The results indicated that the expres-

sion levels of MMP-2 and MPP-9 were decreased in TRIB3 

overexpression groups but enhanced in TRIB3 knockdown 

groups compared to control groups. Notably, there were 

significant statistical differences in the levels of MMP-2 

and MMP-9 at 72 hours between experimental and control 

groups (Figure 5C and D).

ββ

Figure 2 The effect of TriB3 on isK and an3ca cell growth was evaluated by a ccK-8 assay.
Notes: (A) Western blot analysis showed the ability of TriB3 overexpression plasmid to upregulate TriB3 and the ability of TriB3-shrna plasmid to downregulate the 
expression of TriB3 in isK and an3ca cells. isK and an3ca cells were transfected with (B and D) TriB3 overexpression plasmids and (C and E) TriB3-shrna plasmids. 
after 1, 2, and 4 days, the absorbance of cells was measured by ccK-8. nc: TriB3 overexpression negative control group; T: TriB3 overexpression group; Ti-1: TriB3-
shrna plasmid 1 group; Ti-2: TriB3-shrna plasmid 2 group; Tinc: TriB3-shrna inhibitor negative control group. *P,0.05 and **P,0.01, compared with the respective 
control groups by t-test. Data were obtained from three independent experiments.
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assessment of the correlation between 
TriB3 and aKT signaling pathway
To elucidate the mechanism of TRIB3 involvement, 

we examined the levels of AKT and p-AKT in the two 

experimental groups (TRIB3 overexpression and TRIB3 

inhibition) of ISK and AN3CA cells, respectively. In TRIB3 

overexpression group of ISK cells, the total AKT levels 

showed no obvious difference compared with control group 

and there was a marked reduction in AKT phosphorylation 

levels compared with the control group. Conversely, TRIB3 

inhibition experimental group exhibited a significant increase 

in the AKT phosphorylation levels compared with the control 

group (Figure 6A). However, there was an apparent decrease 

in AKT phosphorylation in the TRIB3-shRNA inhibitor 

negative control group compared to the normal ISK cell 

group, which may have been caused by protein loading error 

Figure 3 The effect of TriB3 on isK and an3ca cell proliferation was evaluated by the plate colony formation assay.
Notes: The clone formation ability of (A) isK and (C) an3ca cells were examined, and the results of statistical analyses of the plate colony formation ability of (B) isK 
and (D) an3ca cells are presented. nc: TriB3 overexpression negative control group; T: TriB3 overexpression group; Ti-1: TriB3-shrna plasmid 1 group; Ti-2: 
TriB3-shrna plasmid 2 group; Tinc: TriB3-shrna inhibitor negative control group. *P,0.05, and ***P,0.001, compared with the respective control groups by t-test. 
Data were obtained from three independent experiments.
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(Figure 6A). In addition, a similar trend was observed for the 

changes in p-AKT levels induced by TRIB3 overexpression 

and TRIB3 knockdown in AN3CA cells (Figure 6B). Taken 

together, these results indicated that TRIB3 inhibited AKT 

activation.

Discussion
EC is considered as one of the most frequent gynecological 

malignancies characterized by high incidence and poor 

prognosis.21 Numerous researchers have concentrated on 

exploring the underlying pathogenesis mechanism of EC in 

the last few years.22 A wealth of evidence has demonstrated 

that a wide variety of molecules such as miRNAs and genes 

are probably associated with EC.23–25 Remarkably, TRIB3 has 

recently been reported to be implicated in multiple cancers 

including tongue squamous cell carcinoma, gastric cancer, 

and breast cancer.18,26,27 In the present study, the findings 

revealed that TRIB3 expression levels were enhanced in 

endometrioid adenocarcinoma compared with the normal 

tissues, and TRIB3 could promote apoptosis and inhibit 

proliferation and colony formation of EC cells and possibly 

plays important roles in the AKT signaling pathway.

Figure 4 effects of TriB3 on apoptosis of isK and an3ca cells.
Notes: contour diagrams for isK and an3ca cells are shown in (A and C), respectively and the results of corresponding statistical analyses are displayed in (B and D), 
respectively. There was a significant difference between normal group and experimental groups (TRIB3 overexpression or TRIB3-shRNA inhibition) of ISK and AN3CA 
cells. nc: TriB3 overexpression negative control group; T: TriB3 overexpression group; Ti-1: TriB3-shrna plasmid 1 group; Ti-2: TriB3-shrna plasmid 2 group; Tinc: 
TriB3-shrna inhibitor negative control group. *P,0.05, **P,0.01, and ***P,0.001, compared with the respective control groups by t-test. Data were obtained from three 
independent experiments.
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Figure 5 cell migration was measured by a transwell migration assay.
Notes: (A) Transwell assays of isK and an3ca cells. (B) Quantification of transwell assays in ISK and AN3CA cells. (C) expression levels of MMP-2 and MMP-9 in isK 
cells. (D) expression levels of MMP-2 and MMP-9 in an3ca cells. *P,0.05, **P,0.01, and ***P,0.001, compared with the respective control groups by t-test. Data were 
obtained from three independent experiments. 
Abbreviations: nc, TriB3 overexpression negative control group; T, TriB3 overexpression group; Ti-1, TriB3-shrna plasmid 1 group; Ti-2, TriB3-shrna plasmid 2 
group; Tinc, TriB3-shrna inhibitor negative control group.
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We found that TRIB3 was expressed at a relatively high 

level in endometritis, endometrial hyperplasia, and EC tissues 

compared to normal tissues. Furthermore, there was a sig-

nificant statistical difference between EC tissues and normal 

tissues. Although fewer works have reported the alteration of 

TRIB3 expression in EC tissues, abundant investigations have 

suggested that TRIB3 expression levels were dramatically 

increased in cancer tissues when compared with the normal 

tissues.27,28 Additionally, TRIB3 has also been thought to play 

vital regulatory roles in cancer cell growth, proliferation, and 

apoptosis.28,29 A previous study demonstrated that upregulated 

TRIB3 suppressed endothelial cell growth and proliferation 

and was considered as critical in cell cycle regulation.30 

However, no corresponding research has been undertaken 

in clarifying the effect of TRIB3 on common gynecological 

cancers such as EC. Here, the CCK-8 and plate clone forma-

tion assay revealed that TRIB3 could inhibit the proliferation 

of ISK and AN3CA cells in vitro. Similarly, the high level of 

TRIB3 promoted cell apoptosis which was in line with the 

results of other cancer studies.31 Accordingly, we also found 

that the number of apoptotic EC cells was enhanced in the 

presence of TRIB3 overexpression, and conversely, the rate 

of apoptosis was remarkably decreased in EC cells trans-

fected with shRNA. Nevertheless, the current results showed 

that TRIB3 functioned as a tumor suppressor (decreased 

proliferation and migration and increased apoptosis) but its 

expression was increased rather than decreased in malignant 

tissues compared to benign endometrium. This inconsistency 

in findings has also been found in other studies. A previous 

study demonstrated that TRIB3 was upregulated by ER stress 

and downregulated following genotoxic stress.32 Another 

investigation reported that whereas increased mRNA levels 

of TRIB3 were associated with a poor prognosis, increased 

TRIB3 protein level was related with a good prognosis in 

human breast cancer patients.33 These discrepancies may be 

caused by the fact that TRIB3 is involved in hypoxia tolerance 

and a number of regulatory feedback loops.33 Further studies 

are needed to elucidate the role of TRIB3 in EC progression.

It is well acknowledged that cell migration and invasion 

are distinctive characteristics of malignant tumors. Unfor-

tunately, the regulatory mechanisms of TRIB3 in EC cell 

migration and invasion have not been elucidated. In this 

study, we focused on investigating the effect of TRIB3 on 

migratory and invasive ability of EC cells. The results showed 

that TRIB3 significantly inhibited migration and invasion of 

ISK and AN3CA cells compared with the control groups. 

Furthermore, accumulating evidence has implied that matrix 

metalloproteinases are closely correlated with the occur-

rence and progression of various cancers, especially cancer 

metastasis due to their involvement in the degradation of the 

ββ

ββ

Figure 6 aKT and p-aKT levels in (A) isK cells and (B) an3ca cells were examined by Western blot. n, normal control group; nc: TriB3 overexpression negative 
control group; T: TriB3 overexpression group; Ti: TriB3 inhibitor group; Ti-1: TriB3-shrna plasmid 1 group; Ti-2: TriB3-shrna plasmid 2 group; Tinc: TriB3-shrna 
inhibitor negative control group.
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extracellular matrix.34 Notably, MMP-2 and MMP-9 have 

been extensively investigated and regarded as prominent 

regulators that play pivotal roles in the migration and inva-

sion of carcinoma.35,36 Therefore, we examined whether the 

expression levels of these two molecules were affected by 

the expression levels of TRIB3 in EC cell metastasis and 

the findings indicated that TRIB3 levels were negatively 

correlated with the expression levels of MMP-2 and MMP-

9. Additionally, there were significant statistical differences 

between TRIB3 experimental groups and control groups after 

72 hours. These results suggested that TRIB3 inhibited EC 

migration and invasion probably through regulating the levels 

of MMP-2 and MMP-9.

Various reports have also proposed that TRIB3 could 

interact with AKT which participates in diverse cellular pro-

cesses and is strongly associated with cancer development.37,38 

Salazar et al39 argued that TRIB3 inhibited tumorigenesis 

primarily via controlling the phosphorylation of AKT. In 

this current research, we also observed that the upregulation 

of TRIB3 blocked the AKT phosphorylation in ISK and 

AN3CA cells and inhibition of TRIB3 by shRNA elevated 

the AKT phosphorylation levels and activated the AKT 

signaling pathway as shown by Western blot assay, which 

revealed that there was a significant inverse correlation 

between TRIB3 and AKT phosphorylation levels. More 

importantly, Martini et al40 stated that the activation of 

AKT signaling pathway blocked apoptosis and promoted 

the proliferation, migration, and invasion of cancer cells. 

Therefore, we speculated that TRIB3 enhanced apoptosis 

and suppressed proliferation and migration ability of EC 

cells probably through the inhibition of AKT signaling 

pathway.

This study also has several limitations which are worth 

noting. As shown in Figure 6A, there was a decrease in 

p-AKT level in the TRIB3-shRNA inhibitor negative control 

group when compared with normal ISK cell control group. 

We believe that this may have been caused by protein 

loading error, which should be checked by further experi-

ments. Additionally, the association of TRIB3 expression 

levels and EC histological phases has not been determined 

in this study primarily due to the limited sample size of 

EC cells in phase I and phase II. Therefore, the relevant 

results still need to be confirmed with a larger sample in 

future. Moreover, the exhaustive molecular regulatory 

mechanisms still need to be elucidated due to the fact that 

TRIB3-mediated AKT signaling pathway involve compli-

cated molecular components.

Conclusion
TRIB3 level in EC tissues was higher than control tissues 

and TRIB3 induced apoptosis and retarded proliferation, 

migration, and invasion of EC cells possibly by the inhibition 

of AKT signaling pathway. Thus, TRIB3 could serve as a 

novel therapeutic target for EC.
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