
Summary. Aim. Ovarian cancer (OC) is a fatal female 
malignant tumor that severely impacts the health of 
women worldwide. Due to the lack of diagnostic 
biomarkers, 70% of OC patients are considered in the 
advanced stage at the first diagnosis. Exploring novel 
biomarkers for OC diagnosis has become an urgent 
clinical need to address. TRIB1 is a newly discovered 
oncogene in several malignant tumors, including acute 
myeloid leukemia, prostate cancer, and breast cancer. 
However, the biological function of TRIB1 in OC 
remains uncertain and, therefore, was explored in the 
present study. 
      Methods. Levels of TRIB1 in OC and normal tissues 
were evaluated in the GEPIA database. TRIB1-KD was 
constructed in ES-2 cells and TRIB1-OE was 
constructed in OVCAR3 cells using a siRNA and OE 
vector, respectively. The proliferation ability was 
determined using the CCK-8 and clone formation assays. 
The migration ability was detected using the wound 
healing and Transwell assays. The expression of 
epithelial-mesenchymal transition (EMT) biomarkers 
was determined using western blotting. 
      Results. TRIB1 was markedly upregulated in OC 
tissues compared with normal ovarian tissues in the 
GEPIA database. The TRIB1 level was slightly altered 
among ES-2, CAOV3, and SKOV3 cells, with the 
highest expression in ES-2 cells, which was greatly 
reduced in OVCAR3 cells. In TRIB1-KD ES-2 cells, a 
remarkably reduced proliferation ability was observed 
with the CCK-8 and clone formation assays, 
accompanied by a reduction in migration distance in the 
Wound healing assay and the number of migrated cells 
in the Transwell assay. In contrast, in TRIB1-OE 
OVCAR3 cells, increased proliferation ability was 
observed, accompanied by increased migration distance 

and number of migrated cells. Furthermore, EMT 
progression was markedly repressed in TRIB1-KD ES-2 
cells and remarkably enhanced in TRIB1-OE OVCAR3 
cells. 
      Conclusion. TRIB1 facilitated the proliferation and 
migration of OC cells by enhancing EMT progression. 
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Introduction 
 
      Ovarian cancer (OC) is one of the three most 
malignant tumors in the female reproductive system, 
with extremely high malignancy and mortality, often 
ranking first among female reproductive system 
malignancies (Lisio et al., 2019). In 2020, there were 
313,959 new cases and 207,252 deaths worldwide, 
making it the seventh most common cancer and cause of 
death among women (Sung et al., 2021). Ovarian tumors 
are classified according to their tissue origin, including 
epithelial, germ, and stromal cells, and are divided into 
epithelial tumors, germ cell tumors, sex cord-stromal 
cell tumors, and undifferentiated tumors. Epithelial 
ovarian cancer (EOC) is the most common type, 
accounting for 80-90% of cases, of which 75% are 
serous OC (Dai et al., 2021). Due to the concealed 
anatomical location of the ovaries and the lack of typical 
early symptoms, approximately 70% of patients are first 
diagnosed with symptoms such as ventosity, ascites, and 
abdominal pain at the time of diagnosis, and have 
already developed metastasis, causing great physical, 
psychological, and economic harm to women (Zhang et 
al., 2022). For advanced EOC, the current treatment 
methods include maximum tumor cell reduction surgery 
and postoperative adjuvant chemotherapy with 
paclitaxel, platinum-based drugs, immunotherapy, and 
targeted drug therapy. Although the overall survival rate 
has improved, the five-year survival rate is around 30% 
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due to late detection, metastasis at the time of diagnosis, 
difficulties in complete tumor resection, and the 
development of chemotherapy resistance (Havasi et al., 
2023; Sellers et al., 2023). The pathogenic and 
metastatic mechanisms of OC are not clear, and OC is 
difficult to detect and treat, has high recurrence and 
metastasis rates, and poor prognosis. Therefore, finding 
reliable early molecular predictive biomarkers and 
providing new treatment targets to further understand the 
mechanism of OC metastasis has become an urgent need 
to address.  
      Epithelial-mesenchymal transition (EMT) is one of 
the mechanisms of organ development that can be 
reactivated in cancers and other diseases (Fazilaty et 
al., 2019). Its role in cancer is complex, but it is 
generally believed that EMT is related to invasion and 
metastasis (Qi et al., 2018). The loss of epithelial cell 
characteristics and the acquisition of mesenchymal 
phenotypes enhance the invasion and migration 
abilities of OC cells, and the acquisition of OC cell 
invasion is accompanied by the occurrence of EMT 
(Zhao et al., 2019). It is reported that the expression of 
EMT transcription factors induces EMT in OC cells 
and promotes the clearance of mesothelial cells 
(Grither et al., 2018). Research (Lou et al., 2017) 
found that the expression of l inc-ROR (Long 
intergenic non-protein coding RNA) was increased in 
OC, and linc-ROR induced EMT in OC cells through 
the Wnt/β-catenin signaling pathway, promoting the 
invasion and metastasis of OC. Similarly, previous 
research (Dong et al., 2020) reported that the nuclear 
protein PEST-containing nuclear protein (PCNP) 
mediates the development of OC in a similar manner. 
These findings highlight the important role of the 
EMT process in the progression of OC and suggest 
that exploring its regulatory mechanism may provide 
targets for precise and personalized treatment of OC 
metastasis.  
      The TRIB1 gene was first discovered in Drosophila 
and is also known as neural cell death-inducing protein 
kinase, which prolongs the G2/M phase during 
embryonic development by regulating the degradation of 
cdc25 homolog sting and regulates cell mitosis (Foulkes 
et al., 2015). The TRIB1 protein, encoded by the TRIB1 
gene located at 8q24.13, affects cell apoptosis, 
differentiation, and proliferation by regulating protein 
ubiquitination and degradation (McMillan et al., 2021). 
In recent years, studies have found that TRIB1 plays an 
important oncogenic role in multiple malignancies, 
including acute myeloid leukemia (Yoshino et al., 2021), 
prostate cancer (Liu et al., 2019), breast cancer (Kim et 
al., 2022), and colorectal cancer (Wang et al., 2017). 
However, the biological function of TRIB1 in OC is 
currently unknown. Our study found that TRIB1 was 
upregulated in OC compared with normal ovarian tissues 
in the GEPIA database. Herein, the biological function 
of TRIB1 in OC was explored to provide potential 
molecular targets for the diagnosis and treatment of 

clinical OC. 
 
Materials and methods 
 
GEPIA database 
 
      The expression of TRIB1 in 426 OC tumor tissues 
and 88 normal ovarian tissues was achieved from the 
GEPIA database (http://gepia.cancer-pku.cn/), which 
was compared using the Student's t-test. 
 
Cells and transfection 
 
      OC cell lines (ES-2, CAOV3, SKOV3, and 
OVCAR3) were purchased from the ATCC (USA) and 
cultured in DMEM medium supplemented with 10% 
fetal bovine serum (FBS). For the construction of 
lentivirus packaging siRNA-TRIB1, siRNA-1 and 
siRNA-2 specifically targeting TRIB1 were synthesized 
and inserted into the pLKO.1-EGFP lentiviral vector. For 
lentiviral particle production, expression plasmids 
(TRIB1-pLKO.1-EGFP and a negative control plasmid) 
and packaging vectors, pCMV-VSV-G and pCMV-dR8.2 
(Addgene, Cambridge, MA, USA) were co-transfected 
into 293T cells using Lipofectamin™ 2000 (Invitrogen, 
USA). After the 48h transfection process, the 
supernatant, which was rich in lentiviral particles, was 
carefully harvested. This was followed by a 
centrifugation step at a force of 4,000×g for 5 minutes at 
4°C. Subsequently, the supernatant underwent filtration 
through a 0.45 μm cellulose acetate membrane to 
effectively remove any residual cell debris. The 
lentiviral particles collected underwent purification and 
concentration through the use of PEG-8000, strictly 
adhering to the guidelines provided by the manufacturer. 
Subsequently, a viral suspension containing siRNA-1 or 
siRNA-2 at a high multiplicity of infection (MOI) of 100 
was introduced into the cells. Upon completion of the 48 
hour incubation period, the efficacy of the infection was 
assessed using western blot analysis. Sequences for 
siRNAs were: SiRNA-1: Sense sequence: CGGGUA 
CAUCGACUCAGAAAU, anti-sense sequence: 
AUUUCUGAGUCGAUGUACCCG; SiRNA-2: Sense 
sequence: CCAUUAAACACUACCAGGACA, anti-
sense sequence: UGUCCUGGUAGUGUUUAAUGG; 
Si-NC: Sense sequence: UUCUCCGAACGUGU 
CACGU, anti-sense sequence: ACGUGACACGUU 
CGGAGAA. 
 
CCK8 assay 
 
      Cells were inoculated into a 96-well plate in a 
suspension of 100 μL, and four time points were set after 
transfection: 0h, 24h, 48h, and 72h. After cells adhered 
to the plate, fresh culture medium containing 10% CCK8 
reagent was added. Cells were incubated at 37°C in the 
dark for 120 min, and the absorbance (OD value) at 450 
nm was measured using a microplate reader (DeTie, 
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China). 
 
Clone formation assay 
 
      Cells from the logarithmic growth phase were taken 
and digested with pancreatic enzyme, and then 
suspended in 10% FBS culture medium and dispersed 
into individual cells. After counting, 500 cells were 
evenly added to a 6-well plate and cultured in a 37°C, 
5% CO2 incubator for approximately 21 days. When 
visible colonies appeared on the dish, the culture was 
terminated. The supernatant was discarded, and cells 
were washed with PBS 2 or 3 times. Then, cells were 
fixed with 4% paraformaldehyde for 15 min, stained 
with crystal violet for 30 min, and slowly washed with 
running water to remove the staining solution, followed 
by drying in a well-ventilated place. Colonies were 
counted and photographed under a microscope (Leica, 
Germany). 
 
Wound healing assay 
 
      Cells were digested with trypsin, washed with PBS, 
and centrifuged to collect cell sediments. Next, 2×105 
cells/well were seeded in 24-well plates and cultured in 
serum-free DMEM medium. After 80-90% fusion, the 
medium was discarded and a uniform line was drawn, 
followed by observation under a microscope (Leica, 
Germany) and recording the width of the scratch. After 
24h of continuous culture, the scratch width was 
observed and recorded again under the microscope 
(Leica, Germany). The migration distance =0h scar 
width-24h scar width. 
 
Transwell assay 
 
      Cells were digested and resuspended in serum-free 
culture medium. The cell count was adjusted to 1.5×105 
cells/mL, and 350 μL of the suspension was added to the 
upper chamber. The lower chamber contained 650 μL of 
culture medium with 20% FBS, and the chamber was 
placed in a 37°C, 5% CO2 incubator for 48h. The 
chamber was removed and fixed with 4% 
paraformaldehyde for 15 min and stained with crystal 
violet for 30 min, followed by wiping off cells from the 
upper chamber using a cotton swab. Migrated cells were 
counted and photographed under a microscope (Leica, 
Germany). 
 
Western blotting 
 
      The total protein from the cells was extracted using 
RIPA lysis buffer (Millipore, USA), and the protein 
concentration was detected by the BCA method. Then, 
40 μg protein samples were subjected to SDS-PAGE 
electrophoresis (70 V, 30 min and 100 V, 90 min), 
transferred to a polyvinylidene fluoride (PVDF) 
membrane (200 mA, 3h), blocked with 5 % skimmed 

milk powder for 2h, and incubated overnight with 
primary antibodies against TRIB1 (1:800), E-cadherin 
(1:800), N-cadherin (1:800), Slug (1:1000), Snail 
(1:1000), Vimentin (1:1000), and GAPDH (1:2000) 
(CST, USA). On the second day, the membrane was 
incubated for 2h at 37°C with secondary antibodies 
against goat and rabbit anti-IgG (1:2000, CST, USA), 
and then developed with ECL imaging. Using GAPDH 
as an internal reference, the grayscale value of the target 
band was analyzed using ImageJ software. 
 
Statistical analysis 
 
      SPSS 22.0 statistical software was used for analysis 
and processing. Quantitative data that conformed to a 
normal distribution were presented as mean ± standard 
deviation (SD). Independent sample Student's t-tests 
were used to compare between two groups, and p<0.05 
was considered statistically significant. 
 
Results 
 
TRIB1 was upregulated in OC tissues 
 
      Data from 426 OC tissues and 88 normal ovarian 
tissues were obtained from the GEPIA database 
(http://gepia.cancer-pku.cn/) and the TRIB1 level was 
determined. Compared with normal ovarian tissues, the 
TRIB1 level was statistically significantly increased in 
OC tissues (Fig. 1). 
 

1449

TRIB1 facilitates ovarian cancer

Fig. 1. The TRIB1 level was markedly increased in OC tissues. The 
expression of TRIB1 in 426 OC and 88 normal ovarian tissues was 
compared in the GEPIA database (*p<0.05 vs. normal ovarian tissues). 
Data are represented as mean ± SD (n=3, corresponding to three 
independent experiments).
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Fig. 3. TRIB1-KD-1 ES-2, TRIB1-KD-2 ES-2, and TRIB1-OE OVCAR3 
cells were successfully established. A. The TRIB1 level in ES-2 cells 
was detected using Western blotting. Data are represented as mean ± 
SD (n=3, corresponding to three independent experiments). B. The 
expression of TRIB1 in OVCAR3 cells was determined using Western 
blotting (**p<0.01 vs. NC). Data are represented as mean ± SD (n=3, 
corresponding to three independent experiments).

Fig. 2. The expression of TRIB1 in OC cell lines. The TRIB1 level in ES-
2, CAOV3, SKOV3, and OVCAR3 cells was determined using Western 
blotting (**p<0.01 vs. ES-2 cells). Data are represented as mean ± SD 
(n=3, corresponding to three independent experiments).

Fig. 4. TRIB1 facilitated the proliferation of OC cells. A. Cell 
viabil i ty was checked using the CCK-8 assay. Data are 
represented as mean ± SD (n=3, corresponding to three 
independent experiments). B. The proliferation ability of OC cells 
was determined using the clone formation assay (**p<0.01 vs. 
NC). Data are represented as mean ± SD (n=3, corresponding to 
three independent experiments).



The expression of TRIB1 in OC cell lines 
 
      To choose the appropriate cell lines for transfection, 
TRIB1 levels in OC cell lines were detected. The TRIB1 
level was slightly different among ES-2, CAOV3, and 
SKOV3 cells; the highest expression was observed in 
ES-2 cells, which was signally reduced in OVCAR3 
cells (Fig. 2). Thus, ES-2 cells were utilized to knock 
down TRIB1, while OVCAR3 cells were used to 
overexpress TRIB1, to explore the biological function of 
TRIB1 in OC. 
 
The identification of TRIB1-KD ES-2 cells and TRIB1-OE 
OVCAR3 cells 
 
      ES-2 cells were transfected with siRNA-1 and 
siRNA-2, while OVCAR3 cells were transfected with 
the lentivirus supplemented with pcDNA3.1-TRIB1, to 
establish TRIB1-KD-1 ES-2, TRIB1-KD-2 ES-2, and 
TRIB1-OE OVCAR3 cells, respectively. In ES-2 cells, 
siR-NC was utilized as the negative control (NC), while 
in OVCAR3 cells, the empty vector was utilized as the 
NC. In ES-2 cells, the TRIB1 level was dramatically 
reduced in the TRIB1-KD-1 and TRIB1-KD-2 groups 
(Fig. 3A). Furthermore, in OVCAR3 cells, the TRIB1 
level was notably elevated in the TRIB1-OE group (Fig 
3B). These data confirmed that TRIB1-KD-1 and 
TRIB1-KD-2 ES-2 cells and TRIB1-OE OVCAR3 cells 
were successfully constructed. 
 
TRIB1 facilitated the proliferation of OC cells 
 
      To evaluate the influence of TRIB1 on the 

proliferation of OC cells, the CCK-8 and clone 
formation assays were conducted. In ES-2 cells, 72h 
post-transfection, the OD value was sharply reduced in 
the TRIB1-KD-1 and TRIB1-KD-2 groups. Further-
more, in OVCAR3 cells, 72 h post-transfection, the OD 
value was remarkably increased in the TRIB1-OE group 
(Fig. 4A). In ES-2 cells, the number of clones in the NC, 
TRIB1-KD-1, and TRIB1-KD-2 groups was 423, 257, 
and 249, respectively. Moreover, in OVCAR3 cells, the 
number of clones increased markedly from 300 to 690 in 
the TRIB1-OE group (Fig. 4B). 
 
TRIB1 enhanced the migration of OC cells 
 
      Subsequently, the impact of TRIB1 on the migration 
of OC cells was evaluated. In ES-2 cells, the migration 
distance in the wound healing assay was dramatically 
reduced from 500 μm to 80 μm and 98 μm by siRNA-1 
and siRNA-2, respectively. In OVCAR3 cells, the 
migration distance was remarkably elevated from 320 
μm to 480 μm in the TRIB1-OE group (Fig. 5A). In 
addition, in ES-2 cells, the number of migrated cells in 
the Transwell assay was markedly decreased from 227 to 
95 and 98 by siRNA-1 and siRNA-2, respectively. In 
OVCAR3 cells, the number of migrated cells was 
signally elevated from 206 to 314 in the TRIB1-OE 
group (Fig. 5B). 
 
TRIB1 induced EMT progression in OC cells 
 
      In ES-2 cells, the level of E-cadherin was markedly 
increased, while N-cadherin, Slug, Snail, and Vimentin 
levels were notably reduced, by siRNA-1 and siRNA-2 
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Fig. 5. TRIB1 enhanced the migration ability of OC cells. A. The migration ability of OC cells was evaluated using the wound healing assay. Data are 
represented as mean ± SD (n=3, corresponding to three independent experiments). B. The migratory capacity of OC cells was detected using the 
Transwell assay (**p<0.01 vs. NC). Data are represented as mean ± SD (n=3, corresponding to three independent experiments).



(Fig. 6A). Furthermore, in OVCAR3 cells, E-cadherin 
was signally downregulated, while N-cadherin, Slug, 
Snail, and Vimentin were notably upregulated in the 
TRIB1-OE group (Fig. 6B). 
 
Discussion 
 
      OC is characterized by invasive metastasis, 
recurrence, and drug resistance (Havasi et al., 2023), and 
most patients develop advanced metastasis (Ng et al., 
2017). More than two-thirds of patients die from OC, 
making OC the most lethal gynecological malignancy 
(Szender et al., 2017). Unfortunately, even after 
adequate surgery and adjuvant chemotherapy, some 

early-stage OC patients (mainly stage 1 and 2) still have 
a high risk of recurrence (Martinez-Canales et al., 2018). 
With the application of high-throughput sequencing 
technology and gene chips in research and clinical 
practice, key genes related to the pathogenesis of OC 
have been discovered. However, the specific molecular 
mechanisms of OC occurrence, metastasis, and 
recurrence are still unclear. Currently, due to the lack of 
early screening methods and atypical symptoms, the 
prognosis of OC is not optimistic, with a five-year 
survival rate as low as 30% (Xiao et al., 2022; Zhang et 
al., 2022). Therefore, screening out key pathogenic 
genes of OC and the signaling pathways they participate 
in will provide new paths for analyzing the pathogenic 
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Fig. 6. EMT progression in OC cells 
was facilitated by TRIB1. A. The levels 
of E-cadherin, N-cadherin, Slug, Snail, 
and Vimentin were detected using 
Western blott ing. Data are 
represented as mean ± SD (n=3, 
corresponding to three independent 
experiments). B. The expression of E-
cadherin, N-cadherin, Slug, Snail, and 
Vimentin was determined using 
Western blotting (*p<0.05 vs. NC, 
**p<0.01 vs. NC). Data are 
represented as mean ± SD (n=3, 
corresponding to three independent 
experiments).



mechanism of OC. Herein, according to data collected 
from the GEPIA database, TRIB1 was found to be 
markedly upregulated in OC tissues, implying that 
TRIB1 might be a critical factor involved in OC 
development. TRIB1 was previously found to correlate 
with poor prognosis in colorectal cancer in the 
PrognoScan database (Wang et al., 2017), which 
confirmed the potential oncogenic function of TRIB1.  
      TRIB1 is expressed in a variety of tissues, including 
skeletal muscle, pancreas, thyroid, bone marrow, 
peripheral blood mononuclear cells, and adipose tissue 
(Bi et al., 2008). Research confirmed that TRIB1 plays a 
role in multiple types of malignant tumors. Jin et al. 
(2007) demonstrated that TRIB1 is an important partner 
of Hoxa9/Meis1 in acute myeloid leukemia, accelerating 
disease progression. Mashima et al. (2014) reported that 
TRIB1 regulated the expression of the endoplasmic 
reticulum molecular chaperone GRP78, thereby 
promoting the occurrence of prostate cancer and the 
survival of tumor stem cells. In OC research, Mes-
Masson's team (Puiffe et al., 2007) found that non-
cellular components in the ascites of some OC patients 
promoted the invasion of OV-90 cells and affected the 
expression of genes such as TRIB1, confirming that 
TRIB1 protein participated in the invasion process of 
OC cells through activation of Extracellular signal-
regulated kinase (ERK). In addition, researchers 
conducted a survival analysis of differentially expressed 
genes and found that only TRIB1 gene expression 
significantly correlated with the overall survival of OC. 
Herein, CCK-8 and clone formation assays confirmed 
the facilitating effect of TRIB1 on the proliferation of 
OC cells in TRIB1-KD ES-2 and TRIB1-OE OVCAR3 
cells. These data were consistent with the previous 
research on TRIB1 knockdown Weri-RB1 cells reported 
by Zhang (2021). Moreover, the wound healing and 
Transwell assays demonstrated that TRIB1 enhanced the 
migration ability of OC cells. The influence of TRIB1 on 
the migration ability of tumor cells observed in the 
present study was similar to the function of TRIB1 in 
prostate cancer reported by Tan (Tan et al., 2022). In 
future work, the oncogenic function of TRIB1 in OC 
will be further verified using a xenograft model. 
      EMT is an early event in the process of invasion and 
metastasis in various tumors, which causes epithelial 
cells to lose polarity and intercellular adhesion, and 
acquire migratory and invasive properties (Dongre and 
Weinberg, 2019). EMT is reported to promote the 
progression of cancer and is a fundamental process of 
cancer metastasis. Thus, in malignant tumors, levels of 
epithelial cell markers such as E-cadherin are decreased, 
while levels of mesenchymal cell markers such as N-
cadherin and Vimentin are increased (Eoh et al., 2020). 
These changes are also commonly observed in OC (Yan 
et al., 2019; Wen et al., 2020). Factors that induce EMT 
in OC cells are reported to promote OC progression, 
while factors that inhibit EMT usually hinder cancer 
progression (Fang et al., 2017). The EMT process is 
crucial during the intra-abdominal dissemination of OC, 

and the acquisition of invasive properties is often 
accompanied by the process of EMT (Yang-Hartwich et 
al., 2019). Herein, EMT progression in OC cells was 
markedly facilitated by TRIB1, which has not been 
described in previous studies on the function of TRIB1 
in malignant tumors. EMT is mediated by several signal 
pathways, such as the Wnt/β-catenin signaling (Su et al., 
2021), PI3K/AKT axis (Liu et al., 2022), and JAK/STAT 
pathways (Lee et al., 2022). Our future work will further 
probe potential TRIB1-regulated signaling in EMT 
progression. 
      Collectively, TRIB1 facilitated the proliferation and 
migration of OC cells by enhancing EMT progression. 
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