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	 Results:	 Through bioinformatics analysis, TRIM59 was found to be highly expressed in EOC and was correlated with 
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Background

Ovarian cancer is one of the most common malignant tumors 
in females. Morbidity due to ovarian cancer is the fourth high-
est after breast, lung, and colorectal cancers [1]. Particularly, 
epithelial ovarian cancer (EOC) is the most common patholog-
ical type, accounting for approximately 80% of all ovarian can-
cers [2]. Over the past few decades, great advances have been 
made in surgical procedures and drug development. However, 
the survival rate of EOC patients remains unsatisfactory, and 
the 5-year survival rate is less than 40% [3]. At the initial stage 
of EOC diagnosis, most patients also show uterine, appendage, 
greater omentum, and pelvic metastases, and patient prog-
nosis is quite poor. Additionally, the molecular mechanism of 
EOC distant metastasis remains unclear.

The genesis and development of human cancer is a multi-
step and complicated process involving the activation of mul-
tiple oncogenes and inactivation of various tumor suppressor 
genes. The tripartite motif-containing protein (TRIM) family is 
involved in important biological processes such as cell cycle, 
cell apoptosis, and natural immunity to viruses [4,5]. TRIM 
proteins mainly contain the RING domain, B-box domain, and 
coiled-coil region. Among these, the RING domain is associ-
ated with E3 ubiquitin ligase activity, which can mediate the 
ubiquitination modification of target proteins [6]. The B-box 
structure, which is a unique domain of TRIM proteins, con-
tains conserved cysteine and histidine residues and may play 
a pivotal role in regulating biological behavior [7]. The coiled-
coil region is a super-secondary structure formed by multiple 
a helices, which promotes the formation of macromolecular 
polymers [8]. TRIM59 is an important member of the TRIM fam-
ily that regulates biological processes such as cell prolifera-
tion, apoptosis, and tumorigenesis. However, the relationship 
between TRIM59 and EOC remains unclear. In this study, bio-
informatic analysis and experimental results were integrated 
to evaluate the biological role of TRIM59 in EOC.

Material and Methods

Bioinformatic analysis

The matrix data of GSE66957 chip were downloaded from the 
Gene Expression Omnibus database (GEO, http://www.ncbi.nlm.
nih.gov/geoprofiles/). The GPL15048 was also downloaded con-
currently, and the probe matrix was transformed into a Gene 
Symbol matrix. Differentially expressed genes were identified 
by further bioinformatic analysis. The Level3 RNA-seq data were 
downloaded from the cancer genome atlas (TCGA, http://can-
cergenome.nih.gov/), and 1 file was prepared for each sample 
for the transcriptome data downloaded from TCGA. The file 
was merged into a matrix file through script; subsequently, 

the gene name was converted from an Ensembl ID to the Gene 
Symbol matrix using the Ensembl database. Finally, the rela-
tionship between TRIM59 expression and the prognosis of pa-
tients with EOC was analyzed based on TCGA data.

Clinical specimens and cell lines

Cancer tissue and matched para-carcinoma tissue specimens 
were collected from 15 patients with EOC undergoing surgery 
at the First Affiliated Hospital of Henan University of Science 
and Technology. All patients were naïve to neoadjuvant chemo-
therapy and/or radiotherapy before surgery. This study was ap-
proved by the Ethics Committee of the First Affiliated Hospital 
of Henan University of Science and Technology (Luoyang, 
China). All patients provided written informed consent to par-
ticipate in this study.

The EOC cell lines (CAOV3, COV-504, SKOV3, and OVCAR3) were 
obtained from the Chinese Academy of Sciences Shanghai Cell 
Bank (Shanghai, China). All cell lines were cultured in RPMI 
1640 medium (Gibco, Carlsbad, CA, USA) containing 10% fe-
tal bovine serum (FBS) in an incubator at 37°C with 5% CO2. 
The culture medium was replaced every 3 days.

Immunohistochemistry and assessment

Paraffin-embedded specimens were prepared, which were then 
sliced into 4-μm-thick sections, followed by antigen retrieval. 
The sections were sealed at room temperature for 1 h, incu-
bated with anti-TRIM59 antibody (1: 2000; Abcam, Cambridge, 
UK) at 4°C overnight, and then incubated with goat anti-rabbit 
antibody at 37°C for 1 h. Afterwards, the sections were stained 
with 3,3-diaminobenzidine at room temperature (around 20°C) 
for 10 min. Images were acquired with an Olympus BX43 mi-
croscope (Olympus, Tokyo, Japan).

All immunohistochemical sections were evaluated by 2 pa-
thologists independently. The results were divided as fol-
lows according to the staining intensity: 0 point- no staining; 
1 point- faint yellow staining; 2 points- claybank staining; and 
3 points- brown staining. The sections were also rated from 
0% to 100% based on the proportion of positive cells. In this 
study, high TRIM59 expression was defined as the product of 
cell staining intensity and the proportion of positive cells >40%; 
otherwise, the expression was considered as low.

TRIM59 silencing

To examine the role of TRIM59 in EOC, TRIM59 expression in 
EOC cells was silenced using short interfering RNA (siRNA) 
technology. EOC cells were inoculated into 24-well plates at 
a density of 1×105/well. The target sequence of siRNA-TRIM59 
was CCCTGAACATTACAGGCAA. Lipofectamine TM 2000 reagent 
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(Invitrogen, Carlsbad, CA, USA) was used for cell transfection, 
with scrambled siRNA used as the control group. Twenty-four 
hours later, the RPMI-1640 medium was supplemented, and 
cells transfected for 48 h were used in subsequent experiments.

RNA extraction and reverse transcription-polymerase chain 
reaction (RT-PCR)

Total RNA was extracted from tissues and cells using TRIzol 
Reagent (Thermo Fisher Scientific, Waltham, MA, USA) accord-
ing to the manufacturer’s instructions. The purity and con-
centration of the RNA samples were determined by spectros-
copy. The PCR conditions were as follows: 1 cycle of 95°C for 
5 min; 40 cycles of denaturation at 95°C for 30 s, annealing 
at 55°C for 30 s, and extension at 72°C for 30 s; and at 4°C 
for 60 min. The TRIM59 primers used were as follows: for-
ward primer GTATTCAGCCCCCAAACCAC; and reverse primer 
GAGCATGGCAGTACACGAGG. Finally, the relative expression of 
TRIM59 mRNA was calculated according to the 2–DDCt method, 
with GAPDH used as an internal reference.

Western blotting

The RIPA protein lysis buffer (Beyotime, Shanghai, China) was 
used to split the proteins in tissues or cells, and the protein 
concentration was measured using a bicinchoninic acid diso-
dium kit (Beyotime). An equivalent amount of cell lysate was 
separated on a 10% SDS-PAGE gel and transferred onto poly-
vinylidene difluoride membranes. The membranes were sub-
sequently sealed, and anti-TRIM59 antibody (1: 5000) was 
added. GAPDH (1: 10 000; Multisciences, Hangzhou, China) 
as an internal reference. The membranes were incubated with 
goat anti-rabbit IgG secondary antibody (1: 5000; Bioworld 
Technology, lnc., St. Louis Park, MN, USA). The intensity of 
protein bands was analyzed with Image J software (National 
Institutes of Health, Bethesda, MD, USA). Other primary an-
tibodies used in this study included anti-FAK antibody, anti-
phospho-FAK, anti-AKT, anti-phospho-AKT, anti-MMP2 anti-
body, and anti-MMP9 antibody, which were all purchased from 
Abcam or Santa Cruz Biotechnology (Dallas TX, USA).

Cell proliferation assay

Cell proliferation was detected using the cell counting kit-8 
(CCK-8) (Sigma-Aldrich, St. Louis, MO, USA). Cells were inocu-
lated into a 96-well plate at a density of 1.5×104/well and were 
allowed to grow to 75% confluence. Following incubation for 
24, 48, 72, and 96 h, 10 μL CCK-8 reagent was added to each 
well, and the cells were washed 3 times with phosphate-buff-
ered saline (pH 7.4). Finally, the optical density at 450 nm was 
measured with a Bio-Rad microplate reader (Bio-Rad).

Cell invasion assay

Cell invasion ability was detected in a Transwell assay using 
cells transfected for 48 h. Cells (1×104) cultured in FBS-free 
medium were inoculated into the upper Transwell chamber 
(BD Biosciences, San Jose, CA, USA), and then FBS-containing 
medium was added. Matrigel (BD Biosciences) was inserted 
into the Transwell chambers for pre-enveloping. Following in-
cubation for 36 h, the cells were counted, and photos were 
acquired with a light microscope (Olympus).

Wound healing assay

Cell migration ability was evaluated in a wound healing assay. 
Briefly, the cells were cultured to 100% confluence and then 
scratched using the tip of a 200-μL pipette. The isolated 
cells were then washed with PBS, and photos were acquired. 
Subsequently, the cells were incubated for another 24 h be-
fore imaging. The wound region was analyzed using Image J 
software, and cell migration was expressed as a percentage 
of the wound healing/initial wound area.

Statistical analysis

For GEO data, the Wilcox test was employed for differential 
expression analysis with the filter condition of (|logFC| >2 and 
P<0.01). For TCGA data, the Survival R software package was 
used for survival analysis, and Kaplan-Meier analysis was per-
formed using the log-rank method, with P<0.01 as the screen-
ing condition. The major outcome indices of survival analy-
sis were disease-free survival and overall survival. Intergroup 
comparisons were analyzed through the unpaired two-tailed 
t test. SPSS 18.0 statistics software (SPSS, Inc., Chicago, IL, 
USA) was used for data analysis. All results were expressed 
as the means ±SEM, and a difference of P<0.05 was consid-
ered as statistically significant.

Results

High TRIM59 expression in EOC

To evaluate TRIM59 expression in EOC, data downloaded from 
the GEO database were used for differential expression anal-
ysis. The results suggested that TRIM59 expression in EOC 
tissues (n=57) was higher than that in normal tissues (n=12) 
(Figure 1A). The relationship between patients with EOC and 
TRIM59 expression was evaluated by Kaplan-Meier analysis 
based on TCGA data. The results indicated that the prognosis 
(either disease-free survival or overall survival) of patients with 
EOC with low TRIM59 expression was better than that of pa-
tients with EOC with high TRIM59 expression (Figure 1B, 1C).
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TRIM59 expression in EOC tissues was detected by immu-
nohistochemical staining. Positive TRIM59 expression was 
mainly observed in the cytoplasm of EOC cells (Figure 1D–1F). 
Among the 15 EOC tissues, 12 showed high TRIM59 expres-
sion. Moreover, TRIM59 protein and mRNA levels in EOC tis-
sues and para-carcinoma tissues were quantitatively analyzed 
by Western blotting and RT-PCR. The results demonstrated that 
the TRIM59 protein and mRNA expression levels in EOC tis-
sues were considerably higher than those in para-carcinoma 
tissues (Figure 1G, 1H).

Silencing TRIM59 expression in EOC cell lines

The TRIM59 protein and mRNA expression levels in EOC cell 
lines CAOV3, COV-504, SKOV3, and OVCAR3 were determined. 
The Western blotting results suggested that the OVCAR3 cell 
line had the highest TRIM59 expression levels (Figure 2A). RT-
PCR analysis also revealed that the TRIM59 mRNA content 
was highest in the OVCAR3 cell line (Figure 2B). Therefore, the 
OVCAR3 cell line was selected for subsequent experiments.

To further examine the role of TRIM59 in EOC, TRIM59 expres-
sion in the OVCAR3 cell line was silenced, which was verified by 
Western blotting and RT-PCR. Compared to the control group 
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Figure 1. �High expression of TRIM59 in EOC and related with prognosis patients. (A) Analysis GEO data (GSE66957) of TRIM59 
expression levels in EOC (n=57) and normal tissues (n=12). DFS (B) and OS (C) with different TRIM59 expression status in 
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(blank OVCAR3 cells and scrambled siRNA), TRIM59 protein ex-
pression in OVCAR3 cells of the siRNA-TRIM59 group was mark-
edly suppressed (Figure 2C); similar results were observed in 
RT-PCR analysis (Figure 2D). These data indicate that TRIM59 
was effectively silenced in the OVCAR3 cell line, which is use-
ful for subsequent studies.

Silencing TRIM59 expression markedly suppresses the 
proliferation, invasion, and migration of EOC cell lines

The proliferation ability of EOC cells after TRIM59 silencing was 
detected by CCK-8 assay. Compared to the scrambled siRNA 
group, the proliferation ability of OVCAR3 cells in the siRNA-
TRIM59 group was significantly inhibited (P<0.05, Figure 3A). 

Additionally, the results of the Transwell assay suggested that 
after 36 h of culture, the number of crystal violet-stained cells 
in the siRNA-TRIM59 group was lower than that in the scram-
bled siRNA group (P<0.05, Figure 3B), indicating that the inva-
sion ability of EOC cells was dramatically reduced after TRIM59 
silencing. The results of the wound healing assay suggested 
that 24 h after making the scratch, the wound area in the 
siRNA-TRIM59 group was markedly greater than that in the 
scrambled siRNA group. These data demonstrate that the mi-
gration ability of EOC cells was suppressed after TRIM59 si-
lencing (P<005, Figure 3C).
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Figure 2. �Expression of TRIM59 in EOC cell lines. TRIM59 protein and mRNA were detected in EOC cell lines CAOV3, COV-504, OVCAR3, 
and SKOV3 by Western blotting (A) and RT-PCR (B). The results show that the TRIM59 protein and mRNA expression level 
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TRIM59 promotes EOC progression through the FAK/AKT/
MMP pathway

According to previous research and the literature, TRIM59 is 
closely related to the FAK/AKT/MMP pathway [9–11]. However, 
the relationship between TRIM59 and the FAK/AKT/MMP path-
way in EOC is unclear. To determine the potential mechanism of 
TRIM59 involved in the proliferation, migration, and invasion of 
EOC, the expression of FAK/AKT pathway-related proteins (FAK, 
phospho-FAK, AKT, phospho-AKT, MMP2, and MMP9) was an-
alyzed by Western blotting. The results suggested that silenc-
ing of TRIM59 expression in the EOC cell line OVCAR3 did not 
affect the total FAK and AKT levels. Compared to the scram-
bled siRNA group, the expression levels of phospho-FAK, AKT, 
phospho-AKT, MMP2, and MMP9 in the siRNA-TRIM59 groups 
were reduced (Figure 4).

Discussion

TRIM59 is mainly located in the cytoplasm and is composed of 
403 amino acids [6]. TRIM59 is involved in numerous biologi-
cal processes in the body and is a key regulator of processes 
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such as tumorigenesis and development [6,12]. TRIM59 plays 
an important role in the killing of tumor of cells via bacille 
Calmette-Guérin (BCG)-activated macrophages [13]. However, 
most studies have suggested that TRIM59 promotes tumor de-
velopment. For instance, in gastric cancer cells, TRIM59 nega-
tively regulates p53 to promote tumor cell growth, prolifera-
tion, and migration [14]. In a prostate cancer model, TRIM59 
was found to affect 2 signaling pathways, RAS and Rb, to accel-
erate cancer development [15]. Additionally, TRIM59 is highly 
expressed in lung, breast, and liver cancers [16–18]. However, 
the relationship between TRIM59 and EOC remains unclear.

In this study, the upregulation of TRIM59 in EOC was predicted 
using bioinformatic methods based on GEO data. Additionally, 
TCGA data analysis showed that TRIM59 was the factor respon-
sible for the poor prognosis of patients with EOC. TRIM59 ex-
pression in human EOC tissues was determined, and its po-
tential role was examined. Specifically, TRIM59 expression was 
markedly upregulated in EOC tissues; the positive staining of 
EOC tissue samples supported this result. To further explore the 
biological role of TRIM59 in EOC cells, the effects of silencing 
of TRIM59 on the proliferation, invasion, and migration of EOC 
cell lines were evaluated. TRIM59 expression levels in different 
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EOC cell lines were detected, with the highest TRIM59 expres-
sion observed in OVCAR3 cells; this cell line was further ana-
lyzed in vitro. Silencing of TRIM59 was found to suppress the 
proliferation, invasion, and migration of EOC cells.

The role of TRIM59 in cell migration and invasion has been ex-
tensively described, but its underlying mechanism remains un-
clear. FAK and AKT are important regulators of cell survival, pro-
liferation, migration, and invasion [19–21]. Excessive activation 
of the FAK/AKT/MMP signaling pathway is related to the ma-
lignant biological behaviors of tumors. Additionally, activation 
of the FAK/AKT/MMP pathway can promote the EOC process. 
In our study, silencing of TRIM59 suppressed the FAK/AKT/MMP 
pathway; thus, abnormal activation of the FAK/AKT/MMP sig-
naling pathway plays a key role in TRIM59-related prolifera-
tion and invasion. However, the mechanism by which TRIM59 
activates the AKT-MMP2/MMP9 pathway and by which mole-
cules mediate the high expression of TIRM59 in EOC warrants 
further in-depth research and exploration.

Conclusions

We found that TRIM59 expression in human EOC tissues and 
cell lines was upregulated and that TRIM59 promoted EOC cell 
proliferation, migration, and invasion through the FAK/AKT/
MMP signal transduction pathway. Future studies with larger 
sample sizes of EOC tissues are needed to analyze the rela-
tionships among TRIM59 expression, clinicopathological fea-
tures, and prognosis of EOC patients. A more comprehensive 
in vivo investigation is also required.
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