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TRIM47 promotes ovarian cancer cell proliferation, migration, and invasion

by activating STAT3 signaling
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H I G H L I G H T S

� Knockdown of TRIM47 suppressed proliferation of ovarian cancer cells.

� Knockdown of TRIM47 inhibited ovarian cancer cell migration and invasion.

� TRIM47 promoted ovarian cancer cell proliferation and invasion via STAT3 signaling.

A R T I C L E I N F O A B S T R A C T

Objectives: Tripartite Motif 47 (TRIM47) protein plays a prominent role in many cancers. This study aimed to

investigate the biological roles of TRIM47 in ovarian cancer.

Methods: TRIM47 was knocked down and overexpressed in ovarian cancer cell lines SKOV3 and OVCAR3, and the

effects on proliferation, clone formation, apoptosis, invasion, and growth of xenograft tumors in nude mice were

determined. The expression levels of the selected candidates were tested by western blotting and quantitative

real-time PCR.

Results: TRIM47 knockdown suppressed proliferation and encourages apoptosis of ovarian cancer cells. Similarly,

TRIM47 knockdown suppressed ovarian cancer cell invasion, migration, and epithelial-mesenchymal transition.

Ovarian cancer cell xenograft assays demonstrated that TRIM47 knockdown significantly inhibited tumor growth.

Mechanistically, TRIM47 knockdown suppressed STAT3 phosphorylation and the expression of several down-

stream genes, including MCL-1, MMP2, and c-MYC. Silencing of STAT3 partially prevented TRIM47−induced

tumor cell proliferation and invasion.

Conclusion: The present study’s findings demonstrate that by activating STAT3 signaling, TRIM47 functions as an

oncogene in ovarian cancer. TRIM47, therefore, appears to be a potential target for ovarian cancer prevention

and/or therapy.
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Introduction

Ovarian cancer is one of the most detrimental gynecological

malignancies. In 2020 alone, approximately 313,959 new patients

and 207,252 ovarian cancer deaths were reported.1 More than

70% of ovarian cancer cases are detected in the mid and late stages.2

Despite advancements in surgical and chemotherapeutic options,

many patients experience recurrence and metastasis within five years.

Although ovarian cancer has been studied extensively over the past

several decades, further analyses are needed to better elucidate its

pathogenesis, identify more valuable predictors, and develop more

targeted therapies.

The Tripartite Motif (TRIM) family of proteins are evolutionarily

conserved proteins that share a common N-terminal ‘Really Interesting

New Gene’ (RING) finger domain, followed by 1 or 2 B-box domains

and coiled-coil sequences.3 Many TRIM proteins function as RING-finger

E3 ubiquitin ligases. Recent evidence has confirmed that aberrant TRIM

expression correlates with various human cancers, including ovarian

cancer, and that the various TRIM protein family members function as

oncogenes or tumor suppressors.4 For example, TRIM52 is upregulated

in ovarian cancer, and its overexpression promotes cell proliferation and

invasion via the NF-κB pathway.5 TRIM50 functions as a novel Src sup-

pressor and promotes ovarian cancer progression.6 TRIM47 is localized

at 17q25.1, a region that is frequently amplified in numerous other can-

cers.7 TRIM47 upregulation has been associated with human colorectal

cancer, renal cell carcinoma, pancreatic cancer, and breast cancer.7-10

However, its functions and mechanisms in ovarian cancer remain largely

unexplored.
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The authors here report that TRIM47 knockdown suppressed prolif-

eration and invasion and promoted apoptosis of ovarian cancer cells,

whereas TRIM47 overexpression enhanced cell proliferation and inva-

sion. In addition, TRIM47 enhanced STAT3 phosphorylation, and the

knockdown of STAT3 attenuated the oncogenic role of TRIM47 in ovar-

ian cancer. These observations shed light on the mechanism by which

TRIM47 promotes ovarian cancer.

Materials and methods

Reagents, antibodies, and cells

Antibodies against TRIM47, β-actin, Bax, Bcl-2, E-cadherin, vimen-

tin, and STAT3 were purchased from Proteintech (Wuhan, China). Anti-

bodies against phospho-STAT3 (Tyr-705) were obtained from Cell

Signaling Technology (Danvers, MA, USA). The secondary antibody for

western blotting was purchased from Servicebio (Wuhan, China). EdU

proliferation supplies, CCK-8 kit, and enhanced chemiluminescent

reagent were acquired from the Boyetime (Shanghai, China). TRIzol®

reagent was purchased from Invitrogen (Grand Island, NY, USA). The

human ovarian cancer cell lines SKOV3 and OVCAR3 were purchased

from the Chinese Academy of Sciences Cell Bank (Shanghai, China) and

grown in RPMI-1640 medium (Keygen Biotech, Nanjing, China) supple-

mented with 10% FBS (Gibco, Grand Island, NY, USA) in a humidified

environment with 5% CO2 at 37°C.

Plasmid, lentivirus infection, and siRNA

shRNA sequences for TRIM47 (shTRIM47) and Negative Control

shRNA (NC) were cloned into the lentiviral vector pLKO.1. Virus par-

ticles were harvested 48h after lentiviral vector transfection alongside

the packaging plasmids in HEK293T cells using Lipofectamine 2000.

Ovarian cancer cells were infected with lentivirus-transducing units in

the presence of 5 mg/mL polybrene. The TRIM47 coding sequence was

cloned into pcDNA3.1 (+) to generate a TRIM47 overexpression vector.

STAT3 siRNA was procured from GeneChem (Shanghai, China). Cells

were collected 48h after plasmid or siRNA transfection.

Western blotting

Western blotting was performed as previously described.11 Briefly,

cells or tissues were lysed on ice in RIPA buffer containing protease

inhibitors. The cell lysates were subjected to sodium dodecyl sulfate-

polyacrylamide gel electrophoresis and then transferred to PVDF mem-

branes. After blocking, the membranes were incubated with primary

antibodies overnight at 4°C, rinsed three times with TBST before incuba-

tion with horseradish peroxidase-conjugated secondary antibodies, fol-

lowed by three washes, and the antibody-labeled protein bands were

detected by Enhanced Chemiluminescence (ECL). Densitometric analysis

of the ECL signal was performed using ImageJ software.

Quantitative real-time PCR (qPCR)

cDNA synthesis was performed using a PrimeScript™ reverse tran-

scriptase reagent kit (Takara, Japan), and total RNA was isolated from

tissues or cells using TRIzol® reagent. The mRNA levels of E-cadherin,

vimentin, Mcl-1, MMP2, and c-Myc were determined by qPCR using

SYBR Green (Thermo Fisher Scientific, Waltham, MA, USA) on an

ABI 7900 instrument (Applied Biosystems, Foster City, CA, USA) with

GAPDH as an internal control. The fold-change in gene expression nor-

malized by the internal control was estimated by the 2−△△CT method

and individual data represent triplicate measurements.

Cell proliferation assays

Cell proliferation was measured using a 5-Ethynyl-2′-Deoxyuridine

(EdU) proliferation detection kit according to the manufacturer’s

instructions. Briefly, the cells were pretreated with EdU for 2h before

being stained with DAPI. Images of EdU-positive cells were captured

using a fluorescence microscope (Olympus, Tokyo, Japan). For the

Cell Counting Kit-8 (CCK-8) test, transfected cells were plated

at 2 × 103 cells in 96-well plates and cultured for 24h, 48h, 72h, and

96h. Then, 20 μL of CCK-8 reagent was added to each well and cultured

for a further two hours. A standard microplate reader was used to mea-

sure the absorbance at 450 nm. For the colony formation assay,

1000 cells were plated in a 6-well plate and maintained in RPMI-

1640 medium containing 10% FBS for two weeks. After methanol fixa-

tion, the colonies were stained with 0.1% crystal violet for 15 min before

being counted. All assays were performed in triplicate.

Transwell migration and invasion analyses

For the migration test, 1 × 105 cells in 200 μL of RPMI-1640 medium

without serum were placed in Boyden chambers (Corning Life

Science, Corning, NY, USA). Similar cell quantities were placed in Boy-

den chambers covered with 150 mg Matrigel® (BD Biosciences, San

Jose, CA, USA) for the invasion test. Respective sections were subse-

quently infused into 24-well plates before 24h of incubation in RPMI-

1640 medium supplemented with 10% FBS. Cells that remained on the

upper surface of the membrane were removed, while those adhered

to the lower surface were fixed, stained for 1h in a solution

containing 0.05% crystal violet, and then counted using an Olympus

microscope to determine their respective relative numbers. All results

are presented as the mean of three separate analyses.

Cell apoptosis measurement

To measure cell apoptosis, 5 × 105 cells were fixed in ice-

cold 70% ethanol, followed by incubation with the testing reagents of

the Annexin V-FITC apoptosis kit (Boyetime) according to the manufac-

turer’s guidelines. The fluorescence signal was detected using a BD

FACSCanto™ flow cytometer and analyzed using FlowJo™ software.

Bioinformatics analysis of the TCGA database

The TCGA database outcomes were primarily investigated using

web-based gene expression profiling interactive analysis (GEPIA; http://

gepia.cancer-pku.cn/).12 GEPIA generally provides rapid and cutting-

edge applications established on the TCGA data and supports various

functions, including patient survival analysis, differential expression

analysis, and correlation analysis.

Xenograft tumor model

All the animal experimental procedures were approved by the Insti-

tutional Animal Care and Use Committee of Jinshan Hospital (Ethical

permission number: Y2022-050). Six-week-old female BALB/c nude

mice were purchased from the SLAC Laboratory Animal Co. Ltd. (Shang-

hai, China). Subcutaneous xenografts were established by subcutaneous

injection of 2 × 106 TRIM47 knockdown or control SKOV3 cells into the

flanks of mice. Five weeks later, the mice were examined for the pres-

ence of tumors, and the tumors were harvested after the animals were

culled. Tumor dimensions were determined by measuring the tumor

width and length using calipers, and volumes were estimated using the

following formula: (A × B2) × 0.5, where A is the length and B is the

width of the tumor. The wet weight of each tumor was also determined.
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Immunohistochemistry (IHC) and TUNEL assay

IHC was performed according to a standard method, as described

previously.13 Briefly, paraffin-embedded samples were cut into 4 µm

sections, deparaffinized, rehydrated and then exposed to a heat-induced

homolog repossession stage in 0.01 M sodium citrate (Ph 6.0). Endoge-

nous peroxidase activity was blocked by incubation in 3% hydrogen per-

oxide in distilled water for 25 min. The sections were then incubated

with 3% serum for 30 min. Subsequently, the samples were incubated

overnight at 4°C with rabbit polyclonal Ki67 antibody. Finally, the sec-

tions were stained and counterstained using DAB and hematoxylin,

respectively. TUNEL assay was performed using an in situ cell death

detection kit (Roche, Tokyo, Japan), and the number of positive cells

was estimated. The apoptotic index was calculated as the (apoptotic cell

number)/(total cell number) ratio.

Statistical analysis

All data are presented as means ± the Standard Deviation (SD). Data

between two groups were compared quantitatively using Student’s t-

test, while one-way analysis of variance (ANOVA) was used for multiple

groups. Statistical significance was set at p < 0.05. All estimations were

performed using the GraphPad Prism software (version 5.0).

Results

Knockdown of TRIM47 suppressed proliferation and promotes apoptosis of

ovarian cancer cells

To explore the role of TRIM47 in ovarian cancer tumorigenesis,

the authors first performed loss-of-function assays by silencing

TRIM47 with lentiviruses expressing shRNA against TRIM47 in the

ovarian cancer cell lines OVCAR3 and SKOV3. Western blotting veri-

fied the successful knockdown of TRIM47 in these cells (Fig. 1A).

EdU incorporation analysis revealed fewer proliferating cells in the

TRIM47 knockdown group than in the control group (Fig. 1B). Simi-

larly, the results of CCK8 and colony formation assays demonstrated

that TRIM47 knockdown significantly inhibited cell viability and

colony formation compared to the control group (Fig. 1C and D).

Annexin V-FITC/PI staining was used to analyze apoptosis of the

ovarian cancer cell lines. The flow cytometry results revealed

increased apoptosis in TRIM47 knockdown cells than in the control

cells (Fig. 1E). Enhanced Bax and reduced Bcl-2 expression were

consistently observed in the TRIM47 knockdown cells (Fig. 1F).

These observations indicate that reduction of TRIM47 expression

suppresses proliferation and promotes apoptosis in ovarian cancer

cells.

Fig. 1. Knockdown of TRIM47 suppressed proliferation and increased apoptosis in ovarian cancer cells. (A) SKOV3 and OVCAR3 cells were transduced with lentivirus

expressing shRNA against TRIM47 (shTRIM47) or Negative Control (NC); TRIM47 protein expression was analyzed by western blotting. (B) Fluorescence microscopy

images (left) and quantification (right) of EdU-positive cells in the infected SKOV3 and OVCAR3 cells. Scale bar: 50 μm. (C) Cell viability was examined in the infected

cells by CCK-8 assay. (D) Low-magnification images (left) and quantification (right) of SKOV3 and OVCAR3 cell colony formation. (E) Annexin V/propidium iodide

double-staining flow cytometry was performed to determine cell apoptosis. (F) Western blots (left) were quantified to determine the levels of the apoptosis markers

Bax (middle) and Bcl-2 (right) in the infected cells. **p < 0.01.
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Knockdown of TRIM47 inhibited ovarian cancer cell migration and invasion

Next, the authors examined the effect of TRIM47 knockdown on

ovarian cancer cell migration and invasion. In keeping with the Trans-

well® migration test results, the numbers of migrating SKOV3 and

OVCAR3 cells were reduced after TRIM47 knockdown (Fig. 2A). In addi-

tion, the Transwell® invasion assay showed that TRIM47 knockdown

induced a decrease in the number of invasive cells (Fig. 2B). To further

determine whether TRIM47 regulates the EMT process in ovarian cancer

cells, the authors assayed expression of the epithelial marker E-cadherin

and the mesenchymal marker vimentin by RT-qPCR and western blot-

ting. TRIM47 knockdown resulted in the upregulation of E-cadherin,

while the level of vimentin was reduced in both SKOV3 and OVCAR3

cells (Fig. 2C and D). These observations indicate that TRIM47 knock-

down suppresses ovarian cancer cell migration and invasion.

Knockdown of TRIM47 suppressed STAT3 signaling

The STAT3 signaling pathway is generally thought to be involved in

cell proliferation, survival, motility, and invasion.14 To explore how

TRIM47 affects this signaling pathway, the levels of STAT3 and phos-

phorylated STAT3 (p-STAT3) were evaluated by western blotting.

TRIM47 knockdown in ovarian cancer cells resulted in a substantial

reduction in p-STAT3 levels (Fig. 3A). The authors also examined the

three STAT3 target genes MCL1, MMP2, and c-MYC, and we found that

the expression of these genes was significantly reduced in SKOV3 and

OVCAR3 cells following TRIM47 knockdown. This suggests that

TRIM47 knockdown reduces the transcriptional activity of STAT3 down-

stream signaling (Fig. 3B). The authors also used GEPIA to analyze the

mRNA levels of TRIM47 and STAT3 target genes in ovarian cancer tis-

sues. The results show that the level of TRIM47 mRNA in ovarian cancer

specimens was significantly higher than that in normal tissues (Fig. 3C).

Moreover, TRIM47 expression was positively correlated with MMP2 and

Mcl-1 expression (Fig. 3D).

TRIM47 promoted ovarian cancer cell proliferation and invasion by

activating STAT3 signaling

To further determine whether TRIM47 functions in ovarian cancer

by activating STAT3 signaling, SKOV3 cells were transfected with

TRIM47 plasmids. TRIM47 overexpression enhanced the levels of p-

STAT3 and promoted cell proliferation, migration, and invasion (Fig. 4A

−D). When STAT3 siRNA was co-transfected into SKOV3 cells, p-STAT3

expression significantly diminished in the TRIM47 overexpression cells

(Fig. 4A). Interestingly, STAT3 knockdown significantly reduced

TRIM47-induced cell proliferation, migration, and invasion (Figs. 4B

−D). These observations suggest that TRIM47 functions as an oncogenic

factor in ovarian cancer partially through STAT3.

Down-regulation of TRIM47 suppressed tumorigenesis in a xenograft model

Finally, the authors generated a xenograft tumor model by intrave-

nous injection of TRIM47 knockdown SKOV3 cells into nude mice to fur-

ther assess the influence of TRIM47 on tumor growth in vivo. When the

tumors were harvested, the weights and volumes of the tumors in the

TRIM47 knockdown group were lower than those in the control groups

(Fig. 5A and B). In addition, the number of Ki-67-positive tumor cells

was lower, whereas the number of TUNEL-positive cells was higher in

the TRIM47 knockdown group than in the controls (Fig. 5C and D).

Western blotting further confirmed the TRIM47 knockdown and

reduced p-STAT3 protein levels in the TRIM47 knockdown group

(Fig. 5E). Mcl-1, MMP2, and c-Myc mRNA levels were also reduced in

the xenograft tumor tissues with TRIM47 knockdown (Fig. 5F). These

observations demonstrate that TRIM47 knockdown reduced tumor

growth in vivo.

Discussion

An increasing number of studies have shown that TRIM protein can-

cer either promotes or entirely or inhibits carcinogenesis.4 This study

analyzed TRIM47 biological function in human ovarian cancer and

yielded experimental evidence that TRIM47 upregulation in ovarian

cancer promotes cell proliferation, migration, and invasion by activating

STAT3.

TRIM47 is frequently overexpressed in human cancers and promotes

tumor cell proliferation and metastasis. For example, Liang et al.

reported that TRIM47 overexpression is common and associated with a

poor prognosis of colorectal cancer in patients, resulting in increased

proliferation and metastasis of colorectal cancer cells.7 Li et al. reported

that TRIM47 is upregulated in pancreatic cancer, and its overexpression

Fig. 2. TRIM47 knockdown inhibited ovarian cancer cell migration, invasion, and EMT. (A) Imaging of the Transwell®migration membranes (left) and quantification

of the number of cells (right) showed that TRIM47 knockdown reduced SKOV3 and OVCAR3 cell migration. Scale bar: 100 μm. (B) Imaging of the Transwell® invasion

assay membrane (left) and quantification of the number of cells (right) showed that TRIM47 knockdown reduced SKOV3 and OVCAR3 cells invasion. Scale bar:

100 μm. (C) RT-qPCR quantification of the expression of EMT-associated proteins E-cadherin and vimentin mRNAs in SKOV3 and OVCAR3 cells. (D) Western blotting

of EMT-associated proteins E-cadherin and vimentin in SKOV3 and OVCAR3 cells. **p < 0.01.
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promotes aerobic glycolysis and tumor growth.9 Furthermore, Azuma

et al. showed that TRIM47 was a poor prognostic factor in breast cancer

patients who underwent endocrine therapy with tamoxifen.10 Consistent

with these findings, the authors confirmed an oncogenic role of TRIM47

in ovarian cancer cells using in vitro and in vivo experiments. The present

results indicate that TRIM47 knockdown reduced cell proliferation,

migration, invasion, and EMT, whereas its overexpression enhanced pro-

liferation, migration, and invasion. The xenografts of the TRIM47 knock-

down group grew slower and its tumor weight was also smaller than that

in the control group. Additionally, flow cytometry and TUNEL assays

both demonstrated that TRIM47 overexpression reduced ovarian cancer

cell apoptosis. Conversely, TRIM47 knockdown resulted in a significant

increase in Bax and a decrease in Bcl-2 levels.

Signal transducers such as STAT3 in various cancer classifications,

including ovarian cancer, are aberrantly activated by tyrosine phosphor-

ylation.15 Activated STAT3 has been shown to increase the proliferation,

metastasis, and chemoresistance of ovarian cancer cells, as well as angio-

genesis.16 At the clinical level, there is increasing evidence that activa-

tion of the STAT3 pathway significantly correlates with reduced survival

of rare ovarian cancers, thereby highlighting the importance of STAT3

as a prospective therapeutic target for cancer treatment.15 Many TRIM

proteins have been reported to activate the STAT3 pathway, thereby

promoting cancer progression. For example, TRIM32 positively regu-

lates p-STAT3 levels in lung cancer,17 and TRIM52 promotes SHP2 ubiq-

uitination, consequently inactivating STAT3 signaling in colorectal

cancer.18 Here, the authors found that TRIM47 knockdown reduced

Fig. 3. TRIM47 knockdown suppressed the STAT3 signaling pathway in ovarian cancer. (A) p-STAT3 and STAT3 levels in TRIM47 knockdown SKOV3 and OVCAR3

cells were determined by western blotting. (B) RT-qPCR measurement the expression of the STAT3 target genes MCL1, MMP2, and c-MYC. (C) TRIM47 mRNA expres-

sion data corresponding to ovarian cancer tissues (n = 426) and normal tissues (n = 88) were retrieved from a GEPIA database. (D) Spearman’s correlation analyses

between TRIM47 expression and Mcl-1, MMP2, and c-Myc, respectively. **p < 0.01.

Fig. 4. TRIM47 promoted cell proliferation and invasion by activating the STAT3 signaling pathway. (A) SKOV3 cells were transfected with TRIM47 plasmids, as well

as co-transfected with TRIM47 plasmids and siRNA against STAT3 (TRIM47+siSTAT3), respectively, and western blotting was used to determine TRIM47 and STAT3

levels. (B) CCK-8 assay for the transfected SKOV3 cells. (C) Transwell® migration assay for the marked cells. Scale bar: 100 μm. (D) Transwell® invasion assay for the

denoted cells. Scale bar: 100 μm. **p < 0.01.
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STAT3 phosphorylation at Tyr705 in both cultured and xenografted

ovarian cancer cells, followed by reduced expression of the STAT3 target

genes MCL-1, MMP2, and c-MYC. In contrast, TRIM47 overexpression

enhanced the level of p-STAT3. Functional assays showed that TRIM47

overexpression stimulated cell proliferation, migration, and invasion.

However, STAT3 knockdown abolished these effects, suggesting that

TRIM47 is an oncogenic factor in ovarian cancer that at least in part

exerts its activity through STAT3. Additional research is required to

clarify the detailed mechanism by which TRIM47 activates the STAT3

pathway.

Nevertheless, it is undeniable that there are several potential limita-

tions that should be taken into consideration when interpreting the

results of the current analysis. Although TCGA analysis revealed that

TRIM47 was highly expressed in ovarian cancer, additional prospective

clinical trials with a large population are still warranted to validate the

upregulation of TRIM47 in ovarian cancer and evaluate its clinical

significance.

In conclusion, the present study shows that TRIM47 positively regu-

lates STAT3 signaling, thereby promoting tumor growth and progression

(Fig. 6). These observations indicate a possible function for TRIM47 in

ovarian cancer carcinogenesis, which may hence provide a therapeutic

target for treating ovarian cancer.
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