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Tripartite motif 16 (TRIM16), a member of the RING B-box coiled-coil (RBCC)/tripartite motif (TRIM)
protein family, has been shown to play a role in tumor development and progression. However, the role of
TRIM16 in ovarian cancer has never been revealed. Thus, in this study, we investigated the roles and mecha-
nisms of TRIM16 in ovarian cancer. Our results demonstrated that TRIM16 expression was low in ovarian
cancer cell lines. In addition, overexpression of TRIM16 significantly inhibited the migration and invasion in
vitro, as well as suppressed the epithelial-mesenchymal transition (EMT) phenotype in ovarian cancer cells.
Furthermore, overexpression of TRIM16 greatly inhibited the protein expression levels of Shh, Smo, Ptc,
Gli-1, MMP2, and MMP9 in ovarian cancer cells. Taken together, these results strongly suggest that TRIM16
inhibits the migration and invasion via suppressing the Sonic hedgehog signaling pathway in ovarian cancer
cells. Thus, TRIM16 may be a novel potential therapeutic target for ovarian cancer.
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INTRODUCTION

Ovarian cancer is the most common cause of death
in the world among women with gynecological cancer.
It is estimated that there are 21,290 new ovarian cancer
cases and 14,180 deaths in the US in 2015". Although
substantial advances have been made in cancer therapy,
the 5-year survival rate of patients with ovarian cancer
is less than 30% due to severe invasion and metastasis™”.
Therefore, a thorough investigation into the mechanisms
of tumor invasion and metastasis may facilitate potential
molecular targets for the treatment of ovarian cancer.

The tripartite motif (TRIM) family of proteins is char-
acterized by three zinc-binding domains, a RING, a B-box
type 1, and a B-box type 2, followed by a coiled-coil
region’. Many studies have indicated that TRIM proteins
play an important role in regulating cell cycle regula-
tion, autophagy, innate immunity, and cell migration’ .
Tripartite motif 16 (TRIM16), a member of the TRIM
protein family, has been shown to play a role in tumor
development and progression'' ™. For example, Li et al.
confirmed that the expression of TRIM16 was signifi-
cantly downregulated in hepatocellular carcinoma (HCC)
tissues, and knockdown of TRIM16 promoted epithelial—
mesenchymal transition (EMT) in a manner associated
with HCC metastasis in vitro and in vivo'. In addition,

TRIM16 expression was significantly reduced in squamous
cell carcinoma (SCC) and inhibited SCC cell migration in
vitro®. However, the role of TRIM16 in ovarian cancer has
never been revealed. Thus, in this study, we investigated
the roles and mechanisms of TRIM16 in ovarian can-
cer. Our results show that TRIM16 has a low expression
in ovarian cancer cell lines and that TRIM16 suppresses
migration and invasion by suppressing the Sonic hedgehog
(Shh) signaling pathway in ovarian cancer cells.

MATERIALS AND METHODS
Cell Culture

The human ovarian cancer cell lines (SKOV3, 3A0,
and OVCAR3) and human normal ovarian surface epithe-
lial cell line (HOSEpiC) were purchased from the Ameri-
can Type Culture Collection (ATCC; Manassas, VA, USA).
All cells were cultured at 37°C in 5% CO, in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 1% penicillin/streptomycin,
and 1% r-glutamine (Gibco, Rockville, MD, USA).

Construction of the pcDNA3.1-TRIM 16 Vector
and Cell Transfection

The human TRIM16 expression vector pcDNA3.1-
TRIM16 or empty vector was obtained from Shanghai

Address correspondence to Zhaoyang Liu, Department of Gynecology, Northwest Women and Children’s Hospital, No. 1616 Yanxiang Road,
Xi’an 710061, Shaanxi, P.R. China. Tel: +86-029-89551081; Fax: +86-02989550875; E-mail: liu_zhaoyangxa@ 163.com



552

Sangon Co. Ltd. (Shanghai, P.R. China). For in vitro trans-
fection, ovarian cancer cells (5 x 10° cells/well) were trans-
fected with TRIM 16 or empty vector using Lipofectamine
2000 (Invitrogen, Victoria, Australia) according to the
manufacturer’s protocol. The overexpression efficacy was
demonstrated by Western blotting.

RNA Preparation and Quantitative Real-Time
Polymerase Chain Reaction (RT-gPCR)

Total RNA was extracted from cells using the PureLink
RNA mini extraction kit (Ambion, Victoria, Australia),
in accordance with the manufacturer’s instruction. Com-
plementary DNA (cDNA) was synthesized using a first-
strand cDNA synthesis kit (TaKaRa, Dalian, P.R. China).
RT-PCR was performed with SYBR Premix Ex Taq™
(TaKaRa, Biotech Co., Ltd., Dalian, P.R. China). The
following primer pairs were used for PCR amplifica-
tion: TRIM16, 5-GTGCATTGGGCTCCTTCCTCCT
TA-3’ (forward) and 5-CTGGCTGACCCAGGCTGG
TCTT-3’ (reverse); GADPH, 5-ATCCCATCACCATCT
TCCAG-3" (forward) and 5-CCATCACGCCACAGTT
TCC-3’ (reverse). Relative expression was standardized
using the quantity of B-actin, and data were analyzed
accordingto the 27**Ct formula.

Western Blot Analysis

Ovarian cancer cell lines were washed twice with
10 ml of ice-cold PBS and whole-cell extracts prepared in
I lysis buffer (Cell Signaling Technology, Danvers, MA,
USA) in sterile water containing a protease inhibitor cock-
tail and phophatase inhibitor tablets (Roche, Indianapolis,
IN, USA). Protein concentration was measured using
the BCA-200 Protein Assay kit (Pierce, Rockford, IL,
USA). Protein lysates were separated using 12% SDS-
PAGE gels and then transferred onto nitrocellulose mem-
branes. After blocking with 5% skim milk solution, the
membranes were incubated with various primary anti-
bodies (TRIM16, E-cadherin, N-cadherin, vimentin, Shh,
Smo, Ptc, Gli-1, MMP2, MMP9, or GAPDH; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight.
Then membranes were washed three times with TBST and
incubated with a horseradish peroxidase (HRP)-conjugated
secondary antibody (Santa Cruz Biotechnology) for 1 h
at room temperature. Blots were visualized using ECL
reagents (Pierce) by a chemiluminescence imaging sys-
tem (Bio-Rad, Richmond, CA, USA).

Cell Migration and Invasion Assays

Cell migration and invasion were tested using the modi-
fied Transwell chamber assay. In brief, for cell migration
assay, infected ovarian cancer cells (1x 10° cell/chamber)
in 100 pl of serum-free medium were plated into the
upper chamber. The lower compartment of the chamber
was supplemented with 10% FBS. After incubation for
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24 h at 37°C, the nonmigrating cells were removed from
the upper surface of the membrane. The migrated cells
were fixed with methanol and stained with 0.1% crystal
violet. The number of cells that migrated was quantified
by counting the number of stained cells in six individual
fields under light microscopy. For invasion assay, the pro-
cedures were the same as the migration assay apart from
the chamber being replaced with Matrigel-coated filters
(BD Bioscience, San Jose, CA, USA).
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Figure 1. TRIM16 has a low expression in ovarian cancer
cells. (A) The mRNA expression levels of TRIM16 were ana-
lyzed in four human ovarian cancer cell lines by RT-qPCR.
(B) The protein expression levels of TRIM16 were detected in
four human ovarian cancer cell lines by Western blot. Results
are meanst SD from three independent experiments performed
in duplicate. *p<0.05 compared with HOSEpiC group.
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Figure 2. Overexpression of TRIM16 inhibits the migration and invasion in ovarian cancer cells. SKOV3 and OVCAR3 cells were
transfected with TRIM 16 or empty vector for 24 h. The corresponding transfection efficiency was detected by Western blot in SKOV3
(A) and OVCARS3 cells (B). (C, D) Cell migration was analyzed by the Transwell assay. (E, F) Cell invasion was determined by the
Matrigel invasion assay. Results are means+SD from three independent experiments performed in duplicate. *p <0.05 compared with
empty vector group.
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Statistical Analysis

All statistical analyses were performed using SPSS
16.0 software (Chicago, IL, USA). The Student’s #-test
was used to determine differences between two groups,
and one-way ANOVA was used to analyze the differences
among multiple groups. A value of p<0.05 was consid-
ered statistically significant.

RESULTS
TRIM16 Has a Low Expression in Ovarian Cancer Cells

First, we examined the expression of TRIM16 in
human ovarian cancer cell lines by RT-qPCR and Western
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blotting. The mRNA expression of TRIM16 in human
ovarian cancer cell lines was lower than that in ovarian
epithelial cell lines (Fig. 1A). Consistent with the results
of the RT-qPCR analysis, decreased protein expression of
TRIM16 was also observed in human ovarian cancer cell
lines (Fig. 1B).

Overexpression of TRIM 16 Inhibits the Migration
and Invasion in Ovarian Cancer Cells

To determine the underlying cellular functions of
TRIM16 in ovarian cancer, we overexpressed TRIM16
in two cell lines (SKOV3 and OVCAR3) with lower
TRIM16 expression. Western blotting indicated that

B
OVCAR3

E-cadherin

N-cadherin

Vimentin

GAPDH

O

OVCAR3
4+ 33 empty vector

* E3 TRIM16

Relative protein expression

Vimentin

E-cadherin N-cadherin

Figure 3. Overexpression of TRIM16 inhibits the EMT phenotype in ovarian cancer cells. SKOV3 and OVCAR3 cells were trans-
fected with TRIM16 or empty vector for 24 h. Western blot assays were performed to detect the expression of N-cadherin, E-cadherin,
and vimentin in SKOV3 cells (A, C). Western blot assays were performed to detect the expression of N-cadherin, E-cadherin, and
vimentin in OVCAR3 cells (B, D). Results are means+SD from three independent experiments performed in duplicate. *p<0.05

compared with empty vector group.
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TRIM16 expression was sharply increased in SKOV3
(Fig. 2A) and OVCARS3 cells (Fig. 2B) after transfection
of TRIM16 overexpression. The results of the Transwell
migration assay indicated that overexpression of TRIM16
greatly inhibited the cell migration ability of SKOV3
(Fig. 2C) and OVCARS3 cells (Fig. 2D). Furthermore,
overexpression of TRIMI16 significantly reduced the
invasive ability of SKOV3 (Fig. 2E) and OVCAR3 cells
(Fig. 2F) compared to cells treated with empty vector.

Overexpression of TRIM 16 Inhibits the EMT Phenotype
in Ovarian Cancer Cells

Next, we examined the effects of TRIM16 on the
expression profile of EMT markers, including E-cadherin,
vimentin, and N-cadherin in SKOV3 and OVCAR3 cells.
The results demonstrated that E-cadherin, the epithelial
marker, was significantly upregulated by overexpres-
sion of TRIM16. Meanwhile, the mesenchymal markers,
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including vimentin and N-cadherin, were downregulated
by overexpression of TRIM16 in SKOV3 cells (Fig. 3A
and C). Similarly, a significant increase in E-cadherin
expression and a significant decrease in vimentin and
N-cadherin expression were observed after overexpres-
sion of TRIM16 in OVCAR3 cells when compared to the
empty vector group (Fig. 3B and D).

Overexpression of TRIM 16 Inhibits the Activation
of Sonic Hedgehog Signaling Cascade
in Ovarian Cancer Cells

To further explore the molecular mechanism respon-
sible for the function of TRIM16 in ovarian cancer, we
examined the effect of TRIM16 on the activation of Shh
signaling cascade in SKOV3 cells. Overexpression of
TRIM16 dramatically downregulated the protein expres-
sion levels of Shh as well as Smo, Ptc, and Gli-1 in SKOV3
cells, compared with the empty vector group (Fig. 4).

Relative protein expression
levels

= empty vector
TRIM16

L

Shh Smo

Ptc Gli-1

Figure 4. Overexpression of TRIM16 inhibits the activation of Sonic hedgehog signaling cascade in ovarian cancer cells. SKOV3
cells were transfected with TRIM16 or empty vector for 24 h. (A) Western blot assays were performed to detect the expression of Shh,
Smo, Ptc, and Gli-1 in SKOV3 cells. (B) The relative protein expression levels of Shh, Smo, Ptc, and Gli-1 were quantified using
Image-Pro Plus 6.0 software and normalized to GAPDH. Results are means+SD from three independent experiments performed in

duplicate. *p<0.05 compared with empty vector group.
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Furthermore, we examined whether TRIM16 affects the
expression of MMP2 and MMP9 in SKOV3 cells. The
results of the Western blot analysis showed that over-
expression of TRIM16 obviously inhibited the expres-
sion of MMP2 and MMP9 in SKOV3 cells (Fig. 5).

DISCUSSION

The main findings of the present study can be sum-
marized as follows: (1) TRIM16 has a low expression in
ovarian cancer cell lines; (2) overexpression of TRIM16
inhibits the migration and invasion of ovarian cancer
cells; (3) overexpression of TRIM16 inhibits the EMT
phenotype in ovarian cancer cells; (4) overexpression of
TRIM16 dramatically downregulated the protein expres-
sion levels of Shh, Smo, Ptc, Gli-1, MMP2, and MMP9
in SKOV3 cells.

Previous studies have shown that reduced TRIM16
expression in a range of human primary malignant tis-
sues correlates with increased malignant potential®.
Sutton et al. confirmed that the protein levels of TRIM16
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were markedly reduced in human melanoma cell lines,
compared with normal human epidermal melanocytes'®.
Yao et al. reported that TRIM16 had a low expression
in breast cancers'. Consistent with these results, we
observed that TRIM16 has a low expression in ovarian
cancer cell lines, suggesting that TRIM16 may act as a
tumor suppressor in the development and progression of
ovarian cancer.

EMT is a dynamic process mediating cancer metasta-
sis. It is characterized by loss of epithelial markers, acqui-
sition of mesenchymal molecules, and enhancement of
cell mobility'®. In cancer, EMT allows neoplastic cells
to become motile and invasive, thereby contributing to
the metastatic potential of tumors'. It has been reported
that upregulation of TRIM16 obviously inhibited EMT
and metastasis of non-small cell lung cancer (NSCLC)
cells. In contrast, silencing TRIM16 greatly promoted
the EMT and metastasis of NSCLC cells®. Similarly, we
observed that overexpression of TRIM16 inhibited the
migration and invasion of ovarian cancer cells, as well
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Figure 5. Overexpression of TRIM16 inhibits the expression of MMPs in ovarian cancer cells. SKOV3 cells were transfected with
TRIM16 or empty vector for 24 h. (A) Western blot assays were performed to detect the expression of MMP2 and MMP9 in SKOV3
cells. (B) The relative protein expression levels of MMP2 and MMP9 were quantified using Image-Pro Plus 6.0 software and normal-
ized to GAPDH. Results are means*SD from three independent experiments performed in duplicate. *p <0.05 compared with empty

vector group.
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as suppressed the EMT phenotype in ovarian cancer
cells. These data suggest that TRIM 16-mediated inhibi-
tion of migration and invasion likely operates through
its suppression effect on EMT.

The hedgehog (Hh) pathway plays an important role in
the progression of various human carcinomas, including
ovarian cancer’ . Shh and Indian Hh (IThh) are secreted
proteins in the Hh pathway. Shh signaling activates Gli
transcription factors, which possess oncogenic character-
istics and are deregulated in malignant cancers resulting
in invasion and metastasis, chemoresistance, and EMT*.
It was reported that overexpression of Patched and Gli-1
protein in ovarian cancers correlated with poor survival
of patients, and Gli-1 upregulation promoted the EMT,
proliferation, invasion, and migration abilities of ovar-
ian cancer cells®?. Furthermore, inhibition of the Hh
signaling pathway can promote extensive cell death and
reduce tumor growth in vivo in mouse xenograft models
of human ovarian cancer”. Interestingly, Huo et al.
reported that downregulation of TRIM16 activated the
Shh pathway in NSCLC cells. Thus, the Hh signaling
pathway is a possible molecular target for new treatment
strategies for ovarian carcinoma. In this study, we found
that overexpression of TRIM16 dramatically downregu-
lated the protein expression levels of Shh as well as Smo,
Ptc, and Gli-1 in SKOV3 cells. Previous studies reported
that suppression of Shh decreased the invasive phenotype
of cancer cells through inhibition of MMP2 and MMP9
expression””’, Herein we observed that overexpression
of TRIM16 also inhibited the expression of MMP2 and
MMP9 in SKOV3 cells. These data suggest that TRIM 16
inhibits the migration and invasion in ovarian cancer cells
by downregulating MMP2 and MMP9 expression medi-
ated by the Shh signaling pathway.

In conclusion, our study is the first to show that
TRIM16 inhibits migration and invasion via suppressing
the Shh signaling pathway in ovarian cancer cells. These
findings reveal that TRIM 16 plays an important role in the
regulation of ovarian cancer progression; thus, TRIM16
may be a potential therapeutic target for the treatment of
ovarian cancer.
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