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TRIMZ27 regulates the expression of PDCD4
by the ubiquitin-proteasome pathway in
ovarian and endometrial cancer cells
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Abstract. Programmed cell death 4 (PDCD4) is regarded as an
important tumor suppressor that is lowly expressed or deleted
in numerous human types of cancer, including ovarian and
endometrial cancer. Tripartite motif-containing 27 (TRIM27)
is closely related to the occurrence and development of tumors
and is highly expressed in numerous types of cancer such as
ovarian and endometrial cancer. PDCD4 can be degraded
through ubiquitination, while TRIM27 has the E3 ubiquitin
ligase activity. However, whether TRIM27 may regulate
the expression of PDCD4 by ubiquitination effect remains
unclear. In the present study, the expression of PDCD4 and
TRIM27 in different ovarian and endometrial cancer cell
lines was detected by reverse transcription-quantitative PCR
(RT-qPCR), western blotting and immunocytochemistry.
The impact of TRIM27 overexpression and knockdown on
PDCD4 expression and the effective mechanism of TRIM27
regulating PDCD4 expression were also investigated in vitro
by RT-qPCR, western blotting, co-immunoprecipitation assay,
Transwell migration and Matrigel invasion assays. The results
showed that the expression of TRIM27 and PDCD4 had a
negative association at the protein level, and the distribution of
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TRIM27 and PDCD4 proteins had a phenomenon of co-local-
ization in different ovarian and endometrial cancer cell lines.
TRIM?27 promoted the degradation of PDCD4 through the
ubiquitin-proteasome pathway. To sum up, TRIM27 could
increase the migration and invasion of ovarian and endometrial
cancer cells by promoting the ubiquitination and degradation
of PDCD4. The present findings may provide a new target for
the treatment of ovarian and endometrial cancer.

Introduction

Ovarian,endometrial and cervical cancer are the most common
malignant tumors in the female reproductive system, and they
seriously threaten the mental and physical health of women.
Among the three cancers, endometrial cancer makes up 30%
of sarcomas of the female genital tract (1), and its incidence
is rising (2). However, the cause and pathogenesis of endome-
trial cancer are not very clear. Most endometrial cancers are
estrogen-dependent, such as endometrioid adenocarcinoma;
the others are estrogen-independent, such as clear cell tumor.
Ovarian cancer is less common than endometrial and cervical
cancer, but its mortality is the highest (3). The clinical symp-
toms of ovarian cancer are so atypical that its diagnosis is
usually in the terminal stages, leading to the 5-year survival
rate reducing to 15-30% (2). Therefore, it is a hot topic about
the research on the etiology and pathogenesis of ovarian and
endometrial cancer.

Programmed cell death 4 (PDCD4) was initially associ-
ated with cell apoptosis (4). Previously, PDCD4 was regarded
as an important tumor suppressor that was lowly expressed or
deleted in numerous human types of cancer, including ovarian
and endometrial cancer (5), and the rate of protein downregu-
lation or loss is higher than that of mRNA decrease or deletion
in certain tumors. The low expression of PDCD4 is related to
the differentiation degree of tumor cells and prognosis of some
patients with tumors, suggesting that PDCD4 may be involved
in the process of tumor development. It has been reported
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that PDCD4 overexpression could effectively suppress the
migration and invasion, as well as the proliferation of cells in
numerous types of cancer (6), such as breast (7), ovarian (8-10)
and endometrial cancer (11). The expression level of PDCD4
is also related to the sensitivity of tumor cells to chemo-
therapeutic drugs. Upregulation of PDCD4 may increase the
sensitivity of tumor cells to chemotherapeutic drugs (12).
However, the reason for the low expression of PDCD4 in
human types of cancer remains unclear. Previous studies
reported that the downregulation of PDCD4 at the mRNA
level was relevant to the 5'CpG island methylation (13), and
the decreased expression of PDCD4 at the protein level was
related to post-transcriptional processing, such as the regula-
tion of microRNA, the phosphorylation and ubiquitination of
protein (14-16).

TRIM27 is a member of the tripartite motif (TRIM)
family. Since TRIM27 was originally found as the N-terminal
fusion partner with the RET tyrosine kinase proto-oncogene,
it was also called RET finger protein (RFP) (17). The TRIM
family members have three kinds of characteristic domains, a
Ring finger domain, one or two B-box zinc finger domain and
a coiled-coil domain (18). Ring finger domain can mediate the
ubiquitin transfer between the proteins themselves or different
substrates, thus it is a characteristic marker of numerous E3
ubiquitin ligases (19). TRIM27 protein can be localized in the
nucleus, cytoplasm and cell membrane depending on different
cells, and its nuclear translocation is regulated by certain
signaling pathways (20). Functionally, TRIM27 is involved in
transcriptional regulation, cell apoptosis, cell differentiation,
inflammatory response and cell cycle. TRIM27 is closely
related to the occurrence and development of tumors, and is
highly expressed in numerous types of cancer such as lung (21),
breast (22), ovarian (23) and endometrial cancer (24). It has
been found that TRIM27 can promote the migration and inva-
sion of cancer cells. In some tumors, TRIM27 knockdown can
increase the drug-induced apoptosis (25). In addition, TRIM27,
as an E3 ubiquitin ligase, downregulates the expression of other
proteins through the ubiquitination and plays an important role
in the regulation of antiviral natural immune responses and
CD4* T cell-mediated immune responses (26,27).

Based on the aforementioned and previous studies, it was
found that the levels of PDCD4 and TRIM27 have a nega-
tive relationship in multiple tumors, including ovarian and
endometrial cancer. In function, both PDCD4 and TRIM?27
are involved in tumorigenesis and progression, but the two
proteins have opposite roles. Moreover, PDCD4 can be
degraded through the ubiquitination, while TRIM27 has the
E3 ubiquitin ligase activity. Therefore, it was hypothesized
that TRIM27 may regulate the expression of PDCD4 by the
ubiquitination effect. In the present study, the expression of
PDCD4 and TRIM27 in ovarian and endometrial cancer
cell lines was detected. The impact of TRIM27 overexpres-
sion and knockdown on PDCD4 expression and the effective
mechanism of TRIM27 regulating PDCD4 expression were
also investigated in vitro. The results confirmed that TRIM27
could increase the migration and invasion of ovarian and
endometrial cancer cells by promoting the ubiquitination and
degradation of PDCD4. The present findings may provide
a new target for the treatment of ovarian and endometrial
cancer.

Materials and methods

Antibodies and reagents. Rabbit monoclonal antibody against
PDCD4 (cat. no. 9535) was purchased from Cell Signaling
Technology, Inc. Rabbit polyclonal antibody against TRIM27
(cat. no. 12205-1-AP) was purchased from ProteinTech
Group, Inc. Antibodies against HA (cat. no. H6908) and
FLAG (cat. no. F1804) were purchased from Sigma-Aldrich;
Merck KGaA. The B-actin antibody (cat. no. TA-09) was
purchased from ZSGB-BIO. Protein synthesis inhibitor
(cycloheximide, CHX) was purchased from Beyotime
Institute of Biotechnology. Proteasome inhibitor (MG132) was
purchased from MedChemExpress.

Cell culture. Human endometrial cancer cells (Ishikawa) and
ovarian cancer cells (A2780 and SKOV3) were donated by Qilu
Hospital of Shandong University. Ishikawa cells were cultured
in Dulbecco's modified Eagle's medium (DMEM; Hyclone;
Cytiva), which was supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), penicillin
(100 U/ml) and streptomycin (100 yg/ml). A2780 and SKOV3
cells were cultured in RPMI-1640 medium (Hyclone; Cytiva)
containing 10% FBS, penicillin (100 U/ml) and streptomycin
(100 pug/ml). Human endometrial cancer cells (HEC-1-A) were
purchased from the China Center for Type Culture Collection.
HEC-1-A cells were cultured in McCoy's SA medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS,
penicillin (100 U/ml) and streptomycin (100 xg/ml). The cells
were cultured in an incubator containing 5% CO, at 37°C.

The expression vector and small interference RNA
(siRNA). The expression plasmids of PDCD4, TRIM27
and ARingTRIM27-flag were constructed by Shanghai
Genechem Co., Ltd. The expression plasmids of ubiquitin
(UB)-HA, K63-HA and K48-HA were donated by Dr Wei
Zhao (Department of Immunology, School of Basic Medical
Sciences, Shandong University). A total of 3 different
TRIM27-specific siRNAs and PDCD4-specific siRNAs were
synthesized by Shanghai GenePharma Co., Ltd. The TRIM27
lentiviral expression vector and lentiviral short hairpin RNAs
(shRNAs) were also constructed by Shanghai Genechem Co.,
Ltd. Specific siRNA sequences for PDCD4, TRIM27 and
control siRNAs sequences are listed in Table SI. Specific
shRNA sequences for TRIM27 and control short hairpin
(sh) RNA sequences are listed in Table SII. Transfection of
expression plasmids (4 ug) or siRNAs (4 ul) was performed
using 10 pl Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol for 24 or
48 h at 37°C, RT-qPCR and western blotting were used to
detect corresponding mRNA and protein. TRIM27 lenti-
viral expression vector (Multiplicity of infection, MOI=5)
or lentiviral shRNA specific for TRIM27 (MOI=20) was
respectively transfected to A2780 or Ishikawa cells using
LipofiterTM liposome transfection reagent according to the
manufacturer's protocol (Hanbio Biotechnology Co., Ltd.).
The transfection efficiency was detected by RT-qPCR and
western blot analysis.

RNA extraction and RT-gPCR. Total RNA of all cells was
extracted by RNA fast 2000 (Feijie Biological Technology),and
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then reversely transcribed to cDNA using Reverse-Transcribe
kit according to the manufacturer's protocol (Tiangen Biotech
Co., Ltd.). qPCR was performed with UltaSYBR Mixture
(Kangweishiji Biotech Co., Ltd.) and different primers. The
primer sequences are listed in Table SIII. The thermocycling
conditions were as follows: first, pre-denaturation at 95°C
for 10 min, followed by 39 cycles of amplification at 95°C
for 15 sec, 60°C for 1 min and 65°C for 5 sec. GAPDH was
used as the reference gene. Each experiment was repeated at
least three times. The data analysis was according to the 2-444
method (28).

Western blot analysis. All cells were washed by PBS and
lysed by RIPA buffer (Beyotime Institute of Biotechnology)
for protein extraction. A bicinchoninic acid protein assay kit
(Thermo Fisher Scientific, Inc.) was used to detect the protein
concentration. The same amount (25 ug) of each protein
was separated using 10% SDS-polyacrylamide gel and then
transferred to 0.45-ym PDVF membranes (EMD Millipore).
Membranes were blocked with 5% non-fat milk 2 h at room
temperature. Rabbit polyclonal antibody against TRIM27 or
rabbit monoclonal antibody against PDCD4 (both at 1:1,000)
were added and incubated with membranes at 4°C overnight.
Following the primary incubation, the membranes were
incubated with a horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5,000; cat. no. 111-035-003; Jackson
ImmunoResearch Laboratories, Inc.) for 50 min at room
temperature. The signals were detected using enhanced chemi-
luminescence detection system (Thermo Fisher Scientific,
Inc.). ImageJ software (version 1.8.0.172; National Institutes
of Health) was used for quantitative analysis. Each experiment
was repeated at least three times.

Immunocytochemistry. The cells were cultured on a coverslip
in a 24-well plate overnight at 37°C. The cells were then
washed by PBS and fixed by 4% paraformaldehyde at room
temperature and blocked with 2% bovine serum albumin
(Beijing Solarbio Science & Technology Co., Ltd.) at 37°C
for 1 h. Rabbit anti-TRIM27 polyclonal antibody or mouse
anti-PDCD4 monoclonal antibody (1:100; cat. no. sc-376430;
Santa Cruz Biotechnology, Inc.) was added into different
wells and incubated overnight at 4°C. The next day, the cells
were washed by PBS three times and incubated with Alexa
Fluor®488-conjugated anti-human IgG/anti-rabbit IgG (1:200;
cat. no. stbAF488-1) or TRITC-conjugated goat anti-mouse
IgG (1:50; cat. no. SA00007-1) (both from ProteinTech Group,
Inc.) for 1 h at 37°C. Then the cells were washed by PBS and
DAPI (5 pg/ml) was added into each well. The results were
observed using a fluorescent microscope. The experiment was
repeated three times. The specificity of TRIM27 and PDCD4
antibodies was confirmed in the previous study by establishing
negative controls.

Immunohistochemistry (IHC). Firstly, the paraffin-embedded
tissue sections from the tumor of a xenograft nude mouse model
of ovarian cancer used in a previous study (23) were placed in
an oven at 70°C for 2 h. Then, the sections were dewaxed in
xylene and hydrated in graded alcohol before antigen micro-
wave retrieval. The sections were washed with 3% H,0, for
10 min and blocked with 10% goat serum (ZSGB-BIO) at 37°C
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for 15 min, and then incubated with the primary antibodies
specific for TRIM27 (1:200) or PDCD4 (1:200) overnight at
4°C. The next day, the sections were washed by PBS and then
incubated with HRP-conjugated anti-rabbit IgG (Gene Tech
Co., Ltd.) at 37°C for 45 min followed by diaminobenzidine
(Gene Tech Co., Ltd.) staining. The nuclei were counterstained
with hematoxylin at room temperature for 5 min. The results
were observed using a light microscope.

Co-immunoprecipitation assay (co-1P). TRIM27-specific
siRNA and UB-HA plasmid were transfected into A2780 cells
and TRIM27 expression plasmid and UB-HA plasmid were
transfected into Ishikawa cells. A total of 24 h later, the cells
were washed by PBS twice, then lysed with 400 ul of IP buffer
[components: NaCl, 4.4 g; NP-40, 5 ml; Tris-HCI (pH 7.4),
50 ml; EDTA, 50 ml; ddH,0, 395 ml]. Then the cells were
lysed at 4°C for 30 min and centrifuged at 14,000 x g for 15 min
at 4°C. Protein was divided into two groups, IP group (300 ul)
and Input group (80 pl). IP group protein was incubated with
3 ul of PDCD4 antibody (1:100) overnight at 4°C in a chroma-
tography cabinet and Input group protein was stored at -20°C.
The next day, IP group protein was incubated with 40 ul of
Protein A/G Plus-Agarose (Cell Signaling Technology, Inc.) in
a chromatography cabinet at 4°C for 8-12 h. Next, the IP group
protein was washed by IP buffer and centrifuged at 1,000 x g
for 5 min at 4°C to collect the supernatant, which was repeated
five times and then the loading buffer was added. Finally, the
IP group protein was placed at 100°C for 6 min. Input group
protein was added the loading buffer and placed at 100°C for
6 min. The experiment was repeated three times.

Transwell migration assay. The Ishikawa cells were silenced
with the lentiviral sShRNAs targeting TRIM27, and the A2780
cells were overexpressed with the lentiviral expression vector
targeting TRIM27. After infection, puromycin (3 ug/ml) was
used for screening. Western blot analysis was performed for
identification. Then the cells were overexpressed with PDCD4
plasmid or silenced with PDCD4-specific siRNA. The cells
were cultured at 37°C for 24 h after PDCD4 overexpression
and silencing. The cells (5x10*/well) cultured with 1% FBS
medium were placed into the upper chamber of a Transwell
membrane with an 8-ym pore size (EMD Millipore). A total
of 650 ul medium with 20% FBS were added into the lower
chamber. After incubation at 37°C for 24 h, the cells were
washed with PBS twice, fixed with 100% methanol at room
temperature for 15 min, then stained with 0.5% crystal violet
(Beyotime Institute of Biotechnology) at room temperature for
30 min. A total of randomly selected 5 images for each sample
were observed using a light microscope. The experiment was
repeated three times.

Matrigel invasion assay. The BD Biocoat Matrigel (BD
Biosciences) was used to detect the effect of TRIM27 and
PDCD4 on the invasion ability of Ishikawa and A2780 cells.
A total of 40 ul medium without FBS and 10 ul Matrigel
were mixed and added into the chamber. After incubation at
37°C for 30 min, the cells (8x10*/well) cultured with 1% FBS
medium were added into the upper chamber. A total of 650 ul
medium with 20% FBS were added into the lower chamber.
After incubation at 37°C for 48 h, the cells were placed into
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Figure 1. PDCD4 is lowly expressed while TRIM27 is highly expressed in endometrial and ovarian cancer cell lines at the protein level. (A) The expression
of TRIM27 and PDCD4 in endometrial cancer cell lines (Ishikawa and HEC-1-A) and ovarian cancer cell lines (A2780 and SKOV3) was detected by western
blotting. (B and C) The mRNA expression of (B) TRIM27 and (C) PDCD4 in endometrial cancer cell lines (Ishikawa and HEC-1-A) and ovarian cancer cell
lines (A2780 and SKOV3) was detected by reverse transcription-quantitative PCR. (D) The distribution of TRIM27 and PDCD4 proteins had co-localization
in Ishikawa and A2780 cells detected by immunocytochemistry (scale bar=25 ym). PDCD4, programmed cell death 4; TRIM27, tripartite motif-containing 27.

methyl alcohol for 15 min, and then stained with 0.5% crystal
violet at room temperature for 30 min. The cells in the upper
chamber were removed by cotton bud. A total of 5 randomly
selected fields of the stained cells in the lower chamber were
observed under a light microscope. The experiment was
repeated three times.

Statistical analysis. GraphPad prism version 6 (GraphPad
Software, Inc.) was used to analyze the data. The results were
expressed as the mean + SEM. One way ANOVA followed by
Tukey's post hoc test was used for multiple comparisons. The
unpaired Student's t-test was used to evaluate the statistical
significance between two groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

PDCD4 is lowly expressed while TRIM27 is highly expressedin
endometrial and ovarian cancer cell lines at the protein level.
To investigate the relationship between PDCD4 and TRIM27
expression, the mRNA and protein expression of PDCD4
and TRIM27 in endometrial cancer cell lines (Ishikawa and

HEC-1-A) and ovarian cancer cell lines (A2780 and SKOV3)
was detected using RT-qPCR and western blotting. Among the
four cell lines, a relatively low expression of PDCD4 and a
relatively high TRIM27 expression was observed in Ishikawa,
HEC-1-A and A2780 cells at the protein level. By contrast,
PDCD4 protein expression in SKOV3 was relatively high,
and TRIM27 protein expression was relatively low (Figs. 1A
and S1). However, the results from RT-qPCR revealed that the
expression of TRIM27 and PDCD4 had no obvious relation
at the mRNA level in the aforementioned cell lines (Fig. 1B
and C). The result from immunofluorescence staining indi-
cated that PDCD4 protein was mainly distributed around the
nucleus in Ishikawa and A2780 cells, and TRIM27 protein
was also in the nucleus and around the nucleus. Therefore, a
co-localization phenomenon of the distribution of TRIM27
and PDCD4 proteins in endometrial and ovarian cancer cell
lines was identified (Fig. 1D). In addition, the results from THC
showed that TRIM27 knockdown increased the expression of
PDCD4 in the tumors from a xenograft nude mouse model of
ovarian cancer (Fig. S2). The results indicated that the protein
expression levels of PDCD4 and TRIM27 have a negative
relationship in endometrial and ovarian cancer cell lines.
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Figure 2. TRIM27 knockdown or overexpression increases or decreases the PDCD4 expression at the protein level. (A-C) PDCD4 mRNA expression had
no obvious change after TRIM27 overexpression in (A) Ishikawa and (B) A2780 cells or (C) TRIM27 downregulation in Ishikawa cells. (D) Compared with
the control group, PDCD4 mRNA level was higher after TRIM27 downregulation in A2780 cells. (E and F) TRIM27 overexpression significantly down-
regulated PDCD4 protein expression in (E) Ishikawa and (F) A2780 cells. (G and H) TRIM27 silencing obviously upregulated PDCD4 protein expression in
(G) Ishikawa and (H) A2780 cells. "P<0.05, “P<0.01, “"P<0.001 and “*"P<0.0001. TRIM27, tripartite motif-containing 27; PDCD4, programmed cell death 4;

si-, small interfering.

Silencing or overexpression of TRIM27 upregulates or down-
regulates the expression of PDCD4 protein. To confirm the
negative association between the expression of TRIM27 and
PDCD4, TRIM27 was either overexpressed or silenced in
Ishikawa and A2780 cells and the mRNA and protein expression
of PDCD4 was detected. RT-qPCR results revealed that PDCD4
mRNA expression had no obvious changes after TRIM27
overexpression in Ishikawa and A2780 cells or TRIM27
downregulation in Ishikawa cells (Fig. 2A-C). Compared

with the control group, PDCD4 mRNA level was significantly
higher after TRIM27 downregulation in A2780 cells (Fig. 2D).
Furthermore, it was found that TRIM27 overexpression in
Ishikawa and A2780 cells significantly downregulated the
PDCD4 protein expression (Fig. 2E and F). By contrast, the
level of PDCD4 protein was significantly upregulated after the
TRIM27-specific siRNA was transfected into Ishikawa and
A2780 cells (Fig. 2G and H). Thus, TRIM27 had a significant
negative impact on the expression of PDCD4 protein.
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Figure 3. TRIM27 negatively regulates PDCD4 by promoting the degradation of PDCD4 via the ubiquitin-proteasome pathway. (A) The expression of PDCD4
was upregulated after TRIM27 knockdown. The degradation rate of PDCD4 in TRIM27 knockdown groups was slower than that of control groups after adding
the CHX. (B) TRIM27 overexpression downregulated the protein levels of PDCD4 in Ishikawa cells, and the increasing degradation of PDCD4 protein was
observed after adding CHX. (C) The expression of PDCD4 was increased after TRIM27 knockdown, and the expression of PDCD4 was decreased after MG132
stimulation for 4 h compared with the control group. (D) TRIM27 overexpression decreased the levels of PDCD4. Compared with the MG132-unstimulated
group, the expression of PDCD4 was increased after MG132 stimulation for 4 and 6 h. TRIM27, tripartite motif-containing 27; PDCD4, programmed cell

death 4; CHX, cycloheximide.

TRIM?27 negatively regulates PDCD4 by promoting the degra-
dation of PDCDA4. To explore whether TRIM27 negatively
regulated PDCD4 by promoting the degradation of PDCD4,
A2780 cells were transfected with TRIM27-specific siRNA,
or Ishikawa cells were transfected with a TRIM27 expression
plasmid. At 0, 2, 4 and 6 h before the protein collection, the
aforementioned transfected cells were added 2 ul of CHX
(10 mM) and incubated at 37°C for 0, 2, 4 or 6 h. It was found
that the expression of PDCD4 was upregulated after TRIM27
knockdown in A2780 cells. The degradation rate of PDCD4 in
TRIM27 knockdown groups was slower than that of control
groups after adding CHX. By contrast, TRIM27 overexpres-
sion downregulated the levels of PDCD4 protein in Ishikawa
cells, and the increasing degradation of PDCD4 protein was
observed after adding CHX (Figs. 3A and B and S3). The
results indicated that TRIM27 negatively regulates PDCD4 by
promoting the degradation of PDCDA4.

TRIM?27 promotes the degradation of PDCD4 protein via
the ubiquitin-proteasome pathway. Next, it was further
confirmed that TRIM27 promoted the degradation of
PDCD4 protein via the ubiquitin-proteasome pathway.
A2780 cells were transfected with TRIM27-specific siRNA,
or Ishikawa cells were transfected with a TRIM27 expression
plasmid. At 0, 4 and 6 h before the protein collection, the
aforementioned transfected cells were added 3 ul of MG132
(10 mM) and incubated at 37°C for 0, 4 and 6 h. The results
revealed that the expression of PDCD4 was increased after
TRIM27 knockdown, and the expression of PDCD4 was

decreased after MG132 stimulation for 4 h compared with
the control group. By contrast, TRIM27 overexpression
decreased the protein expression of PDCD4. Compared with
the MG132-unstimulated group, the expression of PDCD4
was increased after MG132 stimulation for 4 and 6 h. These
results demonstrated that the inhibitory effect of TRIM27
on PDCD4 expression disappeared after the degradation
pathway of the proteasome was blocked (Figs. 3C and D
and S4), suggesting that TRIM27 promotes the degradation
of PDCD4 via the ubiquitin-proteasome pathway.

TRIM?27 promotes the K48 and K63-linked ubiquitination
of PDCDA4. To investigate whether TRIM27 promoted the
ubiquitination of PDCD4, A2780 cells were transfected with
TRIM27-specific siRNA. After 24 h, UB-HA expression
plasmid was transfected into the aforementioned cells. A total of
24 h later, the results of co-IP showed that the levels of PDCD4
ubiquitination were decreased. On the contrary, after TRIM27
and UB-HA expression plasmids were co-transfected into
Ishikawa cells, the levels of PDCD4 ubiquitination increased
(Fig. 4A and B). The results indicated TRIM27 promotes
the ubiquitination of PDCD4. Next, the sites of ubiquitina-
tion were further detected. Ishikawa cells were respectively
transfected with TRIM27 expression plasmid, K48-HA and
K63-HA expression plasmids, and the proteins were collected
after 24 h. TRIM27-mediated K48 and K63-linked ubiquiti-
nation of PDCD4 was detected by co-IP. The results showed
that the total amount of K48 and K63-linked ubiquitination of
PDCD4 was upregulated after TRIM27 overexpression, which
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Figure 4. TRIM27 promotes K48 and K63-linked ubiquitination of PDCD4. (A) TRIM27 knockdown decreased the levels of PDCD4 ubiquitination. (B) TRIM27
overexpression increased the levels of PDCD4 ubiquitination. (C) TRIM27 promoted K48 and K63-linked ubiquitination of PDCD4. (D) The expression of
PDCD4 had no change after TRIM27ARing-flag was transfected into Ishikawa cells. TRIM27, tripartite motif-containing 27; PDCD4, programmed cell death 4.

indicated that TRIM27 promoted the K48 and K63-linked
ubiquitination of PDCD4 (Fig. 4C).

TIRM?27 regulates PDCD4 expression via the Ring finger
domain. The Ring finger domain of TRIM27 can mediate the
ubiquitin transfer between the proteins themselves or different
substrates. To confirm whether TRIM27 promoted the ubiqui-
tination of PDCD4 via the Ring finger domain, the Ring finger
domain-deleted expression plasmid (TRIM27ARing-flag) was
constructed and transfected into Ishikawa cells. The results
showed that the expression of PDCD4 had no change after
TRIM27ARing-flag was transfected into Ishikawa cells, which
indicated that TRIM27 regulated PDCD4 expression via the
Ring finger domain (Fig. 4D).

TRIM?27 promotes the migration and invasion of endome-
trial and ovarian cancer cell lines by affecting PDCDA4.
To confirm whether TRIM27 could enhance the migration
and invasion of endometrial and ovarian cancer cells by

regulating PDCDA4, a lentiviral expression vector and lenti-
viral sShRNAs specific for TRIM27 were constructed and
TRIM27-overexpressed A2780 cells or TRIM27-silenced
Ishikawa cells were set up. The results showed that TRIM27
overexpression significantly increased the migration and
invasion ability of A2780 cells, while TRIM27 knockdown
significantly decreased the migration and invasion ability
of Ishikawa cells. By contrast, PDCD4 overexpression or
knockdown significantly downregulated or upregulated,
respectively, the migration and invasion ability of A2780
or Ishikawa cells. Furthermore, in TRIM27-overexpressing
A2780 cells, PDCD4 overexpression significantly decreased
the migration and invasion ability of cells. Similarly, in
TRIM27-silenced Ishikawa cells, PDCD4 knockdown obvi-
ously increased the migration and invasion ability of cells
(Figs. 5A-D; Figs. S5 and S6). The aforementioned results
suggested that TRIM27 could promote the migration and
invasion of endometrial and ovarian cancer cells by affecting
PDCDA4.
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Discussion

Previous studies showed that TRIM27 was highly expressed
in ovarian serous carcinoma and endometrial cancer (23,24).
Higher TRIM27 expression was significantly correlated with
the metastasis and FIGO stage in patients with ovarian serous
carcinoma, and an unfavorable clinical outcome in patients with
endometrial cancer. PDCD4 was lowly expressed or deleted
in ovarian serous cystadenocarcinomas and endometrioid
endometrial carcinomas (EEC) (10,11). The loss or reduction
of PDCD4 expression was significantly associated with higher
pathological grade of ovarian serous cystadenocarcinomas and
EEC, as well as the prognosis of patients with ovarian serous
cystadenocarcinomas. The aforementioned results suggested
that TRIM27 and PDCD4 have a negative relationship. The
present study aimed to detect whether TRIM27 could take

effect by regulating the expression of PDCD4 in endometrial
and ovarian cancer cells. It was found that TRIM27 could
degrade PDCD4 by the ubiquitination effect and promote the
migration and invasion of endometrial and ovarian cancer
cells by regulating PDCD4.

The expression of TRIM27 and PDCD4 in two kinds of
endometrial cancer cell lines (Ishikawa and HEC-1-A) and
two types of ovarian cancer cell lines (A2780 and SKOV3)
was first detected. The four kinds of cancer cells are all epithe-
lial-derived cells and share similar tumor biology. The results
showed that TRIM27 and PDCD4 had a negative association
at protein levels while they had no distinct association with
each other at mRNA levels. The differences in the expression
of PDCD4 and TRIM27 between normal and ovarian/endo-
metrial cancer cells will be investigated in future studies.
The immunofluorescence double staining results revealed
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that the protein distribution of TRIM27 and PDCD4 existed
in co-localization and were mainly distributed around the
nucleus in Ishikawa and A2780 cells. It has been reported that
PDCD4 and TRIM?27 express in the cytoplasm and nuclei in a
different situation, and contain a nuclear export sequence and
shuttle between the cytoplasm and the nucleus (20,29). These
results suggested that TRIM27 and PDCD4 may combine to
interact.

Gene expression is regulated at multiple levels, including
gene, transcriptional, post-transcriptional, translational and
post-translational level. It has been reported that PDCD4
expression could be regulated at different levels (30).
Gao et al (13) reported that the methylation of PDCD4 5'CpG
islands was significantly correlated with the loss of PDCD4
mRNA expression in glioma tissue. DNA methyltransferase
inhibitor 5-aza-2 deoxycytidine could block the methylation
in glioma cells, restore PDCD4 expression and inhibit the
proliferation of cells (13). The translation of PDCD4 mRNA is
hampered by numerous miRNAs, including miR21, miR182,
miR16, miR150 and miR499. The miR21 post-transcription-
ally downregulates PDCD4 expression by targeting PDCD4
mRNA, inducing the increase in transformation, invasion
and metastasis of cancer cells (31). PDCD4 is recognized and
ubiquitinated by a ubiquitin E3 ligase, f-TRCP, consequently
degraded by the proteasome after it is phosphorylated at Ser67
by p70S6K and Akt (32). The results of the present study
revealed that TRIM27 overexpression downregulated the
expression of PDCD4 protein, while TRIM27 knockdown had
the opposite effect on PDCD4 protein expression. However,
enhanced or silenced TRIM27 expression had no obvious
effect on the mRNA levels of PDCD4. These results suggested
that the regulation of PDCD4 expression by TRIM27 mainly
exists after transcription. TRIM27 is a newly identified E3
ubiquitin ligase and degrades other proteins through the ubiq-
uitin-proteasome pathway (26,27). In the present study, it was
mainly investigated whether TRIM?27 regulated the expression
of PDCD4 protein via the ubiquitin-proteasome pathway.

Ubiquitination is a kind of post-translational modifica-
tion. A small protein containing 76 amino acids is covalently
combined with lysine residues in substrate proteins through a
three-step El, E2, and E3 enzymatic cascade. Ubiquitination
has different effects on its substrates depending on the length
and type of ubiquitin chains. Among them, K48-linked or
K63-linked ubiquitin chains are the most common, and their
functions are different. K48-linked ubiquitination mainly
promotes the target proteins to be degraded by the 26S
proteasome. However, K63-linked ubiquitination mostly plays
an important role in altering protein-protein interactions,
protein conformations, or targeting proteins for lysosomal
delivery (33,34).

In the present study, it was found that the PDCD4
degradation rate was slower after stimulation with protein
synthesis inhibitor CHX. Furthermore, the expression of
PDCD4 was increased after proteasome inhibitor MG132
stimulation compared with the MG132-unstimulated group.
These results revealed that PDCD4 could be degraded via
the proteasome pathway. The present results also demon-
strated that ubiquitination levels of PDCD4 were upregulated
after TRIM27 overexpression, while TRIM27 knockdown
inhibited the ubiquitination level of PDCD4, indicating that
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TRIM?27 can play a role in promoting the ubiquitination of
PDCDA4. It has been reported that RFP (TRIM27) physically
interacts with Pax7 and serves as an E3 ligase to induce ubiq-
uitin-proteasome-dependent degradation of MyoD in muscle
atrophy, which results in resistance of muscles to denervation
injury (35). Cai et al (26) reported that TRIM?27 functioned
as an E3 ligase and mediated lysine 48 polyubiquitination of
PI3KC2p, leading to a decrease in PI3K enzyme activity.

Similarly, Zurek et al (36) reported that TRIM27 medi-
ated K48-linked ubiquitination and subsequent proteasomal
degradation of NOD2 negatively influencing NOD2-mediated
NF-kB activation. However, Hao et al (37) found that the
E3 Ring ubiquitin ligase, MAGE-L2-TRIM27, facilitated
K63-linked ubiquitination of WASH K220. The disrup-
tion of WASH ubiquitination impaired endosomal F-actin
nucleation and retromer-dependent transport (37). The afore-
mentioned results confirmed that TRIM27 could mediate
K48 or K63-linked ubiquitination of different target proteins.
Our present study found that the total amount of K48 and
K63-linked ubiquitination of PDCD4 was increased after
TRIM27 overexpression. Given different K48 and K63-linked
ubiquitination functions, it was hypothesized that TRIM27
promotes the proteasome-dependent degradation of PDCD4
by mediating K48-linked ubiquitination of PDCD4. The role
of K63-linked ubiquitination of PDCD4 needs to be further
explored in the future. As aforementioned, the Ring finger is
a zinc-binding domain that plays an important role in ubiq-
uitin E3 ligase binding to UB-conjugating enzymes (E2) (38).
Therefore, the Ishikawa cells were transfected with TRIM27
mutant plasmid without the Ring finger domain. The result
showed that PDCD4 was not degraded, confirming that
TRIM27 could degrade PDCD4 by ubiquitination via the Ring
finger domain.

PDCD4 is an important tumor suppressor, which inhibits
the proliferation, migration and invasion of various cancer
cells. The present results demonstrated that TRIM27 promotes
the ubiquitination and degradation of PDCD4. However,
whether TRIM27 could enhance the migration and invasion
of endometrial and ovarian cancer cells by regulating PDCD4
remains unclear. In the present study, it was found that PDCD4
overexpression decreased the migration and invasion ability of
cancer cells in TRIM27-overexpressing cells, while PDCD4
knockdown increased the migration and invasion ability of
cells in TRIM27-silenced cells. The aforementioned results
suggested that TRIM?27 could promote the migration and inva-
sion of endometrial and ovarian cancer cell lines by affecting
PDCDA4.

In conclusion, the present study was, to the best of our
knowledge, the first to demonstrate the negative association
of TRIM27 with PDCD4. TRIM27 could degrade the PDCD4
protein level through the ubiquitin-proteasome pathway and
promote the migration and invasion of endometrial and ovarian
cancer cell lines by regulating PDCD4. The present results
will provide important insights into the effective mechanism
of TRIM27 and the reason for PDCD4 downregulation in
cancers.
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