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Abstract
Background. Tripartite motif‐containing protein 44 (TRIM44) was recently identi�ed as a novel oncogene
that is overexpressed in several types of human cancers. However, the biological functions of TRIM44 in
epithelial ovarian cancer (EOC) remain unclear. Here, we aimed to investigate the role of TRIM44 in EOC
and its clinical implications.

Methods. The expression of TRIM44 in different ovarian cancer cell lines were detected by western blot.
TRIM44 was knocked down by shRNA transfection. The in vitro proliferation, invasion, migration and
apoptosis of ovarian cancer cells were detected by CCK8, colony formation assay, transwell �lters, tube
formation assay and �ow cytometry analysis, respectively. The growth ability of xenograft tumors in vivo
was examined by a nude mouse metastatic tumor model. Finally, we carried out gene chip analysis and
IPA to analyze the potential gene network.

Results. High expression of TRIM44 was observed in EOC tissues and cell lines. Knockdown of TRIM44
expression substantially suppressed the proliferation, migration, invasion and colony-forming ability of
EOC cells in vitro and attenuated tumor growth in vivo. Mechanistic studies showed that silencing
TRIM44 dramatically down regulated the expression of FOXM1, EZH2, CCNE2, CCND3 and BIRC5 in EOC
cells, at least in part through inactivation of the FOXM1-EZH2 signaling pathway.

Conclusion. Collectively, these data suggest that TRIM44 downregulation inhibits the progression of EOC
cells through the suppression of the FOXM1-EZH2 signaling pathway. These results provide novel insight
into the role of TRIM44 in tumorigenesis and suggest it could be a potential therapeutic target of ovarian
carcinoma.

Introduction
Ovarian cancer is one of the most common human malignancies in women, resulting in an estimated
239,000 new diagnoses worldwide each year[1]. Epithelial ovarian cancer (EOC) is the most common
histological type of ovarian cancer, accounting for 80% to 90% of malignancies. Approximately 70% of
EOC patients are diagnosed with advanced stage disease, which has the highest mortality rate among all
female malignancies. In China, there were approximately 52,100 new cases and 22,500 deaths caused by
EOC in 2015[2].The prognosis for patients suffering from EOC remains poor because of the limited
therapeutic strategies and late diagnosis. Despite improvements in treatments for ovarian cancer,
including debunking surgery, platinum-based chemotherapy and targeted therapy, the 5-year survival rate
of advanced ovarian cancer is only approximately 30%[3].Therefore, investigating predicative biomarkers
and understanding the molecular mechanism underlying EOC development are important for developing
effective therapeutic targets.

TRIM44, a member of the tripartite motif-containing protein (TRIM) family, has been documented to be
overexpressed in various types of cancer, such as osteosarcoma[4], lung cancer[5], breast cancer[6],
papillary thyroid cancer[7], testicular germ cell tumor[8]and prostate cancer[9]. In addition, high



Page 4/19

expression of TRIM44 is signi�cantly associated with a poor prognosis in malignant tumors[10, 11]. Our
previous study also demonstrated that high expression of TRIM44 protein in ovarian tissues is
signi�cantly correlated with clinicopathological factors and poor prognosis[12]. However, the expression
of TRIM44 in ovarian cell lines and its mRNA level in ovarian tissues still need to be explored. In addition,
the biological functions and carcinogenic mechanisms of TRIM44 in epithelial ovarian cancer (EOC)
remain unclear.

Here, we report that the TRIM44 protein and mRNA levels are frequently increased in epithelial ovarian
cancer clinical tissues and cell lines. Using lentivirus-driven shRNA knockdown, cell proliferation,
migration, invasion, colony formation, and apoptosis analyses and in vivo animal experiments, we
demonstrated that TRIM44 promotes EOC cell proliferation, migration, invasion, and colony formation
and xenograft tumor growth. Furthermore, we showed that TRIM44 down regulation inhibits the
carcinogenesis of EOC cells in part through the suppression of the FOXM1-EZH2 signaling pathway. Our
data suggest that TRIM44 may be a potential therapeutic target for the treatment of ovarian cancer.

Materials And Methods
Patient samples

Five fresh EOC samples and 3 normal ovarian tissue samples were collected from Harbin Medical
University Cancer Hospital (Harbin, China). All patients underwent maximal cytoreduction followed by
platinum-based combination chemotherapy. None of the patients received chemotherapy, radiotherapy or
immunotherapy before surgery. This study's protocol was approved by the Ethics Committee of Harbin
Medical University Cancer Hospital.

Cell lines and cell culture

The human EOC cell lines CAOV3, OVCAR3, A2780, HO-8910PM, and SKOV3 were obtained from the Cell
Resource Center of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPMI-
1640 medium (Gibco BRL, Grand Island, NY, USA) containing 10% fetal calf serum (FBS, HyClone,
Australia). All cells were maintained in a humidi�ed atmosphere containing 5% CO2 at 37°C.

Lentiviral vector encoding shRNA targeting TRIM44

ShRNA was designed by Ambion Company’s online design tool. The lentiviral vector encoding TRIM44
shRNA was synthesized and packaged by Ruisai Biotechnology Co., Ltd. (Shanghai, China).The lentiviral
vector carrying three types of TRIM44-shRNA was used to screen for maximum silencing e�ciency. We
electrically transfected the TRIM44-shRNA vectors into SKOV3 and A2780 cells to construct a lentiviral
vector encoding shRNA targeting TRIM44, and the empty vector was used as the control. Short hairpin
oligonucleotides (shTRIM44: 5′-
TGCTGTGAGTCATCAACCTATCCATGGTTTTGGCCACTGACTGACCATGGATATTGATGACTCA-3′ and
shCon: 5′-CCTGTGAGTCATCAATATCCATGGTCAGTCAGTGGCCAAAACCATGGATAGGTTGATGACTCAC -3′)
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were synthesized and cloned into the lentivirus-based vector pLenti6.3-MCS/V5 DEST (Thermo Electron
Corporation, Waltham, MA, USA). Lentivirus production was followed as a standard protocol by
transfecting 293T cells with the recombinant shRNA vector, together with psPAX2 and pVSVG(Thermo
Electron Corporation, Waltham, MA, USA).

Lentivirus infection

SKOV3 and A2780 cells were cultured in a six-well plate, and lentiviral vectors with theTRIM44 shRNA
sequence or NC shRNA sequence were added at a multiplicity of infection (MOI) of 100to the plate when
the cells reached 70% con�uency. The medium was replaced after 48 h of infection, and the e�ciency of
transfection was evaluated by qRT-PCR and Western blot assays.

Western blot analysis and antibodies

Protein was extracted from tissues and cells for protein analysis. The samples were boiled at 100°C for 5
min. Equal amounts of protein were separated by SDS-PAGE and transferred to PVDF membranes
(Millipore, USA). The membranes were incubated with primary antibodies overnight at 4°C. The
immunoreactive protein bands were detected using an ECL detection system (Cell Signaling Technology,
USA).

Quantitative real-time polymerase chain reaction (qRT-PCR)

The mRNA expression was quanti�ed by real-time RT-PCR. Brie�y, total RNA was extracted from the cell
lines using TRIzol reagent (Ruisai Biotechnology Co., Ltd., Shanghai). After quanti�cation, a total of 10 ng
RNA was used for cDNA synthesis, followed by real-time PCR using the One Step SYBR® PrimeScriptTM

RT-PCR Kit II (Ruisai Biotechnology Co., Ltd., Shanghai) according to the manufacturer’s instructions.
ACTB was employed as an internal control. The sequences of the primers used were as follows: TRIM44-
forward: 5′-GGCACTCTTCCAGCCTTCC-3′; TRIM44-reverse: 5′-GAGCCGCCGATCCACAC-3′; ACTB-forward:
5′-GCTGGTAACTTGTTGTGCGG-3′; ACTB-reverse: 5′-GAGCCGCCGATCCACAC-3′. PCR was carried out for
40 cycles (95°C for 15 s, 60°C for 20 s and 72°C for 20 s) according to the instructions. Relative
quanti�cation of TRIM44 mRNA was conducted using the 2-ΔΔCT method, followed by normalization
using the internal control.

Cell counting kit-8 (CCK-8) assay

ACCK-8 assay (CK04, Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was performed to test cell
proliferation. After being placed in a 96-well plate at an initial density of 5×103 cells/well, the SKOV3 and
A2780 cells were transfected with shTRIM44 or shNC (lentivirus-infected cells). At each time point, cells in
each well were incubated with 10μl of CCK-8 dye in 90μl of culture medium for 2 h at 37°C. Then, the OD
values at 450 nm were measured using a VERS Amax Microplate Reader (Molecular Devices Corp,
Sunnyvale, CA).

Flow cytometric analysis of apoptosis
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SKOV3 and A2780 cells were transfected with TRIM44-shRNA for 48h. The cells were harvested by
centrifugation at 10,000 × g for 5 min. The cells were washed twice with cold PBS, centrifuged at 10,000
× g for 5 min, and then resuspended in PBS. The cells were resuspended and stained with propidium
iodide (PI, 1:100 dilution) and Annexin V-APC (Cell Signaling Technology, Danvers, U.S.A.) at 20°C for 30
min in the dark. The stained cells were analyzed using a BD FACSAria Cell Sorter.

Migration and invasion assays

The invasion and migration assays were assessed by Transwell �lters (Corning Incorporated, Corning, NY,
USA) with (invasion assay) or without Matrigel (migration assay). For the invasion assay, the Transwell
chambers were pretreated with Matrigel (BD Bioscience, Mountain View, CA, USA). First, ovarian cell
transfections were suspended in medium without FBS and seeded into the upper chamber. The lower
chamber contained RPMI-1640 with10% FBS. After cultivation for 48 h at 37°C, noninvasive cells on the
upper chambers were removed by cotton swabs, while the invasive cells on the lower chamber were
subsequently �xed and stained with 0.1% crystal violet for 15 min. An inverted microscope (Olympus
Corporation, Tokyo, Japan) was used to evaluate the invasion and migration.

Colony formation assay

Following lentivirus infection, SKOV3 and A2780 cells were plated in 6-well plates at a density of1.5×103

cells/well. Then, the cells were cultured in a humidi�ed incubator at 37°C with 5% CO2. After 7 days, the
natural colonies formed, and the cells were washed three times with PBS, �xed in 1.5 ml of 4%
paraformaldehyde and stained with crystal violet (Sigma-Aldrich) for 20 min. After the samples were
washed with PBS twice, the staining solution was removed, and the cells were air dried. Colony formation
was observed through a light/�uorescence microscope to obtain the colony numbers.

Nude mouse xenograft assays in vivo

The animal study procedure was approved by the Animal Experimentation Ethics Committee of Harbin
Medical University Cancer Hospital. Female athymic BALB/c nude mice (aged six weeks, weighing 20–22
g) were obtained from SLALaboratory Animal Co., Ltd. (Shanghai, China). The mice were housed in a
pathogen-free animal facility and randomly assigned to the control or experimental group (six mice per
group). The tumor volume was estimated every three days by the following formula: 0.5×length × width2.
All mice were sacri�ced after 23 days. The tumor sizes were measured at least once or twice a week to
monitor tumor growth.

Statistical analysis

Data are expressed as the mean ± SD. Statistical analysis was performed with GraphPad Prism 7.0
software. The differences among groups were analyzed by ANOVA or Student's t test. Data with P < 0.05
were considered statistically signi�cant.
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Results
Increased expression of TRIM44 in the EOC tissues and cell lines

We �rst examined the mRNA and protein levels of TRIM44 in 5 fresh EOC samples and 3 normal ovarian
tissue samples. The results showed that the mRNA and protein expression of TRIM44 was signi�cantly
upregulated in the EOC samples compared to the normal noncancerous tissue samples (Figure 1A, B and
C; P<0.05). We then determined the TRIM44 expression in �ve human EOC cell lines: CAOV3, OVCAR3,
A2780, HO-8910PM and SKOV3. Western blot analyses revealed that TRIM44 expression was the highest
in the A2780 cells (Figure 1D and E; P<0.05). Taken together, these data suggest that TRIM44 may serve
as a vital biomarker of  EOC.

Lentivirus-mediated RNAi signi�cantly inhibited TRIM44 expression in SKOV3 and A2780 cells

The individual shRNA oligos targeting TRIM44 were validated. The Western blot results indicated that
lentiviral vectors with the TRIM44 shRNA sequence can effectively decrease the expression of TRIM44 in
SKOV3 and A2780 cells (Figure 2A and B).

Knockdown of TRIM44 suppressed the SKOV3 and A2780 cell proliferation in vitro

To detect whether TRIM44 in�uenced the malignant properties of EOC cells, we �rst performed cell
proliferation analysis by CCK-8 assays. We found that knockdown of TRIM44 resulted in a signi�cant
reduction in cell proliferation (Figure 2C and D). As shown in Figure 2, the growth curve of the shTRIM44-
treated cells started to drop from the third day compared with that of the nontreated and shNC-treated
cells. The decline reached 54.14% and 76.93% for the shTRIM44-treated SKOV3 and A2780 cells,
respectively, on the �fth day compared with the shNC-treated cells (P<0.001).

Knockdown of TRIM44 suppressed the invasion and migration of the SKOV3 and A2780 cells in vitro

In the Transwell invasion assay, we observed that invasion was inhibited in the lenti-shTRIM44-
transfected cells. The migration experiment showed that knockdown of TRIM44 reduced the migration of
the lenti-shTRIM44 virus-transfected cells (Figure 2E, F and H). The migration of the SKOV3 cells
transfected with TRIM44 shRNA was signi�cantly inhibited compared with that of the control cells (0.115
± 0.002 versus 0.258 ± 0.002, P< 0.001). The migration of the A2780 cells transfected with TRIM44
shRNA was signi�cantly inhibited (0.030 ± 0.003 versus 0.086 ± 0.006, P< 0.001). The invasion
experiment showed that knockdown of TRIM44 reduced the invasion of the lenti-shTRIM44 virus-
transfected cells (Figure 2E, F and G). The invasion of the SKOV3 cells transfected with TRIM44 shRNA
was signi�cantly inhibited compared with that of the control cells (0.100 ±0.004 versus 0.289 ± 0.005, P<
0.001). The invasion of the A2780 cells transfected with TRIM44 shRNA was signi�cantly inhibited
(0.308 ±0.007 versus 0.497 ± 0.004, P< 0.001). The above results indicate that lentiviral vectors with the
TRIM44 shRNA sequence can effectively inhibit the migration and invasion induced by TRIM44.

Knockdown of TRIM44 induced the apoptosis of SKOV3 and A2780 cells in vitro
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We investigated potential cellular apoptosis events during cell death caused by TRIM44 knockdown in the
ovarian cancer cell lines SKOV3 and A2780. The results showed that apoptosis increased in both the
SKOV3 and A2780 cell lines after transfection with lenti-shTRIM44 (Figure 2I and J). Depletion of TRIM44
caused drastic morphological changes and a substantial decrease in cell number. Taken together, these
results clearly indicated that TRIM44 depletion led to apoptotic cell death in the SKOV3 and A2780 cancer
cells.

Knockdown of TRIM44 signi�cantly inhibited the colony-forming ability of SKOV3 and A2780 cells

The long-term effect of TRIM44 silencing on the colony-forming ability of SKOV3 and A2780 cells was
determined by colony formation assays. The size of the independent colonies was much smaller in the
shTRIM44-treated cells than in the nontreated and shNC-treated cells. Moreover, the number of colonies
formed by the SKOV3 and A2780 cells was signi�cantly (P<0.05) decreased following TRIM44
knockdown (Figure 2K and L). The data indicated that TRIM44 knockdown also signi�cantly inhibited
colony formation in the SKOV3 and A2780 ovarian cancer cells.

Knockdown of TRIM44 inhibited xenotransplanted tumor growth in nude mice in vivo

To evaluate the effect of TRIM44 on ovarian carcinogenesis in vivo, we established xenograft tumor
models in nude mice with A2780 cells transfected with lenti-shTRIM44 treatment. Xenograft tumors were
observed in the nude mice at the injection site, and the tumors were harvested 30 days after injection. The
tumor volumes were measured once a week. As shown in Figure3, the tumor volume in the lenti-
shTRIM44-transfected cell treatment group was signi�cantly decreased compared to that in the control
group (Figure 4, P < 0.05). The above results indicated that lentiviral vectors with the TRIM44 shRNA
sequence can inhibit xenotransplanted tumor growth, indicating that downregulation of TRIM44 may be
bene�cial for the treatment of ovarian cancer.

Global gene expression analysis following TRIM44 knockdown revealed modulation of key pathways in
epithelial ovarian cancer cells

To elucidate the molecular mechanisms by which TRIM44 contributes to the carcinogenesis of lung
cancer cells, we carried out gene chip analysis (gene expression pro�ling, using the Human Gene
Expression Array PathArrayTM platform) comparing the gene expression of SKOV3 NS cells versus SKOV3
shTRIM44 cells. Differentially expressed genes with at least a 1.2-fold change were identi�ed. The
common differentially expressed genes were analyzed by Ingenuity Pathway Analysis (IPA).We identi�ed
1172 genes with signi�cant expression changes (>1.2-fold with adjusted P< 0.05) (data not shown in this
paper). The bioinformatics analysis showed that the expression of 436 genes was signi�cantly increased
(P<0.05) and that of 736 genes was signi�cantly decreased (P<0.05). The most markedly altered genes
were AKT1S1 (AKT1 substrate 1, decreased1.96-fold), USP14 (ubiquitin speci�c peptidase 14,
decreased1.85-fold), STK38L (serine/threonine kinase 38 like, decreased1.83-fold), GLIPR1 (GLI
pathogenesis-related 1, increased1.84-fold), SEC23A (Sec23 homolog A, COPII coat complex component,
decreased 1.76-fold), and SPC24 (NDC80 kinetochore complex component, decreased1.72-fold). Many of
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these TRIM44-regulated differentially expressed genes in EOC cells are involved in regulating cell
proliferation, wound healing, the cell cycle, DNA damage, and cellular assembly and organization. In
addition, functional analysis of the genes using IPA revealed that differentially expressed genes were
mainly enriched in the superpathway of cholesterol biosynthesis (ACAT2, FDPS, IDI1, LBR, LSS and MVD,
etc.), the superpathway of serine and glycine biosynthesis I (PHGDH, PSAT1, PSPH, and SHMT2), cyclins
and cell cycle regulation (CCNA1, CCNA2, CCNB2, CCND3, CCNE2, CDK1, E2F2,E2F8, etc.), estrogen-
mediated S-phase entry (CCNA1, CCNA2, CCNE2, CDK1,E2F2, etc.) the superpathway of geranylger
anyldiphosphate biosynthesis I signaling (ACAT2, FDPS, IDI1, MVD, and MVK), the NER pathway (ACAT2,
FDPS, IDI1, MVD, and MVK), cell cycle control of chromosomal replication (CDC6, CDK1, CDK10, LIG1,
and MCM3,etc.),and oxidative phosphorylation (COX7A1, NDUFAB1, and NDUFB11, etc.). Taken together,
these data indicate that TRIM44 may be a key regulator of cell proliferation and migration, therefore
controlling cancer progression. Most of these pathways are implicated in tumorigenesis or chemotherapy
resistance (all P <0.05; Figure 5).

TRIM44 knockdown suppressed the FOXM1-EZH2 signaling pathway in epithelial ovarian cancer cells

The potential gene network interacting with TRIM44 was also analyzed by IPA and showed that FOXM1-
EZH2 signaling was the downstream signaling pathway regulated by TRIM44 (Figure6). Subsequent
Western blot assays showed that silencing TRIM44 dramatically downregulated the expression of several
key proteins in the FOXM1-EZH2 signaling pathway, including FOXM1, EZH2, CCNE2, CCND3 and BIRC5
(Figure 6, P < 0.05). These data further suggest that TRIM44 promotes human epithelial ovarian cancer
progression via the FOXM1-EZH2 signaling pathway.

Discussion
In this study, we propose that TRIM44 acts as a metastasis-associated marker in the context of epithelial
ovarian cancer (EOC) cells. Knockdown of TRIM44 inhibited the invasion of EOC cells, whereas ectopic
expression of TRIM44 induced this activity. Gene chip analysis further showed that FOXM1-EZH2
signaling is involved in the epithelial ovarian cancer cell invasion and metastasis induced by TRIM44.
Overexpression and knockdown of TRIM44 further con�rmed that TRIM44 regulates invasion/metastasis
by modulating the FOXM1-EZH2 signaling pathway.

The tripartite motif (TRIM) family is composed of genes that encode proteins containing TRIM. The
integrated module comprises three different types of domains: a RING domain (R), a B-box domain (B),
and a coiled-coil (CC) region (RBCC). The TRIM protein family is involved in a wide range of biological
processes, such as cell growth, development, and cellular differentiation[13, 14]. Increasing evidence has
shown that many TRIM family members are involved in the oncogenesis and progression of ovarian
cancer. For instance, TRIM52 plays an oncogenic role in the development of ovarian cancer
(OC)associated with the NF-kB signaling pathway[15]. Furthermore, it was demonstrated that knockdown
of TRIM11 not only affects the expression of cell apoptosis-related and invasion-related proteins but also
reduces the phosphorylation levels of ERK and AKT in ovarian cancer cells[16]. In addition, TRIM16
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inhibits migration and invasion by suppressing the Sonic hedgehog signaling pathway in ovarian cancer
cells[17]. Given the correlation between the expression levels of these TRIMs and the tumorigenesis of
OC, TRIMs represent potential novel therapeutic targets in patients with OC.

TRIM44 is one of the members of the tripartite motif (TRIM) family, which has been demonstrated to
have a multifaceted role in cancer progression. Multiple reports have con�rmed that TRIM44 is
overexpressed in several human cancers and may promote tumor growth, proliferation and invasion[18].
Kashimoto K et al. showed that knockdown of TRIM44 expression inhibited the proliferation, migration,
and invasion of TRIM44-overexpressing gastric cancer cells[10]. Another study identi�ed and validated
that TRIM44 is independently associated with poor outcome and provides additional prognostic
information in esophageal adenocarcinoma[19]. Yamada Y et al. also found that TRIM44 promotes cell
proliferation and migration and inhibits apoptosis in testicular germ cell tumors[8].Our previous study
found that high TRIM44 protein expression was strongly correlated with advanced histological grade,
high FIGO stage and lymph node metastasis in patients with EOC[12]. Consistent with our previous data,
the results of the present study indicated that TRIM44 was signi�cantly expressed in OC tissue samples
and cell lines. Furthermore, to explore the role of TRIM44 in ovarian cancer tumorigenesis, we knocked
down TRIM44 in SKOV3 and A2780 cells. We successfully constructed a shRNA lentiviral vector that
targeted TRIM44 and e�ciently silenced the TRIM44 gene. In the present study, we showed for the �rst
time that depletion of TRIM44 in SKOV3 and A2780 cells suppressed invasion, migration, proliferation,
and colony formation while inducing cell apoptosis. Metabolically, knockdown of TRIM44 signi�cantly
inhibited tumor growth in vivo. Thus, our study is consistent with the �nding that TRIM44 is essential
formalignant transformation of tumor cells. These �ndings suggest that TRIM44 may act as an
oncogene in EOC.

It has been reported that TRIM44 is involved in cancer development and progression by various
mechanisms, such as promoting TNFα-dependent phosphorylation of the p65 subunit of NF-κB and IκBα
in breast cancer cells[6], inducing cell EMT via MAPK signaling in intrahepatic cholangiocarcinoma or
activating the AKT/mTOR signal transduction pathway in human esophageal cancer[19]. A study in
human esophageal cancer demonstrated that TRIM44 can promote quiescent multiple myeloma cell
occupancy and survival in the osteoblastic niche via HIF-1α stabilization[20]. In addition, a recent study
found that knockdown of TRIM44 inhibits the proliferation and invasion of papillary thyroid cancer cells
by suppressing the Wnt/β-catenin signaling pathway. However, the underlying mechanisms of TRIM44 in
ovarian cancer cell invasion and metastasis remain to be fully elucidated. In our study, gene chip data
were analyzed by IPA. Gene expression pro�ling using the Affymetrix Human Gene 1.0 ST platform
identi�ed 1172 transcripts that were signi�cantly differentially expressed, based on a P <0.05 threshold,
in SKOV3 epithelial ovarian cancer cells with TRIM44 knockdown compared with the control cells.
Functional analysis of the genes using IPA revealed that TRIM44 knockdown modulated key pathways
typically activated in cancer.

Moreover, the potential gene network interacting with TRIM44 was analyzed by IPA and showed that
FOXM1-EZH2 signaling was the downstream pathway regulated by TRIM44. The FOXM1-EZH2 signaling

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kashimoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22862969
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27754579
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pathway is a well-characterized signaling pathway during the development of various cancer types[21-
23]. However, it is still unknown whether the key proteins of the FOXM1-EZH2 signaling pathway are
functionally different or functionally redundant during the carcinogenic mechanism of TRIM44.
Subsequent Western blot experiments con�rmed that FOXM1-EZH2 signaling was repressed by TRIM44
knockdown, suggesting that TRIM44 positively regulates the carcinogenesis of ovarian cancer cells
through FOXM1-EZH2 signaling.

In conclusion, we showed reduced expression of TRIM44 transcript expression in human ovarian tumor
tissues relative to normal ovarian tissues and inhibition of human epithelial ovarian cancer cell invasion,
migration, and growth by TRIM44, at least inpart through suppression of FOXM1-EZH2 signaling. Our
�ndings identify a potential role of the TRIM44 gene in human EOC pathogenesis by activating the
FOXM1-EZH2 signaling pathway. These conclusions need to be further validated in larger experiments.
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Figure 1

TRIM44expression is increased in epithelial ovarian cancer (EOC) cell lines and tissues. A, B and C, mRNA
and protein expression of TRIM44 in 5 EOC tissue samples and 3 normal ovarian tissues.TRIM44
expression was elevated in the EOC samples compared with the N samples (data represent the mean ±
SD); D and E, the protein expression of TRIM44 was examined by Western blots in 5 EOC cell lines (P <
0.05).
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Figure 2

Effects of TRIM44 on the cell proliferation, migration, invasion, apoptosis and colony formation of EOC
cells. A and B, SKOV3 and A2780 cells were infected with a TRIM44 shRNA‐expressing lentivirus, and the
expression of TRIM44 was examined by Western blots; C and D, The effect of TRIM44 on cell viability
was measured by the CCK‐8 assays; E, F, G and H, Representative images and quanti�cation of the
Transwell migration and invasion assay data from the indicated cells; I and J, The effect of TRIM44 on
cell apoptosis was measured by apoptosis assays; K and L, Representative images and quanti�cation of
colony formation data from the shTRIM44‐ or TRIM44‐infected EOC cells. (*P < 0.05, **P < 0.01; data
represent the mean ± SD.)
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Figure 3

TRIM44 promotes epithelial ovarian cancer growth in vivo. A, SKOV3 cells expressing shTRIM44 were
subcutaneously injected into nude mice, and the mice were monitored for 23 d. B, A representative image
of the tumors is shown; C, a growth curve of the tumor volumes was constructed. *P < 0.05, **P < 0.01.
Data represent the mean ± SD.

Figure 4

The canonical pathways for the differentially expressed genes in SKOV3 cells following TRIM44
knockdown. Several canonical pathways (P <0.05) are shown in this �gure. The line represents P=0.05.
The ratio indicates the proportion of genes involved in some pathways among all the genes involved in
this pathway.
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Figure 5

The potential gene network interacting with TRIM44 was also analyzed by IPA and found that FOXM1-
EZH2 signaling was the downstream pathway regulated by TRIM44.
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Figure 6

Western blotting of key proteins of the FOXM1-EZH2 pathway in the TRIM44-silenced SKOV3 cells.
Proteins from cells treated with negative control (NC) shRNAs or TRIM44 were used to investigate the
protein expression of FOXM1, EZH2, CCNE2, CCND3 and BIRC5. Total GAPDH was used as a loading
control.
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