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Tripartite motif 44 (TRIM44), a member of the TRIM protein family, has been shown to play a role in tumor
development and progression. However, the potential involvement of TRIM44 in prostate cancer has not been
fully explored. Therefore, in the present study, we analyzed the expression of TRIM44 in prostate cancer and
assessed the role of TRIM44 in the progression of prostate cancer. Our results showed that the expression of
TRIM44 was significantly upregulated in human prostate cancer cell lines. In addition, knockdown of TRIM44
significantly inhibited the proliferation, migration, and invasion of prostate cancer cells in vitro, as well as
attenuated the tumor growth in vivo. Mechanistic studies showed that knockdown of TRIM44 significantly
reduced the levels of phosphorylated PI3K and Akt in PC-3 cells. In conclusion, this study provided evidence
that knockdown of TRIM44 inhibited proliferation and invasion in prostate cancer cells, at least in part, through
the inactivation of the PI3K/Akt signaling pathway. These results suggest that TRIM44 may be a potential

therapeutic target for the treatment of prostate cancer.
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INTRODUCTION

Prostate cancer is the most common malignancy and
the second leading cause of cancer-related deaths in
men'. Despite the considerable progress that has been
made in treatment strategies, including surgical resection,
radiation, and chemotherapy, the 5-year survival rate of
patients with prostate cancer is very poor’*. This high
mortality is attributed to the aggressive migration and
invasion of malignant prostate cancer cells. Thus, a good
understanding of the molecular mechanisms underlying
prostate cancer invasion and metastasis is imperative.

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’. Increasing evidence has reported that TRIM pro-
tein family members play a diverse physiological and path-
ological role in regulating cell cycle, growth, autophagy,
and innate immunity®®. Tripartite motif 44 (TRIM44),
a member of the TRIM protein family, has been shown
to play a role in tumor development and progression”'”.
Recently, one study reported that the expression of
TRIM44 was significantly increased in non-small cell

lung cancer tissues compared with normal lung tissues'".
However, the potential involvement of TRIM44 in pros-
tate cancer has not been fully explored. Therefore, in the
present study, we analyzed the expression of TRIM44 in
prostate cancer and assessed the role of TRIM44 in the
progression of prostate cancer. Our results showed that
TRIM44 expression was significantly upregulated in
prostate cancer cell lines. Knockdown of TRIM44 sup-
pressed the proliferation and migration of prostate cancer
cells, at least in part, through the inactivation of the PI3K/
Akt signaling pathway.

MATERIALS AND METHODS
Cell Culture

Human prostate cancer cell lines (LNCaP, DU-145,
and PC-3) and the immortalized normal prostate epithelial
cell line (RWPE-1) were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA).
The cells were maintained in DMEM (Invitrogen, Carlsbad,
CA, USA), which was supplemented with 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA), 100 pg/ml
penicillin, and 100 pg/ml streptomycin (Sigma-Aldrich,
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St. Louis, MO, USA) at 37°C in an incubator (Life
Technologies, Baltimore, MD, USA).

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

The total RNA of prostate cancer cells was extracted
and purified using the RNeasy mini kit according to manu-
facturer’s protocol (Qiagen, Santa Clarita, CA, USA).
About 3 pg of total RNA for each sample was reverse
transcribed into first-strand cDNA using M-MLV reverse
transcriptase (Clontech, Palo Alto, CA, USA) for qRT-
PCR analysis. The following primer pairs were used:
TRIM44, 5-GTGGACATCCAAGAGGCAAT-3’ (for-
ward) and 5'-AGCAAGCCTTCATGTGTCCT-3’ (reverse);
B-actin, 5’-GATCATTGCTCCTCCTGAGC-3’ (forward)
and 5-ACTCCTGCTTGCTGATCCAC-3" (reverse).
Amplification cycles were as follows: 95°C for 3 min,
then 35 cycles at 95°C for 30 s, 58°C for 1 min, 72°C
for 1.5 min, followed by 72°C for 15 min. The transcript
abundance was calculated using the 27**Ct method.

Western Blot

Prostate cancer cells were homogenized and lysed
with RIPA lysis buffer (Invitrogen). Total protein (40 pg)
from each sample was separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to a PVDF membrane (Millipore,
Billerica, MA, USA). Then nonspecific binding was
blocked by incubating with 5% nonfat milk in Tris-
buffered-saline with Tween at room temperature for 1 h
and then incubated with primary antibodies (anti-TRIM44,
anti-E-cadherin, anti-vimentin, anti-N-cadherin, anti-PI3K,
anti-p-PI3K, anti-Akt, anti-p-Akt, and anti-GAPDH; Santa
Cruz Biotechnology, Santa Cruz, CA, USA). After being
washed three times, the membranes were incubated with
HRP-labeled conjugated second antibody for 1 h at room
temperature. Finally, the target protein was visualized
using an enhanced chemiluminescence (ECL) detection
system (Amersham, Little Chalfont, UK).

shRNA Transfection

The short hairpin RNA (shRNA) against TRIM44
(shTRIM44) and negative control shRNA (shNC) were
purchased from GenePharma Co. (Shanghai, P.R. China).
PC-3 cells were seeded into each well of 24-well
microplates, grown for 24 h, and then transfected with
shTRIM44 or shNC using Lipofectamine 2000 (Invi-
trogen) according to the manufacturer’s instructions.
Transfection efficiency was assessed 48 h after transfec-
tion by qRT-PCR and Western blot.

MTS Proliferation Assay

Cell proliferation was determined via the MTS assay.
In brief, PC-3 cells (1x10* cells/well) transfected with
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shTRIM44 or shNC were seeded into 96-well plates and
cultured for 24, 48, 72, or 96 h, respectively. Next, 100 ul
of MTS solution (Sigma-Aldrich) was added to each well
and incubated for 4 h at 37°C. Absorbance was deter-
mined at 490 nm using a microplate reader (Invitrogen).

Transwell Migration and Invasion Assays

For the invasion assay, PC-3 cells transfected with
shTRIM44 or shNC (1x 10 cells per well) suspended in
0.1% FBS medium were seeded into the upper compart-
ment. For the invasion assay, PC-3 cells at a density of
1x10* cells/well in 100 pl of serum-free DMEM were
added into the upper chamber of the insert, with 15%
Matrigel tiled on the membrane of the upper chamber.
For cell migration and invasion assays, 600 pl of DMEM
containing 10% FBS was added to the lower chamber.
After incubation for 24 h at 37°C, the cells that invaded/
migrated were fixed in methanol for 15 min and stained
with 0.05% crystal violet in PBS for 15 min. The num-
ber of cells per five high-power fields was counted using
a microscope.

In Vivo Tumorigenesis Assay

All of the animal experiments were performed with
the approval of The Institutional Animal Care and Use
Committee of the First Hospital of Jilin University
(PR. China). Briefly, 1x10° PC-3 cells transfected with
shTRIM44 and the corresponding control cells were
injected subcutaneously into the right flanks of 5-week-
old female Balb/c nude mice. Tumor length (L) and width
(W) were measured every 7 days, and tumor volume was
calculated using the equation: volume=(W*xL)/2. After
4 weeks, all of the mice were sacrificed, and the tumors
were excised and weighed.

Statistical Analysis

All statistical analyses were performed using SPSS
13.0 Software (SPSS Inc., Chicago, IL, USA). Data are
expressed as meanststandard deviation (SD). Statistical
analysis involved using the Student’s #-test for compari-
son of two groups or one-way ANOVA for multiple com-
parisons. A value of p<0.05 was considered to indicate a
statistically significant difference.

RESULTS
TRIMA44 Was Upregulated in Prostate Cancer Cell Lines

We detected the expression profile of TRIM44 at
mRNA in three human prostate cancer cell lines (LNCaP,
DU-145, and PC-3) and the immortalized normal pros-
tate epithelial cell line (RWPE-1). The results of the
qRT-PCR analysis showed that the mRNA expression
levels of TRIM44 in three human prostate cancer cell
lines were obviously higher than those in the RWPE-1
cell line (Fig. 1A). Similarly, Western blot analysis
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Figure 1. Tripartite motif 44 (TRIM44) was upregulated in
prostate cancer cell lines. (A) The expression levels of TRIM44
mRNA were detected in three human prostate cancer cell lines
(LNCaP, DU-145, and PC-3) and the immortalized normal pros-
tate epithelial cell line (RWPE-1) using quantitative real-time
polymerase chain reaction (QRT-PCR) analysis. (B) TRIM44
protein expression was significantly increased in prostate can-
cer cell lines. The values shown represent the mean=standard
deviation (SD) and n=3 per group. *p<0.05.

demonstrated that the protein expression of TRIM44 was
significantly increased in three human prostate cancer
cell lines (Fig. 1B).

Knockdown of TRIM44 Inhibited Prostate Cancer Cell
Proliferation In Vitro

To investigate the effect of TRIM44 on prostate can-
cer tumorigenesis, PC-3 cells were transfected with
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shTRIM44 or shNC for 48 h. The expression of TRIM44
at both mRNA and protein levels was significantly
decreased in PC-3 cells transfected with shTRIM44,
compared with the shNC group (Fig. 2A and B). Then
we examine the effect of TRIM44 on cell proliferation
via the MTS assay. The results indicated that TRIM44
silencing significantly inhibited the proliferation of
PC-3 cells, compared with the shNC group (Fig. 2C).
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Figure 2. Knockdown of TRIM44 inhibited prostate cancer
cell proliferation in vitro. PC-3 cells were transfected with
shTRIM44 or shNC for 48 h. (A, B) The transfection efficiency
was confirmed by qRT-PCR and Western blot. (C) Cell prolif-
eration was detected via the MTS assay. The values shown rep-
resent the mean+SD and n=3 per group. *p<0.05.
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Knockdown of TRIM44 Inhibited Prostate Cancer Cell
Migration and Invasion In Vitro

To explore the effect of TRIM44 on prostate can-
cer cell migration and invasion, we adopted Transwell
migration and invasion assays. Compared to the shNC
group, downregulation of TRIM44 markedly reduced the
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Figure 3. Knockdown of TRIM44 inhibited prostate cancer
cell migration and invasion in vitro. PC-3 cells were trans-
fected with shTRIM44 or shNC for 48 h. (A) Cell migration
was determined by the Transwell assay. (B) Cell invasion was
determined using Matrigel-coated Transwell invasion chamber.
(C) The protein expression levels of E-cadherin, N-cadherin,
and vimentin were determined by Western blot. The values
shown represent the mean+SD and n=3 per group. *p<0.05.
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number of cells that migrated in PC-3 cells (Fig. 3A). In
addition, knockdown of TRIM44 resulted in a significant
decrease in the invasive ability in PC-3 cells (Fig. 3B).
Furthermore, we examined the effect of TRIM44 on the
expression of epithelial-mesenchymal transition (EMT)
markers in PC-3 cells. TRIM44 silencing greatly upreg-
ulated the protein expression of the epithelial marker
(E-cadherin) and reduced the protein expression of mes-
enchymal markers (vimentin and N-cadherin) in PC-3
cells (Fig. 3C).

Knockdown of TRIM44 Attenuated the Tumor Growth
In Vitro

To explore the effects of TRIM44 on tumorigenesis in
vivo, 1x 10° PC-3 cells were injected subcutaneously into
the right flanks of nude mice. The tumor volume derived
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Figure 4. Knockdown of TRIM44 attenuated the tumor growth
in vitro. PC-3 cells (1x10° cells/0.1 ml) transfected with
shTRIM44 or shNC were injected subcutaneously into the
flank of nude mice. (A) The tumor volumes were calculated in
each group every 7 days from day O to day 28. (B) The tumor
weights were measured at day 28. The values shown represent
the mean+SD and n=3 per group. *p<0.05.
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from shTRIM44-transfected cells was markedly smaller
than that of controls (Fig. 4A). In addition, we observed
that TRIM44 silencing remarkably reduced the weight of
the xenografted tumor (Fig. 4B).

Knockdown of TRIM44 Prevented the Activation of the
PI3K/Akt Signaling Pathway in Prostate Cancer Cells

The PI3K/Akt signaling pathway has been shown
to play a critical role in promoting metastasis in sev-
eral types of cancer, including prostate cancer. Thus,
we explored the effect of TRIM44 on the activation of
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the PI3K/Akt pathway in PC-3 cells. The results of the
Western blot analysis demonstrated that TRIM44 silenc-
ing greatly suppressed the levels of p-PI3K and p-Akt
in PC-3 cells, compared with the shNC group (Fig. 5A).
Furthermore, we found that the Akt inhibitor (wort-
mannin) efficiently enhanced the inhibitory effect of
shTRIM44 on PC-3 cell invasion (Fig. 5B).

DISCUSSION

This study is the first to demonstrate the expression
and function of TRIM44 in human prostate cancer. Our

1.5+ [ shNC
@l shTRIM44
1.0- I I
0.5- .
* [
wi | LHR ||
p-PI3K/PI3K p-Akt/Akt

No. of invaded cells/field

Figure 5. Knockdown of TRIM44 prevented the activation of the PI3K/Akt signaling pathway in prostate cancer cells. (A) PC-3
cells were transfected with shTRIM44 or shNC for 48 h. (A) The protein expression levels of PI3K, p-PI3K, Akt, and p-Akt were
determined by Western blot. Quantification analysis was performed using Gel-Pro Analyzer version 4.0 software. (B) PC-3 cells were
transfected with shTRIM44 or shNC in the presence or absence of the wortmannin (100 nM) for 24 h. Cell invasion was evaluated by
the Matrigel-coated Transwell invasion chamber. The values shown represent the mean=SD and n=3 per group. *p<0.05.
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results showed that the expression of TRIM44 was signif-
icantly upregulated in human prostate cancer cell lines.
Knockdown of TRIM44 significantly inhibited the pro-
liferation, migration, and invasion of prostate cancer cells
in vitro, as well as attenuated the tumor growth in vivo.
Mechanistic studies showed that knockdown of TRIM44
significantly reduced the levels of phosphorylated PI3K
and Akt in PC-3 cells.

Recent research indicates that TRIM44 may act as an
oncogene and is closely associated with poor prognosis
in several types of cancer. A study showed that TRIM44
expression was increased in gastric cancer cell lines and
primary tumor samples of gastric cancer, and down-
regulation of TRIM44 expression obviously suppressed
the proliferation of gastric cancer cells'’. Another study
reported that TRIM44 mRNA and protein expression were
sharply upregulated in hepatocellular carcinoma (HCC)
compared with matched normal tissues, and overexpres-
sion of TRIM44 efficiently induced cell proliferation via
accelerating the G,/S phase transition in HCC cells". In
accordance with previous studies, in our study we found
that the expression of TRIM44 was significantly upregu-
lated in human prostate cancer cell lines. Knockdown of
TRIM44 significantly inhibited the proliferation of pros-
tate cancer cells in vitro, as well as attenuated the tumor
growth in vivo. These data suggest that TRIM44 may
be a novel candidate oncogene in the progression of pros-
tate cancer.

The most common cause of death from prostate can-
cer is metastasis'’. Accumulating evidence indicates that
EMT plays an essential role in the regulation of metasta-
sis and diseases progression of prostate cancer'*'. It has
been reported that the expression of E-cadherin was
reduced or absent in high-grade prostate cancer'’. In this
study, we observed that downregulation of TRIM44 mark-
edly suppressed the migration and invasion of prostate
cancer cells, which was associated with upregulated pro-
tein expression of the epithelial marker (E-cadherin) and
reduced protein expression of the mesenchymal markers
(vimentin and N-cadherin) in PC-3 cells. These results
strongly suggest that TRIM44 silencing suppressed the
EMT process in prostate cancer cells, leading to reduced
cell migration and invasive capacities.

Increasing evidence has reported that the PI3K/Akt
pathway plays an important role in the development and
progression of prostate cancer'*™. A study by Dai et al.
confirmed that the expression of p-Akt and p-mTOR
levels was markedly higher in prostate cancer tissues than
in benign prostatic hyperplasia tissues®'. Akt, a serine/
threonine protein kinase, was activated through the
PI3K pathway, which has been implicated in cancer cell
migration, invasion, and EMT phenotype®”. Activated
Akt can induce EMT, which would increase cell inva-
sion and metastasis®. In the present study, we found that
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knockdown of TRIM44 significantly reduced the levels
of phosphorylated PI3K and Akt in PC-3 cells. In addi-
tion, we observed that the Akt inhibitor (wortmannin)
efficiently enhanced the inhibitory effect of shTRIM44
on PC-3 cell invasion. These results suggest that knock-
down of TRIM44 inhibited the proliferation and invasion
of prostate cancer cells, at least in part, through the PI3K/
Akt signaling pathway.

In summary, this study provided evidence that knock-
down of TRIM44 inhibited the proliferation and invasion
of prostate cancer cells, at least in part, through the inacti-
vation of PI3K/Akt signaling pathway. These results sug-
gest that TRIM44 may be a potential therapeutic target
for the treatment of prostate cancer.
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