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Abstract. - OBJECTIVE: Members of the tri-
partite motif (TRIM) protein family contain a
highly conserved N-terminal really interesting
new gene (RING) domain that is involved in
regulating transcriptional factors and tumor
suppressors. In this study, the effects of
TRIM59 expression on tumor growth were in-
vestigated in prostate cancer.

MATERIALS AND METHODS: The expres-
sion of TRIM59 in prostate cancer tissues (n =
15) and prostate cancer cell lines was deter-
mined by quantitative reverse transcriptase-
PCR (qRT-PCR), Western blotting, and immuno-
histochemistry. A specific shRNA targeting
TRIM59 was employed to knockdown TRIM59
expression in the prostate cancer cell lines PC3
and DU145. The effects of TRIM59 knockdown
on cell proliferation were assessed by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) and colony formation assays. The
effects on cell cycle progression were deter-
mined by flow cytometry, and a xenograft
mouse model of prostate cancer was generated
to determine the in vivo effects of TRIM59
knockdown. The effects on cell cycle regula-
tors were determined by Western blotting.

RESULTS: TRIM59 was highly expressed in
prostate cancer tissues. Knockdown of TRIM59
significantly inhibited cell proliferation and
colony formation, and cell cycle analysis
showed that TRIM59-depleted cells accumulat-
ed in S-phase. TRIM59 knockdown was shown
to inhibit tumorigenesis in mice. In addition,
the cell cycle regulators CDC25A, CDC2, and
cyclin B1 were decreased by TRIM59 shRNA-
mediated knockdown.

CONCLUSIONS: Our study suggests that
TRIM59 promotes prostate cancer cell prolifera-
tion, possibly through its effects on cell cycle
progression.
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Introduction

Prostate cancer (PCa) is one of the most com-
mon non-cutaneous malignancies and the second
leading cause of tumor-related deaths in males,
accounting for nearly 30,000 deaths annually in
the United States of America alone'?. In China,
the morbidity of PCa was 9.92 cases per 100,000
people in 2012 and the number of cases is in-
creasing each year. In recent decades, great
progress has been made towards understanding
the disease®®; however, the detailed mechanisms
of prostate tumorigenesis remain obscure. Ac-
cording to recent studies, the incidence of PCa
increases with age’. Therefore, it is an emerging
priority to find novel molecular biomarkers to di-
agnose and treat PCa in its early stages.

The human tripartite motif (TRIM) protein
family has more than 77 members, of which
most possess E3 ubiquitin ligase activity associ-
ated with the conserved really interesting new
gene (RING) domain. They are involved in a va-
riety of cellular processes, including transcrip-
tional regulation, membrane repair, cytoskeleton
remodeling, and oncogenesis. Of note, TRIM13,
TRIM19, and TRIM 25 have been implicated in
leukemia, breast, and prostate cancers through
the regulation of transcriptional factors, demon-
strating the crucial roles of TRIM proteins in tu-
morigenesis®!'?. The biological importance of
TRIMS9, a surface molecule belonging to the
TRIM family, has already been described in
some tumors. Zhou et al'® reported that TRIMS59
was markedly increased in gastric cancer and
was strongly associated with poor outcomes for
patients. Moreover, TRIMS9 interacts with p53,
leading to p53 ubiquitination and degradation,
which promotes tumor growth, cell proliferation,
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and migration in gastric tumors. Valiyeva et al'*
demonstrated that TRIMS9 exerts a proto-onco-
genic function by communicating with the Ras
signaling pathway in a transgenic PCa mouse
model. However, the exact role of TRIMS59 in
human tumorigenesis remains unclear to date,
particularly in human prostate cancer. In this
study, we observed that TRIMS9 expression was
significantly higher in PCa tissues than in adja-
cent normal tissues at both the mRNA and pro-
tein level. We used shRNA-mediated knockdown
to inhibit TRIMS9 expression in prostate cancer
cells and determined the effects on cell prolifera-
tion and growth. Our data suggest a tumorigenic
function for TRIMS59 in PCa and may provide
novel clues to aid PCa diagnosis and treatment.

Materials and Methods

Total RNA Extraction and cDNA
Synthesis

Total RNA was isolated from each sample us-
ing TRIzol Reagent (Thermo Fisher Scientific,
Waltham, MA, USA), according to the manufac-
turer’s instructions. The quality and concentra-
tion of extracted RNA was determined by mea-
suring the absorbance at 260 nm using a Nan-
oDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). First-strand cD-
NAs were generated using PrimeScript RT Mas-
ter Mix (Perfect Real Time) (TaKaRa, Shiga,
Japan).

Relative Real-time PCR

All real-time PCRs were performed using an
ABI PRISM 7900 Real-Time System with the
SYBR Premix Ex Taq Kit (TaKaRa), as de-
scribed previously'®. The primers are shown in
Table I, and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was included as the internal
control. Each experiment was performed at least
in triplicate.

Table I. Primers used in RT-PCR.

Immunohistochemistry (IHC] Analysis

Prostate cancer samples and their adjacent
non-cancerous tissues were obtained from 15
patients treated at Shanghai Seventh People’s
Hospital, fixed in formalin, and sectioned into
4 um slices. After deparaffinization, the slices
were incubated in 3% H,0, solution for 10 min
at room temperature. Antigen retrieval was per-
formed by heating the sections in 0.1 M citric
acid buffer (pH 6.0) for 10 min. The sections
were then incubated with TRIMS9 primary an-
tibodies (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) at 4°C overnight. After wash-
ing three times with TBS, the sections were in-
cubated with secondary antibody (Epitomics,
Inc., Burlingame, CA, USA) for 1 h at room
temperature. For negative controls, normal goat
serum was used in place of the specific primary
antibody.

Cell Culture and Western Blot Analysis
Human prostate cancer cell lines PC3, 22Rvl,
LNCaP, and DU145 were purchased from Ameri-
can Type Culture Collection (ATCC) and cultured
in MEM medium (Gibco, Los Angeles, CA, USA)
supplemented with 10% FBS (Gibco). Protein ex-
tractions for subsequent immunoblot analysis
were performed when cells had reached approxi-
mately 80% confluence. Briefly, 50 ug of total
protein was loaded into each well of a 12% SDS-
PAGE gel and GAPDH was included as an inter-
nal control. Immunoreactivity was determined
with enhanced chemiluminescence (Thermo Fish-
er Scientific, Waltham, MA, USA) using the LAS-
3000 imaging system (Fuji Film, Tokyo, Japan).

Recombinant Lentiviral Constructs and
shRNA Interference

For knockdown of TRIMS59, a specific shRNA
was chemically synthesized by GenePharma
(Shanghai, China) with the sequence described
previously'®. After insertion into the LV3-GFP
vector, the recombinant plasmid was cotransfect-

Genes Gene ID Primer nucleotide Sequences

TRIMS9 286827 Forward: 5’>-TACGAGAGCAGCAGCTTGAA-3’
Reverse: 5-ACGGGTTGAACCTCAGGAAG-3’

GAPDH 2597 Forward: 5’-GTGGACATCCGCAAAGAC-3’
Reverse: 5’-AAAGGGTGTAACGCAACTA-3’
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ed into HEK 293T cells with the packaging vec-
tors. Lentivirus particles were harvested 48 h af-
ter transfection and purified by ultracentrifuga-
tion. PC3 and DU145 cells were then transduced
with the packaged TRIMS59-shRNA lentivirus.
96 h after infection, fluorescence microscopy
was used to determine the viral titer.

Cell Proliferation Assay

PC3 and DU145 cells were inoculated into
96-well plates (3000 cells/well) and allowed to
grow overnight. Cells were treated with 10 uM
shRNA and incubated in MEM medium for an-
other 72 h. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) solution (2
mg/mL) was added to each well. After incuba-
tion for 4 h at 37°C, the medium was removed
and 200 uLL DMSO was added to each well. The
plate was shaken for 5 min and the optical densi-
ty was measured at 570 nm.

Colony Formation Assay

PC3 and DU145 cells were cultured in 10 cm
plates and treated with TRIMS59 shRNA
lentivirus. After 72 h incubation, transduced cells
were washed with PBS, recultured in new dishes
(800 cells/well), and allowed to form natural
colonies. After 10 days of incubation, treated
PC3 and DU145 cells were stained with crystal
violet (Sangon Biotech, Shanghai, China). Sub-
sequently, cells were washed twice and fixed
with paraformaldehyde. After washing with PBS,
fixed cells were treated with crystal violet,
washed with ddH,O and photographed with an
inverted microscope. Colonies containing more
than 50 cells were manually counted.

Cell Cycle Analysis

PC3 and DU145 cells were harvested after
DEB treatment for cell cycle analysis. Cells were
fixed in 70% pre-chilled ethanol and incubated at
4°C overnight. After centrifugation and resuspen-
sion in staining buffer (Beyotime, Nanjing, Chi-
na), cells were incubated with propidium iodide
(PI) at 37°C for 30 min. The FC500 flow cytome-
ter (Beckman Coulter, Fullerton, CA, USA) was
used to measure DNA content and Modfit 2.0
software was used to determine the percentage of
cells in GO/G1, S, and G2/M phases.

Mouse Xenograft Model of Prostate
Cancer

Twelve male BALB/c-nu mice (six weeks old)
were purchased from SLRC Laboratory Animal
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Co. (Shanghai, China). Mice were randomly di-
vided into the shRNA group (n = 6) and the neg-
ative control (NC) group (n = 6). Mice were
housed with ad libitum access to water and food
in a temperature- and light-controlled environ-
ment. A total of 1 x 10° PC3 cells, stably ex-
pressing either TRIM59-specific shRNA or con-
trol shRNA, were injected into the left flank of
each mouse accordingly. Tumor dimensions
were measured once a week and tumor size was
calculated using the function TV = (L x W?)/2,
where TV represents tumor volume, L represents
the longer dimension, and W represents the
smaller dimension. Eight weeks after the injec-
tion, all mice were sacrificed and each tumor
was dissected for subsequent analysis. The ani-
mal experimental protocol was approved by the
Institutional Animal Care of Shanghai Seventh
People’s Hospital. All efforts were made to mini-
mize suffering.

Statistical Analysis

Results are presented as mean + standard de-
viation (SD). Statistical analysis was carried out
using Student’s t-test. p < 0.05 was considered
significant. All experiments were performed in
triplicate.

Results

TRIM59 was Overexpressed in Prostate
Cancer Samples and Cell Lines

To determine the importance of TRIMS9 in
PCa, we began by analyzing the expression of
TRIMSO9 in 15 clinical cases. IHC analysis
showed that TRIMS9 was highly expressed in
PCa tissues while it was barely detected in the
adjacent non-cancerous tissues. TRIMS9 stain-
ing was observed in the cell membrane, cyto-
plasm, and nucleus (Figure 1A). Quantitative
reverse transcriptase PCR (qQRT-PCR) analysis
showed that the average level of TRIMS59 mR-
NA in PCa tissues was approximately twice of
that seen in adjacent non-cancerous tissues
(Figure 1B). Expression of TRIMS59 was also
determined in a series of PCa cell lines, includ-
ing RWPE-1, PC3, 22Rvl, LNCaP, and
DU145. TRIMS9 was differentially expressed
in these five cell lines with the highest level
detected in PC3 cells and DU145 cells. RWPE-
1 cells exhibited the lowest expression level of
TRIMS59 (Figure 1C). These data suggest that
TRIMS9 is highly expressed in PCa.
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High Transduction Efficiency of TRIM59-
Specific shRNA Lentivirus

Next, the effects of ShRNA-mediated TRIM59
knockdown on PCa growth and proliferation
were assessed. Lentiviral vectors expressing
shRNA against TRIMS59 or scramble shRNA
were constructed and transduced into PC3 and
DU 145 cells. Figure 2A shows the high transduc-
tion efficiency for both cell lines (approximately
95%). After transduction, we extracted total RNA
and protein to perform qRT-PCR and Western
blot analyses. Following transduction with
TRIMS59-specific shRNA lentivirus, TRIM59
mRNA levels were significantly suppressed in
both PC3 and DU145 cell lines, by 80% and
60%, respectively (Figure 2B). Furthermore,
TRIMS9 protein levels were decreased by more
than 80% compared with the control group,
while levels of the internal control GAPDH re-
mained stable (Figure 2C). These observations
confirmed the high efficiency of lentiviral
shRNA-mediated RNA interference.
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TRIM59 Knockdown Inhibited Cell
Proliferation and Colony Formation
in vitro

TRIMS9 functions to promote cell proliferation
and growth in gastric cancer'®; consequently, we
examined the role of TRIMS9 in prostate cancer.
An MTT assay showed that there were no signifi-
cant differences in cell proliferation within the
first three days between cell lines (PC3 or
DU145) transduced with control and TRIMS59
shRNA. However, by the fourth day, the prolifer-
ation rate of TRIMS59 shRNA-transduced PC3
cells was significantly lower than that of the con-
trol cells, and this difference was increased by the
fifth day. Similarly, significant discrepancies be-
tween the two groups were observed by the fifth
day in DU145 cells. The cell proliferation rate
was suppressed by nearly 25% on the fifth day
following transduction of DU145 cells with
TRIMS9 shRNA (Figure 3A). A colony formation
assay further confirmed that knockdown of
TRIMS9 with specific ShRNA caused a marked
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Figure 1. Tripartite motif 59 (TRIMS9) was overexpressed in prostate cancer (PCa) samples and cell lines. (A) Representative
images show the high expression of TRIMS9 in clinical PCa samples. (B) Quantitative reverse transcriptase-PCR (qQRT-PCR)
analysis of 15 PCa tumors and their paired adjacent non-cancerous tissues. The relative mRNA level of TRIMS9 in the tumor
tissues was significantly higher than that in the adjacent tissues (p = 0.013). (C] Western blot analysis of TRIMS9 expression in
five PCa cell lines. TRIMS9 was differentially expressed in these cell lines.
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Figure 2. High transduction efficiency of tripartite motif 59 (TRIM59)-specific shRNA lentivirus. {A) Prostate cancer (PCa)
cell lines PC3 and DU145 were transfected with control or TRIMS59 shRNAs. Fluorescence microscopy revealed a high trans-
duction efficiency (more than 95%) for both cell lines. /B) Quantitative reverse transcriptase-PCR (qQRT-PCR) analysis showed
that, after transduction, mRNA levels of TRIM59 were markedly decreased in both PCa cell lines. “p < 0.01, shRNA vs. con-
trol. /C) TRIMS59 protein levels were notably decreased following the transduction of TRIM59 shRNA into both cell lines.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control.

decrease of colony numbers for both prostate can-
cer cell lines (Figure 3B). Approximately 90
colonies were formed in the control shRNA-in-
fected PC3 cells, while approximately 30 colonies
were seen in the TRIM59 shRNA-infected PC3
cells (Figure 3C, left panels). Similarly, in the
DU145 cell line, 80 colonies were formed in the
control group and 25 colonies were formed in the
TRIMS59 shRNA group (Figure 3C, right panels).
These data suggest that knockdown of TRIMS59
inhibits prostate cancer cell proliferation in vitro.

TRIM59 knockdown Caused cell Cycle
Arrest in Prostate Cancer Cell Lines

To determine the effect of TRIMS59 knock-
down on the cell cycle distribution of PC3 and
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DU145 cell lines, we performed cell cycle analy-
sis. After incubation for 24 h, cells with and
without TRIMS59 knockdown were collected and
subjected to flow cytometry following PI stain-
ing. As shown in Figure 4, TRIM59 knockdown
increased the percentage of PC3 cells in S-phase
from 36% to 48% and decreased the percentage
of cells in G2/M phase from 18% to 5%. Similar-
ly, in the TRIMS59 shRNA-transduced DU145
cell line, the percentage of cells in S-phase in-
creased from 26% to 40% while the percentage
of cells in G2/M phase decreased from 16% to
2%. These results suggest that knockdown of
TRIMS9 arrested cell cycle progression leading
to the accumulation of cells in GO/G1 and S-
phase, in both PC3 and DU145 cell lines.
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Figure 3. Knockdown of tripartite motif 59 (TRIMS59) inhibited cell proliferation and colony formation in vitro. (A} A 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay showed that the cell proliferation rate was significantly in-
hibited by the fourth day after shRNA-mediated TRIMS9 knockdown in PC3 cells, and by the fifth day in the DU145 cell line.
Cell proliferation was further reduced over time. (BJ A colony formation assay showed that TRIMS59 knockdown blocked the
formation of colonies in PC3 and DU145 cell lines. (€] Quantification of colonies revealed that TRIMS59 knockdown inhibited
cell proliferation for both cell lines. Colony numbers in the TRIM59-depleted group decreased by up to 66.7% compared with
the control group in PC3 cells. TRIM59 knockdown in DU145 cells led to a 68.7% decrease of colony numbers compared with

the control group. "p < 0.05, “p <0.01, shRNA vs. control.

TRIM59 Knockdown Inhibited Tumor
Growth in a Mouse Model
of Prostate Cancer

Next, we established a nude mouse model of
prostate cancer. Mice were injected with PC3
cells expressing either TRIMS59 shRNA or
scramble shRNA. After approximately one week,
mice began to bear tumors that increased in size
over time. However, tumor volumes were higher
in the control mice than in the TRIM59 shRNA
group. By the seventh week, the average tumor
size in the shRNA group was significantly small-
er than that in the control group (Figure 5).
Analysis of dissected tumors confirmed this (Fig-
ure 5B). These data strongly suggest that
TRIMS59 knockdown can decrease tumor growth.

TRIM59 Knockdown Inhibited the
Expression of Cyclins

Given the cell cycle arrest induced by
TRIMS9 knockdown, we proceeded to measure
the expression levels of key cell cycle regulators.

As shown in Figure 6, the cyclin family proteins
CDC25A, CDC2, and cyclin B1 were downregu-
lated following TRIMS59 knockdown, while lev-
els of the internal control GAPDH remained sta-
ble. The regulation of cyclins by TRIM59 might
underlie the TRIM59-mediated cell cycle arrest
in PCa cells.

Discussion

Prostate cancer originates from the prostate, a
gland of the male reproductive system. Malig-
nant prostate cancer cells often spread to the
bones and lymph nodes, leading to serious out-
comes including difficulty urinating, blood in the
urine, pelvic pain, and death'’. Approximately
99% of prostate cancers occur in patients over 50
years old, making prostate cancer one of the
most hazardous diseases among older male pa-
tients. However, there are no established pre-
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Figure 4. Knockdown of tripartite motif 59 (TRIMS59) caused cell cycle arrest in S-phase in prostate cancer cell lines. A/
Cells were starved for 24 h and then treated with scramble shRNA (control group) or TRIMS59-specific ShRNA (shRNA group)
for another 24 h. (B-C] Cell distributions in PC3 cells /B and DU145 cells (C) treated with control or TRIM59 shRNA. Data
shown represent the mean + standard deviation (SD) of three independent experiments. “p < 0.01, shRNA vs. control.

ventable risk factors for prostate cancer's. There-
fore, the discovery of novel diagnostic and prog-
nostic molecular markers and an improved un-
derstanding of the mechanisms underlying
prostate cancer remain urgent problems.

The present work provides evidence that
TRIMS59 is overexpressed in both human
prostate cancer tissues and cultured prostate
cancer cells. However, the role of TRIM59 in
prostate cancer development is far from clear.
This study showed that the cell proliferation
rate was significantly lower in cells treated with
specific TRIMS59 shRNA than in those treated
with control shRNA. The inhibitory effects of
TRIMS9 knockdown on tumor growth were al-
so observed in a xenograft mouse model of
prostate cancer. This showed that the introduc-
tion of TRIMS59-depleted prostate cancer cells
led to the development of smaller tumors than
those seen with the introduction of control cells.
These in vitro and in vivo data suggest a promi-
nent tumorigenic function for TRIMS59 in
prostate cancer. Moreover, following cell cycle
analysis, we observed that prostate cancer cells
accumulated predominantly in GO/G1 and S-
phase when TRIMS59 was depleted. These find-
ings indicated that TRIMS59 functions as an acti-
vator of cell division. In support of this,
TRIMS9 knockdown led to significant down-
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regulation of the key cell cycle regulators
CDC25A, CDC2, and cyclin B1. These findings
suggest that TRIMS59 may contribute to tumor
growth by regulation of cell cycle progression
in prostate cancer.

Cyclins were originally named because their
concentrations vary in a cyclical fashion during
the cell cycle. CDC25A is proto-oncogene in
humans and has been shown to be overex-
pressed in various cancers'?’. In addition,
CDC25A is involved in the process of apopto-
sis mediated by the p53-dependent and ATF3
signaling pathways*'?2. CDC2, also known as
CDKI, is a small and highly conserved protein.
Human CDC2 can form complexes with its cy-
clin partners that phosphorylate various target
substrates, leading to cell cycle progression®2.
The cyclin B1-CDC2/CDK1 complex is in-
volved in many of the early events of mitosis,
including chromosome condensation and spin-
dle pole assembly. The main role of cyclin B1
is to facilitate the transition of cells from G2 to
M phase, and dysregulation of this process is
implicated in human tumorigenesis®*?’. In the
present report, we found that TRIMS59 knock-
down significantly inhibited the expression of
CDC25A, CDC2, and cyclin B1 in the prostate
cancer cell lines PC3 and DU145. However, the
detailed mechanisms by which TRIMS59 regu-
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Figure 5. Knockdown of tripartite motif 59 (TRIMS59) inhibited tumor growth in a mouse model of prostate cancer. fA) A nude
mouse model of prostate cancer was established and the tumor volume was measured weekly. From the third week after inoculation,
mice in the control group typically exhibited a larger tumor size than those in the TRIM59 shRNA group. The difference in tumor
size between the two groups increased over time. (B) By the end of the seventh week, all mice were sacrificed and tumors were dis-
sected. The tumors in the ShRNA group were significantly smaller than those in the control group. “p < 0.05, shRNA vs. control.
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Figure 6. Knockdown of tripartite motif 59 (TRIMS59) in-
hibited the expression of cyclins. Expression of the cell cycle
regulators CDC25A, CDC2, and cyclin B1 was significantly
suppressed following TRIMS59 knockdown in both PC3 and
DU145 cell lines. Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was included as an internal control.

lates expression of these cell cycle regulators
remain unclear. TRIMS59 has been reported to
be involved in NF-kB- and IRF3/IRF7-mediat-
ed signaling pathways?®. Furthermore, c-Myc

overexpression and DNA promoter hyperme-
thylation repress the expression of TRIMS9 in
cancers”. These reports suggest several possi-
ble mechanisms by which TRIMS59 may regu-
late cell cycle progression in prostate cancer,
and further work is required to explore these.

Conclusions

We demonstrated that TRIMS59 was highly ex-
pressed in human prostate cancer. Knockdown of
TRIMS9 with specific shRNA inhibited in vitro
cancer cell proliferation and in vivo tumor
growth, and led to cell cycle arrest in S-phase.
Regulation of cell cycle progression may under-
lie TRIM59-mediated prostate cancer develop-
ment. Our evidence provides novel clues that
may aid prostate cancer diagnosis and treatment
in the future.

Conflict of Interest

The Authors declare that they have no conflict of interests.

4871



W.-Y. Lin, H. Wang, X. Song, S.-X. Zhang, P.-S. Zhou, J.-M. Sun, J.-S. Li

4)

6)

7)

8)

9)

10)

11)

12)

References

YADAV SS, Li J, LAvery HJ, YADAv KK, TEwARrI AK.
Next-generation sequencing technology in
prostate cancer diagnosis, prognosis, and per-
sonalized treatment. Urol Oncol 2015; 33:
267.e1-267.e13.

TAO ZQ, SHI AM, WANG KX, ZHANG WD. Epidemiol-
ogy of prostate cancer: current status. Eur Rev
Med Pharmacol Sci 2015; 19: 805-812.

TANNOCK IF, DE WIT R, BERRY WR, HORTI J, PLUZANSKA
A, CHI KN, OubpArD S, THEODORE C, JAMES ND,
TURESSON |, ROSENTHAL MA, EISENBERGER MA. Doc-
etaxel plus prednisone or mitoxantrone plus pred-
nisone for advanced prostate cancer. N Engl J
Med 2004; 351: 1502-1512.

DE BoNo JS, OuDARD S, OzGUROGLU M, HANSEN S,
MAcHIELS JP, Kocak I, GRAvis G, BODROGI |, MACKEN-
zIE MJ, SHEN L, ROESSNER M, GUPTA S, SARTOR AO.
Prednisone plus cabazitaxel or mitoxantrone for
metastatic castration-resistant prostate cancer
progressing after docetaxel treatment: a ran-
domised open-label trial. Lancet 2010; 376:
1147-1154.

Cicero G, DEe Luca R. Docetaxel plus prednisone in
patients with metastaic hormone-refractory
prostate cancer: an lItalian clinical experience.
Eur Rev Med Pharmacol Sci 2011; 15: 325-331.

BeErTHOLD DR, PoND GR, SoBAN F, DE WIT R, EISEN-
BERGER M, TAanNock IF. Docetaxel plus prednisone
or mitoxantrone plus prednisone for advanced
prostate cancer: updated survival in the TAX 327
study. J Clin Oncol 2008; 26: 242-245.

DE BoNo JS, LogotHETs CJ, MoLNA A, Fizazi K, NORTH
S, CHu L, CHI KN, JoNes RJ, GoobmaN OJ, SAAD F,
STAFFURTH JN, MAINWARING P, HARLAND S, FLAIG TW/, HuT-
SON TE, CHENG T, PATTERSON H, HAINSWORTH JD, RyaN
CJ, STERNBERG CN, ELLARD SL, FLECHON A, SALEH M,
ScHowz M, EFrsTATHIOU E, Zvi A, BIANCHINI D, LORIOT Y,
CHEEFFO N, KHEOH T, HACQ CM, ScHER HI. Abiraterone
and increased survival in metastatic prostate cancer.
N Engl J Med 2011; 364: 1995-2005.

KruGBauer S, RaBes HM. The transcription coacti-
vator HTIF1 and a related protein are fused to the
RET receptor tyrosine kinase in childhood papil-
lary thyroid carcinomas. Oncogene 1999; 18:
4388-4393.

Hatakevama S. TRIM proteins and cancer. Nat Rev
Cancer 2011; 11: 792-804.

DE THE H, LAvAU C, MARCHIO A, CHOMIENNE C, DEGOS
L, Desean A. The PML-RAR alpha fusion mRNA
generated by the t(15;17) translocation in acute
promyelocytic leukemia encodes a functionally al-
tered RAR. Cell 1991; 66: 675-684.

CAMBIAGH! V, GIULIANI V, LomBARDI S, MARINELLI C,
TorrALORIO F, Peuiccl PG. TRIM proteins in cancer.
Adv Exp Med Biol 2012; 770: 77-91.

LE DouAriN B, ZEcHEL C, GARNIER JM, Lutz Y, TORA
L, PiERRAT P, HEERY D, GRONEMEYER H, CHAMBON P,
LossoN R. The N-terminal part of TIF1, a putative
mediator of the ligand-dependent activation func-

4872

13)

14)

15)

16)

17)

18)

19)

20)

21.

22)

23)

24)

25)

tion (AF-2) of nuclear receptors, is fused to B-raf
in the oncogenic protein T18. EMBO J 1995; 14:
2020-2033.

ZHou Z, Ji Z, WANG Y, LI J, CAo H, ZHu HH, GAo
WQ. TRIM59 is up-regulated in gastric tumors,
promoting ubiquitination and degradation of p53.
Gastroenterology 2014; 147: 1043-1054.

VALIYEVA F, JANG F, ELMAADAWI A, MoussA M, YEE SP,
RAPTIS L, IzAWA JI, YANG BB, GREENBERG NM, WANG F,
XuaN JW. Characterization of the oncogenic activity
of the novel TRIM59 gene in mouse cancer mod-
els. Mol Cancer Ther 2011; 10: 1229-1240.

Guo TT, Su J, MA ZY, MA JX, JIN MM, LI X, Ll
ZH. Cloning of Neuromedin B and its receptor
in the rabbit and generating a polyclonal anti-
body to the Neuromedin B protein. Gene 2015;
564: 21-28.

HuanGg W, Kane JK, Li MD. ldentification and char-
acterization of a long isoform of human IFT80,
IFT80-L. Biochem Biophys Res Commun 2008;
373: 653-658.

HUYNH-LE MP, ZHANG Z, TRAN PT, DEWEESE TL, SONG
DY. Low interrater reliability in grading of rectal
bleeding using National Cancer Institute Common
Toxicity Criteria and Radiation Therapy Oncology
Group Toxicity scales: a survey of radiation oncol-
ogists. Int J Radiat Oncol Biol Phys 2014; 90:
1076-1082.

GRONBERG H. Prostate cancer epidemiology.
Lancet 2003; 361: 859-864.

STRAUSFELD U, LaBBe JC, FesQueT D, CAVADORE JC, P-
CARD A, SADHU K, RusseLL P, Doree M. Dephospho-
rylation and activation of a p34cdc2/cyclin B com-
plex in vitro by human CDC25 protein. Nature
1991; 351: 242-245.

SADHU K, REeD SI, RICHARDSON H, RusseLL P. Human
homolog of fission yeast cdc25 mitotic inducer is
predominantly expressed in G2. Proc Natl Acad
Sci U S A 1990; 87: 5139-5143.

LiuY, Gao F, JANG H, Niu L, Bi'Y, YounG CY, YuAN
H, Lou H. Induction of DNA damage and ATF3 by
retigeric acid B, a novel topoisomerase Il in-
hibitor, promotes apoptosis in prostate cancer
cells. Cancer Lett 2013; 337: 66-76.

ZHANG Z, WANG CZ, Du GJ, Qi LW, CAalwAy T, HE
TC, Du W, YuaNn CS. Genistein induces G2/M cell
cycle arrest and apoptosis via ATM/p53-depen-
dent pathway in human colon cancer cells. Int J
Oncol 2013; 43: 289-296.

Lee MG, Nurse P. Complementation used to clone
a human homologue of the fission yeast cell cycle
control gene cdc2. Nature 1987; 327: 31-35.

ENsSErINK JM, KoLoDNER RD. An overview of Cdk1-
controlled targets and processes. Cell Div 2010;
5:11.

AMIN KS, JAGADEESH S, BAISHYA G, RAO PG, BARUA
NC, BHATTACHARYA S, BANERJEE PP. A naturally de-
rived small molecule disrupts ligand-dependent
and ligand-independent androgen receptor sig-
naling in human prostate cancer cells. Mol Can-
cer Ther 2014; 13: 341-352.



Knockdown of tripartite motif 59 (TRIM59) inhibits tumor growth in prostate cancer

26)

27)

Yu M, ZHAN Q, FINN OJ. Immune recognition of cy-
clin B1 as a tumor antigen is a result of its overex-
pression in human tumors that is caused by non-
functional p53. Mol Immunol 2002; 38: 981-987.

YUAN J, KRAMER A, MATTHESS Y, YAN R, SPANKUCH B,
GATJE R, KNECHT R, KAUFMANN M, STREBHARDT K. Sta-
ble gene silencing of cyclin B1 in tumor cells in-
creases susceptibility to taxol and leads to growth
arrest in vivo. Oncogene 2006; 25: 1753-1762.

28)

29)

Konbo T, WATANABE M, HATAKEYAMA S. TRIM59 in-
teracts with ECSIT and negatively regulates NF-
kappaB and IRF-3/7-mediated signal pathways.
Biochem Biophys Res Commun 2012; 422: 501-
507.

LiccHes) JD, VAN NEesTe L, Tiwarl VK, CopPe L, LIN X,
BAvLIN SB, HErRMAN JG. Transcriptional regulation of
Wnt inhibitory factor-1 by Miz-1/c-Myc. Oncogene
2010; 29: 5923-5934.



