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Abstract

Background Androgen deprivation therapy (ADT) remains a standard treatment for advanced prostate cancers. However,
recent studies revealed that while inhibiting the growth of certain types of prostate cancer cells, ADT promotes invasion. In
the current study, we explored the effects of Nur77, an orphan nuclear receptor, on prostate cancer cell invasion following
ADT.

Methods Androgen receptor (AR) and Nur77 protein expression in patient tissues and cell lines were quantified via ELISA
and western blot. The effects of AR-signaling on Nur77 expression were examined. The effects of Nur77 over-expression
and knockdown on ADT-induced prostate cancer cell invasion were characterized.

Results The results showed that AR and Nur77 are both highly expressed in prostate cancers of patients. Nur77 is positively
regulated by AR-signaling at transcriptional level in NCI-H660, a widely used prostate cancer cell line. AR antagonists,
Casodex and MDV3100 treatment resulted in significant inhibition of prostate cancer cell growth but enhanced cancer cell
invasion. Nur77 over-expression blocked invasion-promoting effect of ADT, which is consistent with the down-regulation of
MMP?9 and Snail protein expression. Further mechanistic investigations showed that Nur77 inhibited transcription of TGF-f
target genes (Snail and MMP9), and thereby inhibits TGF-f-mediated prostate cancer cell invasion following androgen
antagonism. In addition, our data suggested the nature of this inhibitory effect of Nur77 on TGF--signaling is selective, for
Smad3-signaling, the classical effector of TGF-f-signaling, was not interrupted by Nur77 over-expression.

Conclusion Considering the limited success of management of prostate cancer metastasis following ADT, our data strongly
suggest that Nur77 regulation could be a promising direction for search of complementary therapeutic strategy on top of
classic ADT therapy.
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Introduction

Prostate cancer has long been one of the most common
malignancies in men and a major cause of cancer death
worldwide. Only in 2012, about 1.1 million new diagnoses
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therapy [2]. As an anti-hormone therapy, ADT can down-
regulate AR-controlled signaling to inhibit growth of prostate
cancers [3]. However, the efficacy of ADT seems not to be
sustainable, as prostate cancer cells will adapt to survive and
grow [4]. In addition, recent studies showed that certain anti-
androgen treatments increase invasion of cancer cells despite
their inhibitory effects on growth of prostate cancer cells [5, 6].

Our research team has consistently studied on the roles of
an orphan nuclear receptor, Nur77, in human cancers, espe-
cially the relationship between AR and Nur77 [7]. Nur77
(also known as TR3, NGFI-B or NR4A1) belongs to the
NR4A family which consists of two other members, namely
NR4A2 and NR4A3 [8]. Recent studies have demonstrated
that Nur77 is implicated in numerous types of malignancies
[9, 10]. Nur77 could induce apoptosis by direct interaction
with Bcl-2 in the mitochondria, exposing proapoptotic BH3,
or indirectly by stimulating other cytosolic proapoptotic pro-
teins, such as BAX binding to the mitochondria to initiate
the apoptotic cascade in cancer cells [11-13]. On the other
hand, as a protein with diversified functions, Nur77 has
also been reported to be a survival molecule which inhibits
cancer cell death [14]. In prostate cancers, Nur77 has been
shown to mediate IGFBP-3-induced apoptosis of 22RV1
prostate cancer cells [15, 16]. In addition, a recent study
has shown that knockdown of Nur77 decreased anisomycin-
induced cleavage of caspase-3, caspase-7 and PARP in pros-
tatic cancer cells, indicating a stimulatory role for Nur77 in
anisomycin-induced cell apoptosis [16].

Several previous studies suggested that there is an intrinsic
balance between AR and Nur77 in cancer cells. Nur77 mRNA
could be dramatically induced by stimulation of synthetic
androgen in androgen-responsive LNCaP prostatic cancer cells
[17, 18]. In our study on prostate cancer specimen, we noticed
that the expressions of AR and Nur77 are positively correlated.
More importantly, we found Nur77 over-expression can greatly
inhibit ADT-induced metastasis feature of prostate cancer cells

which have driven us to perform the further mechanism study
on the roles of Nur77 in metastasis of prostate cancer.

Materials and methods
Patients and tissue samples

All tissue samples were obtained from primary tumors during
radical surgery at the Nanjing First Hospital from January 11,
2014 to April 2, 2015. Tissues were “snap-frozen” in liquid
nitrogen and stored at —70 °C. Regions were manually dis-
sected from the frozen blocks to provide a consistent tumor cell
content of more than 70% for analysis. The majority of prostate
cancer patients was at the II-1II stage of malignancy progression
according the TNM staging system. All people who conducted
the tissue sample analysis were blind to patient information dur-
ing and after the experiments until data analysis. Patients were
provided written informed consent and the study protocol was
approved by the Ethical Committee of Nanjing First Hospital in
accordance with the Helsinki Declaration of 1975.

Reagents

Casodex was purchased from Toronto Research Chemicals
(Toronto, ON, Canada). MDV3100 was purchased from
Selleck Chemicals (Houston, Boston, USA). Fetal bovine
serum (FBS), RPMI-1640 medium and transwell culture
plates were from GIBCO. Matrigel was from BD Company.
TRIzol Reagent was purchased from Invitrogen (Invitrogen,
USA). SYBR Green PCR Master Mix was bought from Life
Technologies. Transforming Growth Factor-p (TGF-p) and
DHT (D-077) were purchased from Sigma-Aldrich. All other
chemicals used in this study were at least analytical grade if
without specific indication. The antibodies used in this study
were summarized in Table 1.

Table 1 The antibodies used in

. Targeted protein Source Company Application Dilution ratio
this study

Androgen receptor Mouse Abcam Western blot 1:1000
ELISA 1:5000
Rabbit Abcam ELISA 1:5000
Nur77 Rabbit Santa cruz Western blot 1:1200
ELISA 1:4000

Nur77 Goat Sigma-Aldrich ELISA 1:10,000
Snail Mouse Abcam Western blot 1:1000
E-Cadherin Rabbit Abcam Western blot 1:1500
TGF-p Rabbit Abcam Western blot 1:2000
MMP9 Rabbit Abcam Western blot 1:2000
fB-actin Rabbit CST Western blot 1:1000
Goat anti-mouse HRP Goat CST Western blot 1:2000
Goat anti-rabbit HRP Goat Santa cruz Western blot 1:3000
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ELISA

A double-antibody sandwich method was used to detect the
targeted proteins [19, 20]. Briefly, the first primary antibody
was appropriately diluted with carbonate buffer and coated
on 96-well polystyrene plates at 4 °C overnight. Next, 3%
of bovine serum albumin (BSA) was used for blocking.
The samples were incubated at room temperature for 1 h.
Subsequently, the second primary antibody was added and
incubated at room temperature for 1 h. After washing, HRP-
conjugated secondary antibody was added and incubated for
1 h. Upon chromogenic termination, the OD490 values were
detected using a plate reader.

Cell culture

The VCaP, PC3 and HCI-H660 cell lines were purchased
from American Type Culture Collection (ATCC, Rockville,
MD, USA). The VCaP cells were cultured in Dulbecco’s
modified eagle medium (DMEM, Gibco 10313-039) with
4 mM glutamine (Invitrogen), FBS (Omega Scientific) and
10 nM DHT in Corning flasks. PC3 cells were cultured in
DMEM that was supplemented with 5% FBS, penicillin and
streptomycin. The NCI-H660 cells were cultured in Ham’s
F12 medium (Gibco) with 10% FBS, 25 ng/ml cholera
toxin, 10 ng/ml EGF and 10 nM DHT. For Casodex and
MDV treatment, each drug was added into medium up to
10 pM. For DHT treatment, the final concentration of DHT
in medium was added up to 100 nM for 2 days before the
cells were used in the following assays if without any other
specification. For TGF-f} treatment, TGF-f was added into
medium to 5 ng/ml for 1 day before the cells were used in
the following assays.

Nur77 over-expression

The detailed method for plasmid construction and virus pro-
duction was described in our previous research [7]. Control
or Nur77 over-expression virus was applied on the targeted
cells for 12 h. After 48 h, the transducted cells were selected
with puromycin.

Nur77 knockdown

Short hairpin RNA (shRNA) of Nur77 was synthesized and
cloned into pLKO.1 vector. The mature sequences of Nur77
shRNA are: 5'-tccctggcttcattgagett-3’ and 5'-tgctacaccg-
gctgeagtgtge-3', respectively. Lentiviral particles were pro-
duced and applied on the target cells and drug-selection was
performed following the methods described in the previous
study [7].

@ Springer

Western blot

Cells were lysed in lysis buffer containing the proteinase
inhibitor cocktail (Roche, Nutley, NJ, USA), and protein
concentrations were measured with the BCA method (Pierce
Chemical, Rockford, IL, USA). 30 pg of proteins were
separated via SDS-PAGE, and transferred to Immobilon-P
transfer membranes. The membranes were blocked in 3%
BSA and incubated overnight at 4 °C with the appropriate
primary antibodies. Then, the membranes were incubated
with HRP-conjugated secondary antibodies after washing.
And the signal was detected with ECL detection reagent
(Beyotime, PO018) and captured on films. We repeated each
experiment for several times, presented the typical pictures
and quantified the results using ImageJ software from NIH.

Cell invasion assay

The cells were treated with vehicle, Casodex (10 pM) or
MDV (10 pM) for 2 days before they were used in this
assay. Matrigel was dissolved overnight at 4 °C and added to
serum-free medium by 1:8 ratio. 100 pL of diluted matrigel
was added into the insert of the transwell (Costar Corning,
Schiphol-Rijk, the Netherlands), and then was placed in the
incubator until fully solidified; for each group, 1.0x 10*
cells in 200 pL of serum-free medium (the drug treatment
was maintained at the same concentration) were seeded on
solidified gel, and to the lower chamber, 500 pL of regular
medium was added. After 36 h, the insert was taken out,
and the residual cells in the insert were wiped out by cotton
swab. After being washed by PBS once, the cells were fixed
and stained by 0.01% crystal violet for 5 min. Transmem-
brane cells were counted under microscopy for ten fields.

Quantitative reverse transcription polymerase chain
reaction (qRT-PCR)

Cells were washed twice with PBS, and then total RNA was
extracted using TRIzol Reagent (Invitrogen, USA). Total
RNA was purified on columns (NucleoSpin Total RNA Iso-
lation, Qiagen, Germany). The amount of total RNA was
determined by optical density at 260 nm and its purity was
estimated by 260/280 nm absorption ratio (higher than 1.8)
(NanoDrop spectrophotometer, Thermo Scientific, USA).
Reverse transcription was performed using a Revert
Aid™ First Strand cDNA Synthesis Kit (MBI-Fermentas,
Thermo Scientific, Rockford, IL, USA). The obtained cDNA
was subjected to quantitative PCR using SYBR Green PCR
Master Mix (Life Technologies) with the specific primers for
each interested genes (Table 2). The amplification cycle was:
95 °C for 20 s, 65 °C for 20 s, and 72 °C for 30 s. Ampli-
fication was performed for 40 cycles. f-actin was used as
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Table 2 The primers used in qRT-PCR

Targeted gene Sequence
Nur77
F S TTTCCTTCAGTCCTCCCAC-3'
R 5'-AGAAGTGGGTGCCAAACCT-3’
MMP9
F 5'-CCACCCTTGTGCTCTTCCCTG-3’
R 5'-TCTGCCACCCGAGTGTAACCA-3'
Snail
F 5'-AGCGAGCTG CAGGACTCTA-3'
R 5'-TGTCCTCATCTGACAGGGA-3'
B-actin
F 5'-AGAGCTACGAGCTGCCTGAC-3'
R 5'-AGCACTGTGTTGGCGTACAG-3’

the internal control for calculation. The primers used in this
current study are listed in Table 2.

Prediction of promoter regions

The DNA sequences of interested genes were obtained from
Ensembl genome database. The proximal promoter regions
of Nur77, Snail and MMP9 (Matrix metallopeptidase 9)
genes used in the current study were — 850 to + 150 bp,
—301 to + 143 bp and —597 to + 157 bp, respectively. The
promoter sequences were analyzed for binding sites using
an online transcription factor prediction software, PROMO
[21].

Luciferase assay

The proximal promoter regions were amplified from the
genomic DNA of NCI-H660 cells and cloned into pGL3
Luciferase Reporter Vector (Promega Corporation) using
Nhel and Xhol sites. For activity analysis of different parts
of Nur77 promoter, DNA fragments with indicated lengths
were amplified using PCR and inserted into pGL3 Lucif-
erase Reporter Vector. The primers for cloning of luciferase
reporters are listed in Table 3. The pGL3-derived plasmid
(3 pg) was transfected into NCI-H660 cells with pCR3.1

Table 3 The primers for cloning of luciferase reporters

p-galactosidase plasmid (1 pg, as a control of transfection
efficiency) using lipofectamine 2000 (Invitrogen). After
appropriate treatments, cells were lysed and assayed for
luciferase and p-galactosidase activity. The relative lucif-
erase activity was obtained by normalizing luciferase activ-
ity against p-gal activity.

Statistics

Quantitative results are shown as the mean + S.D. Statistical
analyses were performed by Student’s  test or ANOVA. The
significances were defined as *, p <0.05; **, p <0.01; ***,
p<0.001; #, p>0.05. Pearson correlation analysis was per-
formed using SPSS 16.0 to examine the relationship between
AR and Nur77 expressions.

Results

Nur77 expression is positively correlated with AR
expression in prostate tumors and cancer cell lines

Since AR is critically important in the development of
prostate cancer, we first tested AR expression in tumors and
paratumor tissues of prostate cancer patients by ELISA. As
shown in Fig. 1a, the expression of AR in tumor tissues was
significantly higher than that in paratumor tissues. Since we
were interested in the roles of Nur77 in prostate cancer, we
also measured Nur77 expression in these tissues and found
that the expression of Nur77 in tumor tissues was also sig-
nificantly higher than that in paratumor tissues (Fig. 1b). In
addition, with Pearson correlation analysis, we found that
Nur77 expression is positively and significantly associated
with AR expression (p =0.036, r=0.460) (Fig. 1c). Also,
we tested AR and Nur77 protein expression in three pros-
tate cancer cells, namely PC3, NCI-H660 and VCaP. Data
showed that in cell lines with higher AR expression, for
example, NCI-H660 and VCaP cell lines, Nur77 was also
expressed in higher levels. On the contrary, in PC3 cell line
which is AR negative, Nur77 exhibited the lowest expression
level (Fig. 1d).

Target gene  Region Forward Reverse
Nur77 —-850to +150  5'-CTAGCTAGCGTCAGCTGGGTGCGGTGGCTCA-3" 5-CCCTCGAGAGCCCCACCCCCATCTCCT-3'
—700to +150 5'-CTAGCTAGCATGCCTGTAAACCCAGCTAC-3’
+1to +150 5'-CTAGCTAGCTTCCTGGTGTAAGCTTTGG-3'
+101to +150  5'-CTAGCTAGCGGTTGGAGGTAGGTAT-3'
Snail —301to+143  5-CTAGCTAGCTCGCTTCGCTCGACGTC-3' 5"-CCCTCGAGCTGGATTAGAGTCCTGCA-3’
MMP9 —-597t0 +157  5'-CTAGCTAGCCCCAGCCTTGCCTAGCAGA-3' 5'-CCCTCGAGCTCTGCCAGCTGCCTGTC-3'
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Nur77 is positively regulated by AR-signaling
at transcriptional level in NCI-H660 cells

Given the close correlation between AR and Nur77 expres-
sion as shown in Fig. 1, it seems intriguing to identify
whether Nur77 is regulated by AR-signaling in prostate
cancer cells. Since NCI-H660 cell line has moderate expres-
sion levels of AR and Nur77 that may facilitate our study,
we selected this cell line as our major study model. We first
treated NCI-H660 cells with DHT. The results showed that
DHT treatment increased Nur77 expression significantly
at both mRNA and protein levels (p <0.01 and p <0.05,
respectively) (Fig. 2a—c). On the contrary, when cells were
treated with AR antagonist Casodex and MDYV, data showed
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that suppression of AR-signaling significantly inhibited
Nur77 expression (Fig. 2d—f). As a next step, we mapped
the sequence of Nur77 promoter and identified three AR-
binding sites (Fig. 2g). We hypothesized that these AR-
binding sites are involved in Nur77 expression regulation.
To test this hypothesis, we successfully engineered lucif-
erase reporters with full length Nur77 promoter and several
truncated promoters of Nur77 and transfected these plas-
mids into NCI-H660 cells. The results of luciferase activ-
ity assay showed that full length Nur77 promoter (with all
three AR-binding sites) exhibited the highest transcription
activities, which was followed by the truncated promoter
with two AR-binding sites and the truncated promoter with
only 1 AR-binding site, respectively, indicating all three
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Fig.2 Nur77 is positively regulated by AR-signaling at transcrip-
tional level in NCI-H660 cells. a, b The typical picture and quanti-
fication results of Nur77 western in NCI-H660 cells with or without
DHT treatment. For DHT treatment, the final concentration of DHT
in medium was added up to 100 nM for 2 days before the cells were
used in the following assays. ¢ The relative mRNA levels of Nur77
in NCI-H660 cells with or without DHT treatment. d, e The typical
picture and quantification results of Nur77 western in NCI-H660 cells

AR-binding sites are implicated in AR-mediated Nur77
expression (Fig. 2h). In addition, we tested the luciferase
activities of the cells transfected with full length Nur77
promoter and treated with vehicle, Casodex or MDV. The
results showed that treatment with Casodex or MDV signifi-
cantly decreased the luciferase activities of the cells (Fig.
S1). All these data demonstrate that Nur77 expression is
positively regulated by AR-signaling at transcriptional level
in NCI-H660 cells.

Casodex or MDV treatment promoted invasion
of prostate cancer cells while inhibited the growth
of these cells

In clinic, androgen deprivation is a very important treat-
ment strategy for prostate cancers. However, recent stud-
ies have showed that certain anti-androgen treatments
increased invasion of prostate cancer cells while inhibited

treated with vehicle, Casodex or MDV3100 (10 pM for 2 days). f The
mRNA levels of Nur77 in NCI-H660 cells treated with vehicle, Caso-
dex or MDV3100. g The scheme of the Nur77 promoters with a series
of AR-binding site deletion. The consensus sequence of AR-binding
site on proximal promoter region of Nur77 is TGTCC (for —762 to
—758, —615 to —611, +89 to +93). h The luciferase activities of
NCI-H660 cells transfected with different pGL3-derived plasmids,
mean+SD, n=3

the growth of these cells [5, 6]. Indeed, in our in vitro
experiments, AR antagonists Casodex or MDV treatment
significantly inhibited prostate cancer cell growth in both
NCI-H660 and VCaP cells (Fig. 3a, b). Interestingly,
Casodex and MDV treatment changed the epithelial-like
morphology (flat and polygonal) of NCI-H660 cells to
mesenchymal-like morphology (spindle-like or fibroblast-
like morphology) as shown in Fig. 3c. More importantly,
Casodex and MDYV treatment significantly promoted
invasion of both NCI-H660 and VCaP cells measured by
transwell assays (Fig. 3d—f). Consistent with these data,
we also found up-regulation of TGF-p, MMP9 and Snail
protein expression, which were thought to facilitate can-
cer cell invasion in NCI-H660 cells following Casodex or
MDYV treatment (Figs. 3g, S2). On the contrary, we were
also able to show the down-regulation of E-Cadherin, a
suppressor of cell migration following Casodex or MDV
treatment (Figs. 3g, S2).
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Nur77 over-expression inhibited androgen
antagonism-mediated NCI-H660 cell invasion

As described by Lin et al., TGF-p1-MMP9 signaling path-
way plays a pivotal role in prostate cancer cell migration
following Casodex or MDYV treatment [5]. Recently, Zerr-
Palumbo et al. successfully characterized Nur77 as a potent
endogenous inhibitor for TGF-f signaling [22]. In addition,
our data showed that Casodex or MDV treatment decreased
the expression of Nur77 in NCI-H660 cells. In light of
these data, we felt imperative to explore the potential roles
of Nur77 in TGF-pB-mediated ADT-induced prostate can-
cer invasion. As the first step, we engineered Nur77 over-
expression in NCI-H660 cells and the relative mRNA and
protein expression levels of Nur77 were shown in Fig. 4a, b.

As expected, Nur77 over-expression resulted in a dramatic
inhibition on Casodex or MDYV treatment induced cell inva-
sion (Fig. 4c). In addition, we found that while up-regula-
tion of TGF-f after Casodex or MDV treatment remained
unchanged, Nur77 over-expression largely abolished up-
regulation of MMP9 and Snail expression and the down-
regulation of E-Cadherin expression (Fig. 4d). Since MMP9
and Snail are typical downstream target genes of TGF-p,
these data strongly suggested that the function of Nur77 may
lies on its suppressive roles on the transmission of TGF-p-
signaling. In addition, we tested Smad3-signaling which is
the classical effector of TGF-p-signaling. The results showed
that activation of Smad3-signaling manifested by up-reg-
ulation of phosphor-Smad3 was not interrupted by Nur77
over-expression (Fig. 4e). This result suggested the selective
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Fig.4 Nur77 over-expression blocked invasion-promoting effect of
ADT. a The mRNA level of Nur77 in NCI-H660 cells with or with-
out Nur77 over-expression. b The typical picture and quantification
results of Nur77 western in NCI-H660 cells with or without Nur77
over-expression. ¢ Relative numbers of invaded cells of NCI-H660

cells with or without Nur77 over-expression treated with vehicle,
Casodex or MDV3100, mean+SD, n =3. d The protein levels of
TGF-B, MMP9, Snail and E-Cadherin in above cells. e The protein
levels of phosphor-Smad3 and total Smad3 in above cells
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nature of the inhibitory effects of Nur77 over-expression on
TGF-B-signaling.

Nur77 inhibited TGF-B-induced cell invasion
by inhibiting the transcription of TGF-f target genes

To further test our hypothesis, we directly treated NCI-
H660 cells with TGF-p protein. Data showed that TGF-f
dramatically enhanced cell invasion (Fig. 5a). As expected,
Nur77 over-expression greatly abolished TGF-p-induced
cell invasion (Fig. 5a). In line with this data, we also
observed that Nur77 over-expression abolished TGF-p-
induced up-regulation of MMP9 and Snail expression
and down-regulation of E-Cadherin (Fig. 5b). In addi-
tion, we were able to show that Nur77 over-expression
greatly inhibited TGF-B-induced transcription of Snail
gene (Fig. 5c). As shown in Fig. 5d, there are four SP1
binding sites which were previously proved to be binding
docks for Nur77 [22] in the promoter region of Snail gene.
The results of luciferase reporter assay showed that Nur77
over-expression dramatically inhibited TGF-B-mediated

transcription of Snail gene (Fig. Se). In addition, we also
confirmed that TGF-f treatment can induce MMP9 tran-
scription and Nur77 over-expression totally abolished this
effect of TGF-f in NCI-H660 cells (Fig. S3).

Nur77 knockdown exacerbates TGF-B-induced cell
invasion of NCI-H660 cells

To further confirm our hypothesis, as mentioned above,
we engineered two shRNAs of Nur77 in NCI-H660 cells
(Fig. 6a). As shown in Fig. 6a, b, Nur77 knockdown in
NCI-H660 cells with basal conditions increased invasion
and protein levels of MMP9 and Snail in these cells. As
expected, Nur77 knockdown in this experimental setting
decreased E-cadherin expression. In addition, data showed
Nur77 knockdown with significantly increased cell inva-
sion following TGF-f exposure (Fig. 6¢), which is in line
with the augmented expression of MMP9 and Snail protein
and the down-regulation of E-Cadherin (Fig. 6d) as well
as enhanced Snail mRNA expression (Fig. 6¢).
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Discussion

Currently, ADT remains to be the mainstay of the manage-
ment of locally advanced, metastatic and recurrent prostate
cancer patients following the localized treatment [23]. ADT
has been well documented for its inhibitory role of pros-
tate cancer progression which is manifested by the dramatic
decline of prostate specific antigen (PSA) in approximately
90% of patients [24]. However, after a mean time of 2 or
3 years, most diseases will progress to castration-resist-
ant prostate cancer which is often metastatic with a mean

Nur77 knockdown treated with vehicle or TGF-p (5 ng/ml for 1 day),
mean+SD, n=3. d The protein levels of TGF-p, MMP9, Snail
and E-Cadherin in c¢. ¢ The mRNA levels of Snail of above cells,
mean+SD, n=3

survival between 16 and 18 months [25]. More importantly,
several previous studies suggest that metastasis of certain
types of prostate cancer may result directly from ADT [26,
27].

TGF-f is a well-documented cytokine which governs
tissue fibrosis, growth arrest and cancer cell invasion [28].
In diverse scenarios, TGF-f ligand binds to TGF-f type II
serine/threonine kinase receptor, which in turn drives the
trans-phosphorylation and activation of TGF-f type I recep-
tor and downstream Smad proteins, which ultimately results
in the altered gene expression regulation in the nucleus [28].
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Recently, TGF-p was reported to be implicated in prostate
cancer cell invasion following androgen antagonism. Lin
et al. revealed that abnormal activation of TGF-/Smad3/
MMP9 signaling following Casodex/MDV3100 exposure
may account for the enhanced prostate cancer cell invasion
[5], which, together with the fact that endogenous Nur77
inhibits TGF-f signaling in a separate study [22], prompt
us to hypothesize that Nur77 may exert potent inhibitory
role on TGF-B-mediated prostate cancer cell invasion.
These data suggested that Nur77 may form a repressive
complex to inhibit the transcription of TGF-f target genes
by binding with SP1 sites on their promoters. In the cur-
rently study, we found that Nur77 over-expression blocks
invasion-promoting effect of ADT. The mechanism study
showed that Nur77 over-expression greatly inhibits TGF-f3-
mediated transcription of target genes such as MMP9 and
Snail, and the nature of this inhibitory effects of Nur77 on
TGF-B-signaling is selective. Smad3-signaling, which is the
classical effector of TGF- p pathway, was not interrupted by
Nur77 over-expression.

TGF-p activates MMP9 transcription through phospho-
rylation of Smad3 and the latter activates MMP9 transcrip-
tion by binding to the Smad response element on MMP9
promoter [29]. Katrin et al. reported that Nur77 inhibits
TGF-B-signaling by recruiting a repressor complex on pro-
moter of MMP9 [22]. In light of these findings, we showed
that Nur77 over-expression greatly inhibits TGF-f induced
MMP9 transcription probably due to the repressive func-
tion of Nur77 on MMP9 promoter. Of note, there are also
contrary reports of the functions of Nur77 on TGF-p signal-
ing. For example, Zhou et al. reported that Nur77 promotes
breast cancer invasion and metastasis by activating TGF-f
signaling [30]. We noticed that Nur77 is a transcription fac-
tor with versatile natures in different cancers, and it seems
that Nur77 action is highly tissue-specific.

Our data also showed that Snail may also be implicated in
Nur77-modulated TGF-f signaling which governs prostate
cancer cell invasion following androgen antagonism. Pei-
nado H et al. showed that TGF-f induces epithelial mesen-
chymal transition by up-regulating Snail protein [31]. Snail
exerts transcriptional inhibitory effects via binding to E-box
motif of target gene promoters [32], such as E-Cadherin
which is essential for cell adhesion. Loss of E-Cadherin
facilitates cell migration [33, 34]. Consistent with these
observations, our data suggested that Snail is highly induc-
ible following TGF-f treatment and Nur77 over-expression
inhibits TGF-p-induced Snail transcription which in turns
represses the expression of E-Cadherin.

In short, metastasis of prostate cancer following ADT
remains to be a major obstacle for optimal outcome of
prostate cancer management. TGF-f up-regulation and
the subsequent transcription of TGF-f target genes follow-
ing ADT drives prostate cancer cell invasion. Given the

@ Springer

specific inhibitory role of Nur77 on transcription of cer-
tain TGF-p target genes, Snail and MMP9, ADT-mediated
Nur77 down-regulation facilitates transcription of TGF-f
target genes, and therefore potentiates TGF-f function (Fig.
S4). Our data highlights that Nur77 over-expression can
exert anti-metastatic effects on prostate cancer cells via a
mechanism involving inhibition of transcription of TGF-f3
target genes such as Snail and MMP9, which contributes
a promising,complementary therapeutic strategy on top of
classic ADT therapy and warrants further investigation.
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