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Abstract

BACKGROUND—The MUCL heterodimeric oncoprotein is aberrantly overexpressed in
human prostate cancers with more aggressive pathologic and clinical features. However, the
signals that regulate MUC1 expression in prostate cancer cells are not well understood.

METHODS—MUCL1 expression was studied in androgen-dependent and -independent prostate
cancer cell lines by quantitative RT-PCR, immunoblotting and assessment of MUCI promoter
activation. Chromatin immunoprecipitation (ChlP) studies were performed to assess androgen
receptor (AR) occupancy on the MUCI promoter. Post-transcriptional regulation of MUC1
expression was assessed by miR-125b-mediated effects on activity of the MUC1 3’ untranslated
region (3’'UTR).

RESULTS—The present studies demonstrate that AR occupies a consensus AR element on the
MUCI promoter in androgen-dependent LNCaP, but not in androgen-independent DU145 and
PC3, prostate cancer cells. The results further show that AR downregulates MUCI gene
transcription. Stable introduction of exogenous AR in PC3 (PC3/AR) cells and then silencing of
AR confirmed AR-mediated repression of the MUCI promoter. AR signaling has also been shown
to drive miR-125b expression. The present studies further demonstrate that miR-125b suppresses
MUCL1 translation in LNCaP cells and that an anti-sense miR-125b upregulates expression of
MUCL1 protein. In addition, stable expression of miR-125b in DU145 cells resulted in decreases in
MUC1 levels.

CONCLUSIONS—These findings demonstrate that AR signaling regulates MUCL1 expression
by transcriptional and posttranscriptional mechanisms in prostate cancer cells.
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INTRODUCTION

The mucin 1 (MUC1) heterodimer localizes to the apical membrane of normal epithelial
cells and is aberrantly overexpressed in diverse human carcinomas [1]. However, few
insights are available regarding the mechanisms responsible for the regulation of MUC1
expression in carcinoma cells [1]. MUCL is translated as a single polypeptide that is
processed by autocleavage into two subunits that in turn form a heterodimer. The MUC1 N-
terminal subunit (MUC1-N) contains highly glycosylated tandem repeats that are
characteristic of mucin family members [1]. MUC1-N is positioned at the cell surface in a
complex with the MUC1 C-terminal transmembrane subunit (MUC1-C) [1]. Release of
MUC1-N from the heterodimer leaves MUC1-C as a potential transmembrane receptor for
signaling stress to the interior of the cell [1]. In this context, the MUC1-C subunit associates
with receptor tyrosine kinases at the cell membrane and localizes to the cytoplasm and
nucleus [1]. In the nucleus, MUC1-C interacts with the transcription factors NF-xB p65 and
STAT1/3, and promotes activation of the MUCI gene in auto-inductive loops [2'3]. MUC1-
C also interacts with the Wnt effector 3-catenin and with p53, and thereby regulates
expression of their target genes [4'5]. In carcinomas, MUC1-C contributes to the activation
of specific gene families that are involved in oncogenesis and are associated with decreased
patient survival [678]. In this capacity, MUC1-C overexpression is sufficient to confer
anchorage-independent growth and tumorigenesis [4'9]. In addition to its induction at the
transcriptional level, MUC1 expression is downregulated posttranscriptionally by miR-145
[10], miR-125b [11], and miR-1226 [12]. These findings have suggested that increases in
MUC1 expression associated with progression of normal epithelia to carcinomas are
controlled by both transcriptional and posttranscriptional mechanisms.

Overexpression of MUCL in prostate cancer has been associated with more aggressive
disease [13718]. In this regard, MUC1 expression was detectable by immunohistochemical
staining in ~90% of primary prostate cancers that were Gleason grade =7 or were metastatic
to lymph nodes [13:14]. Gene expression profiling has also shown that MUCL1 is highly
expressed in prostate cancers with aggressive clinicopathologic characteristics and an
increased risk of disease recurrence [19]. Prostate cancer cells are dependent on androgen
receptor (AR) activation for their growth and survival [20]. Thus, treatment of androgen-
dependent prostate cancer with surgical castration or leuteinizing hormone-releasing
hormone (LHRH) agonists results in disease regression. However, these treatments to
abrogate androgen action eventually fail as prostate cancer progresses to a castration-
resistant or androgen-independent form of the disease. The progression to androgen-
independent prostate cancer occurs in the presence of continued AR activation by
mechanisms that include, among others, AR gene amplification and mutations, production of
AR ligands by prostate cancer cells, and interactions with other signaling pathways [20722].
Notably, recent work has shown that blocking MUC1-C function is associated with loss of
androgen-independent, but not androgen-dependent, prostate cancer cell survival [23]. There
is, however, no known direct interaction between AR and MUC1 signaling in androgen-
dependent or -independent prostate cancer.

The present studies demonstrate that AR occupies the MUCI promoter and downregulates
MUCI transcription. The results also demonstrate that AR decreases MUC1-C subunit
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protein levels by a miR-125b-mediated pathway. These findings support a model in which
AR regulates MUCL1 expression by both transcriptional and posttranscriptional mechanisms.

MATERIALS AND METHODS

Cell Culture

Human LNCaP, CWR22Rv1, PC3 and DU145 prostate cancer cells (ATCC) were cultured
in RPMI 1640 medium containing 10% heat-inactivated fetal bovine serum, 100 pug/ml
streptomycin, 100 units/ml penicillin and 2 mM L-glutamine. MDA PCa 2b prostate cancer
cells (ATCC) were grown in Ham’s modified F12-K medium as described [23]. PC3/neo and
PC3/AR cells were provided by Dr. Mien-Chie Hung (M.D. Anderson Cancer Center) [24].
The PC3/AR cells were transfected with a set of four SureSilencing shRNA plasmids
targeting AR (ARshRNA) or a negative control ShRNA (CshRNA) (SABiosciences), and
then selected in hygromycin. LNCaP cells were infected with a control lentivirus (ZIP) or
one expressing an anti-sense miR-125b (ZIP-125b) (System Biosciences) as described [11],
and selected in puromycin. DU145 cells were infected with a control lentivirus (MIR) and
one expressing miR-125b (MIR-125b) (System Biosciences), and then selected in
puromycin.

Immunoblot Analysis

Lysates from subconfluent cells were prepared as described [25]. Soluble proteins were
subjected to immunoblotting with anti-AR (H-280; Santa Cruz Biotechnology), anti-MUC1-
C (Labvision) and anti-p-actin (Sigma). Immune complexes were detected with horseradish
peroxidase-conjugated secondary antibodies and enhanced chemiluminescence (GE
Healthcare Biosciences).

RT-PCR

Total RNA was isolated from cells using an RNeasy Minikit (Qiagen). cDNAs were
synthesized with 1 pug of RNA using the first-strand cDNA synthesis kit (Invitrogen).
Expression of MUC1 and B-actin mRNA was analyzed with 1 pl of cDNA using the Taq
DNA polymerase (Qiagen). Primers used for RT-PCR are listed in Supplemental Table I.

Quantitative RT-PCR

For real time gRT-PCR, cDNA synthesis was performed with 1 pg of total RNA using the
Superscript-111 One-step RT-PCR system (Invitrogen). The SYBR green gPCR assay kit
(Applied Biosystems) was used with 1 pl of cDNA diluted 25-fold from each sample and the
samples were amplified with the ABI Prism 7000 Sequence Detector (Applied Biosystems).
Primers used for qRT-PCR are listed in Supplemental Table II. Fold enrichment was
calculated as described [26] and the results are expressed as the mean +SD of triplicate
values for each sample.

MUC1 Promoter-Luciferase Assays

Cells were transfected with pGL3, pGL3-pMUC1-Luc [27] or pGL3-pMUC1(mARE)-Luc
and, as an internal control, SV-40- Renilla-Luc (Promega) in the presence of Lipofectamine
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2000. After 48 hr, the cells were lysed in passive lysis buffer. The lysates were analyzed for
firefly and Renillaluciferase activities using the dual luciferase assay kit (Promega).

Chromatin Immunoprecipitation (ChlP) Assays

Soluble chromatin was prepared as described [28] and precipitated with anti-AR or a control
non-immune 1gG. For PCR, 2 pl from a 50 pl DNA extraction were used with 25-35 cycles
of amplification. The primers used for PCR are listed in Supplemental Table I11. For real
time ChIP gPCR, the SYBR green Champion ChIP gPCR assay kit (SA Biosciences) was
used and the samples were amplified with the ABI Prism 7000 Sequence Detector (Applied
Biosystems). The primers used for gPCR are listed in Supplemental Table I11. Relative fold
enrichment was calculated as described [26]. The results are expressed as the mean +SD of
triplicate values for each sample.

Analysis of miR-125b Expression

Total RNA was isolated from cells using the RNeasy total RNA isolation kit (Qiagen).
Expression of miR-125b was assessed using a small RNA specific RT-PCR kit (System
Biosciences) with a universal reverse primer and forward primers specific for miR-125b or
for human U6 small RNA as a control.

Luciferase-MUC1 3’UTR Reporter Assays

The MUCI 3'UTR was cloned into the pMIR-LUC vector (Applied Biosystems). The wild
type MUC1 3’'UTR (MUC1-3'UTR) was mutated (MUC1-mut3’UTR) or deleted (MUC1-
del3’UTR) at the CAGGG sequence. Cells were cotransfected with the pMIR-Luc vectors
and SV-40-Renilla-Luc (Promega) in the presence of Superfect (Qiagen). After 48 hr, the
cells were lysed in passive lysis buffer. The lysates were analyzed for firefly and Renilla
luciferase activities using the dual luciferase assay kit (Promega).

RESULTS

MUC1-C Expression Is Suppressed in Androgen-Dependent Prostate Cancer Cells

Immunoblot analysis of the androgen-dependent LNCaP, androgen-sensitive MDA PCa 2b
[29] and androgen-responsive CWR22Rv1 [30] prostate cancer cells demonstrated readily
apparent AR expression and low to undetectable levels of MUC1-C protein (Fig. 1A). By
contrast, MUC1-C was clearly detectable in the androgen-independent DU145 and PC3
prostate cancer cells, which have undetectable levels of AR protein (Fig. 1A). Based on
these results, RT-PCR was performed to determine whether the differences in MUC1-C
expression are regulated at the mRNA level. MUCL transcripts were detectable in all of the
prostate cancer cell lines and highest in DU145 cells (Fig. 1B, left). Similar results were
obtained when MUC1 mRNA levels were analyzed by gRT-PCR (Fig. 1B, right). PC3 cells
transfected to stably express exogenous AR have been shown to regain androgen
responsiveness [24]. Compared to PC3/neo cells, MUC1-C protein was downregulated in the
PC3/AR cells (Fig. 1C). Introduction of exogenous AR in PC3 cells was also associated with
decreases in MUCL1 transcripts as detected by RT-PCR (Fig. 1D, left) and gRT-pCR (Fig.
1D, right). These findings indicated that AR signaling regulates MUC1-C expression at the
transcriptional and translational levels.
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Downregulation of MUC1 Transcription by a Consensus AR Binding Site in the MUC1

Promoter

Analysis of the MUCI promoter using TESS (transcription element search software)
identified a consensus AR binding site (AGAACA) located at position —194 to —189
upstream to the transcription initiation site (Fig. 2A). To determine whether this putative AR
element (ARE) in the MUCI promoter regulates MUCI transcription, a MUCI promoter-
Luciferase (pMUC1-Luc) reporter was mutated at that site (AGAACA - — ATAGTA,;
MARE). Transfection of LNCaP cells demonstrated that the wild-type MUCI promoter in
pMUC1-Luc is activated about sevenfold compared to that obtained with the pGL3 vector
(Fig. 2A). Moreover, comparison of pMUC1-Luc with the pMUC1 (mARE)-Luc reporter
demonstrated that mutation of the ARE increases activation of the MUCZI promoter (Fig.
2A). Similar results were obtained with CWR22Rv1 cells (Fig. 2B), indicating that
repression of the MUCI promoter is attenuated by mutation of the AGAACA site. In DU145
cells, the wild-type MUCI promoter was activated over 20-fold compared to pGL3 and
mutation of the ARE had little if any effect (Fig. 2C). Repression of the MUCI promoter
was also more pronounced in PC3/AR as compared to PC3/neo cells (Fig. 2D). Moreover,
the extent of activation was similar in PC3/neo and PC3/AR cells when transfected with the
pMUC1 (mARE)-Luc mutant (Fig. 2D). These findings indicated that activation of the
MUCI promoter is suppressed through a consensus AR binding site.

AR Occupies the MUC1 Promoter

To determine if AR occupies the putative ARE, we performed ChlP assays using soluble
chromatin from LNCaP cells. Immunoprecipitation of the MUCI promoter region (—348 to
-46) containing the ARE with anti-AR was analyzed by semiquantitative PCR. The results
indicated that AR occupies this region of the MUCI promoter (Fig. 3A, left). As a control,
there was no detectable signal in immunoprecipitates performed with nonimmune 1gG (Fig.
3A, left). There was also no detectable occupancy of a control region (CR; +4596 to +4817)
of the MUCI gene downstream to the ARE (Fig. 3A, left). These results were confirmed by
gPCR (Fig. 3A, right). By contrast, there was no detectable AR occupancy of the MUCI
promoter in DU145 cells by ChIP-PCR (Fig. 3B, left) or gPCR (Fig. 3B, right). AR
occupancy of the MUCI ARE was also not detectable in PC3/neo cells (Fig. 3C). However,
stable AR expression in PC3/AR cells was associated with the detection of AR occupancy
on the ARE (Fig. 3D).

AR Occupancy Suppresses MUC1 Transcription

To determine whether AR occupancy suppresses the MUCI promoter, PC3/AR cells were
stably transfected to express a control ShRNA or an AR shRNA. Immunoblot analysis of the
transfected cells demonstrated that AR silencing is associated with upregulation of MUC1-C
expression (Fig. 4A). In concert with these results, silencing AR was also associated with
increases in MUC1 mRNA levels (Fig. 4B). ChIP analysis of the MUCI promoter further
demonstrated that, compared to PC3/AR cells expressing the CshRNA (Fig. 4C, left),
silencing AR results in decreased occupancy of AR on the ARE (Fig. 4C, right). In addition,
activation of the pMUC1-Luc reporter was increased by AR silencing (Fig. 4D). These
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findings confirmed that AR occupancy of the MUCI promoter suppresses MUC1
transcription.

AR Signaling Regulates MUC1 Expression by a miR-125b-Dependent Mechanism

Other studies have shown that (i) AR signaling is associated with increased miR-125b
expression [31], and (ii) miR-125b downregulates MUCL translation by binding to the
MUC1-3’UTR at a UCAGGSG site (Fig. 5A) [11]. Consequently, we asked if AR regulates
MUC1 expression by a miR-125b-mediated mechanism in prostate cancer cells. RT-PCR
analysis of RNA from LNCaP cells demonstrated expression of miR-125b (Fig. 5A).
Notably, however, miR-125b levels were undetectable in DU145 cells (Fig. 5A). Moreover,
miR-125b expression was increased in PC3/AR, as compared to PC3/neo, cells (Fig. 5A),
consistent with findings that AR induces miR-125b expression [31]. The MUC1 3’'UTR was
cloned into the pMIR-Luc reporter (pMIR-Luc/MUC1-3’UTR) [11] (Fig. 5B). In addition,
the miR-125b binding motif 5-CAGGG-3’ in the MUC1 3’'UTR was mutated to 5’-
AGUUU-3 (pMIR-Luc/MUC1-mut3’UTR) or deleted (pMIR-Luc/MUC1-del3’UTR) (Fig.
5B). Activation of pMIR-Luc/MUC1-3’UTR in LNCaP cells was substantially
downregulated compared to that obtained with the pMIR-Luc vector (Fig. 5B). Moreover,
this downregulation of pMIR-Luc/MUC1-3’UTR activity was reversed in part by
transfection of pMIR-Luc/MUC1-mut3’UTR and pMIR-Luc/MUC1-del3’UTR (Fig. 5B).
Whereas these results indicated that miR-125b suppresses MUC1 3’UTR-mediated
expression, we infected LNCaP cells with a control lentivirus (LNCaP/ZIP) or one that
expresses an antisense miR-125b (LNCaP/ZIP-125b). Immunoblot analysis of the infected
LNCaP cells demonstrated upregulation of MUC1-C protein (Fig. 5C). gRT-PCR analysis of
these cells further demonstrated little if any effect of miR-125b on MUC1 mRNA levels
(Fig. 5D), consistent with the finding that miR-125b suppresses MUCL translation, and not
MUC1 mRNA levels [11].

To confirm the effects of miR-125b, DU145 cells were stably infected with a control
lentivirus (DU145/MIR) or one expressing miR-125b (DU145/MIR-125b). Immunoblot
analysis of the DU145/miR-125b cells demonstrated a marked suppression of MUC1-C
protein (Fig. 6A). As determined by gRT-PCR, there was no effect of exogenous miR-125b
on MUC1 mRNA levels (Fig. 6B), again consistent with miR-125b-mediated inhibition of
MUCL1 translation [11]. Transfection of the DU145/vector cells with the pMIR-Luc vectors
demonstrated no apparent suppression of the MUC1 3’UTR or an effect of mutating or
deleting the miR-125b binding motif (Fig. 6C, left). By contrast, the MUC1-3’'UTR was
suppressed in DU145/MIR-125b cells and this effect was reversed with pMIR-Luc/MUC1-
mut3’UTR and pMIR-Luc/MUC1-del3’'UTR (Fig. 6C, right). These findings collectively
indicated that AR regulates MUC1 expression by a miR-125b-mediated inhibition of MUC1
translation.

CONCLUSION
AR Regulates MUC1 Gene Transcription

MUCL1 is overexpressed in certain prostate cancers [13718]. However, the basis for
dysregulation of MUC1 expression in prostate cancer is not known. The present studies
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demonstrate that AR occupies a consensus binding sequence in the MUCI promoter. The
results also indicate that AR occupancy of the MUCI promoter suppresses MUC1
transcription (Fig. 6D). Overexpression of MUC1 in carcinoma cells has been attributed, at
least in part, to activation of the MUCI promoter through NF-xB and STAT3 [2:32]. The
NF-xB pathway is constitutively activated in prostate cancer cells [33:34]. In addition,
MUC1-C binds to NF-xB p65 and promotes activation of NF-xB target genes, including the
MUCI gene itself in an auto-inductive loop [2]. In concert with the expression of MUC1-C,
NF-xB is constitutively activated in MUC1-positive DU145 and PC3 cells, but not in the
MUC1-negative LNCaP cells [35'36]. Thus, AR-mediated suppression of the MUC1
promoter may override the inductive effects of a constitutively activated NF-xB pathway.
STAT3 also activates MUCI gene transcription by occupancy of the MUCI promoter [32].
Moreover, like NF-xB, STAT3 is constitutively activated in DU145 and PC3, but not LNCaP,
cells [37]. AR binds directly to STAT3 and thus could interfere with STAT3-dependent
activation of MUCL1 expression [38]. Alternatively, AR may suppress the MUCI promoter
by a dominant mechanism of repression over that conferred by STAT3 activation. AR
represses gene transcription in part through the recruitment of corepressors, such as NCoR
and SMRT, which act in concert with histone deacetylases to induce chromatin modification
and condensation [39]. Corepressors can also function by inhibiting co-activator recruitment
and by blocking interactions of the AR N- and C-terminal domains [39]. Thus, further
studies will be needed to more precisely define how AR occupancy of the MUCI promoter
suppresses MUCI transcription.

AR Regulates MUC1Expression by a miR-125b-Mediated Mechanism

MiR-125b is upregulated by AR signaling in prostate cancer cell lines and is overexpressed
in certain human prostate cancers [31]. Targeting of the pro-apoptotic p53 PUMA and Bak1
genes by miR-125b has been associated with the promotion of prostate cancer cell growth
[40]. The present results demonstrate that miR-125b also suppresses expression of MUCL in
prostate cancer cells (Fig. 6D). Thus, in LNCaP cells that express miR-125b, stable
expression of an anti-sense-miR-125b was associated with upregulation of MUC1-C levels.
In addition, expression of exogenous miR-125b in DU145 cells, which have low to
undetectable endogenous miR-125b levels, resulted in downregulation of the MUC1-C
protein. In concert with previous studies in breast cancer cells [11], miR-125b decreased
MUCI1 translation in DU145 cells in the absence of a detectable effect on MUC1 mRNA
levels. These results indicate that AR suppresses MUCL1 expression by promoter repression
and by inhibiting MUCL translation (Fig. 6D). In this model, AR-induced promoter
repression is incomplete as evidenced by the detection of MUCL1 transcripts in androgen-
dependent prostate cancer cells. AR-induced increases in miR-125b thus represent a second
level for MUCL regulation by a post-transcriptional mechanism. MiR-125b induces
androgen-independent growth of prostate cancer cells and, as such, has been associated with
an oncogenic function [31'40]. The demonstration that miR-125b levels are decreased in
other human cancers has provided support for a role as a tumor suppressor [41743]. These
findings have indicated that cell context dictates whether miR-125b contributes to
oncogenesis or functions as a tumor suppressor.
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MUC1 Is Overexpressed in Aggressive Prostate Cancers

MUC1 is overexpressed in prostate cancers with higher Gleason grades and is associated
with an increased risk of recurrence [13718], suggesting that MUCL1 is of potential
importance to more aggressive prostate cancers. Indeed, recent studies with a MUC1-C
oncoprotein inhibitor have shown that DU145 and PC3 cells are dependent on MUC1-C for
their growth and survival in vitro and in tumor xenograft models [23]. By contrast, LNCaP,
MDA PCa 2b and CWR22Rv1 cells, which express AR and undetectable levels of MUC1-C
were unaffected by the MUC1-C inhibitor [23]. In addition, the MUC1-C inhibitor had no
effect on PC3 cells expressing exogenous AR that downregulates MUC1-C levels [23].
These results invoked the possibility that prostate cancers in which AR is effective in
downregulating MUC1-C are dependent on AR and not MUC1-C for growth and survival.
By extension, prostate cancers in which AR signaling is not sufficient to downregulate
MUC1-C could progress with dependence on MUC1-C function. In that line of reasoning,
androgen-independent prostate cancers have been linked to constitutive activation of the
IKK — NF-xB pathway [21:44:45], and MUC1-C interacts with both IKKf and RelA in the
constitutive activation of the NF-xB pathway [2:46]. MUC1-C could also interact directly or
indirectly with AR signaling in androgen-independent prostate cancers. For example,
MUC1-C stabilizes p-catenin [4], which is a coactivator of AR-mediated transcription [47~
49]. Progression of prostate cancers to androgen-independence could thus be associated with
upregulation of MUC1-C and thereby dependence on this oncoprotein for growth and
survival. Of interest in this regard, other studies have demonstrated that activation of MUC1-
C in prostate cancer cells is associated with downregulation of AR expression and
dependence on MUC1-C for survival (unpublished data). Therefore, an agent, such as
GO-203, that targets MUC1-C and is entering Phase I clinical trials may be effective in the
treatment of androgen-independent prostate cancers that express this oncoprotein.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MUC1 mucin 1

MUC1-N MUC1 N-terminal subunit

MUC1-C MUCI1 C-terminal subunit

AR androgen receptor

ARE AR element

ChiP chromatin immunoprecipitation
Luc luciferase
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Fig. 1.

Expression of AR and MUCL in prostate cancer cell lines. A: Lysates from LNCaP, MDA
PCa 2b, CWR22Rv1, DU145 and PC3 cells were immunoblotted with the indicated
antibodies. B: Total RNA from the indicated cells was analyzed for AR, MUC1land B-actin
MRNA levels by RT-PCR (left). Total RNA was also analyzed for MUC1ImRNA levels by
gRT-PCR with the results (mean SD of three determinations) expressed as relative to that
obtained for PC3 cells (assigned a value of 1) (right). C: Lysates from PC3/neo and PC3/AR
cells were immunoblotted with the indicated antibodies. D: Total RNA from the indicated
cells was analyzed for (i) AR, MUC1 and p-actin mRNA levels (left) and (ii) MUC1 mRNA
levels by gRT-PCR with the results (mean + SD of three determinations) expressed as
relative to that obtained for PC3/neo cells (assigned a value ofl) (right).
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Fig. 2.
Activation of the MUC1 promoter is regulated by mutation of a putative AR element (ARE).

A: Schema of the MUCI promoter region with positioning of the putative AR binding site.
A-D: The indicated cells were transfected with the empty pGL3, pMUC1-Luc or pMUCL1
(mARE)-Luc and, as an internal control, the SV-40-Renilla-Luc plasmid. Luciferase activity
was measured at 48 hr after transfection. The results are expressed as relative luciferase
activity (mean £ SD from three separate experiments) compared to that obtained with cells
transfected with an empty pGL3 vector (assigned a value of 1).
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Fig. 3.

Alg occupies the MUC1 promoter. A-D: Soluble chromatin from the indicated cells was
immunoprecipitated with anti-AR or a control 1gG. The final DNA extractions were
amplified by PCR (left panels) and by gPCR with the results (mean + SD from three
determinations) expressed as relative enrichment compared to that obtained with the control
IgG (assigned a value of1) (right panels).
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Fig. 4.

Si?encing AR in PC3/AR cells relieves downregulation of MUClexpression. A: Lysates
from PC3/AR cells left untransfected and stably transfected with control (CshRNA) or AR
shRNA plasmids were immunoblotted with the indicated antibodies. B: Total RNA isolated
from PC3/AR cells expressing CShRNA or ARshRNA was analyzed for MUC1 mRNA
levels by gRT-PCR. The results (mean + SD from three determinations) are expressed as
relative MUC1 mRNA levels as compared to that obtained from the CshRNA expressing
cells (assigned a value of 1). C: Soluble chromatin from PC3/AR cells expressing CShRNA
(Ieft) or ARShRNA (right) was precipitated with anti-AR or IgG. The final DNA extractions
were analyzed by gPCR with the results (mean SD from three determinations) expressed as
relative enrichment compared to that obtained with the control 1gG (assigned a value of 1).
D: The indicated PC3/AR cells were transfected with the empty pGL3 (solid bars) or
pMUC1-Luc (open bars) and the Renilla-Luc plasmid. Luciferase activity was measured at
48 hr after transfection. The results are expressed as the relative luciferase activity (mean +
SD from three separate experiments) compared to that obtained with cells transfected with
an empty pGL3 vector (assigned a value of 1).
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Fig. 5.

Alg? induced miR-125b suppressess MUCL translation. A: Sequence of miR-125b with six
bases in the seed region that are complementary to the MUC1 3’UTR. Expression of
miR-125b and, as a control, U6 in the indicated cell lines was determined by RT-PCR. B:
The wild-type MUC13’UTR was cloned into the pMIR-luciferase vector (pMIR-Luc/
MUC1-3’UTR). The indicated MUC1 sequence was then mutated (MUC1-mut3’UTR) or
deleted (MUC1-del3’UTR). LNCaP cells were transfected with the indicated pMIR-Luc
vectors and Renilla-Luc. Luciferase activity was measured at 48 hr after transfection. The
results (mean SD of three determinations) are expressed as relative luciferase activity as
compared to that obtained with the pMIR-Luc vector (assigned a value of 1). C: Lysates
from LNCaP cells stably infected with a control lentivirus vector (MIR-ZIP) or one
expressing an anti-sense for miR-125b (MIR-ZIP-125b) were immunoblotted with the
indicated antibodies. D: Total RNA isolated from the LNCaP/ZIP and LNCaP/ZIP-125b
cells was analyzed for MUC1ImRNA levels by gRT-PCR. The results (mean £ SD of three
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determinations) are expressed as relative MUC1 mRNA levels as compared to that obtained
from LNCaP/ZIP cells (assigned a value of 1).
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Fig. 6.

Expression of exogenous miR-125b in DU145 cells suppresses MUCL1 translation. A:
Lysates from DU145 cells stably infected with a control lentivirus (MIR) or one expressing
miR-125b (MIR-125b) were immunoblotted with the indicated antibodies. B: Total RNA
isolated from DU145/MIR and DU145/MIR-125b cells was analyzed for MUC1 mRNA
levels by gRT-PCR. The results (mean SD of three determinations) are expressed as relative
MUC1 mRNA levels as compared to that obtained from DU145/MIR cells (assigned a value
of 1). C: DU145/MIR (left) and DU145/MIR-125b (right) cells were transfected with the
indicated pMIR-Luc vectors and Renilla-Luc. Luciferase activity was measured at 48 hr
after transfection. The results (mean SD of three determinations) are expressed as relative
luciferase activity as compared to that obtained with the pMIR-Luc vector (assigned a value
of 1). D: Schema depicting AR-induced suppression of MUClexpression by downregulating
MUCI promoter activation and MUC1 mRNA translation.

Prostate. Author manuscript; available in PMC 2016 June 22.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Cell Culture
	Immunoblot Analysis
	RT-PCR
	Quantitative RT-PCR
	MUC1 Promoter-Luciferase Assays
	Chromatin Immunoprecipitation (ChIP) Assays
	Analysis of miR-125b Expression
	Luciferase-MUC1 3′UTR Reporter Assays

	RESULTS
	MUC1-C Expression Is Suppressed in Androgen-Dependent Prostate Cancer Cells
	Downregulation of MUC1 Transcription by a Consensus AR Binding Site in the MUC1 Promoter
	AR Occupies the MUC1 Promoter
	AR Occupancy Suppresses MUC1 Transcription
	AR Signaling Regulates MUC1 Expression by a miR-125b-Dependent Mechanism

	CONCLUSION
	AR Regulates MUC1 Gene Transcription
	AR Regulates MUC1Expression by a miR-125b-Mediated Mechanism
	MUC1 Is Overexpressed in Aggressive Prostate Cancers

	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6

