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Abstract

Recognition of micro-RNA function and their contribution to the biology of disease has given a new insight into
disease mechanisms, with these discoveries potentially improving clinical diagnostic and therapeutic options.
miR-125b has been identified as an important regulator in various cancers, including prostate cancer, but the
mechanism of this regulation remains incompletely understood. In these studies, the effect of castration on
miR-125b serum expression was evaluated in mice, simulating androgen deprivation. Furthermore, miR-125b ex-
pression was measured by quantitative real-time polymerase chain reaction (QRT-PCR) in LNCaP prostate cancer
cells treated with the antiandrogen bicalutamide. Using LNCaP cells, the effect of miR-125b modulation on apo-
ptotic protein and NCOR?2, a co-repressor of androgen receptor (AR), was examined by Western blot. A 3"-un-
translated region (UTR) luciferase-binding assay was performed to confirm that miR-125b targets NCOR2. We
found that surgical castration induced an initial increase in the expression of circulating miR-125b in mice,
while sham surgery did not. In addition, AR blockade via bicalutamide was associated with the rapid release
of miR-125b into the cell culture medium of prostate cancer cells. A previously studied target of miR-125b, a reg-
ulator in the apoptotic pathway, BAK1, could not completely account for the role of miR-125b in prostate cancer.
Thus, we looked for additional targets of miR-125b and found that NCOR2, which is a repressor of AR, is a direct
target of miR-125b. We found that NCOR?2 protein expression was blocked by mimics of miR-125b, and a lucif-
erase-binding assay confirmed that NCOR?2 is a direct target of miR-125b. Our data provide novel evidence that
miR-125b is an important regulator of the AR with specific ramification for the effectiveness of antiandrogens and
other hormonal therapies in prostate cancer.

Key words: androgen receptor complex; apoptosis; castration; circulating micro-RNA; prostate cancer

Introduction tumor suppressors, or sometimes as both.® Accumulating ev-

idence demonstrates that expression levels of micro-RNAs

PROSTATE CANCER Is the most common non-skin cancer
and the second most common cause of cancer deaths
in men." The androgen receptor (AR) is a critical therapeutic
target in prostate cancer,” and alterations in the AR are critical
to the development of this castrate-resistant state.? Elucidat-
ing mechanisms underlying this resistance and developing
new therapeutic strategies to prevent it are of great clinical
interest.

Recent studies have highlighted the key regulatory role of
micro-RNAs in all fundamental cellular processes, including
cancer development.* Numerous lines of investigations
have shown that micro-RNAs can function as oncogenes or

correlate with both stage and prognosis of human cancer,’
and the targeting of micro-RNAs represents a potential new
therapeutic paradigm in oncology.” The work of several in-
vestigators has shown that miR-21, 221, and 222 are associ-
ated with hormone-related prostate cancer growth.®'°
Additionally, Porkka et al. demonstrated a distinct pattern
of micro-RNA expression comparing benign to cancerous
prostate tissue and also between hormone-refractory versus
hormone-sensitive prostate cancers.'’ This work has focused
on the identification of micro-RNA expression patterns for
the purpose of classification, but not the functional role of
these micro-RNAs. High expression of hsa-miR-125b (written
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as miR-125b herein) is observed in cancerous prostate tissue,
as well as, in cell lines,®'? and also in serum samples of pa-
tients with prostate cancer,' although this finding has not
been universally reported in prostate cancer tissues.'""'* Shi
et al. have shown that overexpression of miR-125b in vitro
in LNCaP cells leads to the downregulation of Bakl, an im-
portant mediator of apoptosis. However, the downregulation
of the proapoptotic Bakl alone is not sufficient to induce
androgen-independent behavior, suggesting additional miR-
125b targets in the development of hormonal resistance.'*

In this study, we begin by assessing differences in micro-
RNA expression in vivo and comparing pre- and postcastra-
tion blood levels in mice. We hypothesize that the response
to androgen deprivation and eventual development of cas-
trate-resistant prostate cancer (CRPC) are associated with al-
teration in miR-125b expression, consistent with these in vivo
results. Our data provide novel evidence that miR-125b is an
important regulator in prostate cancer by targeting the co-
repressor of the AR, SMRT/ NCOR2."® We show that miR-
125b directly targets the co-repressor NCOR2 and thus
subsequently the AR signaling.

Materials and Methods
Cell culture, kits, and reagents

Human HEK293 and the prostate cancer cell line LNCAP
(American Type Culture Collection, Manassas, VA) were
grown in RPMI 1640 (Gibco, Grand Island, NY) with 10%
fetal bovine serum (Gemini, Woodland, CA) plus 100 U/mL
penicillin and 100 ug/mL streptomycin (Life Technologies,
Grand Island, NY). All cell lines were incubated at 37°C in
5% CO,. Bicalutamide was obtained from Toronto Research
Chemicals, Inc., Toronto, Canada, via Fisher Scientific, PA,
and was freshly dissolved in dimethyl sulfoxide (DMSO)
for use. Antibodies against Bak-1 and NCOR-2 were acquired
from CalBioChem (San Diego, CA) and Thermo Scientific
(Rockford, IL), respectively, and others from Cell Signaling
(Beverly, MA). MiRNeasy Mini Kit, miScript Reverse Tran-
scription Kit, miScript SYBR Green PCR Kit, QIAzol Lysis
Reagent, HIPERFECT transfection reagent, and all of miScript
micro-RNA primers for polymerase chain reaction (PCR)
were obtained from QIAGEN (Valencia, CA). Additional
primers were purchased from IDT (Coralville, IA). The infor-
mation for all primer sequences is listed in Table 1. Adjusted
primers for miR-331-3p and miR-21 were used for quantita-
tive real-time polymerase chain reaction (qQRT-PCR) to obtain
useful melting temperatures. TRIzol® LS reagent was ac-
quired from Invitrogen (Carlsbad, CA).
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qRT-PCR analysis of micro-RNA

Total RNA was isolated with an miRNeasy Mini Kit with
QIAzol Lysis Reagent for cell pellets or TRIzol LS reagent
for the cell culture medium. The isolation procedure was ac-
complished using a QIACube Robot, following the manufac-
turer’s instruction. The concentration and quality of extracted
RNA were assessed by NanoDrop 100 (Thermo Scientific,
Waltham, MA). Equal amounts of extracted RNA (50ng)
were reverse-transcribed into ¢cDNA in a total of 20 uL
using an miScript Reverse Transcription Kit in Gene Amp
PCR System 9700 (Applied Biosystems, Foster City, CA)
and subjected to real-time PCR using an miScript SYBR
Green PCR Kit. Detectable micro-RNA expression was
normalized to small nuclear RNA (snRNA) RNU6B. Fold
changes compared to controls were calculated by 2“4
after normalizing to snRNA RNUG6B, a reference gene.16

Transfection

Cells were seeded 24h before transfection in 6-well
plates or 96-well plates and transfected using the HIPERFECT
transfection reagent. For micro-RNA measurement, cells
were transfected for 48h and washed with cold phosphate-
buffered saline. For protein measurement, cells were trans-
fected 3 days before collection for Western blotting. Mimics
and inhibitors for miR-125b were purchased from Dharma-
con (Lafayette, CO). The concentration used was 5nM or
otherwise stated.

Protein characterization

After the specified treatment, cell pellets were collected
and resuspended in a lysis solution. Fifty micrograms of pro-
tein was electrophoresed and transferred to a nitrocellulose
membrane (Invitrogen). The membrane was blocked and in-
cubated overnight with the primary antibody at 4°C before
being washed with Tris-buffered saline (TBS). The membrane
was incubated with a secondary antibody for 1h and again
washed three times for 15 min each, before the addition of a
chemiluminescent substrate (Rockford, IL). It was then imme-
diately exposed on an X-ray film and scanned (Epson Perfec-
tion V500 Photo, Long Beach, CA) with Image] software (NIH
online) utilized for quantification analysis of the protein ex-
pression. fi-actin was used for normalization.

Luciferase untranslated region-binding experiments

The NCOR?2 3’-untranslated region (UTR) containing the
predicted miR-125b target sequence was amplified from

TABLE 1. PRIMER SEQUENCES FOR QRT-PCR

Gene

Primers

Mouse miR-331-3p

Adj mouse miR-331-3p

Mouse miR-21

Adj mouse miR-21

Mouse miR-145

Mouse miR-221

Mouse miR-125b

RNUS6 for both human and mouse
Human miR-125b

5’-GCC CCT GGG CCT ATC CTA GAA-3’
5’-CCC CTG GGC CTA TCC TAG AA-3

5-TAG CTT ATC AGA CTG ATG TTG A-3’
5-GGG TAG CTT ATC AGA CTG ATG TTG A-3’
5-GTC CAG TTT TCC CAG GAA TCC CT-3’
5-AGC TAC ATT GTC TGC TGG GTT TC-3’
5-TCC CTG AGA CCC TAA CTIT GTG A-3’

Not available

5-TCC CTG AGA CCC TAA CTIT GTG A-3’
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genomic DNA (LNCAP cells) and cloned into the psiCheck-2
plasmid vector downstream of the Renilla luciferase stop
codon (Promega, Madison, WI). The first set of primers for
amplifying the NCOR2 UTR region is NCOR2 forward
5-CCA CTG CTC TGC TCG CAG TAC GA-3’ and reverse
5-GCT CAG TTT AGA CTT TGG TTC CAA ATG CAT-3,
and then, the PCR product was amplified again to add the
needed restriction enzyme sites for cloning with the primers
NCOR?2 forward near stop Xhol 5-ACT GCT CTG CTC
GAG GTA CGA GAC ACT CT and NCOR2 reverse NOT1
5-TCA GTT TAG ACT TTG CGG CCG CAT GCA T primers,
which were based on this sequence of NCOR2 ref (NM
006311.2). NCOR2 3’-UTRs containing mutant target se-
quences were generated using primers designed to exchange
a G for an A and an A for a G in the miR-125b seed region
using the QuickChange-site-directed mutagenesis method
(Stratagene). The specific primers for mutation are forward
mut NCOR2 5-CTG TGC AGA CCT TAC TCG GAG GAT
GTT TA and reverse mut NCOR2 5-TAA ACA TCC TCC
GAG TAA GGT CTG CAC AG. Inhibition of expression of
the luciferase reporter gene by miR-125b was assayed in
HEK 293 cells transfected with either a vector control or a lu-
ciferase construct with the miR-125b-binding site from the
NCOR2 3-UTR. Luciferase assays were conducted using
the dual luciferase reporter kit available from Promega. All
methods were conducted as described by the supplier.

Surgical castration and collection of blood

Surgical castration was performed on 8-week-old male
nude mice and blood was collected. Briefly, the anesthetized
animal was placed in dorsal recumbence. A 2—4-mm incision
was made in the scrotum, and the skin was retracted to ex-
pose the tunica. The tunica was pierced, and both testes
were removed. The skin incisions were closed with stainless
steel wound clips. One drop of bupivicaine (50 uL) was ap-
plied before the closure. For the sham group, the same surgi-
cal incision was made, but the testicles were not removed.
Blood was collected as in the saphenous method, with no
more than 200 uL of blood collected once every 2 weeks per
mouse. The castrated mice were maintained for a total of 4
weeks. The serum samples from two mice were pooled at
each time point to obtain an adequate blood sample size
for analysis. All of these experiments were based on the ap-
proved animal protocol by Institutional Animal Care and
Use Committee.

Cell viability assay

Cell viability was assessed using a tetrazolium-based assay
(CellTiter 96 AQueous One Solution; Promega Corporation).
Approximately 1500 cells in 100 uL of complete cell culture
media per well were plated in 96-well plates in triplicate.
Twenty-four hours after plating, 70 uL of serum free media
with various concentrations of a mimic-plus-transfection re-
agent was replaced for appropriate transient transfection.
Thirty microliters of serum free media with appropriate con-
centrations of bicalutamide in DMSO was added to achieve
the desired treatment. DMSO was included in these experi-
ments as controls. Once the treatment was complete, 20 uL
of the AQueous One Solution was added to each well, yield-
ing a final volume of 120 uL. A 96-well plate reader (Vmax
Kinetic Microplate Reader; Molecular Devices, Sunnyvale,
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CA) was used for colorimetric analysis between 1 and 4h
(wavelength of 490nm) after the addition of the AQueous
One Solution. Cell viability assays were performed in tripli-
cate.

Statistical analyses

The results from at least three independent experiments
were expressed as the means and standard deviations. An
analysis of variance, or t-test when appropriate, was used
to examine potential different expressions under the designed
experimental conditions. A p-value of <0.05 was considered
significantly different throughout the article. Statistical soft-
ware package SAS 9.2 (SAS Institute, Inc., Cary, NC) was
used for all the statistical analyses.

Results and Discussions

Surgical castration induces the altered expression
of micro-RNAs in mice

Androgen deprivation is a foundation of medical treat-
ment for advanced prostate cancer, and studies have shown
that micro-RNA regulation appears to be altered in prostate
cancer. Thus, we hypothesized that the expression of specific
micro-RNAs would be altered in response to androgen-
deprivation therapy.'”'® To investigate this hypothesis, we
began by assessing circulating levels of a subset of micro-
RNAs before and after surgical castration in mice, a condition
simulating the effect of androgen-deprivation therapy. Micro-
RNAs mirR-21, miR-125b, miR-145, miR-221, and miR-331-3p
were selected for assessment, since these micro-RNAs had
previously been associated with prostate cancer.®'%1217-20
As shown in Figure 1, all of these micro-RNAs are detectable
in the mouse sera. The circulating levels of miR-125b are in-
creased 6.6-fold 2 weeks postcastration and continue to in-
crease to 8.7-fold at 4 weeks, compared with precastration
levels. The miR-125b levels in eugonadal (untreated) mice
were not statistically altered over the course of 4 weeks
(Fig. 1A). In contrast, there were no significant alterations of
the circulating levels of miR-21 and miR-221 in any group
of mice (Fig. 1B, C), whereas the expression of miR-145 and
miR-331-3p shows mild but significant elevation (approxima-
tely two-fold increase) at 4 weeks postcastration compared
with the precastration levels, and no difference was seen at
the 2-week time point (Fig. 1D, E). The micro-RNAs assessed
in both groups of intact and sham mice did not show any sig-
nificant difference during the experimental process. The
micro-RNAs that we examine in these studies are completely
conserved from mouse to man as described in the Sanger da-
tabase (Wwww.mirbase.org/index.shtml). The rapid increase
of miR-125b expression with castration in vivo suggests a reg-
ulatory relationship between androgen deprivation and miR-
125b, providing a rationale for further examination of miR-
125b’s functional role related to AR signaling.

Blockade of AR is associated with miR-125b
secretion from cells

To further investigate the effect of androgen-deprivation
on miR-125b expression, we treated LNCAP cells with a clin-
ically relevant AR antagonist, bicalutamide. Figure 2 shows
that bicalutamide decreased the expression of miR-125b lev-
els in a time-dependent manner in the cell lysates (Fig. 2A).
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FIG. 1. Surgical castration
induces altered expression of
micro-RNAs. Surgical
castration was performed on
8-week-old male nude mice,
and blood was collected
submandibularly before and
after surgery, at the time
points indicated. The serum
samples from two mice were
collected and pooled at each
time point to give an
adequate blood sample for

Relative levels of miR-125b to before I»

castration normalized to U6 (2 -84Ct)

—
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RNA extraction. Extracted 10

total RNA was reverse-
transcribed into cDNA and
subjected to qRT-PCR and
normalized to U6 compared
with results from the
corresponding mouse sera
before castration, to obtain
the relative fold expression
using 244" [miR-125b (A),
miR-21 (B), miR-221 (C), miR-
145b (D), and miR-331-3p
(B)]. The results are expressed

Relative levels of miR-21 to before
castration normalized to U6 (2 -84cCt)

0

9

8

7

6

5.

4

3

2

1

0

Before castration 2wk 4 wk
C 10
vz 97
e 74
55
82 1
n: -
BF 4
e E
£2 =1
85 1 s
[T h-"""""--....
€8 ,

9
8
7
6
5
4 4
3
2
1
0
B

as mean=*SD (n=3; pooled

. . efore castration 2wk 4 wk Before castration 2wk 4wk
samples, total six mice per
group). t-Test was used to
compare the micro-RNA D, 10 Ee - 10
expression to that from the ..g %} 9 4 2 % g |
intact mouse group at each 2o g ‘g !
. . = R =9 84
time point. *p <0.05 was = © o
. A s w5 T 4 ™ O by
considered significantly e £
different in RNA expression. gL 61 8L 61
gRT-PCR, quantitative real- EX 5 < ® 51
time Polymerase chain ; g 4 - é 4 4
reaction; SD, standard %5 o &
deviation 22 : © £ A4
. c
22 29 / 28§ 21
SF 1]  eesmswwmwpmetuos 28 14
3 50
0 = go 0 -
Before castration 2wk 4wk Before castration 2wk 4wk

Interestingly, we found that miR-125b increased in the cell
culture medium, peaking at 2h (Fig. 2B), and these data
suggest that miR-125b may be released from cells into the me-
dium. These findings provide novel evidence that antiandro-
gen therapy rapidly alters the expression of cellular miR-125b
and complements our finding that castration increases circu-
lating miR-125b expression. Although the study of the molec-
ular mechanisms of the cellular release of micro-RNAs is not
the focus of the present study, this action is an active area of
investigation.”' ~* Circulating micro-RNAs are found in a va-
riety of body fluids, including blood.*?***?¢ Our results
show that extracellular levels of miR-125b increase when
cells are treated with antiandrogens, whereas other investiga-
tors have found that tissue levels of miR-125b decrease in
the castration-resistant setting.“ miR-125b secretion out of
the cells and into the media in response to bicalutamide is
especially important, considering the retained functional ca-
pacity of such circulating micro-RNA.?> However, overex-

pression of miR-125b in cancer tissues has not been found
by all studies, indicating the complexity of interpreting
micro-RNA levels and potential differences between circulat-
ing and tissue levels.""

Overexpression of miR-125b increases LNCAP cell
growth and amplifies the effect of an AR antagonist

To assess the functional role of miR-125b in prostate can-
cer cells, we modulated miR-125b expression using a tran-
sient transfection approach and performed a cell viability
assay. First, we performed the RT-PCR to validate transient
transfection of the mimic of miR-125b. As shown in Figure
3A, under our conditions, this transfection increases its
expression ~50-fold. In the cell viability assay shown in
Figure 3B, a mimic of miR-125b increased the cell growth
47% after a 4-day transfection, in agreement with the find-
ings of Shi et al.’?> and Zhou et al.?” Furthermore, after
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FIG. 2. Bicalutamide differentially influences miR-125b ex-
pression in cell lysates and the culture medium in a time-
dependent manner. LNCaP prostate cancer cells were treated
with 32 uM bicalutamide, an antagonist of AR. miR-125b ex-
pression was normalized to the internal control U6 and then
to control of no treatment to obtain the relative fold change
using 2 **". Decreased expression was observed in the cell
lysate (A) as compared to increased levels of miR-125b in
the cell culture media (B) compared to baseline, respectively.
The results were expressed as mean+SD (n=3). t-Test was
used to compare fold changes in both samples to that of the
corresponding micro-RNAs in no treatment controls.
*p<0.05 was considered significantly different between the
groups. AR, androgen receptor.

normalizing each group, the administration of the AR antag-
onist bicalutamide reduced the cell viability by 29% in the
mimic setting, versus 13% in the control cells, a statistically
significant difference, indicating that miR-125b mimics am-
plify the cell killing effect of bicalutamide (Fig. 3C). There
was relatively low inhibitory activity with bicalutamide in
these conditions in LNCaP cells, although these results are
consistent with previous observations.”*>°
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FIG. 3. Validation of transient transfection of miR-125b and
the influences of miR-125b modulation on the cell growth of
LNCAP cells. LNCaP cells were transfected with 25nM miR-
125b mimic. After 48 h, the cell pellets were harvested, and RNA
was extracted. miR-125b levels were determined by RT-PCR
and normalized by U6. RT-PCR results (A) show that this
mimic increased, by 52-fold, the expression of miR-125. Cell via-
bility assays: 1500 cells in an RPMI medium with serum were
seeded in each well of 96-well plates with triplicates of each treat-
ment in three independent repeats. After 24 h, the medium was
replaced with a serum-free medium and transfected with miR-
125b mimic for 72 h. Appropriate concentrations of bicalutamide
in dimethyl sulfoxide were added, and the cells were incubated
for another 24 h. Cell growth was assayed, comparing the treat-
ment with non-treatment control (B) or comparing the absence
and presence of bicalutamide, and normalized to corresponding
treatments (C). The results were expressed as mean+SD (12=3). t-
Test was used to test differences in cell growth between treat-
ment and control. *p <0.05 was considered significantly different.
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Transient transfection with miR-125b mimic influences
apoptosis-related protein and AR expression

Initially, we examined the protein expression of a confirmed
target of miR-125b, the proapoptotic factor, Bak1,'>*” and
found that Bak1 was reduced by the mimic of miR-125b (Fig.
4A), in agreement with previous observations.'* To identify
other apoptotic factors regulated by miR-125b, we further ex-
amined additional apoptosis-related proteins, including
caspase-3, 8, and 9. As shown in Figure 4B, addition of miR-
125b mimic does reduce these proteins, and the expected in-
crease in the cleaved form of caspase-9 was observed (Fig. 4B
and Supplementary Fig. S1), although these reductions are
smaller relative to the changes observed with Bakl (Fig. 4A).
These results imply that the apoptotic pathway alone does
not completely account for miR-125b’s role in the development
of androgen-deprivation therapy and that other proteins and
additional pathways may be targets of miR-125b as well. The
previous results of castrated mouse serum and bicalutamide-
treated LNCaP cells imply that there is a link between miR-
125b and AR. Therefore, we measured the protein level of
AR under the transient transfection of miR-125b mimic. As
shown in Figure 4C, the treatment of prostate cancer cells
with mimics of miR-125b showed that the AR was increased
in expression, indicating the alteration of AR signaling induced
by the modulation of miR-125b.

Confirmation of a repressor of AR, NCOR2, as a target
of miR-125b

The increase in AR expression in cells treated with mimic
of miR-125b suggests that a possible mechanism of AR regu-
lation in these cells could be the loss of a repressor of AR.
Thus, miR-125b could target a repressor of AR signaling;
through the use of the STRING database (protein interac-
tions) and TargetScan (www.targetscan.org/), NCOR2 was
identified as a potentially relevant target of miR-125b, since
NCOR?2 had previously been described as a repressor of the
AR, and TargetScan predicts that NCOR2 will be a target
of miR-125b. To validate these in silico predictions, we
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FIG. 4. miR-125b influences apoptosis-related protein ex-
pression and AR. LNCaP cells were transfected with 25nM
miR-125 mimic and inhibitor. After 72h, the cells were col-
lected and subjected to Western blot. The protein levels in
whole-cell lysates were compared with control (no treatment)
after normalization using f-actin, indicated above the gels.
(A) Bakl expression; (B) other apoptosis-related protein ex-
pression; (C) AR. t-Test was used to compare the fold change
of band density for each protein, comparing the treatment
and control groups. *p <0.05 was considered significantly dif-
ferent between treatment and control groups.
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examined the protein levels of NCOR2 after transfection of
miR-125b. As shown in Figure 5A, the mimic of miR-125b de-
creases the expression of NCOR2. These data support a direct
binding of miRNA, while the inhibitor increases the expres-
sion, supporting a regulatory role for miR-125b of NCOR2.

A *
1.00 0.17 1.39
Ctl  Mimic Inhibitor
miR-125b

B Predicted binding site for miR-125b in NCOR2

ATG TGA

NCOR2
e e AAAAA
CUCaGgGG
C Luciferase activity assay
Luciferase constructs in HEK293 cells
1.2 4
o P<0.05
= 14
5
= 0.8
%) * Ocon
= 0.6 125b
2 0.4 1 =
§ .
2 0.2
0
NCOR2 mutant NCOR2

FIG. 5. NCOR2 is a direct target of miR-125b. (A) LNCaP
cells were transfected with miR-125b mimic and inhibitor.
After 72h, the cells were lyzed and subjected to Western
blot. The protein levels of NCOR2 were compared with control
(no treatment) after normalization, using f-actin, indicated by
the numbers above the gels. All of the experiments were re-
peated three times in separate experiments. t-test was used to
compare fold changes of band density of NCOR2 between
the treatment and control groups. *p <0.05 was considered sig-
nificantly different between the treatment and control groups.
(B) NCOR2 is a predicted target of miR-125b by TargetScan 5.1
and 6.0. Shown is the seed-binding region in the 3" UTR of
NCOR2. Lower-case letters are used to designate the base
pairs that were mutated to block the binding of miR-125b in
the NCOR2-mutated version. (C) A luciferase reporter-binding
assay confirms that NCOR2 is a direct target of miR-125b. HEK
293 cells were seeded in 12-well plates. After 24h, the cells
were transfected with the NCOR2 UTR or NCOR2 UTR-
mutated plasmid and miR-125b mimic. Transfections were
performed in triplicate. After 24 h, the relative luciferase activ-
ity was determined using a luminometer. Reporter activity was
normalized to the firefly luciferase concentration in the cell ex-
tracts with the effect of the miR-125b mimic compared between
NCOR2 and mutated NCOR2-transfected cells. The results
were expressed as mean*SD (1n=3). Analysis of variance
was used to test for differences in the activity among the differ-
ent treatments. *p <0.05 was considered significantly different.
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FIG. 6. Schematic description of the miR-125b’s role in prostate cancer. miR-125b exerts a dual function in prostate cancer via
both apoptosis and AR signaling. Three different, but consistently related observations have been found. (A) In mouse castra-
tion and bicalutamide-treated cells, both castration and deprivation causes the decrease of miR-125b within cells due to the
secretion of miR-125b from tissue to circulating system or from cells to the medium. We imply that these changes would in-
crease both Bakl and NCOR?2, which would cause both cell death and bicalutamide-related drug resistance development due
to the effect of these two arms; (B), miR-125b mimic alone reduces both Bakl and NCOR2. However, the Bak1 effect would be
larger than the NCOR?2 effect, in the absence of androgen-related agents. Thus, the net effect of a miR-125b mimic would be
increased cell survival; (C) in the presence of bicalutamide, the addition of miR-125b decreases both Bakl and NCOR2. How-
ever, the effect of NCOR2’s decrease would be greater than the effect of Bakl’s decrease in the presence of the antiandrogen
agent. Thus, the addition of miR-125b decreases the AR protein levels, sensitizing the cells to the bicalutamide activity.

To further interrogate the NCOR?2’s relationship to miR-
125b, a reporter-binding assay was developed to assess the
UTR of NCOR2. In addition, another construct was generated
and included two base-pair changes in the seed for binding to
the NCOR?2 transcript (Fig. 5B). Cotransfection of miR-125b
mimic and the wild-type NCOR2-UTR plasmid significantly
decreases the luciferase activity in HEK 293 cells as compared
with control (39% decrease) (Fig. 5C). In contrast, the effect of
miR-125b mimic with the mutant NCOR2 3’-UTR demon-
strated no significant change in luciferase activity. These re-
sults confirm that miR-125b directly targets NCOR2, as
identified by the TargetScan database described above, and
support our observations that NCOR2 protein levels are de-
creased in response to miR-125b mimic (Fig. 5A). Thus,
these studies confirm the direct regulation of NCOR2 by
miR-125b and add to our understanding of the regulation
of AR after androgen deprivation.

Recently, new targets of miR-125b, p53 and core binding
factor-f transcription factor, have been characterized, empha-
sizing the complicated, but a very well-controlled system of
micro-RNA regula’cion.3l’32 Here, we characterize another tar-
get of miR-125b, NCOR2. Modulation of the AR transcrip-
tional complex and, specifically, of AR co-repressors is an
important mechanism in the response to androgen depriva-
tion and eventual development of CRPC.>*** NCOR2 is
reported to have a unique role in the mechanism of AR block-
ade, and bicalutamide-bound AR has been shown to recruit
NCOR2, providing a direct mechanism for bicalutamide’s an-
tagonistic role against AR.'>?>%

In conclusion, we began by showing increased circulating
levels of miR-125b in vivo in response to castration and
in vitro in response to AR blockage, supporting a regulatory

relationship between AR and miR-125b. Our findings support
previous reports of an association between increased miR-125b
and CRPC and take this knowledge a step further by showing
that miR-125b targets and effectively reduces cellular levels of
NCOR2, a co-repressor of AR. In these studies, we define an-
other mechanism for miR-125b’s association with androgen
deprivation and possible CRPC. In a functional assessment,
we found that overexpressing miR-125b increases bicaluta-
mide activity. This finding will require an additional investiga-
tion and study, but could potentially be explained by an
increased AR protein level, then AR activity, theoretically mak-
ing the cells more susceptible to bicalutamide, all due to de-
creased NCOR2 levels from the miR-125b mimic. These
findings are summarized in the schematic diagram (Fig. 6).
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