
 

 

Introduction 
 
Prostate cancer (PCa) is the second leading 
cause of cancer death in men in the United 
States killing over 32, 050 men in 2010 [1], 
which is primarily due to the emergence of Cas-
trate Resistant Prostate Cancer (CRPC) where 
androgen receptor (AR) is highly functional. The 
mechanisms by which CRPC occurs include AR 
amplification and/or over-expression; gain-of-
function AR mutations; intracrine androgen pro-
duction; over-expression of AR co-activators; 
and AR activation via growth factors and cyto-
kines. Together, these factors are responsible 
for the failure of androgen deprivation therapy 
(ADT) and eventual development of CRPC and 
bone metastasis where AR is still functional [2-
4]. The mechanism(s) of treatment failure and 

the regulatory role of AR and its biological con-
sequence is not fully understand although a 
recent study has shown that miR-34a could 
regulate the expression of AR in PCa cell lines 
[5], suggesting that the loss of miR-34a could in 
part be responsible for sustained expression 
and activity of AR in CRPC and subsequent me-
tastasis of PCa. 
 
MicroRNAs (miRNAs) are endogenous mole-
cules of approximately 22-nucleotide non-
coding RNAs that mediate important gene-
regulatory functions by binding to the mRNAs of 
protein-coding genes leading to either mRNA 
degradation and/or translation repression. Loss 
or reduction of miR-34a has been found in a 
broad range of cancers including PCa, which in 
part appears to be due to aberrant CpG methy-
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Abstract: Androgen Receptor (AR) signaling is critically important during the development and progression of prostate 
cancer (PCa). The AR signaling is also important in the development of castrate resistant prostate cancer (CRPC) 
where AR is functional even after androgen deprivation therapy (ADT); however, little is known regarding the transcrip-
tional and functional regulation of AR in PCa. Moreover, treatment options for primary PCa for preventing the occur-
rence of CRPC is limited; therefore, novel strategy for direct inactivation of AR is urgently needed. In this study, we 
found loss of miR-34a, which targets AR, in PCa tissue specimens, especially in patients with higher Gleason grade 
tumors, consistent with increased expression of AR. Forced over-expression of miR-34a in PCa cell lines led to de-
creased expression of AR and prostate specific antigen (PSA) as well as the expression of Notch-1, another important 
target of miR-34a. Most importantly, BR-DIM intervention in PCa patients prior to radical prostatectomy showed re-
expression of miR-34a, which was consistent with decreased expression of AR, PSA and Notch-1 in PCa tissue speci-
mens. Moreover, BR-DIM intervention led to nuclear exclusion both in PCa cell lines and in tumor tissues. PCa cells 
treated with BR-DIM and 5-aza-dC resulted in the demethylation of miR-34a promoter concomitant with inhibition of 
AR and PSA expression in LNCaP and C4-2B cells. These results suggest, for the first time, epigenetic silencing of miR
-34a in PCa, which could be reversed by BR-DIM treatment and, thus BR-DIM could be useful for the inactivation of 
AR in the treatment of PCa.  
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lation of miR-34a promoter [6, 7]. Lodygin D et 
al. reported that 79.1% (19 out of 24) primary 
PCa exhibits CpG methylation of miR-34a pro-
moter [7]. The miR-34a regulates many of its 
target genes including Notch-1 [8] and that miR-
34a also inhibits PCa metastasis by targeting 
CD44 [9]. A recent study has shown that miR-
34a could inhibit the expression of AR by bind-
ing to 3’UTR sequence of AR mRNA [5]; how-
ever, miR-34a expression and miR-34a-
mediated regulation of AR in primary PCa with 
various Gleason grade has not been docu-
mented. Moreover, there are no reports on 
strategies by which re-expression of the lost miR
-34a and subsequent inactivation of AR could 
be achieved for the inactivation of AR signaling 
in PCa. We have previously reported that BR-
DIM could transcriptionally down-regulate the 
expression of AR in PCa cells and that the DHT 
induced nuclear translocation of AR could be 
inhibited by BR-DIM treatment [10].  
 
In this study, we examined the epigenetic role of 
miR-34a expression in the regulation of AR in 
human PCa cells and in human PCa tissue 
specimens, and further tested the effects of BR-
DIM treatment on PCa cells and PCa patients 
prior to radical prostatectomy. We found that 
the loss of miR-34a expression was partly due 
to methylation silencing of miR-34a promoter in 
human PCa cells and tumor tissue specimens 
resulting in the over-expression of AR, PSA and 
Notch-1. We also found that BR-DIM treatment 
of human PCa cells and patients prior to radical 
prostatectomy led to the re-expression of miR-
34a due to demethylation of miR-34a promoter, 
resulting in the down-regulation of AR and nu-
clear exclusion, and the down-regulation of PSA 
and Notch-1 expression. These results are the 
first documenting that BR-DIM could down-
regulate AR and its nuclear translocation in PCa 
cell lines and in human tumor tissues, which is 
in part due to demethylation of miR-34a result-
ing in its re-expression. 
 
Materials and methods 
 
Cell lines and culture condition 
 
LNCaP and C4-2B cells were maintained in 
RPMI 1640 (Invitrogen, Carlsbad, CA) supple-
mented with 10% fetal bovine serum (FBS), 10 
µmol/L Hepes, 50 units/ml Penicillin and 50 
µg/ml Streptomycin. All cells were maintained in 
a 5% CO2-humidified atmosphere at 37°C, and 

genotypically characterized to support the au-
thenticity of these cells, which was consistent 
with its origin. 
 
Reagents and antibodies 
 
Antibodies against AR, PSA and Notch-1 wee 
purchased from Santa Cruz (Santa Cruz, CA). 
Antibody to glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was purchased from Affinity 
BioReagents (Golden, CO). Goat anti-mouse IgG 
(H + L)-HRP conjugates and goat anti-rabbit IgG 
(H + L)-HRP conjugates were obtained from Bio-
Rad (Reinach, BL). BR-DIM, a formulated DIM 
with higher bioavailability, was kindly provided 
by Dr. Michael Zeligs (abbreviated as BR-DIM or 
B-DIM; Bio Response, Boulder, CO) and was 
dissolved in DMSO to make 50 mmol/L stock 
solutions and stored at -20°C in multiple ali-
quots for in vitro studies. 
 
Patients and prostate tissue specimen collec-
tion 
 
Retrospective archival pre-treatment PCa tis-
sues and matched adjacent normal tissues 
were obtained from PCa patients who under-
went radical prostatectomy during 2004-2010 
at KCI from the Biospecimen Core of Karmanos 
Cancer Institute (KCI) after obtaining Wayne 
State University’s Institutional Review Board 
(IRB) approval. The IRB waived the need for con-
sent for the use of the archive samples, which 
was consistent with NIH guidelines, and the 
samples were analyzed anonymously. We also 
obtained PCa tissue specimens from patients 
who underwent clinical trial of BR-DIM (B-DIM) 
intervention prior to radical prostatectomy, who 
were newly diagnosed PCa patients from 2009-
2011 at KCI and Henry Ford Health System 
(HFHS), Detroit, Michigan. Trial registration ID: 
2007-128, which can be found in the NIH clini-
cal trials. gov. (http://clinicaltrials.gov/show/
NCT00888654). After receiving approval from 
Wayne State University’s IRB, written informed 
consent was obtained from all study subjects 
and enrolled into the clinical trial coordinated 
through the Clinical Trial Office (CTO) at KCI and 
HFHS. Pathological features for these tissues 
were ascertained from microscopic evaluation 
of tumor slides by pathologists both at KCI and 
at HFHS and Gleason score (grade) was ob-
tained in each case from the clinical database. 
Formalin-fixed paraffin-embedded (FFPE) tis-
sues were used for miRNA and mRNA analysis. 
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Patients' clinical characteristics are shown in 
the Table 1.  
 
Western blot analysis 
 
Total cell lysates were obtained by lysing the 
cells in RIPA buffer. Protein concentration was 
determined using BCA protein assay (Pierce, 
Rockford, IL). Western blotting was performed 
as previously described [11]. 
 
miRNA and transfection 
 
Cells were transfected with 20 and 40 nmol/L 
of miR-34a precursors (Ambion, Austin, TX) us-
ing DharmaFECT3 transfection reagent 
(DHARMACON, Lafayette, CO). After 2 days of 
transfection, the cells were collected and cell 
lysates were prepared by lysing the cells in RIPA 
buffer for Western blot analysis.  
 
Real-time RT-PCR 
 
For determining the mRNA or miRNA levels in 
PCa patients’ tissues, the total RNA was iso-
lated from FFPE tissues using miRNeasy FFPE 
Kit (Qiagen) according to the manufacturer’s 
instruction and the DNA was removed using an 
RNase-free DNAase. For the miRNA assay, 20ng 
of total RNA were reverse transcribed into cDNA 
using a Universal cDNA Synthesis Kit (Exiqon, 
Woburn, MA) according to the manufacturer’s 
instruction. Real time PCR was performed using 
specific miR-34a primers (Exiqon) to quantify 
miR-34a expression by using SYBR® Green PCR 

Reagents (Applied biosystems, Fostor, CA). The 
relative amount of miRNA was normalized to the 
expression of RNU1A. For testing mRNA expres-
sion, one microgram of total RNA was reverse 
transcribed into cDNA using a High Capacity 
RNA-to-cDNA Kit (Applied biosystems) according 
to the manufacturer’s instruction. Real time 
PCR was performed by using SYBR® Green PCR 
Reagents (Applied biosystems). The relative 
amount of mRNA was normalized to the expres-
sion of β-actin. The sequences of primers used 
are shown in Table 2. 

Table 1. Characteristics of the 127 patients underwent radical prostatectomy (RP) and 11 patients who 
underwent BR-DIM intervention and subsequent radical prostatectomy, and from whom prostate cancer 
tissue specimens were obtained 
Characteristics Patients underwent RP Patients underwent BR-DIM 

intervention and prostatectomy 

  (N=127) (N=11) p value 
Age 
Year, mean(SD) 59.5(6.5) 58.3(4.2) 0.4074 
Gleason Score     0.5784 
6 44(34.6%) 3(27.3%)   
7 49(38.6%) 6(55.5%)   
≥8 34(26.8%) 2(18.2%)   
PSA*(pre-intervention) 
ng/ml, median(range) 

  
6.45(1.1-153) 8.15 (3.2-29.14) 0.7361 

* PSA values were available from 86 patients of the 127 patients who underwent radical prostatectomy, and PSA values were 
available from 10 of 11 patients who underwent BR-DIM intervention and subsequent radical prostatectomy 

 

Table 2. Primer sequences used for RT-PCR 
reaction 
Primer name Sequence (5’-3’) 

miR-34aM-F: GGTTTTGGGTAGGCGCGTTTC 

miR-34aM-R: TCCTCATCCCCTTCACCGCCG 

miR-34aU-F: IIGGTTTTGGGTAGGTGTGTTTT 

miR-34aU-R: AATCCTCATCCCCTTCACCACCA 

AR-F: TCCAGGATGCTCTACTTCGCCCC 

AR-R: CCGGGACTTGTGCATGCGGT 

PSA-F: GCAGTCTGCGGCGGTGTTCT 

PSA-R: TGGGCAGCTGTGAGGACCCA 

Beta-actin-F: CCCGCCGCCAGCTCACCATG 

Beta-actin-R: CGACGACGAGCGCGGCGATA 

M: methylation, U: unmethylation, F: forward, R: reverse. 
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Methylation-specific PCR 
 
C4-2B and LNCaP cells were treated with 5 μM 
5-Aza-2’-deoxycytidine (5-aza-dC) or 6 μM BR-
DIM for 5 days. Control cells received 0.05% 
DMSO. Fresh 5-aza-dC, BR-DIM and DMSO were 
administered everyday along with a change of 
medium. After 5 days of treatment, genomic 
DNA was isolated by using the Wizard Genomic 
DNA Purification Kit (Promega). Then, 500 ng of 
genomic DNA was treated with bisulfite using 
the EZ DNA Methylation-Gold Kit (Zymo Re-
search). The modified DNA was eluted with a 
final volume of 12 μl, and 1 μl was used for the 
methylation-specific real-time PCR. Methylation-
specific real-time PCR reactions were carried 
out in a total volume of 10 μl reaction mixture 
including bisulfite-treated DNA, primers, SYBR 
Green Core Reagents (Applied Biosystems) and 
AmpliTaq Gold or ZymoTaq DNA Polymerase 
(Zymo Research) in StepOnePlus (Applied Bio-
systems). The sequences of primers for deter-
mining methylation of the miR-34a promoter are 
shown in Table 2. The PCR program was initi-
ated by 10 min at 95°C before 40 thermal cy-
cles, each of 15s at 95°C and 1 min at 60°C, 
and followed by melting curve detection to dem-
onstrate the purity of product (only one peak). 
Data were analyzed according to the compara-
tive Ct method and were normalized by GAPDH 
expression in input genomic DNA (unconverted 
genomic DNA) of each sample. The ratio of me-
thylated and un-methylated miR-34a DNA in 
each sample was calculated. 
 
Immunofluorscence and immunohistochemistry 
 
Immunofluorescence experiments was per-
formed as previously described [12]. Cells were 
viewed under confocal microscope and images 
were captured. For the immunohistochemical 
staining, formalin-fixed tumor tissue sections 
were used and immunohistochemical staining 
was performed by staining with specific primary 
antibody against AR, followed by 3,3'-
diaminobenzidine (DAB). Sections were visual-
ized under an Olympus microscope (Olympus, 
Japan) and images were captured with an at-
tached camera linked to a computer. 
 
Statistical methods 
 
Experiments presented in the figures for cell 
line studies are representative of three or more 
repetitions. The data are presented as the 

mean and standard deviation (SD) in the bar 
charts. Comparisons of the continuous variables 
between two independent groups were made 
using two-tailed student’s t test. For patient 
samples, comparisons of the continuous vari-
ables between two independent groups were 
made using the Wilcoxon rank sum test. For 
comparing the correlations between two vari-
ables, the miRNA and mRNA data from patients’ 
tissue specimen was log transformed before 
analysis. Spearman correlations were used to 
describe the strength of linear relationship be-
tween two variables. Contingency table was 
used to compare the variables such as Gleason 
score between patients and patients plus BR-
DIM intervention by Chi-square test. All statisti-
cal tests were two sided at significance level of 
0.05 unless otherwise specified.  
 
Results 
 
The miR-34a regulates AR expression in PCa 
 
The loss of miR-34a has been shown to contrib-
ute to metastasis in PCa [9]. We sought to de-
termine whether miR-34a was lost in the pri-
mary PCa tissue specimens. To this end, we 
have examined the expression status in human 
PCa tissues and compared with adjacent nor-
mal prostate tissues. We found that the expres-
sion of miR-34a was significantly down-
regulated in PCa tissues from patients with 
Gleason grade 7 and greater tumors but not 
from patients with Gleason grade 6 tumors 
(Figure 1A). Since miR-34a has the binding site 
in the 3’UTR of AR mRNA, it suggests that miR-
34a could regulate the AR expression in PCa. 
The results from real time RT-PCR showed that 
AR expression was increased in PCa tissue 
specimens from patients with Gleason grade 6 
tumors and there was an increased trend in 
tumors from patients with Gleason grade 7 tu-
mors compared with adjacent normal prostate 
tissues (Figure 1B, upper panel). However, a 
decreased trend in the expression of AR was 
seen in tumors from patients with Gleason 
grade 8 and 9 compared with adjacent normal 
prostate tissues (Figure 1B, upper panel, p = 
0.0642). These results are consistent with data 
for the expression of PSA expression showing 
that PSA levels were up-regulated in patients’ 
tumors with Gleason grade 6 and 7 tumors. 
There was an increased trend in patients’ tu-
mors with Gleason grade 8 and 9 tumors com-
pared with adjacent normal prostate tissues 
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Figure 1. The level of miR-34a expression was inversely correlated with AR and PSA expression in prostate cancer. (A) 
The results from real time RT-PCR showed that the levels of miR-34a were significantly down-regulated in tumors with 
higher Gleason grade (N: normal; TG6: tumor tissues from patients with Gleason grade 6; n = 38 for normal, n = 44 
for TG6, n = 49 for TG7, n = 34 for TG8,9). (B) In the upper panel, a significant up-regulation in the expression of AR 
was observed in PCa tissue specimens with Gleason grade 6 (n = 34) but not in PCa specimens with Gleason grade 7 
(n = 43) and 8,9 (n = 34). The lower panel showed PSA expression in the prostate cancer tissues with different Glea-
son grade tumors. (C) miR-34a levels were inversely correlated with AR and PSA expression in tumor specimens with 
Gleason grade 6. (D) Over-expression of miR-34a by transfection of cells with miR-34a precursors and incubation for 
2 days showing inhibition in the expression of AR, PSA and Notch-1.  
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(Figure 1B, lower panel). These results suggest 
that AR activity could not only depend on AR 
expression but could also result from cross-talk 
in multiple signaling pathways in higher Gleason 
grade tumors. Interestingly, we found that the 
expression of miR-34a was inversely correlated 
with AR and PSA expression with r = -0.3592 
(95% CI: -0.6356 to 0.0012), p = 0.0435 and r 
= -0.5455 (95% CI: -0.7560 to -0.2327), p = 
0.0012, respectively (Figure 1C). These results 
suggest that the loss of miR-34a could be re-
sponsible for increased expression of AR and its 
downstream target PSA. These results are con-
sistent with the data from western blot analysis 
showing that over-expression of miR-34a by 
transfection of miR-34a precursors could signifi-
cantly repressed AR and PSA expression in 
LNCaP and C4-2B cells. Moreover, we found 
that Notch-1 expression, which is another target 
of miR-34a, was also down-regulated in LNCaP 
and C4-2B cells transfected with miR-34a pre-
cursors (Figure 1D).  
 
BR-DIM treatment led to re-expression of 
miR-34a, and down-regulated its targets, 

and prevented AR nuclear translocation 
 
BR-DIM is the formulated DIM (BR-DIM or B-
DIM) that we have used for our phase I clinical 
trial [13]. Our recent results showed that BR-
DIM caused re-expression of miR-200b and miR
-200c that are typically lost in PCa cells [14]. In 
the present study, the data from our on-going 
phase II clinical trial showed that BR-DIM treat-
ment of PCa patients prior to radical prostatec-
tomy led to the re-expression of miR-34a in pa-
tients’ tumor specimens after BR-DIM interven-
tion (Figure 2A). These results are consistent 
with decreased expression of AR, PSA and 
Notch-1 (Figure 2B-D). More importantly, BR-
DIM treatment down-regulated AR expression 
and prevented AR from nuclear translocation 
induced by DHT administration in LNCaP cells 
(Figure 3A). We also found that BR-DIM inter-
vention in PCa patients reduced AR expression 
(Figure 3B) and caused nuclear exclusion of AR 
(Figure 3C, arrowhead) in tumor tissue speci-
mens. Therefore, our results suggest that BR-
DIM could be an important agent to re-express 
miR-34a and thereby inhibiting AR activity as 

Figure 2. The effect of BR-DIM 
treatment of PCa patients prior 
to radical prostatectomy on miR-
34a expression and its target 
genes in prostate tumor tissues. 
Eleven PCa tissue specimens 
were obtained from PCa patients 
who underwent BR-DIM interven-
tion for 2-4 weeks prior to radical 
prostatectomy and used for as-
sessing the expression of miRNA 
and mRNA. (A) BR-DIM interven-
tion increased miR-34a expres-
sion, which was correlated with 
decreased expression of AR 
mRNA (B) and PSA (C) as well as 
Notch-1 mRNA compared with 
patients without BR-DIM treat-
ment matched with age and 
Gleason grade.  
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well as inactivate Notch signaling, which would 
likely contribute to inhibit PCa progression. 
 
BR-DIM treatment increased the expression of 
miR-34a through demethylation of miR-34a 
promoter 
 
Our data suggested that treatment of C4-2B 
and LNCaP cells with 5-aza-dC, a demethylating 
agent, increased miR-34a expression (Figure 
4A, left panel), which is consistent with findings 
showing that the loss of miR-34a is indeed as-
sociated with promoter hypermethylation of miR
-34a [7]. Moreover, 5-aza-dC treatment signifi-
cantly inhibited the expression of AR and PSA in 
C4-2B and LNCaP cells (Figure 4A, right panel). 
These results suggest that loss of miR-34a ex-
pression is in part due to methylation of miR-
34a, which could be responsible for increased 
expression of AR and its downstream gene PSA 

in human prostate cancer. Interestingly, BR-DIM 
treatment also increased the miR-34a expres-
sion and inhibited the expression of AR and PSA 
in these two cell lines similar to 5-aza-dC (Figure 
4B). Therefore, our data suggest that BR-DIM 
could function as a demethylating agent and 
leads to the re-expression of miR-34a expres-
sion by de-methylating the promoter of miR-34a. 
As expected, treatment of cells with BR-DIM 
significantly reduced methylation of miR-34a 
promoter in C4-2B and LNCaP cells, and it was 
more effective than 5-aza-dC treatment (Figure 
4C). These results provide mechanistic informa-
tion suggesting that BR-DIM could become a 
novel demethylating agent for the treatment of 
PCa.  
 
Discussion 
 
Activation of androgen receptor (AR) signaling 

Figure 3. BR-DIM treatment inhibited AR 
expression and prevented AR from nuclear 
translocation. (A) Immunofluorescence 
staining for androgen receptor (AR) cap-
tured through confocal microscopy. LNCaP 
cells were cultured in RPMI1640 medium 
with 10% charcoal-stripped serum and kept 
untreated (strong nuclear staining, left 
panel) or treated with 25 μM BR-DIM 
(weaker cytoplasmic staining and nuclear 
exclusion, right panel) for 24 hours followed 
by 1 nM DHT treatment for 2 hours. (B) 
Immunohistochemical staining for AR using 
human PCa tissue specimen prior to BR-
DIM intervention (diagnostic biopsy, left 
panel) showing strong nuclear AR staining, 
and after BR-DIM intervention (radical 
prostatectomy specimen after BR-DIM inter-
vention, right panel) showing negative AR 
staining in the nuclear compartment. (C) 
Immunohistochemical staining for AR using 
human PCa tissue specimen prior to BR-
DIM intervention (diagnostic biopsy, left 
panel) showing dark nuclear AR staining, 
and after BR-DIM intervention (radical 
prostatectomy specimen after BR-DIM inter-
vention, right panel) showing reduced AR 
staining and nuclear exclusion of AR 
(arrowheads). 
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pathway is the fundamental mechanism for the 
development and progression of prostate can-
cer (PCa). Several studies have shown potential 
mechanism(s) by which PCa could progress to 
castrate resistant prostate cancer (CRPC) where 
AR signaling is critically important even after 
androgen deprivation therapy (ADT). However, 
very little is known regarding the transcriptional 

and functional regulation of AR in PCa progres-
sion. In this study, we initially examined the ex-
pression of AR in human PCa tissue specimens 
with variable Gleason grade tumors by quantita-
tive real time RT-PCR. We found a significant up-
regulation of AR expression in PCa tissues with 
Gleason grade 6 and also increased trend in 
Gleason grade 7 tumors, while there was some-

Figure 4. BR-DIM regulated the expression of miR-34a, and the activity of AR pathway through demathylation. (A) The 
miR-34a expression was up-regulated in cells treated with 5 µM of 5-aza-dC for 5 day compared with control cells (left 
panel) consistent with decreased expression of AR and PSA (right panel). (B) The miR-34a expression was up-
regulated in the cells treated with 6 µM of BR-DIM for 5 day compared with control cells (left panel) consistent with 
decreased expression of AR and PSA (right panel). (C) C4-2B and LNCaP cells were treated with 5 μM 5-aza-dC or 6 
μM BR-DIM for 5 days showing decreased methylation of miR-34a promoter. (C: control, aza-dC: 5-Aza-2’-
deoxycytidine, BD: BR-DIM, * p<0.05, ** p<0.01). 
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what decrease trend in Gleason grade 8 and 9 
tumors, which was associated with PSA expres-
sion. The variability of AR expression in different 
grade of tumors observed in this study could be 
due to sample size in addition to the biology of 
higher-grade tumors. However, our results are 
consistent with previous findings showing that 
AR expression was lower in Gleason pattern 5 
(including Gleason grade 5+3, 5+4, 5+5) tu-
mors of the primary and lymph node metastasis 
[15]. This could in part be due to activation of 
Akt and other signaling pathways, which may 
control the phosphorylation of AR and its stabil-
ity as suggested previously [16] or it could be 
due to other complex mechanism of AR regula-
tion in higher grade tumors.  
 
A recent study has shown that miR-34a could 
regulate the expression of AR in PCa cell lines 
[5]. Hence, we examined the level of expression 
of miR-34a in human PCa tissue specimens and 
also investigated the relationship between miR-
34a expression and AR expression. We found 
loss of miR-34a expression in Gleason grade 7, 
8 and 9 tumors, and interestingly, the level of 
miR-34a expression was inversely correlated 
with AR and PSA expression in Gleason grade 6 
tumors but not in Gleason grade 7, 8 and 9 tu-
mors. These results could be due to sample size 
or the complexity in the biology of PCa progres-
sion. Forced over-expression of miR-34a led to 
the repression in the expression of AR and PSA 
in prostate cancer cell lines, which indeed is 
consistent with data obtained from human PCa 
tissue specimens. These results clearly suggest 
that miR-34a could control the expression of AR 
thereby affect the expression of PSA in PCa. The 
loss of miR-34a also found to be correlated with 
increased expression of Notch-1 or CD44 ex-
pressions (Notch-1 and CD44 are also the tar-
gets of miR-34a) in PCa progression where can-
cer stem-like cells expand to form metastasis. 
Therefore, re-expression of miR-34a will not only 
eliminate AR expression but it will also repress 
the expression of stem cell related markers 
such as Notch-1 or CD44 and thereby could 
inhibit PCa progression.  
 
Interestingly, we have found that BR-DIM, an 
indole-3-carbinol compound, could re-express 
miR-34a in PCa cell lines as well as in tumor 
tissues after BR-DIM treatment prior to radical 
prostatectomy. BR-DIM is a formulated 3,3’-
diindolylmetahne (DIM), which is the in vivo self-
dimerized product of indole-3-carbinol (I3C) that 

we have used for our phase I clinical trial [13], 
and it is a potent agent in inhibiting the growth 
of PCa cells and tumors, which was found to be 
due to targeting multiple cellular signaling path-
ways [10-12, 16, 17]. Interestingly, in this study, 
we found that BR-DIM could demethylate the 
promoter of miR-34a leading to increased ex-
pression of miR-34a consistent with decreased 
expression of AR and PSA in PCa cells, and per-
haps BR-DIM may play similar role in human 
PCa patients. These results are also supported 
by our previous findings showing that the loss of 
expression of miR-200 family is associated with 
tumor aggressiveness [18], and it is consistent 
with recent findings showing that the loss of 
miR-200 expression is mediated through methy-
lation of miR-200 promoter [19, 20]. Therefore, 
BR-DIM mediated demethylation could be re-
sponsible for the re-expression of miR-34a in 
PCa cell lines and in tumors after BR-DIM inter-
vention prior to radical prostatectomy resulting 
in the inactivation of AR signaling, which indeed 
could become a useful strategy for the treat-
ment of PCa especially for the treatment of 
CRPC.  
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