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Abstract
The Androgen receptor (AR) plays a central role in the normal development of the prostate gland,
in prostate carcinogenesis, and in the progression of prostate cancer (PCa) to advanced metastatic
disease. African American (AA) men with PCa present with higher tumor volume, more advanced
tumor stage, and higher Gleason score. This could be in part related to the AR expression or
activity in the prostate tissue of AA men, or to unique mutations or polymorphisms of the AR. In
Caucasian Americans (CAs), AR mutations are rare or infrequent in organ-confined tumors, but
occur at a higher rate in advanced, metastatic, or castrate-recurrent disease. In AAs, the prevalence, clinical, and biological significance of AR mutations in PCa are unknown. In this study, we
investigated the occurrence of somatic and germline AR mutations in patients with primary PCa in
AAs compared with CAs. Due to very limited data available on allelic distribution of E213 (G/A)
single nucleotide polymorphism (SNP), we also assessed this in patients with sporadic PCa and in
unrelated healthy individuals from both ethnic populations. Somatic missense AR mutations were
detected at a higher rate in AAs (17 out of 200 cases) than in CAs (2 out of 100 cases). In AAs, the
majority of these mutations (41.1%) were from Gleason 7 tumors, a small portion (23.5%) from
Gleason 8 tumors, and the rest (35.2%) from Gleason 6 tumors. Analysis of genomic DNAs extracted from white blood cells of patients with sporadic PCa revealed that the rate of germline AR
mutations were also higher (~4 times) in AAs than in CAs. With respect to E213 (G/A) SNP, the
E213 A-allele expression was 5.85 times higher in healthy unrelated AA men than in CA men.
However, in AAs with somatic AR mutation, the E213 G-allele distribution was almost equal to the
A-allele. Silencing of one of the somatic AR mutations (i.e., 597 Ser>Gly) in a primary AA-PCa cell
line (e.g., E006AA) revealed that similar AR mutation can be associated simultaneously with both
“gain-of-function” phenotype (cell migration and invasion) and a “loss-of-function” phenotype
(proliferation). Our data demonstrated a higher susceptibility for genetic alterations in the AR in
the form of somatic mutations in sporadic PCa or in the form of germline mutations in AAs as
compared with CAs. These data may support the idea that AR-specific hypermutator phenotype in
combination with other genes, might serve as a contributing factor to ethnic differences in PCa and
potentially different clinical outcome in AAs as a high-risk population.
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Introduction
Prostate cancer (PCa) is the most prevalent cancer among men living in the United States and is a
significant contributor to morbidity and mortality in
older men [1]. It is well established that PCa does not
affect racial/ethnic populations similarly. PCa has
been accounted for 37% of all cancers in African-American (AA) men in 2013 [2]. AA men have
1.6-1.9 times higher incidence rate and 2-3 times
greater mortality rate than Caucasian Americans
(CAs). AA men with PCa present with higher tumor
volume, more advanced tumor stage, higher Gleason
grade, and higher prostate specific antigen (PSA).
Overall, AA men have a worse prognosis than their
Caucasian counterparts. The underlying reasons for
such disproportionate ethnic differences in PCa
prognosis and mortality may reflect genuine racial
differences in cancer biology, socio-cultural differences, or access to health care systems. Also it is possible that AA men at any stage of disease present with
a biologically more aggressive PCa and hence, a
worse prognosis.
The androgen receptor (AR) is a nuclear transcription factor and a member of the steroid hormone
receptor superfamily of genes [3]. The AR gene is located on the X chromosome at position Xq11-12 and
spans ~90 kb containing eight exons that code for a
~2,757 bp open reading frame within a 10.6-kb
mRNA. Like many other steroid receptors, AR consists of separate domains responsible for ligand-binding (LBD; 295 amino acid coded by exons
4-8), well-conserved DNA-binding domain (DBD;
68-amino acid coded by exon 2 and 3), nuclear localization (amino acid 628-657), and transactivation units
such as AF-1, AF-5, and AF-2 encoded by exon 1 and
8. The most variable region is the N-terminal domain
(NTD) of exon 1 with 555 amino acid residues. This
domain has several regions of highly repetitive DNA
sequences, such as CAG and GGC repeats. The most
recognized repeat is a CAG triplet that begins at codon 58 with an average of 22 repeats. Recent studies
do not support the association between CAG-repeat
length and PCa risk or aggressiveness [4,5].
The normal growth, development, and maintenance of the prostate are dependent on androgen
acting through the AR. In the early and intermediate
stages, the vast majority of PCa are androgen and
AR-dependent. These facts serve as the basis for androgen-ablation therapy which has been an important
treatment modality [6]. Since PCa is highly heterogeneous, several mechanisms simultaneously may contribute to castrate-recurrent or resistant (CR) PCa
within the same patient. In addition to growth factors,
oncogenes and tumor suppressor genes, and cellular
and acellular stromal factors, the AR plays a central
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role in PCa development. Several AR-related mechanisms have been proposed for metastatic or
CR-progression of PCa including but not limted to: 1)
AR mutations or amplifications leading to hypersensitive receptor or being responsive to anti-androgens
or non-androgenic ligands, 2) AR-splice variants, and
3) AR co-regulators [7,8]. When activated by the endogenous androgen ligands, testosterone (T) and dihydrotestosterone (DHT), the ligand-receptor complex translocates into the nucleus and binds to specific
genomic DNA sequences in the regulatory regions of
AR-regulated genes. Binding of the androgen-AR
complex to these androgen response elements regulates expression of androgen target genes such as
prostate-specific antigen (PSA).
In addition to the classically known oncogenes,
the AR has been considered as an oncogene that is
involved specifically in prostate carcinogenesis and
PCa recurrence. Functional AR is expressed at any
stage of PCa including prostate intraepithelial neoplasia (PIN), primary PCa, metastatic PCa, and castration-recurrent PCa (CRPCa). The AR is among the
most mutated type of the steroid receptors. So far,
more than 700 mutations of the AR have been reported, most of which led to different, non-malignant
clinical categories of androgen-insensitivity syndrome
[9]. Overall, AR mutations in Caucasian patients are
rarely found in untreated primary organ-confined
(localized) PCa (<2%), but are detected at a high frequency in androgen-ablated, metastatic, or CR-tumors
[9,10]. The frequency of AR mutation varies greatly
among different studies, with up to 25% in androgen-stimulated tumors and up to 50% in metastatic or
CR-tumors [11]. The gain of function mutations of the
AR in PCa are detected in different functional domains and rarely in 5’- and 3’-untranslated regions
(UTRs) of the gene. Most of these mutations are single
base substitutions that directly or indirectly affect the
AR function. About 51% of the substitution mutations
are located in the LBD, 41% at the NTD, and 7% at
DBD [12].
Unlike somatic mutations, germline AR mutations are rarely identified [3]. The R726L mutation
was reported in Finnish patients with sporadic or familial PCa [13,14]. Additional reports include two
unrelated PCa patients with G2T and C214A mutations within the 5’-UTR (non-coding) region of the AR
[15], and one final report showed the AR-Q798E mutation in the PCa tissue and genomic (g) DNA of a
patient [16]. AR somatic mutation was recently discovered in an AA-PCa cell line (i.e., E006AA) [17]. In
addition, during screening for genomic alterations in
AAs with familial PCa, we identified a novel germline
AR missense mutation (A1675T: T559S) in three siblings with early-onset PCa, referring to the X-linked
http://www.ijbs.com
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transmission pattern [18].
In the present study, the occurrence of somatic
AR mutation in primary PCa tissues and germline AR
mutations in patients with sporadic PCa was investigated in AAs compared with CAs. In addition, we
determined the distribution of E213(G/A) single nucleotide polymorphism (SNP) in unrelated healthy
individuals of both ethnic populations. Functional
consequences of silencing a specific somatic
AR-mutation (599 Ser > Gly) was also tested in in vitro
assays.

Materials and Methods
Source of tissue specimens, ethical
considerations, and genomic DNA Extraction
Sample collection was performed after obtaining
written informed consent from patients for the use of
their samples for diagnostic and scientific purposes.
All clinical samples were provided based on a unique
and random alpha-numerical coded system without
referring to the patients by name or using any other
personal identifier term. During data processing and
analyses, samples were assigned a different random
number. Ethical approval was obtained from the Institutional Review Boards (IRBs) at Louisiana State
University Health Sciences Center (LSUHSC), School
of Medicine, New Orleans, LA and Roswell Park
Cancer Institute (RPCI), Buffalo, NY. The study conformed to the principles outlined in the Declaration of
Helsinki. All tissue biospecimens were obtained from
the biospecimen core facilities at the Louisiana Cancer
Research Consortium (LCRC) affiliated with Tulane
Medical School and School of Medicine, LSUHSC,
New Orleans (http://www.louisianacancercenter.org
/collaborative-initiatives/sharedresources/biospeci
men-core) (Additional File 1: supplementary Table 1).
Somatic AR mutations were examined using
gDNA extracted from fresh frozen PCa tissue with
80% or higher tumor content. Examination of
germline variations of AR gene sequence was carried
out using white blood cells (WBCs) of patients with
primary PCa. Distribution of E213 (G/A) SNP was
determined using gDNAs extracted from WBCs of
unrelated healthy individuals with no clinical history
or evidence of cancer. DNAs were extracted using the
QIAGEN DNeasy Blood & Tissue Kit, as recommended by the manufacturer. DNA samples were
quantitated using a NanoDrop 8000 Spectrophotometer (Thermo Scientific).

PCR, gel-purification, and bi-directional
pyrosequencing
Polymerase chain reaction (PCR) amplification
was performed by using the previously wellcharacterized exon-specific primer sequences cover-
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ing AR gene intron/exon boundaries [19] (Additional
File 1: Supplementary Table 2). Fifty nanograms of
gDNA was amplified by 35 cycles of PCR in 50 μL
containing 0.2 μM of each primer, 0.2 mM of dNTPs ,
1.5 mM of MgCl2 and 2.5 units of GoTaq DNA polymerase (Promega, Madison, WI, USA). PCR conditions were 95°C for 5 min, followed by 95 °C for 45 s,
56 to 61 °C for 45 s and 72 °C for 1 min, with a 10-min
extension at 72 °C after the last cycle. The correct band
size was verified by running a 1.2% agarose gel. PCR
products were gel-purified by using a Qiagen
PCR-cleaning kit (Qiagen, Inc., Valencia, CA, USA).
Sequencing was performed in both directions and
repeated independently to ensure the accuracy of the
data. The reported sequence was examined by Chromas LITE software (version 2.0) and compared with
the AR gene in the NCBI gene database (Accession
No. NM_000023).

Cell culture, reagents, and antibodies
E006AA was established from an AA patient
with an organ-confined Gleason 6 tumor as described
previously [20]. Cos-7 cell lines were obtained from
the American Type Culture Collection (ATCC, Manassas, VA). E006AA and Cos-7 cell lines were cultured in DMEM-10% Fetal Bovine Serum (FBS) and
RPMI-1640 supplemented with 10% FBS, 1 mM sodium pyruvate, and 10 mM HEPES, respectively. All
tissue culture media were from Invitrogen (Carlsbad,
CA). Anti-human AR (H-441), GAPDH, and secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).

AR-silencing in E006AA cell line
E006AA cells were cultured up to 70% confluency, trypsinized, seeded at 2 x 105 cells/well in
6-well plates, and incubated overnight. Cells were
transfected with 10 ul (50 pmol) of AR-siRNA oligo
(sc-29204) or control siRNA oligo (sc-37007) from
SantaCruz and 10 µl lipofectamine 2000 for 8 h. After
removal of transfection medium, cells were incubated
in complete medium for 36 h before being harvested
for western blotting or cell proliferation, migration, or
invasion assays.

Western analysis
After transient transfections and incubating cells
for 36 h in their maintenance medium, the culture
plates were washed three times with cold PBS. Cells
were lysed in 0.5 ml of lysis buffer (20 mM PIPES, 150
mM NaCl, 1.5 mM MgCl2, 1 mM EGTA, 1% Triton
X-100, 0.1% SDS, pH 7.4) containing protease inhibitors (10 µg/ml aprotinin, 10 µg/ml leupeptin, 1mM
PMSF and 1 mM sodium orthovandate). The collected
lysate in eppendorf tubes was placed on ice for 30
min. After centrifugation (20 min; 16,000 g at 4°C),
http://www.ijbs.com
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supernatants were removed and the protein concentration was determined using the BCA protein assay
(Pierce, Rockford, IL). Twenty micrograms of protein
from each sample were resolved on 4-15%
Tris-Glycine gels under reducing condition, and
transferred to PVDF membranes (Millipore, Bedford,
MA). Membranes were blocked with 5% BSA in TBS-T
(150 mM NaCl, 200 mM Tris, 0.1% Tween-20) for 1 h
and then incubated with 2 µg/ml of anti-AR or
–GAPDH. After 1h at room temperature, membranes
were washed with TBS-T and incubated with a 1:1000
dilution of HRP-conjugated secondary antibody
(1:1000 dilution; Santa Cruz Biotechnology) for 1 h at
room temperature. Membranes were then washed for
30 min, treated with the ECL detection system
(Amersham, Arlington Heights, IL), and exposed to
Biomax MR film (Kodak).

Cell proliferation assay
Cells were seeded in 96-well tissue culture plates
in their respective complete culture media for 3 days.
After changing the medium to serum-free, cell were
treated with purified recombinant human saposin C
(characterized before) [6]. After 2 days of incubation,
the cell number was determined by MTS assay (based
on a novel tetrazolium compound) using CellTiter 96
AQueous One Solution Cell Proliferation / Cytotoxicity Assay kit (Promega, Madison, WI). For each cell
line, the total cell number was determined using a
standard curve based on absorption (O.D) versus cell
number. We used twelve replicates for each treatment
concentration. The assay was repeated at least three
times.

Cell migration and invasion assays
The effect of AR down-modulation on E006AA
cell migration and invasion was performed using
8-µm transwell filters (Corning) with minor modification as described previously [21]. For the invasion
assay, the upper compartment was coated with 50 µg
Matrigel (BD Biosciences) to form a matrix barrier. A
suspension of cells (4 × 104 in 200 µl) in basal medium
containing 0.1% BSA was added to the upper compartment. The lower compartment was filled with 400
µl basal medium containing 1% FBS as a chemoattractant. After 24 h, the non-migratory cells on the
upper surface were removed by a cotton swab and the
cells on the lower surface were fixed and stained with
the Diff-Quick solution (Dade Behring, Deerfield, Illinois). Migrated or invaded cells in each transwell
filter were counted in ten randomly selected fields (at
40X magnification). The experiment was performed in
quadruplicates and repeated at least three times independently.
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Statistical analysis
All analyses were conducted in SAS v9.3 (Cary,
NC) at a nominal significance level of 0.05. The association between scores and group was evaluated using an ANOVA model, using Dunnet’s method for
comparisons between non-transfected and both
AR-siRNA and control-siRNA. For both migration
and invasion assays, the ANOVA test indicated a significant association (p < 0.001) and the post-hoc tests
demonstrated a significant difference between
non-transfected and AR-siRNA (p < 0.001). For cell
proliferation, the ANOVA test was non-significant (p
= 0.371) and as a result the post-hoc tests are also
non-significant.

Results
Somatic AR mutations in primary prostate
cancers occurs at a higher rate in African
Americans than in Caucasian Americans
To determine the relative occurrence of somatic
AR mutations, we used gDNAs extracted from untreated primary PCa of AAs (n=200) and CAs (n=100)
(Additional File 1: Supplementary Table 1). Using the
well-established and optimized primers covering the
AR gene intron/exon boundaries (Additional File 1:
Supplementary Table 2), PCR, gel-purification, and
bi-directional pyrosequencing, we screened the entire
coding region for mutations. Somatic AR mutations
were confirmed by comparing the sequence with
those from matched normal tissues. In total, 17 somatic AR mutations were identified in AAs (Table 1).
Of these, 9 mutations (52.9%) were located in LBD, 3
in DBD (17.6%), and 5 in NTD (29.4%). All of these
mutations were missense mutation. No insertions or
deletions were observed. The majority of the mutations (7 out of 17; 41.1%) were from Gleason 7 tumors.
A small portion of the mutations were from Gleason 8
tumors (4 out of 17; 23.5%) and the rest were from low
grade tumors (Gleason ≤ 6, 6 out of 17; 35.2%). We
detected only two missense mutations in CAs with
Gleason 7 tumors. Overall our data indicated that
somatic AR mutation was more frequent in AAs (4.25
times) than in CAs. We observed that 1 of 3 mutations
(597 Ser > Gly) in DBD from a Gleason 6 tumor was
identical to a somatic AR mutation that was previously reported in the E006AA cell line, an AA-PCa cell
line established from a patient with an organ-confined
primary untreated tumor [20]. The 597 Ser>Gly mutation in the reference AR protein sequence
(NM_000044.3) corresponds with the 599 Ser>Gly in
E006AA, due to the two additional amino acid increase in the CAG (glutamine) and GGC (Glycine)
repeat tracts [17].
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Table 1: Somatic AR missense mutations and E213 (G/A) polymorphism in primary prostate cancers in African Americans versus Caucasian Americans.a

Archival genomic DNAs (200 African American and 100 Caucasian Americans with PCa).
AR mRNA sequence: NCBI gene bank/ Accession # NM_000044.3.
c AR protein sequence / NP_000035.2
a

b

In our analysis, the observed allele frequency for
PCa patients and normal individuals of AA origin for
CAG and GGC repeat length polymorphism was
similar. The number of repeats varied from 9 to 30 in
CAG (PCa patients: Mean=18, SD=3.31; in normal
cases: Mean=19, SD=3.41), and from 8 to 20 in GGC
(PCa patients: Mean= 14.45, SD=2.0; in normal cases:
Mean=15, SD=2.21). In Caucasians, the number of
repeats varied from 9 to 28 in CAG (PCa patients:
Mean=22, SD=2.32; in normal cases: Mean=21,
SD=3.13), and from 8 to 18 in GGC (PCa patients:
Mean= 16, SD=3.2; in normal cases: Mean=16,
SD=2.49).

Germline mutations of AR in African
American men versus Caucasian American
men with sporadic prostate cancer
To examine germline mutation in AR, we
screened the entire exonic sequence of AR and its
5’-UTR and 3’-UTR regions in gDNAs extracted from
WBCs of 162 patients (88 AAs and 74 CAs) with sporadic PCa (Supplementary Table 1). As shown in Table 2, the germline mutations were detected in 10 out
of 88 (11.3%) AAs. Of these, 2 mutations were detected at 5’-UTR and 8 others in exon 1 (NTD region).
Four of exon I mutations were in the form of substitution and 4 others as synonymous type mutations.
Two of the substitution type mutations in AAs were
from patients with Gleason 7 tumor, one mutation

from a patient with Gleason 6, and 1 from Gleason 8
tumor. Three of the synonymous type mutations were
from patients with Gleason 7 and 1 from a patient
with Gleason 8 tumor. However, in CAs, we detected
only 2 synonymous mutations (2.7%) in the NTD region. One of these mutations was from a patient with
Gleason 7, and the other one was from a Gleason 6
tumor. Overall, 10 out of 12 (83.3%) germline mutations in AAs and CAs were detected in patients who
had Gleason 6 or 7 tumors and only 2 out of 12 (16.6%)
were from patients with high grade tumors (Gleason
8). These data also indicated that germline mutations
occurred at a higher rate (4.18 times) in AAs as compared with CAs.

Comparative analysis of AR-E213 G/A SNP in
patients with primary prostate cancer and in
unrelated normal individuals
The AR-Stu I restriction site, commonly known
as E213 G/A SNP (rs6152) is a synonymous change
(GAG > GAA) for glutamic acid (http://www.ncbi.
nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=6152).
Very limited data is available on allelic distribution of
E213 SNP in the general population or in PCa patients
in either AAs or CAs. Therefore, we analyzed the occurrence of the E213(G/A) polymorphism in gDNAs
extracted from PCa tissues. As shown in Table 1, 9 out
of 17 (52.9%) AA-patients with somatic AR mutations
presented with E213-A alleles compared with 8 out of
http://www.ijbs.com
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17 (47%) who had G-allele. The proportion of A-alleles
was the same among AA patients with Gleason 6, 7, or
8 tumors. However, 4 out of 7 patients with the
G-allele had Gleason 7 tumor, 2 with Gleason 6 tumor,
and only 1 with Gleason 8 tumor.
To determine the E213 (G/A) polymorphism in
the general population, we used gDNAs extracted
from a population of unrelated healthy AA and CA
males (Table 3) (Additional File 1: Supplementary
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Table 1). Analysis of bi-directional sequencing
showed that in AA males, 34 out of 61 (55.7%) had the
A-allele and 26 out 61 (42.62%) had the G-allele.
Among CA males, 6 out of 63 had (9.52%) had the
A-allele and 58 out of 63 (92%) had the G-allele.
Overall, E213 A-allele expression was 5.85 times
higher in AA men than in CA-men. However, the
E213 G-allele presented at a higher rate (~2.6 times) in
CA men compared with AA men.

Table 2: Germline mutation of AR in African American and Caucasian American Men with sporadic Prostate Cancer. a

a
b

Archival genomic DNAs (88 African American and 74 Caucasians with PCa).
Genomic AR sequence: NCBI gene bank/Accession # NM_000023. c AR mRNA sequence: NCBI gene bank/ Accession # NM_000044.3. d AR protein sequence / NP_000035.2

Table 3: Relative allelic distribution of E213 (G/A) SNP in unrelated healthy population of African American and Caucasian
American men.a

a racially-compatible PCa cell line, E006AA (Fig. 1A).
Transient silencing of AR did not affect cell proliferation in the E006AA cell line (Fig. 1B).
However, we found that AR-silencing significantly decreased E006AA cell migration and invasion
by 73.3% and 67.3%, respectively (Fig. 1C and D).

Discussion

a
b

AR mRNA sequence: NCBI gene bank/ Accession # NM_000044.3
E213 (G/A) SNP is located at nucleotide 1754 according to NM_000044.3

Silencing AR (599 Ser>Gly) in the E006AA cell
line decreased migration and invasion but had
no effect on proliferation
AR (599 Ser>Gly) somatic mutation in our current and previous study were both discovered in PCa
tissues and cells obtained from AA patients. We used
commercial siRNA-oligos to transiently silence AR in

AR is expressed in a significant portion of CRPCa patients and it seems that even in cases under
maximal androgen ablation therapy, the presence of
AR is often required for castrate-resistance or proliferating metastatic PCa cells [22-25]. Collectively, it
indicates the importance of AR, its expression and
activity, and/or the function of AR-target genes and
their regulators in PCa. Limited information is available on race and AR expression or mutation in
AA-PCa. In a single report, AR protein expression
was analyzed in benign and malignant prostate tissues obtained from radical prostatectomy specimens
of 25 AAs and 25 CAs [26]. Using a visual scoring
method, AR immunostaining was detected more intensely in both benign and malignant prostate epithelial nuclei in AAs than in CAs. In AAs compared with
http://www.ijbs.com
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CAs, PCa cells were 27% more likely stained for AR,
and among immunopositive benign prostate cells, AR
protein expression was 81% greater [26]. In contrast to
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limited investigation in AA-PCa patients, AR mutation has been intensively investigated in primary,
metastatic, and CRPCa patients in CAs [3,11].

Figure 1. The effect of transient silencing of mutant AR (599 Ser>Gly) on proliferation, migration, and invasion in the E006AA cell line. A. Western blotting of AR in the E006AA
Cell line transiently transfected with control- or AR-siRNA oligos. B. Transfected cells were seeded in 96-well tissue culture plates in complete culture medium. After 3 days of
incubation, the cell number was determined by MTS assay using CellTiter 96 AQueous One Solution Cell Proliferation / Cytotoxicity Assay. Total cell number was determined
using a standard curve based on absorption (O.D) versus cell number. Experiments were performed in triplicate and the assay was repeated at least three times independently.
C. Transfected cells were subjected to migration and invasion assays as described in “Materials and Methods”. A representative photomicrograph from control and AR-siRNA
transfected cells is presented at 400× magnification using a phase-contrast microscope. D. Cells migrated or invaded were counted from ten random fields. Each bar represented
the mean ± SEM of three independent experiments, each performed in triplicate. For cell proliferation assay, the ANOVA test was non-significant (p = 0.371) and as a result the
post-hoc tests are also non-significant. For migration and invasion assays, the ANOVA test indicated a significant association (p < 0.001) and the post-hoc tests demonstrated a
significant difference between non-transfected or control-siRNA and AR-siRNA (p < 0.001).

While investigating the AR sequence in the
E006AA cell line derived from a Gleason 6 organ-confined tumor, we observed X chromosome
duplication, AR gene mutation (at the DNA-binding
domain), and its genomic amplification. Somatic AR
mutation (599 S>G) in this cell line was proved to be a
dominant-negative or loss-of-function type [17]. This
study also showed that after androgenic stimulation,
the mutated-AR (Ser599Gly) in E006AA cell line is
able to translocate to the nucleus, binds to putative
androgen-response elements (DNA-binding sites), but
fails to stimulate AR-target genes expression. The
occurrence of AR 599 Ser>Gly mutation in one of the
PCa tissues and in the E006AA cell line led us to suspect that this may be a germline mutation that exists
more frequently in familial PCa. Our analysis of the
matched normal and PCa tissues obtained from PCa

patients excluded the possibility of a germline mutation. In addition, we did not find AR599 (Ser>Gly)
mutation in the sequencing data obtained from a previous study that included PCa-affected members of 30
high-risk AA-families [18]. Furthermore, analyses of
gDNAs extracted from WBCs of unrelated healthy
AA excluded the possibility of the observed mutation
as a polymorphic variant or SNP.
Transient silencing of AR did not affect cell proliferation in the E006AA cell line. However, it significantly decreased cell migration and invasion. This
data was in agreement to a previous study that
demonstrated lentiviral-shRNA silencing did not affect E006AA cell growth [17]. Overall, our data highlights the potential significance of AR mutations that
might contribute or intensify migratory and invasive
abilities independent of growth characteristics in PCa.
http://www.ijbs.com

Int. J. Biol. Sci. 2014, Vol. 10
In addition, site-specific genetic alterations of AR in
PCa may contribute at the same time to
“loss-of-function” phenotype (cell proliferation) and
“gain-of-function” phenotypes such as migration and
invasion. The relationship between AR genotype and
phenotype in PCa is complicated and remains largely
unknown. It has been reported that similar AR mutations can be associated with both a “gain-of-function”
in one individual and a “loss-of-function” phenotype
in another individual. For example, Gottlieb et al have
reported that 13 AR mutations in different individuals
were associated with variable phenotypes such as
partial androgen-insensitivity syndrome (PAIS),
complete androgen insensitivity syndrome (CAIS),
mild androgen insensitivity syndrome (MAIS) and
PCa [12]. However, 32 AR mutations were associated
with CAIS, PAIS, and/or MAIS, without PCa. Overall, these data strongly support the contribution of
non-genomic,
post-transcriptional,
or
posttranslational events which might alter the functional
consequences of AR mutations. In addition, the
presence of multiple AR mutations in multi-focal PCa
tissues will further complicate the net-effect or outcome of “gain-of-function” or “loss-of-function” mutations in PCa biology and clinical outcome. Taking
into consideration the inter-focal heterogeneity, it will
not be surprising to detect different AR mutations in
the localized tumor, or in different metastatic locations in the same patient.
The amino-terminal transactivation domain of
exon 1 in AR contains 3 polymorphic sequences that
include two trinucleotide polymorphic repeats (CAGn
and GGCn) and the stable dimorphic AR-E213(G/A)
SNP located between the CAG/GGC repeat regions.
The association between E213(G/A) SNP and PCa has
been investigated in only one relatively large study in
Australian patients [27]. Based on this population-based case-control study (n=719 controls and
n=811 PCa patients), there was no association between the E213-G allele and risk of PCa. However, the
frequency of A-allele careers (5%) in metastatic PCa
(Stage IV, T4N+M+) was less than in organ-confined
non-metastatic tumors (Stage I-II, 16%, P = 0.03). In an
earlier study, the E213(G/A) polymorphism was reported to associate with androgenic alopecia [28].
Searching the NCBI-SNP data base revealed that
E213 A- and G-alleles were reported at 52.1% and
47%,
respectively
in
self-described
African/African-American heritage PCa patients /
(n=24). However, the E213 A-and G-alleles were presented at 18.3% and 81.7%, respectively in
self-described Caucasian heritage (n=31). In our investigation, 52.9% of AA-patients with somatic AR
mutations had the E213-A allele compared with 47%
who had the G-allele (Table. 1). The proportion of
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A-alleles among low, moderate-, and high grade tumors were the same. However, 4 out of 7 patients with
the G-allele had Gleason 7 tumor, 2 with Gleason 6
tumor, and only 1 with Gleason 8 tumor. To determine the E213 (G/A) allelic distribution in the normal
US-male population, we analyzed the gDNAs extracted from WBCs of 124 unrelated healthy AA and
CA males (Table. 3). In AAs, the E213 A-allele was
presented in 55.7% and G-allele was detected in
42.62% of cases. However, 92% of CA males had the
G-allele and only 9.52% of them had the A-allele.
These data showed that E213 A-allele expression was
detected at 5.85 times higher in AA men than in CA
men. The E213 G-allele existed at a higher rate (~2.6
times) in CA-men compared with AA-men. Taking
into consideration our data and NCBI-SNP data base,
it appears that the relative distribution of the A- and
G-allele in normal male populations and PCa patients
is not necessarily associated with PCa. Using
qRT-PCR, we tested the effect of a transcription inhibitor (i.e., actinomycin D) on AR-mRNA expression
in Cos-7 cells (with no endogenous AR expression)
transiently transfected with vectors expressing E213
G-allele or A-allele. This experiment showed that E213
A-allele only slightly (~10%) increased AR-mRNA
expression levels in Cos-7 cells (data not shown). This
data indicate that E213 A-allele may increase
AR-mRNA stability. Additional studies are needed to
confirm this statement.
It is a fact that tumors are genetically unstable.
Formation of mutations is an inseparable and inherent
characteristic of different types of cancers. On the
other hand, progression of tumors appears to be a
genetically evolutionary and multistep process. The
final outcome will be dictated by the selection of the
desirable mutations in tumor cells within their microenvironment. It is also conceivable that in certain
type of cancers, some critical genes may be more susceptible to mutations than others. Oncogenic addiction of PCa to AR-dependent signaling and activity,
high somatic mutation rate in AR, and formation of
site-specific AR mutation in response to first or second generation antiandrogens in CRPCa cells and
tissues, may collectively support the hypothesis that
the AR gene has the characteristic hypermutable or
hypermutator phenotype. It is naturally expected that
such hypermutator phoenotypes should lead to
gain-of-function type and adaptive mutations. It is
likely that the AR hypermutator phenotype could be
intensified or affected by other demographic (e.g.,
race) or environmental factors.
Our data indicated a higher rate for genomic alterations in the AR in the form of somatic mutations in
primary PCa or in germline mutations in AAs as
compared with CAs. We hypothesize that there is a
http://www.ijbs.com
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potential for the AR-specific hypermutator phenotype
that either alone, or in combination with other genes,
might serve as a contributing risk factor to ethnic differences in PCa incidence and potentially different
clinical outcome in AAs as a high-risk population.
Future large-scale investigations are required to determine the contribution of gene-specific or
site-specific AR somatic and/or germline mutations
in patient populations in relation to demographic and
other clinicohistopathological determinants of PCa
aggressiveness or progression.
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