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Purpose: Type III 5-α reductase (SRD5A3; steroid 5-α reductase 3) may be associated 
with the progression of prostate cancer (PCa). The aim of our study was to determine 
whether the length of AC repeats in the SRD5A3 gene is associated with the risk of 
PCa and the expression of androgen receptor (AR) protein in Korean men.
Materials and Methods: We compared the length of AC repeats in the short tandem 
repeat (STR) region of the SRD5A3 gene in 68 PCa patients and 81 control subjects 
by genotyping. A total of 55 patients in the PCa group underwent radical prostatectomy. 
We evaluated the expression of AR protein by using Western blotting and tested the 
association between the type of AC repeats in the SRD5A3 gene and AR protein ex-
pression and clinical and pathologic parameters.
Results: The short type of STR had less than 21 copies of AC repeats in the SRD5A3 
gene. The SS type (short and short type) of STR of the SRD5A3 gene was 2.2 times as 
likely to occur in PCa patients as in controls (odds ratio, 2.21; 95% confidence interval, 
1.14 to 4.31; p=0.019). However, AC repeats of the SRD5A3 gene were not associated 
with AR protein expression or clinical or pathologic parameters in PCa samples.
Conclusions: These results suggest that the short AC repeats of SRD5A3 polymorphism 
are associated with an increased risk of PCa. SRD5A3 polymorphism may contribute 
to a genetic predisposition for PCa.
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INTRODUCTION

Prostate cancer (PCa) is an important disease for public 
health care in the United States (US), Europe, and Korea 
because it is first in prevalence and second in mortality 
among men’s cancer [1]. The incidence rate of PCa has 
markedly increased over the past 10 years in Korea [2]. 
Much evidence suggests that the risk factors for PCa in-
clude genetic background, such as race, family history, and 
variants of specific genes. African American men have a 
higher prevalence rate of PCa than do Caucasian or 
Hispanic men in the US [1]. In contrast, the incidence and 

mortality rates for Hispanic men are one third lower than 
for non-Hispanic Caucasians [3]. Environmental factors 
also play an important role with genetic factors in the ini-
tiation and development of PCa [4,5]. 

Concerning molecular modification in the prostate, the 
most important factor in the development and progression 
of PCa is activation of the androgen receptor (AR) signaling 
pathway. PCa growth is usually androgen dependent and 
androgen deprivation therapy is a standard therapy in pa-
tients with advanced and metastatic PCa [6]. In this path-
way, 5-α reductase converts testosterone to dihy-
drotestosterone (DHT), which can bind to the AR. The com-
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FIG. 1. Scheme of calculation for numbers of AC copies in SRD5A3 
gene. For examples, if the value analyzed by GeneMapper 
program was 189.03, short tandem repeat was the 20 repeats as 
follow an equation; [(189.03)–(91+58)]/2=20.015 (20 repeats).

plex of the AR with DHT enhances activation of androgen 
response elements (AREs) [7]. 

Recently, type III 5-α reductase (SRD5A3) was identified 
and overexpression of this gene in PCa was reported [8]. 
Type I 5-α reductase (SRD5A1) and type II 5-α reductase 
(SRD5A2) have been extensively studied, and those in-
hibitors are in clinical use for alopecia and benign prostatic 
hyperplasia [9,10]. However, few reports are available on 
the function and roles of SRD5A3 in PCa. The aim of this 
study was to evaluate the association between SRD5A3 
gene polymorphisms and PCa risk and the expression of AR 
protein in Korean men.

MATERIALS AND METHODS

1. Study populations
From January 2011 to June 2012, PCa patients with a his-
tologically confirmed diagnosis after transrectal ultra-
sonography (TRUS)-guided biopsy at Chungnam National 
University Hospital were enrolled in this study. After ap-
proval from the Institutional Review Board, informed con-
sent was obtained from the study participants. The healthy 
controls were selected by the criteria of age over 50 years 
without evidence of PCa by prostate-specific antigen (PSA) 
testing, digital rectal examination, and TRUS. A total of 68 
PCa patients (mean age, 69.9±7.4 years; prostate volume, 
38.3±14.7) and 81 healthy control subjects (mean age, 
60.7±10.6 years; prostate volume, 26.3±5.6; PSA, 1.9±0.7 
ng/mL) were studied. The number of patients with clinical 
low-stage (T1c, 6 cases; T2, 47 cases) and high-stage (T3, 
14 cases; T4, 1 case) cancer was 53 (77.9%) and 15 (22.1%), 
respectively.

2. Analysis of short tandem repeats in the SRD5A3 gene
For the analysis of short tandem repeats (STRs), genomic 
DNAs were isolated from 1-mL blood samples by use of the 
Genomic DNA Prep Kit (catalog no. SGD61-S120, SolGent 
Co., Daejeon, Korea) according to the manufacturer’s 
instructions. The qualities of isolated genomic DNA sam-
ples were tested by using 1% agarose gel electrophoresis 
and their quantities were measured by spectrophotometer.

The polymerase chain reaction (PCR) products for the lo-
ci containing the STR region (SRD5A3 gene, National 
Center for Biotechnology Information reference sequence: 
NM_024592.4) were obtained by using a mixture contain-
ing 10 pmol from each primer: 5'-GTA GAT GAG ACT TCT 
CCA AGC TG-3' (forward) and 5'-CAA CAA ACA GTT ATT 
GAG CAC-3' (reverse), 10X h-Taq buffer, 10 mM dNTP(T), 
h-Taq DNA polymerase (SolGent Co.), and 200 ng genomic 
DNA isolated from the blood sample. After the initial dena-
turation of the reaction mixture at 95oC for 3 minutes, am-
plification was achieved by 35 cycles at 95oC for 20 seconds, 
58oC for 40 seconds, and 72oC for 60 seconds and a final ex-
tension at 72oC for 5 minutes. After purifying the PCR prod-
uct by use of the PCR Purification Kit (SolGent Co.), se-
quences of the STR region were confirmed by direct se-
quencing analysis. For the Genescan analysis of STRs, AC 

repeat loci were amplified by the fluorescent dye-tagged 
forward primer and reverse primer. After the purification 
of amplified PCR product, 2 ng of the PCR products was 
mixed with Hi-Di Formamide (Applied Biosystems, Foster 
City, CA, USA) and POP-4 Polymer (Applied Biosystems) 
size marker. The reaction mix was incubated at 96oC for 2 
min and 4oC for 3 minutes and then analyzed by use of the 
ABI3100 genetic analyzer (Applied Biosystems). The ob-
tained data were analyzed by use of GeneMapper 4.0 
(Applied Biosystems). According to the values analyzed by 
GeneMapper 4.0 and the nucleotide sequence, the repeat 
number of STRs for each sample was estimated by use of 
the equation shown in Fig. 1.

3. Western blotting of AR
A total of 55 patients in the PCa group underwent radical 
prostatectomy, and expression of AR protein was meas-
ured by Western blotting. Frozen prostate tissue obtained 
from prostatectomy was pulverized by using a precooled 
mortar and pestle in liquid nitrogen and homogenized at 
4oC in 1×radioimmunoprecipitation assay buffer (Sigma- 
Aldrich Co., St. Louis, MO, USA; ready-to-use solution 
containing 150 mM NaCl, 1.0% IGEPAL CA-630, 0.5% so-
dium deoxycholate, 0.1% sodium dodecyl sulfate, 50 mM 
Tris, pH 8.0). Homogenates were centrifuged at 13,000×g 
for 20 minutes at 4oC, and the supernatant was either used 
immediately or stored at -70oC. Total protein was meas-
ured by using a Bradford dye-binding protein assay kit ac-
cording to the manufacturer’s instructions (Thermo 
Scientific, Pittsburgh, PA, USA). An aliquot of the super-
natant was kept for protein determination, and Laemmli 
sample buffer (Bio-Rad Laboratories Inc., Hercules, CA, 
USA) containing β-mercaptoethanol was added to the re-
mainder. The samples were boiled for 5 minutes, and then 
the equivalent of 50 μg total protein was loaded onto a 10% 
polyacrylamide gel. Samples were separated in an electro-
phoresis module assembly (Mini-Protean TetraCell, 
Bio-Rad Laboratories Inc.) under constant voltage. After 
electrophoresis, the proteins were transferred to poly-
vinylidene fluoride membranes by using a trans-blot semi-
dry transfer cell (Mini-Protean TetraCell) for 2 hours at 
4oC. Nonspecific binding sites were blocked by incubation 
in 1×phosphate buffered saline (PBS) containing 5% skim 
milk and 0.1% Tween 20 (PBSTM) for 1 hour. The mem-
brane was incubated overnight at 4oC with anti-AR anti-
body (N-20, Santa Cruz Biotechnology Inc., Santa Cruz, 
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TABLE 2. Association between AR expression and genotype of 
SRD5A3 in patients who underwent radical prostatectomy

Type of 
STR

Expressions of androgen receptor
OR (95% CI)

Underexpression Overexpression

SS
SL
LL
SL & LL

18 (78.3)
  4 (17.4)
  1 (4.3)
  5 (21.7)

19 (59.4)
  9 (28.1)
  4 (12.5)
13 (40.6)

1.00 (reference)
2.13 (0.56–8.16)
3.79 (0.39–37.20)
2.46 (0.73–8.31)

Values are presented as number (%). Short type was defined as 
number of AC repeats of STR less than 21 copies.
AR, androgen receptor; STR, short tandem repeats; OR, odds ra-
tio; CI, confidence interval; SS, short and short type; SL, short and 
long type; LL, long and long type.

TABLE 1. Case-control genotype of SRD5A3 association with pros-
tate cancer

Type of STR Prostate cancer Control OR (95% CI)

SS
SL
LL
SL & LL

45 (66.2)
18 (26.5)
  5 (7.3)
23 (33.8)

38 (46.9)
36 (44.5)
  7 (8.6)
43 (53.1)

1.00 (reference)
1.66 (0.49–5.65)
2.75 (0.22–33.65)
2.21 (1.14–4.31)

Values are presented as number (%). Short type was defined as 
number of AC repeats of STR less than 21 copies.
STR, short tandem repeats; OR, odds ratio; CI, confidence inter-
val; SS, short and short type; SL, short and long type; LL, long 
and long type.

FIG. 2. The frequencies of SRD5A3 short tandem repeat between 
control and patients with prostate cancer. 42.6% of patients with 
prostate cancer (PCa) had the 20,20 genotype compared to 28.4% 
of control (χ2=2.97, df=1, p=0.084).

CA, USA) at a dilution of 1:500. After washing with 
1×PBSTM, the membrane was incubated for 1 hour at 
room temperature with goat antirabbit IgG-horseradish 
peroxidase (Santa Cruz Biotechnology Inc.) diluted to 
1:2000 and washed four times for 15 minutes each in 1× 
PBSTM. Membranes were also probed with antiactin mon-
oclonal antibody (1:1000, Santa Cruz Biotechnology Inc.) 
as an internal control. The responses were identified at 110 
kDa. Immunoreactive proteins were detected and vi-
sualized by use of a chemiluminescence reagent (Dogen, 
Seoul, Korea) and the scanned films were quantified by us-
ing a gel documentation system. We defined over-
expression as a value greater than 50 percent of the ratio 
(expression of AR/β-actin).

4. Statistical analysis
The data were analyzed statistically and expressed as the 
mean (SD); groups were compared by using the chi-square 
test, and a p-value ＜0.05 was considered statistically 
significant. The associations between the STR of SRD5A3 
genotypes and risk for PCa and expression of AR protein 
within patients with PCa were analyzed by using IBM 
SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). Binary logis-
tic regression tests were used to calculate the p-values and 
95% confidence intervals (95% CIs) for the odds ratios 
(ORs).

RESULTS

Patients with PCa had similar patterns of frequency in 
SRD5A3 STR genotype compared with control samples. 
There was a statistical trend that 42.6% of patients with 
PCa had the 20, 20 genotype compared with 28.4% of con-
trol samples (Fig. 2; chi-square=2.97, df=1, p=0.084). We 
defined a short type of allele as having less than 21 copies 
of AC repeats in the STR region of the SRD5A3 gene. The 

SS type (short and short type) STR of the SRD5A3 gene was 
2.2 times as likely to occur in PCa patients as in controls 
(Table 1; OR, 2.21; 95% CI, 1.14 to 4.31; p=0.019).

We obtained 55 tumor tissues samples from prostatec-
tomy to evaluate the expression of AR protein and an asso-
ciation with SRD5A3 polymorphism. However, AC repeats 
of the SRD5A3 polymorphism were not associated with AR 
protein expression in patients with PCa who underwent 
retropubic radical prostatectomy (Table 2; OR, 2.46; 95% 
CI, 0.73 to 8.31; p=0.146). We also analyzed the association 
between the type of STR in SRD5A3 and clinical and patho-
logic parameters such as stage, Gleason score, and surgical 
margin. There were no statistically significant associa-
tions for any parameter (clinical stage: OR, 1.41; 95% CI, 
0.43 to 4.61; pathologic stage: OR, 1.64; 95% CI, 0.44 to 6.08; 
Gleason score: OR, 1.81; 95% CI, 0.52 to 6.35; surgical mar-
gin: OR, 2.40; 95% CI, 0.53 to 10.93).

DISCUSSION

5-Alpha-Reductase has three isoenzymes: SRD5A1, 
SRD5A2, and SRD5A3. SRD5A1 and SRD5A2 are well 
known to be associated with the development and pro-
gression of PCa [11,12]. SRD5A1 is expressed primarily in 
the skin and liver and, to a lesser extent, in the prostate, 
whereas SRD5A2 is expressed predominantly in prostate 
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epithelium and other genital tissues [13]. Functional 
SRD5A2 is a prerequisite for normal development of the 
prostate and external genitalia in males, and insufficient 
exposure of the prostate to DHT appears to protect against 
the development of PCa. The SRD5A3 gene is located in 
chromosome 4q12. SRD5A3 had been called SRD5A2L, 
SRD5A2L1, 3-oxo-5-alpha-steroid 4-dehydrogenase 3, and 
CDG1P, but SRD5A3 was approved as the symbol in the 
HUGO Gene Nomenclature Committee database. Recently, 
Uemura et al. [8] reported that SRD5A3 is overexpressed 
in hormone-refractory PCa tissues and regulates growth 
and viability in a PCa cell line. Overexpression of SRD5A3 
in castration-resistant PCa suggests a potential role in can-
cer progression in an androgen-deprived prostate micro-
environment [8]. Godoy et al. [14] mentioned that SRD5A3 
protein might be a potential biomarker for malignancy, be-
cause of overexpression of SRD5A3 in tumor samples com-
pared with their benign counterparts in breast, testis, lung, 
thyroid, and prostate. It has also been reported that the AR 
can directly bind to the negative ARE of the SRD5A3 pro-
moter in LNCaP cells [15]. However, an ARE region was 
not detected in the promoter of SRD5A1 or that of SRD5A2 
by promoter analysis and chromatin immunoprecipitation 
assay. This means that AR expression may be associated 
with the SRD5A3 gene. Therefore, we evaluated whether 
the SRD5A3 polymorphism was associated with the risk 
of PCa or expression of AR protein. In this study, the shorter 
length AC repeat in the STR region of the SRD5A3 gene 
was associated with increasing frequency of PCa (Table 1). 
On other hand, the men with alleles that had at least one 
longer AC repeat length of the SRD5A3 gene had a lower 
risk of PCa.

Riley and Krieger [16] suggested that SRD5A2, macro-
phage scavenger receptor-1, and tumor necrosis factor re-
ceptor-21 are strong candidates for PCa-predisposing 
genes. They found that AC repeats in the STR regions were 
9 times more common in mRNAs encoding membrane func-
tions than in the total untranslated region (UTR) database 
and that these might be UTR signals for some mRNAs en-
coding membrane-targeted proteins [17]. They also sug-
gested that longer STRs provided larger, more accessible 
loops for processing, which resulted in transcripts with 
shorter half-lives [17,18]. For some genes, however, the 
presence of the STR had a preserving effect, augmenting 
gene product activity, possibly as the result of improved 
mRNA transport or survival [19,20]. We thought that lon-
ger AC repeats of the SRD5A3 gene might affect the func-
tion of SRD5A3 to convert testosterone to DHT, which may 
be involved in PCa growth and affect the risk of PCa. 

The importance of the AR signalling pathway cannot be 
overemphasized in the development and progression of 
PCa. As we previously mentioned, androgens play an im-
portant role in PCa development and progression. The pri-
mary androgen in the prostate tissue is DHT, which is irre-
versibly catalyzed from testosterone by 5-α reductase. 
DHT, which has much more affinity than testosterone, 
binds to the intracytoplasmic AR, and the complex of the 

steroid-receptor goes into the nucleus and enhances activa-
tion of the ARE [7]. Mitsiades et al. [21] recently reported 
that metastatic PCa expresses higher transcript levels of 
AR, SRD5A1, and SRD5A3, whereas expression of 
SRD5A2 and some CYP3A enzymes was decreased. 
Distinct patterns of dysregulated enzyme expression are 
involved in intratumoral androgen metabolism in PCa 
[21]. We evaluated the association between AR protein ex-
pression and clinical and pathologic parameters such as 
stage, Gleason score, and surgical margin and the length 
of the AC repeat in the SRD5A3 gene but did not find any 
statistically significant associations. The small sample 
size analyzed in this study is one reason we think the length 
of the AC repeats in the SRD5A3 polymorphism was not 
associated with AR protein expression or clinical and 
pathologic parameters such as stage, Gleason score, and 
surgical margin but was associated with PCa risk. It might 
be associated with cancer progression, biochemical re-
currence, or tumor recurrence if it is regulated by the AR 
in an androgen-deprived microenvironment in human PCa 
cells. We need larger samples to study. We also need to eval-
uate the association between SRD5A3 polymorphism and 
progression after long-term follow-up.

CONCLUSIONS

We investigated polymorphisms of the SRD5A3 gene in 
PCa risk and evaluated the association between AR protein 
expression; clinical and pathologic parameters such as 
stage, Gleason score, and surgical margin; and the length 
of AC repeats in SRD5A3 polymorphism. We observed that 
short AC repeats of the SRD5A3 polymorphism were asso-
ciated with an increased risk for PCa. SRD5A3 poly-
morphisms may contribute to a genetic predisposition for 
PCa. However, we did not observe an association between 
AR protein expression or clinical and pathologic parame-
ters and the number of AC repeats of the SRD5A3 
polymorphism. Comparative analysis of SRD5A3 genetic 
predisposition in PCa among different countries may help 
us to understand the genetic factors of the disease.
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