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The steroid 5-alpha reductase type II gene (SRD5A2) encodes the enzyme which converts testosterone (T) to
the more active androgen dihydrotestosterone. A non-synonymous single-nucleotide polymorphism, A49T
(rs9282858), in SRD5A2 has been implicated in prostate cancer risk; however, results have been inconsistent.
In 1999, we reported a strong association between the A49T variant and prostate cancer risk among African-
Americans and Latinos in the Hawaii–Los Angeles Multiethnic Cohort (MEC). We report here an updated
analysis of MEC data including the five major ethnic groups of the MEC, an increased sample size, improved
genotyping technology and a comprehensive meta-analysis of the published literature. We found a non-
statistically significant positive association between prostate cancer risk and carrying either the AT or TT
genotype [odds ratio (OR) 5 1.16, 95% confidence interval (CI) 0.79–1.69] in the MEC. This finding is in con-
trast to our previous results of ORs of 3.28 and 2.50 for the association between prostate cancer risk and the
variant in African-American and Latino men, respectively; this can be accounted for by genotyping error in
our earlier study. Meta-analysis of the published literature, including the current MEC data, shows a summary
OR of 1.13 (95% CI 0.95–1.34) for the A49T variant with prostate cancer risk among sporadic, unselected
cases. After evaluating more than 6000 cases and 6000 controls, there is little evidence of a role for the
SRD5A2 A49T variant in prostate cancer risk. Overall, this report highlights the importance of rigorous
genotyping quality control measures and replication efforts in genetic association studies.

INTRODUCTION

The prostate is androgen dependent and it has been hypoth-
esized that variation in genes involved in androgen biosyn-
thesis and metabolism might be risk factors for prostate
cancer. A key gene in this pathway is the steroid 5-alpha
reductase type II gene (SRD5A2) which encodes the enzyme
that converts testosterone (T) to its more potent form, dihydro-
testosterone (DHT). In an early 1999 analysis from the
Hawaii–Los Angeles Multiethnic Cohort (MEC) study that
considered only African-Americans and Latinos, we reported

that a single missense variant in exon 1, A49T (which replaces
alanine at codon 49 with threonine; rs9282858) was associated
with increased risk of prostate cancer (1). Higher enzymatic
activity in the presence of this missense variant has been
found in in vitro studies (1,2).

Since our original publication, there have been 19 additional
publications across a variety of ethnic groups, with equivocal
results (3–21). A meta-analysis of five studies published in
2003 (including our 1999 data) showed a fixed effects
summary odds ratio (OR) of 1.39 (95% CI 0.98–1.96) under
a dominant genetic model (22). This variant has also been
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examined in relation to benign prostatic hyperplasia (9,23,24),
serum hormone levels (25) and prostate cancer prognosis
(7,26), all without definitive results.

We report here on an updated analysis conducted with all
five major ethnic groups of the MEC to further explore the
association between the A49T variant and prostate cancer
risk with substantially larger numbers and improved genotyp-
ing technology from that originally presented in 1999 as
well as a comprehensive meta-analysis which includes 11
published studies.

RESULTS

The demographic and genotype characteristics of the MEC
study participants are shown in Table 1. The age and education
level distributions were comparable between cases and con-
trols. Cases were more likely to have a first-degree relative
with prostate cancer.

No carriers of the T allele were identified among the
Japanese-American cases and controls and only two native-
Hawaiian controls carried a T allele. Only one man had the
TT genotype, a white case. The variant allele was most
common among the whites and was in Hardy–Weinberg equi-
librium (HWE) among controls in all of the ethnic groups.

Risk analysis was carried out among the ethnic groups that
were polymorphic at this site. We found no statistically
significant association between the T allele and risk of prostate
cancer among African-Americans, Latinos or whites.

Native-Hawaiians were included in the ethnicity-adjusted
analysis: the OR was 1.16 for all the four groups combined
(95% CI 0.79–1.69; Table 2).

On meta-analysis of the published A49T prostate cancer lit-
erature (4–7,9,12–16,18) and excluding the present analysis,
we find no association between this variant and risk of prostate
cancer [OR ¼ 1.11, 95% CI 0.91–1.34, P for heterogeneity
0.15; excludes Makridakis et al. (1) due to the genotyping
error; data not shown]. When the results from the MEC
Taqman genotyping are incorporated into the meta-analysis,
the results are largely unchanged (OR ¼ 1.13, 95% CI 0.95–
1.34, P for heterogeneity 0.20; Fig. 1).

DISCUSSION

We found no statistically significant association between the
SRD5A2 A49T genotype and risk of prostate cancer in any
of the four MEC ethnic groups in whom the polymorphism
occurred (Table 2). This finding is in contrast to the original
results from the MEC which showed a statistically signifi-
cantly increased risk of prostate cancer among carriers of
the SRD5A2 T variant for both African-Americans and
Latinos which we now know to be based on genotyping
error (1).

At the time our original results were published, single-
strand conformation polymorphism (SSCP) was an accepted
genotyping method; however, this screening method is now
widely deemed unreliable with higher frequencies of both

Table 1. Descriptive characteristics of the study population by racial/ethnic groupa

Characteristic African-American Japanese-American Native-Hawaiian Latino White
Co
(n ¼ 642)

Ca
(n ¼ 642)

Co
(n ¼ 470)

Ca
(n ¼ 430)

Co
(n ¼ 68)

Ca
(n ¼ 66)

Co
(n ¼ 564)

Ca
(n ¼ 585)

Co
(n ¼ 460)

Ca
(n ¼ 432)

Age, mean (SD) 67.3 (6.3) 68.0 (6.7) 69.3 (6.8) 69.8 (6.3) 67.9 (6.3) 67.6 (5.9) 67.3 (6.2) 67.7 (6.1) 67.9 (7.1) 68.2 (7.0)

Education, n (%)
0–10th grade 96 (15.1) 80 (12.7) 26 (5.6) 40 (9.3) 7 (10.8) 13 (19.7) 185 (33.5) 217 (37.6) 22 (4.8) 29 (6.7)
11–12th grade 151 (23.8) 156 (24.7) 155 (33.1) 136 (31.7) 29 (44.6) 27 (40.9) 113 (20.4) 134 (23.2) 69 (15.1) 62 (14.4)
Vocational/
some college

234 (36.9) 226 (35.8) 141 (30.1) 116 (27.0) 17 (26.15) 17 (25.8) 171 (30.9) 142 (24.6) 117 (25.6) 143 (33.2)

College graduate 154 (24.3) 169 (26.8) 146 (31.2) 137 (31.9) 12 (18.5) 9 (13.6) 84 (15.2) 84 (14.6) 250 (54.6) 197 (45.7)

Family history of PrCa, n (%)
1 þ first-degree
relative

71 (12.7) 78 (13.6) 24 (5.5) 39 (9.6) 6 (9.0) 7 (11.7) 36 (7.0) 61 (11.8) 35 (8.0) 54 (13.2)

No first-degree
degree relative

490 (87.3) 496 (86.4) 415 (94.5) 366 (90.4) 61 (91.0) 53 (88.3) 480 (93.0) 458 (88.2) 404 (92.0) 354 (86.8)

Genotype, n (%)
AA 630 (98.1) 628 (97.8) 470 (100) 430 (100) 66 (97.1) 66 (100) 551 (97.7) 566 (96.8) 435 (94.6) 406 (94.0)
AT 12 (1.9) 14 (2.2) 0 0 2 (2.9) 0 13 (2.3) 19 (3.2) 25 (5.4) 25 (5.8)
TT 0 0 0 0 0 0 0 0 0 1 (0.02)

Stage
Localized, n 413 235 39 343 270
AA, n (%) 405 (98.1) 235 (100) 39 (100) 329 (98.9) 253 (93.7)
AT, n (%) 8 (1.9) 0 0 14 (4.1) 17 (6.3)
TT, n (%) 0 0 0 0 0
Advanced, n 172 169 25 198 140
AA, n (%) 168 (97.7) 169 (100) 25 (100) 194 (98.0) 132 (94.3)
AT, n (%) 4 (2.3) 0 0 4 (2.0) 7 (5.0)
TT, n (%) 0 0 0 0 1 (0.7)

Co, controls; Ca, cases; SD, standard deviation; PrCa, prostate cancer.
aNumbers in the tables do not always sum to total numbers in the study because of missing data.
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false-positive and false-negative results than occur with
modern techniques such as Taqman. The genotype data from
our original report were out of HWE in controls, and at that
time it was believed this was because the minor allele was
rare and thus tests for HWE were not reliable. We now
know this was not the case and in fact this quality control
measure had identified genotyping error (the most likely
reason for deviations from HWE).

We observed bias away from the null in the presence of
genotyping error in our original report (1). The explanation
for this is likely due to the fact that African-American and
Latino cases in Los Angeles were ascertained before controls
to avoid losses due to death. Samples were sent to the labora-
tory and genotyped as they were collected, and cases were

therefore genotyped earlier than controls. We speculate that
laboratory technique may have changed over time, either
due to the laboratory technicians becoming more experienced
or to a change in technician such that, initially, more variant
alleles were observed. Because cases were genotyped first,
this would have led to a non-random error and spurious find-
ings. This underscores the importance of rigorous quality-
control measures in genetic association studies as described
by Rebbeck et al. (27).

The literature surrounding the A49T variant has been incon-
sistent, demonstrating the complexity of interpreting genetic
association study results and the importance of large sample
sizes and replication of findings. On meta-analysis including
more than 6000 cases and 6000 controls from 12 studies

Table 2. Association between A49T genotype and risk of prostate cancer by racial/ethnic group

Race/ethnicitya Genotype OR (95% CI)
All cases Localized cases Advanced cases

African-Americanb AA 1.0 1.0 1.0
AT/TT 1.15 (0.53–2.51) 1.01 (0.41–2.49) 1.27 (0.40–3.99)

Latinob AA 1.0 1.0 1.0
AT/TT 1.42 (0.69–2.90) 1.76 (0.82–3.79) 0.90 (0.29–2.79)

Whiteb AA 1.0 1.0 1.0
AT/TT 1.11 (0.63–1.96) 1.16 (0.62–2.20) 1.06 (0.47–2.40)

All groupsc AA 1.0 1.0 1.0
AT/TT 1.16 (0.79–1.69) 1.23 (0.81–1.88) 1.01 (0.57–1.79)

aJapanese were excluded from the analysis because there were no carriers of the T allele among cases or controls; native Hawaiians were included in the
all groups analysis only because there were only T carriers among the controls.
bOR adjusted for age.
cAdjusted for age (,60/60þ) and ethnicity.

Figure 1. Forest plot of relative risks (RR) and 95% CIs of the association between the AT/TT genotyping and risk of prostate cancer from all published studies
and the current results. The study-specific (boxes) and summary ORs (diamond) and 95% CIs (lines) are shown. The size of each box is proportionate to the
number of subjects genotyped. The combined RR is 1.13 (95% CI 0.95–1.34, P for heterogeneity 0.20).
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(including our current data), we find little or no association
between this variant and risk of prostate cancer (OR ¼ 1.13,
95% CI 0.95–1.34).

Further investigation into this variant with regard to spora-
dic prostate cancer is probably not warranted; even if this
variant confers a 34% increased risk of prostate cancer (the
upper bound of the 95% CI from the meta-analysis), the
public health impact of such a modest effect and a low
minor allele frequency would be minimal. We and others
have shown that only one-third of genetic association studies
replicate (28); the findings presented here highlight the import-
ance of rigorous quality control and replication efforts in these
types of studies.

MATERIALS AND METHODS

Study population

We completed a case–control study nested within the MEC
study, including 2155 incident cases and 2204 male controls
from the African-American, native-Hawaiian, Japanese-
American, Latino and white subjects enrolled in the cohort.
Details of the MEC study have been published previously
(29). Briefly, more than 200 000 men and women between
the ages of 45 and 75 and residing in Hawaii and California
(mainly Los Angeles County) completed a questionnaire in
the period 1993–96 which included data on demographic, life-
style and health characteristics as well as a comprehensive
dietary survey (29).

Participants in the MEC are followed for incident cancers
by computer linkage of the cohort with the Surveillance, Epi-
demiology and End Results (SEER) cancer registries in
Hawaii, Los Angeles and California. Both incident prostate
cancer cases and a random sample of male controls in the
MEC were contacted by telephone and asked to provide a
blood specimen. The overall participation rate for blood
collection was 72% for cases and 69% for controls.

The men who agreed to participate in the blood collection
provided written informed consent following study approval
by both the University of Hawaii and the University of
Southern California Institutional Review Boards.

Sample preparation and genotyping

Blood components were separated and stored in 0.5 ml
volumes in liquid nitrogen. The blood samples were processed
within 4 h of collection. Individuals included in this study had
their blood samples taken through April 2002. The
African-American and Latino subjects included in this study
overlap with those from Makridakis et al. (1). The only
cases from the Makridakis et al. study who were excluded
from the present study were those for whom DNA was no
longer available.

DNA was purified from lymphocytes of peripheral blood
samples for all cases and controls using the Qiagen Blood
Kit (Qiagen, Chatsworth, CA, USA).

Genotyping by 50 nuclease Taqman allelic discrimination
assay (Taqman; Applied Biosystems, Foster City, CA, USA)
was used for the A49T variant (rs9282858). The laboratory
personnel were masked as to case–control status. Masked

5% replicate samples (n ¼ 223) were also included: reproduci-
bility was 100%.

In our original 1999 study, genotyping was done by SSCP
(1). All samples for which SSCP genotyping had been con-
ducted (both for samples included in our original paper and
additional samples genotyped after the paper was published)
and for which DNA was still available were genotyped by
Taqman (n ¼ 2498). Results obtained from the Taqman geno-
typing platform were compared with those originally obtained
by SSCP and a total of 50 discordant results were observed
(Table 3). All of the discordant results and a random sample
of 46 concordant results were then sequenced using the fol-
lowing approach:

Amplification of genomic DNA by PCR for SRD5A_
A49T was done using oligonucleotide primers (forward: 50-
gatgcaggttcagtgccag- 30; reverse: 50-cgctacctgtggaagtaatgta
g-30; fragment size: �300 bp) and the GeneAmp PCR
system 9700 (Applied Biosystems). PCR reactions were ca
rried out in a total volume of 25 ml. Reaction mix contained
20 ng of genomic DNA, 40 pmol of forward and reverse
primers, 100 mM dNTPs, 2 U of AmpliTaq Gold (Applied
Biosystems) and 1� reaction buffer. Thermal conditions
consisted of one cycle at 958C for 5 min, 35 cycles at 948C
for 30 s, 558C for 30 s, 728C for 1 min and one cycle at
728C for 10 min. The amplified PCR products were purified
using ExoSAP-IT (USB Corporation, Cleveland, OH, USA).

After PCR amplification and purification, the BigDye ter-
minator Reaction Mix (Applied Biosystems) was utilized to
labeling the extension reactions; the extension products were
purified using DyeEx 96 Kit (Qiagen) and sequenced by capil-
lary electrophoresis on an ABI3730xl DNA Analyzer (Applied
Biosystems). PolyPhred was used to analyze the sequence
traces to identify the presence of the single-nucleotide poly-
morphism.

Forty-eight of the 50 SSCP-Taqman discordant results and
43 of the 46 concordant results were successfully sequenced.
Of the 91 sequenced samples, 97% of the Taqman genotypes
were confirmed compared with 50% of the SSCP results. The
SSCP genotyping results were considered unreliable on the
basis of the lack of concordance, with the sequencing results
and all analyses presented in this paper are based on the
results obtained from the Taqman genotyping platform.

Data analysis

Prostate cancers were classified according to disease severity
using a combination of stage and Gleason grade. Local
disease was defined as tumors localized to the prostate with
a Gleason grade of less than 8. Advanced disease was
defined as tumors that had regional extension or distant

Table 3. Concordance between SSCP and Taqman genotyping (n ¼ 2498)

SSCP genotype Taqman genotype
AA (n ¼ 2435) AT (n ¼ 63) TT (n ¼ 0)

AA (n ¼ 2426) 2414 12 0
AT (n ¼ 53) 19 34 0
TT (n ¼ 19) 2 17 0
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metastases, regardless of grade, and tumors that were localized
to the prostate, but had a Gleason grade of 8 or higher. The
results were unchanged when advanced disease did not
include localized cases with a Gleason grade of 8 or higher.

Unconditional logistic regression was used to model the
association between risk of prostate cancer and A49T geno-
type. All analyses were adjusted for age (,60/60þ) and eth-
nicity, as appropriate. Results were unchanged when age was
not included in the model. Individuals with either an AT or TT
genotypes were grouped together due to the rarity of the TT
genotype.

Because the A49T variant has been examined by a number of
investigators in relation to prostate cancer risk, a meta-analysis
of published studies of sporadic prostate cancer was also under-
taken. Published studies were identified by searching PubMed
through the National Library of Medicine (www.pubmed.
gov), using combinations of the search terms ‘SRD5A2’,
‘A49T’, ‘prostate cancer’, ‘prostate’, ‘5-alpha reductase’,
‘polymorphism’ and ‘SNP’. The identified papers were then
reviewed and if additional references were found in these pub-
lications they were also reviewed. Papers or specific analyses
within papers were excluded if they were not available in
English (21), did not observe the variant allele in cases or con-
trols (3,7,10,11,20), had overlapping subjects from another
included report (17,19) or studied a selected set of cases, e.g.
hereditary prostate cancer (6,18) or young cases (8). The
reported ORs with associated 95% CIs or the reported genotype
counts were extracted from the papers for the meta-analysis,
and the software package Stata (Statacorp, College Station,
TX, USA) was used to calculate the summary OR and associ-
ated P-values. AT and TT genotypes were combined for the
meta-analysis.
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