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Introduction
Prostate cancer (PRCa) constitutes a major health 
issue worldwide (Parker et al., 1996; Prior and Waxman 
2000). The aetiology of PRCa is unclear, although 
current evidence suggests that PRCa is the result of 
multiple factors that include ethnicity, environmental, 
genetics, hormonal and dietary factors (Holund 1980; 
Whittemore et al., 1995; Pienta et al., 1996; Wingo 
et al., 1996; Hsieh et al., 1999; Tzonou et al., 1999). 
Benign prostatic hyperplasia (BPH) is a non-neoplastic 
enlargement of the prostate. BPH is extremely 
common, with a rapid increase in prevalence in the 
forth decade of life. According to epidemiological 
studies most cancers are associated with BPH 
elsewhere in the prostate (83.3%) (Carter and Coffey 
1990; Bostwick et al., 1992) and approximately 3-
20% of patients who have undergone transurethral 
prostatectomy (TURP) or open prostatectomy for 
BPH subsequently develop PRCa (Armenian et al., 

1974; Schwartz et al., 1986; Bostwick et al., 1992). 
Compared to men without BPH, those with the 
condition have a five-fold raised risk of developing
PRCa and a four-fold raised risk of death from PRCa 
(Armenian et al., 1974). A previous study reported 
that a family history of prostate disease (PRCa or 
BPH) was more frequently seen in relatives of men 
with BPH (20%) than in relatives of men with PRCa 
(12.8%) or in healthy controls (5.1%) (Schuman et al., 
1977). In addition, in vitro malignant transformation 
of BPH tissue has been previously reported (Chen 
and Heidelberger 1969; Fraley et al., 1970; Franks 
and Wilson 1970). These results suggest that common 
genetic mechanisms may predispose to benign and 
malignant prostate disease. Moreover these results 
suggest that BPH may be part of a premalignant 
environment condition in the prostate gland. With the 
increasing incidence of PRCa in many populations 
there is an urgent need for the identification of molecular
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markers that can serve as indicators of disease risk to 
focus chemoprevention and early detection strategies. 
Human prostatic steroid 5α-reductase, is encoded by the 
SRD5A2 gene catalyses the irreversible conversion of 
testosterone to 5α-dihydrotestosterone (DHT), the most 
potent androgen in the prostate. It has been proposed 
that increased activity of this enzyme may lead to PRCa 
susceptibility and/or aggressiveness (Makridakis et al., 
2000). Japanese men, with one of the lowest incidence 
rates of PRCa, have reduced activity of 5α-reductase 
(Ross et al., 1992). SRD5A2 gene located on the 2p23 
and variation in the SRD5A2 may have an effect on 
predisposition to PRCa (Labrie et al., 1992; Thigpen 
et al., 1992). Different polymorphisms in the SRD5A2 
were identified and their relations with the risk of
PRCa were determined. The first polymorphism was
(TA)n dinucleotide repeat in the 3` UTR of the gene. 
A previous study found differences in the distribution 
of this polymorphic repeat in different ethnic groups 
(Reichardt et al., 1995). However, other studies found 
a weak or no association between this polymorphism 
and risk of PRCa (Kantoff et al., 1997; Lamharzi et 
al., 2003; Ntais et al., 2003). Other polymorphisms in 
the SRD5A2 includes the missense substitution (V89L) 
which showed no association with risk of PRCa (Davis 
and Russell 1993; Lamharzi et al., 2003; Ntais et al., 
2003; Makridakis et al., 1999) and the A49T missense 
substitution in exon 1 of the gene, which showed a 
significant association with the risk of PRCa in African
American and Hispanic men (Makridakis et al., 1999). 
Moreover, results from previous study demonstrated 
that the A49T variant lead to an increase 5α-reductase 
activity and circulating level of DHT (Makridakis et al., 
1999; Allen et al., 2003).

This study determined if polymorphisms (V89L, 
A49T and (TA)n) of the SRD5A2 were related to risk 
of developing PRCa in patients with BPH.

Material and Methods
Study population

This study took advantage of a comprehensive 
population-based health care system to identify a 
well-defined case-control study nested within a cohort
with BPH. The initial data set contained 11,606 BPH 
biopsies representing all histologically proven cases of 
this disease in Northeast Scotland (Grampian region) 

from 1974-1990. A total of 1896 patients had more than 
1 prostate biopsy during this time period and cases and 
control were selected from within this group. Cases 
were patients with only BPH in the initial biopsy and 
a second biopsy with PRCa obtained ≥ 6 years after 
the BPH biopsy. Paraffin-embedded tissue samples
were obtained from 28 cases; the PRCa was diagnosed 
between 6 and 15 years after the initial BPH sample. 
Two controls were matched to each case on age and 
year of BPH diagnosis. Controls which had biopsy 
proven evidence of a benign prostate ≥ 6 years (range 
6-15 years) after the initial BPH procedure. All cases 
and controls were Caucasian, thus guarding against 
the effects of population stratification. All sections
were rereviewed by two pathologists to confirm the
diagnosis. While these strict selection procedures 
substantially reduced the number of subjects available 
for evaluation, it produced a powerful data set for 
detection of factors that predispose patients with BPH 
to the development of PRCa.

DNA extraction
DNA was extracted from formalin fixed, paraffin-

embedded tissues. The tissue sections were deparaffinized
with xylene and ethanol and then DNA was isolated by 
proteinase K digestion (Frank et al., 1996).

PCR assay
PCR primers were designed to amplify a fragment 

around the SRD5A2 (TA)n repeat (forward primer 5`-
GCT GAT GAA AAA CTG TCA AGC TGC TGA-3` 
and reverse primer 5` TET –GCC AGC TGG CAG 
AAC GCC AGG AGA C-3`). Previously described 
primer sets were used to amplify regions around the 
V89L & A49T polymorphisms (Jaffe et al., 1999). 
Genomic DNA (100-500 ng) was subjected to PCR 
amplification in a 25 µl reaction mixture containing
10× PCR buffer (MBI, Sunderland, UK), 1mM  MgCl2 

(MBI), 200 µM dNTP mix (Bioline, London, UK), 
10 pmol of each primer, 1 unit of Taq polymerase 
(Roche, Lewes, UK), and sterilized distilled water. 
The genomic DNA was initially denatured at 94 0C 
for 2 min and thereafter subjected to 35 cycles of PCR 
amplification with denaturation for 1 min at 94 0C, 
annealing for 2 min at 60 0C, extension for 2 min 30 
sec at 72 0C, and final extension at 72 0C for 10 min.
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Genotype analysis 
The size of PCR products and repeats number for 

SRD5A2 (TA)n was determined using an ABI PRISM 
310 (automated fluorescent capillary electrophoresis
system) Genetic analyser (Perkin Elmer, Applied 
Biosystems, Warrington, UK). The reproducibility 
with which the repeat size could be determined was 
estimated by comparison of samples between different 
ABI-310 runs. In each case, both the PCR amplification
and the ABI-310 analysis were repeated at least twice.

The V89L & A49T variants were determined by 
digestion of the PCR products with the restriction 
endonuclease RsaI and MwoI respectively. Genotypes 
for the two SNPs were determined after separation on 
a 4% Metaphor. Digestion of the PCR products with 
the RsaI produced 169, 105, 64, and 19 bp fragments 
corresponding to the V allele, and 169, 105, and 83 
bp fragments corresponding to the L allele. Digestion 
of the PCR products with the MwoI produced 90, 70, 
46/47, and 17/20/21/22 bp fragments corresponding 
to the A allele, and 107, 70, 46/47, and 20/21/22 bp 
fragments corresponding to the T allele.

Statistical analysis
The distribution of V89L, A49T and (TA)n 

genotypes in the cases and controls, were compared 
with that expected from the Hardy-Weinberg equation 
and with each other using the Chi-squared test. 
Conditional logistic regression methods were used, 
in STATA (StataCorp, 1999), to compute odds ratios 
(OR) for PRCa risk, and 95% confidence intervals
(CI), associated with each genotype.

Results
Distribution of (TA)n Genotype and allele frequencies 
in case, control populations Fragment analysis of 
the 3` UTR of the SRD5A2 gene using the outlined 
methodology distinguishes three genotypes: (TA)0 
(no repeats present), (TA)0/(TA)9, and (TA)9 (nine TA 
repeats) (Table 1). (TA)18 repeat lengths were not 
detected in any of the samples in the present study 
(Table 1). The (TA)0 allele was the most common 
allele of the (TA)n repeat polymorphism, and the (TA)9 
allele was found to be less common among cases 
than controls (0.02 and 0.06 respectively, Table 1). 
No statistically significant difference for (TA)0 allele 

distribution (P= 0.264, OR: 3.24, 95% CI= 0.37-
28.33) was found in the study groups.

Distribution of V89L & A49T Genotype and allele 
frequencies in case, control populations

The results of V89L genotype analysis showed a 
high frequency of the VV genotype in BPH patients 
who subsequently developed PRCa (Table 2). However 
the results was not statistically significant (P =0.807;
Table 2). The OR for risk of developing PRCa was 
1.29 (95% CI= 0.69-2.40) in BPH patients having a 
V allele. V89L genotype frequency in the cases and 
controls showed no significant differences from that
expected from Hardy-Weinberg equilibrium.

A similar pattern was seen for A49T, where 
the TT genotype was overrepresented in the cases 
compared to the controls (Table 2), although risk was 
not statistically significantly raised (P=0.807). The
OR for risk of developing PRCa was 1.3 (95% CI= 
0.55-3.10) in BPH patients having a T allele. A49T 
genotype frequency in the cases and controls showed 
no significant differences from that expected from
Hardy-Weinberg equilibrium.

Discussion
PRCa is one of the most commonly diagnosed 
cancers in men. Previous studies have defined a
significant association between BPH and developing
PRCa (Armenian et al., 1974; and 1975; Mishina et 
al., 1985). With the increasing incidence of BPH in 
the ageing population, identification of risk factors
for development of PRCa in BPH patient is an 
urgent necessity. Germline variation in genes directly 
involved in regulation of prostate cell proliferation 
and differentiation might be critically important in 
understanding carcinogenesis event of PRCa, as these 
variants might be used as a diagnostic, prevention, and 
prognostic markers for PRCa. If molecular markers 
in patients with BPH are shown to be predictors 
of eventual malignant transformation, then more 
intensive surveillance and/or early treatment could 
be offered to those carrying the markers of high-risk. 
In the converse situation, those patients who do not 
have a high risk of malignant transformation could 
be offered standard follow-up monitoring. In our 
previous studies we reported that a CYP3A4, VDR 
variant alleles and AR mosaicism are associated with 
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a group of men with BPH that are at an increased 
risk of PRCa and might be a useful component of 
a polygenic prediction strategy for this important 
disease (Tayeb et al., 2002; Tayeb et al., 2003; Tayeb 
et al., 2004; Tayeb et al., 2004). The role of the 
SRD5A2 enzyme in PRCa is evident from biological 
and epidemiological studies. Androgens are known 
to play an important role in PRCa development and 
progression, and SRD5A2 may be involved through 
increased production of DHT (Bharaj et al., 2000). 
This study has investigated three polymorphisms in 
the SRD5A2 gene and risk of PRCa in the patients 
with BPH. This study found no statistically significant
associations with PRCa risk the (TA)0 V89L and A49T 
polymorphisms in the SRD5A2 gene, although a 
modest effect of these markers cannot be ruled out. 
Because the (TA)n marker is located in  the 3` UTR 
of the SRD5A2 gene, its functional consequences are 
thought to be due to the instability of mRNA transcripts 
with UA-rich 3` UTRs (transcribed from TA-rich 
regions of DNA (Zubiaga et al., 1995; Makridakis 
et al., 1999) which may in turn affect 5-reductase 
activity levels. Three major (TA)n alleles have been 
reported, namely, (TA)0  (TA)9 and (TA)18 with (TA)0 

being the most common in most populations. In this 
study, 96% and 86% of the case and controls had 
the (TA)0/ (TA)0 genotype respectively. Consistence 
with previous study (Kantoff et al., 1997), this study 
found that men carrying copies of the (TA)0 allele had 

a no significantly higher risk o PRCa. The results
of this study confirm previous finding of the rarity
of (TA)18 as this allele could not be determined in 
this study (Bharaj et al., 2000). Of the more than 
20 polymorphisms reported for the SRD5A2 gene, 
V89L is the most common (Makridakis et al., 1999). 
Consistence with the previous studies we found a 
higher risk of developing PRCa associated with the 
V allele comparing with L allele (Febbo et al., 1999; 
Nam et al., 2001), although other studies did not find
such an association (Lamharzi et al., 2003; Ntais et 
al., 2003).

Despite the low frequency of the A49T T allele 
among healthy subjects in most populations, this 
allele is implicated in PRCa for several reasons: 1- 
an earlier study found almost 10% of PRCa cases 
had the T allele (Ross et al., 1992); 2- the T allele 
was linked to progression and aggressiveness of 
PRCa in pathologic survey (Jaffe et al., 1999); and 
3- of all known mutations in the SRD5A2 gene, this 
substitution increased in vitro 5α-reductase enzymatic 
activity the most and increase level of circulating 
DHT in blood (Makridakis et al., 1999; Allen et al., 
2003). This study, consistent with previous studies 
(Lamharzi et al., 2003; Ntais et al., 2003), found 
no statistically association risk between T allele and 
developing PRCa in BPH patients. 

Although this study found no statistically significant
associations of these SRD5A2 polymorphisms with 

Population     n Genotype frequency Allele Frequency

TA0/ TA0 TA0/ TA9 TA0/ TA18 TA9/TA9 TA0/ TA18 TA18TA18 TA0 TA9 TA18

Case   28 27 (96%) 1(4%) 0 (0) 0 (0) 0 (0) 0 (0) 0.98 0.02 0

Control  56 50 (89%) 5 (9%) 0 (0) 1 (2%) 0 (0) 0 (0) 0.94 0.06 0

Table 1. Distribution of SRD5A2 (TA)n genotype and allele frequencies in case, control populations.
n = number of subjects, (%)

Population n Genotype frequency Allele Frequency Genotype frequency Allele Frequency

VV VL LL V L AA AT TT A T

Case 28 17 (61) 8 (28) 3 (11) 0.75 0.25 20 (71) 6 (21) 2 (7) 0.82 0.18

Control 56 30 (54) 18 (32) 8 (14) 0.70 0.30 41 (73) 14 (25) 1 (2) 0.86 0.14

Table 2. Distribution of SRD5A2 V89l & A49T genotype and allele frequencies in case, control populations.
n = number of subjects, (%)
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PRCa, a small effect of these markers cannot be ruled 
out because of the rarity of certain marker genotypes. 
Larger studies are required to further clarify the role 
of these markers and to elucidate whether genetic 
diversity of the SRD5A2 gene, alone or in combination 
with other susceptibility genes, can help in detection 
BPH patients with a high risk of developing PRCa.
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الحميد البروستات بورم المصابين عند البروستات بسرطان مستقبلات الريدكتاز وعلاقتقها في الجينيه الطفرات

 
الطبية) الطب و العلوم (كلية ￯القر أم جامعة طيب   طاهر محمد

مبكر  جيني كتشخيص مستقبلآت الريدكتاز في الجينية الطفرات إستخدام إمكانية ￯مد للتعرف على والهدف: المقدمة الملخص:
الحميد. البروستات بورم المصابين الرجال عند البروستات سرطان لحدوث

أصيبو الشمع لمرضى في محفوظه أنسجة عن وهي عبارة بأسكتلندا أبردين مستشفى العينات من جمعت راسة الدّ في هذه : ريقة الطّ
الحميد البروستات بورم لمرضى أصيبو ￯أخر شمعية وعينات البروستات بسرطان أصيبو زمنية فترة البروستات الحميد وبعد بورم

.PCR/ ABI PRISM 310 RFLP/Sequencing الطفرات الجينية استخدمنا البروستات. للتعرف على بسرطان يصابو ولم
أعلى مقارنتاً  بسرطان البروستات أصابتهم نسبة الجين تكون لهاذا للطفرات الجينية الحاملين أن الدراسة من هذه قد تبين :  النّتائج

الجينية الطفرة لهذه حاملين الغير .بالأشخاص
المصابين الرجال عند البروستات ر لسرطان المبكّ التّشخيص في يساعد قد الجين لهاذا الجينية للطفرات ر المبكّ الكشف إن الخاتمة:
أن يجب الدراسة هذه نتائج لهم.. المناسب المبكر و العلاج بأجراء القيام من يمكنا سوف الذي الأمر الحميد البروستات بورم سابقا

المرض. حدوث الطفرات في هذه أهمية على للوقوف عديدة ￯أخر بدراسات تأكد
 

الحميد. البروستات ورم البروستات، الريدكتاز، سرطان مستقبل الجينيه، الطفرات مفتاحتيه: الكلمات


