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ABSTRACT
Objectives: The aim of the study was to explore the putative significance of angiotensin-converting enzyme (ACE) 
insertion/deletion (I/D) polymorphism and its correlation with the lower urinary tract symptoms (LUTS) in benign 
prostatic hyperplasia (BPH). 
Materials and Methods: ACE I/D polymorphisms were determined by polymerase chain reaction (PCR) in 200 patients 
with moderate to severe LUTS due to BPH and 200 patients of same age group without the LUTS having normal size 
prostate. ACE levels were estimated by spectrophotometer method. Logistic regression models were used to determine 
the genetic effects using SPSS statistical software (version 12.0). 
Results and Conclusions: The distribution of genotypes along with allelic frequency and carriage rate did not significantly 
differ between study and control groups. This study suggests that I/D polymorphisms within the ACE gene are not associated 
with the presence of LUTS in BPH patients. Future studies in large cohorts are needed that may reveal the spectrum of 
cellular mechanism mediated by ACE relevant to pathophysiology of BPH and effect of ethnic differences. 
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a highly 
prevalent disorder that represents the most common 
cause of lower urinary tract symptoms (LUTS) leading 
to urinary obstruction in the ageing male population.[1] 

It is characterized by increased cellular proliferation of 
stromal and epithelial cells with enhanced sympathetic 
smooth muscle tone.[2-4] Activation of the renin-

angiotensin system (RAS) plays an important role in normal 
physiology as well as in the progression of cardiac, renal, 
prostatic, and other diseases.[5-7] BPH frequently coexists 
with hypertension[8,9] and RAS plays equally important role 
in both conditions.

Angiotensin-converting enzyme (ACE) degrades vasodilator 
kinins and generates angiotensin II (Ang II), which is a major 
effector peptide of the RAS system. The biological actions 
of Ang II are mediated by at least two different receptor 
subtypes, Ang II receptor subtype 1 (AT-1) and subtype 2 
(AT-2). The physiological role of ACE in the prostate is not 
well understood, though ACE synthesis by the prostate has 
been reported [10,11] and the AT-1 receptor subtype is the 
predominant Ang II prostatic receptor.[6] Ang II is localized 
to the basal layer of the epithelium, coupled with stromal 
smooth muscle containing AT-1 receptors, suggesting that 
Ang II may mediate paracrine functions in the human 
prostate. Furthermore, a regulatory role has been suggested 
for Ang II in the prostate stroma.[12] The hyperactivity of local 
tissue RAS is thought to be involved in the pathophysiology 
of BPH and overactivated RAS possibly stimulates cellular 
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growth and increases smooth muscle tone, thus affecting both 
dynamic and somatic component of BPH.[13] Considering the 
suggested involvement of RAS in BPH, the ACE insertion/
deletion (I/D) polymorphism could have implications in the 
pathophysiology of LUTS due to BPH. Thus, the purpose of 
the present study was to investigate nature of distribution of 
ACE genotypes in patients suffering from LUTS due to BPH 
and comparing the genotypes in patients in the same age 
group but free from BPH and LUTS.

MATERIALS AND METHODS

Patient and control selection
In present study 200 symptomatic BPH patients from 
the department of Urology, CSMMU (upgraded KGMC), 
Lucknow, were enrolled during the period of July 2005 
to July 2008. The inclusion criteria were nondiabetic, 
nonhypertensive patients with BPH with LUTS, age >50 
years, prostate size >30 cm3 on transrectal ultrasound, 
AUA symptom score >7, peak flow rate (Qmax) less than 15 
ml/s, postvoid residue (PVR) less than 150 ml, and serum 
prostate specific antigen (PSA) less than 4.0 ng/ml. The 
digital rectal examination (DRE) was done in all cases and 
patients having nodular prostate with raised PSA (PSA > 
4.0 ng/ml) were excluded. Patients with PSA within the 
range of 4–10 ng/ml were included in study only if the DRE 
suggests benign enlargement of prostate and transrectal 
ultrasound (TRUS) guided tru-cut needle biopsy of prostate 
confirmed it to be a case of BPH. The patients with history of 
recent UTI (within 3 months), previous lower tract surgery, 
known habitual chronic constipation, history of postural 
hypotension, dizziness, vertigo, orthostasis, or any other 
signs and symptoms which are suspected to be exacerbated 
by α-blockers and result in putting the subject at risk of 
injury were excluded from the study. 

A total of 200 controls of age >50 years nondiabetic, 
nonhypertensive were recruited from patients suffering from 
kidney stones, upper ureteric stones, renal tumors, small 
superficial bladder tumor with normal size prostate on DRE, 
and free from LUTS. They were subjected for transrectal 
ultrasound which showed normal size of prostate. All the 
participants in control group were further investigated for 
the serum PSA and uroflometry. Individuals with PSA value 
less than 4.0 ng /ml and peak flow rate (Qmax) more than 15 
ml/s were included in control group.

Genotyping
Genomic DNA was extracted from peripheral blood 
by QIAamp DNA mini kit (QIAGEN, Germany). To 
determine the ACE genotype, genomic DNA was 
amplified by PCR using a programmed thermal cycler 
Master cycler gradient (Eppendorf, USA)[15] initially using 
a flanking primer pair and subsequently when necessary, 
with a primer pair that recognizes the specific insertion 
sequences for confirmation of the specificity of the 

amplification reactions. The flanking primer pair used 
was 5’-CTGGAGACCACTCCCATCCTTTCT-3’ and 5’ 
GATGTGGCCATCACATTCGTCACGAT-3’. Amplification 
with this primer pair results in 490 and 190 bp amplification 
products corresponding to I and D alleles, respectively. 
Mistyping of ID heterozygotes as D homozygotes may occur 
due to the preferential amplification of the D allele and 
inefficiency in the amplification of the I allele.[16] To increase 
the specificity of DD genotyping, PCR amplifications 
were also performed with an insertion-specific primer 
pair 5’-TGGGACCACAGCGCCCGCCACTAC-3’ and 
5’-TCGCCAGCCCTCCCATGCCCATAA-3’ in all samples 
that were found to be DD after amplification with the 
flanking primers. In case of presence of I allele, insertion-
specific amplification resulted in a 335-bp amplicon and the 
reaction yielded no products in samples of DD genotype.

Determination of ACE activity
Plasma ACE activity was measured by a spectrophotometric 
monoreagent assay, which involved the enzymatic 
hydrolysis of the synthetic substrate, N-[3-(2-furyl) 
acryloyl]-l-phenylalanyl-glycylglycine (FAPGG) to N-[3-
(2-furyl) acryloyl]-l-phenylalanine (FAP) and glycylglycine 
(GG). The decrease in absorbance due to the hydrolysis of 
FAPGG corresponded to the activity of ACE. ACE activity 
was determined by a modification of the macromethod 
to a micromethod (ELISA plate) on a high-throughput 
spectrophotometer. Each assay was performed in duplicate 
and was repeated thrice on different days. Plasma sample 
(5 µl) was added to 100 µl ACE substrate FAPGG (0.5 mM) 
and reaction was monitored at 340 nm at 37°C.[17] 

RESULTS

Clinical characteristics of the control and study groups are 
shown in Table 1. The mean age of the patient population 
presented with moderate to severe LUTS due to BPH was 
58.34 ± 6.04 years and mean age of control was 57.6 ± 3.4 
years. The AUA symptom score, mean prostate volume, 
mean Qmax (peak flow rate), mean PSA, and mean PVR in 
both groups are shown in Table 1. Upon comparing genotype, 
allele frequency, and carriage rate of ACE polymorphism, no 
associations were observed between patients and controls 

Table 1: Clinical characteristic of control and patient groups

Characteristics Patients (n=200) Control (n=200)

Age (years) 58.34 ± 6.04  57.6 ± 3.4

AUA score

Moderate (8–9) 140 -

Severe (20–5)  60 -

Prostate volume (cm3) 48 ± 8.0 18 ± 1.8

Qmax (ml/s) 9.0 ± 3.0 17± 2.0

PSA (ng/ml) 2.5 ± 1.2 1.8 ± 1.5

PVR (ml)  90 ± 60 40 ± 10
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[Table 2]. We also estimated serum level of ACE in control 
and patient groups and analyzed for probable association 
of serum level with any of the allele of ACE gene, but our 
analysis revealed that the level of serum ACE level did not 
vary significantly (data not shown).

DISCUSSION

BPH has been defined as an enlargement of the prostate 
gland from the progressive hyperplasia of stromal and 
glandular prostatic cells.[18] ACE degrades vasodilator 
kinins and generates angiotensin II (Ang II), which is 
the major effector peptide of the RAS system. Further, 
studies have reported that there are stromal–epithelial 
cellular interactions involved in fetal prostate development, 
postnatal prostate growth and maturation, maintenance of 
differentiation status, hormone responsiveness, and ageing 
and senescence of the prostate gland in adulthood.[19,20]

Several candidate gene polymorphism association studies in 
BPH have been conducted, and few of them have shown 
positive association in well-designed, large-scale genetic 
epidemiological studies.[21]

RAS is traditionally an endocrine system regulating blood 
pressure and body fluid homeostasis.[22] It also mediates 
normal and pathophysiological processes in a variety of 
tissues including prostate.[23] ACE plays a central role in this 

system by converting Ang I to the potent vasoconstrictor 
Ang II.[24] It is well documented that Ang II facilitates 
sympathetic transmission in many cardiovascular organs 
by enhancing the release of the chemical transmitter 
noradrenaline from sympathetic nerve terminals. However, 
little is known about the interaction of the RAS with 
sympathetic neurotransmission in the prostate, which may 
have implication in the pathophysiology of BPH. Fabiani et 
al.[25] provided direct evidence in support of a functional role 
for the local RAS in modulating sympathetic transmission 
in the prostate, which may have important implications for 
the pathophysiology of BPH.[25] ACE is suggested not only 
to be involved in static component of cellular proliferation 
but also in modulation dynamic component of voiding and 
discomfort symptom. Therefore the aim of the present study 
was to evaluate the influence of variants in ACE gene, in 
the pathogenesis of BPH.

One of the important points to be noted in our study is that 
we included only patients with symptomatic enlargement 
of prostate particularly with voiding problem. Therefore, 
our subjects are not only ideal for the study of association 
of ACE with benign enlargement but specifically with 
discomfort problem. We observed that patients had the 
similar ACE I/D genotype and allele distribution when 
compared to the control population demonstrating no 
association between I/D polymorphism of the ACE gene 
and the risk of BPH in Indian population. This could be 

Table 2: Distribution of ACE genotypes, allele frequency, and carriage rate among BPH patients and controls

Control (n=200) Patients (n=200) P value OR (95% CI)

ACE genotypes

DD 40 (20.00%) 41 (20.5%) 0.307 1.346 (0.761–2.381)

ID 101 (50.45%) 114 (57.0%) 0.094 1.483 (0.935–2.353)

II 59 (29.54%) 45 (22.50%) 1.0 (Ref)

Allelic frequency

D 143 (45.22%) 139 (49%) 0.215 1.223 (0.890-1.682)

I 185 (54.78%) 147 (51%) 1.0 (Ref)

Carriage rate

D 155 (70.45%) 155 (77.5%) 0.573 1.093 (0.802-1.489)

I 176 (79.99%) 159 (79.5%) 1.0 (Ref)

Table 3: Variation of genetic polymorphisms of ACE (I/D) from different countries

Country No Mean Age II (%) ID (%) DD (%) I (%) D (%) Reference

Germany 441 54·6+0·4 90 (20.41) 224 (50.79) 127 (28.79) 404 (45.80) 478 (54.19) [33]

USA 163 NA 33 (20.2) 78 (47.9) 52 (31.9) 72 (44.2) 91 (55.8) [34]

London UK 364 54 + 3 (49–60) 84 (23) 168 (46) 112 (31.0) 336 (46) 392 (54) [35]

Taiwan 128 NA 13 (10.2) 38 (29.7) 77 (60.1) 64 (25) 192 (75) [36]

Netherlands 4117 NA 900 (21.9) 2247 (49.7) 1170 (28.4) 4047 (49.15) 4587 (55.71) [37]

Tehran, Iran 91 45.3±8.3 36(39.6) 42 (46.2) 13 (14.3) 114 (62.6) 68 (37.3) [38]

China 1156 >65 532 (46.02) 550 (47.57) 74 (6.4) 1614 (69.80) 698 (30.19) [39]

India 200 >50 59 (29.54) 101 (50.45) 40 (20.00) 185 (54.78) 143 (45.22) Our study
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explained by the fact that since the ACE I/D polymorphism 
is intronic, there could be other locus in linkage to this 
gene regulating the ACE gene expression.[26] There are 
numerous studies reporting positive disease associations 
of ACE polymorphism with cardiovascular disease, breast 
cancer, and myocardial infarction.[27,23,28] However in 
other studies[29-31] and a meta-analysis by Lindpaintner et 
al.,[32]  did not show any association.no association of ACE 
polymorphism was observed with the category of moderate 
to severe symptomatic BPH patients. Negative finding in 
disease association studies underlines the important concept 
that multiple factors like genetic, environmental, and diet 
interaction contribute to the development of BPH. ACE 
polymorphism alone may not be involved with the risk 
of BPH or at least could not independently influence the 
pathophysiology of BPH. 

Further, the lack of association in ACE polymorphism with 
BPH may be due to ethnic differences in Indian population, 
which is a frequent observation in worldwide gene variants 
profile of different genes. Therefore, we also compared 
and analyzed the variation of ACE polymorphism among 
different ethnic populations including our data [Table 
3]. We found that normal population of different ethnic 
regions exhibit significant differences with comparison to 
our population with respect to genotype or allele frequency 
distribution. To the best of our knowledge, this is the first 
report from India on the ACE polymorphism suggesting that 
I/D polymorphism within the ACE gene is not associated 
with risk of BPH patients with LUTS. 

Future studies are needed to explore the complete spectrum 
of interacting factors responsible in mediating the role of 
ACE in the pathophysiology of BPH.
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