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ABSTRACT The pattern of angiotensin-converting enzyme (ACE) gene insertion/deletion (/D) polymorphism in
the Indian population is poorly known. The population has cultural and linguistic differences and lived in an
environment that varied significantly from one region to another. There is controversy regarding the association of
the Angiotensin-converting enzyme insertion/deletion polymorphism with essential hypertension and variation in
blood pressure. In the present study we examined the importance of ACE (I/D) polymorphism as a determinant of
hypertension and to assess the potential modifying effect of gender on ACE gene in Indian population. The ACE I/
D polymorphism was assayed by PCR amplification of ACE gene in 200 hypertension patients and 200 controls. The
genotypic and allelic frequencies were observed to be deviated significantly from Hardey-Weinberg equilibrium
(p<0.05). The DD and ID genotypes were found to be strongly associated with hypertension in men with an odds ratio
2.25 (95% confidence level (Cl), 1.14 to 4.42) and 2.20 (95% CI, 1.27 to 3.80) respectively, (p<0.01). Further, a
linear relationship was observed between diastolic pressure and allele D in men but not in women. The data thus
provide evidence in favor of an association of 1/D polymorphism at the ACE locus (17923) with essential hypertension.
Moreover, these results highlight the potential importance of gender-dependent interactions between genetic background
and expression of hypertensive phenotype. It further prompts the need for the confirmatory studies in large

population-based samples.

INTRODUCTION

Hypertension and diabetes are known to be
theimportant risk factorsfor cardiovascular and
renal diseases. The relationship of the rennin—
angiotensin system with essential hypertension
(EHT) has been studied extensively over many
years, but firm conclusions about a causal role
have not been forthcoming (Laragh et a. 1990).
The biologically active effector hormone of the
system, Angiotensin |1, isproduced in the blood
stream and involving rennin, secreted by the
kidney, and angiotensin 1- converting enzyme
(ACE), amembrane bound Dipeptidyl 1- Carboxy
Peptidase ecto enzyme (encoded by the gene
DCP1, also known as ACE) located in the
endothelia lining of blood vessels through out
thebody (Erdoset a. 1987).

ACE is a Zinc metallo protease containing
two functional domains. It catalysesthe conver-
sion of angiotensin 1 tothephysiologically active
peptide angiotensin 11, which controls fluid
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electrolyte balance and systemic blood pressure
(Ward et al. 1995) and in the modulation of
vascular tone and in the proliferation of smooth
musclecells(Cardillo et al. 1999). Because of its
key function in the renin—angiotensin system,
many association studies have been performed
with ACE. ACE gene has 26 exons and spans 21
Kb on chromosome 17923 (Mattei et al. 1989).
ACE gene hastwo promoters (Hubert et al. 1991).
One of which is Somatic Promoter present at 5’
sideof first exon, and the other present at 5’ side
of germinal specific testicular ACE mRNA. The
two promoters have their own cell specificities.
The Somatic Promoter is active in endothelial,
epithelial and neuronal cells and the germinal
promoter is stage specific and active in male
germinal cells(Howard et al. 1990).

Though the human ACE gene contains a
number of variable polymorphic regionsthat can
be of potential use in genetic analysis of
populations (Reider et al. 1999), the insertion/
deletion (1/D) polymorphism present in the
intron 16, in particular has been extensively
investigated (Howard et al. 1990). I/D
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polymorphism consists of the presence
(Insertion- 1) or absence (Deletion -D-) of 287 bp
Alu repeat element in intron 16 resulting in 3
genotypes viz, Insertion homozygote (I/1),
Insertion/Deletion heterozygote (/D) and
deletion homozygote (D/D).

Association of ACE I/D polymorphism with
essential hypertension (Mastana et al. 1997),
myocardial infarction (Cambein et al. 1992),
coronary heart disease (Lindpainter et al. 1995),
development of nephropathy ininsulin and non-
insulin dependent diabetes mellitus (Vijay et a
.2001) and diabetesmellitus (Leeet a. 2002) have
beenreported. 1t may also beapotential genetic
marker in hypertensives at risk for renal
complications (Pontremoli et al. 2000). Recently
investigators have observed apotential influence
of ACE gene polymorphism on fibrinolysis or
endothelial function, (Butler et al .1999; George
eta. 2001).

Inthe present study we have made an attempt
to examinetheimportance of I/D polymorphism
as a determinant of hypertension and also to
assess the extent to which the association is
modified by the sex/gender.

MATERIAL AND METHODS

The study was carried out on 200 (146 males,
54 females) hypertension patients, reported at
CARE Hospital, - A Cardiac Center & Research
Institute. Information regarding blood pressure
and other clinical characteristicswas obtained at
study entry. Data were collected from each
patient on clinical variablesincluding age, height,
weight, body mass index (Weight in kilograms
divided by height in meters squared), cigarette
smoking, alcohol consumption, family history
and the presence of associated conditions like
diabetes, ischemic heart disease along with
antihypertensive drug therapy adopted.
Diagnosis of hypertension was based on the
physical and clinical examination of patients by
the cardiologist followed by appropriate
laboratory and other investigations.

Hypertension was defined as systolic blood
pressure of >140 mm Hg or diastolic blood
pressure of >90 mm Hg or current use of
antihypertensive medication or if an individual
had a history of hypertension (JNC 7" report
2003). All the casesincluded in the study were
of essential/primary type. Caseswith secondary
hypertension diagnosed on the basis of physical

examination, biochemical and radiological
investigations were excluded.

Simultaneously, 200 (147 males, 54 femal es)
normotensive controls (BP<140/ 90 mm Hg) those
volunteered to participate in the study were also
examined for comparison with patient group.
None of the control subjects were receiving
antihypertensive therapy, treatment for heart
disease or hormone replacement therapy at the
time of investigation.

Determination of the ACE Genotype

DNA was isolated from whole blood using
standard protocols(Miller eta. 1988; Lahiri et d.
1992) and ACE gene sequencewas amplified by
Polymerase Chain Reaction (PCR) according to
protocol conditions and primer sequences
published previously (Rigat et al. 1992). PCR
products were detected on 2% agarose gel
containing ethidium bromide. Deletion (D) alele
was observed as 190 bp fragment and insertion
(1) alele as 490 bp fragment. Individual DNA
samples, genotyped as DD homozygotes, were
subsequently analyzed by complementary
procedures described else where (Shanmugan
et al. 1993) to avoid mistyping of DD homo-

zygotes.
Statistical M ethods

Comparisons between case and control
subjects of demographic variables, genotypes
and allele frequencies were carried out by t test,
ANOVA and x?-test respectively. Deviation from
the Hardy Weinberg equilibrium was checked by
ax>test.

Because the prevalence of hypertension
increases with age, al analyses were adjusted
for age. The age-adjusted analyses were
performed separately for men and women. The
prevalence of hypertension was compared among
the three ACE genotypes (reference group, 11
genotypes) with multiple logistic regression
analysis. Analyses were performed with
adjustment for other covariates (body massindex,
family history, presence of associated conditions
like diabetes and CAD), Odds ratios were
calculated as ameasure of the association of the
ACE genotypes with the phenotype of
hypertension with the effects of D allele assumed
to beadditive (with scoreof 0, 1, and 2for I1, 1D
and DD respectively), dominant (With scores of
Ofor |l and 1for ID and DD combined) or recessive
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(with scoreof Ofor Il and ID combined and 1 for
DD). For each oddsratio p valueswere cal culated
and 95% confidence intervals were established.
All statistical tests were carried out using the
statistical package for the social sciences
(SPSS10.0version).

RESULTS

In the present study hypertensive men (146)
and women (54) were compared with
normotensive men (147) and women (53) for
association with epidemiological factors as
specified in table 1. It was observed that
hypertension patients were sightly older than
normotensive controls with mean levels of SBP
and DBP being significantly higher in patients of
both the sexesthan in controls (P<0.01). Among
men therewas no differencein mean BM| values
between the patients and control groups while
hypertensive women were showing significantly
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increased mean BMI values as compared to
controls (P<0.05). Hypertensive men and women
showed statistically significant familial
aggregation of hypertension (42.8% and 40.0%),
when compared to control groups (19.1% and
15.2%). In both hypertensive and control groups
greater involvement of genetic component was
observed in Men. Prevalence of Diabetes
Mellitus (DM) and Coronary Artery Disease
(CAD) was observed to be greater in
hypertensive men when compared to women.
Similar comparison for the presence of DM and
CAD was not possible in controls as they were
selected without these conditions. When
hypertensive men were compared to women,
therewereno significant differenceswith regard
toage, BMI, SBR, DBPand family history.
Table 2 shows distribution of genotype and
allele frequencies for ACE Insertion/deletion
polymorphism. The overall frequencies of the
genotypesll, ID and DD were 26.5%, 43.0% and

Table 1: Sex-wise distribution of base line characteristics observed in Hypertensive patients and

normotensive control groups

Men Women
Variable HTN Cases Control HTN Cases Control subjects
(n=146) subjects (n=54) (n=53)
(n=147)

Age, (mean,SE) 50.8(0.74) 46.0(0.62) 50.5(1.06) 44.5(1.05)
BMI, kg/m? (mean,SE) 26.3(0.31) 26.2(0.31) 26.4(0.56) 22.9(0.55)
SBP, mm Hg (mean,SE) *150.8(1.81) 120.2(0.61) *150.8(2.58) 119.1(0.81)
DBP, mm Hg (mean, SE) *92.9(0.69) 80(0.29) *91.2(0.98) 80.0(0.38)
Family history (%) *42.8 19.1 *40.0 15.2
DM (%) *31.7 Nil 29.1 0
CAD (%) *23.5 Nil *21.9 0

HTN- hypertension, SE- standard error, BMI- body mass index, SBP- systolic blood pressure, DBP- diastolic blood
pressure, DM- diabetes mellitus, CAD- coronary heart disease.

Figures in parentheses represent standard errors.
* p<0.05 (x2-test, t-test,)

Table 2: ACE genotypes and allele frequencies in hypertensive patients and normotensive control

groups
Frequencies Total alleles on
Genotypes Alleles all chromosomes
I 1D DD
n n % n % % | D | D
HTN 200 53 26.5 86 43.0 61 30.5 0.48 0.52 192 208
CON 200 75 375 87 435 38 19.0 0.59 0.41 247 106

HTN- hypertension, CON- controls.

Genotype frequencies : x?=9.130, df 2, p<0.05.
Allele frequencies 1 X% = 37.235, df 1, p<0.01.
Hardey-Weinberg

Equilibrium : X?= 3.9326, df 1; P<0.05.
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30.5% respectively in hypertensivesand 37.5%,
43.5 and 19.0% in controls. The observed
genotype frequencies were significantly
deviating from the control group (x?=9.130, df2,
P<0.05). Thefrequenciesof aleleD and | were
0.52 and 0.48 in patients while they were 0.41
and 0.59 in controls. The observed allelic
frequencies in the hypertensive group differed
significantly from those in the control group
(x?=37.235. p<0.01 df1). Further thefrequencies
of alleles D and | were observed to deviate
significantly from Hardy Weinberg equilibrium
in patients (x?=3.9326 df 1; P<0.05) but notinthe
controls.

Table 3 shows the distribution of epidemio-
logical factors by ACE genotypes. There were
no significant differencesamong men acrossthe
three genotypes with regard to age and body
mass index. In men consistent and statistically
significant increase in age adjusted systolic and
diastolic blood pressureswith increasing number
of D alleles was observed (P<0.01). The
association wasno longer statistically significant
with multiple linear regression analysis. In
hypertensive group men with DD homozygotes
showed maximum frequency of familial history
(52.2%) as compared to control men (46.7%).
Presence of CAD and DM was morefrequent in

hypertensive menwith DD homozygosity (45.7%
and 45.7%).

Among hypertensivewomen || homozygotes
wereyounger (X 48.3, SE2.18) thandldeD cariers
(X 51.9, SE 1.89 and X 51.3, SE 1.60) and also
hypertenisve menwith Il genotypes (X 51.7, SE
1.48). In contrast, in controls DD homozygotes
wereyounger (X 41.4, SE 1.58) than thosewith
other genotypes. In hypertensive women mean
BMI values were reduced in 1l homozygotes
(X 25.3, SE 0.88) as compared to other genotypes
and also hypertensive men with |l genotypes.
Mean SBPlevelswere observed to beincreasing
with increase in the number of D alleles. In
contrast, mean DBP valueswere decreasing with
increase in the number of D aleles (Table 3).
Higher incidence of hypertension was observed
inthefamily membersof female patientswith DD
genotypes (35.7%) as compared to ID and 11
(12.5% and 17.5%) genotypes. Further this
difference wasgreater in hypertensive men with
DD genotypes as compared to hypertensive
women with DD genotype suggesting greater
risk for menwith family history of hypertension.
It was also observed that among hypertensive
women, patients with DD genotypes were at a
greater risk for the development of associated
conditions like CAD (14.3%) and DM (39.3%)

Table 3: Base line characteristics of men and women among hypertensives and normotensives by their

ACE genotype

Characteristic

ACE genotype (patients)

ACE genotype (controls)

DD DI Il DD DI 11
Men (n=146, 147) 46 61 39 28 56 63
Mean age, Y 50.7(1.29) 50.4(1.14) 51.7(1.48) 46.2(1.47)  45.0(0.92) 46.8(0.62)
Mean body mass index, 26.8(0.58) 25.8(0.48) 26.6(0.53) 26.0(0.72)  26.9(0.57) 26.0(0.43)
kg/m2
Mean SBP mmHg *156.1(3.17) 150.7(2.73) 144.1(4.4) 120.4(1.31) 120.54(1.03) 119.8(0.92)
Mean DBP mm Hg *93.5(1.30) 92.8(1.05) 92.2(1.06) 79.6(0.63) 80.4(0.63)  79.8(0.28)
Family history, % *52.2 34.4 43.6 46.7 32 42.9
CAD, % *45.7 29.5 33.3 nil nil nil
DM, % 45.7 49.2 *69.2 nil nil nil
Smoking, % *28.3 18 25.6 26.7 20 28.6
Alcohol,% *37.0 26.2 33.3 20 28 35.7
Women (n=54,53) 15 25 14 10 31 12
Mean age 51.9(1.89) 51.3(1.60) 48.3(2.18) 41.4(1.58)  45.8(1.30) 43.6(2.84)
Mean body mass index, 26.6(0.88) 26.9(0.99) 25.3(0.88) 21.2(1.05) 23.5(0.78)  22.8(1.00)
kg/m2
Mean SBP mmHg 153.4(5.85)  151.2(3.76) 146.4(4.52) 121(1.0) 118.5(1.15) 119.2(1.93)
Mean DBP mm Hg 88.1(1.77) 91.8(1.55)  93.6(1.69) 80(0) 80.0(0.66)  80.0(0.00)
Family history *35.7 12.5 17.5 20.2 9.7 25
CAD % *14.3 *14.3 9.5 0 0 0
DM % *39.3 17.9 19 0 0 0
Smoking % 0 0 0 0 0 0
Alcohol % 0 0 0 0 0 0

*p<0.05
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but less prevalent than hypertensive men (45.7%
and 45.7% respectively).

The prevalence of hypertension according
to ACE Genotypes was evaluated by logistic
regression analysis. In men the age adjusted odds
ratios (OR) for hypertension in the DD and ID
groupswere 2.25 (95% confidenceinterval (Cl),
1.14 to 4.42) and 2.20 (95% CI 1.22 to 3.80)
respectively, with the Il genotype used as the
reference group (p<0.05). In women there was
no significant association of ACE genotypewith
hypertension, the adjusted Oddsratiosbeing 1.20
(95%¢Cl, 0.38t03.92) and 0.44 (95%Cl, 0.17 to
1.06) respectively for the DD and ID groups
(p>0.05). _

In our study the frequencies of alelesD and
| of ACE were more or less similar to those
reported in other Indian populations (Pasha et
al. 2002). Wefound consistent evidence, in men
but not in women, of association of the ACE
genotype with diastolic blood pressure and of
association with hypertension. Therewasadight
increase in odds of hypertension with the ACE
DD genotype, although there was no clear
evidence of mode of mutation effect.

DISCUSSION

Heritable factors in combination with a
number of recognized environmental risk factors
are important determinants of the pathogenesis
and natural history of essential hypertension.
The notion that the presence of the allele D may
identify ACE asone of the genes contributing to
anincreased risk of essential hypertensionisboth
intriguing and provocative.

Previous work on Indian populations has
shown a wide range of estimated frequencies
fromabout 22t0 39 % for the 1 genotype, which
iscompatiblewith the 26.5% found in the present
study (Pasha et al. 2002). In contrast estimated
frequenciesof DD genotypein our present study
(30.5%), which shows a greater increase in the
homozygotes, differed from reported popul ation
frequencies, (22%—27%) by Pashaet al. (2002).
And aso the allelic frequencies of hypertensive
group (D 0.52, | 0.48) significantly deviate from
normotensive group with high frequency of
insertion alele(0.58, p<0.05).

Majumder et al. (1999) in adifferent context
also reported higher frequency of ACE insertion
allele in various ethnic groups. The higher
frequency of | allele in the present study in

control groupsisin agreement with Asiatic and
Mongoloid populations (Higashimori et al. 1993;
Honget al. 1997; Sagnellaet a. 1999) but differs
from the Americans, Caucasians and Europeans,
who have a greater frequency of D allele and
werereported to have ahighrisk of hypertension
(Johanning et al. 1995; Morris 1996; Sagnellaet
a.1999).

The association between the DD genotype
and increased levels of plasma and tissue ACE
(Rigat et al. 1990; Foy et al. 1996) provides a
theoretical mechanism whereby the 1/D
polymorphism could be of potential importance
in the control of blood pressure. There is a
controversy regarding the associ ation of the ACE
locus with blood pressure and hypertension. In
humansapositive association of theACED dlele
has been observed in some (Morise et a. 1994,
Barley et al. 1996), but not in other case control
studies of hypertension (Borecki et al. 1997;
Fuentes et al. 2002). Our results demonstrated a
difference in the distribution of the genotypes
between patients and control groups as is
evident from table 2. Among the patients there
wasincreasein the number of DD homozygotes,
which is consistent with a previous report
(Mastanaet a. 1997) from the I ndian subcontinent
claiming asignificant association of DD genotype
with hypertension.

Moriseet al. (1994) found higher frequency
of DD genotype among Japanese patients with
hypertension compared with normotensives,
more recently thishasbeen confirmedin alarge
population study in Japanese men but not in
women (Katsuyaet a. 1998).

In our study whichincluded 200 patients (146
men, 54 women) and 200 age and sex matched
controls (147 men and 53 women), we observed a
possible association of ACE D allele with
hypertension in men but not in women, and also
therewasalinear relationship between diastolic
blood pressure with D allele in men but not in
women. This gender specific association is
consistent and compatible with the Framingham
study (O’ Donnell et a. 1998). However thisstudy
is incompatible with a highly significant
association reported between the D allele and
hypertension in women of African descent
(Sagnellaetal. 1999).

In south Asians, no significant gender
association between ACE 1/D genotype and the
prevalence of hypertension was shown by
Sagnella et al. (1999). Our study provides
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evidencethat the effect of the ACE locus may be
male specific. The hypothesisthat there are sex
differences in the effect of ACE I/D genotypes
on blood pressureis supported by genetargeting
experiments resulting in functional inactivation
of the ACE gene in mice, in which the blood
pressure effect predominatesin males (Esther et
al. 1996). Fornage et al. (1998) have recently
reported that genetic variation in the region of
the ACE gene significantly influences inter
individual variationin blood pressurein men but
not women.

In conclusion, our study shows a possible
association of the ACE locus with hypertension
and with blood pressurelevelsin men but not in
women. The contradictory reports from several
case control studies on the association of ACE
locus with essential hypertension in various
populations and multi-ethnic groups of Indian
population supports the need for further
confirmatory studies of association on large
population based samples.

REFERENCES

Barley J, Blackwood A, Miller M, Markandu ND, Carter
ND, Jeffery S, Cappucio FP, MacGregor GA, Sagnella
GA 1996. Angiotensin converting enzyme gene |/
D polymorphism in Caucasian and agro-caribbean
peoples. J Hum Hypertens, 10: 31 35.

Borecki 1B, Province MA, Ludwig EH, Ellison RC,
Folsom AR, Heiss G, Laouel JM, Higgins M, Rao
DC1997. Associations of candidate loci angio-
tensinogen and angiotensin-converting enzyme with
severe hypertension: the NHLBI Family Heart Study.
Ann Epidemiol, 7: 13-21.

Butler R, Morris AD, Burchell B 1999. DD angiotensin
converting enzyme gene polymorphism is associated
with endothelial dysfunction in normal humans.
Hypertension, 33: 1164-8.

Cambien R, Poirier O, Lecerf L, Evans A, Cambou JPR,
Arveiller D, Luc G, Bard JM, Bara L, Pricard S,
Tiret L, Amouyel P, Alhenc-Gelans F, Sourbrier F
1992. Deletion polymorphism in the gene for
angiotensin-converting enzyme is a potent risk
factor for myocardial infarction. Nature, 359: 641-
644.

Cardillo C, Kilcoyne CM, Waclawin M, Cannon RO,
Panza JA 1999. Role of endothelin in the increased
vascular tone of patients with essential hyper-
tension. Hypertension, 32(2): 753-758.

Erdos E, Skidgel RA 1987.The angiotensin-converting
enzyme. Lab Invest, 56: 345-348.

Esther CR Jr, Howard TE, Marino EM, Goddard JM,
Capecchi MR, Bernstein KE 1996. Mice lacking
angiotensin-converting enzyme have low blood
pressure, renal pathology, and reduced male fertility.
Lab Invest, 74: 953-965.

Fornage M, Amos ClI, Kardia S, Sing CF, Turner ST,
Boerwinkle E 1998. Variation in the region of the

angiotensin-converting enzyme gene influences
inter-individual differences in blood pressure levels
in young white males. Circulation, 97: 1773-1779.

Foy CA, Mc Cormack LJ, Knowler WC, Barretl M,
Catto A, Grant PJ 1996. The angiotensin | convert-
ing enzyme(ACE) gene I/D polymorphism and ACE
levels in Pima Indians. J Med Genet, 33: 336-7.

Fuentes RM, Perola M, Nissinen A, Tuomilehto J 2002.
ACE gene and physical activity, blood pressure, and
hypertension: a population study in Finland. J Appl
Physiol, 93(4): 1561-1562.

George A, Stavrovlakis, Thomas K, Makris, Pangagiota
G, Krespi, Antonios N, Hatzizacharias, Argyri 2001.
Angiotensin converting enzyme gene polymor-
phism: the effect on haemostatic fibrinolytic balance
and endothelial function in hypertensive patients.
Hellemic J Cardiol (Athens), 42: 12-18.

Higashimori K, Zhao Y, Higaki J, Kamitani A, Katsuya
T, Nakura J, Miki T, Mikami H, Ogihara T1993.
Association analysis of a polymorphism of the
angiotensin converting enzyme gene with essential
hypertension in the Japanese population. Biochem
Biophys Res Commun, 191: 399-404.

Hong GH, Kang BY, Park WH, Kim JQ, Lee CC 1997.
Genetic variation of the angiotensin-converting
enzyme gene: increased frequency of the insertion
dlele in Koreans Clin Genet, 51: 35-38.

Howard TE, Shai SY, Langford KG, Martin BM, Bernstein
KE 1990. Transcription of testicular angiotensin-
converting enzyme (ACE) is initiated within the
12th intron of the somatic ACE gene. Molec Cell
Biol, 10: 4294-4302.

Hubert C., Houot AM, Corvol P, and Soubrier F 1991.
Structure of the angiotensin | converting enzyme
gene. Two alternate promoters correspond to
evolutionary steps of a duplicated gene. J Biol Chem,
266: 15377-15383.

Johanning CL, Johnston KE, Tamura T, Goldenberg RL
1995. Ethnic differences in angiotensin converting
enzyme gene polymorphism. J. Hypertens, 13: 710-
711.

Katsuya T, Baba S, Higaki J, Mannami T, Sato N, Ogihara
T1998. The deletion polymorphism of the angio-
tensin converting enzyme gene increases the risk
of hypertension in a large Japanese general popula-
tion. The suita study. Circulation, 98(1): 1-859.

Lahiri DK, Steve Bye, Nurnbergerger Jr JJ, Mario E,
Hondes, Crisp M 1992. A non-organic and non-
enzymatic extraction method gives higher yields
of genomic DNA from whole blood samples than
do nine other methods tested. J Biochem and
Biophysical Methods, 25: 193-205.

Laragh JH, Brenner BM 1990. Hypertension,
Pathophysiology, Diagnosis and Management 1.
New York: Raven Press.

Lee Y-J, Tsai JCR 2002. ACE gene insertion/deletion
polymorphism associated with 1998 World Health
Organization definition of metabolic syndrome in
Chinese type 2 diabetic patients. Diabetes Care,
25(6): 1002-8.

Lindpaintner K, Pfeffer MA, Kreutz R, Stampfer MJ,
Grodstein F, Lamotte F, Buring J, Hennekens CH
1995. A prospective evaluation of angiotensin-
converting gene polymorphism and the risk factor



INSERTION/DELETION POLYMORPHISM OF ACE GENE IN ESSENTIAL HYPERTENSION 213

of ischemic heart disease. N Engl J Med, 332: 706-
711.

Majumder PP, Roy B, Banerjee S, Chakraborty M, Dey
B, Mukherjee N, Roy M, Thakurta P G, Sil S K1999.
Human-specific insertion/deletion polymorphisms
in Indian populations and their possible evolutionary
implications. Eur J Hum Genet, 7: 435-446.

Mastana S, Nunn J 1997. Angiotensin-converting enzyme
deletion polymorphism is associated with
hypertension in a Sikh population. Hum Hered,
47: 250-253.

Mattei MG, Hubert C, Alhenc-Gelas F, Roeckel N, Corvol
P, Soubrier F1989. Angiotensin-l converting
enzyme gene is on chromosome 17. (Abstract)
Cytogenet Cell Genet, 51: 1041

Miller SA, Dykes DD, Polesky HF 1988. A simple salting
out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Res, 16: 1215.

Morise T, Takeuchi Y, Takeda R 1994. Angiotensin-
converting enzyme polymorphism and essential
hypertension. Lancet, 343: 125

Morris BJ 1996. Hypothesis: an angiotensin converting
enzyme genotype present in one in three Caucasians.
Clin Exp Pharmacol Physiol, 23: 1-10.

O’'Donnell CJ, Lindpaintner K, Larson MG, Rao VS,
Ordovas JM, Schaefer EJ, Myers RH, Levy D1998.
Evidence for association and genetic linkage of the
angiotensin-converting enzyme locus with
hypertension and blood pressure in men but not
women in the Framingham Heart Study. Circulation,
97: 1766-1772.

Pasha MAQ, Khan AP, Kumar R, Ram RB, Grover SK,
Srivastava KK, Selvamurthy W, Brahmachari SK
2002. Variation in angiotension-converting enzyme
gene insertion/deletion polymorphism in Indian
population of different ethnic origins. J Bio i,

(Suppl.1).

Pontremoli R, Ravera M, Viazzi F, Nicolella C, Berruti
V, Leoncini G,Giacopelli F, Bezante G P, Sacchi G,
Ravazzolo R, Deferrari G 2000. Genetic
polymorphism of the renin-angiotensin system and
organ damage in essential hypertension. Kidney
Int, 57: 561-569.

Reider MJ, Taylor SL, Clark AG, Nickerson DA 1999.
Sequence variation in the human angiotensin
converting enzyme. Nat Genet, 22: 59-62.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P,
Soubrier D 1990. An I/D polymorphism in the
angiotensin |I-converting enzyme accounting for
half the variance of the serum enzyme level. J Clin
Invest, 86: 1343-1346.

Rigat B, Hubert C, Corval P, Soubrier F 1992. PCR
detection of the insertion/ deletion polymorphism
of he human angiotensin converting enzyme gene
(DCP?) dipetidyl carboxy peptidase 1). Nucleic Acids
Res, 20: 1433.

Sagnella GA, Rothwell MJ, Onipinla AK, Wicks PD,
Cook PG, Cappuccio F 1999. A population study
of ethnic variations in the ACE 1/D polymorphism:
Relationships with gender, hypertension and
impaired glucose metabolism. J Hypertens, 17: 657-
664.

Shanmugan V, Sell KW, Saha BK 1993. Mistyping ACE
heterozygotes. PCR Meth Appls, 3: 120-1.

The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure 2003. The National
High Blood Pressure Education Program Committee.
JAMA, 289: 2560-2572.

Vijay V, Yanqing Z, Karthik B, Stephen D, Snehalatha C,
Ramadchandran A, Jayaraman M, Kumar S 2001.
Association between ACE gene polymorphism and
Diabetic Nephrophathy in south Indian patients. J
Pancreas, 2(2): 83-87.



