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Introduction

In the general population blood pressure
follows a normal distribution, and hyperten-
sion is defined on the basis of a threshold
for therapeutic interventions. Family stud-
ies have shown a greater concordance of
blood pressure levels in monozygotic than
dizygotic twins, as well as in biological sib-
lings than adoptive children1. 

Essential hypertension occurs as a con-
sequence of a complex interplay between
multiple environmental and genetic deter-
minants, within a polygenic model2. Dur-
ing the last decades, advances in molecular
biology have permitted clarification of the
pathogenic mechanisms of hypertensive
disorders. One of the main lines of investi-
gation has included classic linkage analysis
in families segregating for rare, Mendelian
forms of hypertension. Genes responsible
for glucocorticoid-remediable aldostero-
nism, Liddle’s syndrome, and apparent

mineralocorticoid excess have been
mapped and cloned3. 

To study the predisposing genes in-
volved in common essential hypertension,
other strategies, such as analysis of affect-
ed sibling pairs or population association
studies, have been used. The distribution of
molecular variants of candidate genes has
been compared in unrelated cases and con-
trols, searching for marker genotypes with
a possible causal role or located in close
proximity to putative susceptibility loci2. In
order to analyze co-segregation between
the disease and several genotypes, animal
studies that involve rodent models exhibit-
ing spontaneous hypertension have also
been applied4.

By using the above-described methods,
evidence has been obtained for a number of
involved loci. Among the others, attention
has focused on genes coding for �-adducin
(on chromosome 4p16.3), insulin (19p13.2)
and glucagon (17q25) receptors, enzymes
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Background. Blood pressure is a quantitative multifactorial trait influenced by environmental and
genetic determinants. Although several candidate genes have been associated with the development of
essential hypertension, the mechanisms of individual susceptibility still remain unclear. Knowledge
on the distribution of genetic polymorphisms in different populations is fundamental for the assess-
ment of the predictive value of genetic variation.

Methods. We genotyped 300 healthy normotensive subjects from the Italian population for three
polymorphisms, at the angiotensinogen (AGT, M and T), angiotensin II type 1 receptor (AT1R, A and
C) and angiotensin-converting enzyme (ACE, D and I) genes. Polymorphisms were analyzed by poly-
merase chain reaction and restriction enzyme digestion. Statistical analysis was performed to verify
the agreement with the Hardy-Weinberg equilibrium.

Results. The observed allelic distribution was in accordance with estimates reported for Caucasian
populations. Variant allelic frequencies were 0.36 for the T and C alleles at the AGT and AT1R locus and
0.47 for the I allele of the ACE gene. AT1R and ACE genotype frequencies were in Hardy-Weinberg
equilibrium, while there was a deviation of the AGT genotypes from those predicted by the equation.

Conclusions. The studied polymorphisms are largely distributed in the Italian population sample,
with a frequency of homozygous subjects for mutant alleles ranging from 9 to 22%. Epidemiology of
mutations in the genes involved in blood pressure regulation provides tools to evaluate susceptibility
to hypertension.
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such as phospholipase A2 (12q23-q24.1) and kallikrein
(19q13), regulatory molecules such as endothelin-1
(6p23-p24), �2-adrenergic (10q24-q26) and �2-adren-
ergic (5q32-q34) receptors, as well as lipoprotein lipase
(8p22) and glucocorticoid receptor (5q31) loci2,5. Mol-
ecular variants of genes encoding for components of
the renin-angiotensin system have been associated with
essential hypertension and ischemic heart disease, al-
though with contrasting results6-9. 

In hypertensive sibling pairs linkage was observed
for a point mutation leading to the substitution of thre-
onin for methionin (M235T) at amino acid position 235
in the coding sequence of the angiotensinogen (AGT)
gene (1q42-q43)10. 

Diallelic polymorphisms have been detected in the
angiotensin II type 1 receptor (AT1R) gene at 3q21-
q25: an A/C transversion located at position 1166
(A1166C polymorphism) has shown an increased fre-
quency in hypertensive subjects, especially those with
a more resistant form11,12. 

A polymorphic form of the angiotensin-converting
enzyme (ACE) gene on chromosome 17q23 and in-
volving the presence (insertion, I) or absence (deletion,
D) of a 287-base pair Alu repeat sequence in intron 16
has been described13. In a large population-based study
evidence has been obtained for the association and link-
age of the ACE locus with hypertension as well as with
the diastolic blood pressure in males14. 

In the present study we evaluated the distribution of
AGT, AT1R and ACE gene polymorphisms in a repre-
sentative sample of the Italian population.

Methods

A group of 300 unrelated normotensives (male/fe-
male ratio 5.5/1; geographical origin: northern Italy
6.4%, central and southern Italy 45% and 38.6% re-
spectively, Sicily and Sardinia 10%) were recruited
from a population-based sample of Italian subjects iden-

tified on a volunteer basis through local outpatient and
university departments. Patients were selected from a
population included in a larger genetic epidemiology
study on the basis of the following criteria: 1) age 20-65
years, 2) no personal or family history of hypertension,
3) blood pressure levels < 140/90 mmHg (derived from
repeated measurements performed in accordance with
international guidelines15), 4) absence of antihyperten-
sive treatment, and 5) exclusion of other cardiovascular
disorders or clinically relevant diseases. Having ob-
tained the patient’s informed consent, a 4 ml volume of
blood was collected in a heparinized tube. Genomic
DNA was isolated following standard protocols16. 

Genotyping (Fig. 1) was performed by means of the
polymerase chain reaction technique, with further re-
striction enzyme analysis when required. To study AGT
gene polymorphism, an amplification reaction was per-
formed involving a modified downstream primer that
introduces a restriction half-site, as previously de-
scribed17. After digestion with Tth111I enzyme, the ex-
pected products were separated on a 3% agarose (Nu-
Sieve) gel and visualized by ethidium bromide staining.
AGT normal (M) and variant (T) alleles were detected
as bands 165 and 141 base pairs in size respectively. 

Genotypes for the A1166C polymorphism at the
AT1R locus were determined by a previously reported
mismatch-polymerase chain reaction/restriction strate-
gy18. Digestion with the HaeIII enzyme produced two
fragments of 255 and 233 base pairs, corresponding to
the A1166 and C1166 alleles.

The ACE gene I/D polymorphism was detected by
polymerase chain reaction analysis, avoiding misclassi-
fication of heterozygous samples, as described else-
where9. The expected I and D alleles, 319 and 597 base
pairs in size, were visualized after electrophoresis on a
2.5% agarose gel and ethidium bromide staining.

Allele frequencies were determined by gene count-
ing. To verify the Hardy-Weinberg equilibrium, �2

analysis was used to compare the observed and expect-
ed numbers calculated from gene frequencies.
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Figure 1. Angiotensinogen (AGT), angiotensin II type 1 receptor (AT1R) and angiotensin-converting enzyme (ACE) gene polymorphisms. Representa-
tive agarose gels, stained with ethidium bromide, showing heterozygous (MT, AC, DI) and homozygous genotypes for mutant (TT, CC, II) and wild-type
(MM, AA, DD) alleles. The molecular weights of the detected bands are shown.



Results

The genotype and allele frequencies of the renin-an-
giotensin system genes in our population sample are
shown in table I. There was an overall frequency of
0.64 for the M and of 0.36 for the T allele of the AGT
gene. We found that 157 (52.3%) of 300 subjects were
classified as heterozygous MT, 115 (38.4%) were ho-
mozygous MM, and 28 (9.3%) were homozygous for
the AGT T variant allele. Among the study population,
a 0.36 frequency was observed for the AT1R C mutant
allele: 132 (44%) of 300 subjects were heterozygous
AC and 42 (14%) were homozygous CC. The allelic
frequencies of ACE I and of D polymorphism were
0.47 and 0.53 respectively. Eighty-three (27.7%) out of
300 subjects were homozygous DD, 67 (22.3%) were
homozygous II, and 50% of the whole study population
was heterozygous ID.

The study population was in Hardy-Weinberg equi-
librium for the A1166C polymorphism at the AT1R lo-
cus and for the I/D genotypes of the ACE gene (�2 =
0.6 and 0.002, 2 df, p > 0.4). Our sample of unrelated
Italian individuals did not exhibit Hardy-Weinberg
equilibrium for the M235T polymorphism at the AGT
locus (�2 = 6.1, 2 df, p < 0.05). The reason for this ab-
sence of equilibrium is unknown. It does not seem to be
consequent to technical inaccuracies, but it probably re-
flects a chance event.

Discussion

Identification of molecular factors that influence the
individual susceptibility to essential hypertension is one
of the main issues of medical science in the field of car-

diovascular diseases. The renin-angiotensin system is an
important component of blood pressure regulation, not
only for sodium homeostasis but also as a modulator of
vascular tone and cardiovascular structure19. Genes cod-
ing for components of this system may explain the ge-
netic basis of high blood pressure and other cardiovascu-
lar disorders. The influence of polymorphic forms at the
AGT, AT1R and ACE loci on several clinical features is
still disputed20-22. Conflicting results may be due to the
variable impact that mutations can have on the genetic
background of populations. Literature data regarding the
distribution of polymorphisms at the renin-angiotensin
system genes in different geographical areas have been
reviewed and compared, as shown in table II12,18,20,22-38.
The frequency of the T235 AGT allele is higher in
African Americans and Asian people than in Caucasians.
The C1166 mutant allele of the AT1R gene shows the
lowest frequency among African Americans, Chinese
and Japanese. The frequency of the ACE I allele is high-
er in Chinese and Japanese than in any other population.
The allele frequencies at the AGT, AT1R and ACE loci
obtained in the present study were similar to those re-
ported for the Italian28,38 and other Caucasian popula-
tions.

Hereditary influences with mutations at several
gene loci can be seen in different steps of blood pres-
sure regulation. Permissive mutations for a rise in blood
pressure have been identified but their penetrance is in-
fluenced by the interaction with environmental factors
and the individual genetic background. The environ-
mental impact is thought to be exerted at the level of
phenotypic modifications as well as at that of gene ex-
pression39.

The identification of further molecular variants that
modulate blood pressure can be expected in the next
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Table I. Genotype and allele frequencies.

Angiotensinogen genotypes Alleles

MM MT TT M T
(no./total) (no./total) (no./total)

115/300 (38.4%) 157/300 (52.3%) 28/300 (9.3%) 0.64 0.36

Angiotensin II type 1 receptor genotypes Alleles

AA AC CC A C
(no./total) (no./total) (no./total)

126/300 (42%) 132/300 (44%) 42/300 (14%) 0.64 0.36

Angiotensin-converting enzyme genotypes Alleles

DD DI II D I
(no./total) (no./total) (no./total)

83/300 (27.7%) 150/300 (50%) 67/300 (22.3%) 0.53 0.47



years. A close interplay between animal modeling and
human population studies together with new strategies
based on the information provided by the human
genome project will be needed. Surveys on genetic fac-
tors responsible for blood pressure variability will im-
prove the understanding of the pathophysiology of hy-
pertension and provide tools for an early identification
of those individuals at higher risk. Genetic epidemiolo-
gy methods will allow more specific therapeutic inter-
ventions and increasingly effective preventive mea-
sures.

References

1. Ward R. Familial aggregation in genetic epidemiology of
blood pressure. In: Laragh J, Brenner B, eds. Hypertension:

pathophysiology, diagnosis, and management. New York,
NY: Raven Press, 1995: 67-86.

2. Hamet P. Genes and hypertension: where we are and where
we should go. Clin Exp Hypertens 1999; 21: 947-60.

3. Luft FC. Molecular genetics of human hypertension. J Hy-
pertens 1998; 16 (Part 2): 1871-8.

4. Dominiczak AF, Negrin DC, Clark JS, Brosnan J, McBride
MW, Alexander MY. Genes and hypertension - from gene
mapping in experimental models to vascular gene transfer
strategies. Hypertension 2000; 35 (Part 2): 164-72.

5. Morris BJ, Griffiths LR. Scanning the genome for essential
hypertension loci. Clin Exp Pharmacol Physiol 1998; 25
(Suppl): S72-S78.

6. Cambien F, Poirier O, Lecerf L, et al. Deletion polymorphism
in the gene for angiotensin-converting enzyme is a potent risk
factor for myocardial infarction. Nature 1992; 359: 641-4.

7. Tiret L, Bonnardeaux A, Poirier O, et al. Synergistic effects
of angiotensin-converting enzyme and angiotensin-II type 1
receptor gene polymorphisms on risk of myocardial infarc-
tion. Lancet 1994; 344: 910-3.

592

Ital Heart J Vol 2 August 2001

Table II. Distribution of angiotensinogen (AGT), angiotensin II type 1 receptor (AT1R) and angiotensin-converting enzyme (ACE) ge-
ne polymorphisms in populations from different geographic areas.

AGT genotypes (%) AGT alleles References

MM MT TT M T

Northern Europe 36.2 43.5 20.3 0.58 0.42 18, 27, 34
Central Europe 30.4 57.6 12 0.59 0.41 22
Southern Europe 40.2 41.1 18.7 0.61 0.39 29, 38
Middle-East 32.2 41.8 26 0.53 0.47 33
North America 34.7 48.6 16.7 0.59 0.41 23
North America 
(African Americans) 3.7 26.2 70.1 0.17 0.83 23
China and Japan 5.6 36.1 58.3 0.24 0.76 35, 37
Australia and New Zealand 36.6 49.8 13.6 0.615 0.385 20

AT1R genotypes (%) AT1R alleles

AA AC CC A C

Northern Europe 59.3 34.8 5.9 0.77 0.23 18
Central Europe 48.8 41.6 9.6 0.7 0.3 12, 36
Southern Europe 46.7 42.6 10.7 0.68 0.32 28, 32, 38
Middle-East 57.4 36.6 6 0.76 0.24 33
North America 59 34 7 0.76 0.24 30
North America
(African Americans) 91.9 7 1.1 0.95 0.05 30
China and Japan 85.2 14.1 0.5 0.92 0.08 35, 37
Australia and New Zealand 46.4 50 3.6 0.71 0.29 31

ACE genotypes (%) ACE alleles

DD DI II D I

Northern Europe 26.3 51.4 22.3 0.52 0.48 27, 34
Central Europe 24.8 54.4 20.8 0.52 0.48 24
Southern Europe 32.7 44.5 22.8 0.55 0.45 29, 32, 38
Middle-East 39.5 48.8 11.7 0.64 0.36 33
North America 25 58.6 16.4 0.54 0.46 25
North America
(African Americans) 37 51 12 0.625 0.375 26
China and Japan 15.5 43.1 41.4 0.37 0.63 35,37
Australia and New Zealand 27.6 49.8 22.6 0.525 0.475 20

When multiple surveys were available, data are shown as mean values.



8. Tiret L, Ricard S, Poirier O, et al. Genetic variation at the
angiotensinogen locus in relation to high blood pressure and
myocardial infarction: the ECTIM study. J Hypertens 1995;
13: 311-7.

9. Lindpaintner K, Pfeffer MA, Kreutz R, et al. A prospective
evaluation of an angiotensin-converting enzyme gene poly-
morphism and the risk of ischemic heart disease. N Engl J
Med 1995; 332: 706-11.

10. Jeunemaitre X, Soubrier F, Kotelevtsev YV, et al. Molecular
basis of human hypertension: role of angiotensinogen. Cell
1992; 71: 169-80.

11. Bonnardeaux A, Davies E, Jeunemaitre X, et al. An-
giotensin II type 1 receptor gene polymorphisms in human
essential hypertension. Hypertension 1994; 24: 63-9.

12. Szombathy T, Szalai C, Katalin B, Palicz T, Romics L,
Császár A. Association of angiotensin II type 1 receptor
polymorphism with resistant essential hypertension. Clin
Chim Acta 1998; 269: 91-100.

13. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P,
Soubrier F. An insertion/deletion polymorphism in the an-
giotensin I-converting enzyme gene accounting for half the
variance of serum enzyme levels. J Clin Invest 1990; 86:
1343-6.

14. O’Donnell CJ, Lindpaintner K, Larson MG, et al. Evidence
for association and genetic linkage of the angiotensin-con-
verting enzyme locus with hypertension and blood pressure
in men but not women in the Framingham Heart Study. Cir-
culation 1998; 97: 1766-72.

15. WHO Guidelines Subcommittee. 1999 World Health Or-
ganisation-International Society of Hypertension guide-
lines for the management of hypertension. J Hypertens
1999; 17: 151-83.

16. Moore D. Preparation and analysis of DNA. In: Ausubel
FM, Brent R, Kingston RE, et al, eds. Current protocols in
molecular biology. New York, NY: John Wiley & Sons,
1998: 2.0.1-2.1.10.

17. Russ AP, Maerz W, Ruzicka V, Stein U, Gross W. Rapid de-
tection of the hypertension-associated Met235→Thr allele
of the human angiotensinogen gene. Hum Mol Genet 1993;
2: 609-10.

18. Berge KE, Berg K. Polymorphisms at the angiotensinogen
(AGT) and angiotensin II type 1 receptor (AT1R) loci and
normal blood pressure. Clin Genet 1998; 53: 214-9.

19. Johnston CI. Franz Volhard Lecture. Renin-angiotensin sys-
tem: a dual tissue and hormonal system for cardiovascular
control. J Hypertens 1992; 10 (Suppl 7): S13-S26.

20. Katsuya T, Koike G, Yee TW, et al. Association of an-
giotensinogen gene T235 variant with increased risk of
coronary heart disease. Lancet 1995; 345: 1600-3.

21. Lindpaintner K, Lee M, Larson MG, et al. Absence of asso-
ciation or genetic linkage between the angiotensin-convert-
ing-enzyme and left ventricular mass. N Engl J Med 1996;
334: 1023-8.

22. Winkelmann BR, Russ AP, Nauck M, et al. Angiotensino-
gen M235T polymorphism is associated with plasma an-
giotensinogen and cardiovascular disease. Am Heart J
1999; 137 (Part 1): 698-705.

23. Rotimi C, Morrison L, Cooper R, et al. Angiotensinogen
gene in human hypertension: lack of an association of the
235T allele among African Americans. Hypertension 1994;
24: 591-4.

24. Friedl W, Krempler F, Paulweber B, Pichler M, Sandhofer

F. A deletion polymorphism in the angiotensin converting
enzyme gene is not associated with coronary heart disease
in an Austrian population. Atherosclerosis 1995; 112: 137-
43.

25. Bloem LJ, Manatunga AK, Pratt H. Racial difference in the
relationship of an angiotensin I-converting enzyme gene
polymorphism to serum angiotensin I-converting enzyme
activity. Hypertension 1996; 27: 62-6.

26. Rotimi C, Puras A, Cooper R, et al. Polymorphisms of
renin-angiotensin genes among Nigerians, Jamaicans and
African Americans. Hypertension 1996; 27 (Part 2): 558-
63. 

27. Kiema TR, Kauma H, Rantala AO, et al. Variation at the an-
giotensin-converting enzyme gene and angiotensinogen
gene loci in relation to blood pressure. Hypertension 1996;
28: 1070-5.

28. Castellano M, Muiesan ML, Beschi M, et al. Angiotensin II
type 1 receptor A/C 1166 polymorphism. Relationships
with blood pressure and cardiovascular structure. Hyperten-
sion 1996; 28: 1076-80.

29. Jeunemaitre X, Ledru F, Battaglia S, et al. Genetic poly-
morphisms of the renin-angiotensin system and angio-
graphic extent and severity of coronary artery disease: the
CORGENE study. Hum Genet 1997; 99: 66-73.

30. Gainer JV, Hunley TE, Kon V, Nadeau JH, Muldowney JAS,
Brown NJ. Angiotensin II type 1 receptor polymorphism in
African Americans: lower frequency of the C1166 variant.
Biochem Mol Biol Int 1997; 43: 227-31.

31. Wang WYS, Zee RYL, Morris BJ. Association of an-
giotensin II type 1 receptor gene polymorphism with essen-
tial hypertension. Clin Genet 1997; 51: 31-4.

32. Álvarez R, Reguero JR, Batalla A, et al. Angiotensin-con-
verting enzyme and angiotensin II receptor 1 polymor-
phisms: association with early coronary disease. Cardiovasc
Res 1998; 40: 375-9.

33. Frishberg Y, Becker-Cohen R, Halle D, et al. Genetic poly-
morphisms of the renin-angiotensin system and the out-
come of focal segmental glomerulosclerosis in children.
Kidney Int 1998; 54: 1843-9.

34. Kauma H, Ikäheimo M, Savolainen MJ, et al. Variants of the
renin-angiotensin system genes and echocardiographic left
ventricular mass. Eur Heart J 1998; 19: 1109-17.

35. Thomas GN, Young RP, Tomlinson B, Woo KS, Sanderson
JE, Critchley JAJH. Renin-angiotensin-aldosterone system
gene polymorphisms and hypertension in Hong Kong Chi-
nese. Clin Exp Hypertens 2000; 22: 87-97.

36. Stangl K, Cascorbi I, Stangl V, et al. A1166C polymorphism
of the angiotensin II type 1 receptor gene and risk of adverse
events after coronary catheter interventions. Am Heart J
2000; 140: 170-5.

37. Kato N, Sugiyama T, Morita H, et al. Comprehensive analy-
sis of the renin-angiotensin gene polymorphisms with rela-
tion to hypertension in the Japanese. J Hypertens 2000; 18:
1025-32.

38. Fatini C, Abbate R, Pepe G, et al. Searching for a better as-
sessment of the individual coronary risk profile. The role of
angiotensin-converting enzyme, angiotensin II type 1 re-
ceptor and angiotensinogen gene polymorphisms. Eur
Heart J 2000; 21: 633-8.

39. Pausova Z, Tremblay J, Hamet P. Gene-environment inter-
actions in hypertension. Curr Hypertens Rep 1999; 1: 42-
50.

M Mettimano et al - Blood pressure genetic polymorphisms in Italy

593


