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ABSTRACT : Genetic polymorphisms of the renin-angiotensin system (RAS) have been associated with
hypertension in various ethnic groups, but no relation between these polymorphisms and hypertension has
yet been systematically evaluated. To assess the relationship between allelic variation of RAS genes and
hypertension, we performed the case-control studies using genetic markers in Korean normotensives and
hypertensives. The allele and genotype frequencies of RAS genes in Korean population were not significantly
different between normotensives and hypertensives. To investigate the distribution of allele frequencies
among various populations, the data obtained in this study were compared to those in other ethnic groups
studied previously. Except for T174M polymorphism of angiotensinogen (AGT) gene, allele frequencies of
RAS genes were different among racial groups. The reason for these differences may be due to the difference
in various genetic or environmental background or due to the effects by various sample size studied. In
addition, it can be emphasized that carefully designed studies are required to minimize the ethnic

heterogeneity of the case and control populations.
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Introduction

Essential hypertension is a heterogeneously multifactorial
disease in which blood pressure is harmfully high
without overt cause. Both genetic and environmental
factors have been implicated in its etiology (Ward, 1990).
Candidate genes that determine blood pressure variation
include those whose products have a direct role in
vascular biology such as components of renin-angiotensin
system (RAS).

The RAS has an important role in blood pressure
homeostasis (Inagami, 1994; Tewksbury, 1983), and the
phenotype abnormalities of the RAS may be associated
with the development of essential hypertension. Thus,
genes encoding components of the RAS are attractive
candidates for the investigation on the genetic basis of
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essential hypertension.

The component genes of RAS include those encoding
for angiotensinogen (AGT), angiotensin-1 converting
enzyme (ACE), and angiotensin-II type 1 receptor (AT|R).
Angiotensin I is produced from AGT by renin, it
subsequently is converted to angiotensin II by ACE.
Angiotensin Il increases blood pressure by causing
vasoconstriction, aldosterone secretion and sodium/
water reabsorption in the kidneys. The cellular effects
of angiotensin II are mediated by two structurally
distinct receptor subtypes, AT|R and AT,R (Inagami et
al., 1994).

Many studies have identified several molecular
variants of genes encoding for components of the RAS.
Studies searching for molecular variants of the AGT
gene revealed 15 distinct genetic variations, and two of
them one with threonine instead of methionine at
position 235 (M235T) and one with methionine rather
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than threonine at position 174 (T174M) within exon 2
were found to be significantly associated with plasma
AGT level (Inoue et al., 1997; Jeunemaitre ef al., 1992),
essential hypertension (Caulfield et al, 1994) and coronary
heart disease (Katsuya et al., 1995).

An insertion (I)/deletion (D) polymorphism within
intron 16 of the ACE gene has been identified (Rigat et
al., 1992), and hes been known to be associated with
ACE level in plasma (Alvarez et al., 2000; Bloem et al.,
1996; Cambien, 1994; Cambien ef al., 1988; Foy et al.,
1996; Marre et al., 1994; Nakai er al., 1994; Tiret et al.,
1992) and several cardiovascular diseases, including
hypertension (Ashavaid et al., 2000), left ventricular
hypertrophy (Schunkert er al., 1994; Iwai et al, 1994;
Lindpaintner et al, 1996), ischemic heart disease
(Cambien et al., 1992; Lindpaintner et al., 1995; Nakai
et al., 1994), carotid atherosclerosis (Castellano et al.,
1995), cerebrovascular disease (Catto et al., 1996), as
well as diabetic (Schmidt er al., 1995) and non-diabetic
renaldisease (McLaughlin er al,, 1996), although some
studies have yielded conflicting results.

A-C variant in the 3' untranslated region (A1166C)
has been identified through the examination of several
poly- morphisms in the AT R gene (Tiret et al., 1994).
This A1166C polymorphism has been suggested to
contribute to hypertension (Bonnardeaux et al., 1994;
Dzida et al., 2001) and myocardial infarction (Alvarez
et al., 1998; Berge et al., 1997; Tiret et al., 1994) in
some population.

The present case-control studies were designed to
investigate the relationship between genetic markers of
candidate genes in the RAS and hypertension in Korean
population.

Materials and Methods

Subijects
We obtained 388 blood samples from the outpatients

of Seoul Hygiene Hospital, Seoul, Korea. Of these, 116
hypertensive Korean individuals were defined as having
a blood pressure above 140/90 mmHg. Subjects with
secondary forms of hypertension and those taking
antihypertensive drugs were excluded from the study.

Genotyping

Blood samples were obtained after an isolation and
determination of lipid profiles were collected in EDTA-
containing tubes and were centrifuged at 1,500xg for 10
min. Genomic DNA was isolated from buffy coat by
the method of Sambrook ef al, (1989) with slight
modification. The AGT M235T and T174M poly-
morphisms were investigated by using PCR-Tthlll 1

-(Russ et al., 1993) and Nco I digestion (Caulfield et al.,

1994), respectively. The I/D polymorphism of the ACE
gene was detected by PCR without restriction enzyme
digestion (Rigat et al, 1992). The ATR A1166C
polymorphism was analyzed by using PCR-Afl 1I
digestion (Hingorani and Brown, 1995). Primer sequences
for PCR reaction were shown in Table 1. Amplified
PCR products were digested by each restriction enzymes,
and visualized by agarose gel with ethidium bromide
staining.

Statistical analysis

Allele frequencies were calculated from genotype
frequencies, and the deviation from Hardy-Weinberg
equilibrium was analyzed by by yfitness test. The
heterozygosity, polymorphism information content (PIC)
and haplotype diversity index (HDI) were measured by
the methods of Bostein er al. (1980). The odds ratio
(OR) and 95% confidence interval (CI) of hypertension
associated with allelic variation was calculated by logistic
regression analysis. The significance of differences in allele
or genotype frequencies between normotensives and
hypertensives was also estimated by the y’-independence
test. The estimated frequencies of haplotypes were

Table 1. Polymorphi¢ sites and primer sequences for the PCR amplification of 3 candidate genes

Gene Polymorphism

Primer sequence

Reference

Angiotensinogen M235T

5-CAGGGTGCTGTCCACACTGGACCCC-3'

Russ et al., 1993

5-CCCTTTGTGCAGGGCCTGGCTCTCT-3'

T174M 5-GATGCGCACAAGGTCCTG-3'

Caulfield et al., 1994

5'-CAGGGTGCTGTCCACACTGGCTCGC-3'

Angiotensin I converting enzyme D

Angiotensin II Type 1 receptor A1166C

5-CTGGAGACCACTCCCATCCTTTCT-3'
5-GATGTGGCCATCACATTCGTCAGAT-3'

5'-ATAATGTAAGCTCATCCACCAAGAAG-3'

Rigat et al., 1992

Hingorani and Brown, 1995

5-TCTCCTTCAATTCTGAAAAGTACTTAA-3'
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calculated by the method of Morgan ef al. (1990). The
degree of linkage disequilibrium, A and D' were measured
by the methods of Hill and Robertson (1968) and
Lewontin (1964). The level of statistical significance
was assumed to be p<0.05. All statistical analysis was
performed by the SAS (version 6.12) computer program.

Results

AGT gene

Figure 1A showed that the M235T and T174M poly-
morphic sites are located in the exon 2 of AGT gene.
Figure 1B showed the M235T polymorphic patterns of
the AGT gene. By PCR, M allele revealed a band of
164 bp, and T allele yielded bands of 141 bp and 24 bp.
The genotype frequencies of the M235T polymorphism
in the AGT gene were shown in Table 2. The genotype

Nco Tthllll

frequencies of MM, MT and TT were 4, 31 and 65% in
normotensives, and 3, 41 and 56% in hypertensives,
respectively. The heterozygosity and PIC values of M235T
polymorphism represented the values of 0.31 and 0.26
for normotensives, and 0.36 and 0.30 for hypertensives,
respectively. According to the heterozygosity and PIC
values, the M235T polymorphism of the AGT gene
showed the reasonably high degree of polymorphism in
the both groups. The observed genotype distributions
were not significantly deviated from those expected for
Hardy-Weinberg equilibrium. There were no significant
differences in allele and genotype frequencies between
normotensives and hypertensives by case-control
comparison.

Figure 1C showed the T174M polymorphic patterns
of the AGT gene. By PCR, T allele revealed a band of
303 bp, and T allele yielded bands of a 211 bp and 92 bp.

\ —i—
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Fig. 1. Schematic diagram of the angiotensiongen gene to show the polymorphisms within the gene. A) Restriction map of the angiotensi-
nogen gene. B) Patterns of M235T polymorphism at the angiotensinogen gene. Lane 3, MM genotypes; Lane 4 and 7, MT genotype; Lane
1,2, 5,6 and 8, TT genotypes. C) Patterns of T174M polymorphism at the angiotensinogen. Lane 1~3, 5 and 6, TT genotypes; Lane 4, TM

genotypes.

Table 2. Genotype and allele frequencies of the M235T polymorphism in the AGT gene between normotensives and hypertensives

Genotype No. (%)

Allele No. (%)

H! PIC?
MM MT TT M T
Normotensives 6(4) 48(31) 102(65) 60(19) 252(81) 0.31 0.26
Hypertensives 4(3) 47(41) 65(56) 55(24) 177(76) 0.36 0.30
Chi-square 2.786 1.599
Probability 0.248 0.206

Odds ratio(CI)?

0.76(0.51-1.16)

"Heterozygosity, 2Polymorphism Information Content, 395% Confidence Interval.

Percentages are given in parentheses.

Both groups were in Hardy-weinberg equilibrium () = 0.011, df = 1, p>0.05 in normotensives; %> = 1.650, df = 1, p>0.05 in hypertensives).
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Table 3. Genotype and allele frequencies of the T174M polymorphism in the AGT gene between normotensives and hypertensives

Genotype No. (%)

Allele No. (%)

1 2
TT ™ MM T M H PIC
Normotensives 72(84) 14(16) 0(0) 158(92) 14(8) 0.15 0.14
Hypertensives 58(72) 22(28) 0(0) 138(86) 22(14) 0.24 0.21
Chi-square 3.037 2.699
Probability 0.080 0.100

Odds ratio(CI)*

1.80(0.85-3.82)

'Heterozygosity, “Polymorphism Information Content, *95% Confidence Interval.

Percentages are given in parentheses.

Both groups were in Hardy-weinberg equilibrium (%> = 0.718, df = 1, p>0.05 in normotensives; % = 2.012, df = 1, p>0.05 in hypertensives).

The genotype frequencies of the T174M polymorphism
in the AGT gene were shown in Table 3. The genotype
frequencies of TT, TM and MM were 84, 16 and 0% in
normotensives, and 72, 28 and 0% in hypertensives,
respectively. MM genotype was not observed in our
subjects. The heterozygosity and PIC values of T174M
polymorphism represented the values of 0.15 and 0.14
for normotensives, and 0.24 and 0.21 for hypertensives,
respectively. According to the heterozygosity and PIC
values, the T174M polymorphism of the AGT gene
showed the relatively low degree of polymorphism in
the both groups. The observed genotype distributions
were not significantly deviated from those expected for
Hardy-Weinberg equilibrium. There were no significant
differences in allele and genotype frequencies between
two groups by case-control comparison.

The haplotype distriburions between the two poly-
morphic sites were shown in Table 4. There were no
significant differences in haplotype distributions between
normotensive and essential hypertensives. However, AGT
M235T and T174M polymorphisms indicated the

Table 4. Haplotype analysis of the AGT gene in the normoten-
sives and hypertensives

Haplotypes . .
Normotensives Hypertensives
M235T T174M

M M 0.0007 0.0032
M T 0.2162 0.2273

T M 0.0539 0.1143

T T 0.7292 0.6552

X?=4.4698, df = 2, P = 0.1070

HDI' 04186 0.5060
PIC? 0.3655 0.4490

"Haplotype Diversity Index, *Polymorphism Information Content.
There were no significant differences in haplotype frequencies
between normotensives and hypertensives (X2 = 44698, df = 2,
p> 0.05).

significant linkage disequilibrium (A = —0.19, D' = -0.94,
¥*=10.57,df = 1, P = 0.0011).

ACE gene

The I/D polymorphism of the ACE gene was located
in intron 16 of this gene, and the genotype patterns of
this polymorphism were displayed in Fig. 2A. This
polymorphism was detected without digestion by restriction
enzyme. After PCR amplification. I allele yielded a 490
bp band, and D allele gave a 190 bp band. The genotype
frequencies of the I/D polymorphism in the ACE gene
were shown in Table 5. The genotype frequencies of II,
ID and DD were 30, 51 and 19% in normotensives, and
34, 43 and 23% in hypertensives, respectively. The
heterozygosity and PIC values of Bam HI RFLP
represented the values of 0.49 and 0.337 for normo-
tensives, and 0.49 and 0.37 for hypertensives, respectively.
According to the heterozygosity and PIC values, I/D
polymorphism showed a reasonably high degree of
polymorphism in the both groups. The observed genotype
distribution of this polymorphism was in Hardy-Weinberg
equilibrium. There were no significant differences in
allele or genotype frequencies between two groups.

AT,R gene

The A1166C polymorphism of the AT;R gene was
located in 3'-untranslated region of this gene, and the
genotype patterns of this polymorphism were displayed
in Fig. 2B. This polymorphism was detected by digestion
with restriction enzyme, AfI II. After PCR amplification
and Afl II digestion. A allele yielded a 166 bp band, and
C allele gave a 139 bp and 27 bp bands. The genotype
frequencies of the A1166C polymorphism in the ATR
gene were shown in Table 6. The genotype frequencies
of AA, AC and CC were 90, 10 and 0% in normotensives,
and 94, 6 and 0% in hypertensives, respectively. CC
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Fig. 2. Schematic diagram of the ACE and ATR genes to show the polymorphisms within the gene. A) I/D polymorphism patterns of the
ACE gene. Lane 4 and 6, II genotypes; Lane 5 and 7, ID genotypes; Lane 1~3, DD genotypes. B) A1166C polymorphic patterns of the
AT Rgene. Lane 2~4, 6 and 7, AA genotypes; Lane 1 and 5, AC genotypes.

Table 5. Genotype and allele frequencies of the I/D polymorphism in the ACE gene between normotensives and hypertensives

Genotype No. (%)

Allele No. (%)

H' PIC?
I D DD 1 D
Normotensives 82(30) 138(51) 52(19) 302(56) 240(44) 049 0.37
Hypertensives 36(34) 46(43) 25(23) 118(53) 06(45) 0.49 0.37
Chi-square 2.062 0.021
Probability 0.357 0.885

Odds ratio(CI)*

1.02(0.74-1.41)

'Heterozygosity, 2Polymorphism Information Content, *95% Confidence Interval.

Percentages are given in parentheses.

Both groups were in Hardy-weinberg equilibrium ()? = 0.282, df = 1, p>0.05 in normotensives; %> = 1.812, df = 1, p>0.05 in hypertensives).

Table 6. Genotype and allele frequencies of the A1166C polymorphism in the AT|R gene between normotensives and hypertensives

Genotype No. (%) Allele No. (%)

H' PIC?
AA AC CC A C
Normotensives 139(90) 16(10) 0(0) 294(95) 16(5) 0.10 0.09
Hypertensives 96(94) 6(6) 0(0) 198(97) 6(3) 0.06 0.06
Chi-square 1.550 1.480
Probability 0.213 0.224

Odds ratio(CI)* 0.56(0.21-1.45)

"Heterozygosity, “Polymorphism Information Content, *95% Confidence Interval.

Percentages are given in parentheses.

Both groups were in Hardy-weinberg equilibrium (}? = 0.443, df = 1, p>0.05 in normotensives; %> = 0.107, df = 1, p>0.05 in hypertensives).

genotype was not detected in our subjects. The
heterozygosity and PIC values of A1166C polymorphism
represented the values of 0.10 and 0.09 for normotensives,
and 0.06 and 0.06 for hypertensives, respectively.
According to the heterozygosity and PIC values, I/D
polymorphism showed very low degree of polymorphism
in the both groups. The observed genotype distribution
of this polymorphism was in Hardy-Weinberg equilibrium.

There were no significant differences in allele or genotype
frequencies between two groups.

Discussion

Essential hypertension is a multifactorial disease in
which the genetic and environmental factors play an
important role. These factors may differ in each racial
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or ethnic groups. Thus, the prevalence of essential
hypertension differs widely among various populations.
The renin-angiotensin system is one of candidates for
the implication of the genetic basis of essential
hypertension.

AGT is a crucial rate determinant of this pressor
system, and regions within or near the AGT gene on
chromosome 1g42-43 have been linked to essential
hypertension (Jeunemaitre et al., 1992). Additionally, a
point mutation of the AGT gene, resulting in an amino
acid substitution of threonine for methionine at position
235 (M235T), has been associated with essential
hypertension (Caulfield et al., 1994; Hata et al., 1994,
Jeunemaiter et al., 1992), although some studies have
indicated negative results (Cheung ez al., 1998; Rotimi
et al., 1994). The present study was unable to detect a
significant association of the M235T polymorphism of
the AGT gene with hypertension. Although our result
could be taken to imply that there is essentially no
relation between AGT gene and risk of hypertension in
Korean population, some limitations to the present
study must be taken into account. First, like the other
studies, our study is retrospective and thus provides
only an imperfect insight into causal processes. Second,
given the high frequency (about 80%) of the T allele in
Korean population, attempts to find an association
between the putative risk factor and hypertension are
inherently constrained by low statistical power. Overall,
a full understanding of the genetic contribution to the
pathophysiology of essential hypertension requires the
evaluation of several different ethnic groups (Cooper
and Rotimi, 1994), because the same molecular variant
may exhibit very different risk associations in genetically
different populations. The 235T allele frequency of
Koreans (0.81) was higher than that of Caucasians
(0.38~0.40) (Bennett et al., 1993; Fornage et al., 1995),
but similar to that of other Asians and Africans
(0.76~0.91) (Jeunemaitre et al., 1997; Rotimi et al.,
1996).

With respect to T174M polymorphism in the AGT
gene, positive (Jeunemaitre et al., 1992) as well as
negative associations (Jeunemaitre ef al., 1997; Morise
et al., 1995; Rotimi et al., 1994) with hypertension have
been documented. In our study, there were no significant
differences in allele and genotype frequencies between
normotensives and hypertensives in Korean subjects.
Thus, it is considered that the T174M polymorphism of
the AGT gene may not contribute to the ethiology of

hypertension in Korean population. The allele distribution
of T17M polymorphism was relatively uniform among
the populations studied including our result. M allele
frequency (0.04~0.12) of this polymorphism was very
low in all ethnic groups reported (Chiang et al., 1997a;
Jeunemaitre et al., 1997; Rotimi et al., 1996).

By haplotype analysis, the significant linkage
disequilibrium between M235T and T174M polymorphic
sites was observed. This observation implies that the
haplotype constructed by these two polymorphisms
decreases the haplotype diversity index (HDI) for
family-based linkage analysis, while it did not require
the large sample size to perform the association study.
Therefore, the association study may be better than
linkage analysis to detect the disease susceptibility gene
in the case of two polymorphisms in the AGT gene.

The ACE polymorphism may have important clinical
relavance. A number of associations of the ACE /D
polymorphism with cardiovascular disease have been
recognized (Bohn et al., 1993; Cambien et al., 1992;
Cambien et al., 1994; Evans et al., 1994; Friedl et al.,
1995; Lindpaintner et al., 1995; Mattu et al., 1995;
Morris et al., 1994; Schunkert et al., 1994; Tiret et al.,
1993). Also, the presence of D allele may be related to
higher level of ACE in the plasma (Alvarez ef al., 2000;
Bloem et al., 1996; Cambien, 1994; Cambien et al.,
1988; Foy e al., 1996; Marre et al., 1994; Nakai et al.,
1994; Tiret et al., 1992). On the other hand, the
association of the I/D polymorphism with hypertension
has been mostly inconclusive (Ashavaid er al., 2000;
Dzida et al., 2001; Harrap et al., 1993; Higashimori et
al., 1993; Morise et al., 1994, Zee et al., 1992). The
allele and genotype frequencies in Korean hypertensives
were not significantly different than those of controls.
There are some differences among the various ethnic
groups in the ACE I/D polymorphism. In general, the
frequency of the D allele in Caucasian population is
higher than that of the I allele. The I allele frequency
has a frequency of approximately 0.47 in Caucasian
populations (Cambien ef al., 1994; Dzida er al., 2001).
In contrast, Barley e al., (1994) reported a considerably
higher I allele frequency in Polynesian (Samoans) and
South African native (Yanomami) populations. In
normotensive subjects, the I allele frequency in Korean
population was very similar to that in Chinese and
Japanese populations (Chiang et al., 1997b; Higashimori
et al., 1993). The 1 allele frequencies of Korean (0.56)
and Japanese (0.59) populations had the intermediate
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values among Caucasian (0.47), Samoan (0.91) and
Yanomami (0.85) populations. Thus, D allele frequency
of Caucasian populations were higher than that of Asian
population.

Angiotensin II receptors, which mediate the vasocon-
strictive and salt-conserving actions of the renin-angiotensin
system, also represent interesting candidate genes for
essential hypertension. Two subtypes of cell surface
receptors have been identified (AT, and AT») by ligand
binding studies (Chiu et al., 1989). Examination of
several polymorphisms in the AT|R gene has detect the
Afl IT RFLP by A-C transversion in the 3'-untranslated
region at nucleotide 1166 (Bonnardeaux ef al., 1994). In
the present study, we assessed whether the AT|R gene
might be involved in human hypertension by directly
studying A1166C genotypes in hypertensive subjects.
The differences in allele and genotype frequencies
between normotensives and hypertensives were not
significant. However, the allele distribution of AT;R
A1166C polymorphism showed the significant differences
between Koreans and Caucasians. The C allele frequencies
of Caucasians (0.20~0.29) (Bonnardeaux et al., 1994;
Dzida et al., 2001; Wang et al., 1997) were considerably
higher than that of Koreans (0.05). A possible explanation
for this difference might be due to genetic drift by
founder effect or natural selection.

In conclusion, except for T174M polymorphism in
the AGT gene, the allele frequencies of three RAS
genes investigated were considerably different among
ethnic groups. Therefore, these data suggest that it is of
great importance to investigate the association of the
polymorphisms in the candidate gene with hypertension
in homogeneous ethnic group. Series of our studies are
contributing to clarification of genetic basis of
multifactorial disease such as essential hypertension.

Acknowledgments

The human blood samples were kindly supplied by
Dr. Cho Seung Hee, Clinical Pathology, Seoul Hygiene
Hospital, Seoul, Korea. This work was supported in part
by grants from the Korean Sciences and Engineering
Foundation through the Research Center for Cell
Differentiation.

Reference

Alvarez, R., Reguero, J.R., Batalla, A., Iglesias-Cubero, G.,

Cortina, A., Alvarez, V. and Coto, E. (1998): Angiotensin-
converting enzyme and angiotensin II receptor 1 polymor-
phisms: association with early coronary disease, Cardio-
vasc. Res., 40, 375-379.

Alvarez, R., Terrados, N., Ortolano, R., Iglesias-Cubero, G.,
Reguero, J.R., Batalla, A., Cortina, A., Fernandez-Garcfia,
B., Rodriguez, C., Braga, S., Alvarez, V. and Coto, E.
(2000): Genetic variation in the renin-angiotensin system
and athletic performance, Eur. J. Appl. Physiol., 82, 117-
120.

Ashavaid, T.F,, Shalia, K.K., Nair, K.G. and Dalal, J.J. (2000):
ACE and ATR gene polymorphisms and hypertension in
Indian population, J. Clin. Lab. Anal., 14, 230-237.

Barley, J., Blackwood, A., Carter, N.D., Crews, D.E., Cruick-
shank, J.K., Jeffery, S., Ogunlesi, A.O. and Sagnella, G.A.
(1994): Angiotensin converting enzyme insertion/deletion
polymorphism: association with ethnic origin, J.Hyper-
tens., 12, 955-957.

Bennett, C.L., Schrader, A.P. and Morris, B.J. (1993): Cross-
sectional analysis of Met® ? T hr variant of angiotensino-
gen gene in severe, familial hypertension, Biochem. Bio-
phys. Res. Commun., 197, 833-839.

Berge, K.E., Bakken, A., Bohn, M., Erikssen, J. and Berg, K.
(1997): A DNA polymorphism at the angiotensin II type 1
receptor (AT1R) locus and myocardial infarction, Clin.
Genet., 52, 71-76.

Bloem, L.J., Manatunga, A.K. and Pratt, JH. (1996): Racial
difference in the relationship of an angiotensin I-convert-
ing enzyme gene polymorphism to serum angiotensin I-
converting enzyme activity, Hypertension, 27, 62-66.

Bohn, M., Berge, K., Bakken, A., Erikssen, J. and Berg, K.
(1993): Insertion/deletion (I/D) polymorphism at the locus
for angiotensin I-converting enzyme and myocardial infarc-
tion, Clin. Genet., 44, 292-297.

Bonnardeaux, A., Davies, E., Jeunemeitre, X., Fery, L,
Charru, A., Clauser, E., Tiret, L., Cambien, F., Corvol, P.
and Soubrier, F. (1994): Angiotensin II type 1 receptor
gene polymorphisms in human essential hypertension,
Hypertension, 24, 63-69.

Bostein, D., White, R.L. Skolnick, M. and Davis, R.W.
(1980): Construction of a genetic linkage map in man
using restriction fragment length polymorphisms, Am. J.
Hum. Genet., 32, 314-331.

Cambien, F. (1994): The angiotensin-converting enzyme
(ACE) genetic polymorphism: its relationship with plasma
ACE level and myocardial infarction, Clin. Genet., 46, 94-
101.

Cambien, F., Alhenc-Gelas, F., Herbeth, B., Andre, J.L.,
Rakotovao, R., Gonzales, M.F,, Allegrini, J. and Bloch, C,
(1988): Familial resemblance of plasma angiotensin-con-
verting enzyme level: the Nancy study, Am. J. Hum.
Genet., 43, 774-780.

Cambien, F.,, Costerousse, O., Tiret, L., Poirier, O., Lecerf, L.,
Gonzales, M.F, Evans, A., Arveiler, D., Cambou, J.P,



Genetic Polymorphisms in Renin-Angiotensin System 19

Rakotovao, R., Ducimetiere, P, Soubrier, E and Alhenc-
Gelas, E (1994): Plasma level and gene polymorphism of
angiotensin-converting enzyme in relation to myocardial
infarction, Circulation, 90, 669-676.

Cambien, F., Poirier, O., Lecerf, L., Evans, A., Cambou, J.P,
Arveiler, D., Luc, G., Bard, J.M., Bara, L. and Licard, S.
(1992): Deletion polymorphism in the gene for angio-
tensin converting enzyme is a potent risk factor for myo-
cardial infarction, Nature, 359, 641-644.

Castellano, M., Muiesan, M.L., Rizzoni, D., Beschi, M., Pas-
ini, G., Cinelli, A., Salvetti, M., Porteri, E., Bettoni, G.,
Kreutz, R., Lindpaintner, K., Agabeti Rosei, E. (1995):
Angiotensin-converting enzyme I/D polymorphism and
arterial wall thickness in a general population: The
Vobarno study, Circulation, 91, 2721-2724.

Catto, A., Carter, AM., Barrett, J.A., Stickland, M., Bam-
ford, J., Davies, J.A. Grant, PJ. (1996): Angiotensin-con-
verting enzyme insertion/deletion polymorphism and
cerebrovascular disease, Stroke, 27, 435-440.

Caulfield, M., Lavender, P, Farrall, M., Path, M.R.C., Mun-
roe, P, Lawson, M., Turner, P, Clark, A.J.L. (1994): Link-
age of the angiotensinogen gene to essential hypertension,
N. Engl. J. Med., 330, 1629-1633.

Cheung, B.M. Y, Leung, R., Shiu, S., Tan, K.C.B., Lau, C-P.
and Kumana, C.R. (1998): M235T polymorphism of the
angioterisinogen gene and hypertension in Chinese, J.
Hpypertens, 16, 1137-1140.

Chiang, F-T., Hsu, K.L., Tseng, C.D., Hsiano, W.H., Lo,
HM.,, Chem, TH. and Tseng, Y.Z. (1997a): Molecular
variant M235T of the angiotensinogen gene is associated
with essential hypertension in Taiwanese, J. Hypertens., 15,
607-611.

Chiang, F-T., Lai, Z-P,, Chern, T-H., Tseng, C-D., Hsu, K-L.,
Lo, H-M. and Tseng, Y-Z. (1997b): Lack of association of
the angiotensin converting enzyme polymorphism with
essential hypertension in a Chinese population, Am. J.
Hypertens., 10, 197-201.

Chiu, A.T., Herblin, W.E, McCall, D.E., Ardecky, R.J., Car-
ini, D.J., Duncia, J.V,, Pease, L.J., Wong, PC., Wexler,
RR., Johnson, A.L., Timmermans, PBM.WM. (1989):
Identification of angiotensin II receptor subtypes, Bio-
chem. Biophys. Res. Commun., 165, 196-203.

Cooper, R.S. and Rotimi, C. (1994): Hypertension in blacks:
is there a genetic susceptibility ?, J. Hypertens. 12, 215-
227.

Dzida, G., Sobstyl, J., Puzniak, A., Golon, P, Mosiewicz, J.
and Hanzlik, J. (2001): Polymorphisms of angiotensin-con-
verting enzyme and angiotensin II receptor type 1 genes in
essential hypertension in a Polish population, Med. Sci.
Monit., 7, 1236-1241.

Evans, A.E., Poirier, O., Kee, F, Lecerf, L., McCrum, E., Fal-
coner, T., Crane, J., ORourke, D.F and Cambien, F
(1994): Polymorphisms of the angiotensin-converting-
enzyme gene in subjects who die from coronary heart dis-

ease, QJM, 87, 211-214.

Fomage, M., Tumer, S.T., Sing, C.F. and Boerwinkle, E.
(1995): Variation at the M235T locus of the angiotensino-
gen gene and essential hypertension: a population-based
case-control study from Rochester, Minnesota, Hum.
Genet., 96, 295-300.

Friedl, W., Krempler, F,, Paulweber, B., Pichler, M. and Sand-
hofer, E (1995): A deletion polymorphism in the angio-
tensin converting enzyme gene is not associated with
coronary heart disease in an Austrian population, Athero-
sclerosis, 112, 137-143.

Foy, C.A., McCormack, L.J., Knowler, W.C., Barrett, J.H.,
Catto, A. and Grant, BJ. (1996): The angiotensin-I convert-
ing enzyme (ACE) gene I/D polymorphism and ACE lev-
els in Pima Indians, J. Med. Genet., 33, 336-337.

Harrap, S.B., Davidson, H.R., Connor, J.M., Soubrier, F., Cor-
vol, P, Fraser, R., Foy, C.JW. and Watt, G.C.M. (1993):
The angiotensin I converting enzyme gene and predisposi-
tion to high blood pressure, Hypertension, 21, 455-460.

Hata, A., Namikawa, M., Sasaki, M., Sato, K., Nakamura, T,
Tamura, K. and Lalouel, J.M. (1994): Angiotensinogen as
a risk factor for essential hypertension in Japan, J. Clin.
Invest., 93, 1285-1287.

Higashimori, K., Zhao, Y., Higaki, J., Kamitani, A., Katsuya,
T., Nakura, J., Miki, T., Mikami, H. and Ogihara, T.
(1993): Association analysis of a polymorphism of the
angiotensin converting enzyme gene with essential hyper-
tension in the Japanese population, Biochem. Biophys. Res.
Commun., 191, 399-404,

Hill, W.G. and Robertson, A. (1968): Linkage disequilibrium
of finite populations, Theor. Appl. Genet., 38, 226-231.
Hingorani, A.D. and Brown, M.J. (1995): A simple molecu-
lar assay for the C''% variant of angiotensin II type 1
receptor gene, Biochem. Biophys. Res. Commun., 213, 725-

729.

Inagami, T. (1994): The renin-angiotensin system, Essays
Biochem., 28, 147-164.

Inagami, T., Guo, D.F and Kitami, Y. (1994): Molecular biol-
ogy of angiotensin II receptors : an overview, J. Hyper-
tens., 12(Suppl 10), S83-S94.,

Inoue, L., Nakajima, T., Williams, C.S., Quackenbush, J., Pur-
year, R., Powers, M., Cheng, T., Ludwig, E.H., Sharma,
AM,, Hata, A., Jeunemaitre, X. and Lalouel, JM. (1997):
A nucleotide substitution in the promoter of human angio-
tensinogen is associated with essential hypertension and
affects basal transcription in vitro, J. Clin. Invest., 99, 1786-
1797. ‘

Iwai, N., Ohmichi, N., Nakamura, Y. and Kinoshita, M.
(1994): DD genotype of the angiotensin converting enzyme
gene is a risk factor for left ventricular hypertrophy, Circu-
lation, 90, 2622-2628.

Jeunemaiter, X., Inoue, 1., Williams, C., Charru, A., Tichet, J.,
Powers, M., Sharma, A.M., Gimenez-Roqueplo, A.P,
Hata, A., Corvol, P. and Lalouel, JM. (1997): Haplotypes



20 Byung Yong Kang et al.

of angiotensinogen in essential hypertension, Am. J. Hum.
Genet., 60, 1448-1460.

Jeunemaitre, X., Soubrier, E, Kotelevtsev, Y., Lifton, R., Wil-
liams, C., Charru, A., Hunt, S., Hopkins, P., Williams, R.,
Lalouel, JM. and Corvol, P. (1992): Molecular basis of
human hypertension: the role of angiotensinogen, Cell, 71,
169-180.

Katsuya, T., Koike, G., Yee, T.W., Sharpe, N., Jackson,
Norton, R., Horiuchi, M., Pratt, R.E., Dzau, VE., McMa-
hon, S. (1995): Association of angiotensinogen gene T235
variant with increased risk of coronary heart disease, Lan-
cet, 345, 1600-1603.

Lewontin, R.C. (1964): The interaction of selection and link-
age. 1. General considerations: heterotic models, Genetics,
49, 49-67.

Lindpaintner, K, Lee, M., Larson, M.G., Rao, V.S., Pfeffer,
M.A., Ordovas, J.M., Schaefer, E.J., Wilson, A.F., Wilson,
PWE, Vasan, R.S., Myers, R.H. and Levy, D. (1996):
Absence of association or genetic linkage between the
angiotensin-converting-enzyme gene and left ventricular
mass, N. Engl: J. Med., 334, 1023-1028.

Lindpaintner, K., Pfeffer, M.A., Kreutz, R., Stampfer, M.J.,
Grostein, F,, Lamotte, F.,, Buring, J. and Hennekens, C.H.
(1995): A prospective evaluation of an angiotensin-convert-
ing-enzyme gene polymorphism and the risk of ischemic
heart disease, N. Engl. J. Med., 332, 706-711.

Marre, M., Bernadet, P, Gallois, Y., Savagner, F, Guyene, T-
T., Hallab, M., Cambien, E, Passa, P. and Alhenc-Gelas, F.
(1994): Relationships between angiotensin I converting
enzyme gene polymorphism, plasma levels and diabetic
retinal and renal complications, Diabetes, 43, 384-388.

Mattu, R.K., Needham, E'W.A., Galton, D.J., Frangos, E.,
Clark, AJ.L. and Caulfield, M. (1995): A DNA variant at
the angiotensin-converting enzyme gene locus associates
with coronary artery disease in the Caerphilly Heart Study,
Circulation, 91, 270-274.

McLaughlin, K.J., Harden, PN., Ueda, S., Boulton-Jones, M.,
Connell, JM.C. and Jardine, A.G. (1996): The role of
genetic polymorphisms of angiotensin-converting-enzyme
in the progression of renal disease, Hypertension, 28, 912-
915.

Morgan, R., Bishop, A., Owens, D.R., Luzio, S.D., Peters,
JR. and Rees, A. (1990): Allelic variants at insulin-recep-
tor and insulin gene loci and susceptibility to NIDDM in
Welsh population, Diabetes, 39, 1479-1484.

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

Morise, T., Takeuchi, Y. and Takeda, R. (1995): Rapid detec-
tion and prevalence of the variants of the angiotensinogen
gene in patients with essential hypertension, J. Intern.
Med., 237, 175-180.

Morris, B.J., Zee, R.Y.L. and Schrader, A.P. (1994): Different
frequencies of angiotensin-converting enzyme genotypes in

older hypertensive individuals, J. Clin. Invest., 94, 1085-
1089.

Nakai, K., Itoh, C., Miura, Y., Hotta, K., Musha, T,, Itoh, T.,
Miyakawa, T., Iwasaki, R. and Hiramori, K. (1994): Dele-
tion polymorphism of the angiotensin I-converting enzyme
gene is associated with serum ACE concentration and
increased risk for CAD in the Japanese, Circulation, 90,
2199-2202.

Rigat, B., Hubert, C., Corvol, P. and Soubrier, F. (1992): PCR
detection of the insertion/deletion polymorphism of the
human angiotensin converting enzyme gene (DCPI)
(dipeptidyl carboxypeptidase I). Nucleic Acids Res., 20,
1433.

Rotimi, C., Morrison, C.L., Cooper, R., Oyejide, C., Effiong,
E., Ladipo, M., Osotemihen, B.O. and Ward, R. (1994):
Angiotensinogen gene in human hypertension: lack of an
association of the T235 allele among African Americans,
Hypertension, 24, 591-594.

Rotimi, C., Puras, A., Cooper, R., McFarlane-Anderson, N.,
Forrester, T., Ogunbiyi, O., Morrison, L. and Ward, R.
(1996): Polymorphisms of renin-angiotensin genes among
Nigerians, Jamaicans, and African Americans, Hyperten-
sion, 27, 558-563.

Russ, AP, Maerz, W., Ruzicka, V., Stein, U. and Grob, W.
(1993): Rapid detection of the hypertension-associated
Met** ? Th r allele of the human angiotensinogen gene,
Hum. Mol. Genet., 2, 609-610.

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989): Molecu-
lar Cloninga Laboratory Manual (2nd ed.), Cold Spring
Harbor Laboratory Press, Cold Spring Harbor NY, pp 9.16-
9.23.

Schmidt, S., Schone, N. and Ritz, E. (1995): Association of
ACE gene polymorphism and diabetic nephropathy ?, Kid-
ney Int., 47, 1176-1181.

Schunkert, H., Hense, H.W., Holmer, S.R., Stender, M., Perz,
S., Keil, U., Lorell, B.H. and Riegger, G.A. (1994): Asso-
ciation between a deletion polymorphism of the angio-
tensin converting enzyme gene and left ventricular
hypertrophy, N. E ngl. J. Med., 330, 1634-1638.

Tewksbury, D.A. (1983): Angiotensinogen, Fed. Proc., 42,
2724-2728.

Tiret, L., Bonnardeaux, A., Poirier, O., Ricard, S., Marques-
Vidal, P, Evans, A., Aveiler, D., Luc, G., Kee, F., Ducime-
tiere, P, Soubrier, F. and Cambien, E (1994): Synergistic
effects of angiotensin-converting enzyme and angiotensin-
II type 1 receptor gene polymorphisms on risk of myocar-
dial infarction, Lancet, 344, 910-913.

Tiret, L., Kee, F, Poirier, O., Nicholas, N.R., Lecerf, L.,
Evans, A., Cambou, J.P, Arveiler, D., Luc, G., Amouyel, P.
and Cambien, FE (1993): Deletion polymorphism in angio-
tensin-converting enzyme gene associated with parental
history of myocardial infarction, Lancer, 341, 991-992.

Tiret, L., Rigat, B., Visvikis, S., Breda, C., Corvol, O., Cam-
bien, F. and Soubrier, F. (1992): Evidence from combined



Genetic Polymorphisms in Renin-Angiotensin System 21

segregation and linkage analysis that a variant of the angio- ogy of blood pressure. in Hypertension Pathophysiology,
tensin I-converting enzyme (ACE) gene controls plasma Diagnosis and Management (Laragh J.H., Brenner, B.M.,
ACE, Am. J. Hum. Genet., 51, 197-205. eds.). Ravan Press, New York, pp. 81-100.

Waffg, W.YS., Zee, R.Y.L. and Morris, B.J. (1997): Associa- Zee, R'YL., Lou, Y., Griffiths, L.R. and Morris, B.J. (1992):
tion of angiotensin II type 1 receptor gene polymorphism Association of a polymorphism of the angiotensin I-con-
with essential hypertension, Clin. Genet., 51, 31-34. ver’éing enzyme gene with essential hypertension, Bio-

Ward, R. (1990): Familial aggregation and genetic epidemiol- chem. Biophys. Res. Commun., 184, 9-15.



