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Abstract—This study focused on two genes that have previously been implicated in hypertension and may influence renal
sodium handling, adducin, and angiotensin I-converting enzyme (ACE). We compared their polymorphic frequencies
and interaction in patients with essential hypertensienl(@8) and individually age- and gender-matched normotensive
control subjects. Tha-adducinG460Wpolymorphism was genotyped by DNA amplification and restriction digestion.

The ACE 1I/D polymorphism was assayed by a triple-primer method, with a “nested” polymerase chain reaction primer
situated completely within the insertion sequence oflthiele. The distributions of genotypes and alleles for the two
polymorphisms were not significantly different between the case and control populations, and the cross-classification
of cases byw-adducin andACE genotype gave a distribution similar to that of control subjects. We have previously
reported that the distributions of genotypes for two linked polymorphisms in the aldosterone synthase gene (one in the
steroidogenic factor-ISF-1] binding site and the other an intronic conversid@]) were significantly different
between this cohort of essential hypertensives and matched control subjects. The cross-classification of cases by
a-adducin andSF-1,a-adducin andC, ACEandSF-1,andACE andIC genotype gave a distribution similar to that of
control subjects. Hence, no evidence was found to suggest an association between eitfatdheinG460Wor the

ACE I/D polymorphism and hypertension in a careful case-control study. FurthermoreaithducinG460W, ACE 1/D,

and aldosterone synthasd-1 and IC polymorphisms do not appear to interact in our hypertensive population.
(Hypertension 2000;36:990-994.)
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he cause of essential hypertension is multifactorial; part greater fall in blood pressure with sodium restriction or

is due to genetic factors. For example, young offspring of diuretic treatment. In contrast, studies in Japanese and Scot-
hypertensive parents themselves have a significant predispo-tish populations have not been able to confirm this associa-
sition to hypertensiofil A number of candidate genes present tion.?1°Indeed, no association was discernible in a later study
themselves. Those that influence renal sodium handling, of a different Italian population by Glorioso and colleagées.
including components of the cytoskeletithe renin-angio- Nevertheless, the findings of Cusi et aliggest that adducin
tensin system (RAS)and factors that affect the regulation of  affects blood pressure through the control of renal sodium
secretion and action of aldosterérage obvious candidates.  excretion, a conclusion strengthened by their later finding of

Studies of the Milan hypertensive rat and of humans with an association of hypotensive response to diuretic therapy

essential hypertension suggest that genetic alterations inwith a-adducin genotypé&. It is therefore possible that

adducin may contribute to hypertensiohAdducin is ana/ genetic variation in other systems controlling sodium ho-
heterodimeric protein thought to regulate cell-to-cell contact, meostasis may interact, which explains some of this popula-
cell membrane ion transpdrtand signal transductiohA tion variability.

specific mutationG460W)in the humamx-adducin gene has The RAS produces angiotensin Il (Ang II), which plays
recently been described that results in the substitution of both an autocrine and paracrine role in maintaining cardio-
tryptophan(W) for glycine (G) at amino acid number 460. vascular homeostasi8 Ang Il is produced from angiotensin
From initial case-control and linkage analyses, this locus was | (Ang I) mainly but not exclusively by the metalloproteinase
implicated in the genetic component of hypertension in enzyme angiotensin I-converting enzyme (ACGER 1990,
Italian and French populatiodsAdditionally, Cusi et & Rigat et al4 identified a biallelic polymorphism in thACE
reported that a group of Italian hypertensive subjects with the gene that is characterized by either the absence (delBlion
W allele had lower plasma renin and showed a significantly or presence (insertioh) of a 287-bpAlu repeat sequence.
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TABLE 1. Primers and PCR Conditions

Primer Sequence PCR Conditions
ADD sense 5" GACAAGATGGCTGAACTCTGGCCGG 3’ 5 min(s), 94°C

1 min(s) 94°C, 1 min(s) 67°C, 1 min(s) 72°C; 35 cycles
ADD antisense 5" GACTTGGGACTGCTTCCATTCTGGC 3’ 5 min(s), 72°C
ACE sense 5’ CCCATCCTTTCTCCCATTTCTC 3’ 3 min(s), 94°C
ACE sense; “nested” 5" GGTTTCACCGTTTTAGCCGGGA 3’ 1 min(s) 94°C, 1 min(s) 62°C, 1.5 min(s) 72°C; 30 cycles
ACE antisense 5’ CCATGCCCATAACAGGTCTTCA 3’ 5 min(s), 72°C

Healthy male homozygotes for tieallele have higher serum  pressure readings 6f160/90 mm Hg before initiation of treatment,
ACE levels and higher circulating endogenous Ang Il levels although most patients were receiving treatment at the time of
than those with thel genotype's In addition, they have an the study.

enhanced pressor response during infusion of Ang I causedcgnirol Subjects

_by 'ncr_eaSEd Ang I genera_tldﬁ.Furtherr_nore,_ healthy _S'Ub' Control subjects were drawn from the North Glasgow coronary risk
jects with theDD genotype displayed an impaired blunting of  survey, which had~200 randomly selected members of the North
pressor responsiveness to Ang | after a small dose of Glasgow population in each 1_0-year age/gender band from 25 to 64
intravenous enalaprilat compared with thgenotypet That years. They were normotensive.{40/90 mm Hg), and none were

. . P receiving antihypertensive therapy, treatment for heart disease, or
is, DD homozygotes may be resistant to ACE inhibitor hormone replacement therapy. They were individually age- and

therapy. However, the results of studies assessing the role ofgender-matched with the cases by random selection from all control
the ACE /D polymorphism in essential hypertension have subjects who matched the criteria of the cases. Blood pressure was
been conflictingt” measured on 2 occasions with the Hawksley random-zero sphygmo-

Blood pressure is reported to correlate positively with body mManometer, with results averaged.
sodium and neganvely .W.Ith body potassium, suggestmg a Molecular Genetic Analyses
r_ole for the so.dlum-retalnlng hormpne aldosterone in essen- g, o \was taken into EDTA-containing receptacles and DNA
tial hypertensiort® We have previously reported that the extracted by means of a standard phenol-chloroform method.
distributions of genotypes for the two linked polymorphisms  The a-adducinG460Wpolymorphism, which is characterized by
in the gene encoding aldosterone synthase (one in thethe substitution of guaning) for thymine(T) at nucleotide position

. . ) : oo ; 614 of exon 1@, was genotyped by DNA amplification by PCR
steroidogenic factor-ISF-1] binding site and the other an followed by digestion withBsavl | (Promega Ltd). This novel

intronic conversion[IC]) were significantly di_fferent be- rotocol was validated as a more rapid and simple method by
tween the same groups of essential hypertensives and controcomparison with the previously described allele-specific oligonucle-
subjects used in this stud§. otide hybridization protocdl.Fifteen human genomic DNA samples

In the present study, the distributions and interaction of the Were kindly supplied by Prof Daniele Cusi and Dr Cristina Bar-

h . lassina, Postgraduate School of Nephrology, University of Milan
a-adducinG460Wand ACE 1/D polymorphisms have been (Italy), for comparison. Genomic DNA (50 ng) from each subject

compared in a group of essential hypertensives and a group ofyas added to a well of a microtiter plate and evaporated to dryness
normotensive control subjects with the use of a new, more at 60°C for 25 minutes. Reaction mix (28./well) was then added,
rapid, and simple method for generating genotypic data for containing 10 mmol/L Tris-HCI (pH 8.3), 50 mmol/L KCl,

_ ; ; : ; 2.0 mmol/L MgC}, 100 umol/L of each deoxynucleotide triphos
the a-adducinG460Wpolymorphism. The interactions of the ohate (Promega Ltd), 10 pmol of each primer (Oswel DNA Service,

aldoster(_)ne synthasgF-1and IC polymorphlsms with the University of Southampton [UK]; see Table 1), 0.25 U Anflg
a-adducin G460Wand ACE 1/D polymorphisms have also  Gold (Perkin Elmer), 5% dimethyl sulfoxide, and 0.05% W-1 (Gibco
been compared between the two populations, as the full BRL). The G—T transition does not alter a restriction site but
impact of a particular genetic variant on phenotype may produces a “half-site” foBsaM |. Introduction of the corresponding

. S . . half-site is achieved by a PCR primer with 1 mismatch (located at
depend on an epistatic interaction with another (other) position 2 from its 3 end) and does not interfere with elongation

polymorphism(s). (ADD antisense, mismatch underlined). The cycling conditions are
shown in Table 1. The PCR products were digeste@&gM | (1 U
Methods enzyme/2uL PCR product) at 65°C for 3 hours. The amplification
yielded a product of 72 bp. In the presencd @it nucleotide position
Cases 614, cleavage bsav | generated fragments of 50 bp and 22 bp.

Approval for this study was obtained from the appropriate hospital The digestion products were efficiently resolved on prestained 10%
and community medicine ethics committees, and all subjects gave acrylamide/bisacrylamide (19:1) gels by microplate array diagonal
informed consent. White patients with essential hypertension gel electrophoresis ((MADGE]; MadgeBio Ltd), avoiding the need
(n=128) were recruited from the Blood Pressure Clinic of the for expensive high-percentage metaphor agarose gels. These poly-
Western Infirmary, Glasgow. All were64 years of age. Secondary  acrylamide gels have the capacity to accommodate samples from a
hypertension was excluded by physical examination and biochemical whole microtiter plate in a single run and require smaller sample
and radiological investigations where appropriate. All subjects had a volumes, which can be loaded rapidly with multichannel pipettes.
positive family history of hypertension; high blood pressure was  The ACE I/D polymorphism, located in intron 16, was assayed by
diagnosed before the age of 60 years. Subjects with a history of a triple-primer method with a “nested” PCR primer situated com-
alcohol excess>*21 U per week) and obesity (body mass index pletely within the insertion sequence of thellele. The inclusion of
[BMI] >33 kg/nf) were excluded. Blood pressure was measured in a third internal PCR primer is the most reliable PCR strategyAfoE

the clinic by a trained observer with a mercury sphygmomanometer. 1/D genotyping?t Genomic DNA was evaporated to dryness as
The diagnosis of hypertension was based on a minimum of 3 blood described above, then amplified in a reaction mix similar to the one
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TABLE 2. Clinical Details of Subjects Studied

Men (n=>59) Women (n=69)
Control Control
Variable Cases Subjects Cases Subjects
Age, y 49.1+10.7 49.8+10.9 49.2+11.3 49.7+11.2
Weight, kg 86.7+11.3 76.3+13.2 72.5+16.3 64.9+8.6
BMI, kg/m? 28.7+3.3 25.6+3.4 27.8+6.1 25.5+3.1
SBP, mm Hg 154.5+22.9* 128.8+13.5 154.3+22.5* 120.1+15.2
DBP, mm Hg 98.0+11.2* 80.5+8.5 94.3+10.9* 73.9+7.8
Cholesterol, mmol/L 6.0*+1.1 58*1.1 6.1+1.2 6.1+1.2

SBP indicates systolic blood pressure; DBP, diastolic blood pressure.
Study included 128 cases and 128 control subjects.

Data are mean+SD.

*P<<0.00005 (paired t test, comparing cases with control subjects).

for the a-adducin variant, except for the following modifications:  simple, additive relation, as well as a continuous covariate term to

10 mmol/L Tris-HCI (pH 9.0), 1.5 mmol/L MgGJ ACE primers (see correct for BMI.

Table 1), 1 UTaq DNA polymerase (Promega Ltd), 0.1% Triton

X-100, and W-1 was absent. The cycling conditions are listed in Results

Table 1. The PCR products were detected on prestained 7.5% .

polyacrylamide gels with MADGE. The banding patterns of the 3 Demeraph'C Data ) ) )

possible genotypes were as followBD, 210-bp fragment|I, The details of cases and control subjects are given in Table 2.

498-and 264-bp fragmenttD), 498-, 264-, and 210-bp fragments. It shows that the age and gender matching of the groups was
The genotypic data and methods of analysis for the polymor- accurate. The patient blood pressures were those at the time

phisms a_ssomated_ with the a_Idos_terone synthase gene have beegf the study when many were receiving treatment. Despite

reported in an earlier communicatiéh. this, blood pressure in the patient group was significantly

Statistical Methods higher than in the control grouf{0.00005).

Comparisons between cases and control subjects of demographic . .
variables and genotype frequencies were carried out by patesi Gene_tlc ,An,alySIS

and McNemar's test, respectively. In particular, a variation of 1h€ distributions of genotypes and alleles for the two poly-
McNemar's test appropriate for case-control comparisons involving Morphisms in the case and control populations are shown in
a 3x3 contingency table was used with analyses by gend®pe. Table 3. It can be seen that the frequencies ofdfaelducin
Hardy-Weinberg equilibrium was checked byxd test, and the  G460Wand ACE I/D polymorphisms were not significantly
strength of genotypic interaction among theadducin,ACE, and different between the two groups. The control group and the

aldosterone synthase polymorphisms was estimated by fitting and case group were in Hardy-Weinberg equilibrium for both
testing the appropriate pairwise interaction terms in hierarchical

logistic regression models for disease status (case-control). EachPClymorphisms ¢-adducin: casesP=0.894; control sub-
model consisted of 1 main effect term for each of 2 polymorphisms jects, P=0.346; ACE: cases,P=0.821; control subjects,
included, plus an interaction term representing departures from a P=0.821).

TABLE 3. Distributions of Genotypes and Alleles for a-Adducin G460W and ACE
1/D Polymorphisms in Case and Control Populations

Polymorphism Cases (n=128) Control Subjects (n=128) McNemar’s Test (Cl)
a-Adducin G460W
GG 88 (0.69) 74 (0.58)
Gw 36 (0.28) 44 (0.34) P=0.091
ww 4(0.03) 10 (0.08)
%G 0.83 0.75 (—222,0.7)
%W 0.17 0.25
ACE I/D
DD 40 (0.31) 40 (0.31)
D 62 (0.48) 62 (0.48) P=0.924
Il 26 (0.20) 26 (0.20)
%D 0.55 0.55 (—10.2, 10.2)
%l 0.45 0.45

Confidence interval is for difference in proportions between cases and control subjects discordant
for W allele (top table) or D allele (lower table), expressed as percentage.
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TABLE 4. Interaction Analyses for «-Adducin, ACE, and with a reported prevalence of 13% to 23% in whites.

Aldosterone Synthase Polymorphisms Comparing Case and Furthermore, in a Scottish population, a study involving

Control Populations, Controlling for BMI parents and offspring with blood pressures in either the upper
Loci Interaction 2 Test or bottom 30% of the population distribution revealed that the
-Adducin and ACE 0397 a-adducinW allele was not related to bloc_nd pressure a_nd did

) not affect whole-body or cellular sodium metabolizgh.

a-Adducin and SF-1 P=0.105 However, it might be argued that this study examined only
a-Adducin and /C P=0125 subjects who had blood pressures at the upper and lower
ACE and SF-1 P=0.305 sections of the young population and did not assess the
ACE and IC P=0.481 frequency of this polymorphism in hypertension. Glorioso et

alt* examined the possible cause(s) of these discrepancies
between populations. In a case-control study, they found no
association of the-adducinW allele with hypertension in a
large population from Sassari, Italy, but confirmed a positive
association in a large population from Milan, Italy. The
authors suggested 2 reasons for this. First, the detection of a
positive association may be heavily dependent on mild
case-control differences in confounding factors such as pop-
ulation stratification, environment, lifestyle, age, BMI, and
gender. Second, different frequencies of another genetic
variant may exist between Sassari hypertensives and normo-
tensives, affecting either the constitutive effect of tiallele
on tubular reabsorption or the sequence of events linking the
rate of tubular reabsorption to arterial hypertension.

In the present study, we found no evidence of a significant

The cross-classification of cases bhyadducin andACE
genotype gave a distribution similar to that of control subjects
(Table 4), suggesting that a significant interaction between
these two genes does not exist in the hypertensive population.
This was also true when the cross-classification of cases by
a-adducin andSF-1 genotype,a-adducin andC genotype,
ACE and SF-1 genotype, andACE and IC genotype were
compared with that of control subjects.

Discussion
We have described a new method for generating genotypic
data for thea-adducin G460W polymorphism, combining
DNA amplification by PCR and digestion with a restriction

endonuclease. This method is advantageous in comparison,. . i . }
with the allele-specific oligonucleotide hybridization proto- difference in the frequency of the-adducin G460Wpoly

b it avoids th f radiochemicals. red th morphism between our Scottish hypertensive and normoten-
cor because 1t avolds the use of radiochemicals, reduces theg, o populations. The overall frequency of théallele was
likelihood of false results, and enables high throughput.

. ; within the same range as that reported in other studies of
0, -
b There is closed 20m0|0gﬁ94 %) fpr thea "."dd“cl'“ gerr:t_a white populationg:1° Thus, our failure to repeat the finding
etween rats an UMAFSRnown pointmutations, 1 eachin ¢ & qj et 4t is consistent with the negative report from the
the a- and B-adducin subunits, account for up to 50% of the

diff in blood b he Milan h .~ young Scottish populatiot?. Although case-control studies

: (;arence In blood pressure ethen the Milan fype.zrtensflve can be criticized because of the risk of false-positive findings,
and normotensive rat straifsFurthermore, transfection of o icyjarly where populations are not homogeneous, we
hypertensive and normotensiveadducin variants into rat

Ve = were careful to ensure that the matching of cases and control
renal epithelial cells showed that the former variant increased subjects was exact. Furthermore, all subjects were drawn

the surface expression and maximum velocity of the sodium- ¢4y an ethnically and geographically limited catchment area.
potassmm pump compared Wlth the latter variant, resulting in - gtdies in genetically hypertensive rats and their normo-
|ncrea§ed renal tubu!ar sodlym reabsorption. . tensive controls revealed a linkage of a chromosomal region
Cusi et af studying ltalian and French hypertensive containing theACE gene with blood pressure. This led to the
populations, reported a significant linkage of i&dducin  hypothesis thahCEis a possible candidate gene for primary
locus to essential hypertension and greater sensitivity to hypertension in humans. However, Schmidt etaifudying
changes in sodium balance among patients with the mutantpytch parental couples who both had either high or low blood
(W) allele, suggesting that-adducin is associated with a  pressure and their offspring, found that allele frequencies
salt-sensitive form of essential hypertension. Subsequentyyere similar in parents with high and low blood pressure and
studies of sodium depletion and sodium loading revealed thatin their offspring. Also, Harrap et 2 could find no evidence
as in Milan hypertensive strain rats, humans bearing/1  that in a group of whites selected from the general population,
a-adducin variant displayed an increased renal tubular so- the ACE gene was associated with genetic predisposition to
dium reabsorptiofi.However, results of studies investigating high blood pressure. Interestingly, in Japanese patients with
the association between theadducinG460Wpolymorphism  essential hypertension, tiieallele was associated with early
and hypertension in Japanese subjects have proved conflictonset of hypertension and left ventricular hypertrophy, al-
ing. As in ltalian and French populations, Tamaki €t*al  though blood pressure levels and the severity of damage to
found that theGG genotype of thex-adducin polymorphism  other organs were unalterédThe Framingham Heart Study,
was more common in the normotensive group than in the which consisted of a large, population-based sample of men
hypertensive group and that thW allele was significantly and women (3095 participants in the association analysis and
associated with lower plasma renin activity. However, al- 1044 pairs of siblings in the linkage analysis), found evidence
though Kato et &l were unable to confirm this significant  of an association and genetic linkage of th€ E locus with
association, they found that thé/ allele appeared to be hypertension and with diastolic blood pressure in men but not
relatively common in the Japanese (54% to 60%) compared women, supporting the hypothesis th&CE, or a nearby
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gene, is a gender-specific candidate gene for hyperteAsion.
However, in this study, we found no evidence of a significant
difference in the distribution of thACE I/D polymorphism
between our cases and control subjects.

Blood pressure is reported to correlate positively with body

sodium and negatively with body potassium, suggesting a 11.

role for the sodium-retaining hormone aldosterone in essen-
tial hypertensiori® Therefore, genes that influence the regu-
lation of secretion and action of aldosterone are of particular

interest. We have previously reported that the distributions of 12.

genotypes for thesF-1 and IC polymorphisms in the gene
encoding aldosterone synthase were significantly different
between the same groups of essential hypertensives and
control subjects in the present studyPrevious studies have
examined thea-adducin, ACE, and aldosterone synthase
polymorphisms individually in hypertensive populations;
however, it is of interest to study their interaction because all
3 genes play key roles in the regulation of renal sodium
handling. We found no evidence to suggest an interaction
among these loci in our hypertensive population.

The a-adducin andACE genes are not the first to show
apparent variability in their relation with blood pressure in

different studies. Inconsistency among populations has been7.

noted for a number of other proposed candidate genes for
hypertension. It is important, therefore, to identify within
specific groups the local relevance of particular genetic
markers. In our Scottish population, theadducinG460W
andACE 1I/D polymorphisms appear to exert no influence on
blood pressure either individually or in combination.
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