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Abstract. Genetic variations that predispose individuals to complex disorders, such as essential hypertension, may be found in
gene coding regions, intronic regions or in gene promoter regions. Most studies have focused on gene variations that result in
amino acid substitutions because they result in different isoforms of the protein, presumably resulting in differences in protein
properties. Less attention has been placed on the role of intronic or promoter mutations. In this report, we examined two single
nucleotide polymorphisms (SNPs) in the catalase (CAT) gene prompter region in a cohort of hypertensive Caucasians and African
Americans with a Mass Spec based Homogenous MassEXTEND assay. We found an association when a specific combination of
the two promoter SNPs was examined in Caucasians. No association was observed in African Americans. Our data suggest that
genetic variations in the promoter region of catalase gene influence the susceptibility to essential hypertension. In addition, the

genetic factors that contribute to hypertension maybe different between ethnic groups.
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1. Introduction

Essential hypertension is an idiopathic elevation of
blood pressure. It affects approximately 24% of the
adult population in US [1] and is a recognized risk fac-
tor for cardiovascular, cerebrovascular and renal dis-
ease. Although the etiology of essential hypertension
is unknown, it involves the interaction between heri-
table and environmental factors. The major neurohu-
moral mechanisms involved in systemic blood pres-
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sure regulation and hypertensive complications are well
understood and include the renin-angiotensin aldos-
terone system [2], the sympathoadrenal system [3], the
kallikrein-kinin system [4] and others. There are also
numerous enzymes such as catalase [5] affecting the
metabolism of local tissue protective or damaging fac-
tors [6], which have been described to contribute to
blood pressure dysregulation. The genes for these en-
zymes are likely candidates for molecular genetic anal-
ysis, because their variants may predispose individuals
to hypertension.

Numerous studies have demonstrated association be-
tween hypertension and polymorphisms of genes such
as angiotensin converting enzyme [7], angiotensino-
gen [8,9], beta2-adrenergic receptor [10], and alpha-
adducin [11,12] in some hypertensive populations.
Fewer reports have examined the association between
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promoter mutations and hypertension. Two single nu-
cleotide polymorphisms (SNPs) have been reported in
the Catalase gene (CAT), one (CAT-844) being asso-
ciated with higher blood pressure among a group of
Chinese hypertensives [13] and the second (CAT-262)
showing association with catalase activity levels in a
Swedish population [14]. Catalase regulates the plasma
level of reactive oxygen species [5] and together with
nitric oxide (NO), it influences angiotensin converting
enzyme activation, LDL oxidation, adhesion molecule
expression, platelet aggregation, endothelial cell apop-
tosis, and vascular smooth cell growth [6].

Inthis report, we examined these CAT SNPsin a col-
lection of hypertensive Caucasians and African Ameri-
cans and ethnically matched normotensive controls and
found an association with hypertension. Our results
suggest that promoter mutations in CAT gene may con-
tribute to the development of essential hypertension.

2. Materialsand methods
2.1. Sudy population

African American patients with essential hyperten-
sion were identified from several clinics at the Boston
Medical Center, Boston MA USA. Caucasian patients
were identified at Tzanion Hospital, Piraeus Greece.
All subjects provided informed consent and human sub-
ject review boards at both institutions approved this
study. Individuals were classified as hypertensive if
pretreatment systolic blood pressure wdst0 mm Hg,
pretreatment diastolic blood pressure ) mm Hg,
or the individual was being treated for hypertension. A
routine clinical evaluation was carried out and, when-
ever clinically appropriate, additional standard diag-
nostic procedures were conducted to exclude organic
causes of secondary hypertension (eg, renovascular le-
sions, adrenal tumors). Ethnically matched normoten-
sive subjects older than 55 years were recruited from
the same populations from which the hypertensive indi-
viduals were ascertained. Given available sample size,

to explore candidate gene association study using case-

control, assuming the high risk allele frequency is 0.3,
and prevalence for hypertension is 0.3, and type | error
chose 0.05, for all the markers linked to the disease
locus at LD (O’ = 0.8) and allele frequency around
0.3, we will have 0.86 power to detect the association
(http://statgen.iop.kcl.ac.uk/gpc/cc2.html).
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2.2. Genotyping

The genomic DNA was extracted from peripheral
blood using Puregene kit (Gentra Systems, Inc). The
SNP genotypes were determined with the Homogenous
MassEXTEND assay (Sequenom, San Diego, CA) ac-
cording to the manufacture’s instruction, with minor
modification. The primers used for experimentation
are shown in Table 1. After PCR amplification of the
target regions, non-incorporated dNTPs were removed
by shrimp alkaline phosphatase. A detecting primer
immediately upstream from the polymorphic site was
added together with a specific combination of deoxy
and di-deoxy dNTPs and Thermosequanase (Amer-
sham). The extension reaction was performed accord-
ing to the manufacturer’s protocol (9€ 2 min, fol-
lowed by 80 cycles of 94C 5 sec, 52C 5 sec, 72C
5 sec). The extension products were then analyzed by
mass spectrometry (Sequenom, San Diego, CA).

2.3. Satigtical analysis

Differences between cases and controls were as-
sessed using t-tests (age, body mass index, age at on-
set of hypertension) or chi square tests (kidney dis-
ease (yes/no), diabetes (yes/no), coronary heart dis-
ease (yes/no) and stroke (yes/no)). Allele and genotype
frequencies were compared between hypertensive and
control individuals for each ethnic group by@ test.

To explore linkage disequilbrium and to predict hap-
lotypes for the two SNPs in the catalase promoter
we used Arlequin 2.0 (http://Igb.unige.ch/arlequin/).
We obtained maximum likelihood estimates of hap-
lotype frequencies by implementing the expectation-
maximization (EM) algorithm in Arlequin 2.0. These
haplotype frequencies were used to compute a stan-
dardized measure of linkage disequilibrium coefficient,
D'. The haplotype frequency distributions were com-
pared between hypertensive and normotensive groups.

Specific combinations of genotypes for the two SNPs
in the catalase were assessed using logistic regression.
Different genetic models were explored. For example,
we assumed a recessive mode of inheritance for CAT-
844 and a dominant mode of inheritance for CAT-262.
In this model individuals with genotype AA at CAT-
844 and with at least one T at CAT-844 were hypothe-
sized to have increase odds of hypertension. The ref-
erence group in this case would be individuals who are
not homozygous (AA) at the first SNP but who are ho-
mozygous (CC) at the second SNP. Other models (e.qg.
recessive mode of inheritance at both SNPs, dominant
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Table 1
Homogenous MassEXTEND assay for SNP genotyping
SNPs Extension Nucleotides Products
(amplification and detecting primers)
CAT-844
Amplification primers dGTP, A allele G allele
5'TTAAAGACACAAAGCTTTTCAAAATTCC3' ddATP, ddCTP, ddTTP +ddA (6678.4Da) +GGddT (7327.8Da)

5’ GGGAAAAATGTATTCAACTCTGGTACACS
Detecting primer
5 CAAAATTCCTGCTTACCTGGG3 (6381.2Da)

CAT-262

Amplification primers dTTP, C allele T allele

5 GGCCTGAAGGATGCTGATAACCGGGAGC3  ddATP, ddCTP, ddGTP +ddC (5755.8Da) +TddC (6060Da)
5 ATACCCAGGAGGGTGCGGAAAGGAAGGGS

Detecting primer

5 CGCCCTGGGTTCGGCTAT3(5482.6Da)

Table 2
Clinical characterization of the study population

Control subjects  Hypertensive subjects

Caucasian N =93 N =100
Gender (male%) 63.4 58
Recruiting age, y ** 72.58.0 57.#410.3
Age at which hypertension diagnosed, y 4810.1
BMI, kg/m? ** 254445 27.3+3.9
Kidney disease, % 0 3.0
Diabetes, % 12.9 11.0
Coronary heart disease, % 14.0 10.0
Stroke, % 4.3 3.0

African American N =98 N =120
Gender (male%) 32.7 37.5
Recruiting age, y 63:27.1 61.8+12.6
Age at which hypertension diagnosed, y 4214.0
BMI, kg/m? 29.9+6.3 31.6+7.6
Kidney disease, % * 2.1 10.1
Diabetes, % ** 14.6 30.8
Coronary heart disease, % 3.1 6.7
Stroke, % ** 0 9.2

Values are meahSD.*p < 0.05; **p < 0.01.

mode of inheritance at both SNPs) were evaluated by (p < 0.01) but there was no difference in the frequency

altering the coding scheme to define the appropriate of kidney disease, diabetes, coronary heart disease. In

comparison groups. All logistic regression analyses contrast, African American hypertensive subjects had

were conducted using SAS v8.2. a significantly higher frequency of diabetes< 0.01),
stroke p < 0.01) and kidney diseas@ (< 0.05) than
normotensive controls.

3. Results
3.2. Association studies with the CAT-844 and
3.1. Study population CAT-262 SNPs
Clinical information was collected from 100 hyper- Shown in Table 3 are the allele and genotype frequen-

tensive and 93 normotensive Caucasian subjects and cies forthe two CAT SNP’s in the hypertensive and nor-
120 hypertensive and 98 normotensive African Amer- motensive groups. No association between hyperten-
ican subjects (Table 2). The normotensive and hy- sion and CAT-8444 = 0.81 for Caucasians and 0.40
pertensive groups from each population were of simi- for African Americans) or with CAT-262y( = 0.43

lar age. Caucasian hypertensive subjects had a higherfor Caucasians and 0.39 for African Americans) in ei-
mean BMI than the their normotensive counterparts ther populationwas observed. Similarly, no association
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Table 3
Allelic and genotypic frequencies among hypertensives and control subjects
Caucasian African American
Control subjects  Hypertensive subjects Control subjects  Hypertensive subjects

CAT-844

f(AA) 34(0.374) 43(0.457) 34(0.358) 36(0.379)

f(AG) 47(0.517) 35(0.372) 48(0.505) 36(0.379)

f(GG) 10(0.110) 16(0.170) 13(0.137) 23(0.242)

p 0.13 0.10

f(G) 67(0.368) 67(0.356) 74(0.389) 82(0.432)

p 0.81 0.40
CAT-262

f(TT) 56(0.622) 56(0.596) 35(0.875) 30(0.938)

f(TC) 32(0.356) 32(0.34) 5(0.125) 2(0.062)

f(CC) 2(0.022) 6(0.064) - -

p 0.38 0.37

f(T) 36(0.2) 44(0.234) 5(0.063) 2(0.031)

p 0.43 0.39

Values in parentheses are frequencies.

Table 4 Table 5
Predicted haplotype frequencies of CAT-844 and CAT-262 for Cau-  Odd ratios for hypertension according to genotype combination
casians Model OR(95%CI) p-value
Control subjects ~ Hypertensive subjects CAT-844 CAT-262
—844 262 AA T 2.158(1.060—4.393) 0.0339
A C 0.427 0.397 AA TT 3.035(0.569-15.456) 0.1813
A T 0.202 0.239 A T. 1.138(0.627-2.065) 0.6701
G C 0.371 0.364 A TT 3.035(0.569-15.456) 0.1813

was observed when comparing the genotype frequency ant-recessive, recessive-dominant, recessive-recessive)
(p = 0.13 and 0.10 for CAT-844 angh = 0.38 and between the two SNPs. There was an increased odds
0.37 for CAT-262 for Caucasian and African American, for hypertension (OR= 2.158,p = 0.0339) when as-
respectively). sessing a recessive effect for CAT-844 (AA) and domi-
Table 3 also highlights ethnic differences among the nant effect for the CAT-262 (T). An increased odds for
frequencies of these alleles. The allele frequency of hypertension was also observed when fitting a reces-
CAT-844 in the Caucasian (G: 36.2%) and African Sive effect for both SNPs, CAT-844 (AA) and CAT-262
American population (G: 41.1%) were similar to each (TT). Thisincrease was not sta.tlstlcally significant (OR
other but differs from that reportéd for the Chinese ~ — 3:035,p = 0.18), however, likely due to the small
hypertensive cohort (G: 68.4%). The frequency of the Number of individuals that were homozygous for the
CAT-262 SNP in the Caucasian population (T: 21.7%) alleles specified in this model.
was similar to that reportefl for a Swedish population
(T: 28.7%). African American population contained
predominantly C alleles (95.1%). In Caucasians, the
two SNPs, CAT-262 and CAT-844, were in linkage dis- In this report, we assessed the association between
equilibrium ¢ = 0.146). SNPs in the promoter region of the CAT genes and es-
Haplotype analysis using the catalase SNPs was per- sential hypertension in Greek Caucasians and African
formed only in the Caucasian population because of Americans. An association was found with the specific
the low frequency of the CAT-262 allele in African genotype combination of CAT-844 homozygous AA
Americans. Given the disequilbrium between the two together with CAT-262 CT or TT. This association was
SNP’s only three haplotypes are predicted (Table 4). found in Caucasians only. However, the observation
There was no difference between the estimated hap- between catalase and hypertension in Caucasians ap-
lotype frequencies in hypertensives and normotensives pears to be complex and not evident when individual al-
(p = 0.68) indicating no association with hypertension. lele frequency or haplotypes were examined. This may
A logistic regression test was performed to evaluate be due to lack of power to detect complex interactions
genotype combinations (dominant-dominant, domin- between SNPs.

4, Discussion
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An association between CAT and hypertension is
consistent with a study in China showing association of
individuals homozygous for CAT-844 AA and elevated
blood pressure [13]. However, the CAT-844 G allele is
more frequent in this Chinese population (68.4%) than
the two groups reported here (41.1% for African Amer-
icans and 36.2% for Caucasians). This may be due to
population differences or selection bias in the Chinese
sample which included hypertensive subjects only. The
CAT-262 SNP has not been previously examined with
respect to blood pressure values, although the CAT-262
T allele is associated with higher expression level of
the catalase gene [14].

The CAT-844 SNP lies within several predicted tran-
scription factor recognition sites in the promoter region.
The G allele contains putative MZF1 and AP2 binding
sites, whereas the A allele contains putative lkaros-2
and LYK-1 binding sites [13]. In addition, the CAT-262
SNP lies near putative cis-acting sequences for AP-1
and Sp-1 and each form of the SNP has been shown to
result in a different nuclear protein binding patterns as
well as differences in transcriptional activity [14].

In conclusion, our data suggest that genetic varia-
tions in the promoter region of catalase gene influence
the susceptibility to essential hypertension. Our results
suggestthatindividual SNPs may not be as important as
the specific interaction among several SNPs. We also
find that the genetic factors that contribute to hyperten-
sion are likely to be different between ethnic groups.
Further studies of SNPs in a large number genes in-
volved in blood pressure regulation will be required
to identify the full array of genetic factors that cause
hypertension.
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