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Abstract. The present study was designed to test whether common polymorphism G-50T within the promoter oEN@2ih

gene is associated with increased risk of essential hypertension in a Russian population. We studied 576 unrelated subjects,
including 295 patients with hypertension and 281 healthy subjects. Genotyping for polymorphism G-50T¥P#iI2 gene

was performed by polymerase chain reaction and restriction fragment length polymorphism techniques. The frequeb@y of a
variant allele ofCYP2J2 gene was significantly higher in patients with hypertension versus healthy controls (OR 4.03 95%ClI
1.80-9.04p = 0.0004). The association of-a50GT genotype with hypertension remained significant after adjustment for age,
gender and family history of hypertension by multivariate logistic regression (OR 4.78 95%CI 1.87p2@2001). It has been

found that OR for—50GT genotypex gender interaction (OR 4.48 95%CI 1.93-10p32 0.00048) was slightly higher than OR

for —50GT genotype (OR 4.43 95%CI 1.91-10429 0.00052), suggesting a weak effect of gender on the risk of hypertension

in the heterozygous carriers ef50GT genotype. A family history of hypertension has no effect on the association between a
—50GT genotype and hypertension. In present study we demonstrate for the first timeCf22J2* 7 allele of theCYP2J2

gene is clearly associated with an increased risk of essential hypertension. Furthermore, this study highlights the importance of
P-450 epoxygenase pathway of arachidonic acid metabolism in the pathogenesis of hypertensive disease.

Keywords: Essential hypertension, arachidonic acid metabolism, cytochromeQ¥#202, single nucleotide polymorphism,
disease susceptibility, case-control studies

1. Introduction development of essential hypertension (EH) [4,14,22,
28,33,36,38]. The cytochrome P-450 2@XP2J2) is
In recent years, increasing interest has been focused known to be one of the major enzymes of epoxygenase
on the vasoactive products of arachidonic acid (AA) pathway of AA in extrahepatic tissues, which produces
derived from cytochrome P450 epoxygenase pathway, series of regioisomericis-epoxyeicosatrienoic acids
and impressive progress has been achieved in the under{(EETS) such as 5,6-, 8,9-, 11,12- and 14,15-EETs [7,
standing of their role both in vascular homeostasis and 17:31,32].

1.1. Cardiovascular and renal actions of cytochrome
P450-derived EETs
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Cardiovascular and renal actions of evtochrome P450
212-derived epoxyeicosatriencic acids (EETs)
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Fig. 1.

transportin cardiovascular and renal tissues, suggesting kinase-Akt-signaling pathway and thereby renders the

a crucial role of epoxygenase-derived eicosanoids in
blood pressure regulation[7,16,32,36]. To demonstrate
the involvement of thes€YP2J2-derived eicosanoids

in the pathogenesis of EH, a number of literature da-
ta were summarized in Figure. In the vascular cells,
EETs activate Ca-dependent K-channels and Na-
K-ATPase resulting to the hyperpolarization of cell
membranes and vasorelaxation [14,32]. Furthermore,
EETs increase intracellular €a concentration in en-
dothelial cells stimulating the formation and release of
nitric oxide, prostaglandins (PGI, PGEand PGEk,),
thromboxane and other vasoactive substances [32]. In
the kidney, EETs regulate renal hemodynamics, in-

crease sodium excretion and decrease cortical renin re-

lease [21,32,37]. The endothelial cells transfected with

cells resistant to apoptosis-inducing agents such as hy-
drogen peroxide [18]. EETs have been suggested to
increase the proliferation of various cell types, includ-
ing vascular smooth muscle cells and endothelial cells
demonstrating a potential role of cytochrome P450
eicosanoids to promote vascular remodeling [13,29].

1.2. Afunctional role of polymorphism G-50T of the
CYP2J2 gene

Recent data demonstrate that hun@P2J2 gene
is highly polymorphic [25,30,34], and it has been pro-
posed that genetic polymorphisms within the gene
might contribute to expression and/or activity of the
enzyme and, in turn, affect the biosynthesis of EETSs.

CYP2J2 are protected against the oxidative stress in- A number of single nucleotide polymorphisms (SNP)

duced by hypoxia and reoxygenation [3]. 14,15-EET,
a product of CYP2J2 epoxygenase, activates a PI-3

have been identified within hum&YP2J2 gene, how-
ever, only one common SNP (G-50T substitution with-
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in the proximal promoter of the gene) was found to be
functionally important [25]. The G-50T substitution
interrupts a critical binding site for Sp1 transcription
factor and thereby results in decreased2J2 pro-
moter activityin vitro and reduced levels dYP2J2
epoxygenase metabolitasvivo [25,30].

1.3. Genetic studies of CYP2J2 G-50T polymor phism
and human hypertension

Taking into account a number of cardiovascular and
renal actions of cytochrome P450-derived EETSs it is
reasonable to hypothesize that the G-50T polymor-
phism of CYP2J2 gene would contribute to pathogen-
esis of EH. However, only two studies have recent-
ly been done to search for association between G-50T
polymorphism ofCYP2J2 gene and risk of EH [1,26].
The first study [1] showed no associatiorG¥P2J2 G-
50T polymorphism with risk of EH in relatively small
sample £ = 108) of African-American hypertensives.
The second study, involving Caucasian hypertensive
patients [26] has revealed thab0T variant allele was
associated with the decreased risk of EH in males.
Thus, these studies from 2 racial groups have yield-
ed controversial results and show that the pathogenet-
ic relevance ofCYP2J2 C-50T polymorphism should
be clarified by independent studies in different popu-
lations. The present study was designed to investigate
whether G-50T polymorphism &YP2J2 gene is asso-
ciated with risk of essential hypertension in a Russian
population.

2. Materialsand methods
2.1. Sudy subjects

A total of 576 unrelated individuals, including 295
patients with EH and 281 healthy controls were recruit-
ed in this study. All study participants were of Rus-
sian origin from Central Russia. The Ethical Review
Committee of the Kursk State Medical University has
approved the study protocol. Written informed con-
sentwas obtained from all participants before the study.
Hypertensive patients were recruited from the Cardi-
ology Clinics of both Kursk Regional Clinical Hospi-
tal and Kursk Emergency Medicine Hospital between
2003 and 2006.

Demographic data were obtained on each subject
from the official medical record at the time of enroll-
ment and included the current age, sex and family his-
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tory of essential hypertension. Subjects were defined
as hypertensive according to World Health Organiza-
tion criteria or if they were receiving any antihyperten-
sive medication. Untreated hypertensive patients had
established hypertension defined by a seated systolic
and/or diastolic blood pressure greater than 140 and/or
90 mm Hg, respectively, on at least 2 separate measure-
ments. Hypertension was diagnosed before the age of
60 years. All patients had no clinical signs, symptoms,
and laboratory findings suggestive of secondary hyper-
tension. Taking into account potentially confounding
factors like coronary atherosclerosis and diabetes mel-
litus that might affect on the association between poly-
morphism G-50T of th€YP2J2 and hypertension, all
hypertensive and normotensive subjects with a history
of diabetes mellitus and coronary artery disease were
excluded from the study after physician examination,
fasting lipid and glycemic profiles. Healthy individu-
als were categorized into a control group if they had
a systolic blood pressure less than 130 mm Hg and/or
a diastolic blood pressure less than 85 mm Hg on at
least 3 separate measurements. Control subjects were
on neither antihypertensives nor any other medication
that could affect blood pressure values.

2.2. DNA analysis

Genomic DNA was isolated from peripheral blood
leukocytes by SDS/proteinase K treatment, phe-
nol/chloroform extraction, and ethanol precipitation us-
ing a standard procedure. The G-50T polymorphism of
CYP2J2 gene was determined using polymerase chain
reaction (PCR) followed by restriction fragment length
polymorphism analysis (RFLP). To amplify a 242-base
pair (bp) fragment of th€YP2J2 gene, we used primers
reported by Spiecker M. [30]. Amplification was per-
formed in a final volume equal 24 of reaction mix-
ture containing 1.5 U of thermostablaq DNA poly-
merase (Lytech, Russia), aboufufjy DNA, 0.25uM
each primer, 25@M of dNTPs, 2 mM of MgCh, 1x
PCR-buffer of the following composition: 67mM Tris-
HCI pH 8.8, 16.6 mM (NH)2S0Oy, 0.01% Tween-20.
After PCR, 242-bp amplicon was digested with 5 U of
the endonucleasdul (Sibenzyme, Russia) in a 10k
reaction mixture at 37C overnight according to the
manufacturer’s instructions. Digested products were
resolved through ethidium bromide-stained 2% agarose
gels and visualized under UV light on the GDS-8000
Computer Detection System (UVP Inc, USAJul en-
donuclease cut PCR product into fragments sized 143
bp and 99 bp in the presence@©@YP2J2 —50T variant
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Table 1
Baseline characteristics of study population

Baseline Hypertensive patients  Healthy controls p-values
characteristics n (%) n (%)

Age meant S.D. 47.6+ 10.1 46.1+ 11.6 0.10
Gender 101 M (34.0%) 103 M (36.7%) 0.51

196 F (66.0%)
Family history of

hypertensioh No 55 (21.7%)

Yes 199 (78.3%)

178 F (63.3%)
Yes 98 (45.2%) < 0.00001
No 119 (54.8%)

S.D. — standard deviation; M — maleé — female.
*Family history data were obtained from 254 hypertensive and 217 normoten-

sive probands.

allele, wherea€YP2J2 —50G wild-type allele shows

a single uncleaved 242-bp fragment. A “no template”
control (water) and a positive control for te&P2J2* 7
allele (DNA sample with a-50GT genotype of the
CYP2J2 gene) was used in each RFLP assay. The
genotyping results were scored by two independent in-
vestigators who did not know whether the sample was
from a case patient or a control. In addition, 20% of
the samples from each study group were randomly se-

3. Results

Demographics of the study subjects are listen in Ta-

ble 1. There was no difference in a gender and age
between groups of patients and contrgis> 0.05).
As expected, a percentage of positive family history of
hypertension was significantly greater in hypertensive
versus normotensive subjecis< 0.00001).

CYP2J2 genotype frequencies were in agreement

lected to perform the repeated RFLP assays, and the With Hardy-Weinberg equilibrium in all groupg (>

results were 100% concordant. All heterozygous geno-
types—50GT were confirmed by direct sequencing of
the PCR products of theYP2J2 gene on ABI PRISM
310 Genetic Analyzer, with BigDye Terminator Kit 1.1
(Applied Biosystems; Foster City, CA, USA).

2.3. Statistical data analysis

0.05). Frequencies of alleles and genotypeSYd#2J2
G-50T polymorphism in hypertensive patients and nor-
motensive controls are shown in Table 2. Notably, fre-
qguency of—50T allele CYP2J2*7 allele) was some-
what lower in our Russian control sample than in oth-
er populations as reported by three independent stud-
ies [1,26,30]. No subjects with homozygous mutant
genotype—50TT of CYP2J2 gene were found in the
study groups. The frequency of-&b0T mutant allele

Based on available data reported by two studies [25, ot cyp2J2 gene was significantly higher in EH patients
30] we estimated that at least a 10% difference for the yersys healthy subjects (OR 4.03 95%CI 1.80-9.04
CYP2J2 alleles or genotypes could be present in pa- , _ 0.0004). The heterozygous50GT genotype was
tients. Based on this assumption, we calculated that it f5ndin 10.2% of hypertensive patients whereas it was
was necessary to study 199 subjects in each group in gpserved in only 2.5% of normotensive controls. The
order to have 0.80 power and an alpha value of 0.05. gifference in a-50GT genotype between patients and
Allele frequencies were estimated by the gene counting controls remained significant (OR 4.78 95%Cl 1.87—

method, and Hardy-Weinberg equilibrium was tested
by chi-square statistics. FrequenciesGP2J2 alle-

12.27p = 0.001) after adjustment for confounding
variables such as age, gender and family history of EH

les and genotypes were compared between EH patientshy unconditional multivariate logistic regression.

and controls by the use of Pearson’s chi-square test

with Yates’ correction. The magnitude of the associa-
tion of theCYP2J2 G-50T polymorphism was estimat-
ed by odds ratio (OR) with approximate 95% confi-
dence intervals (Cl) calculated by Woolf's method [2].
A two-sidedp < 0.05 was considered as statistically
significant. Confounding influences of age, gender and
family history of EH were assessed in a multiple logis-
tic regression model. All analyses were performed us-
ing a STATISTICA version 6.0 for Windows software
package (StatSoft Inc, USA).

Taken into account a gender difference in suscepti-
bility to complex human diseases we compared the fre-
guency ofCYP2J2 variant between hypertensives and
normotensives stratified by gender (Table 3). As can be
seen in Table 3, the significant associations efS0T
allele with increased risk of hypertension have been
found in both males (OR 3.86 95%CI 1.16-12;82
0.03) and females (OR 3.89 95%CI 1.37-11;0%
0.01). A significant association 6f50GT genotype
with hypertension was observed in females (OR ad-
justed for confounding variables was 5.16 with 95%ClI
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Table 2
Distribution of alleles and genotypes 6fYP2J2 G-50T polymorphism in patients with
essential hypertension and healthy subjects

Frequencies of alleles Hypertensive Healthy 2 OR
and genotypes of theYP2J2 patients controls I'\a (95% CIP
G-50T polymorphism K = 297) (n = 281)
n (%)" n (%)
Allele frequencies
—50G allele 0.949 0.988 12.44 4.03
—50T allele 0.051 0.012 (0.0004)  (1.80-9.04)
Genotype frequencies
—50GG genotype 265(89.8) 274 (97.5)  12.87 4.78
—50GT genotype 30 (10.2) 7(2.5) (0.0003) (1.87-12.27)
—50TT genotype 0(0.0) 0(0.0)

1 Absolute number and percentage of individuals with particular genotype.
2Chi-square statistics with Yates’ correction gndalues @f = 1).

30dds ratio with 95% confidence intervals.

*Odds ratio adjusted for age, gender and family history of EH.

Table 3
Distribution of alleles and genotypes ©%¥P2J2 G-50T polymorphism in patients with
essential hypertension and healthy subjects stratified by gender

Frequencies of alleles Hypertensive Healthy 2 OR
and genotypes of theYP2J2 patients controls P (95% CIp
G-50T polymorphism n (%) n (%)!

Male: hypertensive (n = 100), normotensive (n = 103)
Allele frequencies

—50G allele 0.940 0.985 4.68 3.86

—50T allele 0.060 0.015 (0.03) (1.16-12.82)
Genotype frequencies

—50GG genotype 88 (88.0) 100 (97.1)  4.87 3.78

—50GT genotype 12 (12.0) 3(2.9) (0.03) (0.90-15.90)

—50TT genotype 0(0.0) 0(0.0)

Female: hypertensive (n = 195), normotensive (n = 178)
Allele frequencies

—50G allele 0.954 0.989 6.76 3.89

—50T allele 0.046 0.011 (0.01) (1.37-11.01)
Genotype frequencies

—50GG genotype 177 (90.8) 174 (97.8) 6.97 5.16

—50GT genotype 18 (9.2) 4(2.2) (0.01) (1.35-19.63)

—50TT genotype 0(0.0) 0(0.0)

L Absolute number and percentage of individuals with particular genotype.
2Chi-square statistics with Yates’ correction gnsalues @f = 1).

30dds ratio with 95% confidence intervals.

*Odds ratio adjusted for age and family history of EH.
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1.35-19.63 = 0.016). The association 6f50GT
genotype with increased risk of hypertension has been
also found in males (unadjusted OR 4.55 95%CI 1.23—
16.76p = 0.02), but this association did not reach sta-
tistical significance (OR 3.78 95%CI 0.90-1596=
0.08) after adjusting for age and family history of EH.
To determine if there is a50GT genotypex hyper-
tensionx gender interaction, a logistic regression anal-
ysis has been performed on a multiplicative scale. It
has been found that OR fer50GT genotypex gender
interaction (OR 4.48 95%CI 1.93-10.3%= 0.00048)
was slightly higher than OR for50GT genotype (OR

4.43 95%CI 1.91-10.29 = 0.00052), suggesting a
weak effect of gender on the risk of hypertension in the
heterozygous carriers ef50GT genotype.

We also examine@YP2J2 allele and genotype fre-
guencies in individuals with/without a family history of
hypertension. Table 4 show®YP2J2 allele and geno-
type frequencies for hypertensive and normotensive
subjects stratified by family history of EH. As shown in
Table 4, among study subjects with or without a family
history of hypertension, a50T allele frequency was
significantly higher in patients with hypertension ver-
sus healthy control®(< 0.05). Adjusted odds ratios of
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Table 4
Distribution of alleles and genotypes ©%¥P2J2 G-50T polymorphism in patients with
essential hypertension and healthy subjects stratified by family history

Frequencies of alleles Hypertensive Healthy 2 OR
and genotypes of theYP2J2 patients controls P (95% CIP
G-50T polymorphism n (%) n (%)!

Positive family history: hypertensive (n = 197), normotensive (n = 98)

Allele frequencies

—50G allele 0.954 0.990 4.01 3.82
—50T allele 0.046 0.010 (0.05)  (1.01-14.48)
Genotype frequencies
—50GG genotype 179 (90.9) 96 (98.0)  4.15 493
—50GT genotype 18 (9.1) 2(2.0) (0.04) (1.06-23.01)
—50TT genotype 0(0.0) 0(0.0)
Negative family history: hypertensive (n = 55), normotensive (n = 119)
Allele frequencies
—50G allele 0.927 0.979 4.25 3.52
—50T allele 0.073 0.021 (0.04) (1.17-10.55)
Genotype frequencies
—50GG genotype 47 (85.5) 114 (95.8) 4.42 3.90
—50GT genotype 8 (14.5) 5(4.2) (0.04)  (1.19-12.81)
—50TT genotype 0(0.0) 0(0.0)

L Absolute number and percentage of individuals with particular genotype.
2Chi-square statistics with Yates’ correction gndalues @f = 1).

30dds ratio with 95% confidence intervals.

*Qdds ratio adjusted for age and gender.

having hypertension attributable to carryin@#P2J2
—50GT genotype was 3.90 (95%Cl 1.19-12;8%
0.02) for subjects with negative family history of EH
and 4.93 (95%CI1.06-23.@1= 0.04) for subjects with
positive family history of the disease (Table 4). Multi-
plicative analysis of-50GT genotype< hypertension
x family history interaction has revealed no effect of a
family history of EH on the risk of hypertension in in-
dividuals possessing@YP2J2 —50GT genotype (OR
for —50GT genotype OR 4.48 = 0.00052; OR for
—50GT genotypex family history interaction was 4.23
p = 0.0017).

4, Discussion

In the present study, we investigated an association
between polymorphism G-50T of tii2rP2J2 gene and
essential hypertension in an ethnically homogeneous
Russian population. This is a first study reporting on
the allele and genotype frequencies of polymorphism
G-50T of theCYP2J2 gene in a Russian population.
We found for the first time that the50T variant allele
(CYP2J2*7 allele) and—50GT genotype ofCYP2J2
epoxygenase-50T gene is clearly associated with an
increased risk of hypertension. Odds ratio for this as-
sociation was slightly higher in females than in males
suggesting a weak effect of gender on the hypertension
susceptibility attributed to polymorphism G-50T of the

CYP2J2 gene. A gender effect on the genetic suscepti-
bility to complex diseases is a common finding in ge-
netic association studies [20,24]. On the one hand, a
gender difference in the genetic susceptibility to com-
plex diseases can arise from specific gene-gene and/or
gene-environment interactions within different ethnic
backgrounds, on the other hand, it might be particular-
ly explained for studies with cytochrome P450 genes,
includingCYP2J2 gene, that have been found to play a
crucial role in the metabolism of sex hormones [5,8].
On the whole, the results of our study appear to be at
variance with data reported by King LM, et al. [26] who
have observed a significant association between G-50T
variant of CYP2J2 gene and the decreased risk of EH
in Caucasian males and Caucasians without a family
history of hypertension, suggesting a protective affect
of the mutation. These findings are somewhat surpris-
ing given that G-50T substitution leads to a reduced
transcription of theCYP2J2 gene [30]. The authors ex-
plained these data by concluding ti@tP2J2-derived
EETs have also been found to cause vasoconstriction
in certain vascular beds and under certain experimental
conditions [9,23,35], suggesting that these eicosanoids
seem to have the prohypertensive actions. By contrast,
given thatCYP2J2-derived EETs are potent vasodila-
tors, persons with diminished capacity to synthesize
EETs due to the downregulation@¥P2J2 expression
(i.e. carriers of G-50T variant allele) might be more
susceptible to hypertension. As can be seen above
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(Fig. 1), the mechanisms by which plausible deficiency fortunately, we cannot to compare our data with other
of CYP2J2-derived EETs might cause EH include: a) Russian populations because the present study is a first
dysfunction in ion channel-dependent vasorelaxation, report on the frequencies of G-50T polymorphism of
b) insufficiency to stimulate the formation and release the CYP2J2 gene in a Russian population.

of natural vasodilators, c) increased cardiac contractili-  Certainly, the results of our study require further
ty and heart rate, d) increased cortical renin release and investigation in other population-based studies. Fur-
decreased sodium excretion in kidneys, e) promoted ther work is clearly needed to address issues discussed
both apoptotic and oxidative vascular injury. These ex- above, but these studies will need to be substantially
amples demonstrate a number of potential mechanisms |arger than the association studies published to date.
by which G-50T mutation o€YP2J2 gene mightcon-  Fyrthermore, functional genomics studies in combi-
tribute to development of essential hypertension. Tak- nation with association studies are required to sub-
ing into account a majority of single copy of the mu-  giantiate a relevance of polymorphism G-50T of the

tant CYP2J2*7 allele carriers identified in our study  cypojo gene in the pathogenesis of essential hyper-
were found to have hypertension the G-50T mutation (ensjon. However, it is reasonable to expect an irreg-
in proximal promoter oCYP2J2 gene seems tohave @ j5r replication of original data by further studies in

domlnan_t _effect on the disease development. : different populations [15,19]. It is not surprising that
In _addltlon, NUMErous reasons might be responsible the difficulty in understanding complex diseases like

for (_j|screpancy of our results W'th results reported by hypertension arises from the complexity and variability

Dreisbach AW, et al. [1] and King LM, et al. [26]. of the clinical phenotypes, the genetic heterogeneity of

These reasons might include: 1) a difference in the . . . S
: . .~ disease etiology, as well as from the racial/ethnic differ-
genetic backgrounds between populations studied; 2) . . . .
ence in gene-gene and gene-environment interactions

confounding by population stratification within ethni- . S
: . that have been formed evolutionarily within each hu-
cally heterogeneous American populations 3) chance man population [6,10—12.27]. A limitation of our study

or artifact, and possibly 4) due to yet unspecified en- . . !
vironmental or genetic factors in populations studied. was that we did not investigate common SNPs that have

Furthermore, the discrepancy between gender-related not b_een previously shown_ to be functionally signifi_—
associations o€YP2J2¢7 allele with hypertension in cant(i.e. silent C173T SNPinexon1, T18778G SNPin

Caucasian populations might be due to a greater per- Ntron5, C33291T, T33370A and A33465G in 3-prime

centage of males in hypertensive group than in control Untranslated region of the gene [30]) or in linkage dis-
group in the study of King LM, et al. [26]. equilibrium with G-50T polymorphism in th€YP2J2

The finding of low frequency of theYP2J2* 7 allele gene. Nevertheless, the association of frequent, biolog-
in our control population is another issue that should ically plausible G-50T SNP in th€YP2J2 gene with
be also discussed. The cohort presented in the paper isEH that has been found in the present study should be
a part of our large Russian population sample includ- Seen as a hypothesis-generating observation, and high-
ing greater than 1000 participants with various patholo- lights the importance of P-450 epoxygenase pathway
gies like hypertension, asthma, peptic ulcer disease etc. Of arachidonic acid metabolism in the pathogenesis of
Taking into account an important role 6¥P2J2 gene hypertensive disease.
polymorphism in the development of different diseases
(to date a number of diseases were found to be asso-
ciated withCYP2J2 gene polymorphism), we have re-
cruited only healthy subjects having no either chron-
ic diseases or positive family history of diseases men-

References

[1] A.W. Dreisbach, S. Japa, A. Sigel, M.B. Parenti, A.E. Hess,

tioned above. In particular, to collect the appropriate
normotensive controls we have used more strict criteria
of inclusion of normotensives into our control group (a
systolic blood pressure 130 mm Hg and/or a diastolic
blood pressure< 85 mm Hg) than those reported in
related studies (a systolic blood pressur&40 mm Hg
and/or a diastolic blood presswe90 mm Hg). Taken
together it seems to contribute into the low frequen-
cy of CYP2J2*7 allele in our control population. Un-

S.L. Srinouanprachanh et al., The prevalence of CYP2C8,
2C9, 232, and soluble epoxide hydrolase polymorphisms in
African Americans with hypertensiomAm J Hypertens 18
(2005), 1276-1281.

[2] B.Woolf, On estimating the relation between blood group and
diseaseAnn Hum Genet 19 (1955), 251-253.

[3] B. Yang, L. Graham, S. Dikalov, R.P. Mason, J.R. Falck,
J.K. Liao and D.C. Zeldin, Overexpression of cytochrome
P450 CYP2J2 protects against hypoxia-reoxygenation injury
in cultured bovine aortic endothelial celol Pharmacol 60
(2001), 310-320.



126

(4]

(5]

(6]

(7]

(8]

El

[10]

[11]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[29]

[20]

[21]

[22]

[23]

A.V. Polonikov et al. / A common polymor phism G-50T in cytochrome P450 2J2 gene

C. Moreno, K.G. Maier, K.M. Hoagland, M. Yu and R.J.
Roman, Abnormal pressure-natriuresis in hypertension: role
of cytochrome P450 metabolites of arachidonic adidy J
Hypertens 14 (2001), 90-97.

C.P. Martucci and J. Fishman, P450 enzymes of estrogen
metabolismPharmacol Ther 57 (1993), 237-257.

C.S. Carlson, M.A. Eberle, L. Kruglyak and D.A. Nickerson,
Mapping complex disease loci in whole-genome association
studies Nature 249 (2004), 446-452.

D.C. Zeldin, Epoxygenase pathways of arachidonic acid
metabolism,] Biol Chem 276 (2001), 36059—36062.

D.R. Nelson, L. Koymans, T. Kamataki, J.J. Stegeman, R.
Feyereisen, D.J. Waxman et al., P450 superfamily: update
on new sequences, gene mapping, accession numbers and[27]
nomenclaturePharmacogenetics 6 (1996), 1-42.

D. Zhu, M. Bousamra, D.C. Zeldin, J.R. Falck, M. Townsley,
D.R. Harder et al., Epoxyeicosatrienoic acids constrict isolated
pressurized rabbit pulmonary arteridsn J Physiol Lung Cell

Mol Physiol 278 (2000), 335-343.

E.S. Lander and N.J. Schork, Genetic dissection of complex [29]
traits, Science 265 (1994), 2037—2048.

F. Cambien, O. Pairier, V. Nicaud, S.M. Herrmann, C. Mallet,
S. Ricard et al., Sequence diversity in 36 candidate genes for
cardiovascular disorder&ym J Hum Genet 65 (1999), 183—
191.

G.C.L. Johnson and J.A. Todd, Strategies in complex disease
mapping,Curr Opin Genet Dev 10 (2000), 330-334.

I. Fleming, B. Fisslthaler, U.R. Michaelis, L. Kiss, R. Popp and
R. Busse, The coronary endothelium-derived hyperpolarizing
factor (EDHF) stimulates multiple signalling pathways and
proliferation in vascular cell§flugers Arch 442 (2001), 511—

518.

I. Fleming, Cytochrome P450 and vascular homeost&sis,

Res 89 (2001), 753-762.

J. Altmuller, L.J. Palmer, G. Fischer, H. Scherb and M. Wijst,
Genome wide scans of complex human diseases: true linkage
is hard to find AmJ Hum Genet 69 (2001), 936-950.

J.C. McGiff, Cytochrome P450 metabolism of arachidonic
acid, Annu Rev Pharmacol Toxicol 31 (1991), 339-369.

J.H. Capdevila, J.R. Falck and R.C. Harris, Cytochrome P450 [34]
and arachidonic acid bioactivation. Molecular and functional
properties of the arachidonate monooxygenasepid Res41

(2000), 163-181.

J.K. Chen, J. Capdevila and R.C. Harris, Cytochrome P450 [35]
epoxygenase metabolism of arachidonic acid inhibits apopto-
sis,Mol Cell Biol 21 (2001), 6322—6331.

J.N. Hirschhorn, K. Lohmueller, E. Byrne and K. Hirschhorn,

A comprehensive review of genetic association studbesgt

Med 4 (2002), 45-61.

J. Pinsonneault and W. Sadee, Pharmacogenomics of multi-
genic diseases: sex-specific differences in disease and treat-
ment outcomeAAPS Pharm Sci 5 (2003), E29.

K.G. Maier and R.J. Roman, Cytochrome P450 metabolites
of arachidonic acid in the control of renal functid@yrr Opin
Nephrol Hypertens 10 (2001), 81-87.

K.M.Hoagland, A.K. Flasch and R.J. Roman, Inhibitors of 20-
HETE formation promote salt-sensitive hypertension in rats,
Hypertension 42 (2003), 669-673.

K. Takahashi, J. Capdevila, A. Karara, J.R. Falck, H.R. Ja-
cobson and K.F. Badr, Cytochrome P-450 arachidonate meta-

[24]

[25]

[26]

(28]

(30]

(31]

[32]

(33]

[36]

[37]

(38]

bolites in rat kidney: characterization and hemodynamic re-
sponsesAm J Physiol 258 (1990), 781-789.

L.A. Weiss, L. Pan, M. Abney and C. Ober, The sex-specific
genetic architecture of quantitative traits in humaet, Genet
38(2006), 218-222.

L.M. King, J. Ma, S. Srettabunjong, J. Graves, J.A. Bradbury,
L. Li et al., Cloning of CYP2J2 gene and identification of
functional polymorphismsMol Pharmacol 61 (2002), 840—
852.

L.M. King, J.V. Gainer, G.L. David, D. Dai, J.A. Goldstein,
N.J. Brownand D.C. Zeldin, Single nucleotide polymorphisms
in the CYP2J2 and CYP2C8 genes and the risk of hyperten-
sion, Pharmacogenet Genomics 15 (2005), 7-13.

L.R. Cardon and J.I. Bell, Association study designs for com-
plex diseasesyat Rev Genet 2 (2001), 91-99.

M. Alonso-Galicia, K.G. Maier, A.S. Greene, A.W. Cowley Jr
and R.J. Roman, Role of 20-hydroxyeicosatetraenoic acid in
the renal and vasoconstrictor actions of angiotensidri,J
Physiol Regul Integr Comp Physiol 283 (2002), 60—68.

M.R. Uddin, M.M. Muthalif, N.A. Karzoun, |.F. Bentner
and K.U. Malik, Cytochrome P-450 metabolites mediate
norepinephrine-induced mitogenic signaliftypertension 31
(1998), 242-247.

M. Spiecker, H. Darius, T. Hankeln, M. Soufi, A.M. Sattler,
J.R. Schaefer et al., Risk of coronary artery disease associat-
ed with polymorphism of the cytochrome P450 epoxygenase
CYP2J2Circulation 110 (2004), 2132-2136.

P.E. Scarborough, J. Ma, W. Qu and D.C. Zeldin, P450 sub-
family CYP2J and their role in the bioactivation of arachidon-
ic acid in extrahepatic tissueBrug Metab Rev 31 (1999),
205-234.

R.J. Roman, P-450 metabolites of arachidonic acid in the con-
trol of cardiovascular functiorPhysiol Rev 82 (2002), 131—
185.

S. Taddei, D. Versari, A. Cipriano, L. Ghiadoni, F. Galetta,
F. Franzoni et al., Identification of a cytochrome P450 2C9-
derived endothelium-derived hyperpolarizing factor in essen-
tial hypertensive patients,Am Coll Cardiol 48 (2006), 508—
515.

S. Wu, C.R. Moomaw, K.B. Tomer, J.R. Falck and D.C.
Zeldin, Molecular cloning and expression of CYP2J2, a hu-
man cytochrome P450 arachidonic acid epoxygenase highly
expressed in heard,Biol Chem 271 (1996), 3460—3468.

T. Katoh, K. Takahashi, J. Capdevila, A. Karara, J.R. Falck,
H.R. Jacobson and K.F. Badr, Glomerular stereospecific syn-
thesis and hemodynamic actions of 8,9-epoxyeicosatrienoic
acid in rat kidneyAmJ Physiol 261 (1991), 578-586.

W.B. Campbell and D.R. Harder, Endothelium-derived hy-
perpolarizing factors and vascular cytochrome P450 metabo-
lites of arachidonic acid in the regulation of tor@rc Res 84
(1999), 484-488.

W.L. Henrich, J.R. Falck and W.B. Campbell, Inhibition of
renin release by 14,15-epoxyeicosatrienoic acid in renal cor-
tical slices, Am J Physiol 258 (1990), 269-274.

X. Fang, T.L. Kaduce, N.L. Weintraub, S. Harmon, L.M.
Teesch, C. Morisseau et al., Pathways of epoxyeicosatrienoic
acid metabolism in endothelial cells. Implications for the vas-
cular effects of soluble epoxide hydrolase inhibitianBiol
Chem 276 (2001), 14867-14874.



