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Introduction
Essential hypertension (EH) is a complex multifactorial and 

polygenic disorder thought to result from an interaction between an 
individual's genetic makeup and different environments [1,2], which 
is a risk factor for other deadly diseases such as myocardial infarction 
and kidney failure [3-5]. It has been suggested that genetic variation 
may be a very important factor that could be responsible for 30% to 
60% of inter-individual blood pressure (BP) variations [6]. However, 
the identity and function of the contributing loci are largely unknown.   

CYP2J2, the single member of human cytochromes P450II J 
subfamily, is expressed at high levels in heart, predominantly in 
cardiac myocytes and endothelial cells of small and large coronary 
arteries and kidney [7]. It is responsible for not only the metabolism 
of xenobiotics but also a host of endogenous substance. In the 
human heart, CYP2J2 can mainly metabolize AA to biologically 
active epoxyeicosatrienoic acids (EETs), which play an important 
role in the regulation of cardiovascular inflammation [8], and possess 
potent vasodilatory, antiapoptotic properties in the cardiovascular 
system [9-11]. Common polymorphisms within CYP2J2 can result 
in the variation of EETs, which may determine susceptibility to the 
development of cardiovascular disease, such as hypertension [12] and 
coronary artery disease [9]. In animal model studies increased CYP2J2 
expression was found in the spontaneous hypertension rat (SHR), with 
two-fold higher levels of 14, 15-EET and 11, 12-EET when compared to 
normotensive Wistar-Kyoto rats (WKY) [13,14]. And human studies 
also suggest that variability of CYP2J2 gene plays a mechanistic role 
in the development of hypertension [12,15,16]. However, these studies 
on the cardiovascular risk associated with CYP2J2 polymorphisms 

have provided inconsistent results. The studies by Sheng-Nan Wu 
and Alexey V. Polonikova showed a polymorphism of the CYP2J2 
gene (rs890293) was associated with increased risk of EH [15,16]. By 
contrast, a decreased risk of EH was reported by Lorraine M. King 
in Caucasian males carrying CYP2J2 variant alleles (rs890293) [12]. 
There was a study suggesting no significant association between the 
polymorphism of CYP2J2 (rs890293) and EH [17]. Based on the above 
study background, we aimed to assess the association between the 
polymorphism of CYP2J2 and EH in a Han and Uygur Population of 
China.

Methods
Ethical approval of the study protocol

Written informed consent was obtained from all participants. All 
participants explicitly provided permission for DNA analyses as well 
as collection of relevant clinical data. This study was approved by the 
Ethics Committee of the First Affiliated Hospital of Xinjiang Medical 
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Abstract
Background: Human Cytochrome P450 2J2 (CYP2J2) is the major arachidonic acid epoxygenase, which can 

metabolizes arachidonic acid (AA) to biologically active epoxyeicosatrienoic acids (EETs). The EETs are potent 
endogenous vasodilators and inhibitors of vascular inflammation. Recently, many evidence from models and human 
studies suggests that variability of CYP2J2 gene plays a mechanistic role in the development of hypertension. The aim 
of the present study was to assess the association between the human CYP2J2 gene polymorphism and Essential 
Hypertension (EH) in a Han and Uygur population in China. 

Methods: We used two independent case-control studies: a Han population (302 EH patients and 300 control 
subjects) and a Uygur population (567 EH patients and 215 control subjects). All EH patients and controls were 
genotyped for the same three single nucleotide polymorphisms (SNPs) (rs890293, rs11572223 and rs2280275) of 
CYP2J2 gene by a Real-time PCR instrument. 

Results: In the Uygur population, the distribution of SNP3 (rs2280275) genotypes, alleles and the dominant model 
(CC vs CT + TT) showed a significant difference between EH and control participants (for genotype: P=0.007; for allele: 
P=0.001; for dominant model: P=0.002). The significant difference in dominant model was retained after adjustment for 
covariates (OR: 3.500, 95% confidence interval [CI]: 1.680-7.300, P=0.001). However, all the above differences were 
not shown in the Han population. 

Conclusions: The CC genotype of rs2280275 in CYP2J2 gene could be a risk genetic marker of EH and T allele 
may be a protective genetic marker of EH in Uygur population in China. 

Single Nucleotide Polymorphism of the CYP2J2 Gene is Associated with 
Essential Hypertension in Uygur Population in China
Qing Zhu, Ali Amjad, Zhenyan Fu*, Yitong Ma, Ding Huang, Xiang Xie and Fen Liu 

Department of Cardiovascular Medicine, First Affiliated Hospital of Xinjiang Medical University, Urumqi, China

Biochemistry & 
Analytical BiochemistryBi

oc
he

m
is

try
 & Analytical Biochem

istry

ISSN: 2161-1009



Citation: Zhu Q, Amjad A, Fu Z, Ma Y, Huang D, et al. (2015) Single Nucleotide Polymorphism of the CYP2J2 Gene is Associated with Essential 
Hypertension in Uygur Population in China. Biochem Anal Biochem 4: 159. doi: 10.4172/2161-1009.1000159

Volume 4 • Issue 1 • 1000159
Biochem Anal Biochem
ISSN: 2161-1009 Biochem, an open access journal 

Page 2 of 6

University (Urumqi, China). It was conducted according to the 
standards of the Declaration of Helsinki.

Subjects

The subjects were from a Han population and a Uygur population 
who lived in the Xinjiang Uygur Autonomous Region of China. We 
recruited randomly 302 Han patients and 567 Uygur patients with EH 
and 300 and 215 ethnically and geographically matched control groups 
in First Affiliated Hospital of Xinjiang Medical University from 2006 
to 2013. A total of 869 patients who consistently had systolic blood 
pressures (SBP) ≥140 mmHg and/or and diastolic blood pressures 
(DBP) ≥90 mmHg were diagnosed as being hypertensive [18].  And 
all EH subjects investigated in the present study had to have a family 
history of EH, with a family history of hypertension defined as a prior 
diagnosis of hypertension in the grandparents, parents, uncles, aunts, 
or siblings and exclude any subjects with secondary hypertension, such 
as primary aldosteronism or kidney disease. All 365 control groups had 
SBP<130 mmHg and DBP<80 mmHg simultaneously.

Blood collection and DNA extraction

Fasting Blood samples were drawn by venepuncture in the catheter-
room from all participants. The blood samples were drawn into a 5 
ml ethylene diamine tetraacetic acid (EDTA) tube and centrifuged 
at 4000×g for 5min to separate the plasma content. Genomic DNA 
was extracted from the peripheral leukocytes using standard phenol–
chloroform method. The DNA samples were stored at −80°C until use. 
While used, the DNA was diluted to 50 ng/µL concentration.

Genotyping

There are 701 SNPs for the human CYP2J2 gene listed in the 
National Center for Biotechnology Information SNP database (http://
www.ncbi.nlm.nih.gov/SNP). Using the Haploview 4.2 software and 
the HapMap phrase II database, we obtained three tag SNPs (rs890293, 
rs11572223 and rs2280275) by using minor allele frequency (MAF) 
≤0.1 and linkage disequilibrium patterns with r2 ≥0.5 as a cut off. 
The position of the SNP1, SNP2 and SNP3 (rs890293, rs11572223 
and rs2280275) was by order of increasing distance from the CYP2J2 
gene 5`end (Figure 1). SNP1 (rs890293) was observed in the proximal 
promoter region of the gene. The polymorphisms caused a loss of 
transcription factor binding site Sp1. Genotyping was undertaken 
using the TaqMan® SNP Genotyping Assay (Applied Bio systems). 
The primers and probes used in the TaqMan® SNP Genotyping Assays 
(ABI) were chosen based on information at the ABI website (http://
myscience.appliedbiosystems.com). Thermal cycling was done using 
the Applied Biosystems7900HT Standard Real-Time PCR System. 
Plates were read on Sequence Detection Systems (SDS) automation 
controller software v2.3 (ABI).PCR amplification was performed using 
3.0 μl of TaqMan Universal Master Mix, 0.15 μl probes and 1.85 dd 
H2O in a 6-μl final reaction volume containing 1 μl DNA.Thermal 
cycling conditions were as follows: 95°C for 5 min; 40 cycles of 95°C 
for 15s; and 60°C for 1 min. All 96 wells Plates were read on Sequence 
Detection Systems (SDS) automation controller software v2.3 (ABI).

Biochemical analysis

Serum concentrations of Total Cholesterol (TC), Triglyceride 
(TG), Glucose (Glu), High-Density Lipoprotein Cholesterol (HDL-C), 
Low-Density Lipoprotein Cholesterol (LDL-C), were measured 
using standard methods in the Central Laboratory of First Affiliated 
Hospital of Xinjiang Medical University.

Statistical analysis

All continuous variables (e.g. age, Body Mass Index: BMI, pulse, 
cholesterol levels) are presented as means ± standard deviation (S.D.). 
The difference between the EH and Control groups was analyzed using 
an independent-sample T-Test. The differences in the frequencies 
of smoking, Diabetes Mellitus (DM), and CYP2J2 genotypes were 
analyzed using χ2 test or Fisher’s exact test while appropriate. Hardy–
Weinberg equilibrium was assessed by χ2 analysis. Logistic regression 
analyses with effect ratios (odds ratio [OR] and 95% CI) were used to 
assess the contribution of the major risk factors. All statistical analyses 
were performed using SPSS 17.0 for Windows (SPSS Institute, Chicago, 
USA). P-values of less than 0.05 were considered to statistically 
significant.

Results
Table 1 shows the clinical characteristics of the study participants. 

For Han and Uygur population, there was no significant difference in 
age between EH patients and control subjects it means the study was age-
matched case-control study. In Han population, BMI was significantly 
higher for patients with EH than for control participants, and the rest 
of the indicators were no difference between EH patients and control 
subjects. In Uygur population, BMI, the plasma concentration of 
LDL-C and the prevalence of DM were significantly higher for patients 
with EH than for control participants. And the rest of the indicators 
were no difference between EH patients and control subjects.

Table 2 shows the distribution of genotypes and alleles of SNP1, 
SNP2 and SNP3 for the CYP2J2 gene. In the Uygur population, the 
distribution of SNP3 (rs2280275) genotypes, alleles and the dominant 
model (CC vs CT+TT) showed a significant difference between EH 
and control participants (for genotype: P=0.007; for allele: P=0.001; 
for dominant model: P=0.002). T allele of rs2280275 was significantly 
lower in EH patients than in control participants (14.50% vs 21.20%). 
The dominant model (CC vs CT+TT) of rs2280275 was significantly 
higher in EH patients than in control participants (74.60% vs 63.30%). 
However, all the above differences were not shown in the Han 
population. 

Table 3 shows that multiple logistic regression analyses were done 
with Glu, LDL-C, DM, and smoking because these variables were 
the major confounding factors for EH. The significant difference of 
rs2280275 was retained after adjustment for Glu, LDL-C, DM, and 
smoking in Uygur population (OR: 3.500, 95% confidence interval 
[CI]: 1.680-7.300, P=0.001). 

Discussion
Several CYP enzyme families have been identified in the heart, 

endothelium and smooth muscle of blood vessels. In humans, CYP2J2 
acts mainly converting arachidonic acid to EETs, and EETs have been 
proposed to regulate vascular tone and fluid-electrolyte transport 
in cardiovascular and renal tissues, suggesting a crucial role of 
epoxygenase-derived eicosanoids in blood pressure regulation [19,20]. 
To demonstrate the involvement of these CYP2J2-derived eicosanoids 
in the pathogenesis of EH, a number of literature data were summarized 
in Figure 2. 1) In the vascular cells, EETs activate Ca2+-dependent K+-
channels and Na- K-ATPase resulting to the hyperpolarization of cell 
membranes and vasorelaxation [21]. 2) EETs increase intracellular 
Ca2+ concentration in endothelial cells stimulating the formation 
and release of nitric oxide, prostaglandins (PGI, PGE2, and PGF2α), 
thromboxane and other vasoactive substances [22]. 3) In the kidney, 
EETs are important regulators of glomerular filtration by activating 
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Han   Uygur
EH  patients Control subjects p Value EH patients Control subjects p Value

Number (n) 302 300 567 215
Age (years) 57.97 ± 9.87 56.26 ± 10.43 0.159 53.33 ± 8.97 54.74 ± 8.41 0.74
BMI (kg/m2) 26.42 ± 3.20 25.09 ± 3.21 0.001* 30.98 ± 6.61 26.99 ± 3.59 0.0001*

Pulse (beats/min) 73.62 ± 10.10 73.47 ± 9.69 0.897 77.47 ± 10.21 74.71 ± 10.06 0.102
Glu (mmol/L) 5.63 ± 1.55 5.47 ± 1.49 0.365 5.30 ± 1.48 5.31 ± 1.04 0.932
TG (mmol/L) 1.88 ± 1.19 1.83 ± 1.35 0.770 1.71 ± 1.02 1.78 ± 1.00 0.37
TC (mmol/L) 4.41 ± 0.96 4.25 ± 0.95 0.164 4.06 ± 0.97 4.12 ± 1.15 0.421

HDL (mmol/L) 1.17 ± 0.29 1.13 ± 0.34 0.175 1.01 ± 0.22 1.02 ± 0.45 0.542
LDL (mmol/L) 2.44 ± 0.86 2.40 ± 0.82 0.777 2.69 ± 0.85 2.48 ± 0.87 0.003*

DM (%) 14.6 11.3 0.493 81.89 20.5 0.0001*

Smoke (%) 39.7 43.3 0.560 56.9 50.3 0.182

Table 1: The clinical characteristics of the study participants.

Han Uygur
HP Control P value CAD Control P value

rs890293
(SNP1)

Genotype

Dominant 
Model

G/G 276 91.40% 284 94.70%
0.366 

143 92.30% 235 87.40%
0.254 G/T 26 8.60% 16 5.30% 12 7.70% 33 12.30%

T/T 0 0 0 0 0 0.00% 1 0.40%
GG 276 91.40% 284 94.70%

0.366 
143 92.30% 235 87.40%

0.145 
GT+TT 26 8.60% 16 5.30% 12 7.70% 34 12.60%

Recessive 
model

TT 0 0 0 0
---

0 0.00% 1 0.40%
1.000 

GT+GG 302 100% 300 100% 155 100.00% 268 99.60%

Allele
G 578 95.70% 584 97.30%

0.375 
298 96.10% 503 93.50%

0.106 
T 26 4.30% 16 2.70% 12 3.90% 35 6.50%

rs11572223
(SNP2)

Genotype

Dominant 
model

C/C 168 55.60% 160 53.30%
0.213 

341 75.90% 125 82.20%
0.125 C/T 104 34.40% 124 41.30% 95 21.20% 21 13.80%

T/T 30 9.90% 8 5.30% 13 2.90% 6 3.90%
CC 168 55.60% 160 53.30%

0.729 
341 75.90% 125 82.20%

0.116 
CT+TT 134 44.40% 140 46.70% 108 24.10% 27 17.80%

recessive 
model

TT 30 9.90% 16 5.30%
0.192 

13 2.90% 6 3.90%
0.591 

CT+CC 272 90.10% 284 94.70% 436 97.10% 146 96.10%

Allele
C 440 72.80% 444 74.00%

0.782 
777 86.50% 271 89.10%

0.237 
T 164 27.20% 156 26.00% 121 13.50% 33 10.90%

rs2280275
(SNP3)

Genotype

Dominant 
model

C/C 234 77.50% 240 80.00%
0.822 

423 74.60% 136 63.30%
0.007*C/T 62 20.50% 56 18.70% 124 21.90% 67 31.20%

T/T 6 2.00% 4 1.30% 20 3.50% 12 5.60%
CC 234 77.50% 240 80.00%

0.673 
423 74.60% 136 63.30%

0.002*

CT+TT 68 22.50% 60 20.00% 144 25.40% 79 36.70%

Recessive 
model

TT 6 2.00% 4 1.30%
1.000 

20 3.50% 12 5.60%
0.225 

CT+CC 296 98.00% 296 98.70% 547 96.50% 203 94.40%

Allele
C 530 87.70% 536 89.30%

0.609 
970 85.50% 339 78.80%

0.001*

T 74 2.30% 64 10.70% 164 14.50% 91 21.20%

Table 2: Genotype and allele distributions in patients with CAD and control subjects.

OR 95%CI P 
Dominant model(CC vs CT +TT) 3.500 1.68-7.30 0.001*

age 1.011 0.972-1.053 0.584 
BMI 1.097 1.011-1.190 0.026 
Glu 1.057 0.834-1.340 0.214 
TG 1.121 0.719-1.748 0.614 
TC 0.722 0.360-1.448 0.359 

HDL-C 0.624 0.238-1.633 0.336 
LDL-C 1.522 0.665-3.482 0.320 

DM 27.037 12.372-59.085 0.0001*
Smoking 0.732 0.354-1.515 0.401 

Table 3: Multiple logistic regression analysis for CAD patients and control subjects of Uygur population.
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Figure 1: Structure of the human CYP2J2 gene. This gene consists of 9 exons separated by 8 introns. Boxes indicate exons, and lines indicate introns 
and intergenic regions. Filled boxes indicate coding regions. Arrows mark the locations of polymorphisms.
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Figure 2: Schematic of EET interactions with cardiovascularion channels. 

Na+/H+ exchanger and mediate pressure natriuresis and long-term 
control of blood pressure [23,24]. 4)  EETs inhabit inflammation 
responses by decreasing the cytokine-induced endothelial expression 
of vascular cell adhesion molecule-1 (VCAM-1) and to decrease 
leukocytes adhesion to the vascular wall by inhibiting nuclear factor 
κB (NF-κB) and IκB kinase [25]; 5) EETs have antithrombotic effects 
by inhibiting platelet adhesion to endothelial cells, inhibiting platelet 
aggregation, and enhancing the expression and activity of tissue 
plasminogen activator [26]; 6) EETs have been suggested to increase 

the proliferation of various cell types, including vascular smooth 
muscle cells and endothelial cells demonstrating a potential role of 
cytochrome P450 eicosanoids to promote vascular remodeling [27]. 
Recent studies suggest that human CYP2J2 gene is highly polymorphic 
[28], and it has been proposed that genetic polymorphisms within the 
gene might contribute to expression and/or activity of the enzyme 
and affect the metabolism of arachidonic acid, resulting in an altered 
synthesis of EETs. In this study, we hypothesized that variability in 
the gene might affect the risk of EH. We genotyped three SNPs of the 
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gene in a Han population and a Uygur population, and assessed the 
association between the polymorphism of CYP2J2 gene and EH using 
case-control analyses.

In our case-control study, we found a significant difference in the 
genotype frequency of rs2280275, an intronic polymorphism, between 
hypertensive group and control group in the Uygur population. In 
particular, we observed that being a CC homozygote for rs2280275 
was a risk factor for EH in Uygur population. Although rs2280275 
is an intronic polymorphism, it is unlikely to cause direct changes of 
amino acids. Owing to its location close to the splice site of exon2 of 
CYP2J2, it may be a promising candidate variant that could change the 
dimensional structure of DNA, influencing splicing and transcription. 
Splicing variants have been described as potential factors for inducing 
variable gene expression. Two good examples of this is the intronic 
polymorphism CYP3A5∗3 and rs1155002 of CYP2J2 that activate 
alternative splicing and lead to the most frequent defect of CYP3A5 
expression and overexpression of CYP2J2 [15,29]. 

However, in the Han population, there was no difference in the 
genotype and allele frequency of rs2280275 between hypertensive 
group and control group. This difference between Uygur population 
and Han population was not only the racial differences and genetic 
differences, but also the different life style of the two populations. 
Uygurs diet was with more red meat, dairy and pasta, fewer fruits and 
vegetables, and showing the diets features of high-fat, high-protein, 
high-salt and high-glucose. In addition, Uygur population comparing 
to Han population has a different life style with smoking, sedentary 
life style, low socio economic and literacy status and stressful life 
style. Studies have shown that Uygurs were more likely to suffer from 
coronary heart disease, diabetes and hypertension. As expected, the 
Uygur patients have significant higher rate of DM and smoking which 
was not observed in the Han patients in our study (Table 1).  Diabetes 
and smoking both are the risk factors for hypertension. This may cause 
the differences between the two populations.

Though SNP1 (rs890293) was observed in the proximal promoter 
region of the CYP2J2 gene, and the polymorphisms caused a loss of 
transcription factor binding site Sp1, resulting in the synthesis of 
EETs was reduced. The studies about the association between CYP2J2 
polymorphisms (rs890293) and the cardiovascular risk have provided 
inconsistent results. The study by Wu Shengnan et al. showed a 
functionally relevant polymorphism of the CYP2J2 gene (rs890293) was 
associated with an increased risk of Essential hypertension [15]. This 
result was supported by Polonikova AV et al. the study of showing the 
polymorphism of CYP2J2 (rs890293) was an important risk factor for 
the development of EH in Chinese [16]. In addition, a decreased risk of 
EH was reported by King Lorraine et al. in Caucasians males carrying 
CYP2J2 variant alleles (rs890293), but no significant association 
was observed in African-Americans [12]. Our study was consistent 
with the study of Dreisbach [17]. showing no significant association 
between the polymorphism of CYP2J2 (rs890293) and EH. These 
reasons to explain some differences might include: 1) a difference in 
the genetic backgrounds between populations studied; 2) confounding 
by population stratification within ethnically heterogeneous; 3) chance 
or artifact, and possibly 4) due to yet unspecified environmental or 
genetic factors in populations studied. For the SNP2 (rs11572223), 
our result showed that the genotype and allele distributions were not 
different between the EH patients and control subjects.

Conclusion
In conclusion, we found that rs2280275 may be a novel 

polymorphism of the CYP2J2 gene associated with EH in Uygur 
population in China. The CC genotype of rs2280275 in CYP2J2 gene 
could be a risk genetic marker of EH and T allele may be a protective 
genetic marker of EH in Uygur population in China. Certainly it needs 
a large number of clinical samples to study further in China. 
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