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Abstract

Objective: Epidemiological studies have shown that E-selectin gene polymorphisms (A561C and C1839T) may be associated
with essential hypertension (EH), but the results are conflicting in different ethnic populations. Thus, we performed this
meta-analysis to investigate a more authentic association between E-selectin gene polymorphisms and the risk of EH.

Methods: We searched the relevant studies for the present meta-analysis from the following electronic databases: PubMed,
Embase, Cochrane Library, Google Scholar, Web of Science, Wanfang Data, and China National Knowledge Infrastructure
(CNKI). Odds ratios (OR) with 95% confidence interval (Cl) were used to evaluate the strength of the association between E-
selectin gene polymorphisms and EH susceptibility. The pooled ORs were performed for dominant model, allelic model and
recessive model. The publication bias was examined by Begg’s funnel plots and Egger’s test.

Results: A total of eleven studies met the inclusion criteria. All studies came from Asians. Ten studies (12 cohorts) evaluated
the A561C polymorphism and EH risk, including 2,813 cases and 2,817 controls. The pooled OR was 2.280 (95%Cl: 1.893—
2.748, P<0.001) in dominant model, 5.284 (95%Cl: 2.679-10.420, P<<0.001) in recessive model and 2.359 (95%Cl: 1.981-
2.808, P=0.001) in allelic model. Four studies (six cohorts) evaluated C1839T polymorphism and EH risk, including 1,700
cases and 1,681 controls. The pooled OR was 0.785 (95%Cl: 0.627-0.983, P =0.035) in dominant model, 1.250 (95%Cl: 0.336—
4.652, P=0.739) in recessive model and 0.805 (95%Cl: 0.649-0.999, P=0.049) in allelic model.

Conclusion: The current meta-analysis concludes that the C allele of E-selectin A561C gene polymorphism might increase
the EH risk in Asian population, whereas the T allele of E-selectin C1839T gene polymorphism might decrease the EH risk.

Analysis. PLoS ONE 9(7): €102058. doi:10.1371/journal.pone.0102058

Received March 11, 2014; Accepted June 13, 2014; Published July 8, 2014

Funding: The authors have no support or funding to report.

* Email: cgj982@126.com

Citation: Cai G, Zhang B, Weng W, Shi G, Xue S, et al. (2014) E-Selectin Gene Polymorphisms and Essential Hypertension in Asian Population: An Updated Meta-

Editor: Joseph Devaney, Children’s National Medical Center, Washington, United States of America

Copyright: © 2014 Cai et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. Within the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Essential hypertension (EH) is a complex multifactorial disease
caused by genetic and environmental factors [1,2] Epidemiological
data shows that there are about one billion EH patients in the
world. At present, EH is becoming the major risk factor increasing
the mortality and the morbidity of coronary heart disease (CHD),
1schemic stroke (IS), chronic heart failure and chronic renal failure.
Similar as CHD and some type of IS, EH is characterized by
chronic inflammation. The inflammation plays an important role
in the pathogenesis and the maintenance of EH, which has
received increased attention in the past few years. At the same
time, a growing body of evidence indicates that oxidative stress is
involved in the pathophysiological mechanism and development of
hypertension [3]. The levels of oxidative stress markers are
significantly higher in hypertensive patients.

E-selectin, a cell-surface single chain glycoprotein, was firstly
identified in 1985. It is a member of adhesion molecule, also
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known as endothelial leukocyte adhesion molecule-1(ELAM-1),
CD62 antigen-like family member E (CD62E) and SELE. E-
selectin is expressed only by activated endothelial cells, and is
different from other selectins. The concentration of E-selectin is
very low in resting endothelial cells. When vascular endothelial
cells are stimulated by inflammatory factors, the expression of E-
selectin is greatly increased. Previous researches have revealed that
the level of E-selectin is significantly higher in EH group than in
controls [4] and is positively associated with diastolic blood
pressure values in children with Type 1 diabetes mellitus (T1DM)
[5]. High blood pressure may activate and damage the endothelial
cells, which results in the increase of E-selectin. Subsequently, the
adhesion and aggregation between leukocytes and endothelial cells
increased which can change the structure and function of
microcirculation. These changes in microcirculation may promote
the increase of blood pressure. In addition, E-selectin also has a
pro-angiogenesis effect itself.
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The gene encoding E-selectin is located in human chromosome
1q22-q25 and contains 14 exons spanning about 13 kilobases of
the human genome. Several E-selectin gene polymorphisms have
been identified recently. In 1994, Wenzel ez al. [6] firstly identified
the E-selectin A561C gene polymorphism, which exists in exon 4
of the gene. This variation in the EGF domain may be relevant to
ligand binding. The polymorphism of C1839T also exists in the
exon of the gene, which may play an important role in the correct
membrane anchoring of the protein. Studies have shown that E-
selectin A561C and C1839T polymorphisms might be associated
with inflammation related diseases, such as severe atherosclerosis,
CHD and some type of IS [7,8]. To date, a number of
epidemiological studies were performed to explore the relation-
ships between E-selectin A561C and/or C1839T polymorphisms
and risk of EH, but the results were conflicting in different ethnic
populations [9-19]. Several studies concluded that these polymor-
phisms might increase the susceptibility to EH [10-13,15,20]. But
other studies found the controversial conclusion [9,19]. In
addition, the relatively small sample size in each study is relatively
small. Thus, we performed this meta-analysis, including eleven
studies and aimed to derive a more precise association of the E-
selectin gene polymorphisms (A561C and C1839T) and risk of
EH.

Methods

Studies selection

We searched the relevant studies for the present meta-analysis
(last search was updated on January 1, 2014) from the following
electronic databases: PubMed, Embase, Cochrane Library,
Google Scholar, Web of Science, Wanfang Data (http://www.
wanfangdata.com.cn), and China National Knowledge Infrastruc-
ture (CNKI). The following search terms were used in the
electronic searches: “E-selectin or endothelial leukocyte adhesion
molecule-1 or ELAM-1, or CD62 antigen-like family member E or
CD62E” and “variant or mutation or gene or polymorphism” and
“essential hypertension”. We also checked the references of
relevant studies to minimize the omissions.

Studies included in this meta-analysis must meet all the
following criteria: (a) case-control study evaluating the relationship
between E-selectin polymorphism and EH; (b) having the clear
original data of genotypic and/or allelic frequencies; (c) papers
must be written in either Chinese or English; (d) no restriction on
the sample size; (e) hypertension was defined as systolic blood
pressure =140 mmHg and/or diastolic blood pressure =
90 mmHg or treatment with antihypertensive medication, and
only essential hypertension was included (secondary hypertension
excluded). If we were able to obtain several similar data from one
research center, we retained the most comprehensive study.

Data extraction

A standard protocol was used to record the original data. All
relevant studies were read carefully by two investigators (Cai and
Zhang) and the original data were extracted independently. If
there was any doubtful point, the disagreement was resolved by
discussion between the two authors. The characteristics of each
study were extracted, including the name of the first author, year
of publication, average age, gender, region, ethnicity, numbers of
cases and controls, numbers of genotypes in cases and controls,
diagnostic criteria of EH and the genotyping methods. If the study
did not offer the original data which we need, we tried our best to
contact the correspondent author by telephone or E-mail.

For C1839T polymorphism, the T allele was found to have a
significantly protective effect against EH risk. The pooled OR was
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0.785 (95%CI: 0.627-0.983, P=0.035) in dominant model and
0.805 (95%CI: 0.649-0.999, P=10.049) in allelic model (Fig. 3).
When the studies were stratified by ethnicity, genotyping methods
and total sample size, the positive results only existed in the
Tagman-PCR subgroup. The pooled OR was 0.747 (95%CI:
0.577-0.967, P=0.027) in dominant model and 0.769 (95%CI:
0.599-0.986, P=0.038) in allelic model.

Data analysis

Hardy-Weinberg equilibrium (HWE) for the E-selectin geno-
type distributions of control groups was determined by the Fisher’s
exact test. Pooled odds ratios (OR) with 95% confidence interval
(CI) were used to evaluate the strength of association between the
E-selectin gene polymorphisms and the EH susceptibility. We
calculated the pooled ORs by dominant model (for A561C: CGC+
CA versus AA; for C1839T: TT+CT versus CC), allelic model (for
A561C: C versus A; for C1839T: C versus T) and recessive model
(for A561C: CC versus CA+AA; for C1839T: TT versus C'T+CC).
The subgroup analyses were carried out by ethnicity (Han or
others), total sample size (less than 600 or more than 600) and
genotyping methods (PCR-RFLP or Tagman PCR). The Q-test
and P statistics were used to assess the heterogeneity among
studies. The fixed effect model (the Mantel-Haenszel method) was
adopted to calculate the pooled results if the heterogeneity was not
significant  (17<50%, P>0.10). Otherwise, the random-effect
model (the Dersimonian-Laird method) was applied [21]. The
analysis of influence was checked by one-way sensitivity analysis
and also by calculating the results again when omitting study
deviating from HWE. The potential publication bias between
studies was established by Begg’s funnel plots. Egger’s test on the
natural logarithm scale of the OR was used to examine the funnel
plots asymmetry.

All statistical analyses were performed by using STATA
software version 12.0 for Windows (StataCorp LP, College
Station, Texas 77845 USA). A P value <0.05 (two-sided) was
considered statistically significant.

Results

Characteristics of studies

Through the literature search, 72 eligible papers were identified,
of which 61 papers were excluded. Of the 61 excluded studies,
three papers were reviews, two papers were meta-analysis, four
studies repeated prior researches, three studies lacked of reported
data and failed to obtain relevant information, 49 studies were
unrelated to the E-selectin A561C or C1839T gene polymor-
phisms and EH. The flow diagram of articles selection process is
listed in Fig. 1. A total of eleven studies met the inclusion criteria.
Because one article [16] contained three ethnic groups (Han,
Uygur and Kazak) with three independent results, we analyzed it
as three separated cohorts for each polymorphism. Ten studies
(twelve cohorts) evaluated A561C polymorphism and EH risk,
including 2,813 cases and 2,817 controls. The C allelic frequency
ranged from 1.12% to 8.28%. Four studies (six cohorts) evaluated
C1839T polymorphism and EH risk, including 1,700 cases and
1,681 controls. The T allelic frequency ranged from 3.36% to
13.16%. All studies came from Asians. One study was conducted
in Asian Indian populations and others were conducted in Chinese
populations. The ethnicities included Han, Hani, Uygur, Kazak
and Indian. Two genotyping methods were used, including
polymerase chain reaction-restriction fragment length polymor-
phism (PCR-RFCA) and Tagman PCR. Age was matched in all of
studies. The diagnostic criteria of EH was appropriated in all of
these studies. The genotype distribution in one study deviated
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Figure 1. Flow diagram of articles selection process for E-selectin gene polymorphisms and EH risk meta-analysis.

doi:10.1371/journal.pone.0102058.g001

from HWE [11]. The main characteristics of studies are shown in
Table 1.

Quantitative synthesis

The main results of the meta-analyses are listed in Table 2.
Because each individual polymorphism lacked of heterogeneity,
we adopted the fixed effect model to calculate the pooled ORs.
Overall, the E-selectin gene polymorphisms were significantly
associated with EH susceptibility. For A561C polymorphism, the
pooled OR was 2.280 (95%CIL: 1.893-2.748, P<0.001) in
dominant model, 5.284 (95%CI: 2.679-10.420, P<0.001) in
recessive model and 2.359 (95%CI: 1.981-2.808, P=0.001) in
allelic model. The E-selectin A561C polymorphism significantly
increased the EH susceptibility (Fig. 2). When the studies were
stratified by ethnicity, genotyping methods and total sample size,
the positive results existed in all of these stratified subgroups except
less than 600 subgroup and PCR-RFLP subgroup in recessive

group.

An analysis of influence

We performed the sensitivity analysis by calculating pooled ORs
again when omitting one study at a time. For each polymorphism,
the results didn’t show any significant difference when any study
was omitted. This indicated that each single study didn’t influence
the stability of the entire study. Fig. 4. shows the sensitivity
analysis in dominant model in overall population. For A561C
polymorphism, the sensitivity analysis was also performed by
deleting the study deviated from the HWE, and the pooled OR
did not change significantly, which also indicated that our results
were statistically reliable.

PLOS ONE | www.plosone.org

Publication bias evaluation

Both Begg’s funnel plot and Egger’s test were performed to
evaluate the publication bias of the literatures. Fig. 5. displays the
funnel plots which examined the A561C and C1839T polymor-
phisms and the overall EH risk included in this meta-analysis. For
A561C, the effect size was asymmetrically distributed with
publication bias visually present, which was confirmed by Egger’s
test (P=0.034 for allelic model). Whereas, no significant publica-
tion bias was found in the dominant model (P=0.054) and in
recessive model (P=0.974). For C1839T, there was no significant
publication bias according to the visual assessment of funnel plot
and Egger’s test (P=0.108 for dominant model, 0.126 for allelic
model, 0.768 for recessive model).

Discussion

To our knowledge, the current meta-analysis was the first study
to investigate the relationship between E-selectin gene polymor-
phisms and EH risk. Our study suggests that E-selectin gene
A561C and C1839T polymorphisms might be associated with EH
risk.

CHD and some type of IS are both characterized by chronic
inflammation. EH also has a close association with inflammation.
Studies show that several genetic polymorphisms are related to EH
and genetic factors maybe account for 30% to 50% of the causes
of the variation in blood pressure [1].

In 2011, Sun et al. [22] performed a meta-analysis to explore the
relationship between E-selectin polymorphism and IS. They found
that E-selectin A561C polymorphism was significantly associated
with IS susceptibility and that both the AC+CC genotype and the
C allele may be associated with IS susceptibility. In 2013, Wang
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Figure 2. Forest plot of E-selection gene A561C polymorphism and EH risk. A: dominant genetic model (AC CC vs. AA); B: allelic genetic

model (C vs. A).
doi:10.1371/journal.pone.0102058.g002

et al. [23] also carried out a meta-analysis to investigate the
relationship between E-selectin A561C polymorphism and the
disease. A total of 22 papers were included in their study and they
found E-selectin A561C polymorphism was significantly associated
with CHD.

In 2012, Srivastava et al. [15] evaluated the relationship between
E-selectin gene A561C polymorphism and the EH risk in Asian
Indians. They found that individuals with C allele increased the
risk to develop EH by 2.8 times at 95% CI after age and sex were
adjusted. Chen et al. [11] explored the relationships between E-
selectin A561C polymorphism and EH and ambulatory blood
pressure in Chinese population. They concluded that patients with
AC-CC genotype and C allele had higher diastolic blood pressure
and mean arterial pressure. The risk of EH for people carrying
allele C was 2.197 times of that of allele A carriers. At the same
time, they also found that AC-CC genotype carriers compared
with the AA genotype carriers have a greater body mass index
(BMI), higher fasting blood glucose (FBG). Results suggested that
E-selectin A561C polymorphism may be associated with insulin
resistance and hyperinsulinemia. Song et al. [12] also found the risk
of hypertension in AC-CC genotype carriers was 3.55 times of the
risk in carriers of AA genotype and hypertensive patients with AA-
AC genotype were prone to left ventricular hypertrophy.

Compared with A561C polymorphism, the number of study
about the connection between E-selectin C1839T polymorphism
and EH was relatively small. In 2004, Marteaua et al. [20] studied
the relationship between C1839T polymorphism and longitudinal
blood pressure changes in a Stanislas cohort. They concluded that
no association was found between C1839T polymorphism and
blood pressure at the beginning of study. But 5 years later, there
was a great increase in both systolic and diastolic blood pressure in

PLOS ONE | www.plosone.org

the subjects who carry the T allele and have a BMI greater than
25 kg/m?.

By contrast, Li e/ al. [9] found there was no statistical
significance between E-selectin A561C polymorphism and EH in
Chinese Hani population. At the same time, they found there was
a negative relationship between E-selectin C1839T polymorphism
and EH, but the result was not statistical significant [19]. In
Xinjiang area, Wang e al. [16] investigated the relationship
between E-selectin gene polymorphisms and EH in Han, Kazakh
and Uygur populations. They also found there was no significant
association between C1839T polymorphism and EH risk in these
populations.

A total of 11 studies included in our meta-analysis. Ten studies
(twelve cohorts) evaluated A561C polymorphism polymorphism
and EH risk. The C allele of E-selectin A561C gene might increase
the EH risk in Asian population (ORs=2.280, 95%CI: 1.893—
2.748, P<0.001, in dominant model). For C1839T polymorphism,
the present meta-analysis suggested that the T allele of E-selectin
C1839T gene polymorphism might decrease the EH risk
(ORs=0.785, 95%CI: 0.627-0.983, P=0.035, in dominant
model).

Some limitations still exist in the current research. Firstly, there
was inadequate large-scale research on the relationship between
EH and E-selectin gene polymorphisms (A561C and C1839T).
The total sample size of each study was less 1000. Especially, the
number of studies on C1839T polymorphism and EH was only 4
(6 cohorts). Secondly, E-selectin was affected not only by the E-
selectin gene polymorphisms but also by environmental factors, for
example inflammation. Thirdly, all the studies were conducted in
Asian populations (most of them were Chinese population).
Studies from other continents should be performed in the future.
Most importantly, publication bias existed in the current meta-
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Figure 3. Forest plot of E-selection gene C1839T polymorphism and EH risk. A: dominant genetic model (CT TT vs. CC); B: allelic genetic
model (T vs. Q).
doi:10.1371/journal.pone.0102058.g003
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Figure 4. Analysis of influence of individual study on the pooled estimate in dominant model in overall population. A: A561C
(AC CC vs. AA); B: C1839T (CT TT vs. CQ).
doi:10.1371/journal.pone.0102058.9g004
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Figure 5. Funnel plot for studies of the association between E-selection gene polymorphisms and EH. A: A561C (AC CC vs. AA); B:

A561C (C vs. A); C: C1839T (CT TT vs. CC); D: C1839T (T vs. C).
doi:10.1371/journal.pone.0102058.g005

analysis (for EL. A561C gene polymorphism). For example, studies
may not have been published, if they failed to demonstrate an
association between E-selectin A561C gene polymorphism and
EH risk. The publication bias could cause the false positive results.
In addition, our study only focused on papers published in the
English or Chinese, and therefore some eligible studies written in
other languages were not included.

Despite the limitations, the current meta-analysis concluded
that the C allele of E-selectin A561C gene polymorphism might
increase the EH risk in Asian populations, whereas T allele of E-
selectin C1839T gene polymorphism might decrease the EH risk.
Given the above limitations, further studies should be performed
to clarify the association between the E-selectin gene polymor-
phisms and EH through multicenter, large-scale, and multi-ethnic
studies in the future.
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