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SYSTEMATIC REVIEW AND META-ANALYSIS

Relationship of SELE A561C and G98T Variants With the
Susceptibility to CAD

Bihong Liao, MD, Keqi Chen, MD, Wei Xiong, MD, Ruimian Chen, MD, Aihuan Mai, MD,
Zhenglei Xu, MD, and Shaohong Dong, MD

Abstract: Published genetic association studies have produced con-
troversial results regarding the association of SELE gene polymorph-
isms (A516C and G98T) and CAD susceptibility. We therefore chose to
perform a meta-analysis to determine the association.

Twenty-seven eligible articles were identified through electronic
databases, providing 5170 CAD cases and 4996 controls. Fixed-effects
or random-effects summary ORs were calculated to estimate the risk of
CAD in relation to A516C and G98T. Forest plots and funnel plots were
constructed by Stata software 12.0.

A strong association was observed between A516C and susceptibility
of CAD among 4757 cases and 4272 controls. The summary OR was
greatest in individuals carrying the CC genotype (OR=1.91, 95% CI,
1.12-3.25). A significantly increased risk was indicated in both Cauca-
sians and Asians. The analyses by disease type showed a significant
increase in the risk of AP and MI. We also noted a strong association in
population-based studies. In the analyses of G98T, data were available for
1422 cases and 1625 controls. We saw a markedly increased risk of CAD
associated with G98T. The highest risk was indicated in individuals with
the TT genotype (OR =2.82, 95% CI, 1.15-6.89). A similar trend was
seen in Asians and population-based studies.

These findings provide consistent evidence that AS16C and G98T
polymorphisms of the SELE gene may be associated with increased
susceptibility of CAD.

(Medicine 95(8):e1255)

Abbreviations: ACS = acute coronary syndromes, AP = angina
pectoris, CAD = coronary artery disease, CHD = coronary heart
disease, CI = confidence intervals, CNKI = China National
Knowledge Infrastructure, MI = myocardial infarction, OR =
odds ratios, SELE = E-selectin.

INTRODUCTION
C oronary artery disease (CAD) has become one of the major
causes of death worldwide." CAD is a group of diseases
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including myocardial infarction (MI), angina pectoris (AP), and
sudden coronary death. Despite the significantly declined global
mortality, the occurrence rate remains especially high in devel-
oped countries.> CAD is a multifactorial disease. Multiple
traditional risk factors have been identified, but they can only
explain a small fraction of reported cases.®'° Thus, there must be
other causes. Recently, much attention has been given to the
hypothesis that CAD is a consequence of the inheritance of hi%h-
or low-penetrance genes involved in inflammation processes.' "2

The selectins are a class of cell adhesion molecules
involved in chronic and acute inflammation processes. These
single-chain transmembrane glycoproteins are expressed on
endothelial cells after stimulation by inflammatory cytokines.
The expression profile of selectins on the vascular wall is a
determinant for the adhesion of pathological cells to endo-
thelium, as the presence of endothelial selectins facilitates
the adhesion. Accumulative data have implicated a linkage
between selectins and the occurrence of CAD.'? !°

E-selectin (SELE) is expressed on activated endothelial
cells and plays a key role in the binding of circulating lympho-
cytes and monocytes to endothelial cells. The SELE gene is
located at chromosome 1q22-q25 and contains 14 exons.
Genetic polymorphisms at the SELE locus may upregulate
the gene expression levels, and thus influence the biological
functions of their protein.'® There is a A to C single nucleotide
change at position 561 (A561C, rs5361). The common poly-
morphism lies in the epidermal growth factor-like domain of
the SELE gene and results in arginine to serine (Ser128Arg)
amino acid substitution at codon 128. Another polymorphism
is a G to T nucleotide change in the 5’-untranslated region
(G98T, rs1805193). Several lines of evidence have demon-
strated significantly higher plasma SELE levels attributable to
A561C and G98T polymorphisms.**> However, previous
studies differ widely in their conclusions on the association
between the SELE gene polymorphisms and CAD risk. In order
to better define the association, we performed a meta-analysis
incorporating 27 articles with 5170 CAD cases and 4996
controls.

METHODS

Search Strategy

Electronic databases of PubMed, ISI Web of Science,
China Wanfang Database, and China National Knowledge
Infrastructure (CNKI) were searched to seek all potentially
relevant records written in English or Chinese language. We
combined the following keywords:SELE, polymorphism and
coronary artery disease, and their synonyms (E-selectin, rs5361,
rs1805193, genetic variant, mutation, CAD; acute coronary
syndromes, ACS; coronary heart disease,CHD; myocardial
infarction, MI). Additional usable records were identified by
scanning the reference lists of related original articles, narrative
reviews, and meta-analyses. This study was approved by the
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ethic committee of Second Clinical Medical College of Jinan
University, Shenzhen People’s Hospital.

Inclusion and Exclusion Criteria

Eligible studies were selected based on the predefined
criteria. If several papers were conducted on the same CAD
patients, the largest paper with complete data was considered
eligible for inclusion.

Inclusion Criteria

(1) Had a case-control/cohort design;

(2) Evaluated the hypothesis that there was an association
between SELE polymorphisms and CAD susceptibility;

(3) Provided sufficient data to estimate odds ratios (ORs) with
95% confidence intervals (95% Cls);

(4) Included human subjects.

Exclusion criteria

(1) Published as an abstract or related forms of summary;
(2) Reported too limited data to calculate the ORs;

(3) Only patients were included;

(4) Review articles and meta-analyses.

Data Extraction

For the studies finally included in the meta-analysis, data
on the following items were extracted by 2 independent
reviewers: study design, total cases, and controls, first author,
publication year, location of study, ethnicity, source of controls,
disease type, diagnosis of cases, genotype numbers, and
methods applied to determine the genotypes of A561C and
GI98T polymorphisms. Discrepancies were resolved through
discussion including a third reviewer.

Statistical Analysis

Statistical data were done using Stata software (v. 12.0;
StataCorp LP, College Station, TX). Summary ORs were cal-
culated to estimate the strength of association between CAD
risk and SELE polymorphisms. Inter-study heterogeneity was
detected with the x*-based Q test, and P value less than 0.05
represented presence of heterogeneity. We calculated random-
effects summary ORs using the DerSimonian and Laird method
when the Q test indicated significant heterogeneity (P < 0.05);
otherwise, we estimated fixed-effects summary ORs using the
Mantel—Haenszel method. Hardy—Weinberg equilibrium devi-
ation was evaluated by Fisher exact test among controls. Begg’s
funnel plot and Egger’s linear regression test were performed to
evaluate publication bias.'”'® Subgroup analyses were con-
ducted by several characteristics (ethnicity, disease type, and
source of controls) to assess the association for each subgroup.
In addition, we performed sensitivity analyses to identify the
studies that exerted significant influence on summary ORs.

RESULTS

Study Characteristics

The literature search according to inclusion and exclusion
criteria yielded 102 records. Of these, 97 were retained after
exclusion of duplicates. The review of title, abstract, and full
text when necessary helped to exclude 70 more records. Thus,
27 articles on A561C and/or G98T polymorphisms and CAD
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Records identified through
database searching (n=102)

Records after duplicates
removed (n=97)

Exclude:

Letters, reviews, meta-analysis (17)
Animal studies (11)

Not relevant to SELE polymorphism
(33)

Full-text review
(n=36)

Exclude:;
Not case-control design (6)
No full-text article (3)

Eligible articles included in this
meta (n=27)

FIGURE 1. Flow diagram for literature selection.

were ultimately included in our analysis.'®~** Figure 1 shows
the detailed process of study selection. Information on the
principal characteristics of each included study is presented
in Table 1.

Meta-Analysis Results

In the meta-analysis of AS61C polymorphism and CAD
risk, data were available for 4757 cases and 4272 controls
included in 24 articles. As shown in Table 2, the A561C
polymorphism was strongly associated with the risk of CAD
at both the allelic and the genotypic level. The strongest
association was shown in individuals carrying the CC genotype
(OR=1.91,95% CI, 1.12-3.25, CC vs. AA). We proceeded to
estimate the risk using CC/CA versus AA model, because 8
studies (see notes below Table 2) with 1485 cases and 1603
controls were excluded in the previous analysis assuming CC
versus AA model because of the count of CC genotype in both
cases and controls was 0. A similar significant increased risk
was indicated in individuals with CC/CA genotypes
(OR =1.83, 95% CI, 1.50-2.23, Figure 2).

In the subgroup analyses by ethnicity, we noted a strong
association for Caucasians and Asians (Figure 2). Final analyses
by disease type and source of controls indicated significantly
increased risk for angina pectoris (AP), myocardial infarction
(MI), and population-based studies (Table 2).

Meta-analysis of G98T polymorphism and CAD risk was
based on 1422 cases and 1625 controls combined from 10
articles. We observed a strong association in all models tested
with the exception of GT versus GG. The OR was greatest in TT
versus GT/GG model (OR=2.82, 95% CI, 1.15-6.89) and
relatively lower in T versus G model (OR =1.32, 95% CI,
1.07—1.61, Figure 3). Further analyses indicated a strong
association for Asians (Figure 3), population-based, and hospi-
tal-based studies (Table 2).

Heterogeneity Test and Sensitivity Analysis
Several analyses of A561C polymorphism demonstrated
presence of heterogeneity between studies (P < 0.05). In order
to identify the outliers, we performed sensitivity analyses. The
results were homogeneous when 2 studies, published by Jiang
et al and Morgan et al’**, respectively, were removed
(P > 0.05). Although no significant heterogeneity was indicated

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Principal Characteristics of the Studies Included in the Meta-Analysis

First Author  Year [Ethnicity SC Genotyping Method Disease Diagnosis of Cases Case Control
A561C
Abu-Amero 2006  Caucasian HB PCR-RFLP CAD 556 237

Angiographically determined
stenosis of the coronary vessels by
>70%
Endler 2003  Caucasian HB PCR CAD 185 69
Angiographically determined
stenosis of the main coronary artery

by >30%

Fang 2011 Asian HB PCR-SSCP ACS 39 43
Angiographically determined

Hong 2009 Asian  PB PCR-RFLP CAD 66 16
Angiographically determined

Hu 2006 Asian  PB PCR-RFLP CAD 197 213
No description

Huang 2004 Asian  PB PCR-RFLP AP 155 160

Angiographically determined
stenosis of the coronary vessels by
>50%
Jiang 2006 Asian  PB PCR-RFLP CAD Angiographically determined 145 144
stenosis of the coronary vessels by
>70%, or the main coronary artery

by >50%

Li 2004 Asian  PB PCR-RFLP CAD 238 199
No description

Li 2004 Asian  PB PCR-RFLP MI 198 190
No description

Li 2004 Asian  PB PCR-RFLP MI 187 185
No description

Lin 2001 Asian  PB PCR-RFLP CAD 92 85

Angiographically determined
stenosis of the coronary vessels by
>50%
Luo 2003 Asian PB PCR-SSCP CAD 93 97
Angiographically determined
stenosis of the coronary vessels by

>70%

Ma 2008 Asian  PB PCR-RFLP CAD 42 50
Angiographically determined

Ma 2008 Asian  PB PCR-RFLP CAD 108 96
Angiographically determined

Morgan 2007  Caucasian HB MALDI-TOF ACS 802 657
No description

Motawi 2012  Caucasian PB PCR-RFLP CAD 75 75
Angiographically determined

Sakowicz 2010  Caucasian PB PCR-RFLP Ml 162 136
Angiographically determined

Tripathi 2009 Asian  PB PCR-RFLP CAD 329 331

Angiographically determined
stenosis of the coronary vessels

by > 50%

Wei 2007 Asian  PB PCR-RFLP MI 168 200
No description

Wei 2004 Asia PB PCR-RFLP AP 135 145
No description

Wenzel 1997 Caucasian PB PCR-SSCP CAD 113 103

Angiographically determined
stenosis of the coronary vessels
by > 50%
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First Author  Year [Ethnicity SC Genotyping Method Disease Diagnosis of Cases Case Control
Ye 1999  Caucasian PB PCR-RFLP CAD 82 71
Angiographically determined
stenosis of the coronary vessels by
>50%
Yoshida 2003 Asian PB PCR-RFLP MI 135 327
No description
Zak 2008  Caucasian PB PCR-RFLP CAD 191 203
Angiographically determined
stenosis of the coronary vessels
by > 50%
Zeng 2008 Asian  PB PCR-RFLP CAD 220 190
No description
Zheng 2001  Caucasian PB PCR-RFLP CAD 44 50
Angiographically determined
stenosis of the coronary vessels by
>50%
G98T Hong 2009 Asian  PB PCR-RFLP CAD 66 16
Angiographically determined
Li 2004 Asian  PB PCR-RFLP CAD 238 199
No description
Li 2004 Asian  PB PCR-RFLP MI 185 190
No description
Luo 2003 Asian  PB PCR-SSCP CAD 93 97
Angiographically determined
stenosis of the coronary vessels by
>70%
Ma 2008 Asian  PB PCR-RFLP CAD 42 50
Angiographically determined
Ma 2008 Asian  PB PCR-RFLP CAD 108 96
Angiographically determined
Podgoreanu 2006 Caucasian HB MassArray MI 52 382
No description
Zak 2008 Caucasian PB PCR-RFLP CAD 191 203
Angiographically determined
stenosis of the coronary vessels
by > 50%
Zeng 2008 Asian  PB PCR-RFLP CAD 220 190
No description
Zhang 2011 Asian  PB PCR-RFLP CAD 176 152
No description
Zheng 2001  Caucasian PB PCR-RFLP CAD 51 50

Angiographically determined
stenosis of the coronary vessels by
>50%

ACS =acute coronary syndromes; AP =angina pectoris; CAD = coronary artery disease; HB, hospital based; MI=myocardial infarction;
PB = population based; PCR = polymerase chain reaction; PCR-RFLP = PCR-restriction fragment length polymorphism; PCR-SSCP = PCR-single

strand conformation polymorphisms; SC = source of control.

in the analyses of G98T polymorphism, we also conducted
sensitivity analyses to examine the stability of each risk esti-
mate. The results suggested no substantial influence on the
pooled ORs (data not shown).

Publication Bias

The circles, corresponding to the single studies, were
symmetrically distributed in the funnel plots created for
AS561C and G98T polymorphisms (P >0.05). However,
Egger’s test suggested evidence of significant publication bias
in CA versus AA model of A561C polymorphism, and in GT
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versus TT model of G98T polymorphism (P < 0.05). The funnel
plots are shown in Figures 4 and 5, respectively.

DISCUSSION

CAD is considered to be the number 1 cause of death in
both males and females in many parts of the world.*® While
previous research has established a broad range of risk factors,
no factor has consistently been linked to CAD risk except for the
formation of coronary atherosclerosis.*”*** Mounting evidence
has suggested inflammation as an important comqponent in the
pathological process of coronary atherosclerosis.***° The SELE

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Study %
D OR (85% CI) Weight
Caucasian |
Abu-Amero (2006) I:-— 154(1.00,239) 544
Endier (2003) 3 0.81(0.43,1.51) 426
Morgan (2007) - 0.91(0.71,1.18) 659
Motawi (2012) | 4.00(1.55,10.34) 272
Sakowicz (2010) —_— 1.14 (069, 1.87) 504
Wenzel (1997) —— 194(1.01,372) 410
Ye (1999) —— 092(043,200) 347
Zak (2008) — 1.06 (0.66,1.70) 522
Zheng (2001) ————— 477(166,1372) 237
Sublotal (I-squared = 64.4%, p = 0.004) > 1.35(0.89.1.83)  39.21

)

Asian H
Fang (2011) 496(1.01,2439) 127
Hong ({2009) —_— 158(0.32,769) 128
Hu (2006) e 344(170,696) 381
Huang (2004) ——— 2.16(1.02,.4.58) 357
Jiang (2008) | —— 397(212.745) 423
Li (2004) —— 202(1.00,4.06) 384
Li (2004) —— 207(1.04,4.11) 380
Li (2004) R 206(1.01,422) 374
Li {2004) P 205(1.02,4.12) 386
Lin (2001) e 243(1.02,577) 305
Luo (2003) T 198(0.88,4.49) 326
IMa (2008) _ 286(083,877) 218
Ma (2008) —t— 227(1.00.515) 326
Tripathi (2009) —r— 1.52(0.98,237) 541
Wei (2007) —H— 1.39(0.72,269) 404
Wei (2004) e 246 (098,6.15) 284
Yaoshida (2003) —— 187(096,364) 403
Zeng (2008) —_— 258(1.14,590) 323
Sublotal (I-squared = 0.0%, p = 0.826) < 215(1.81.256)  60.79
Overall (I-squared = 56.4%, p = 0.000) ¢ 1.83 (1.50, 2.23) 100.00
NOTE: Wiieights mfrolm random effects analysis i :

041 1 244

FIGURE 2. Forest plot for the association between SELE A561C
polymorphism and CAD susceptibility in CC/CA versus AA model.

gene is a known cell adhesion molecule with a significant role in
inflammation. There is much speculation of a possible linkage
between SELE gene polymorphsisms and the development of
CAD. Many groups have previously evaluated the hypothesis in
a variety of populations.*”>'* Nonetheless, the reported
associations are conflicting. The discrepancies may be as a
result of ethnically diverse populations and different sample
sizes. Other factors, such as different study design may also
result in the controversial results. These common limitations of
single studies can be overcome when meta-analysis is used.
In our meta-analysis, genotype data were available for a
total of 5170 CAD cases and 4996 controls pooled from 27

Study %
D OR (95% CI) Weight
Asian
Hang (2008) e 038(012,127) 455
Ui (2004) B 1365(074,248) 1134
L (2004) e 145(077,274) 969
Lua (2003) e 217(108,433) 7.2
Ma (2008) — 083(033,250) 461
Ma (2008) —_— 123(050,258) 780
Zang (2008) ! 178(097,329) 088
Zhang (2011) ———— 204 (099,420 681
Sublotal (-squared = 16.1%, p = 0.303) <> 149(1.15,191) 61869
Caucasian

g (2008) 026(008,085) 1115
Zak (2008) ——— 117(076,1.82) 2184
Zheng (2001) — 216(097.478) 531
Sublotal (1-squared = 77.3%, p = 0.012) <> 104 074,147 3831
Overall (I-squared = 44.7%, p = 0.053) <> 132(107,161) 10000

T T

0815

123

FIGURE 3. Forest plot for the association between SELE G98T
polymorphism and CAD susceptibility in T versus G model.
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Begg's funnel plot with pseudo 95% confidence limits
40

20

Lower Cl (OR)
o
-]

-40
10 20
s.e. of: Lower Cl (OR)

FIGURE 4. Begg's funnel plot of the A561C polymorphism and
CAD risk.

published papers. We provided some evidence that seemed to
support a strong association between SELE gene polymorph-
sisms and CAD risk. Presence of the AS61C polymorphism was
associated with a 1.78 to 1.91 fold higher risk of CAD. The
GI98T polymorphism showed a stronger association with the
disease development (summary ORs ranged from 1.26-2.82).
These findings are biologically plausible, as single nucleotide
polymorphisms at the SELE locus affect normal functions of the
gene by upregulating the gene expression levels.>® The obser-
vation of upregulated expression levels of the SELE gene due to
polymorphisms is supported by Bannan et al, who found
significantly higher levels associated with the C allele at the
A561C polymorphism.>* A more recent study by Mlekusch et al
lend further support for the significant association between
increased plasma SELE levels and the SELE gene polymorph-
isms.

We identified 3 published meta-analyses evaluating the
risk of CAD in relation to the A561C polymorphism and/or the
GI8T polymorphism. In the first meta-analysis, Wang et al
identified 24 articles, 3 articles less than our analysis, showing a
significant association of the 2 SELE gene polymorphisms with
CAD risk.>® However, they did not analyze the risk of several
disease types, such as AP and MI. In our study, we found a
strong association between A561C polymorphism and the risk

Begg's funnel plot with pseudo 95% confidence limits

Lower CI (OR)
o
{

0 4

2
s.e. of: Lower Cl (OR)

FIGURE 5. Begg’s funnel plot of the G98T polymorphism and
CAD risk.
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of AP and MI. The second meta-analysis was published by
Dong et al.>” A total of 3193 CAD cases and 3233 control
subjects were pooled from 20 case-control studies. Unlike the
first meta-analysis, Dong et al did not demonstrate a positive
association for Caucasians and MI. These observations were not
consistent with the present study where more than 3500 subjects
(1977 cases and 1763 controls) were included compared with
the second analysis. In the most recent analysis, Wu et al only
identified 10 studies with 3369 cases and 2577 controls for the
A561C polymorphism,"® and found an increased risk for
Asians, but not for Caucasians. Unlike the 2 more recent
analyses, our analysis in which 1464 more subjects of Caucasian
origin were combined even compared with the larger study,
indicated a significantly higher risk of CAD associated with the
C allele at AS61C polymorphism. Therefore, the failure to
include all informative studies may have biased some con-
clusions of the previous meta-analyses.

Certain limitations need to be noted in explanation of the
present findings. First, although we have identified all published
papers, they total sample is still relatively small and remains to
be expanded to validate the positive associations suggested in
the current study. Second, Egger’s test showed evidence of
significant publication bias that may be caused by the inclusion
of several small studies. In addition, there was large inter-study
heterogeneity in the results of some analyses. Possible causes
include heterogeneous experimental designs, different subject
populations, interventions, and choice of analysis. Third, CAD
is a heterogeneous disease. Both environmental and genetic
factors could contribute to the malignant development. But
additional analyses to detect the effects of gene-environment
interactions were not allowed because of lack of related data.

In conclusion, our data suggested a significant association of
the A561C and G98T polymorphisms at the SELE locus with
higher risk of CAD. This study may help to better understand the
biological mechanism underlying the pathology of CAD, and this
might ultimately facilitate earlier diagnosis, improved prevention
and treatment. The role of SELE gene polymorphisms in the
etiology of CAD remains to be elucidated in a larger study.
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