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Abstract

Cluster of differentiation 40 (CD40), the receptor for CD154, is a member of the tumor necrosis factor (TNF) receptor
superfamily. Several studies have been conducted to investigate the effect of the CD40 rs1883832 polymorphism on
atherosclerotic disease in different population; however, inconsistent results were obtained. In this study, we investi-
gated the association of four polymorphisms (rs1883832, rs13040307, rs752118 and rs3765459) of CD40 gene and
their effect on CD40 expression with the risk of ischemic stroke (IS) in a Chinese population. Three hundred and
eighty patients with IS and 450 control subjects were included in the study. The CD40 polymorphisms were discrimi-
nated by Snapshot SNP genotyping assay. Serum soluble CD40 (sCD40) levels were detected by ELISA. We found
that the rs1883832CT and rs1883832TT genotypes were associated with an increased risk of IS compared with the
rs1883832CC genotype (OR = 1.42, 95% CI: 1.03-1.95, p =0.030 and OR = 1.91, 95% CI: 1.29-2.82, P=0.001, re-
spectively), and the rs1883832T allele was associated with a significantly increased risk of IS compared with
rs1883832C allele (OR = 1.40, 95% CI: 1.15-1.70, P=0.001). Elevated serum sCD40 levels were observed in pa-
tients with IS compared with the control gropu (P < 0.01). Individuals carrying the rs1883832TT or rs1883832CT ge-
notypes showed significantly higher sCD40 levels compared with the rs1883832CC genotype in the IS group [(64.8 +
25.4 pg/mL, TT = 94); (63.9 + 24.3 pg/mL, CT = 185) vs (53.3 £ 22.5 pg/mL, CC = 101), P < 0.01]. The TCCA
haplotype was associated with an increased risk of IS compared with the control group (OR = 2.10, 95% CI:
1.23-3.58, p = 0.005). However, we did not find a significant association between the other three polymorphisms and
IS risk. In conclusion, after a comprehensive comparison with other studies, we confirmed that the rs1883832T allele
but not the rs1883832C allele is associated with an increased risk of IS. The rs1883832 polymorphism may exert in-
fluences on abnormal CD40 expression in IS patients among the Chinese population.
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Introduction

Stroke is one of the leading causes of death and a
common cause of long-term disability in the world (Feigin
et al., 2009, Lloyd-Jones et al., 2010). In China, there are
approximately 2.5 million new strokes, and more than one
million people die from stroke-related causes every year
(Liu et al., 2011). Ischemic stroke (IS) is the most common
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type of stroke, accounting for more than 80% of cases (Liu
et al., 2011). Previous studies have identified that age and
sex are closely related to IS (Lloyd-Jones et al., 2010;
Turtzo and McCullough, 2010). Hypertension, smoking,
alcohol abuse, diabetes mellitus, and hypercholesterolemia
were demonstrated as important risk factors for IS (Sacco et
al., 1997). However, these risk factors together explain
only about 50% of the risk (Sacco ef al., 1989), indicating
that other factors such as immune, inflammatory and ge-
netic factors may also be involved in the pathogenesis of IS.
In the last few years, candidate genes for IS have been in-
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tensely studied, and numerous susceptible candidates in-
cluding CD40 gene have been found.

CDA40, the costimulatory receptor for CD40 ligand
(CD40L/CD154), is a 48-kDa type I transmembrane pro-
tein receptor belonging to the tumor necrosis factor (TNF)
receptor superfamily (Elgueta et al., 2009). Overexpression
of CD40 and/or its ligand CD40L have been detected in pa-
tients with atherosclerosis-related diseases such as coro-
nary artery disease and stroke, and were suggested as
potential biomarkers for predicting cardiovascular disease
(Yanetal., 2002; Yan et al.,2004; Li et al., 2015). Binding
of CD40L to its receptor in vascular endothelial cells trig-
gers the transcription of proinflammatory and proathero-
genic genes, which are important components in the onset
of atherosclerosis-related diseases, including stroke (Chen
et al., 2000). It is accepted that atherosclerosis, plaque in-
stability and thrombus are important pathological basis of
IS. In vitro, binding of CD40L to its receptor on the surface
of endothelial cells and smooth muscle cells leads to the ac-
tivation of these cells, resulting in the expression of adhe-
sion molecules, which is an initiating step of atherogenesis
(Schonbeck and Libby, 2001; Schonbeck et al., 2002).
Moreover, the interaction between CD40 and its ligand in-
duces the expression of matrix metalloproteinases (MMP),
resulting in the degradation of interstitial collagen and the
thin fibrous cap of atheromatous plaques, and eventually
leading to the instability and rupture of plaques (Schonbeck
and Libby, 2001). Furthermore, the CD40-CD40L interac-
tion promotes the expression of tissue factors on macro-
phage cells and endothelial cells, leading to decreased
thrombomodulin expression, and favoring a local procoa-
gulant and prothrombotic status (Aukrust et al., 2004).
These data indicate that CD40 might play a pathological
role in IS, and it may be used as a biomarker and therapeutic
target for IS. Hence, the CD40 gene is likely a potential
candidate gene for IS risk.

The gene encoding CD40 is located on 20q12-q13.2
in humans, which is consisted of 9 exons and 8 introns. The
rs1883832 locus, previously demonstrated to be associated
with CD40 expression, is located at the -1 position within
the Kozak sequence (Jacobson et al., 2005; Tian et al.,
2010). Several studies have investigated the association be-
tween rs1883832 polymorphism and risk of atherosclerotic
disease in different populations, however, the results were
inconclusive (Yan et al.,2010; Wang et al., 2011; Maet al.,
2013; Zhang et al., 2013). To confirm the results, we con-
ducted a case-control study with 380 IS patients and 450
control subjects. Moreover, three new polymorphisms
(rs13040307, rs752118 and rs3765459) were added in this
study. Until now, little information has addressed the effect
of CD40 polymorphisms on CD40 expression and their ef-
fect on IS risk. The aim of the present study was to investi-
gate the role of these polymorphisms in the genetic basis of
IS and to assess the relationship between CD40 polymor-
phisms and serum level of CD40 in a Chinese population.
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Materials and Methods

Study population

The study protocol was approved by the ethics com-
mittee of Affiliated Hospital of Youjiang Medical Univer-
sity for Nationalities, and informed consent was obtained
from all the IS patients and control subjects. The study pop-
ulation included 380 IS patients (290 men and 90 women,
mean age: 60.7 £ 13.2 years) and 450 control subjects (325
men and 125 women, mean age: 63.9 £+ 10.3 years). All IS
patients were recruited from the Department of Neurology
of the institution from May 2013 to December 2014. The
control subjects were frequency-matched with the IS group
on the basis of age and sex. All the control subjects were re-
cruited from the physical examination center of the same
hospital from July 2013 to December 2013. According to
thorough clinical and laboratory evaluation, none of them
were found to have any medical condition other than hyper-
tension, diabetes, hypercholest erolemia or hypertriglyceri-
demia. All participants were Han Chinese and were consec-
utively selected from the same geographic region of
Guangxi, China.

IS patients were classified in accordance with the
Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification (Adams Jr ef al., 1993) as large-artery athero-
sclerosis (LAA), small-artery occlusion (SAO), cardioem-
bolism or stroke of other determined etiology. Classifica-
tions were based on clinical findings, neuroimaging data
[computed tomography (CT) and/or cranial magnetic reso-
nance imaging (MRI)] and results of diagnostic studies
such as duplex imaging of extracranial arteries, cardiac im-
aging (echocardiography) and laboratory evaluation.

Hypertension was diagnosed if the diastolic blood
pressure was > 90 mmHg and/or the systolic blood pressure
was > 140 mmHg, or if the person was currently using
antihypertensive treatment. Hypercholesterolemia was de-
fined as fasting serum total cholesterol level > 6.2 mmol/L,
and hypertriglyceridemia was diagnosed if the fasting se-
rum triglyceride level was > 2.3 mmol/L.

DNA extraction and genotyping

Genomic DNA was extracted from venous blood leu-
kocytes by using a salting-out method (John ef al., 1991).
Genotyping method was described in detail previously
(Chen et al., 2015a). Briefly, SnapshotSNPgenotyping as-
say was used to determine the genotypes of rs1883832,
rs13040307, rs752118 and rs3765459 polymorphisms.
PCR primers were designed in accordance with the Gen-
Bank reference sequence (accession no. NC 000020.11).
Moreover, DNA sequencing method was used to confirm
our genotyping results.

Serum sCD40 determination

Serum samples from IS patients and control subjects
were separated from venous blood at room temperature and
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stored at —70 °C until use. Serum sCD40 levels were ana-
lyzed by enzyme linked immunosorbent assay (ELISA)
kits (Bender Med Systems, USA) according to the protocol
of the manufacturer. Developed color reaction was quanti-
fied by an ELISA reader (RT-6000, China). The concentra-
tion of serum sCD40 was determined by using a standard
curve constructed with the kit’s standards over the range of
0-500 pg/mL.

Statistical analysis

Statistical analyses were performed using the SPSS
software program version 17.0. Continuous variables are
displayed as mean =+ standard deviation (SD). If the data
were normally distributed, the Student’s #-test was used.
Categorical variables are reported as proportions and com-
pared using the chi-square test. Hardy-Weinberg equilib-
rium (HWE) was tested by the chi-square test. The Shi’s
standardized coefficient D’ (D’) (Shi and He, 2005) was
used to quantify the linkage disequilibrium (LD) between
polymorphisms. Haplotypes and their frequencies were es-
timated on the basis of a Bayesian algorithm using the
Phase program (Stephens et al., 2001). The statistically sig-
nificant criteria was assumed at P < 0.05 level.

Results

Clinical characteristics of the study participants

The clinical characteristics of IS patients and healthy
control subjects are shown in Table 1. There were no statis-
tically significant differences between the two groups in
age, gender, hypertriglyceridemia and hypercholesterol-
emia (P> 0.05). The frequencies of abnormal LDL-choles-
terol, serum total cholesterol and triglycerides, smokers,
diabetes and hypertension in IS patients were significantly
higher than those in the control group (P < 0.05). Increased
levels of serum sCD40 were observed in IS patients com-

Table 1 - Clinical characteristics of the study participants.
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Figure 1 - The levels of sCD40 in patient with IS and the control group.
Levels of sCD40 were higher in IS group than in the control group (61.3 +
23.7 pg/mL, n =380 vs. 44.5 £ 18.7 pg/mL, n = 450), P < 0.001.

pared with the control group [(61.3 £ 23.7 pg/mL, n = 380)
vs (44.5 £ 18.7 pg/mL, n = 450); P < 0.001] (Figure 1).

Genotype and allele frequencies of the four
polymorphisms

All the four polymorphisms showed three genotypes
according to sequencing results. The distribution of the ge-
notype and allele frequencies of the rs1883832,
rs13040307,rs752118 and rs3765459 polymorphisms in IS
patients and control subjects are presented in Table 2. The
genotype distribution of the four polymorphisms among IS
patients and control subjects were in HWE. The frequen-
cies of the rs1883832CC, rs1883832CT and rs1883832TT
genotypes were 26.6, 48.7 and 24.7% in IS patients and
36.0, 46.4 and 17.6% in the control group, respectively.
There were statistically significant differences in the geno-
type and allele frequencies of the rs1883832 polymorphism
between IS patients and the control group (P < 0.01). The

Variable Control subjects Stroke patients P value
n =450 (%) n =380 (%)
Age (mean £ SD) 63.9£10.3 60.7+13.2 0.102
Sex (M/F) 325/125 290/90 0.180
Smokers 203 (45.1) 212 (55.8) 0.002
Hypertension 165 (36.7) 210 (55.3) <0.001
Diabetes 53 (11.8) 76 (20.0) 0.001
Hypercholesterolemia 50 (11.1) 55 (14.5) 0.147
Hypertriglyceridemia 62 (13.8) 46 (12.1) 0.476
Total cholesterol (mmol/L) 4.86+1.08 529+ 1.22 0.023
Triglycerides (mmol/L) 1.5440.97 2.09 +1.56 0.001
HDL-cholesterol (mmol/L) 1.69 +0.46 1.31+0.36 0.038
LDL-cholesterol(mmol/1) 2.31+0.98 2.98+0.93 0.002
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Table 2 - Distribution of the genotype and allele frequencies four polymorphisms of the CD40 gene in ischemic stroke (IS) patients and control subjects.

Polymorphisms Control subjects IS patients n = 380 OR (95% CI) v P value
n =450 (%) (%)

rs1883832

cCc 162 (36.0) 101 (26.6) 1.00

CT 209 (46.4) 185 (48.7) 1.42 (1.03 - 1.95) 4.692 0.030

TT 79 (17.6) 94 (24.7) 1.91 (1.29-2.82) 10.175 0.001

C 533 (59.2) 387 (50.9) 1.00

T 367 (40.8) 373 (49.1) 1.40 (1.15 - 1.70) 11.493 0.001

rs13040307

cC 265 (58.9) 224 (58.9) 1.00

CT 161 (35.8) 130 (34.2) 0.96 (0.71 — 1.28) 0.095 0.758

TT 24 (5.3) 26 (6.8) 1.28 (0.72 - 2.30) 0.699 0.403

C 691 (76.8) 578 (76.1) 1.00

T 209 (23.2) 182 (23.9) 1.04 (0.83 - 1.31) 0.120 0.729

rs752118

cC 276 (61.3) 236 (62.1) 1.00

CT 148 (32.9) 127 (33.4) 1.00 (0.75 - 1.35) 0.001 0.981

TT 26 (5.8) 17 (4.5) 0.77 (0.41 — 1.44) 0.688 0.407

C 700 (77.8) 599 (78.8) 1.00

T 200 (22.2) 161 (21.2) 0.94 (0.74 - 1.19) 0.261 0.610

1rs3765459

GG 249 (55.3) 223 (58.7) 1.00

GA 171 (38.0) 134 (35.3) 0.88 (0.66 —1.17) 0.818 0.366

AA 30 (6.7) 23 (6.1) 0.86 (0.48 — 1.52) 0.284 0.594

G 669 (74.3) 580 (76.3) 1.00

A 231 (25.7) 180 (23.7) 0.90 (0.72 - 1.13) 0.869 0.351

rs1883832CT and rs1883832TT genotypes were associated
with an increased risk of IS compared with the
rs1883832CC genotype (OR = 1.42, 95% CI: 1.03-1.95,
p=0.030and OR=1.91,95% CI: 1.29-2.82, P=0.001, re-
spectively). Comparing with the rs1883832C allele, the
rs1883832T allele was associated with an increased risk of
IS (OR = 1.40, 95% CI: 1.15-1.70, P = 0.001). However,
there was no significant association between IS patients
and the control group in the genotype and allele frequencies
of the rs13040307, rs752118 and rs3765459 polymor-
phisms (P > 0.05).

Genotype and allele distribution of the rs1883832
polymorphism in different populations

Considering the importance of the CD40 rs1883832
polymorphism in the etiology of IS, we then performed a
comparison of the genotype distribution of the rs1883832
polymorphism in different populations (Table 3), and
found that the genotype distribution of rs1883832 polymor-
phism in our current study was significantly different from
HapMap-CEU, HapMap-HCB, HapMap-JPT, HapMap-
YRI, HapMap-ASW, HapMap-GIH, HapMap-LWK,
HapMap-MKK and HapMap-TSI populations (P < 0.05).
However, no significant difference was found when com-
paring with HapMap-CHB and HapMap-CHD populations
(P>0.05).

Haplotype analysis of the four polymorphisms

We further performed a haplotype analysis, and the
possible seven haplotypes are listed in Table 4. The results
showed that the rs1883832 polymorphism was in strong
linkage disequilibrium (LD) with the rs13040307 (D’ =
0.873), 1s752118 (D’ = 0.895) and rs3765459 (D’ = 0.898)
polymorphisms. Also, the rs13040307 polymorphism was
in strong LD with the rs752118 (D’ =0.946) and rs3765459
(D> = 0.937) polymorphisms. Moreover, the rs752118
polymorphism was in strong LD with the rs3765459 (D’ =
0.942) polymorphism. CCCG and TCCG were the two ma-
jor haplotypes, and accounted for 27.1 and 44.1%, and 30.6
and 42.0% in both IS patients and control subjects, respec-
tively. As shown in Table 4, the TCCA haplotype was asso-
ciated with an increased risk of IS compared with the
control group (OR = 2.10, 95% CI: 1.23-3.58, P = 0.005).

Association between CD40 polymorphisms and
serum sCD40 levels

The rs1883832 polymorphism was significantly asso-
ciated with serum sCD40 levels in patients with IS. Individ-
uals carrying the r1883832TT (64.8 + 25.4 pg/mL, n = 94)
or rs1883832CT genotype (63.9 £ 24.3 pg/mL, n = 185)
showed significantly higher sCD40 levels compared with
the rs1883832CC genotype (53.3 £22.5 pg/mL, n=101, P
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Table 3 - Comparison of the rs1883832 polymorphism in different populations.

Genotypes (%)

Minor allele (%)

Population sample size CC TT T Ethnicity
Our data 450 162 (36.0) 209 (46.4) 79 (17.6) 367 (40.8) Guangxi China
HapMap-CEU" 226 124 (54.9) 94 (41.6) 8(3.5) 55(24.3) European
HapMap-HCB” 86 40 (46.5) 44 (51.2) 2(2.3) 24 (27.9) Asian
HapMap-JPT" 170 40 (23.5) 90 (53.0) 40 (23.5) 85 (50.0) Asian
HapMap-YRI® 226 224 (99.1) 2(0.9) 2(0.4) African
HapMap-ASW" 98 94 (95.9) 44.1) - 4(2.0) African
HapMap-CHB 82 40 (48.8) 30 (36.6) 12 (14.6) 27 (32.9) Asian
HapMap-CHD 170 72 (42.4) 68 (40.0) 30 (17.6) 64 (37.6) Asian
HapMap-GIH" 176 98 (55.7) 66 (37.5) 12 (6.8) 45 (25.6) Asian
HapMap-LWK” 180 166 (92.2) 14 (7.8) - 7(3.9) Asian
HapMap-MKK’ 286 244 (85.3) 40 (14.0) 2(0.7) 22 (7.7) African
HapMap-TSI" 176 68 (38.6) 104 (59.1) 4(2.3) 56 (31.8) European

*P < 0.05 comparing with our present data; CEU: Utah residents with northern and western European ancestry; HCB: Han Chinese in Beijing, China;
JPT: Japanese in Tokyo, Japan; YRI: Yoruba in Ibadan, Nigeria. ASW: African ancestry in Southwest USA; CHB: Han Chinese in Beijing, China;
CHD: Chinese in Metropolitan Denver, Colorado; GIH: Gujarati Indians in Houston, Texas; LWK: Luhya in Webuye, Kenya; MKK: Maasai in

Kinyawa, Kenya; TSI: Toscans in Italy;

< 0.01). Nevertheless, no significant difference was found
in the serum sCD40 levels between rs1883832TT and
rs1883832CT genotypes (Figure 2). Furthermore, there
was no significant association between the CD40
rs13040307, rs752118 and rs3765459 polymorphisms and
serum sCD40 levels (P > 0.05).

Clinical and biochemical values in IS patients with
different CD40 genotypes

No significant difference was found in the genotype
frequencies of the CD40 rs1883832, rs13040307, rs752118
and rs3765459 polymorphisms after stratification of IS by
age, smoking status, gender, and the absence or presence of
hypertriglyceridemia, hypertension and hypercholesterol-
emia (data not shown). Moreover, no significant difference
was found between different genotypes of the CD40 poly-
morphisms and laboratory values (TG, TC, LDL-C and
HDL-C) (data not shown).

Association between CD40 polymorphisms and
different subtypes of IS

We did not find any association between the CD40
polymorphisms rs1883832, rs13040307, rs752118 and
1s3765459 and IS subtypes (data not shown).

Discussion

In this study, we analyzed the effect of four poly-
morphisms in CD40 gene on IS risk and their effect on
CD40 expression in a Chinese population. Our results indi-
cated that the rs1883832 polymorphism was associated
with an increased risk of IS. The increased risk was also
found in haplotype analysis. Moreover, we found that the
rs1883832 polymorphism was associated with increased
CDA40 expression compared with the control group. The

statistical power of the study was calculated to be 82% to
detect the association between rs1883832 polymorphism
and IS risk in a sample size of 830 participants (380 in IS
group and 450 in the control group) assuming an OR of 1.5
and a of 0.05 (NCSS PASS 11 software, version 11.0.7).
Therefore, this finding indicates that the rs1883832 poly-
morphism may play a crucial role in the etiology of IS.

Atherosclerosis is a major cause of cardiovascular
diseases, including stroke. It is accepted that interactions
between CD40 and its ligand CD40L are closely involved
in the pathogenesis of inflammation, atherosclerosis and
thrombosis (Anand et al., 2003, Antoniades et al., 2009).
Upregulation of CD40 and/or CD40L have been detected in
serum/plasma/cell surface of patients with IS by several
studies, and were suggested to be useful predictors and
biomarker for stroke (Cha et al., 2003; Garlichs et al., 2003;
Ishikawa et al., 2005; Davi et al., 2009; Zhang et al., 2014;
Li et al., 2015; Wang et al., 2015). However, the exact
mechanism of how CD40 is up regulated, and how the
upregulated CD40 affects IS patients have not been fully
elucidated. Garlichs et al. (2003) reported that patients with
acute cerebral ischemia show upregulating CD40-CD40L
system expression and may contribute to a proinflam-
matory, proatherogenic and prothrombotic milieu. Very re-
cently, Wang er al. (2015) investigated the association
between sCD40L and carotid plaque in patients with acute
ischemic stroke and found that sCD40L levels were signifi-
cantly associated with carotid plaque formation and insta-
bility, suggesting that sCD40L may be a useful predictor
for plaque formation and instability in patients with acute
ischemic stroke. In this study, we demonstrated that serum
sCD40 levels were significantly elevated in patients with IS
compared with the control group. Moreover, we found that
the rs1883832 polymorphism was associated with an in-
creased serum sCD40 levels in patients with IS compared



Huang et al.

447

Table 4 - Haplotype analysis of the four polymorphism between ischemic stroke (IS) patients and control subjects.

Haplotypes of CD40 polymorphisms Controls IS patients OR (95% CI) P value
(rs1883832/rs13040307/rs752118/ 1s3765459) 2n = 900 (%) 2n = 760 (%)
TCCA 22 (2.4) 38 (5.0) 2.10 (1.23-3.58) 0.005
CCCG 275 (30.6) 206 (27.1) 0.84 (0.68-1.05) 0.123
TCCG 378 (42.0) 335 (44.1) 1.09 (0.90-1.32) 0.394
CTTA 190 (21.1) 148 (19.5) 0.90 (0.71-1.15) 0.409
CTCG 10 (1.1) 13 (1.7) 1.55 (0.68-3.55) 0.298
CTTG 16 (1.8) 11 (1.4) 0.81 (0.37-1.76) 0.596
CTCA 9 (1.0) 9(1.2) 1.19 (0.47-3.00) 0.718
140 showed a significantly increased CD40 and CD40L expres-
sion compared with the rs1883832CT and rs1883832TT
120 genotypes carriers (P < 0.05). In contrast, Ma et al. (2013)
- reported that the frequencies of CT and TT/CT genotypes
= 100 of rs1883832 polymorphism in the IS group were signifi-
§ 80 cantly higher than those in the control group, and the
; rs1883832T allele was found to be associated with a signif-
g 60 icantly increased risk of IS (OR = 1.27, 95% CI =
Q 40 1.02—1.59). Moreover, they also found that the frequency
of genotypes carrying the rs1883832T allele was higher in
20 patients with history of stroke compared with those without
0 (for TT: OR =6.54, 95%CI = 1.66-25.83; for TT/CT: OR =

e cr 1T

Figure 2 - Association between the CD40 rs1883832 polymorphism and
sCD40 levels in IS patients. sCD40 levels were significantly lower in IS
patients with rs1883832CC genotype than in rs1883832TT and
rs1883832CT genotypes. However, there were no significant differences
in sCD40 levels between the rs1883832CT and TT genotypes.

with the control group. Genotypes carrying the rs1883832T
allele were found to be associated with increased serum
sCD40 levels compared with the rs1883832CC genotype in
patients with IS. We speculated that the rs1883832 poly-
morphism may be associated with IS by up-regulating
CDA40 expression, which has been demonstrated to play a
major role in atherosclerosis formation, plaque desta-
bilization, thrombosis and the initiation of inflammatory re-
sponse.

Several studies have been conducted to investigate
the effect of the CD40 rs1883832 (-1C/T) polymorphism
on atherosclerotic disease, however, the results were con-
troversial. Yan et al. (2010) reported that the rs1883832CC
genotype and the rs1883832C allele in the acute coronary
syndrome (ACS) group were significantly higher than
those in the control group, and the rs1883832C allele was
found to associate with an increased risk of ACS when
compared with the control group (OR = 1.88, 95%CI:
1.40-2.52). Similarly, a case-control study conducted by
Wang et al. (2011) found that the frequency of rs1883832C
allele in the ACS group was significantly higher than those
in the control group (OR = 1.55, 95%CI: 1.15-2.11, P <
0.05), and individuals carrying the rs1883832CC genotype

3.47,95%CI = 1.03-11.67). Similarly, Zhang et al. (2013)
reported that the frequencies of TT genotype and T allele of
the CD40 rs1883832 polymorphism were significantly
higher in patients with cerebral infarction than those in the
control group (P < 0.05). The rs1883832TT genotype was
suggested to be associated with an increased CD40 mRNA
expression and CD40L plasma concentration (P < 0.01).
Subsequently, a meta-analysis was conducted (Yun ef al.,
2014) and found that rs1883832C allele was significantly
associated with an increased risk of coronary artery disease,
ACS and atherosclerosis, whereas the rs1883832C allele
was demonstrated to be associated with a decreased risk of
IS.

Consistent with the results of Ma et al. (2013) and
Zhang et al. (2013), in this study we found that the frequen-
cies of the T allele, the TT and CT genotypes of CD40
rs1883832 polymorphism predicted a significantly higher
IS risk compared with the control group (Table 2). A possi-
ble explanation for the inconsistencies between the
rs1883832 polymorphism and different types of atheros-
clerotic diseases is that this polymorphism might have dif-
ferent genetic effects on different diseases. Similar results
can been seen in the studies of Chen ef al. (2015b) and Yi et
al. (2014), in which they found that the impacts of genetic
polymorphisms may be different according to the types of
cancer.

Until now, very little information has been reported
on the association of CD40 rs752118 and rs3765459 poly-
morphisms and disease susceptibility. Moreover, no data
has been reported on the association between the
rs13040307 polymorphism and disease susceptibility. Pre-
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vious studies conducted by Wu et al. (2016) and Wagner et
al. (2015) have tried to assess the association of rs752118
polymorphism with systemic lupus erythematosus and
multiple sclerosis, respectively, but failed to obtain a posi-
tive result. Regarding the rs3765459 polymorphism, data
from Shuang et al (2011) demonstrated that the
rs3765459A allele was higher in patients with breast cancer
compared with the control group (OR = 1.22, 95%CTI:
1.03-1.45, P = 0.025). However, the study conducted by
Burdon ef al. (2006) found that the rs3765459 polymor-
phism was significantly associated with a decreased risk of
coronary artery calcification in diabetic families. Further-
more, rs3765459 has also been assessed in relation to sys-
temic lupus erythematosus (Wu et al., 2016) and asthma
(Hsieh et al., 2009), but a significant association was not
detected.

In this study, we investigated the association between
rs13040307, rs752118 and rs3765459 polymorphisms and
risk of IS, but found no significant association. The reason
for these negative results remain unknown, but two possi-
bilities should be considered. First, it may be because of ge-
netic trait differences, as we know that genetic polymor-
phisms in human genes are distinct in different ethnicities,
populations and geographic regions. Data from Table 3 can
support this viewpoint, as it shows that the genotype distri-
bution of rs1883832 polymorphism in our study were sig-
nificantly different from HapMap-CEU, HapMap-HCB,
HapMap-JPT, HapMap-YRI, HapMap-ASW, HapMap-
GIH, HapMap-LWK, HapMap-MKK and HapMap-TSI
populations, but similar with HapMap-CHB and HapMap-
CHD populations. In addition, IS is a multi-factorial dis-
ease, thus, individual exposure to diverse environmental
factors and genetic background may cause different results.

Several limitations should be considered in our study.
First, a relatively small sample size of the study may have
limited the statistical power of the analysis. Second, as our
study population was all Chinese, the results cannot be di-
rectly applied to other ethnic groups. Third, our study was
designed as a hospital-based and case-control study, and
the control subjects were not selected from general popula-
tion, thus, we cannot exclude the possibility of selection
bias. Finally, the limitation of the assay kit may also con-
tribute to the distinction of the results.

Conclusions

After a comprehensive comparison with other stud-
ies, we found that the rs1883832T allele but not the
rs1883832C allele is associated with an increased risk of IS.
Moreover, we demonstrated for the first time that the
rs13040307, rs752118 and rs3765459 polymorphisms in
CD40 gene were not associated with IS in the Chinese pop-
ulation. Further study with a larger sample size is needed to
confirm our results, especially in different ethnic groups.

SNP in CD40 gene and ischemic stroke
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