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SUMMARY

Aim: Dysregulation of the activity of the disintegrin/metalloproteinase ADAM10 could

contribute to the development of atherosclerosis. Although a number of genetic studies

have focused on the association of ADAM10 gene polymorphisms with susceptibility to dis-

eases, no genetic association studies of ADAM10 gene variability with atherosclerotic cere-

bral infarction (ACI) have been conducted. The aim of this study was to analyze the

potential association between ADAM10 promoter polymorphisms and ACI. Methods: The

associations between rs653765 and rs514049 polymorphisms of the ADAM10 promoter and

the possible risk of ACI were assessed among 347 patients with ACI and 299 matched

healthy individuals in a case–control study. Results: Overall, there was a significant differ-

ence in the genotypes frequencies of rs653765 (P = 0.04) between the ACI and control sub-

jects. In addition, the rs653765 mutated allele of ADAM10 was significantly associated with

increased ADAM10 expression in patients with ACI (P = 0.032). In contrast, the allele fre-

quency of rs514049 was not statistically associated with ACI, and the rs514049 variant

A > C did not affect the expression of ADAM10 either. Conclusion: Our findings indicate a

positive association between the rs653765 polymorphism of ADAM10 and ACI, as well as a

negative result for rs514049. In addition, a significant increase in ADAM10 expression was

observed in patients with ACI carrying the rs653765 C > T mutation. This new knowledge

about ADAM10 might be clinically important and confirm a role for ADAM10 in the patho-

physiology of ACI, with potentially important therapeutic implications.

Introduction

The ADAM (a disintegrin and metalloproteinase) family includes

34 transmembrane proteins, each with a disintegrin domain and a

characteristic extracellular metalloproteinase domain [1,2]. By

cleaving the extracellular domain of various cell surface mole-

cules, for example, cytokines, adhesion molecules, and growth

factor receptors, ADAMs play a role in various diseases, such as

inflammation and cancer [2–5]. Recently, the role of ADAMs in

the progression of atherosclerosis has come to light [6].

ADAM10 is a member of the ADAM family that is expressed in

all vascular cell types, including vascular smooth cells, leukocytes,

and endothelial cells [2]. Various ADAM10 substrates have been

considered to be relevant to the developmental, inflammatory,

and regenerative processes of the vasculature, including TNF-a,
IL-6R, L-selectin, and CX3CL1 [7,8], which have been theorized

to play important roles in atherosclerosis [9]. In addition,

ADAM10 expression is significantly increased during plaque pro-

gression from the early and advanced stages to the rupturing of

atherosclerotic plaques [10]. In addition, ADAM10-deficient mice

have exhibited multiple defects in both cardiovascular develop-

ment and vasculogenesis, which were greatly attributable to the

dysfunction of ADAM10 ectodomain shedding [1,11]. In sum-

mary, these lines of evidence have led us to formulate the hypoth-

esis that ADAM10 could be of pathogenetic importance in

atherosclerotic cerebral infarction (ACI).

The human ADAM10 gene is located on chromosome 15 at posi-

tion 15q21.3-q23 and contains 16 exons interrupted by 15 introns
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[12]. Several single-nucleotide polymorphisms located in the pro-

moter of the ADAM10 gene have been shown to modify ADAM10

expression; for example, the ADAM10 rs514049–rs653765 C-A

promoter polymorphism has been reported to be associated with

reduced ADAM10 expression and soluble amyloid precursor pro-

tein alpha (sAPPa) levels in cerebrospinal fluid [13]. In addition,

the associations between ADAM10 gene polymorphisms and possi-

ble disease susceptibility have been investigated in various dis-

eases. Jian et al. [14] showed that the ADAM10 rs383902

polymorphism was associated with conduct disorder. Kavanagh

et al. [15] found that ADAM10 was not strongly associated with

diabetic nephropathy in white individuals with type 1 diabetes.

Kim et al. [16] initially identified a genetic association in Euro-

pean populations between the ADAM10 rs2305421 polymorphism

and Alzheimer’s disease (AD). Song et al. [17] replicated the

ADAM10 rs2305421 polymorphism in a Han Chinese population

with AD, and no significant differences were found in the distribu-

tions of alleles or genotypes between the AD and control groups,

although significant differences were observed in a subgroup strat-

ified according to ApoE e4 status. However, the association

between human ADAM10 polymorphisms and ACI has not yet

been determined. Therefore, we undertook a case–control study

to ascertain whether ADAM10 promoter variations (rs653765 and

rs514049) are associated with ACI susceptibility and whether

these polymorphisms are associated with ADAM10 expression.

Methods

Study Population

Our study consecutively recruited 347 patients with atheroscle-

rotic cerebral infarction (119 women and 228 men; mean

age = 70.0 � 10.1 years old) and 299 healthy controls (100

women and 199 men; mean age = 69.9 � 8.92 years old) from

the Department of Neurology of the Affiliated Hospital of Guang-

dong Medical College. Patient diagnoses were verified with either

computed tomography (CT) or magnetic resonance imaging

(MRI), and all of the patients with ACI were classified into sub-

types according to the Trial of Org 10172 in Acute Stroke Treat-

ment (TOAST) classification [18]. Patients with histories of

ischemic cerebrovascular diseases, cardiogenic cerebral infarc-

tions, cerebral hemorrhage, coronary artery diseases, autoim-

mune diseases, systemic inflammatory diseases, blood diseases,

and malignant tumors were excluded from the study. The control

subjects were recruited from the Health Examination Center of

the Affiliated Hospital of Guangdong Medical College and were

comparable in age, sex, and race to the ACI subjects. Written

informed consent was obtained from all of the enrolled partici-

pants, and this study was approved by the Ethics Committee of

the Affiliated Hospital of Guangdong Medical College.

Ultrasound Imaging

Ultrasound measurements of left and right carotid arteries were

performed at the Affiliated Hospital of Guangdong Medical Col-

lege using a portable ultrasound machine (SonoSite MTurbo,

SonoSite, Inc., USA) with a 13-MHz linear-array transducer.

Optimized images of left and right carotid artery intima-media

thickness (CIMT) were selected and frozen at the end of diastole.

The IMT of common carotid artery (CCA) was measured with Calc

automated ultrasonic software at both the near and far walls of

the left and right sides in an area free of atherosclerotic plaque.

The value of the IMT of the CCA on the far wall of each side was

used for analysis.

DNA Isolation and Genotyping

Genomic DNA was extracted from peripheral blood using the EZ-

10 Spin Column Whole Blood Genomic DNA Isolation Kit (San-

gon Biotech�, Shanghai, China), according to manufacturer’s

instruction.

The polymorphisms of genes were analyzed by SNaPshot Multi-

plex Kit (Applied Biosystems Co., Ltd., Foster City, CA, USA). The

primers used in the SNaPshot were as follows: rs653765F: AG-

CACCTCCCTCTCGCTCCAC, rs653765R:TGAGGCGGAGGTCTGA

GTTTCGA; rs514049F:AGCACCTCCCTCTCGCTCCAC, rs514049

R:TTTTTTTTTTTTTTTTTTTAAGAAGAAAAAAAACCTCTGTTACTT

GTGAC. SNaPshot reactions were carried out in a 10 lL final vol-

ume containing 5 lL SNaPshot Multiplex Kit (ABI), 1 lL primer

mix, 2 lL water, and 2 lL templates consisting of the multiplex

PCR products from the different genes. SNaPshot response proce-

dures: (1) initial denaturation at 96°C for 1 min, (2) denaturation

at 96°C for 10 seconds, (3) annealing at 52°C for 5 seconds, (4)

extension at 60°C for 30 seconds, and (5) for a total of 28 cycles.

Amplified samples were stored at 4°C. Extension products were

purified by 1-h incubation with 1U of shrimp alkaline phospha-

tase (Takara:Otsu, shiga, Japan) at 37°C and 75°C for 15 min to

inactivate the enzyme. The purified products (0.5 lL) were mixed

with 9 lL of Hi-Di and 0.5 lL Liz120 SIZE STANDARD. Samples

were incubated at 95°C for 5 min and then loaded on an ABI

3130XL DNA sequence detector for capillary electrophoresis. The

experimental results were analyzed with GeneMapper 4.0

(Applied Biosystems Co., Ltd.).

Mononuclear Cells Isolation

Peripheral blood mononuclear cells (PBMCs) were isolated using

density gradient centrifugation method with LymphoprepTM

(Axis-Shield PoCAS, Oslo, Norway). In brief, blood samples were

mixed with equal volume of 0.9% NaCl. The diluted blood was

then slowly added to tubes containing a Ficoll premium solution

to make the blood layered upon the Ficoll. Samples were centri-

fuged at 800 9 g for 30 min at room temperature. After centrifu-

gation, the mononuclear cells form a distinct band at the medium

interface. The cells were then shifted to other tubes using Pasteur

pipette without removing the upper layer, and washed with 0.9%

NaCl. Then, samples were centrifuged again at 250 9 g for

10 min. The mononuclear cells were harvested and stored at

�80°C.

RNA Extraction

Total cellular RNA was extracted from PBMCs using the RNAprep

Pure Blood Kit (TianGen Biotech, Beijing, China), according to

manufacturer’s instructions. Briefly, PBMCs were pelleted and

lysed using Trizol. The lysate was centrifuged at 13,400 9 g for
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2 min. The aqueous phase was transferred to a fresh microcentri-

fuge tube. Ethanol was added to the sample, and then, the sample

was transferred to the silica surface of a spin column. All contami-

nating genomic DNA was eliminated by applying RNase-free

DNase I digestion to the silica membrane. The total RNA of all

samples was further purified by performing wash steps and then

eluted from the membrane into water. Then, the integrity of the

RNA samples was verified by agarose gel electrophoresis and

stored at �80°C.

Real-Time PCR

Total RNA was converted to cDNA by First Strand cDNA Synthesis

Kit (Thermo) according to the manufacturer’s instructions.

Resulting cDNAs were employed in quantitative real-time PCR

using the SYBR green method. Primers were designed with Primer

Premier 5.0 according to the corresponding sequences in Gen-

Bank. The primers used in the assay were as follows: ADAM10

sense primer: CTGGCCAACCTATTTGTGGAA, ADAM10 antisense

primer: GACCTTGACTTGGACTGCACTG; GAPDH sense primer:

GAAGGGCTCATGACCACAGTCCAT, GAPDH antisense primer:

TCATTGTCGTACCAGGAAATGAGCTT. For each cDNA sample,

triplicates were analyzed, and the relative transcript level of each

gene was obtained by the 2DDDCt method and normalized with

respect to the housekeeping gene glyceraldehyde-3-phosphate

dehydrogenase (GAPDH).

PCR amplification was performed in a 20 lL final volume con-

taining 10 lL 2 9 SYBR Green PCR master mix (TaKaRa), 0.4 lL
each of specific forward and reverse primers, 7.2 lL DNase-free

water, and 2 lL cDNA as template. Real-time PCR was performed

using a LightCycler�480 sequence detector system (Roche Applied

Sciences, Indianapolis, IN, USA). The amplification program was

as follows: 95°C for 30 seconds, 40 cycles of 95°C for 5 seconds,

and 62°C for 20 seconds. The expression levels for each sample

were calculated based on three technical replicates. The amplifica-

tion products were validated by melting curve analysis.

Statistical Analyses

Statistical analyses were performed with SPSS software, version

19.0 (IBM, Armonk, NY, USA). These data are presented as per-

centage frequencies or means � SDs. Allele frequencies were cal-

culated from the genotypes of all of the subjects. The allele and

genotype frequencies of ADAM10 between the patients and con-

trol subjects were compared using Fisher’s exact test or the chi-

squared test. Hardy–Weinberg equilibrium (HWE) was assessed

using HWE software. Risk factors were screened for using Stu-

dent’s t-test or chi-squared test. Haplotype analyses were con-

ducted using Haploview, version 3.2.0. The relationships between

different genotypes of ADAM10 and ACI were evaluated by an

ANOVA. A P-value < 0.05 was considered statistically significant.

The associations of gene polymorphisms with CIMT were analyzed

with a multiple linear regression model (SAS, version 6.12; SAS

Institute Inc., Cary, NC, USA).

We performed multiple hypotheses testing using the Benjamini

& Hochberg (BH) multiple testing correction to control for false

discovery rate in the logistic regression analysis. Evaluating the

false discovery rate is a way to address the problems associated

with multiple comparisons, and false discovery rate provides a

measure of the expected proportion of false positives among data.

Analyses were performed using GraphPad Prism 4.0 (GraphPad

Software, Inc., San Diego, CA, USA), StatsDirect Statistical Soft-

ware Version 2.4.4 (StatsDirect Ltd., Altrincham, UK), and Med-

calc (Version 7.4 for Windows; Mariakerke, Belgium).

Results

Baseline Characteristics

The baseline characteristics of all of the participants in the study

are summarized in Table 1. Of the 646 participants, 347 were

patients with ACI and 299 were healthy controls. There were no

statistically significant differences between the patients and con-

trols in terms of age or sex. The mean age was 70.0 years old

(�10 years) for the ACI subjects and 69.9 years old (�8.9 years)

for the control subjects. The sex (male-to-female) ratio was 1:1.09

in the case group and 1.05:1 in the control group. However, com-

pared with the controls, the patients with ACI had higher total

cholesterol (P < 0.0001), higher blood glucose (P = 0.0053), and

higher high-density lipoprotein (HDL; P = 0.0053) and were more

likely to smoke (P = 0.0053) and have hypertension (P < 0.0001)

than the control subjects. However, the differences in diabetes

mellitus, triglycerides, and low-density lipoprotein (LDL) between

the two groups were not statistically significant (P > 0.05).

Polymorphisms of ADAM10 Gene and the Risk of
ACI

The genotype and allele frequencies of ADAM10 polymorphisms in

the study are shown in Table 2. The deviation from Hardy–Wein-

berg equilibrium for the polymorphisms examined was not found

in the distributions of genotypes in the patients and controls (data

Table 1 The characteristics of subjects between ACI and control group

Variables ACI (n = 347)

Control

(n = 299) P value P value*

Mean age (years) 70.0 � 10.1 69.9 � 8.92 0.745 0.953

Male/female 228/119 199/100 0.834 0.953

Smokers, n (%) 172 (49.6) 93 (31.1) 0.002 0.0053

Hypertension, n (%) 189 (54.5) 74 (24.8) <0.001 <0.001

Diabetes, n (%) 70 (20.2) 34 (11.4) 0.214 0.428

Blood glucose

(mmol/L)

5.93 � 2.52 5.33 � 1.67 0.002 0.0053

Total cholesterol

(mg/dL)

5.23 � 1.17 4.74 � 1.96 <0.001 <0.001

Triglycerides

(mmol/L)

1.59 � 1.01 1.58 � 1.27 0.996 0.996

HDL (mmol/L) 1.25 � 0.51 1.57 � 0.62 0.001 0.0053

LDL (mmol/L) 2.86 � 0.98 2.87 � 1.22 0.712 0.953

ACI, atherosclerotic cerebral infarction; HDL, high-density lipoprotein;

LDL, low-density lipoprotein. Continuous data are expressed as the

means ± SD. Adjusted for age, sex, hypertension, diabetes mellitus,

hyperlipidemia, and smoking. *False discovery rate-adjusted P value for

multiple hypotheses testing using the Benjamini–Hochberg method.
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not shown). The comparison of genotype distributions between

the ACI subjects and control subjects with the chi-squared test

revealed that there was a statistical association (P = 0.04) between

the rs653765 polymorphism of ADAM10 and the risk of ACI. In a

dominant model (CC + CT vs. TT), no significant difference was

detected between the ACI group and controls (P = 0.89). How-

ever, in a recessive model (CC vs. CT + TT), a significant differ-

ence was observed in the ACI group compared with the controls

(P = 0.04). However, the rs653765 C allele did not show a signifi-

cant difference in the ACI group compared with the controls

(P = 0.053) after Benjamini & Hochberg (BH) multiple testing cor-

rection. In contrast, there was no significant association between

the rs514049 polymorphism of ADAM10 and the risk of ACI

(P = 0.56). Accordingly, the frequencies of rs514049 of ADAM10

were not significantly different between the two groups, either in

the dominant (P = 0.78) or recessive model (P = 0.38). There was

also no statistically significant difference within the C allele of the

ADAM10 rs514049 polymorphism in the ACI group compared

with the controls (P = 0.38).

We further performed a haplotype-based association analysis of

rs514049 and rs653765 using Haploview [19]. However, no signif-

icant associations were observed between these haplotypes and

ACI (Table 3).

The Association of ADAM10 Gene
Polymorphisms with Demographic
Characteristics

The associations of ADAM10 gene polymorphisms with demo-

graphic characteristics are shown in Table 4. In the analysis strati-

fied by sex and age, increased risk associated with the variant

genotypes (rs653765 CT and TT) and alleles was found in male

patients (P = 0.008 and P = 0.004) and individuals greater than

70 years old (P = 0.03 and P = 0.031, respectively). However, in

female subjects and those less than 70 years old, the associations

between ADAM10 gene polymorphisms and ACI risk were not sta-

tistically significant. When the sample was stratified according to

smoking status, the increased risk associated with the variant

genotypes (rs653765 CT and TT) was found in the smokers

(P = 0.016) compared with nonsmokers (P = 0.092) between the

ACI cases and controls. In the analysis stratified according to

hypertension and diabetes, the increased risk associated with the

variant genotypes (rs653765 CT and TT) was observed in nonhy-

pertensive (P = 0.026) and nondiabetic patients (P = 0.046;

Table 4).

Interestingly, when the sample was stratified according to

smoking status, the increased risk associated with the variant

Table 2 Frequencies of ADAM10 genotypes and alleles in patients with ACI and controls

Genotypes

Patients with ACI

n = 347 (%) Controls n = 299 (%) AOR (95% CI) P value P value

rs653765

CC 230 (66.3) 228 (76.3) 0.02a 0.04a

CT 106 (30.6) 61 (20.4)

TT 11 (3.17) 10 (3.35)

Dominant model CC/CT versus TT 336 (96.8) 289 (96.7) 1.06 (0.44–2.52) 0.89 0.89

Recessive model CC versus CT/TT 117 (33.7) 71 (23.8) 0.61 (0.43–0.87) 0.01a 0.04a

C allele 566 (81.6) 517 (86.5) 1.000 (reference)

T allele 128 (18.5) 81 (13.6) 1.44 (1.07–1.95) 0.04 0.053

rs514049

AA 298 (85.9) 267 (89.3) 0.42 0.56

AC 46 (13.3) 30 (10.0)

CC 3 (0.86) 2 (0.67)

Dominant model AA/AC versus CC 343 (99.1) 297 (99.3) 0.77 (0.13–4.64) 0.78 0.78

Recessive model AA versus AC/CC 49 (14.2) 32 (10.7) 0.73 (0.45–1.17) 0.19 0.38

A allele 642 (92.5) 564 (94.3) 1.000 (reference)

C allele 52 (7.49) 34 (5.7) 1.34 (0.86–2.10) 0.19 0.38

ACI, atherosclerotic cerebral infarction. Adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and smoking. aP value of difference in

genotypes between case group and control group. *False discovery rate-adjusted P value for multiple hypotheses testing using the Benjamini–Hoch-

berg method.

Table 3 The frequencies of haplotypes of ADAM10 gene in patients and controls

rs514049–rs653765 Case (n %) Control (n %) OR (95% CI) P value P value*

CA 566 (81.6) 495 (83.1) 1 –

TA 76 (11.0) 67 (11.2) 1.008 (0.710–1.43) 0.964 0.964

TC 52 (7.49) 34 (5.71) 0.748 (0.477–1.17) 0.203 0.405

Adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and smoking. *False discovery rate-adjusted P value for multiple hypotheses

testing using the Benjamini–Hochberg method.
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genotypes (rs514049 AC and CC) and allele frequencies was more

significant in patients with ACI compared with the controls

(P = 0.011 and P = 0.008, respectively). However, when the sam-

ple was stratified by age, sex, hypertension, and diabetes, no sig-

nificant differences in the genotype or allele frequencies between

the ACI cases and the controls were detected in the ADAM10

rs514049 polymorphism carriers (Table 4).

We also analyzed the associations of the ADAM10 polymor-

phisms with clinical parameters, including blood glucose, total

cholesterol, triglycerides, HDL, and LDL. The results are shown in

Table 5. CC carriers of rs653765 were associated with lower total

cholesterol (P < 0.0001), HDL (P < 0.0001), and higher blood glu-

cose (P = 0.009) among the patients with ACI compared with the

controls. AA carriers of rs514049 were nominally associated with

lower total cholesterol (P < 0.0001), HDL (P < 0.0001), and

higher blood glucose (P = 0.009) among the patients with ACI

compared with the control group. Subjects carrying rs653765 CT

and the rs514049 AC were coincidently associated with lower

HDL levels (P < 0.0001 and P = 0.006, respectively) among

patients with ACI compared with the controls. There were no sta-

tistically significant associations between ADAM10 polymorphisms

and triglycerides or LDL in patients with ACI compared with the

controls. Studies with greater sample sizes are needed to confirm

these associations.

Association of ADAM10 Gene Polymorphisms
with ACI Subtypes

To explore whether the effects of ADAM10 polymorphisms are

confined to a specific subtype or related to generalized risk, we fur-

ther separated the ACI group into two subgroups according to the

TOAST classification [18]. As shown in Table 6, the rs653765 and

rs514049 polymorphisms were not associated with ACI when strat-

ified according to the two major ACI subtypes (large-artery athero-

sclerosis and small-artery atheroslcerosis) in the case cohorts.

Effect of ADAM10 Gene Polymorphisms on
ADAM10 Expression

A comparative determination was performed on the ADAM10

mRNA expression levels in PBMCs of 50 patients with ACI and 50

healthy controls. According to the data obtained, the mean value

of the ADAM10 mRNA expression was 1.3-fold higher in the

patients with ACI than the controls (Figure 1), and this difference

was significant (P = 0.025).

In addition, we also assessed whether there was an association

between the mean values of the ADAM10 mRNA levels in

patients with ACI with the ADAM10 genotype. The results

obtained are presented in Figure 2A. A significant increase in

ADAM10 mRNA expression was observed in patients with ACI

who carried the mutated rs653765 CT or TT genotype of ADAM10

(P = 0.032), while in healthy subjects who carried the mutated

allele, a slight but not significant increase was detected

(P = 0.062). For the rs514049 polymorphism, no statistically sig-

nificant difference in ADAM10 mRNA expression was found

between the population carrying the mutated allele and the popu-

lation carrying the major AA in either the patients with ACI or

control subjects (Figure 2A). When the ADAM10 mRNA expres- T
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sion was further stratified by age, an increased expression of

ADAM10 was detected in patients with ACI over 70 years old

(P = 0.041; Figure 2B). However, in the normal control group,

the expression of ADAM10 was indistinctive in individuals aged

≥70 or < 70 years old (Figure 2B).

Effect of ADAM10 Gene Polymorphisms on
Carotid Atherosclerosis

Associations of the ADAM10 gene polymorphisms with CIMT and

ACI were explored, and the results are shown in Figure 3. The

mean of CIMT in the patients with ACI with the variant genotypes

(rs653765 CT and TT) was not significantly different compared

with the mean CIMT in those subjects with the CC genotype

(P = 0.259). However, unexpectedly, the mean CIMT in the

patients with ACI carrying the rs514049 AA genotype was signifi-

cantly greater than in those carrying a mutated C allele

(P = 0.046).

Discussion

There is increasing evidence of the potential impact of members of

the ADAM family on the pathogenic mechanisms leading to ACI

Table 6 The realationship between ADAM10 genotypes and ACI

stratified by TOAST classification in patients with ACI

Genotypes

TOAST classification

P valueLA SA

rs653765

CC 162 68 0.669

CT 73 33

TT 9 2

CT/TT 82 35 0.946

rs514049

AA 217 81 0.568

AC 34 12

CC 3 0

AC/CC 37 12 0.693

ACI, atherosclerotic cerebral infarction; LA, Large-artery atheroslcerosis;

SA, Small-artery atheroslcerosis; TOAST, Trial of Org 10172 in Acute

Stroke Treatment.

Figure 1 Mean values � SD of relative ADAM10 mRNA in peripheral

blood mononuclear cells (PBMCs) from patients with atherosclerotic

cerebral infarction (ACI, n = 50) and healthy subjects (controls, n = 50).

The blank box and the black box represent the relative expressions of

ADAM10 in the controls and patients with ACI, respectively, and the

median is indicated by a bar across the box. P = 0.025 when comparing

relative ADAM10 mRNA levels between patients with ACI and controls.

(A)

(B)

Figure 2 Mean values � SD of ADAM10 mRNA in PBMCs from the

healthy subjects (n = 50) and patients with atherosclerotic cerebral

infarction (ACI; n = 50) stratified according to the presence of the

mutated allele (A) (P = 0.032) or age (B) (P = 0.041).

Figure 3 Intima-media thickness mean values � SD of patients with

atherosclerotic cerebral infarction (ACI; n = 264) stratified according to

the presence of the mutated allele. P = 0.046.
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[3]. ADAM10 has been implicated in the development and pro-

gression of atherosclerosis via various cellular processes, such as

cytokine and growth factor shedding, proliferation, migration,

and extracellular matrix degradation [6]. ADAM10 might increase

vascular permeability and leukocyte transmigration by cleaving

JAM-A and VE-cadherin [20]. By mediating the ectodomain shed-

ding of VEGFR2, ADAM10 could increase vascular permeability

and facilitate vascular endothelium migration [21,22]. ADAM10

also contributes to cell proliferation by shedding VE-cadherin and

modulating the b-catenin signaling pathway [23]. The observation

that ADAM10 was present in carotid lesions and that its expres-

sion was significantly increased from early and advanced to rup-

tured atherosclerotic plaques confirmed its involvement in

atherosclerosis pathogenesis [3]. However, despite ample in vitro

and in vivo evidence, no data are available on the role of common

genetic variants in ADAM10 in ACI risk.

In 2005, Prinzen et al. reported that nucleotide �2179 to �1

represented a functional TATA-less promoter of ADAM10 and also

identified several polymorphisms in this promoter region of

ADAM10. However, no significant differences were detected

between patients with AD and control subjects. Bekris et al.

[13,24] reported that the rs653765 and rs514049 genetic varia-

tions within the ADAM10 promoter region are associated with

ADAM10 expression levels and the levels of sAPPa in the cerebro-

spinal fluid of patients with AD, although no association was

observed between AD risk and ADAM10 promoter polymorphisms.

In this hospital-based case–control study, we show for the first

time that the rs653765 polymorphism of ADAM10 is associated

with ACI, while the rs514049 polymorphism of ADAM10 is nega-

tively associated with ACI. Interestingly, the prevalence of

ADAM10 polymorphisms in our study was different from that pre-

viously reported in white individuals (26). In our population, the

rs653765 allele frequency was 86.5% for the C allele, and the

rs514049 allele frequency was 94.3% for the A allele, which were

significantly different from the rs653765 C allele frequency

(24.1%) and rs514049 A allele frequency (39.8%) in white indi-

viduals. This discrepancy might result from profound ethnic differ-

ences and the relatively small sample size of the earlier study [12].

As increased ADAM10 expression was observed in unstable pla-

ques, primarily in macrophages and leukocytes [6], we employed

real-time PCR to detect ADAM10 mRNA expression in peripheral

blood mononuclear cells. Consistent with a previous study [6],

the expression of ADAM10 in mononuclear cells was significantly

increased in patients with ACI, compared with the control sub-

jects. We also found that the individuals carrying the ADAM10

rs653765 mutated T allele expressed higher ADAM10 mRNA lev-

els, compared with populations that carry the C allele. The

ADAM10 rs653765 C > T polymorphism in the promoter region

could be a functional SNP. Regarding the rs653765 polymorphism

in patients with AD, ADAM10 expression in the brain was lower

for AA carriers than AG/GG carriers and control AA carriers [13].

In addition, ADAM10 rs514049 promoter haplotype activity in

SHSY5Y cells was significantly lower than that with the ADAM10

rs653765 promoter haplotype [13]. This evidence supports the

view that ADAM10 rs653765 polymorphisms could affect

ADAM10 expression by altering its promoter activity. Addition-

ally, bioinformatic analysis indicated that the rs653765 C > T

polymorphism is located one base downstream from the potential

binding site for the myc-associated zinc finger protein (MAZ) tran-

scription factor [12]. Thus, the C > T polymorphism of ADAM10

could affect its binding with MAZ, thereby influencing the regula-

tion of gene expression. In the two populations studied, the effects

exerted by the mutation occurred mostly in patients with ACI,

and the same tendencies were also observed in controls. A possible

explanation for these stronger effects in patients with ACI com-

pared with healthy subjects might be the risk factors that apply

during ACI development, such as smoking. Cigarette smoke,

which is a major risk factor for ACI, is known to activate matrix

metalloproteinases (MMPs) [5]. Because ADAMs share so many

structural and functional similarities with MMPs, it is conceivable

that smoking might induce increased expression of ADAM10. This

presumption is supported by our observation that the smokers car-

rying a mutated T allele have a higher risk of ACI (Table 4). It is

reported that positive expression of ADAM10 was correlated with

age, size of tumor, location of tumor, depth of invasion, vessel

invasion, lymph node, and distant metastasis and TNM stage in

gastric cancer lesions [25]. In the present study, we found that the

expression of ADAM10 was correlated with age in patients with

ACI, indicating the individuals over 70 years old carrying a

rs653765 C > T polymorphism may run a higher risk of ACI.

A previous study showed an association between MMP9 R279Q

and internal carotid artery bulb IMT [26]. The progression of ath-

erosclerosis in carotid artery lesions is associated with excessive

degradation of extracellular matrix components of the vessel wall,

especially elastic and collagen fibers [14,27]. ADAMs, proteins

that are evolutionally closely related to MMPs, with similar func-

tions in atherosclerotic carotid plaque progression, might be impli-

cated in early vascular remodeling, thus affecting CIMT

thickening. The use of IMT as a noninvasive tool to track changes

in arterial walls has made it a worthwhile predictor of future coro-

nary heart disease and stroke [28]. We have therefore sought to

examine the associations of ADAM10 polymorphisms with CIMT

in patients with ACI. Unexpectedly, the rs653765 T allele group,

which ran a higher risk of ACI, did not show a significant differ-

ence in CIMT compared with the C allele group. However, carriers

of the rs514049 A allele had a higher CIMT than those carrying

the mutated C allele among the patients with ACI. Our findings

provide little support for polymorphisms of ADAM10 being direct

risk factors for IMT, at least in the early stages of ACI develop-

ment, which are characterized by vessel remodeling and thicken-

ing, although ADAM10 has been implicated in both the early and

advanced stages of atherosclerosis. However, IMT provides a mea-

surement of early atherosclerosis and remodeling, and IMT thick-

ening appears before cerebral infarcts formation. An IMT greater

than 0.9–1 mm is almost certainly are indicative of atherosclerosis

and increased risk of cardiovascular disease [29]. The prediction of

stroke or death was significantly improved when ultrasound

parameters were included [30]. So, IMT progression was associ-

ated with the occurrence of future cardiovascular events. How-

ever, the influence of ADAM10 polymorphisms on IMT should be

further verified in studies with considerably larger sample sizes.

In this study, we stratified the patients with ACI into large-

artery atherosclerosis (also called atherothrombotic stroke) and

small-artery atheroslcerosis (also referred to as lacunar stroke),

according to the TOAST classification [18]. Atherothrombosis is

characterized by a sudden, unpredictable, atherosclerotic plaque
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disruption, leading to platelet activation and thrombus formation

[31]. Lacunar stroke results from occlusion of one of the penetrat-

ing arteries that provides blood to the brain’s deep structures.

Although the pathogenic mechanisms of atherothrombotic and

lacunar stroke are considered to be different, there are several

clues link atherosclerosis and ADAM10 to lacunar infarction. First,

microatheroma now is regarded as the most common mechanism

of arterial occlusion [32]. Miller Fisher indicates that the diseases

in the larger perforating arteries resulting from atherosclerosis

cause one single or multiple larger lacunar infarcts [33]. In this

point of view, atherosclerosis is likely to play a role in lacunar

stroke. Moreover, considerable evidence suggests that endothelial

dysfunction contributes to lacunar stroke [34]. ADAM10 was

required for VEGF-induced VE-cadherin cleavage, vascular per-

meability, and endothelial cells migration [10]. Thus, the signifi-

cant role ADAM10 played in vasculature and endothelial cells

makes it possible to be related to lacunar stroke. Finally, an

inflammatory process with activated monocytes/macrophages

may play a role in lacunar infarction [32]. Thus, through cleavage

of several cell surface molecules such as IL-6R, TNF-a, L-selectin,
CX3CL, and HB-EGF, ADAM10 is involved in inflammatory pro-

cesses in the vasculature and thereby may play a key role in lacu-

nar stroke. Nevertheless, in future study, we will further clarify

the specific role ADAM10 played in atherothrombotic and lacunar

stroke, separately.

This case–control study had some limitations; the study sample

was not sufficiently large, perhaps leading to nonrepresentative

results. The other clinical characteristics of the study group, such

as hypertension, diabetes, or hypercholesterolemia, might have

complicated the associations between ADAM10 polymorphisms

and ACI. Larger prospective studies are necessary to fully elucidate

the role of these polymorphisms in ACI. Other functional poly-

morphisms might also influence the expression of ADAM10, and

their combined effects must be studied to improve the prediction

of the occurrence, severity, and outcomes of ACI.

In summary, our study shows for the first time a significant

association between the ADAM10 rs653765 polymorphism and

increased risk of ACI. Genetic variation in ADAM10 is therefore a

promising new candidate for playing a role in regulating the

development of atherosclerosis. The current study provides new

information about the possible role of ADAM10 in the develop-

ment of ACI; however, more work is still required to shed light on

the role of ADAM10 in the pathogenesis of atherosclerosis and

further clarify its prognostic and therapeutic potential.
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