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Research Highlights 

(1) A serum amyloid A gene polymorphism is positively correlated with carotid intima-media thick-

ness in the healthy Han Chinese population. However, the correlation between this serum amyloid A 

polymorphism and ischemic cerebrovascular disease is not yet known. Interleukin-18 is closely re-

lated to atherosclerotic plaque progression and instability. Interleukin-18 promoter gene polymor-

phisms may be associated with ischemic stroke pathogenesis, and the –607C allele increases 

ischemic stroke risk in the Han Chinese population. The frequency distribution of genetic polymor-

phisms varies among different populations, races, and living environments.  

(2) In the present study, we analyzed serum amyloid A and interleukin-18 levels in a Han Chinese 

population to investigate the relationship between serum amyloid A, interleukin-18, and C-reactive 

protein, as well as their role in ischemic cerebrovascular disease. 

(3) The –13T/C (rs11024595) polymorphism, in the 5′-flanking region of the serum amyloid A gene, 

shows no correlation with ischemic cerebrovascular disease. However, the C allele of the –607C/A 

(rs1946518) polymorphism in the interleukin-18 gene promoter is a strong risk factor for ischemic 

cerebrovascular disease in the Han population of northern China. In addition, the A allele is likely 

protective for ischemic cerebrovascular disease. 

 

Abstract  
Interleukin-18 gene promoter polymorphisms are potential risk factors for ischemic cerebrovascular 

disease, and the –607C allele may increase ischemic stroke risk in the Han Chinese population. In 

the present study, we recruited 291 patients with ischemic cerebrovascular disease from the Affi-

liated Hospital of Qingdao University Medical College, China, and 226 healthy controls. Both pa-

tients and controls were from the Han population in northern China. Immunoresonance scattering 

assays detected increased serum amyloid A protein, C-reactive protein, and interleukin-18 levels in 

ischemic cerebrovascular disease patients compared with healthy controls. Analysis of the –607C/A 

(rs1946518) polymorphism in the interleukin-18 gene promoter showed ischemic cerebrovascular 

disease patients exhibited increased frequencies of the CC genotype and C alleles than healthy 

controls. Genotype and allele frequencies of the interleukin-18 –137G/C (rs187238) polymorphism 

and the –13T/C (rs11024595) polymorphism in the 5'-flanking region of serum amyloid A, showed 

no significant difference between the two groups. Multivariate logistic regression analysis on the 

interleukin-18 promoter A/C genetic locus, for correction of age, gender, history of smoking, hyper-

tension, diabetes mellitus, hypercholesteremia, and an ischemic stroke family history, showed 

ischemic cerebrovascular disease risk in individuals without the A allele (C homozygotes) was 

2.2-fold greater than in A allele carriers. Overall, our findings suggest that the –13T/C (rs11024595) 

polymorphism in the 5′-flanking region of serum amyloid A has no correlation with ischemic cere-

brovascular disease, but the C allele of the –607C/A (rs1946518) polymorphism in the interleukin-18 
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promoter is a high-risk factor for ischemic cerebrovascular disease in the Han population of northern China. 

In addition, the A allele is likely a protective gene for ischemic cerebrovascular disease. 

 

Key Words 

neural regeneration; brain injury; interleukin-18; ischemic cerebrovascular disease; atherosclerosis; gene 

polymorphism; C-reactive protein; serum amyloid A protein; inflammation; neuroregeneration 

 

 

INTRODUCTION 

    

Atherosclerosis and thrombotic incidents are 

a major cause of morbidity and mortality. The 

increasing incidence of ischemic cerebro-

vascular disease is due to certain risk factors, 

including atherosclerosis. Atherosclerosis 

can result in ruptured fibrous caps, which are 

strongly associated with a recent stroke his-

tory
[1-3]

. Moreover, atherosclerotic plaque 

rupture is involved in the etiology of cardi-

ovascular events
[4-5]

.  

 

Many factors lead to plaque instability, with 

inflammation being an important one. Recent 

evidence supports inflammation as a major 

cause of the initiation, unstable progression, 

and eventual disruption of coronary plaques, 

and patients with a more pronounced vas-

cular inflammatory response have a poorer 

outcome
[6-9]

. Inflammation plays an important 

role not only in the initiation and progression 

of atherosclerosis, but also in plaque rup-

ture
[10]

.  

 

There are many inflammation factors in-

volved in atherosclerosis. C-reactive protein 

is an acute-phase protein that participates in 

atherosclerosis formation and development. 

It has emerged as the most powerful predic-

tor of cardiovascular disease because of its 

role in atherosclerosis, endothelial dysfunc-

tion, atherosclerotic-plaque formation, plaque 

maturation, and eventual rupture
[11]

.  

 

Serum amyloid A is another important in-

flammation factor. Animal experiments and 

clinical studies have found serum amyloid A 

levels are closely related to coronary heart 

disease, obesity, and carotid arteriosclero-

sis
[12-13]

. Serum amyloid A triggers inflamma-

tory cell adhesion, chemotaxis, and aggrega-

tion, leading to cell infiltration in arterioscle-

rotic plaques. Although serum amyloid A is a 

sensitive marker for coronary artery disease, 

its specific effect on arteriosclerosis in vivo 

remains unclear.  

 

The polymorphisms, rs12218 of the serum 

amyloid A1 gene, and rs2468844 of the se-

rum amyloid A2 gene, are positively corre-

lated with carotid intima-media thickness in 

the healthy Han Chinese population
[14]

. 

However, the correlation between serum 

amyloid A polymorphisms and ischemic ce-

rebrovascular disease is still unknown. A 

recent study found serum amyloid A acts not 

only as an inflammatory factor, but also as 

an apolipoprotein, replacing apolipoprotein 

A1 as the major apolipoprotein of the 

high-density lipoprotein involved in atheros-

clerosis
[14]

. 

 

Interleukin-18 is directly involved in atheros-

clerotic plaque progression and instabili-

ty
[15-16]

. Furthermore, interleukin-18 plays an 

important role in ischemic stroke pathoge-

nesis, and polymorphisms within its promo-

ter contribute to interleukin-18 expression 

levels
[17]

. Interleukin-18 gene promoter po-

lymorphisms may also be associated with 

ischemic stroke pathogenesis, as the –607C 

allele has been shown to increase ischemic 

stroke risk in the Han Chinese population
[17]

, 

although frequency distributions of genetic 

polymorphisms vary between different pop-

ulations, races, and living environments. In 

the present study, we investigated a Han 

Chinese population.  

 

We measured serum amyloid A and interleu-

kin-18 levels in ischemic cerebrovascular 

disease patients to determine the relation-

ship between serum amyloid A, interleu-

kin-18, C-reactive protein, and ischemic ce-

rebrovascular disease. This will improve our 

understanding of the mechanisms under-
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lying serum amyloid A and interleukin-18 actions in ce-

rebrovascular disease. We also explored the –13T/C 

polymorphism, found within the 5′-flanking region of the 

serum amyloid A gene, and two polymorphisms 

(–607C/A and –137G/C) found within the promoter re-

gion of the interleukin-18 gene. Our aim was to identify 

molecular genetic mechanisms involved in cerebrovas-

cular disease pathogenesis.   

 

 

RESULTS 

 

Quantitative analysis and baseline data of study 

subjects 

A total of 291 patients with ischemic cerebrovascular 

disease and 226 healthy controls were included in the 

final analysis. The ischemic cerebrovascular disease 

group matched the control group in age, number of male 

patients, and smoking status (P > 0.05). Both patients 

and controls were from the Han population living in 

northern China (north of Tsinling Mountains and Huai 

River). 

 

The number of cases with a disease history of hyperten-

sion, diabetes mellitus, hyperlipidemia, or a family history 

of stroke was significantly higher in the ischemic cere-

brovascular disease group than the control group (P < 

0.01 or P < 0.05; Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Serum amyloid A and interleukin-18 levels were po-

sitively correlated with C-reactive protein levels in 

ischemic cerebrovascular disease patients 

Immunoresonance scattering assays detected higher 

serum amyloid A and interleukin-18 levels in the ischemic 

cerebrovascular disease group than in the control group 

(P < 0.01; Table 2).  

 

Pearson’s correlation analysis identified a positive cor-

relation between C-reactive protein and both serum 

amyloid A and interleukin-18 levels in ischemic cerebro-

vascular disease (r = 0.494, P < 0.01; Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examination of the serum amyloid A –13T/C 

polymorphism, and the –607C/A and –137G/C 

polymorphisms within the interleukin-18 promoter  

Chi-square goodness-of-fit tests showed the genotype 

distributions and frequencies for the –13T/C polymor-

phism (within the serum amyloid A gene), and –607C/A 

and –137G/C polymorphisms (within the interleukin-18 

gene promoter region), all reached Hardy-Weinberg 

Table 1  Demographic characteristics of subjects 

Item 
ICD group  

(n = 291) 

Control 

group  

(n = 226) 

P 

Age (mean±SD, year) 66.1±7.9 64.5±6.6  0.076 

Sex (male/female, n) 158/133 120/106  0.786 

Smoking [n(%)] 96(33.0) 63(27.9)  0.211 

Hypertension [n(%)] 140(48.1)a 50(22.1) < 0.001 

Diabetes [n(%)] 76(26.1)a 27(11.9) < 0.001 

Hyperlipidemia [n(%)] 79(27.1)a 34(15.0)  0.001 

Family history of stroke 

[n(%)] 

75(25.8)b 38(16.8)  0.014 

 
aP < 0.01, bP < 0.05, vs. control group. Results in the age category 

are expressed as mean ± SD and group comparisons were 

performed using an independent sample t-test. The remaining data 

categories were compared using chi-square tests. ICD: ischemic 

cerebrovascular disease. 

Table 2  Comparison of serum amyloid A, interleukin-18, 
and C-reactive protein levels in ischemic cerebrovascular 
disease (ICD) and control groups 

Group n 
Serum amyloid A 

(mg/L) 

C-reactive  

protein (mg/L) 

Interleukin-18 

(pg/mL) 

ICD 291 16.43±6.11a 10.36±2.28a 164.79±33.48a 

Control  226 7.61±2.14 2.99±1.65 84.89±21.56 

 
aP < 0.01, vs. control group. Data are expressed as mean ± SD 

and group comparisons were performed using independent  

sample t-tests. 

Figure 1  Pearson’s correlation analysis of serum 
C-reactive protein (CRP), and serum amyloid A or 
interleukin-18 levels, in ischemic cerebrovascular disease 

patients.  

Correlation coefficients (r) between serum CRP and serum 
amyloid A (A) or interleukin-18 (B) levels are 0.494 (P < 
0.01) or 0.677 (P < 0.01), respectively, showing significant 

positive correlations in both cases. 
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equilibrium in both ischemic cerebrovascular disease 

patients and healthy controls (serum amyloid A, ischemic 

cerebrovascular disease P = 0.052, controls P = 0.054; 

interleukin-18 –137G/C, ischemic cerebrovascular dis-

ease P = 0.12, controls P = 0.813; interleukin-18 

–607C/A, ischemic cerebrovascular disease P = 0.635, 

controls P = 0.566). Thus, indicating all subjects are from 

the same population. Target gene fragments were readily 

detected by PCR amplification (Figures 2, 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The serum amyloid A –13T/C (rs11024595) polymor-

phism is characterized by three genotypes, specifically, 

homozygous TT, heterozygous TC, and homozygous CC 

(Figure 4). The genotype and allele distributions of serum 

amyloid A showed no significant difference between 

ischemic cerebrovascular disease and control groups  

(P > 0.05; Tables 3, 4).  

 

For the interleukin-18 –137G/C (rs187238) polymor-

phism, we found no significant difference in genotype 

frequency between ischemic cerebrovascular disease 

and control groups (χ
2
 = 0.668, P = 0.414; Table 5). The 

G allele frequency was dominant in both groups, but this 

was not significant (χ
2
 = 0.414, P = 0.52; Table 6).   

 

The CC genotype frequency of the interleukin-18 

–607C/A (rs1946518) polymorphism was greater in 

ischemic cerebrovascular disease than in healthy con-

trols (P < 0.01; Table 7). Similarly, the C allele frequency 

was much higher in ischemic cerebrovascular disease 

than in healthy controls (P < 0.01; Table 8).  

 

We further examined the interleukin-18 –607C/A 

(rs1946518) polymorphism by multivariate logistic re-

gression, adjusting for age, sex, smoking, hypertension, 

diabetes, hyperlipidemia, and family history of stroke. We 

found the risk for ischemic cerebrovascular disease was 

2.2-fold greater in homozygous C allele carriers (CC), 

compared with heterozygotes (CA) or homozygote A 

allele carriers (AA) (OR = 2.243, 95%CI = 1.431–4.735, 

P = 0.002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Electrophoresis of PCR fragments of the serum 

amyloid A gene polymorphism (–13T/C) in ischemic 
cerebrovascular disease patients.  

1–10: Serum samples from 10 patients with ischemic 
cerebrovascular disease; PCR fragment: 303 bp; M: 

marker. 

Figure 3  Electrophoresis of PCR fragments of the 
interleukin-18 polymorphisms (–607C/A and –137G/C) in 

ischemic cerebrovascular disease patients.  

(A) The –607C/A polymorphism. M: Marker. Lanes 1, 3, 
and 5: three samples analyzed with specific primer 1 
(matching allele A), intra-control forward primer, and 

general reverse primer. Lanes 2, 4, and 6: three samples 
analyzed with specific primer 2 (matching allele C), 
intra-control forward primer, and general reverse primer. 

The genotype of the three samples is CA, AA, and CC. 
The length of specific and reference products are 196 bp 
and 301 bp, respectively. 

(B) The –137G/C polymorphism. M: Marker. Lanes 1, 3, 
and 5: three samples analyzed with specific primer 1 
(matching allele G), intra-control forward primer, and 
general reverse primer. Lanes 2, 4, and 6: three samples 

analyzed with specific primer 2 (matching allele C), 
intra-control forward primer, and general reverse primer. 
The genotype of the three samples is GC, GG, and CC. 

The length of specific and reference products are 261 bp 
and 446 bp, respectively. 
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DISCUSSION 

 

Serum amyloid A is a local and systemic proinflammatory 

cytokine
[18]

 that can cause inflammation, lipid transfer, 

and atherosclerosis. In carotid atherosclerotic lesions, 

Meek et al 
[18]

 found serum amyloid A mRNA was ex-

pressed in most endothelial cells, certain smooth muscle 

cells, macrophage-derived foam cells, macrophages, 

and fat cells. This confirmed a role for serum amyloid A 

in arteriosclerosis.  

 

Serum amyloid A can promote fat and interstitial vascular 

cells to produce inflammatory cytokines
[19]

, and is not 

only an atherosclerosis risk factor, but also an active 

participant in atherogenesis
[20]

. Liuzzo et al 
[21]

 investi-

gated the relationship between serum amyloid A and 

unstable angina, and found increased serum amyloid A 

levels strongly correlated with an adverse prognosis. 

Figure 4  The –13T/C (rs11024595) polymorphism of the 
serum amyloid A gene in ischemic cerebrovascular 
disease.  

(A) Homozygous TT; (B) heterozygous TC;            
(C) homozygous CC. Arrows indicate allele distribution. 

A 

B 

C 

Table 3  Genotype distribution of the serum amyloid A 
–13T/C (rs11024595) polymorphism in ischemic      

cerebrovascular disease (ICD) and control groups 

Group n 
Genotype [n(%)] 

χ2 P 
TT TC CC 

ICD 291 62(21.3) 162(55.7) 67(23.0) 5.792 0.055 

Control  226 46(20.4) 107(47.3) 73(32.3)   

 
Data were compared using the chi-square test. There was no 

genotype difference detected between the two groups (P > 0.05). 

Table 4  Allele frequency distribution of the serum amyloid 

A –13T/C (rs11024595) polymorphism in ischemic 
cerebrovascular disease (ICD) and control groups 

Group n 
Allele [n(%)] 

χ2 P 
T  C 

ICD 582 286(49.1) 296(50.9) 2.672 0.102 

Control  452 199(44.0) 253(56.0) 

 
Data were compared using the chi-square test. There was no 

difference in allele distribution between the two groups (P > 0.05). 

Table 5  Genotype distribution of the interleukin-18 

–137G/C (rs187238) polymorphism in ischemic      ce-
rebrovascular disease (ICD) and control groups 

 

Group n 
Genotype [n(%)] 

χ2 P 
GG GC CC  

ICD  291 240(82.5) 46(15.8) 5(1.7) 0.668 0.414 

Control  226 180(79.6) 43(19.0) 3(1.4)   

 
Data were compared using the chi-square test. There was no 

significant difference in genotype frequency distribution between 

the two groups (P > 0.05). 

Table 6  Allele frequency distribution of the interleukin-18 
–137G/C (rs187238) polymorphism in ischemic 
cerebrovascular disease (ICD) and control groups 

Group n 
Allele [n(%)] 

χ2    P 
G  C 

ICD  582 526(90.4) 56(9.6) 0.414 0.52 

Control  452 403(89.2) 49(10.8)   

 
Data were compared using the chi-square test. There was no 

significant difference in allele frequency distribution between the 

two groups (P > 0.05). 

Table 7  Genotype frequency distribution of the 

interleukin-18 –607C/A (rs1946518) polymorphism in 
ischemic cerebrovascular disease (ICD) and control 
groups 

Group n 
Genotype [n(%)] 

χ2 P 
CC CA  AA  

ICD 291 91(31.3)a 147(50.5)a 53(18.2)a 11.76 0.003 

Control  226 50(22.1) 108(47.8) 68(30.1)   

 
aP < 0.01, vs. control group. Data were compared using the 

chi-square test. The CC genotype frequency was increased in the 

ischemic cerebrovascular disease group. 

Table 8  Allele frequency distribution of the interleukin-18 

–607C/A (rs1946518) polymorphism in ischemic 
cerebrovascular disease (ICD) and control groups 

Group n 
Allele [n(%)] 

χ2 P 
C A 

ICD 582 329(56.5)a 253(43.5)a 11.26 0.001 

Control 452 208(46.0) 244(54.0)   

 
aP < 0.01, vs. control group. Data were compared using the 

chi-square test. The C-allele frequency was increased in the 

ischemic cerebrovascular disease group. 
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Furthermore, serum amyloid A has been proposed as a 

sensitive marker for prognosis in fatal cardiovascular 

disease
[22]

. 

 

The human serum amyloid A gene is located on chro-

mosome 11 (p15.4–p15.1), and encodes three functional 

genes, although only serum amyloid A1 and A2 encode 

acute-phase serum amyloid A. Serum amyloid A1 plays 

an important role during the immune response, and in 

chronic inflammatory disease through the stimulation of 

genes involved in cytokine production, phagocytosis, and 

anti-apoptotic pathways
[23]

.  

 

Both rs12218 and rs2468844, from serum amyloid A1 

and A2, respectively, are associated with carotid inti-

ma-media thickness in healthy Han Chinese subjects
[14]

. 

The 5′-flanking region of the serum amyloid A1 gene has 

three polymorphic sites, –61C/G, –13T/C, and –2G/A
[24]

. 

We selected the –13T/C polymorphism as it has been 

previously associated with peripheral arterial disease
[25]

.  

 

We found no apparent correlation between the –13T/C 

polymorphism and ischemic stroke incidence. Possible 

reasons are: (1) Gene polymorphism distribution fre-

quencies are affected by race, populations, environment, 

age, and gender. Moreover, allele shift may occur during 

the genetic process. (2) Different polymorphic sites ex-

amined.  

 

Xie et al 
[25]

 investigated the correlation between serum 

amyloid A1/2 gene polymorphisms and carotid artery 

intima-media thickness in the healthy Han Chinese pop-

ulation using four single-nucleotide polymorphisms 

(SNPs), rs12218, rs2229338, rs1059559, and rs2468844. 

After exclusion of confounding factors, two SNPs 

(rs12218 and rs2468844) were found to correlate well 

with carotid intima-media thickness. Future research is 

needed to verify if these two sites are associated with 

ischemic stroke.  

 

In humans, C-reactive protein is a primary, sensitive 

marker of the non-specific inflammatory response
[26-27]

, 

and plays an important role in the progression of cere-

bral tissue injury
[28]

. Furthermore, C-reactive protein 

levels can predict ischemic stroke, and are an inde-

pendent prognostic factor for a poorer outcome at     

3 months
[27, 29]

.  

 

In this study, serum amyloid A levels significantly in-

creased in ischemic cerebrovascular disease, and sig-

nificantly and positively correlated with C-reactive protein. 

Therefore, serum amyloid A may also be an important 

inflammatory marker in ischemic stroke.  

 

Interleukin-18 is a pleiotropic proinflammatory factor, and 

plays a key role in the inflammatory cascade effect
[30-31]

. 

Interleukin-18 is directly involved in atherosclerotic pla-

que progression and instability
[15, 32]

. It is also a specific 

biomarker for atherosclerosis-prone patients with meta-

bolic syndrome
[33]

. Serum interleukin-18 levels are sig-

nificantly higher in acute myocardial infarction patients
[34]

. 

Levels of circulating interleukin-18 have been positively 

correlated with carotid intima-media thickness and co-

ronary plaque area, and have been identified as impor-

tant predictors of coronary events and cardiovascular 

mortality
[35]

. Interleukin-18 is also the most important 

independent predictor in ischemic stroke patients who 

had combined major adverse events within 90 days, and 

is related to stroke severity and degree of dysfunc-

tion
[36-37]

.  

 

Our study identified significantly higher serum interleu-

kin-18 levels in ischemic cerebrovascular disease pa-

tients than in control patients. Pearson’s correlation 

analysis showed serum interleukin-18 and C-reactive 

protein levels significantly correlate (r = 0.677, P < 0.01), 

in agreement with previous studies. These results sug-

gest that determining serum interleukin-18 levels in 

ischemic stroke patients may be helpful to evaluate brain 

injury severity.   

 

The gene encoding interleukin-18 is located on human 

chromosome 11, and is composed of six exons and five 

introns. The –607C/A and –137G/C polymorphisms are 

located upstream of exon 1, where a trans-acting factor 

binding site, affecting interleukin-18 transcription levels, 

is also found. The interleukin-18 promoter –137G/C 

polymorphism influences interleukin-18 levels and co-

ronary artery disease incidence, suggesting interleu-

kin-18 is causally involved in atherosclerosis develop-

ment
[38-40]

. The –607C/A site, located in a 3′,5′-cyclic 

adenosine monophosphate trans-acting element bind-

ing protein-binding zone point mutation, may affect ex-

pression of interleukin-18 and interferon
[38]

.  

 

The –607C/A polymorphism has been associated with 

type 2 diabetes, with the C allele reported as a suscep-

tibility gene for type 2 diabetes
[30]

. Interleukin-18 gene 

promoter polymorphisms may be associated with 

ischemic stroke pathogenesis, and the –607C allele 

may increase the risk of ischemic stroke in the Han 

Chinese population
[17]

. 

 

In this study, we found three genotypes of the –607C/A 
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polymorphism, specifically CC, CA, and AA. Ischemic 

stroke patients have a significantly higher frequency of 

the CC genotype, while the AA genotype distribution 

frequency is significantly higher in the control group. 

Moreover, there were significant differences in the dis-

tribution of both alleles between the two groups.  

 

There was no significant difference between the two 

groups in the allele and genotype distributions of the 

–137G/C polymorphism, and it showed no correlation 

with ischemic stroke risk. This adds credence to our 

finding that the –607C/A polymorphism is correlated with 

ischemic stroke risk, with the C allele as a potential 

ischemic stroke risk factor. While the AA and CA geno-

types of the –607C/A polymorphism reduced ischemic 

stroke risk, it is likely there would be increased risk for 

CC carriers. This difference was still statistically signifi-

cant when analyzed by logistic regression analysis.  

 

Ischemic stroke risk in individuals who did not carry the 

–607 A allele (CC homozygotes) was greater by a 

2.2-fold difference than individuals carrying the –607 A 

allele (CA heterozygote or AA homozygotes). Therefore, 

we propose that the A allele provides a protective effect 

in ischemic stroke incidence, while C allele carriers have 

an increased risk of ischemic stroke, consistent with the 

findings of Zhang et al 
[17]

.  

 

Further research is necessary to determine if interleu-

kin-18 variant genotypes of the –607A/C or –137G/C 

polymorphisms, show association with serum interleu-

kin-18 levels, and if the –607C allele is important in 

transcriptional regulation of the interleukin-18 gene. 

 

 

SUBJECTS AND METHODS 

 

Design 

A non-randomized, controlled study of gene polymor-

phisms. 

 

Time and setting 

Experiments were performed from August 2008 to May 

2010 at the Central Laboratory of the Affiliated Hospital 

at Qingdao University Medical College, China. 

 

Subjects 

A total of 291 patients with ischemic cerebrovascular 

disease were recruited from the Inpatient and Outpatient 

Departments at the Affiliated Hospital of Qingdao Uni-

versity Medical College, China from August 2008 to May 

2010.  

Inclusion criteria 

(1) All patients met diagnostic criteria of the Fourth Na-

tional Cerebrovascular Disease Conference of China
[40]

. 

(2) All patients presented with large-artery atherosclero-

sis as determined by the Trial of Org 10172 on Acute 

Stroke Treatment classification. (3) Digital subtraction or 

CT angiography confirmed large-artery atherosclerotic 

stenosis-associated ischemic stroke. (4) All patients pro-

vided informed consent. 

 

Exclusion criteria 

(1) Patients with acute coronary syndrome and other 

heart diseases, such as dilated cardiomyopathy or 

rheumatic heart disease. (2) Patients with liver or kidney 

dysfunction, or severe heart failure. (3) Patients with 

infections or immune system diseases. (4) Patients with 

peripheral vascular disease. (5) Patients with cerebral 

infarction induced by arteritis, blood diseases, cancer, 

drugs, aneurysms, or vascular malformations. 

 

In addition, 226 healthy volunteers were simultaneously 

selected from the Medical Examination Center at the 

Affiliated Hospital of Qingdao University Medical College, 

China, and served as the control group. The controls and 

patients were matched in terms of age and gender. There 

were 158 male and 133 female subjects, at a mean age 

of 66.06 ± 7.94 years. 

 

All patients and healthy controls were from the Chinese 

Han population, living in northern China (north of Tsinling 

Mountains and Huai River). Clinical data included age, 

gender, smoking status, hypertension, diabetes, and 

hyperlipidemia. Hypertension was defined in accordance 

with guidelines from the World Health Organization 

(1999)
[41] 

and the International League of Hypertension, 

specifically, systolic blood pressure ≥ 140 mmHg    

(18.7 kPa), and/or diastolic blood pressure ≥ 90 mmHg 

(12.0 kPa) with the exception of secondary hyperten-

sion
[41]

. Hyperlipidemia met diagnostic criteria from the 

Recommendations of Dyslipidemia Prevention, issued by 

the Chinese Society of Cardiovascular Disease
[42]

. Di-

abetes was diagnosed according to criteria from the 

World Health Organization
[43]

.  

 

According to the State Council of China, we explained 

the trial method and risk, and all partners provided in-

formed consent
[44]

. 

 

Methods 

Blood specimen collection 

Within 24 hours of hospital admittance, 3 mL of elbow 

venous blood was collected from all candidates into 
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ethylenediamine tetraacetic acid-anticoagulant tubes. 

Candidates were fasted prior to blood collection. After 

removal of the fat layer and exclusion of hemolyzed 

specimens, serum and blood cells were separated by 

centrifugation at 1 000 × g for 10 minutes. The resulting 

serum and white film (containing a small amount of se-

rum and red blood cells) were collected into two micro-

centrifuge tubes. They were then immediately frozen and 

stored at –80°C until use. Serum was used for detection 

of serum levels of appropriate factors. White film was 

used to extract DNA for polymorphism analysis. 

 

Determination of serum C-reactive protein, serum 

amyloid A, and interleukin-18 levels by 

immunoresonance scattering assays 

Human serum C-reactive protein, serum amyloid A, and 

interleukin-18 levels were determined using immuno-

resonance scattering assays (BN-II protein analyzer; 

Dade Behring Company, Marburg, Germany), according 

to the manufacturer’s instructions (Wuhan EIAab 

Science; Wuhan, Hubei Province, China). Serum 

C-reactive protein, serum amyloid A, or interleukin-18 

antibody was aliquoted into 96-well microplates to 

prepare a solid-phase carrier. Standards and samples 

were added to each well, allowing serum C-reactive 

protein, serum amyloid A, or interleukin-18 within the 

samples, to interact with antibodies bound to the sol-

id-phase carrier. Biotinylated serum C-reactive protein, 

serum amyloid A, or interleukin-18 antibody was then 

incubated, and non-adherent antibody subsequently 

washed away. Horseradish peroxidase-labeled avidin, 

and a color substrate (tetramethyl benzidine), were 

added for antibody visualization.  

 

The color intensity positively correlated with serum 

C-reactive protein, serum amyloid A, or interleukin-18 

levels. Absorbance values at 450 nm were measured 

using a microplate reader (Microplate Reader 550; 

Bio-Rad, Hercules, CA, USA), and sample concentra-

tions were calculated. Standard concentrations were 

used for the vertical axis, and absorbance values for the 

horizontal axis.  

 

Standard curves were plotted on a logarithmic scale 

(the best formula was based on a R2 value from a re-

gression equation; a R2 value close to 1 leads to op-

timal results). Obtained curves were analyzed using 

Professional Curve Expert 1.3 software, a comprehen-

sive curve fitting system for Windows. XY data can be 

modeled using a toolbox of linear regression models, 

nonlinear regression models, and interpolation. Sample 

concentrations were inferred according to absorbance 

values from the standard curve. 

 

DNA extraction 

DNA was extracted using a whole blood DNA extraction 

kit (Promega Biotech, Beijing, China). DNA (5 µL) was 

mixed with 195 μL of ultrapure water. Absorbances (A) at 

260 and 280 nm were read using an UV spectrophoto-

meter (DUR640; Beckman, Los Angeles, CA, USA), and 

the A260nm/A280nm ratio was calculated. DNA concentration 

(μg/μL) = A260nm × 50 × dilution factor/1 000. The 

A260nm/A280nm ratio determined the purity of extracted DNA, 

with levels between 1.7 and 2.0 indicating DNA samples 

were of high purity. 

 

Determination of serum amyloid A and interleukin-18 

genotype 

The serum amyloid A PCR primers were designed ac-

cording to three sites in the vicinity of the DNA sequence 

and related literature
[25, 45]

.  

 

The serum amyloid A 5′-flanking region –13T/C poly-

morphism primers are:  

 

Gene Primer sequence (5′–3′) 
Product 

size (bp) 

–13T/C polymorphism of 

the serum amyloid A 

gene 5′-flanking region  

 

Upstream: CTC AAC TCC GCA 

GCC TCA GC 

20 

Downstream: GTG CTG TAG 

CTG AGC TGC GG 

 

 

PCR amplification was performed using an Eppendorf 

22331 PCR reaction device (Eppendorf, Hamburg, 

Germany). PCR reactions, in a total volume of 30 μL, 

contained 15 μL of Taq PCR Master Mix, 0.6 μL of each 

upstream and downstream primers, 0.8 μL of DNA tem-

plate (0.04–0.08 µg/µL), and ultra-pure water. For ampli-

fication, a total of 36 cycles were run, comprising an ini-

tial cycle of 94°C predenaturation for 3 minutes, followed 

by 35 cycles of 94°C denaturation for 30 seconds, 60°C 

annealing for 30 seconds, and 72°C extension for     

45 seconds, followed by a 72°C extension for 5 minutes.  

 

Samples were electrophoresed on 2% agarose gels in  

1 × Tris-acetate-ethylenediamine tetraacetic acid elec-

trophoresis buffer at 110–120 V for 40 minutes (Power-

Supply PAC300 horizontal electrophoresis apparatus; 

Bio-Rad) to visualize PCR amplification bands. PCR 

amplified fragments were sequenced by Shanghai San-

gon Biotechnology (Shanghai, China) to determine T/C 

genotypes and allele frequencies. 

 

The interleukin-18 PCR primers were designed accord-

ing to three sites in the vicinity of the DNA sequence and 
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related literature
[46-47]

. Primers and PCR product sizes for 

the polymorphisms at positions –137 and –607 of the 

interleukin-18 gene promoter are:  

 

Sequence-specific  

primers 

Primer sequence  

(5′–3′) 

Product size 

(bp) 

G/C allele at position –137    

Common reverse primer AGG AGG GCA A AA TGC 

ACT GG 

  

Forward primer 1 CCC CAA CTT T TA CGG 

AAG AAA AG 

261 

Forward primer 2 CCC CAA CTT T TA CGG 

AAG AAA AC 

261 

Control forward primer CCA ATA GGA C TG ATT ATT 

CCG CA 

446 

A/C allele at position –607   

Common reverse primer TAA CCT CAT TCA GGA CTT 

CC 

 

Forward primer 1 GTT GCA GAA AGT GTA AAA 

ATT ATT AC  

196 

Forward primer 2 GTT GCA GAA AGT GTA AAA 

ATT ATT AA 

196 

Control forward primer CTT TGC TAT C AT TCC 

AGG AA 

301 

Forward primer: Specific forward primer. 

 

PCR amplification was performed using an Eppendorf 

22331 PCR reaction device (Eppendorf). PCR reactions, 

in a total volume of 30 μL, contained 15 μL of Taq PCR 

Master Mix, 1.0 μL of DNA template (0.04–0.08 µg/µL), 

one sequence-specific primer, a common reverse primer, 

and the internal position control primer (all at a volume of 

0.4 μL), and ultra-pure water. The amplification condi-

tions for the –137G/C polymorphism were initial denatu-

ration at 94°C for 5 minutes, then 40 cycles of denatura-

tion at 94°C for 30 seconds, annealing at 58°C for 30 

seconds, and extension at 72°C for 45 seconds, with a 

final extension step at 72°C for 10 minutes.  

 

The amplification conditions for the –607C/A polymor-

phism were initial denaturation at 94°C for 5 minutes, 

then 40 cycles of denaturation at 94°C for 30 seconds, 

annealing at 53°C for 30 seconds, and extension at 72°C 

for 45 seconds, with a final extension step at 72°C for   

10 minutes.  

 

After PCR amplification, samples were electrophoresed 

on 2% agarose gels in 1 × Tris-acetate-ethylenediamine 

tetraacetic acid electrophoresis buffer at 110–120 V for 

40 minutes (PowerSupply PAC300 horizontal electro-

phoresis apparatus; Bio-Rad) to visualize PCR amplifi-

cation bands.  

 

Statistical analysis 

Data were analyzed using SPSS 13.0 software (SPSS, 

Chicago, IL, USA). Measurement data were expressed 

as mean ± SD and compared with independent sample 

t-tests. Quantification data were compared using chi- 

square tests. Pearson’s correlation analysis was used to 

determine the correlation between serum amyloid A, 

interleukin-18, and C-reactive protein in ischemic cere-

brovascular disease. Serum amyloid A and interleukin-18 

genotype and allele frequencies were calculated using 

the frequency counting method. Genotype and allele 

frequencies between groups were compared using 

chi-square tests. The goodness-of-fit chi-square test was 

used to determine the Hardy-Weinberg genetic equili-

brium of gene frequencies. Relative risk factors were 

expressed as 95%CI. Two-tailed tests were performed. A  

P < 0.05 was considered statistically significant. Con-

founding factors (including age, sex, smoking, hyperten-

sion, diabetes, hyperlipidemia, and a family history of 

stroke) were adjusted using multivariate logistic regres-

sion to determine the correlation between the interleu-

kin-18 C allele of the –607 promoter polymorphism and 

ischemic cerebrovascular disease risk.  
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