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Introduction
Cerebral infarction is one of the primary causes of long-term 
functional disability (Liu et al., 2010, 2013b), and results in 
residual impairment that diminishes a patient’s indepen-
dence and quality of life (Nowak, 2008). Despite advances 
in medical, thrombolytic, and surgical treatments, the treat-
ment of cerebral infarction still lacks an optimal method (Liu 
et al., 2011b). Recently, the action of non-specific inflamma-
tion has shed light on ischemia/reperfusion injury (Daemen 
et al., 1999; Collard and Gelman, 2001; Jong et al., 2003; 
Yellon and Hausenloy, 2007), and is known to play a critical 
role during cerebral infarction. Cerebral ischemia induces 
a strong immune response and consequent inflammation, 
which is characterized by activated cytokines, chemokines, 
adhesion molecules, and proteolytic enzymes that exacerbate 
tissue damage (del Zoppo et al., 2000; Emsley and Tyrrell, 
2002; Wang et al., 2013; Tu et al., 2014). However, the patho-
genesis of cerebral infarction is very complicated (Liu et al., 
2013a). Interleukin-10 (IL-10) is a pleiotropic cytokine that 
can exert anti-inflammatory effects during cerebral ischemia 

injury. The IL-10 gene promoter is highly polymorphic, 
with multiple single nucleotide polymorphic sites. The most 
important three sites are -1082 (A/G), -819 (C/T), and -592 
(C/A) (Perrey et al., 1999). In this study, we focused on the 
relationship between IL-10 gene promoter polymorphisms 
and cerebral infarction. Accordingly, we used amplification 
refractory mutation system-polymerase chain reaction 
(ARMS-PCR) to detect the distribution frequency of -1082 
(A/G) and -819 (C/T) in cerebral infarction. Our study 
supports the notion that IL-10 gene deficiency determines 
genetic susceptibility to cerebral infarction.

Subjects and Methods
Subjects 
The patients included in this study were inpatients of the 
Department of Neurology in Union Hospital of Fujian Med-
ical University, China from August 2011 to February 2013. In 
the cerebral infarction group, there were 181 cases, consist-
ing of 123 males and 58 females, aged 66.1 ± 10.5 years. In 
the control group, there were 115 healthy subjects, consisting 
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0.1 mM internal control primers in the presence of 1.5 mM 
MgCl2, 0.2 mM each dNTP, 500 mM KCl, 200 mM Tris-HCl, 
0.001% gelatin, and 0.5 U Taq DNA polymerase. Internal 
reference primers were used to identify successful PCR am-
plification, and amplified a conserved region of exon 3 of 
the HLA-DRB1 gene. ARMS-PCR for amplification of the 
IL-10-1082 G/A and –819 C/T alleles was performed under 

of 68 males and 47 females, aged 65.4 ± 11.6 years. There 
were no differences in age and gender between the groups (P 
< 0.05).

All cerebral infarction patients met the International 
Classification of Diseases, 10th revision (ICD-10) cerebral 
infarction classification criteria (Organization, 2004). All 
healthy control subjects had received a physical examination 
in Union Hospital of Fujian Medical University, China.  

Patients with any of the following diseases were excluded: 
cardiac embolism, vasculitis, trauma, thyroid disease, blood 
disease, use of immunosuppressive agents, cancer, pregnan-
cy, autoimmune diseases, infection, cerebral vascular malfor-
mation, or aneurysm. 

The study was approved by the Ethics Committee of Fu-
jian Medical University on the basis of the Declaration of 
Helsinki-Ethical Principles for Medical Research Involving 
Human Subjects. All patients provided written informed 
consent. 

Extraction of genomic DNA
Two mL samples of fasting antecubital venous blood from 
both groups were placed in EDTA-Na anticoagulant tubes. 
Genomic DNA extraction was performed according to the 
instructions of the DNA extraction kit (Promega Corpora-
tion, Madison, WI, USA). The final concentration of DNA 
working solutions was 0.1 g/L. Working solutions were 
stored at −20°C.

IL-10 promoter polymorphism detection
Genetic testing primers were synthesized by Shanghai Bio-
engineering Technology Company (Shanghai, China). PCR 
amplification was performed (MBI Fermentas, Shanghai, 
China) according to a previously described method (Perrey 
et al., 1999). The IL-10-1082 A/G and -819 C/T gene loci 
primers are: 

Gene polymorphisms were genotyped by ARMS (Newton et 
al., 1989), which was performed in 25 μL volumes contain-
ing 25–50 ng genomic DNA, 0.25 mM specific primers, and 

Gene Primer sequence (5'–3')
Product 
size (bp)

IL-10-
1082A/G 

(A) Upstream: ACT ACT AAG GCT TCT TTG 
GGA A 

(G) Upstream: CTA CTA AGG CTT TGG GAG
Downstream: CAG TGC CAA CTG AGA ATT 

TGG

258

IL-10-
819C/T

(C) Upstream: CCC TTG TAC AGG TGA TGT 
AAC

(T) Upstream: ACC CTT GTA CAG GTG ATG 
TAA T 

Downstream: AGG ATG TGT TCC AGG CTC 
CT

233

Internal 
reference

Upstream: GCC TTC CCA ACC ATT CCC 
TTA

Downstream: TCA CGG ATT TCT GTT GTG 
TTT C

429

IL: Interleukin.

Table 1 General information for cerebral infarction and control 
groups 

 
Cerebral infarction  
group (n = 181)

Control group 
(n = 115)

Gender (male/female, n) 123/58 68/47

Age (mean ± SD, year) 66.11 ± 10.54 65.43 ± 11.62

Hypertension [n(%)] 121(66.9)* 56(48.7)

Diabetes [n(%)] 57(31.5)* 20(17.4)

Hyperlipidemia [n(%)] 45(24.9) 31(27.0)

Coronary heart disease [n(%)] 17(9.4) 14(12.2)

*P < 0.05, vs. control group (chi-square test). 

Table 2 Comparison of interleukin (IL)-10-1082 A/G and -819 C/T 
genotype frequency [n(%)] between cerebral infarction and control 
groups 

Group

IL-10-1082 A/G IL-10-819 C/T 

AA AG GG CC CT TT

Cerebral 
infarction
(n = 181)

153(84.5)* 28(15.5)* 0(0.0) 32(17.7) 73(40.3) 76(42.0)

Control 
(n = 115)

83(72.2) 32(27.8) 0(0.0) 18(15.7) 44(38.3) 53(46.0)

*P < 0.05, vs. control group (chi-square test).

Table 3 Comparison of interleukin (IL)-10-1082 A/G and -819 C/
T allele frequency [n(%)] between cerebral infarction and control 
groups 

Group

IL-10-1082 A/G IL-10-819 C/T 

A G C T

Cerebral infarction 
(n = 181)

334(92.3)* 28(7.7)* 137(37.8) 225(62.2)

Control 
(n = 115)

198(86.1) 32(13.9) 80(34.8) 150(65.2)

*P < 0.05, vs. control group (chi-square test).

Table 4 Non-conditional logistic regression analysis of risk factors 
for cerebral infarction

Risk factor b Wald χ2 P OR

95%CI

Lower Upper

Hypertension 0.729 8.717 0.003 2.073 1.278 3.364

1082 locus genotype 0.708 5.681 0.017 2.031 1.134 3.637

The variables of hypertension and 1082 locus genotype were significantly 
relevant to cerebral infarction (P < 0.05).
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Figure 1 Genotyping electrophoresis pattern for the interleukin (IL)-
10 promoter region -1082 locus. 
1: AA genotype; 2: AG genotype; M: marker.

Figure 2 Reverse sequencing map of the interleukin (IL)-10 promoter region -1082 locus (arrows). 
(A) T (as the complementary base of A) was detected at 210 bp; (B) C (as the complementary base of G) was detected at 210 bp. 

Figure 4 Reverse sequencing map of the interleukin (IL)-10 promoter region -819 locus (arrows).
(A) G (as the complementary base of C) was detected at 190 bp; (B) A (as the complementary base of T) was detected at 190 bp.

Figure 3 Genotyping electrophoresis pattern for the interleukin (IL)-
10 promoter region -819 locus.
1: CC genotype; 2: CT genotype; 3: TT genotype; M: marker.
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the following conditions: amplification with a 1 minute de-
naturation step at 95°C, then 10 cycles of 15 seconds at 95°C, 
50 seconds at 65°C, and 40 seconds at 72°C, and 20 cycles 
of 20 seconds at 95°C, 50 seconds at 59°C, and 30 seconds 
at 72°C, followed by cooling to 4°C (Perrey et al., 1999). Af-
ter PCR amplification, PCR products were resolved by 2% 
agarose gel electrophoresis and visualized under ultraviolet 
light, using a 100 bp ladder for sizing. Gene bands from two 
cases were sequenced by Tiangen Sequencing Biotechnology 
Co., Ltd. (Beijing, China). 

Statistical analysis
Data analysis was performed using SPSS 13.0 software (SPSS, 
Chicago, IL, USA). Allele frequency was calculated as: (2 × 
homozygotes + heterozygotes)/(2 × the number of patients). 
Representative samples from each group were analyzed us-
ing the Hardy-Weinberg balance method. Categorical data 
[n(%)] were analyzed by chi-square test. Measurement data 
(mean ± SD) characterized by normal distributions were 
analyzed by two-sample t-tests. Non-conditional probability 
logistic regression analysis was used to eliminate the poten-
tial influence of potential and confounding factors. Values of 

P < 0.05 were considered statistically significant.

Results
Demographics between cerebral infarction and control 
groups
There were no significant differences in age, gender, hyper-
lipidemia onset, and coronary heart disease onset between 
cerebral infarction and control groups. The proportion of 
hypertension and diabetes in the cerebral infarction group 
was significantly higher than in the control group (P < 0.05; 
Table 1).

Gene polymorphism analysis of the IL-10-1082 A/G locus 
The electrophoretic band at 258 bp represented the homo-
zygote alleles, either G (GG) or A (AA). Using the same two 
pairs of primers, another electrophoretic band at 258 bp 
represented the heterozygote allele (AG) (Figure 1). Repre-
sentative sequencing results are shown in Figure 2. 

Gene polymorphism analysis of the IL-10-819 C/T locus 
The electrophoretic band at 233 bp represented the homozy-
gote alleles, either C (CC) or T (TT). Using the same two pairs 



1812

Jiang XH, et al. / Neural Regeneration Research. 2015;10(11):1809-1813.

of primers, another electrophoretic band at 233 bp represent-
ed the heterozygote allele (CT) (Figure 3). Representative 
sequencing results are shown in Figure 4. 

IL-10-1082 A/G and -819 C/T genotype and allele 
frequencies
There were significant differences in IL-10-1082 A/G geno-
type distribution frequency between cerebral infarction and 
control groups [AA: 153 cases (84.5%) vs. 83 cases (72.2%); 
AG: 28 cases (15.5%) vs. 32 cases (27.8%) (χ2 = 6.643, P = 
0.010)]. For the IL-10-1082 locus, the A allele frequency in 
the cerebral infarction group was significantly higher than in 
the control group (92.3% vs. 86.1%; χ2 = 5.894, P = 0.015). 
There were no significant differences in IL-10-1082 A/G 
and -819 C/T genotype and allele frequencies between both 
groups (P < 0.05) (Tables 2 and 3). 

Risk factors of cerebral infarction
To exclude confounding factors, we analyzed possible fac-
tors related to cerebral infarction, specifically, hypertension, 
diabetes, and IL-10-1082 genotype. Stepwise multiple linear 
regression and non-conditional logistic regression analyses 
were performed, in which the three factors served as inde-
pendent variables and cerebral infarction as the dependent 
variable. The results were determined using 0.05 and 0.10 
as significant standard introducing and eliminating vari-
ables, respectively. We found that two independent variables, 
namely hypertension and 1082 locus genotype, were signifi-
cantly relevant to cerebral infarction (P < 0.05; Table 4). 

Discussion
Pathogenesis of ischemic brain damage is complicated, with 
non-specific inflammation mediated by pro-inflammatory 
cytokines and chemokines and other inflammatory me-
diators playing an important role (del Zoppo et al., 2000; 
Emsley and Tyrrell, 2002; Min et al., 2013; Zhou et al., 2014). 
Interleukin-10, a pleiotropic anti-inflammatory factor, plays 
a protective role in cerebral ischemia models (Moore et al., 
2001; Liu et al., 2009). It prevents downregulation of the an-
ti-apoptotic protein Bcl-2 in ischemic brain tissue, and limits 
excitotoxic damage to the brain through an activin-depen-
dent mechanism (Liu et al., 2007). Ischemic insult and IL-
10 administration augments neurogenesis in the rodent 
brain (Dietrich et al., 1999; Vila et al., 2003; Woiciechowsky 
et al., 2004; Liu et al., 2007). Hence, these findings suggest 
that IL-10 contributes to reduction of infarct volume and 
neurological improvement after experimental focal cerebral 
ischemia. The protective mechanism of IL-10 is achieved by 
downregulating expression of IL-1β, tumor necrosis factor 
alpha (TNF-α), P-selectin and other pro-inflammatory cyto-
kines, and reducing neuronal apoptosis (Liu et al., 2007; Liu 
et al., 2009). Previous studies have shown a close association 
between P-selectin, IL-6 promoter polymorphism, and cere-
bral infarction (Zee et al., 2004; Tong et al., 2010). However, 
little is known about the association between IL-10 gene 
polymorphism and cerebral infarction.

The IL-10 gene promoter region is approximately 5 kb 

and located within the region upstream of the translation 
initiation site (Turner et al., 1997; D’Alfonso et al., 2000). 
The IL-10 gene promoter is highly polymorphic with mul-
tiple single nucleotide polymorphic sites. The three most 
important ones are -1082 (A/G), -819 (C/T), and -592 (C/
A) (Perrey et al., 1999). Here, we found that the genotype 
distribution of the IL-10 promoter in the Chinese Han 
population is consistent with the results of a previous study 
(Meenagh et al., 2002). Specifically, the frequency of G al-
lele carriers of the -1082 locus is significantly lower in the 
Chinese Han population than that in Ireland, Mexico, and 
other races. Additionally, our data shows that the -1082 lo-
cus GG genotype is not detectable in the Chinese Han pop-
ulation, and only the AA and/or AG genotypes are present. 
These findings indicate that gene polymorphisms of some 
inflammatory cytokines differ depending upon ethnicity. 
Based on the finding that IL-10 genetic linkage at the single 
nucleotide polymorphic sites, -819 and -592, are linked 
(Perrey et al., 1999), we assumed -592 genotypes from -819 
genotypes, instead of directly examining IL-10-592 loci 
polymorphic sites. 

Interleukin-10 gene promoter polymorphisms are closely 
related to IL-10 expression levels in vivo. Studies indicate 
that -1082G, -819C, and -592C are highly expressed alleles 
compared with -1082A, -819T, and -592A (Hoffmann et 
al., 2001). In the presence of allele -1082A, stimulation of 
lymphocytes with concanavalin A results in lower IL-10 pro-
duction than in allele -1082A-negative cells (Turner et al., 
1997; Koch et al., 2001). These studies also found that pro-
tein production is independent of alleles -819 and -592, sug-
gesting that IL-10 levels are determined mainly by the -1082 
genotype. Here, we found a statistical difference in distri-
bution of the IL-10-1082 locus between cerebral infarction 
and control groups, suggesting that cerebral infarction risk is 
2-fold higher with the AA genotype than the AG genotype. 
Therefore, the AA genotype together with hypertension is 
the independent risk factor of cerebral infarction. Interest-
ingly, our results show that the A allelic gene frequency in 
cerebral infarction patients (92.3%) is higher than normal 
controls (86.1%). This was not observed for IL-10-819 C/T 
and-592 C/A genotype distributions and allele frequencies, 
suggesting that the incidence of cerebral infarction is related 
to increased frequency of the IL-10-(-1082 A/G) A allele.

Cerebral infarction is associated with an extremely high 
rate of disability (Liu et al., 2011a). For a long time, clinical 
experts have formed a consensus on its clinical risk factors, 
i.e., hypertension, diabetes, and hyperlipidemia. Generally, 
the incidence of cerebral infarction can be significantly re-
duced through effective interventions to these risk factors. 
However, these known risk factors are not found in a consid-
erable proportion of patients, even with a thorough medical 
history and physical examination. Thus, we found significant 
correlation between the IL-10-1082 gene polymorphism and 
cerebral infarction. Further studies regarding the IL-10-1082 
gene polymorphism are needed, with consideration of a dif-
ferent experimental design. Detection of cerebral infarction 
susceptibility genes is conducive to identifying populations 
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at disease risk, and improving the effectiveness of primary 
prevention.
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