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Abstract: There is an accumulating body of evidence indicating strong association between inflammation and the
pathogenesis of atrial fibrillation (AF). IL-10 is a multifunctional anti-inflammatory cytokine that down-regulates cellmediated immune responses and cytotoxic inflammatory responses. The aim of the present study is to investigate
the association of IL-10 gene -592A/C polymorphism with AF in Han Chinese. 117 AF patients and 100 healthy volunteers were eligible for this study. The PCR-based restriction fragment length polymorphism (PCR-RFLP) technique
was used to assess the genotypes frequencies. The distribution of the IL-10 -592A/C genotypes (AA, AC, and CC)
was 55.00%, 35.00%, and 10.00% in the controls, and 71.79%, 23.08%, and 5.13% in AF subjects, respectively
(p = 0.0335). The frequency of the A allele in the AF group was significantly higher than that in the control group
(83.33% vs 72.50%, p = 0.0063). Compared with the CC genotype, the AA genotype had increased risk of AF in both
unadjusted and adjusted analyses. The average serum IL-10 levels in AA genotype were statistically lower than in AC
+ CC genotype (p = 0.0000). These findings suggest that IL-10 -592A/C polymorphism is associated with AF and the
A allele has increased risk for AF in Han Chinese.
Keywords: Atrial fibrillation, interleukin-10, genetic polymorphism, Chinese

Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia seen in clinical practice, affecting 1-2% of the general population
[1-3]. The prevalence of AF doubles with each
advancing decade from the age of 50 years,
affecting approximately 0.5% of individuals
aged at 40-50 years and 5-15% of persons at
80 years [1]. In China, morbidity related to AF is
0.77% in the adult population [4]. Compared
with people in sinus rhythm, those in AF have a
6-fold increased risk of stroke and twofold
increased risk of death. For those with rheumatic heart disease, the risk of stroke is increased
up to 18-fold [2, 5-7]. Despite the extensive
studies, the pathophysiological mechanisms in
AF, however, remain unclear.
Interleukin (IL)-10 is a multifunctional cytokine
involved in both innate and adaptive immune
response [8, 9]. Interleukin-10 inhibits the pro-

duction of pro-inflammatory cytokines by inhibition of T-helper 1 (Th1) lymphocytes and stimulation of B lymphocytes and Th2 lymphocytes
and thus downregulates the inflammatory
response [10]. As an inflammatory cytokine,
IL-10 participates in the development of various
diseases, such as chronic infection, kidney disease, cancer, and cardiovascular disease [11,
12]. The gene encoding IL-10 is located on chromosome 1 (1q31-1q32). Three functional promoter single nucleotide polymorphisms (SNPs)
in the IL-10 locus at -1082 (A to G, rs1800896),
-819 (C to T, rs1800871), and -592 (A to C,
rs1800872) from the transcriptional start site
have been confirmed, and -819C/T is in tight
linkage disequilibrium with -592A/C [13, 14].
However, the -1082G allele is extremely rare in
Chinese Han population [15].
Based on these findings, we carried out a casecontrol study of IL-10 gene -592A/C polymorphism to evaluate its putative association with
AF in Han Chinese.

IL-10 polymorphisms and AF
Table 1. Clinical characteristics of AF and control subjects
Characteristics
AF (n = 117) Controls (n = 100)
Age (years)
64.37 ± 13.11
59.10 ± 4.04
Gender (% male)
57.26
60.00
Hypertension (n, %)
65 (55.55)
43 (43.00)
Diabetes mellitus (n, %)
16 (13.68)
8 (8.00)
Smoking (n, %)
38 (32.48)
33 (33.00)
Leukocyte count (109/L)
5.60 ± 1.44
5.46 ± 1.21
Left atrial dimension (mm) 44.56 ± 6.83
33.06 ± 1.71
TC (mmol/L)
4.43 ± 1.14
3.63 ± 0.56
LDL-C (mmol/L)
2.41 ± 0.96
2.45 ± 0.49
HDL-C (mmol/L)
1.23 ± 0.32
1.19 ± 0.32
TG (mmol/L)
1.30 ± 0.85
1.31 ± 0.71
IL-10 (ng/L)
12.78 ± 6.05
18.65 ± 5.52

p value
0.0001
0.6835
0.0652
0.1840
0.9350
0.4435
0.0000
0.0000
0.7067
0.3597
0.9259
0.0000

consent was obtained from all
participants.
Biochemical analysis

Venous blood samples were
obtained after at least a 10hour overnight fast and then
centrifuged at 2500 rpm for 30
minutes at 4°C and immediately stored at -80°C until analysis. Measurement of total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), low
density lipoprotein-cholesterol
(LDL-C), and triglycerides (TG)
AF, atrial fibrillation; TC, total cholesterol; LDL-C, low density lipoprotein-cholesterwas performed as described
ol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; IL-10, interleupreviously [16-18]. The serum
kin-10.
IL-10 levels were analyzed using a standard enzyme-linked
Subjects and methods
immunosorbent assay (ELISA) using a commercially available kit (R&D Systems, Minneapolis,
Study subject
Minnesota, USA) according to manufacturer’s
instructions.
A total of 117 AF patients were eligible for this
Genetic analysis
study. AF was defined according to the European
Society of Cardiology (ESC) Guidelines for the
Genomic DNA was extracted from peripheral
management of AF [1] as replacement of sinus
blood leukocytes by the salting-out method
P waves by rapid oscillations or fibrillatory
with minimal modifications. Determination of
waves that varied in size, shape, and timing,
IL-10 gene -592A/C genotypes was performed
which were associated with an irregular venby polymerase chain reaction and restriction
tricular response when atrioventricular conducfragment length polymorphism (PCR-RFLP) as
tion was intact. The presence of AF was deterdescribed previously [19]. A 465 bp PCR amplimined from history, followed by serial electrofication product was generated from genomic
cardiogram or ambulatory electrocardiographic
DNA using the following primers: 5’-AACTTCTTmonitoring. 100 healthy volunteers in the corCCACCCCATCTTT-3’ (sense) and 5’-ATCCTCAAAresponding period served as controls. The conGTTCCCAAGCAG-3’ (antisense). PCR reactions
trol subjects were judged to be free of AF by
were carried out with 200 ng of genomic DNA in
history, clinical examination, electrocardiograa total volume of 25 μL, containing 1.5 mmol/L
phy, and dynamic electrocardiography. All study
Mg2+, 0.02 µmol of each of the four dNTPs, 40
participants were enrolled at the Affiliated
pmol of each of the primers, and 1.5 U of DNA
Hospital of Nantong University and unrelated
polymerase. Thermal processing started with
Han nationality. Details of medical history, fam94°C for 5 min, and 38 cycles at 94°C for 45 s,
ily history, and clinical symptoms were obtained
52°C for 38 s and 72°C for 90 s, this was folfrom all participants using a standardized queslowed by a final extension at 72°C for 10 min.
tionnaire, together with information of drug
All PCR reactions were carried out in a Perkinintake and cigarette smoking. Study particiElmer 9600 thermal cycler (Foster City, CA). 10
pants with acute coronary syndrome, hypertroμL of the PCR product was digested using the 2
phic cardiomyopathy, significant valvular disU of the RsaⅠrestriction endonuclease (New
ease, left ventricular dysfunction (ejection
England Biolabs, Beverly, MA, USA) in 25 μL volfraction < 50%), and neoplastic, renal, liver, or
umes at 37°C for 1 h. The digestion products
thyroid diseases were excluded. The study has
were then separated by electrophoresis on
been approved by the Medical Ethics Committee
1.5% agarose gel, stained with ethidium bromide.
of Soochow University, and written informed
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Figure 1. Electrophoresis results of IL-10 -592A/C genotypes.

Statistical analysis
All continuous variables are expressed as the
mean and standard deviation (SD). Student’s
t-test was used to compare continuous variables from two groups. Genotypes and allele
frequencies were obtained by direct count.
Differences in the distribution of alleles and
genotypes between the groups, and deviations
from the Hardy-Weinberg equilibrium were
assessed by χ2 test. All significant tests were
two-tailed and were considered statistically significant at p < 0.05. SPSS for Windows version
11.0 (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses.
Results
Characteristics of the study subjects
The clinical characteristics of all participants
enrolled in the study are shown in Table 1. No
significant differences were seen between the
two groups with regard to gender, prevalence of
hypertension and diabetes, smoking status,
leukocyte count, LDL-C, HDL-C, and TG. However, compared with the controls, AF patients
had older ages, larger left atrial dimension, and
higher serum IL-10 and TC levels.

two groups. The genotype distribution among
the subjects was in Hardy-Weinberg equilibrium
in both the control group (χ2 =1.44947, p =
0.2215) and the AF group (χ2 = 3.3508, p =
0.0672). The distribution of the IL-10 -592A/C
genotypes (AA, AC, and CC) was 55.00%,
35.00%, and 10.00% in the controls, and
71.79%, 23.08%, and 5.13% in AF subjects,
respectively (p = 0.0335). The frequency of the
A allele in the AF group was significantly higher
than that in the control group (83.33% vs
72.50%, p = 0.0063). Compared with the CC
genotype, the AA genotype had a 2.0826-fold
increased risk of AF (crude odds ratio [OR] =
2.0826, 95% confidence interval [CI] = 1.18563.6583, P = 0.0101). After being adjusted for
age, gender, prevalence of hypertension and
diabetes, serum levels of lipids and IL-10, and
left atrial dimension, the association persisted
(adjusted OR = 1.8408, 95% CI = 1.05253.2196, p = 0.0316) (Table 3).
The distributions of IL-10 -592A/C genotypes
and allele frequencies in AF patients according
to the presentation and duration of the arrhythmia were also investigated. No statistical differences were observed between the paroxysmal
AF and the non-paroxysmal AF group (Table 4).

Distributions of IL-10 -592A/C genotypes and
allele frequencies

Effects of the different genotypes on serum
IL-10 levels

PCR product digested with RsaⅠyields 405 and
60 bp fragments when A is at position -592.
According to electrophoresis, the fragments
were 405 bp + 60 bp (AA genotype), 465 bp (CC
genotype) and 465 bp + 405 bp + 60 bp (AC
genotype), respectively, as shown in Figure 1.
10% of the PCR samples were directly sequenced to ensure the reliability of the digestion. The sequencing results were consistent
with the results by PCR-RFLP, as shown in
Figure 2.

The effects of the different genotypes on serum
IL-10 levels are depicted in Figure 3. Since the
numbers of individuals with the CC genotype
were small, the carriers of the C allele (AC + CC)
were pooled into one group. The average serum
IL-10 levels (ng/L) in AA genotype (11.78 ±
5.40) were statistically lower than in AC + CC
genotype (18.64 ± 9.73) (p = 0.0000).

Table 2 summarizes the distributions of IL-10
-592A/C genotypes and allele frequencies for
4201

Discussion
The major finding of the present study is that
there is a strong association between the IL-10
-592A/C polymorphim and risk of developing
Int J Clin Exp Med 2014;7(11):4199-4206
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Figure 2. Sequencing results of IL-10 -592A/C genotypes. The sequencing results of the -592A/C genotypes showed
that there was only a single A peak in AA genotype, a single C peak in CC genotype and the overlaping A and C peaks
in AC genotypes (black arrow).

Table 2. Distribution of the IL-10 -592A/C genotypes and alleles in AF
and control subjects
Groups
controls
AF
p value

Genotypes frequencies (n, %)
Alleles frequencies (n, %)
AA
AC
CC
A
C
100 55 (55.00) 35 (35.00) 10 (10.00) 145 (72.50) 55 (27.50)
117 84 (71.79) 27 (23.08) 6 (5.13)
195 (83.33) 39 (16.67)
0.0335
0.0063
n

AF. Compared with the CC genotype, the AA
genotype had a 2.0826-fold increased risk of
AF. Subjects with AA genotype also had lower
serum IL-10 levels than those with AC + CC genotype. These findings support the hypothesis
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that inflammation plays
a role in the underlying
mechanisms of AF.

In the past few years,
much attention has been devoted to assess
the role of low-grade
inflammation in AF. Inflammatory stimuli may
lead to structural remodeling of atria that promotes progression and persistence of AF.
Histological evidence to support the association between inflammation and AF has been
derived from several sources [20]. In addition,
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immune responses
and cytotoxic inflaGenotypes
OR (95% CI)
p value
OR (95% CI)
p value
mmatory responsCC
1.00
1.00
es [8, 12]. Its effAC
0.5571 (0.3074-1.0099) 0.0525 0.6130 (0.3425-1.0973) 0.0985
ects are directed
AA
2.0826 (1.1856-3.6583) 0.0101 1.8408 (1.0525-3.2196) 0.0316
mainly against funcAA+AC
0.4865 (0.1703 -1.3897) 0.1715 0.5149 (0.1917-1.3829) 0.1821
tions of mononucla
Adjusted for age, gender, prevalence of hypertension and diabetes, serum levels of lipids and
ear cells, T lymphoIL-10, and left atrial dimension. OR, odds ratio; CI, confidence interval.
cytes and polymorphonuclear leukocytes. Furthermore,
Table 4. Distribution of the IL-10 -592A/C genotypes and alleles in paroxysIL-10 plays a role in
mal AF and non-paroxysmal AF group
inhibition of cell adGenotypes frequencies (n, %)
Alleles frequencies (n, %)
hesion molecules,
Groups
n
AA
AC
CC
A
C
monocyte chemoParoxysmal AF
33 24 (72.73) 6 (18.18) 3 (9.09) 54 (81.82) 12 (18.18)
tactic protein-1, tissue factor, fibrinonon-paroxysmal AF 84 60 (71.43) 21 (25.00) 3 (3.57) 141 (83.93) 27 (16.07)
gen, matrix metalp value
0.3886
0.6967
loproteinase-9, T-lymphocyte granulocyte-macrophage colony-stimulation factor, inducible nitric oxide synthase and smooth muscle cell proliferation [21, 22]. Moreover, a
potent ability of IL-10 to suppress TNF-α, IL-1α,
IL-1β, IL-6, IL-12, and interferon-γ production
makes it one of the most important immunoregulator as well as a mediator of inflammatory
process [8, 23]. Published data also have
shown that TNF-α and IL-6 are associated with
AF [24].
Table 3. Relative risk of AF according to IL-10 -592A/C genotypes
a

Figure 3. Effects of the different genotypes on serum
IL-10 levels.

some studies have shown that circulating levels of inflammatory mediators or markers, such
as interleukin IL-6 and high-sensitivity C-reactive protein (hs-CRP), were increased in
patients with AF and were associated with
unsuccessful cardioversion [5]. Furthermore,
treatment with anti-inflammatory agents, such
as statins, in AF patients was associated with a
significant decrease in the risk of arrhythmia
recurrence after successful cardioversion [2].
IL-10 is a multifunctional anti-inflammatory
cytokine that downregulates cell-mediated
4203

It has been reported that 50-75% of the variation in IL-10 production is genetically controlled
[25, 26]. Among the most studied three SNPs in
the IL-10 promotor region, -819C/T is in tight
linkage disequilibrium with -592A/C [13, 14].
However, the distribution of various genotypes
for the IL-10 promoter polymorphic sites differ
significantly between ethnic populations [12].
Our previous study found that IL-10 -1082 G
allele is extremely rare in Chinese Han population [15], the result is similar to other reports in
eastern Asian populations apart from a slight
variation [27, 28]. Of 98 Japanese subjects,
only 1 GG homozygous was detected, while in
Korean population, the frequency of GG genotype was only 0.81%. In contrast, the genotypes
distributions of IL-10 -1082 A/G in several
Caucasian groups were similar, although the A
allele frequency in European Caucasians
increased with higher latitudes, with the highest found in a Finnish population [29-31]. The
prevalence of IL-10 -592A/C polymorphism
also varies from population to population. In
our study of Chinese healthy subjects, the IL-10
-592 A allele frequency was 72.50%, which is
Int J Clin Exp Med 2014;7(11):4199-4206
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very similar to this frequency in southern
Chinese (67.00%) [32], Korean (62.00%) [33]
and Japanese (67.20%) [34], but markedly different from Caucasians (21.00%) [35]. The ethnic differences suggest that IL-10 promotor
polymorphisms could be a useful anthropologic
genetic marker. The frequency of the IL-10 -592
A allele was significantly increased in our AF
patients, suggesting that it might represent a
candidate genetic marker to predict the development of AF for an individual.
The present study also found lower serum IL-10
levels in AF patients than in controls, and subjects with AA genotype had lower serum IL-10
levels than those with AC + CC genotype. The
position -592 is in an area containing putative
binding sites for IL-6 and STAT-1 [36], the two
important signaling pathway molecules initiating atrial fibrosis and AF [24]. Thus, the higher
AA genotype frequency and lower circulating
IL-10 levels in AF patients may facilitate the proinflammatory cytokines initiating and maintaining atrial fibrosis and AF.
As AF is often associated with other cardiac
and systemic disorders, it is not generally
appreciated that AF may be inherited. However,
accumulating studies have provided evidence
of a genetic contribution to AF. A few studies
have identified Mendelian variants in selected
families, which increase susceptibility to AF
[37]. In addition, the future risk for offspring AF
in parental compared with no parental AF was
increased by 1.85 times in the Framingham
Heart Study [38] and 1.77 times in unselected
families in Iceland [39]. Furthermore, most
patients with AF have one or more identifiable
risk factors, but many or even most individuals
with these same risk factors do not develop AF,
indicating that there are probably genetic factors that predispose some of them to the AF.
Several investigations have been trying to
unravel some of these genetic backgrounds
with the use of association studies. In some
case-control studies, genetic polymorphisms of
cardiac sodium channel (SCN5A), tissue inhibitors of matrix metalloproteinases-2 (TIMP-2),
renin-angiotensin system (RAS), IL-6, and cholesteryl ester transfer protein (CETP) were identified as risk factors for AF [17]. A genome-scan
analysis performed in three populations of
European descent and a Chinese population
found a strong association between two
sequence variants at chromosome 4q25 and
AF [40].
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Several limitations need to be addressed.
Firstly, we could not exclude the presence of
previous asymptomatic AF in the control group
because these conclusions were based solely
on the medical history of the interviews with
the participants. The relatively limited cohort
size restricts the generalizability of our results.
Secondly, except IL-10, other inflammatory
cytokines, might be measured to clarify possible causative mediators. Finally, although all
the study subjects were Han Chinese population and thus the possibility of ethnicity as a
confounding factor could be excluded, the
association of the IL-10 -592A/C polymorphism
and AF in other populations remains unknown
and needs further study.
In conclusion, our data support that IL-10
-592A/C polymorphism is associated with AF
and the A allele has increased risk for AF in Han
Chinese. Given the inherent limitations of casecontrol studies and the complex nature of
genetic susceptibility for chronic degenerative
diseases, the prospective and interventional
clinical studies with larger sample size are
required to be conducted in individual ethnic
groups to confirm our observations.
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