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Influence of IL-10 polymorphism on the development of
coronary artery disease in Pakistan
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Background: Coronary Artery Disease (CAD) is the most frequent form of heart diseases. IL-10 is an anti-
inflammatory cytokine and down regulates the Th1 response by suppression of pro-inflammatory cytokine. There
are interindividual variations in IL-10 production, which are genetically contributed by polymorphisms within IL-
10 promoter region.
Objectives: We investigated the association of IL-10 gene promoter -1082 G/A, -819 C/T, and -592 C/A polymorphism
with CAD susceptibility in Pakistani individuals.
Methods: Ninety-three CAD patients and ninety-nine controls were enrolled in the study. IL-10 (-1,082 G/A, -819
C/T, -592 C/A) genotyping was performed by amplification refractory mutation system-polymerase chain reaction
(ARMS-PCR).
Results: There is an indication that IL-10 -1082 GG (p = 0.033, OR = 0.26, 95%, CI = 0.07-0.97) has positive
association while -1082 GA (p = 0.031, OR = 2.7, 95%, CI = 1.07-6.90) has negative association with CAD. IL-10 -819
TT (-592 AA) were significantly higher in control than in patients (p = 0.008, OR= 3.1, 95%, CI = 1.09-9.02). We have
not found any significant association between IL-10 alleles and haplotypes and CAD. GTA/ATA was the diplotype,
which showed the protective effect (p = 0.006, OR = 3.6, 95%, CI = 1.16-10.57) in CAD susceptibility.
Conclusion: We found a significant distributional variation in IL-10 promoter SNPs in healthy individuals and the
disease group. This difference may be manifested in IL-10 production and disturb the pro- and anti- inflammatory
cytokine balance hence influencing the susceptibility of CAD.
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Coronary Artery Disease (CAD) is one of the
most frequent forms of heart diseases in which plaque
builds up in the blood vessels and is deposited on
arterial walls creating an obstruction in blood flow, a
process referred as arthrosclerosis. Globally it is
the leading cause of mortality today [1], with the
maximum incidence rates in the developing countries
such as Pakistan. Estimated increase in deaths
between 1990 and 2020 from heart diseases in
developing countries (137% in men and 120% in
women) is much higher than that in developed
countries (48% in men and 29% in women) [2].
According to National Health Survey of Pakistan,

cardiac diseases are responsible for about 12% of all
deaths in Pakistan today [3].

Atherosclerosis can be triggered by multiple
molecular pathways and the genetic variants within
an individual play a crucial role in the determination
of susceptibility to CAD [4]. The presence of
polymorphism in genes, which are involved in the
atherosclerotic plaque formation, may influence the
disease development [5] and a significant role of both
the pro inflammatory and the anti-inflammatory
cytokines has been observed in the pathogenesis of
atherosclerosis [6]. Interleukin-10 (IL-10) is a cytokine,
which have both inflammatory and anti-inflammatory
functions [7]. It functions as anti-inflammatory by
down regulating the Th1 response and suppression of
pro-inflammatory cytokine e.g., IL-1, -6, IFN-γ, and
tumor necrosis factor-α. It consequently shifts the
Th1/Th2 balance [8]. The pro-inflammatory properties
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of IL-10 are mainly due to promotion of IFN- γ
production by natural killer cells [9]. IL-10 also plays
a key role in the development of atherosclerosis as
it inhibits the synthesis of metalloprotenases
and stimulates the production of its inhibitor,
TIMP-1. Moreover, IL-10 promotes the stability of
atherosclerotic plaque by preserving the extracellular
matrix and fibrous cap [10].

Single nucleotide polymorphisms (SNPs) in IL-
10 genes have been shown to be associated with the
carotid artery intima-media [11], with atherosclerotic
renal artery stenosis [12] and with restenosis after
coronary stenting [13]. However, two other studies
show no difference in IL-10 genotype prevalence in
angiographically proven CAD or myocardial infraction
compared with healthy control [14, 15]. Expression
of IL-10 gene is regulated in part by three SNPs
located at -1082, -819 and -592 of the gene promoter.
These SNPs form haplotypes, including GCC, ACC,
and ATA, have been described in Caucasian population
[16]. A fourth GTA only in Chinese [17] and Pakistani
Population [18, 19] has been seen. Based on these,
haplotypes individuals are divided into high producers
(GCC/GCC), intermediate producers (GCC/ACC,
GCC/ATA), and low producers (ATA/ATA, ACC/
ATA, ACC/ACC) of IL-10 [20]. In this study, we
investigated three SNPs of IL-10 promoter region
at -1082 G/A (rs1800870), -819 C/T (rs1800871)
and -592 C/A (rs1800872), that are involve in inter
individual differential IL-10 production. The objective
of the study was to determine if there is any
association between IL-10 promoter polymorphisms
and incidence of CAD in Pakistani population.

Materials and methods
Patients and control

For determining the association between IL-10
promoter polymorphisms and CAD, blood samples
were collected from 93 CAD patients from Hearts
International Hospital, Rawalpindi. These samples
were stored in EDTA tubes. Alongside these, 99 age-
matched healthy control subjects were enrolled in this
study, none of which had any history of heart disease.
Patient and control populations were of the same
ethnicity and from the same geographical area. The
Ethical Committee of NUST Center of Virology and
Immunology (NCVI), Islamabad, Pakistan approved
the study and written consent was obtained, from each
participant.

DNA extraction
Genomic DNA from venous blood of subjects

includes in the study were extracted using genomic
DNA extraction kit according to manufacturer protocol
(Gentra, USA). DNA quantification was done by Bio
Photometer (Eppendorf, USA). DNA was stored
at -20°C.

Genetic analysis
For IL-10 haplotypes determination Amplification

Refractory Mutation System- Polymerase Chain
Reaction (ARMS-PCR) method was used as described
by Perrey et al. [21]. For each polymorphism two
separate reactions were performed. Each reaction
contained one of the two-allele specific forward
primers and a generic anti sense primer. PCR
amplification was performed in 15 μl reaction volume
containing 40 ng genomic DNA, 1.5 μl 2mM dNTP,
25 mM MgCl

2,
 1 �l 10 pmol each primer and 0.7 units

of Taq polymerase in 1X reaction buffer with cycling
conditions 94°C for 5 min, followed by 35 cycles at
94°C for 45 sec, 58°C for 40 sec, 72°C for 50 sec and
finally 7 minutes extension at 72°C. To ensure PCR
success, an internal control region was amplified from
the human growth hormone. The amplified products
were analyzed on 2% agarose gel.

Statistical analysis
Statistical analysis was performed by Study Result

Software Version 1.0.4 (CreoStat HB Frolunda,
Sweden). The frequencies of alleles, genotypes and
haplotypes of the IL-10 polymorphic sites in CAD
patient and healthy control groups were determined
by counting and compared by the χ2 or Fischer’s exact
test. p-values smaller than 0.05 were considered
significant.

Results
It was found that frequency of GG genotype at IL

10 -1082 in CAD patients was higher than controls
(3% vs. 11%) thus, a significant susceptible association
was found between CAD and -1,082 GG genotype
(p = 0.033, OR = 0.26, 95%, CI = 0.07-0.97). Whereas
IL-10 -1082 genotype GA was more common in
controls then in CAD patients (93% vs. 83%) and has
a protective association with CAD (p = 0.031, OR =
2.7, 95%, CI = 1.07-6.90). IL-10 -1082 AA genotype
was equally prevalent between both study groups.
There was a protective relationship found between
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CAD and -819 TT polymorphism genotypes (p =
0.008, OR = 3.1, 95%, CI = 1.09-9.02) -819 and -592
are in linkage disequilibrium. There was no association
between CAD and -819 CC and CT genotypes (-819
and -592 are in linkage disequilibrium) as shown in
Table 1.

The frequencies of -819 C/T and -592 C/A alleles
(-819 and -592 are in linkage disequilibrium) did not
differ significantly between CAD patients and controls
(Table 2). Our results suggested a lack of association
of IL- 10, ACC, ATA, GTA, and GCC haplotypes with
CAD.

Table 1. Relationship between IL-10 Polymorphic Genes, Alleles, and CAD.

IL-10 locus Control Frequency Patients Frequency P value OR (CI95%)
(n = 99)      (%) (n = 93)       (%)

-1082 G/A
G/G (high) 3 3.03 10 10.75 0.033 0.26 (0.07-0.97)
G/A (Intermediate) 92 92.93 77 82.80 0.031 2.7 (1.07-6.90)
A/A (Low) 4 4.04 6 6.45 NS
Allele Frequency
G (High) 98 49.49 97 52.15 NS
A (Low) 100 50.51 89 47.85
-819 C/T (-592 C/A)
T/T (A/A) 15 15.15 5 5.37 0.008 3.1 (1.09-9.02)
C/T (C/A) 81 81.82 84 90.3 NS
C/C (C/C) 3 3.03 4 4.30 NS
Allele frequency
T (A) 111 56.06 92 49.46 NS
C (C) 87 43.94 94 50.54

Table 2. Relationship between IL-10 Haplotypes, Diplotypes, and CAD.

IL-10 locus Control Frequency Patients Frequency P value OR (CI95%)
(n = 99)      (%) (n = 93)       (%)

Haplotypes
GCC (High) 83 41.92 86 46.24 NS
GTA (High) 18 9.09 11 5.91 NS
ACC (Intermediate) 4 2.02 8 4.30 NS
ATA (Low) 93 46.97 81 43.55 NS
Diplotypes
GCC/GCC (High) - - 1 1.08 NS
GCC/GTA (High) 3 2.02 9 9.67 NS
GTA/GTA (High) 1 1.01 - - NS
GCC/ACC 3 3.03 2 2.15 NS
(Intermediate)
GCC/ATA 74 75.76 73 78.49 NS
(Intermediate)
GTA/ACC - - - - -
(Intermediate)
GTA/ATA 14 14.14 4 4.30 0.006 3.6 (1.16-10.57)
(Intermediate)
ACC/ACC (Low) - - 1 1.08 NS
ACC/ATA (Low) 4 4.04 6 6.45 NS
ATA/ATA (Low) - - 1 1.08 NS
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In the diplotypes (Haplotype Zygosity) distribution,
there was no significant association found in diplotypes
in controls and CAD except GTA/ATA that was higher
in healthy controls compared with CAD (14.1 vs
4.3%), and significant difference was observed
between controls and CAD (p = 0.006, OR = 3.6,
95% CI = 1.16-10.57). In this study, we have not found
any GTA/ACC haplotypes inherited in our local
Pakistani population.

Discussion
The process of inflammation plays a key role in

the progression of arthrosclerosis and cardiovascular
diseases [22]. Inflammation seems to be involved
in every step of artherosclerotic development
and consequently, it is a major contributor in the
development of coronary artery diseases (CAD). The
magnitude of inflammation and the severity of CAD
are evaluated by measuring plasma levels of acute
phase proteins and cytokines such as fibrinogen,
C reactive protein (CRP), IL-6, and IL-10 etc. The
genetic polymorphisms associated with the expression
of these proteins are therefore major contributors in
predisposing an individual to any cardiovascular
condition. Our focus is on IL-10, its polymorphisms
and its association with the incidence of cardiovascular
disease in the Pakistani population. Production of IL-
10 is thought to be genetically controlled [23], and
hence IL-10 polymorphisms may be a crucial factor
in the differential production of this protein and
thus, determination of these polymorphisms can be
beneficial in predicting the probability of incidence of
CAD. In this study, we have explored the association
between the three promoter polymorphisms in IL-10
gene (-1082 A/G, -819 C/T, and -592 A/C) that have
been shown in vitro to affect transcriptional strength
and the incidence of CAD.

Our results showed the shielding role of IL-10
SNP -819 TT (p = 0.008, OR = 3.1, 95% CI = 1.09-
9.02) which is known to reduce IL-10 production.
Protective role of IL-10 SNP -819 TT gene in stent
restenosis was found by Mart��nez-R��os et al in
Mexican population [13]. Corresponding studies
from China [24] and Netherland [25] showed
analogous results. In contrary to our results, these
same polymorphisms of IL-10 promoter were not
associated with CAD or myocardial infarction (MI)
in a German study, which enrolled 998 CAD and 793
MI patients compared with 340 healthy control
individuals [15]. Similar results were reported from

France [14], Italy [26]. Therefore, overall it is seen
that IL-10 promoter polymorphisms play divergent roles
in MI and CAD. Even within a single population, this
variance is observed like in Japan, a study by Hirashiki
et al. showed a link between -819 C>T change
and myocardial infarction [27] however, another
investigation by Kanae Oda et al. gave contrary results
[28].

The outcome of investigations concerning the
effect of IL-10 expression and polymorphisms for
the risks associated with atherosclerosis and CAD
susceptibility is disconcordant when considering the
haplotypes with respect to all three SNPs. Several
studies have demonstrated that high IL-10 expression
confers a protective effect against atherosclerosis
or acute coronary events [25, 29-31], but this notion
is not consistent with every population [32].
Contradictory or neutral effects of these
polymorphisms have also been reported [15, 27, 33,
34]. The frequency of IL-10 -1082; -819; -592 ATA
haplotype i.e., IL-10 low producer genotypes has been
found to be higher in the patients with atherosclerotic
renal artery stenosis (n = 66) than in the control
subjects (n = 100), suggesting that IL-10 may protect
against the development of atherosclerotic
renovascular disease in Spanish population. However,
in this study the overall levels of IL-10 mRNA and
protein were higher in the patients than in the controls
(irrespective of their genotype); this observation
appears to be partly controversial [34]. In a study from
North and South Italy ATA/ATA, ACC/ATA diplotypes,
which were reported as low IL-10 producer, are more
prevalent in CAD patients then control. Diplotype
GCC/GCC (high producer) was less in patients then
healthy subjects [26]. The conflicting effect of IL-10
polymorphisms could also be considered based on
the recent study in which IL-10 -1082 G/-819 C/-592
C (IL-10 high-producer genotype) was more frequent
in patients with aortic severe occlusive disease [34].
Identical IL-10 haplotype was associated with
decreased arterial elasticity which is in disconcordance
with the supposed anti atheromatous properties of IL-
10 [7]. Coronary artery disease patients from Pakistan
having GCC/GTA (high IL-10 producer) diplotype
were genetically predispose to CAD while diplotype
GTA/ATA showed protective effect from it.

Our results show that in Pakistani population, IL-
10 haplotypes have no association with cardiovascular
disease susceptibility as previously reported in
Japanese [28], German [15, 35] and Caucasian patients
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[21, 36]. In Pakistani CAD patients, IL-10 -1082 GG
is frequent in patients while IL-10 -1082 GA is the
genotype, which showed negative association with
disease. It was reported by Estrella Blancoa et al.
recently that IL-10 -1082 G does not have any role in
transcription of IL-10 gene by its own [34]. A study
on 3634 individuals predicts that genetic effect of these
SNPs on IL-10 plasma level was relatively small [37].
Actually, IL-10 transcription depends on combination
of different polymorphism into haplotypes [34]. A
study on large number of 3634 patients from Sweden
favor the Estrella Blancoa et al statement, IL-10 -
1082 G/A showed no association with CAD but IL-
10 plasma level were high in patients then control.
Patients with high IL-10 showed high death rate in
myocardial infraction as compared with patients having
low IL-10 plasma level [37]. In contrast, two smaller
studies showed elevation of IL-10 serum level
associated with decreased risk of coronary events [38,
39]. Previously IL-10 -1082 GG was high in healthy
in North Italy [26] and showed no significant
association in studies from France [14], Japan [28],
South Italy [26], Germany [15] and Caucasian
population [21].

The limitation of our study is that we did not
measure the plasma IL-10 levels, which could have
been an interesting parameter for further analysis in
the study. Accordingly, we were not able to confirm
whether IL-10 -1082 G/A is associated with high or
low IL-10 production. However, it has been reported
that IL-10 is an indicator of poor outcome and
enhanced systemic inflammation in patients with acute
coronary syndrome [37]. Since this study is preliminary
and based on a smaller sample size, we believe that
these findings may stimulate further investigations on
a larger scale to assess the association of these
polymorphisms in CAD patients.

Conclusion
The pattern of these polymorphisms is in ethnic

specific manner. Considering Pakistan, no one has ever
reported any study on this issue and our conclusions
based on the observations in this study is that these
polymorphisms are very important in
clarifying the role of genetics in CAD pathogenesis.

The authors declare no conflict of interest in
conducting this study.
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