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Abstract

Background: Cardiovascular disease (CVD) remains the major cause of death worldwide. Most CVD can be
prevented by addressing risk factors. Acute myocardial infarction (AMI) is an inflammatory disorder characterized by
changes in several cytokines including the interleukins (ILs). Studies are running to evaluate the genetic variation in
the inflammatory system and their influence on the risk factors for CVD aiming for future prevention of this global
disease. The aim of the current study was too investigate the association of -174 (G/C) IL-6 polymorphism with the
incidence of AMI in a representative sector of the Egyptian population and to examine the contribution of IL-6, as a
biomarker, in the pathogenesis of AMI. Genotyping of -174 (G/C) IL-6 polymorphism was done by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) while IL-6 levels were assayed by ELISA.

Results: The genotype distribution of -174 (G/C) IL-6 gene was not significantly different between the control
subjects (GG 81.7%, GC 16.3%, CC 1.9%) and the AMI patients (GG 79%, GC 19%, CC 2%).The serum levels of IL-6
were significantly elevated in the AMI patients in comparison to the control subjects (P < 0.0001).

Conclusions: There is no significant association of -174(G/C) polymorphism in the promoter sequence of IL-6 and
the incidence of AMI in the examined sample of Egyptian population. Elevated levels of serum IL-6 confirmed the
relationship between inflammation and the incidence of AMI.
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Background
Coronary artery disease (CAD) is the most common
cause of mortality in the developed world [1]. It is
caused by a blockage of the coronary arteries. The dis-
ease can cause myocardial ischemia and eventually ne-
crosis of the heart [2]. It results from the collision of
ancient genes with modern lifestyles: a hunter–gatherer
lifestyle—with high daily energy expenditure and rare
kills—favors a tendency to eat large quantities of high-
calorie food when it is available. Such predispositions sit
uneasily in a modern world with motorized transport

and fatty snacks on every corner. Despite this, so-called
“hardening of the arteries” was first described only in the
1700s, and it was not until the 1900s that a good de-
scription of myocardial infarction (MI) was presented
[3]. MI is a multifaceted condition not based on a single
factor or cause. In general, the incidence of MI increases
additively as a function of the number of conventional
risk factors, which include hypertension, diabetes melli-
tus, and hypercholesterolemia [4]. The constant accumu-
lation of fat, immune cells, and fibrous tissues in the
lining of the arteries can block the arteries. This can lead
to decreased alertness, decreased blood flow, and even-
tually a CVD [5].
The term “CAD” encompasses a range of diseases that

result from atheromatous change in coronary vessels
stemming from genetic and environmental factors.
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Atherosclerosis is a cardiovascular disorder and a chronic
inflammatory response by the body that has stable and
unstable periods. This disorder occurs in the large and
medium arteries. The cause of this disease is fat and chol-
esterol accumulation in the wall of the arteries [2]. In the
past, CAD was thought to be a simple, inexorable process
of artery narrowing, eventually resulting in complete ves-
sel blockage. However, in recent years, the explanatory
paradigm has changed because it was realized that a whole
spectrum of coronary plaques exists—from stable (lipid-
poor, thick fibrous cap) to unstable (lipid-rich, thin fibrous
cap). Acute coronary artery syndrome (ACS), coronary ar-
tery disease (CAD), myocardial infarction (MI), stable and
unstable angina, stroke, transient ischemic attack, and per-
ipheral arterial disease are known as atherosclerotic sub-
units [6].
T and B lymphocytes as well as macrophages play a

role in the development of atherosclerosis by secreting
cytokines and other mediators [7]. Cytokines are also
produced by other inflammatory cells, as well as vascular
cells and adipocytes [8].
There are two types of cytokines, the pro-

inflammatory cytokines TNF-α, IL-1, -6, -12, -15, -18,
and -32, and the anti-inflammatory cytokines IL-10 and
TGF-β. An autocrine activation loop in macrophages
may involve self-stimulation by IL-12 and IL-18 to pro-
duce Interferon gamma (IFN γ )[8]. The human IL-6
gene is located on chromosome 7p21, and consists of 5
axons and 4 introns. IL-6 has several polymorphisms in
the promoter region (-634 C/G, -174G/C, -572 G/C, and
-597 G/A) [9].
Several reports described the genotype distribution of

-174(G/C) polymorphism of the IL-6 gene among differ-
ent population [10]. The IL-6 -174G allele had been dem-
onstrated to be associated with higher IL-6 production.
This polymorphism affects the circulating serum IL-6 level
and IL-6 gene transcription. There have been extensive
studies on IL-6 gene polymorphisms in different diseases
and interestingly, there is also significant variation in the
frequencies of this polymorphism among different ethnic
groups [11]. It was reported that frequency of the -174C
allele is much lower in the Japanese, Africans, and Asian
Indians compared to European Caucasians [12].
Despite of these findings, no data regarding the

-174(G/C) polymorphism distribution and its contribu-
tion to the incidence of cardiovascular diseases among
Egyptians were available.
Accordingly, this study was designed to study the tri-

angular relationship between the -174 G/C polymorphism,
IL-6 serum concentrations, and the AMI. The assessment
of this relationship required investigating the association
between IL-6 -174 G/C polymorphism and the incidence
of AMI in Egyptians, exploring the changes in the IL-6
serum concentrations in AMI, correlating the IL-6 gene

variants to IL-6 serum concentrations to shed the light on
the effect of this polymorphism on IL-6 synthesis and
processing.

Methods
Study population
Random 100 AMI patients were recruited from the in-
tensive care unit of the National Heart Institute. Patients
were included if their clinical presentation, ECG, and
cardiac biomarkers revealed acute single- or multi-vessel
CAD. The individuals included 34 females and 66 males
(age range 35 and 55 years). Data collection was done
using a questionnaire asking about family, personal med-
ical history, and health relevant behaviors. Exclusion cri-
teria included individuals above the age of 55 years and
those suffering from any acute or chronic severe diseases
such as renal or hepatic insufficiency, diabetes mellitus,
and other CVDs. Meanwhile, random 104 healthy volun-
teers attending the blood bank at 57357 Hospital in
Cairo were enrolled in the study. They included 34 fe-
males (age range 18 and 52 years) and 70 males (age
range 18 and 54 years). Questionnaires were used to ob-
tain data about their family, personal history, and
health-relevant behaviors, including exercise and diet.
Exclusion criteria included any acute or chronic severe
diseases such as renal or hepatic insufficiency, diabetes
mellitus, and CVD. Informed written consent was ob-
tained from all patients and healthy blood donors. The
study is approved from the ethical committee of Faculty
of Pharmacy and Biotechnology, German University in
Cairo and complies with the ethics of Helsinki
Declaration.

Specimen collection
Blood samples were collected in both heparinized and
non-heparinized tubes for whole blood and serum re-
spectively. The serum samples were prepared by allow-
ing the blood to clot at room temperature for 30 min
and then centrifuged at 2500 rpm for 10 min at 4 °C.
The serum was then frozen at − 80 °C until used for
analysis. Samples were used to determine serum IL-6
levels. As for the whole blood, DNA was extracted, puri-
fied, and used for the genotype assay of -174(G/C) poly-
morphism of the IL-6 gene.

Purification of DNA from human blood by spin protocol
Thermo Scientific GeneJET Whole Blood Genomic
DNA Purification Mini Kit utilizes silica-based mem-
brane technology was used. This provides DNA free of
proteins, nucleases, and other contaminants and ready
for use in the PCR. Samples were digested with Protein-
ase K in the supplied Lysis Solution. The lysate was then
mixed with ethanol and loaded onto the purification col-
umn, where the DNA binds to the silica membrane.
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Impurities were effectively removed by washing the col-
umn with the prepared wash buffers. Genomic DNA
was then eluted under low ionic strength conditions
with the elution buffer.

Screening for the G -174C variant in the promoter region
of IL-6 gene
Genotyping was carried out using a newly designed pri-
mer pair to amplify the -174 G/C polymorphism. Briefly,
DNA samples were amplified in polymerase chain reac-
tions (PCR) with 10 pmol of both primers:
5′-TTGTCAAGACATGCCAAAGTG-3′ [sense]
5′-TCAGACATCTCCAGTCCTATA-3′ [antisense]
After PCR amplification, the fragments were digested

with NlaIII restriction enzyme, followed by separation of
the fragments on a 2% polyacrylamide gel. Fragments
are visualized after staining with ethidium bromide. Due
to one constant NlaIII restriction site the -174 G-allele
(wild-type) had a size of 244 and 56 bp, and the -174 C-
allele (mutant) had a size of 133, 111, and 56 bp, re-
spectively (Fig. 1) [13].

Assay of serum IL-6
Levels of serum IL-6 were determined quantitatively
using Human IL-6/Interleukin-6 ELISA Kit PicoKine™
(Boster Biological Technology, Pleasanton CA, USA,
Catalog # EK0410). A monoclonal antibody from mouse
specific for IL-6 has been precoated onto 96-well plates.
Standards (E. coli, P29-M212) and test samples are
added to the wells, a biotinylated detection polyclonal
antibody from goat specific for IL-6 is added subse-
quently and then followed by washing with phosphate
buffered saline (PBS) buffer. Avidin-biotin-peroxidase
complex was added and unbound conjugates were
washed away with PBS buffer. Horseradish peroxidase

(HRP) substrate 3,3′,5,5′ Tetramethylbenzidine (TMB)
was used to visualize HRP enzymatic reaction. TMB was
catalyzed by HRP to produce a blue color product that
changed into yellow after adding acidic stop solution.
The density of yellow is proportional to the human IL-6
amount of sample captured in plate.

Statistical analysis
All statistical analyses were performed using the Graph-
Pad prism statistics Software (GraphPad software, Inc.).
Data are represented as median (interquartile range).
Comparison of the differences between groups was done
using the non-parametric Kruskal Wallis and the Mann-
Whitney tests. A two-tailed P value ≤ 0.05 was consid-
ered statistically significant. Odds ratio is calculated by
chi-square test.

Results
Serum levels of IL 6
Serum levels of IL-6 in AMI patients (22.6 mg/L (15.4–
39.5 mg/L)) showed significant increase up to 1.9 fold
compared to the control group (12.0 mg/L(9.3–16.5)) (P
< 0.0001, Mann-Whitney test) (Table 1, Fig. 2). ROC
curve revealed that at a cutoff value 14.61 mg/L, the
diagnostic sensitivity of IL-6 is 80% while its specificity
is 71% (Fig. 3).

Genotyping of -174 G/C variants of the IL-6 gene
No significant association (P > 0.6213) was observed be-
tween the -174(G/C) polymorphism of the IL-6 and the
incidence of AMI in the Egyptian population (Figs. 4
and 5). The genotype of the control subjects showed that
the wild-type GG genotype was prevalent in 81.7% of
the control subjects, while the GC and CC were present
in 16.3% and 1.9% of the subjects, respectively. The allele

Fig. 1 Representative of 2% agarose gel electrophoresis on NlaIII restriction of IL-6 gene from the blood of AMI patients. Lanes 1 and 6
heterozygote of GC; lanes 2, 3, and 5, homozygote of GG; lane 4, homozygote of CC
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frequencies of the G and C alleles were 89.9% and
10.1%, respectively. On the other hand, the genotype of
the AMI patients revealed that wild-type GG was
present in 79% of the patients, while the two other poly-
morphisms GC and CC were found in 19% and 2% of
the subjects, respectively. The allele frequency of the G
and C were 88.5% and 11.5%, respectively.
Odds ratio (OR) was calculated using SPSS by group-

ing CC + GC alleles versus GG allele (dominant model)
and once grouping the GG + GC versus the CC allele
(recessive model).
OR with its 95% confidence interval (CI) (Table 2). No

deviation from Hardy-Weinberg equilibrium (HWE) was
observed in the SNP’s genotype distribution (HWE χ2 =
1.40, P value = 0.236).

Association of IL-6 genotypes with the serum levels of IL-6
No significant difference was found among the serum
IL-6 levels of the GG, GC, and CC genotypes in the
AMI patients (medians GG = 23.0 mg/L; GC = 22.7 mg/
L; CC = 18.3 mg/L) (P value = 0.5376; Kruskal-Wallis
test) and controls (medians GG = 12.5 mg/L; GC = 10.5

mg/L; CC = 12.0 mg/L) (P value = 0.1401; Kruskal-
Wallis test) (Fig. 6).

Discussion
CAD is a major cause of death and disability in devel-
oped countries and it is responsible for about one third
of all deaths in individuals over the age of 35 [4]. Genet-
ics is considered to be one of the factors influencing the
development of CAD. Some studies have reported 50
risk points in the human genome that can influence
CAD development [14]. Extensive genomic studies dem-
onstrate that genetic factors increase the chances of de-
veloping CAD by 1.1 to 1.3 times. It has also been
shown that hereditary factors account for 30–60% of
interpersonal differences in CAD [15].
Recently growing evidence has suggested that on-

going inflammation in the vessel wall accelerates pro-
gression of atherosclerosis and destabilizes the plaque.
Plaque rupture causes atherothrombosis and subse-
quent MI [16].
Activated immune cells in the plaque produce inflam-

matory cytokines (interferon, interleukin-1, and tumor
necrosis factor [TNF]), which induce the production of
substantial amounts of interleukin-6.

Genotype and allele distributions of -174G/C
polymorphism of the IL-6 gene
The -174 G/C polymorphism has been inconsistently as-
sociated with AMI. In order to investigate this

Table 1 Serum levels of IL6 in control and AMI groups

Groups AMI Control

Serum IL-6 (mg/L) 22.6 (15.4–39.5) 12.0 (9.3–16.5)

Results are expressed as median (interquartile range)
Mann-Whitney test

Fig. 2 Boxplots showing serum median and interquartile levels (25th and 75th) of IL-6 concentration in control subjects and AMI. ***Significantly
different at P < 0.0001 (Mann-Whitney test)
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inconsistency, we performed this study which is the first
clinical investigation done on the Egyptian population
regarding the impact of the -174 G/C polymorphism on
the incidence of CAD. No significant difference in geno-
typic or allelic distribution between AMI cases and con-
trols was noticed.
Our results are similar to a study performed by Aker

et al. that showed no significant differences in the allelic
or genotypic frequencies between AMI patients and

control. The genotype distribution and the allele fre-
quencies of G -174 C polymorphism were similar in
healthy controls (GG/GC 83%, CC 17%; G-allele 0.58, C-
allele 0.42) and dialysis patients (GG/GC 86%, CC 14%;
G-allele 0.61, C-allele 0.39) [17].
Another study supporting our results was done by

Ghazouani et al. [18] who described the association of
IL-6 promoter polymorphism -174 G/C with CAD in
Tunisians. The main finding in their study was the lack

Fig. 3 ROC curve of serum IL-6 concentrations

Fig. 4 Percentage of subjects with each genotype in the control and AMI groups. There is no significant difference between the allele
distribution between control and AMI subjects (P > 0.6376)
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of association of -174 G/C alleles or genotypes with
CAD. The frequency of -174 C allele was comparable
between CAD patients and healthy controls.
Furthermore, Sekuri et al. (2007) concluded that the IL-

6 -174 G/C polymorphism is not associated with the risk
of premature CAD, and does not contribute to cardiovas-
cular risk stratification. The genotype distribution of the
-174 G/C polymorphism was not different in premature
CAD patients (GG 53%; GC 42.6%; CC 4.3%) and controls
(GG 54.3%; GC 39%; CC 6.7%) (P = 0.72) [19].
Likewise, Lieb et al. reported that the IL-6 genotype

was neither associated with traditional cardiovascular
risk factors (systolic and diastolic blood pressure, total
cholesterol, HDL and LDL cholesterol, body mass index,
diabetes mellitus) nor with cardiac structural or func-
tional parameters (left ventricular mass index, ejection
fraction, diastolic inflow pattern). Moreover, the

genotype distribution of the -174 G/C polymorphism
was not different in MI patients (GG 34.1%; GC 47.4%;
CC 18.5%) and population-based controls (GG 32.4%;
GC 48.8%; CC 18.9%) (P = 0.67). IL-6 levels were not re-
lated to the -174 G/C polymorphism (P = 0.29) [20].
The current study results were also supported by a

study conducted on 100 cases of CAD and 150 controls
of Indo European descent from Maharashtra in Western
India. They found no significant differences in the fre-
quency of the IL-6 -174G > C genotypes between cases
and controls [21].
In contrast, a study conducted on young South African

Indian men concluded that the presence of the IL-6 -174
G allele influences levels of IL-6 and increases the risk of
CAD in the tested population.
The difference in frequency was more pronounced

when Indian controls were compared to black controls.

Fig. 5 Allele frequencies of the IL-6 gene among control subjects and AMI patients

Table 2 Alleles and genetic models for IL-6 G174C SNP in AMI patients and controls

Allele/genotype(s) AMI
n (%)

Controls
n (%)

OR
(95% confidence interval)

P value

Alleles frequency

G 177 (88.5%) 187 (89.9%) 0.8642
(0.4619–1.617)

0.6477

C 23 (11.5%) 21 (10.1%)

Dominant model

GG 79 (79%) 85 (81.7%) 0.8409
(0.4208–1.680)

0.6234

GC + CC 21 (21%) 19 (18.3%)

Recessive model

GG + GC 98 (98%) 102 (98.1%) 0.9608
(0.1327–6.958)

0.9684

CC 2 (2%) 2 (1.9%)

Chi-square test
No deviation from Hardy-Weinberg equilibrium (HWE) was observed in the SNP’s genotype distribution (HWE χ2 = 1.40, P value = 0.236; chi-square test)
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A significant association between the -174 IL-6 G allele
and CAD was found in Indian patients compared to In-
dian controls [22].

Serum levels of serum IL-6
It has been observed that the serum levels of IL-6 are
significantly higher in the AMI patients relative to the
control subjects, which confirms the role of the inflam-
mation in the incidence of AMI.
Supporting our results, Jenny et al. suggested that

atherosclerosis represents a chronic inflammatory dis-
order and that elevated IL-6 levels may predict risk of
future CVD events. In addition, polymorphisms in the
3′- and 5′-untranslated regions of the IL-6 gene may
be key regulators of IL-6 and downstream protein
levels and therefore may predispose an individual to
CVD risk as well [23].
Similar to our results, Ikeda et al. have examined

serum interleukin 6 (IL-6) levels in 12 patients with
AMI. IL-6 levels became elevated in all patients, follow-
ing the rise of serum creatine kinase (CK) activity [24].
An animal study showed that IL-6 mRNA was not de-

tected in unstimulated “quiescent” rat cardiocytes cul-
tured in serum-free medium, but its expression was
induced by exposure of the cells to serum or ionomycin.
These results show that IL-6 is synthesized in the myo-
cardium and serum IL-6 levels become elevated in AMI,
suggesting that IL-6 could affect the progression and/or
healing processes of AMI [24].
Plasma concentrations of IL-6 are correlated to the se-

verity of inflammation caused by fibrous plaques. There-
fore, some studies suggested that IL-6 is a biomarker
with better sensitivity and characteristics than CRP for
the diagnosis of cardiovascular disease. A study by Lind-
mark et al. (2001) argue that IL-6 levels also play a role
in mortality from heart disease [25].
On correlating the IL-6 levels to the genotypes, no sig-

nificant difference in IL-6 concentration among different

genotypes in both study groups. These results are similar
to a study performed on Egyptian obese children which
reported also that the IL-6 concentration was independ-
ent of -174 G/C in all study subjects [26]. Other studies
also support this finding [27, 28]. However, some studies
reported that GG genotype was associated with higher
IL-6 levels [29, 30]. In contrast, another study reported
that CC genotypes were associated with the highest
levels [31]. These conflicting results might be attributed
to differences in sample sizes, ethnicities, and studied
diseases.

Conclusions
In conclusion, the current study reported that no associ-
ation was observed between the -174 G/C polymorphism
of the IL-6 gene and the incidence of AMI in the studies
Egyptian population. Patients having AMI had higher
median serum levels of IL-6 when compared to healthy
subjects confirming the role of inflammation in the inci-
dence of AMI. However, there was a lack of association
among the IL-6 genotypes and median serum level of
IL-6 in AMI patients but association was found in con-
trol groups.
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