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Association of IL-4 (intron 3) and IL-10 (-1082) gene
polymorphisms with risk of mitral valve disease in children with
rheumatic heart disease
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Abstract Aim: Rheumatic heart disease is an inflammatory disease of cardiac tissue. The underlying pathogenic
mechanisms highlight a complex interplay of immunological, genetic, and environmental factors. The aim of the
present study was to investigate whether IL-4 (intron 3) and IL-10 (-1082) gene polymorphisms could be
associated with susceptibility and/or severity of rheumatic heart disease among patients from the Egyptian
population. Materials and methods: A cohort of 140 Egyptian children with rheumatic heart disease and 100
healthy controls were enrolled in this case—control study. Genotyping for IL-4 (intron 3) and IL-10 (-1082) gene
polymorphisms was carried out for all patients using a polymerase chain reaction-based analysis. Resz/ts: No
significant difference in the distribution of genotypes and allelic frequencies between rheumatic heart disease
cases and controls for IL-4 (intron 3) (p=0.17; OR 1.07, 95% CI 0.82—3.74) and IL-10 (-1082) (p = 0.49; OR
1.03,95% CI 0.65-2.71) gene polymorphisms was observed. Further categorisation of patients into mitral valve
disease and combined valve disease subgroups showed that cases with mitral valve disease have significantly
higher frequency of the RP2 allele of IL-4 (intron 3) (p =0.03; OR 2.98, 95% CI 1.93—6.15) and the G allele of
IL-10 (-1082) (p=0.04; OR 2.14, 95% CI 1.62-4.95) when compared with controls. Discussion: Our study
shows that IL-4 (intron 3) and IL-10 (-1082) gene polymorphisms are not significantly associated with
susceptibility to rheumatic heart disease, but they might play a role in the pathogenesis of patients with mitral
valve disease.
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HEUMATIC FEVER/RHEUMATIC HEART DISEASE IS A
Rconnective tissue disease characterised by an

inflammatory process involving the heart,
joints, central nervous system, and subcutaneous
tissues following the exposure of individuals to group
A streptococci.

Despite the dramatic response nature of acute
episodes of rheumatic fever, it leaves no long-term
damage to the brain, joints, and skin; however, there
is damage to the heart valves, particularly the mitral
and aortic valves, which may persist after the

Correspondence to: S. M. Yousty, Department of Clinical Pathology, Cairo University,
132 Al Bahr Al Azam Street, Giza 11221, Egypt. Tel: (+2)0235736727,
Fax: (+2)0235700977; E-mail: sherifyousry2000@yahoo.com

https://doi.org/10.1017/51047951115002413 Published online by Cambridge University Press

resolution of an acute episode.” The residual and
progressive valve deformity that occurs in rheumatic
heart disease often may result in stenosis or a com-
bination of stenosis and insufficiency that appears
after an episode of acute rheumatic fever.-

The precise pathogenic mechanisms of rheumatic
heart disease are still unclear, but indirect evidence
supports the concept of an abnormal, autoimmune
host response following exposure of susceptible
individuals to group A streptococcal antigens.4 There
is strong evidence that an autoimmune disease
response to streptococcal antigens is implicated in the
development of rheumatic fever and rheumatic heart
disease in susceptible hosts.” Studies on individual
host response together with the observation of
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familial incidence of disease suggest that genetic
factors play a role in susceptibility to rheumatic
fever.® Genetic—environmental interaction, human
leucocyte antigen, B-cell alloantigens, and blood
group associations have been demonstrated in studies
of rheumatic heart disease among Egyptians.’

The role of cytokines in the pathogenesis of
rheumatlc heart disease has been thoroughly investi-
gated.® They appear to play a critical role in trig-
gering immunological and inflammatory reactions in
theumatic fever. During active rheumatic carditis,
the production of interleukins including IL-1, IL-2,
IL-6, and IL-8 is reportedly increased. IL-4 and IL-10
expressions were characterised in heart tissue infil-
trates from rheumatic hearc disease patients by
immunohistochemistry. It has been suggested that
the effects of interleukins were involved in the
pathogenesis of rheumatic heart disease.”

IL-4 is a cytokine with anti-inflammatory
properties. The gene for IL-4 has been mapped to
the q arm (q23-31) of chromosome 5. A functional
polymorphism representing a cytosine-to-thymine
substitution at position -590 has been described in
the promoter region of IL-4. Another polymorphism
has been identified in intron 3, and is composed of a
variable number of tandem repeats of a 70-bp
sequence.

IL-10, which shares some of the anti-inflammatory
action of IL-4, is mainly produced by macrophages,
monocytes, and lymphocytes. The IL-10 gene is
located on the long arm of chromosome 1 in the 1q32
band. The human IL-10 promoter gene is highly
polymorphic; three single nucleotide polymorphisms
within the IL-10 gene promoter, -1082 A/G, -819
C/T, and -592 C/A, were reported to be associated
with different IL-10 expressions.' "

The IL-4 promoter and IL-4 (intron 3)
polymorphisms were reported to exhibit distinct
transcriptional activities in IL-4-positive T cells and
to determme a modification of the resulting immune
response ? IL-10 is an important component of an
anti-inflammatory cytokine network that suppresses
gene expressmn and synthesis of pro-inflammatory
cytokines.'? Therefore, the possible role of IL-4 or
IL-10 genes was hypothesised to be involved in the
pathogenesis of rheumatic heart disease as well as may
contribute to a more severe form of the disease.

Taking into consideration that cytokine gene
polymorphisms are population specific, we tested the
association of IL-4 (intron 3) and IL-10 (-1082) gene
polymorphisms in a case—control study among
Egyptian patients with rheumatic heart disease,
in order to test whether these polymorphisms
might serve as markers of susceptibility to or severity
of rheumatic heart disease among Egyptian
affected cases.
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Patients and methods

Study population

This study included 140 children with chronic
rheumatic heart disease, who presented to the out-
patient Cardiology Clinic or the inpatient wards of
Abu-Elreesh Children Hospital, Faculty of Medicine,
and Cairo University. Their presenting diagnosis was
based on revised Jones criteria by examination and
investigation, including anti-streptolysin O, C-reactive
protein, erythrocytes sedimentation rate, and
echocardiography. All patients had chronic rheumatic
heart disease with residual valve affection at least
2 years after the first episode. The patients were further
categorised by echocardiography into mitral valve
disease or combined valve disease categories. The mitral
valve disease category consisted of mitral stenosis plus
mixed mitral stenosis and mitral regurgitation. Patients
with predominant mitral regurgitation as well as
patients with aortic or tricuspid valve disease alone were
excluded from this study. The control group consisted
of 100 age- and sex-matched unrelated healthy volun-
teers who were free of autoimmune diseases, had normal
echocardiography results, and no family history of
rheumatic heart disease. The study was approved by our
hospital’s research ethics committee, and an informed
consent was obtained from each patient and/or parent
after explaining the purpose of the study.

Genoryping of the polymorphisms of IL-4

and IL-10 genes

Blood samples of 5 ml were obtained from all the
patients and were collected in sterile ethylenediami-
netetraacetic acid-containing tubes, and then stored
t -20°C until use. Genomic DNA was extracted
from whole blood using an established protocol for
DNA extraction from blood samples using a DNA
extraction kit (Qiagen, Hilden, Germany). The
polymerase chain reactions were carried out to a total
volume of 25 pl containing 5 pl genomic DNA,
12.5 pl of master mix containing 0.1 units/pl Taq
DNA Polymerase, 32 mM (NH4),-SO4, 130 mM
Tris HCI, 5.5 mM MgCl,, and 0.4 mM of each dNTP,
1 pl of each primer, and 6.5 pl distilled water. For IL-4
(intron 3) variable number of tandem repeats poly-
morphism, polymerase chain reaction products were
directly analysed by electrophoresis as previously
described.'® The TL-10 (-1082) gene polymorphism
was typed by the restriction fragment length
polymorphism method as previously described.'*
Details for each polymorphism analysis are given in
Table 1. The polymerase chain reaction amplifications
were performed using the thermal cycler Applied
Biosystems 9600 (Perkin-Elmer, Foster city, Cali-
fornia, United States of America). For these two
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Table 1. Main characteristics of interleukin gene polymorphisms and techniques used for screening.

Characteristics IL-4 (VNTR intron 3) IL-10 (-1082)
Type of polymorphism 70-bp VNTR Single base A/G
Site of polymorphism Intron 3 Position -1082
PCR primers

Forward 5'-AGGCTGAAAGGGGGAAAGC-3’ S'“TCTTACCTATCCCTACTTCC-3’

Reverse 5'-CTGTTCACCTCAACTGCTCC-3’ 5'-CTCGCTGCAACCCAACTGGC-3’
PCR conditions

Denaturation 95°C, 30 seconds 94°C, 30 seconds

Annealing 60°C, 30 seconds 58°C, 45 seconds

Extension 72°C, 45 seconds 72°C, 60 seconds

Number of cycles 35 35
Digestion No Yes (Mnl I)
Allele size (bp) RP1: 183 AA: 139

RP2: 253 AG: 139+106+33
GG: 106+33

PCR = polymerase chain reaction; VNTR = variable number tandem repeat

Figure 1.

Results of polymerase chain veaction of I1L-4 (intron 3) polymorphism. Lanes 3, 4, and 9 show one band at 183 bp denoting RP1/RP1
genotype (i.e., wild type). Lanes 1, 6, 8, and 10 show two bands at 183 and 253 bp denoting RP1/RP2 genotype (i.e., heterozygous for
RP2 allele). Lanes 2, 5, and 7 show one band at 253 bp denoting RP2/RP2 genotype (i.e., homozygous RP2 allele).

polymorphisms, the products or digested fragments
were analysed by electrophoresis on 2% agarose gel
stained with ethidium bromide (electro-4; Thermal
Hybaid, Promega, Madison, WI,United States of
America) and visualised using an ultraviolet tran-
silluminator (wavelength 312 nm).

Interpretation of results

IL-4  (intron 3) polymorphism. In individuals
lacking the IL-4 gene polymorphism, a 183-bp
band was detected and designated as RP1/RP1
genotype — that is, wild type. On the other hand, if
one 253-bp band was detected due to a 70-bp
insertion, it was designated as RP2/RP2 — that is,
homozygous RP2 allele. If two bands, 183 and
253 bp, were detected, it was designated as RP1/
RP2 — that is, heterozygous for RP2 allele — as shown
in Figure 1.
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IL-10 (-1082)  polymorphism. In individuals
lacking this polymorphism, one band appeared at
139 bp and was designated as A/A genotype — that is,
wild type. If two bands were detected at 106 and
33bp, it was designated as homozygous GG
genotype. If three bands appeared at 139, 106, and
33 bp, it was designated as heterozygous AG
genotype as shown in Figure 2.

Statistical analysis

Data were stacistically described by range, mean,
standard deviation, frequencies, percentages, and
odds ratio (OR) with a 95% confidence interval (CI)
when appropriate. Quantitative variables between
the study groups were compared using Student’s
t-test for independent variables that were normally
distributed and the Mann—Whitney U-test for inde-
pendent variables that were not normally distributed.
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Figure 2.

Results of IL-10 (-1082) polymorphism. Lanes 2, 7, and 10 show one band at 139 bp denoting AA genotype (i.e., wild type). Lanes 3, 5,
and 6 show bands ar 139, 100, and 33 bp denoting AG genotype (i.e., heterozygous mutant type). Lanes 1, 4, 8, and 9 show bands at 106
and 33 bp denoting GG genotype (i.e., homozygous mutant type). The band ar 33 bp cannot be seen.

Table 2. Characteristics of patient and the control groups.

Item RHD (n = 140)

MVD (n=280)

CVD (n=60) HC (n=100)

Age (years) 12.2+3.4 (5.0-18.0)

Sex
Male 72 (51.4%)
Female 68 (48.6%)

9.01+3.6 (5.0-17.0)

48 (60%)
32 (40%)

10.5£3.2 (6.0-18.0) 10.3£3.4(5.0-18.0)

24 (40%)
32 (60%)

58 (58%)
42 (42%)

CVD = combined valvular disease; HC = healthy control; MVD =mitral valve disease; RHD = rheumatic heart disease

For comparing categorical data, the ” test was used,
but Fisher’s exact test was used when the expected
frequency was <5. A probability (p) value of <0.05
was considered statistically significant. Statistical
calculations were performed using Microsoft Excel
2003 (Microsoft Corporation, New York, United
States of America) and Statistical Package for the
Social Science (SPSS Inc., Chicago, Illinois, United
States of America) version 15 for Microsoft Windows.

Results

General characteristics of patients

The basic characteristics of the patients and the control
group are summarised in Table 2. A total of 240
unrelated individuals, including 140 rheumatic heart
disease patients (male: 72, female: 68; their mean age
was 12.2 + 3.4) and 100 sex- and age-matched controls
(male: 58, female: 42; their mean age was 10.3 + 3.4),
was recruited for this case—control study. Out of the
140 rheumatic heart disease patients, 80 had mitral
valve disease and 60 had combined valve disease.

Frequencies and genotyping of IL-4 (intron 3) and
IL-10 (-1082) polymorphisms

Table 3 shows the frequency of IL-4 (intron 3) and
IL-10 (-1082) gene polymorphisms in rheumatic

https://doi.org/10.1017/51047951115002413 Published online by Cambridge University Press

heart disease patients, the mitral valve disease, and
combined valve disease categories, as well as the
control group. Genotyping detected IL-4 (intron 3)
RP1/RP1, RP1/RP2, and RP2/RP2 in 60.0, 32.9,
and 7.1% of rheumatic heart disease patients,
respectively. In the mitral valve disease subgroup,
IL-4 (intron 3) RP1/RP1, RP1/RP2, and RP2/RP2
genotypes were detected in 55, 35, and 10%,
respectively, whereas in the combined valve disease
subgroup IL-4 (intron 3) genotypes were detected in
66.6, 30, and 3.3%, respectively. With regard to
IL-10 (-1082) genotyping, among rheumatic heart
disease patients, A/A, A/G, and G/G genotypes were
detected in 45.7, 35.7, and 18.6%, respectively. In
the mitral valve disease category, A/A, A/G, and G/G
genotypes were detected in 40.0, 47.5, and 12.5%,
respectively, whereas in the combined valve disease
subgroup A/A, A/G, and G/G genotypes were
detected in 50, 20, and 30%, respectively.

Association of IL-4 (intron 3) and IL-10 (-1082)
polymorphisms with the risk of rheumatic heart disease

No statistical significant difference in either the
genotype distribution or allelic frequencies for IL-4
(intron 3) (p=0.17; OR 1.07, 95% CI 0.82-3.74)
polymorphisms and IL-10 (-1082) (p=0.49; OR
1.03, 95% CI 0.65-2.71) polymorphisms was found
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Table 3. Frequency of IL-4 (variable number tandem repeat (VNTR) intron 3) and IL-10 (-1082) genotypes in rheu-
matic heart disease (RHD) patients and controls.

Control group

Item (n=100) CVD (n=60) MVD (n = 80) RHD (n = 140)
IL-4 gene polymorphism (n (%))
Wild (RP1/RP1) genotype 72 (72) 40 (66.7) 44 (55) 84 (60)
RP2 allele 28 (28) 20 (33.3) 36 (45) 56 (40)
Heterozygous (RP1/RP2) 26 (26) 18 (30) 28 (35) 46 (32.9)
Heterozygous (RP2/RP2) 2(2) 2(3.3) 8 (10) 10 (7.1)
IL-10 gene polymorphism (n (%))
Wild (AA) genotype 52(52) 30 (50) 32 (40) 64 (45.7)
G allele 48 (48) 30 (50) 48 (60) 76 (54.3)
Heterozygous (AG) 36 (36) 12 (20) 38 (47.5) 50 (35.7)
Homozygous (GG) 12 (12) 18 (30) 8(12.5) 26 (18.6)

CVD = combined valvular disease; MVD = mitral valve disease

Table 4. Comparison between IL-4 (variable number tandem repeat (VNTR) intron 3) and IL-10 (-1082) gene polymorphisms in rheumatic
heart disease (RHD) patients, mitral valve disease (MVD), and combined valvular disease (CVD) subgroups with the control group.

Polymorphism RHD patients Control OR 95% CI p value
IL-4 gene (n (%))
RP1/RP1 genotype 84 (60) 72 (72) 1.07 0.82-3.74 0.17
RP2 allele 56 (40) 28 (28)
IL-10 gene (n (%))
AA genotype 64 (45.7) 54 (54) 1.03 0.65-2.71 0.49
G allele 76 (54.3) 46 (46)
Polymorphism MVD patients Control OR 95% CI p value
IL-4 gene (n (%))
RP1/RP1 genotype 44 (55) 72 (72) 2.98 1.93-6.15 0.03
RP2 allele 36 (45) 28 (28)
IL-10 gene (n (%))
AA genotype 32 (40) 54 (54) 2.14 1.62-4.95 0.04
G allele 48 (60) 46 (46)
Polymorphism CVD patients Control OR 95% CI p value
IL-4 gene (n (%))
RP1/RP1 genotype 40 (66.7) 72(72) 1.02 0.51-3.46 0.82
RP2 allele 20 (33.3) 28 (28)
IL-10 gene (n (%))
AA genotype 30 (50) 54 (54) 1.11 0.46-2.73 1.00
G allele 30 (50) 46 (46)

CI = confidence interval; OR = odds ratio

when rheumatic heart disease patients were compared
with the control group as shown in Table 4, with no
apparent liability of patients with IL-4 and IL-10
polymorphisms to develop rheumatic heart disease.

Association of IL-4 (intron 3) and IL-10 (-1082)
polymorphisms with mitral valve disease and combined
valve disease subgroups

In our study, cases with mitral valve disease showed a
significantly higher frequency of the RP2 allele of IL-4
(intron 3) (p =0.03; OR 2.98, 95% CI 1.93—6.15) and
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the G allele of IL-10 (-1082) (p = 0.04; OR 2.14, 95%
CI 1.62-4.95) when compared with controls.
These genotypes show a possible susceptibility for
mitral valve affection among cases of rheumatic heart
disease. On the other hand, cases with combined valve
disease showed no statistically significant differences
when compared with the control group regarding IL-4
(intron 3) (p=0.82; OR 1.02, 95% CI 0.51-3.46) or
IL-10(-1082) (p =1.00; OR 1.11, 95% CI 0.46-2.73)
gene polymorphisms. These genotypes appear to con-
form non-susceptibility to other valve lesions among
cases of rheumatic heart disease (Table 4).
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Discussion

Many authors have reported the presence of inherited
immunoregulatory  dysfunction in  individuals
susceptible to developing rheumatic fever, including
the possibility of stimulation of certain cytokmes
resulting in a specific clinical behaviour.'”> The
implication of a heritable genetic basis of cytokine
production could account for individual differences in
the responsiveness of the immune system. Although
the basis for these heritable differences is not known,
gene polymorphism is one of the most rehable factors
that might account for such variability.’

Understanding the impact of IL-4 and IL-10 gene
polymorphisms on the susceptibility and severity of
rheumatic heart disease will provide better insight
into the role of cytokines in the pathogenesis of
rheumatic heart disease. In this case-controlled study,
we aimed at examining the relationship between IL-4
(intron 3) and IL-10 (-1082) gene polymorphisms
with regard to patient susceptibility to rheumatic
heart disease and correlate their frequency with the
severity of rheumatic heart manifestations.

In our study, no association was found between
IL-4 (intron 3) or IL-10 (-1082) gene polymorphisms
and susceptibility to rheumatic heart disease. There
was no significant difference in either the genotype
distribution or allelic frequencies between cases and
controls for the two polymorphisms. Our results are
in accordance with the study by Chou et al'® who
studied IL-4 (intron 3) and IL-10 gene polymorph-
isms in a cohort of 115 Taiwan Chinese patients and
reported no evidence of an association for each of these
gene polymorphisms with susceptibility to rheu-
matic heart disease among the Chinese population in
Taiwan and concluded that IL-4 (intron 3) and IL-10
gene polymorphisms are not suitable genetic markers
of rheumatic heart disease. Despite the agreement
between our results, hereditary differences in both
ethnicities are important factors that should be taken
into consideration before establishing a confirmed
conclusion regarding the role of IL-4 and IL-10 as a
contributing factor in the pathogenesis of and
susceptibility to rheumatic heart disease.

As the IL-4 or IL-10 gene polymorphisms were
hypothesised to be associated with the severity of
rheumatic heart disease, the distribution of IL-4
(intron 3) and IL-10 (-1082) gene polymorphisms
was studied in the mitral valve disease and combined
valve disease subgroups. Our results showed that the
mitral valve disease patient subgroup had a sig-
nificantly higher frequency of the RP2 allele of IL-4
(intron 3) and the G allele of IL-10 (-1082) when
compared with the control group. On the other hand,
cases with combined valve disease in our study
showed no statistically significant differences when
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compared with the control group regarding IL-4
(intron 3) or IL-10 (-1082) gene polymorphisms. Our
results partially correspond with that of Settin et al’
who studied IL-10 (-1082) gene polymorphism in a
cohort of 50 Egyptian children with chronic rheu-
matic heart disease and reported higher frequency of
homozygous mutant G/G of IL-10 at position -1082
with rheumatic heart disease to indicate that this
genotype was related to a more severe form of rheu-
matic heart disease with mitral valve disease and
combined valve disease. Although both our study and
that of Settin et al were carried out on a cohort of
Egyptian patients, this difference in the association of
IL-10 (-1082) polymorphisms within the same
population may need more extensive studies with a
larger sample of rheumatic heart disease patients, as
any reported differences between studies might be
attributed to sampling error. To our knowledge, this
is the first study that evaluated the correlation
between IL-4 (intron 3) gene polymorphism and
rheumatic heart disease in Egyptian children.

As the basic rheumatic process is inflammation and
destruction of connective tissue, the extent of original
inflammation and recurrence of rheumatic fever are
not the only predisposing factors that contribute to the
progression of valve lesions.'"’ The effects of
interleukins on the pathogenesis of rheumatic heart
disease were significantly studied.'® IL-4 and IL-10
expressions were characterised in heart tissue infiltrates
from rheumatic heart disease patients by immunohis-
tochemistry. IL-10-positive cells were consistently
predominant, whereas IL-4 was scarce in the valves.
The significantly lower IL-4 expression in the
valvular tissue may contribute to the progression of
rheurnatlc heart disease leading to permanent valve
damage.'

In this study, we showed that the mitral valve
disease patient subgroup had a significantly higher
frequency of the RP2 allele of IL-4 (intron 3) and the
G allele of IL-10 (-1082). It has been proven that
the IL-4 (intron 3) polymorphism may influence the
production of IL-4, with the RP1 allele enhancing
IL-4 expression compared w1th the RP2 allele that
downregulates its expression.'” In addition, IL-10
(-1082) polymorphism affects IL-10 gene expression,
where the A allele at site -1082 of the promoter region
of IL-10 gene is associated with low production of
IL-10 and the G allele is associated with high
productlon of IL-10, and thus a stronger inflammatory
response.”’ Our finding suggests an evidence of
association between these gene polymorphisms with
the severity of rheumatic heart disease involving the
pathological effect on the mitral valve.

In conclusion, our study showed that IL-4 (intron 3)
and IL-10 (-1082) genes are not significantly asso-
ciated with susceptibility to rheumatic heart disease.
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On the other hand, these polymorphisms may be a
contributing factor for disease severity and could serve
as useful molecular biomarkers for evaluating the
possibility of mitral valve affection in patients with
rheumatic heart disease. As the study group size was
quite small for a genetic association study, the present
results should be confirmed by future studies per-
formed on a larger number of patients with rheumatic
heart disease. Furthermore, investigating other
genetic polymorphisms is warranted to clarify the
underlying genetic mechanisms that attribute to the
susceptibility and severity of rheumatic heart disease.
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