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Association of interleukin-4 gene polymorphism and rheumatoid
arthritis in Egyptian patients
Seham M.S. El Nakeeba, Reem M. Ahmeda, Alzahraa A. Elsieda,
Mohsen M. Ali Elsiedb
Introduction Rheumatoid arthritis (RA) is a progressive
disease characterized by chronic joint inflammation and
subsequent structural damage. Interleukin (IL)-4-590
promoter polymorphism (rs2243250), a C-to-T base
substitution, has been suggested to be associated with RA
and has become of great interest to be investigated.

Aim The aim of this study was to find the relationship between
IL-4-590 promoter polymorphism and RA in Egyptians, and
also to study the relationship of this gene with clinical and
laboratory features of the disease.

Patients and methods This study was carried on 180
subjects divided into two groups. The first group included 120
patients with RA and the second group were 60 apparently
healthy individuals as controls. Genomic DNA was extracted
from blood leukocytes of both groups and genotyped by PCR
for amplification of IL-4 gene followed by restriction fragment
length polymorphism.

Results IL-4-590 (TT) genotype was significantly more
frequent in patients with RA than controls (10 vs. 1.70%,
P=0.027, odd ratio (OR)=7.543 and Confidence interval
(CI)=0.947–60.049). IL-4-590 (CT) genotype showed no
significant difference between patients with RA and controls
(31.70 vs. 25%, P=0.195 OR=1.592 and CI=0.786–3.228),
whereas IL-4-590 (CC) genotype was significantly less
frequent in patients with RA than controls (58.30 vs. 73.30%,
P=0.048). Regarding the distribution of different alleles, the
frequency of T allele was significantly more in patients with
© 2019 The Scientific Journal of Al-Azhar Medical Faculty, Girls | Publish
RA than controls (P<0.01). In patients with RA, there were
significant differences in some clinical and laboratory
parameters of RA disease between different IL-4-590
genotypes (e.g. number of tender and swollen joints, duration
of morning stiffness, disease activity score 28, serum
rheumatoid factor, serum C-reactive protein, and serum
anticyclic citrullinated peptide levels), all were higher in TT
genotype, which means patients with RA with TT genotype
may have more aggressive course of the disease.

Conclusion The T allele and the TT genotype at position
−590 of IL-4 gene may be related to development of RA in
Egyptians and may be associated with the disease activity.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune disease
characterized by chronic joint inflammation and
subsequent structural damage. There may be a ‘window
of opportunity’ in early RA to alter the course of the
disease if tightly controlled, which diminishes the
inflammatory processes. Once RA is well controlled,
the ability to sustain remission following the
withdrawal of immune-modulatory medications would
be an indication of disease modification [1,2]. Although
many aspects of RA pathogenesis remain unknown, it is
widely accepted thatRAonset and response to treatments
are determined by the interaction between genetic
variations and environmental factors [3]. Dysregulation
of the immune responses and the imbalance between
proinflammatory and anti-inflammatory cytokines can
cause RA, and the production of these cytokines can be
influenced by single nucleotide polymorphisms (SNPs)
within immune-modulatinggenes [4]. Interleukin (IL)-4
is the first discovered B-cell pleiotropic cytokine that
promotes differentiation of T cells and regulates
antibodies production from B cells and plays an
important role in the immune system [5].

IL-4, apotent anti-inflammatorycytokine, isproducedby
activated CD4 lymphocytes, mast cells, and basophils. It
exerts immune-modulatory functions on different cell
types [6]. It has immunosuppressive action, as it can
inhibit inflammation, graft rejection, and other
immune responses caused by Th1. IL-4 has a long-
term inhibitory effect on Th1 cells in the
microenvironment [7]. In addition, IL-4 can inhibit
the mRNA transcription of interferon-γ and suppress
interferon-γ-inducing B cells to generate
immunoglobulin (Ig)G antibody, thereby inhibiting
interferon-γ from exerting its biological effects. IL-4
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increases IgE production and serves as an important
regulator of IgG isotypes switching [8,9]. Furthermore,
it inhibits the production of destructive protease enzymes
and proinflammatory cytokines, such as IL-1, by
increasingtheexpressionofIL-1receptorantagonist [10].

IL-4 is an important factor in thepolarizationofThelper
cells toward Th2 differentiation which is deficient in
rheumatoid synovial tissues [11]. Several studies suggest
that IL-4 and its receptor may control the inflammation
induced by Th17, a third CD4T-cell population, which
plays a central role in the pathogenesis of human
autoimmune diseases, including RA [12–15].

High expression of intra-articular IL-4 by retroviral
transduction in an arthritis model induced clinical and
radiological improvement of the arthritis. Moreover,
administration of monoclonal antibodies against IL-4
in a mouse model of collagen-induced arthritis resulted
in greater severity of disease, so there is a protective role
of IL-4 in this model [16].

IL-4 gene has been mapped to the q arm (q23–q31) of
chromosome5[17].Polymorphismsaffectinggeneof IL-
4 can be linked with RA risk and has become of great
interest to researchers [18]. IL-4 promoter
polymorphism, a C-to-T base substitution at −590
position (rs2243250) relative to the transcriptional site,
has been identified [19] and has been suggested to be
associated with RA [20–22]. Many studies examined the
association of IL-4 gene polymorphisms with RA but
their data are conflicting [23–27]. Moreover, there is
limitation of information about IL-4 polymorphism
and its association with RA in different ethnicities [28].

This study aimed to identify the association between
this SNP (a C-to-T base substitution) of the IL-4-590
promoter region and RA disease in Egyptians and also
to study its relationship to some clinical and laboratory
features of the disease.
Patients and methods
Patients
This study was carried on 180 subjects divided into two
groups: the first group included 120 (55 male and 65
female)EgyptianpatientswithRAwith ages ranged from
36 to 61 years old; attending the clinic of Rheumatology
Departments in Al-Sayed Galal Hospital, Al-Azhar
University, Cairo, Egypt, in the period from November
2015 tillAugust 2017.Theyhaddefinitediagnosis ofRA,
according toAmericanCollege ofRheumatology and the
European League Against Rheumatism criteria (2010)
[29], supported by clinical examination and plain
radiograph of the affected joints, and all patients have
nonerosive RA. The second group included 60 (19 male
and 41 female) apparently healthy individuals as a control
group with ages ranged from 35 to 63 years old with no
personal or family history of autoimmune diseases or
arthritis. They were age, sex, and ethnically matched
with patients with RA.

The two groups were subjected to the following: full
history taking; clinical examination, including general
and joints examination, and plain radiograph for both
hands and wrists joints; and routine laboratory
investigations for those patients, including
complete blood picture, erythrocyte sedimentation
rate (ESR), detection of rheumatoid factor (RF)
using latex agglutination test, measurement of
high-sensitive C-reactive protein (CRP) using
ELISA kits, and detection of anticyclic
citrullinated peptide (anti-CCP) antibodies using
ELISA kits. Modified disease activity score
including 28 joint count (DAS28 score) [30] was
calculated for all patients with RA using three
variables (number of tender joints, number of
swollen joints, and ESR).

The protocol of this study was approved by theMedical
EthicsCommittee at theFaculty ofMedicine,Al-Azhar
University, Cairo, and a written informed consent was
obtained from all patients and healthy controls.
Exclusion criteria
Patients with clinical evidence of other autoimmune
disease or allergic diseases.
Specific investigations
Genomic DNA extraction from blood leukocytes was
done, genotyping was done by PCR for amplification
of IL-4 gene, followed by restriction fragment length
polymorphism (RFLP).
Sample preparation
Ten milliliters of venous blood was drawn and divided
as follows: 5ml was added in a sterile plain tube to
obtain serum for serological investigations, and the
other 5ml of blood was added to a EDTA sterile
tube and was used for molecular testing of the IL-4-
590 promoter polymorphism.
Molecular analysis using PCR-restriction fragment length
polymorphism technique
Genomic DNA was extracted from EDTA whole
blood samples in two steps; leukocytes separation
step and the DNA extraction step using quik-g
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DNA Miniprep extraction kit (catalog no. D3024, lot
no. ZRC186005; The Epigenetic Company, USA).
DNA was stored at −20°C till the time of use.
Amplification of IL-4-590 promoter polymorphism
was done in the following steps:
(1)
Figu

Agar
guide
actio
The region surrounding this polymorphism was
amplified with the following primers:
forward primer: 5′d ACTAGGCCTCAC
CTGA TACG-3′ and reverse primer: 5′d
GTTGTA ATGCAGTC CTCCTG-3′ (To
have a concentration of 100 p moles/μl of
each primer, it was diluted with deionized
water in a percentage of 1/10. A volume of
90 μl of deionized water was used to
reconstitute the forward primer and another
90 μl was used for the reverse primer vials.
After reconstitution, primers were kept at
−20°C for subsequent runs).

PCRwas carried out on genomic DNA, 100 pmol/
(2)

μl of each PCR primer, and 1× PCR mix (Dream
Taq Green PCR Master Mix #k0181;
Thermoscientific, USA), containing 200 μmol/l
of each dNTP, 2× Dream Taq PCR buffer,
1.25U Taq DNA polymerase, and 4mmol of
MgCl2. Thermal cycling conditions were carried
out as follows: an initial cycle at 94°C for 5min (for
initial denaturation); 32 cycles under the
conditions of denaturation at 95°C for 30 s,
annealing at 57°C for 30 s, and extension at
72°C for 30 s; and a final cycle at 72°C for
5min (for final extension). The amplified
fragment was 252 bp [31]. PCR product was
visualized as shown in Fig. 1. After PCR
re 1

ose gel electrophoresis showing PCR product-based restriction fragmen
d by marker in the first lane. (1) The first lane is 50 bp ladder (marker). (2)
n of restriction enzyme BsmF-1, performed on 3% agarose and visualize
amplification was performed, the amplified
product was digested with fast digest BsmF-1
restriction endonuclease (Thermoscientific),
through gentle mixing and incubation at 37°C
for 15min, then inactivation at 80°C for 20min.
The digested products were separated by 3%
agarose gel electrophoresis and visualized using
UV trans-illuminator. The resulting 252-bp
amplified fragment might contain a restriction
site for BsmF-1 restriction enzyme, which
generated two fragments of 192 and 60 bp after
digestion. Thus the following possibilities were
present:
(a) If there was one band (252 bp) it was

designated.
(b) If there were two bands (192 and 60 bp) it was

designated CC.
(c) If there were three bands (252, 192 and 60 bp)

it was designated CT (i.e. heterozygous
genotype), as shown in Figs 2 and 3.
t leng
Lane
d by
Statistical analysis
Data were analyzed by Microsoft Office 2003 (Excel),
SPSS version 16 and statistical package for the social
sciences (SPSS) version 16. The analysis of data was
done to test statistical significant difference between
groups. For qualitative data [frequency and proportion]
χ2-test was used. For quantitative data normally
distributed (mean±SD), analysis of variance was used
to compare between the groups followed by post-hoc
analysis using Least significant differences (LSD) test.
P value up to 0.05 is considered significant. For allelic
and genotypic frequencies, Hardy–Weinberg equation
was used.
th polymorphism analysis of IL-4-590 gene amplification
2–10 represent one band 252 bp PCR product before the
UV trans-illumination.



Table 1 Descriptive data for patients with rheumatoid arthritis

Range Mean±SD

Age (years) 36–61 48.77±7.17

Sex

Female (n, %) 65 (54.20)

Males (n, %) 55 (45.80)

Disease duration (years) 3–17 9.43±3.68

Morning stiffness (min) 45–205 88.67±39.43

Number of tender joints 5–18 10.18±3.56

Number of swollen joints 1–8 4.29±1.56

ESR (mm/h) 20–80 43.81±13.71

RF (IU/ml) 69–143 104.28±15.94

CRP (mg/l) 8–43 18.99±4.96

Anti-CCP (μ/ml) 8–90 42.22±17.18

DAS28 score 4.61–6.67 5.05±0.65

Anti-CCP, anti-citrullinated peptide antibodies; CRP, C-reactive
protein; DAS28, disease activity score including 28 joint count;
ESR, erythrocyte sedimentation rate; RF, rheumatoid factor.

Figure 2

Agarose gel electrophoresis showing PCR product-based restriction fragment length polymorphism analysis of IL-4-590 gene polymorphism
digested byBsmF-1guided by marker in the first lane. (1) The first lane is 50 bp ladder (marker). (2) CT genotype: lanes 2, 4, and 8, (there were
three bands: 252, 162, and 90 bp). (3) CC genotype: lanes 3, 5, 6, 7, 9, and 10 (there were two bands: 162 and 90 bp).

Figure 3

Agarose gel electrophoresis showing PCR product-based restriction
fragment length polymorphism analysis of IL-4-590 gene polymor-
phism digested by BsmF-1 guided by marker in the first lane. (1) The
first lane is 50-bp ladder (marker). (2) TT genotype: lanes 3 and 7
(one band 252 bp). (3) CT genotype: lanes 2, 4, 8, and 10 (there were
three bands: 252, 162, and 90 bp). (4) CC genotype: lanes 5, 6, and 9
(there were two bands: 162, 90 bp).
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Results
(1)
 Agarose gel electrophoresis is shown in Figs 1–3.
Figure 1 shows PCR product-based RFLP analysis
of IL-4-590 gene before the action of restriction
enzyme. Figures 2 and 3 show PCR product-based
RFLP analysis of IL-4-590 gene after the action of
restriction enzyme.
(2)
 The descriptive data for patients with RA are
shown in Table 1, and a comparison between
patients with RA and controls is shown in
Table 2. There were no significant differences in
sex ratio and age between patients with RA and
controls (P>0.05).
(3)
 The genotypes distribution and allele
frequencies of IL-4-590 promoter
polymorphism in patients with RA and
controls are shown in Table 3. The frequency
of TT genotype was significantly higher in
patients with RA (10.00%) compared with
controls (1.70%), whereas there was no
significant difference between patients with
RA and controls in the distribution of CT
genotype (31.70 vs. 25.00%). Frequency of
CC genotype was significantly lower among
patients with RA than controls (58.30 vs.
73.30%).
(4)
 Table 4 shows a comparison between IL-4-590
different genotypes regarding some clinical and
laboratory parameters of patients with RA.
There was no significant difference between
IL-4-590 different genotypes in age, sex, and
disease duration (P<0.05), but there was a highly
significant difference in morning stiffness,
number of tender joints, and DAS28 score



Table 2 Comparison between control group and rheumatoid arthritis group

Control group (n=60) Rheumatoid arthritis group (n=120) P value

Age

Mean±SD 46.77±6.89 48.77±7.17 0.076

Range 35–63 36–61

Sex

Females (n, %) 41 (68.3) 65 (54.20) 0.069

Males (n, %) 19 (31.7) 55 (45.80)

Erythrocyte sedimentation rate (mm/h)

Mean±SD 4.97±1.86 43.81±13.71 0.001

Range 1–10 20–80

Rheumatoid factor (IU/ml)

Mean±SD 7.18±2.45 104.28±15.94 0.001

Range 2–15 69–143

C-reactive protein (mg/l)

Mean±SD 3.14±1.15 18.99±4.96 0.001

Range 1–6 8–43

Anticyclic citrullinated peptide

Positive 0 110 0.001

Negative 60 10

Anticyclic citrullinated peptide serum level (μ/ml)

Mean±SD 5.41±1.08 42.22±17.18 0.001

Range 3–7 8–90

Table 3 Allelic and genotypic frequencies of interleukin-4 promoter gene at position-590 in patients with rheumatoid arthritis and
controls

Controls (N=60) [n (%)] Rheumatoid arthritis group (N=120) [n (%)] χ2-Test Odds ratio 95% confidence interval

χ2 P value

Genotypes

CC 44 (73.30) 70 (58.30) 3.876 0.048 Ref Ref.

CT 15 (25.00) 38 (31.70) 1.678 0.195 1.592 0.786–3.228

TT 1 (1.70) 12 (10.00) 4.871 0.027 7.543 0.947–60.049

Alleles

C 103 (85.80) 178 (74.20) 6.357 0.011 2.11 1.171–3.803

T 17 (14.20) 62 (25.80)
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(P<0.01) and a significant difference in number
of swollen joints (P<0.05). Moreover, serum
CRP, RF, and serum anti-CCP were
significantly higher in TT genotype than other
genotypes (P<0.01).
(5)
 Post-hoc analysis was done to compare each two
genotypes. It showed that TT genotype had
significant increase in morning stiffness
duration, number of tender and swollen joints,
serum CRP, and serum anti-CCP levels than
both CC and CT genotypes. DAS28 score was
significantly higher in TT genotype than the other
two genotypes. Regarding ESR and RF, they were
significant higher in TT genotype when compared
with CC genotype, but there was no significant
difference when compared with CT genotype.
There was no significant difference in age, sex
ratio distribution, and the disease duration
between TT genotype and both CC and CT
genotype, as shown in Table 5.
Discussion
RA is a complex autoimmune disease, characterized by
synovial inflammation and hyperplasia and cartilage and
bone destruction [32]. Cytokine genes or their receptors
have received attention as potential markers of
susceptibility, severity, and/or protection in RA.
Given that RA is a chronic inflammatory process with
variable presentation and development, it is possible that
thesedifferences are related to individual variations at the
level of cytokine production as a result of polymorphic
variations of their genes [16]. Various susceptible genes
are involved in the early pathogenesis ofRA that leads to
a series of complex pathophysiological changes.
Currently, it is still uncertain which gene plays a
decisive role in the pathogenesis and susceptibility of
RA [33]. IL-4 and its receptor have been proved to be
associated with the development of RA, as diminished
production of IL-4 is believed to contribute to the
characteristic Th1-mediated autoimmune rheumatoid
inflammation [7].



Table 4 Comparison between different genotypes in rheumatoid arthritis group regarding age, sex, disease duration, morning
stiffness, number of tender joints and number of swollen joints, disease activity score including 28 joint count score,
erythrocyte sedimentation rate, rheumatoid factor, and C-reactive protein

CC (N=70) CT (N=38) TT (N=12) One-way ANOVA

F P value

Age (years)

Mean±SD 48.87±7.15 48.58±7.12 48.75±8.06 0.020 0.980

Range 37–61 36–60 38–60

Sex

Males 33 (47.1) 17 (44.7) 5 (41.7) 0.151 0.927

Females 37 (52.9) 21 (55.3) 7 (58.3)

Disease duration (years)

Mean±SD 8.50±3.48 8.89±3.60 9.87±3.73 1.297 0.277

Range 4–13 3–16 4–17

Morning stiffness (min)

Mean±SD 56.25±2 1.33 72.63±5.75 102.93±41 14.436 0.001

Range 45–120 45–120 45–205

Number of tender joints

Mean±SD 8.58±1.68 9.08±2.73 11.06±3.94 5.535 0.005

Range 7–12 6–17 5–18

Number of swollen joints

Mean±SD 3.42±1.16 4.08±1.50 4.56±1.59 3.395 0.037

Range 1–5 1–7 1–8

Erythrocyte sedimentation rate (mm/h)

Mean±SD 36.58±7.14 43.03±2.42 45.46±4.86 2.279 0.107

Range 24–47 20–72 20–80

Rheumatoid factor (IU/ml)

Mean±SD 88.00±10.10 103.82±4.3 107.31±16.0 8.496 0.001

Range 69–100 83–134 80–143

C-reactive protein (mg/l)

Mean±SD 17.71±4.48 20.74±4.90 31.75±8.71 38.42 0.001

Range 8–27 10–30 18–43

Anticyclic citrullinated peptide

Positive (n, %) 62 (88.6) 37 (97.4) 11 (91.7) 2.495 0.287

Negative (n, %) 8 (11.4) 1 (2.6) 1 (8.3)

Serum anticyclic citrullinated peptide (μ/ml)

Mean±SD 31.74±8.58 51.34±8.50 74.42±19.2 115.159* 0.001

Range 8–41 15–60 17–90

Disease activity score including 28 joint count score

Mean±SD 5.46±0.45 5.50±0.35 6.06 ±0.45 10.703 0.005

Range 4.61–6.44 4.96–6.24 5.37–6.67

*In this table, all comparisons were done by one-way analysis of variance (ANOVA) test except the comparison of serum anticyclic
citrullinated peptide level was done by χ2-test.

Table 5 Post-hoc analysis to compare different genotypes regarding different parameters

Post-hoc analysis by LSD test

P1 TT vs. CT P2 TT vs. CC P3 CC vs. CT

Age 0.841 0.957 0.943

Sex 0.970 0.9697 0.833

Disease duration 0.189 0.234 0.746

Morning stiffness 0.001 0.001 0.167

Number of tender joints 0.005 0.023 0.664

Number of swollen joints 0.05 0.018 0. 033

ESR 0.380 0.050 0. 156

RF 0.250 0.001 0.002

CRP 0.001 0.001 0.001

Serum anti-CCP 0.001 0.001 0.001

DAS28 score 0.05 0.001 0.698

CCP, cyclic citrullinated peptide; CRP, C-reactive protein; DAS28, disease activity score including 28 joint count; ESR, erythrocyte
sedimentation rate; LSD, least significant differences; RF, rheumatoid factor.
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In this study, IL-4-590 gene polymorphismwas studied
in Egyptian patients with RA and healthy controls.
Regarding the distribution of different genotypes
between patients with RA and healthy controls, the
TT genotype was statistically significantly more
frequent in patients with RA (P=0.027), whereas the
CC genotype was statistically significantly more
frequent in healthy controls (P=0.048). There was no
significant difference found in CT genotype between
patients with RA and healthy controls (P=0.195).
Regarding the frequency of alleles, the T allele was
significantly higher in patients with RA than healthy
controls (P<0.01).

This was in accordance with a study conducted by Sun
et al. [33], who studied the same polymorphism. They
revealed that there was a statistically significant
difference in CC, CT, and TT genotype
distributions between the RA group and the healthy
group and the mutation frequency of the T allele in IL-
4 of the RA group was significantly higher than that of
the healthy group. Moreover, they had found that the
mRNA expression of IL-4 in the RA group was
significantly lower and was gradually decreased in
the order of CC, CT, and TT; the differences
among these genotypes were significant.

Canet et al. [34] conducted a double-phase
case–control study on a population in Spain, and
they assessed ∼49 genetic variants within or near 17
immune-modulating genes, and among them was IL-4
(−590T/C). They reported that logistic regression
analyses showed that carriers of the IL-4 (−590T/T)
genotype had a significantly increased risk of
developing RA and associated with low serum levels
of IL-4 in patients with RA. They suggested that a
causative SNP in the IL-4 gene might affect other
biological processes such as mRNA processing
(splicing or turnover), mRNA stability, and/or
mRNA translatability.

Li et al. [27] investigated the promoter IL-4-590C/T
polymorphism. The genotype distributions and allele
frequencies of IL-4-590C/T polymorphism in patients
with RA was significantly different from healthy
volunteers. They found that the frequency of T allele
on IL-4-590 promoter region was significantly increased
in patients with RA. They concluded that the IL-4-590
promoterpolymorphismmaybeassociatedwith increased
risk of RA and could be used as a genetic marker for
assessing the susceptibility and severity of RA inChinese.

However, in contrary to this results, Trajkov et al. [35]
revealed that there was positive association of IL-4-
590C allele and CC genotype with RA susceptibility in
Macedonian patients.Moreover, Qiu et al. [36] found a
significant association of the C allele of IL-4 (−590C/
T) with RA in whites.

In this study, there was a significant differences
between the three genotypes regarding some clinical
and laboratory parameters of RA disease. Patients with
RA with TT genotype have more aggressive course of
the disease. They have longer time for morning
stiffness and more number of tender and swollen
joints than both CC and CT genotypes. Moreover,
they have higher serum CRP levels than other
genotypes. Moreover, patients with RA having TT
genotype with positive anti-CCP have a significant
increase in anti-CCP serum level when compared with
those having CC or CT genotypes (P<0.01). In
addition, patients with RA with TT genotype have
significant higher DAS28 score than those with other
two genotypes, which means that TT genotype may be
associated with RA disease activity.

This was in accordance with a study conducted on
Egyptian patients with RA by Hussein et al. [31] who
studied the association between IL-4 variable number
tandem repeat 1/1 (IL-4 VNTR 1/1) and IL-4-590
promoter polymorphism with RA disease
susceptibility, severity, and activity. They found in
patients with RA, the frequencies of IL-4-590 TT
genotype and T allele were significantly increased
compared with the control group. Patients with IL-
4-590 TT genotype and carriers of T allele were
significantly more likely to develop RA. Moreover,
they found that patient with TT genotype had a
more active RA and lower IL-4 serum level. They
concluded that IL-4 VNTR and IL-4-590 promoter
polymorphisms may be helpful for assessing RA
severity and activity in Egyptians.

Although Pawlik et al. [25] had found that the
distribution of IL-4-590 genotypes in patients with
RA did not differ from control subjects in a study
carried on White population from Poland, there was a
more severe and active RA form in patients with IL-4-
590 TT genotype. The active form of RA was more
frequently diagnosed in patients with T allele
(genotypes CT and TT) as compared with
homozygous CC patients. They found that in
carriers of the T allele, parameters of disease activity
(DAS28 score, ESR, number of swollen and tender
joints) were significantly increased.

Moreno et al. [16] found an association of IL-4-590
TT genotype with RA in Colombian population, and
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they reported that TT genotype is associated with
disease activity and also with early onset of the disease.

Regarding Egyptian population, Hussein et al. [31]
were the first group who studied this gene
polymorphism with RA disease in detail, but still
there is shortage of information about this point,
and owing to limited sample size in this paper, our
results need to be replicated in other Egyptian
populations with larger size.
Conclusion
The T allele and the TT genotype at position −590 of
IL-4 gene may be related to development of RA in
Egyptians and may be associated with disease activity.
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