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Abstract

Background Alopecia areata (AA) is a non-scarring hair loss condition that usually affects the scalp. The exact patho-
genesis is poorly understood; however, multiple factors like genetics, environmental, psychological, and immunologi-
cal factors may have a role. The purpose of this study was to look into possible links between the functional interleu-
kin-4 (IL-4) gene intron 3 variable number of tandem repeats (VNTR) and TNF-(rs1799964) gene polymorphism and AA
susceptibility. This case—control study consisted of 79 unrelated patients and 156 age- and sex-matched healthy
individuals as a control group. The Severity of Alopecia Tool was used to assess the extent of hair loss from the scalp.
Polymerase chain reaction (PCR) with specific primers was used to determine IL-4 gene 70-bp VNTR polymorphism
while polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to investigate
TNF-a (rs1799964) gene polymorphism.

Results None of the selected polymorphisms for both genotypes and alleles had statistical significance

when patients and controls were compared with each other (p-values for IL-4 VNTR were 0.11, 0.74, 0.052 and 0.27
and for TNF-a polymorphism was 0.71, 043, 0.65 and 0.55, respectively, for codominant, dominant, recessive and over-
dominant models of inheritance, respectively). Furthermore, the same results were retrieved when the genotypes
were compared with the patient’s clinical and demographic data (p-value >0.05).

Conclusion The findings indicate that IL.-4 VNTR intron 3 and TNF-a (rs1799964) gene polymorphisms are not linked
to the development of AA in the Egyptian population.

Keywords Alopecia areata, Immune system, IL-4, Tandem repeats, RFLP, TNF-a

Introduction

Alopecia areata (AA) is a non-scaring inflammatory
hair loss disorder and is considered the second most
common cause of hair loss after androgenic alopecia
[1]. The prevalence of AA is 0.1-0.2%, with a lifetime

h;:grr;s’iﬂc’gg:g e risk of ?% [2]. It affects the Younger age group of the
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1.4:1 [5]. Another study showed a higher incidence in
females, but this may be due to a high female concern
regarding hair loss [6]. Female patients are diagnosed
more commonly in adolescence and commonly have
nail involvement and other autoimmune diseases, while
male patients are mainly diagnosed in childhood. Gen-
erally, the earlier onset is associated with a more severe
disease [7].

AA may begin with localized hair loss, commonly in
the scalp, and then the condition may spread to involve
the whole scalp (Alopecia Totalis) or the whole epi-
dermis (Alopecia Universalis). The etiology of AA has
been studied in numerous works, and various associa-
tions have been established. Autoimmune theory is one
of the strongest suggestions, and this was supported
by the association of AA with different autoimmune
disorders like autoimmune thyroiditis [8], vitiligo [9],
pernicious anemia [10], systemic lupus erythematosus
(SLE) [11], and lichen planus [12]. Moreover, the over-
all increased risk of autoimmune disorders with AA
is about 16% [13]. Genetic factors are also supposed
to have a role in AA, based on different observational
studies which found the incidence of AA in patients
with a positive family history between 10 and 42% [14].
Different genes which involve the human leucocyte
antigen (HLA) region, natural killer (NK) cells, and T
regulatory cells have been studied in AA [15]. Environ-
mental factors like vaccination, infection, stress, and
diet may also have a role in AA [16].

In this study, we selected two cytokines, tumor
necrosis factor-alpha (TNF-a) and interleukin-4 (IL-4)
and investigated the association of their genetic poly-
morphisms and AA. TNF-«a and IL-4 are secreted by
T helper-1 (TH-1) cells and T helper-2 (TH-2) cells,
respectively. The imbalance between TH-1 and TH-2
cells is one of the theories for the development of auto-
immunity [17].

TNF-« is a major proinflammatory cytokine, synthe-
sized in epidermal keratinocytes. It has different effects
on hair: It inhibits proliferation, decreases the size of
the hair follicle matrix, affects the keratinization of pre-
cortical cells, and inhibits melanogenesis by affecting
the tyrosinase pathway [18]. Interleukin-4 (IL-4) is the
major cytokine released from TH-2. It has anti-inflam-
matory and cytotoxic effects. Furthermore, it enhances
IgE production. IL-4’s exact role in AA is not completely
understood [19]. Polymorphisms of cytokine genes may
influence gene transcription and cytokine production,
hence influencing the development and progression of
disease [20]. The purpose of this study is to look into
the role of IL-4 gene intron 3 VNTR polymorphism and
TNF-a (rs1799964) gene polymorphisms in the occur-
rence of AA.
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Materials and methods

Subjects

This is a case—control study with 79 patients and 156 age
and sex-matched healthy individuals as a control group.
Both the patients and controls were recruited from
the outpatient clinic of the Dermatology Department,
Mansoura University, Egypt. The patients were either
newly diagnosed or coming for regular follow-up and
treatment.

The sample size was calculated with G*power soft-
ware version 3.1.9.7 [21]. The minimal sample size was
64 subjects in each group. The software parameters were
adjusted as follows: The power level was 0.8, the alpha
error probability was 0.05 (two-tailed), and the effect size
was 0.5. We intended to increase the sample size for both
groups to avoid missing values.

The exclusion criteria involved any other skin disor-
ders, other autoimmune diseases, and any other causes of
hair loss, and patients who received topical or systemic
medications at least 3 months before sample collection.

All patients were subjected to a complete history
involving name, age, sex, occupation, special habits such
as smoking, history of present illness (onset, course, and
duration), past and family history of the same or similar
conditions, or any other autoimmune disorder. Full der-
matological examination to detect site and number of
lesions. The loss of hair from scalp, eyebrows, eyelashes,
beard, body, and nail changes were evaluated. Hair loss
from the scalp was assessed using the Severity of Alope-
cia Tool (SALT) [22]. The severity of AA was graded as
mild, moderate and severe [23].

Ethical issues

This protocol was received and approved by Mansoura
Faculty of Medicine Institutional Research Board, Man-
soura, Egypt. Written consent was obtained from each
adult individual participate in this study either inpatient
group or control group. For children, written consent was
taken from their parents or caregivers.

Genotyping

A 4 ml of whole blood was collected from participants
and reserved at — 20C until use. The extraction of DNA
was done using a Thermo Scientific DNA Purification
mini kit (cat number: KO781; Thermo Scientific, Lithua-
nia, EU). The polymerase chain reaction—restriction frag-
ment length polymorphism (PCR-RFLP) assay was used
to genotype TNF-a (rs1799964) [24], and a polymerase
chain reaction (PCR) assay was used to genotype the IL-4
gene intron 3 VNTR polymorphism [25]. PCR for both
polymorphisms was performed with a 25 pl reaction
mixture containing 4 ul DNA, 4 ul nuclease-free water,
16 pl master mix (Thermo Scientific DreamTaq Green
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PCR Master Mix (2X), Catalog number: K1081) and
0.5 pl of each primer. The primer sequence, PCR condi-
tions, and PCR products are explained in Table 1. TNF-«a
(rs1799964) PCR products were digested with Bbsl
restriction endonucleases (Catalog number: FD1014,
Thermo Scientific Fast Digest, USA) (C allele, 161 and
109 bp; T allele, 270 bp). Digested PCR fragments were
visualized on a 2% agarose gel.

Statistical analysis

All data were entered, tabulated, and organized using
Microsoft Office 2019. The Statistical Package of Social
Science (IBM-SPSS) version 20 for the Windows operat-
ing system (Chicago, IL, USA) was used for data analysis.
The quantitative data were expressed as mean and stand-
ard deviation (SD). The chi-square (y°) test was used to
evaluate the Hardy—Weinberg equilibrium (HWE) for the
distribution of the genotypes of the controls. Differences
between patients and controls in frequencies of gene
polymorphisms were compared using the chi-square (%)
test or Fisher’s exact test as appropriate. The odds ratio
and 95% confidence interval (CI) were calculated for risk
assessment. All p-values less than 0.05 were considered
statistically significant.

Results

Table 2 shows the demographic and clinical data for AA
patients and controls. All cases and controls were ran-
domly selected from the same locality. The mean age of
AA patients (MEAN + SD) was 28.67 + 8.37 years, males
were higher (54.4%) than females (45.6%), and the mean
disease duration (MEAN +SD) was 3.88+2.21 months.
In the control group, the mean age of participants was
28.03+7.26 years, and males represented 60.5% of the
control group while females were 39.5%. The patients
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were graded according to SALT score to mild (46.8%),
moderate (26.6%), and severe (26.6%).

The genotype distributions of studied polymorphisms
are shown in Table 3. The frequencies of R1R1, R1R2,
and R2R2 genotypes of IL-4 gene intron 3 VNTR poly-
morphism in the patients were 1.3%, 41.8%, and 57.0%
and in the controls were 6.4%, 34.4%, and 59.2%. R1 and
R2 allele frequencies were 22.2% and 77.8% in patient
group and 23.6% and 76.4% in the control group. In terms
of the TNF- « (rs1799964) polymorphism, the patient
group had 3.8%, 38%, and 58.2% of the CC, CT, and TT
genotypes, while the control group had 5.1%, 42%, and
52.9%. The C and T alleles frequencies in the patient
group were 22.7% and 77.3%, while in the control group
they were 26.1% and 73.9%. For IL4, codominant, domi-
nant, recessive and overdominant models of inheritance
were applied with no significant association in genotype
distribution in both groups (p 0.11, 0.74, 0.052 and 0.27,
respectively) even after sex and gender adjustment no
significant association was observed (p 0.11, 0.66, 0.059
and 0.23, respectively). For TNF-a, the same modes of
inheritance were applied with no significant relation
was observed (p 0.71, 0.43, 0.65 and 0.55, respectively).
Also, after sex and gender adjustment no association was
observed (p 0.73, 0.46, 0.65 and 0.58, respectively). The
HWE was applied in the control group and there was no
deviation for both expected and observed frequencies
(p>0.24 and 0.26 for IL4 and TNF, respectively).

Table 4 shows the possible combined genotypes of
the two selected polymorphisms. Nine possible com-
bined genotypes were detected. Among the observed
genotypes, TT/R2R2 was the most frequent in both the
patient and control groups. The least frequent inpa-
tient group was TT/R1R1 and in the control group was
CT/R1R1. The combined genotype CC/R1R1 was not

Table 1 The primer sequence, PCR condition, and PCR products of selected polymorphisms

Primers (5'-3") PCRs PCR Product (bp)
Steps Temp/°C Time Cycles
TNF-a (rs1799964) F: GGGGAGAACAAAAGGATAAG Initial Denaturation 94 5 min 1 270
R: CCCCATACTCGACTTTCATA Denaturation 94 30s 35
Annealing 55 30s
Extension 72 30s
Final 72 5min 1
IL.-4 gene intron 3 VNTR F: AGGCTGAAAGGGGGAAAGC Initial Denaturation 94 5min 1 R1 allele 183
R: CTGTTCACCTCAACTGCTCC Denaturation 94 50s 35 R2 allele 253
Annealing 61 30s
Extension 72 45s
Final 72 5min 1
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Table 2 Demographics characteristics of alopecia patients
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Case (79) Control (157)
Age/years (MEAN £ SD) (minimum-maximum) 2867 +837 2803+7.26
10-51 17-51
Gender
Male (N/%) 43/54.4% 95/60.5%
Female (N/%) 36/45.6% 62/39.5%
Duration/years (MEAN £ SD) (minimum-maximum) 3.88+2.21
1-10
Subtypes
Patchy (N/%) 51/64.6%
Totalis (N/%) 19/24.1%
Universalis (N/%) 9/11.4%
Area affected
Scalp (N/%) 49/62%
Scalp +eyebrow (N/%) 4/5.1%
Scalp +eyelash 4/51%
Scalp +bear/moustache 3/3.8%
Eyebrow 7/8.9%
Bear/mustache 3/3.8%
All Body 9/11.4%
Family history
Positive (N/%) 13/16.5%
Negative (N/%) 66/83.5%
Severity
Mild (N/%) 37/46.8%
Moderate (N/%) 21/26.6%
Sever (N/%) 21/26.6%
Nail affection
Positive (N/%) 21/26.6%
Negative (N/%) 58/73.4%
Emotional stress
Positive (N/%) 32/40.5%
Negative (N/%) 47/59.5%
Attacks (MEAN + SD) (minimum-maximum) 6.78+3.86
(1-16)
Salt Score (MEAN £SD) (minimum-maximum) 35.27+20.28
(9.7-84.3)

SD, standard deviation; N, Number

detected in both groups. There is no combined genotype
significantly associated with AA (p>0.05).

The relation between both genotypes and different
patient data involving family history, gender, alopecia
subtypes, area of involvement, nail dystrophy, stress, and
severity are explained in Tables 5 and 6. No statistically
significant data were detected between any of genotype
and data of AA patients (p >0.05).

Table 7 shows the relationship between different
genotypes of IL-4 gene intron 3 VNTR and TNF-a

(rs1799964) with the degree of hair loss assessed by SALT
score (p 0.221 and 0.22, respectively) and the number of
attacks (p 0.466 and 0.604, respectively).

Discussion

AA is a disease with an immunological base in differ-
ent studies [26-28]. The exact pathophysiology is still
unclear and has not been determined [29]. It has been
suggested that AA is an autoimmune process medi-
ated by T cells and triggered by different stimuli, either
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Table 3 Distribution of alleles and genotypes of the IL4 (Intron 3 VNTR) and TNF-a (r51799964) alopecia patients and healthy controls

Model Genotype Control Case OR (95% Cl) p-value OR (95% Cl)* p-value*

L4

Codominant R2/R2 93 (59.2%) 45 (57%) 1 0.11 1 0.11
R1/R2 4 (34.4%) 33 (41.8%) 1.26(0.72-2.21) 1.30(0.74-2.28)
R1/R1 0 (6.4%) 1(1.3%) 0.21 (0.03-1.66) 0.22 (0.03-1.76)

Dominant R2/R2 93 (59.2%) 45 (57%) 1 0.74 1 0.66
R1/R2-R1/R1 64 (40.8%) 34 (43%) 1.10 (0.64-1.90) 1.13 (0.65-1.97)

Recessive R2/R2-R1/R2 147 (93.6%) 78 (98.7%) 1 0.052 1 0.059
R1/R1 10 (6.4%) 1(1.3%) 0.19(0.02-1.50) 0.19 (0.02-1.56)

Overdominant R2/R2-R1/R1 103 (65.6%) 46 (58.2%) 1 0.27 1 0.23
R1/R2 54 (34.4%) 33 (41.8%) 1.37 (0.79-2.38) 141 (0.80-2.46)

Log-additive - - - 0.92 (0.58-1.47) 0.72 0.94 (0.59-1.51) 0.81

TNF

Codominant /T 83 (52.9%) 46 (58.2%) 1 0.71 1 0.73
(@2) 66 (42%) 30 (38%) 0.82 (047-1.44) 0.83 (0.47-1.46)
C/C 8(5.1%) 3(3.8%) 0.68 (0.17-2.68) 0.68 (0.17-2.70)

Dominant /T 83 (52.9%) 46 (58.2%) 1 043 1 046
C/T-C/C 74 (47.1%) 33 (41.8%) 0.80 (047-1.39) 0.81(047-1.41)

Recessive T/T-C/T 149 (94.9%) 76 (96.2%) 1 0.65 1 0.65
c/C 8(5.1%) 3(3.8%) 0.74 (0.19-2.85) 0.73 (0.19-2.86)

Overdominant T/T-C/C 91 (58%) 49 (62%) 1 0.55 1 0.58
T 66 (42%) 30 (38%) 0.84 (0.49-147) 0.85 (0.49-1.49)

Log-additive - - - 0.82 (0.51-1.31) 041 0.83(0.52-1.32) 043

Cl, confidence interval; OR, odds'ratio; p, probability; *indicate OR and p value after sex and gender adjustment

Table 4 Distribution of TNF-a (rs1799964) and IL-4 gene intron
3 VNTR combined genotypes in alopecia patients and healthy
controls

Case (N=79) N (%) Control OR (95% Cl) p
(N=157)N
(%)
COMBINED
CC/R1IRT 0 (0%) 0 (0%)
CC/R1R2 2 (2%) 5(3%) 0.75(0.15-4.16)  1.00*
CC/R2R2 2 (3%) 6 (4%) 0.65(0.13-3.31) 0.72*
CT/RIRT 2 (2%) 3(2%) 1.33(0.22-8.15)  1.00*
CT/RTR2 13 (16%) 22 (14%) 21(0.57-2.54) 061
CT/R2R2 18 (23%) 28 (18%) 1.36 (0.69-2.65) 0.37
TT/RIRT  1(2%) 5(3%) 0.38(0.04-3.39) 0.67*
TT/R1R2 17 (21%) 39 (25%) 0.83(043-1.58) 057
TT/R2R2 24 (31%) 49 (31%) 0.96 (0.54-1.73)  0.89

*Fischer exact test, N, number, OR, odds ratio, Cl, confidence interval, p, p value

endogenous and/or exogenous, with the interaction of
different molecules like cytokines [30]. The hair follicle
has an immune-privileged nature that protects it from
autoimmune attacks. Different mechanisms are responsi-
ble for this, as the low number of T cells in anagen hair

bulb, absent major histocompatibility complex (MHC I)
expression, melanocytes are MHC I negative, very low
NK cell content in the anagen hair follicle, and multiple
immunosuppressant molecules produced by anagen hair
bulb [31, 32]. When there is a breakage of this immune
balance, there will be lymphocyte infiltration in the hair
follicle that appears as a “swarm of bees” pattern [33].
The infiltration was markedly observed in the acute stage,
with an accumulation of T helper and T cytotoxic cells.
The role of T cell subtypes and their cytokines in AA is
still questionable and not well documented [29].

In this study, two cytokines (ITNF-a and IL-4) pro-
duced by T cells were chosen to study their polymor-
phisms (TNF-a rs1799964 and IL-4 gene intron 3 VNTR)
in patients with AA. None of the selected have statistical
significance when patients with AA are compared with
normal controls. Moreover, we got the same results when
the genotypes were compared with the patient’s clinical
and demographic data.

The TNF-a gene is located on the short arm of chro-
mosome 6 next to the HLA class II region, which is
highly polymorphic and contains many linkages dis-
equilibrium, making it a major challenge [34]. TNF-a
expression is regulated by several single nucleotide pol-
ymorphisms (SNPs) in the promoter region, the most
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Table 5 Relation of IL-4 gene intron 3 VNTR genotype versus
demographic, clinical, and outcome data in alopecia patients
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Table 6 Relation of TNF-a (rs1799964) genotype versus
demographic, clinical, and outcome data in alopecia patients

CcC CcT T R1R1 R1R2 R2R2

N/% N/% N/% N/% N/% N/%
FH FH
+ 1/7.7% 5/38.5% 7/53.8% + 1/7.7% 4/30.8% 8/61.5%
- 3/4.5% 27/40.9% 36/54.5% - 2/3.0% 26/39.4% 38/57.6%
p 0.52 0.56 0.59 p 042 0.39 0.79
Gender Gender
M 4/9.3% 17/39.5% 22/51.2% M 2/4.7% 15/34.9% 26/60.5%
F 0/0.0% 15/41.7% 36/58.3% F 1/2.8% 15/41.7% 20/55.6%
p 0.08 0.52 034 p 0.56 0.54 0.67
Subtypes Subtypes
Patchy 4/7.8% 18/35.3% 29/56.9% Patchy 3/5.9% 19/37.3% 29/56.9%
Totalis 0/0.0% 8/42.1% 11/579%  Totalis 0/0.0% 7/36.8% 12/63.2%
Universalis 0/0.0% 6/66.7% 3/33.3% Universalis 0/0.0% 4/44.4% 5/55.6%
p 032 0.21 040 p 043 091 0.88
Area Area
Scalp 4/82% 18/36.7% 27/55.1% Scalp 3/6.1% 19/38.8% 27/55.1%
Scalp +eyebrow 0/0.0% 1/25.0% 3/75.0% Scalp +eyebrow 0/0.0% 1/25.0% 3/75%
Scalp+eyelash 0/0.0% 2/50.0% 2/50.0% Scalp+eyelash 0/0.0% 3/75.0% 1/25%
Scalp + bear/moustache 0/0.0% 1/33.3% 2/66.7% Scalp+ bear/moustache 0/0.0% 0/0.0% 3/100%
Eyebrow 0/0.0% 4/57.1% 3/42.9% Eyebrow 0/0.0% 2/28.6% 5/71.4%
Bear/moustache 0/0.0% 0/0.0% 3/100.0% Bear/moustache 0/0.0% 1/33.3% 2/66.7%
All Body 0/0.0% 6/66.7% 3/33.3% All Body 0/0.0% 4/44.4% 5/55.6%
p 0.86 0.39 049 p 093 0.56 0.06
Nail Nail
+ 0/0.0% 10/47.6% 11/524% + 1/4.8% 6/28.6% 14/66.7%
- 4/6.9% 22/37.9% 32/552% - 2/34% 24/41 4% 32/55.2%
p 0.22 0.30 0.51 p 061 0.30 0.36
Stress Stress
+ 1/3.1% 13/40.6% 18/56.3%  + 0/0.0% 15/46.9% 17/53.1%
- 3/6.4% 19/40.4% 25/53.2% - 36.4% 15/31.9% 29/61.7%
p 046 0.58 0.78 p 0.21 0.18 045
Severity Severity
Mild 3/84% 13/35.1% 21/56.8% Mild 1/2.7% 16/43.2% 20/54.1%
Moderate 1/4.8% 10/47.6% 10/47.6% Moderate 2/9.5% 5/23.8% 14/66.7%
Sever 0/0.0% 9/42.9% 12/57.1% Sever 0/0.0% 9/42.9% 12/57.1%
p 0.39 063 0.77 p 024 0.29 0.64

FH, family history; M, male; F, female; p, p value

important of which are 238, 308, 863, 857, and 1031 [35].
TNF-a —1031 (T/C; rs1799964) is considered as a func-
tional SNP affecting gene expression as it lies close to
the binding sites of 2 important transcriptional factors-
kB and octamer binding transcription factor 1(OCT-1)
[36]. The minor allele frequency (1031 C) is 22% in the
1000 Genome Database, and some studies have found
that the C allele has higher transcriptional activity than
the T allele [37]. To our knowledge, this is the first time
this polymorphism has been tested in AA. However, it

FH, family history; M, male; F, female; p, p value

has been investigated in different autoimmune, inflam-
matory and malignant disorders, either alone or associ-
ated with other polymorphisms, with conflicting results
[38]. Moreover, its role in other skin diseases has been
reported. A study from India involved 733 patients
showed the significant association of —1031 with the
other four promotor polymorphisms are significantly
associated with generalized vitiligo [39]. In Bullous pem-
phigoid, the minor C allele might be protective [40]. A
study on Spanish patients showed that —238 and —1031



Mostafa et al. Egyptian Journal of Medical Human Genetics

(2024) 25:83

Page 7 of 10

Table 7 Association of the IL-4 gene intron 3 VNTR and TNF-a (rs1799964) polymorphisms with the SALT score and number of attacks

in AA patients

SALT Number of attacks

N Mean SD p value Mean SD p value
IL-4 gene intron 3 VNTR
R1R1 4 23.55 3411256 0.221 8.75 4573474 0.466
R1R2 32 39.36563 2244111 7.03125 4.284137
R2R2 43 3332558 19.01621 6.418605 3486249
Total 79 35.27722 20.28113 6.78481 3.865266
TNF-a (rs1799964)
CcC 3 20.86667 9.679532 0.22 6.666667 5507571 0.604
cT 30 39.34 2265307 6.233333 3.92765
T 46 33.56739 1871514 7.152174 3.776932
Total 79 35.27722 20.28113 6.78481 3.865266

N, Number; SD, standard deviation; p, p value; IL-4, Interleukin-4; TNF, tumor necrosis factor

polymorphisms might be risk factors in moderate and
sever forms of psoriasis [41].

The role of the other TNF-a promotor gene polymor-
phisms in AA has been studied. Galbraith and Pandey
studied the association of —238 and —308 with AA and
found no differences between patients and controls as
regard —238, while for —308 there was a significant dif-
ference between patchy AA patients and controls [42].
The same results for —308 were obtained from a study
on 59 Mexican patients [43]. A study on Turkish patients
found an association of —238 with AA and individuals
with the GA genotype have a higher risk for AA [44]. On
the other hand, two studies from Egypt and one study
from Iran found no association between —308 polymor-
phism and AA [45-47].

The IL-4 gene is located on the long arm of the fifth
chromosome 5 (q23-31) [48]. It is about 10 kb in size,
with four exons and three introns [49]. It lies in a clus-
ter of genes related to other cytokines; most of these
cytokines are related to TH-2 cells (IL-3, IL-5, IL-9,
IL-13, and IL-15, granulocyte colony-stimulating factor)
[50]. The third intron contains a VNTR polymorphism
span of about 70 bp. IL-4 VNTR may alter the splicing
site of mRNA, which produces different variants [51].
There are two alleles for this polymorphism: one with a
70-bp deletion and the other with a 70-bp insertion. The
deletion allele is rare, has 2 repeats with 183 bp, and is
assigned as R1. The insertion allele is the frequent one,
has 3 repeats with 253 bp, and is assigned as R2 [52].
The R1 allele was suggested to increase the expression of
IL-4 and the R2 allele has a protective role in some stud-
ies [53]. Moreover, the R2R2 genotype is associated with
decreased IL-4 levels [54].

The role of IL-4 VNTR has been evaluated in differ-
ent disorders with or without an immunological basis

with different results like prostate cancer [55], dysmen-
orrhea [56], end-stage renal disease [57], type 2 diabetes
mellitus and its complication [58], autoimmune hepatitis
type 1 [59], rheumatoid arthritis [60], immune throm-
bocytopenic purpura [61] and multiple sclerosis [50].
In AA, there are very few studies regarding the role of
this polymorphism. A case—control study from Turkey
involving 116 patients with AA and 125 healthy con-
trols showed that the R1 allele was statistically higher in
patients with the R2R2 genotype when compared with
the RIR2+R1R1 genotype, a statistically significant dif-
ference was present. On the other hand, our study did
not find any significant association when patients were
compared with controls. This polymorphism was inves-
tigated in other dermatological disorders based on the
immune system. In vitiligo, a study on the Gujarati Indian
population found that both alleles and genotypes were
significantly different when patients were compared with
controls [62]. In systemic lupus patients with cutaneous
manifestation, the R1 allele was significantly different
between patients and controls [63].

The study of cytokines is very essential as their
role is very critical in the regulation of immune sys-
tem response. Any change in cytokine levels either by
increasing or decreasing, leads to immune system dis-
turbance and may precipitate autoimmune response.
Genetic polymorphisms are one of the most impor-
tant mechanisms that affect cytokine levels by affect-
ing gene expression. IL-4 is an immunomodulatory
cytokine. It stimulates the differentiation of naive CD4
T cells to TH-2 cells and enhances the differentiation
and maturation of TH-2, and maintains its cytokines
secretion. This leads to impairment of the balance
between TH-1 and TH-2 cells, which precipitates an
autoimmune response [64]. Moreover, it stimulates B
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cell immunoglobulin heavy chain class switch to IgE
and increases IgE levels, which is the principal media-
tor of immediate hypersensitivity reactions [62]. This
may be an explanation for disease susceptibility and the
association with atopic dermatitis. Also, it seems that
TNF-a and IL-4 play in a harmony. TNF-a makes the
surrounding micro-environment rich in IL-4 cytokine
which facilitates IgE class switching. Moreover, it was
found that the B cell-activating factor, which is consid-
ered one of the TNF-« family, increased in the sera of
severe AA patients [30].

In conclusion, our results did not suggest any asso-
ciation between IL-4 gene intron 3 VNTR and TNF-«a
(rs1799964) gene polymorphisms and the occurrence
of AA in Egyptian patients. The main limitations of
this study are that it was self-funded, which explains
the small sample size plus the limited numbers of SNPs
selected. Second, the disease pathology is complex and
may involve environmental factors that were not evalu-
ated. Third, all patients were from one canter, which
means selection bias is unavoidable. Fourth, the previ-
ous studies regarding this issue were very few. Fifth is
the limitation of the genotyping method.
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