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Abstract

Background: Alopecia areata (AA) is an autoimmune disease which results in non-scarring hair loss on the scalp or any su%
with hair. Several genetic polymorphisms of the interleukin genes have been linked with this disease but the results are inconsistent.
This systematic review and meta-analysis were done to find the association between rs3118470, rs2275913, rs3212227, and
rs10889677 of the IL2RA, IL17A, IL12B, and IL23R genes, respectively, of the interleukin family with alopecia areata.

Methods: A comprehensive search for relevant research articles was conducted in Pubmed, Google Scholar, and Embase
databases. Our search yielded 8 relevant articles with 1940 cases and 1788 controls. The odds ratio with 95% confidence
intervals was calculated using fixed effect and random effect models. Heterogeneity was determined using the Q-test and /? test.
Publication bias was determined and funnel plots were used to adjust the odds ratio.

Results: We found a significant risk effect for rs3118470 of the IL2RA gene with alopecia areata in the dominant model (CC + CT
vs TT; OR = 1.54, 95% confidence interval = 1.05-2.26, P < .05, I = 69.03%) and homozygous model (CC vs TT; OR = 2.00,
95% confidence interval = 1.07-3.71, P < .05, > = 72.84%). For the other single nucleotide polymorphisms, we could not find any
statistically significant association with the disease.

Conclusion: Our analysis showed that mutation of rs3118470 of IL2RA gene possesses a significant risk effect for alopecia
areata. Future studies with larger sample sizes and ethnic backgrounds are warranted to confirm our findings.

Abbreviations: AA = alopecia areata, Cl = confidence interval, IL = interleukin, OR = odds ratio, SNP = single nucleotide
polymorphism.
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1. Introduction alopecia universalis, the most severe condition that stands out
from the other 2 due to the fact that hair loss affects the entire
body in addition to the scalp and face.?! At present, approxi-

mately 2% of the general population, across all racial, gender,

with hair. The clinical signs of AA differ from little well-
. . . : and age groups, has been affected by AA.!Y It can affect people
defined patches of balding to the diffuse inclusion of the scalp ¢ | ages, however, the prevalence of occurring alopecia areata

1] i i ' : e .

or the yvholle body. Each. patient experiences a unflqllle gnd seems higher in children (1.92%) than in adults (1.47%).55 The
unpredictable course, and It 15 categorized into the. ollowing ;1 e response, genetic and environmental factors play a
3 groups based on 1ts severity and the areas of halr. loss: (1) very important role in the onset and progression of alopecia
alopecia areata in patches, the most common type, is charac- 2 s

terized by round or oval patches on the head or other parts AA is linked with atopic diseases, and this condition’s co-existence

of the body in 90% of cases; (2) alopecia totalis, in which the ., atopic eczema and loss of function mutation of the Filaggrin
scalp is completely or nearly completely devoid of hair; and (3) gene may result in a more severe form of AASY Genetic

Alopecia areata (AA) is an autoimmune disease that is char-
acterized by non-scarring hair loss on the scalp or any surface
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polymorphism plays a crucial role in the onset of AA."! Studies
have identified specific genetic polymorphisms of CTLA4, HLA,
IL2RA, and IL13 genes associated with the disease, and AA
patients frequently have family histories of autoimmune-related
disorders.!"! Several studies have found a significant associa-
tion of interleukin genes with AA.I">"1* Overexpression of inter-
leukin gene IL-1p is found in the human scalp areas affected by
AA, especially in the early stages of the condition.!'’!

In this present study, we focused on interleukins (ILs) which
play an important role in the pathogenesis of AA. Among these
interleukins, IL2RA,IL17A,IL12B,and IL23R have been reported
as the most prominent genes linked to alopecia areata by several
case—control studies.['"2% Polymorphisms of IL2ZRA may affect
the pathogenesis of alopecia areata as it is highly expressed on
CD4 + CD25 + regulatory T cells and plays a vital role in immune
homeostasis and suppression of autoimmune response.””’ An
intronic SNP rs3118470 located on the IL2ZRA, was reported to
be significantly associated with AA in the Chinese and Iranian
population.!">?”l However, it showed no significant association in
the population from Jordan and Caucasian ancestry.!'¢!l

The IL17A rs2275913 polymorphism, located in the pro-
moter region of IL17A gene was found to be significantly associ-
ated with AA in the population of Egypt.l?!! However, there was
no significant association found in the Iranian and Jordanian
populations.!7:2"!

Moreover, rs3212227, located in the 3" untranslated region of
IL12B gene was reported to have a significant association with
the risk of developing AA in the Iranian population.'” However,
there was no significant association found with AA in the popu-
lation from Turkey and Jordan.!'$2°

Lastly, rs10889677, located in the 3" untranslated region of
the IL23R was found to be significantly associated with AA in
the population of Iran.l"” However, there was no significant asso-
ciation shown in the Turkish and Jordanian populations.['®8l

To reconcile the conflicting findings in the case—control
studies, we performed a meta-analysis on 4 SNPs rs3118470,
rs2275913, rs3212227, and rs10889677 of the IL2RA, IL17A,
IL12B, and IL23R genes, respectively, for a potential associa-
tion with AA. We excluded other polymorphisms of interleukin
genes due to the insufficient number of case-control studies for
a retrospective analysis.

2. Methodology

2.1. Identification of relevant studies

A comprehensive search was conducted on PubMed, Google
Scholar, and Embase databases to find relevant articles. The
duration of the literature search was 4 months. The queries
used for finding the articles in different databases are given in
Table 1. Our systematic review and meta-analysis were per-
formed adhering to the PRISMA-P guidelines.??!

2.2. Inclusion criteria and exclusion criteria

The inclusion criteria of the research articles to be included
in our meta-analysis were: (1) the association between IL2RA
(rs3118470), IL17A (rs2275913), IL12B (rs3212227), and
IL23R (rs10889677) gene polymorphisms with the risk of alo-
pecia areata, (2) it must be a case-control study with genotypic
frequencies. The exclusion criteria were: (1) review papers and
animal model studies, (2) studies with incomplete genotype data,
and (3) studies with other genes and polymorphisms related to
alopecia areata.

2.3. Data extraction procedure

For relevant articles, 3 authors independently searched from
the databases, and any discrepancies were discussed. The
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data included the author’s name followed by the year, num-
ber of cases and controls, and genotype data of case and con-
trol groups of the individual studies (Table 2). The quality of
selected articles was evaluated using “The Newcastle-Ottawa
scale” (Table 3).

2.4. Statistical analysis

Meta-analysis was performed using the Comprehensive Meta-
Analysis version 3 Software (Englewood, NJ). The odds ratio
(OR) with a 95% confidence interval (CI)!?)! was assessed
to estimate the strength of association between IL2RA
(rs3118470), IL17A (rs2275913), IL12B (rs321222)7, and
IL23R (rs10889677) gene polymorphisms and risk of AA. To
evaluate the heterogeneity, we performed Cochran Q-test, and
its magnitude was determined by I? test. When there was low (I?
< 25%) to moderate heterogeneity (I> < 50%) we used the fixed
effect model, otherwise random effects model®* was used for
the calculation of odds ratio with 95% CI.

For rs3118470 (IL2RA), Allelic Model (C vs T), Dominant
Model (CC + CT vs TT), Recessive Model (CC vs CT +TT),
Heterozygous Model (CT vs TT), and Homozygous Model (CC
vs TT) were assessed. For rs2275913 (IL17A), Allelic Model (A vs
G), Dominant Model (AA + AG vs GG), Recessive Model (AA vs
AG + GG), Heterozygous Model (AG vs GG), and Homozygous
Model (AA vs GG) were assessed. For rs3212227 (IL12B), Allelic
Model (C vs A), Dominant Model (CC + CA vs AA), Recessive

Search query and articles that were found.

PubMed (IL2RA molecule OR IL2RA) AND (polymorphism 19
OR mutation OR variant) AND “Alopecia Areata”
(IL17A molecule OR IL17A) AND (polymorphism
OR mutation OR variant) AND “Alopecia Areata”
(IL12B molecule OR IL12B) AND (polymorphism
OR mutation OR variant) AND “Alopecia Areata”
(IL23R molecule OR IL23R) AND (polymorphism
OR mutation OR variant) AND “Alopecia Areata”
IL2RA polymorphism mutation variant mutation 966
OR variant OR polymorphism “ Alopecia
Areata”
IL17A polymorphism mutation variant mutation
OR variant OR polymorphism “ Alopecia
Areata”
IL12B polymorphism mutation variant mutation
OR variant OR polymorphism “ Alopecia
Areata”
IL23R polymorphism mutation variant mutation
OR variant OR polymorphism “ Alopecia
Areata”

Google
scholar

Embase ‘IL2RA AND polymorphism AND mutation AND 14
variant AND

“Alopecia Areata” AND (mutation OR variant OR
polymorphism)’

‘IL17A AND polymorphism AND mutation AND
variant AND

“Alopecia Areata” AND (mutation OR variant OR
polymorphism)’

‘IL12B AND polymorphism AND mutation AND
variant AND

“Alopecia Areata” AND (mutation OR variant OR
polymorphism)’

‘IL23R AND polymorphism AND mutation AND
variant AND

“Alopecia Areata” AND (mutation OR variant OR
polymorphism)’
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Quality assessment using Newcastle-Ottawa scale.

Selection Comparability Exposure
Author Year 1 2 3 4 5 6 7 8 Total
Redler 2012 * * * * N * * kR
Miao 2013 * * * * * * *
Aytekin 2015 * * * * * * * -
Moravvej 2018 * * * * * * *
Tabatabaei-Panah 2020 * * * * * * * e
Seleit 2021 * * * * * *
Alghamd 2022 * * * * x *
AL-Fitan 2022 N * * N * * .
1 = Adequate case definition
2 = Representativeness of the cases
3 = Selection of controls
4 = Definition of controls
5 = Comparability of cases and controls on the basis of the design or analysis
6 = Ascertainment of exposure
7 = Same method of ascertainment for cases and controls
8 = nonresponse rate
[ Identification of Studies from PubMed, Google Scholar and Embase ]
(=
2 PubMed= 19
© u = i ies=
& Google Scholar= 966 Duplicated Studies= 2?53
= Embase=14 Non-full texted Studies= 33
ﬁ
" l
Screenad Studies= »  Review Articles= 321
688
o l Systematic Review and
= i Meta-analysis= 9
£ After Further Screening= L, Retracted Article= 23
§ 367 Books/Conference Paper=
»n l 143
Other Gene/SNP/Disease=
Studies Assessed for Eligibility= > 165
189 Non-English Articles= 11
Animal Model= 5
i
=l
Q
= Included Studies=
g 8

Figure 1. Flowchart showing the selection of included studies. The initial search results were 999 articles (PubMed = 19; Google Scholar = 966; Embase = 14).

After a thorough screening, data from 8 articles were collected.

Model (CC vs CA + AA), Heterozygous Model (CA vs AA), and
Homozygous Model (CC vs AA) were assessed. For rs10889677
(IL23R), Allelic Model (A vs C), Dominant Model (AA + AC vs
CC), Recessive Model (AA vs AC + CC), Heterozygous Model
(AC vs CC), and Homozygous Model (AA vs CC) were assessed.

Publication bias was examined by Begg-Mazumdar rank cor-
relation test and Egger regression test.?2¢! For publication bias,
we used the funnel plots to adjust the odds ratio. Two-tailed
P-values were reported and all statistical tests were considered
significant at P <.035.

3. Result

3.1. Characteristics of the published studies

After a thorough screening, 8 articles were included in our
meta-analysis. The selection procedure of included studies in
our meta-analysis is shown by a flow diagram (Fig. 1). The ini-
tial search yielded a total of 999 articles from PubMed (n = 19),
Google Scholar (n =966), and Embase (n = 14). After the ini-
tial search, 278 duplicate studies and 33 non-full texted studies
were excluded. In the screening procedure, 321 nonrelevant and
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Association of rs3118470 (IL2RA) with alopecia areata.

Association test Heterogeneity test Publication bias (P value)
Model name 0dds ratio (OR) 95% Cl Pvalue Model P Pvalue Egger test Begg-Mazumdar test
rs3118470 (IL2RA)
Allelic model (C vs T) 1.17 0.70-1.97 .55 Random 93.34 .00 0.81 1.00
Dominant model (CC + CT vs TT) 1.54 1.05-2.26 .03 Random 69.03 .02 0.72 1.00
Recessive model (CC vs CT + TT) 1.65 0.87-3.12 12 Random 84.61 .00 0.71 0.50
Heterozygous model (CT vs TT) 1.35 0.97-1.89 .08 Random 55.90 .08 0.59 0.50
Homozygous model (CC vs TT) 2.00 1.07-3.71 .03 Random 72.84 .01 0.99 1.00
The bold values indicate P < 0.05.

Table 5

Association of rs2275913 (IL17A) with alopecia areata.

Association test Heterogeneity test Publication bias (P value)
Model name 0Odds ratio (OR) 95% CI Pvalue Model P Pvalue Egger test Begg-Mazumdar test
rs2275913 (IL17A)
Allelic model (A vs G) 1.65 0.72-3.75 24 Random 83.68 .00 0.83 0.60
Dominant model (AA + AG vs GG) 1.88 0.67-5.27 23 Random 80.98 .01 0.76 0.60
Recessive model (AA vs AG + GG) 1.61 0.94-2.76 .09 Fixed 36.65 21 0.87 0.60
Heterozygous model (AG vs GG) 1.81 0.65-5.11 .26 Random 70.02 .04 0.76 0.60
Homozygous model (AA vs GG) 2.03 0.66-6.25 22 Random 70.98 .03 0.98 0.60

review articles, 9 meta-analyses, 23 retracted, and conference
papers were omitted. The assessment based on eligibility was
done on 189 articles. Throughout the assessment, 165 articles
were not related to Alopecia Areata and IL2RA, IL17A, IL12B
IL23R genes, 11 were non-English publications and 5 articles
were on animal models.

3.2. Meta-analysis of IL2RA rs3118470 polymorphism on
AA risk

All of the results obtained from the meta-analysis on the
association between AA and IL2RA rs3118470 SNP are
listed in Table 4. In total, 4 articles, with 1416 patients in the
case and 1307 in the control group, were considered for the
meta-analysis.['®1%2:271 Among these 4 articles, one was con-
ducted on the Caucasian population, while 3 studies were
on the Asian population. We found that IL2RA rs3118470
polymorphism confers a risk effect in the following models:
dominant (CC+ CT vs TT; OR =1.54, 95%CI = 1.05-2.26,
P <.05, I>=69.03%); homozygous (CC vs TT; OR =2.00,
95%CI = 1.07-3.71, P < .05, I = 72.84%). However, allelic (C
vs T; OR =1.17, 95%CI =0.70-1.97, P =.55, I> = 93.34%);
recessive (CC vs CT+TT; OR=1.65, 95%CI =0.87-3.12,
P=.12, I> = 84.61%); heterozygous (CT vs TT; OR =1.35,
95%CI=0.97-0.1.89, P =.08, I?=55.90%] models did not
show statistically significant association. The forest plots are
shown in Figure 2. According to the ethnicity mentioned in the
articles, the populations from China, Iran, and Jordan were
grouped as Asians, and the study with the German population
was of Caucasian ethnicity.

3.3. Meta-analysis of IL17A rs2275913 polymorphism on
AA risk

Table 5 summarizes the results of our meta-analysis of the associ-
ation between the IL17A rs2275913 SNP and AA.I"72°281 Among
3 studies, 2 were conducted on the Asian population!!72%; while
the other was on the African (Egyptian) population.?¥! Our
analysis showed IL17A rs2275913 polymorphism did not show

a significant association in the allelic model, A vs G [OR = 1.63,
95%CI = 0.72-3.75, P = .24, I = 83.68%]; dominant model,
AA+AG vs GG [OR=1.88, 95%Cl=0.67-5.27, P=.23,
I> =80.98%]; recessive model AA vs AG + GG [OR =1.61,
95%Cl=0.94-2.76, P=.09, I*>=36.65%], heterozygous
model, AG vs GG [OR = 1.81, 95%CI = 0.65-5.11, P = .26,
I?=70.02%]; homozygous model, AA vs GG [OR =2.03,
95%Cl = 0.66-6.25, P = .22, I> = 70.98%]. The forest plots are
shown in Figure 3.

3.4. Meta-analysis of IL12B rs3212227 polymorphism on
AA risk

Table 6 summarizes the results of our meta-analysis of the
association between the IL12B rs3212227 SNP and AA.
Three articles were included in the meta-analysis consisting
of 312 cases and 281 controls.l'”>'%2%1 All 3 of these studies
were done on a population of Asian ethnicity. We found that
IL12B rs3212227 polymorphism did not have any risk effect
in the allelic model, C vs A [OR =1.44, 95%CI = 0.57-3.67,
P=.45, I?=90.56%]; dominant model, CC + CA vs AA
[OR =1.63, 95%Cl=0.42-6.24, P=.48, I’=92.69%];
recessive model CC vs CA + AA [OR =1.45, 95%CI =0.81-
2.60, P=.22, I>=0%], heterozygous model, CA vs AA
[OR = 1.73, 95%CI = 0.40-7.49, P = .46, I = 92.56%]; and
homozygous model, CC vs AA [OR =1.71, 95%CI = 0.93-
3.15, P =.08, I =29.95%]. The forest plots are shown in
Figure 4. According to the ethnicity mentioned in the articles,
the populations from Turkey, Iran, and Jordan were grouped
as Asians.

3.5. Meta-analysis of IL23R rs10889677 polymorphism on
AA risk

Table 7 summarizes the results of our meta-analysis of the asso-
ciation between the IL23R rs10889677 SNP and AA. Three
articles were included in the meta-analysis consisting of 312
cases and 281 controls.!'!81 Our analysis showed that, IL123R
rs10889677 polymorphism did not have a risk effect in the
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A

Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Redler 2012 Caucasian 1.298 1.112 1.515 3.300 0.001 | ]
Miao 2013 Asian 0.671 0.550 0.819 -3.931 0.000 E 3
Moravvej 2018 Asian 3.838 2.015 7.313 4.090 0.000
Alghamdi 2022 Asian 0.750 0.511 1.100 -1.473 0.141
1.173 0.697 1.974 0.600 0.549
0.1 0.2 o.s a 2 s 10
Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Redler 2012 Caucasian 1.373 1.112 1.696  2.942 0.003 E 3
Miao 2013 Asian 1.419 1.078 1.868 2.495 0.013 -
Moravvej 2018 Asian 4.538 1.995 10.326 3.606 0.000
Alghamdi 2022 Asian 0.671 0.233 1.935 -0.738 0.461
1.539 1.048 2.259 2.201 0.028 R
0.1 0.2 0.5 1 2 s 10
Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Redler 2012 Caucasian 1.468 1.065 2.025 2.341 0.019
Miao 2013 Asian 2.877 1.803 4.590 4.434 0.000
Moravvei 2018 Asian 3.258 1.103 9.622 2.138 0.033
Alghamdi 2022 Asian 0.710 0.447 1.127 -1.452 0.146
1.650 0.872 3.121 1.539 0.124
0.1 0.2 0.5 1 2 L] 10
Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Redler 2012 Caucasian 1.300 1.040 1.624 2.306 0.021
Miao 2013 Asian 1.197 0.899 1.594 1.229 0.219
Moravvej 2018 Asian 4.841 1.640 14.292 2.855 0.004 -
Alghamdi 2022 Asian 0.819 0.272 2.464 -0.354 0.723 .
1.352 0.965 1.894 1.750 0.080
0.1 0.2 0.5 1 2 5 10
Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Redler 2012 Caucasian 1.682 1.195 2.367 2.983 0.003
Miao 2013 Asian 3.178 1.940 5.205 4.592 0.000
Moravvej 2018 Asian 4.236 1.412 12.704 2.576 0.010
Alghamdi 2022  Asian 0.596 0.204 1.744 -0.945 0.345
1.996 1.074 3.709 2.186 0.029
0.1 0.2 0.5 1 2 5 10

Favours A Favours B

Figure 2. Forest plots of rs3118470 (IL2RA) with AA risk in 5 genetic models. A: Allelic Model (A vs G); B: Dominant Model (AA + AG vs GG); C: Recessive
Model (AA vs AG + GG); D: Heterozygous Model (AG vs GG); E: Homozygous Model (AA vs GG).

allelic model, A vs C [OR =1.39, 95%CI = 0.88-2.21, P=.16, 95%CI =0.73-1.53,
I?=71.99%]; dominant model, AA + AC vs CC [OR =1.22,
95%CI =0.87-1.72, P=.25, I>=25.28%]; recessive model
AA vs AC+CC [OR=1.96, 95%CIl=0.70-5.49, P =.20,
I>=79.58%], heterozygous model, AC vs CC [OR =1.06,

P=.76, I’=18.62%]; homozygous
model, AA vs CC [OR =2.16, 95%CI =0.74-6.30, P = .16,
I? =75.77%]. The forest plots are shown in Figure 5. According
to the ethnicity mentioned in the articles, the populations from
Turkey, Iran, and Jordan were grouped as Asians.
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A

Study name Subgroup within study Statistics for each study Odds ratio and 95% Ci
Odds Lower Upper
ratio limit limit Z-Value p-Value
Tabatabaei-Panah 2020 Asian 0.915 0.399 2.095 -0.211 0.833
Seleit 2021 African 3.857 2.118 7.026 4.412 0.000
AlL-Eitan 2022 Asian 1.209 0.843 1.733 1.031 0.302
1.645 0.721 3.749 1.183 0.237
0.1 0.2 0.5 1 2 s 10
B Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Tabatabaei-Panah 2020 Asian 0.872 0.312 2436 -0.262 0.79a4
Seleit 2021 African 6.000 2.453 14.678 3.926 0.000
AL-Eitan 2022 Asian 1.301 0.824 2.053 1.129 0.259
1.879 0.670 5.268 1.200 0.230
0.1 0.2 0.5 1 2 s 10
c Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CiI
Odds Lower Upper
ratio  limit limit Z-value p-Value
Tabatabaei-Panah 2020 Asian 1.000 0.238 4.198 0.000 1.000
Seleit 2021 African 3.000 1.249 7.208 2.457 0.014 W—
AL-Eitan 2022 Asian 1.129 0.517 2.462 0.304 0.761
1.607 0937 2.758 1.723 0.085
0.1 0.2 0.5 1 2 5 10
D Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Tabatabaei-Panah 2020 Asian 0.785 0.199 3.089 -0.347 0.729 |
Seleit 2021 African 6.000 1.890 19.043 3.041 0.002
AL-Eitan 2022 Asian 1312 0806 2137 1.092 0.275
1.814 0645 5106 1129 0.259
0.1 0.2
E Favours A Favours B
Study name Sul within stu Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Tabatabaei-Panah 2020 Asian 0981 0233 4.134 -0026 0979 ]
Seleit 2021 African 6.000 2.216 16.248 3.525 0.000
AL-Eitan 2022 Asian 1.257 0.563 2.809 0.559 0.576 p—
2.025 0.656 6.248 1.227 0.220
0.1 0.2 0.5 1 2 5 10
Favours A Favours B

Figure 3. Forest plots of rs2275913 (IL17A) with AA risk in 5 genetic models. A: Allelic Model (A vs G); B: Dominant Model (AA + AG vs GG); C: Recessive Model
(AA vs AG + GG); D: Heterozygous Model (AG vs GG); E: Homozygous Model (AA vs GG).

3.6. Publication bias

Begg-Mazumdar correlation test revealed no publication bias in
any of the genetic models for all 4 SNPs. However, Egger regres-
sion test revealed a substantial publication bias for rs10889677
of IL23R gene in the recessive and homozygous models (Table 7).

For these 2 genetic models, funnel plots were used to adjust the
odds ratio. The supplementary files (Figs. S1, S2, S3, and $4,
Supplemental Digital Content, http:/links.lww.com/MD/L713,
http://links.lww.com/MD/L714, http://links.lww.com/MD/L715,
http:/links.lww.com/MD/L716) illustrates all the funnel plots.
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Association of rs3212227 (IL12B) with alopecia areata.

Association test Heterogeneity test Publication bias (P value)
Model name 0dds ratio (OR) 95% Cl Pvalue Model P Pvalue Egger test Begg-Mazumdar test
rs3212227 (IL12B)
Allelic model (C vs A) 1.44 0.57-3.67 45 Random 90.56 .00 0.67 0.60
Dominant model (CC + CA vs AA) 1.63 0.42-6.24 48 Random 92.69 .00 0.58 0.60
Recessive model (CC vs CA + AA) 1.45 0.81-2.60 22 Fixed 0.00 .84 0.64 0.60
Heterozygous model (CA vs AA) 1.73 0.40-7.49 46 Random 92.56 .00 0.50 0.60
Homozygous model (CC vs AA) 1.7 0.93-3.15 .08 Fixed 26.95 .25 0.83 0.60

Table 7

Association of rs10889677 (IL23R) with alopecia areata.

Association test Heterogeneity test Publication bias (P value)
Model name 0Odds ratio(OR) 95% CI Pvalue Model 12 Pvalue Egger test Begg-Mazumdar test
rs10889677 (IL23R)
Allelic model (A vs C) 1.39 0.88-2.21 16 Random 71.99 .03 0.08 0.12
Dominant model (AA + AC vs CC) 1.22 0.87-1.72 25 Fixed 25.28 26 0.18 0.60
Recessive model (AA vs AC + CC) 1.96 0.70-5.49 20 Random 79.58 .01 0.01 012
Heterozygous model (AC vs CC) 1.06 0.73-1.53 .76 Fixed 18.62 .29 0.77 0.60
Homozygous model (AA vs CC) 2.16 0.74-6.30 16 Random 75.77 .02 0.03 0.12

4. Discussion

We found a significant risk effect for rs3118470 of the IL2ZRA
gene in the dominant and homozygous models with alopecia
areata. However, for the other 3 SNPs, we could not find any
statistically significant association. In a previous study con-
ducted in the Chinese population, researchers found that the fre-
quency of the C allele was substantially higher in the case group
compared to controls."”! Moreover, Moravvej et al, reported
that the C allele was significantly associated with developing
AA in the Iranian population.?” This is in agreement with our
findings where C allele was found to exhibit a risk effect in dom-
inant and homozygous models for developing AA. Moreover,
Redler et al also found that C allele was significantly associated
with AA in a population with Caucasian ancestry.*!! However,
Alghamdi et al’s study contradicts these findings, claiming that
there is no association of IL2ZRA gene SNP with AA in the
Jordanian population.!®

IL2RA acts as a receptor for IL2 and plays a key role in reg-
ulating the survival and proliferation of Treg cells.*”) IL2RA is
an immunological susceptibility locus for regulatory T-cell acti-
vation and proliferation.®! It has been hypothesized that muta-
tion of IL2ZRA may disrupt the binding of IL2 and thus cause
an imbalance in the immune response of Treg cells which may
result in AA.BU

According to Petukhova et al, a number of variables may
interact to induce and promote immunological dysregula-
tion in the AA pathogenesis. Strong evidence was discovered
for genes involved in the development and maintenance of
pro-inflammatory T helper cells (TH17), which act as func-
tional antagonists of immunosuppressive Treg cells. Both
IL-2 and its high-affinity receptor IL-2RA play important
roles in Treg cell survival and proliferation.?’! Studies need
to be conducted to find out if rs3118470 acts as an expres-
sion quantitative trait locus for IL2ZRA and affects gene and
protein expression.

For rs2275913 of the IL17A gene, we found no statisti-
cally significant association with AA in all 5 genetic mod-
els. This finding is similar to the findings of 2 previous
articles where they reported no significant association of
this polymorphism with AA in the Iranian and Jordanian
populations.!'”:2%! However, Seleit et al reported that there

was a significant association with AA in the Egyptian pop-
ulation.?’) A positive association was observed by Tojo et
al between the number of interferon-producing cells (IL17)
and the severity and progression of alopecia.l®?! However,
our findings showed that there was no significant associ-
ation found between IL17A gene and the development of
AA. Nevertheless, further study is needed to determine how
the rs2275913 polymorphism impacts mRNA and protein
expression and risk in people with varied ethnic back-
grounds and larger sample sizes.

We found no statistically significant association of
rs3212227 with AA. This finding is consistent with 2 pre-
vious reports where no significant association of this SNP
with AA was reported in the Turkish and Jordanian popula-
tions.!'%2%1 Contrary to this, Tabatabaei-Panah et al reported
that rs3212227 CC genotype was strongly linked to late-onset
AA in the Iranian population and higher expression of IL12B
was observed in patients compared to controls.'”” Numerous
immune-related conditions, such as type 1 diabetes, inflam-
matory bowel disease, asthma, rheumatoid arthritis, allergic
rhinitis, and alopecia areata, have been linked to the IL12B
polymorphism,33 however, the exact mechanism is yet to be
identified.

For rs10889677 of the IL23R gene, we found no statistically
significant association in all 5 genetic models. According to
Aytekin et al and FEitan et al, there was no statistically signifi-
cant association was detected for this SNP with AA in Turkish
and Jordanian populations.'®!®! In contrast, a positive asso-
ciation was reported in the Iranian population and late-onset
AA was substantially correlated with the AA genotype of the
IL23R gene polymorphisms.!'”! Helper T cell 17 (Th17) cell-
mediated inflammation and the immune response depend on the
IL23 receptor (IL23R), which binds to its cytokine, IL23.53435
Numerous chronic disorders such as psoriasis, spondyloarthritis,
Crohn disease, and ulcerative colitis have been associated with
polymorphisms in the IL23R gene, which codes for the 1123
cytokine receptor.’-381 However, the role of IL23R gene in AA
is yet to be identified. Future studies with larger sample sizes of
people with different ethnicities are thus warranted. Moreover,
gene and protein expression studies need to be conducted to
elucidate the exact role of interleukin gene polymorphisms with
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St name Subgroup within study Statistics for each study Odds ratio and 95% Ci
Odds Lower Upper
ratio  limit limit  Z-Value p-Value
Aytekin 2015 Asian 0648 0382 1.099 -1.608 0.108
Tabatabaei-Panah 2020 Asian 4,507 2.345 8.663 4.516 0.000
AL-Eitan 2022 Asian 1.104 0.783 1.557 0.566 0.572
1.440 0565 3.670 0.764 0.445
0.1 0.2 0.5 1 2 5 10
B Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Aytekin 2015 Asian 0.517 0.275 0972 -2.050 0.040
Tabatabaei-Panah 2020 Asian 8.636 3.661 20.374 4923 0.000
AL-Eitan 2022 Asian 1.080 0.686 1.700 0333 0.739
1.627 0.424 6.235 0710 0478 L
0.1 0.2 0.5 1 2 5 10
c Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Aytekin 2015 Asian 1438 0256 8071 0412 0680 -
Tabatabaei-Panah 2020 Asian 1941 0610 6.178 1123 0.261
AL-Eitan 2022 Asian 1.286 0614 2690 0.667 0.505 —
1447 0.806 2599 1.237 0.216
0.1 0.2 0.5 1 2 5 10
D Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CiI
Odds Lower Upper
ratio limit limit Z-value p-Value
Aytekin 2015 Asian 0480 0.250 0919 -2.214 0.027
Tabatabaei-Panah 2020 Asian 13.182 4.506 38561 4.709 0.000 -
AL-Eitan 2022 Asian 1.030 0638 1.664 0.122 0.903
1.731 0.400 7.489 0.734 0.463 o—
0.1 0.2 0.5 1 2 s 10
E Favours A Favours B
St name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Aytekin 2015 Asian 1.101 0.193 6.294 0.109 0913 }
Tabatabaei-Panah 2020 Asian 4.091 1.229 13619 2296 0.022 —
AL-Eitan 2022 Asian 1.304 0.602 2.824 0.674 0.501 r—
1.713 0931 3149 1731 0.083
0.1 02 0.5 1 2 5 10
Favours A Favours B

Figure 4. Forest plots rs3212227 (IL12B) of with AA risk in 5 genetic models. A: Allelic model (C vs A); B: Dominant model (CC + CA vs AA); C: Recessive model

(CC vs CA + AA); D: Heterozygous model (CA vs AA) and E: Homozygous model (CC vs AA).

alopecia areata. The clinical relevance of our meta-analysis is
that we tried to narrow down and find out the overall impact of
interleukin genes and the most relevant polymorphisms respon-
sible for alopecia areata. This is of great importance as it will

guide future interleukin family gene expression and protein
expression studies and subsequently find out the target protein
for the development of new drugs and clinical trials in patients
with alopecia areata.
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Study name Subgroup within study Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Aytekin 2015 Asian 1.368 0889 2.106 1.424 0.154
Tabatabaei-Panah 2020 Asian 2257 1329 3.833 3.012 0.003
Alghamdi 2022 Asian 0.973 0700 1.354 -0.160 0.873
1.391 0875 2211 1.396 0.163

0.2 0.5 1 2 5

0.1 10
B Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% Ci
Odds Lower Upper
ratio limit limit Z-Value p-Value
Aytekin 2015 Asian 1.796 0.890 3.625 1.634 0.102
Tabatabaei-Panah 2020 Asian 1519 0.729 3.169 1.116 0.265
Alghamdi 2022 Asian 0.942 0590 1505 -0.248 0.804
1.222 0.866 1.723 1.141 0.254
0.1 0.2 0.s 1 2 L 10
c Favours A Favours B
St name Subgroup within study Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Aytekin 2015 Asian 1262 0636 2503 0666 0505
Tabatabaei-Panah 2020 Asian 9.500 2.644 34.136 3450 0.001
Alghamdi 2022 Asian 1009 0546 1.862 0.027 0.978
1960 0.700 5.493 1.281 0.200

0.2 0.5 1 2 5 10

D Favours A Favours B

Study name Subgroup within study Statistics for each study Odds ratio and 95% Ci

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Aytekin 2015 Asian 1.774 0835 3.768 1.492 0.136
Tabatabaei-Panah 2020 Asian 0.814 0362 1.830 -0497 0619
Alghamdi 2022 Asian 0932 0566 1536 -0.275 0.783
1.0s9 0.731 1.533 0.302 0.763

0.2 0s 1 2 5

0.1 10
Favours A Favours B
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Aytekin 2015 Asian 1.833 0.790 4.253 1.412 0.158
Tabatabaei-Panah 2020 Asian 8.571 2.243 32.761 3.141 0.002
Alghamdi 2022 Asian 0971 0.497 1.897 -0.086 0.931
2.159 0.741 6.295 1.410 0.159
0.1 0.2 0.5 1 2 5 10

Favours A Favours B

Figure 5. Forest plots of rs10889677 (IL23R) with AA risk in 5 genetic models. A: Allelic model (A vs C); B: Dominant model (AA + AC vs CC); C: Recessive
model (AA vs AC + CC); D: Heterozygous model (AC vs CC) and E: Homozygous model (AA vs CC).

Our study has limitations. The number of case—control stud-  population-specific but we could not perform a meta-analysis
ies available is limited in alopecia areata. As a result, we could  based on ethnicity as the required number of studies with specific
only do the meta-analysis for 4 SNPs of interleukin family  ethnic backgrounds is unavailable. Future meta-analyses with
genes. The association of the SNPs with alopecia areata can be  larger sample sizes and specific ethnicity are thus warranted.

10



Tishe et al. ® Medicine (2024) 103:8

5. Conclusion

In summary, we performed a meta-analysis to identify the
association between the SNPs of the Interleukin genes IL2RA,
1IL17A, IL12B, and IL23R (rs3118470, rs2275913, rs3212227,
rs10889677) with the susceptibility of AA. Our study showed
that polymorphisms of rs3118470 of the IL2ZRA gene were sig-
nificantly associated with alopecia areata.
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