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Abstract

Objectives

Genetic association studies on alopecia areata (AA) performed in various populations have
shown heterogeneous results. The aim of the current review was to synthesize the results of
said studies to estimate the impact of FAS, FASL, PTPN22, CTLA4 and IL2RA gene poly-
morphisms on AA susceptibility.

Design

A systematic literature search was conducted in the Medline, Web of Science, Scopus,
EMBASE and LILACS databases. Studies published up to June 2020 were included. The
results available in the grey literature including the Open Grey and Google Scholar data-
bases were also used. The texts of potentially related studies were screened by individual
reviewers. Evidence of publication bias was assessed using the Newcastle-Ottawa scale
and the quality of evidence was assessed using the GRADE system. The quantitative syn-
thesis was performed using the fixed effect model.

Results

Out of 1784 articles, we identified 18 relevant articles for the qualitative synthesis and 16 for
the quantitative synthesis. In a study of rs2476601 polymorphism of PTPN22 gene, includ-
ing 1292 cases and 1832 controls, a correlation was found with the risk of developing AA in
the allelic model (OR1.49 [95% C:1.13—1.95]), the heterozygous codominant (OR1.44 [95%
Cl:1:19-1.76]) and dominant model (OR1.43 [95% CI:1.18-1.73]). No association was
found between the presence of FASL, PTPN22, CTLA and IL2RA gene polymorphisms with
AA susceptibility.
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Conclusions

The results suggest that the T allele of the single nucleoid polymorphism (SNP) rs2476601
in PTPN22 gene is a risk factor for developing alopecia areata. However, more robust stud-
ies defining the ethnic background of the population of origin are required, so that the risk
identified in the present study can be validated. Additionally, a greater number of studies is
necessary to evaluate the role of the FAS, FASL, PTPN22, CTLA4 and IL2RA genetic vari-
ants, given the heterogenous results found in the literature.

Introduction

Alopecia areata (AA) is a multifactorial disease in which environmental, neuro-endocrinologi-
cal, immunological and genetic factors are involved [1]. AA affecting the hair follicle is the
most common form, through a breakdown in immune privilege of the hair follicle in the ana-
gen (hair growth) phase by CD4" and CD8" T lymphocytes, resulting in non-scarring hair loss
[2]. AA encompasses a spectrum of disease patterns including patchy alopecia (diffuse loss)
alopecia totalis (total hair loss on the scalp) and alopecia universalis (loss of hair on the entire
body) [3].

Given the broad genetic component of AA, the effect of several immune response modula-
tor genes has been discussed [4]. Genome-wide association studies (GWAS) have revealed the
involvement of genes related to innate and adaptive immunity. These population studies have
proposed that the PTPN22, FAS, FASL, IL2RA and CTLA4 genes are related to the risk of
developing AA [5].

The FAS gene encodes tumor necrosis factor receptor superfamily member 6 and FASL
gene encodes tumor necrosis factor ligand superfamily member 6, located on chromosomes 10
and 1 respectively. Their function is critical in immunological homeostasis given their ability
to induce cell death and proliferation or differentiation of T lymphocytes [6]. The PTPN22
gene is located on chromosome 1 and encodes a protein involved in T lymphocyte signaling,
downregulating the T cell receptor and the production of type 1 interferon [7]. CTLA4 gene
encodes a lymphocyte receptor that promotes T-cell anergy, preventing autoimmune reactions
[8]. Finally, IL2RA is located on chromosome 10 and encodes one of the subsets of the IL-2
receptor, which is involved in the regulation of immunological tolerance and the control of
regulatory T cells [9].

Several studies have reported an association between the aforementioned genes and the
risk of developing AA. A case-control study carried out by Kalkan et al., which investigated
FAS-670A/G (rs1800682) and FASL-124A/G (rs5030772) polymorphisms in the Turkish
population, found that the GG genotype of rs1800682 polymorphism was a protective factor
against AA with a reduced risk of AA compared with the AA and AG genotypes (OR 0.07
[95% CI: 0.00-0.41]) [10]. The PTPN22 gene and the CT genotype of rs2476601 polymor-
phism, were associated with AA susceptibility (OR 3.31 [95% CI: 1.008-10.892]) [11]. A
haplotype analysis of CTLA-4 determined that the presence of alleles A (rs231775) and G
(CT60: rs3087243) is associated with a lower risk of the disease (OR 0.28 [95% CI: 0.09-
0.82]) [12]. An association analysis of the IL2RA gene in the Chinese population, deter-
mined that the prevalence of rs3118470 polymorphism genotype in the AA group was
48.2% for T/C, 35.6% for T/T, and 16.2% for C/C. No Odds Ratio risk estimator was calcu-
lated [13].
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The results of primary studies of genetic association between polymorphisms in said genes
with AA susceptibility in different populations, have yielded heterogeneous and sometimes
contradictory results. For these reasons, the present study synthesizes the available evidence
regarding PTPN22, FAS, FASL, IL2RA and CTLA4 gene polymorphisms and their correlation
with AA susceptibility.

Methods
Inclusion and exclusion criteria

This review was based on the PRISMA guidelines (S1 File). Studies should satisfy the following
criteria: a) Human population studies; b) Genetic association studies on AA risk and FAS/
FASL, PTPN22, CTLA4 and IL2RA gene polymorphisms; c) Studies in patients diagnosed with
any type of AA (patches/totalis/universalis). The studies should be genome-wide associated
studies (case-control/GWAS case-control studies). The search was conducted without lan-
guage or year of publication restrictions.

The exclusion criteria were: control patients presenting with an autoimmune diseases
(since their presence may alter the interpretation of the effect of polymorphism on AA suscep-
tibility) and studies excluded for ethical concerns or distortion of scientific results.

Search strategy

An exhaustive search conducted in the Medline, Web of Science, Scopus, EMBASE and
LILACS databases by combining search strategies using the PICO elements of the research
question (for observational studies): “Gene (FAS-FASL/PTPN22/CTLA4/IL2RA)”, “Polymor-
phism / Genetic Variant” and “Alopecia areata”. Studies published up to June 2020 were
included. A literature search was conducted for each gene and its homonyms. Other poten-
tially useful resources were identified in Open Grey and Google Scholar. The complete search
strategy is fully stated in S2 File. The records were downloaded to a reference software and
duplicates were eliminated. Two authors independently selected eligible studies (SG/IS) by
reading the title and abstract. Subsequently, the full text of potentially relevant articles was
reviewed and meticulously examined for compliance with the inclusion and exclusion criteria
using a pre-established form. Discrepancies found in these phases of the process, were resolved
by discussion with consensus and checked by a third author (GS). The reasons for exclusion of
studies were documented.

Data extraction

Data was extracted by two authors (SG/IS) using a preestablished form, which included highly
relevant information to develop the synthesis, such as: article reference, year of publication,
number of cases and controls, Hardy-Weinberg equilibrium, clinical diagnosis, sequencing
method, gene analyzed, allelic and genotypic frequency, clinical significance of the variant ana-
lyzed, source of funding and conflicts of interest. Authors were contacted via email to request
missing information. Discrepancies in extracted data were resolved by a third author (LG).

Assessment of risk of bias and quality of evidence for individual studies

The Newcasttle-Ottawa scale (NOS) scoring system (0-9) was used to determine the risk of
bias for each individual study. Domains inherent to case-control studies, such as case/control
selection, comparability, and exposure measurement were evaluated. In accordance with the
trend in the scientific community for this type of study, a cut-off >7 was established to con-
sider low risk of bias. The methodological quality of the primary studies was assessed using the
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NOS and the quality of the evidence found was established using the GRADE tool (). This eval-
uation was carried out by 2 authors (SG/IS) and discrepancies were resolved by a third author
(GS).

Statistical analysis

All statistical analyses were performed using Statal6™ and Revman V5.2 software. Testing for
Hardy-Weinberg equilibrium was verified in the control group of each study, if not detected,
this calculation was made using a chi-squared test (X?). Odds Ratio (OR) was calculated for
dichotomous data using the 2x2 table. The summary measure of the effect was calculated as an
Odds Ratio with its respective 95% confidence interval and p-value (a p value <0.05 is consid-
ered statistically significant).

The heterogeneity across the included studies was visually assessed based on the results of
the forest plots, the chi-squared test for heterogeneity (X?) with a statistical significance
value of 10%, the H? test and the I-squared (%) statistic. A fixed effect model assuming an I’
statistic of less than 50% was used for the quantitative synthesis. The random effect model
was calculated, and subgroup analyses were performed when the I* score was above 50%,
considered to indicate substantial clinical heterogeneity. Heterogeneity was addressed, by
performing subgroup analyses across studies according to the NOS score and control group
selection (hospital or community-based controls). Meta-regression was applied to determine
possible heterogeneity derived from the number of subjects included in the studies. When
the heterogeneity value was greater than 75%, it was decided to exclude these studies from
the meta-analysis.

Results
Results of search

The flow chart of literature search and screening is shown in Fig 1. By means of the combina-
tion of terms listed in the search strategy, carried out in the different databases, a total of 1774
articles were obtained, to which 10 articles regarding the application of the snowball strategy
to relevant articles, were added. We identified and removed 1338 duplicate records from the
1784 records, obtaining 446 eligible articles for screening by title and abstract. According to
the application of the selection criteria 426 irrelevant records were removed. Finally, 20 articles
were included for assessment of their full text. Eighteen articles were included in the qualitative
synthesis and 16 in the meta-analysis.

Study characteristics

A total of 17 case-control studies and one case-control GWAS were included. Table 1 contains
the characteristics of the included studies. The distribution of the studies according to the gene
and genetic variants was: 7/18 for the PTPN22 gene (rs2476601), 4/18 for the FAS gene
(rs1800682), 3/18 for the FASL gene (rs5030772), 3/18 for the IL2RA gene (rs3118470) and 4/
18 for the CTLA4 gene (rs231775). These studies were published between 2008 and 2020 and
were conducted mainly in geographic regions of Europe and Asia, followed by North America
and Mexico to a lesser extent. Control groups composition was community or control-based.
The main genotyping method was PCR-RFLP (Polymerase chain reaction—Restriction frag-
ment length polymorphisms). The NOS score ranged between 8 and 9. The specific scores for
each domain of bias are listed in Table 2. The studies included the 3 types of alopecia: patchy,
totalis and universalis. Allelic and genotypic frequencies are shown in Table 3.
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Included articles
Narrative synthesis= 18
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Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0258499.g001

Assessment of risk of bias and quality of evidence

A study with an NOS score between 8 and 9 has high quality (Table 2). The GRADE score

approach was used to grade the quality of associations such as PTPN22 with AA. A moderate
quality of evidence was observed for the T vs C allelic model and a high quality of evidence for

the heterozygous and dominant co-dominant models (S3 File). The graphic and statistical

evaluation of publication bias was not performed since the studies included were less than 10.

Association of PTPN22 with the risk of developing alopecia areata

The combined analysis of 1292 cases and 1932 controls showed a statistically significant associ-
ation between SNP rs2476601 polymorphism of PTPN22 gene and the risk of developing AA.
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Table 1. Characteristics of the studies included in the systematic review and meta-analysis.

First Author
Betz RC [14]
Bhanusali D [15]
El-Zawahry B [16]
Kemp E [17]
Moravvej H [4]

Salinas-Santander M [11]

Shehata W [18]
Fan X [19]
Kalkan G [10]
Seleit I [20]

Tabatabaei-Panah P [21]

Kalkan G [10]
Seleit I [20]

Tabatabaei-Panah P [21]

Miao Y [13]
Moravvej H [4]
Redler S [22]
Ismail N [23]
John K [24]
Megiorni F [12]

Salinas-Santander M [25]

Year
2007
2014
2013
2006
2018
2015
2020
2010
2013
2018
2020
2013
2018
2020
2013
2018
2012
2020
2011
2013
2020

Variants described as RS code.
*Newcastle-Ottawa Scale (NOS) Score.

Gene
PTPN22
PTPN22
PTPN22
PTPN22
PTPN22
PTPN22
PTPN22
FAS
FAS
FAS
FAS
FASL
FASL
FASL
IL2RA
IL2RA
IL2RA
CTLA4
CTLA4
CTLA4
CTLA4

https://doi.org/10.1371/journal.pone.0258499.t001

Variant Geographic Region | Study design Control origin |NOS* |#Cases | #Controls
rs2476601 | Germany/Belgium Case-control Community 8 435 628
rs2476601 | United States Case-control Community 8 365 273
rs2476601 | Egypt Case-control Community 9 103 100
rs2476601 | England Case-control Unclear 8 196 507
rs2476601 | Iran Case-control Community 9 69 69
rs2476601 | Mexico Case-control Community 9 64 225
rs2476601 | Egypt Case-control Community 9 60 30
rs1800682 | China Case-control Hospital 8 84 84
rs1800682 | Turkey Case-control Hospital 8 118 118
rs1800682 | Egypt Case-control Unclear 8 60 40
rs1800682 | Iran Case-control Hospital 8 60 60
rs5030772 | Turkey Case-control Hospital 8 118 118
rs5030772 | Egypt Case-control Unclear 8 60 40
rs5030772 | Iran Case-control Hospital 8 60 60
rs3118470 | China Case-control Hospital 8 427 430
rs3118470 | Iran Case-control Community 9 69 69
rs3118470 | Germany/Belgium Case-control Community 9 768 658
rs231775 Egypt Case-control Hospital 8 93 93
rs231775 Central Europe GWAS Case-control | Unclear 8 1196 1280
rs231775 Italy Case-control Hospital 8 130 189
rs231775 Mexico Case-control Hospital 8 50 100

The presence of the T allele (rs2476601) was associated with the development of AA (OR1.49
[95% CI:1.13-1.95] p = 0.004) when using the allelic model (Fig 2). A subgroup analysis con-
sidering the NOS score was conducted to study the heterogeneity found in the model. A
greater association was found between rs2476601 (PTPN22) and AA in the subgroup with a
score of 9 (OR 2.22 [95% CI:1.16-4.24]) compared to the group with a score of 8 (OR 1.31
[95% CI:1.08-1.58]). The greatest heterogeneity was found in the group with a score of 9 (I*:
55.72%). A significant association was found (OR1.66 [95% CI:1.11-2.48]) in the community-
based control groups (5S4 and S5 Files) in the control group selection subgroup analysis.

A combined analysis was performed for the homozygous codominant (TT vs CC), hetero-
zygous codominant (CT vs CC), dominant (TC + TT vs CC) and recessive (TT vs CC + CT)
models. The analysis for rs2476601 polymorphism of PTPN22 gene evidenced that the risk of
AA was 1.44-fold greater in subjects with the CT genotype compared with the CC genotype
(OR 1.44 [95% CI: 1.18-1.76] p = 0.000) Fig 3. The dominant model (TC + TT vs CC) yielded
an (OR of 1.43 [95% CI:1.18-1.73] p = 0.000) (Fig 4). The associations obtained for the homo-
zygous codominant models and for the recessive model were not significant (Table 4).

Association of FAS and FASL gene polymorphisms with the risk of
developing alopecia areata

A meta-analysis of the allelic model for SNP rs1800682 FAS polymorphism, showed that the
combined measure of the effect obtained from the allelic model (G vs A) was not significant
(OR 0.9 [95% CI, 0.60-1.34] p = 0.598) (S5 File). To explore heterogeneity, a subgroup analysis
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Table 2. Risk of evaluation bias of included studies using the Newcastle-Ottawa scale.

Study

First
Author

Betz RC
Bhanusali D

El-Zawahry
B

Kemp E
Moravvej H

Salinas-
Santander
M

Shehata W
Fan X
Kalkan G
Seleit I

Tabatabaei-
Panah P

Miao Y
Moravvej H
Redler S
Ismail N
John K
Megiorni F
Salinas-

Santander
M

Year

2008
2013
2013

2006
2018
2015

2020
2010
2013
2018
2020

2014
2018
2012
2020
2011
2013
2020

Newcastle-Ottawa Domains

Selection

Adequate
case
definition

1
1
1

— = = ==

[UIF U U U NS

Comparability | Exposure Total
Representativeness | Selection |Definition | Control of Ascertainment | Same method of | Non- Score
of the cases of control |of control |important of exposure ascertainment for | Response

confusion factors cases and controls |rate
1 1 0 2 1 1 1 8
1 0 1 2 1 1 1 8
1 1 1 2 1 1 1 9
1 0 1 1 1 1 8
1 1 1 1 1 1 9
1 1 1 1 1 1
1 1 1 2 1 1 1 9
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 1 1 2 1 1 1 9
1 1 1 2 1 1 1 9
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8
1 0 1 2 1 1 1 8

https://doi.org/10.1371/journal.pone.0258499.t002

was performed based on control group selection criteria. Subgroup analysis of the NOS score
was not performed since all had a score of 8.

The association obtained for the dominant model was not significant (OR1.03 [95% CI:
0.55-1.96] p = 0.917). We decided not to include the homozygous codominant, heterozygous
codominant and recessive models in our meta-analysis for a substantial heterogeneity was
detected (Table 4).

The meta-analysis of the allelic model for SNP rs5030772 FASL polymorphism showed a
not statistically significant (OR 1.57 [95% CI: 0.91-2.71] p = 0.108) (S5 and S6 Files) combined
measure of the effect for the allelic approach (G vs A). When performing the subgroup analysis
based on control group selection criteria, it was evidenced that the heterogeneity found was
mainly given by the group of hospital-based controls. As for the results obtained for SNP
rs1800682 FAS polymorphism, all the studies on rs5030772 FASL polymorphism had a NOS
score of 8, thus, it was not possible to explain this parameter using a subgroup study analysis.

Regarding the combined analysis for the different genetic models, the association obtained
for the recessive model was not statistically significant (OR 0.52 [95% CI: 0.16-1.70]

p = 0.282). It was decided not to include the homozygous codominant, heterozygous codomi-

nant and dominant models in the meta-analysis, for a substantial heterogeneity was observed
(Table 4).
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Table 3. Case-control allelic and genotypic frequencies.

Study information Type of alopecia areata Cases Controls
Author Year | Gene (RS) Major |Minor | Patchy |Totalis |Universalis | AT/ |Cases Risk |WT |[HT HH |Controls Risk |WT HT HH
Allele | Allele AU Alelle Allele

Betz RC 2008 | PTPN22 C T 196 . . 239 | 435 126 320 | 104 | 11 | 628 132 506 | 112 |10
(rs2476601)

Bhanusali D | 2013 | PTPN22 C T 194 78 93 171 | 365 69 296 |69 |0 273 48 225 |48 |0
(rs2476601)

El-Zawahry | 2013 | PTPN22 C T 103 0 0 0 103 23 84 |15 |4 100 8 92 |8 0

B (rs2476601)

Kemp E 2006 | PTPN22 C T 107 . . 84 196 41 155 |41 |0 507 86 425 179 |3
(rs2476601)

Moravvej H | 2018 | PTPN22 C T 69 0 0 0 69 24 50 |14 |5 69 23 55 |5 9
(rs2476601)

Salinas- 2015 | PTPN22 C T 62 1 1 2 64 5 59 |5 0 225 7 218 |7 0

Santander M (rs2476601)

Shehata W 2020 | PTPN22 C T . . . . 60 36 32 . . 30 6 25
(rs2476601)

Fan X 2010 | FAS A G . . . . 84 61 36 |35 |13 |84 75 22 |49 13
(rs1800682)

Kalkan G 2013 | FAS A G 118 0 0 0 118 81 37 |81 |0 118 91 40 |65 |13
(rs1800682)

Seleit I 2018 | FAS A G 30 15 15 30 60 65 9 37 |14 |40 31 13 |23 |4
(rs1800682)

Tabatabaei- | 2020 | FAS A G . . . . 60 68 16 120 |24 |60 80 16 |8 36

Panah P (rs1800682)

Kalkan G 2013 | FASL A G 118 0 0 0 118 42 78 |38 |2 118 43 40 |65 |13
(rs5030772)

Seleit I 2018 | FASL A G 30 15 15 30 60 50 18 |34 |8 40 22 24 |10 |6
(rs5030772)

Tabatabaei- | 2020 | FASL A G . . . . 60 32 32 |24 4 60 16 48 |8 4

Panah P (rs5030772)

Miao Y 2014 | IL2RA T C . . . . 427 510 69 | 206 152 | 430 592 27 | 214|189
(rs3118470)

Moravvej H | 2018 | IL2RA T C 69 0 0 0 69 44 39 |16 |14 |69 16 59 |5 5
(rs3118470)

Redler S 2012 | IL2RA T C 303 465 0 0 768 952 . . . 658 895
(rs3118470)

Ismail N 2020 | CTLA4 A G 93 0 0 0 93 73 34 |45 |14 |93 82 19 |66 |8
(rs231775)

John K 2011 | CTLA4 A G . . . . 1196 | 496 . . . 1280 462
(rs231775)

Megiorni F | 2013 | CTLA4 A G 71 30 29 59 130 92 52 |64 14 | 189 139 75 |89 |25
(rs231775)

Salinas- 2020 | CTLA4 A G 45 1 4 5 50 46 15 |24 |11 | 100 93 28 |50 |21

Santander M (rs231775)

AT/AU: Alopecia totalis + Alopecia Universalis; WT: Wild Type genotype; HT: Heterozygous genotype; HH: Homozygous genotype.

https://doi.org/10.1371/journal.pone.0258499.t003

Association analysis of the CTLA4 gene with the risk of developing alopecia
areata

When evaluating the relation between CTLA4 rs231775 polymorphism and the risk of devel-
oping AA, the association obtained from the allelic model was not statistically significant (OR
1.1 [95% CI: 0.98-1.24] p = 0.108) (S6 and S7 Files).
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Exposed Unexposed Odds Ratio Weight
Study Case Control Case Control with 95% CI (%)
Betz RC 126 132 744 1,124 —- 1.44[1.11, 1.87] 26.71
Bhanusali D 69 48 661 498 —— 1.08 [0.74, 1.59] 20.67
El-Zawahry B 23 8 183 192 —&— 3.02[1.32 691] 8.26
Kemp E 41 86 351 928 —— 1.26[0.85, 1.86] 20.43
Moravvej H 24 23 114 115 —&—— 1.05[0.56, 1.97] 12.28
Salinas-Santander M 5 7 123 443 - 2.57[0.80, 8.25] 4.73
Shehata W 36 84 54 —&—3.86[1.52, 9.77] 6.91
Overall ~<@ 1.49[1.13, 1.95]
Heterogeneity: 1° = 0.05, I* = 46.11%, H* = 1.86
Testof 6, = 6;: Q(6) = 11.72, p = 0.07
Testof 86 =0:2z=2.86, p=0.00

1 2 4 ¢

Random-effects REML model

Fig 2. Association between rs2476601 polymorphism of PTPN22 gene and the risk of alopecia areata. Allelic model T
vs C. Exposed group: patients with allele T; Unexposed group: patients with allele C.

https:/doi.org/10.1371/journal.pone.0258499.g002

Case Control

Odds Ratio ~ Weight

Study CT CC CT CC with 95% ClI (%)
Betz RC 104 320 112 506 —— 1.47[1.09, 1.98] 4247
Bhanusali D 69 296 48 225 —l— 1.09[0.73, 1.64] 27.50
El-Zawahry B 15 84 8 92 —|/————&——— 2.05(0.83, 5.09] 4.17
Kemp E 41 155 79 425 —W— 1.42[0.94, 2.17] 21.60
Moravvej H 14 50 5 55 3.08[1.03, 9.17] 249
Salinas-Santander M 5 59 7 218 — 2.64[0.81, 862] 1.76
Overall R4 1.44[1.18, 1.76]
Testof 8=0:z=3.62, p=0.00
1 2 4

Common-effect Mantel-Haenszel model

Fig 3. Association between rs2476601 polymorphism of PTPN22 gene and risk of alopecia areata. Codominant
model (CT vs CC).

https://doi.org/10.1371/journal.pone.0258499.g003

Case Control Odds Ratio ~ Weight
Study CT#TT, iCC {CT#TT CC with 95% Cl (%)
Betz RC 15 320 122 506 - 1.49(1.11, 1.99] 42.27
Bhanusali D 69 296 48 225 —W— 1.09[0.73, 1.64] 25.63
El-Zawahry B 19 84 8 9 ——=———  260[1.08, 625 381
Kemp E 41 155 82 425 —@— 1.37[0.90, 2.08] 20.81
Moravvej H 19 5 14 5 ———s—— 1.49(0.68, 3.29] 5.84

Salinas-Santander M 5 59 7 218

Overall

Testof 6=0:2=23.63,p=0.00

Common-effect Mantel-Haenszel model

264[081, 862 1.64
143[1.18, 1.73]

Fig 4. Association between rs2476601 polymorphism of PTPN22 gene and risk of alopecia areata. Dominant
model (CT+TT vs CC).

https://doi.org/10.1371/journal.pone.0258499.9004
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Table 4. Association between genes PTPN22, FAS/FASL and CTLA4 with alopecia areata.

Gen Model Allele/Genotype Association Meta-Analysis model Heterogeneity
OR 1C-95% p-value Effect 12% p-value het
PTPN22 (rs2476601) Allelic T/C 1.49 1.13-1.95 0.004* Random 46.11 0.068
Codominant CC 1 - - - - -
CT 1.44 1.18-1.76 0.000* Fixed 0 0.387
TT 1.33 0.73-2.43 0.349 Fixed 13.25 0.434
Dominant CT +TT vs CC 1.43 1.18-1.73 0.000* Fixed 0 0.464
Recessive TT vs CC +CT 1.2 0.66-2.18 0.549 Fixed 18.33 0.389
FAS (rs1800682) Allelic G/A 0.9 0.60-1.34 0.598 Random 66.01 0.032
Codominant AA 1 - - - - -
AG - - - - 75.47 0.007
GG - - - - 83.02 0.01
Dominant AG+ GGvs AA 1.03 0.55-1.96 0.917 Random 67.84 0.025
Recessive GGvs AA + AG - - - - 81,9 0,009
FASL (rs5030772) Allelic G/A 1.57 0.91-2.71 0.108 Random 62.96 0.061
Codominant AA 1 - - - - -
AG - - - - 93.61 0
GG - - - - 82.85 0.004
Dominant AG +GGvs AA - - - - 94.1 0
Recessive GG vs AA + AG 0.524 0.16-1.70 0.282 Random 55.72 0.107
CTLA4 (rs231775) Allelic G/A 1.1 0.98-1.24 0.108 Fixed 36.67 0.243
Codominant AA 1 - - - - -
AG 0.72 0.39-1.35 0.304 Random 64.7 0.056
GG 0.89 0.54-1.49 0.663 Fixed 0 0.935
Dominant AG+ GGvs AA 0.76 0.46-1.25 0.276 Random 49.9 0.136
Recessive GGvs AA + AG 1.08 0.68-1.69 0.751 Fixed 4.85 0.338

p- value het: chi square p value for heterogeneity.
Meta-analysis was not carried out when heterogeneity was greater than 75%.

*Statistically significant result.

https://doi.org/10.1371/journal.pone.0258499.t004

The combined analysis for the homozygous codominant (GG vs AA), heterozygous codom-
inant (AG vs AA), dominant (AG + GG vs AA) and recessive (GG vs AA + AG) models did not
show any significant association (Table 4).

Association analysis of the IL2RA gene with the risk of developing alopecia
areata

To analyze the association of IL2RA rs3118470 polymorphism with the risk of developing AA,
the combined analysis for the different genetic models: allelic (T vs C), homozygous codomi-
nant (CC vs TT), heterozygous codominant (CT vs TT), dominant (CT + CCvs TT) and reces-
sive (CC vs TT + CT models, was proposed, but it was decided not to perform the meta-
analysis due to the significant heterogeneity detected between genetic models.

Discussion
Genetic and pathophysiological bases of alopecia areata

AA is a multifactorial disease involving important immunological and genetic components in
its pathogenesis, with a critical role played by both CD4" and CD8" T lymphocytes [1, 3]. Data
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from experimental studies have postulated CD8" and NKG2D™" T lymphocytes as fundamental
elements for the collapse of immune privilege of the hair follicle through the production of
interferon-gamma, triggering an increase of IL-15 and a type I autoimmune reaction [26].

Given the polygenic nature of AA, genome-wide association studies (GWAS) have provided
evidence on the involvement of genes related to both innate and adaptive immunity [5]. Vari-
ants associated with the development of AA were identified in at least 139 genes. The most rel-
evant genes are associated with antigen presentation (HLA-DRA, HLA-DQA1, HLA-DQA2,
HLA-DQB2 and HLA-A), with intracellular T lymphocyte signaling (PTPN22), encoding inter-
leukins related to proliferation of T lymphocytes (IL-21 and IL-2), interleukin receptors
(IL2RA), inducers of T cell differentiation (NOTCH-4), costimulatory molecules (CTLA4 and
ICOS), the autoimmune response regulator gene (AIR), among other genes such as apoptosis
and autophagy regulators (ACOXL/BCL2L11), as well as (FAS/FASL) [5, 10, 21, 27-29].

Association of PTPN22 with alopecia areata

The PTPN22 gene encodes lymphoid tyrosine phosphatase (LYP) protein, which has been
associated with several autoimmune diseases. This protein plays a role in the downregulation
of the T cell receptor (TCR) and is essential in proliferation and maturation processes [30, 31].
LYP protein is potentiated by the C-terminal Src kinase (CSK) protein to generate the dephos-
phorylation of the T cell-specific tyrosine kinase (LCK) protein, and zeta chain of receptor
associated kinase 70 (ZAP-70) protein, disrupting the TCR signaling cascade [30, 32].

Genetic variant rs2476601 polymorphism (involves the substitution of arginine for trypto-
phan, altering the P1 portion of LYP protein, whose function directly affects the interaction
with the CSK protein altering the negative regulatory process made by the TCR, as there are
fewer LYP-CSK complexes [33, 34].

In the present study, the meta-analysis data generated statistically significant results for the
rs2476601 variant of the PTPN22 gene and its association with the risk of developing AA in
allelic models (OR1.49 [95% CI: 1.3-1.95]), heterozygous codominant (OR 1.44 [95% CI:1.19-
1.76]) and dominant (OR1.43 [95% CI,1.18-1.73]), indicating that the presence of at least one
T allele confers susceptibility to AA. These results are consistent with what was established by
Kemp et al. [17] who conducted the first case-control study in a European population, finding
the association of the T allele with severe forms of AA (OR1.89 [95% CI:1.17-3.05) in a group
of 196 cases and 507 controls of English origin. Likewise, a systematic review by Lei et al. [35]
determined the protective effect of the C allele (OR 0.77 [95% CI: 0.64-0.92]) in an allelic
model using the data extracted from 5 primary studies. Similarly, they showed, by comparing
the CCvs CT + TT genotypes, that carrying the CC genotype was associated with a decreased
risk in the development of AA (OR 0.93 [95% C: 0.60-0.88]) [35].

The relationship with the variant (rs2476601) has been studied in various autoimmune dis-
eases such as type-1 diabetes mellitus, finding that the T allele has been identified as a risk fac-
tor in North American and Italian populations [33]. In theumatoid arthritis patients with
positive rheumatoid factor, an OR of 1.5 [95% CI:1.1-1.9]), corresponding to the effect of the
T allele, was found in an English population [36]. A systematic review carried out by Lea and
Lee in systemic lupus erythematosus (SLE) patients had an OR 0f1.56 [95% CI: 1.33-1.82]) in
the meta-analysis for the T allele, with primary studies including mainly European and His-
panic populations [37]. These findings showed that the PTPN22 gene plays an important role
in the regulation of immune homeostasis. Therefore, it is important to strengthen the knowl-
edge on the frequency of the functional genetic variant rs2476601 and its role in the suscepti-
bility to develop AA, considering aspects related to ethnicity, environmental factors, and
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geographic region of the population, given the heterogeneity found in studies reported in the
literature. Large-sample studies are strongly recommended.

Association of CTLA4 with alopecia areata

The CTLA4 receptor is present in both CD4" and CD8" T cells. This protein is important for
regulating immunity and maintaining immune tolerance [24, 38]. CTLA4 negatively regulates
T lymphocytes by binding to protein B7, which is expressed by the antigen-presenting cell.
Activation of the T lymphocyte involves the interaction of the TCR (T cell receptor) with the
major histocompatibility complex loaded with the antigen on the surface of APC cells (anti-
gen-presenting cells), but additionally requires co-stimulating signals that enhance the
immune response or co-repressing signals that decrease this response (immune checkpoint).
The co-stimulatory signal is given by the binding of the B7 protein (APC) to its ligand CD28
in the lymphocyte receptor, which increases the production of IL-2, proliferation, and the sur-
vival of the T lymphocyte [38, 39]. Co-repressing signals must be activated to maintain immu-
nological homeostasis. CTLA 4, which is a co-inhibitory protein, competes with CD28 for
binding to B7, when the CTLA4/B7 interaction is established, a signal that downregulates the
T lymphocyte response is generated [11, 38, 39].

Alterations in the gene that encodes the CTLA4 receptor can trigger lymphocytic autoreac-
tivity that has been postulated in AA pathogenesis, and CTLA4-mediated signaling plays an
important role in preventing hair follicle immune privilege collapse [5, 24, 40]. The functional
variant rs231775 (+49G/A) in the CTLA4 gene produces a change from alanine to threonine in
position 49 of exon 1 [41], which in turn generates an increase of the expression of CTLA4 in
the cytoplasmic membrane, altering immunological homeostasis [42]. This variant, like the
PTPN22 gene, has been associated with susceptibility to the development of autoimmune dis-
eases such as systemic lupus erythematosus, type-1 diabetes mellitus, and rheumatoid arthritis.
A systematic review performed by Wang et al. suggests the use of rs231775 as a marker of sus-
ceptibility for the development of autoimmune diseases in Asian and Caucasian populations
[43]. CTLA4 upregulation has also been evidenced in neoplastic diseases such as pancreatic
cancer [44].

The present study did not find a significant association between rs231775 polymorphism of
the CTLA4 gene with the development of AA. However, the studies showed heterogeneous
results. John et al. [24] studied a great variety of genetic polymorphisms in CTLA4 in Central
Europe, but in the case of rs231775, the G allele was correlated with the development of AA
(OR 1.26 [95% CI:1.12-1.41]), higher disease severity (OR1.43 [95% CI:1.24-1.64]) and early
onset of the disease (OR1.39 [95% CI:1.20-1.61]) [24]. Megiorni et al. found no association
between the rs231775 variant and the risk of developing AA, in an Italian population [12].
Ismail et al. found a protective effect on the G allele (OR: 0.44, 95% CI: 0.23-0.85) when com-
pared to the homozygous form of the A allele (GG + AG vs AA), in an Egyptian male popula-
tion [23] Finally, Salinas-Santander et al. study in a Mexican population, found no association
between rs231775 and rs3087243 polymorphisms and the development of AA [25]. The later
demonstrates that the rs231775 and rs3087243 variants of the CTLA4 gene play an important
role in the pathophysiology of AA, however, they must be carefully interpreted according to
the origin of the population.

Association of IL2RA with alopecia areata

The IL2RA gene encodes the alpha chain of the IL-2 receptor (also known as CD25), which
makes up one of the three receptor subunits and confers its high affinity to IL-2 on effector
and regulatory T cells (CD4" CD25" FOXP3") [45, 46]. These cells suppress autoreactive T
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lymphocytes and require IL-2 for their proper development and homeostasis, which is why
alterations in this gene are correlated with immunodeficiency [47] or the development of auto-
immune diseases such as type-1 diabetes mellitus, multiple sclerosis, systemic lupus erythema-
tosus, rheumatoid arthritis and celiac disease [5, 48-50].

The rs3118470 (T>C) polymorphism of IL2RA, corresponds to an intronic variant located
at the 5" end of intron 1, the biological mechanism of the association of this variant with vari-
ous diseases has not yet been determined. Separated at 3kb from this variant, another linkage
disequilibrium polymorphism (rs706778) has been identified and has been associated with the
development of type 1 diabetes mellitus [51].

In the present study, it was not possible to compute the combined measure of the effect of
the included studies, given the substantial inter-study heterogeneity identified, which was
mainly influenced by the clinical heterogeneity attributed to the fact that the studies were car-
ried out in populations located in different geographical regions and a limited population in
the included studies. The analysis by types of alopecia could not be performed since not all
studies reported this feature.

Regarding individual results, Redler et al. study, in German and Belgium population, iden-
tified the C allele of the IL2RA rs706778 gene as a risk factor for developing AA (OR 1.3 [5%
CI:1.12-1.51]), with a more severe form of the disease (OR 1.45 [95% CI,1.22-1.73]) in
patients with a family history of AA (OR1.4 [95% CI:1.11-1.78]) [22]. Miao et al. study, in a
Chinese population, found significant differences between frequencies of the C and T alleles;
between cases and controls (p <0.0001). The study also evidenced that the allele and genotypic
frequencies among the groups of severe and mild alopecia areata p-values results were not sig-
nificant, as determined by the authors of the studies included in this systematic review
(p=10.289 and p = 0.137, respectively) [13]. Moravvej et al. considered the presence of the C
allele (OR 3.56 [95% CI,1.89-6.71]) as a risk factor for developing AA [4].

Association of FAS/FASL with alopecia areata

FAS/FASL pathway is critical for maintaining immunological homeostasis [52], due to the abil-
ity to induce programmed cell death in T cells, its role in the proliferation, activation and dif-
ferentiation of T cells such as Th17 [6, 52-54]. In the AA context, it has been determined that
variations in FAS/FASL genes could affect the apoptosis of T lymphocytes and natural killer
cells involved in the pathogenesis of the disease [55]. Experimental studies have determined
that FAS is expressed in hair follicles and FASL in perifollicular inflammatory infiltrate cells
[56]. Therefore, as the FAS/FASL pathway is involved in the co-stimulation of both CD4" and
CD8" during the early phases of immune response inducing apoptosis in follicular keratino-
cytes, it explains the absence of inflammatory infiltrates and resistance to AA development in
mouse models with FAS/FASL deficiency [56, 57].

Functional rs1800682 polymorphism (-670 A>G) is found in the FAS gene promoter [58],
specifically in the STAT1 (signal transducer and activator of transcription 1) binding site, a
key element to initiate the process of transcriptional activation and expression of the FAS gene
[59, 60]. Similarly, the rs5030772 variant (IVS2nt-124 A> G) is located in intron 2 and plays
an important role in the transcription and expression of the FASL gene [58, 61].

The variants in the FAS and FASL genes did not show significant results in the present
study. A meta-analysis was not performed for different genetic models since a high inter-study
heterogeneity was identified. This could be explained by the small number of studies and sam-
ple size. However, rs1800682 has been reported to be associated with susceptibility to the
development of AA. Kalkan et al. [10] identified allele A as a risk factor (OR 1.20 [95% CI:
0.82-1.75]) and GG genotype as a protective factor when comparing with AG and AA
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genotypes (OR 0.07 [95% CI: 0.00-0.4]) of the FAS rs1800682 variant. No significant findings
were found for the rs5030772 variant of FASL gene [10]. In the study conducted by Fan et al.
[19], a protective effect for the GA genotype when compared with the AA genotype (OR 0.43
[95% CI: 0.22-0.86]) was identified, and the homozygous form of this allele (GG genotype)
showed a protective effect (OR 0.61 [95% CI, 0.23-0.86]). The effect of the 844T>C variant on
the FASL gene was also assessed and no association with a combination with variants in the
FAS gene was found [19].

Tabatabaei-Panah ef al. [21] found no effect of FAS variant rs1800682 on the risk of developing
AA, however, they did find an effect of both allele A (OR 2.36 [95% CI:1.21-4.59]) and genotype
AA (OR 2.13 [95% CI:1.12-4.03]) of the rs5030772 variant of the FASL gene [21]. Finally, in a
study carried out by Seleit ef al. [20] in an Egyptian population, the presence of a G allele of the
FAS variant rs1800682 conferred a risk effect (OR 1.75 [95% CI: 1.42-2.33]) as well as the homo-
zygous form (GG genotype) of the same variant (OR 5.1 [95% CI: 1.25-20.48]), contrary to what
was found by Kalkan et al. [10], who found a protective effect of the GG genotype in the Turkish
population (OR 0.07 [95% CI: 0.00-0.4]) compared to AG + AA genotypes [10]. This heterogene-
ity may be influenced by geographical factors.

Certainty of the evidence according to the GRADE approach

The results obtained by using the GRADEpro tool, made it possible to analyze the evidence for
the allelic, codominant heterozygous and dominant genetic models, graded as moderate and
high quality respectively regarding evidence on the PTPN22 gene. This outcome was consis-
tent with the individual evaluation of the studies using the NOS, in which individual studies
obtained high scores. Although observational studies are known to have low quality of evi-
dence, an adequate design and execution of primary studies allow an increase in the degree of
certainty of the evidence.

Limitations of the present study

The outcomes obtained in this study evidenced several limitations which must be considered
for data interpretation. Regarding the PTPN22 gene, it was not possible to analyze the sub-
groups by ethnicity, which usually allows a better interpretation of the data of multifactorial
diseases such as AA. Furthermore, it was only possible to perform a meta-analysis for one vari-
ant per gene from the data obtained in the extraction phase, since not all studies analyzed the
association between AA and the same gene polymorphisms. For that reason, we could not
identify the contribution of each variant to the susceptibility to develop the disease.

Haplotype analysis may have provided more information regarding the role played by the
variants in AA risk. On the other hand, the number of studies included for the combined anal-
ysis of each gene was limited, which reduces the statistical power of the estimates and allows us
to identify that the estimates could be altered due to publication bias. Some of the analyses pro-
posed could not be carried out since all the included studies did not consider the same vari-
ables, such as the different forms of AA.

The results obtained from the available studies for the genes included in this systematic
review, evidence the need of further genetic association studies regarding genes that encode
proteins that participate in the immunological pathway related to AA, in order to clarify the
role that these variants have in the susceptibility to develop AA.

Conclusion

This study confirms the association of the PTPN22 gene rs2476601 variant with the risk of
developing AA. This is evident in the increased risk that patients carrying the T allele have
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when compared to carrying the C allele. However, to perform more robust studies identifying
the ethnic background of the population of origin, is required, so that the risk identified in the
present study can be validated.

A statistical study in greater depth, on the effect of variants in the CTLA4, FAS/FASL and
IL2RA genes, requires conducting a greater number of genetic association studies in order to
calculate a combined effect measure.
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