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Abstract

Alopecia areata (AA) is an organ-specific autoimmune disease that targets the bulb of the hair follicles and results in non-
scarring hair loss that can range from patchy lesions to involvement of the entire scalp. AA develops when the hair follicles
lose their physiologic state of immune privilege. One of the key factors that help in maintaining this immune privilege by
suppressing natural killer cells is macrophage migration inhibitory factor (MIF). Surprisingly, MIF is also known to provoke
autoimmunity by upregulating cytokines. To address this dilemma and understand the exact nature of the involvement of
MIF in disease pathogenesis we investigated the association of MIF gene polymorphisms (— 173 G> C, rs755622) with
AA by conducting a case—control study of 274 subjects. We observed that the frequency of the C allele in the patients was
significantly lower than the control group (0.15, 0.23, respectively, p=0.01) and the combined frequencies of the CC and
GC genotypes (dominant Mendelian pattern) had the most prevalent difference between the two groups (odds ratio 0.60, 95%
confidence interval 0.36-0.99; p=0.048).Since the C allele is associated with higher MIF transcription levels, this could infer
that MIF is more likely to attribute to the preservation of the immune privilege rather than acting as a proinflammatory factor.
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Introduction

Alopecia areata (AA) is a general term describing a non-
scarring inflammatory hair loss with a wide range of mani-
festations from involving patchy areas in the scalp to causing
hair loss in the entire scalp and body (alopecia totalis and
universalis, respectively). The disease has devastating psy-
chological impacts and no effective treatment to date. AA
can affect up to two percent of the population [19].

The pathogenesis of AA is thought to be due to the loss of
the immune privilege of anagen follicles. In a physiological
state, the hair follicles remain out of reach of the immune
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system via reduced expression of major histocompatibility
complexes (MHCs) that prevent T-cell recognition [9, 12].
Since natural killer cell (NK cells) are capable of detect-
ing and destroying MHCs negative cells, hair follicles have
adopted few strategies to actively suppress them and main-
tain the immune privilege. One of these mechanisms is the
production of macrophage migration inhibitory factor (MIF)
[14,18].

MIF is a 12.5 kDa protein with a wide range of functions
(ranging from an immune regulator to a catalytic enzyme).
In many immune-privileged sites such as the eye, hair fol-
licles, and nails, MIF is thought to possess an essential anti-
inflammatory role by suppressing NK cells and preserving
the immune privilege [1, 13, 26]. However, MIF has also
been described as a counter-regulatory factor induced by
glucocorticoids in a state of local or systemic stress [7] that
could promote the innate and adaptive immune responses
by upregulating proinflammatory cytokines such as tumor
necrosis factor alpha (TNFa), interleukin-1 (IL-1), IL-6,
IL-8, IL-12, IL-17, and interferon gamma (IFNy) [3].

The various proinflammatory functions of MIF are in
contrary to its presumed roles in upholding the immune
privilege. The significantly higher levels of MIF in many
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autoimmune diseases cause additional controversy in this
matter [8, 21, 23, 35, 36].

We believe that higher tissue and serum levels of MIF
should not be interpreted as the source of inflammation;
nevertheless, it could be a consequence of the inflammation
leading to elevated glucocorticoid levels that could induce
MIF expression. With this theory in mind, we sought to
address this dilemma from a genetic point of view.

A single nucleotide polymorphism (SNP) in the 5-flank-
ing region of the promoter of the MIF gene (— 173 G>C,
rs755622) is known to have a significant effect on transcrip-
tion levels.

This SNP is the most widely studied polymorphism of
the MIF gene and many autoimmune diseases have been
linked to it [11]. Our aim was to investigate whether AA
imitates other autoimmune diseases in the association with
MIF (— 173 G > C) gene variants.

Materials and methods
Subjects

We conducted a case—control study with the patients and the
control subjects recruited from individuals referred to our
dermatology clinics. The Ethics Committee approved this
study and written informed consent was obtained from all
participants according to the declaration of Helsinki.

The study consisted of 152 healthy volunteers and 122
patients diagnosed with AA based on clinical, dermos-
copy, and histopathological evaluations. The participants
were consecutively recruited over a period of 114 months
(2017-2018). None of the participants were first degree
relatives.

The control group consisted of individuals referred to
our clinics for cosmetic concerns. We excluded those with
personal or family history of AA or any other autoimmune
disease from the control group.

We documented demographic data for each individual.
The disease characteristics such as age at onset, involve-
ment of nails, body hair involvement, and disease sever-
ity, presence of an accompanying autoimmune disease, and
family history of AA were also documented in the patient
group. The severity of hair loss was assessed by a trained
dermatologist according to the severity of alopecia tool score
(SALT score) [24].

Genotyping
Blood samples were collected in 5 mL ethylenediaminetet-
raacetic acid tubes. DNA was isolated using the salting-out

method. MIF genotyping was performed by polymerase
chain reaction-restriction fragment length polymorphism
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(PCR-RFLP) method. This method has been previously
described in detail [5, 27, 29]. Briefly, the PCR mixture
was composed of a total reaction volume of 25 mL with
the following elements: DNA, 200 ng; primers (forward
sequence 5'-ACT-AAG-AAA-GAC-CCGAGGC-3' and
reverse sequence 5-GGG-GCA-CGT-TGG-TGT-TTA-C-3'),
0.3 mM of each; dNTPs, 0.2 mM,; taq polymerase (Fermen-
tas), 1 unit; 2 mL 10 X PCR buffer (Fermentas); magnesium
chloride 2.5 mM.

The cycling settings for the PCR mixture was as follows:
95 °C for 10 min, 35 amplification cycles at 95 °C for 45 s,
60 °C for 45 s, 72 °C for 45 s and then an extension at 72 °C
for 10 min.

The PCR products were then incubated overnight at 37 °C
and digested using Alul restriction endonuclease (Fermen-
tas). The products were visualized by 3% agarose gel elec-
trophoresis stained with SYBR green. The PCR products
for the GG genotype had two fragments (98 and 268-bp),
the CC genotype had three fragments (205, 98 and 63-bp)
and the GC genotype had four fragments (268, 205, 98 and
63-bp). The gel was then placed on a UV trans-illuminator
for photographing purpose.

Statistical analysis

Statistical analysis was performed by SPSS statistical soft-
ware package (version 24.0). Alpha level of 0.05 and power
of 80% was used to determine the sample size. Hardy—Wein-
berg equilibrium was checked using the Chi-square (y) test.
Allele and genotype frequencies for MIF gene polymor-
phisms were determined. Chi-square (y°) test and Fisher’s
exact test were used to compare allele and genotype frequen-
cies between the two groups. The odds ratio (OR) and 95%
confidence intervals (CI) were measured for each allele and
genotypes. A p values of less than 0.05 were considered
significant. Alpha level of 0.05 and power of 80% was used
to determine the sample size.

Results

The study consisted of 122 patients diagnosed with alope-
cia areata and 152 control subjects. The demographic infor-
mation and basic disease characteristics are demonstrated
in Table 1. All the individuals enrolled in this study were
from the same population. The genotype frequencies of both
groups were in Hardy—Weinberg equilibrium (p =0.90). We
were not able to match the case—control subjects according
to gender (35.2% females in the patient group and 52% in
the control group, p=0.03) but the two groups did not differ
significantly in age (27.03 + 10.37 years in the patients with
AA vs. 29.45+11.27 years in the controls, p=0.71).
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Table 1 The demographic information and basic disease characteris-
tics

Characteristics Alopecia areata Controls
Female 43 (35.2%) 73 (52%)
Male 79 (64.8%) 79 (48%)
Age (year) 27.03 (+10.37) 29.45 (=11.27)
Age at onset (year) 25.22 (£12.06) -
Range 3-70

SALT score? -

Scorel 45 (38.5%)

Score2 10 (8.5%)

Score3 12 (10.3%)

Score4 50 (42.7%)
Thyroid disease 22 (18.6%) -
Nail involvement 69 (58.5%) -
Body hair involvement 70 (59.3%) -

Severity of alopecia tool score, 1 (less than 25% scalp hair involve-
ment), 2 (25-49%), 3 (50-74%), and 4 (75-100%)

The frequency of the C allele in the patients was signifi-
cantly lower than the control group (0.15, 0.23, respectively,
p=0.01). The two groups also differed significantly in the
frequency of their genotypes (p =0.038). Since the com-
bined frequencies of the CC and GC genotypes, as opposed
to the GG genotype, had the most prevalent difference
between the patients and controls, a dominant Mendelian
pattern best corresponded with the genotype distribution.
This indicated that individuals with CC and GC genotypes
had a higher chance of being protected against disease devel-
opment (Table 2). However, AA is a polygenic disease and it
is not of our direct interest to look for an inheritance pattern.

We also performed subgroup analysis by stratifying the
patients according to sex, age at onset (according to the
median that was 25), disease severity (according to SALT
score), and the presence of thyroiditis and nail involve-
ment. The allelic and genotype frequencies did not differ
significantly within the subgroups except for the presence
of thyroiditis. The distribution of genotypes in patients with
thyroiditis seemed to have a significant difference with those
without thyroiditis but with a marginal p value (Table 3).

Discussion

In the present study, we were able to demonstrate a lower
expression of the C allele in individuals with AA. Consid-
ering the higher transcription levels associated with the C
allele, that is thought to be due to the formation of an activa-
tor protein-4 response element [4, 17, 20], we believe that
the proinflammatory roles of MIF might not be as essential
to the inflammatory cascades in AA as its immune preserva-
tion roles are to the immune privilege of the hair follicles.

At least several studies have been conducted investigating
the links between MIF and AA.

Regarding the MIF gene, the locus containing this gene
(22q11) did not show an association with AA in a large
scale GWAS study [25]. However, it was still essential
to conduct an association study for these polymorphisms
since GWAS studies usually do not detect rare allele vari-
ants or large effect sizes. Moreover, an association study
by Shimizu et al. has been able to demonstrate a significant
association between the MIF gene polymorphisms and AA
in the Japanese population [32]. In the mentioned study two
genetic polymorphisms of the promoter region (— 173 G<C
and — 794 [CATT] 5_g repeat) were compared between 113
patients with extensive alopecia and 194 healthy controls. In
contrary to our study, they found that carriers of the C allele
(GC and CC genotypes) had a higher risk of developing
early onset severe AA [32]. The discrepancies between our
study and the findings in the study by Shimizu et al. might be
explained by the different ethnic origins and the differences
in the degree of hair loss in the individuals enrolled in each
study (our study includes patients with a milder disease).

The MIF gene (precisely the — 173 G> C or rs755622
SNP) has also been studied for many autoimmune and
inflammatory diseases and in most of these cases, the CC
genotype has shown a strong effect on disease development.

As for histological studies regarding MIF in AA, the find-
ings are contradictory. Shimizu et al. performed a histologi-
cal investigation that revealed intensive MIF staining in sam-
ples from AA lesions as compared to healthy controls [33].
In a study by Kang et al. quantitative PCR was employed
to elucidate MIF expression. They compared four tissue

Table2 The frequencies of MIF - 173 G/C  Control subjects  Alopeciaareata  1/0dds ratio (95% CI)  p value* 42
alleles and genotypes in each
group c 69 (23%) 36 (15%) 1.69 (1.08-2.64) 0.01 5.51
G 235 (17%) 208 (85%)
cc 8 (5.2%) 1(0.8%) 0.60 (0.36-0.99)" 0.048° 3.89°
GG 91 (59.9%) 87 (71.3%)
GC 53 (34.9%) 34 (27.9%)

*A p value of less than 0.05 was considered significant

#Comparing the CC + GC genotypes to the GG genotype via Chi-square test
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Table 3 The distribution of alleles and genotypes among subgroups of alopecia areata

MIF - 173 G/C* C G p value CC GG GC p value p value for
CC+GC vs.
CcC

SALT score® 0.71 0.60 0.55
Scorel 16 (16%) 84 (84%) 0 33 (67.3%) 16 (32.7%)
Score2 4 (20%) 16 (80%) 0 6 (60%) 4 (40%)
Score3 2 (8.3%) 22 (91.7%) 0 10 (83.3%) 2 (16.7%)
Score4 14 (14%) 86 (86%) 1 (2%) 38 (74.5%) 12 (23.5%)

Thyroiditis 0.064 0.047 0.10
Present 5(11.4%) 39 (88.6%) 18 (81.8%) 3 (13.6%) 1 (4.6%)
Absent 31(15.5%) 169 (84.5%) 69 (69%) 31 (31%) 0

Nail involvement 0.85 1.0 0.93
Present 21 (15.2%) 117 (84.8%) 1(1.5%) 49 (71%) 19 (27.5%)
Absent 15 (14.2%) 91 (85.8%) 0 38 (71.7%) 15 (28.3%)

Body hair loss 0.81 0.81 0.66
Present 20 (14.3%) 120 (85.7%) 1(1.4%) 51 (72.9%) 18 (25.7%)
Absent 16 (15.4%) 88 (84.6%) 0 36 (69.2%) 16 (30.8%)

Age at onset 0.59 0.76 0.66
<25 19 (16.1%) 99 (83.9%) 1(1.7%) 41 (69.5%) 17 (28.8%)
>25 17 (13.5%) 109 (86.5%) 0 46 (73%) 17 27%)

#The Chi-square test was utilized for all comparisons. A p value of less than 0.05 was considered significant
bSeverity of alopecia tool score, 1 (less than 25% scalp hair involvement), 2 (25-49%), 3 (50~74%), and 4 (75-100%)

samples from individuals with AA (both lesional and per-
ilesional) with four samples from normal control subjects.
They were able to demonstrate higher expression of the MIF
gene in alopecic lesions compared to control subjects, but
the difference was not statistically significant [15]. On the
contrary, in an immunohistological study by Ito et al. MIF
showed a significantly higher expression in normal hair fol-
licles compared to alopecic lesions (they compared eight AA
samples with five healthy controls) [14]. Furthermore, three
studies have been able to detect higher serum levels of MIF
in patients diagnosed with AA. In these studies, MIF levels
correlated with disease severity, disease duration, earlier age
of onset, and presence of psychological stress [30, 33, 38].
MIF is generally increased in the skin in inflammatory
conditions such as atopic dermatitis [31], psoriasis [34], sys-
temic lupus erythematosus [8], and pemphigus [22]. Greater
concentrations of this factor have also been detected in sera
of individuals with many autoimmune diseases [10]. Addi-
tionally, in some of these diseases, administration of anti-
MIF antibody has resulted in amelioration of the disease
and inflammation [3, 16]. This is explained by the effects
of MIF on inducing key proinflammatory cytokines such
as interferons, IL-1, and TNF-a, and the enhancement in
the survival and clonal expansion of autoreactive T cells
[6, 11, 29]. Nevertheless, the pathogenesis of AA is differ-
ent from other autoimmune diseases, since it involves an
immune-privileged organ. Many immune-privileged sites
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such as the anterior chamber of the eye and the nails show
a strong expression of MIF in a physiological state when
there is no inflammation involved [13, 18, 37]. Similarly, it
has been demonstrated that treatment with MIF can result
in a decrease in the catalytic activities of NK cells [2, 28].

Tanking into account our findings with the studies from
other immune-privileged organs, we believe that the role of
MIF in the pathogenesis of AA may be more about preserv-
ing the immune privilege of anagen follicles than a proin-
flammatory role. We think that at some point of the disease
process elevated tissue and serum levels of MIF may func-
tion as a proinflammatory factor but this could just reflect a
secondary phenomenon, perhaps secondary to the elevated
levels of glucocorticoids. However, more comprehensive
studies with a larger sample size that also measures the
serum and tissue levels of MIF could provide more insight
into the causal relationship between AA and MIF.
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