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Abstract

Introduction: Autoimmune mechanisms with evident genetic background are the main components of alopecia
areata (AA) pathogenesis. Interleukin 15 (IL-15) is considered as an important signalling cytokine. Its disordered
expression has been linked to inflammatory autoimmune disorders.

Aim: The present study aimed to evaluate serum IL-15 in active AA patients and to assess its association with
patients’ sex, age, and disease severity.

Material and methods: IL-15 serum level was measured in 40 patients with active alopecia areata and 20 healthy
controls using the ELISA technique. The severity of hair loss was assessed in accordance with the Severity of Alo-
pecia Tool (SALT).

Results: A significantly higher serum level of IL-15 in AA patients than in controls was detected (p < 0.001). A sig-
nificant positive correlation was detected between the SALT score and IL-15 serum level (r, = 0.433, p = 0.005).
No significant correlation between age of the patients and the serum level of IL-15 was observed (r, = 0.224,
p = 0.164). No significant difference in IL-15 serum level regarding patients’ sex, history of disease recurrence, or
family history of AA was noted.

Conclusions: The elevated serum level of IL-15 in active AA patients might reflect its role in disease pathogenesis
as a key signalling cytokine. Its level is correlated with disease severity. However, IL-15 is not influenced by patients’
gender or age.
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Introduction

Alopecia areata (AA) is an autoimmune disease tar-
geting the anagen hair follicle [1]. It has a genetic back-
ground based on genome-wide association studies as
well as familial clustering of cases [2]. This autoimmune
process results from disruption of follicular immune
privilege either starting as a local disturbance in the hair
follicle itself or, according to a more accepted theory, as
a result of the dysregulated immune system [3].

There is abnormal upregulation of major histocom-
patibility-1 (MHC-1) and UL16 binding protein 3 (ULBP3)
molecules on the hair follicles which are considered as
ligands for abnormal infiltration of the cytotoxic cluster
of differentiation 8-positive (CD8+)NK group 2D-positive
(NKG2D+) effector memory T-cells [4]. Together with de-
fective natural killer (NK) cells inhibition, all these fac-
tors make hair follicle self-antigens susceptible to be

expressed to the abnormal immune response [5]. Other
immune pathways act as important steps in immune
privilege collapse including the neuroendocrine pathway
and T helper 17 involvement [3]. Concurrently, several cy-
tokines including interleukin (IL)-2, IL-7, tumor necrosis
factor-o (TNF-a), and interferon-y (IFN-y) are upregulat-
ed in cases of alopecia areata with further promotion of
T-cell recruitment [6].

Interleukin 15 (IL-15) is well known to promote lym-
phocytic development and it is now suggested to play
a key role in some autoimmune diseases such as multiple
sclerosis, rheumatoid arthritis, ulcerative colitis, and celiac
disease. However, its actual mechanism of involvement is
still being clarified [7]. IL-15 inhibits the well-known self-
tolerance that, mediated by activation-induced cell death,
promotes maintenance of CD8+ memory T cells with in-
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duction of some cytokines involved in autoimmune pro-
cesses such as TNF-a and IL-1B [8].

As regards its involvement in dermatological diseas-
es, IL-15 was shown to be associated with psoriasis, sar-
coidosis, systemic lupus, and graft versus host disease.
However, IL-15 involvement in alopecia areata is still un-
der investigation [7].

Aim
The aim of the present study is to assess the associa-

tion of IL-15 with active alopecia areata and its relation
to age, sex, and disease severity.

Material and methods

The present study was conducted at the hair outpatient
clinic of the main university hospital, Faculty of Medicine, Al-
exandria University. It was approved by the local ethics com-
mittee in accordance with the Declaration of Helsinki of 1975.

Forty patients with active alopecia areata were enrolled
into the study and twenty healthy control subjects were
included. Written informed consent was obtained from
all participants. All patients were subjected to full history
taking (including age, sex, disease duration, disease onset,
and course), medical history, drug history and family his-
tory. Exclusion criteria of the present study included acute
or chronic inflammation, autoimmune diseases, history
of cancer, pregnancy and lactation [7]. Patients on topical
treatment for alopecia areata within the past month or sys-
temic treatment within the past 3 months were excluded.

The patients were diagnosed to have active alope-
cia areata by history of active hair loss within the past
6 months [9], positive pull test [10], exclamation mark hair
seen clinically at the periphery of the lesions [11] and tricho-
scopic examinations showing black dots, broken hair and
exclamation marks [12]. The extent of the scalp involve-
ment was further evaluated using the Severity Alopecia
Tool (SALT) [13, 14].

Evaluation of IL-15 serum level

Five ml of venous blood was collected from the pa-
tients and the healthy individuals. The serum was al-
lowed to clot for 30 min using a serum separator tube
before centrifugation for 15 min and stored at =80°C until
samples of patients and control groups were assayed in
one run. Samples were assessed according to the manu-
facturer’s instructions. Serum levels of IL-15 were quan-
titated with a commercially available enzyme linked im-
munosorbent assay (ELISA) kit (ElAab Science Co. Ltd.,
Wuhan, China, E0061h).

Statistical analysis

Data were fed to the computer and analysed using
IBM SPSS software package version 20.0. (IBM Corp., Ar-
monk, NY, USA). Qualitative data were described using
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number and percent. Quantitative data were described
using range (minimum and maximum), mean, standard
deviation and median. The x? test was used for categori-
cal variables, while Student t-test for normally quantita-
tive variables. Mann Whitney test was used for abnor-
mally quantitative variables. Spearman coefficient was
used to correlate between two abnormally quantitative
variables. Results were judged at the 5% level.

Results

In the present study, the forty patients with active
alopecia areata of the scalp reported that their duration
of the disease ranged from 2 to 6 months.

The age mean + SD of the patients was 26.95 +12.54
years (range: 5-52 years) and of the controls was 33.7
+17.8 years with p = 0.0140 (range: 5-52 years, 10-62
years, respectively). Of the 40 patients, 26 (65%) were
males and 14 (35%) were females, while 12 (60%) of the
controls were males and 8 (40%) of them were females
(p = 0.705).

The history of recurrence was reported in 10 (25%)
patients, stressful event associations were reported in
19 (47.5%) patients, whereas a positive family history of
alopecia areata in first-degree relatives was detected in
2 (5%) patients. Nail affection was not detected in asso-
ciation with alopecia areata patients in the current study,
whereas affection of the beard was reported in 14 (35%)
patients.

In patients, the serum level of IL-15 was 13.20-41 pg/
ml (mean + SD: 22.80 £5.99 pg/ml), while in the controls
was 0-5.9 pg/ml (mean + SD: 0.3 +1.32 pg/ml). A statis-
tically significant higher level of IL-15 was observed in
patients than in controls (p < 0.001) (Table 1).

As regards the SALT score, mean + SD was 9.67
+22.53 with a significant positive correlation detected
between the SALT score and IL-15 serum level (rS =0.433,
p =0.005) (Figure 1).

In the patients group; IL-15 level (mean + SD: 22.8
+6.3 pg/ml) in 26 males and (mean + SD: 22.7 +5.6 pg/ml)
in 14 females with no significant difference in the IL-15
serum level in relation to the gender (p = 0.958) (Table 2).
The patients’ age was 5-52 years old; 19 (47.5%) patients
<25 years and 21 (52.5%) patients < 25 years. IL-15 level
shows no significant difference between both previous
groups of age (mean + SD: 21.4 3.8 pg/ml, mean + SD:
24.1 7.3 pg/ml respectively) (p = 0.142) (Table 3). There
was no significant correlation between the age of the pa-
tients and the serum level of IL-15 (r, = 0.224, p = 0.164).

The IL-15 level showed no significant difference be-
tween those cases presented with alopecia areata for
the first time and those with a history of recurrence (p =
0.510). No significant difference of the IL-15 level between
cases with a positive family history of AA and cases lack-
ing any family history of previous AA (p = 0.203) was
observed.
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Table 1. Comparison between the two studied groups
according to interleukin-15 levels

Interleukin-15 Patients Controls P-value
level [pg/ml] (n = 40) (n=20)

Min.—max. 13.20-41.0 0.0-5.9 < 0.001°
Mean + SD 22.80 £5.99 0.3 +1.32

Median 22.15 0.0

“Mann-Whitney test. Statistically significant at p < 0.05.

Table 2. Relation between sex and interleukin-15 level in
the patients group (n = 40)

Interleukin-15 Sex Test of P-value
level [pg/ml] Male Female significance

(n=26) (n =14)
Min.—max. 14.9-41.0 13.2-349 t=0.053 0.958
Mean + SD 22.8 6.3 22.7 £5.6
Median 223 21.95

t, p—t and p-values for Student t-test for comparison between the two groups.

Table 3. Relation between age and interleukin-15 level in
the patients group (n = 40)

Interleukin-15 Age [years] Test of P-value
level [pg/ml] <25 - 25 significance

(n=19) (n=21)
Min.—max. 13.2-29.4 14.9-41.0 t=1506 0.142
Mean + SD 214438 241473
Median 21.2 231

t, p —t and p-values for Student t-test for comparison between the two groups.

Discussion

Based on the present results which reported a higher
serum level of IL-15 in AA patients than in controls and
on the previous few studies on IL-15 at the tissue level of
both animal and human alopecia areata, the role of IL-15
in AA pathogenesis should be clarified.

The concept of the autoimmune phenomenon ex-
plaining the collapse of immune privilege of hair follicle
in alopecia areata is supported by its high association
with other immune-mediated disorders such as thyroid-
itis and vitiligo and by its response to immune-modifying
therapies [15, 16]. An intriguing finding that immune re-
sponse in AA is of heterogeneous subtype was reported
and gene expression studies detected mixed immune re-
sponse of both Th1 and Th2 in the lesional skin of AA [17].
In addition, identification of pathogenic NKG2D+ CD8+
cytotoxic T-cells leads to better understanding of the cy-
tokine milieu involved in AA pathogenesis [18].

IL-15 is a proinflammatory cytokine that has a role in
development, activation and survival of NK cells and in
peripheral T-cell homeostasis [19]. It induces survival of
CD8+ memory T-cell including autoreactive memory T-
cell. It can stimulate the expression of TNF-ae and IL-1$3 [8].
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These facts suggest its role in the autoimmune process.
A previous report showed that IL-15 or IL-15Ra genetically
deficient mice do not manifest autoimmune disorders [8].

IL-15 has a heterotrimeric receptor which consists of 3
subunits: first unique IL-15Ra subunit, second IL-2/IL-158
receptor which is shared with IL-2, and the third com-
mon cytokine receptor y chain which is shared by IL-2,
IL-4, IL-7, IL-9 and IL-21[8]. By understanding the previous
effects of IL-15 and its sharing capacity with other cyto-
kines for the same receptors paves the way to be consid-
ered as an important modulator of the immune process.
It is reported to be involved in some autoimmune dis-
eases; however its role in AA is still not fully elucidated.

Gene expression signatures of yc cytokines and their
receptors including transcript for IL-15 was identified in
lesional skin of alopecia areata in both humans and mice.
In addition, immunofluorescence detection of IL-15 and
its unique IL-15a receptor showed their upregulation in
AA hair follicle and expression of IL-15Rf on infiltrating
human CD8+ T-cell. Systemic administration of IL-15R an-
tibodies via intraperitoneal route blocked alopecia areata
development [20, 21]. These findings were further sup-
ported by other studies [22, 23].

It was found that IL-15 could be expressed by stressed
keratinocytes or by activated immune cells [3]. As an ad-
ditional proof of IL-15 in AA, it was found to limit the in-
hibitory capacity of T-regulatory cells and it can prime
resting NK cells to kill by promoting the expression of
NKG2D which is considered a key for promotion of AA
pathogenesis [24, 25].

In the lesional skin of AA, CD8+NKG2D+ cells pro-
duced IFN-y which further induces IL-15 and IL-15Ra by
hair follicle that proved to act as feed forward loop which
promotes autoimmune response [21].

The receptors of Janus kinase-signal transducer and
activator of transcription (JAK-STAT) signalling pathway
bind to specific ligands and then phosphorylate its tyro-
sine component with further activation of STAT compo-
nent, and translocate to the nucleus to promote gene
expression. Several cytokines are now proved to activate
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this pathway, especially yc cytokines including IL-15 [2,
26]. Disturbed JAK-STAT components were reported to
be associated with autoimmune disorders [2, 27]. It was
postulated that activation of JAK-STAT signalling via IL-15
mediates CD8+NKG2D+ cell activation [2]. JAK1, JAK2, and
especially JAK3 were overexpressed in the lesional skin of
AA [28]. This point of view has been proved by Xing et al.
to further support the role of IFN-y and yc cytokines includ-
ing IL-15 for the downstream signalling pathway via JAK
components [21]. The emerging role of JAK inhibitors in
treatment of AA via targeting IL-15 is recently discussed
in several studies using both topical and systemic route
in AA cases with preliminary promising results [2, 26, 29].

In autoimmune diseases, an increased expression of
inflammatory mediators such as IFN-y, TNF-a and IL-1
are known to increase IL-15 expression [7]. Its increased
expression can be found in autoimmune diseases at the
tissue level such as in celiac disease and dermatitis or at
the serum level as in Behcet’s disease and graft versus
host disease or at both levels as in multiple sclerosis and
systemic lupus erythematosus [7].

In the present study, the IL-15 serum level was sig-
nificantly higher in AA patients in comparison to the
controls. Previous studies evaluated important cytokines
in AA pathogenesis such as IFN-y, TNF-a,, IL-2, and 1L-12
serum and their levels were found to be elevated in AA
patients [30, 31]. In the current study, serum IL-15 was
found to be positively correlated with SALT score. Simi-
larly, IFN-y, IL-2, and TNF-a serum levels were reported
to be associated with disease severity [30, 31]. On the
other hand, serum IL-15 was found to be associated with
disease severity in other autoimmune diseases such as
SLE, type | diabetes, and early arthritis [32—34]. Similar to
the present study, it has been recently reported that the
IL-15 level was higher in patients and also it was positive-
ly correlated with SALT score [35]. However, the present
work targeted the active form of alopecia areata based
on clinical and trichoscopic criteria which might point to
the role of IL-15 in the active stage of the disease.

In this work, additional relations to patients’ sex and
age were evaluated. Serum IL-15 was not related to pa-
tients’ gender. Although autoimmune disorders are in
general affected by sex of the patients [36], but no sex
dominance has been reported in cases of AA as in the
present work. Similarly, IL-15 serum level was not corre-
lated with patients’ age as in cases of early arthritis [36].

Serum IL-15 was not related to the history of disease
recurrence or family history of AA. It should be noted that
the age of the patients, gender, duration of AA did not af-
fect patients’ response to JAK inhibitors which target IL-15
[29]. These findings might indirectly support our findings.

Conclusions

The elevated serum level of IL-15 in patients with ac-
tive AA might suggest its role as an important signalling
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cytokine in the pathogenesis of AA. Its level is influenced
by disease severity which might reflect disease progno-
sis. Further studies on a larger sample size are needed
to clarify the role of IL-15 in AA. Recent studies on JAK
inhibitors, either a systemic or topical form, targeting
pathogenic molecules including IL-15 are now gaining
interest in order to prove its safety and efficacy in treat-
ment of AA.
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