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SUMMARY

Introduction and purpose: Alopecia areata (AA) is a condition that causes non-scarring hair
loss (often with acute onset). Alopecia areata in the population occurs in 0.1-0.2% of people,
with a similar frequency in men and women. Alopecia areata is an example of an
autoimmune disease of the hair follicle. Hair loss in alopecia areata is caused by lymphocytic
infiltration around the hair follicle and IFN-y. IgG antibodies against hair follicle cells are
also found in people suffering from alopecia areata. Recent studies have shown a significant
increase in IL-15 in AA. The aim of the study was to review the current knowledge on the
use of [L-15 in the treatment of alopecia areata.

A brief description of the state of knowledge: Interleukin-15 (IL-15) is a pleiotropic
cytokine that exhibits multidirectional biological effects on various cell types. It affects the
functions of the immune system, both innate and acquired, and therefore plays an important
role in inflammation and during the immune response to infections and infestations.
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In the AA mouse model, antibody-mediated blockade of IFN-y, interleukin-2 (IL-2), or
interleukin-15 receptor B (IL-15RP) prevented disease progression by minimizing the
accumulation of CD8 (+) NKG2D (+) T cells in the skin and reducing the cutaneous IFN
response. The concentration of IL-15 in patients with alopecia areata was significantly higher
than in the control group. Moreover, the concentration of IL-15 increased in direct proportion
to the area of alopecia, the highest value in patients with total alopecia.

For this reason, it is important to search for new medical treatments that will enable patients
to stay physically healthy, and what is equally important, to remain mental health.

Conclusions: In addition, studies have shown an increase in IL-15 levels in patients with
alopecia areata, which correlated with the duration of the disease. However, too few studies
conducted so far do not allow conclusions to be drawn regarding the use of IL-15 as a
therapeutic point.
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State of knowledge

Alopecia Areata

Alopecia areata (AA) is a condition that causes non-scarring hair loss (often with acute onset).
It can occur in any hair-bearing area of the skin (from small patches to extensive
involvement), but the most visible areas are the scalp, chin area and eyebrows. Now, it is
known that the condition is caused by an autoimmune disease of the hair follicles with a
genetic background[1]. Alopecia areata affects both children and adults, regardless of hair
color[2]. So far, there is no causal therapy for AA. Also, there is a lack of reliable long-term
controlled trials assessing the treatment of alopecia areata and its impact on quality of life[3].
Alopecia areata is one of the most common autoimmune diseases. The pathogenesis is not
fully understood. The lack of effective therapies leads to a constant search for new
treatments[4].

Epidemiology

Alopecia areata in the population occurs in 0.1-0.2% of people, with a similar frequency in
men and women. In 70-80%, symptoms appear before the age of 40. However, 48% of
people may develop symptoms in the first and second decades of their lives, which makes
alopecia areata the most common cause of hair loss in healthy children[5,6].

Clinical presentation

Most often, AA patches are single or multiple. The shape of the lesions is usually round or
oval, it can also present the form of a wave at a circumference of the head (ophiasis), in some
cases it can lead to complete hair loss (alopecia totalis). The skin in these areas remains
unchanged, and hair follicles are intact. Nail plate was also noted in AA patients, more
frequently in children > 40%. The changes are manifested by nail pitting or making it
lustreless and rough. The lesions may take various forms: trachyonychia, punctate
leukonychia, spotted or red lunulae, transverse nail grooving (Beau's lines) or the rare
separation of the nail plate from the matrix with nail loss (onychomadesis)[7].
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Autoimmune pathogenesis

Alopecia areata is an example of an autoimmune disease of the hair follicle with a genetic
background. Hair loss in alopecia areata is caused by lymphocytic infiltration around the hair
follicle and IFN-y. IgG antibodies against hair follicle cells are also found in people suffering
from alopecia areata. Autoreactive CD8 +, CD4 +, NK and pDC cells infiltrate around the
hair follicle in the growth phase (anagen). Increased activity of cytokines disrupts normal hair
growth and terminates the anagen phase. Furthermore, the disease coexists with other
autoimmune diseases and may be secondary to infection or inflammation[8].

Alopecia areata and mental well-being

Alopecia areata quickly leads to the loss of more and more hair. The resulting
distortions can cause anxiety in patients and increase the risk of developing psychiatric
problems|[9].

Hair diseases are a serious problem for patients' lives, causing significant emotional
and psychosocial stress. Study of comparison between alopecia areata (AA) and androgenetic
alopecia (AGA) was conducted in the context of psychological changes in those groups of
patients. The study included patients of the same age, gender, depression and comorbidities.
The results showed that patients with AA had a worse quality of life compared to patients
with AGA (mean dermatological quality of life index: 5.8 vs. 2.5). The study confirmed that
patients with hair disease are more anxious, depressed and have a lower quality of life
compared to the control group[10].

It seems unlikely that anxiety and depression play a major role in the etiopathogenesis
of AA, but stressful life events can trigger the onset and/or exacerbation of the disease. In
addition, AA appears to have a partially negative impact on health-related quality of life[11].

Many studies emphasize the role of psychological factors in the progression of the
disease such as alopecia areata. Social exclusion, family problems are more common and
have a greater impact on the daily life of AA patients than in non-AA patients [12],
unfortunately, over time most of them develop psychological problems such as depression,
anxiety and paranoid disorders[13,14,15,16,17].

Studies have also shown that the poor quality of life of these patients is significantly
associated with depression[18]. It seems that patients with alopecia areata are mainly
depressed, worried and hysterical, have a higher tendency to hypochondria and often
experience conflicts in everyday contacts with other people [19]. In these patients, the suicide
tendency is high [20]. Studies have shown that there is a significant relationship between hair
loss and stress, the intensity of stress and stressful events [21]. There is evidence that
hypnotherapy is effective in treating alopecia areata[22,23].

The evaluation of facial images of people with AA showed signs of depression,
anxiety and neurosis [24, 25]. The most important variable leading to mental illness in skin
disorders is visible deformity[26]. The constantly exposed area (scalp) and the nature of the
lesion (size and location of patch) significantly affect the mental condition of patients[27].

For this reason, it is important to search for new medical treatments that will enable
patients to stay physically healthy, and what is equally important, to remain mental health.
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Treatment

Currently, numerous topical systemic agents are used to treat AA. However, there is
no data assessing their efficacy, tolerability and safety.

Topical treatment includes glucocorticosteroids in the form of ointments, gels, lotions,
foams or intradermally. Local therapy may be used in cases of limited spectrum disease.
Possible indications for systemic treatment include rapid hair loss, extensive disease (>50%
hair loss), chronic disease, severe stress, or a combination of factors. Systemic therapy
includes  glucocorticosteroids, methotrexate, cyclosporine, azathioprine, dapsone,
mycophenolate mofetil, tacrolimus and sulfasalazine. Other treatment methods include:
photochemotherapy (PUVA or PUVA-turban) and narrowband UVB phototherapy[28-30].

IL-15

Interleukin-15 (IL-15) is a pleiotropic cytokine that exhibits multidirectional
biological effects on various cell types. It affects the functions of the immune system, both
innate and acquired, and therefore plays an important role in inflammation and during the
immune response to infections and infestations[31].

Blocking the IL-15 beta receptor (IL-15Rp) caused a reduction in the number of
NKG2D + CD8 + T cells in the skin, which prevents the development of AA using an animal
model. It was observed that the elevation of IL-15 and its IL-15Ra receptor subunit in AA
hair follicles. IL-15 acts as a pro-inflammatory cytokine and stimulates autoreactive T
cells[32]. IL-15 acts through the Janus (JAK) -1, Jak3 pathway and uses the transcription
activator STAT-5[33].

Both IFN-y and IL-15 are promising therapeutic targets in the treatment of alopecia
arcata[34].

In the AA mouse model, antibody-mediated blockade of IFN-y, interleukin-2 (IL-2),
or interleukin-15 receptor B (IL-15RP) prevented disease progression by minimizing the
accumulation of CD8 (+) NKG2D (+) T cells in the skin and reducing the cutaneous IFN
response. Systemically administered pharmacological inhibitors of Janus kinase (JAK) family
protein tyrosine kinases (effectors of IFN-y cytokine receptors), prevented the development
of AA, while topical administration promoted hair regrowth[32].

Duculan et al. performed a biopsy of the altered and unchanged scalp of 6 patients
with AA before treatment and after topical methylprednisolone therapy to evaluate the
activity of AA biomarkers. The qRT-PCR test before the treatment application showed a
significant increase in the expression of inflammatory markers in the unchanged skin, in
comparison with the non-affected skin, including e.g. IL-15 and JAK-3, and IL-2, IL-2RA as
well as Thl, Th2, IL-12 / IL-23p40 and IL-32. In contrast, immunohistochemistry showed an
increase in CD3 (+), CD8 (+) T cells, CD11c (+) dendritic cells and CD1la (+) Langerhans
cells around the hair follicles of the scalp with lesions that decreased after treatment[35].

Ebrahim AA et al. study involved 80 people, including 40 patients with alopecia
areata and 40 healthy people. The participants were examined in order to assess the condition
of the scalp - locatization, number and size of alopecia patches, as well as the severity of the
disease using the SALT scale. Then, the concentration of IL-15 was measured in all
participants by the ELISA method. The concentration of IL-15 in patients with alopecia
areata was significantly higher than in the control group (33.98 pg/ml and 7.88 pg/ml,
respectively).
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Moreover, the concentration of IL-15 increased in direct proportion to the area of

alopecia, the highest value in patients with total alopecia (50.08 pg / ml). There was also
a relationship between the SALT score and IL-15 concentration - the higher the percentage of
hair loss, the higher the IL-15 concentration observed[36].

Another study by Tabara K et al. included 42 patients (children) with alopecia areata,
and 37 healthy children. Peripheral venous blood samples were collected from all participants
to measure the concentration of the following cytokines - IL-6, IL-15, IL-17A and IFN-
gamma using the ELISA method. There was a significant increase in the concentration of all
of the tested cytokines in the test group compared to the control group. Moreover, the
concentration of IL-15 increased in direct proportion to the length of the disease, while the
concentration of IL-17A decreased with the over two years long episode of disease and in the
presence of thyroiditis. The highest mean concentration in the group of patients with alopecia
areata among the tested cytokines was IFN-gamma (158.70 pg/ml), while IL-15 was in
second place (89.59 pg / ml)[37].

The Bansal et al. study included 30 patients with alopecia areata with varying degrees
of hair loss assessed by the SALT (Severity of Alopecia Tool Score). From each patient, a
biopsy sample was taken from the margin of the lesion for histopathological and
immunological examination, using CD4, CD8 antibodies and Tyr701 protein. The aim of the
study was to measure the number of dermal papillae of hair follicles expressing Tyr701 and
the number of CD4 + and CD9 + T cells in the periocular and intraocular regions[38].

In Kim et al. study the effect of ruxolitinib on human dermal papilla cells was
observed. For this purpose, an in vitro model of previously interferon gamma-exposed cells
was used, and the expression of the wnt/beta catenin pathway, JAK-STAT pathway and
growth factors was examined using rt-PCR and Western Blot. Ruxolitinib did not affect cell
viability, and activated some components of the wnt-beta catenin pathway, inhibited DKK1
expression, and also reversed IFN-dependent expression of a number of molecules, such as
caspase-1, IL-1beta, IL-15 and IL-18, as a result reducing their expression. The drug
increased the expression of some growth factors, and also inhibited the phosphorylation of
JAK1, JAK2, JAK3, STATI1 and STAT3. Study results suggest that ruxolitinib therapy may
prevent interferon gamma-induced hair loss[39].

JAK inhibitors mediate IL-15 signal transduction[40]. This may prevent the
development of alopecia areata. JAK inhibitors represent a promising therapeutic option for
people with alopecia areata. However, none of them (Tofacinib, Ruxolinib, Baricitinib) have
been approved by the FDA for this indication, so far.

The efficacy and safety of Ruxolitinib and Tofacitinib were compared in 75 patients
with severe alopecia areata. Patients were randomized to two groups and took JAK inhibitors
for 6 months. Both people taking Ruxolitinib and Tofacitinib experienced hair regrowth. The
change in SALT was 93.8 + 3.25 in the Ruxolitinib group and 95.2 &+ 2.69 in the Tofacitinib
group. Despite the recurrence of alopecia in % of the patients, both drugs can be described as
promising in the treatment of alopecia areata[41].
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Conclusions

Alopecia areata is a common disease. Often patients with AA struggle with mental
problems (depression, anxiety). AA interferes with their proper functioning in society. The
lack of effective treatment exacerbates the problem.
The pathomechanism of the disease is autoimmune. The ongoing research focuses primarily
on assessing the impact of cytokine disturbances on the pathogenesis of AA. Scientists are
conducting research on IL-6, IL-15, IL-17A and [FN-gamma. In addition, studies have shown
an increase in IL-15 levels in patients with alopecia areata, which correlated with the duration
of the disease. However, too few studies conducted so far do not allow conclusions to be
drawn regarding the use of IL-15 as a therapeutic point.
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