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Janus kinases: dermatological perspective, a review
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Janus kinases (JAKs) are a group of nonreceptor intracellular tyrosine kinases that
could modify cytokine-mediated signals through the JAK-signal transducer and
activator of transcription pathway. This pathway is triggered by cytokines
participating in the inflammatory process, innate and adaptive immunological
responses, as well as cell growth. Current researches suggest the possible
disruption in JAK/signal transducer and activator of transcription pathway in
different autoimmune and inflammatory skin diseases, such as psoriasis, vitiligo,
atopic dermatitis, and alopecia areata. Various drugs that activate or block this
pathway are under study for the assessment of their possible role in skin diseases.
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Introduction
Janus kinases (JAKs) are a group of nonreceptor
intracellular tyrosine kinases that could modify
cytokine-mediated signals through the JAK-signal
transducer and activator of transcription (STAT)
pathway [1]. This pathway is triggered by cytokines
participating in inflammatory process, innate and
adaptive immunological responses, as well as cell
growth. Current researches suggest the possible
disruption in JAK/STAT pathway in different
autoimmune and inflammatory skin diseases, such as
psoriasis, vitiligo, atopic dermatitis (AD), and alopecia
areata (AA) [2].
Role of Janus kinases in different diseases
Many JAK pathways are involved in the induction and
progression of many systemic and dermatological
diseases [2].
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Immunodeficiency

The most obvious proof of the importance of JAKs
and STATs is based on the observation of patients
with mutations in genes encoding these signaling
molecules. Severe combined immunodeficiency is a
disastrous primary immunodeficiency in which the
combination of nonfunctioning T-cells and impaired
immunoglobulin formation leads to a syndrome of
frequent serious infections, AD, diarrhea, and failure
to thrive [2].

A critical immunopathologic problem was fixed when
mutations of a concomitant or common cytokine
receptor subunit known as the common γ chain or
γc were discovered to cause X-linked severe combined
immunodeficiency. As JAK3 selectively links with γc,
ociety | Published by Wolte
mutations of JAK3 have the same outcome.
Lymphocytes are incapable of reacting to interleukin
(IL)-2, IL-4, IL-7, IL-9, IL-15, and IL-21 in the
deficiency of this receptor subunit, thus, markedly
influencing the development of T-cells and NK cells
and the B-cell action [2].
Hematopoietic malignancies

Polycythemia vera, essential thrombocytosis, and
primary myelofibrosis are nearly similar
myeloproliferative diseases, all characterized by
increased bone marrow formation of erythrocytes
and megakaryocytes [3]. The genetic basis of this
association was explained after the finding of
active mutations of JAK2, mostly V617F, in nearly
all polycythemia vera patients and a lot of patients
with essential thrombocytosis and primary
myelofibrosis [4].

JAK2 is critical for signal transduction downstream of
the erythropoietin, thrombopoietin, and their receptors
that regulate erythrocyte and megakaryocyte
amplification [5]. The V617F mutation is situated in
the pseudokinase domain, which formerly was assumed
to be an inactive negative regulator of JAK2 [6].

The discovery of the crystal structure of pseudokinase
domain has paved the way for the development of
targeted JAK2 inhibitors for the treatment of
myeloproliferative diseases [7]. JAK2 could be
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targeted for stimulation as well. A small-molecule
JAK2 activator, eltrombopag, is utilized in the
treatment of idiopathic thrombocytopenic purpura
and refractory aplastic anemia [8].

JAK1 mutations are implicated in the development of
acute myeloid leukemia, in spite of the controversy
around this assumption [9].

Mutations of JAK3 are accompanied with lymphoma
and leukemia [10]. Secondary JAK3 mutations are
discovered in juvenile myelomonocytic leukemia and
are suggested to be accompanied with disease
progression [11].
Rheumatoid arthritis

Multiple JAK-controlled cytokine receptor pathways
are closely associated with the induction and
progression of rheumatoid arthritis (RA) disease
[12]. Therapeutic efficacy of JAK kinase inhibitors is
proven in RA after using a pan-JAK inhibitor, which is
a potent inhibitor of JAK3 and to some extent JAK1/
JAK2 [13]. Nowadays, the selective JAK1/JAK3
inhibitor, tofacitinib, has shown efficiency in the
treatment of RA, suggesting the vital role that JAK
kinases play in RA [14].

Systemic lupus erythematosus

Multiple cytokine signaling using the JAK/STAT
pathway is involved in the initiation, progression,
and development of systemic lupus erythematosus
including IL-6, IL-12, and type 1 interferon (IFN
alpha/beta). All these cytokines act through
receptors regulated by JAK kinases [15].

Psoriasis

JAKs are used by a lot of the inflammatory cytokines
involved in the pathogenesis of psoriasis for signaling.
JAKs phosphorylate STAT proteins, resulting in gene
expression alterations. TYK2 and JAK1 are important
for signal transduction for a lot of cytokines that are
increased in psoriatic lesions, as IL-23, IL-12, IL-22,
and IL-6. TYK2 is principally linked with IL-23 and
IL-12 signaling [16]. IL-22 signaling is induced by
TYK2 and JAK1 [17].

IL-23 is a central regulator of immunity in psoriasis.
IL-23R is linked to JAK2 and TYK2 via direct
association with p19 and p40 subunits, respectively.
Stimulation of IL-23 initiates the following JAK2/
TYK2-driven recruitment and phosphorylation of
STAT3, a main transcription factor for establishing
differentiation of Th17 cells [18]. JAK and TYK2
enzymes become interesting proximal targets in
psoriasis research and drug invention, depending on
this receptor signaling model and the anti-psoriatic
effect of IL-23 inhibitors in psoriasis [19].

More evidence shows that the IL-17A and Th17
pathways have a crucial effect in the pathogenesis of
psoriasis. Stimulation of signaling molecules (e.g.
TYK2/JAK2) and transcription factors, such as
retinoid orphan receptor-gamma T, is important in
T helper (Th)-17 differentiation [19].

The inhibition of JAK will block the action of more
than one cytokine and, subsequently, the transcription
of genes regulating inflammation and the control of
innate and adaptive immunity [20].

Tofacitinib is being tested by dermatologists for
psoriasis as it impedes steps in the IL-17 signal
transduction pathway. Tofacitinib may be successful
in the treatment of psoriasis throughmultiple pathways
because the same JAK1/STAT signal transduction
pathway used by IL-17 is utilized by many other
immunologically active cytokines (e.g. IL-12, IL-23,
IL-22, IL-6, IFN-γ, and type I IFNs) [21,22].

Vitiligo

Studies have reported that multiple cytokines such as
IFN-γ [23], tumor necrosis factor-alpha [24], and
chemokine (C-C motif) ligand 22 (CCL22) are
differently expressed in the vitiliginous skin and
serum of patients than controls, proving their roles
in vitiligo [25].

It is suggested that IFN-γ has an important role in the
initiation and progression of autoimmune vitiligo [26].
IFN-γ, as a pro-inflammatory cytokine, is mainly
secreted by Th1 lymphocytes, NK cells, and CD8+
cytotoxic T lymphocytes. IFN-γ impedes cell cycle and
causes melanocyte senescence and subsequently
enhances their immunological integrance by
inducing the expression of immune response
stimulators such as IL-6 and heat shock protein
70 [27].

IFN-γ-bound receptor complex induces JAK1 and
JAK2 kinases, resulting in the phosphorylation and
nuclear translocation of STAT that consequently
stimulates downstream IFN-γ-inducible genes. To
elucidate the possible participation of JAK/STAT
signaling in IFN-γ-induced melanocyte senescence,
Wang and his colleagues transfected small
interfering RNA pools into melanocytes to inhibit
the mRNA expression of JAK1, JAK2, and STAT1
respectively. They suggested that IFN-γ-induced p21
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expression and senescence rely on JAK2 and STAT1
signaling in melanocytes [27].

Tofacitinib is now used for RA treatment and is
being tested for treatment of psoriasis, inflammatory
bowel disease, and other immunological diseases. It
has been postulated that tofacitinib acts by
interfering with the IFN-γ signaling that occurs
through the JAK1/2 pathway leading to blockade
of C-X-C motif chemokine 10 (CXCL10). IFN-
γ-induced expression of CXCL10 in keratinocytes is
a main initiator of depigmentation in vitiligo.
Antibody neutralization of IFN-γ or CXCL10
antagonize depigmentation in vitiligo. It is
assumed that tofacitinib leads to effective
inhibition of IFN-γ signaling and downstream
CXCL10 expression, resulting in repigmentation
in vitiligo [28].

Moreover, Nada et al. [22] have reported that JAK1
levels in vitiligo and psoriasis patients were significantly
higher than normal controls and these levels were
decreased after treatment using NB-UVB 311 nm.
So they suggested that JAK1 has a critical role in
vitiligo and psoriasis pathogenesis. This could also
reinforce the recent call for treatment of vitiligo by
anti-JAK drugs as JAK1 is one of the important
etiological factors in its pathogenesis. This study also
highlighted a novel mechanism of phototherapy-
mediated response in vitiligo and psoriasis by
downregulating JAK1 level.
Atopic dermatitis

AD has a sophisticated etiology, where many JAK/
STAT-related ILs, IL-4, IL-5, IL −13, are
implicated. Oral JAK inhibitors, baricitinib and
tofacitinib, are being studied for the treatment of
moderate to severe AD. Topical JAK inhibitors
such as tofacitinib and ruxolitinib are also tested in
the treatment of mild to severe AD with promising
response [29].
Alopecia areata

AA is an autoimmune disease induced by CD8+
autoreactive lymphocytes. IFN-γ and IL-15 are
JAK/STAT-related cytokines that are implicated in
the proliferation and activation of CD8+ lymphocytes,
suggesting that JAK inhibitors might be effective in
AA treatment. Multiple studies have tested the
effectiveness of tofacitinib, ruxolitinib, and barcitinib
in the treatment of AA. One study reported promising
effects with oral tofacitinib in 66 patients, especially in
AA totalis and ophiasis [30].
Conclusion
JAK-STAT signaling pathway is important in
mediating a lot of autoimmune and inflammatory
diseases. Better understanding of its precise role in
such diseases should be encouraged. Targeting this
pathway could open a new era in the treatment of
such diseases.
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