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Exploring the role of Janus kinase (JAK) in atopic dermatitis: a review of
molecular mechanisms and therapeutic strategies

Toshiaki Kogame (@), Gyohei Egawa (® and Kenji Kabashima

Department of Dermatology, Kyoto University Graduate School of Medicine, Kyoto, Japan

ABSTRACT

Recent studies have demonstrated that Janus kinase (JAK) plays a crucial role in signal trans-
duction by directly affecting various cytokine receptors involved in inflammatory diseases
such as atopic dermatitis (AD). Large-scale clinical trials on AD utilizing JAK inhibitors and
biologic reagents, such as dupilumab, which targets the IL-4Ro receptor subunit of the Th2
cytokines IL-4 and IL-13, have yielded highly favorable results in comparison to traditional
therapies. This indicates that therapeutic strategies based on molecular biology are effica-
cious in clinical settings. However, in September 2021, the U.S. Food and Drug
Administration (FDA) indicated that tofacitinib, a JAK inhibitor, may carry various risks,
including severe heart disease. Similar concerns have been raised for other JAK inhibitors,
and further safety evaluations are underway. Thus, human biology involving JAKs appeared
more complicated than we expected. In this article, we provide an overview of the molecu-
lar mechanisms of AD and examine the molecular targeting drugs for AD from the perspec-
tive of JAK-related biology.
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1. Introduction

In treating atopic dermatitis (AD), topical steroids
have been the pivotal treatment for half a century.
After a while, the therapeutic options were extended
to phototherapy and oral steroids [1]. In Japan, add-
itional immunosuppressive agents such as tacroli-
mus ointment and oral cyclosporine became
clinically available in 1999 and 2008. However,
recent breakthroughs in molecular biological
research have led to a better understanding of the
pathophysiology of AD. The development of drugs
targeting the molecules in AD pathogenesis signifi-
cantly improved treatment options. Dupilumab, a
receptor antagonist of interleukin (IL)-4 and IL-13,
was approved in 2018 [2]. This drug is an antibody
to bind specifically to the IL-4 receptor alpha (IL-
4Ro) subunit, which inhibits downstream signal
transduction by interfering with the complex forma-
tion after IL-4 and IL-13 bind to the receptor.
Thereby it blocks the signaling and exerts anti-
inflammatory effects. Downstream signaling of vari-
ous Th2 cytokines is mediated by two groups of
molecules: Janus kinase (JAK) and signal trans-
ducers and activators of transcription (STAT). Thus,
the JAK-STAT pathway was extensively analyzed for
many years, and finally, JAK inhibitors recently

became commercially available for various diseases,
including AD. This article introduces JAK inhibitors
to aim attention at molecular biological aspects of
detailed conditions of AD and large-scale clinical
studies for AD treatments [3].

2. JAK-associated receptors and cytokines

The terminology of ‘cytokine’ encompasses many
structurally unrelated proteins which are classified
by their binding to receptor superfamilies, such as
the tumor necrosis factor (TNF) receptor family, the
interleukin (IL)-1 receptor superfamily, interferon
(IFN) receptor superfamily [4]. Each family uses a
unique mode of signal transduction system. The
receptors are mediated by Janus kinases (JAKs),
namely, JAK1, JAK2, JAK3, and tyrosine kinase 2
(Tyk2). JAKs share four components; 1) the kinase
domain, which contains ATP-binding pocket; 2) the
pseudokinase domain; 3) the four-point-one protein,
ezrin, radixin, moesin (FERM) domain; 4) and the
Src homology 2 (SH2)-like domain, which bind dir-
ectly to the intracellular domains of receptors for
Th2 cytokines and IFNs [5]. It composes a wide
range of receptors that are bound by approximately
50 cytokines, including interleukins, IFNs,
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hormones, and so on [6]. The major receptor fami-
lies, corresponding binding cytokines, and related
JAKs are illustrated in Figure 1. JAKs regulate gene
expressions in cell proliferation, development, and
differentiation via the JAK-STAT pathway and play
an essential role in immune cells and blood cells
[7]. The receptors bound by cytokines trigger dimer-
ization and recruitment of related JAKs. The acti-
vated JAKs phosphorylate the tails of receptors. The
phosphorylated receptor forms a docking site for
STATs (STAT1, STAT2, STAT3, STAT4, STAT5a,
STAT5b, and STAT6) [8]. Afterward, STATs dis-
sociate from the receptor to form homodimers or
heterodimers, then enter the nucleus. Subsequently,
binding to DNA regulates target gene expression as
transcriptional factors [9]. Notably, the inactivation
of one side of a pair of JAKs is sufficient to inhibit
the dimerization of STATs and downstream signal-
ing [10]. Thus, for example, JAK1- or JAK3-specific
inhibition can suppress signal transduction through
the common 7-chain cytokines receptor family
(Figure 1). Various combinations of JAKs are
activated by multiple cytokines, such as IL- 2, IL- 4,
IL-7, IL- 9, IL-13, IL-15, and IL-21 through JAK1-
JAK3, IL-6, IL-7, IL-11, IL-13, TSLP, and IFN-y via
JAK1/JAK2, etc., as summarized in Table 1.

3. JAK inhibitors and target of cytokines

Some inherited immune deficient diseases, such as
severe combined immunodeficiency (SCID), are
caused by non-redundant mutations related to JAK-
STAT pathways [12]. In addition, overexpression of
molecules in JAK-STAT pathways is associated with
autoimmune disease and malignancy [13].

Common y-chain
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Therefore, much effort has been devoted to compre-
hending the overall picture of the underlying mech-
anism whereby JAK works in vitro and in vivo [12].
These previous studies indicated the importance of
the inhibition of JAK in immune-related diseases
[8]. Thus, it was natural to urge pharmaceutical
developers to search for small chemicals to block
the JAK-STAT pathway as a new immune modula-
tor. JAK inhibitors (also known as Jakinubs) were
first approved in rheumatoid arthritis (RA) therapy
in 2012 in the USA [14]. Compared to conventional
disease-modifying antirheumatic drugs (DMARDs),
JAK inhibitors are described as targeted synthetic
DMARDs (tsDMARs). JAK inhibitors are grouped
into the first and second generations. The first gen-
eration comprises tofacitinib, ruxolitinib, baricitinib,
and oclacitinib, while the second generation was
improved for more JAK isoform selectivity, includ-
ing abrocitinib and upadacitinib. Other newer JAK
inhibitors, such as brepocitinib, cerdulatinib, ifidan-
citinib, and gusacitinib, are now upcoming to the
market [15]. The conformation of JAKs contains an
ATP binding pocket essential to supply the phos-
phate group intrinsic to JAK activity [5]. Each JAK
has a unique ATP binding pocket, albeit with struc-
tural similarity. The fundamental strategy for
inventing JAK inhibitors was to impede ATP bind-
ing [5]. JAK inhibitors in newer generation harbors
can recognize the slighter conformational difference
of ATP binding pockets between JAKs to block a
particular JAK subtype selectively [15]. Thus, in
contrast with biologics which usually target limited
kinds of cytokines, JAK inhibitors can be applied to
block spectra of cytokine networks in a theoretically
designed way (Figure 1, Table 1). As mentioned in

Common B-chain Hemodimeric

Receptor family cytokines Type I IFN  IL-10 family IL-12 family gp130 family Type Il IFN cytokines cytokines
receptor family receptor family receptor family
IL-2, IL-4
: IL-7, IL-9 IFNa IL-10, IL-19 IL-12 IL-6, IL-11 IL-3, IL-5 EPO
Representative ’ ’ i} ’
P v IL-13, IL-15 IFNB 1L-20, IL-22 IL-23 IL-27, IL-31 IFNy GM-CSF TP

Cytokines

IL-21

Combination of
JAKs

Involvement
of JAKs

Figure 1. An overview of Janus kinase (JAK)-related cytokines. From the top, the coupled- receptor families, corresponding
cytokines, combinations of JAKs, and coverage of subtypes of JAK inhibitors. INF: interferon, GM-CSF: Granulocyte-macrophage
colony-stimulating factor, EPO: erythropoietin, TP: thrombopoietin.
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Table 1. Pairs of Janus kinases (JAK) and corresponding cytokines. The table was modified from REF
[11], which shows the cytokines expression downstream of a couple of JAKs in a permutational com-
binatorial manner. Notably, yellow-colored areas indicate homodimeric pairs of JAKs and exist at the
table’s diagonal. In contrast, the pink-colored areas, which show a heterodimeric couple of JAKs, mir-
ror the region of the orange-colored space from the diagonal lines. INF: interferon, GM-CSF:

Granulocyte-macrophage colony-stimulating factor, EPO: erythropoietin, TP: thrombopoietin.

JAK1 JAK2 JAK3 TYK2
JAK1 No dimerization IFNy, IL-2, IL-4, IL-7, IFNo, IFNB,
IL-6, IL-11, IL-9, IL-13, IL-10, IL-19, IL-20,
IL-13, TSLP IL-15, IL-21 IL-22, IL-6, IL-11,
IL-13, IL-27, IL-31
JAK2 IFNYy, IL-3, IL-5, No dimerization IL-12, IL-23
IL-6, IL-11, GM-CSF,
IL-13, TSLP EPO, TP
JAK3 IL-2, IL-4, IL-7, No dimerization No dimerization No dimerization
IL-9, IL-13,
IL-15, IL-21
TYK2 IFNo, IFNB, IL-10, IL-12, IL-23 No dimerization No dimerization
IL-19, IL-20, IL-22,
IL-6, IL-11, IL-13,
IL-27, IL-31

the previous section, signal transduction through a
receptor bound to JAKs is suppressed by one mol-
ecule of the paired JAKs. Thus, not only pan-JAK
inhibitors but JAK1/2 inhibitors practically suppress
all the receptor signals due to combinatory restric-
tion (Figure 1, Table 1). Of note, JAK2 homodimers
mediate the signals from the hematopoietic growth
factors, such as erythropoietin (EPO), thrombopoie-
tin (TP), granulocyte macrophage colony-stimulat-
ing factor (GM-CSF), IL-3, and IL-5 [16] (Figure 1,
Table 1). IL-5 is known to play critical pathophysio-
logical roles in many eosinophilic dermatoses.
However, blocking this pathway theoretically could
cause anemia, leukopenia, and thrombocytopenia
[17]. Thus, it is also necessary to understand the
possible side effects in the targeted spectra.

4, JAK molecules in the pathophysiology of
atopic dermatitis

From a clinical viewpoint, three factors are para-
mount to comprehending the pathophysiology of
AD, i.e, the disruption of the epidermal barrier, the
formation of allergic inflammation (Th2 inflamma-
tion), and the induction of itch. Inflammatory reac-
tion in AD skin is triggered by foreign antigens
invasion [18,19]. Subsequently, epidermal keratino-
cytes and epidermal Langerhans cells recognize
them and elicit inflammatory responses by produc-
ing alarmins, such as IL-25, IL-33, and thymic stro-
mal lymphopoietin (TSLP). Alarmins activate group
2 innate lymphoid cells (ILC2) that produce Th2
cytokines (IL-4, IL-13, etc.), leading to type 2 aller-
gic inflammation. IL-4 also contributes to the class
switch to IgE of B cells in draining lymph
nodes [20].

Although allergic inflammation is considered a
defensive response against pathogens such as para-
sites, uncontrollable allergic inflammation due to

pathological conditions can lead to allergic diseases
such as AD [21]. A complex interplay of multifa-
ceted cytokines forms the pathogenesis of AD,
where JAKs are involved in many of these pathways
(summarized in Figure 2).

This review will discuss Th2 cytokines and other
related molecules, such as IL-22, involved in epider-
mal thickening (acanthosis). IL-4 receptors are sub-
classified into type I and type II IL-4 receptors.
Type I IL-4 receptors consist of a heterodimer of
the IL-4Ro subunit and yC subunit to which IL-4
binds, whereas type II IL-4 receptors consist of IL-
4Ro subunit and IL-13Ral [22]. As the signal trans-
duction mechanisms, the binding of IL-4 to type I
IL-4 receptor induces phosphorylation of JAK1 and
JAK3, while the binding of IL-4 and IL-13 to type II
IL-4 receptor induces phosphorylation of JAKI,
JAK2, and Tyk2 [23]. IL-4 suppresses the produc-
tion of filaggrin and antimicrobial peptides from
epidermal keratinocytes, which disrupts the skin
barrier and increases the risk of skin infections,
such as infectious impetigo [24]. IL-4 also promotes
IgE production, which triggers itch-inducing hista-
mine release from mast cells and basophils upon
antigen stimulation. However, itch in AD is resistant
to antihistamines [25]. This observation suggests the
presence of itch-inducing factors other than hista-
mine. Accordingly, the presence of IL-4/IL-13 recep-
tors on neurons has tempted many researchers to
investigate the involvement of the JAK-STAT path-
way in itch in AD [26]. Though many Th2 cyto-
kines induce Th2 inflammation via activation of
STAT6 in the JAK-STAT pathway, IL-13 addition-
ally activates STAT3, which inhibits epidermal kera-
tinocyte differentiation and reduces barrier function.
Correspondingly, IL-13 inhibits epidermal keratino-
cyte differentiation, leading to the impairment of
barrier function [27]. Recent studies showed that
the expression of IL-13 is significantly higher than
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Figure 2. Cytokine pathways in atopic dermatitis pathogenesis and molecular-targeted therapies. Note that JAK2-, JAK3-, and
Tyk2-specific inhibitors whose coverages are indicated by dashed lines are not approved for AD treatment.

that of IL-4, suggesting that the physiological activ-
ity of IL-13 may be more deeply involved in the
pathophysiology of AD [28].

In addition to IL-4 and IL-13, various signal cas-
cades are involved with JAK in AD pathophysiology.
TSLP is secreted by epidermal keratinocytes upon
stimulation and acts on ILC2 and dendritic cells
expressing TSLP receptors to induce Th2 inflamma-
tion via phosphorylation of JAK1 and JAK2. TSLP
has also been shown to cause pruritus via neurons
in mice [20].

IL-5 is a Th2 cytokine that selectively affects
eosinophil precursor cells in the bone marrow to
induce eosinophils’ production, maturation, and
inflammatory localization. IL-5 acts as a proliferative
activator of eosinophils through phosphorylation of
the IL-5 receptor and its downstream JAK2 and
induces inflammatory cytokine production by eosi-
nophils. Although eosinophils are associated with
many allergic diseases, the contribution of IL-5 in
AD pathogenesis is unclear.

IL-31 binds to IL-31 receptors on neurons and
activates the JAK-STAT pathway via phosphoryl-
ation of JAK1 and JAK2. Transgenic mice overex-
pressing IL-31 exhibit dermatitis development and
scratching behavior. In humans, the severity of AD
was shown to correlate with serum IL-31 levels [29].

IFN-y, Thl cytokine, induces apoptosis in kerati-
nocytes and further promotes the breakdown of the

stratum corneum barrier. IFN-y is a tetramer com-
posed of IFNGR-1 and IFNGR-2, and it signals by
activating STAT1 through phosphorylation of intra-
cellular JAK1 and JAK2.

IL-22 is a cytokine produced by Th22 cells, not
Th2 cytokine, but activates the JAK-STAT pathway
via phosphorylation of JAK1 and Tyk2 after recep-
tor binding [30,31]. IL-22 induces keratinocyte pro-
liferation and epidermal thickening in AD and
psoriasis vulgaris. At the same time, IL-22 inhibits
differentiation and maturation and downregulates
the expression of barrier function-related factors,
contributing to lichenification [30]. Consistent with
this, epidermal thickness and proliferation are
known to be significantly increased in chronic
lesions than in the acute phase [32].

5. Types and characteristics of JAK inhibitors
for atopic dermatitis

The oral JAK inhibitors baricitinib, upadacitinib,
and abrocitinib apply to AD treatment in Japan.
Baricitinib inhibits JAK1/2. On the other hand, the
other two are JAKI-specific inhibitors and can be
prescribed in double doses depending on the
patient’s symptoms. JAKI-specific and JAK1/2
inhibitors affect the majority of cytokine pathways
in AD pathogenesis, and the significant spectral dif-
ference between these drugs is the coverage of IL-5
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and IL-12 family (Figure 1). The recent reports indi-
cated that 59.8% of the dupilumab treatment group
(300 mg/2 weeks) achieved EASI 75 after 16 weeks
[33]. In contrast, 47.7% of baricitinib (4 mg/day)
completed EASI 75 in the clinical trial BREEZE
AD?7, although this is not a direct comparison [34].
In addition, the phase 3b Heads Up study compared
upadacitinib (30mg/day)  with  dupilumab
(300 mg/2 weeks). 71% of the former and 61% of the
latter achieved EASI 75 at 16 weeks. This result indi-
cated the superiority of upadacitinib over dupilumab
[35]. The usual dose of upadacitinib for RA treat-
ment is 15mg/day, whereas the Heads Up study
administered a double dose of 30 mg/day. In the
JADE COMPARE study, abrocitinib was compared
with dupilumab on the primary endpoint of EASI75
at 12 weeks. 58.7% of abrocitinib (100 mg/day) and
58.1% of dupilumab (300 mg/day) were achieved,
respectively. In addition, 70.3% of the double-dose
abrocitinib (200 mg/day) group achieved EASI 75 at
12 weeks, respectively. Furthermore, abrocitinib
showed a higher percentage of pruritus improve-
ment than dupilumab at two weeks of treatment,
although this difference was not statistically signifi-
cant [36].

Tralokinumab, a monoclonal antibody that neu-
tralizes IL-13, became available for AD treatment. In
ECZTRA 1 (NCT03131648) and ECZTRA 2
(NCT03160885, identical phase 3 randomized, dou-
ble-blind trials, the more AD patients who were
treated with tralokinumab achieved IGA reduction
to 1 or less (ECZTRA 1: 15.8% and ECZTRA 2:
22.2%) than placebo-treated patients (ECZTRA 1:
7.1% and ECZTRA 2: 10.9%) at 16 weeks. EASI75
was also more achieved by the tralokinumab-treated
group (ECZTRA 1: 25.0% and ECZTRA 2: 33.2%)
than placebo-treated group (ECZTRA 1: 12.7% and
ECZTRA 2: 11.4%) at 16 weeks [37]. Previously, IL-
4 was considered a pivotal cytokine for AD patho-
genesis. However, recent data from experimental
settings indicate that IL-13 is a primary cytokine to
play a role in AD [38]. On the contrary, clinical
data implies that dupilumab seems more efficient in
achieving EASI75 than tralokinumab. Nonetheless, a
direct comparison of tralokinumab with dupilumab
has not been conducted.

Nemolizumab, a humanized monoclonal antibody
against IL-31 receptor A, is a recently approved bio-
logical reagent [39]. In a double-blind, phase 3
study, the mean percent change in visual analog
scale score at week 16 was —42.8% in the nemolizu-
mab group, compared to —21.4% in the placebo
group. The mean percent change in EASI score was
—45.9% for nemolizumab and —33.2% for placebo.
Improvement of DLQI and ISI was also observed
more in the nemolizumab-treated group than in the

placebo-treated group [39]. As shown in Figure 2,
IL-31 is mediated by a heterodimer of JAK1/JAK2
(Figure 2). Thus, JAK inhibitors, currently approved
for AD, affect the IL-31 signaling pathway.
Therefore, the high efficacy of JAK inhibitors for
AD treatment might partly be attributable to inhibi-
tory effects on IL-31 signaling.

In terms of topical appreciation, ruxolitinib,
which is a JAK1/2 inhibitor, is available in the USA
[40]. Since JAK2 inhibitor suppresses EPO, TP, and
GM-CSF, ruxolitinib was approved for hematologic
disorders such as polycythemia vera and myelofibro-
sis [41]. In the dermatological aspect, TRuE-AD1
(NCT03745638) and TruE-AD2 (NCT03745651),
phase III clinical trials evaluated the efficacy and
safety of ruxolitinib cream in patients with AD. In
the trials, IGA treatment success was assessed as an
IGA score of 0 or 1 with a > 2-point improvement
from baseline by week 8. ruxolitinib 1.5% group
showed better results of IGA treatment success
(TruE-AD1: 53.8%, TruE-AD2: 51.3%) compared to
the vehicle group (TruE-AD1: 15.1%, TruE-AD2:
7.6%) [37]. In addition, no significant adverse events
have been identified in connection to topical ruxoli-
tinib, albeit with minor treatment-emergent adverse
events, including burning sensation (ruxolitinib;
0.8% and vehicle; 4.4%).

Delgocitinib, 0.5% ointment, was also approved
for topical use for AD in 2020 in Japan but has yet
to be in the USA. Delgocitinib is a pan-JAK inhibi-
tor because it inhibits the phosphorylation of all
JAK family members [42]. Thus, it is expected to
comprehensively suppress Th2 inflammation (Figure
1). Regarding side effects, delgocitinib is unlikely to
cause skin atrophy and thinning seen with topical
steroids or the burning sensation and other skin
irritations seen with tacrolimus. In addition, follicul-
itis (3.6%), acne (3.2%), Kaposi’s varicelliform erup-
tion (3.4%), herpes simplex (3.0%), and contact
dermatitis (4.5%) have also been reported at the site
of delgocitinib application. However, these were not
reported to be more common than with steroids or
tacrolimus ointments [43].

Although the specificity of JAK inhibitors clarifies
the target in the molecular mechanism, the pharma-
cokinetics of drugs is also the paramount determin-
ant of drug efficacy. Absorption rates of the drugs
depend on the solubility and the membrane perme-
ability for enteral administration [44]. Distribution
behavior is affected by plasma protein bindings such
as drug transporters and carrier proteins. The
unbound forms of JAK inhibitors are required to
enter the cytoplasm, while albumin-bound forms
(for example, ruxolitinib) cannot pass through the
blood-brain barrier [45]. Other paramount factors
for the pharmacokinetics of JAK inhibitors are their
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metabolism and elimination. The biotransformation
processes of JAK inhibitor molecules are composed
of two differential phases [44]. The first phase is to
modify the functional group by chemical modifica-
tion, such as oxidation, reduction, and hydrolysis
[46]. In this phase, the cytochrome P450 system
plays pivotal roles. The second phase is the conjuga-
tion reaction, where functional groups are linked to
water-soluble molecules, which eliminates metabo-
lites through feces or urine [46]. These processes
also influence the half-life of the drugs. Thus, the
precise prediction of the drug efficacy in in-vivo sit-
uations in humans is complex, albeit with well-
studied JAK-related biology. In effect, recent studies
demonstrated that the plasma concentration of tofa-
citinib, initially reported as an inhibitor of JAK1/3
and JAK2/2, was marginally lower than the JAK2/2
ICsq values, while that of upadacitinib, a JAK1-spe-
cific inhibitor, is now known to be higher than JAK
2/2 1Cso values for several hours at their approved
dose [47]. The topics about pharmacokinetics are
well-summarized in the review [44,48].

6. Adverse effects of JAK inhibitors and a
cautionary note

Based on the nature of JAKs involved in the inflam-
matory cytokine signalings, the expected side effects
of inhibition of JAKs are infectious diseases. The
reported side effects include nasopharyngitis, upper
respiratory tract infection, urinary tract infection,
and herpes virus infection, such as reactivation of
varicella-zoster virus [49,50]. Notably, previous stud-
ies revealed that the treatment by various JAK
inhibitors poses a higher risk of herpes zosters (HZ)
in the Asian population. On the other hand, recent
studies indicated that AD patients treated with JAK
inhibitors do not pose increased risks of HZ [50].
Furthermore, epidemiologic research provided argu-
able results of ethnic differences in HZ morbidity in
the Asian population [51,52]. Thus, Asian ethnicity
does not necessarily associate with a higher inci-
dence rate than other ethnicities. Notably, a study
with genome-wide association study meta-analyses
revealed genetic factors for risk/faster onset of HZ
in the use of tofacitinib, which includes single-
nucleotide polymorphisms near CD83 and IL17RB
attributable to the more rapid onset of HZ for sub-
jects of the European and the Asian, respectively
[53]. However, the molecular mechanisms of how
these genetic background modifications contribute
to the susceptibility to HZ in the use of tofacitinib
are yet to be clarified.

Further current research demonstrated that upa-
dacitinib and abrocitinib correlate with a dose-
dependent  correlation to acne. Particularly,
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upadacitinib caused more acne in AD patients than
in RA patients [54]. One explanation of why acne
occurs more in AD than RA is the age of the
patients. The mean age of patients who developed
acne after JAK inhibitors was 29.6 years, and that of
the oldest was 37years old [55]. The observations
correspond to the previous research that acne was
most frequently seen at 18 to 29years old in the
general population and AD patients [56]. On the
other hand, the RA patients who were enrolled in
the JAK inhibitor study were older than 50 years
[57]. Thus, the age of subjects who are treated with
JAK inhibitors could lead to the difference between
RA and AD [55]. The consistent report was the case
where acne exacerbation was seen in a 25-year-old
patient of alopecia areata after tofacitinib treat-
ment [58].

Another possible explanation has been suggested
by epidemiological studies indicating that obesity
and morbidity of acne are inversely correlated [59].
Thus, some speculated that the activated adipose tis-
sue might play a protective role in acne. Moreover,
a recent study showed that AD patients with higher
body mass indexes are prone to manifest acne using
JAK inhibitors [55]. The phenomena tempted the
researchers to assume that the pathophysiology of
JAK inhibitor-related acne might be due to the dis-
ruption of the protective functions of the adipose
tissue [55]. Therefore, some speculated that the
mammalian  target of rapamycin = complex
1(mTORC1) might play a role in the acne patho-
physiology since mTORCI is transcriptionally acti-
vated by STATs and regulate adipose tissue function
[55,60]. Along the same line, TLSP, which JAK1 and
JAK2 bind, comes forward as a key factor for lipid
metabolism. A seminal study by the mice engineered
to produce elevated TSLP recently demonstrated
that TSLP induces the migration of conventional T
cells to sebaceous glands, leading to hypersecretion
of sebum that augments the skin barrier function
[61]. Although the mechanistic insight is one of the
complexities of the JAK-related molecular network,
the molecules in lipid metabolism of the sebaceous
gland could be therapeutic targets for acne as an
adverse effect due to JAK inhibitors.

Except for infectious diseases, JAK inhibitors are
highly effective in treating AD. However, a caution-
ary note has recently emerged. ORAL-Surveillance
study which assessed the risk of tofacitinib, a pan-
JAK inhibitor, was conducted in RA patients aged
50years or older with cardiovascular risk, using a
TNF inhibitor as the target drug [57]. The results
showed an increased risk of severe heart disease,
malignancy, deep venous thrombosis (DVT), and
death, which the U.S. Food and Drug
Administration (FDA) concluded in September
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2021. The study also noted the possibility of similar
risks with other oral JAK inhibitors. As mentioned
above, JAK inhibitors pose a risk of thrombocyto-
penia since JAK2 inhibition causes suppression of
hematopoietic growth factors, such as EPO. Thus,
the predisposition of DVT is not fully explained by
current knowledge of the pathophysiology related to
the JAK-STAT pathway. Thus, it is unknown how
JAK inhibitors induce DVT. However, it needs to be
careful to understand the report since the patients
in ORAL-Surveillance were at high risk of cardio-
vascular events, and some of them were adminis-
tered 10mg twice daily of tofacitinib which is a
double dose of the current clinical use [57].
Therefore, although it is reasonable to pay attention
to the possible risks suggested by the ORAL-
Surveillance study for our clinical practice, further
risk assessments will need to conclude the risk of
JAK inhibitors. As we introduce the differential
adverse effects of JAK inhibitors between RA and
AD, the age of patients might be significant. Of
note, a cautionary note about tofacitinib from FDA
is based on the research about RA patients with age
> 50years. It is yet to be clarified if the spectra of
adverse effects in using JAK inhibitors for RA
patients are identical to that of AD patients whose
affected age tends to be much younger than RA.

7. Concluding remarks

JAK is a vital signaling pathway regulator in the
pathophysiology of AD, and JAK inhibitors have
shown promising results in treating AD. On the
other hand, risks of adverse events have begun to be
reported, and further information is needed to
determine the long-term safety and cost-effective-
ness of these drugs.
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