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Janus kinases (JAKs) are a group of intracytoplasmic tyrosine kinase proteins that bind to the cytoplasmic part of
the transmembrane cytokine receptors and regulate signaling. The pathophysiology of various autoimmune and
autoinflammatory conditions relies on JAK/STAT signaling and therefore, the inhibition of JAK/STAT pathways
can be a promising treatment for such diseases, especially inflammatory skin conditions. The current study aimed
to evaluate the efficacy of JAK inhibitors in the treatment of immunobullous diseases, including pemphigus,
pemphigoid, dermatitis herpetiformis, and epidermolysis bullosa. The databases used to identify the studies were

Web of Science, Scopus, and PubMed/Medline for studies published until 2/3/2022. The current review suggests
that JAK inhibitors may be revolutionary for the future treatments of dermatologic conditions, especially
autoimmune bullous disease. Results also indicated the effectiveness of JAK inhibitors for the treatment of

immunobullous diseases.

1. Introduction

Janus kinases (JAKs) are a group of intracytoplasmic tyrosine kinase
proteins that bind to the cytoplasmic part of the transmembrane cyto-
kine receptors and regulate signaling [1]. JAKs are activated following
receptor-ligand interaction, leading to tyrosine phosphorylation of the
receptor. This will result in the activation of molecules called signal
transducers and activators of transcription (STATs) [1,2]. The JAK/
STAT pathway conveys signals from the cell membrane toward the nu-
cleus, enabling the transcription of target genes [1-4]. Moreover, the
JAK/STAT pathway plays a significant role in the signal transmission of
numerous cytokines, such as interferons (IFNs), interleukin (IL)-2, IL-4,
IL-7, IL-9, IL-15, IL-21, IL-13, IL-23 [5]. In addition, the JAK/STAT
pathway is essential for the T-helper 2 (Thy) cell differentiation [5].
(SeeTable 1.).

The pathophysiology of various autoimmune and autoinflammatory
conditions relies on JAK/STAT signaling. Therefore, inhibition of the
JAK/STAT pathway can be a promising treatment for such diseases,
especially inflammatory skin conditions [2]. Evaluation of JAK in-
hibitors in the treatment of some dermatologic diseases like psoriasis,
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alopecia areata (AA), and atopic dermatitis (AD) has shown positive
outcomes [3]. Recently, the Food and Drug Administration (FDA) has
approved topical ruxolitinib, oral upadacitinib, and oral abrocitinib for
the treatment of moderate to severe refractory AD. On the other hand,
JAK/STAT pathways are suggested to be involved in the pathogenesis of
autoimmune blistering diseases such as pemphigus, pemphigoid,
dermatitis herpetiformis, and epidermolysis bullosa [6-8] and therefore,
inhibition of the JAK/STAT pathways might be effective in treating
autoimmune bullous diseases.

2. Method and materials
A thorough search was conducted on PubMed (Medline), Scopus, and

Web of Science databases to select relevant studies until March 2nd,
2022.

3. Results and discussion

Analyses of skin biopsies have revealed pathophysiological factors
such as cytokines, receptors, and signaling molecules present at varying
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Table 1
Characteristics of the reviewed studies.
Reference Study type and Gender Past medical past Disease of Treatment for disease of Treatment for Treatment outcome Adverse recurrence
number, First ~ Study population and age history drug interest interest that were unsuccessful.  disease of interest ~ duration of JAK- effects
author, year (years) history with JAK- inhibitor
of inhibitor
publication
[9], James, Case Case Female, Hypertension and  N/A Ocular MMP Methotrexate, mycophenolate Tofacitinib 11 mg  After 8 weeks, she Durable None None
2021 report, number 79 hyperlipidemia mofetil, and rituximab (1 g extended-release had control of
2 1 IV x 2 infusions separated by daily by mouth marked conjunctival
14 days) was ineffective after every 3 weeks. improvement in inflmmation
4-month her ocular
courses each. inflammation. She
Cyclophosphamide up to 1000 achieved
mg/m2 IV was trialed essentially quiet
after this, but did not achieve disease, with
resolution of conjunctival trace superior
inflmmation tarsal injection,
after 5 monthly cycles of after 8 months of
therapy. IVIg subsequently led therapy
to a partial, but that was sustained
incomplete, response after 2 for 4 more months.
months of therapy
Case Male, 70 Type 2 N/A Ocular, nasal, Topical erythromycin and Tofacitinib 11 mg 8 weeks Durable None Unfortunately, due
number diabetes mellitus and oral MMP cyclosporine emulsion, extended-release control of to cost, he was off
2 and myocardial methotrexate and daily by mouth inflmmation
infarction with mycophenolate mofetil, with concurrent tofacitinib for over
subsequent cyclophosphamide, mycophenolate a month with
stenting Rituximab mofetil 1 g twice return of
daily by mouth. conjunctival
injection and
active
inflmmation. This
resolved after
restarting
tofacitinib, with
quiet
disease again 4
months later on
follow-up. His
nasal and oral
ulcers did
not recur during
this time period.
[12], Sarny, Case report,1 Male, 43 Psoriasis N/A Ocular MMP Methotrexate Baricitinib 4 mg 2 months Significant None None
2018 cyclophosphamide daily improvement
mycophenolate mofetil
methotrexate
rituximab Intravenous
immunoglobulin adalimumab,
prednisolone.
artificial tears
[17], Kahn, Case report,1 Male, 76 Celiac, N/A Dermatitis Dapsone, sulfasalazine. Tofacitinib 5 mg 7 months Significant None None
2021 hypertension herpetiformis notably, daposne was twice daily improvement

discontinued because of the
dapsone-hypersensitivity

(continued on next page)
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levels in different skin disorders. Therefore, new treatments for

§ o QE,’ % dermatologic diseases can be developed by targeting these pathophysi-
g s g 2 ek ological factors.
g q‘é s a4 '!: ol E k: In general, the binding of cytokines to their receptors initiates an
% - e % g E z El -8 inflammatory inhibitory signal and this inhibitory action can be bene-
9] > S 8383 f, R ficial in various dermatologic conditions [3]. JAK inhibitors have a rapid
clinical onset, 1-4 weeks, and they target all or some of the members of
8 . the JAKs family, ie., JAK1, JAK2, JAK3, and TYK2 [3,9-12]. Conse-
2 é § § quently, JAK inhibitors may potentially be a rational therapeutic option
<9 & & in treating several immune-mediated blistering diseases (Fig. 1).
} 5 g 3 g 3.1. Pemphigus
g €3 53 . . .
g 5 ‘% 2 E. Both humoral and cellular immune responses are involved in the
°© @ s pathology of pemphigus vulgaris (PV). Studies discovered elevated
levels of IL-1p, IL-4, IL-6, IL-8, IL-10, IL-12, IL-15, and tumor necrosis
% factor a (TNF-a) in patients with PV [8,13]. In the meanwhile, JAK1 and
.= 3, STATS6, and IL-4 signaling pathways are necessary for the differenti-
g E 5 P P ation and upregulation of Thy cells. Further contribution of STAT6 to the
5 § £ § § pathogenesis of PV is also predictable [8]. Moreover, IL-4 and IL-21 play
£ E Al ~ an important role in developing pemphigus by driving pathogenic T cells
- . £ and developing autoreactive B cells. Some studies suggest that IL-7 and
N g g g .§ IL-9 promote B cell responses, and IL-15 is involved in CD8 + promotion
- P E) and function in pemphigus [14] and the association of IL-2, IL-4, IL-7, IL-
é ; é i £5 E % 9, IL-15, and IL-21 with JAK1 and JAK 3 was also reported.
g g 5 ﬁ &8 ?2 = E In a study conducted by Tavakolpour et al. (2018), tofacitinib was
SRR fE &S o suggested as a potential medication in the treatment of refractory
. - ° § pemphigus. Also, rituximab has been increasingly used in the treatment
“% o 5 8 % of refractory pemphigus; however, the results were not acceptable in
5 g g - E 9 = E ‘g some cases [15]. Alternatively, systemic and topical tofacitinib may be a
8 % f&: 'g g i : é g ; beneficial therapeutic modality in the management of pemphigus (15);
k- 2 LS K = o 2 = tofacitinib targets both T cell differentiation and B cells function, mak-
8= s § E o g g é g g ing it more effective than rituximab in pemphigus patients [15].
g j‘éj g S % % g E “g g ‘é % Juczynska et al. (2020) evaluated 15 cases of active PV who did not
§ 8 £ gz £ E % § B E receive any treatments since the presence of their lesions. The expres-
R £E8E 5 g §§ S 58 g sion of JAK3, STAT2, STAT4, and STAT6 were assessed using immu-
= nohistochemical methods in lesional and perilesional skin and the
@ @ =l results were compared to healthy controls. The outcome pointed out that
5 % g % g & the expression of JAK3, STAT2, and STAT6 was significantly higher in
K E g 8 E g ) 'é individuals with PV compared to the control group.
% 3.2. Pemphigoid
& 2
28 2 < g g The JAK/STAT pathways were also detected in the pathogenesis of
i = = E pemphigoid. In a study performed by Juczynska et al. (2017), skin bi-
§ opsies from 21 dermatitis herpetiformis (DH) patients, 20 bullous
_ E pemphigoid (BP) patients, and 10 healthy controls were obtained and
g é assessed [6]. The evaluation of the localization and expression of STAT
R o s and JAK proteins by immunohistochemistry and immunoblotting
22 N 5 g methods revealed significantly higher JAK/STAT proteins expression
= = £ among skin lesions resulting from BP and DH than in perilesional skin
o " 2 ; and the healthy subjects [6]. Moreover, IL-31 acts through the JAK/
| 5 % Té: g 5 STAT signaling pathway and activates JAK-1, JAK-2, STAT-1, STAT-3,
S E> 28 = > and STAT-5 in BP and DH lesions (10). JAK2 is more prominently
5 expressed in BP lesions than in DH, which may contribute to the
B % essential role of IL-5 in activating JAKs [16].
9 % - - f James et al. (2021) reported two cases of refractory ocular mucous
;;?m‘ £ ] < membrane pemphigoid (MMP) that were successfully treated with
.E E & & E tofacitinib [9]. MMP is a type 2 hypersensitivity reaction caused by
~| 23 g g 2 autoantibodies against various conjunctival basement membrane zone
§ @@ © © ; antigens, such as the cytoplasmic domain of the 4 peptide of a6p4
é . ) integrin [9,11]. Therefore, JAK inhibitors may be effective options for
Sl E g g E % '% individuals with severe ocular MMP, especially if they have already
~| 5885 & ° 3 Eg a experienced significant fibrosis and need rapid control of the active
% ﬁ g f‘;: = ;é % & I~ ] < disease [9,12]. The current review did not find any pemphigus and
& - B 5 pemphigoid cases treated with JAK inhibitors. This might be due to the
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Fig. 1. JAK inhibitors’ suggested mechanism of

fact that these treatments are novel, and few studies have evaluated
their efficacies in treating dermatological diseases. As discussed above,
JAK inhibitors might be a promising treatment in pemphigus and
pemphigoid patients, and we suggest further clinical studies assessing
the efficacy of JAK inhibitors in these patients.

3.3. Dermatitis herpetiformis

Based on the study conducted by Juczynska et al. (2020), the
expression of STAT3 and STAT4 is significantly higher in DH lesions,
reflecting the crucial roles of IL-6, TNF-a, IL-8, IL-17, and IL-12 in DH
[8]. The application of ruxolitinib in the treatment of BP and DH is under
consideration since it inhibits JAK1 and JAK2 pathways and prevents
differentiation of Th17 cells; these two pathways are essential in the
pathogenesis of BP and DH [8].

Kahn et al. (2021) reported a case of DH who was unsuccessfully
treated with topical corticosteroids, gluten-free diet, tetracycline-niacin
combination, apremilast, and doxycycline-niacin combination. The pa-
tient also received a trial of oral dapsone, which was discontinued due to
dapsone-hypersensitivity syndrome. Ultimately, the patient was suc-
cessfully treated with oral tofacitinib 5 mg twice daily and no new

action in treating immunobullous diseases.
lesions appeared afterward [17].

3.4. Epidermolysis bullosa

Successful treatment of epidermolysis bullosa pruriginosa has been
reported following the use of tofacitinib in a 26-year-old female [18].
Another study reported the efficacy of Baricitinib in treating epi-
dermolysis bullosa pruriginosa in a 40-year-old male [7]. JAK inhibitors
have also demonstrated efficacy in other aspects in people with epi-
dermolysis bullosa. Notably, squamous cell carcinoma (SCC) is the main
cause of mortality in recessive dystrophic epidermolysis bullosa (RDEB)
patients, with more than 80% death by age 55; targeting this altered and
fibrotic microenvironment could be a beneficial therapeutic strategy.
Ruxolitinib successfully prevented in vitro invasion of SCC tumors
by targeting the cancer-associated fibroblasts [19,20].

3.5. Animal studies

Several preclinical studies demonstrated the inhibitory effects of JAK
inhibitors on the production of autoantibodies [21]. Carrasco et al
(2021) reported a case of pemphigus foliaceus (PF) in a cat that was
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successfully treated with oclacitinib [22]. Another case of autoimmune
subepidermal blistering in a dog was successfully treated with oclaciti-
nib 0.5 mg/kg, twice daily for one month, with no reported adverse
effects [23]. Notably, oclacitinib modifies the production of cytokines
such as IL-4 and IL-13, which are crucial for B-cell proliferation and
maturation in the pathogenesis of PF [22].

Currently, corticosteroids and immunosuppressants are the main
therapy for immune blistering diseases. The potential side effects of
corticosteroids are local skin atrophy, telangiectasias, striae, acne, ad-
renal suppression, weight gain, glucose intolerance, and insomnia.
[24,25]. Monoclonal antibodies are also one of the most effective ther-
apies that directly block the cytokines or their receptors [24].

JAK inhibitors may cause unwanted adverse effects such as in-
fections and, in some cases, cancer development; interferons and natural
killer cells play a crucial role in tumor surveillance and their suppression
by JAK inhibitors can increase the risk of malignant transformation
[25]. Furthermore, serum creatinine elevation, thrombocytopenia,
neutropenia, and hypercholesterolemia have been associated with
tofacitinib. The effects of JAK proteins on pathways that affect inter-
mediate metabolism can cause elevations in both low-density lipopro-
tein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol
[26]. JAK inhibition may also lead to anemia in some patients since
erythropoietin, one of the proteins that drive red blood cell production is
also decreased by JAK inhibitors [26]. Some less severe side effects may
include nausea, indigestion, diarrhea, or headaches. To prevent negative
side effects, periodic blood tests such as complete blood count, lipid
profile, and liver function tests are beneficial. JAK inhibitors are pre-
scribed in both topical and systemic forms; the topical application may
mitigate the side effects compared to systemic administration [25].

In vitro, JAK inhibitors interact with transporters in various ways,
acting as inhibitors, substrates of transporters, or regulators of trans-
porter expression. In theory, it may lead to drug-drug interactions
(DDIs), with JAK inhibitors acting as perpetrators or victims, or in
toxicity through impairment of thiamine transport [27,28]. JAK in-
hibitors are believed to interact with moderate cytochrome P450 (CYP)
3A4 inhibitors, strong organic anion transporter (OAT3) inhibitors, and
strong CYP2C19 inhibitors [27].

4. Conclusion

Numerous treatment options exist for immunobullous skin diseases
[29-31]. JAK inhibitors may be revolutionary in treating dermatologic
conditions, especially autoimmune bullous disease. Our study indicates
the effectiveness of JAK inhibitors in the treatment of MMP, DH, and
epidermolysis bullosa (EB); however, there has not been a clinical trial
to test the efficacy and safety of JAK inhibitors in the treatment of im-
mune blistering diseases. Larger scale studies with long-term follow-ups
are essential to clarify the effectiveness and safety of JAK inhibitors in
treating immunobullous disorders.
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