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Abstract
Novel therapeutic targets have been unraveled during the past years and
one major target is the JAK/STAT pathway, which is involved in processes such
as immunity, cell division, cell death and tumour formation. Since the role of
the JAK/STAT pathway has been investigated in several aspects of human
diseases, it is of great importance to understand the molecular mechanisms
of JAK/STAT that implicated in inflammatory and neoplasmatic skin diseases
and to target this signaling pathway for therapeutic purposes. In this review, the
scientific literature has been evaluated in order to well define the mechanisms
behind the inflammatory (atopic dermatitis, psoriasis) and neoplasmatic skin
disease (cutaneous T-cell lymphoma), the role of the microenvironment and the
current use of specific inhibitors in order to block the signaling of this particular
pathway targeting better treatment in the future either with the use of new
molecules or already known with different drug combinations.
Keywords: Jak/Stat pathway; Inhibitors; Atopic dermatitis; Psoriasis;
Cutaneous T-cell lymphoma

Introduction
JAK/STAT pathway
Recent years have brought great progress in our understanding
of the pathogenesis of inflammatory and neoplasmatic diseases
uncovering novel therapeutic targets. One of these newly identified
targets is the Janus Kinase (JAK)/Signal Transducer and Activator
of Transcription (STAT) pathway, which is fundamental for the
downstream signaling of inflammatory cytokines and of different
growth factors.
The JAK/STAT pathway is an ancient pathway, evolutionary
conserved, which has yielded fundamental insights about cellular
communication and the role of membrane to nucleus signaling in
controlling gene expression. It has also shaped our understanding
of the mammalian immune system. It is a signaling cascade
crucial for embryonic development, cell growth, haemopoietic
development and differentiation, innate and adaptive immunity and
the inflammatory response [1]. The JAK family consists of four Jaks,
(JAK1, JAK2, JAK3, and TYK2), which selectively bind different
receptor chains that lack intrinsic enzymatic activity [2,3]. The
cytokine receptors are shown in Table 1 and the most important is
the type I cytokines family receptors. They have four α-helical bundle
structures and include many interleukins, as well as some growth and
haematopoietic factors. One important family of type I cytokines is
the common cytokine-receptor γ-chain (γc) family, which consists
of interleukin-2 (IL-2), IL-4, IL-7, IL-9, IL-15 and IL-21, and is so
named because the receptors for these cytokines share γc (Figure 1).
IL-2 functions as a T cell growth factor, can augment NK cell cytolytic
activity, and promotes immunoglobulin production by B cells [4]. In
addition, it contributes to the development of regulatory T (Treg)
cells and therefore peripheral T cell tolerance [5] as well as regulating
the expansion and apoptosis of activated T cells [6]. IL-4 is required
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for the development and function of T helper 2 (Th2) cells and is
therefore regarded as the classical Th2-type cytokine. IL-4 also has
an important role in allergy and immunoglobulin class switching [7].
IL-7 has a central role in the development of T cells in both humans
and mice. IL-9 is produced by a subset of activated CD4+ T cells [8,9]
and induces the activation of epithelial cells, B cells, eosinophils,
and mast cells [10]. IL-15 also has an essential role in CD8+ T cell
homeostasis [11]. IL-21 is the most recently described member of this
family [12], and it has broad actions that include promoting terminal
B-cell differentiation to plasma cells, cooperating with IL-7 or IL-15
to drive the expansion of CD8+ T cell populations, and acting as a
pro-apoptotic factor for NK cells and incompletely activated B cells
[12].
Ligand binding induces dimerization of the receptor/kinase
complexes, thus activating the kinases to phosphorylate each other
as well as the receptor. Therefore, they bind cytosolic domains of
these receptors and are activated by cytokine receptor engagement
by cognate ligand. The active JAKs phosphorylate each other as well
as the intracellular tail of the receptor subunits, creating docking
sites that recruit downstream signaling molecules. Jak-mediated
phosphorylation activates STATs, which in turn directly bind DNA
and regulate specific gene expression [13].
In mammals, JAK1, JAK2, and TYK2 are expressed ubiquitously
whereas JAK3 is primarily expressed in hematopoietic and lymphoid
tissues cells as well as in vascular muscle cells [1,13-19].
In normal cells JAK/STAT signaling is transient and tightly
regulated by multiple negative regulatory mechanisms, including
activity of the SOCS (suppressors of cytokine signaling) family of
endogenous JAK inhibitors. In addition, SOCS proteins facilitate
proteosomal degradation of activated JAKs. Furthermore, activation
of the JAK/STAT pathway is controlled by phosphatases, which
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Figure 1: Receptors for γc family cytokines. Receptors for IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21, expressed by a variety of immune cells, activate JAK1 and JAK3
and target at different immune cells. (Adapted from Yrina Rochman, Rosanne Spolski, and Warren J. Leonard, 2009).

dephosphorylate and inactivate JAKs and STATs including SHP1, and proteins belonging to the PIAS family that block binding of
STATs to DNA. It is generally accepted that TYK2, JAK2, and STAT4,
which are IL-12 signaling pathway components, are essential for Th1
cell differentiation, while JAK1, JAK3, and STAT6, which are IL-4
signaling components, are critical for Th2 differentiation. In addition,
STAT5A/B, which are involved in the upregulation of GATA3 and
IL-4Rα, and STAT3, which helps STAT6 bind to its target genes, also
play some roles in Th2 cell differentiation [19-21]. Effective innate
and adaptive immune responses require functional Jak signaling
to protect the organism from infections or tumors and mutations
leading to loss of function make up some of the commonest inherited
severe immunodeficiencies. Conversely, activating mutations or
mutations leading to functional loss of Jak members cause malignant
transformation of lymphocytes or myeloid cells. Point mutations
either predicted or confirmed to be gain-of-function are reported
in JAK1 (0.9% of cases), JAK3 (2.7%), STAT3 (0.9%), and STAT5B
(3.6%) [22]. Hyperactive JAK and STAT proteins often result from
structural changes in their functional domains. For instance, amino
acid substitutions in the pseudokinase domain of JAK proteins
enhance their tyrosine kinase activity, while changes in the Src
homology 2 (SH2) domain of STAT proteins are predicted to enhance
dimerization. In addition, copy number gains of JAK2 (13% of cases),
STAT3 (60%), and STAT5B (60%) are frequent and have been shown
to correlate with increased expression [22]. In NGS studies, it was
demonstrated that CTCL cell lines bearing gain-of-function point
mutations in JAK3 are sensitive to these compounds, opening the
possibility for their potential use in CTCL patients carrying JAK
mutations [23,24].
Deregulation of cytokines is known to contribute to diverse
inflammatory and immune-mediated disorders. Deregulation of
JAK/STAT signaling has been implicated in inflammatory diseases
such as rheumatoid arthritis, atopic dermatitis, psoriasis as well as
in a variety heamatological malignancied (myeloid disorders) and
neoplasmatic diseases of skin such as cutaneous T cell lymphoma.
Numerous cytokines rely on the JAK-STAT pathway for signaling,
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and new and effective small molecule inhibitors have been developed
for a range of disorders [25]. Selective JAK-inhibitors influence the
phosphorylation and activation of different JAKs, which results in the
blockage of the cascade of inflammatory cytokines [26].
In this review, we underline the importance of JAK/STAT pathway
in inflammatory and neoplastic skin diseases with an emphasis on
the implicated mechanisms in the development of neoplasmatic skin
disease and the current use of specific inhibitors in order to block the
signaling of this particular pathway.
The selective usage of JAKs by different receptors explains
their distinct roles and becomes particularly important with the
generation of pharmacological inhibitors when specific or relatively
discrete functional outcomes are sought (Table 1). The realization
that JAKs contribute substantially to the immunologic processes in
autoimmune and neoplastic diseases led to the development of JAK
inhibitors as therapeutic immunosuppressive agents [27,28].
JAK/STAT pathway in skin diseases
Inflammatory diseases
Atopic Dermatitis (AD): AD is a common inflammatory skin
disease characterized by chronic inflammation and skin infiltration
of inflammatory cells including predominantly lymphocytes,
eosinophils, and mast cells. This multifactorial disease possible results
from a complex crosstalk between genetic and environmental factors.
The factors that lead to AD development are the barrier dysfunction
and abnormal immune activation of T helper Th2, Th22, and varying
degrees of Th1 and Th17 among various subtypes.
Filaggrin gene mutation defects is a cause of barrier dysfunction
in some AD patients, but IL-4 is also able to downregulate barrier
proteins filaggrin, loricrin and in volucrin through the JAK-STAT
pathway making the epidermis more penetrable by allergens and
pathogens [27]. Once penetrated through the epidermis, allergens/
pathogens are detected by dendritic cells, which become subsequently
activated to present these antigens to naïve Th0 cells. The naïve
Th0 cell can then differentiate into the Th2 cell through the JAK1,
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Figure 2: STAT signaling in Cutaneous T-cell lymphoma in early and in advance stage (Adapted from Netchiporouk et al, 2014).

3-STAT6 pathway under the influence of IL-4. In the Th0 cells, the
STAT6 pathway can also upregulate GATA3, a master regulator of
Th2 cells. GATA3 in turn suppresses Foxp3, the master regulator in
Treg cells, thus allowing more T cells to be activated [27].
Exaggerated Th2 response, disruption of the epidermis barrier
functions, high levels of serum IgE, and decreased production of
Antimicrobial Peptides (AMPs) are the key findings in AD [28,29].
Since AD is a Th2-dominant disease, examination of how the
JAK-STAT pathway regulates Th2 differentiation would help us to
understand the possible roles that JAK-STAT play in AD. It is well
established that IL-4 promotes the differentiation of Th2 cells, which
sequentially produce IL-4, IL-5, IL-10, and IL-13. Th2 cells play a
significant role by their abilities to provide IL-4 and IL-5 stimulation
via the JAK-STAT pathway. The Th2 immune milieu is able to trigger
epidermal cells to produce and release various chemokines (such as
CCL26), pro-inflammatory cytokines, and angiogenic factors, leading
to AD pathophysiology. In T cells, IL-4-activated STAT6 upregulates
GATA3, the master regulator of Th2 cells. GATA3 in turn suppresses
Foxp3, the master regulator in Treg cells [30,31]. This regulatory
pathway could possibly explain why Treg function is suppressed in
AD.
Inhibitors in AD: The importance of multiple type I/II cytokine
receptor-using mediators in AD pathogenesis suggest that interfering
with the JAK/STAT pathway could be a more potent therapeutic
approach than neutralization of a single cytokine. Current studies
have confirmed activation of JAK-STAT signaling within lesional
skin of patients with atopy [32,33] and that inhibition of JAK-
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STAT signaling may ameliorate chronic dermatitides by improving
skin barrier function [34,35]. Amano et al have shown in the NC/
Nga mouse model of AD, a topically applied pan-JAKi JTE-052
with nanomolar potency towards all JAKs to improve skin barrier
function and induce filaggrin expression [35]. Currently, several JAKi
are under investigation for the treatment of human AD. Up to now,
there are seven JAK inhibitors used in clinical trials for AD in human
patients either oral [upadacitinib (JAK1), PF-04965842 (JAK1),
baricitinib (JAK1, JAK2), ASN002 (JAK/SYK), tofacitinib (JAK1,
JAK3)] or topical [tofacitinib (JAK1, JAK3), ruxolitinib (JAK1,
JAK2), delgocitinib (JAK1,2,3 and TIK2)] [36].
Psoriasis: Psoriasis is a chronic inflammatory disease of skin
with genetic disposition that can be caused by either endogenous or
exogenous triggering factors. The disease is characterized by mostly
extend-sided, often symmetrically appearing erythematous plaques
with white scaling [37]. In psoriasis, keratinocytes are regarded as
the main targets of effector cytokines, such as IL-17 and IL-22, not
a driver in the pathogenesis of this disease. External agents stimulate
skin-resident DCs or other immune cells to induce their production of
inflammatory cytokines, which activate keratinocytes [38-40]. These
keratinocyte responses are considered to activate the development of
the epithelial immune microenvironment in psoriatic inflammation
and the subsequent propagation and chronicity of the disease at the
interface of the body and the external environment.
Histologically, psoriasis is characterized by considerable
thickening of the epidermis due to an increased proliferation of
keratinocytes with a dense dermal infiltrate of immune cells, such as
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T Cells and Dendritic Cells (DCs). The pathophysiology of psoriasis
is dominated by an IL-17A + Th17 immune response. Multiple
cytokines that are highly expressed in psoriatic skin lesions signal via
the JAK/STAT pathway, including IL-19, IL-20, IL-22 and IL-23 [4143]. Active STAT3 is typically present both in psoriatic immune cells
and in psoriatic keratinocytes inducing epidermal hyperplasia [3645]. IL-23 is mainly produced by DCs and stimulation of the IL-23R
in T cells leads to recruitment of JAK2/TYK2 and downstream to the
activation of STAT3 [45,46] STAT3 is important for regulating the
expression of IL-23R and for the expression of IL-17A, IL-17F and
IL-22 in T cells [1].
Inhibitors in psoriasis: Tofacitinib is one Jak inhibitor that is
implicated in most studies in psoriasis by inhibiting the expression
of interleukin (IL)-23 and differentiation of T helper type 1 (Th1)
cells. It is the most studied JAK inhibitor in moderate to severe
plaque type psoriasis. Several phase III Randomized Controlled Trials
(RCTs) have shown that significantly more patients achieve a 75%
reduction in the Psoriasis Area and Severity Index (PASI 75) while on
tofacitinib compared with placebo. These patients also demonstrated
a dose-dependent improvement of PASI 75 on tofacitinib 10 mg
twice daily as compared with 5 mg twice daily [46,47]. A phase III
non-inferiority trial revealed that tofacitinib 10 mg twice daily was
non-inferior to etanercept 50 mg twice weekly [48]. Another study
of baricitinib demonstrated significantly more patients achieved
PASI 75 as compared with placebo [49]. Topical JAK inhibitors for
mild-moderate psoriasis have also been investigated. Tofacitinib
showed variable results in a phase IIa trial. Differences in efficacy
were speculated to be due to variability in moisturizing properties of
the formulations tested [50]. Ruxolitinib (INCB018424) was studied
in a non-blinded and nonvehicle- controlled trial and was found to
reduce the mean area and severity of psoriatic lesions [51].
Neoplasmatic disease
Cutaneous T-cell Lymphoma (CTCL): Cutaneous T-cell
lymphoma, a common subtype of primary T-cell lymphoproliferative
disorder of skin, is a group of malignancies derived from skin-homing
T cells representing a heterogeneous group of lymphoproliferative
disorders with most derived from the CD4 helper/ inducer T cell
subset [52,53]. The most common variants are the Mycosis Fungoides
(MF) and Sezary Syndrome (SS).
MF is characterized by a usual long clinical course and mostly
involvement of the skin. Early lesions of CTCL (MF) typically
present as limited skin patches or plaques, showing various degrees
of epidermotropism consisting of single or clusters (Pautrier
microabscess) of atypical lymphocytes and a superficial band-like
lymphoid infiltrate composed of small to medium-sized atypical
T-cells with irregular, hyperconvoluted nuclei interspersed with
small tumor-infiltrating T-cells and histiocytes [54]. A 25% of the
early MF can progress to tumor stage [55].
At the tumor stage, the process may involve also extracutaneous
sites, foremost lymph nodes and, less frequently, bone marrow and
internal organs. The malignant T cells have a CD4+ CD8-phenotype
with frequent loss of CD7 and to a lesser extent CD5. SS, a leukemic
form of CTCL, is usually seen as a very aggressive disease with skin
and blood involvement and a characteristic erythroderma.
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Table 1: Cytokines and associated JAKs.
Cytokine/Cytokine receptor families

Example

Associated JAKs

Type I interferons

IFN-α

JAK1, TYK2

Type II interferons

IFN-γ

JAK1, JAK2

Il12 receptor β1 cytokines

IL23

JAK2, TYK2

gp130 receptor cytokine family

IL6

JAK1, JAK2, TYK2

IL10 family cytokines

IL22

JAK1, JAK2, TYK2

Common γ chain cytokines

IL4

JAK1, JAK3

βc receptor cytokine family

GM-CSF

JAK2, TYK2

EPO

JAK2

Homodimeric receptor cytokine family

Both MF and SS have no cure, and show clinical heterogeneity.
Response to treatment is of limited duration and in advanced cases,
characterized by recurrences, probably due to treatment resistance.
It is also known that CTCL has been proposed to be a malignancy of
three separate T cell populations: FOXP3+Treg, Th2 T cells and Th17
T cells [56-58].
But what is the etiology of MF and SS? The pathogenesis of the
disease remains unclear and poorly understood. Studies have shown
that no environmental triggers have been identified [59,60], infectious
agents could aggravate the disease but there is no evidence that act as
the cause [61], whereas more recent evidence shows a heterogeneous
genetic landscape in CTCL [23,24,62-66]. Somatic genetic alterations
were frequently found in genes involved in specific cellular processes
and signaling pathways, including epigenetic regulation, DNA
damage response, cell cycle control, programmed cell death, T Cell
Receptor (TCR) signaling, as well as the nuclear factor-kappa B (NFκB), MAPK signaling, Janus kinase (JAK)/signal transducer and
activator of transcription (Stat) pathways [23,24,62-67].
Pathogenesis of the malignant phenotype assumes that underlying
genetic mutations sensitize the pre-mycosis fungoides cells to become
and stay activated, proliferate abnormally in response to stimulatory
signals, and achieve clonal dominance with accumulation in the skin
and subsequent lymph nodes, blood, and/or other organs. At this
stage, the role of microenvironment in CTCL development plays a
major and key role.
Microenvironment in CTCL
It has been determined that MF and SS arose from distinct T-cell
subsets: MF from skin-resident effector memory T-cells (TRm) and
SS from central memory T-cells (TCm) [68]. TRm cells were shown
to express Cutaneous Lymphocyte-Associated Antigen (CLA) and
CCR4, but lack L-selectin and CCR7 expression, which would enable
them to access lymph nodes and circulation, while central memory
T cells (TCm) express L-Selectin and CCR7 as well as CLA and
CCR4, which enables them to affect, skin, lymph nodes and blood
resulting in greater morbidity and mortality to the host [69]. Skin
microenvironment plays an important role in the development
and progression of mycosis fungoides/Sezary syndrome. Tumorinfiltrating T cells, regulatory T cells (Tregs), dendritic cells,
macrophages, myeloid-derived suppressor cells, and mast cells, all
have a crucial role in the pathogenesis of mycosis fungoides/Sezary
syndrome [70-73]. The interaction between these cells and the skin
microenvironment is the key in the proliferation of neoplastic T cells
and their escape from immunosurveillance [74-76].
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Chemokine receptor expression on tumor cells of MF differs
according to disease stage. Therefore, in patch and plaque stage
(early stage), epidermal keratinocytes and dermal fibroblasts express
CXCL9/CXCL10 and induce chemotaxis and recruitment of CXCR3positive T cells (tumor cells) and the microenvironment consists
of non-malignant Th1 cells and CD8+ tumor-infiltrating T-cells. A
significant proportion of the immune cells are activated CD8+ T cells
and T helper 1 (Th1) cells expressing cytotoxic molecules, implying
that early inflammation encompasses a cell-mediated anti-tumor
response that actively suppresses the expansion of the malignant cells
[77-79]. It is also known that in early-stage MF, Signal Transducers
and Activators of Transcription (STAT) 4, the activation of which is
required for Th1 differentiation, is overexpressed by IL-12 signaling
via JAK2/ TYK2. In early stage MF, the skin has shown normal to
increased expression of IFNγ, IL-12 and IL-2. Furthermore, it has
been demonstrated that while normal T cells express b1 and b2
chains of the IL-12 receptor, CTCL malignant Th2 cells only express
IL-12R b1 chain and thus are not sensitive even to exogenous IL-12
[80]. STAT5 can be activated via IL-2, IL-7 and IL-15 signaling (in
the early disease stages) or via constitutively active in malignant cells
JAK1 and JAK3 signaling (cytokine-independent signaling) [81,82]
as described in Figure 2. STAT5 upregulates the expression of cell
survival genes (Bcl-2 and BCL-x), cell cycle genes (Cyclin D and
c-Myc), Th2 cytokines (IL-4) and miR-155 [81-84]. Inhibition of this
protein signaling in CTCL results in inhibition of proliferation [81].
Advanced stages, such as tumor MF stage and SS, are considered Th2type diseases (Figure 2). The Th2-dominant microenvironment is
advantageous for tumor cells, because Interferon (IFN)-γ- producing
Th1 cells enhance immune responses against the tumor. Langerhans
cells and dermal fibroblasts express CCL17 which induces chemotaxis
and recruitment of CCR4-positive T cells. Moreover, CCL17 is
expressed by Langerhans cells and endothelial cells in lesional skin
of MF and SS [85,86] suggesting important roles of CCL17–CCR4
interaction in preferential traffic of tumor cells of MF and SS to
the skin. Epidermal keratinocytes express CCL27 which induces
chemotaxis and recruitment of CCR10-positive T cells. At this stage
of disease, IL-2 and IL-15 signaling via JAK1 and JAK3 kinases
activates STAT5, which increases the expression of oncogenic miR155 [83] and subsequently inhibits STAT4 expression [87] resulting
in a switch from Th1 to Th2 phenotype in malignant T cells. During
this switch, the expression of STAT6 is often upregulated in CTCL
[86].
Disease progression, and therefore the Th1 to Th2 switch, can
occur due to dysfunctional apoptosis due to decreased and/or
defective FAS death receptor expression in neoplastic T-cells has been
associated with advanced disease and was recognized as an immune
escape mechanism in CTCL [58,90]. Malignant T-cells in MF and SS
overexpress IL-2 receptor subunit alpha (IL2RA; CD25) that results
from a cascade of phosphorylation of several proteins including
JAK3, STAT3 and STAT5 [96,97]. Querfeld et al. have provided
evidence for T-cell exhaustion as an immunosuppressive mechanism
in CTCL [91]. The chronic production of Th2 cytokines, such as IL-4,
IL-5, and IL-10 by the malignant T cell population likely represents
one mechanism by which the tumor cells circumvent the antitumor
immune response. As the malignancy progresses to late stage MF,
there have shown a loss of Th1 cytokines with a concomitant increase
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in the expression of other cytokines, such as IL-4, IL-5, IL-10 and
IL-13. In the advanced stages, such constitutive STAT3 activation,
which increases survival and resistance to apoptosis and promotes
Th2 and Th17 phenotypes, is induced by an IL-21 autocrine signaling
loop [92] the presence of IL-7 and IL-15 in the microenvironment
[82], and/or constitutive cytokine-independent activation of JAK1
and JAK3 signaling [93,94].
Examination of clonal T cells in skin and blood samples of
mycosis fungoides/Sezary syndrome patients has shown that they
commonly express activation markers such as CD25 (IL-2R) or
CD45RO. Guenova et al (2013) [95] in a previous study demonstrated
that culture of benign T cells away from the malignant clone reduced
Th2 (IL4 and GATA3) and enhanced Th1 responses (IFNγ and
t-BET) but separate culture had no effect on malignant T cells.
Co-culture of healthy T cells with L-CTCL T cells reduced IFNγ
production and neutralizing antibodies to IL-4 and IL-13 restored
Th1 responses. T cells isolated from the skin lesions of patients with
L-CTCL had similar responses; IFNγ increased in non-clonal T cells
after separate co-culture but remained unchanged in malignant T
cells. Additionally, information from Dimitroff and his colleagues
[96] has shown that clonal T cells in L-CTCL patients expressed a
distinctive Th2 signature characterized by elevated expression of
IL-4 and IL-13, whereas found increased levels of IL-10 in clonal
malignant CD4 cells and in CD8 T cells of L-CTCL patients compared
with healthy controls. Clark et al. observed that isolated T cells from
either peripheral blood or skin lesions of CTCL patients contained a
population of cells with high forward and side scatter characteristics
on flow cytometric analysis [97]. A similar population of High-Scatter
T cells (THS) was not observed in samples obtained from patients
with benign conditions. More importantly, these high-scatter T
cells, upon careful immunophenotyping and analysis of clonal TCRVb chain expression, were convincingly shown to represent the
malignant T cell clone.
Pharmaceutical JAK/STAT inhibition current treatment
The conventional current treatment of CTCL includes skindirected therapies, radiation therapy, systemic therapy which
includes biologic or immune therapies (bexarotene, INFγ, ECP),
chemotherapy (methotrexate, doxorubicin, gemcitabine), Histone
Deacetylase (HDAC) inhibitors (vorinostat and romidepsin). In
the therapeutic field, there are many treatments under investigation
including molecules such as a) immune checkpoint inhibitors, which
are antibodies that target immune checkpoints (anti-PD-1 and
anti-PD-L1), b) monoclonal antibodies such as CD30, an example
of which is brentuximab which targets and binds to tumor cells
with CD30 expression, which then leads to tumor cell killing, FDA
approved for. Hodgkin lymphoma and systemic anaplastic large
cell lymphoma, c) proteasome inhibitors, such as bortezomib which
is approved to treat patients with multiple myeloma or mantle cell
lymphoma, is being evaluated in clinical trials in combination with
an HDAC inhibitor (eg, vorinostat, romidepsin), chemotherapies, or
other targeted agents.
In the past, our research team with our collaborators from
Bioinformatics had tried to identify the top 1000 diffentially expressed
genes in MF and normal samples using two GEO datasets (p value
<0.01). This analysis ended up with 623 upregulated genes and 377
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down regulated genes implicated in various biological pathways. The
differentially expressed genes formed disease signatures that were
queries in a well-established drug repurposing pipeline (LINCS-1000).
From this effort, the top 20 drugs were collected for which we found
their structures in Chem Spider database for each gene list with the
most negative enrichment scores suggesting that the drugs were acting
as inhibitors (unpublished data). Two of the compounds that draw
our attention were bortezomib and fedraditinib. Our work on CTCL
cell lines and bortezomid indicated that combinational therapy with
bortezomib/methotrexate had an inferior impact on the apoptosis
of CTCL compared to monotherapy, with bortezomib presenting as
the most efficient treatment option for SS and methotrexate for MF
[98]. Additionally, both agents, but mostly bortezomib, significantly
deregulate a large number of genes in SS and MF cell lines, suggesting
another pathway through which these agents could induce apoptosis
in CTCL. Finally, we show that SS and MF respond differently to
treatment, verifying their distinct nature and further emphasizing the
need for discrete treatment approaches [98].
On the other hand, fedratinib is a JAK2 inhibitor which has
been used in trials studying the treatment and basic science of Solid
Tumor, Myelofibrosis, Renal Impairment, Neoplasm Malignant, and
Hepatic Impairment, among others. Sanofi, with an announcement
on November 18, 2013, stated the discontinuation of the
investigational development of Fedratinib, but Celgene recently has
re-started fedratinib development. Classical Hodgkin lymphoma and
primary mediastinal large B-cell lymphoma with 9p24.1/JAK2 copy
gain(s) were sensitive to treatment with the JAK2-selective inhibitor
fedratinib both in vitro and in vivo [99]. It would be of our interest to
investigate the effects of fedratinib in CTCL alone or in combination
with other synergistic compounds.
There is scientific evidence were treatment with ruxolitinib
(JAK1/2 inhibitor) inhibited CTCL cell proliferation and JAK/STAT
activity in CTCL cell lines, while activated apoptosis and inhibited
DNA synthesis in CTCL cells [100]. Other evidence demonstrated
that combination of ruxolitinib with vorinostat (HDAC inhibitor)
had synergistic effects against hematological disease [101]. Kopp et al.
document that miR-155 is a novel downstream target of STAT5 and
is involved in malignant proliferation of T cells and he demonstrated
that treatment of malignant cells with JAK inhibitor tofacitinib (CP
690550) strongly inhibits miR-155 expression and STAT5 activation
[83].

Conclusion
The above results suggest a potential therapeutic role of JAK
inhibitors based on the promising results from in vitro studies. Our
research interest is that the above mentioned compounds have been
already used successfully for a variety of neoplasmatic diseases, apart
from in vitro studies. Therefore, it would be very interesting and of
great importance to investigate the role of these inhibitors either
alone or in combination (different Jak inhibitors, or Jak inhibitors
with other such as HDAC inhibitors) in in vitro studies in CTCL in
order to evaluate their role as a therapeutic strategy for this disease,
followed by examination of their role and efficacy in in vivo models
as well as in human patients with an end goal the designing of clinical
trials. This knowledge has as a main target for such drugs to be used
effectively in CTCL therapy providing the best benefit for the patient.
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Moreover, the above studies could also lead to the development of
dual or multidrug inhibitors with reduced cytotoxicity, resistance
and/or side effects for patients with CTCL.
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