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Aberrant activation of the Janus Kinase (JAK) pathway has 
been reported in a variety of disease states, including inflammatory 
conditions, hematologic malignancies, and solid tumors [1]. 
Preclinical evidence suggests that investigational drugs that target this 
pathway may provide therapeutic benefit for some disorders. Thus, 
improving our understanding of this pathway and how it is regulated 
could contribute to the development of new therapeutic strategies for 
targeting a broad spectrum of acute and chronic conditions. 

JAK pathway signaling can be initiated by numerous cytokines and 
has been shown to be required for initiating innate immune responses, 
orchestrating adaptive immunity, and ultimately constraining immune 
responses. The JAK family is comprised of four members: JAK1, JAK2, 
JAK3, and TYK2. These receptor-associated kinases are activated by 
conformational changes in their respective receptors induced by ligand 
binding. Several recent studies have extended the repertoire of factors 
that can promote activation of JAK / STAT signaling to include Toll-
like receptors (TLRs), such as TLR9 and TLR4, microRNAs (miRNAs), 
and several G-protein-coupled receptors (GPCRs) [2]. Upon 
activation, phosphorylation on specific tyrosine residues converts 
inactive JAKs into catalytically active tyrosine kinases. Activated 
JAKs phosphorylate tyrosine residues in the cytoplasmic region of the 
receptor to create binding sites for signal transducers and activators of 
transcription (STATs). JAK-mediated STAT phosphorylation promotes 
the formation of stable homodimers or heterodimers that are translocated 
into the nucleus. Once in the nucleus, STAT dimers bind specific promoter 
elements, termed interferon-gamma activated sequences (GAS) or 
interferon-stimulated response elements (IRSE), to induce transcription 
of interferon-stimulated genes (ISG), which can regulate many cellular 
processes, including proliferation, differentiation, and apoptosis [3]. 

Cytokines are critical for regulation of the development, 
differentiation, and function of myeloid cells and T cells. Thus, 
inhibition or hyper activation of the JAK / STAT pathway may have 
therapeutic benefit for several immune-mediated chronic diseases 
[4]. In 50% to 60% of patients with primary myelofibrosis, a gain-of-
function acquired somatic mutation is present in the JAK2 gene. The 
JAK2 V617F mutation arises from a single base G to T transversion 
in the pseudokinase domain of JAK2, which results in a valine to 
phenylalanine substitution at codon 617. This substitution has been 
reported to disrupt the auto-inhibitory activity of the pseudokinase 
domain (JH2), thus constitutively activating the kinase domain (JH1) 
[5]. The identification of inappropriate JAK/STAT activation in this 
disorder has led to the investigation of specific JAK1/2 inhibitors, one 
of which, Ruxolitinib, has been assessed in phase 3 trials [5]. 

JAK/STAT signaling has also been shown to play critical roles in 
cancer cell proliferation and survival, tumor immunosuppression, 
angiogenesis, and metastasis of solid tumors. Excessive JAK / STAT 
activity has been found in tumor tissue samples derived from a large 
number of patients across a range of tumor types, suggesting that 
JAK/STAT inhibitors may be effective chemotherapeutic agents [3]. 
Consistent with this hypothesis, in a preclinical study, AZD1480, 
an ATP-competitive inhibitor of JAK1/2, was found to inhibit the 

growth of subcutaneous tumors and increase survival of mice bearing 
intracranial glioblastoma tumors [6]. The efficacy of AZD1480 was also 
examined in IL-6-driven breast, ovarian and prostate cancer models, 
resulting in suppression of tumor growth [7]. JAK inhibitors are now 
under investigation in phase I clinical trials for solid tumors [7]. 

JAK inhibitors have also been explored as treatments for 
autoimmune diseases, including multiple sclerosis, arthritis, psoriasis, 
and inflammatory bowel disease. In experimental autoimmune 
encephalomyelitis (EAE), a rodent model of multiple sclerosis, 
treatment with AZD1480 decreases disease severity by inhibiting 
JAK / STAT activation in the brain and reducing expression of 
proinflammatory cytokines and chemokines [4]. In rheumatoid 
arthritis patients, Tofacitinib, a JAK inhibitor, has been shown to 
improve joint symptoms and reduce joint damage in phase 3 trials [8]. 
Similarly, clinical trials of oral and topical administration of Tofacitinib 
for psoriasis have shown statistically significant improvements in 
symptoms compared to placebo [9].

Although JAK inhibition is a promising therapeutic strategy for 
many immune-related disorders, unfortunately, JAK inhibitors are also 
associated with an increased risk of certain cancers, high cholesterol, 
triglycerides, liver function abnormalities, kidney dysfunction, and 
decreased white and red blood cell counts [7]. Because JAKs are 
required for normal hematopoiesis, JAK inhibition results in anemia 
and thrombocytopenia unless different dosing schedules or lower 
doses are used [8]. The challenge in inhibiting JAKs for the treatment of 
chronic disease lies in the fact that cells employ a highly diverse range of 
strategies to activate the JAK pathway. Therefore, it is nearly impossible 
to effectively manage chronic conditions using JAK inhibitors without 
impairing normal cellular functions. Furthermore, given the high 
similarity of ATP-binding pockets among the ~500 distinct kinases in 
humans, new targeting approaches are needed to increase selectivity 
and specificity of JAK inhibitors [7]. However, whether more selective 
JAK inhibitors will demonstrate improved therapeutic benefit remains 
to be determined.  

In recent years, major progress has been made in understanding 
the cellular mechanisms that regulate JAK / STAT signaling, which 
could lead to novel therapeutic strategies to selectively regulate this 
pathway. Approximately 50 miRNAs have been predicted to negatively 
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regulate the JAK / STAT pathway, and of these miRNAs, let-7, miR-
20a, and miR-93 have been directly validated in cancer cells [2]. 
Thus, microRNA mimics are currently under clinical development 
for treatment of chronic diseases, and some promising agents have 
demonstrated clinical proof-of-concept. 

As a result of recent immunological studies, it is now recognized 
that JAKs are also negatively regulated by three major classes of 
regulators in addition to miRNAs: suppressors of cytokine signaling 
(SOCS), protein inhibitors of activated stats (PIAS), and protein 
tyrosine phosphatases (PTP) [10]. In particular, SOCS3 has been 
shown to bind and directly inhibit the catalytic domains of JAKs via 
an evolutionarily conserved motif. Taking advantage of this role, a 
preclinical study has revealed that expression of SOCS3 in myeloid 
cells provides protection through deactivation of neuroinflammatory 
responses [11]. In non-small cell lung cancer (NSCLC) tumor samples, 
expression of SOCS3 has been shown to be lost due to promoter hyper 
methylation, an epigenetic change that reduces gene transcription. The 
impact of this decrease in expression on JAK / STAT pathway activation 
was confirmed in an NSCLC cell line, in which restoration of SOCS3 
expression was shown to reduce constitutive STAT3 phosphorylation 
[12]. Similarly, in a prostate tumor model, targeted loss of SOCS3 in 
myeloid cells significantly enhanced tumor growth via regulation of 
myeloid-derived suppressor cells (MDSC) development and function 
[13]. Finally, an exciting discovery at the Walter and Eliza Hall Institute 
led to the identification of a novel, ATP-independent mechanism by 
which SOCS3 inhibits JAK catalytic activity [14]. Compared with 
the competitive ATP-mimetic that is currently used to inhibit JAK 
activity, non-competitive kinase inhibitors are highly desirable and 
have a selective advantage because they cannot be out-competed by 
endogenous ATP [15]. Therefore, greater specificity of JAK inhibition 
can be achieved with these inhibitors with reduced undesirable, off-
target effects. As such, further development of this technology will likely 
lead to the emergence of a new class of highly specific JAK inhibitors. 

Based on the current state of the field, it is not difficult to imagine 
that in the next decade, there will be many breakthroughs in our 
knowledge and understanding of immune-mediated chronic diseases. 
Importantly, through the use of these newly developed JAK inhibition 
strategies, negative regulation of the JAK pathway may provide new 
therapeutic avenues for management of chronic disease. 
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