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Abstract

Background: Innate immunity is mediated by a variety of cell types, including microglia, macrophages, and neutrophils, and 
serves as the immune system's first line of defense. There are numerous pathways involved in innate immunity, including the 
interferon (IFN) pathway, TRK pathway, mitogen-activated protein kinase (MAPK) pathway, Janus kinase/signal transducer 
and activator of transcription (JAK/STAT) pathway, interleukin (IL) pathways, chemokine pathways (CCR5), GSK signaling, 
and Fas signaling. 
Summary: JAK/STAT is one of these important signaling pathways and this review focused on JAK/STAT signaling pathway 
only. The overactivation of microglia and astrocytes influences JAK/STAT's role in neuroinflammatory disease by initiating 
innate immunity, orchestrating adaptive immune mechanisms, and ultimately constraining inflammatory and immunological 
responses. The JAK/STAT signaling pathway is one of the critical factors that promotes neuroinflammation in neurodegenerative 
diseases. 
Key message: Given the importance of the JAK/STAT pathway in neurodegenerative disease, this review discussed the 
feasibility of targeting the JAK/STAT pathway as a neuroprotective therapy for neurodegenerative diseases in near future.
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Introduction

An inflammatory response within the brain or spinal cord is 
referred to as “neuroinflammation.” This inflammation is mediated 
by the production of cytokines, chemokines, reactive oxygen 
species (ROS), and secondary messengers. These mediators are 
produced by resident CNS glia (microglia and astrocytes), 
endothelial cells, and peripherally derived immune cells. These 
neuroinflammatory responses affect the immune system, as well 
as the physiological, biochemical, and psychological systems. 
Moreover, the degree of neuroinflammation depends on the 
context, duration, and course of the primary stimulus or insult. For 
instance, inflammation can lead to the recruitment of immune 
cells followed by the JAK/STAT pathway, which is the 
predominant signaling pathway used by cytokines and is critical 
for initiating innate immunity, orchestrating adaptive immune 
mechanisms, and ultimately constraining inflammatory and 
immune responses.1–3 More than 70 cytokines use this pathway. It 

is an important pathway in many cancers and neurological 
disorder. The Janus kinase (JAK) has four isoforms (JAK1, JAK2, 
JAK3, and TYK2) and STAT has seven isoforms (STAT1, STAT2, 
STAT3, STAT4, STAT5A, STAT5B, and STAT6).4 Structurally 
they share five domains, which are amino-terminal domain, a 
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coiled-coil domain, a DNA-binding domain, SH2 domain, and a 
carboxy-terminal transactivation domain (Figure 1).

The STAT proteins were discovered as cytoplasmic 
transcription factors that mediate cellular responses to cytokines 
and growth factors 1 and 2. Once a ligand interacts with its 
receptor, STAT activation is induced by the phosphorylation of 
the key tyrosine residue in the STAT transactivation domain by 
growth factor receptors, JAKs (Figure 2), SRC family kinases, 
and other tyrosine kinases. This leads to numerous events 
including STAT–STAT dimerization through a reciprocal 
phospho-tyrosine (pTyr)-SH2 domain interaction, nuclear 
translocation, DNA binding, and the transcriptional induction 
of genes in the nucleus. Physiological negative regulators, such 
as suppressors of cytokine signaling (SOCS) and protein 
tyrosine phosphatases (PTPs), ultimately downregulate the 
active STAT signaling. However, cytokines, through activation 
of the JAK/STAT pathway, are of paramount importance in 
regulating the development, differentiation, and function of 
myeloid and lymphoid cells. Dysregulation of the JAK/STAT 
pathway, particularly by activating and polarizing myeloid 
cells and T cells to pathogenic phenotypes, has pathological 
implications for neuroinflammatory diseases such as 
Parkinson's and Alzheimer's. Thus, this review discusses the 
role of JAK/STAT pathways in neuroinflammatory disease and 
their contribution to pathogenic inflammation linked with their 
therapeutic management.

Neuroinflammation

Role of JAK/STAT Pathway in Neuroinflammation

The JAK/STAT is a complex signaling pathway regulated by 
many cytokines and plays a dual role in cell proliferation and 
cell death. It acts as an activator for many cytokines which 
results in cell growth and death (Table 1). These activated 

cytokines cause inflammation in cells and are also responsible 
for cell death in the many regions of the brain.5 The JAK/STAT-
mediated activation of cytokines regulates the differentiation 
and function of myeloid and lymphoid cells.6 Dysregulation of 
the JAK/STAT pathway has pathological implications for 
neuroinflammatory diseases, especially by triggering and 
polarizing myeloid cells and T cells to pathogenic phenotypes.7

Activation of STATs occurs by the phosphorylation at the 
carboxy-terminal domain that contains serine/tyrosine 
residue. For the translocation of STAT from the cytosol to the 
nucleus, dimerization of STAT is required. Phosphorylation 
on tyrosine residue leads to dimerization of STAT molecules 
and that on serine residue enhances the transcriptional 
activation.8–10 Previously STAT was known as a cytoplasmic 
transcription factor that facilitates the activation of growth 
factors and cytokines. The activity of STAT is regulated by 
phosphatase and JAK is regulated by the SOCS. 
Phosphorylation at the tyrosine residue plays an important 
role in the activation of STATs. The fundamental process such 
as cell growth, differentiation, apoptosis, development, 
inflammation, and immune response requires STAT.11

The IFN-mediated STAT1 signaling regulates the immune 
function followed by controlling the growth and apoptosis of 
immune cells12 (Table 1). STAT1 signaling controls the 
production of cytokines by T helper type 1 (TH1) cells, which 
alters immune function and inflammatory responses by 
changing the balance between TH1 and TH2 cells (Table 2).13 
Indeed, mice with STAT1 deficiency lose their ability to 
respond to IFN, making them more vulnerable to bacterial and 
viral infections6. Furthermore, malignant cells benefit from 
the loss of IFN responsiveness caused by STAT1 deficiency, 
which contributes to increased tumor development.14 Although 
recent results indicate that STAT1 plays a more complex role 
in carcinogenesis, this finding indicates that the protein has a 
tumor-suppressive function.15 Furthermore, STAT1 null mice 
with atherosclerosis-prone bone marrow transplantation have 
less foam cell formation and atherosclerosis, indicating that 
STAT1 plays a proatherogenic position.16 Benefit of function 
mutations in the STAT1 gene, on the other hand, affect TH1 
and TH17 cell responses and cause chronic mucocutaneous 
candidiasis because of STAT1 hyperactivation and defective 
nuclear dephosphorylation.17

Role of Microglia in Neuroinflammation

The word “microglia” is associated with cells residing in the 
parenchyma of CNS and functionally differentiates as resident 
macrophage of CNS. The defensive role of microglia is shown 
in CNS pathologies like brain injury, cancer, age-associated 
neurodegenerative disorders, and stroke.18,19 Although the role 
of microglia cells in healthy and unhealthy conditions is to 
establish synaptic pruning and maintain the inflammation, 
phagocytosis, and regeneration in CNS pathologies.20,21 
Therefore, the defensive role of microglia initiated with 
initiation of neuroinflammation coexist with neurodegenerative 
disease and other CNS pathologies. The pathological stimulus 

 

Figure 1. Schematic Structure of STAT Proteins.

 

Figure 2. Schematic Structure of JAK Proteins.
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mediates microglia induction, allows effective function with 
site-specific migration of microglial cells with secretion pro-
inflammatory cytokines and reactive oxygen and nitrogen 
species (ROS, NOS) engulfing and digesting dying cells, 
infectious agents, toxic protein aggregates, and phagocytosis 
cell debris, and also secretes anti-inflammatory cytokines and 
trophic factors for nerve tissue repair and regeneration.22,23 
Therefore, the functional activity of microglial classify in M1 
“classical activated” and M2 “alternatively activated.” The M1 
induces a pro-inflammatory response with activation of (tumor 
necrosis factor-α; TNF-α, IL-1β, IL-6, COX-2, ROS, and NO) 
and performs a neurotoxic role. Whereas M2 secretes anti-
inflammatory response and induces neuroprotective role and 
induces phagocytosis to remove toxic protein aggregation 
associated with cellular debris.24 The opposing role of microglial 
cells is associated with a crucial and successful immune 
response against the CNS pathologies. Thus, the imbalance in 
microglial role contributes for the development of neurological 
disorders. However, during brain injury, M2 is eventually 
replaced by M1 in later phase and initiates inflammation with 
impairment of neuronal recovery and regeneration.25

Role of Astrocytes in Neuroinflammation

Astrocytes are resistant to endoplasmic stress (ER) and 
instead activate an inflammatory program involving activation 
of STAT3 in a JAK1-dependent fashion. The activation of 
astrocytes is ER-dependent and mediated by a series of 
activators. Furthermore, STAT3 signaling is dependent on 

PERK, a key component of the ER stress response. PERK 
inhibition prevents ER stress-induced activation of STAT3 
and subsequent gene expression.26 Additionally, ER-stress 
activated astrocytes induced a pro-inflammatory response 
and are shown to be critical for induction of EAE.27,28 SOCS 
negatively regulate the immune response, primarily by 
interfering with the JAK/STAT pathway. However, the SOCS 
protein is an inhibitor of JAK/STAT signaling in EAE. The 
study reported in mice model shows that the conditional 
deletion of SOC3 in myeloid cells develops a critical, 
nonresolving form of EAE after MOG immunization.2 The 
study observed upregulation of STAT3 with increased 
production of inflammatory cytokine/chemokines in CNS of 
mice model. Therefore, the activated JAK/STAT signaling 
hyperactivates the pro-inflammatory macrophage phenotype 
with elevation in the production of IL-6, IL-12, IL-23, Th1, 
and Th17 with pathogenic role in EAE.29

Parkinson and Neuroinflammation

Parkinson’s disease is a movement disorder associated with 
loss of dopaminergic neurons in substantia nigra pars compact 
and aggregation of misfolded synuclein (SYN), followed by 
the common neurodegenerative disorder.30 However, the 
regulation of the SYN gene is linked to mutation and leads to 
overexpression and aggregation of protein.31 The secretion of 
oligomeric SYN induces toll-like-receptor-mediated activation 
of microglia and macrophages and leads to the production of 
pro-inflammatory mediators.32 Emerging evidence reported in 

Table 1. The Role of STAT Isoform and Their Deficiency

Isoform of STATs Activators Function Deficiency

STAT1(antiapoptotic) Interferon (IFN) stimulation and 
supports immune

Function partly by controlling the 
growth and apoptosis of immune 
cells4

Leads to tumor

STAT2 IFN-α and IFN-β Promotes STAT3 activation10 Up regulation of interleukin‑6 
(IL‑6)

STAT3 These genes include those that 
encode p21WAF1/CIP2, cyclin D1, 
MYC, BCL-XL, BCL-2, vascular 
endothelial growth factor (VEGF), 
matrix metalloproteinase 1 
(MMP1), MMP7, and MMP9, and 
survivin16–19,21–23

Essential for early embryonic 
development

That STAT3 functions are essential 
for IL-6-mediated antiapoptotic 
responses13

STAT3 for promoting malignant 
transformation and progression

STAT4 Crucial mediator of IL-12 function 
that regulates the differentiation of 
TH1 cells and their inflammatory 
responses5

Associated with autoimmune 
diseases

STAT5A Important in mammary gland de-
velopment and milk production

Defects in IL-2 receptor-α 
expression in T lymphocytes12

STAT5B Promoting cancer, including the 
induction of proproliferative and 
antiapoptotic genes

Aberrant STAT5 activation by 
BCR–ABL in CML

STAT6 IL-4 and IL-13
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PD patients microgliosis in substantia nigra pars compact 
induce pro-inflammatory response with upregulation of major 
histocompatibility complex class II (MHCII) and intense the 
toxicity of SYN with critical role in PD pathophysiology.33,34

Alzheimer’s and Neuroinflammation

Alzheimer's disease (AD) is a brain ailment that causes cell 
degradation and is the leading cause of dementia, which is 
defined by deterioration in thinking and independence in 
routine daily tasks. AD is regarded as a complex disease, with 
two major hypotheses offered as causes of the disease: the 
cholinergic and amyloid hypothesis. Currently, research is 
focusing on understanding AD pathophysiology by addressing 
multiple processes, including aberrant tau protein metabolism, 
amyloid, inflammatory response, and cholinergic and free 
radical damage. Neuroinflammation, along with Aβ or 

neurofibrillary tangles (NFT), is the third fundamental 
neuropathological characteristic in AD brains. Activated 
astrocytes and microglia are commonly observed around 
neurons and plaques.35 Several pro-inflammatory cytokines or 
inflammatory markers were also shown to be overexpressed in 
AD brains.36,37 This inflammatory response has been 
hypothesized as a response to the gradual accumulation of Aβ 
plaques and NFTs. Chronic or uncontrolled activation of these 
inflammatory pathways causes neuronal injury or death. 
Various clinical and preclinical approaches have been used to 
unravel the involvement of neuroinflammation in AD, 
including histopathological inspection, neuroimaging, and the 
identification of proteomic and other biomarker signatures in 
blood and cerebrospinal fluid (CSF).38 Several studies have 
looked at cytokines such IL-1, IL-2, IL-6, IL-8, IL-10, IL-12, 
IL-18, IFN, TNF, and transforming growth factor (TGF) in the 
blood and CSF of AD patients.39–41 A pooled research 

Table 2. The Inflammatory and Cellular Function of the JAK/STAT Pathway

Pathways Cellular Function Major Disease Cytokines and Factor

STAT1 Cell growth and apoptosis TH1 cell-
specific cytokine production
Antimicrobial defense

Atherosclerosis
 Infection
 Immune disorders

IL-2, IL-6, IL-10, IFN-a, IFN-b, IFN-g, 
IL-27

STAT2 Mediation of IFN/IFN signal Cancer
Infection
 Immune disorders

IFN-a, IFN-b

STAT3 Cell proliferation and survival Inflam-
mation
Immune response
Embryonic development
Cell motility

Cancer LIF, IL-10, IL-6, IL-27, Growth hormone

STAT4 TH1 cell differentiation Inflammatory 
responses
Cell proliferation

Experimental autoimmune encephalo-
myelitis (EAE) (multiple sclerosis; MS)
Systemic lupus erythematosus

IL-12

STAT5a Cell proliferation and survival IL-2R 
expression in T lymphocytes
 Mammary gland development
Lactogenic signaling

Cancer, chronic myelogenous
Leukemia

Prolactin, growth hormone, 
thrombopoietin

STAT5b Cell proliferation and survival IL-2R 
expression in T lymphocytes
Sexual dimorphism of body growth 
rate
NK cell cytolytic activity

Cancer, chronic myelogenous leukemia

STAT6 Inflammatory and allergic immune 
response
 B cell and T cell proliferation

Asthma, allergy IL-4, IL-13

JAK1 Cellular proliferation, immune cell divi-
sion, phosphorylation, and activation of 
transcription factors (STAT)

  IL-2, IL-7, IL-9, IL-15, IL-4, IL-13, IL-6, 
IL-11,

JAK2   IL-3, IL-12, IL-13, IL-6, IL-11, IFN-gama, 
CT-1,

JAK3   IL-2, IL-7, IL-9, IL-15, IL-4

TyK2 Dendritic cell differentiation, pro-
inflammatory TH cell response, TH2 
responses

Hyper IgE syndrome, Job's syndrome IL-6, IL-11, IL-12, IL-13, CT-1, IFN-α, 
IFN-β,
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discovered overall elevations in IL-1, IL-6, IL-12, IL-18, TNF, 
and TGF levels in AD patients compared to healthy controls, 
as well as increases in APP expression and tau protein 
phosphorylation via the p38-MAPK pathway.42 Despite this, 
oligodendrocytes are the primary generator of myelin in the 
central nervous system (CNS). The involvement of 
oligodendrocytes in the neuroinflammation of AD is still 
poorly understood. Oligodendrocytes were found to be capable 
of complementing manufacturing in an in vitro investigation, 
suggesting that they could contribute to the neuroinflammation 
process. Many extracellular signals, such as cytokines, growth 
factors, nucleotides, endothelins, or ephrins, can be sensed by 
astrocytes and can activate various intracellular signaling 
pathways, including the mitogen-activated protein kinase 
(MAPK), the nuclear factor B (NF-B), and the Janus kinase/
signal transducer and activator of transcription (JAK/STAT) 
pathways. The JAK/STAT3 pathway appears to be a central 
player in the induction of astrocyte reactivity. It is activated by 
a number of cytokines and growth factors that communicate 
via the gp130 receptor.

Multiple Sclerosis (MS) and Neuroinflammation

Multiple sclerosis (MS) is an inflammatory, demyelinating, and 
neurodegenerative disorder of the CNS that affects over two 
million people worldwide.43 Early MS lesions are distinguished 
by focal infiltration of lymphocytes and monocytes into brain 
or spinal cord regions, breakdown of the blood–brain barrier 
(BBB), and varying degrees of demyelination, remyelination, 
and axonal loss. Magnetic resonance imaging (MRI) can detect 
inflammatory lesions, which are about ten times more common 
than periods of acute clinical worsening.44 Within lesions, 
astrocytes have been shown to express the pro-inflammatory 
cytokine IL-17. As a result, while resident cells are anti-
inflammatory in the physiologic state, they can switch to a pro-
inflammatory phenotype in inflammatory conditions such as 
EAE and MS. The majority of evidence suggests that this 
involvement is merely a secondary event following leukocyte 
infiltration. However, some investigators proposed a primary 
involvement of residents, in particular, astrocytes and microglia 
in disease pathogenesis.

Huntington’s Disease (HD) and 
Neuroinflammation

Huntington's disease (HD) is characterized by the loss of 
neurons in the striatum and cortex, which results in motor 
dysfunction, cognitive decline, and psychiatric disorders. HD 
is a genetic disorder caused by trinucleotide (CAG) repeat 
expansion in the Huntingtin (HTT) gene on chromosome 
4p16.3. Other metabolic pathways and mechanisms, in 
addition to impaired systems for dealing with abnormal 
proteins, may contribute to neurodegeneration and the 
progression of HD. Inflammation appears to play a role in HD 
pathogenesis. The current review summarizes the research on 

immune and/or inflammatory changes in HD. HD is associated 
with an increase in inflammatory mediators in both the CNS 
and the peripheral nervous system. As a result, some attempts 
have been made to slow the progression of HD by targeting the 
immune system.45 At first glance, neuroinflammation appears 
to be beneficial to neuronal tissue because it promotes cell 
debris clearance, but the situation is far more complicated. 
Inflammatory mediators, for example, act on neurons as well 
as immune cells, potentially contributing to neuronal death. 
Neurodegeneration activates inflammatory mechanisms 
further, resulting in a vicious cycle of inflammation and 
neurodegeneration. Systemic inflammation, in addition to 
inflammatory processes in the CNS, may contribute to neuronal 
damage in HD. Increased inflammatory mediator production is 
caused by microglial activation and astrocytosis. IL-6, IL-8, 
TNF-α, monocyte chemoattractant protein-1 (MCP-1/CCL2), 
and IL-10 mRNA levels were significantly higher in the 
striatum of HD patients compared to controls. Furthermore, 
increased expression of IL-6, IL-8, and MMP-9 was observed 
in the cortex and cerebellum of HD patients.

Microglial Involvement in Parkinson 
Disease

The dysregulation of the immune system is associated with 
chronic inflammation in CNS and plays a major role in the 
pathogenesis of PD patients.46 The activation of innate system 
induce an overexpression of SNCA1 gene and favor the 
pathogenic character.47 However, microglia have a pro-
inflammatory phenotype in PD and urge the invasion of 
macrophages, as reported in studies.34 In addition, the 
reported data show that the overexpression of SYNCA1 
induces microgliosis and activates MHCII complex with 
upregulation of NO and pro-inflammatory markers TNF-α. 
IL-1β36 ensue the neuronal damage. However, the involvement 
of JAK/STAT pathways in activation and recruitment of pro-
inflammatory marker in PD was repealed by the inhibition of 
JAK/STAT signaling.48

Much as enhanced microglial activation leads to the 
development of PD, inhibition of microglial activation tends 
to be beneficial. Blocking the CD200-CD200R interaction, 
an inhibitory mechanism that suppresses microglial activation 
exacerbates microglial activation and dopamine (DA) 
neurodegeneration in the PD rat model.49 Similarly, treatment 
with minocycline, an FDA-approved tetracycline derivative 
that inhibits microglial activation, prevented nigrostriatal DA 
neurodegeneration in the PD MPTP model. Mice with IFN-
gamma deficiency, which promotes the polarization of pro-
inflammatory macrophages by activation of the JAK/STAT 
pathway, showed attenuated MPTP-induced substantia nigra 
pars compacta DA neuron loss.50 Genetic models also indicate 
the role of microglia in PD pathogenesis. Leucine-rich repeat 
kinase 2 (LRRK2) is the most frequently mutated gene in 
idiopathic and family PD.51 Expression of LRRK2 is enhanced 
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in immune cells, especially in B cells, monocytes, and DCs.52 
LRRK2 is an IFN-gamma-mediated gene and is involved in 
the development of ROS during the host defense.53 While 
LRRK2 mutations have been shown to be associated with 
PD, their function, particularly in immune cells during 
neuroinflammation, is not well understood. The G2019S 
mutation in LRRK2 has been shown to worsen the induced 
neuroinflammation and DA neurodegeneration of α-SYN and 
has been mitigated by inhibition of LRRK2.54 Recent studies 
have shown that the G2019S mutation of LRRK2 attenuates 
microglial motility by inhibiting focal adhesion kinase 
activity and, as a result, suppresses microglial response to 
stab-wound and laser-induced brain injury.55 The genome-
wide association study (GWAS) also showed a link between 
PD susceptibility and HLA-DR, a gene that encodes MHCII 
in humans.56 Additional evidence further supports the role of 
MHCII in PD pathogenesis. In the mouse model of PD, the 
overexpression of 5-007-SYN contributed to an upregulation 
of MHCII in microglia. In addition, MHCII deletion blocked 
the activation of microglia, CD4+ T cell proliferation, and 
DA neurodegeneration.57

Microglial Interaction with Aβ Amyloid

In AD, microglia interact with Aβ oligomers and fibrils via 
scavenger receptors (SCARA-1, MARCO, SCARB-1, CD36, 
and RAGE), G-protein coupled receptors (FPR2 and 
CMKLR1), toll-like receptors (TLR2, TLR4, TLR6, and 
TLR9), CD47, 61 integrin, and TERM2.58–60 Moreover, early 
studies established that different species of Aβ aggregates 
could induce glial activation and the production of pro-
inflammatory cytokines (including IL-1, IL-6, IL-8, and TNF), 
anti-inflammatory cytokines (including MCP1 and 
macrophage inflammatory protein 1), chemokines (including 
MCP1 and macrophage inflammatory protein 1), various cell 
adhesion molecules, NO, and ROS, all of which could lead to 
neuron death.61,62 Smaller oligomers of Aβ have been found to 
be significantly more potent stimuli for inducing the microglial 
response and to be more lethal to neurons than larger 
oligomers135. Thus, these molecules activate the receptor-
ligand-induced molecular pathways that cause microglial 
phenotypic changes.63,64 For example, binding of Aβ fibrils to 
TLR2 induces IL-8 and TNF expression 137; activation of 
scavenger receptors in the presence of Aβ increases IL-1 and 
NO production via the NF-B, c-Jun N-terminal kinase (JNK), 
and MAPK pathways;65 and recognition of Aβ by the CD36–
CD47–61 integrin complex mediates phagocytosis. However, 
chronically activated microglia caused by Aβ generate pro-
inflammatory mediators, which reduce phagocytosis ability 
and prolong neuroinflammation.66 Aβ also stimulates 
astrocytes, potentially via the NF-B pathway.67 Activated 
astrocytes degrade Aβ and promote microglia phagocytosis 
via ApoE lipidation.68 However, active astrocytes create 
inflammatory mediators, which contribute to the 
neuroinflammation process.69

Role of JAK/STAT Pathway in Brain

Brain cells are derived from neural stem cells (NSC) of neural 
progenitor cells and these stem cells also differentiate into 
neurons, astrocytes, or oligodendrocytes, and as the brain 
grows, the number of NSC decreases. For the differentiation 
and proliferation of brain cells from NSC, JAK/STAT pathway 
plays a major role. Two major regions of neurogenic cells in 
the brain are the subventricular zone (SVZ) of the olfactory 
bulbs and the dentate gyrus (DG) of the hippocampus. IL15 is 
a cytokine that localizes at SVZ and DG and causes the 
activation of STAT1, STAT3, STAT 5, and is regulated by 
leptin. Leptin is a JAK inhibitor and also regulates the neuro-
proliferation in the DG of adult mice via activation of STAT3 
and Akt. The embryonic cortical precursor cells activate the 
ciliary neurotrophic factor (CNTF) receptor leading to the 
activation of JAK1, STAT1, and STAT3 and causing the 
differentiation of these precursor cells into astrocytes. 
Cytokine and hormones lead to the proliferation of 
differentiation of NSC through the JAK/STAT pathway. Many 
studies reveal the role of STAT3 in glial differentiation. 
However, neurogenesis in some parts of the hippocampus is 
dependent on STAT3 activation, which explains the different 
gene expressions at embryonic and adult NSC.

JAK/STAT Pathway and Parkinson Disease

The JAK/STAT signaling prompts the production of cytokine 
followed by the activation of innate and adaptive response and 
eventually constraining the inflammatory and immune 
reaction.70 The JAK/STAT-mediated cytokine activation have 
crucial importance in regulation, differentiation, and function of 
myeloid, a lymphoid cell.71 Therefore, dysregulation of JAK/
STAT pathways involve in neuroinflammatory disease by 
polarizing myeloid and T cells in pathogenic phenotype.2 The 
JAK/STAT pathways are a therapeutic target for the treatment of 
autoimmune disease. Thus, Jakinibs FDA approved drug use to 
downregulate the JAK/STAT-induced cytokine expression in 
CSF and CNS.72 However, the AAV2-SYN rat model studies 
reported that the SYN overexpression mediates the activation of 
JAK/STAT signaling and dysregulates the innate and adaptive 
immune response leading to neurodegeneration. Whereas, the 
AAV2-SYN treatment with Jaknibs is therapeutic. These results 
collectively record that repression of the JAK/STAT pathway 
disrupts the neuroinflammation and neurodegeneration circuitry 
characteristic of PD models.73

JAK/STAT Pathway and Alzheimer’s Disease (AD)

STAT3 is one of the key regulators of the pathways associated 
with astrogliosis, activated in response to cytokines, 
intercellular mediators, and growth factors.74 Activation of 
JAK/STAT3 has been observed in astrocytes in many conditions 
and disease models such as stroke, AD, spinal cord injury, MS, 
and epilepsy.74 STAT3 may increase neurodegeneration in a 
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context-dependent manner which suggests that the many 
cellular pathways initiated by STAT3 signaling remain to be 
investigated. Alteration in the JAK2/STAT3 pathway may 
involve neurodegenerative diseases like AD independent of 
any inflammation process. Nicotinic acetylcholine receptors 
reduce Aβ neurotoxicity by activating JAK2/STAT3, but 
whether the neuroprotection requires STAT3 gene regulation is 
not known. Humanin and its derivatives abolish Aβ 
neurotoxicity by activating the JAK2/STAT3 pathway and 
maintaining cholinergic activity.4

JAK/STAT Pathway and Multiple Sclerosis (MS)

The JAK/STAT pathway is important in the pathophysiology of 
MS, according to GWAS. STAT3, STAT4, and TYK2 genetic 
variants have been linked to MS susceptibility in a variety of 
populations.7 Many JAK/STAT pathway-related genes, such as 
IL-2RA, IL-7, IL-7R, IL-12A, IL-12B, and HLA-DRB1 and 
HLA-A, have been found as MS risk factors in GWAS research. 
Overall, both genetic evidence and elevated levels of JAK/
STAT-related cytokines show that the JAK/STAT pathway plays 
a significant role in the pathogenesis of MS, either directly or 
indirectly. Oligodendrocytes aid in the production of myelin in 
the CNS. One of the fundamental hallmarks of leukodystrophies 
and MS, two of the most common white matter illnesses, is the 
death of these cells and the resultant demyelination. STAT1 and/ 
or STAT3 activation by cytokines or JAK-STAT or STAT5 by 
glucocorticoid receptor enhances oligodendrocytes survival, 
which counteracted by SOCS3. Pharmacological manipulation 
of SOCS and STAT activity could lead to new and intriguing 
therapeutic options for demyelinating disorders.4

JAK/STAT Pathway and Huntingtin’s Disease (HD)

Ben Haim et al. shows that inhibiting the JAK/STAT3 
pathway increased the frequency of Huntingtin aggregates, a 
neuropathological hallmark of HD, in reactive astrocytes.75 In 
HD, researchers looked at intracellular signaling networks in 
peripheral blood cells. The JAK/STAT pathway is the most 
typically activated signaling pathway downstream of cytokine 
receptors, coordinating cytokine-mediated gene expression 
and repression. Trager et al. (2013) used flow cytometry to 
look at the JAK/STAT pathway in monocytes from HD 
patients. While phosphorylated (p)STAT1 and pSTAT3 levels 
were unaffected at the start, pSTAT5 levels in HD gene 
carriers' monocytes were considerably higher than in control 
cells. Targeted activation of JAK/STAT signaling molecules 
with specific STAT1, STAT3, and STAT5 activators (IFN-, 
IL-6, and granulocyte-macrophage colony-stimulating factor 
(GM-CSF), respectively) found the same level of pathway 
activation in control and HD monocytes, indicating that the 
signaling cascade functions normally in HD monocytes.45

STAT Protein Target for Drugs—
(Therapeutic Approaches that Target 
STAT Proteins)

The first peptide inhibitor of a STAT protein was discovered 
more than a decade ago, and attempts to target STAT signaling 
for therapeutic purposes are still ongoing. As the evidenced 
number of studies relating to STAT3 shows, extensive drug 
research efforts are underway. In comparison, as shown by 
the few published papers, research attempts for inhibitory 
modulators of STAT1, STAT2, STAT4, STAT5, and STAT6 
have been modest. STAT signaling and function are being 
studied using a variety of inhibitory techniques. The majority 
of these are peptides or peptidomimetics created by structure-
based design, small molecules found through molecular 
modeling, computer or library scanning, or natural products 
that prevent STAT dimerization. In addition, inhibition of 
tyrosine kinases that phosphorylate STAT proteins or inducing 
phosphatases that dephosphorylate STAT proteins may also 
stop STAT dimerization, and signaling and other methods 
include the use of oligodeoxynucleotide (ODN) decoys as the 
basic STAT DNA-binding domain inhibitors and antisense 
oligodeoxynucleotide (ASO) inhibitors. As we describe 
above, STAT plays a major role in the pathophysiology of 
many diseases and can be the target for the drugs. The STAT-3 
is mutated in many cancer and disease there are different 
types of inhibitor such as natural product, SiRNAs and 
oligodeoxynucleotide decoy in which some of them are under 
clinical trial at different phases. Thus, JAK/STAT pathway is 
a therapeutic target in autoimmune diseases and solid and 
liquid tumors that interrupt signaling downstream of multiple 
cytokines to various degrees, which may be a useful approach 
for PD, which is characterized by elevated levels of numerous 
cytokines in the periphery, CSF, and CNS.

It has been recently discovered that microRNA can play an 
important role in the regulation of brain immune response 
and can act as a regulator of these immunological reactions. 
The role of miR155 is well associated with MS, and many 
other miRNAs involve in the pathogenesis of the disease. 
Some miRNAs are found to be upregulated and many 
downregulated; the changes in the concentration of miRNA 
can increase the permeability (open a breach to peripheral 
immune cells) of peripheral immune cells through BBB by 
sacrificing the tight junction protein. This evidence was found 
in the MS patients with the regulation of the TLR.76 In a 
study, in the treatment of TNF-α, IL-1β with LPS in monocytic 
cells elevates the expression of miR-155, miR-132, and miR-
146 with downregulation of TLR signaling to inhibit the 
inflammation. Whereas, the suppression of CCAAT-enhancer-
binding protein β (C/EBPβ) via overexpression of miRNA155 
elevates the self-renewal capacity of neuronal stem cells with 
suppression of Msi, Hes1, and Bmi1 gene with role in 



198	 Annals of Neurosciences 28(3-4)

proliferation of neuronal stem cells.77 Suppression of these 
genes is mediated by the transcription factor C/EBPβ, which 
is also the target for miR155. Therefore, miR155 can be used 
as a potential therapeutic target.77 However, the expression of 
miR124 is crucial to maintain the microglial cells in the 
quiescent state in MS and EAE.78 Moreover, the activated 
microglial cells downregulate the expression of miR124 with 
upregulation of CCAAT-enhancer-binding-protein α (C/
EBPα) and PU.1,79 where PU.1 regulates the macrophage cell 
differentiation and proliferation which involve in phenotypic 
activation monocyte lineage.80

Conclusion

Inflammation occurred in a minority of diseases and is caused 
by a variety of factors, including cytokine, signal transduction 
proteins, ROS, stress, toxin, bacteria, and viruses. In the 
current scenario, studies on the level of inflammation are 
being conducted all over the world in order to correlate 
disease with inflammation. However, inflammation is not the 
only factor that plays a significant role in the pathophysiology 
of the disease, but it is also associated with the factors that 
cause the disease. These neuroinflammatory processes are 
not primarily related to the pathogenesis of AD and PD. 
Furthermore, these diseases and their consequences are a 
global health burden, and targeting neuroinflammation may 
pave the way for the management and therapeutic intervention.
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