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Abstract: As our understanding of the mechanisms involved in innate immunity expands, new roles of STATs in these 
processes become evident. Currently the possibility of targeting the JAK-STAT pathway autoimmune disease has now 
become a reality. 

The JAK/STAT signaling pathway is used by numerous cytokines and is critical for initiating innate immunity, 
orchestrating adaptive immunity, and ultimately constraining immune responses. Cytokines are of paramount 
importance in regulating the development, differentiation, and function of myeloid cells and T cells; thus, unrestrained 
activation of the JAK/STAT pathway has pathological implications for autoimmune diseases. Dysregulation of the 
JAK/STAT pathway has pathological implications in autoimmune and neuro-inflammatory diseases. 

Many of the cytokines involved in MS/EAE, including IL-6, IL-12, IL-23, IFN-g, and GM-CSF, use the JAK/STAT 
pathway to induce biological responses. Thus, targeting JAKs has implications for treating autoimmune inflammation 
of the brain. 

To date, Janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling has been proposed to be 
crucial in various developmental pathways, especially in promoting astrogliogenesis. Inhibition of the JAK/STAT 
pathway has clinical efficacy in multiple preclinical models of MS, suggesting the feasibility of the JAK/STAT pathway 
as a target for neuro-inflammatory diseases. 

In this article, I describe the role of Stat as Transcriptional Regulation, SOCS Proteins Control Inflammatory 
Responses by Regulating Stat Signaling, Negative Regulation of STATs by SOCS, New roles for STATs in helper T cell 
subsets, Role of STATs in Treg cell function as well as the JAK/STAT pathway as a target for cancer and neuro-
inflammatory diseases. 
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Introduction 

Type I and II cytokine receptors are a conserved family, consisting of _40 members, that 
includes the receptors for interleukins, interferons, and hormones such as growth hormone, 
leptin, and erythropoietin and colony stimulating factors (CSF) such as granulocyte- 
CSF and granulocyte-macrophage CSF(1-3),Unlike other receptors with intrinsic enzyme 
activity(e.g., kinase or phosphatase), cytokine receptors are associated with a tethered kinase. 
These cytoplasmic kinases comprise the four members of the Jak family: Jak1, Jak2, and Tyk2 
bind to an array of receptors, whereas Jak3 binds to only one receptor, the common gamma 
chain, or gc. Mutations of JAK3 or TYK2 in humans lead to specific primary immunodeficiency 
syndromes designated severe combined immunodeficiency (SCID) and autosomal- recessive 
hyperimmunoglobulin E syndrome (AR-HIES)(4-6). Additionally, the roles of the four Jak 
proteins have been elucidated through the generation of genetically deficient mice, and specific 
functions of each Jak member have been assigned(7).Because of their kinase activity, Jak 
proteins are potential targets for small molecule inhibition. For Jak3, its restricted association 
with gc has made Jak3 an attractive therapeutic target as an immunosuppressive drug thatcan 
primarily target activated T cells(8).Upon cytokine binding to their cognate receptor, the 
receptorassociatedJaks are activated and in turn phosphorylate tyrosine residues in the receptor 
cytoplasmic domain. This eventprovides a docking site for proteins with Src homology 2 
domains,one important class of which is the Stat family of transcription factors. With seven 
members in all (Stat1, Stat2, Stat3, Stat4, Stat5a, Stat5b, and Stat6), these DNA-binding proteins 
provide a rapid membrane to nucleus mechanism for regulation of gene expression(9) 

Stat Structure and Function 

Stats are proteins of 750 to 850 amino acids that contain the following domains: amino terminal, 
coiled-coil, SH2, nonlinker, DNA binding, and transcriptional activation do-remains. The crystal 
structure of two Stats, Stat1 andStat3, bound to DNA has been solved (reviewed in(1),but the 
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structures did not include the amino-and carboxy-terminal portions of the molecules. The SH2 
domain is an essential feature for Stat activation and function, docking the protein to tyrosine 
phosphory-lated receptor subunits. Additionally though, Stat2 and perhaps also Stat1 associate 
with the unactivated, nonphosphorylated IFNAR prior to ligand binding. The receptor-bound 
Stats are then phosphorylated by Jaks on a conserved tyrosine residue and the SH2 domains 
mediate dimerization through reciprocal phosphotyro sine/SH2 interactions. The Stat SH2 
domain may also be important for association with the activating Jak. 

The phosphorylated Stat dimer bound to DNA forms a nutcracker-like structure with the SH2 
domains forming the hinge. The central portion (approximately aa 320-480) of the dimer forms a 
barrel with an immunoglobulin fold similar to NF-B and p53 and is responsible for DNA 
binding, although the residues that directly contact DNA are limited. Stat homodimers bind a 
motif termed a GAS (activated sequence) element (TTN5-6AA). Unlike other cytokines, IFN 
induces the formation of a complex comprising Stat1, Stat2, and IRF9 that binds the IFN 
stimulated response element (ISRE), AGTTN3TTTC. While the importance of tyrosine 
phosphorylation and dimerization of Stat proteins is clear, the mechanisms that regulate 
nuclear import and export are an area of intense investigation. Accumulation of Stat proteins in 
the nucleus is clearly controlled by nuclear export via Ran-dependent interaction with 
chromosome region maintenance (CRM)1/exportin 1(10). 
A Leu-rich motif in the DNA binding domain of Stat1 (amino acids 400-409), conserved in other 
Stats, is critical for nuclear export. DNA binding of the phosphory-lated Stat dimer is proposed 
to mask the NES, whereas Stat dephosphorylation and dissociation from DNA per-mits 
recognition of this site, allowing nuclear export. It should be noted that a different NES (amino 
acids 302-314) has also been mapped(11).Inhibition of nuclear export alone is not sufficient to 
cause Stat nuclear accumulation; Stats are imported by the nuclear import receptor, importin-5, 
and Ran. This requires Stat dimerization, and tyrosine phosphorylation alone is not 
sufficient(10).Stat1 L407 appears to function as nuclear localization signal (NLS),as mutations in 
this region of the protein interfere withimportin binding and nuclear import of 
phosphorylatedStat dimers(12),(13),(10). However, a bonafide, autono-mously functioning Stat 
NLS hasyet to be defined. Addi-susceptibiltionally, nuclear trafficking of nonphosphorylated 
Stat monomers may occur by mechanisms distinct from those that govern movement of 
dimers(14),(13). 
 
 
 
 
 STAT Activation  
 
A large array of cytokines and growth factors utilize the JAK/STAT network to transduce their 
cognate signal to the nucleus, for example IL-6, IL-10, cardiotrophin 1 (CT-1) and G-CSF induce 
STAT3 activity, while interferons (IFN) utilize predominantly STAT1 and STAT2. Ligand 
binding to the extracellular domain of JAK associated cytokine receptors induces receptor 
dimerisation and JAK autophosphorylation. JAKs then transphosphorylate the cytoplasmic 
domain of the cytokine receptor and create a docking site for the SH2 domain of STATs. (15).  
Once STATs bind to the intracellular receptor chain, they are phosphorylated by JAKs at 
distinct tyrosine residues, causing the bound STATs to be released from the receptor and 
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translocate to the nucleus where they bind specific sequences such as the IFN activated 
sequence (GAS) in the promoters of target genes (15).Once bound to DNA, the NTD is 
responsible for recruiting RNA Pol II and co-factors such as the histone acetyl transferase 
p300(16).There are currently around 36 known cytokine receptor combinations that respond to 
38 cytokines which utilize distinct combinations of JAKs and STATs(17).The selective use of 
receptor combinations outlined in allow a certain specificity for signaling but it is currently 
unknown precisely how cytokines exert differing responses utilizing the same JAK and STAT 
combinations. The JAK/STAT pathway can also be stimulated by G-protein coupled receptors 
such as the angiotensin II receptor and this may be mediated through Rho family 
GTPases(18).Another mode of JAK/STAT activation is via non-receptor tyrosine kinases such as 
Src, Fer, Abl, Etk and Lck which all induce STAT3 activity(19-22). The IL-6 family of cytokines 
comprises IL-6, IL-11, leukaemia inhibitory factor (LIF), oncostatin M (OSM), 
ciliaryneurotrophic factor (CNTF), cardiotrophin-1 (CT-1) and cardiotrophin-like cytokine 
(CLC). IL-6 cytokine receptors are comprised of the signal transducer gp130 in combination 
with IL-6R, IL-11R, LIF-R or OSM-R. All IL-6 cytokines potently activate STAT3 and this is 
followed by internalization and degradation of gp130(23).Serum levels of IL-6, soluble gp130, 
LIF and CT-1 have all been shown to be elevated in patients suffering from heart failure and 
these levels correlate with the severity of left ventricular dysfunction, suggesting that the IL-
6/STAT3 axis may have a role to play in myocardial cell death(24-28). 
Dimerization of STATs appears to be essential for DNA binding and retention in the nucleus. 
Traditionally it was thought that inactive STATs were present as monomers and only undergo 
dimerization after phosphorylation, however accumulating evidence suggests that 
unphosphorylated STATs are present in the cytosol as dimmers or higher order 
multimers(29).Unphosphorylated STAT1 dimers are formed by reciprocal interactions of their 
N-terminal domains, coiled-coil and DNA binding domains in an anti-parallel conformation 
(30).Phosphorylation promotes dimerization through the SH2 domains in a parallel 
confirmation which is essential for DNA binding and nuclear retention and these parallel and 
anti-parallel conformations appear to be mutually exclusive (31),(32).Recently it has been shown 
that tyrosine phosphorylation of STAT1 is dispensable for DNA binding per se, however 
phosphorylation promotes the parallel conformation which increases DNA binding activity by 
more than 200 fold(32). 

 

 

Stat Transcriptional Regulation 

The Stat C terminus contains an autonomously functioning transcriptional activation domain 
(TAD), and alternativelyspliced isoforms of Stat1, Stat3, and Stat4 lackingthis domain have 
attenuated transcriptional activity.TruncatedStat5 polypeptides lacking the TAD arethoughtto 
be generated by proteolysis and are unstable(33).While the mechanisms by whichthese domains 
regulate transcription are incompletelydefined, serine phosphorylation within the TAD 
typicallypromotes transcriptional activity and enhances the ex-impression of selected 
genes(34),(35).This site,a putative mitogen-activated protein kinase phosphorylation motif, 
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encom-passes serine 727 in Stat1 and Stat3. Stat4, Stat5a, andStat5b have similar residues in 
analogous positions, but identity of the kinase(s) responsible for these modifications remains a 
subject of some controversy. None-theless,TAD phosphorylation could allow for regulationand 
crosstalk by different receptors. The mechanismunderlying this regulation presumably involves 
the re-cruitment of other transcription factors and coactiva-tors. Factors shown to bind the TAD 
include CBP/p300,c-Jun, MCM5, and BRCA1(1),CBP/p300also binds other parts of the Stat 
molecule, and theN-myc interacting protein (Nmi-1) facilitates this associ-ation. Stat2, however, 
recruits a different histone acetyl-transferase,GCN5 in complex with TAF130.Stats also interact 
with a wide variety of other factors;in addition to p48/IRF9, these factors include NF-B,SMADs, 
Sp1, USF-1, c-Jun, PU.1, C/EBP, glucocorticoid receptor, NcoA-1, YY-1, TFII-1, and HMG-
I(Y).Some of these interactions are mediated by the Statcoiled-coil domain, but the Stat linker 
domain is alsoinvolved in transcriptional control. Additionally, theaminoterminus of the Stats 
forms a hook-like domain,which may facilitate Stat interactions and cooperativebinding to 
tandem imperfect Stat binding sites. Thus,despitewhatwe have learned about Stats and 
transcriptional regulation, it is very clear that we are only begin-ning to understand these 
processes and the relevantinteractions. 

SOCS Proteins Control Inflammatory Responses by Regulating Stat Signaling 
 
Upon cytokine stimulation, a family of cytokine-induced inhibitors termed suppressors of 
cytokine signaling (Socs proteins) is rapidly induced. The predominant function of Socs 
proteins is to block the generation of the Stat signal from a cytokine receptor(36),(37). 
Importantly, the genes encoding the Socs proteins are direct targets of Stat proteins; the Jak-Stat 
cascades thereby control their own signaling output by feedback inhibition. Although there 
are eight Socs proteins, genetic evidence from mice and cells lacking Socs1 and Socs3 
unequivocally shows that these two Socs proteins are necessary to reduce the overall signaling 
output from their target receptors(36),(37). The Socs1- and Socs3-mediated modulationin 
signaling from cytokine receptors therefore has profoundeffects on the regulation of immunity 
and inflammationby affecting the activation, development, and homeostatic functionsof all 
lineages involved in immune and inflammatoryresponses.A major question in understanding 
the activities of Stat-Socs modules concerns the biochemical mechanism of how Socs proteins 
block cytokine-receptor signaling. Each of the eightSocs proteins have two major domains, an 
SH2 domain and a Socs box that complexes with elongins B and C, a cullin and Rbx2, to form a 
E3 ubiquitin ligase(38),(39). 
The Socs SH2 domains bind phosphorylated tyrosine residues in their substrates. The best 
characterized Socs substrates are specific tyrosine residues in the cytoplasmic tails 
of cytokine receptors. In addition, the Socs SH2 domain has the potential to bind other 
phosphotyrosine residues and thereby regulate the activity of a wide range of proteins. The 
current model of Socs function postulates that the E3 activity of a Socs protein will target the 
substrate to be ubiquitinated and then directed to the proteosome for degradation. However, 
genetic studies using mice that lack the Socs box of Socs1 or Socs3, but that are engineered to 
retain the SH2 domains of each protein, indicate that the SH2 and Socs box domains 
don’t always function in concert because the phenotypes of mice lacking the Socs box of Socs1 
or Socs3 are dramatically less severe than the corresponding conventional knockouts 
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(40),(41).These data suggest that the SH2 domain of Socs1 and Socs3 alone can block cytokine-
receptor signaling. Thus, the mechanistic relationship between the SH2 and Socs box domains 
remains unresolved, as does the contribution of E3 ligase activity to Socs function. 
A second outstanding question concerns the mechanism by which a Socs protein, tethered to a 
specific residue of a cytokine receptor, inhibits the generation of activated Stats. An obvious 
possibility is that a Socs protein directs its receptor substrateto be degraded. At least for gp130, 
a substrate of Socs3, thismdoes not seem to be the case(42).Another possibility is that Socs 
proteins promote ubiquitination of Stat proteins in the vicinity of the receptor; however, this 
does not agree with the restricted requirement for the Socs box of Socs1 or Socs3 compared to 
the absolute requirement for the intact proteins and their SH2 domains. A third possibility is 
that a tethered Socs protein inhibits the activity of tethered JAK proteins through effective 
concentration-type effects that remain uncharacterized(43),(44),(37).At this stage, the 
biochemical mechanism(s) of Socsmediated inhibition of Stat signaling remains unknown. 

 
STAT Nuclear Import  
 

In the last few years we have gained a much more detailed understanding as to how the 
phosphorylated STATs are transported to the nucleus. Work from UweVinkemer’s group and 
others has shown that once phosphorylated, STAT dimers are transported to the nucleus in both 
an energy-dependent and an energy independent manner (45).Importins such as importin α5 
bind to phosphorylated STAT dimers and transport them through nuclear pore complexes with 
a conserved sequence in the coiled-coil domain essential for nuclear import(46).Conversion of 
RanGTP to RanGDP in the nucleus allows STATs to re-enter the cytosol, utilizing exportins 
such as chromosomal region maintenance 1 (CRM1)(47).The CRM1 binding site in STAT1 is 
located within the DNA binding domain, suggesting that CRM1 is prohibited from binding 
when STAT1 is bound to chromatin(47).Using protein microinjection techniques, Marg et al. 
demonstrated that unphosphorylated STAT1 could move freely between the cytoplasm and the 
nucleus(48).This occurred in the absence of cytokine stimulation and even when the RanGTPase 
active transport system was disrupted by depleting the cells of energy. It seems therefore that 
two modes of STAT nuclear transport exist, an energy-independent method involving 
unphosphorylated STATs in which direct interaction with nucleoporins allows constant 
shuffling between the cytoplasm and nucleus and an energy-dependent system where 
phosphorylated STATs need to be actively transported into the nucleus(45).Since nuclear 
translocation of STATs is a relatively fast process (5-10 minutes), a mechanism exists to 
replenish the cytosolic pool of STATs to allow further ligand induced activation and prolong 
target gene transcription. 

STAT Nuclear Export 

Nuclear export is controlled by STAT dephosphorylation and inhibition of tyrosine 
phosphatases prolongs STAT1 retention in the nucleus. The kinetics of nuclear retention 
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correlate with the level of STAT-DNA binding, suggesting that STATs are protected from 
dephosphorylation while bound to DNA(49).How then do nuclear phosphatases gain access to 
STATs? In the case of STAT1, Darnell and colleagues have proposed an elegant model whereby 
following dissociation from DNA, the N–terminal domains of both proteins in the dimer 
interact and undergo rearrangement(30).This forms an antiparallel structure allowing the coiled 
coil domain of one monomer to bind to the DNA binding domain of the other, thus exposing 
the phosphate residues to nuclear phosphatases(30),(31).This antiparallel configuration allows 
the two molecules to remain in association following nuclear export. Thus it seems that a 
nuclear pool of activated STATs is maintained by constant export and re-import which is 
controlled by a tightly regulated tyrosine phosphorylation-dephosphorylation cycle(49). 

 
Negative Regulation of STATs by SOCS            
 

The suppressor of cytokine signaling (SOCS) proteins control the negative regulation of 
cytokine responses. There are seven members of the SOCS family (SOCS1-7) which are all 
induced by cytokines and therefore they form part of a negative feedback loop of cytokine 
control, in addition SOCS proteins can be induced by other agonists such as LPS, statins and 
cAMP. SOCS1 and SOCS3 are potent inhibitors of the JAK/STAT pathway, The SH2 domain of 
SOCS1 and SOCS3 is necessary to facilitate binding to a site in active JAK1, JAK2 and Tyk2 
while the SOCS kinase inhibitory region (KIR) is responsible for suppressing JAK kinase 
activity(50),(51),The SOCS SH2 domain determines other target selectivity, for example the SH2 
domain of SOCS3 binds to phosphorylated tyrosine residues on cytokine receptors such as 
Tyr757 of gp130 and Tyr800 of IL-12, SOCS1 can bind to both the IFN-α and IFN-• receptors 
and both the SOCS1 and SOCS3 SH2 domain can bind to the Y1007 residue in the activation 
loop of JAK2(52),(53). 

In addition, SOCS proteins function as E3 ubiquitin ligases and therefore target proteins for 
proteasomal degradation(37).This is mediated through a region in the C terminus known as the 
SOCS box which binds a complex containing elongin B/C, cullin-5 and RING-box-2 (RBX2) 
which recruit E2 ubiquitin transferase, resulting in 20S mediated proeasomal destruction of 
SOCS-bound proteins(54),(39),Deletion of the SOCS box in SOCS1 led to enhanced levels of 
phosphorylated STAT1 and increased IFN responses, showing that this region in necessary for 
the full activity of SOCS1 (41).Initial phosphorylation of JAKs appears to be necessary for SOCS-
mediated degradation. In unstimulated cells, JAK2 was found to be mono-ubiquitinated 
whereas stimulation with IL-3 or IFN led to phosphorylation at Y7001, recruitment of SOCS1 
and subsequent polyubiquitination and degradation(55). 

The need for correct control of JAK/STAT signaling is highlighted in studies of SOCS1-deficient 
mice, these mice develop an excessive fatal IFN response which could be rescued by the 
administration of anti-IFN antibodies(56).Lymphocytes from these mice exhibit accelerated 
apoptosis with age and SOCS1 MEFs are far more sensitive to TNF-α mediated apoptosis that 
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their wild type counterparts, showing that tempering of the IFN/STAT1 axis is necessary to 
restrain exuberant STAT1-mediated apoptosis(57),(58). 

The SOCS proteins provide a level of specificity for cytokine signaling through the JAK/STAT 
pathway. For example, STAT3 is essential for the biological effects both IL-6 and IL-10, however 
IL-6 is a pro-inflammatory cytokine whereas IL-10 is anti-inflammatory. The differing responses 
appear to be controlled at the level of SOCS3; IL-6 and IL-10 both upregulateSOCS3, however 
SOCS3 selectively dampens IL-6 signalling by binding to the IL-6R subunit gp130 without 
having any effect on IL-10 signalling. IL-6 therefore induces transient STAT3 activation while 
IL-10 promotes prolonged STAT3 activity; this is evidenced by the prolonged STAT3 
phosphorylation seen in SOCS3 deficient cells following IL-6 treatment(42).Prolonged STAT3 
activation is therefore instrumental in the anti-inflammatory response and leads to suppression 
of pro-inflammatory cytokine production by toll-like receptors. Moreover, IL-6 treatment of 
macrophages deficient in SOCS3 or harboring mutation of the SOCS3 binding site on gp130 
produces an anti-inflammatory response, clearly showing that the duration of STAT3 activity 
determines the differing biological responses to IL-6 and IL-10(59).This was confirmed by 
studies demonstrating an anti-inflammatory response using modified leptin and erythropoietin 
receptors which could activate STAT3 but not bind SOCS3(60).and by using a constitutively 
active STAT3 which also mediates an anti-inflammatory response(61).Thus it seems that 
regulation of the duration of STAT3 phosphorylation by SOCS3 determines the outcome of anti-
inflammatory cytokine signaling. 

 
 
Role of STATs in Treg cell function 
 
Along with TGFβ, IL-2 is a key regulator of differentiation of Treg cells in the thymus and the 
periphery. As mediators of IL-2 signaling, STAT5A/B are critical for the differentiation of Treg 
cells. Their effect is very direct in that STAT5/A directly bind the Foxp3 gene and drive 
expression of this key gene(69-72).In addition, STAT5A/B regulate IL2ra, expression of which is 
also a critical for Treg cells. Surprisingly, STAT3 also has an important role in Treg cell function 
(73).Deletion of STAT3 in Treg cells results in lethal gastrointestinal disease, but the effect is 
selective and does not globally impairTreg cell function. Treg cells retain the ability to limit T 
cell proliferation but have impaired ability to block Th17- mediated pathology. Of interest, 
STAT3 physically associates with Foxp3. 
 
 
Roles of STATs in T helper cell subsets 
 
With the recognition of a multiplicity of fates for T cells, it has become clear that STATs are also 
key elements for these “new” subsets. We now know that STAT3 is critical for Th17 
differentiation both in mouse and humans, mediating signals by IL-23 and IL-6(74-76),STAT3 
regulates Th17differentiation by directly binding Il17a/f, Rorc and Il23r, as well as other genes 
involved inTh17 differentiation(77).In this case, the action of STAT5A/B action is verydirect – 
they compete with STAT3 binding to the Il17a/f locus(79).Intriguingly, by sequestering IL-2, 
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regulatory T cells promote Th17 differentiation(80),(81). One of the newest “lineages” of CD4 T 
cells is the follicular helper T cell, which provideshelp to B cells in germinal centers. Cytokines 
like IL-6 and IL-21 act on STAT3 andpromote expression of Bcl6 and other molecules that 
contribute to the phenotype andfunction of this subset(82-84). 
However, IL-12 and STAT4 also turn out to be drivers of Tfh cells(85),(86).STAT4 directly binds 
many genes involved in Tfh differentiation, including Bcl6 and Il21. Conversely, IL-2 inhibits 
Tfh differentiation and once again, the action of STAT5 appears to be very direct. It competes 
with STAT3 binding to the Bcl6 locus and also promotes expression of Prdm1, which encodes 
Blimp1(87-89).Perhaps less surprising given its role in transmitting IL-4 signals, STAT6 is an 
important regulator of Th9 cells(90). 
 

STATs and CD8 memory 

 
STATs and CD8 memory(88)IL-7 and IL-15 are important for CD8 memory and accordingly 
STAT5A/B are also important(91),(92). STAT5A/Bis essential for the survival of viral-specific 
CD8 T cells and expression of Bcl-2. In contrast though, in the setting of viral infection, the 
numbers of CD4 effector T cells are unaffected by the absence of STAT5A/B. However, 
STAT5A/B are not the only family members important for CD8 cell function; STAT3 is also 
important, mediating signals by IL-10 and IL-21 (93).Expression of such key molecules as 
Eomes, Bcl-6, Blimp-1, and Socs-3 are all reduced in STAT3-deficient CD8 T cells. A similar 
defect in CD8 T cell memory was seen in patients with hyperimmunoglobulin E syndrome and 
dominant-negative STAT3 mutations(94). 
 
 
STAT5 in B cells 
 
IL-7, acting via STAT5A/B, is important in B lymphopoiesis, controlling survival and 
development (95).Conversely, the B cell adapter, BLNK, antagonizes IL-7 signaling via 
inhibition of JAK3, and absence of BLNK leads to constitutive JAK-Stat activation and 
leukomogenesis(96). 
 
 
 
 
 
 
 
 
 
STATs and Innate Immunity  
 
STATs also have numerous functions in innate immunity—too many to review in detail here, 
but summarized in detail elsewhere(7),(64).The importance of STAT1 in mediating IFN effects 
has long been recognized, as has the role of STAT3 in IL-6 signaling and the acute phase 
response. Colony-stimulating factors and cytokines like granulocyemacrophage-CSF, 
granulocyte-CSF, and IL-5, which regulate myeloid development, also signal via STATs. 
Consequently, STATs have key functions for neutrophils and macrophages (97-99).GM-CSF 
inhibits Flt3L-mediated plasmacytoidDC production and conventional DC growth and STAT5 
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is important in this process(100).In contrast, STAT3 is important for the expansion of DC 
progenitors. The importance of IL-22, acting via STAT3, in regulating the barrier function of 
epithelial cells and wound repair is a topic of considerable interest(101)Like IL-10, IL-22 is 
produced by and acts on innate immune cells and has critical anti-inflammatory properties. 
Precisely how STAT3 
promotes inflammation in some circumstances and inhibits in others is an important but 
challenging question(60).STAT3 can negatively regulate IFN responses and has been proposed 
to inhibit TLR signaling either by inducing anti-inflammatory molecules or by a direct 
suppression of NF-kB(102).Nonetheless, a clear understanding of the pro- and anti-
inflammatory actions of STAT3 remains elusive. 
Recently, the role of innate immune cells in promoting Th2 cell responses has become 
increasingly apparent. Thymic stromal lymphopoetin (TSLP) in particular is an important type I 
cytokine that promotes allergic responses. It acts on multiple cells, especially 
basophils, which are major producers of IL-4(103),(104).The identity of the JAKsresponsible for 
signaling had been enigmatic, but we nowknow that TSLP signals via JAK1 and JAK2 to 
activate STAT5(105).In addition to the classical mode of activating macrophages via IFN-g, the 
appreciation of the importance of Th2 cytokines in generating alternatively activated 
macrophages (AAMs) isnow recognized. AAMs appear to be important in a range of processes 
including host defense, fibrosis, metabolic regulation, obesity, and cancer. As IL-4 and IL-13 are 
major drivers of theAAM, STAT6 is a key player for these cells. STAT6 is important in 
regulating insulin action, lipid metabolism, and expression of proliferation-activated receptor 
isoforms(106),(107). 
Very recently, AAMs and STAT6 have been implicated in the mammalian 
thermogenicresponse(108).Intriguingly, AAMs secrete catacholamines in a STAT6-dependent 
manner and induce thermogenic gene expression in brown adipose tissue and lipolysis in white 
adipose tissue. Beyond their role as transcription factors, a direct role of STATs in mitochondrial 
function makes the argument for key roles in metabolism even more compelling(109-
111).Although it has long been recognized that viruses can disrupt IFN signaling by disrupting 
STAT signaling(112),recent work shows that T. gondiialters hostresponse by injecting the kinase 
ROP16 and activating both STAT3 and STAT6(113),(94).In macrophages, the effect is 
downregulation of proinflammatory cytokine signaling and deviation to an alternatively 
activated phenotype. Viruses can also activate STAT6 and can do so apparently in a JAK-
independent manner(114).In this case though, Stat6 activation is protective in terms of host 
response. 
 
 
 
 
 
 
 
 
 
Conclusions 
 
JAK-STAT signaling is one of the most important pathways determining gliogenic cell fates. 
JAKs and STATs remain central players in all of the key cells, ranging from the “newest” CD4 
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helper cell subset to alternatively activated macrophages. It is now clear that STATs activate 
and repress gene expression and serve to organize the epigenetic landscape of immune cells. 
The bias of neuroepithelial cells towards gliogenesis also indicates dysregulation of JAK-STAT 
signaling during brain development. The Notch signaling pathway coincides with the JAK-
STAT pathway to bring about the gliogenic shift. Without JAK-STAT signaling, the Notch 
pathway instead represses gliogenicgenes.Defective JAK-STAT signaling may contribute to the 
overproduction of glial cells. Therefore, it is crucial to understand the role of JAK-STAT 
signaling pathways in regulation of B cells, CD4, CD8T cells, and gene expressions in Cancer 
and Autoimmunity as a potential therapeutic target 
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