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Abstract

Over the past several years, a number of cytokines and growth factors including transforming 

growth factor β1, tumor necrosis factor α, and angiotensin II have been shown to play a crucial 

role in renal fibrosis. The Janus kinase family (JAK) and signal transducers and activators of 

transcription (STATs) constitute one of the primary signaling pathways that regulate cytokine 

expression, and the JAK/STAT signaling pathway has increasingly been implicated in the 

pathophysiology of renal disease. This review examines the role of the JAK/STAT signaling 

pathway in fibrotic renal disease. The JAK/STAT signaling pathway is activated in a variety of 

renal diseases and has been implicated in the pathophysiology of renal fibrosis. Experimental 

evidence suggests that inhibition of the JAK/STAT signaling pathway, in particular JAK2 and 

STAT3, may suppress renal fibrosis and protect renal function. However, it is incompletely 

understood which cells activate the JAK/STAT signaling pathway and which JAK/STAT signaling 

pathway is activated in each renal disease. Research regarding JAK/STAT signaling and its 

contribution to renal disease is still ongoing in humans. Future studies are required to elucidate the 

potential role of JAK/STAT signaling inhibition as a therapeutic strategy in the attenuation of renal 

fibrosis.
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1. Introduction

Regardless of the primary disease of the kidney, renal fibrosis is the final common pathway 

leading to end-stage renal disease (ESRD) [1]. The histologic changes associated with renal 

fibrosis include tubulointerstitial fibrosis, inflammatory infiltration, loss of renal 

parenchyma characterized by tubular atrophy, peritubular capillary loss, and podocyte 

depletion [1,2]. The pathophysiological changes associated with renal fibrosis include 
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macrophage infiltration and activation with the subsequent elaboration of a number of 

cytokines and growth factors. These mediators, in turn, stimulate downstream cellular 

changes including mesangial cell activation, fibroblast proliferation and activation with the 

elaboration of extracellular matrix (ECM), and progressive apoptotic cell death [3,4].

Over the past several years, a number of cytokines and growth factors have been implicated 

in the pathophysiology of renal fibrosis [5]. Most notable among these is transforming 

growth factor β1 (TGF-β1). Upregulation of TGF-β1 expression has been demonstrated in 

nearly every type of fibrotic renal disease in both animals and humans [4,6]. TGF-β1 is a 

major regulator of fibrosis via stimulation of epithelial–mesenchymal transition ((EMT), a 

process by which tubular epithelial cells (TECs) are transformed into matrix-producing 

fibroblasts), fibroblast proliferation, ECM synthesis (i.e., collagen types I, III, and IV, 

proteoglycans, laminin, and fibronectin), and the simultaneous inhibition of collagenase and 

degradative matrix metalloproteinases [7]. In addition, tumor necrosis factor α (TNF-α), 

angiotensin II (ANG II), and, more recently, interleukin 18 (IL-18) have been implicated in 

the pathophysiology of renal fibrosis [8,9].

The Janus kinase family (JAK)/signal transducers and activators of transcription (STAT) 

signaling pathway constitutes one of the primary regulatory pathways for cytokine 

expression [10], and JAK/STAT signaling has increasingly been implicated in the 

pathophysiology of renal disease. This review will examine the available evidence regarding 

the JAK/STAT signaling pathway and its role in fibrotic renal disease.

2. JAK/STAT signaling pathway

The JAK/STAT signaling pathway is an important cascade for signal transduction for a wide 

variety of growth factors and cytokines [11] (Fig. 1). This pathway regulates gene 

expression, as well as cellular activation, proliferation, and differentiation [12,13]. Most of 

the STAT-activating cytokine receptors (i.e., type I and type II cytokine receptors) do not 

have tyrosine kinase activity and instead require JAKs to initiate intercellular signaling. The 

JAK family of proteins are tyrosine kinases and constitute four members (JAK1, JAK2, 

JAK3, and TYK2) in mammals [11,14]. JAKs are constitutively associated with a proline-

rich, membrane proximal domain of the cytokine receptors [15]. After ligand binding to the 

cytokine receptor, the receptor sets up conformational change that brings JAKs into proximal 

binding sites on the receptor. JAKs then phosphorylate tyrosine residues on the cytoplasmic 

domain of the cytokine receptor. STATs possessing src homology 2 domains capable of 

binding these phosphotyrosine residues are then recruited to the receptors. After STAT 

phosphorylation and activation, STATs form homo- or heterodimers that can translocate into 

the nucleus and activate the transcription of target genes [16].

STAT proteins are composed of seven members (STAT1–STAT4, STAT5A, STAT5B, and 

STAT6) in mammals. JAK/STAT signalingcombinations are specific to each ligandand 

cytokine receptor, although cell type is also a factor in determining STAT specificity (Table) 

[17–19]. The JAK/STAT signaling pathway is activated by numerous growth factors and 

cytokines, including the interferon (IFN) family (IFN-α, β, γ, κ, ω, ε, or λ, IL-10, IL-19, 

IL-20, IL-22, IL-24, and IL-26), gp130 family (IL-6, IL-11, oncostatin M, leukemia 
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inhibitory factor, ciliary neurotrophic factor, novel neurotrophin 1/B cell–stimulating factor 

3, cardiotropin 1, granulocyte colony–stimulating factor, leptin, IL-12, and IL-23), γC family 

(IL-2, IL-3, IL-4, IL-5, IL-7, IL-9, IL-15, IL-21, and thymic stromal–derived 

lymphopoietin), and the single chain family (erythropoietin, growth hormone, prolactin, and 

thrombopoietin) [15–19]. For example, IFN-α or IFN-β and their receptor stimulate STAT1, 

STAT2, STAT3, and STAT5 via JAK1 and TYK2, whereas IFN-γ stimulates STAT1, STAT3, 

and STAT5 via JAK1 and JAK2. The gp130 family stimulates STAT1, STAT3, and STAT5 

via JAK1, JAK2, and TYK2, except IL-12 and IL-23, which stimulate STAT3 and STAT4 

via JAK2 and TYK2 [15–21]. STATs can also be activated via JAK-independent pathways, 

including epidermal growth factor (EGF), platelet-derived growth factor (PDGF), 

extracellular signal–regulated kinase, protein kinase C, and mitogen-activated protein kinase 

[22]. Individual growth factors also appear to be linked to specific STATs, for example, 

colony-stimulating factor 1 and EGF stimulate STAT1, STAT3, and STAT5, whereas PDGF 

stimulates STAT1 and STAT3. Growth hormone and prolactin stimulate exclusively STAT5 

[15,17]. Among the JAK/STAT signaling pathways, the JAK2/STAT3 combination appears 

to be central and is best correlated with renal disease.

The JAK/STAT signaling pathway is negatively regulated through a variety of mechanisms. 

The suppressors of cytokine signaling (SOCS) family of proteins inhibit STAT 

phosphorylation by either binding to the kinase inhibitory region and directly inhibiting JAK 

tyrosine kinase activity or competing with STATs for phosphotyrosine-binding sites on 

cytokine receptors [23]. STATs are also negatively regulated by protein inhibitors of 

activated STAT, which inhibit the transcriptional activity of STATs through several 

mechanisms, including blocking the DNA-binding activity of STAT, recruitment of other 

coregulators, such as histone deacetylases, to STAT-binding sites, and promotion of STAT 

protein sumoylation [24]. Finally, protein tyrosine phosphatases remove phosphates from 

cytokine receptors and activated STATs, thereby negatively regulating JAK/STAT signaling 

[25].

3. Obstructive nephropathy

Obstructive nephropathy is a major cause of renal failure and ESRD in both adults and 

children. The histologic derangements associated with obstructive renal injury include 

tubular dilatation, apoptotic cell death, and progressive tubulointerstitial fibrosis [26]. A 

profound interstitial inflammatory infiltrate occurs early after the onset of renal obstruction 

and results in the elaboration of a number of cytokines and growth factors, including TGF-

β1, TNF-α, ANG II, and IL-18 [27]. ANG II, in turn, stimulates STAT1 and STAT3 

activation in both proximal TECs and mesangial cells in various models of disease [28,29].

α-Smooth muscle actin–positive myofibroblasts become activated early in the course of 

obstruction and are considered the principal effector cells responsible for ECM deposition. 

Accumulating evidence suggests that a large proportion of myofibroblasts are derived from 

renal TECs during pathologic states via the process of EMT [30,31]. Using fibroblast-

specific protein (Fsp1), a marker that is normally expressed by fibroblasts but not in 

epithelial cells, Strutz et al. [32] showed that TECs could express Fsp1 in a mouse model of 

antitubular basement membrane disease. This was the first study to demonstrate the 
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capability of epithelial cells to transform into fibroblast-like cells. A subsequent study by 

Iwano et al. revealed that a substantial number of interstitial fibroblasts originate from 

tubular epithelium (EMT) during renal fibrosis. Of the Fsp1-positive fibroblast pool in the 

fibrotic kidney, 36% coexpressed LacZ that had been tagged to renal proximal tubules, 

providing proof that fibroblasts can form locally by EMT during the pathologic stress of 

tissue fibrosis [31].

TGF-β1 is a major regulator of tubulointerstitial fibrosis [2,6]. TGF-β1 can independently 

initiate and complete the entire course of EMT in vitro. In addition, TGF-β1 stimulates ECM 

synthesis while simultaneously inhibiting collagenase and degradative matrix 

metalloproteinases in vivo [3]. TNF-α has also been implicated in fibrotic renal injury, 

stimulating ECM accumulation, inhibiting ECM degradation, and upregulating a number of 

cytokines and transcription factors involved in tubulointerstitial fibrosis [8,33,34]. Recently, 

IL-18 has been identified as an important mediator of obstruction-induced renal fibrosis, 

ECM deposition, and EMT, independent of TGF-β1 or TNF-α activity [9].

Despite the clear role of cytokine signaling in obstructive renal injury, few studies have 

investigated the potential contribution of JAK/STAT signaling to obstructive nephropathy 

[35,36]. Kuratsune et al. have examined STAT3 activation in a rat model of unilateral 

ureteral obstruction. The authors demonstrated STAT3 activation in renal TECs and 

myofibroblasts in response to 3 or 7 days of obstruction, with peak pSTAT3 expression 

occurring 7 days after the onset of obstruction [35]. Pang et al. have subsequently 

demonstrated that S3I-201, a specific STAT3 inhibitor, attenuates ECM deposition and 

inflammatory cell infiltration in mice subjected to 7 days of unilateral ureteral obstruction. 

Treatment with S3I-201 reduces the expression of profibrotic markers, such as fibronectin, 

α-smooth muscle actin, and type I collagen, and a number of proinflammatory mediators, 

such as TGF-β1, TNF-α, IL-1β, and intercellular adhesion molecule 1 (ICAM-1) [36]. 

Although preliminary evidence suggests that STAT3 has an important role in the 

pathophysiology of obstructive nephropathy, the contribution of JAK to obstruction-induced 

renal injury remains unknown.

4. Ischemia and reperfusion injury

Ischemic acute renal failure is associated with significant morbidity and mortality in humans 

[37]. A significant inflammatory response is generated in response to renal ischemia and 

reperfusion (I/R) injury, resulting inendothelial injury, apoptotic cell death, enhanced 

endothelial cell–leukocyte adhesion, leukocyte entrapment, and a compromise in 

microvascular blood flow [38,39]. If the initial insult is severe, this series of 

eventsculminatesinthe development of acute renal failure. The pathophysiological 

mechanism of renal I/R injury includes the elaboration of proinflammatory cytokines from 

TECs, such as TNF-α, TGF-β1, IL-6, and IL-1β [40]. Furthermore, infiltrating leukocytes 

produce TNF-α, IL-1, reactive oxygen species, and eicosanoids,inaddition to 

chemoattractants such as IL-8, ICAM-1, and monocyte chemotactic protein 1 (MCP-1) 

[39,41]. These cytokines and chemokines serve as effectors for a positive feedback pathway 

that stimulates inflammation and further cellular injury in response to ischemia.
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Recently, Yang et al. [42] have observed that phosphorylation of JAK2, STAT1, and STAT3 

is induced in the rat kidney in response to I/R injury. Treatment with AG490, a selective 

JAK2 inhibitor, before and immediately after I/R significantly inhibits pJAK2, pSTAT1, and 

pSTAT3 expression. AG490 pretreatment improves renal function and attenuates necrosis 

and apoptosis in TECs and reduces macrophage infiltration into interstitial tissues. In 

contrast, delaying AG490 treatment until 3 h after I/R fails to improve renal function, 

suggesting that the JAK/STAT signaling develops early in the course of renal I/R injury. 

AG490 treatment also inhibits the renal expression of MCP-1 and ICAM-1 in response to 

ischemia and thereby ameliorates the ischemia-induced inflammatory response [42].

Arany et al. [43] have also demonstrated that severe oxidant stress leads to phosphorylation 

of STAT3 via the activation of the EGF receptor and JAK2 kinase in mice subjected to renal 

I/R injury. Inhibition of JAK2 or STAT3, on the other hand, leads to the activation of 

extracellular signal–regulated protein kinase and promotes cell survival during severe 

oxidative stress [43,44]. In contrast, Yokota et al. have demonstrated that STAT6 has a 

primarily protective role during renal I/R injury. STAT6 –/– mice exhibit a significant 

deterioration in renal function compared with wild-type mice in response to renal I/R injury, 

with cytokine staining of T cells harvested from STAT6 –/– mice demonstrating increased 

IFN-γ production and minimal IL-4 production compared with wild-type mice [45]. STAT4 

–/– mice demonstrate a slight improvement in renal function in response to ischemic renal 

injury, with T cells demonstrating decreased production of IFN-γ and active IL-4 production. 

These studies suggest that STAT6 has a protective role in renal function after I/R injury and 

that IL-4 deficiency may be a major mechanism through which STAT6 –/– mice develop a 

marked deterioration in renal function in response to ischemic injury [45]. Although the 

activation of the JAK/STAT signaling pathway has been clearly demonstrated in response to 

renal I/R injury, the exact role of the JAK/STAT signaling in renal I/R injury remains 

unknown.

5. Diabetic nephropathy

Diabetes has become the most common cause of ESRD in the United States. The early 

histologic features of diabetic nephropathy in humans are thickening of the glomerular 

basement membrane and mesangial expansion associated with the accumulation of ECM by 

glomerular mesangial cells. As albuminuria progresses, glomerulosclerosis and 

tubulointerstitial fibrosis develop and lead to ESRD [46]. High glucose levels stimulate a 

number of proinflammatory and profibrotic factors [47]. TGF-β1 and vascular endothelial 

growth factor contribute to cellular hypertrophy, collagen synthesis, and vascular changes 

[48,49]. The JAK/STAT signaling pathway has been implicated in the pathophysiology of 

diabetic nephropathy and has been most widely studied in this model of renal disease [50].

Berthier et al. [51] have described the JAK/STAT signaling pathway in renal tissue 

specimens obtained from patients with both early and progressive diabetic nephropathy 

using a transcriptomic approach. In the tubulointerstitial compartment of the kidney, 

microarray analysis identified several JAK/STAT family members that were downregulated 

in patients with early diabetic nephropathy, whereas most JAK/STAT family members, that 

is, JAK1, JAK2, JAK3, STAT1, STAT3, STAT4, and STAT5B were upregulated in patients 
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with progressive diabetic nephropathy compared with control subjects. Conversely, in the 

glomerular compartment of the kidney, most JAK/STAT family members were upregulated 

in patients with early diabetic nephropathy and downregulated in patients with progressive 

diabetic nephropathy. In contrast to the microarray results, JAK1, JAK2, JAK3, STAT1, and 

STAT3 messenger RNA (mRNA) expression were increased in the glomerular compartment 

of the kidney in patients with both early and progressive diabetic nephropathy, whereas 

mRNA expression was only increased in the tubulointerstitial compartment of the kidney in 

patients with progressive diabetic nephropathy. Finally, the estimated glomerular filtration 

rate among patients with both early and progressive diabetic nephropathy has been found to 

be inversely correlated with JAK1, JAK2, JAK3, and STAT1 mRNA expression in the 

tubulointerstitial compartment of the kidney, whereas no correlation between glomerular 

filtration rate and JAK/STAT activation was identified in the glomerular compartment of the 

kidney [51]. These findings suggest that increased JAK/STAT signaling may have an 

important role in diabetic nephropathy and is inversely correlated with renal function.

In a rat model of streptozotocin-induced diabetes, Banes et al. [52] demonstrated that high 

glucose levels induce activation of JAK2, STAT1, STAT3, and STAT5 via an ANG II–

dependent mechanism, and furthermore, that AG490 reduces urinary protein excretion in 

these animals. Similarly, Lu et al. [53] have examined the role of STAT3 in streptozotocin-

induced diabetes in mice with reduced STAT3 activity. Mice with 25% STAT3 activity 

exhibited significantly less proteinuria, mesangial expansion, glomerular cell proliferation, 

and macrophage infiltration compared with those with 75% STAT3 activity. The mRNA 

expression of IL-6, MCP-1, nuclear factor κB, collagen type IV, TGF-β1, and ICAM-1 and 

protein levels of type IV collagen and TGF-β1 were also significantly reduced in mice with 

25% STAT3 activity compared with those with 75% STAT3 activity [53]. These findings 

cumulatively suggest that STAT3 has a crucial role in the progression of interstitial fibrosis, 

inflammatory cell infiltration, and abnormal matrix synthesis in the early stages of diabetic 

nephropathy.

High glucose levels have also been shown to enhance ANG II–induced JAK2, STAT1, 

STAT3, and STAT5A or STAT5B phosphorylation in glomerular mesangial cells in vitro. 

Under high glucose conditions, ANG II induced glomerular mesangial cell growth 

(hyperplasia and hypertrophy) and stimulated collagen IV synthesis and production of TGF-

β1 and fibronectin [29,54]. AG490 reduced JAK2, STAT1, and STAT3 tyrosine 

phosphorylation and prevented the glucose-induced production of TGF-β1 and fibronectin in 

glomerular mesangial cells [54].

Further evidence of the importance of JAK/STAT signaling in diabetic nephropathy is 

presented in studies examining SOCS proteins. In rats with streptozotocin-induced diabetes, 

SOCS1 and SOCS3 gene overexpression via adenovirus injection have been shown to 

decrease the activation of STAT1 and STAT3 in the kidney and expression of 

proinflammatory and profibrotic cytokines [55]. SOCS gene overexpression also improves 

creatinine clearance and reduces urinary albumin levels in this model of diabetic 

nephropathy, and finally, it improves the pathologic changes associated with diabetic 

nephropathy, including glomerular hypertrophy, mesangial cell expansion, fibrosis, and 
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macrophage infiltration [55]. These findings provide significant evidence of the role of JAK/

STAT signaling in the pathophysiology of diabetic nephropathy.

6. Glomerulonephritis

Acute glomerulonephritis is one of the major causes of renal injury. Rapidly progressive 

glomerulonephritis is a small subgroup of glomerulonephritis that leads to renal failure 

within a few days to months and is characterized by the presence of extensive extra capillary 

proliferation [56]. Increased JAK/STAT signaling has been implicated in various forms of 

glomerulonephritis.

Arakawa et al. have demonstrated that pSTAT3-positive glomerular cells are increased in 

patients with lupus nephritis (immune complex glomerulonephritis), IgA nephropathy, and 

vasculitis compared with normal kidneys, and pSTAT3-positive tubulointerstitial cells are 

increased in patients with IgA nephropathy and vasculitis. Renal function is inversely 

correlated with the number of pSTAT3-positive glomerular and tubulointerstitial cells in all 

forms of glomerulonephritis [57].

STAT3 is activated in the glomerular regions of the kidney in rats with immune complex 

glomerulonephritis. Zhang et al. [58] have demonstrated that STAT3, pSTAT3, and tissue 

inhibitor of metalloproteinase 1 (TIMP-1) expression are all increased in the kidneys of rats 

with immune complex glomerulonephritis. Immunohistochemical studies have demonstrated 

ED-1 (surface marker for monocytes or macrophages)–positive cells in glomeruli that were 

pSTAT3 positive. Based on these results, the authors surmised that macrophages may play 

an important role in the activation of STAT3 during immune complex glomerulonephritis. 

The expression of TIMP-1 was also increased in kidneys with immune complex 

glomerulonephritis and appeared to correlate with pSTAT3 expression in the glomeruli [58]. 

The angiotensin-converting enzyme inhibitor, fosinopril, decreased the expression of STAT3, 

pSTAT3, and TIMP-1 and reduced ED-1–positive cells within the glomeruli and 

tubulointerstitial compartments of the kidney in rats with immune complex 

glomerulonephritis, suggesting that ANG II has a role in JAK/STAT signaling [58].

The expression of pSTAT3 is also increased in proliferating mesangial cells in a rat model of 

anti-Thy 1.1 glomerulonephritis (mesangial proliferative glomerulonephritis) [59,60]. 

Contrary to Zhang et al., Hirai et al. were unable to demonstrate ED-1 and pSTAT3 dual 

localization in this model of injury and concluded that macrophages may be not a signifi-

cant source of pSTAT3 in anti-Thy 1.1 glomerulonephritis [59]. Signal transduction inhibitor 

571, a PDGF receptor tyrosine kinase inhibitor, inhibits pSTAT3 signaling in mesangial cells 

and is found to suppress mesangial cell proliferation during anti-Thy 1.1 glomerulonephritis 

[59]. Although pSTAT3 appears to have a role in anti-Thy 1.1 glomerulonephritis, these 

studies suggest that the cellular localization of pSTAT3 may vary among the different 

experimental models of glomerulonephritis.

Finally, in a mouse model of lupus nephritis, which is manifested by immune complex 

deposition, the proliferation of glomerular cells, and inflammatory infiltration, the 

expression of pJAK2 and pSTAT1 was significantly increased compared with normal control 
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mice, and pSTAT1 expression localized to the TECs, interstitial cells, and glomerular cells in 

these mice. Treatment of the mice with AG490 significantly reduced activation of JAK2 and 

STAT1, decreased expression of MCP-1, IFN-γ, and class II major histocompatibility 

complex, improved renal function, and reduced proteinuria [61]. These findings suggest that 

the JAK/STAT signaling pathway contributes to various forms of glomerulonephritis, and the 

inhibition of JAK/STAT signaling may protect against deterioration in renal function. It 

remains unclear, however, which cells activate JAK/STAT signaling and what cellular events 

improve renal function during JAK/STAT inhibition in each form of glomerulonephritis.

7. Conclusions

The JAK/STAT signaling pathway has been implicated in the progression of a variety of 

renal diseases. Activation of JAK/STAT signaling has been shown to play an important role 

in inflammatory infiltration, the accumulation of ECM, and the development of 

tubulointerstitial fibrosis. In experimental models, inhibition of the JAK/STAT signaling 

pathway, particularly JAK2 and STAT3, reduces renal fibrosis and protects against 

deterioration in renal function. Future studies are required to elucidate the specific JAK/

STAT family members involved in each model of fibrotic renal disease and determine their 

signaling relationship and contribution to renal injury. Inhibition of the JAK/STAT signaling 

pathway, however, holds promise as a novel therapeutic approach to the treatment of fibrotic 

renal disease.
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Fig. 1. 
The JAK/STAT signaling pathway. After cytokine binding to the cytokine receptor, JAK 

becomes activated and phosphorylates tyrosine residues of the cytokine receptor to create 

docking sites for STAT. After STAT phosphorylation and activation, STATs form dimers and 

translocate into the nucleus where they activate the transcription of target genes. STATs are 

negatively regulated by several mechanisms such as SOCS and PIAS. SOCS = suppressors 

of cytokine signaling; PIAS = protein inhibitors of activated STAT. (Color version of figure 

is available online.)
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Table

JAK/STAT signaling in fibrotic renal disease.

Disease model (animal) Expression cell Related JAK Related STAT References

UUO

    Rat TEC and tubulointerstitial cell STAT3 [35]

    Mouse Tubulointerstitial cell STAT3 [36]

I/R

    Rat TEC JAK2 STAT1 and STAT3 [42]

    Mouse TEC JAK2 STAT3 [43,44]

    Mouse Not shown STAT4 and STAT6 [45]

Oxidative stress and cyclosporin A 
(mouse)

Endothelial cell and TEC JAK2 STAT3 [44]

Type II DN (human) Glomerular cell and tubulointerstitial 
cell

JAK1, JAK2, 
and JAK3

STAT1, STAT3, STAT4, 
and STAT5B

[51]

STZ-induced DN

    Rat Mesangial cell JAK2 STAT1, STAT3, STAT5A, 
and STAT5B

[52,55]

    Mouse Podocyte STAT3 [53]

Lupus nephritis (human)a Glomerular cell (a, b, and c) and 
tubulointerstitial cell (b and c)

STAT3 [57]

IgA nephropathyb

Vasculitisc

Immune complex GN (rat) Glomerular cell, TEC, 
tubulointerstitial cell, and 
macrophage

STAT3 [58]

Anti-Thy 1.1 GN (mouse) Mesangial cell STAT3 [59,60]

Lupus nephritis (mouse) Glomerular cell, TEC, and 
tubulointerstitial cell

JAK2 STAT1 [61]

UUO = unilateral ureteral obstruction; I/R = ischemia/reperfusion; DN = diabetic nephropathy; IgA = immunoglobulin A; GN = 
glomerulonephritis; STZ = streptozotocin.
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