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Abstract

Systemic lupus erythematosus (SLE) is a complex multisystem autoimmune disease, characterized 

by a spectrum of autoantibodies that target multiple cellular components. Glomerulonephritis is a 

major cause of morbidity in patients with SLE. Little is known about the pathogenesis of SLE 

renal damage and compromised renal function. Activation of both Stat1 and Stat3 has been 

reported in lupus and lupus nephritis. The reciprocal activation of these two transcription factors 

may have a major impact on renal inflammation. To study the role of Stat1 in a lupus model, we 

induced lupus-like chronic graft-versus-host disease (cGVHD) in Stat1-KO and in WT mice by 

intraperitoneal injection of class II-disparate bm12 splenocytes. WT recipients of these 

alloreactive cells developed anti-dsDNA autoantibodies starting at week 2 as expected, with a 

decline after week 4. In contrast, Stat1-KO hosts exhibited a prolonged and significant increase of 

anti-dsDNA autoantibody responses compared to WT mice (week 4 to week 8). Increased 

autoantibody titers were accompanied by increased proteinuria and mortality in the cGVHD host 

mice lacking Stat1. Further analysis revealed expression and activation of Stat3 in the glomeruli of 

Stat1-KO host mice but not WT mice with cGVHD. Glomerular Stat3 activity in the Stat1-KO 

mice was associated with increased IL-6 and IFN-γ secretion and macrophage infiltration. 

Interactions between Stat1 and Stat3 thus appear to be crucial in determining the severity of lupus-

like disease in the cGVHD model.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disorder associated with immune-

complex mediated multiple-organ damage (1, 2). A major contributor to morbidity and 

mortality among patients with SLE is renal inflammation, known as lupus nephritis (LN) 

(3). The failures in immunoregulation of lupus are still poorly understood (1, 4).
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Interferons and interferon-inducible genes are thought to be important in the pathogenesis of 

SLE. The “interferon signature”, consisting of increased transcription of both type I 

interferon and of type I interferon-activated genes, is frequently observed in cells from SLE 

patients and is associated with disease activity. Because type I interferons (IFN-I) activate 

Stat1, Stat2, and Stat3, these transcription factors may have key roles in SLE by either 

promoting or suppressing inflammation (5). Type II interferon (IFN-γ) can also activate 

Stat1 and Stat3 (6). Stat1 is present in renal biopsies of lupus nephritis patients and kidney 

sections of lupus-prone mice, and expression levels correlate with disease activity (7). Stat3 

activation has also been identified in the normal human kidney, and markedly increased 

expression of Stat3 is seen in many forms of glomerulonephritis (8). Stat1 and Stat3 play 

opposing roles in a variety of cell functions (9-11). In mouse embryonic fibroblasts, IFN-γ 

weakly activates Stat3, but in the absence of Stat1, Stat3 activation is increased and 

prolonged (6). IL-6 can activate Stat3 through the gp130 subunit and mediate the diverse 

effects of Stat3 in development and diseases (12, 13). Gain-of-function Stat3 mutations lead 

to early-onset autoimmune disease in patients, with clinical improvement observed after 

IL-6 blockade (14). These many observations led us to consider investigation in depth of the 

roles of Stats in a lupus animal model.

Bm12-induced chronic graft-versus-host disease (cGVHD) is initiated with injection of 

MHC-II incompatible spleen cells and results in a chronic syndrome characterized by the 

production of high titers of a spectrum of autoantibodies similar to those seen in human 

SLE, accompanied by some of the pathological manifestations of SLE. The autoantibodies 

produced in the syndrome come entirely from the recipient B cells (15). The pattern of 

autoantibody production and the renal pathology produced in the murine cGVH model are 

quite consistent with SLE. The disease progresses over a period of weeks, with substantial 

mortality in the recipient animals. Antibody titers then regress in surviving animals. This 

model has been demonstrated to be valuable for elucidating the fundamental 

immunopathophysiology of SLE (4, 15). In the present report, we explored the role of Stat1 

and Stat3 in renal inflammation in mice undergoing cGVHD. We were surprised to find 

prolonged and markedly elevated autoantibody responses in mice lacking Stat1. Also 

unanticipated was the finding that of Stat3 protein levels and its activation were substantially 

increased in Stat1-KO mice subjected to cGVHD. This Stat3 activation was associated with 

IL-6 and IFN-γ expression and with glomerular macrophage infiltration. These studies 

underscore the complexity of Stat dysregulation in SLE renal disease, but also open 

possibilities for the therapeutic utility of selective modulators of Stat1/Stat3 signaling in the 

management of renal inflammation in SLE patients.

Materials and Methods

Mice

C57BL/6 (WT, B6: H-2b, Ighb), B6.Stat1-KO, B6.Stat2-KO, and B6.C-H2bm12 (bm12: 

H-2bm12, Ighb) mice were maintained on a 24-h light-dark cycle, with food and water 

available ad libitum. All mice in the study were on C57BL/6 background male mice (>10-

generation backcrossed, non-littermate) between 8-12 weeks of age. All experimental 
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animal procedures were approved by and in accordance with the Institutional Animal Care 

and Use Committee of Temple University.

Induction of cGVHD

Chronic GVHD was induced as previously described (16). Briefly, B6.WT or B6.Stat1-KO 

recipient mice were injected intraperitoneally with 100 million splenocytes from bm12 mice. 

Serum samples were prepared from peripheral blood on the day of injection and at weekly 

intervals. Mouse sera were stored at −40°C for autoantibody analysis.

Kidney function and histological analysis

Chronic GVHD mice were followed weekly with measurement of proteinuria (Uristix, 

Bayer Corporation, Elkhart, IN). Kidneys were removed at time points indicated at figure 

legends and frozen in OCT medium. 4 μm sections were stained with H&E. Pathological 

evaluation by light microscopy was done in a blinded manner by Dr. Mark Birkenbach.

Flow Cytometry

Mice were sacrificed and spleens were harvested in cold RPMI-1640 medium. Single-cell 

suspensions were obtained after red blood cell lysis. Kidneys were also harvested, cut into 

<1mm pieces, and subjected to collagenase I and DNase digestion. Single-cell suspensions 

were obtained after EDTA incubation (17). Staining was done in staining buffer with 

various combination of antibodies at 4°C for 40 minutes. Cells were then washed and data 

were acquired using a FACS Canto flow cytometer (BD Immunocytometry Systems, San 

Jose, CA). Data were analyzed with FlowJo software (San Carlos, CA).

Autoantibody ELISA

Anti-dsDNA, anti-chromatin, and autoantibody isotypes were quantitated as published (18). 

Briefly, 96-well plates were coated with either dsDNA (2.5 μg/ml) or chromatin (3 μg/ml). 

Poly L-lysine (1 μg/ml, Sigma-Aldrich, St. Louis, MO) pre-treatment was required for the 

dsDNA plate. Serum samples were diluted in borate-buffered saline and incubated overnight 

at 4°C. Alkaline phosphatase-conjugated goat anti-mouse total IgG or IgG isotypes (Jackson 

ImmunoResearch Laboratories, West Grove, PA) were added to detect the autoantibody 

levels. The plates were washed and incubated with substrate at 37°C and read at various 

time points with an ELISA reader at 405nm.

Immunofluorescent staining

Mouse kidneys were snap-frozen in liquid nitrogen. Sections (4 μm) were fixed in methanol 

and blocked with 5% BSA. Anti-mouse antibodies (1:100 dilution) were added and 

incubated with the sections. Secondary antibodies were added after wash as indicated in the 

figure legends. Images were acquired using a Nikon E1000 fluorescent microscope equipped 

with camera (Melville, NY).

Western blot

Extraction of proteins from kidneys and purified splenic B cells for immunoblotting was 

performed using RIPA buffer (Santa Cruz Biotechnology, Dallas, TX). Antibodies against 
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pStat1(Tyr701), total Stat1, pStat3(Tyr705), Stat3, Bcl-2, and β-actin were purchased from 

Cell Signaling Technology (Danvers, MA).

RT-PCR—Total RNA was isolated using the PureLink RNA Mini Kit (Ambion, Carlsbad, 

CA) from the kidney lysates. The first strand cDNA was synthesized from 1 μg of total RNA 

using the High Capacity RNA-to-cDNA Kit (Applied Biosystems, Foster City, CA). Each 

cDNA sample was amplified by using specific FAM-NGB primers against IL-6 and IFN-γ 

from Life Technologies (Grand Island, NY). The housekeeping gene GAPDH was assayed 

in parallel, as an internal control. Real-time PCR was performed in an Applied Biosystems 

Real-time PCR system using TaqMan Gene Expression Master Mix. The CT of each test 

message was first normalized using the CT for GAPDH, assayed in the same sample. Fold 

change was then calculated (19).

Statistical analysis

Statistical significance was determined using Student’s t test and data are presented as 

means ± SD. Asterisks: *p<0.05, **p<0.01.

Results

Stat1-deficiency but not Stat2-deficiency exacerbated chronic GVH disease

IFN signaling has an important role in the development and pathogenesis of lupus. Stats 

have highly specific functions in the control of various immune responses. To understand 

the roles of Stat1 and Stat2 in the development of bm12-induced lupus like cGVH disease, 

we induced cGVHD in wild type (WT) C57BL/6 mice or mice lacking either Stat1 (Stat 1-

KO) or Stat2 (Stat2-KO). We next measured and compared serum autoantibodies levels and 

proteinuria in these Stat1-, Stat2-deficient and WT recipients of bm12 alloreactive T cells. 

As shown in figure 1, WT and Stat2-KO mice developed similar levels of anti-dsDNA 

autoantibodies starting at week 2, with a decline noted after week 4 (Fig. 1A). In contrast, 

Stat1-KO mice showed a prolonged and significant increase in anti-dsDNA autoantibodies 

when compared to WT mice between week 4 and week 7 (Fig. 1B). Increased total IgG 

autoantibody titers were accompanied by increased proteinuria in mice lacking Stat1. 

Starting at week 5, proteinuria was elevated in the urine of Stat1-KO mice but not in WT 

mice with cGVHD (Fig. 1C). Severe autoimmune disease in Stat1-KO cGVH mice led to 

increased mortality (Fig. 1D), probably due to renal failure. About 40% of bm12-injected 

Stat1-KO mice died between week 10 and week 20, while over 90% of cGVHD WT mice 

survived.

Anti-dsDNA isotype analysis revealed markedly elevated and more prolonged IgG1 and 

IgG2b autoantibody responses in Stat1-KO mice compared to WT mice with cGVHD (Fig. 

2A and B). The diminished IgG3 response observed in Stat1-KO mice after alloreactive 

stimulation was probably due to the impaired IFN-γ signaling pathway (Fig. 2C), as IFN-γ 

has been reported to promote switching to IgG3 (20). Class switching to IgG2c was similar 

to the WT counterparts (Fig. 2D). Similar results were observed with anti-chromatin 

autoantibody isotype analysis (Data not shown). These results may reflect deregulated T cell 

cytokine (IL-4, IFN-γ) mediated B cell activation and antibody class switching (21). They 
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may also indicate a role of Stat1 or Stat3 activation in response to BCR-engaged antibody 

production (22, 23).

Increased autoantibody response in Stat1-KO hosts correlates with enhanced B-cell 
activation

In bm12-induced cGVHD, cognate interaction of CD4 T cells with B-cell MHC II 

molecules results in the loss of host B cell tolerance and the production of autoantibodies 

typical of SLE. Host B cells show phenotypic changes indicative of diffuse activation. We, 

therefore, asked if increased autoantibody responses were accompanied by enhanced B-cell 

activation in the Stat1-KO mice. Figure 3A shows that B cells from Stat1-KO mice with 

cGVHD displayed an enhanced activation phenotype at weeks 4 and 6 (increased CD80, 

CD86, and MHC-II) compared to WT mice given the same treatment. We then purified B 

cells from WT and Stat1-KO mice 2 and 4 weeks after cGVHD. B-cell expression of Stat1/3 

and SOCS1/3 were analyzed by Western blotting. We found about a significant increase of 

pStat3 (Tyr705) in B cells from Stat1-KO mice compared to B cells from WT mice (Fig. 

3B). Activation of Stat3 resulted in subsequently significant expression of anti-apoptotic 

Bcl-2 in B cells from Stat1-KO mice compared to B cells from WT mice under the same 

treatment (Fig. 3B). Stat1 and Stat3 negatively regulate one another through the induction of 

SOCS. Stat3 and SOCS3 activation were previously reported to be enhanced in Stat1-KO 

mice (9). As shown in Figure 3C, SOCS1 levels in B cells were found undetectable in 

uninduced and cGVHD WT and cGVHD Stat1-KO mice. Levels of SOCS3 greatly 

increased upon the induction of cGVHD in B cells from WT and Stat1-KO mice. In contrast, 

WT and Stat1-KO B cells showed similar levels of SOCS3 expression when cGVHD was 

induced (Fig. 3C). It is important to know that B-cell expression of Stat1 and Stat3 and 

SOCS1 and SOCS3 was only observed at week 2 after cGVHD induction in WT and Stat1-

KO mice.

Elevated immune complex deposition in the glomeruli and significantly more severe 
kidney damage in Stat1-KO mice with cGVHD

Because no other organ damage was observed (data not shown), it is likely that renal 

insufficiency caused the death of Stat1-KO mice with cGVHD. Pathological staining 

revealed early onset injury in the kidneys of Stat1-KO mice. Started at week 6, mild 

inflammation developed in the kidneys of cGVHD Stat1-KO host mice, with interstitial 

infiltration and hyper-cellularity (Fig. 4A). Six months after cGVHD, glomerular and 

tubular necrosis developed in Stat1-KO mice (Fig. 4A). One explanation is that enhanced 

glomerular damage in the Stat1-KO mice was due to increased deposition of nephritogenic 

immune complexes. IgG deposition was identified by immunofluorescent staining with anti-

mouse IgG. Glomerular IgG deposition was evident in WT mice with cGVHD starting at 

week 2 (Fig. 4B), a trend that correlated with the autoantibody profile (Fig. 1B). Immune 

complex deposition was also present at week 2 in the kidney of Stat1-KO mice with 

cGVHD. Yet a significant and further increase in immune complex deposition in glomeruli 

was observed in cGVHD Stat1-KO mice starting at week 6 that was maintained until the end 

of study (Fig. 4B).
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Stat3 upregulation and activation in the glomerular mesangial cells of Stat1-KO mice with 
cGVHD

Both type I and type II IFN can activate Stat1and data presented in Figure 1 indicate that the 

enhanced autoimmunity in Stat1-KO mice could be INF II pathway dependent, because the 

IFN-I pathway involves Stat1/Stat2 heterodimer and Stat2-KO mice developed similar 

autoantibody responses compared to WT mice with cGVHD. IFN-γ can activate Stat3 and 

its activation is exacerbated and prolonged in Stat1-null mouse embryonic fibroblasts when 

compared against WT cells (6). Various studies have shown Stat3 expression in glomeruli 

and Stat3 can be expressed and activated in the kidney by immune complexes and IL-6 (24). 

We therefore asked if the severe kidney inflammation observed in the cGVHD Stat1-KO 

mice is due to increased Stat3 expression. Compared to WT kidneys, Stat3 protein 

expression was in fact significantly elevated in the glomeruli of Stat1-KO mice with levels, 

and peaking at week 4 and week 6 (Fig. 5A and B). Anti-phospho tyrosine 705 specific 

antibody staining showed activation of Stat3 in the glomeruli of Stat1-KO mice with 

cGVHD (Fig. 5C). In contrast, Stat3 expression in the WT mice with cGVHD was barely 

detectable (Fig. 5A). Co-staining with glomerular cell markers revealed mesangial-specific 

expression of Stat3 in Stat1-KO glomeruli (Fig. 5D). Expression of Stat3 on mesangial cells 

was further confirmed by FACS analysis (Fig. 5E). The expression of Stat1 was detectable 

(week 2-8) in the WT mice with cGVHD, but to a lesser degree than Stat3 (Fig. 5A).

Increased IL-6 secretion and macrophage infiltration were associated with Stat3 
expression

Stat1 and Stat3 can be reciprocally activated in response to IL-6 and IFN-γ. The expression 

of IL-6 is increased in renal injury (25). Therefore, we stained kidney sections from WT and 

Stat1-KO at weeks 4 and 6 after bm12 splenocytes injection and found a significant increase 

of IL-6 expression in the glomeruli of Stat1-KO mice with cGVHD but not in the glomeruli 

of WT mice under the same conditions (Fig. 6A). Stat3 is known to be phosphorylated 

transiently in response to IFN-γ, but its phosphorylation level was found markedly enhanced 

and prolonged in Stat1-null mice (6). We hypothesized that Stat3 expression and activation 

observed in the kidney of Stat1-KO might be due to increased IFN-γ expression. Indeed, 

very strong expression of IFN-γ was found in the glomeruli of cGVHD Stat1-KO mice when 

compared against kidney sections from cGVHD WT mice (Fig. 6A). RT-PCR analysis also 

revealed increased levels of IL-6 and IFN-γ mRNA at weeks 4 and 6 after induction of 

cGVHD in Stat1-KO mice compared to WT mice. Moreover, the increased levels of IL-6 

and IFN-γ in Stat1-KO mice kidneys were statistically significant at week 6 (Fig. 6B).

The IL-6/Stat3 pathway has been reported to be essential for macrophage infiltration (26), 

and macrophage infiltration into the kidney contributes to pathological damage. To 

determine whether increased IL6 and Stat3 expression in the kidney of Stat1-KO mice was 

associated with macrophage infiltration, we performed immunofluorescence staining on 

kidney sections from WT and Stat1-KO mice undergoing cGVHD. Figure 6B shows 

infiltration of macrophages in the kidney of Stat-KO mice compared to WT mice with 

cGVHD. Macrophage infiltration was limited to the blood vessel area (Fig. 6B top, right) 

and to the glomeruli (Fig. 6B bottom, right).
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Discussion

The importance of interferons and their regulatory factors in SLE is well established (27, 

28). This study of the interplay between Stat1 and Stat3 in experimental lupus further 

contributes to our understanding of Stats and lupus related inflammation. In particular, we 

showed that the absence of Stat 1 led to increased activation of Stat3 in B cells and 

glomerular mesangial cells in our model of lupus. Activation of Stat3 was transiently 

observed in B cells of WT recipient mice of allogeneic cells, while it was consistently noted 

that Stat1-KO hosts showed much higher degrees of B-cell activation and greater 

autoantibody responses. The accompanying increase in Stat3 expression was associated with 

acquisition of markers of diffuse B-cell activation.

These studies suggest important regulatory interactions between Stat1 and Stat3 in the 

control of lupus autoimmunity. Previous studies have shown reciprocal cross inhibition 

between Stat1 and Stat3 through SOCS1 and SOCS3 expression. Our Western blot results 

revealed SOCS3 expression in B cells from both WT and Stat1-KO mice with cGVHD at 

the same time point (week 2). However, B-cell SOCS3 levels were similar between WT and 

Stat1-KO mice, indicating other mechanisms may regulate Stat3-upregulation and B-cell 

activation. It is even possible that SOCS3 expression is a consequence of Stat3 activation, 

since SOCS3 is the major negative regulator of Stat3 (9).

Stat1 expression is present in renal biopsies of lupus nephritis patients and expression levels 

positively correlated with disease activity (29). Various studies show Stat3 activation in 

glomerular mesangial cells and proximal tubule cells. Stat3 can be expressed and activated 

in the kidney of rats with immune complex glomerulonephritis using BSA as an antigen. 

These rats also have increased macrophage infiltration (24). Furthermore, activating 

germline mutations in Stat3 cause early-onset multi-organ autoimmune disease (30). Mild 

kidney inflammation, which usually takes 2-3 months to develop in cGVHD WT mice, 

developed at week 6 in cGVHD Stat1-KO mice. Though increased autoantibody titers led to 

elevated immune complex deposition, it is unlikely that moderately (though statistically 

significant) enhanced autoantibody titers were the sole cause of the robust kidney 

inflammation and increased mortality rate observed in cGVHD Stat1-KO mice. Supporting 

this notion were studies revealing that the onset of anti-dsDNA antibody production 

occurred well after the onset of nephritis following pristane treatment, suggesting that these 

antibodies were not directly responsible for inducing renal disease (31). We hypothesize that 

local activation and kidney-targeted infiltration play an important role. Indeed, we observed 

significantly increased Stat3 expression and activation on mesangial cells. Macrophage 

infiltration was also evident in the kidneys of Stat1-KO mice with cGVHD.

Cytokines are known to play an important role in the pathogenesis of lupus nephritis and the 

Jak/Stat pathway is important in mediating signal transduction of cytokines. Stat3 activation 

can be induced by multiple cytokines, such as IL-6 and IFN-γ. IFN-γ is a potent activator of 

Stat1, while IL-6 primarily activates Stat3 (32). However, IFN-γ-induced Stat3 

phosphorylation is enhanced and prolonged in Stat1-KO mice (6). Our finding of Stat3 

expression/activation in the kidney strongly supports this notion. Stat3 has been implicated 

in the inflammatory proliferation of cells. In our cGVHD model, expression of Stat3 in the 
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mesangial cells of the Stat1-KO mice was associated with mesangial hyper-cellularity. 

Inhibiting renal expression of IFN-γ is accompanied by reduced infiltration of macrophages 

and attenuated deposition of IgG in the kidneys (33). Increased levels of IFN-γ in the 

glomeruli of Stat1-KO mice were associated with macrophage infiltration when cGVHD 

was induced. Although IgG deposition was associated with globally enhanced autoantibody 

responses in the cGVHD Stat1-KO mice, the increased macrophage infiltration may be 

attributed to increased IFN-γ expression in the kidney of cGVHD Stat1-KO mice. 

Macrophage (CD11b+) infiltration may cause further damage to the already inflamed kidney 

of cGVHD Stat1-KO mice.

Presently, various inhibitory strategies to block Stat signaling and function are being 

pursued. MRL/lpr mice treated with the selective Jak2 inhibitor (AG490, which inhibits both 

Stat1 and Stat3) had significantly reduced proteinuria and improved renal function (33). In 

this regard, inhibition of both Stat1 and Stat3 signaling may hold therapeutic potential for 

LN. Our studies emphasize that there are complex interactions between different Stats that 

need to be considered as Jak-directed therapy becomes broadly accepted, because of the 

wide variety of cells that express Stats and the interest in exploiting them becomes more and 

more tantalizing.
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Figure 1. Stat1-deficient mice develop severe chronic GVH disease
A and B. WT, Stat1-KO mice, and Stat2-KO mice, all on C57BL/6 background, were 

injected i.p. with 1×108 bm12 splenocytes. Serum samples were prepared from peripheral 

blood of experimental mice the day of injection and at weekly intervals thereafter. Mouse 

sera were stored at −40°C. A-B. Anti-dsDNA titers were determined by ELISA as 

previously described (1, 16). C. Proteinuria levels of WT and Stat1-KO mice were 

determined with Uristix (Bayer Co., Elkhart, IN). D. Mouse survival was followed daily for 

six months. Data are representative of three experiments.
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Figure 2. Autoantibody isotype profiles from cGVHD Stat1-KO mice
Chronic GVHD was induced in Stat1-KO and WT mice. Serum samples were drawn and 

assessed for isotype-specific anti-dsDNA autoantibodies by ELISA. Data are representative 

of two independent experiments.
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Figure 3. Enhanced B-cell activation in Stat1-KO mice with cGVHD
A. Single cell suspension of splenocytes from the cGVHD Stat1-KO and WT mice was 

prepared and subjected to FACS analysis. Histograms represent B cells gated on CD19 

positivity. Expression of B-cells activation markers (CD80, CD86, and MHC-II) was 

analyzed. B-C. Purified B cells were lysed and subjected to Western blot analysis with 

antibodies indicated in the figure. Representative Western blots were shown. Western blots 

from two independent experiments were analyzed using the ImageStudio software (Li-Cor, 

Lincoln, NE).
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Figure 4. Stat1-KO mice developed more severe renal injury
Mice were euthanized at week 2, 4, 6, 8, and 24. Kidneys were frozen in OCT with liquid 

nitrogen and sectioned at 4 μm. A. Sections were stained with H&E and B. FITC anti-mouse 

IgG. Immunostaining was quantified using a bioquantification software system (Bioquant 

TCW 98, Nashville, TN). The percent area fractions of the area containing thresholded 

pixels versus the area of the entire region of interest (ROI) are shown at the bottom and 

expressed as mean ±SEM (34). Data are representative of three individual experiments. 

Magnification: x400.
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Figure 5. Stat3 expression in the glomerular mesangial cells of Stat1-KO mice with cGVHD
Kidney sections (4μm) were prepared at different time points as indicated. A. Expression of 

Stat1 and Stat3 was revealed by staining with anti-Stat1 and anti-Stat3 antibody and 

visualized with a Nikon E1000 fluorescence microscope. B. Quantified levels of Stat3 

immunofluorescence were shown as percent area fractions against the entire ROI as 

previously described. C. Stat3 phosphorylation was analyzed with anti-phosphotyrosine 705 

antibody. D. Co-localization of Stat3 with mesangial cells (α-SMA), podocytes (Nephrin), 

and endothelial cells (CD31) was evaluated in glomeruli of Stat1-KO mice. E. FACS 

analyses of Stat3 on glomerular cell subsets were gated on mesangial cells. Data are 

representative of at least three different sections from individual mice in each experiment 

and were evaluated in two separate experiments. Magnification: x400.
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Figure 6. Increased IL-6 and IFN-γ secretion and macrophage infiltration in the glomeruli of 
Stat1-KO mice with cGVHD
Kidney sections prepared from cGVHD WT and cGVHD Stat1-KO mice were incubated 

with A. Rabbit anti-IL6, anti-IFN-γ, and visualized with anti-rabbit Fluro488. B. Expression 

levels of IL-6 and IFN-γ were analyzed by RT-PCR. C. FITC-conjugated anti-CD11b 

antibodies were incubated with kidney sections from cGVHD WT and Stat1-KO mice. Data 

are representative of two independent experiments.
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