
     1 

Deregulated Stat3 signaling dissociates pulmonary inflammation from 

emphysema in gp130 mutant mice  

Saleela M. Ruwanpura1, Louise McLeod1, Alistair Miller1, Jessica Jones2, Ross Vlahos2, 

Georg Ramm3, Anthony Longano4, Philip G. Bardin5, Steven Bozinovski2, Gary P. 

Anderson2, and Brendan J. Jenkins1 

 

1Centre for Innate Immunity and Infectious Diseases, Monash Institute of Medical Research, 

Monash University, Clayton, 3168, Victoria, Australia; 2Departments of Medicine and 

Pharmacology, The University of Melbourne, Parkville, 3050, Victoria, 

Australia; 3Department of Biochemistry and Molecular Biology, and Monash Micro Imaging, 

School of Biomedical Sciences, Monash University, Clayton, 3800, Victoria, 

Australia; 4Department of Pathology, Monash Medical Centre, Clayton, 3168, Victoria, 

Australia; 5Department of Respiratory and Sleep Medicine, Monash Medical Centre, 

Clayton, 3168, Victoria,  Australia. 

 

Running head: Stat3 drives lung inflammation, but not emphysema  

 

Corresponding author: Brendan J. Jenkins, Centre for Innate Immunity and Infectious 

Diseases, Monash Institute of Medical Research, Monash University, 27-31 Wright Street, 

Clayton, Victoria 3168, Australia.  

Tel +61 3 9902 4708; Fax +61 3 9594 7114; E-mail Brendan.Jenkins@monash.edu   

 

Author Contributions: S.M.R. carried out experiments, analyzed and interpreted data, and 

wrote the manuscript. L.M., A.M., J.J., R.V. and G.R. carried out experiments and analyzed 

data. A.L. analyzed and interpreted data, and P.G.B., S.B. and G.P.A provided reagents and 

mailto:Brendan.Jenkins@monash.edu


     2 

tissue biopsies, and interpreted data. B.J.J conceived experiments, analyzed and interpreted 

data, and wrote the manuscript. 

 



     1 

ABSTRACT 

Interleukin (IL)-6 is a potent immunomodulatory cytokine that is associated with emphysema, 

a major component of chronic obstructive pulmonary disease (COPD). IL-6 signaling via the 

gp130 co-receptor is coupled to multiple signaling pathways, especially the latent 

transcription factor signal transducer and activator of transcription (Stat)3. However, the 

pathological role of endogenous gp130-dependent Stat3 activation in emphysema is ill-

defined. To elucidate the role of the IL-6/gp130/Stat3 signaling axis in the cellular and 

molecular pathogenesis of emphysema, we employed a genetic complementation strategy 

using emphysematous gp130F/F mice displaying hyper-activation of endogenous Stat3 that 

were interbred with mice to impede Stat3 activity. Resected human lung tissue from patients 

with COPD and COPD-free individuals was also evaluated by immunohistochemistry. 

Genetic reduction of Stat3 hyper-activity in gp130F/F:Stat3-/+ mice prevented lung 

inflammation and excessive protease activity, however emphysema still developed. In support 

of these findings, Stat3 activation levels in human lung tissue correlated with the extent of 

pulmonary inflammation but not airflow obstruction in COPD. Furthermore, COPD lung 

tissue displayed increased levels of IL-6 and apoptotic alveolar cells, supporting our previous 

observation that increased endogenous IL-6 expression in the lungs of gp130F/F mice 

contributes to emphysema by promoting alveolar cell apoptosis. Collectively, our data suggest 

that IL-6 promotes emphysema via upregulation of Stat3-independent apoptosis, whereas IL-6 

induction of lung inflammation occurs via Stat3. We propose that while discrete targeting of 

Stat3 may alleviate pulmonary inflammation, global targeting of IL-6 potentially represents a 

therapeutically advantageous approach to combat COPD phenotypes where emphysema 

predominates.  

Key words:  cytokines/interleukin-6/chronic obstructive pulmonary disease/apoptosis/Stat1 
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INTRODUCTION 

Emphysema is a major component of the debilitating disorder chronic obstructive pulmonary 

disease (COPD), the fifth most common cause of death world-wide (3). While chronic 

pulmonary inflammation is a trait of COPD (3), and has been linked to the pathogenesis of 

emphysema, it has emerged that the destruction of lung parenchyma in emphysema is likely a 

consequence of complex interactions, albeit ill-defined, at the molecular and cellular levels 

between inflammation, excessive apoptosis, protease activity and oxidative stress in the lung 

(3, 8, 30, 38) 

IL-6 is a potent immunomodulatory cytokine that is associated with COPD and 

systemic inflammation (14, 24, 38), and its involvement in the pathogenesis of emphysema 

has been suggested from clinical studies demonstrating IL-6 gene polymorphisms (14) and 

elevated production of IL-6 in emphysema patients (5, 42). In addition, the artificially-forced 

lung-specific over-expression of IL-6 in transgenic mice causes alveolar airspace enlargement 

(23). The biological actions of IL-6 are triggered by its binding to the specific IL-6 receptor 

α subunit (IL-6R), which in turn associates with the signaling receptor β subunit gp130.  

Ligand engagement of gp130 then leads to activation of the gp130-associated Janus kinases 

(Jaks), which in turn activate (by tyrosine phosphorylation) the latent transcription factors 

Stat3 and to a lesser extent Stat1, as well as the Shp2-mitogen-activated protein kinase 

(Mapk) and Shp2-phosphoinosotide 3-kinase (PI3K)-Akt pathways (15). Although the 

pathological role of these gp130 signaling events in emphysema is poorly understood, 

considerable attention has focused on Stat3, albeit with conflicting results. For instance, 

transgenic mice over-expressing a tyrosine (Y) non-phosphorylatable Stat3 mutant in the 

respiratory epithelium develop emphysema (47), and elevated IL-6 expression and Stat3 

activation as a consequence of targeted MMP12 over-expression in the mouse lung correlates 

with pulmonary inflammation and emphysema (36). While these findings suggest that Stat3 
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can contribute to the onset of emphysema, conversely, transgenic over-expression of a hyper-

active Stat3-C mutant in the respiratory epithelium leads to spontaneous pulmonary 

inflammation and lung adenocarcinoma without any emphysema (26), and conditional 

deletion of Stat3 in the respiratory epithelium fails to induce any lung pathology under steady-

state conditions (22). Accordingly, there is a need to better define the involvement of the 

endogenous IL-6/gp130/Stat3 signaling axis in its native environment in lung disease.  

We have recently demonstrated that gp130F/F mice homozygous for a phenylalanine (F) 

knock-in substitution of Y757 in gp130 spontaneously develop pulmonary emphysema 

associated with excessive apoptosis, protease activity and inflammation in an IL-6-dependent 

manner (38). At the molecular level, the gp130Y757F mutation abolishes binding of the gp130 

signaling negative regulator suppressor of cytokine signaling (Socs)3, resulting in hyper-

activation of endogenous Stat3 and, to a lesser extent, Stat1 (44). Here we report in gp130F/F 

mice that hyper-activation of the endogenous gp130/Stat3 signaling axis in the lungs is 

dispensable for the development of emphysema. Rather, hyper-activation of Stat3 via gp130 

primarily promoted B and T cell pulmonary inflammation. We also observed a minor role for 

gp130/Stat1 signaling in contributing to the infiltration of T cells in the lungs of gp130F/F 

mice. Importantly, in human lung tissue Stat3 activation levels also correlated with the extent 

of pulmonary inflammation but not airflow obstruction in COPD. Furthermore, in patients 

with COPD we revealed an association between increased levels of IL-6 and apoptotic 

alveolar cells independent of Stat3 activity. Collectively, our data unexpectedly demonstrate 

that inflammation and emphysema are dissociable in the context of IL-6-driven lung 

pathology, and suggest that there is a possibility of designing IL-6/Stat3 based therapies that 

target pulmonary inflammation alone or together with emphysema. 
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MATERIALS AND METHODS 

Human lung samples 

Lung tissue from resection surgery for treatment of a solitary peripheral carcinoma was 

collected from patients with either no evidence of COPD or mild-moderate COPD (Table 1). 

Tissue from the subpleural parenchyma avoiding tumor-bearing areas were fixed in 10% 

neutral buffered formalin and embedded in paraffin for sectioning. The degree of 

inflammation was determined on Hematoxylin and Eosin (H&E)-stained sections by applying 

stereological techniques to blindly count inflammatory cells in 10 random fields across each 

lung section. Inflammatory scores were defined as follows: 10, >50% inflammatory 

cells/field; 5, <50% inflammatory cells/field; 0, no inflammatory cells/field. The sum score 

for 10 fields was used to define lungs with no-mild (score 0-19), moderate (score 20-70) or 

severe (score 71-100) inflammation. Studies were approved by the Melbourne Health Human 

Research Ethics committee.  

 

Mice 

The gp130F/F, gp130F/F:IL-6-/-, gp130F/F:Stat3-/+ and gp130F/F:Stat1-/- mice have been 

previously reported (9, 18, 19, 44), and were housed under specific pathogen-free conditions. 

Experiments were approved by the Monash University Animal Ethics Committee, and 

included genetically-matched gp130+/+ littermate controls.  

 

Antibodies 

Antibodies against IL-6, phospho(Y705)-Stat3, total Stat3, phospho(Y701)-Stat1, total Stat1 

and actin were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The cleaved 

caspase-8 antibody was purchased from Cell Signaling Technology (Beverly, MA). 

Fluorescent-labeled antibodies to murine CD3 (clone G4.18), B220 (clone RA3-6B2), Gr-1 
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(clone RB6-8C5) and CD11b/Mac-1 (M1/70) were purchased from BD Bioscience (San Jose, 

CA).  

 

Mouse tissue collection  

The collection of mouse lungs for stereology, histology and immunohistochemistry was 

performed as previously described (38).  

 

Stereological and mean linear intercept analyses  

Lung stereology was performed on methylene blue-stained lung sections using computer-

assisted newCAST software (version 2.14; Visiopharm, Hørsholm, Denmark) (38). Airspace 

enlargement was quantified by the mean linear intercept (Lm) technique on H&E-stained lung 

sections. For each section, 5 randomly selected fields were captured at 20x magnification in a 

blinded fashion using a Zeiss Axioskop Microscope (Oberkochen, Germany) and Olympus 

DP70 Camera (Tokyo, Japan), and images were analyzed using Image-Pro Plus 5.0 software 

(Media Cybernetics, Bethedsa, MD). Fields with airways or blood vessels were avoided by 

moving 1 field in any one direction. 10 equally-distributed horizontal lines of known length 

(approximately 420 μm) were drawn in each field, and Lm calculated as the total length of the 

lines divided by the number of alveolar intercepts. 

 

Lung function analyses  

The assessment of lung function on anesthetized mice was performed using the flexiVent 

system (SCIREQ, Montreal, Canada) (6, 38).  

 

Flow cytometry 
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Flow cytometry was performed on mouse lung single cell suspensions as described previously 

(38). 

 

Immunohistochemistry and immunofluorescence 

Immunohistochemistry for the detection of B220, IL-6 and pY-Stat3 was performed as before 

(33), apoptosis was determined by the TUNEL technique using an ApopTag Peroxidase In 

Situ Apoptosis Detection kit (Millipore, Billerica, MA), and immunofluorescence for cleaved 

caspase-8 activity was performed as per the manufacturers instructions (Cell Signaling 

Technology). Stereological techniques were applied to determine the percentage of alveolar 

septal TUNEL-stained cells (38), and the number of pY-Stat3, IL-6 or caspase-8 stained cells 

per 20 fields.  

 

Protein extraction and immunoblotting 

Total protein lysates were prepared from snap-frozen lung tissue and subjected to 

immunoblotting with the indicated antibodies as previously described (18). Proteins were 

visualized using the Odyssey Infrared Imaging System (LI-COR, Lincoln, NE) and quantified 

using the Image J program (nih.gov). 

  

RNA isolation and gene expression analysis 

For mouse lung tissue, total RNA extraction and the preparation of cDNA for quantitative 

RT-PCR (qPCR) expression analyses of individual genes were performed as previously 

described (38). Sequences for mouse primers are as follows; Stat3 forward 5’-

CAGAAAGTGTCCTACAAGGGC-3’,  Stat3 reverse 5’-CGTTGTTAGACTCCTCCATGT-

3’; Socs3 forward 5’-GCGGGCACCTTTCTTATCC-3’, Socs3 reverse 5’-

TCCCCGACTGGGTCTTGAC-3’; Stat1 forward 5’-ACAACATGCTGGTGACAGAGC-3’,  
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Stat1 reverse 5’-TGAAAACTGCCAACTCAACAC-3’; Ip10 forward 5’-

GCCGTCATTTTCTGCCTCAT-3’, Ip10 reverse 5’-GCTTCCCTATGGCCCTCATT-3’; 

Mmp9 forward 5’-CGGCACGCCTTGGTGTAGCA-3’, Mmp9 reverse 5’-

AGGCAGAGTAGGAGCGGCCC-3’; Mmp2 forward 5’-GCTCTATGGGCCCTCCCCCG-

3’, Mmp2 reverse 5’-CGTGGTGTCACTGTCCGCCA-3’; Mmp12 (amplicon 

region ENSMUST00000005950, Qiagen, Hilden, Germany); 18S forward 5’- 

GTAACCCGTTGAACCCCATT-3’; 18S reverse 5’-CCATCCAATCGGTAGTAGCG-3’. 

For human lung tissue, total RNA was extracted from formalin-fixed, paraffin-

embedded tissue using the RNeasy FFPE kit (Qiagen) as per the manufacturers’ instructions. 

Briefly, the first 4 tissue sections (10µm thick) were discarded from each sample block, 

following which 10µm sections were then used to extract total RNA. cDNA synthesis was 

performed using the High Capacity RNA-to-cDNA kit (Applied Biosystems, Foster City, 

CA). As per the mouse gene expression analyses, qPCR was performed with SYBR Green 

(Invitrogen) on the 7900HT Fast RT-PCR System, and gene expression data acquisition and 

analyses were performed using the Sequence Detection System Version 2.3 software 

(Applied Biosystems). Sequences for human primers are as follows; STAT3 forward 5’- 

GGAGGAGGCATTCGGAAAG-3’,  STAT3 reverse 5’-TCGTTGGTGTCACACAGAT-3’; 

SOCS3 forward 5’-GGCCACTCTTTCAGCATCTC-3’, SOCS3 reverse 5’- 

ATCGTACTGGTCCAGGAACTC-3’; STAT1 forward 5’- GTTACTTTCCCTGACATCATT 

-3’, STAT1 reverse 5’-GAATTCTACAGAGCCCACTAT-3’; IL-6R forward 5’- 

AAAGCTGGGCAGGTTGGTG -3’, IL-6R reverse 5’-AGCTTGTGCAGAGGTGTTGAG-

3’; IL-6 forward 5’-CTCCAGGAGCCCAGCTCTGA-3’, IL-6 reverse 5’-

CCCAGGGAGAAGGCAACTG-3’; ACTIN forward 5’-GATGAGATTGGCATGGCTTT-3’,  

ACTIN reverse 5’-CACCTTCACCGTTCCAGTTT-3’.  

 

http://www.ensembl.org/Mus_musculus/transview?db=core&transcript=ENSMUST00000005950
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Protease expression analysis  

Zymography was used to assess protease activity in lysates prepared from snap-frozen lung 

tissue as previously described (45).  

 

Statistical analyses 

All statistical analyses were performed using GraphPad Prism for Windows version 5.0. The 

normality of data was assessed using the D'Agostino and Pearson omnibus K2 normality test. 

Where appropriate, parametric (one-way ANOVA, student t-test) or nonparametric tests 

(Kruskal Wallis, Mann-Whitney U test) were used to determine differences between 

genotypes and patient groups. A P < 0.05 was considered statistically significant. Data are 

expressed as the mean ± SEM. 
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RESULTS 

Hyper-activation of endogenous Stat3, but not Stat1, in the lungs of emphysematous 

gp130F/F mice 

Since deregulated activation of the gp130/Stat3 signaling axis is observed in numerous IL-6-

driven disease states (2, 13, 19), we initially investigated the activation status of Stat3 in the 

lungs of emphysematous gp130F/F mice. Immunoblot analysis of the lungs of 6 month old 

gp130F/F and gp130+/+ mice indicated that the basal levels of tyrosine-phosphorylated Stat3 

(pY-Stat3) were significantly elevated (2.5-fold, P <0.01) in lung tissue of gp130F/F mice 

compared to gp130+/+ mice (Figure 1A). In addition, the amount of pY-Stat3 in emphysema-

free lungs of 6 month old gp130F/F:IL-6-/- mice was reduced back to wild-type levels (Figure 

1A). These findings were also supported by qPCR expression profiling of Stat3-target genes 

which indicated that mRNA levels for Stat3 and Socs3 were up-regulated in the lungs of 

gp130F/F mice compared to gp130+/+ and gp130F/F:IL-6-/- mice (Figure 1B).  

In addition to Stat3, IL-6 activates the related Stat1 latent transcription factor (15) 

which is a potent inducer of emphysema-associated processes apoptosis and inflammation 

(32). Furthermore, the expression of Stat1 is augmented in airway epithelial cells from 

emphysematous patients with COPD (39). Although Stat1 is hyper-activated in certain organs 

(e.g. stomach) of gp130F/F mice (9), we were unable to detect any basal pY-Stat1 in the lungs 

of gp130F/F mice (Figure 1C). While we did observe an increased expression of known Stat1-

target genes Stat1 and Ip10 in the lungs of gp130F/F compared to gp130+/+ mice, these genes 

remained up-regulated in gp130F/F:IL-6-/- mice (Figure 1D). Therefore, these data suggest that 

gp130-dependent hyper-activation of Stat3, rather than Stat1, correlates with emphysema in 

gp130F/F mice. 

 

IL-6-driven emphysema in gp130F/F mice occurs independently of Stat hyper-activation 
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To specifically delineate a causal role for Stat3 hyper-activity in IL-6/gp130-driven 

emphysema, we utilized gp130F/F:Stat3-/+ mice which have previously been validated as an 

important biological model to understand the role of gp130/Stat3 hyper-activation in the 

pathogenesis of various disease states (8, 16). Immunoblot (Figure 2A) and qPCR (Figure 

2B) analyses confirmed that heterozygous genetic ablation of Stat3 reduced the levels of basal 

pY-Stat3 and Stat3-target gene expression, respectively, in the lungs of 6 month old 

gp130F/F:Stat3-/+ mice to those comparable of gp130+/+ mice. However, histological 

evaluation of 6 month old gp130F/F:Stat3-/+ mouse lungs revealed emphysema characterized 

by enlargement of the distal air spaces and destruction of the normal alveolar architecture 

comparable to that of age-matched gp130F/F mice (Figure 2C). Similarly, examination of 

static lung compliance, lung volumes, Lm and various stereological parameters revealed that 

gp130F/F:Stat3-/+ mice still manifested emphysematous changes comparable to those observed 

in gp130F/F mice (Figure 2D and 2E, and Table 2), suggesting that the pathogenesis of 

emphysema in gp130F/F mice is independent of Stat3.  

A non-essential role for the gp130/Stat1 signaling axis in emphysema in gp130F/F mice 

was also verified in gp130F/F:Stat1-/- mice (9), whereby the lungs of these mice also showed 

emphysematous morphological changes (Figure 2C and Table 2), increased lung volumes and 

altered respiratory mechanics (Figure 2D and 2E) comparable to those observed in gp130F/F 

mice. Taken together, these data indicate that IL-6/gp130-driven emphysema occurs 

independently of either Stat3 or Stat1 hyper-activation. 

 

Stat3 hyper-activation up-regulates protease activity, but not apoptosis, in the lungs of 

gp130F/F mice 

Apoptosis is a key process associated with the development of human emphysema and 

several animal models of the disease, including IL-6/gp130-driven emphysema in gp130F/F 
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mice (1, 8, 38). Our observations that emphysema still develops in gp130F/F:Stat3-/+ and 

gp130F/F:Stat1-/- mice would therefore suggest that gp130-dependent hyper-activation of 

endogenous Stat3 or Stat1 does not augment apoptosis in the lungs of emphysematous 

gp130F/F mice. To test this notion, we assessed the extent of apoptotic TUNEL-stained cells 

in the lungs of these compound mutant mice at 6 months of age, which we have previously 

reported to primarily comprise alveolar epithelial (septal) cells rather than endothelial or 

interstitial inflammatory cells (38). Indeed, increased numbers of TUNEL-stained alveolar 

septal cells were detected in the lungs of gp130F/F, gp130F/F:Stat3-/+ and gp130F/F:Stat1-/- mice 

compared to gp130+/+ controls (Figure 3A). Furthermore, stereological quantification revealed 

that TUNEL staining in lungs of gp130F/F:Stat3-/+ and gp130F/F:Stat1-/- mice remained 

significantly elevated compared to gp130+/+ mice (Figure 3B). In order to further delineate the 

specific apoptotic pathway/s associated with gp130-driven emphysema in gp130F/F mice, we 

next used immunofluorescence to detect down-stream proteins belonging to two main 

apoptotic pathways; intrinsic (activated caspase-9) and extrinsic (activated caspase-8). As 

shown in Figure 3C and 3D, we observed increased numbers of activated caspase-8 

immunoreactive cells in lung sections from emphysematous gp130F/F, gp130F/F:Stat3-/+ and 

gp130F/F:Stat1-/- mice compared to gp130+/+ mice at 6 months of age. By contrast, no 

immunoreactive activated caspase-9 staining was observed in the lungs amongst the various 

mouse genotypes (data not shown). Collectively, these data suggest that alveolar cells 

undergo apoptosis via the caspase-8-dependent apoptotic pathway in all emphysematous mice. 

 The excessive pulmonary gelatinase activity of MMP-2 and MMP-9 previously 

observed in gp130F/F mice did not correlate with IL-6/gp130-driven emphysema, but may be 

implicated in inflammation (38). We therefore investigated whether the pulmonary activity of 

these MMPs was promoted by Stat1 and/or Stat3 hyper-activation. Gelatinase zymography of 

lung lysates from 6 month old mice demonstrated that MMP-9 protease activity was reduced 
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to wild-type levels in gp130F/F:Stat3-/+ mouse lungs, whereas MMP-9 activity remained 

elevated in the lungs of gp130F/F:Stat1-/- mice (Figure 4A). These observations correlated 

with increased (gp130F/F:Stat1-/-) and decreased (gp130F/F:Stat3-/+) lung mRNA levels for 

Mmp-9 compared to gp130F/F mice at 6 months (Figure 4B), and are consistent with previous 

reports on the contrasting regulatory actions of Stat1 and Stat3 on Mmp-9 gene expression (7). 

A similar gene expression profile was also observed for Mmp-12 (Figure 4C). The augmented 

Mmp-9 activity was not a consequence of the impaired mRNA expression of the negative 

regulator tissue inhibitor MMP-1 (Timp-1) (Figure 4D). In contrast, lung MMP-2 activity was 

comparable among all genotypes (Figure 4A), and Mmp-2 mRNA expression levels remained 

elevated in the lungs of gp130F/F, gp130F/F:Stat3-/+ and gp130F/F:Stat1-/- mice compared to 

gp130+/+ mice (Figure 4E). Therefore, these data demonstrate a specific link between lung 

expression and activity of MMP-9 and Stat3.  

 

Pulmonary inflammation in gp130F/F mice is primarily driven by endogenous Stat3 

hyper-activation  

In addition to emphysema, another feature of the lungs of gp130F/F mice is the spontaneous 

development of pulmonary inflammation predominantly comprising B220+ B cells as well as 

CD3+ T cells (Figure 5A-5D) (38), the numbers of which are also increased in patients with 

COPD (12, 34). Considering that Stat3 and Stat1 can display pro-inflammatory activities (13, 

25) and promote the tissue infiltration of B- and T-lineage cells (2, 29, 31, 40), we therefore 

investigated whether elevated gp130-dependent Stat3 and/or Stat1 signaling in the lung 

promoted inflammation. Histological evaluation of lung sections of 6 month old mice 

revealed that the focal inflammatory infiltrates characteristic of gp130F/F mouse lungs were 

absent in gp130F/F:Stat3-/+ mice, whereas such infiltrates were present in gp130F/F:Stat1-/- 

mice (Figure 5A). Immunohistochemistry with the B220 antibody confirmed that these 
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inflammatory infiltrates were mainly B cells (Figure 5B). Consistent with these observations, 

flow cytometry performed on whole lung cell suspensions confirmed that the increased 

proportion of B220+ B cells in lungs of gp130F/F mice was reduced to a greater extent in the 

lungs of gp130F/F:Stat3-/+ mice, but not gp130F/F:Stat1-/- mice (Figure 5C, Table 3). Notably, 

the increased proportion of CD3+ T cell infiltrates in the lungs of gp130F/F mice was similarly 

reduced in either gp130F/F:Stat3-/+ or gp130F/F:Stat1-/- mouse lungs (Figure 5D, Table 3), 

consistent with a regulatory role for both Stat1 and Stat3 in promoting T cell infiltration (29, 

31, 40).  By contrast, the proportions of Mac-1+ and Mac-1+Gr-1+ myeloid cells in the lungs 

of mice were comparable among the genotypes (Figure 5E, Table 3). Therefore, these data 

indicate that endogenous gp130-dependent Stat3 hyper-activation primarily promotes the 

accumulation of both B and T inflammatory cells in the lungs of gp130F/F mice. 

 

In human disease, increased Stat3 activation is associated with pulmonary inflammation, 

whereas increased IL-6 expression and alveolar cell apoptosis are features of COPD  

To further support our findings from gp130F/F mice that Stat3 hyper-activation correlates with 

lung inflammation rather than emphysema, we performed immunohistochemistry for pY-

Stat3 on human lung tissue from patients with COPD and, as a control, COPD-free healthy 

smokers. Stereological and histopathological analyses of H&E-stained lung tissue sections led 

to the classification of these lungs as displaying either no-mild or moderate lung inflammation 

(Figure 6, Table 4). Histopathological evaluation of lung sections indicated that the 

predominant inflammatory cells present were plasma cells, with neutrophils and lymphocytes 

also observed (Figure 6E and 6F). Notably, increased numbers of pY-Stat3 stained alveolar 

cells were only observed in lung tissues displaying moderate inflammation, regardless of the 

COPD status (Figure 7A-7D and 8A; Table 4). Consistent with these data, the expression of 

Stat3 target genes SOCS3 and STAT3 was elevated, albeit not significantly, in patients with 
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COPD and COPD-free healthy smoker controls displaying moderate inflammation compared 

to their counterparts displaying no-mild inflammation (Figure 8B). By contrast, the gene 

expression of STAT1, a target of itself, in all patient groups was undetectable by qPCR. 

Collectively, these data suggest an association between Stat3 activation levels and pulmonary 

inflammation, but not emphysema, in a clinical setting.      

In the gp130F/F mouse model, we have also recently revealed that IL-6-driven 

pulmonary emphysema correlates with enhanced alveolar cell apoptosis (38). To validate 

these findings in the onset of human disease, we performed both immunohistochemical 

staining for IL-6 expression and TUNEL assays for the assessment of apoptosis in lung tissue 

from patients with COPD and COPD-free individuals. Indeed, we observed increased 

numbers of immunoreactive IL-6-stained cells and TUNEL-stained cells in lungs of patients 

with COPD compared to COPD-free healthy smokers, with staining predominantly localized 

to alveolar cells (Figure 7A-7D, 8A; Table 4). The increased expression of the IL-6 gene in 

the lungs of patients with COPD was also independently verified by qPCR (Figure 8B). By 

contrast, the gene expression levels of IL-6R were comparable among the patient groups 

(Figure 8B). Importantly, these data are consistent with our findings in gp130F/F mice, and 

therefore support a pathological role for IL-6-driven apoptosis in the pathogenesis of human 

emphysema.  

 



     15 

DISCUSSION 

In this paper, we provide strong evidence in the gp130F/F mouse model that endogenous 

gp130-dependent (via IL-6) Stat3 hyper-activation in the lung primarily drives chronic 

inflammation. Importantly, a positive correlation between increased Stat3 activation and 

pulmonary inflammation was also verified in human lung tissue irrespective of the presence 

or absence of COPD, and these findings are consistent with the observation that some 

smokers with excessive pulmonary inflammation do not present with COPD (3). In addition, 

in patients with COPD a modest up-regulation of Stat3-dependent genes was previously 

observed only in those with a history of smoking (37), who would be predicted to have 

marked inflammation compared to patients with COPD who were non-smokers, which further 

supports the notion that Stat3 hyper-activity in the lung primarily promotes inflammation. In 

the lungs of gp130F/F mice, we also observed that increased expression and protease activity 

of MMP family members were associated with inflammation in an IL-6/Stat3-dependent 

manner, which contrasted the IL-6-driven, but Stat3-independent, lung epithelial cell 

apoptosis and emphysema. While this suggests that excessive IL-6/Stat3-regulated MMP-

associated protease activity is not linked to emphysema in this mouse model, it is possible 

that other proteases (and/or anti-proteases for that matter) regulated by IL-6 independently of 

Stat3 may play a potential role in IL-6-driven apoptosis and emphysema. Such a notion is 

worth pursuing further experimentally since proteases/anti-proteases, the regulation of which 

by IL-6 signaling pathways remains obscure, can influence lung epithelial apoptosis 

associated with emphysema (28, 35, 43, 49). 

Another key finding of this current study that endogenous pulmonary Stat3 hyper-

activation in gp130F/F mice does not promote emphysema was supported by the lack of any 

correlation in human lung tissue between increased Stat3 activation and COPD. In this 

respect, it is worth noting that Stat3 can modulate inflammatory, apoptotic, proteolytic and 
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oxidative stress processes (10, 41), each of which either individually or collectively in the 

lung can induce emphysematous alterations (3). Not surprisingly then, the role of Stat3 in the 

pathogenesis of emphysema has been studied in various mouse models artificially-engineered 

to either suppress or augment Stat3 activity, albeit with conflicting findings. For instance, 

conditional deletion of Stat3 in respiratory epithelial cells failed to induce any lung pathology 

under steady-state conditions (22). By contrast, transgenic mice over-expressing a “dominant 

negative” Stat3-Y705F mutant in the respiratory epithelium caused pulmonary emphysema 

(47). However, interpretation of the latter study should proceed with caution in light of recent 

evidence that the non-phosphorylatable Stat3-Y705F mutant is not a true dominant negative, 

but rather constitutes a novel transcription factor complex with non-phosphorylated NF-κB to 

activate a distinct subset of genes, many of which are pro-inflammatory (46). More recently, 

over-expression of MMP12 in mouse respiratory epithelial cells spontaneously induced 

pulmonary inflammation and emphysema which progressed to lung adenocarcinoma that was 

co-incident with increased IL-6 expression and Stat3 activation (36), although a casual role 

for the IL-6/Stat3 axis in disease was not investigated. Nonetheless, this latter observation is 

more consistent with the finding that transgenic over-expression of a hyper-active Stat3-C 

mutant in the respiratory epithelium leads to spontaneous pulmonary inflammation and lung 

adenocarcinoma, but not emphysema (26). Notably, a role for Stat3 in human lung cancer 

rather than emphysema is also supported by recent clinical data revealing that a subset of 

Stat3 target genes is elevated in lung adenocarcinoma but not in COPD tissue (37). Taken 

together, these data support our current findings that gp130-dependent hyper-activation of 

endogenous Stat3 does not induce emphysema, but rather promotes pulmonary inflammation. 

Furthermore, we propose that our gp130F/F model provides a robust genetic tool to examine 

whether endogenous gp130-dependent Stat3 hyper-activation enhances the susceptibility to 

lung carcinogenesis, which is the subject of ongoing investigations in our laboratory.  
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Another key finding of this study was that in human COPD tissue independent of the 

extent of pulmonary inflammation, both increased IL-6 expression and augmented alveolar 

cell apoptosis were observed. These novel observations validate our previous work 

demonstrating that increased IL-6 expression in the lungs of gp130F/F mice promotes 

emphysema characterized by increased numbers of apoptotic alveolar septal cells (38). In this 

regard, we also note that lung cell death in this model is not a consequence of excessive 

autophagy, since electron microscopy revealed that autophagosomes/autophagic vacuoles 

were similarly barely detectable in lung sections of both gp130F/F and gp130+/+ mice (data not 

shown).  Collectively, these findings address a fundamental gap in our understanding of the 

cellular events by which IL-6 has been linked to the pathogenesis of COPD (5, 14, 42). 

Indeed, our current data demonstrating that the extent of lung apoptosis (Figure 3) and 

emphysema (Figure 2, Table 2) are comparable in gp130F/F and gp130F/F:Stat3-/+ mice despite 

the differential inflammatory cell content in the lungs of these 2 genotypes, and alveolar 

epithelial septal cells (aka type II pneumocytes) are the TUNEL-positive lung cell type 

undergoing apoptosis (Figure 3A), further suggest that alveolar septal cells rather than 

infiltrating inflammatory/immune cells contribute to the emphysema phenotype of gp130F/F 

mice. Our study did not show any relationship between smoking pack year history and 

apoptosis in patients with COPD and COPD-free individuals, thus excluding the possibility 

that the increase in apoptosis of structural cells was only related to cigarette smoking, rather 

than being specifically associated with increased IL-6 levels. While other studies have 

previously reported a positive correlation between apoptosis and human emphysema either by 

histological examination of lung tissues (17, 48) or in bronchoalveolar lavage fluid (16), the 

level of IL-6 in these patients was not investigated. Clearly, further studies are now needed to 

clarify the full extent by which apoptotic pathways and gene networks are deregulated by 

elevated IL-6 production in human emphysema.  
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In summary, our current data lead us to propose that the discrete therapeutic targeting 

of Stat3 may prevent or alleviate pulmonary inflammation and its sequalae. On this note, 

given that Stat3 is implicated in inflammation-associated lung carcinogenesis (26, 37) and 

numerous pulmonary chronic inflammatory diseases such as pneumonia, bronchitis and 

asthma (11, 21), Stat3 activation via gp130 may have considerable translational potential as a 

biomarker and/or therapeutic target for these lung diseases. Furthermore, based on our 

previous findings in gp130F/F mice (38) and those presented here in human COPD of an 

association between increased IL-6 expression and apoptosis in the lung, we predict that 

targeting of IL-6 would be therapeutically advantageous in COPD phenotypes where 

apoptosis-associated emphysema predominates. In this scenario, it is important to consider 

that the diverse patho-physiological portfolio of IL-6 is largely explained by its ability to 

initiate 2 modes of signaling: “classical” signaling via interaction with its membrane-bound 

IL-6Rα subunit, and “trans-signaling” via a naturally-occurring soluble IL-6Rα that is 

proteolytically-cleaved from the cell surface (20). Considering the emerging evidence that 

classical signaling is important for maintaining homeostatic immune responses, whereas 

trans-signaling is responsible for the pathogenesis of an increasing number of IL-6-driven 

disease states (e.g. inflammatory bowel disease, colon cancer, arthritis) (4, 27, 33), as part of 

our ongoing studies, it will be important to identify which mode of signaling promotes IL-6-

driven lung disease. Such knowledge for the treatment of specific lung pathologies (i.e. 

emphysema) will provide a critical advantage in determining the potential therapeutic benefits 

of selectively targeting IL-6 trans-signaling with new generation antagonists (13, 27, 33) 

rather than “global” IL-6 signaling (i.e. trans-signaling and classical signaling) with existing 

non-discriminate antibodies against IL-6 or the IL-6R. 
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FIGURE LEGENDS 

Figure 1 

Hyper-activation of endogenous Stat3, but not Stat1, in the lungs of gp130F/F mice. (A) 

Immunoblot analyses were performed on lung tissue lysates from 6 month old (mo) gp130+/+ 

(+/+), gp130F/F (F/F) and gp130F/F:IL-6-/- (F/F:IL6-/-) mice using the indicated antibodies. 

Each lane represents tissue from an individual mouse. Densitometry quantification for pY-

Stat3 was performed on samples belonging to the indicated genotypes, and relative 

expression was determined against actin. **P <0.01. (B) qPCR expression analyses of the 

Stat3 and Socs3 Stat3 target-genes were performed on lung cDNA from 6 mo mice of the 

indicated genotypes. Expression data are normalized against 18S, and are presented from n = 

4 mice per genotype as the mean ± SEM. *P <0.05. (C) Immunoblot analyses were 

performed on lung tissue lysates from 6 mo +/+ and F/F mice using the indicated antibodies. 

Each lane represents tissue from an individual mouse. (D) qPCR expression analyses of the 

Stat1 and Ip10 Stat1 target-genes were performed on lung cDNA from 6 mo mice of the 

indicated genotypes. Expression data are normalized against 18S, and are presented from n = 

4 mice per genotype as the mean ± SEM. *P <0.05 and ***P <0.001.  

 

Figure 2 

IL-6-driven emphysema in gp130F/F mice occurs independently of Stat hyper-activation. 

(A) Immunoblot analyses were performed on lung tissue lysates from 6 month old (mo) 

gp130+/+ (+/+), gp130F/F (F/F) and gp130F/F:Stat3-/+ (F/F:S3-/+) mice using the indicated 

antibodies. Each lane represents tissue from an individual mouse. Densitometry quantification 

for pY-Stat3 was performed on samples belonging to the indicated genotypes, and relative 

expression was determined against actin. **P <0.01. (B) qPCR expression analyses of the 

Stat3 and Socs3 Stat3 target-genes were performed on lung cDNA from 6 mo mice of the 
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indicated genotypes. Expression data are normalized against 18S, and are presented from n = 

4 mice per genotype as the mean ± SEM. *P <0.05. (C) Representative methylene blue 

stained cross-sections of lungs from +/+, F/F, F/F:S3-/+ and gp130F/F:Stat1-/- (F/F:S1-/-) mice 

aged 6 mo. Arrows indicate enlarged airspaces. Scale bars = 100μm. (D) Static compliance 

and (E) lung volume of 6 mo mice of the indicated genotypes. Data are presented from n = 5 

mice per genotype as the mean ± SEM per body weight. *P <0.05, **P <0.01 and ***P 

<0.001.  

 

Figure 3 

The lungs of gp130F/F mice undergo apoptosis via the caspase-8 pathway. (A) 

Representative photomicrographs showing TUNEL-stained cells in lung cross-sections from 

6 month old (mo) gp130+/+ (+/+), gp130F/F (F/F), gp130F/F:Stat3-/+ (F/F:S3-/+) and 

gp130F/F:Stat1-/- (F/F:S1-/-) mice. (B) Stereological quantification of the percentage of 

TUNEL-stained cells in the lungs of 6 mo mice of the indicated genotypes. Data from at least 

3 mice per genotype are expressed as mean ± SEM. *P <0.05. (C) Representative caspase-8 

immunostained (in red) cross-sections of lungs from 6 mo mice of the indicated genotypes. 

Scale bars = 10μm. (D) Quantification of the number of caspase-8 immunoreactive cells in 

the lungs of 6 mo mice per 20 fields (at 40x magnification). Data are expressed as mean ± 

SEM from at least 3 mice per genotype. *P <0.05 and **P <0.01. 

 

Figure 4 

Stat3 hyper-activation up-regulates protease activity in the lungs of gp130F/F mice. (A) 

Zymography of gelatinase activity was performed on lung tissue lysates from 6 month old 

(mo) gp130+/+ (+/+), gp130F/F (F/F), gp130F/F:Stat3-/+ (F/F:S3-/+) and gp130F/F:Stat1-/- 

(F/F:S1-/-) mice. 90kDa and 60kDa bands correspond to MMP-9 and MMP-2, respectively. 
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Each lane represents an individual mouse lung lysate. qPCR expression analyses of (B) Mmp-

9, (C) Mmp-12, (D) Timp-1 and (E) Mmp-2  were performed on lung cDNA from 6 mo mice 

of the indicated genotypes. Expression data are shown from at least 4 mice per genotype 

following normalization for 18S expression, and are presented from triplicate analysis as the 

mean ± SEM. *P <0.05 and **P <0.01. 

 

Figure 5 

Stat3 hyper-activation drives pulmonary inflammation in gp130F/F mice. Representative 

(A) H&E-stained (arrows indicate patches of inflammatory cell infiltrates) and (B) B220-

stained cross-sections of lungs from 6 month old (mo) gp130+/+ (+/+), gp130F/F (F/F), 

gp130F/F:Stat3-/+ (F/F:S3-/+) and gp130F/F:Stat1-/- (F/F:S1-/-) mice. Scale bars = 40μm. (C-E) 

Whole lung single cell suspensions from 6 mo +/+, F/F, F/F:S3-/+ and F/F:S1-/- mice were 

subjected to multi-colour flow cytometric analysis with the antibodies indicated. 

Representative histograms showing (C) B220+ and (D) CD3+ cells per whole lung cell 

population. For histograms, x-axis represents FITC or PE intensity, and y-axis represents 

relative cell number. (E) Representative dot plots showing relative proportions of 

Mac1+ (upper left gated region) or Mac1+Gr1+ (upper right gated region), as percentages of 

the whole lung cells population. For dot plots, x-axis represents FITC intensity, and y-axis 

represents PE intensity. Flow cytometric profiles are representative of at least 3 mice per 

genotype. 

 

Figure 6 

Inflammation in human lungs is primarily composed of plasma cells and, to a less extent, 

neutrophils and lymphocytes. Representative cross sections of human lung biopsies from 

(A) COPD-free controls with no-mild inflammation, (B) COPD-free controls with moderate 
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inflammation, (C) patients with COPD with no-mild inflammation and (D) patients with 

COPD with moderate inflammation stained for H & E. Scale bars = 10μm. Arrows indicate 

immunostained alveolar cells and circles indicate inflammatory cells. Representative H&E-

stained (for inflammation) cross sections of lung tissues from (D) COPD-free controls with 

moderate levels of inflammation and (E) patients with COPD with moderate levels of 

inflammation. Scale bars = 10μm. L, lymphocytes; N, neutrophils; PC, plasma cells.    

    

Figure 7 

Stat3 hyper-activation correlates with inflammation in human lungs, whereas increased 

IL-6 expression and apoptosis are associated with human COPD. Representative cross 

sections of human lung biopsies from (A) COPD-free controls with no-mild inflammation, 

(B) COPD-free controls with moderate inflammation, (C) patients with COPD with no-mild 

inflammation and (D) patients with COPD with moderate inflammation stained for pY-Stat3, 

IL-6 and TUNEL (apoptosis). Scale bars = 10μm. Arrows indicate immunostained alveolar 

cells and circles indicate inflammatory cells.    

 

Figure 8 

Stat3 hyper-activation associates with inflammation regardless of COPD status, while 

increased IL-6 expression and apoptosis are related in human COPD. (A) Stereological 

analyses of the number of pY-Stat3-, IL-6- and TUNEL-stained cells in human lungs per 20 

fields (x40 magnification) patients with COPD and COPD-free controls with no-mild or 

moderate (mod) inflammation. Data are expressed as mean ± SEM. *P <0.05 and **P <0.01. 

(B) qPCR expression analyses of SOCS3, STAT3, IL-6 and IL-6R were performed on lung 

cDNA from the same groups of patients with COPD and COPD-free controls. Expression 
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data are presented following normalization for ACTIN expression, and are presented from 

triplicate analysis as the mean ± SEM. *P <0.05. 
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Table 1. Clinical characteristics of the patients. 

 Healthy smokers  COPD  

Sex (no. of patients) 
Male 

Female 

 

3 

5 

 

11 

4 

Smoking history 
Pack years 

 

31 ± 15 

 

42 ± 8 

Age (years) 69 ± 3 70 ± 2 

Diagnosis a solitary peripheral 
carcinoma (no airway 

obstruction) 

a solitary peripheral 
carcinoma (airway 

obstruction) 

FEV1 (% of predicted 
post) 

88.2 ± 4.2 76.6 ± 4.3 

Post-BD FEV1/FVC ratio 73.0 ± 2.3 57.3 ± 2.6 

Gold Stage 0 1-2 

 Data are expressed as the mean ± SEM for COPD-free healthy smokers (n = 8) and 

patients with COPD (n = 15). FEV1, forced expiratory volume in one second; FVC, forced 

vital capacity; BD, bronchodilator. 
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Table 2. Comparative stereological analyses of lungs from gp130+/+ and gp130F/F 

compound mutant mice. 

  +/+ F/F F/F:S3-/+ F/F:S1-/- 

Vv (par/lung) (%) 86.4 ± 0.7 88.9 ± 1.2* 89.0 ± 0.3* 84.4 ± 1.8 

Vv (air/par) (%) 69.8 ± 1.3 79.3 ± 1.9*** 80.3 ± 1.2** 77.5 ± 1.4** 

V (air/lung) (cm3) 58.4 ± 3.1 82.2 ± 2.6* 80.2 ± 3.5* 71.1 ± 4.9* 

Vv (sep/par) (%) 23.9 ± 1.1 16.1 ± 0.9*** 14.5 ± 1.2** 18.6 ± 1.4* 

V (sep/lung) (cm3) 20.2 ± 2.0 16.7 ± 1.1* 14.3 ± 0.8* 17.1 ± 1.7 

Sv (sep/par) (1/cm) 639 ± 36 538 ± 17* 531 ± 52 548 ± 41 

S (sep/lung) (cm2) 535 ± 49 560 ± 33 531 ± 58 498 ± 40 

Lm (µm) 23.9 ± 0.4 44.7 ± 2.5*** 41.8 ± 2.5*** 41.4 ± 0.3*** 

 
 Data are expressed as the mean ± SEM. n = 5-6 mice aged 6 months/genotype.  

Genotypes are as follows: gp130+/+ (+/+), gp130F/F (F/F), gp130F/F:Stat3-/+ (F/F:S3-/+) and 

gp130F/F:Stat1-/- (F/F:S1-/-) mice. *P <0.05, **P <0.01 and ***P <0.001 versus age-matched 

+/+ mice. Vv, volume fraction; par, parenchyma; air, air space; sep, septal tissue; Sv, surface 

density; S, surface area; Lm, mean linear intercept. 
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Table 3. Flow cytometric analyses of immune cell infiltrates in the lungs of gp130+/+ and 

gp130F/F compound mutant mice. 

  +/+ F/F F/F:S3-/+ F/F:S1-/- 

B220+ (%) 8.8 ± 1.7 24.9 ± 1.7** 11.7 ± 1.2# 18.7 ± 2.0 

CD3+ (%) 10.9 ± 3.7 24.6 ± 2.5* 14.1 ± 3.9 13.8 ± 0.9 

Mac+Gr1+ (%) 2.0 ± 0.8 1.5 ± 0.4 1.5 ± 0.5 1.1 ± 0.4 

Mac+ (%) 5.1 ± 0.3 5.3 ± 1.1 7.0 ± 0.2 6.9 ± 0.8 

 
Data are expressed as the mean ± SEM. n = 4 mice aged 6 months/genotype.  

Genotypes are as follows: gp130+/+ (+/+), gp130F/F (F/F), gp130F/F:Stat3-/+ (F/F:S3-/+) and 

gp130F/F:Stat1-/- (F/F:S1-/-) mice. *P <0.05 and **P <0.01 versus age-matched +/+ mice. #P 

<0.05 versus age-matched F/F mice. 
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Table 4. Stereological immunohistochemistry and histology analysis of lungs from 

patients with COPD and COPD-free healthy smokers. 

Patient group pY-Stat3 IL-6 TUNEL Inflammation 

 Number of positively-stained  
cells/20 fields 

 

Healthy smokers  
(no-mild inflammation) 

10.0 ± 3.3 4.6 ± 0.6 1.8 ± 0.8 5.0 ± 2.0 

Healthy smokers  
(moderate inflammation) 

26.9 ± 3.8* 7.4 ± 4.4 0.9 ± 0.3 26.3 ± 2.4 

COPD  
(no-mild inflammation) 

10.3 ± 2.2 30.9 ± 8.2** 6.2 ± 0.4* 5.0 ± 2.2 

COPD  
(moderate inflammation) 

42.7 ± 6.7 39.2 ± 5.7 10.2 ± 2.6 40.6 ± 3.6 

Data are expressed as the mean ± SEM. n = 4-9/patient group. *P <0.05 and **P <0.01 

versus COPD-free healthy smokers (no-mild inflammation). Inflammation scoring is as 

follows: 0-19, no-mild; 20-70, moderate; 71-100, severe. 

 
 
 



Figure 1

A

pY-Stat3

Stat3

Actin

+/+       F/F    F/F:IL6-/-

R
e
la

ti
v
e

 r
a

ti
o

 t
o

 A
c

ti
n

0

1

2

3

4

5 **

pY-Stat3

C

pY-Stat1

Stat1

Actin

+/+           F/F

B

0

2

4

6

0

10

20

30
*

Stat3 Socs3

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

D

0

20

40

60

80

100

0

1

2

3

4

5

Stat1 Ip10

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

***

***
*

*

**

*

+/+     F/F    F/F:  

IL6-/-

+/+    F/F   F/F:  

IL6-/-

+/+   F/F   F/F:  

IL6-/-

+/+   F/F   F/F:  

IL6-/-

+/+    F/F   F/F:  

IL6-/-



+/+     F/F     F/F:

S3-/+

0

1

2

3

4

5 **

Figure 2

A

pY-Stat3

Stat3

Actin

+/+       F/F    F/F:S3-/+  

R
e
la

ti
v
e

 r
a

ti
o

 t
o

 A
c

ti
n

pY-Stat3

C

B

Stat3 Socs3

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

+/+   F/F    F/F:  

S3-/+ 

+/+   F/F    F/F:  

S3-/+ 

0

2

4

6

0

10

20

30

*

+/+ F/F F/F:S3-/+ F/F:S1-/-

D

F/F: 

S3-/+

F/F:  

S1-/-

+/+ F/F

Lung volume

c
m

H
2
O

/m
l.

g

F/F: 

S3-/+

F/F:  

S1-/-

+/+ F/F
0

0.001

0.002

0.003 ***
***

**

Static compliance

0

0.02

0.04

0.06

c
m

3
/g

E

**
**

*



R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

Mmp-2
*

F/F:  

S3-/+

F/F: 

S1-/-

+/+ F/F
0

20

40

60
**    

*

Timp-1

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

0

50

100

150

200

F/F:  

S3-/+

F/F: 

S1-/-

+/+ F/F

*    

*    

Figure 4

A B

C

90kDa

60kDa

MMP-9

MMP-2

+/+ F/F
F/F:     

S3-/+ 

F/F:       

S1-/-

D

Mmp-9

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

0

20

40

60

80

100

*
*

+/+ F/F

*

E
Mmp-12

0

20

40

60
*
***

F/F:  

S3-/+

F/F: 

S1-/-

+/+ F/F

R
e
la

ti
v
e

 e
x

p
re

s
s

io
n

F/F:    F/F

S3-/+  St1-/-



Figure 3

A

F/F:S3-/+

+/+ F/F

F/F:S1-/-

B

%
 o

f 
T

U
N

E
L

-s
ta

in
e

d
 c

e
ll

s

0.5

1.5

0

2

*
*    

1

*    

F/F:  

S3-/+

F/F: 

S1-/-

+/+ F/F

C

F/F:S3-/+

+/+ F/F

F/F:S1-/-

D *    

0

40

80

120

F/F:  

S3-/+

F/F: 

S1-/-

+/+ F/F

*
**    

N
u

m
b

e
r 

o
f 

c
a

s
p

a
s

e
-8

 s
ta

in
e

d
 

c
e

ll
s

/ 
2

0
 f

ie
ld

s
 



Figure 5

A +/+ F/F

F/F:S3-/+ F/F:S1-/-

C +/+ F/F F/F:S3-/+ F/F:S1-/-

C
e
ll

 n
u

m
b

e
r

B220

C
e
ll

 n
u

m
b

e
r

CD3

D

M
a

c
1

Gr1

E

F/F:S3-/+ F/F:S1-/-

+/+ F/FB

1000

800

600

400

200

0

600

400

200

0

400

200

0

600

400

200

0

800

600

0 102 103 104 105

6.11%

0 102 103 104 105

29.9% 8.78% 20.0%

102 103 104 1050 102 103 104 1050

800

600

400

200

0
0 102 103 104 105

12.7%
600

400

200

0

31.2%

0 102 103 104 105

800

600

400

200

0
0 102 103 104 105

18.4%
800

600

400

200

0

0 102 103 104 105

16.2%

0 102 103 104 105
0 102 103 104 105 0 102 103 104 105 0 102 103 104 105

0

102

103

104

105

0

102

103

104

105

0

102

103

104

105

0

102

103

104

105

4.97% 1.59% 4.4% 1.62%
6.69% 1.63% 5.93% 0.99%



Figure 6

C COPD (no-mild inflammation)

D COPD (moderate inflammation)

A Controls (no-mild inflammation)

B Controls (moderate inflammation)

H&E

L

N

N
PC

PC

PC

N

N

PC

L

PC

Inflammatory cells (X100)

E Controls (moderate inflammation)

F COPD (moderate inflammation)



Figure 7

C COPD (no-mild inflammation)

D COPD (moderate inflammation)

A Controls (no-mild inflammation)

B Controls (moderate inflammation)

pY-Stat3 IL-6 TUNEL



Figure 8

0

20

40

60

80

0

20

40

60

80

0

10

20

30

N
o.

/p
er

 2
0 

fie
ld

s 
A   B 

**
pY-Stat3

N
o.

/p
er

 2
0 

fie
ld

s 
N

o.
/p

er
 2

0 
fie

ld
s 

IL-6

TUNEL

C
on

tr
ol

 
(n

o-
m

ild
)

C
on

tr
ol

(m
od

)

C
O

PD
 

(n
o-

m
ild

)

C
O

PD
 

(m
od

)

* **
*

**
* **

*

*

*
*

*

R
el

at
iv

e 
ex

pr
es

si
on

 

0

1

0.5

1.5

0

SOCS3

1

0.5

1.5

R
el

at
iv

e 
ex

pr
es

si
on

 

C
on

tr
ol

 
(n

o-
m

ild
)

C
on

tr
ol

(m
od

)

C
O

PD
 

(n
o-

m
ild

)

C
O

PD
 

(m
od

)

IL-6

STAT3

0
5
10
15
20
25
30
35
40

0
0.2
0.4
0.6
0.8
1

1.2

1.4 IL-6R

R
el

at
iv

e 
ex

pr
es

si
on

 
R

el
at

iv
e 

ex
pr

es
si

on
 

*

*

2

2


	Ruwanpura et al 2012 (L-00285-2011) clean revision
	Corresponding author: Brendan J. Jenkins, Centre for Innate Immunity and Infectious Diseases, Monash Institute of Medical Research, Monash University, 27-31 Wright Street, Clayton, Victoria 3168, Australia.
	Tel +61 3 9902 4708; Fax +61 3 9594 7114; E-mail Brendan.Jenkins@monash.edu
	Lung tissue from resection surgery for treatment of a solitary peripheral carcinoma was collected from patients with either no evidence of COPD or mild-moderate COPD (Table 1). Tissue from the subpleural parenchyma avoiding tumor-bearing areas were fi...
	Mice
	The gp130F/F, gp130F/F:IL-6-/-, gp130F/F:Stat3-/+ and gp130F/F:Stat1-/- mice have been previously reported (9, 18, 19, 44), and were housed under specific pathogen-free conditions. Experiments were approved by the Monash University Animal Ethics Commi...
	Stat3 hyper-activation correlates with inflammation in human lungs, whereas increased IL-6 expression and apoptosis are associated with human COPD. Representative cross sections of human lung biopsies from (A) COPD-free controls with no-mild inflammat...
	Stat3 hyper-activation associates with inflammation regardless of COPD status, while increased IL-6 expression and apoptosis are related in human COPD. (A) Stereological analyses of the number of pY-Stat3-, IL-6- and TUNEL-stained cells in human lungs...
	Table 3. Flow cytometric analyses of immune cell infiltrates in the lungs of gp130+/+ and gp130F/F compound mutant mice.
	Data are expressed as the mean ± SEM. n = 4 mice aged 6 months/genotype.  Genotypes are as follows: gp130+/+ (+/+), gp130F/F (F/F), gp130F/F:Stat3-/+ (F/F:S3-/+) and gp130F/F:Stat1-/- (F/F:S1-/-) mice. *P <0.05 and **P <0.01 versus age-matched +/+ mic...
	Table 4. Stereological immunohistochemistry and histology analysis of lungs from patients with COPD and COPD-free healthy smokers.

	Ruwanpura et al Figure 1
	Ruwanpura et al Figure 2
	Ruwanpura et al Figure 4
	Ruwanpura et al Figure 3
	Ruwanpura et al Figure 5
	Ruwanpura et al Figure 6
	Ruwanpura et al Figure 7
	Ruwanpura et al 2011 (revised Figure 8)


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


