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ABSTRACT:   Neutrophil elastase plays pivotal roles in the pathogenesis of pulmonary fibrosis. 

The neutrophil elastase inhibitor, sivelestat, could alleviate pulmonary fibrosis, however, the 

antifibrotic mechanisms have not yet been clarified. We examined the antifibrotic mechanisms, 

mainly focusing on a key fibrotic cytokine, transforming growth factor-β1, in this study. 

To elucidate the antifibrotic mechanisms of sivelestat, we examined a murine model of 

bleomycin-induced early-stage pulmonary fibrosis. After intratracheal instillation of bleomycin, 

sivelestat was administered intraperitoneally once a day for 7 or 14 days. Bronchoalveolar lavage 

fluid and lung samples were examined on day 7 or day 14 after bleomycin instillation.  

In the bleomycin-induced early-stage pulmonary fibrosis model, the neutrophil elastase level 

was increased in the lungs. Sivelestat significantly inhibited the increase of lung collagen content, 

fibrotic changes, the numbers of total cells (including  macrophages, neutrophils, and 

lymphocytes), the levels of the active form of transforming growth factor-β1 and phospho-Smad2 

in the bleomycin-induced early-stage pulmonary fibrosis. The total transforming growth factor-

β1 levels and relative changes of transforming growth factor-β1 mRNA expression, however, 

were not decreased significantly by sivelestat.  

These results suggested that sivelestat alleviated bleomycin-induced pulmonary fibrosis via 

inhibition of both TGF-β activation and inflammatory cell recruitment in the lung.  

 (197 words)  

KEYWORDS: Early-stage pulmonary fibrosis, sivelestat, neutrophil elastase, transforming 

growth factor-β1 



  

 
 

Pulmonary fibrosis is caused by a variety of insults to the lung, such as acute lung injury, 

irradiation  and drugs (1). The degree of fibrosis is a major determinant of clinical outcome in 

patients with fibrotic pulmonary diseases because current therapies are ineffective or only 

marginally effective.   

Acute lung injury (ALI) or acute respiratory distress syndrome (ARDS) is associated with 

acute and diffuse alveolar damage, non-cardiogenic pulmonary edema, and subsequent 

pulmonary fibrosis. Based on a recent report (2), the mortality of ARDS was 40 to 45% among 

patients in observational studies and 35 to 40% among those in randomized controlled trials. An 

important issue for the long-term survival of patients with ARDS is the degree of parenchymal 

fibrosis and loss of pulmonary function (1).  

The fibroproliferative phase of ALI/ARDS has traditionally been regarded as a late event. 

However, recent studies suggest that increased collagen turnover is an early event within 24 

hours of diagnosis (3). Extensive thin-section computed tomographic (CT) abnormalities, 

including traction bronchiolectasis, suggested fibroproliferative changes were independently 

predictive of poor prognosis in ARDS patients within 7 days after onset (4). Transforming 

growth factor-β (TGF-β), especially its isoform TGF-β1, is a profibrotic cytokine that is 

overexpressed in patients with fibrosis and was directly associated with fibrosis in multiple 

human settings and animal models (5). Elevated levels of active TGF-β1 were documented not 

only in bronchoalveolar lavage fluid (BALF) but also in tissue samples within 24 hours after the 

diagnosis of ARDS (6).  

The presence of fibrotic changes early in the course of ARDS has been associated with an 

increased risk of mortality (3, 4, 7). Fibroproliferation in the early response to lung injury could 

be an important therapeutic target.  Idiopathic pulmonary fibrosis (IPF) is also a progressive and 

fatal fibrotic pulmonary disease without effective available therapies.  
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BLM-induced inflammation and fibrosis represent an experimental model for IPF as well as 

ALI/ARDS.  Recent studies have suggested that increased collagen turnover and fibrotic changes 

are earlier events within 14 days in the BLM-induced fibrosis (8-11) and these changes were used 

commonly as a pulmonary fibrosis model. Sings of fibrosis were observed at 7 days after BLM 

administration (8). A significant increase in total collagen deposition was observed as early as 

days 8 which continued to increase until day 16 (9). Hence, we used this BLM-induced model as 

an early-stage fibrosis model within 14 days. 

Neutrophil elastase (NE) is a serine proteinase that is released from activated neutrophils  

and has broad substrate specificity. NE has been presumed to play a role in degenerative and 

inflammatory diseases by its proteolysis of the extracellular matrix (12, 13), and contribute to 

lung injury (14). NE induces lung epithelial apoptosis via proteinase-activated receptor (PAR)-1 

(14), and PAR-1 could play an important role in inflammatory and fibroproliferative responses in 

ALI/ARDS (10, 15). The serum NE level was elevated in patients with pulmonary fibrosis (16, 

17), and some evidence does suggest that inhibition of its activity could attenuate the 

development of the disease (13, 18, 19).  

In this study, we examined the antifibrotic effects of a specific NE inhibitor, sivelestat, 

mainly on TGF-β1 activation in the BLM-induced early-stage pulmonary fibrosis model. We 

found that sivelestat alleviated BLM-induced pulmonary fibrosis via inhibition of TGF-β1 

activation and inflammatory cell recruitment in the lungs. Our results suggest that we may be 

able to alleviate not only inflammatory but also fibroproliferative processes in IPF as well as 

ALI/ARDS.   

 

METHODS  

See the online depository as supplementary material for details on methods. 
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Animal treatment 

Male C57BL/6 mice (8–10 wk old; Japan Clea, Tokyo, Japan)  were allocated to the 

following four groups: (1) intratracheal saline + saline intraperitoneally (Control group), (2) 

intratracheal BLM+ saline intraperitoneally (BLM group), (3) intratracheal BLM + 100 mg/kg of 

sivelestat (Ono Pharmaceuticals, Osaka, Japan) in saline intraperitoneally (BLM+Sivelestat 

group), (4) intratracheal saline + 100 mg/kg of sivelestat in saline intraperitoneally (Sivelestat 

group). BLM (5 mg/kg; Nippon Kayaku, Tokyo, Japan) in 75 l saline or saline was 

intratracheally administered to the mice on day 0. Sivelestat or saline was given intraperitoneally 

3 hours after BLM instillation on day 0, and then once a day for 7 to 14 days. Immediately after 

sacrifice on day 7 and day 14, bronchoalveolar lavage (BAL) was performed and the lungs were 

removed en bloc. Some lung samples were used for histopathological examination, collagen 

assay, and quantitative real-time polymerase chain reaction (PCR). The rest was used as 

homogenate samples with sonication. All experiments were performed in accordance with the 

National Institutes of Health guidelines. The protocols were approved by the Dokkyo Medical 

University School of Medicine Subcommittee on Research Animal Care. 

 

Bronchoalveolar lavage and homogenate lung samples 

After counting the cell number in the BALF, cells were cytospun and stained with Diff-

Quick  for cell classification. The homogenized lung samples and the BALF supernatant were 

freeze-dried by a lyophilizer. The lyophilized samples were dissolved in saline for determination 

of NE activity, the active form of TGF-β1, total TGF-β1, and phospho-Smad2 measurement.  
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Neutrophil elastase activity 

NE activity was determined using the NE specific substrate N-methoxysuccinyl-Ala-Ala-

Pro-Val p-nitroanilide (Calbiochem, San Diego, CA). Fluorescence was measured at wavelengths 

360 nm for excitation and 460 nm for emission.  

 

Quantitative determination of active and total TGF-β1 

The concentrations of murine active and total TGF-β1 were determined using ELISA kits 

(R&D Systems, Minneapolis, MN).  

 

Histopathological evaluation  

The right lung was fixed in 10% buffered formalin and stained with hematoxylin-eosin and 

Masson’s trichrome. Histopathological grading of fibrosis was performed by three experienced 

histopathologists using a blinded semiquantitative scoring system  (20). 

 

Collagen assay 

The collagen content in the homogenate of left lung sample was determined by the Sircol 

Collagen Assay kit (Biocolor Ltd., Belfast, Northern Ireland) (20). 

 

Real-time PCR analysis 

Quantification of TGF-β1 mRNA expression was performed by real-time PCR on an ABI 

Prism 7700 sequence detection system (PE Applied Biosystems), by using SYBR green (Roche 

Diagnostics, Somerville, NJ) as a double-stranded DNA–specific binding dye. GAPDH 

(glyceraldehyde-3-phosphate dehydrogenase) was used as an internal control.  
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Phospho-Smad2 measurement   

Western blot and densitometric analysis were performed as usual with phospho-Smad2 

(Ser465/467) antibody (Cell Signaling, Danvers, MA) and anti-actin (sc-8432; Santa Cruz 

Biotechnology, Santa Cruz, CA). The Sandwich ELISA PathScan® Phospho-Smad2 (Ser465/467) 

Kit (Cell Signaling Technologies, Danvers, MA) was used to measure the concentration of 

phospho-Smad2.  

 

Statistical analysis  

Data are expressed as mean ± standard error of the means (SEM). Statistical significance was 

determined by one-way analysis of variance or t test. p-values less than 0.05 were considered 

significant.  

 

Results 

Bleomycin-induced Pulmonary Fibrosis  

Histopathological examination revealed that BLM-induced marked inflammatory cell 

infiltration with fibrosis in the lungs on day 14 (Fig. 1a iii, vii, 1b). In BLM-treated mice, 

sivelestat prevented the BLM-induced pulmonary fibrosis significantly (Fig. 1a iv, viii, 1b). The 

collagen assay demonstrated that sivelestat reduced the production of total collagen in BLM-

treated lungs (Fig. 1c). Sivelestat in non-BLM-treated mice generated no change in lung 

morphology (Fig. 1a ii, vi) and the pathological fibrosis score (Fig. 1b).  

 

Cell Analysis of BALF  

The cell counts and cell differentiation in BALF were examined to study sivelestat effects on 

the BLM-induced inflammatory responses. BLM elevated the number of inflammatory cells, 
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including the cell counts of total cells/macrophages/neutrophils/lymphocytes, on day 7 and 14 

(Fig. 2a-d). Sivelestat significantly reduced inflammatory cell recruitment in the lungs on day 7 

and 14 (Fig. 2a-d). Sivelestat alone generated no change in the number of inflammatory cells (Fig. 

2a-d).  

 

Neutrophil elastase activity 

In the BLM group, NE activity was elevated in BALF and lung homogenate samples on day 

7 and 14 (Fig. 3a, 3b). Daily sivelestat administration significantly reduced NE activity on day 7 

and 14 (Fig. 3a, 3b). NE activity in lung homogenate samples showed similar results as those in 

BALF on day 7 and 14 (Fig. 3a, 3b). The Sivelestat group showed that sivelestat alone generated 

no change of NE activity in comparison with the Control group (data not shown).   

 

Quantitative determination of the active form of TGF-β1 and total TGF-β1  

The active form of TGF-β1 and total TGF-β1 increased from day 7 to day 14 in the BLM 

group, compared with the Control group (Fig. 4a, 4b). Total TGF-β1 increased from day 7 to day 

14 in the BLM+Sivelestat group, similarly to the BLM group (Fig. 4a, 4b). In contrast with the 

BLM group, the active form of TGF-β1 did not increase from day 7 to day 14 in the 

BLM+Sivelestat group (Fig. 4a, 4b). The results of lung homogenate samples were similar to 

those of the BALF samples (Fig. 4c, 4d). Sivelestat alone generated no change of the active TGF-

β1 and total TGF-β1 in comparison with the Control group (data not shown).  

 

Expression of TGF-β1 mRNA  

The relative TGF-β1 mRNA expression was significantly higher in the BLM group than that 

in the Control group on day 7 and 14 (Fig. 5).  In the BLM+Sivelestat group,   TGF-β1 mRNA 



Takemasa, et al 

8 
 

expression was as high as that in the BLM group (Fig. 5).  This finding indicated that sivelestat 

did not suppress the increased expression of TGF-β1 mRNA induced by BLM. 

 

Phospho-Smad2 measurement     

Phospho-Smad2 is a downstream signaling molecule of TGF-β1, and phosphorylation of 

Smad2 is regarded as a crucial intracellular step in TGF-β1 signal transduction (21). The 

phospho-Smad2  protein levels determined by a western blot  were significantly increased in the 

BLM group compared with the Control group (Fig.  6a). Sivelestat treatment demonstrated a 

significant decrease of the phosphor-Smad2 protein level induced by BLM. Sivelestat alone 

generated no change of Smad2 phosphorylation in comparison with the Control group (data not 

shown).  ELISA for phospho-smad2 indicated the similar results to the western blot’s (Fig. 6b). 

 

DISCUSSION  

NE is an elastolytic enzyme with a broad substrate range that can digest most proteins. It has 

been thought to play a role in degenerative and inflammatory diseases (12, 13). Involved in 

inflammatory lung injury (1), apoptosis (14) and fibroproliferative responses via PAR-1 signal 

transduction (10,14,15), NE could contribute to the pathogenesis of various pulmonary diseases.  

In the present study, to elucidate the possible involvement of NE in pulmonary fibrosis, we 

investigated a specific NE inhibitor, sivelestat, in the BLM-induced early-stage pulmonary 

fibrosis. Sivelestat significantly inhibited BLM-induced fibrotic changes as well as inflammatory 

cell accumulation in the lungs.   

It has long been recognized that NE activity in serum and BALF is significantly elevated in 

patients with pulmonary fibrosis such as IPF, and NE could play an important role in the process 

of pulmonary fibrosis (16, 17). The paradoxical mechanisms in which NE breaks down the 
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extracellular matrix whereas it can promote excess matrix deposition, have not yet been fully 

defined. Pulmonary fibrosis is the central pathologic endpoint of various causes, such as 

progressive inflammation, cell death, and disordered repair (1). It has been hypothesized that 

fibrotic changes are the result of successive inflammation and injuries to the alveolar membrane 

with ineffective reconstitution of normal epithelium (22). The core of this hypothesis is that 

alveolar epithelial cells fail to repair the damaged epithelium as a result of excessive tissue repair 

which leads to interstitial fibrotic changes and scarring. Based on this hypothesis, inhibition of 

lung injury could alleviate pulmonary fibrosis. 

In the present study, sivelestat inhibited inflammatory cell recruitment in the lungs, which is 

consistent with previous reports (13). It was reported that NE can enhance neutrophil 

accumulation. NE enhances neutrophil-dependent inflammation by eliminating the local anti-

inflammatory activity of progranulin (23). NE also stimulates bronchial epithelial cells and 

macrophages to produce neutrophil chemoattractants such as IL-8 (12). Therefore, inhibition of 

NE activity by sivelestat could attenuate neutrophil accumulation. 

Several previous studies reported that inhibition of NE activity could attenuate the 

development of pulmonary fibrosis (13, 18, 19), and sivelestat could alleviate fibrotic changes 

(13). A hypothesis on the mechanism of the suppressive effect of sivelestat on fibrosis 

development has largely centered on responses to injury and inflammatory reaction. Animal 

experiments showed that the suppressive effect of sivelestat was observed when the drug was 

administered during the acute stage within 14 days after the onset (13). It might therefore be 

possible for sivelestat to attenuate fibrosis during the neutrophil-dominant acute stage of 

pulmonary fibrosis.  

In the present study, we demonstrated that sivelestat inhibited not only inflammatory cell 

recruitment but also TGF-β1 activation in the lungs. Based on the fact that marked neutrophilic 
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alveolitis was observed and fibrotic changes were attenuated in BLM-treated NE-deficient mice, 

Chua and colleagues concluded that NE could induce TGF-β activation and NE-deficient mice 

showed diminished pulmonary fibrosis through impairment of TGF-β activation (19). In the 

present study, we found that sivelestat significantly reduced the levels of the active form of TGF-

β1 in BALF and lung homogenates, but not the total TGF-β levels. Sivelestat did not affect the 

BLM-induced increase in TGF-β1 mRNA expression. Moreover, phosphorylation of Smad2 was 

significantly reduced in the BLM+Sivelestat group. These findings indicate that sivelestat 

inhibited NE-mediated activation of TGF-β1 and subsequent lung fibrosis. This is a newly found 

mechanism through which sivelestat inhibits NE-mediated fibrosis, and supports a previous 

report using NE-/- mice (19).   

Although some factors could work through a TGF-β-independent pathway (21) and 

intricately-intertwined mechanisms are associated with fibrosis, evidence for the eminence of 

TGF-β1 in fibrosis is substantial. In fibrogenesis, TGF-β induces myofibroblast differentiation 

and extracellular matrix (ECM) synthesis, and inhibits matrix degradation (24). TGF-β exists in 

three isoforms, TGF-β1, TGF-β2, and TGF-β3. The isoforms differ in their binding affinity for 

TGF-β receptors, and TGF-β1 is generated in greatest abundance subsequent to tissue damage. 

Previous studies have shown that BLM induces collagen deposition, and that TGF-β1 plays an 

important role in mediating this process (25).  

TGF-β1 is produced by a variety of cells, including epithelial cells, alveolar macrophages, 

fibroblasts, and endothelial cells (26).   Alveolar macrophages are thought to be  one of major cell 

sources of  TGF-β1, because  it has been reported that macrophages release large amounts of 

TGF-β1 in IPF patients, and that TGF-β1 is present in fibroblastic foci in IPF patients’ biopsies 

(24). TGF-β is most efficiently secreted as a large latent complex and most TGF-β is stored in the 

extracellular matrix before activation (19). A key feature of IPF is the presence of high levels of 
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inactive precursor form TGF-β1 in the lung parenchyma (27). The main sources can be the 

accumulated TGF-β1 in the lung parenchyma, especially in the initial fibrotic changes. Therefore,  

elevated levels of TGF-β1 as well as TGF-β-inducible proteins, such as procollagen type III, have 

been demonstrated in the lungs of patients with ARDS even 24 hours after onset (6, 7).  

The latent form of TGF-β1 can be activated by a number of stimuli (6, 19), including 

protease such as plasmin, metalloproteinases, radiation, reactive oxygen species (ROS), 

thrombospondin-1, integrin vβ6, CD44, and interleukin-13. Chua and colleagues proposed the 

concept that NE can support matrix production and tissue repair via TGF-β activation (19). 

Current evidence suggests that activation of proteinase-activated receptors (PARs), a subfamily 

of the seven transmembrane domain G-protein-coupled receptors, may be of particular 

importance in influencing inflammatory and fibroproliferative responses in ALI/ARDS. The PAR 

family is comprised of four members (PAR1–PAR4) and perpetuates the interplay between 

coagulation, inflammation and fibrotic changes (15). Scotton and colleagues reported that PAR1-

dependent signaling has the capacity to drive fibrotic responses by activating TGF-β and 

influencing fibroblast-to-myofibroblast differentiation (10 ). Since NE can activate PAR-1 (14), 

the elevated level of NE in patients with ARDS could activate TGF-β through the PAR.  

Although the precise mechanism remains to be elucidated and further examination would be 

preferable, there are theories on the mechanism of TGF-β1 activation by NE, which include a 

direct activation mechanism, indirect ones through the PARs, and other unknown pathways.  

While inhibiting TGF-β1 activation is not always effective in treating pulmonary fibrosis, 

sivelestat could alleviate not only inflammation but also TGF-β1-dependent fibrosis in the early-

stage where excessive NE activity might be involved. In response to inflammatory stimuli, 

neutrophils migrate to inflammatory tissues, where they efficiently bind and engulf, and 
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inactivate pathogenic agents. This is known as inflammation in association with neutrophil 

sequestration in the pulmonary microvasculature. Neutrophils sequestrate the lesions and deliver 

a high local concentration of proteolytic enzymes and reactive oxygen species (ROS) (28). It is 

regulated by many endogenous protease inhibitors such as α1-antitrypsin (α1-AT) with a 

molecular weight of approximately 52 kDa. However, these macromolecular protease inhibitors 

are difficult to go through the sequestrated interstitial space of pulmonary tissue. Alternatively, 

the inhibitory function is performed by a low-molecular weight (528.51 D) sivelestat (12). In 

contrast to endogenous protease inhibitors, sivelestat is structurally resistant to ROS inactivation 

and is effective in inhibiting tissue-bound NE (12). In addition, sivelestat could alleviate not only 

inflammatory reactions but also TGF-β1 activation leading to pulmonary fibrosis.  

Since sivelestat could alleviate the NE-induced lung epithelial apoptosis (14), aerosolized 

administration of the drug could provide patients with beneficial accomplishments. However, 

aerosolized sivelestat may not be sufficient to abrogate NE-induced pulmonary fibrosis, because 

only through airways, it may not adequately reach the lung parenchyma containing high levels of 

TGF-β1. Dual-route administration of sivelestat intratracheally and intravenously could offer 

additive or synergistic effects compared to the single venous pathway. Hence, intratracheal 

administration is an attractive strategy to be investigated further.  

In summary, our results demonstrate that inhibition of NE by sivelestat suppresses both 

neutrophilic inflammation and TGF-β activation, which resulted in the suppression of BLM-

induced pulmonary fibrosis. These data may lead to new therapeutic approaches in ARDS 

through more targeted inhibition of fibrosis. A key point highlighted is that fibroproliferation in 

ARDS occurs with the summation of deeply-intertwined processes, and it is likely to begin 

immediately after the onset of injury. Sivelestat exerted its effect in the early fibrotic stage, in 
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which excessive NE activity could be involved. In this stage, sivelestat could alleviate not only 

inflammatory reaction but also TGF-β1 activation leading to pulmonary fibrosis. If sivelestat is 

administered as early as possible, we could alleviate not only inflammation but also 

fibroproliferative processes in ALI/ARDS as well as the development of IPF.  
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FIGURE LEGENDS  

FIGURE 1. The antifibrotic effects of sivelestat were observed by histologic examination. a) 

Representative pathologic findings of lung tissue stained with hematoxylin and eosin (i-iv) and 

Masson’s trichrome (v-viii) on day 14 after BLM instillation. (i), (v) Control group. (ii), (vi) 

Sivelestat group. (iii), (vii) BLM group. (iv), (viii) BLM+Sivelestat group. Sivelestat (100 

mg/kg) was given 3 hours after intratracheal BLM instillation (5 mg/kg) and daily from day 2-14 

after intratracheal BLM instillation. Original magnification, x100. b) Fibrosis scoring based on 

severity and area of fibrosis on day 14. The fibrosis score of mice treated with sivelestat 100 

mg/kg without BLM showed no significant change compared with that of the untreated control 

mice. Sivelestat 100 mg/kg significantly alleviated BLM-induced pulmonary fibrosis.  c) 

Collagen content in lung tissues. BLM augmented the lung collagen content on day 7 as well as 

day 14. Sivelestat 100 mg/kg significantly alleviated the increased collagen content on day 7 as 

well as day 14 (n =10 in each group; data are shown as mean ± SEM, *p <0.001 vs. Control 

group, #p <0.001 vs. BLM group). Open bars ( □ ), light gray bar (■), filled bar (■) and dark 

gray bar (■) show the fibrosis scores of the Control group, Sivelestat group, BLM group and 

BLM+Sivelestat group, respectively. 
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FIGURE 2. Sivelestat reduced the numbers of inflammatory cells in BALF. The effect of 

sivelestat on the results of BAL analysis. a) The results of total cell counts on day 7 and day 14. 

b) The results of macrophage cell counts on day 7 and day 14. c) The results of neutrophil cell 

counts on day 7 and day 14. d) The results of lymphocyte cell counts on day 7 and day 14.  (n 

=10 in each group; data are shown as mean ± SEM, *p <0.001 vs. Control group, #p <0.05 vs. 

BLM group, ** p <0.001 vs. BLM group.) Open bars (□), light gray bar (■), filled bar (■) and 

dark gray bar (■) show the results of the Control group, Sivelestat group, BLM group and 

BLM+Sivelestat group, respectively. 
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FIGURE 3. Sivelestat significantly inhibited NE activity in BALF as well as in lung homogenate 

samples. a) NE activity in BALF on day 7 and day 14. b) NE activity in lung homogenate 

samples on day 7 and day 14. (n =10 in each group; data are shown as mean ± SEM, *p <0.001 

vs. Control group ** p <0.001 vs. BLM group, #p <0.05 vs. BLM group.) Open bars (□), filled 

bar (■) and dark gray bar (■) show the results of the Control group, BLM group and 

BLM+Sivelestat group, respectively.   
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FIGURE 4. Sivelestat significantly inhibited the formation of the active form of TGF-β1, but not 

total TGF-β1 in BALF as well as in lung homogenate samples. a) The active form of TGF-β1 in 

BALF on day 7 and day 14. b) Total TGF-β1 in BALF on day 7 and day 14. c) Active form of 

TGF-β1 in lung homogenate samples on day 7 and day 14. d) Total TGF-β1 in lung homogenate 

samples on day 7 and day 14. (n =10 in each group; data are shown as mean ± SE, *p <0.001 vs. 

Control group, ** p <0.001 vs. BLM group.) Open bars (□), filled bar (■) and dark gray bar 

(■) show the results of the Control group, BLM group and BLM+Sivelestat group, respectively.  
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FIGURE 5. Sivelestat did not inhibit expression of TGF-β1 mRNA in the lungs with BLM-

induced pulmonary fibrosis.  The ratio of TGF-β1 mRNA expression to GAPDH mRNA 

expression we analyzed using real-time RT-PCR in lung homogenate samples, on day 7 and 14. 

(n =10 in each group; data are shown as mean ± SEM, #p <0.05 vs. Control group, * p <0.001 vs. 

Control group) Open bars (□), filled bar (■) and dark gray bar (■) show the results of the 

Control group, BLM group and BLM+Sivelestat group, respectively.  
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FIGURE 6. Sivelestat significantly inhibited Smad2 phosphorylation in BLM-induced 

pulmonary fibrosis. a) Representative figure of phospho-Smad2 protein and quantitation to actin 

protein by Western blot analysis in lung homogenates on day 7 and 14. b) Sandwich ELISA 

analysis of phospho-Smad2 protein in lung homogenates on day 7 and 14. (n =10 in each group; 

data are shown as mean ± SEM, * p <0.001 vs. Control group, #p <0.05 vs. BLM group.) Open 

bars (□), filled bar (■) and dark gray bar (■) show the results of the Control group, BLM 

group and BLM+Sivelestat group, respectively.  
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