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Introduction

Interstitial lung disease (ILD) is a disease with high 
mortality for the reason of that lung transplantation is 
generally considered as the only ultimate therapy. It affects 
the pulmonary parenchyma and is classified together based 

on specific clinical, radiological, and histopathological 
features. The pathological changes of histopathological 
features mainly include a heterogeneous group of 
disorders. Pathological examination showed diffuse alveolar 
inflammation and a lot of interstitial cell hyperplasia 
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at first, then the collagen was deposited and leading to 
respiratory failure and death (1). Its pathogenesis remains 
unknown. Research shows that many factors can cause 
ILD incidence, according to the statistics, ILD secondary 
to connective tissue disease accounted for 19%-34% of 
all patients with ILD (2). Although ILD often occurs as 
clinically isolated, it commonly arises under the situation 
of an underlying connective tissue disease (UCTD) (3). 
These diseases include systemic sclerosis (SSc), where 
ILD occurs in a majority of patients, and rheumatoid 
arthritis (RA), polymyositis/dermato myositis (PM/DM), 
Sjögren’s syndrome, systemic lupus erythematosus (SLE), 
undierentiated CTD (UCTD) and mixed CTD (MCTD) 
where ILD is a less frequent complication (4).

Bleomycin induced ILD animal model is the most 
commonly used animal model (5,6) for revealing the 
cytokines and signal pathway in the pathogenesis of ILD. 
transforming growth factor-β1 (TGF-β1) is considered to 
be the well-known profibrotic cytokine. It promotes the 
formation of tissue fibrosis factor in the aspect of strongest 
expression, increase in fibrosis diseases and promote fibrosis 
foci inflammatory cell, fibroblast settled and aggregation 
(7,8). On the contrary, the expression of caveolin-1 (Cav-1)  
was observed to decrease in fibrosis disease (9-11), the 
vivo in vitro experiments have demonstrated the effect of  
anti-fibrosis (11,12), which suggesting a novel therapeutic 
target for patients with pulmonary fibrosis (13). In contrast 
to the published observation, CTD-ILD has become the 
focus of attention of clinical research. However currently 
the pathogenesis is unclear and there is still lack of effective 
treatment measures which can seriously affect the prognosis 
of the disease.

For CTD-ILD, the underlying pathology is dominated 
by inflammation or fibrosis, or the combination with both 
distinct radiologic and histopathologic patterns. In our 
previous clinical work, we found that different CTD-ILD  
would response to drug treatment differently, so we 
designed this experiment to observe the different expression 
of the two ILD in different periods. This study dynamically 
observed the lung inflammation and qualitative changing 
process of fibrosis pathology through the establishment 
of bleomycin induced rat pulmonary interstitial fibrosis 
model. At the same time, the expression of TGF-β1 and 
Cav-1 in the lung tissue was detected, and the relationship 
between the two proteins expression of lung lesions in 
different period of ILD was explored to further discover 
the pathogenesis of them in the aspect of ILD, which 

can provide theoretical and experimental basis for the 
development of effective ILD clinical decision making in 
the future.

Methods

Experimental animals

This study was carried out in strict accordance with the 
recommendations from the Guide for the Care and Use of 
Laboratory Animals of the National Institutes of Health. The 
animal use protocol has been reviewed and approved by the 
Institutional Animal Care and Use Committee (IACUC) of 
Nanjing University of Chinese Medicine. Seventy-five male 
Wistar rats (age: mean 50 days, range, 45–55 days; weight: 
mean 220 g, range, 200–250 g) were obtained from the 
Dalian Medical University (license number: SCXK2013-0003). 
Rats were housed five per cage with free access to food and 
water and were allowed to acclimatize to the environment 
for three days prior to the start of the experiment. Rats were 
kept in an air conditioned room at 22 ℃, 50% humidity and 
with a controlled 12 h light/dark cycle. The Department of 
Science and Technology of Liaoning Province has approved 
the animal study and relative experiment procedures.

Reagents

Bleomycin hydrochloride was purchased from Nippon 
Kayaku, CO, Japan; anti-TGF-β1 was purchased from 
Beijing Bioscience; anti-β-actin, anti-Cav-1 and secondary 
antibodies were obtained from Zhongshan Jinqiao.

Experimental design

Rats were randomly divided into two groups: an experimental 
group (n=60) and a control group (n=15). Rats were injected 
with 10% chloral hydrate intraperitoneal (4 mL/kg), 
incision of skin and soft tissue of the neck under aseptic 
conditions, exposing the trachea, obliquely piercing the 
trachea with 1 mL syringe under direct vision (14). The rats 
of control group were injected with normal saline 0.2 mL  
and the rats of experimental group were injected with Bleomycin 
2.5 mg/kg (in 0.9% 0.2 mL physiological saline solution) (15).  
All animals were rotated upright rapidly. The rats were 
normal feed after being sutured. The rats of experimental 
group were sacrificed at days 7, 14, 21 and 28 by bleed 
to death, and the rats of control group were sacrificed at 
day 28. The right lung was taken to cryopreservation in 
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liquid nitrogen immediately after the execution, at −80 ℃ 
refrigerator, for the analysis of RNA and protein. Soaking 
rat left lung in 10% formalin solution which is used for 
pathology analysis.

General state of rats

The rats’ weight, appetite, activity, respiration, hair, nose, 
sneezing and other changes were also observed after modeling.

Histopathology

The 1 cm × 1 cm pieces of left lung tissue were submerged 
in 10% formalin for at least 24 h, embedded in paraffin, and 
cut into 4 μm sections which were stained with hematoxylin 
and eosin (H&E) or Masson’s trichrome staining protocol 
to detect collagen fibers (15).

Immunohistochemistry was performed as well. The 
four μm tissue sections were washed three times in 0.5% 
BSA (Sigma-Aldrich) and blocked for 1 h in 2% BSA. After 
three washings of the samples in 0.5% BSA, tissue sections 
were incubated with rabbit anti-mouse Cav-1 antibody at  
4 ℃ overnight. Afterwards, the slides were incubated for  
1 hour with goat anti-rabbit IgG (Sigma-Aldrich). Samples 
were washed five times in BSA and PBS. Hoechst dye 
(Sigma-Aldrich) was added for 30 s, and samples were 
washed in PBS and mounted. 

Western blotting

Right lung tissue was cut into 20 mg slices at −80 ℃. Slices were 
incubated with total protein extraction solution and PMSF 
for 30 min on ice and centrifuged at 12,000 g for 10 min.  
Protein in supernatants was denatured in isopycnic loading 
buffer for 5 min at 100 ℃. The 20 μL sample (2 μL protein) 
was subjected to electrophoresis on a 12% SDS-PAGE gel  
(200 v and 50 mA) and transferred to a polyvinylidene 
difluoride membrane. The membrane was blocked with 
TBST buffer containing 5% skimmed milk powder for 3 h. 
Subsequently, the membrane was washed three times in 
TBST buffer, incubated with rabbit anti-mouse polyclonal 
anti-Cav-1, anti-TGF-β1 or anti-β-actin for 24 h at 4 ℃, 
washed and incubated with HRP-conjugated goat anti-rabbit 
secondary antibody for 2 h at 24 ℃. After being washed, 
immunoreactivity protein bands were visualized by using 
enhanced chemiluminescence and analyzed with the Gel-Pro 
Analyzer. Expression levels of Cav-1 and TGF-β1 of lung 
tissue were normalized to those of β-actin.

Real-time polymerase chain reaction (RT-PCR)

Total RNA was isolated from cells by using TRIzol reagent 
(Life Technologies, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. cDNA was synthesized by 
using TransScript One-Step gDNA Removal and cDNA 
Synthesis SuperMix (Transgene Biotech, Beijing, China). 
In order to quantitate the expression of Cav-1 mRNA 
and TGF-β1 mRNA, qRT-PCR was performed by 
using TransStart Top Green qPCRSuperMix (Transgene 
Biotech). Oligonucleotide primers used for Cav-1 TGF-β1 
and β-actin (internal control) were listed as following:  
Cav-1, 5'-TCC TGCTCT CCCGTTCCTT-3'(sense) 
and 5'-CGCCTCCCAGTCTTCCTATTT-3'(antisense); 
TGF-β1,  5 '-TGAACCAAGGAGACGGAATACA-
3'(sense) and 5'-  GGAGCTGTGC AGGTGTTG 
AG-3'(antisense); β-actin, 5'-GGAGATTACTGCC 
CTGGCTCCT A-3'(sense) and 5'-GACTCATCGTACT 
CCTGCTTGCTG-3'(antisense). All samples were run 
in triplicate for target and internal control genes. Cycle 
threshold (Ct) values of Cav-1 cDNA and TGF-β1cDNA 
were normalized to β-actin by using the ΔΔCt method (16).

Statistical analysis 

SPSS Statistics v.19 was used for statistical analyses. Data are 
expressed as means ± SD. Comparisons between groups were 
evaluated by using the independent t-test and the conditions 
of values <0.05 were considered as statistically significant.

Result

The general state of rats

After modeling, the rats in the experimental group appeared 
as decreased appetite, weight loss, messy and dim color hair, 
shortness of breath, around a week after beginning, the rats 
in the model group began to scratch the nose and sneezed.

The pathological changes

After modeling, in the experimental group, histopathological 
examination (HE) staining indicated that in alveolar 
septum, there were a large number of inflammatory cell 
infiltrations and alveolar structure destruction of normal 
form, accompanied by pulmonary bullae, Masson staining 
indicated that there was no obvious collagen deposition at 
day 7 compared to control group. 

From day 14 to day 28, in the experimental group, HE 
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staining indicated that the large alveolar structure was 
destroyed, the structure disappeared and the interstitial 
cells proliferated infiltration, while inflammatory cells 
gradually decreased and fibroblasts gradually increased. 
Masson staining indicated a large number of collagen fibers 
deposition (Figure 1), morphological quantitative analysis on 
the deposition of collagen fibre, displaying that the collagen 

deposition of day 14 was significantly increased than that 
of day 7, the peak appeared at day 21. Compared with the 
day 21, the collagen deposition of day 28 had no significant 
change (Figure 2).

Immunohistochemistry

The expression of Cav-1 was observed in normal lung 
tissues especially in bronchial epithelial cells. After 
modeling, the expression of Cav-1 was decreased as time 
goes on after modeling (Figure 3).

Western blot

The expression of TGF-β1 and Cav-1 protein was observed 
in normal lung tissues. After modeling, the TGF-β1 
expression increased, the Cav-1 expression decreased, and 
at day 7, the expression of TGF-β1 and Cav-1 in the lung 
significantly changed (P<0.001). The expression of TGF-β1 
at day 14 to day 28 maintained the highest level and the 
expression of Cav-1 reached the lowest level at 28 d (Figure 4).

Real-time RT-PCR

With the development of inflammation and fibrosis, 
the expression of TGF-β1 mRNA at day 7 significantly 
increased in relative to normal lung tissue (P<0.001), 
peaked at day 21. At the same time, the expression level of  
Cav-1 mRNA declined significantly (P<0.001) at day 7, and 
reached the lowest level at day 21 (Figure 5).

Figure 1 Changes in lung tissue of rats at different time 
points after modeling the pathological structure by HE and 
Masson staining (×100). Compared with the control group little 
inflammatory cell infiltration and collagen deposition in lung tissue 
at day 7. From the day 14 to day 28, the alveolar structure was 
damaged and lost, interstitial cell proliferation, aggregation as a 
focal distribution. The longer the molding time, the more obvious 
the changes are. HE, histopathological examination.

Figure 2 Morphological quantitative analysis at different time 
points to determine the extent of pulmonary fibrosis. The collagen 
deposition of day 14 was significantly increased than that of day 
7, the peak was at day 21. Compared with the day 21, the collagen 
deposition of day 28 had no significant change. Numerical 
representation x±s, collagen fibers were stained area and lesion area 
ratio; ***, present P≤0.001.
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Discussion

ILD is a challenging clinical entity associated with multiple 
CTDs and a significant cause of morbidity and mortality. 
Effective therapies for connective tissue disease-associated 
interstitial lung disease (CTD-ILD) are still lacking. 

There are six patterns of ILD: nonspecific interstitial 
pneumonia (NSIP), usual interstitial pneumonia (UIP), 
desquamative interstitial pneumonia (DIP), cryptogenic 
organizing pneumonia (COP), dilluse alveolar damage (DAD), 
acute interstitial pneumonia (AIP) and lymphocytic 
interstitial pneumonia (LIP) (4). They have different 
characteristic radiographic findings on high resolution 
computerized tomography (HRCT) and histology. The 
immunosuppressive agents that most widely used for this 
purpose are corticosteroids, cyclophosphamide, azathioprine 
and mycophenolate mofetil. While corticosteroids 
are generally ineffective in UIP and other agents have 
demonstrated a modest beneficial effect (17).

The occurrence and development of lung lesion can be 
generally divided into three stages: damage, inflammation 
and repair (18). Intratracheal injection of bleomycin for 
establishing pulmonary interstitial lesion model of rats was 
induced by alveolar epithelial DNA damage, resulting in 
the release of a large number of inflammatory cells and 
cytokines, connecting paths between inflammation and 
fibrosis (19). In short term, the model is a good choice for 
the study of lung tissue injury, inflammation and fibrosis. 
Inflammation in the lung is the most common disease of 
pulmonary fibrosis promoting factors originating (19,20). 
Therefore, intervention and treatment in the early stage 
of inflammation may control the development of ILD. 

Figure 3 Expression of Cav-1 in lung fibrosis in different periods 
by Immunohistochemistry (×200). The expression of Cav-1 was 
decreased as time goes on after modeling. Cav-1, caveolin-1.

Figure 4 The expression changes of lung tissue at different 
time points of TGF-β1 and Cav-1 proteins in the model. After 
modeling, the TGF-β1 expression increased, the Cav-1 expression 
decreased. At day 7, the expression of TGF-β1 and Cav-1 in the 
lung was significantly changed (P<0.001). The expression TGF-β1 
at day 14 to day 28 maintained the highest level and the expression 
of Cav-1 was the lowest at 28 d. The numerical representation x±s. 
*, present P≤0.05; ***, present P≤0.001. TGF-β1, transforming 
growth factor-β1; Cav-1, caveolin-1.
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Chaudhary et al. (13) established bleomycin pulmonary 
interstitial fibrosis rat model, which instituted the  
anti-inflammatory intervention. The results showed that the 
given prednisone inhibited the inflammation and attenuated 
the development of fibrosis progression in inflammatory 
stage. But in the stage of fibrosis, inflammatory factor levels 
recovered to the normal level, the application of prednisone 
on the expression of collagen type I appeared no significant 
effect. So it is of great significance for the identification and 
treatment of ILD in early stage of inflammation.

In this study, we established bleomycin induced 
pulmonary interstitial lesion rat model. Inflammation and 
fibrosis of lung tissue in the experiment group were observed 
by HE and Masson staining. The results indicated that after 
modeling there were little inflammatory cell infiltration 
and collagen deposition in lung tissue at day 7. From the 
day 14 to day 28, the alveolar structure was damaged and 
lost, interstitial cell proliferation, aggregation as a focal 
distribution. HE staining indicated that inflammatory cells 
decreased gradually and the fibroblast increased gradually. 
Corresponding to Masson staining, collagen deposition 
increased by morphological quantitative analysis showed 
the deposition collagen fibers reached the peak at day 21. 
Mouratis et al. (6) reported that intratracheal injection of 
bleomycin induced pulmonary fibrosis rat model usually 
induces apoptosis of inflammatory reaction and epithelial 
cell death in the first week, and during the next 3 days which 

is the transition period, inflammation subsided gradually, 
in the meantime, the fibrosis was observed and the results 
showed that the fibrosis stage lasted until the 3–4 weeks. We 
established a model of pathological findings consistent with 
Mouratis et al. The represented study was to observe the 
time of inflammation and fibrosis, and to provide evidence 
for the time of drug intervention in the future. At the same 
time, the research demonstrated that the collagen deposition 
mainly occurred in the initial part of the inflammation, 
indicating that the formation and development in the model 
of inflammation might promote the fibrosis.

Caveolae are fask-shaped invaginated membrane vesicles 
with a usually diameter of 50–100 nm. There are three 
subtypes of it. Cav-1 is the most important member of the 
Caveolae family. It has many biological functions such as 
regulating intracellular signaling pathway, transduction and 
trans cell transport. The most abundant cav-1 expressing 
cells are fibroblasts, endothelial cells, type I pneumocytes, 
and adipocytes (21). Recent studies have shown that Cav-1  
plays an important role in the pathogenesis of pulmonary 
interstitial diseases. Odajima et al. found that in mice with 
bleomycin induced pulmonary fibrosis and in patients 
with interstitial pneumonia, the expression of Cav-1 in 
the bronchioles decreased. Similarly, in patients with 
systemic sclerosis, the expression of Cav-1 in the skin 
and lung tissue decreased significantly; the lung and skin 
tissues of Cav-1 knockout mice became more fibrotic (22). 

Figure 5 The relative expression of TGF-β1 Real-time RT-PCR testing and Cav-1 mRNA in lung tissue at different time points. 
The expression of TGF-β1 mRNA at day 7 was significantly increased relative to normal lung tissue peaked at day 21. Meanwhile, the 
expression level of Cav-1 mRNA declined significantly at day 7, and reached the lowest level at day 21. The numerical representation x±s.  
*, present P≤0.05; ***, present P≤0.001. TGF-β1, transforming growth factor-β1; RT-PCR, real-time polymerase chain reaction; Cav-1, 
caveolin-1.
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Dynamic expression in the lung tissue by Western blot 
and real-time RT-PCR method for detection of TGF-β1 
and Cav-1 indicated that TGF-β1 expression was up-
regulated and down-regulated Cav-1 expression appeared 
at day 7 (inflammation); during the 21 to 28 d (collagen 
fibers deposition peak), the level of TGF-β1 reached the 
highest and the level of Cav-1 was the lowest. It indicates 
that TGF-β1 expression gradually increased and Cav-1  
expression decreased might be closely related to the 
occurrence and development of ILD. Our results were 
consistent with the conclusion that the TGF-β1 and Cav-1  
decreased in the previous studies of fibrosis. In addition, 
the changes in the expression of dynamic detection of 
TGF-β1, Chaudhary et al. showed which were the most 
significant pulmonary inflammation and fibrosis stage 
and TGF-β1 expression appeared a peak expression, also 
suggested that TGF-β1 is involved in the regulation of 
inflammation and fibrosis.

TGF-β1, as a multifunctional cytokine, regulating 
immune response in the early stage by increasing 
the expression of adhesion molecules and promoting 
inflammatory chemokines to recruit inflammatory cells, 
play a proinflammatory effect. Then it prevents the 
further development of inflammation, inducing fibroblast 
proliferation and extracellular matrix production by 
regulating T, B lymphocyte proliferation, differentiation 
and apoptosis (23,24), which plays an important role in 
the injury and repair of lung tissue (25). TGF-β1 regulate 
cell physiological and pathological reaction by multiple 
signaling pathways, mainly through the Smad signal 
transduction pathway activation of Smad 2, Smad 3 and 
Smad 4, and increasing expression of extracellular matrix 
protein gene by combining into the nucleus. Smad 6, 7 
have negative feedback regulation on the path (26). In 
addition, TGF-β1 also involved in the occurrence and 
development of fibrosis through the MAPKs, NF-JB,  
K/Akt PI3 and other pathways. However, Cav-1 not only 
can down-regulate the expression of collagen protein and 
increase the expression of matrix metalloproteinase gene, 
but also can regulate the formation of fibrosis by linking 
to TGF-β1 signaling pathway. Mainly in the following 
four points: (I) the scaffolding domain in the molecular 
structure of Cav-1 combined with TGF-β1 receptor 
inhibite phosphorylation of downstream Smad signal;  
(II) Cav-1 can regulate expression of R I / II gene of 
TGF-β1; (III) Cav-1 can promote the internalization of 
TGF-β1 receptor; (IV) Cav-1 can activate TGF-β1 by 

modulating matrix metalloproteinases and integrin (27,28). 
Thus, Cav-1 plays a key role in the regulation of TGF-β1 
induced fibrosis. In different fibrosis diseases, the expression 
of Cav-1 is decreased, while the expression of TGF-β1 is 
enhanced, which might provide a new idea for delaying the 
progress of fibrosis. But the TGF-β1 on Cav-1 regulatory 
mechanism is not fully understood yet (29-31).

In this experiment, tissue staining was used to observe the 
structure of the lung damage. If through electron microscope 
observation, the evidence of tissue injury can be observed 
more directly, and then we could provide a more objective 
basis by classifying and counting the inflammatory cells 
through the flow cytometry. In addition, we have not yet 
gone deeper on the TGF-β1 and Cav-1 signaling pathway 
exploration; therefore, the determination of the signaling 
pathway between them will provide evidence for the 
pathogenesis of ILD and relative drug intervention trials.

The ILD animal model induced by bleomycin is 
widely used in ILD research. Rats and mice are the most 
commonly used animals. Rats may have histopathology that 
is more reminiscent of IPF, although direct comparisons 
between rats and mice suggest similar responses to lung 
injury (32). But through this experiment, both inflammation 
period and fibrosis period were observed. In addition, the 
expressions of TGF-β1 and Cav-1 in different pathological 
stages were observed differently in this experiment. The 
expression of cytokines and Cav-1 varies greatly with 
different pathological stages. The bleomycin-induced rat 
model can be used as an ideal model to study novel target 
drugs of ILD. Hence, whether the interventions in different 
stages of the model can produce different outcomes or not 
will have a profound impact on the further study for the 
treatment of different ILD types especially for CTD-ILD.

CTD-ILD’s immune disorder causes persistent immune 
damage, as the repair process continues, it breaks the 
balance between extracellular matrix deposition and 
degradation. The balance between the two important 
regulatory factors, TGF-β1 and Cav-1, cannot be 
reconstructed, the regulatory effect of Cav-1 is suppressed 
and the fibrosis will continue. Due to the high morbidity 
and mortality of CTD-ILD, it is necessary to explore the 
pathogenesis of the disease and continue the development of 
new drugs. Increased expression of TGF-β1 and decreased 
expression of Cav-1 play a critical role in regulating the 
formation of fibrosis. Regulation of the two proteins is 
expected to be a new target for the future study, and also a 
challenge to find a safe and effective treatment method.
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