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Abstract 

Objective  To analyze the expression of different proteins in free silica-induced transdifferentiated rat 
lung fibroblasts. 

Methods  Rat lung fibroblasts and alveolar macrophages were cultured. A transdifferentiation model 
of rat lung fibroblasts was established. Free silica was used as a stimulator for rat lung fibroblasts. 
Changes in α-SMA were detected by immunohistochemistry and Western blot, respectively. Protein of 
lung fibroblasts was extracted and analyzed by two-dimensional electrophoresis (2-DE). 

Results  Six protein spots were identified by mass spectrometry, including glyceraldehyde 
3-phosphate-dehydrogenase, peroxiredoxin 5, heterogeneous nuclear ribonucleoprotein A2, transgelin 
2, keratin K6 and vimentin. 

Conclusion  Some proteins are changed in free silica-induced transdifferentiaed rat lung fibroblasts. 
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INTRODUCTION 

ransdifferentiation takes place when 
non-stem cells are transformed into a 
different type of cells or when stem cells 

are differentiated outside their established 
differentiation path. Transdifferentiation is a type of 
metaplasia, which covers all cell fate switches, 
including interconversion of stem cells. At present, 
many cells are considered to be able to change their 
functions by transdifferentiation, such as lung 
fibroblasts.  

It is known that lung fibroblasts play an 
important role in pulmonary fibrosis[4-6]. Pulmonary 
fibrosis can be activated directly or indirectly by 

exogenous factors, such as silica. In China, the 
hazard of silica to exposed workers is of a great 
concern[1-3]. Silicosis is a chronic pulmonary fibrosis 
disease due to inhaled silica-containing dusts. In the 
development of silicosis, macrophages can secrete a 
lot of cytokines, such as TNF-α, TGF-β1, and 
PDGF[15-16]. These cytokines, especially TGF-β1, 
induce normal lung fibroblasts to express α-smooth 
muscle actin (α-SMA), a typical cell marker of lung 
myofibroblasts[7-8], which secrete extracellular matrix 
(ECM) components such as collagens, and are mainly 
deposited in lungs[9-13]. Upon this occasion, the cells 
are transferred to lung myofibroblasts. Thus, 
transdifferentiation of lung fibroblasts is an 
important generative mechanism of myofibroblasts. 

T 
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In addition, myofibroblasts can be derived through 
activation and proliferation of resident lung 
fibroblasts[6], epithelial-mesenchymal differentia- 
tion[14], or recruitment of circulating fibroblastic 
stem cells (fibrocytes). However, the molecular 
mechanism of this process is not clear. Therefore, 
lung fibroblasts and macrophages were isolated 
from rats to observe their transdifferentiation 
mechanism in this study. Dioxide silica was 
employed to stimulate macrophages and collect the 
supernatant, which was used to treat lung 
fibroblasts. Proteins in lung fibroblasts and 
myofibroblasts were analyzed by two-dimensional 
electrophoresis (2-DE) in an attempt to find some 
key protein molecules and the possible mechanism. 

MATERIALS AND METHODS  

Chemicals and Reagents 

DMEM was purchased from Solarbio Science 
and Technology (Beijing, China). Fetal bovine serum 
(FBS) was bought from Hangzhou Sijiqing (Hangzhou, 
China). SP immunohistochemistry kit was obtained 
from Zhongshan Limited (Beijing, China). Monoclonal 
mouse antibody against α-SMA was from BOSTER 
(Wuhan, China). Crystalline silica powder (99% 
particle size of 0.5-10 μm) was obtained from 
Occupational Health and Poison Control Institute of 
Chinese National CDC. 

Immobiline DryStrips (pH 3-10, 24 cm) and 
immobilized pH gradient (IPG) buffer were bought 
from Bio-Rad. Dry strip cover fluids were from GE, 
and 3-[(3-cholamidopropyl) dimethylammonio]-1- 
propanesulfonate (CHAPS), bromophenol blue, 
agarose, acrylamide, tris-base, glycine, sodium 
dodecyl sulfate (SDS), N,N,N',N'-tetramethylethylen- 
ediamine (TEMED), and coomassie brilliant blue 
R-250, dithiothreitol (DTT) and iodoacetamide were 
bought from Sigma. The remaining chemicals were 
of an analytical grade. All buffers were prepared 
with Milli-Q water. 

Culture of Rat Lung Fibroblasts  

Lung fibroblasts used for in vitro experiments 
were isolated from male SD rats (SPF, Henan 
Experimental Animal Center)[17]. Briefly, lung tissue 
was separated, minced and washed 3 times with 
D-Hank’s buffer under sterile conditions, and 
disaggregated with crude bovine pancreatic trypsin. 
The cells were resuspended in DMEM containing 
10% heat-inactivated FBS, 100 U/mL penicillin and 

100 μg/mL streptomycin. Approximate 1.0×106 cells 
were planted in each serum dilution bottle with a 
total volume of 10 mL media. The cells were 
trypsinized and replated after about 5 days of 
culture.  

Culture of Rat Macrophages 

Rat macrophages were collected from 
bronchoalveolar lavage (BAL) of SD rats. After the 
rats were euthanized with pentobarbital overdose, 
they underwent thoracotomy with their thoracic 
cavity exposed, pulmonary vasculature perfused via 
the pulmonary artery with cold D-hank’s buffer, 
trachea surgically exposed and cannulated with a 
blunt 16-gauge needle, and lungs gently inflated 
with 10 mL cold D-Hank’s buffer. The BAL was gently 
withdrawn from the lung and placed in a 50 mL 
centrifuge tube, which was repeated 3 times for 
each rat. The collected BAL was centrifuged     
(800 r/min) and the cells (precipitation) were 
resuspended in DMEM+10% FBS. The cells were 
counted with a hemocytometer and incubated for  
2 h. The medium containing uncoated cells was 
poured out and the rest macrophages were 
continuously incubated. 

Treatment of Rat Macrophages 

Crystalline SiO2 powder was heated at 180 °C for 
1 h to prepare 100 μg/mL suspension which was 
added into the macrophage culture medium as 
previously described[12] and some macrophages were 
incubated in DMEM medium containing no SiO2 
suspension for 24 h. The culture media after SiO2 

treatment were collected and centrifuged     
(1500 r/min) to remove silica and 5 mL macrophage 
supernatant was then replaced with normal DMEM 
medium to culture lung fibroblasts for 24 h.  

Identification of Transdifferentiation Proliferation 
of Rat Macrophages 

MTT was dissolved in 5 mg/mL 
phosphate-buffered saline which was filtered and 
stored at 4 °C. The stock solution was diluted to a  
0.5 mg/mL working solution. The medium was 
aspirated from cells and 200 μL MTT working solution 
was added into each well. The cells were incubated at 
37 °C for 4 h, the MTT working solution was aspirated 
and the cells were subsequently lysed in 200 mL 
DMSO. The absorbance was read at 550 nm on the 
Biorad ELISA plate reader. Dosage range-finding 
experiments were performed at least 3 times for all 
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assays. Values in figures are expressed as percent of 
control groups. 

RT- PCR 

The cells were collected after treatment. RNA 
was isolated with Trizol reagent (Promega, USA) and 
reversed with cDNA synthesis kit (Transgen, Beijing, 
China). RNA integrity was analyzed by gel 
electrophoresis. RNA concentration in each sample 
was measured 3 times by spectrophotometry. The 
expressions of α-SMA, collagen I (COLI), collagen III 
(COLIII) mRNA, and GAPDH mRNA were detected by 
RT-PCR. The sequences of α-SMA, COLI, COLIII and 
GAPDH used for RT-PCR are 5’-CCGAGATCT 
CACCGACTACC-3’ (sense) and 5’-TCCAGAGCGACATA 
GCACAG-3’ (antisense), 5’-CCCACCCCAG CCGCAAAG 
AGT-3’ (sense) and 5’-TTGGGTCCCTCGACTCCTACA-3’ 
(antisense), 5’-TGCCCACAGCCTTCTACACCT-3’ (sense) 
and 5’-CAGCCATTCCTCCCACTCCAG-3’ (antisense), 
and 5’-GGTGCTGAGTATG TCGTGGAGT-3’ (sense) and 
5’-CAGTCTTCTGAGTGGCAGTGAT-3’ (antisense), 
respectively. The length of PCR products was 121, 
352, 240, and 292 bp, respectively. Forty-cycles of 
RT-PCR were performed. For each cycle, the sample 
was amplified at 94 °C for 4 min, denatured at 95 °C 
for 30 s, annealed at 61 °C for 45 s, extended at 72 °C 
for 45 s. and finally extended at 72 °C for 5 min.  

Immunocytochemistry 

Lung fibroblasts were cultured on glass culture 
slides stimulated with test substances for 24 h, 
washed in D-Hank's buffer, fixed in 20% acetone, and 
stored at 4 °C. α-smooth muscle actin (α-SMA) was 
detected with monoclonal mouse anti-rat smooth 
muscle actin polyclone at room temperature for 2 h 
in 1% BSA at the concentration of 1:500. Nonspecific 
staining was controlled by omitting primary 
antibodies and rat and mouse non-immune serum, 
respectively. Secondary antibody, goat anti-mouse 
IgG from Zhongshan (Beijing, China), was incubated 
at room temperature for 1 h in 1% BSA at the 
concentration of 1:1000. After washed with D-Hank's 
buffer, the slides were stained with DAB from 
Zhongshan (Beijing, China). Negative controls were 
included with secondary antibody alone. 

ELISA 

Data were analyzed using ELISA kits according to 
its manufacturer’s instructions. Standard curves 
were plotted following the standards provided with 
the test kits. Calibration curves at 5 concentration 

points were plotted. CVs were 1%-5%. The OD value 
was measured with a spectrophotometer (Sunrise 
Remote/Touch Screen, TECAN, Austria).  

Western Blot 

Cell homogenates were prepared by sonicating 
the cells in 300 µL of ice-cold 50 mmol/L Tris-HCl (pH 
7.4), 150 mmol/L NaCl, 50 mmol/L NaF, 1 mmol/L 
Na3VO4, 5 mmol/L NaF EDTA, 50 mmol/L NaPPi,    
1 µmol/L PMSF, 1 mmol/L DTT, 5 µg/mL Leupeptin,  
2 µg/mL aprotinin and 1% NP-40, and centrifuged at 
12 000 ×g for 30 min at 4 °C. The total protein 
concentration was measured by BCA assay. Samples 
(50 µg of total protein) were subjected to 10% 
SDS-PAGE and transferred to a nitrocellulose 
membrane (Hybond-ECL; Amersham Pharmacia 
Biotech, Buckinghamshire, UK). After blocked with 
non-fat dry milk (5% w/v), the membrane was 
incubated with antibodies specific for polyclonal 
rabbit anti-human c-raf (Cell Signaling Technology, 
Inc., Beverly, MA, USA). To confirm even loading, 
membranes were stripped and probed with β-actin 
antibody (Santa Cruz Biotechnology, Inc., Beverly, CA, 
USA). The protein bands were quantitated by 
densitometry and normalized using the β-actin signal. 
The protein bands were measured by Quantity One 
software for densitometric analysis.  

Two-DE 

Two-DE was performed as previously 
described[18]. In brief, proteins in each 450 μL, 150 μg 
aliquot of cell extracts were separated on a strip of 
immobilized pH gradient (pH range 3-10, 24 cm) by 
isoelectric focusing (IEF) in accordance with their 
isoelectric points (pI). The IEF was made at 30 V for  
6 h, at 60 V for 6 h, at 150 V for 8 h, at 300 V for 1 h, 
at 600 V for 1 h, at 8000 V for 12 h, and at 50 V for 2 
h. The strips were then equilibrated twice in 
equilibration buffer (6 mol/L urea, 2% SDS w/v,   
50 mmol/L Tris-HCl buffer at pH 8.8 and 30% glycerol) 
containing 2% DTT or 2.5% iodoacetamide. The 
second dimension of electrophoresis was performed 
on a 12.5% polyacrylamide gel slab. The proteins 
were secondarily separated by SDS-PAGE at 3 w for 
30 min and at 18 w for 10 h per gel in accordance 
with their molecular mass. After 2-DE, the gels were 
stained with silver nitrate as previously decribedl[19], 
and with coomassie blue for gel digestion. 

Silver-stained 2D gels were scanned with an 
Amersham scanner of 300 dpi resolutions and 
analyzed with ImageMaster™ 2D Platinum software 
(Version 6.0; GE Healthcare). Protein spots were 
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detected automatically. Individual spot volume was 
normalized against total spot volume to obtain the 
volume percentages. After one or two small and 
sharp spots were selected manually as landmarks 
and one gel was chosen as the reference gel, 
alignment and auto-matching of the spots were 
carried out. Protein expression in different samples 
was analyzed by t-test. P<0.05 was considered 
statistically significant. 

Gel Digestion of Interesting Protein 

Different protein spots were harvested from 
Coomassie blue-stained gel. The gel samples were 
placed in a tube and washed twice with 500 μL and 
250 μL ddH2O for 15 min. For trypsin digestion, the 
gel samples were washed twice with 50 mmol/L 
NH4HCO3 and covered with 0.7 μL porcine trypsin 
solution (Promega, Madison, WI, USA) in 50 mmol/L 
NH4HCO3. After incubated overnight at 37 °C, the 
supernatant was removed into a second tube into 
which 40 μL 50 mmol/L w/v NH4HCO3 was added. 
Gel samples were washed with 40 μL of 50 mmol/L 
w/v NH4HCO3, and the supernatant was collected. 
The collected supernatants were mixed, the 
collected solution was washed with 70% v/v ACN and 
dried in a Speed Vac (Vacuum Concentrator, 
Bachhofer). The peptide mixture was desalted by 
ZipTip C-18 RP tips (Millipore, Billerica, MA, USA), 
wetted with 100% ACN and equilibrated with 0.1% 
TFA. Peptide samples redissolved in 10 mL 0.5% TFA 
were eluted with 50% ACN/0.1% TFA and dried in a 
Speed Vac (Vacuum Concentrator). 

Identification of Peptide and MALDI-TOF-MS 
Mixture and Database Searching 

The purified peptides were spotted on a MALDI 
plate and covered with 0.7 mL of 2 mg/mL 3, 
5-dimethoxy-4-hydroxycinnamic acid matrix (Sigma) 
with 10 mmol/L NH4H2PO4 in 60% ACN. All samples 
were analyzed by MALDI-TOF/TOF MS with a 4800 
proteomics analyzer (Applied Biosystems, Foster City, 
CA). Monoisotopic peak masses were acquired in a 
mass range of 800-4000 Da, with a signal/noise ratio 
(S/N) of 200. Five of the most intense ion signals 
with common trypsin autolysis peaks and matrix ion 
signals excluded were selected as precursors for 
MS/MS acquisition. The peptide mass fingerprints 
(PMF) combined with MS/MS data were submitted 
to MASCOT version 2.1 (Matrix Science) for 
identification in database. The searching parameters 
were set as follows: trypsin cleavage (one missed 
cleavage allowed) as fixed modification, methionine 

oxidation as variable modification, peptide mass 
tolerance at 100 ppm, and fragment tolerance at  
0.8 Da. The ion score confidence interval (CI %) for 
PMF and MS/MS data ≥95% was used as the 
criterion for successfully identified proteins . 

Statistical Analysis 

Data are presented as mean±SD. Significant 
difference between treatment and control groups 
was assessed by one-way analysis of variance 
(ANOVA) using SPSS 13.0. Statistical significance was 
determined by Fisher test. P<0.05 was considered 
statistically significant. 

 RESULTS 

The OD value of lung fibroblasts was significantly 
higher after treatment than before dioxide silica 
treatment (0.42±0.14 vs 0.26±0.05, P<0.05). 

The mRNA expression levels of α-SMA, COLI and 
COLIII were significantly higher in lung fibroblasts 
after treatment than before dioxide silica treatment 
(P<0.05, Table 1). 

The protein expression levels of COLI and COLIII 
were significantly higher in lung fibroblasts after 
treatment than before dioxide silica treatment 
(P<0.05, Table 2). 

The expression level of α-SMA was significantly 
higher in lung fibroblasts after treatment than 
before dioxide silica treatment (P<0.05, Figure 1), 
showing that lung fibroblasts are transformed to 
myofibroblasts. 

The reproducible 2-DE images were analyzed  
by Image Master 2D Platinum 6.0 2-DE software 
(Figure 3). Over 246±31 protein spots were identified 

Table 1. mRNA Level of α-SMA, COLI, and COLIII 
( )x s  

Gene No Stimulation Stimulated P 

α-SMA 1 2.97±0.68 P<0.05 

COLI 1 4.43±0.81 P<0.05 

COLIII 1 3.30±0.46 P<0.05 

Table 2. Protein Level of COLI and COLIII ( )x s  

Gene No Stimulation Stimulated P 

COLI (μg/L) 1.18±0.03 3.91±0.32△ P<0.05 

COLIII (μg/L) 1.99±0.46 3.93±0.71△ P<0.05 

Total Protein (μg/mL) 1.80±0.14 3.75±0.61△ P<0.05 



754 Biomed Environ Sci, 2013; 26(9): 750-758 

 

Figure 1. Immnunochemical patterns of α-SMA (×400) in control fibroblast (A) and α-SMA positive cells 
(B). 

 

Figure 2.  Effect of silica exposure on expression of α-SMA with β-actin as a loading control (A) and 
Protein level of α-SMA analyzed by Western blot (B). 

 

Figure 3. Protein expression 2-DE maps for normal rat lung fibroblasts (A) and dioxide silica- stimulated 
rat lung fibroblasts (B). 

in a silver-stained 2-DE gel for the control group and 
268±36 protein spots were identified for the silica 
group with an average matching rate of 80%. 
Thirteen proteins were differently expressed in silica 

group and control group. The expression level of 8 
proteins (spots 1, 2, 3, 4, 8, 9, 10, and 11) was 
significantly higher than that of 2 proteins (spot 6 
and 13) in silica group, only 3 proteins (spots 5, 7, 
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and 12) were expressed in control group. 
Six proteins (spots 1, 2, 6, 9, 10, and 11) were 

incised randomly from gel, digested in gel with 
trypsin and obtained with MALDI-TOF-MS. The 
typical peptide masses were searched in NCBInr 
database by Mascot software, including vimentin, 
isoform CRA-b, glyceraldehyde 3-phosphate- 
ehydrogenase, peroxiredoxin 5, heterogeneous 
nuclear ribonucleoprotein A2, transgelin 2, and 
keratin K6 (Table 3, Figure 4). 

DISCUSSION 

Lung fibroblasts maintain a resting state under 
 

normal conditions. However, they are activated and 
transdifferentiated into myofibroblasts when 
exposed to crystalline silica, thus inducing α-SMA and 
collagen synthesis, affecting tissue repair and leading 
to occurrence and development of fibrosis[20]. During 
these processes, the cell proliferation ability and the 
protein and mRNA expression levels of α-SMA, COLI, 
and COLIII were significantly up-regulated (Figure 1B, 
Figure 2, indicating that the lung fibroblasts are 
transdifferentiated into activated myofibroblasts. 

Transdifferentiation of fibroblasts in normal 
lungs into myofibroblasts characterized by 
expression of α-SMA is regarded as an early step in 
fibrotic process[21-22]. Myofibroblasts, a special kind of 

Table 3. MALDI-TOF-MS-identified Different Expression Proteins in Lung Fibroblasts 

Spota Protein Nameb Accession No. 
Protein 
Score 

Protein 
Score C.I.% 

Ion 
Score 

Total 
Ion 

C.I.% 

Protein 
MW/pI 

Peptide 
Countc 

1 Heterogeneous nuclear 
Ribonucleoprotein A2 gi|157059859  719 100 492 100 36 088.9/8.67 23 

2 Peroxiredoxin 5 gi|51261175  522 100 355 100 22 534.7/8.94 15 

6 Keratin K6 gi|554464   78 99.886  60 99.98 3 105.6/5.55  1 

9 
Glyceraldehyde 

3-phosphate-dehydrogenase gi|56188  437 100 326 100 36 098.4/8.43  7 

10 Vimentin, isoform CRA_b gi|149021114 1020 100 713 100 53 725.1/5.06 30 

11 Transgelin 2 gi|61557028  570 100 370 100 22 550.2/8.41 18 

Note. a, the numbering and lettering corresponding to the two-dimensional gel electrophoresis image in 
Figure 1. b, accession number in NCBInr, SWISS-PROT. c, the number of matched peptide-covered protein 
sequences. 

 

Figure 4. 2D-PAGE detection of andidate proteins in controls and silica activated fibroblasts. Arrows 
indicate the target proteins identified by MALDI-TOF and database searches. Left: silica-activated 
fibroblasts, right: controls.
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fibroblasts in normal connective tissue, are widely 
distributed in normal tissues and organs, such as skin, 
eyes, lungs, heart, liver, kidney, and brain. The 
ultrastructure of myofibroblasts is of a special type 
between smooth muscle cells and fibroblasts[23]. 
Myofibroblasts can contract the actin-like structure,  
secrete collagens and extracellular matrix 
components. The main role of myofibroblasts in lung 
fibrosis is to produce extracellular matrix, promote 
wound healing, and secrete cytokines, growth 
factors and inflammatory mediators[5-6]. Detection of 
silica dust-induced protein changes in lung 
fibroblasts can help us understand more about the 
key proteins in fibroblasts and the mechanism 
underlying lung fibrosis. 

In this study, 2-DE was used to identify 
disease-specific protein expression and compare 
gene expression profiles of state fibroblasts and 
silica-activated myofibroblasts on a proteome wide 
scale (Figure 3). The results demonstrated that 
different proteins can distinguish myofibroblasts 
from fibroblasts. Six proteins (spots 1, 2, 6, 9, 10, and 
11) were selected to further identify the 
disease-specific protein expression, including 
vimentin, isoform CRA-b, glyceraldehyde 
3-phosphate-dehydrogenase, eroxiredoxin 5, 
heterogeneous nuclear ribonucleoprotein A2, 
transgelin 2, keratin K6. It was reported that vimentin 
and transgelin 2 are a smooth muscle marker and 
induce smooth muscle differentiation[24-25]. It has 
been shown that most significantly increased genes 
are involved in development, extracellular matrix 
structure and turnover, and cellular growth and 
differentiation[16]. Moreover, vimentin, actin and 
smooth muscle are highly expressed in 
TGF-β1-induced lung fibroblasts[26], which may explain 
the contractile properties of myofibroblasts. 
Vimentin, an intermediate filament, makes up the 
cytoskeleton along with microtubules and actin 
microfilaments. It was reported that the α-SMA and 
vimentin increase significantly when they are 
transited to myofibroblasts[27]. It has been shown that 
vimentin is expressed in stromal cells at week 1 and 
α-SMA is expressed in stromal cells at week 2 after 
photorefractive keratectomy[28]. Furthermore, α-SMA 
and vimentin are up-regulated as the biomarkers of 
myofibroblasts during epithelial-mesenchymal 
transition[27]. In a word, cytoskeleton proteins 
increase significantly when fibroblasts are activated. 

Transgelin, a calponin-related protein, was 
found in smooth muscle and non-muscle cells in this 
study, showing that transgelin 2 is up-regulated 
when lung fibroblasts are transited to myofibroblasts. 

It was reported that transgelin can repress the 
expression of MMP 9 by reducing AP-1-dependent 
transactivation of the gene[29]. Transgelin, located in 
mouse alveolar epithelial type II cells, is a key 
regulator for alveolar epithelial type II cell migration 
with altered expression in experimental pulmonary 
fibrosis, which are consistent with our results. 
Therefore, transgelin can serve as an important 
regulator in lung fibrosis. 

Heterogeneous nuclear ribonucleoprotein 
(hnRNP) is a RNA-binding protein, initially isolated 
from the nuclei of mammalian cells. More than 20 
members of this protein family play an important 
role in mRNA synthesis, processing, and export[30]. In 
this study, the hnRNP A2 was up-regulated when the 
lung fibroblasts were activated. It was reported that 
hnRNP A2 is closely related with lung cancer[31-33] 
and juvenile idiopathic arthritis[34]. As a transcription 
coactivator, hnRNP A2 plays a role in the nuclear 
transcription response to mitochondrial respiratory 
stress[35]. The expression level of hnRNP H29 is 
significantly higher in adults than in fetuses[36]. The 
function of hnRNP A2 in silica-induced 
myofibroblasts is not known, but it may play an 
important role in fibroblast translation. 

Peroxiredoxins exist ubiquitously in living 
organisms of bacteria, yeast, fungi and higher 
mammalian cells[37-39], whose function is to clear 
H2O2. In this study, peroxiredoxin 5 was up-regulated 
when the lung fibroblasts were transited to 
myofibroblasts. However, the exact role of 
peroxiredoxin is unclear in signal transduction, 
cellular proliferation, carcinogenesis and protein 
chaperoning among living cells. It was reported that 
peroxiredoxin 1 increases significantly in TGF-β1- 
induced fibroblasts[40]. However, peroxiredoxin 2 
oxidation is not related to the pathogenesis of 
IPF/UIP[41], which is contrary to our results. 
Therefore, the role of peroxiredoxin 5 in fibroblast 
activation should be further studied.  

In conclusion, the approach presented in this 
study is considered to be suitable for studying the 
mechanism underlying lung fibroblast activation 
induced by silica. The differences in proteins 
between fibroblasts and myofibroblasts are complex 
and the functions of identified proteins are still 
unclear. Further study is needed to understand the 
mechanism of fibrosis. 
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