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Abstract. Idiopathic pulmonary fibrosis (IPF) is a progres‑
sive and devastating interstitial lung disease. The origin of 
myofibroblasts is still to be elucidated and the existence of 
epithelial‑mesenchymal transition (EMT) in IPF remains 
controversial. Hence, it is important to clarify the origin of 
fibroblasts by improving modeling and labeling methods 
and analyzing the differentiation pathway of alveolar epithe‑
lial cells (AEC) in pulmonary fibrosis with cell tracking 
technology. In the present study, adult transgenic mice with 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ were induced with 
doxycycline for 15 days. The gene knockout phenomenon 
occurred in type II AECs in the lung and the reporter gene 
cell membrane‑localized enhanced green fluorescence protein 
(mEGFP) was expressed in the cell membrane. The expression 
of Cre recombinase and SPC was analyzed using immunohis‑
tochemical (IHC) staining to detect the labeling efficiency. 
A repetitive intraperitoneal bleomycin‑induced pulmonary 
fibrosis model was established, and the mice were sacrificed 
on day 28. The co‑localization of mEGFP and mesenchymal 
markers α‑smooth muscle actin (α‑SMA) and S100 calcium 
binding protein A4 (S100A4) were detected by multiple IHC 
staining. The results revealed that Cre was expressed in 
the airway and AECs in the lung tissue of adult transgenic 
mice with SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ induced 

by doxycycline; the labeling efficiency in the peripheral 
lung tissue was 63.27±7.51%. mEGFP was expressed on the 
membrane of type II AECs and their differentiated form of 
type I AECs. Expression of mEGFP was mainly observed in 
the fibrotic region in bleomycin‑induced pulmonary fibrosis; 
1.94±0.08% of α‑SMA‑positive cells were mEGFP‑positive 
and 9.68±2.06% of S100A4‑positive cells were mEGFP‑posi‑
tive in bleomycin‑induced pulmonary fibrosis. In conclusion, 
the present results suggested that while EMT contributes to 
the pathogenesis of pulmonary fibrosis, it is not the major 
causative factor of this condition.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a persistent and 
destructive interstitial lung disease of unknown etiology with 
an estimated median survival time of 3‑5 years following 
diagnosis (1‑3). It is characterized by abnormal proliferation 
and remodeling of fibroblasts and myofibroblasts. The aggre‑
gation of myofibroblasts leads to the deposition of extracellular 
matrix, an abnormal wound healing process and remodeling of 
the lung structure (4). IPF may be an epithelial‑driven disease 
and the damage and repair of alveolar epithelial cells (AECs) 
are important incentives for pulmonary fibrosis (5). Epithelial 
cells may lose their normal polarity and shape under various 
stimuli, which leads to epithelial‑mesenchymal transition 
(EMT) (6).

Whether EMT occurs during pulmonary fibrosis 
remains controversial  (7,8). Cell tracking technology is 
useful for analyzing the differentiation path of AECs in 
pulmonary fibrosis and the origin of fibroblasts. Several 
studies with lineage tracing supported the existence of EMT 
during pulmonary fibrosis. Kim et al (9) used a SPC‑rtTA, 
tetO7‑CMV‑Cre induction expression system to induce the 
expression of a lacZ reporter gene in the AECs of trans‑
genic mice. Triple transgenic mice were then treated with 
intranasal instillation of a replication‑deficient adenovirus 
(Ad) expressing constitutively active TGFβ‑1, to establish 
a pulmonary fibrosis model; 33% of vimentin‑positive cells 
were X‑gal positive (9). Other studies applied β‑galactosidase 
as the detection marker of AECs and the intratracheal instil‑
lation of bleomycin to establish the pulmonary fibrosis 

Cell tracing reveals the transdifferentiation fate of mouse 
lung epithelial cells during pulmonary fibrosis in vivo

WEI TAN1,2,  YARU WANG1,  YUHUA CHEN1  and  CHENG CHEN1

1Department of Developmental Cell Biology, Key Laboratory of Cell Biology of The Ministry 
of Public Health, Key Laboratory of Medical Cell Biology of The Ministry of Education, 

China Medical University, Shenyang, Liaoning 110122; 2Department of Respiratory and Critical Care Medicine, 
The First Affiliated Hospital of China Medical University, Shenyang, Liaoning 110001, P.R. China

Received Feburary 11, 2021;  Accepted June 22, 2021

DOI: 10.3892/etm.2021.10622

Correspondence to: Dr Cheng Chen, Department of 
Developmental Cell Biology, Key Laboratory of Cell Biology of The 
Ministry of Public Health, Key Laboratory of Medical Cell Biology 
of The Ministry of Education, China Medical University, 77 Puhe 
Road, Shenbei New District, Shenyang, Liaoning 110122, P.R. China
E‑mail: chchen@cmu.edu.cn

Abbreviations: IPF, idiopathic pulmonary fibrosis; EMT, 
epithelial‑mesenchymal transition; α‑SMA, α‑smooth muscle actin; 
S100A4, S100 calcium‑binding A4; AEC, alveolar epithelial cell; 
IHC, immunohistochemistry; SPC, surfactant protein C

Key words: bleomycin, epithelial‑mesenchymal transition, 
idiopathic pulmonary fibrosis, cell tracing, multiple IHC staining



TAN et al:  EMT DURING PULMONARY FIBROSIS in vivo2

model, revealing the co‑localization of β‑galactosidase 
and mesenchymal markers  (10‑14). Rock  et  al  (15) used 
the tamoxifen‑induced SPC‑CreERT2 (new mutations on 
the estrogen receptor that enhances tamoxifen binding 
ability) system, labeled ATII cells and performed intratra‑
cheal instillation of bleomycin to establish the pulmonary 
fibrosis model, which failed to prove the existence of EMT. 
Chilosi  et  al  (16) and another study  (17) indicated that 
the markers zinc finger E‑box binding homeobox 1 and 
β‑catenin of the EMT signaling pathway were co‑localized 
with epithelial markers in the fibrotic region of human 
pulmonary fibrosis. As aforementioned, the results of lineage 
tracing studies are contradictory and inconsistent with the 
results of clinicopathological studies  (9‑17). Thus, future 
studies should comprehensively investigate the mechanisms 
of bleomycin‑induced pulmonary fibrosis, select a type of 
modeling similar to the clinical‑pathological process, and 
use neutral and efficient labeling and gene reporting systems 
in lineage tracing studies to determine whether EMT occurs 
in pulmonary fibrosis, which is crucial for the development 
of therapeutic strategies for IPF.

In the present study, the classic model of pulmonary fibrosis 
was induced by intraperitoneal injection of bleomycin. Adult 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ mice were induced 
by doxycycline and the labeled AECs were detected by cell 
membrane‑localized enhanced green fluorescence protein 
(mEGFP). The co‑localization of mEGFP and mesenchymal 
markers was detected by multiple immunohistochemical 
staining to analyze whether EMT occurred in AECs during 
pulmonary fibrosis.

Materials and methods

Establishment of transgenic animal system. SPC‑rtTA 
mice [B6.Cg‑Tg(SFTPC‑rtTA)5Jaw/J] and tetO7‑CMV‑Cre 
mice [B6.Cg‑Tg(tetO7‑cre)1Jaw/J] were purchased from 
the Jackson Laboratory. mTmG mice [B6.129(Cg)‑​
Gt(ROSA)26Sortm4(ACTB‑tdTomato, ‑EGFP)Luo/J] were obtained from 
Nanjing BioMedical Research Institute of Nanjing University. 
All mice were of the C57BL6 strain. First, SPC‑rtTA and 
tetO7‑CMV‑Cre mice were mated to obtain those with both 
SPC‑rtTA and tetO7‑CMV‑Cre genes, which were then mated 
with mTmG mice to obtain transgenic mice with the genotype 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑. Male transgenic 
mice (aged 8‑12 weeks) were induced by adding 0.5 mg/ml 
doxycycline to their drinking water for 15 days and the expres‑
sion of Cre in the lungs was examined by multiple IHC in a 
number of mice. The remaining mice were raised with normal 
water and food for >20 days, after which multiple IHC was 
performed to detect the expression of mEGFP and SPC in the 
lung tissue. Animals that reached the endpoint of the experi‑
ment were then sacrificed by cervical dislocation to observe 
the lungs by multiple IHC staining. The animal care and use 
complied with the Provisions and General Recommendation 
of the Chinese Experimental Animals Administration 
Legislation (no. GB14925‑2010). The animals were housed at 
a temperature of 23±2˚C, relative humidity of 55±15%, and 
a 12‑h light/dark cycle. Access to standard food and sterile 
drinking water was ensured. Animal health and behavior were 
monitored every day. The study protocol was approved by the 

Institutional Animal Care and Use Committee (IACUC) of 
China Medical University (CMU) (IACUC issue no. 14031M).

Bleomycin‑induced pulmonary fibrosis in mice. Adult 
male transgenic mice aged 8‑12 weeks with the genotype 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ were induced with 
doxycycline for 15 days. Mice were then provided normal 
water and food for one week. Subsequently, mice were 
randomly divided into two groups: Experimental group (n=3; 
bleomycin‑induced pulmonary fibrosis) and control group 
(n=3). The body weight of the mice was 20‑25 g. The mice in 
the experimental group were intraperitoneally injected with 
bleomycin (Hanhui; 40 USP/kg in 0.2 ml of 0.9% physiological 
saline solution) on days 0 and 2, followed by 20 USP/kg on 
days 4 and 6, and 10 USP/kg on days 9, 12, 15, 18, 21, 24 and 
27 to avoid death. The mice in the control group were injected 
with 0.2 ml of normal saline. No animals died during the 
experimental period. The mice in both groups were sacrificed 
by cervical dislocation on day 28.

Histological examination. After the lungs were removed, the 
right lung tissue was immediately fixed in 4% paraformal‑
dehyde and the tissues were dehydrated and embedded in 
paraffin. Subsequently, 5‑µm paraffin sections were prepared 
and the tissues were stained with H&E (cat. no. WK297; 
Biolab) and examined under a microscope (Olympus 
Corporation). Masson's trichrome staining (cat. no. G1340; 
Beijing Solarbio Science & Technology Co., Ltd.) was also 
performed to evaluate fibrosis (collagen fibers) following 
the manufacturer's standard protocols. The samples were 
inspected using a BX‑51 microscope (Olympus Corporation). 
ImagePro Plus v. 6.0 (Media Cybernetics, Inc.) was used to 
calculate the integrated optical density and area value for 
each image, from which the average optical density value was 
then calculated.

IHC staining. The paraffin sections (5 µm) of mouse lungs 
were deparaffinized and then subjected to antigen retrieval 
in citrate buffer (10 mM sodium citrate, pH 6.0) with heating 
to 100˚C for 10 min. Subsequently, the Immunohistochemical 
Staining kit (cat. no. SP‑9001; OriGene Technologies, Inc.) was 
used to complete the follow‑up experiments. The sections were 
blocked with normal goat plasma for 20 min at room tempera‑
ture and then incubated overnight at 4˚C with the following 
primary antibodies: Cre recombinase antigen (rabbit; dilution, 
1:100; cat. no. 15036S; Cell Signaling Technology, Inc.), GFP 
antigen (rabbit; dilution, 1:200; cat. no. 2956S; Cell Signaling 
Technology, Inc.), SPC antigen (rabbit; dilution, 1:50; cat. 
no.  sc‑13979; Santa Cruz Biotechnology, Inc.), α‑smooth 
muscle actin (α‑SMA) antigen (rabbit; dilution, 1:100; cat. 
no. ab5694; Abcam) and S100 calcium binding protein A4 
(S100A4) antigen (rabbit; dilution, 1:100; cat. no. 13018S; Cell 
Signaling Technology, Inc.). The sections were incubated for 
20 min with a streptavidin‑biotin‑peroxidase complex and 
incubated with secondary antibody for 20 min at 37˚C. The 
AEC Chromogenic Reagent (Boster Biological Technology) 
and hematoxylin were used for color development and coun‑
terstaining, respectively. The samples were examined using a 
BX‑51 microscope (Olympus Corporation) at a magnification 
of x100 or x200.
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Multiple IHC staining. Following micrograph acquisition 
after the first IHC staining, the samples were washed with 
an alcohol gradient (25, 50, 70, 85, 95, 85, 70, 50 and 25%). 
The antibodies were then stripped with a buffer containing 
65 mM Tris‑HCl pH 6.8 (Sigma‑Aldrich; Merck KGaA), 
1% SDS (Beijing Solarbio Science & Technology Co., Ltd.), 
0.113M 2‑mercaptoethanol (Sigma‑Aldrich; Merck KGaA), 
0.1M NaCl and 2M urea (Sigma‑Aldrich; Merck KGaA) 
in a 56˚C water bath with agitation twice for 30 min each 
time. After antibody stripping, the sections were washed 
with distilled water for 30 min (5 min each time) at room 

temperature. The sections were then immunostained again, 
as described earlier.

Reverse‑transcription‑quantitative (RT‑q)PCR. Total RNA 
was isolated from the left lobe of each mouse lung (RNAiso 
Plus; cat. no. D9108AT; Takara Bio, Inc.) and transcribed into 
cDNA according to the kit (cat. no. RR037A; Prime Script® RT 
reagent Kit Perfect Real‑Time; Takara Bio, Inc.). Amplification 
and quantitation were performed on an ABI7500 Real‑time 
PCR System with Takara SYBR® Premix Ex Taq™ II (cat. 
no. RR820A; Takara Bio, Inc.). The following primers were 

Figure 1. Establishment of transgenic mice. (A) Principle of tissue‑specific inducible transgenic mice system. (B) Cre was detected in lung tissue by IHC 
staining (scale bar, 100 µm). (C) Cre was detected by IHC staining in the peripheral lung tissue and then SPC was detected by IHC staining after antibody 
stripping. The solid arrows indicate that Cre and SPC were co-localized in the same cell. (D) SPC was detected by IHC staining and then mEGFP was detected 
by IHC staining after antibody stripping. The solid arrows indicate that SPC and mEGFP were co‑localized in the same cell, while the hollow arrows indicate 
that SPC and mEGFP were not co‑localized in the same cell (scale bars, 50 µm). IHC, immunohistochemistry; mEGFP, cell membrane‑localized enhanced 
green fluorescence protein; SPC, surfactant protein C; ACTB, β-actin.
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used: α‑SMA forward, 5'‑CCA​ACT​GGG​ACG​ACA​TGG​AA‑3' 
and reverse, 5'‑GAG​GCA​TAG​AGG​GAC​AGC​AC‑3'; collagen 
forward, 5'‑ACA​TGT​TCA​GCT​TTG​TGG​ACC‑3' and reverse, 
5'‑TAG​GCC​ATT​GTG​TAT​GCA​GC‑3'; GAPDH forward, 
5'‑GGC​ATT​GTG​GAA​GGG​CTC​AT‑3' and reverse, 5'‑GGC​
AGC​ACC​AGT​GGA​TGC​AG‑3'. Quantification was performed 
by the 2‑∆∆Ct method (18) with GAPDH for normalization.

Statist ical analysis. Values are expressed as the 
mean ±  standard deviation. Comparisons between groups 
were performed by using unpaired the independent t‑test. All 
analyses were performed using GraphPad Prism 5 (GraphPad 
Software, Inc.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Labeled type II AECs and their descendants may be detected 
by multiple IHC staining. The transgenic mouse system 
involves three transgenic components. It expressed rtTA 
under the control of recombinant SPC promoter; in the pres‑
ence of inducer doxycycline, the transcription factor rtTA 
was able to activate the expression of Cre recombinase. The 
mtdTomato sequence flanked by Loxp sites was removed by 
site‑specific recombinase Cre. Thus, mEGFP was consti‑
tutively and irreversibly expressed under the control of the 

ACTB promotor (Fig. 1A). Adult transgenic mice with the 
genotype SPC‑rtTA+/‑/tetO7‑Cre+/‑/mTmG+/‑ were induced with 
doxycycline for 15 days. Cre was determined to be localized in 
the airway and peripheral lung tissues of doxycycline‑induced 
knockout transgenic mice (Fig. 1B). Co‑localization of Cre 
and SPC was observed in the peripheral lung tissue of trans‑
genic mice (Fig. 1C); the proportion of Cre+SPC+/SPC+ was 
63.27±7.51%.

Male transgenic mice were induced with doxycycline, 
and the multiple IHC staining technique was used to detect 
the expression of SPC and EGFP (Fig. 1D). mEGFP was 
detected in the peripheral lung tissue of transgenic mice. 
Certain mEGFP+ cells were type II AECs (with expression 
of SPC, which is a type  II AEC marker); other mEGFP+ 
cells spread over the surface were type I AECs (without 
expression of SPC). The expression of mEGFP was caused 
by gene recombination when their parent cells were type II 
AECs. There were also a small number of SPC+ cells that 
did not express mEGFP in lung tissue, which suggests that 
gene knockout efficiency was <100%. The right panel of 
Fig. 1D indicates that the membrane bonded with EGFP 
that was detected, while there was no SPC stain in the cyto‑
plasm, which indicated that the anti‑SPC antibody used in 
the first round of IHC staining was fully stripped after IHC 
staining. Furthermore, it did not interfere with the second 
round of IHC staining to detect mEGFP. All of these results 

Figure 2. Bleomycin‑induced pulmonary fibrosis in mice. (A) Lung tissue sections were prepared on day 28 and subjected to H&E and Masson staining. 
α‑SMA was detected in the lungs by immunohistochemical staining (scale bars, 50 µm). (B) Masson staining and α‑SMA was quantified as the relative expres‑
sion fold change of fibrosis/field and α‑SMA/field (AOD) in each group. (C) Expression of α‑SMA and collagen mRNA in the lungs of the control mice and 
experimental mice on day 28. *P<0.05, ***P<0.001. Ctr, control; BLM, bleomycin; SMA, smooth muscle actin; AOD, average optical density.
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demonstrated that multiple IHC staining may be used for cell 
lineage tracing.

Bleomycin‑induced pulmonary fibrosis in transgenic mice. After 
induction and modeling, the mice in the experimental group 
exhibited decreased appetite, weight loss (Fig. S1), unkempt 
and dull fur and shortness of breath. On day 28, histopatho‑
logical examination indicated inflammatory‑cell infiltration 
in the alveolar septum and destruction of the normal alveolar 
structure in the experimental group. Masson staining indicated 
that the alveolar structure was destroyed, the normal structure 
disappeared, and obvious collagen fiber deposition occurred 
in the experimental group compared with the control group. 
Furthermore, the expression of α‑SMA and collagen mRNA 
in the lung tissue was significantly higher in the experimental 

group than in the control group (P<0.05), which indicated that 
myogenic fibroblasts and fibrotic foci were formed (Fig. 2).

Co‑expression of α‑SMA and mEGFP in bleomycin‑induced 
pulmonary f﻿ibrotic lesions. A small number of cells in fibrotic 
foci in mice with bleomycin‑induced pulmonary fibrosis were 
type II AECs. Certain α‑SMA+ cells expressed mEGFP simul‑
taneously in the center of the lesion area and certain mEGFP+ 
cells on the alveolar wall also exhibited α‑SMA staining 
signals. Most mEGFP+ cells had no α‑SMA expression. The 
number of α‑SMA/mEGFP double‑positive cells in the fibrotic 
tissue was low, as 1.94±0.08% of α‑SMA‑positive cells were 
mEGFP‑positive. Most of the cells in the fibrotic foci did not 
express mEGFP and they were no descendants of type II AECs 
(Fig. 3).

Figure 3. Co‑localization of α‑SMA and mEGFP in the lung tissues of mice with bleomycin‑induced pulmonary fibrosis. (A) α‑SMA was detected in the lungs 
of mice with bleomycin‑induced pulmonary fibrosis by IHC staining. Subsequently, mEGFP was detected by IHC staining after antibody stripping. The solid 
arrow indicates that α‑SMA and mEGFP were co‑localized in the same cell; the hollow arrow indicates that α‑SMA and mEGFP were not co‑localized in 
the same cell (scale bars, 100 µm in lower panel and 50 µm in magnified windows). (B) α‑SMA was detected in the adjacent sections of A by IHC staining; 
subsequently, the sections were stripped and those with no addition of the first antibody were used as the control group for A (scale bar, 100 µm). SMA, smooth 
muscle actin; IHC, immunohistochemistry; mEGFP, membrane‑bound enhanced green fluorescence protein.
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Cells co‑expressing S100A4 and mEGFP in bleomycin‑​
induced pulmonary fibrotic lesions. Numerous S100A4‑positive 
cells were observed in the pulmonary fibrotic lesion areas in 
the lungs of the model mice. S100A4 is also considered to be 
an important marker of fibrosis (19). Multiple IHC staining 
indicated that only a small number of S100A4‑positive cells orig‑
inated from type II AECs and 9.68±2.06% of S100A4‑positive 
cells were mEGFP‑positive. These were S100A4 and mEGFP 
double‑positive cells and they were mainly distributed on the 
alveolar wall. Thus, the origin of most of the S100A4+ cells was 
not related to type II AECs (Fig. 4).

Discussion

In the present study, the classic intraperitoneal administra‑
tion of bleomycin was used to establish pulmonary fibrosis 

in mice (20). Lineage‑tracing studies with neutral and effi‑
cient labeling and gene reporting systems were performed 
to clarify whether EMT existed in pulmonary fibrosis. The 
results indicated that EMT contributes to the pathogenesis of 
pulmonary fibrosis, but it is not the major causative factor of 
this condition.

Bleomycin may be injected using intratracheal admin‑
istration or systemically (intraperitoneally, intravenously 
or subcutaneously)  (21). The intratracheal injection has 
been widely applied in lineage tracing studies (10‑14). When 
injected through the trachea into the lungs, bleomycin 
directly damages AECs. Fibrosis induced by this method 
has been reported to be self‑limiting after 28 days. Previous 
studies also suggested that this routine may be inconsistent 
with the pathological changes in human IPF (20‑24). When 
bleomycin is systemically injected, the initial site of injury is 

Figure 4. Co‑localization of S100A4 and mEGFP in the lung tissues of mice with bleomycin‑induced pulmonary fibrosis. (A) S100A4 was detected in the 
lungs of mice with bleomycin‑induced pulmonary fibrosis by IHC staining; subsequently, mEGFP was detected by IHC staining after antibody stripping. 
The solid arrow indicates that S100A4 and mEGFP were co‑localized in the same cell, while the hollow arrow indicates that S100A4 and mEGFP were not 
co‑localized in the same cell (scale bars, 100 µm in lower panel and 50 µm in magnified windows). (B) S100A4 was detected in the adjacent sections of A by 
IHC staining. Subsequently, the sections were stripped and those with no addition of the first antibody were used as the control group for A (scale bar, 100 µm). 
IHC, immunohistochemical; mEGFP, membrane‑bound enhanced green fluorescence protein; S100A4, S100 calcium binding protein A4.
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the pulmonary vascular endothelium; after endothelial cell 
injury, the drug targets alveolar epithelium. When bleomycin 
is intraperitoneally delivered, the dose may be easily defined 
and the method is simple to perform; it may cause repeated 
tissue damage and repair, followed by irreversible pulmonary 
fibrosis, which is considered more clinically relevant than 
intratracheal administration (20,21,25). In the present study, 
intraperitoneal administration of bleomycin, which is closer to 
the clinicopathological changes of IPF, was used to establish 
pulmonary fibrosis in mice.

Existing lineage tracing experiments, cell labeling methods 
and reporter gene systems are somewhat limited. First, the 
inducers used in some research may have a potential effect on 
fibrosis (15). Tamoxifen, an inducer of the CreERT2 system, is a 
selective estrogen receptor modulator, which is also known for 
its inhibitory effect on the production of TGF‑β. Its anti‑fibrotic 
effect has been examined in certain fibrotic diseases  (26). 
There is an interval between the end of induction and the 
beginning of the modeling that serves to avoid side effects of 
tamoxifen. However, this interval was different between studies 
on pulmonary fibrosis (15,27). Furthermore, proper labeling 
time is important for accurately controlling the labeling range. 
Certain studies were initiated from the mouse embryonic 
stage, which may lead to a wider range of labeling (28). In 
addition, a suitable reporter gene should be used to mark target 
cells. Previous studies have indicated that β‑galactosidase is 
expressed in both fibroblasts and epithelial cells of human 
lung tissue affected by IPF and bleomycin‑induced pulmonary 
fibrosis (29,30). X‑gal staining should be avoided in pulmo‑
nary fibrosis cell tracing studies. In the present study, the 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ system was used and 
induced with doxycycline from adulthood. The inducer doxy‑
cycline and the reporter gene product mEGFP in this system 
are neutral and do not interfere with pulmonary fibrosis; thus, 
more objective results may be observed.

In the present study, the labeling method of type II AECs 
was improved to obtain more objective tracking results. The 
SPC‑rtTA+/‑/tetO7‑CMV‑Cre+/‑/mTmG+/‑ system was used and 
induced with doxycycline from adulthood. The results indicated 
that only type II epithelial cells expressed Cre in the peripheral 
lung tissue. The labeling efficiency in AEC II of transgenic 
mice was 63.27±7.51% by IHC co‑localization with Cre and 
SPC. At the beginning of bleomycin modeling, the labeled 
cells were type II epithelial cells, while there was only a small 
number of newly differentiated type I epithelial cells. By using 
mEGFP as a reporter gene, the outline of the cell was marked 
without this being disturbed by cell senescence. Multiplex 
IHC staining techniques are useful for examining changes in 
the expression of target molecules and the basic histological 
changes in the lesion while avoiding background fluorescence 
interference and sensitivity to low‑abundance antigens (31,32). 
The present study reproduced the process of differentiation of 
type II AECs in bleomycin‑induced pulmonary fibrosis, which 
is more clinically relevant than intratracheal administration.

The expression of mEGFP was detected in the fibrotic 
region, suggesting the existence of progeny cells of epithelial 
cells. Multiplex IHC staining indicated that certain cells were 
α‑SMA+/mEGFP+ or S100A4+/mEGFP+ double‑positive in 
bleomycin‑induced pulmonary fibrosis. This confirms that EMT 
may be one of the origins of myofibroblasts. However, only a 

small proportion of fibroblasts was identified as originating from 
type II epithelial cells. This suggests that the origin of cells in 
fibrotic lesions is complex. Fibroblasts may have other sources, 
including the proliferation of lung fibroblasts, transformation of 
vascular endothelial cells and pericytes, as well as differentia‑
tion of bone marrow progenitor cells (33,34). On the other hand, 
EMT may not be the only direct phenotypic transformation of 
epithelial cells into fibroblasts. Yamaguchi et al (35) reported 
that fibroblastic foci were covered with alveolar epithelium and 
certain AECs also expressed vimentin, implying partial EMT, 
and those cells had the functions of both epithelial cells and 
mesenchymal cells, such as adhesion and migration. Whether 
epithelial cells with mesenchymal markers may release profi‑
brotic factors or exhibit a partial EMT phenotype requires 
further investigation. It was noticed that the distribution of 
α‑SMA+/mEGFP+ or S100A4+/mEGFP+ double‑positive cells 
in fibrotic lesion was not exactly the same. In patients with IPF 
and bleomycin‑induced pulmonary fibrosis, S100A4 may be 
secreted by fibroblasts and promote pulmonary fibrosis through 
fibroblast activation  (36,37). How S100A4 participates in 
abnormal epithelial‑mesenchymal interactions requires further 
investigation.

Of note, the present study had several limitations. First, 
the sample size of mice used in the experiment was relatively 
small. In the present study, mice with a uniform genetic back‑
ground and uniform modeling methods were strictly selected, 
which met the minimal requirement for sufficient statistical 
power. Furthermore, α‑SMA+/mEGFP+ or S100A4+/mEGFP+ 
double‑positive cells appeared more in alveoli with obvious 
fibrosis and less in regions with mild fibrosis or even normal 
fibrosis. In future studies, the proportion of positive cells 
will be observed according to different stages of pulmonary 
fibrosis, which may be of great significance. Finally, the present 
results were all from animal experiments, which require to be 
confirmed in clinical patient samples if possible.

In conclusion, the present study identified descendants 
of epithelial cells in the fibrotic region. A small number of 
mEGFP‑positive cells had co‑localization of α‑SMA and 
S100A4, which indicated that EMT contributed to the patho‑
genesis of pulmonary fibrosis; however, it was not the major 
causative factor of pulmonary fibrosis.
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