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Original Article 
Particulate matter promotes the  
epithelial to mesenchymal transition in  
human lung epithelial cells via the ROS pathway

Jun Zhang1,2*, Xiaoyan Xu1,2*, Ying Liang1*, Xiaomin Wu1, Zhongqing Qian3, Liming Zhang2, Ting Wang1,4

1Department of Medicine, University of Arizona, Tucson, AZ, USA; 2Department of Respiratory and Critical Care 
Medicine, Beijing Institute of Respiratory Medicine and Beijing Chao-Yang Hospital, Capital Medical University, 
Beijing, China; 3Anhui Provincial Key Laboratory of Immunology in Chronic Diseases, Anhui Provincial Key 
Laboratory of Infection and Immunology, Department of Laboratory Medicine, Bengbu Medical College, Bengbu, 
Anhui, China; 4Center of Translational Science, Florida International University, 11350 SW Village Parkway, Port 
St. Lucie, FL, USA. *Equal contributors.

Received February 1, 2023; Accepted July 4, 2023; Epub August 15, 2023; Published August 30, 2023

Abstract: Objects: Epidemiologic studies have linked exposure to airborne pollutant particulate matter (PM) with 
increased rates of chronic cardiopulmonary diseases, including asthma and idiopathic pulmonary fibrosis (IPF). 
Several investigations have suggested that the epithelial-to-mesenchymal transition (EMT) may contribute to the 
complex pathobiology of environmental exposure-mediated pulmonary fibrosis. The present study was designed to 
characterize the mechanisms of PM-mediated EMT in human lung epithelial cells (HBECs). Methods and results: 
PM induced significant dose (0-100 μg/ml) and time (0-72 h)-dependent increases in transforming growth factor β 
(TGFβ) and fibronectin (FN) protein levels in HBECs lysates. PM-activated TGFβ and FN protein production in HBECs 
was prevented by the antioxidant N-acetyl-cysteine (NAC, 5 mM). Furthermore, the NF-κB inhibitor BAY11-7082 (5 
μM) abolished PM-induced FN production in HBECs. Biomarkers of EMT (ACTA2, SNAIL1 and SNAIL2) in PM-treated 
HBECs were significantly increased at the mRNA level compared to control cells. Conclusions: These results demon-
strate that PM increases protein levels of TGFβ and FN via reactive oxygen species (ROS)-dependent pathways. In 
addition, PM exposure induces EMT in human lung epithelial cells, supporting a novel mechanism for PM-induced 
pulmonary fibrosis.
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Introduction

Inhalation of ambient particulate matter (PM) is 
known to cause or exacerbate chronic cardio-
pulmonary disease morbidity and mortality, 
including asthma and idiopathic pulmonary 
fibrosis (IPF) [1]. PM is composed of organic 
and inorganic agents, including transition met-
als, hydrocarbons, and endotoxins, which are 
capable of penetrating alveolar epithelial cells 
(AECs) and causing pulmonary distress, induc-
ing epithelial cell apoptosis and fibrotic remod-
eling stimulation [2, 3]. The epithelial-to-mes-
enchymal transition (EMT) is a process by which 
cells lose epithelial apical-basal polarity and 
acquire mesenchymal characteristics. EMT 
leads to initiation and progression of tissue dif-

ferentiation during organ development, as well 
as to tissue fibrosis and carcinoma progression 
[4]. EMT has been identified in the alveolar epi-
thelium and airway epithelium in pulmonary 
fibrosis as a hallmark of fibrosis [5].

Transforming Growth Factor-beta (TGFβ) is a 
cytokine that plays an essential role in multiple 
cellular functions and tissue engineering, in- 
cluding cell differentiation, migration, and pro-
liferation [6]. An increasing number of studies 
have revealed that TGFβ signal transduction is 
a vital factor in stimulating EMT during tumori-
genesis [7] and tissue fibrosis [8]. TGFβ is the 
primary factor that drives several pulmonary 
disease processes, particularly those involving 
pulmonary fibrosis, lung cancer, and inflamma-
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tory lesions [9]. Transgenic mice overexpress-
ing the mature form of TGFβ1 in the liver exhibit 
multiple organ fibrosis and inflammatory 
lesions [10]. The effects of TGFβ on EMT pro-
gression in AECs suggest that AECs are the 
source of pathogenic mesenchymal cells during 
lung fibrogenesis [5]. Fibronectin (FN) is a pri-
mary component of the extracellular matrix 
(ECM), which regulates the cellular network 
between intra- and extracellular environments, 
controlling cell fibrillogenesis [11, 12]. It has 
been reported that TGFβ mediates lung fibrosis 
by stimulating ECM production and FN over- 
expression in human lung fibroblasts [13]. 
Additionally, several EMT biomarkers are stimu-
lated by TGFβ treatment, such as alpha smooth 
muscle actin (α-SMA), snail family transcription-
al repressor 1 (SNAI1) and snail family tran-
scriptional repressor 2 (SNAI2) [14, 15]. In alve-
olar epithelial cells, PM exposure enhances 
TGFβ activation based on an increase in reac-
tive oxygen species (ROS) generation [3]. We 
hypothesize that PM exposure induces EMT by 
activating TGFβ in human lung epithelial cells 
(HBECs).

Our group previously revealed that PM expo-
sure induces human lung endothelial cell injury 
in a ROS-dependent manner. Herein, we report 
that PM also stimulates EMT in lung epithelial 
cells upon ROS generation. PM exposure induc-
es TGFβ and fibronectin protein production, 
which are key effectors that promote mammary 
mesenchymal formation. Finally, EMT biomark-
er genes (α-SMA, SNAI1 and SNAI2) are signifi-
cantly upregulated in PM-exposed cells, con-
firming EMT remodeling in HBECs, all of which 
favor a profibrotic phenotype. Taken together, 
these findings provide an avenue to under- 
stand the mechanism of PM-induced pulmo-
nary fibrosis.

Materials and methods

Reagents and chemicals

The PM sample (0.1-0.3 μm aerodynamic diam-
eter) used in this study was collected from the 
Fort McHenry Tunnel, Baltimore, MD, USA, at a 
high volume; the chemical components, with-
out any detectable endotoxin contamination in 
the PM suspension (1 mg/ml) water, were 
described previously [16]. TGFβ antibody was 
purchased from cell signal and fibronectin  
antibody was purchased from Sigma. Cell lysis 

buffer was purchased from Thermo-Fisher 
Scientific (Carlsbad, CA). N-acetylcysteine (NAC) 
and BAY 11-7082 (BAY) were purchased from 
Sigma (St. Louis, MO). qPCR TaqMan Real- 
Time PCR Assay was purchased from Applied 
Biosystems (now a part of Thermo-Fisher): 
Hs00195591_m1 (SNAIL1); Hs00161904_m1 
(SNAIL2); Hs00426835_g1 (ACTA2); Hs0278- 
6624_g1 (GAPDH). All other biochemicals were 
purchased from Sigma unless stated other- 
wise.

Cell culture

HBECs were cultured in Minimal Essential 
Medium with Earle’s Minimal Essential Medium 
(MEM/EBSS, Thermo Fisher) supplemented 
with 10% FBS and 1% penicillin/streptomycin 
(P/S) at 37°C in a humidified atmosphere of  
5% CO2 and 95% air, with 90% confluency for 
experimentation. Before PM challenge, HBEC 
media were changed to serum-free media for 
24 h of synchronization. For the chemical block-
ade experiment, NAC and BAY were used to 
treat cells 30 min before PM exposure.

Western blotting

Treated or untreated HBECs were scraped into 
radioimmunoprecipitation assay buffer (RIPA 
buffer, Cell Signaling, Danvers, MA) with ade-
quate protease and phosphatase inhibitors 
(Thermo Fisher) after washing with cold PBS 
three times. The protein concentration was 
quantified using the Bradford protein assay 
(Bio-Rad, Hercules, CA); equal amounts of pro-
tein samples were separated by Sodium 
Dodecyl Sulphate-Polyacrylamide Gel Electro- 
phoresis (SDS-PAGE), followed by transfer to 
polyvinylidene difluoride (PVDF) membranes. 
After incubation with 5% BSA in TBS-Tween  
20 buffer (TBST, Thermo Fisher) for 1 h, the 
PVDF membrane was further incubated in pri-
mary antibody in 5% BSA in TBST buffer over-
night at 4°C. After washing with TBST three 
times, the membrane was incubated with 
horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (1:5,000 in TBST with 5%  
BSA) at room temperature for 1 h. Western blot 
images were obtained by using a myECL imager 
system (Thermo Fisher) and chemilumines-
cence reagent (Bio-Rad) after three washes 
with TBST. Immunoblot bands were quantified 
with intensity using ImageJ software.
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Real-time PCR

Total RNA was extracted from HBECs treated 
with PM exposure for 24 h using TRIzol reagent 
(Life Technology, Carlsbad, CA). Total RNA was 
treated with DNase I (Thermo Fisher), and 1 µg 
total RNA was used for first-strand cDNA syn-
thesis with random primer p(N)6 and Maxima H 
Minus Reverse Transcriptase (Thermo Fisher). 
Real-time PCR was conducted by using Taqman 
Probe (Applied Biosystems, Waltham, MA) and 
Universal Master Mix II (Life Technology) follow-
ing the supplier’s protocol. The GAPDH gene 
was used as an internal control. Real-time PCR 
assays were performed following the protocol 
of CFX96 Touch Real-Time PCR Detection 
System (Bio-Rad). All reactions were performed 
in triplicate.

Statistical analysis

Data are presented as the mean ± SEM for 
each experimental group. We performed statis-
tical comparisons among treatment groups by 
randomized design and one-way ANOVA, fol-
lowed by the Newman-Keuls post hoc test for 
more than two groups or by an unpaired 
Student’s t test for two groups. In all cases, sta-
tistical significance was defined as P<0.05. 

sure induces TGFβ production in a time- and 
dose-dependent manner.

PM induces TGFβ increase through the ROS 
pathway

PM exposure of lung cells trigger ROS produc-
tion via polycyclic aromatic hydrocarbons 
(PAHs) or transition metals, leading to direct or 
indirect effects on lipids and proteins through 
activation of intracellular oxidant pathways 
[17]. Our laboratory’s previous studies revealed 
that PM induces oxidative stress in lung cells  
in vitro and in vivo [16, 18, 19]. To assess 
whether cellular oxidative stress mediates  
the effect of PM treatment on TGFβ production 
in HBECs, we used the ROS scavenger N- 
acetylcysteine (NAC), which abolishes PM- 
induced ROS generation (Supplementary Figure 
1). NAC pretreatment (5 mM, 30 min) reduced 
PM-induced TGFβ production (Figure 2), sug-
gesting that PM-induced TGFβ upregulation is 
ROS dependent.

PM induces FN expression

TGFβ directly acts on fibroblast-type cells to 
induce progression of fibrosis via regulation of 
profibrotic molecule expression, including fibro-

Figure 1. PM challenge induces TGF-β expression in a time- and dose-depen-
dent manner. A. HBECs were challenged with PM (100 μg/ml) for 6 h, 24 h, 
or 48 h, and cell lysates were analyzed by western blotting for TGF-β protein 
expression. B. Bar graph of relative TGF-β levels. *, P<0.05 compared to 
control. C. HBECs were exposed to different concentrations of PM for 48 h 
(0-100 μg/ml), and TGF-β protein expression levels were assayed by western 
blotting. D. Bar graph of relative TGF-β levels. *, P<0.05 compared to con-
trol. PM, particulate matter; HBECs, human lung epithelial cells.

These statistical analyses we- 
re performed by using Graph- 
Pad Prism software version 
9.5.

Results

PM exposure induces TGFβ 
expression in HBECs

We first confirmed the effects 
of PM exposure on production 
of TGFβ, a marker of fibrosis. 
In HBECs, TGFβ was increas- 
ed along with PM stimulation 
(6-48 h) and peaked at 48 h 
(Figure 1A and 1B). In a dose-
dependent study, after expo-
sure to PM for 48 h, TGFβ pro-
tein was gradually upregulat- 
ed with increasing concentra-
tion (2 µg/ml, 10 µg/ml and 
100 µg/ml) and reached the 
highest level at 100 µg/ml 
(Figure 1C and 1D). These 
results indicate that PM expo-
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nectin (FN). Compared to control cells, PM (100 
µg/ml)-challenged cells exhibited a higher level 
of FN in a time-dependent manner (6-72 h, 
Figure 3A and 3B). Additionally, PM exposure 
dose-dependently induced FN expression in 
HBECs (2-100 µg/ml, Figure 3C and 3D). These 
results indicate that PM exposure induces FN 
expression in the cell fibrosis process. 

PM induces FN through ROS and the NFκB 
pathway

PM exposure induces ROS production to initi-
ate lung cell pathogenesis [16, 18, 19], and 
excessive cellular ROS activate fibronectin 
expression [20]. We used NAC as a ROS  
scavenger to evaluate the ROS effect on FN 
increase in HBECs. Similar to TGFβ, PM-induced 
FN expression was significantly suppressed by 
NAC pretreatment (5 mM, 30 min) in HBECs 
exposed to PM for 48 h (Figure 4).

Several studies have demonstrated that NF-κB 
plays a critical role in EMT by modulating 

expression of mesenchymal genes [21, 22]. 
Furthermore, it has been reported that NF-κB 
directly binds to the FN promoter to regulate  
FN gene transcription [23, 24]. In addition, our 
previous study confirmed that PM exposure 
activates NF-κB in human lung epithelial cells 
[25]. Therefore, to address the role of NF-κB in 
PM-activated FN expression, an NF-κB pharma-
cological inhibitor (BAY 5 µM, 30 min pretreat-
ment) was used. BAY significantly abolished 
PM-induced FN protein expression (Figure 5). 
Taken together, PM challenge activated FN 
expression via ROS- and NF-κB-dependent 
pathways.

PM upregulates EMT biomarker gene expres-
sion

Several studies have demonstrated that EMT 
progression induces many marker genes, such 
as cytoskeleton α-SMA, which is encoded by 
the ACTA2 gene, and the transcription factors 
Snail1 and Snail2, which are encoded by the 
SNAIL1 and SNAIL2 genes, respectively. To 
confirm PM-induced EMT in HBECs, we deter-
mined ACTA2, SNAIL1 and SNAIL2 mRNA levels 
after PM exposure for 24 h. As shown, ACTA2 
(Figure 6A), Snail1 (Figure 6B), and Snail2 
(Figure 6C) were significantly increased in 
PM-exposed HBECs compared to control cells, 
suggesting that PM exposure preferentially 
induces EMT in HBECs.

Discussion

In this study, we demonstrated that PM expo-
sure induces EMT and initiates fibrosis in 
HBECs. In particular, PM stimulates produc- 
tion of TGFβ and fibronectin, two important pri-
mary factors that promote myofibrosis and cell 
migration, via PM-induced oxidative stress. The 
increase in the biomarkers α-SMA, Snail1 and 
Snail2 confirmed the EMT phenotype in HBECs 
after PM stress. As one more descriptive confir-
mation, PM indeed induced elongated EMT-like 
cell morphology (Supplementary Figure 2), 
which was attenuated by blockade of ROS or 
NF-κB.

Epithelial cells form an adherent layer and inti-
mately communicate with and attach to each 
other by forming integral adhesion complexes, 
especially cell-cell contact structures, including 
tight junctions. The epithelial layer exhibits api-
cal-basal polarity that separates it from other 
tissues, with the apical side toward the lumen 
and basolateral localization on the basement 

Figure 2. PM-activated TGF-β upregulation is attenu-
ated by N-acetyl cysteine (NAC). HBECs were pretreat-
ed with 5 mM NAC for 30 min and then challenged 
with PM (100 μg/ml) for 48 h. A. TGF-β protein levels 
were assayed by western blotting. B. Bar graph of rel-
ative TGF-β levels. *, P<0.05 compared to control. #, 
P<0.05 compared to the PM group. PM, particulate 
matter; HBECs, human lung epithelial cells.
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Figure 3. PM challenge induces FN expression in a time- and dose-depen-
dent manner. A. HBECs were challenged with PM (100 μg/ml) for 6 h, 24 h, 
or 48 h, and cell lysates were analyzed by western blotting for PM-induced 
FN expression. B. Bar graph of relative FN levels. *, P<0.05 compared to 
control. C. HBECs were exposed to different concentrations of PM for 48 h 
(0-100 μg/ml), and FN protein expression levels were assayed by western 
blotting. D. Bar graph of relative FN levels. *, P<0.05 compared to control. 
PM, particulate matter; FN, fibronectin; HBECs, human lung epithelial cells.

Figure 4. PM-activated FN upregulation is attenuated by N-acetyl cysteine 
(NAC). HBECs were pretreated with 5 mM NAC and then challenged with 
PM (100 μg/ml) for 48 h. A. FN protein levels were assayed by western blot-
ting. B. The bar graph of relative FN levels. *, P<0.05 compared to CNTL. #, 
P<0.05 compared to the PM group. PM, particulate matter; FN, fibronectin; 
HBECs, human lung epithelial cells.

membrane [26]. Controver- 
sially, mesenchymal cells lack 
cell polarization and intercel-
lular junctions due to disas-
sembly of the organized actin 
cytoskeleton [27]. In addition 
to mediating embryonic devel-
opment, EMT occurs during 
organ injury to initiate fibrosis, 
such as prolonged myofibro-
blasts and fibrogenesis accu-
mulation in airway remodeling 
during lung inflammation. In 
this case, EMT is deemed a 
key initiation step of lung  
fibrosis. It has been well eluci-
dated that fibrosis leads to 
several other lung diseases, 
such as asthma, chronic ob- 
structive pulmonary disease 
(COPD) and idiopathic pulmo-
nary fibrosis (IPF) [28].

TGFβ is a central factor that 
mediates and regulates EMT 
propagation since TGFβ treat-
ment was recognized as the 
most important inducer of 
EMT in various epithelial cells 
[29]. TGFβ induces EMT devel-
opment in bronchial epithelial 
cells, as accompanied by cell 
morphology changes, includ-
ing a spindle fibroblast-like 
cell shape and a reduction in 
cell-cell contact [30]. The 
effects of PM exposure on 
upregulation of TGFβ protein 
expression in HBECs (Figure 
1) provide evidence that PM 
stress induces EMT. Further- 
more, TGFβ has diverse cellu-
lar functions and is related  
to several cellular biological 
responses, including tissue 
fibrosis and carcinogenesis, 
via crosstalk with other path-
ways, such as mitogen-acti-
vated protein kinases (p38, 
JNK and ERK) and p53 [31].

Our previous study revealed 
that ambient particulate mat-
ter exerts robust cellular in- 
jury on lung cells in a ROS-
dependent manner [16]. The 
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increase in ROS generation in the lung tissues 
of animal models after PM exposure contrib-
utes to PM-induced lung injury [32, 33]. In 
HBECs, the ROS scavenger NAC attenuated the 
PM-induced increase in TGFβ expression, as 
well as fibronectin expression, suggesting that 
PM exposure initiates EMT after ROS genera-
tion (Figures 2 and 4). However, TGFβ might 
also induce ROS production, which is reported 
to be involved in induction of EMT in metastatic 
breast and pancreatic cancer cells [34], sug-
gesting that positive feedback may exist 
between TGFβ and ROS.

It has been reported that FN is significantly 
increased in human bronchial epithelial cells 

transcription factor genes [39]. α-SMA is one  
of six actin family members and is commonly 
considered a marker of active myofibroblast 
formation. Activation of snail transcription fac-
tors, particularly Snail1 and Snail2, is associat-
ed with EMT progression, such as fibrosis and 
cancer development [39, 40]. In the present 
study, we show that α-SMA, Snail1, and Snail2 
were upregulated by PM exposure, strongly 
suggesting EMT initiation in HBECs (Figure 6). 
Interestingly, we found that although PM- 
increased α-SMA/Snail2 can be attenuated  
by the ROS scavenger NAC and NFκB inhibitor 
BAY, as expected (Supplementary Figure 3), 
increased Snail1 was not prevented by either 

Figure 5. PM-activated FN upregulation is attenuated by the NF-κB inhibitor 
Bay. HBECs were pretreated with 5 μM Bay for 30 min and then challenged 
with PM (100 μg/ml) for 48 h. A. FN protein levels were assayed by western 
blotting. B. The bar graph of relative FN levels. *, P<0.05 compared to CNTL. 
#, P<0.05 compared to the PM group. PM, particulate matter; FN, fibronec-
tin.

Figure 6. PM exposure induces EMT biomarker gene transcription. ACTA2 
(A), SNAIL1 (B) and SNAIL2 (C) mRNA levels were significantly upregulated 
in PM-treated HBECs (24 h) compared to control cells. All experiments were 
conducted with at least three biological repeats. *, P<0.05 compared to 
control. PM, particulate matter; EMT, epithelial-to-mesenchymal transition; 
HBECs, human lung epithelial cells.

and human lung fibroblasts 
exposed to TGFβ [13, 30].  
FN is a stromal extracellular 
matrix (ECM) protein that 
exerts its function by binding 
to integrins to mediate inter-
cellular signaling. FN is main-
tained at low levels in normal 
cells but shows a robust in- 
crease at a trend correlating 
with the severity of disease, 
especially in fibrotic disorders 
[35]. Herein, we show that FN 
was increased after PM chal-
lenge as a downstream effect 
of NF-κB signaling (Figure 5). 
The NF-κB pathway is widely 
considered a major activator 
of immunity and inflamma- 
tion, as well as a pivotal regu-
lator of cell proliferation and 
migration [36]. NF-κB is 
essential for carcinoma pro-
gression and EMT induction 
[37]. PM exposure stimulates 
NF-κB subunit p65 activation, 
which directly binds to the 
fibronectin promoter and in- 
creases binding ability under 
TGFβ treatment [23, 38]. We 
speculate that PM induces 
TGFβ production and acti-
vates NF-κB transcriptional 
function to increase fibronec-
tin expression.

Several genes have been rec-
ognized as biomarkers to 
identify EMT initiation, includ-
ing cytoskeleton genes and 
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reagent, suggesting that Snail1 might be acti-
vated in a ROS-independent pathway.

Rho activation is also required for TGFβ-induced 
EMT through stimulation of ROCK activity. Rho-
ROCK activity stimulates the formation of actin 
stress fibers as scaffolds for cellular signaling. 
Inhibition of Rho/ROCK eliminates the TGF-β-
induced EMT effect in vitro and in vivo [41]. 
Similarly, in our previous study, PM exposure 
induced Rho/ROCK signaling, resulting in actin 
rearrangement with stress fiber formation [42] 
and suggesting that PM-activated TGFβ coordi-
nates with PM-activated Rho to exert EMT in 
HBECs.

One of the early events in EMT is disassembly 
of epithelial tight junctions to disrupt normal 
epithelial cell integrity. For example, the tight 
junction protein Zona occludens-1 (ZO-1) is dis-
tributed during the EMT process [27, 43]. Our 
previous study demonstrated that PM stress 
induces relocation of ZO-1 from the cell periph-
ery accompanying ZO-1 protein degradation 
[18]. Additionally, ZO-1 protein inhibition and 
localization alteration depend on NF-κB activa-
tion [44]. In this study, pretreatment with an 
NF-κB inhibitor attenuated the increase in FN 
under PM exposure, suggesting that the NF-κB 
pathway is associated with the EMT process in 
HBECs (Figure 5). We will evaluate ZO-1 altera-
tions in further studies to determine the role of 
ZO-1 in PM-induced EMT in HBECs.

In conclusion, this study confirms that PM 
induces EMT and early fibrotic signals in lung 
epithelial cells in an in vitro model of PM expo-
sure. Therefore, inhibition of ROS/NF-κB may 
provide useful therapeutic strategies for treat-
ment of PM-induced lung fibrosis.
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Supplementary Figure 1. PM-induced ROS can be attenuated by NAC but not BAY. HBECs were pretreated with NAC 
(5 mM) or Bay (5 μM) for 30 min and then challenged with PM (100 μg/ml) for 24 h. MitoSOX reagent (Thermo-
Fisher, Catalog number: M36008) was used for ROS visualization according to the manufacturer’s protocol. Cell 
images were recorded (A), and fluorescence intensity was quantified (B). PM significantly increased cellular ROS, 
which was attenuated by NAC. *, P<0.05 compared to CNTL. #, P<0.05 compared to the PM group. PM, particulate 
matter; HBECs, human lung epithelial cells.

Supplementary Figure 2. PM induces morphological alterations in HBECs. HBECs were pretreated with NAC (5 mM) 
or Bay (5 μM) for 30 min and then challenged with PM (100 μg/ml) for 24 h. Cell images were recorded by micros-
copy. PM, particulate matter; HBECs, human lung epithelial cells.
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Supplementary Figure 3. PM exposure induces EMT via ROS and NFkB. HBECs were pretreated with NAC (5 mM) 
or Bay (5 μM) for 30 min and then challenged with PM (100 μg/ml) for 24 h. ACTA2 (A), SNAIL1 (B) and SNAIL2 
(C) mRNA levels were assayed by qPCR. All experiments were conducted with at least three biological repeats. *, 
P<0.05 compared to control. #, P<0.05 compared to the PM group. PM, particulate matter; EMT, epithelial-to-
mesenchymal transition; HBECs, human lung epithelial cells.


