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Abstract
Cigarette smoking and ambient air pollution are common risk factors for COPD and lung cancer. However,
the underlying mechanism between COPD prevalence and lung cancer is remained elusive. In this study,
we established rat COPD model through exposure to cigarette smoke (CS) or motor vehicle exhaust
(MVE). The model rats developed COPD-like phenotypes, manifested as lung functions decline, lung
in�ammation and airway remodeling. The Programmed death-ligand 1 (PD-L1), a factor contributing to
immune escape of tumor cells, was overexpressed in lungs from COPD model rats. The in�ammatory
responses and PD-L1 upregulations were also observed in cultured human bronchial epithelial cells
BEAS-2B upon treatment with cigarette smoke extract (CSE) or diesel related particulate matter 2.5
(PM2.5, SEM1650b). Furthermore, both CS/CSE and MVE/PM2.5 induced ERK1/2 activation, a kinase
mediating PD-L1 upregulation in premalignant bronchial cells or NSCLC cells, in COPD rats’ lungs or in
BEAS-2B cells. Activations of STAT1/3, which was reportedly associated with PD-L1 expression in lung
tumors, were detected in lungs from CS- or MVE-induced COPD model rats. However, CSE preferred to
activate STAT3 and PM2.5 inclined to activate STAT1 in BEAS-2B cells. Therefore, we proposed that
cigarette smoke and ambient air pollution elevate the risk of lung cancer in COPD patients by increasing
PD-L1 expression in lung epithelial cells, suggesting the effects of immunesuppressive microenvironment
on promoting tumorigenesis in COPD patient’s lung.

Headings
What is the central question of this study?

Our study presented the effects of cigarette smoke and air pollutant on establishing COPD animal models
with simultaneous PD-L1 upregulation in lung and suggested the premalignant PD-L1 upregulation in
lung epithelial cells could be the link between COPD prevalence and lung cancer.

What is the main �nding and its importance?

PD-L1 upregulation in airway epithelial cells exposed to various COPD risk factors might be associated
with activation of ERK1/2 and alternative STAT family members.

Introduction
Several epidemiological studies indicated the link between COPD and lung cancer, including the
association between air�ow limitation and increased lung cancer incidence and mortality (1). Further
study indicated the prevalence of COPD in lung cancer cases was independent of age, sex or smoking
history (2). The main risk factors for COPD include but are not limited to cigarette smoke exposure and
ambient air pollution, both of which are common risk factors for lung cancer, though the operative
mechanisms between COPD prevalence and lung cancer are remained elusive (3-5).
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Transmembrane protein Programmed death-ligand1 (PD-L1) is overexpressed in many cancer types
including lung cancer. PD-L1 inhibited the functions of activated cytotoxic CD8+ T cells through
interaction with PD-1 on cell surface of T cells (6). PD-L1 overexpression was supposed contribute to lung
cancer initiation by facilitating immune escape in premalignant human bronchial epithelial cells (7).
Clinical study showed that immunotherapy targeting on immune-checkpoint proteins PD-1/PD-L1
displayed promising clinical effects on non-small cell lung cancer (8). The associations among COPD,
PD-1/PD-L1 axis activation and lung cancer therapy were revealed in clinical trial that immune checkpoint
inhibitors (ICIs) displayed better therapeutic outcome in lung cancer patients underlying COPD than those
without COPD (9). It was proposed that chronic lung in�ammations commonly seen in COPD patients
enhance the risk of tumorigenesis by weakening immune surveillance in lung. This hypothesis was
partially veri�ed by the �ndings that lipopolysaccharide (LPS) -mediated chronic in�ammation
upregulated PD-L1 expression through TLR4/ERK axis in lung cancer cells, or activated PD-1/PD-L1 axis
in lung cancer model mice lung in which therapy coupled with anti-PD-1 treatment elicited better anti-
tumor e�cacy (10,11).

As the main risk factors for COPD, both CS and MVE exposure induced lung in�ammation in COPD rodent
animal models (12,13). However, the PD-L1 overexpression in COPD rodent animals has not been fully
studied. Tobacco smoke was reported inducing PD-L1 increases in lung of A/J mice, a mouse strain
having comparatively high lung tumor rate upon carcinogen treatments (14). Furthermore, although the
air pollutant particles activated some proteins, such as ERK1/2 and STAT, being able to promote PD-L1
expression in bronchial epithelial cells or lung tumor cells, whether air pollutants affected lung PD-L1
expression in COPD patients or in COPD rodent animals are not fully explored (7,15-17).

In this study, we established rat COPD models through exposure to CS or MVE mimicking air pollution
and reported that PD-L1 was upregulated in lung tissues from the two types of COPD model rats. PD-L1
levels in cultured human bronchial epithelial cells BEAS-2B were increased by CSE or diesel related PM2.5

in relative low dosage unable to induce obvious cytotoxicity. In lung tissues and cells, PD-L1 was
upregulated along with the activation of ERK and STAT. A preferential pattern of activation of STAT
family members was found in BEAS-2B cells upon CSE or PM2.5 stimulation. Our �ndings gave a clue
that PD-L1 upregulation induced by cigarette smoking or air pollution in lung epithelial cells might
contribute to the increased lung cancer incidence in COPD patients.

Methods And Materials
Animals

Male SD rats (8-12 weeks old) were purchased from the Guangdong Medical Laboratory Animal Center
(Guangzhou, China). Rats were housed in the speci�c pathogen-free facilities and accessed to food and
water freely. The experimental methods were approved by the Ethics Committee for Animal Experiments
of the General Hospital of Southern Theater Command of PLA. For cigarette smoke exposure, the rats
were randomly divided into two groups, the normal control group (CTL-CS) and cigarette smoke exposure
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group (CS) and exposed to cigarette smoke according to previous method (13). Brie�y, the rats were
exposed to CS (9 cigarettes/h, 2 h per exposure, twice per day, 6 days per week) generated by Plum brand
cigarette (produced by Guangdong Tobacco Industry Co., Ltd., China) in a whole body exposure chamber
for 24 weeks. Each cigarette yields 11 mg tar, 1.0 mg nicotine, and 13 mg carbon monoxide (CO). For
motor vehicle exhaust (MVE) exposure, rats were randomly divided into control group (CTL-MVE) and
MVE exposure (MVE) group. MVE was given to the rats according to the previous protocol with
modi�cations (12). Brie�y, MVE was generated by using China standard 95# gasoline and exposed to
rats (2 h per session, 3 sessions per day, 6 days per week) in a MVE exposure system for 24 weeks.

Bronchoalveolar lavage �uid (BALF) collection

Rat’s right lung was lavaged with 4 ml saline for one time. Total BALF was collected and centrifuged at
500 g for 10 min at 4oC to pellet the cells. The cell pellets were re-suspended in 1 ml saline for total cell
counting using a hemocytometer. The cells were then subjected to Giemsa staining for differential
counting of neutrophils, macrophages and lymphocytes. The supernatant was stored at -80°C for
detecting the pro-in�ammatory cytokines.

Lung function measurement

The rats exposed to CS or MVE were subjected to lung function measurement by using a Forced
Pulmonary Maneuver System (Buxco Research Systems, Wilmington, NC, USA) following a protocol
described previously (13). The values of parameters airway resistance, chord compliance, total lung
capacity and the ratio of FEV50/FVC were determined.

Histological staining and Morphometry

After sacri�ce, the left lungs were �xed with 4% PFA, embedded with para�n and sectioned into 4 µm
slices. Then the slices were subjected to H&E staining for histological evaluation and to PAS staining for
goblet cells hyperplasia evaluation by using software Image-Pro Plus version 6.0 (Media Cybernetics,
Rockville, MD, USA). Alveolar enlargement and destruction were evaluated by the mean linear intercept
(Lm) assessed by calculating the ratio of total alveolar length to the number of alveoli per unit area under
microscopy. The ratio of wall area to the total bronchial area was determined and scored according to our
previously described method (18). The PAS-positive area and total area of corresponding bronchial
epithelium were measured as previously described method (19). Each calculation mentioned above was
based on �ve representing slides across different regions of the lung.

Cell culture

Human bronchial epithelial cells BEAS-2B were purchased from JENNIO biological technology
(Guangzhou, China) and cultured in DMEM medium containing 10% FBS, 100 U/mL penicillin and 100
μg/mL streptomycin in a humidi�ed incubator at 37 ℃ with 95% (v/v) air and 5% (v/v) CO2. The cigarette
smoke extract (CSE) was prepared freshly according to a previously reported method and used to treat
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cells in concentration ranged from 0 to 20% in medium containing 1% FBS for 48 h (13). For PM2.5

treatment, the cells were serum starved for 12 h and then exposed to 0-300 µg/ml PM2.5 Standard
Reference DEP material - SRM 1650b (National Institute of Standards and Technology (NIST), China)
dissolved in medium containing 1% FBS for 48 h. Cell viability was determined by using a CCK-8 test kit
and presented as percentage of control.

Quantitative RT-PCR assay

Total RNA was extracted from lung tissues or cultured cells and reversely transcribed into cDNA by using
the PrimeScript RT reagent Kit with gDNA Eraser (TAKARA, Japan). The relative mRNA levels of PD-L1
were quanti�ed by using iCyler iQ RT-PCR Detection System (Bio-Rad Laboratories Inc., United States)
with following primers (rat PD-L1 ( forward:5’- GGAATGCAGATTCCCAGTAGAA-3’; reverse: 5’-
CTCTCCCTCCACAAACTGAATAA-3’ ); rat GAPDH (forward: 5’-GACATGCCGCCTGGAGAAAC-3’; reverse: 5’-
AGCCCAGGATGCCCTTTAGT-3’); human PD-L1 (forward: 5’-CAATGTGACCAGCACACTGAGAA-3’; reverse:
5’-GGCATAATAAGATGGCTCCCAGAA-3’ ) and human GAPDH (forward: ; 5’-CCCACTCCTCCACCTTTGAC-3’;
reverse: 5’-CCACCACCCTGTTGCTGTAG-3’)). Relative mRNA levels for PD-L1 were normalized to the
results of GAPDH and expressed as percentage of control.

Western blotting

The total protein was extracted from the lung tissues or cultured cells by homogenizing in RIPA lysis
buffer containing 1% protease inhibitor cocktail (Sigma-Aldrich). Equal amounts of protein from each
sample were separated in SDS-PAGE and blotted with the following primary antibodies and
corresponding secondary antibodies. Antibodies against PD-L1 (13684S), ERK1/2 (4695S),
phosphorylated ERK1/2 (8544S), were obtained from Cell Signaling Technology (Beverly, MA, USA).
Antibodies against Gapdh (ab8245), STAT1 (ab31369), phosphorylated STAT1 (ab109461), STAT3
(ab68153) and phosphorylated STAT3 (ab76315) were obtained from Abcam (Cambridge, UK). The
blotted bands were developed by using an Immun-Star HRP chemiluminescent kit (Bio-Rad Laboratories),
imaged by Tanon 5200 Chemiluminescence Imaging System (Shanghai Tanon Science & Technology,
Shanghai, China) and semi-quantitated by using the software Image J.

Immuno�uorescence microscopy

Para�n sections of lung tissues were depara�nised in xylene, rehydrated and antigen retrieved in boiling
citrate buffer. Cultured cells were seeded on cover slides, treated with CSE or PM2.5 and �xed with 4%
PFA. Then the lung tissue sections or cells were incubated with PD-L1 antibody overnight at 4℃ followed
by �uorescence-labeled secondary antibody and nuclear counterstain dye DAPI (Sigma-Aldrich). Images
were captured by a �uorescence microscope.

ELISA
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The ELISA kits from eBioscience (San Diego, CA, USA) were used to measure the levels of rat IL6 (88-
50625) and rat TNF-α (88-7340) in BALF and the levels of human IL6 (88-7066) and human IL8 (88-8086)
in cell culture medium according to the manufacturer’s instructions. The levels of Muc5ac in BALF were
measured by using a capture antibody for Muc5ac (sc-21701, Santa Cruz Biotechnology, CA) and
corresponding detection antibody obtained from KPL, Inc. (Gaithersburg, MD, USA) according to protocol
described previously (20).

Statistical analysis

All in vitro experiments were carried out in triplicate and repeated three times. Comparison between two
groups were determined by Students t-test, one-way ANOVA further followed by Bonferronipost-hoc test
was adopted for comparison in experiments with ≥3 groups. SPSS v. 16.0 and Graphpad prism 5.0 were
used for statistics and graphing, respectively. Data were presented as mean ± SEM. N denotes the
number of repeats in cell experiments or the number of animals. P values less than 0.05 or 0.01 were
considered as statistically signi�cant or extremely statistically signi�cant respectively in all cases.

Results
COPD-like symptoms developed in rats exposed to CS or MVE.

The COPD-like symptoms were observed in rats exposed to CS or MVE. The lung functions were declined
in rats exposed to CS or MVE indicated by the signi�cantly increased parameters of resistance, chord
compliance and total lung capacity, and the decreased ratios of FEV50/FVC when compared with those
rats in respective control group (Fig. 1A). The mean linear intercept values, a histological measure of lung
damage, were also increased in rats exposed to CS or MVE (Fig. 1B). Furthermore, signi�cant differences
were observed in parameters resistance, total lung capacity, FEV50/FVC and mean linear intercept value
between CS and MVE exposed rats, revealed more severe lung damage in CS exposed rats.

The in�ammatory responses developed in lungs from rats exposed to CS or MVE, manifested by
increased leukocytes and pro-in�ammatory cytokine levels in BALF. When compared CS- with MVE-
exposed rats, we found although CS-exposed rats had much more in�ammatory cells in BAL �uid than
MVE-exposed rats (P<0.01), the levels of proin�ammatory cytokines IL-6 (P<0.05) and TNF-α (P>0.1) in
BAL �uid did not show similarly obvious difference between the two COPD models (Fig 2A and B). Mucus
hypersecretion in model rats was characterized by goblet cell hyperplasia indicated by positive PAS
staining and upregulated Muc5ac levels in BALF. In the two COPD models, CS exposure induced more
obvious mucus hypersecretion than MVE exposure (Fig 2C-D). Furthermore, the increased ratios of wall
area/total bronchial area were seem in both COPD models, though no difference existed between them
(Fig 2E). It meant that the two COPD models presented the same extent in airway remodeling.

PD-L1 upregulations in lungs exposed to CS or MVE
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The lysates of lung tissues were subjected to quantitative RT-PCR or western blotting for measurements
of mRNA or protein levels of PD-L1. As shown in �gure 3A and B, both mRNA and protein levels of PD-L1
were upregulated in rats’ lungs exposed to CS or MVE. However, concerning the changes of PD-L1 mRNA
or protein levels, no difference existed between the two groups of COPD model rats. Immuno�uorescence
staining with antibody against PD-L1 indicated PD-L1 predominantly expressed in bronchial epithelial
cells. When compared with the normal rats, we observed more cells with increased immuno�uorescence
staining in sections of COPD model rats’ lungs (Fig. 3C).

Both CSE and PM2.5 induced in�ammatory responses in lung epithelial cells

In order to investigate the effects of CS or MVE exposure on bronchial epithelial cells, we treated the
cultured immortal normal human bronchial epithelial cells BEAS-2B with cigarette smoke extracts (CSE)
or diesel related PM2.5 which mimicked the effects of MVE. Both CSE and PM2.5 in high levels, namely
more than 10% for CSE and more than 200 µg/ml for PM2.5, reduced cell viability for more than 50% (Fig
4A-B). In order to avoid cytotoxicity, we used 2% CSE or 100 µg/ml PM2.5 in cell treatments hereafter. In
these dosages, both CSE and PM2.5 induced in�ammatory responses in BEAS-2B cells manifested by
upregulated cytokine levels of IL-6 and IL-8 in cell culture medium. Moreover, CSE induced more robust
productions of IL-6 and IL-8 than PM2.5 (Fig 4C-D).

PD-L1 upregulations in bronchial epithelial cells treated with CSE or PM2.5

Both CSE and PM2.5 enhanced PD-L1 expression in mRNA and protein levels in BEAS-2B cells. The mRNA
and protein levels of PD-L1 were higher in cells exposed to CSE than those cells exposed to PM2.5 (Fig 5A-
B). The upregulations of PD-L1 induced by CSE or PM2.5 were con�rmed by the immuno�uorescence
staining (Fig. 5C).

In vitro and in vivo activation of ERK and STAT upon CS/CSE or MVE/ PM2.5 exposure

The signaling mediated by ERK or STAT was activated in lung from COPD model rats. Here we found that
both CS and MVE induced phosphorylations of ERK1/2, STAT1 and STAT3 in lung tissues from the two
rat COPD models we employed, though only phosphorylations of ERK1/2 showed difference between the
two model types (Fig6 A). In cultured cells, both CSE and PM2.5 induced very obvious ERK1/2
phosphorylation. However, CSE prefered to induce STAT3 but not STAT1 phosphorylation, whereas PM2.5

inclined to induce STAT1 phosphorylation in BEAS-2B cells (Fig 6B).

Discussion
In the present study, we established COPD model with rats, an animal model without hypersensitivity to
lung tumorigenesis induction, by CS or MVE exposure. The COPD model rats displayed typical COPD-like
phenotypes, including lung functions decline and lung in�ammations, paralleled with PD-L1 upregulation
in lung. Concentrated PD-L1 was distributed in bronchial epithelial cells. The PD-L1 upregulation was also
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induced by CSE or diesel related PM2.5 in bronchial epithelial cells BEAS-2B. ERK1/2 and STAT1/3, both
of which reportedly modulated PD-L1 expression in lung cancer cells, were activated upon CS/CSE or
MVE/PM2.5 treatments in lung tissues or in bronchial epithelial cells. Together, our results gave clue that
premalignant PD-L1 upregulation in lung epithelial cells could be the link between COPD prevalence and
lung cancer.

The increase of PD-1/PD-L1 axis in lung cancer generally exhibited the upregulated expressions of PD-1
in T cells and of PD-L1 in tumor cells which lead to immune escape of tumor cells (21,22). The main
immunological dysfunction in COPD patients’ lung is T-cell exhaustion due to the binding of immune
checkpoints on T-cells. The interaction of PD-1/PD-L1 established an immunosuppressive
microenvironment facilitating the tumor initiation, development and progression (23). However, despite
the increased CD8+ PD1 levels in COPD patients’ lung (24), at least one study mentioned no difference
found in CD4/8+ T cells PD-1 levels in resected tumor tissues between COPD and non-COPD NSCLC
patients (9). Therefore, PD-Ll overexpression in lung epithelial cells is critical for establishment of
immune escape contributing to increased lung cancer incidence in COPD patients.

By comparing the status of lung functions decline, the airway in�ammation and lung PD-L1
upregulations between the two COPD models, we noticed that more severe lung functions decline and
more airway leucocytes in�ltration did not bring higher PD-L1 expressions in lung. Concerning the PD-L1
overexpression in NSCLC cells, one point of view supposed the PD-LI overexpression was modulated by
crosstalk between NSCLC and activated macrophages (17). In a study focusing on relationship between
PD-L1 expressions and immune cells distribution in resected lung cancer tissues, tumor PD-L1 expression
was found associated with the tumor in�ltrated macrophages which accumulate around PD-L1-positive
carcinoma cell areas in early lung adenocarcinoma patients. The cytokines secreted by tumor associated
macrophages, including TGF-β1, TNF-α, IL-10, IL-1α, IL-1β and IL-27, are supposed to be extrinsic regulator
of tumor PD-L1 expression and contribute to tumor development in early stage (25). However, in our
study, the PD-L1 levels in lung were similar between the two models, though CS exposed rats had much
more airway macrophages, which re�ected that the increased number of airway macrophages might
correlate with PD-L1 upregulation but more airway macrophages might not mean higher lung PD-L1
expression in COPD (Fig1-3). One cohort study supported the viewpoint that IL-1β level in peripheral blood
is correlated with PD-L1 expression in lung tumor tissues and poor prognosis of lung cancer. And the
levels of IL-6 and TNF-α are associated with the level of IL-1β (26). Compared with the extent of lung
functions decline or airway leukocytes number, we doubted whether the increase of airway
proin�ammatory cytokine levels is more consistent with PD-L1 upregulation. As indicator of airway
in�ammation, the proin�ammatory cytokine levels in BAL �uid represented by TNF-α and IL-6 did not
show extremely signi�cant difference between the two models (Fig. 2B). The association between
proin�ammatory cytokine levels and PD-L1 expression level of lung epithelial cells was obvious in
cultured BEAS-2B cells exposed to CS or PM2.5, a simpler system when compared with lung tissue, in
which CS induced more secreted cytokines in culture medium and higher PD-L1 expression (Fig. 4C).
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Therefore, we supposed the airway proin�ammatory cytokine levels might be more suitable to indicate
the lung PD-L1 overexpression than other parameters in COPD.

Our results showed that the ratio of p-ERK/ERK, a hallmark of lung in�ammation, was increased in COPD
rats’ lungs and in cultured bronchial epithelial cells upon CSE or diesel related PM2.5 treatments. Other
studies also indicated in vivo and in vitro phosphorylation of ERK was triggered by CS/CSE or diesel
related PM2.5 in bronchial epithelial cells or in lung cancer cells (27-29). Unlike previously report in which
PM2.5 induced phosphorylation of ERK in bronchial epithelial cells in dosage bringing cell cycle arrest
(30), our results showed that both CSE and diesel related PM2.5 activated ERK and upregulated PD-L1 in
relative low dosage without inducing obvious cell viability loss but enough to induce in�ammatory
responses (Fig. 4 and 5). The carcinogens in cigarette smoke like polycycic aromatic hydrocarbon (PAHs),
or PM2.5 bound PAHs were supposed induced ERK activation and cell transformation in bronchial
epithelial cells (15,31). It should be noted that higher p-ERK/ERK ratio in lungs found in CS-COPD rats did
not bring consequently further PD-L1 overexpression (Fig. 6). In culture cells received with CSE or PM2.5

treatment, more robust increase of PD-L1 even emerged in CSE treated cells in spite of less p-ERK
augment. Thus, we supposed p-ERK is correlated with PD-L1 upregulation in COPD lung epithelial cells.
But PD-L1 expression is probably modulated by elements unlimited to p-ERK.

The phosphorylation of STAT1 and 3 were detected in lungs from both COPD rat models. No difference
existed between CS and MVE in promoting STAT1 and 3 phosphorylation in lung. However, in cultured
bronchial epithelial cells BEAS-2B, CSE or PM2.5 activated STAT family members preferentially, namely
STAT3 for CSE and STAT1 for PM2.5. It is not known whether the difference in PD-L1 levels between CSE
and PM2.5 treatment was due to alternative activation of STAT family members. Actually, con�icting
results have been obtained regarding the involvement of p-STAT in modulating PD-L1 expression in lung
epithelial cells. It might depend on the types of stimulant and the cell types. Cigarette smoke carcinogen
NNK induced PD-L1 expression in lung tumors through IFNγ/STAT1/STAT3 signaling axis (17). Cytokine
IFN-gamma triggers PD-L1 expression in lung cancer cells through JAK/STAT1 or JAK/STAT3 pathway
(32,33). Nevertheless, in a cellular model for viral infection in lung epithelial cells, IL-22 prohibited PD-L1
upregulation in a STAT3 activation dependent manner (34). Our results �rstly reported diesel related
PM2.5 preferentially activated STAT1 paralleled with PD-L1 upregulation in bronchial epithelial cells.
Further research is needed to explore the effects of STAT phosphorylation on PD-L1 upregulation in COPD
developed from various risk factors.

In conclusion, our study presented the effects of cigarette smoke and air pollutant on establishing COPD
animal models with simultaneous PD-L1 upregulation in lung and suggested the premalignant PD-L1
upregulation in lung epithelial cells could be the link between COPD prevalence and lung cancer.
Additionally, PD-L1 upregulation in airway epithelial cells exposed to various COPD risk factors might be
associated with activation of ERK1/2 and alternative STAT family members.

Abbreviations
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COPD, Chronic obstructive pulmonary disease; CS, cigarette smoke; MVE, motor vehicle exhaust; CSE,
cigarette smoke extract; PM2.5, particulate matter 2.5; PD-L1, programmed death-ligand 1; ERK,
extracellular regulated protein kinases; STAT, signal transducer and activator of transcription; BALF,
bronchoalveolar lavage �uid
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Figure 1

COPD like lung function loss was found in rats exposed to cigarette smoke or motor vehicle exhaust.
Male SD rats were exposed to cigarette smoke (CS) for 60 days in a whole body exposure chamber or
motor vehicle exhaust (MVE) in an exposure system for 24 weeks. (A) The values of lung function
parameters, including airway resistance, chord compliance, total lung capacity and the ratio of
FEV50/FVC were determined. (B) Representative H&E staining images of rat tissues sections with or
without CS or MVE exposure treatment. Each calculation for mean linear intercept (Lm) in lung was
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based on 6 rats and �ve representing slides across different regions of the lung from each rat. Data are
represented as mean ± SEM (n=6). **P < 0.01 for CS or MVE group versus respective CTL group; #P <
0.05 and ##P < 0.01 for CS group versus MVE group.

Figure 2

Cigarette smoke and motor vehicle exhaust exposure induced in�ammation and mucus hypersecretion in
airway. The bronchial alveolar lavage �uid (BALF) was collected. (A) The cells in BALF were separated,
subjected to H&E staining and differential counting. (B) The levels of IL-6 and TNF-α in supernatants of
BALF were determined with ELISA. (C) The Muc5AC levels in BALF supernatants were determined with
ELISA. (D) The PAS staining of lung sections and the PAS staining positive areas in bronchia were semi-
quantitatively analyzed and presented as ratios to the total bronchial area. (E) Lung sections were
subjected to H&E staining and the calculation of bronchial wall area ratio to the total bronchial area. The
ratio analyses for PAS staining positive area or bronchial wall area were performed in 6 rats per group
with �ve representing slides in each rat. Data are represented as mean ± SEM (n=6). **P < 0.01 for CS or
MVE group versus respective CTL group; #P < 0.05 and ##P < 0.01 for CS group versus MVE group.
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Figure 3

PD-L1 was increased in lung exposed to CS or MVE. (A) The relative mRNA levels of PD-L1 in lung tissues
were presented as percentage of the control group. (B) Protein levels of PD-L1 in lung tissues were
determined by using western blotting. The blotted bands were relatively semi-quantitated to internal
control (GAPDH) by densitometry and presented as relative amount to control groups. Data are presented
as mean ± SEM. **P < 0.01 for CS or MVE group versus respective CTL group. (C) Representative images
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from lung tissue sections with immuno�uorescence staining of PD-L1. Arrows indicated the cells with
relatively brighter �uorescence staining than average.

Figure 4

Cigarette smoke extract and PM2.5 reduced cell viability and induced proin�ammatory cytokines
production in airway epithelial cells. (A-B) Human normal bronchial cells BEAS-2B were incubated with 0-
20% CSE or 0-300 µg/ml PM2.5 for 48 hr. Cell viability was measured with CCK-8 kit and presented as
percentage of control group. (C) BEAS-2B cells were incubated with 2% CSE or 100 µg/ml PM2.5 for 48 hr.
The levels of IL6 and IL8 in cell culture medium were determined with ELISA. Data are presented as mean
± SEM (n=5). **P < 0.01 for CS or PM2.5 group versus respective CTL group; #P < 0.05 and ##P < 0.01 for
CSE group versus PM2.5 group.
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Figure 5

Cigarette smoke extract and PM2.5 induced PD-L1 increases in airway epithelial cells. BEAS-2B cells were
incubated with 2% CSE or 100 µg/ml PM2.5 for 48 hr. (A) The relative mRNA levels of PD-L1 were
presented as percentage of the control cells. (B) Protein levels of PD-L1 were determined by western
blotting. The blotted bands were relatively semi-quantitated to internal control (GAPDH) by densitometry
and presented as percentage amount to control cells. Data are presented as mean ± SEM (n=6). **P <
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0.01 for CSE or PM2.5 group versus respective CTL group; #P < 0.05 and ##P < 0.01 for CSE group versus
PM2.5 group. (C) Representative images from immuno�uorescence staining of PD-L1 in cultured BEAS-
2B cells.

Figure 6

Phosphorylation of ERK and STAT in lung or BEAS-2B cells in respond to CS/CSE or MVE/PM2.5
treatments. Western blotting was used to determine the levels of total and phosphorylated ERK, STAT1
and STAT3 proteins in (A) lung tissues exposed to CS or MVE, or in (B) BEAS-2B cells treated with 2% CSE
or 100 µg/ml PM2.5. For lung tissues, samples were randomly selected from 6 rats per group. The results
for cell lysates were from one representative experiment performed in triplicates and repeated for three
times. Relative semi-quantitation of the bands to internal control (GAPDH) was performed by
densitometry. The ratios of phosphorylated protein to total protein were calculated and presented as
percentage of respective control. Data are presented as mean ± SEM. *P < 0.05 or **P < 0.01 for CS/CSE
or MVE/PM2.5 group versus respective CTL group; ##P < 0.01 for CS/CSE group versus MVE/PM2.5
group.


