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Abstract

a5 nicotinic acetylcholine receptor (@5-nAChR) is associated with the progression of smoking-related lung adenocarcinoma
(LUAD), but the molecular mechanism is unclear. Programmed death ligand 1 (PD-L1) is encoded by the CD274 gene, which
not only inhibits the immune system, but also plays a unique role in tumor growth and metastasis. Here, we gained important
insights into the underlying mechanism between a5-nAChR and PD-L1 in LUAD progression. a5-nAChR was overexpressed
in various histological subtypes, cancer stages and metastasis statuses of LUAD. The group that coexpressed a5-nAChR and
PD-L1 had a worse prognosis than the other subgroups at different stages of LUAD lymph node metastasis. The expression
of a5-nAChR and PD-L1 was associated with epithelial-mesenchymal transition (EMT) marker CDH2. In vitro, a5-nAChR
mediated nicotine-induced PD-L1 expression via STAT3 and the expression of EMT markers. Downregulation of a5-nAChR
and/or PD-L1 inhibited EMT marker expression, cell proliferation, migration and invasion compared to silencing a5-nAChR
or PD-L1 alone in LUAD cells. Furthermore, a5-nAChR expression was associated with PD-L1 and EMT marker expression
in mouse xenograft models. These results highlight that a5-nAChR mediates STAT3/PD-L1 signaling, which contributes to
cell migration and invasion. Therefore, our study may reveal a new interaction between a5-nAChR and PD-L1 that is involved
in tumor cell growth and progression in LUAD, which may be a promising target for NSCLC diagnosis and immunotherapy.

Keywords a5 nicotinic acetylcholine receptor - STAT3 - PD-L1 - Epithelial-mesenchymal transition - Lung
adenocarcinoma

Introduction

According to the latest cancer statistics, lung cancer is the
leading cause of death worldwide [1, 2]. Tobacco depend-
ence is associated with higher lung cancer and mortality
rates [3]. Non-small cell lung cancer (NSCLC) represents
approximately 85% of lung cancers [4]. Effective progress in
treatment options, including surgery, radiotherapy, chemo-
therapy, targeted therapy, and immunotherapy, remains poor,
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as the majority of patients have locally advanced or exten-
sively metastatic tumors at diagnosis [5]. Epithelial-mesen-
chymal transition (EMT) is generally considered to be the
key to promoting lung cancer metastasis [6, 7]. Therefore, it
is necessary to elucidate the molecular mechanism of EMT
in lung cancer progression.

Nicotinic acetylcholine receptors (nAChRs) are mem-
brane ligand-gated ion channels that are present throughout
the central nervous system and in nonneuronal tissues, such
as bronchial epithelium, alveolar epithelial cells, pulmonary
neuroendocrine cells, skin keratinocytes, vascular tissues,
and human lymphocytes [8]. Research in recent years has
shown that activation of nicotine/nAChR signaling is asso-
ciated with lung cancer risk [9-12]. Notably, genome-wide
association studies (GWAS) have shown that variations in
the a3, 4, and a5 subunit regions encoding nAChRs are
strongly associated with nicotine dependence and lung can-
cer [13, 14]. Our previous study reported that a5-nAChR
contributes to lung cancer development and progression
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via STAT3 signaling [15-17]. However, the mechanism by
which a5-nAChR promotes NSCLC metastasis is not fully
understood.

Programmed cell death protein 1 (PD-1, encoded by
CD279) is one of the coinhibitory receptors that is expressed
on the surface of antigen-stimulated T cells [18]. PD-1 inter-
acts with two ligands, PD-L1 (CD274) and PD-L2 (CD273).
PD-L1 expression can be detected on hematopoietic cells
and nonhematopoietic healthy tissue cells. Both PD-L1 and
PD-L2 can be expressed by the tumor stroma [19]. PD-L1
is more effective than PD-L2 at inhibiting T cell activation
[20]. PD-1/PD-L1 transmits negative regulatory signals to
immune cells to maintain immune tolerance and suppress
autoimmunity [21]. Recent studies have demonstrated that
increased PD-L1 expression is an unfavorable prognostic
factor for NSCLC and that PD-L1 expression is associated
with smoking status [22]. Several recent studies have shown
that advanced NSCLC patients with positive PD-L1 expres-
sion are more likely to respond to anti-PD-1 monotherapy
than those who have never smoked [23-25]. PD-L1 not only
plays roles in the suppression of the immune system, but
also has distinct tumor-intrinsic roles in growth, metastasis,
and resistance to therapy [26]. Furthermore, studies have
shown that nicotine-induced a9-nAChR activity promotes
PD-L1 upregulation and melanoma cell proliferation and
migration [27]. In addition, @7-nAChR induces the STAT3/
NRF2 pathway and promotes the expression of PD-L1 in
normal lung epithelial cells [28]. However, it is still unclear
whether a5-nAChR and PD-L1 have an internal relationship
in lung cancer metastasis.

In the present study, we examined a5-nAChR and PD-L1
expression and demonstrated that a5-nAChR expression was
positively associated with PD-L1 in vitro and in vivo. Fur-
thermore, a5-nAChR mediated LUAD cell proliferation,
migration and invasion via STAT3/PD-L1 signaling. Our
findings provide new insights into the roles of a5-nAChR
and PD-L1 in NSCLC development and provide potential
targets for NSCLC treatment.

Methods
Bioinformatics analysis

The GEPIA online database (http://gepia2.cancer-pku.cn/)
was used to analyze the expression of different subunits of
alpha nAChRs in NSCLC patients. Expression patterns of
CHRNAS in LUAD based on individual cancer stages and
nodal metastasis status were analyzed using the UALCAN
database (http://ualcan.path.uab.edu/index.html). The asso-
ciation of CHRNAS5 and CD274 expression with CDH2
(encoding N-cadherin protein) was obtained using TIMER
(https://cistrome.shinyapps.io/timer/). The gene expression
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of a5-nAChR and PD-L1 data were obtained from the can-
cer genomic browser of UCSC Xena (https://xenabrowser.
net/) to test the prognostic value of high coexpression of
CHRNAS5 and CD274 in different LUAD stages of lymph
node metastasis.

Cell culture

The human NSCLC cell lines A549 and H1299 were pur-
chased from the Cell Resource Center of the Chinese Acad-
emy of Sciences. All NSCLC cells were grown in RPMI
1640 (HyClone, USA) with 10% fetal bovine serum (Gibco,
USA) and 1% penicillin—streptomycin liquid (Macgene,
China) in a 37 °C, 5% CO, incubator. NSCLC cell lines
were treated with 1 puM nicotine (Sigma, USA) for 16 h as
described in our previous study [29].

Small interfering RNA (siRNA) transfection

The siRNAs for CHRNAS, CD274 and the negative control
were obtained from RiboBio (China). A549 or H1299 cells
were plated in six-well plates, when cells reached 60-70%
confluence, the siRNAs were added to a final concentra-
tion of 15 nM with Lipofectamine 2000 (Invitrogen, USA)
according to the manufacturer’s instructions. The sequences
of small interfering RNA were as follows: si-CHRNAS 5'-
GGTCCGCAAGATATTTCTT-3', si-CD274 5'-GCTGAA
TTGGTCATCCCAG-3'.

Western blotting

Total cell protein extracts were obtained in RIPA lysis
buffer (Beyotime, China) according to the manufacturer's
instructions. For Western blotting analysis, total protein
was separated on a 10% SDS-PAGE gel and transferred
onto nitrocellulose membranes (0.45 pm, Millipore, USA),
which were then incubated at 4 °C overnight. The following
antibodies were used: a5-nAChR (1:800, GeneTex, Cat. No.
GTX55490), pSTAT3 (1:2000, CST, Cat. No. 9145), STAT3
(1:2000, CST, Cat. No. 4904), PD-L1 (1:5000, Proteintech,
Cat. No. 66248-1-1g), Zeb1 (1:2000, Proteintech, Cat. No.
21544-1-AP), N-cadherin (1:1000, ABclonal, Cat. No.
A19083), Vimentin (1:5000, Proteintech, Cat. No. 10366-
1-AP), Snaill (1:1000, Proteintech, Cat. No. 13099-1-AP),
and GAPDH (1:10,000, Proteintech, Cat. No. 10494-1-AP).
Horseradish peroxide-conjugated secondary antibodies were
obtained from Proteintech Group, Inc. (1:10,000).

Chromatin immunoprecipitation (ChIP) assay
A SimpleChIP@ Plus Kit (9004S, CST) was used to perform

the ChIP assay. Briefly, the cells were fixed with formalde-
hyde and then lysed. An anti-STAT3 antibody or normal IgG
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was used to precipitate the DNA fragments (1:2000, CST,
Cat. No. 4904). The DNA—protein complexes were pulled
down with agarose beads and then decross-linked. The
extracted DNA samples were then amplified by real-time
PCR using primers targeting the PD-L1 promoter, which has
been shown to interact directly with STAT3 [27].

CCK-8 assay

A total of 3500 A549 or H1299 cells per well were plated in
96-well plates. After the cells adhered, they were transfected
with si-NC, si-CD274 or si-CHRNAS. The cell prolifera-
tion assay was performed with the addition of 10 pL CCK-8
solution (Elabscience, China) into each well, followed by
incubation at 37 °C for 1 h. Cell viability was analyzed by a
microplate reader at a wavelength of 450 nm.

Wound-healing assay

Cell migration was evaluated by wound-healing assay.
Briefly, 2x 105 A549 or H1299 cells per well were seeded
in six-well plates. After the cells grew to approximately 90%
confluence, the cell monolayers were wounded vertically
with a 20 pL or 200 uL sterile pipette tip. The wells were
washed with PBS, and fresh medium was added. Migrated
cells were observed and captured 0 and 24 h after scratching
using an Olympus CKX41 microscope.

Cell migration and invasion assay

The cell migration assay was conducted using 24-well plates
with 8-pm pore Transwell chambers (Corning, USA). A total
of 1x 105 A549 or H1299 cells were placed in the upper
chambers in serum-free medium. The lower chamber was
filled with culture medium containing 20% FBS. After 24 h,
the nonmigrated cells were removed with clean swabs, and
the cells on the bottom surface were stained with 0.1% crys-
tal violet dye.

For the cell invasion assay, A549 or H1299 cells were
seeded at a density of 1x 105 cells/well in the upper cham-
ber filled with Matrigel (Corning, USA). After 24 h, the
noninvaded cells were removed with swabs, and the cells
on the underside were stained with 0.1% crystal violet dye.
A549 or H1299 cell migration and invasion were quantified
using an inverted-contrast microscope.

Xenograft tumor model

The animal assays were approved by the Institutional Ani-
mal Care and Use Committee of Central Hospital Affili-
ated to Shandong First Medical University. BALB/c nude
mice (4-6 weeks old) were used in vivo studies. To induce
ectopic tumor formation, a total of 2x 10® A549 cells stably

suppressing CHRNAS5 or control cells were injected into
nude mice subcutaneously. Tumors were evaluated every
3 days, and the volume was calculated by the following
formula: length x width?/2. At the end of the experiment,
mice were killed by cervical vertebra dislocation. Paraffin
sections of lung tumor xenografts were obtained from our
laboratory [30].

Immunohistochemistry (IHC) analysis

IHC assays to examine the expression of a5-nAChR, PD-L1
and EMT markers in the tumor xenografts were performed
on sections (4 pum thickness) using a biotin assay system
(Beijing Zhongshan Jingiao, China, Cat. No. PV-9001,
PV-9002) following the manufacturer’s instructions. The
samples on the slides were incubated at 4 °C overnight with
a mouse monoclonal antibody against a5-nAChR (1:200,
Proteintech, Cat. No. 66363-1-Ig), a mouse monoclonal anti-
body against PD-L1 (1:500, Proteintech, Cat. No. 66248-1-
Ig), a rabbit antibody against N-cadherin (1:100, ABclonal,
Cat. No. A19083), and a rabbit polyclonal antibody against
Snaill (1:100, Proteintech, Cat. No. 13099-1-AP). For IHC
analysis, the grading was as follows: not dyed was scored
as 0, yellow was scored as 1, and brown was scored as 2. A
percentage of positive tumor cells in the visual field < 1%
was scored as 0, while 1-25% was scored as 1, 25-75% was
scored as 2, and 75-100% was scored as 3. The final score
was determined by multiplying the intensity score by the
proportion of positive cells.

Statistical analysis

All data were analyzed and graphed using GraphPad Prism
7.0 or SPSS v23.0. The experimental data are presented as
the means + SD. A two-group comparison was analyzed by
Student’s ¢ test, and multiple group comparison was ana-
lyzed by one-way ANOVA + two-side Dunnett test or one-
way ANOVA + two-side Tukey test. The survival analysis
was performed by Kaplan—Meier curve. P value < 0.05 was
considered statistically significant.

Results

a5-nAChR expression levels and correlations
with clinicopathological parameters in multiple
databases

To evaluate the expression of nAChR subunits in lung can-
cer, we retrieved the mRNA levels of alpha nAChR subu-
nits from the GEPIA database. The expression of CHRNAS
was more prominent than that of the other alpha nAChR
subunits (Fig. 1A). We used the UALCAN online database
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Fig.1 CHRNAS expression in multiple databases. A Compari-

son of multiple genes in lung adenocarcinoma. B The expression of
CHRNAS based on histological subtypes in LUAD. C The expres-

to investigate the relationships between CHRNAS5 and
clinicopathological parameters. The results showed that
CHRNAS expression levels were significantly higher in
various histological subtypes of LUAD (n=515) than in the
normal tissues (n=59, Fig. 1B), especially in NOS, mixed,
LBC-nonmucinous, acinar, mucinous, and papillary LUAD
(P<0.05). A high expression of CHRNAS was significantly
correlated with clinical stage 1-2 (P <0.05, Fig. 1C) and
an NO-N1 lymph node status (P <0.05, Fig. 1D) in LUAD.
These results suggested that a5-nAChR correlates with
lymph node metastasis status and clinical stage.

Expression of CHRNA5 and CD274 correlates
with poor prognosis and CDH2 in LUAD patients
in the TCGA dataset

Several clinical trials have reported that smoking status
influences overall survival (OS) in anti-PD-1/PD-L1-treated
lung cancer patients [31]. However, the effect of CHRNAS
and CD274 coexpression on patient OS in metastatic
lung adenocarcinoma remains unclear. To further test the
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prognostic value of the high coexpression of CHRNAS and
CD274 in metastatic LUAD, we downloaded a5-nAChR and
PD-L1 gene expression data from UCSC Xena. The sur-
vival time was lower for patients with high CHRNAS5 and
CD274 coexpression than for those with a high expression
of CHRNAS or CD274 alone or with a low coexpression in
stage NO of lung adenocarcinoma (Fig. 2A). Similar results
were observed among stage N1 LUAD patients (Fig. 2B).
Interestingly, there was a positive correlation between CDH2
and CHRNAS or CD274 from the TIMER online database
(Fig. 2C, D). This result suggested that CHRNAS5 and
CD274 may correlate with metastasis in LUAD.

Nicotine activates pSTAT3, PD-L1 and EMT marker
expression via a5-nAChR signaling in NSCLC cells

The expression of a5-nAChR, PD-L1, pSTAT3, Zebl,
N-cadherin, Vimentin and Snaill was upregulated in
A549 and H1299 cells treated with 1 pM nicotine for 16 h
(Fig. 3A, B). In addition, the results showed that the expres-
sion of PD-L1, pSTAT3, Zebl, N-cadherin, Vimentin and
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Snaill was downregulated in the a5-nAChR-knockdown
A549 and H1299 cells compared to the control cells
(Fig. 3C, D). These results indicated that nicotine activates
pSTAT3, PD-L1 and EMT marker expression via a5-nAChR
signaling in NSCLC cells.

a5-nAChR mediates PD-L1 expression via STAT3
by ChIP assay

Transcriptional element analysis (http://jaspar.genereg.
net) revealed that the transcription factor STAT3 directly
bound to the PD-L1 promoter at —337 to — 118, as shown
in Fig. 4A. We then performed a ChIP assay with an anti-
STAT?3 rabbit polyclonal antibody and primer pairs spe-
cific for the PD-L1 gene promoter in the si-CHRNAS and
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and CD274 had a worse prognosis than the expression of either
alone or low coexpression in stage N1 LUAD. C The association of
CHRNAS expression with CDH2 in LUAD. D The association of
CD274 expression with CDH2 in LUAD

si-NC group of H1299 cells. The results showed that PD-L1
expression was decreased by STAT3 binding to the PD-L1
promoter in the si-CHRNAS group compared to the si-NC
group (Fig. 4B). This result suggested that @5-nAChR medi-
ates PD-L1 expression via STAT3.

Downregulation of a5-nAChR and/or PD-L1 inhibits
EMT marker expression in NSCLC cells

To investigate the interaction between a5-nAChR and
PD-L1, a western blotting assay was used to detect the
protein expression of pSTAT3, Zebl, N-cadherin, Vimen-
tin and Snaill in the si-NC, si-CHRNAS, si-CD274 and
si-CHRNAS +si-CD274 groups. Silencing a5-nAChR
decreased the levels of pSTAT3, PD-L1 and EMT markers

@ Springer


http://jaspar.genereg.net
http://jaspar.genereg.net

1212 P.Zhu et al.
H1299
Nicotine (uM) Nicotine (uM) 1 o
A549 0 pM nicotine 0 H1299 0 pM nicotine
o5-nACKR | S D | LMoo aS-0ACER | G0 QD | 1 M nicotine
1.5+ — A15- 3 >3 xx  ns * % % T x%
suars (o =\ (] [ (LTI O] vsnars i
P 5 1.04 P comn 510.
z 5
0.0 0.0 —
- R o LA P A
c B AL D _ H%
si-NC si-CHRNAS A549 si-NC si-NC si-CHRNAS H1299 si-NC
si-CHRNAS si-CHRNAS
o5-nAChR | S S | 4. a5-nAChR 12
PD'LIE-EI = PD-L1 E * % *% 8% ns * ey 1 %
L1 T
g Z
N-cadherin _I I _'_'_; N-cadherin _-_-— E
9 <
Vimeatin [[ER— - Vinentin | e | ~ 0.0/
0y % 6', &

Fig.3 Nicotine activates PD-L1, pSTAT3 and EMT marker expres-
sion via a5-nAChR signaling in NSCLC cells. A Nicotine promoted
expression of a5-nAChR, PD-L1, pSTAT3, Zebl, N-cadherin,
Vimentin and Snaill in A549 cells. B Nicotine promoted expression
of a5-nAChR, PD-L1, pSTAT3, Zebl, N-cadherin, Vimentin and
Snaill in H1299 cells. C a5-nAChR silencing downregulated expres-

in A549 and H1299 cells, which is generally consistent with
the results of our previous study [16]. Moreover, silencing
CD274 similarly decreased the levels of pSTAT3 and EMT
markers. It is worth noting that compared to the si-CHRNAS
group and si-CD274 group, the expression of pSTAT3 and
EMT markers was lower in the si-CHRNAS + si-CD274
group in A549 (Fig. 4C) and H1299 cells (Fig. 4D). These
results suggested that a5-nAChR mediates epithelia—mes-
enchymal transition via the STAT3/PD-L1 pathway in
NSCLC cells.

a5-nAChR and/or PD-L1 expression mediates NSCLC
cell proliferation, migration, and invasion

We then examined the effects of a5-nAChR and/or PD-L1
activity on cell proliferation in A549 and H1299 NSCLC
cells for 24-48 h. As shown in Fig. 5A and B, we found
that the combined interference with CHRNAS and CD274
expression inhibited cell proliferation more significantly
than interference of CHRNAS or CD274 expression alone
in a time-dependent manner in the two NSCLC cell lines.
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sion of PD-L1, pSTAT3, Zebl, N-cadherin, Vimentin and Snaill
in A549 cells. D a5-nAChR silencing downregulated expression of
PD-L1, pSTAT3, Zebl, N-cadherin, Vimentin and Snaill in H1299
cells. The data are presented as the mean + SD of independent experi-
ments; n=3; *p <0.05, **p <0.01; ns not significantly different

Moreover, we performed wound-healing assays to exam-
ine the effects of a5-nAChR and/or PD-L1 on migration in
A549 and H1299 cells. By comparing the migration areas
at 0 h and 24 h, we found that the migration areas were sig-
nificantly larger in the si-CHRNAS5+si-CD274 group than
in the si-CHRNAS or si-CD274 group in A549 and H1299
cells (Fig. 5C, D).

The results of transwell assays +Matrigel demonstrated
that the downregulation of CHRNAS or CD274 decreased
cell migration and invasion compared to the si-NC group.
Cell migration and invasion were significantly reduced in the
si-CHRNAS +si-CD274 group compared to the si-CHRNAS
group or si-CD274 group alone in A549 and H1299 cells
(Fig. 6A, B).

Expression of a5-nAChR, PD-L1, N-cadherin
and Snail1 in NSCLC tumor xenografts

As a5-nAChR expression was verified to be associated with
PD-L1 and EMT marker expression in NSCLC cell lines, we
further assessed a5-nAChR, PD-L1, N-cadherin and Snaill
expression in LUAD xenograft tissues preserved by our
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laboratory. The expression levels of a5-nAChR (Fig. 7A),
PD-L1 (Fig. 7B), N-cadherin (Fig. 7C), and Snaill (Fig. 7D)
in the NC group were higher than those in the KD group. In
addition, the expression of a5-nAChR, PD-L1, N-cadherin and
Snaill in nicotine-treated xenograft tissues was higher than
that in the NC group. This result was also validated in the
KD group and the nicotine-treated KD group. Together, these
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results suggested that a5-nAChR is associated with PD-L1,
N-cadherin and Snail expression in vivo.
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Fig.5 Inhibition of a5-nAChR and/or PD-L1 affects lung cancer
cell proliferation and migration. A CCK-8 assays showed that a5-
nAChR and/or PD-L1 downregulation inhibited the proliferation of
A549 cells. B CCK-8 assays showed that a5-nAChR and/or PD-L1
downregulation inhibited the proliferation of H1299 cells. C Wound-
healing assays showed that a5-nAChR and/or PD-L1 downregula-

Discussion

Smoking represents the highest risk factor for the
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tion inhibited the migration of A549 cells. D Wound-healing assays
showed that a5-nAChR and/or PD-L1 downregulation inhibited the
migration of H1299 cells. The data are presented as the mean+ SD of
independent experiments; n=3; *p <0.05, **p<0.01, ***p<0.001,
*axEp <0.0001

development of lung cancer [32, 33]. Nicotine in ciga-
rettes can induce addiction, and its derivatives become
potent carcinogens after metabolic activation and activate
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Fig.6 Downregulation of a5-nAChR and/or PD-L1 affects lung can-
cer cell migration and invasion. A Transwell assays showed that a5-
nAChR and/or PD-L1 downregulation inhibited the migration and
invasion of A549 cells. B Transwell assays showed that a5-nAChR

carcinogenic signals in lung epithelial cells through the
expression of nAChRs [28]. Since genome-wide associa-
tion studies have shown that CHRNAS is highly associ-
ated with lung cancer susceptibility [34, 35], many inves-
tigators have begun to explore the role of nAChRs in the
progression of different tumors. Studies have shown that
nicotine and components of E-cigarettes can promote
the self-renewal of lung adenocarcinoma stem-like cells
through the a7-nAChR-Yap1-E2F]1 signaling axis [36].

and/or PD-L1 downregulation inhibited the migration and invasion of
H1299 cells. The data are presented as the mean +SD of independent
experiments; n=3; **p <0.01, ***p <0.001

The use of a*-conotoxin to target a9a10 or a3$4 nAChR
significantly inhibits cervical cancer cell proliferation [37].
Binding immunoglobulin protein was shown to be involved
in nicotine-mediated malignancy of oral squamous cell
carcinoma, and reduction of binding immunoglobulin pro-
tein expression significantly suppressed nicotine-induced
malignant behaviors, including EMT alterations, migra-
tion, and invasion [38]. However, previous studies have
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C

N-cadherin

Snaill

Fig.7 a5-nAChR, PD-L1, N-cadherin and Snaill expression in
LUAD tumor xenograft tissues. A The expression of a5-nAChR
in various groups. B The expression of PD-L1 in various groups. C
The expression of N-cadherin in various groups. D The expression of

focused on the carcinogenic mechanisms of various subu-
nits in tumors other than lung cancer.

Notably, our previous studies reported that a5-nAChR
mediates nicotine-induced lung cancer growth and devel-
opment via the HIF-1a/VEGF and JAK2/STAT?3 pathways.
Our studies have also demonstrated that a5-nAChR contrib-
utes to epithelial-mesenchymal transition and metastasis by
regulating Jab1/Csn5 and TGF-f1/Smad signaling in lung
cancer. Taken together, these findings suggest a positive role
of a5-nAChR in NSCLC tumor progression.

Numerous findings have indicated that PD-L1 is highly
expressed in tumor cells [39]. PD-L1 binds to its receptor
PD-1 on activated T cells and suppresses antitumor immu-
nity by inhibiting T cell activation signals [40—-42]. How-
ever, PD-L1 not only plays a role in facilitating tumor cells
from escaping immune surveillance, but is also considered
to be an important effector that transmits intrinsic signals to
promote tumor development [43]. Inhibition of STAT1 and

@ Springer
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STAT?3 activation alone can partially downregulate PD-L.1
expression, while the combined inhibition of these factors
can completely downregulate PD-L1 expression [44]. In
addition, STAT3 binds to the PD-L1 gene promoter and
mediates PD-L1 expression in vitro [45]. Nevertheless, the
link between a5-nAChR and PD-L1 in metastatic lung can-
cer is unclear.

In this study, the expression of a5-nAChR and PD-L1 was
significantly associated with metastasis and poor progno-
sis in LUAD patients. a5-nAChR played roles in regulating
LUAD cell proliferation, migration and invasion via STAT3/
PD-L1 signaling pathways.
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Fig.8 Proposed signaling cascades of a5-nAChR and PD-L1
involved in metastasis in lung cancer. Nicotine binds and interacts
with @5-nAChR on the cell surface and activates STAT3/PD-L1
signaling, thereby mediating lung cancer progression through the a5-
nAChR/PD-L1 axis

Conclusions

In conclusion, these findings provide experimental evi-
dence of the mechanisms underlying lung cancer progres-
sion through a5-nAChR-initiated carcinogenic signaling
and PD-L1 expression. Nicotine binds and interacts with
a5-nAChR on the cell surface and activates STAT3/PD-L1
signaling, which subsequently mediates lung cancer progres-
sion (Fig. 8). a5-nAChR could be a potential marker and
therapeutic target for predicting the risk of LUAD patients.
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