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Lipopolysaccharide and lipoteichoic acid regulate the PISK/AKT
pathway through osteopontin/integrin 3 to promote malignant
progression of non-small cell lung cancer
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Background: Lung cancer (LC) is a malignancy with one of the highest mortality rates. Respiratory
microbiota is considered to play a key role in the development of LC, but the molecular mechanisms are
rarely studied.

Methods: We used lipopolysaccharide (LPS) and lipoteichoic acid (LTA) to study human lung cancer cell
lines PC9 and H1299. The gene expression of CXC chemokine ligand (CXCL)1/6, interleukin (IL)-6, IL-8,
and tumor necrosis factor (TNF)-a were analyzed by quantitative real-time polymerase chain reaction (qQRT-
PCR). The Cell-Counting Kit 8 (CCK-8) was used to analyze cell proliferation. Transwell assays were
performed to analyze cell migration ability. Flow cytometry was used to observe cell apoptosis. Western blot
and qRT-PCR were used to analyze the expression of secreted phosphoprotein 1 (SPPI), toll-like receptor
(TLR)-2/4, and NLR family pyrin domain containing 3 (NLRP3) to determine the mechanism of LPS +
LTA. We evaluated the effect of LPS + LTA on cisplatin sensibility by analyzing cell proliferation, apoptosis,
and caspase-3/9 expression levels. We observed the proliferation activity, apoptosis, and migration ability of
cells in which SPPI had been transfected small interfering (si) negative control (NC) and integrin B3 siRINA.
Then the mRINA expression level and protein expression of PI3K, AKT, and ERK were analyzed. Finally,
the nude mouse tumor transplantation model was conducted to verify.

Results: We studied that in two cell lines, the expression level of inflammatory factors in LPS+LTA group
was significantly higher than that in single treatment group (P<0.001). We explored LPS + LTA combined
treatment group significantly increased the expression of NLRP3 and genes and proteins. LPS + LTA +
Cisplatin group could significantly reduce the inhibitory effect of LPS on cell proliferation (P<0.001), reduce
the apoptosis rate (P<0.001) and significantly reduce the expression levels of caspase-3/9 (P<0.001) compared
with Cisplatin group. Finally, we verified that LPS and LTA could increase osteopontin (OPN)/integrin B3
expression and activate the PI3K/AKT pathway to promote malignant progression of LC iz vitro studies.
Conclusions: This study provides a theoretical basis for further exploration of the influence of lung
microbiota on NSCLC and the optimization of LC treatment in the future.
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Introduction

Lung cancer (LC) is one of the most fatal cancers in the
world, and non-small cell lung cancer (NSCLC) is the main
type of LC. Despite recent progress in the treatment of
NSCLC, the overall survival rate remains low. While our
understanding of the genome is expanding, there remains
a paucity of data regarding the external factors controlling
NSCLC progression. The lung is a mucosal tissue with a
large surface area, that is continuously exposed to certain
airborne bacteria. Therefore, the relationship between
lung flora and the development of LC has attracted
increasing attention. In addition to the composition of the
lung flora, there are many other factors that may affect
the microenvironment of lung tumors, such as structural
changes after LC surgery, local atelectasis caused by
tumor tissue blocking the trachea and bronchus, tumor
rupture and bleeding in the airway, bronchiectasis caused
by tumor pulling the bronchus, low immunity caused by
chemotherapy and disease development itself, bone marrow
suppression, radiation induced airway mucosal damage, the
decline of ciliary clearance ability, and the use of antibiotics.
The lung resident immune system plays an important part
in maintaining stable balance of lung tissue and monitoring
the invasion of pathogens. Chronic inflammation is
an important factor in the development of LC. In our
previous study, we screened 37 patients with stage III or
IV NSCLC who were treated in our hospital from May
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e We demonstrated that lipoteichoic acid (LTA) and
lipopolysaccharide (LPS) increased osteopontin/integrin p3
expression and activated the phosphatidylinositol 3-kinase (PI3K)/
AKT pathway to promote malignant progression of non-small cell
lung cancer (NSCLC) through chronic inflammation mechanisms.

What is known and what is new?

® Previous studies found that the lung microbiota may be different
in NSCLC patients with different clinical and pathological
characteristics, and this may play an important role in the
development of NSCLC.

® This current research investigated the molecular mechanisms of
LTA and LPS in promoting the malignant progression of lung

cancer in terms of inflammation.

What is the implication, and what should change now?

®  Our research provided a theoretical basis for further exploring the
influence of lung microbiota on the progress of NSCLC and the
optimization of LC therapy in the future.
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2017 to April 2019, and collected tumor tissue, as well as
plasma and bronchoalveolar lavage fluid (BALF) samples for
pathogen targeting sequencing or 16S rDNA sequencing.
We confirmed that there were 49 different types of gram-
negative bacteria and gram-positive bacteria in LC tumor
tissue, including Haemophilus parainfluenzae, Enterococcus,
Staphylococcus haemolyticus, Peptostreptococcus, and defective
anatrophic bacteria (1). Lipopolysaccharide (LPS) and
lipoteichoic acid (LTA) are the main cell lysis components
of gram-negative and gram-positive bacteria respectively.
Studies suggested that LPS and LTA can stimulate
cancer cells to release proinflammatory factors, induce
local inflammation, and promote cancer progression (2).
Osteopontin (OPN) interacts with integrin, CD44 and
other receptors to regulate inflammation, immunity, bone
metabolism, tumor and other physiological and pathological
processes, and participates in multiple cancer metastasis (3).
This study discussed that some specific bacterial components
or products of respiratory tract microbiota can induce
osteopontin expression through inflammatory mechanism and
promote the malignant progression of lung cancer cells. We
present the following article in accordance with the MDAR
and ARRIVE reporting checklists (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1825/rc).

Methods
Cell grouping

Prepare cell culture medium contains 0, 0.01, 0.1, and
1 pL/mL LPS (from Escherichia coli, Sigma Aldrich, USA), and
containing 0, 5, 10, and 30 pL/mL LTA (from Staphylococcus
aureus, Sigma Aldrich, USA) respectively. When the cells
grow to 60-70% confluence, the prepared culture medium
was used to stimulate the cells for 24 hours. The expression of
inflammatory factors was analyzed by ELISA, and the PC9 and
H1299 cell lines were selected to act on by I'TA and LPS at
appropriate doses for subsequent experiments.

Determination of LTA and LPS concentration by enzyme-
linked immunosorbent assay (ELISA)

Add standard solution and diluent of standard solution
respectively into 10 holes on the enzyme label coating
plate, as a result of 50 pL samples each hole, then mix well.
The concentration of standard L'TA was 300, 200, 100, 50
and 25 ng/mL, and the concentration of LPS standard was
360, 240, 120, 60, and 30 ng/mL, respectively. Add sample
diluent and sample to be tested into the sample hole to be
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Table 1 Specific primer design

Primer name Sequence

IL-1pB F (5'-3'): TTTGAGTCTGCCCAGTTCCC

R (5'-3'): GTTATATCCTGGCCGCCTT
IL-6 F (5'-3'): CACAGACAGCCACTCACCT

R (5'-3'): GCCTCTTTGCTGCTTTCACAC
TNF-o F (5'-3'): GCTCTTCTGCCTGCTGCACTT

R (5'-3'): ACATGGGCTACAGGCTTGTCAC
CXCL-1 F (5'-3'): CCAAAGTGTGAACGTGAAGTCCC

R (5'-3'): CTTTCCGCCCATTCTTGAGTGT
CXCL-6 F (5'-3'): TGGTAAACTGCAGGTGTTCCCC

R (5'-3'): CCAGACAAACTTGCTTCCCGTTC
SPP1 F (5'-3'): TTTCACTCCAGTTGTCCCC

R (5'-3"): GTGATGTCCTCGTCTGTAGC
TLR2 F (5'-3'): CTGGAGAACTTCAATCCCC

R (5'-3'): TTTGTGGCTCTTTTCA
TLR4 F (6'-3"): GTATTTATTGCACAGACTTGCG

R (5'-3'): AGCCTAATTTCTTTAAATGCAC
Caspase-3 F (5'-3'): ATGACATCTCGGTCTGGTA

R (5'-3"): CTTTAGAAACATCACGCATC
Caspase-9 F (56'-8"): GTGAACTTCTGCCGTGAGTCC

R (5'-3'): AGCACCATTTTCTTGGCAGTCA
PIBK F (5'-3"): TTATAAACGAGAACGTGTG

R (5'-3"): AATAGCTAGATAAGCC
AKT F (5'-3'): CAGCATCGCTTCTTTGCCGGTA

R (5'-3'): CCTGGTGTCAGTCTCCGACGTGA
ERK F (5'-3'): ACAGGGCTCCAGAAATTATGTTG

R (5'-3'): AGAATGCAGCCTACAGACCAA

IL, interleukin; TNF, tumor necrosis factor; CXCL, C-X-C motif
ligand; SPP1, secreted phosphoprotein 1; TLR, toll-like receptor;
PI3K, Phosphatidylinositol 3-kinase; AKT, rac-alpha serine/
threonine-protein kinase; ERK, extracellular signal-regulated
kinase.

tested. Blank hole were set. After sealing the plate with the
sealing film, place it at 37 °C and incubate for 30 minutes.
Remove the sealing film, discard the liquid, shake it dry,
add detergent, and let it stand for 30 seconds. Repeat for
5 times, and pat it dry. Add 50 pL enzyme labeled reagent
except for blank holes. Warm cultivate and wash. Add
50 pL developer A first. Then add 50 pL developer B. Color
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rendering in dark at 37 °C for 15 minutes. Add 50 pL stop
liquid to stop reaction. Measure the absorbance (OD value)
of each hole in sequence at 450 nm wavelength.

Cell viability determination

The Cell Counting Kit 8 (CCK-8) was used to measure
the number of cells to observe the effect of LPA or LTA
on cell proliferation. The Transwell assay was performed
to measure the migration ability of cells. Apoptosis was
assessed using flow cytometry. Each experiment was
repeated 3 times.

gRT-PCR

Total RNA was extracted from the cells using Trizol
reagent (TaKaRa (Dalian) Co., Ltd). The EasyScript
First Strand cDNA Synthesis Super Mix kit was used for
cDNA synthesis. The expression level of each gene was
detected using SYBRgreen. Specific primers for each gene
were synthesized by Sangon Biotech (Shanghai) Co., Ltd.
(Table 1). The PCR reaction conditions were as follows:
94 °C pre denaturation, 240 s; 65 °C, 30 s; 72 °C, 60 s;
30 cycles; 72 °C, 300 s. Fluorescence of each PCR extension
phase was collected. The cycle threshold (Ct) value
was analyzed using SDS 2.2 software. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was selected as

¢ method was used for the

the internal reference. The 2
analysis of the relative expression of target genes. Apoptosis
was observed by flow cytometry. Each experiment was

repeated 3 times. All data were used for statistical analysis.

Western blot

Cells were lysed with RIPA buffer and the total protein
concentration was quantified using the BCA protein
quantitative kit. Protein samples (50 pg) were separated via
10% sodium dodecyl sulfate/polyacrylamide (SDS-PAGE)
electrophoresis, transferred to polyvinylidene fluoride
(PVDF) membranes, and sealed at room temperature for
2 hours with 5% degreased protein. Membranes were then
incubated with antibodies against SUZ12 (1:1,000 dilution)
and GAPDH (1:10,000 dilution) at 4 °C overnight. After 3
washes with 0.1% PBS Tween (PBST), membranes were
incubated with a horseradish peroxidase labeled secondary
antibody (1:10,000 dilution) at room temperature for
1 hour. Following another 3 washes with PBST, the ECL-
PLUS chemiluminescence kit was used for detection of

7 Thorac Dis 2023;15(1):168-185 | https://dx.doi.org/10.21037/jtd-22-1825



Journal of Thoracic Disease, Vol 15, No 1 January 2023

protein bands. Each experiment was repeated 3 times.

Tumor transplantation in mice

To assess the role of pathogenic bacteria in the progression
of LC, a tumor transplantation test was performed in mice.
All animal experiments were carried out in Kangtai Medical
Laboratory Services Hebei Co. Ltd. (SYXK (Ji) 2021-0006).
BALB/C nude mice (female, 5 weeks old) were purchased
from Shanghai Institute of Biological Sciences, Chinese
Academy of Sciences. A total of 18 nude mice, weighing
50 g each, were divided into the following three groups
(n=6): 1 group was injected with cells that had been
transfected with a negative control small interfering RNA
(siNC); 1 group was injected with cells that had been
transfected with integrin B3 siRNA; and the control group
did not undergo any operation. After 4 weeks, the mice were
sacrificed and the weight and volume of the transplanted
tumor was measured. The expression of the PI3K/AKT/
ERK protein was detected by Western blot analysis. Animal
experiments were performed under a project license (No.
MDL2021-09-20-01) granted by Laboratory Animal Ethics
Committee of Kangtai Medical Laboratory Services Hebei
Co. Ltd., in compliance with institutional guidelines for the
care and use of animals. A protocol was prepared before the
study without registration.
The overall experimental design is shown in Figure 1.

Statistical analyses

The SPSS23.0 software was used for all statistical
analyses and Graphpad Prism7.0 was used to generate
graphs. The measurement data was expressed as mean =
standard deviation (mean + SD) and the counting data was
expressed as a percentage. The measurement data from
two independent samples were compared using T test.
The counting data were compared using Chi square test.
Analysis of variance was used for comparison between
groups. The tests were repeated three times. A P value
<0.05 was considered statistically significant.

Results

The effects of LPS and LTA on the expression of
inflammatory factors and inflammatory chemokines in
NSCLC cells

Different concentrations of LPS and LTA were used to
treat PC9 cells and H1299 cells. Three inflammatory
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factors were analyzed. Enzyme linked immunosorbent
assay (ELISA) showed that the expression of inflammatory
factors in both cell lines was significantly increased after
treatment with 1 pg/mL LPS and 30 pg/mL LTA (Figure 2).
Combined with previous study (4), these concentrations of
LPS and LTA were chosen as the optimum concentration
for subsequent tests.

The results of QRT-PCR analysis showed that in the
PC9 cell line, the expression of both CXCL1 and CXCL6
were significantly higher after treatment with LPS, LTA,
and LPS + LTA compared to the control group, and the
expression of CXCL1 and CXCLG6 in the LPS + L'TA group
was significantly higher than that in either the LPS or LTA
group alone (P<0.001; Figure 34-3D). ELISA demonstrated
that LPS and LTA promoted the expression of TNF-a,
IL-1B, and IL-6, and the expression of these inflammatory
factors was significantly higher in the LPS + LTA group
compared to the single treatment groups (P<0.001).
Furthermore, the proinflammatory effects of LPS was
greater than that of UTA (P<0.001; Figure 3E-37). A similar
trend was observed in H1299 cells.

The effects of LPS and LTA on proliferation, apoptosis, and
migration of NSCLC cells

The CCK-8 assay demonstrated that LPS and LTA
caused a time-dependent inhibition of proliferation in
PC9 and H1299 cells (Figure 44,4B). After 96 hours, LPS
combined with LTA had the greatest inhibitory effect
on the proliferation of lung cancer cells. LPS + LTA
also significantly increased cell migration and decreased
apoptosis in PC9 cells compared with either treatment
alone, as shown by Transwell assays and flow cytometry,
respectively (P<0.001; Figure 4C,4D). H1299 cells showed
a similar trend (Figure 4E,4F). These results suggested that
LPS and LTA may play a crucial role in promoting NSCLC

progression.

The effects of LPS and LTA on inflammatory mechanisms
in NSCLC cells

LPS and LTA activate NOD like receptor thermal protein
domain associated protein 3 (NLRP3) in a TLR2/4
dependent manner to promote the expression of SPPI. A
study has shown that gram-negative bacteria containing
LPS can activate TLR4, while gram-positive bacteria
containing LTA can activate TLR2 (5). Western blot was
applied to analyze the expression of TLR2/4, NLRP3, and
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Figure 1 Experimental flow chart. LPS, lipopolysaccharide; LTA, lipoteichoic acid; qRT-PCR, quantitative real-time polymerase chain

reaction; ELISA, enzyme-linked immunosorbent assay; CCK-8, Cell

SPP1I protein levels in PC9 and H1299 cells. The results
showed that LPS significantly activated TLR4 expression
(P<0.001) and LTA significantly activated TLR2 expression
(P<0.001) in PC9 lung cancer cells. All cells treated with
LPS and/or LTA significantly upregulated the protein
expression of NLRP3 and SPPI in lung cancer cells,
and the elevated expression was more significant in the
combined treatment group compared to LPS or L'TA alone
(Figure 5A-5Q). Treatment of cells with the NLRP3
inhibitor MCC950 significantly reduced the mRNA
expression of NLRP3 in the LPS + L'TA group (P<0.001), as
well as the expression of SPP1 (P<0.001; Figure 5R,5S). The
above results suggested that LPS and LTA activate TLR4
and TLR2, respectively, which in turn upregulates the
expression of SPPI by promoting the expression of NLRP3
in inflammatory bodies.

The effects of LPS and LTA on cisplatin sensitivity in lung

cancer cells

Cisplatin is a first-line anti-cancer drug. We analyzed
the influence of LPS and LTA on the therapeutic effect

© Journal of Thoracic Disease. All rights reserved.

Counting Kit-8; WB, western blot.

of cisplatin on lung cancer cells. CCK-8 analysis showed
that combined treatment with LPS + LTA + cisplatin
significantly reduced the inhibitory effects of LPS on cell
proliferation (P<0.001; Figure 6A4,6B). Flow cytometry
revealed that the LPS + LTA + cisplatin group showed
substantially reduced apoptosis rate compared to cells
treated with cisplatin alone (P<0.001; Figure 6C-6E).
These results suggested that LPS combined with LTA
could significantly reduce cisplatin sensitivity, promote cell
proliferation, and reduce apoptosis.

The effects of LPS and LTA on caspase-3 and caspase-9

Since caspase-3 and caspase-9 participate in cisplatin-
induced apoptosis (6), the effect of LPS and L'TA on the
expression of these apoptotic proteins was assessed by
Western blot. As shown in Figure 74-7C, in PC9 cell
lines, both the cisplatin and LPS + LTA + cisplatin groups
showed elevated caspase-3 and caspase-9 protein expression
compared with the control group (P<0.001). However, the
LPS + LTA + cisplatin group showed significantly reduced
levels of caspase-3 and caspase-9 compared to cisplatin
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Figure 2 The effects of different concentrations of LTA and LPS on gene expression of inflammatory factors in LC cells. gqRT-PCR analysis
of IL-1p, IL-6, and TNF-a expression levels in PC9 cell lines with 0, 0.01, 0.1, and 1 pg/mL LPS (A), and 0, 5, 10, and 30 pg/mL L'TA (B).
qRT-PCR analysis of IL-18, IL-6, and TNF-a expression levels in H1299 cell lines with 0, 0.01, 0.1, and 1 pg/mL LPS (C), and 0, 5, 10,
and 30 pg/mL LTA (D). The experiment was repeated three times, and the mean = standard deviation is shown. GAPDH, glyceraldehyde
3-phosphate dehydrogenase; Ctrl, control group; LPS, lipopolysaccharide; TNE, tumor necrosis factor; IL, interleukin; LTA, lipoteichoic

acid; LC, lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction.

alone (P<0.001). A similar trend was observed with the
H1299 cells (Figure 7D,7E). This data demonstrated that
cisplatin induced upregulation of caspase-3 and caspase-9,
while lung microbiota (rich in LPS and LTA) decreased
caspase-3 and -9 expression, inhibited cell apoptosis, and
reduced cisplatin sensitivity.

LPS and LTA regulated the expression of integrin 3

through OPN
To determine the mechanisms of LPS and LTA, the

© Journal of Thoracic Disease. All rights reserved.

expression of OPN was silenced in PC9 and H1299 cells.
Cells were then transfected with siNC or SPPI siRNA, and
treated with LPS + LTA or blank control. The expression
of SPPI and integrin B3 was analyzed by qRT-PCR.
LPS + LTA treatment in the siNC group significantly
increased SPPI and integrin B3 expression (P<0.001;
Figure 8). However, cells in which SPPI was silenced (SPPI
siRINA) showed dramatically reduced SPPI and integrin B3
expression even after LPS + LTA treatment (P<0.001). These
results suggested that LPS and LTA regulated the expression
of integrin B3 through upregulation of SPPI expression.
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Figure 3 The effects of LPS and LTA on inflammatory chemokines and inflammatory factors in NSCLC cells. qRT-PCR analysis of
the expression of inflammatory chemokines CXCL-1 and CXCL-6 in PC9 and H1299 cells (A-D). ELISA analysis of the expression of
inflammatory cytokines TNF-a, IL-1p, and IL-6 in PC9 and H1299 cells (E-J). Each experiment was performed in triplicate. *P<0.05,
**P<0.01, and ***P<0.001, compared with the control group; "P<0.001, compared with the LPS + LTA group; “““P<0.001, compared with
the LPS group. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Ctrl, control group; LPS, lipopolysaccharide; LTA, lipoteichoic
acid; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction; TNF, tumor necrosis factor; IL,

interleukin.

Regulation of integrin 3 by LPS and LTA affects the
bioactivity of NSCLC cells

The study found that LPS and LTA, the main components
of lung microorganisms, can regulate the expression of
integrin B3 by activating OPN protein. The biological
activity of lung cancer cells was analyzed after silencing
integrinP3. CCK-8 analysis showed that the proliferation
activity of siNC cells treated with LPS + LTA was the
highest, followed by integrin B3 siRINA cells treated with
LPS + LTA (Figure 94,9B). Silencing the expression of
integrin B3 in lung cancer cells reduced the proliferative
effects of the microbial toxins. Flow cytometry analysis
showed that the apoptosis rate of LPS + L'TA-treated siNC

© Journal of Thoracic Disease. All rights reserved.

transfected cells was lower than that of integrin p3 siRNA
cells treated with LPS + LTA (P<0.001; Figure 9C-9E), and
indeed, the apoptosis rate of LSP + L'TA treated lung cancer
cells increased after knocking out integrin B3. LPS + LTA
treatment increased the migration distance of lung cancer
cells (P<0.001) in the PC9 cell line, while silencing integrin
B3 significantly reduced lung cancer cell migration distance
(P<0.01) compared with the siNC group. A similar trend as
observed in H1299 cells (Figure 9F-9H).

The above results demonstrated that silencing integrin
B3 can reverse the influence of LPS + L'TA on the bioactivity
of lung cancer cells. LPS + LTA promotes the proliferation
and migration of lung cancer cells and inhibits apoptosis,
and this mechanism is related to integrin 3.
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Figure 4 The effects of LPS and LTA on proliferation, apoptosis, and migration of lung cancer cells. The CCK-8 assay was performed to
determine the effects of LPS and LTA on the proliferation of PC9 and H1299 cells (A,B). Transwell assays were used to examine the effects
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***P<0.001, compared with the control group; *P<0.001, compared with the LPS + L'TA group. OD, optical density; Ctrl, control group;
LPS, lipopolysaccharide; L'TA, lipoteichoic acid; CCK-8, Cell Counting Kit-8.
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Figure 5 The effects of LPS and LTA on inflammatory mechanisms in lung cancer cells. Representative Western blot images showing the
effects of LPS and LTA on TLR2/4, NLRP3, and SPPI protein expression in PC9 cells (A). Quantitative analysis of the relative expression
of TLR2/4, NLRP3, and SPPI proteins in PC9 and H1299 cells (B-I). qRT-PCR analysis of the relative expression of TLR2/4, NLRP3,
and SPPI in PC9 and H1299 cells (J-Q). qRT-PCR analysis of the relative expression of NLRP3 and SPPI in PC9 and H1299 cells after
MCC950 treatment (R,S). Each group of tests was repeated three times. ns, not significantly different; **P<0.01, and ***P<0.001, compared
with the control group; ®P<0.01, and *P<0.001, compared with the LPS + LTA group. LTA, lipoteichoic acid; LPS, lipopolysaccharide;
TLR, toll-like receptor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Ctrl, control group; NLRP3, NLR family pyrin domain
containing 3; SPP1, secreted phosphoprotein 1; QRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 6 The effects of LPS and LTA on the cisplatin sensitivity of lung cancer cells. CCK-8 analysis of the effects of LPS and L'TA on the

proliferation of lung cancer cells (A,B). Flow cytometry analysis of the effects of different treatments on apoptosis (C-E). Each group of tests

was repeated three times. ***P<0.001, compared with the control group; *P<0.001, compared with the cisplatin + LPS + LTA group. OD,

optical density; Ctrl, control group; LPS, lipopolysaccharide; LTA, lipoteichoic acid; CCK-8, Cell Counting Kit 8.

LPS + LTA can activate integrin 3 and regulate the
PI3K/AKT/ERK pathway

PC9 and H1299 lung cancer cells were transfected with
siNC or integrin B3 siRINA and treated with LPS + LTA.
qRT-PCR results showed that LPS + LTA promoted
the mRNA expression levels of PI3K, AKT, and ERK
in lung cancer cells, which were significantly decreased
after silencing integrin B3 (P<0.01; Figure 10A-10F).
Western blot analysis demonstrated that phosphorylated
(p)-PI3K, p-AKT, and p-ERK protein expression were

© Journal of Thoracic Disease. All rights reserved.

significantly increased in lung cancer cells after LPS + LTA
treatment compared with the control group (P<0.001), and
significantly decreased after silencing integrin 3 (P<0.001).
There were no significant changes in PI3K, AKT, nor
ERK protein expression regardless of silencing integrin
B3 (P>0.05; Figure 10G-10S). The results in the H1299
cell line were consistent with those in the PC9 cell line.
These data suggested that LPS + LTA may activate the
phosphorylation levels of the PI3K/AKT/ERK pathway in
lung cancer cells, and promote the expression of the PI3K/
AKT/ERK pathway via integrin p3.
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178

X
<
kel
[7}
%4
Y
o
x
[}
c
©
°
PC9 H1299 o8
@
Q
Caspase-3 @
P T e— — — — %
O
Caspase-9 — - —

GAPDH | we e | | = | D
Q & N o \a 8
[ Q\q}\\ x\'}v oy QQ’)Q x\§ =
) K<)
x x g
N & 3
& & E
& & 3
(¢} ) 5
o
@
(0]
12}
@
o
(%]
©
(6]

80+

404

204

80

604

40

201

Zhang et al. Carcinogenic mechanisms of LPS and LTA in NSCLC

PC9 C
% 1505 PCo
K<)
60 8
£ 1004
)
£
Q 41
5
a 504
(o)
5
(2]
3
g 0
& N & © & Q\\“ &
o 2 o 2
A% A%
X X
\'sé\ \'500
G\"'—'Q E O\"OQ
H1299 x
= 80- H1299
kel
g
s 60
X
kil o bl
§ 407
B
Q
@ 20
Q
(%2}
3
@ 0-
& & & © & & &
& @ ® o
A% A%
. x AQX
\’D\'\Q \‘50
O\‘“’Q G\%Q

Figure 7 LPS and LTA decreased caspase-3 and caspase-9 protein expression in lung cancer cells. Western blot analysis of the effects of LPS
and LTA on apoptosis-related proteins caspase-3 and caspase-9 in PC9 cells and H1299 cells (A-E). Each group of tests was repeated three
times. **P<0.01, and ***P<0.001, compared with the control group; **P<0.001, compared with the cisplatin group. GAPDH, glyceraldehyde
3-phosphate dehydrogenase; Ctrl, control group; LPS, lipopolysaccharide; LTA, lipoteichoic acid.

LPS + LTA regulates the PI3K/AKT/ERK pathway by
activating integvin 3 in tumorigenesis in nude mice

The PC9 lung cancer cell line transfected with siNC or
integrin B3 siRNA were injected into the back of the nude
mice for 4 weeks. After the nude mice were sacrificed,
the weight and volume of the transplanted tumor were
assessed. Tumors from cells treated with LPS + LTA
were significantly bigger than tumors from control cells
(P<0.001). However, the weight and volume of transplanted
tumors from cells transfected with integrin 3 siRNA were
significantly smaller than that of the LPS + LTA mice
(P<0.001; Figure 11A4,11B). Western blot results showed that
p-PI3K, p-AKT, and p-ERK protein expression levels were
significantly increased in the xenografts in the LPS+LTA-
treated group (P<0.01, P<0.05, and P<0.001, respectively),
and their expressions were significantly inhibited after
silencing integrin B3 (Figure 11C-111).

In summary, the animal transplantation tumor
experiment confirmed that LPS and LTA could activate the

© Journal of Thoracic Disease. All rights reserved.

phosphorylation levels of PI3K/AKT/ERK in lung cancer
cells via integrin B3, thereby promoting the expression of

the PI3K/AKT/ERK pathway.

Discussion

In the process of cancer occurrence, the microecology in the
lung microenvironment is out of balance, gradually forming
a microenvironment that promotes cancer progress, thus
inducing a series of chain reactions, and finally causing
cancer. The imbalance of lung microecology may affect
the carcinogenesis of lung cancer through inflammation,
immunity, metabolism and genotoxicity. Chronic
inflammation is a key risk factor for lung cancer It can form
proinflammatory cytokines, adhesion molecules and growth
factors to provide a favorable microenvironment for tumor
cell survival and proliferation. Some microorganisms are
important pathogens that induce inflammation in cancer (7).
Nejman et 4l. (8) and Poore et al. (9) proposed that there
are different intratumoral microbiological compositions in

7 Thorac Dis 2023;15(1):168-185 | https://dx.doi.org/10.21037/jtd-22-1825
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quantitative real-time polymerase chain reaction.

more than 30 cancers. These latter studies provided imaging
evidence of the intratumoral spatial distribution and
intracellular localization of these microorganisms in seven
types of cancers, performed typical histological tests for 6
cancers, and demonstrated using immunohistochemistry of
that LPS and LTA are the main components of cell lysis.
It was further proposed that LPS and LTA can stimulate
cancer cells to release proinflammatory factors, inducing
local inflammation and promoting cancer progression (2).
However, there is a paucity of data regarding the
mechanisms of the malignant bioactivity of LPS and LTA in
lung cancer cells. To the best of our knowledge, this current
study is the first to explore the molecular mechanism of
LPS and LTA in stimulating the malignant progression of
lung cancer cells.

Of the LPS components, only the lipid A group has
endotoxin activity. However, the induction of LTA on
inflammatory reaction is relatively weak, but in the presence
of peptidoglycan and other bacterial components, the

© Journal of Thoracic Disease. All rights reserved.

inflammatory reaction will be moderately amplified (10).
Arabzadeh ez al. reported that the ovarian cancer cell line
was stimulated by 10 pg/mL LPS and 30 pg/mL LTA, and
TLR-2, TLR-4, and IL-6 receptors were activated, thus
starting NF-«xB and STAT3 to up regulate Wnt5A-ROR2
to promote tumor cell growth and migration, revealing the
role of inflammatory mediators in the growth and migration
of ovarian cancer cells (4). In lung cancer, the role of LTA in
promoting the proliferation of cancer cells is not limited to
A549 cells, but also significantly promotes the NSCLC cell
line originated from squamous cells (11). Moreover, some
studies have shown that the proliferation promotion effect
of pathogenic bacteria on cancer cells can be solely due to
LTA, which inhibits the activation of LPS induced TLR4
cells, and the effect of LTA on the proliferation of NSCLC
cell lines can still be seen (12). Our study found that
compared with LPS and LTA treatment alone, combined
LPS and LTA treatment can significantly promote the
release of inflammatory factors from lung cancer cells. LPS

7 Thorac Dis 2023;15(1):168-185 | https://dx.doi.org/10.21037/jtd-22-1825
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Figure 9 The regulation of integrin B3 by LPS and LTA affects the biological activity of lung cancer cells. CCK-8 analysis of the
proliferative activity of lung cancer cells (A,B). Representative pictures showing the apoptosis rate of lung cancer cell lines as assessed by flow
cytometry (C). Quantitative analysis of the rate of apoptosis (D,E). Representative images of the scratch test observed under light microscope
at 200x magnification (scale =100 pm) (F). Quantitative analysis of the migration distance of lung cancer cell lines in the scratch assay
(G,H). All tests were repeated three times. **P<0.01, and ***P<0.001, compared with the control group; "P<0.05, *P<0.01, and **P<0.001,
compared with the LPS + LTA + siNC group; ns, not significant. OD, optical density; Ctrl, control group; LPS, lipopolysaccharide; LTA,
lipoteichoic acid; siNC, small interfering negative control; siRINA, small interfering RNA; CCK-8, Cell Counting Kit 8.

and LTA activate TLR4 and TLR2, respectively, and then upregulating the expression of SPPI. The combination of

promote the malignant biological activity of cancer cells by LPS and LTA can significantly promote the proliferation
enhancing the expression of NLRP3, promoting the release and migration of lung cancer cells, inhibit the apoptosis of
of cancer cell chemokines and inflammatory factors, and cancer cells, and play a cancer-promoting role. This current
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Figure 10 Activation of integrin B3 and regulation of the PI3K/AKT/ERK pathway by LPS and LTA. qQRT-PCR analysis of PI3K, AKT,
and ERK mRNA expression levels in PC9 and H1299 cell lines (A-F). Representative Western blot analysis showing the expression of
PI3K/AKT/ERK pathway-related proteins in PC9 and H1299 cells (G). Western blot Quantitative analysis of the p-PI3K, PI3K, p-AKT,
AKT, p-ERK, ERK protein expression levels in PC9 and H1299 cells (H-S). *P<0.05, **P<0.01, and ***P<0.001, compared with the control
group; "P<0.01, *P<0.001, compared with the LPS + LTA + siNC group. All tests were repeated three times. ns, not significant; PI3K,
phosphatidylinositol 3-kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Ctrl, control group; LPS, lipopolysaccharide; L'TA,

lipoteichoic acid; siNC, small interfering negative control; siRNA, small interfering RNA; AKT, rac-alpha serine/threonine-protein kinase;

ERK, extracellular signal-regulated kinase; qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 11 Regulation of the PI3K/AKT/ERK pathway via integrin B3 activation by pathogens in an in vivo animal assay. The tumor

weights of mice at 28 days after injection of lung cancer cells (A). The tumor volume of mice at 28 days after injection of lung cancer

cells (B). Western blot analysis of the expression of PI3K/AKT/ERK pathway-related proteins in transplanted tumor tissues (C). Quantitative
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compared with the control group; “P<0.05, #P<0.01, **P<0.001, compared with the LPS + LTA + siNC group. ns, not significant; PI3K,

phosphatidylinositol 3-kinase; AKT, rac-alpha serine/threonine-protein kinase; ERK, extracellular signal-regulated kinase; GAPDH,

glyceraldehyde 3-phosphate dehydrogenase; Ctrl, control group; LPS, lipopolysaccharide; LTA, lipoteichoic acid; siNC, small interfering

negative control; siRINA, small interfering RNA.

study examined the mechanisms by which LPS and LTA
promote the malignant progression of lung cancer cells.
Lipid A with different structures can produce different
kinds of cytokines in the body, causing different immune
responses, and thus the results have some limitations, In the
future, we will further distinguish the different structures of
lipid A of different strains, conduct in-depth research and
comparison, and further examine the impact of different
strains on LC.

© Journal of Thoracic Disease. All rights reserved.

SPPI can bind to the extracellular matrix through
transglutaminase and mediate the adhesion process of tumor
cells. It was first found in malignant epithelial cells (13).
The study found that SPPI is a cancer promoting gene,
which facilitates the malignant progression of LC (14).
SPP1 is also a driving factor for epithelial to mesenchymal
transition (EMT) (15). However, the effects of LC
microorganisms on the expression of SPPI have not been
previously reported. This study found that LPS and LTA

7 Thorac Dis 2023;15(1):168-185 | https://dx.doi.org/10.21037/jtd-22-1825
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induced the upregulation of TLR4/2 expression in lung
cancer cell lines PC9 and H1299, activated NLRP3, and
further enhanced SPPI expression. The upregulation of
SPPI expression can significantly reduce the cisplatin
sensitivity of PC9 and H1299 cell lines, which is consistent
with previous research conclusions. LPS combined
with LTA treatment of lung cancer cells can promote
cell proliferation and reduce the rate of apoptosis while
reducing the sensitivity of cisplatin. Cisplatin can induce the
upregulated expression of apoptotic proteins caspase-3 and
caspase-9 in lung cancer cells, while lung microbiota (rich
in LPS and L'TA) can inhibit the expression of caspase-3 and
caspase-9, inhibit cell apoptosis, and reduce the sensitivity
of cisplatin. All these data provide new references for tumor
treatment.

Researches have confirmed that progression of LC is
related to the interaction between OPN and integrin p3.
OPN (SPPI) is a glycosylated phosphoprotein with the
ability to bind calcium and integrin. It can be alternatively
spliced to produce a variety of local functions, such as
tumor growth, invasion, metastasis, angiogenesis, drug
resistance, and immunosuppression. It is widely expressed
in bone, kidney, breast, thymus, the immune system, and
the brain (16). The most versatile subtype in tumor tissue is
B3 (17), which is related to growth, invasion, metastasis, and
survival. It is also one of the indicators of increased lymph
node or bone metastasis and decreased survival rate of
patients in some cancers (18). Integrin B3 affects tumor cell
initiation, survival, and stemness by regulating cytokines,
thereby promoting carcinogenesis and tumor growth (19).
In this study, we preliminarily analyzed the interaction
between OPN and integrin B3 in the malignant bioactivity
of lung cancer cells, which was similar to previous literature.
We found that LPS combined with LTA can significantly
activate SPPI, and then promoted the expression of integrin
B3 to further exert their effects. Silencing the expression of
integrin B3 reversed the influence of LPS and L'TA on the
bioactivity of lung cancer cells. Therefore, LPS + LTA plays
a role in promoting the proliferation and migration of lung
cancer cells, and inhibiting apoptosis of lung cancer cells.

Phosphatidylinositol 3-kinase (PI3K) consists of a
catalytic subunit of 110 KD and a subunit of 85 KD. Many
studies have shown that PI3K is widespread in most tissues
and has carcinogenic potential (20). Research showed that
SPPI maintains tumor cell angiogenesis by activating the
PI3K/AKT pathway (21). Integrin adhesion also activates
RAS-MAPK and PI3K-AKT signaling pathways, thereby
activating GTPase RAP1A on the plasma membrane,

© Journal of Thoracic Disease. All rights reserved.
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which has an influence on promoting cell migration and
invasion (22). Fortin et /. found that the PI3K/AKT
signaling pathway was activated in LC. In contrast, AKT
phosphorylation of multiple targets can control cell
proliferation (23). The above results are similar to those of
our study. Integrin B3 plays a role in promoting the progress
of LC by activating the PI3K/AKT pathway. Furthermore,
the in vitro experiment showed that the lung microbiota can
induce integrin B3 activation by promoting the expression
of SPPI. Integrin B3 can activate the phosphorylation levels
of PI3K/AKT/ERK, thereby promoting the expression of
PI3K/AKT/ERK pathway. These results were confirmed
by in vive transplantation experiments in mice. The results
demonstrated that the lung microbiota can activate the
phosphorylation level of PI3K/AKT/ERK, which in turn
promotes the expression of the PI3K/AKT/ERK pathway

via integrin f3.

Conclusions

In this study, we analyzed the distribution characteristics
of non-infectious NSCLC lung pathogens obtained from a
variety of specimens in clinical practice. We examined the
main virulence factors LPS and LTA. The experimental
data demonstrated that OPN/integrin B3 regulates the
PI3K/AKT pathway to promote the malignant progression
of LC. These results lay the preliminary experimental
foundations for further detailed research on the impact of
lung microbiota on the NSCLC microenvironment and the
optimization of LC treatment.
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