L))

Check for
updat

Original Article Page 1 of 14

LAMC2 promotes the proliferation of cancer cells and induce
infiltration of macrophages in non-small cell lung cancer
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Background: Non-small-cell lung cancer (NSCLC) is the most prevalent cancer worldwide. Tumor
microenvironment (TME) plays a very important role in the cancer development. Thus, it is urgent to find
the change of TME that contributes to NSCLC carcinogenesis and progression.

Methods: The bioinformatics analysis approach was applied to evaluate the change of TME and screen
the differentially immune cells in NSCLC tissue based on The Cancer Genome Atlas (TCGA) data.
Meanwhile, the association of differentially immune cells with tumor stage and prognosis of NSCLC
was evaluated. Then, we screen the different expression genes between macrophages infiltration
high group and low group. After that, the expression of LAMC2 was detected in 48 cases of NSCLC
tissues and paired normal tissues. The function of LAMC2 was detected through cell experiments in
vitro. Immunohistochemistry assay was used to detect the correlation between LAMC2 expression
and macrophages infiltration in NSCLC tissue. LAMC2-related pathways were identified by gene set
enrichment analysis.

Results: Compared with early stage, middle-advanced stage of NSCLC exhibited lower immune score.
Macrophages were the main component of different immune cells and correlated with poor outcome. The
results of immunohistochemistry indicated that the expression of LAMC2 in NSCLC tissues was higher
than paired normal tissues. Down-regulation of LAMC2 inhibited the proliferation, migration and invasion
of NSCLC cells in vitro. Overexpression of LAMC2 was positively associated with macrophages infiltration
in NSCLC tissues. Inhibition of LAMC2 expression in NSCLC cells could reduce THP-1 infiltration,
and LAMC2 protein could promote the infiltration of THP-1. The Gene Set Enrichment Analysis results
showed that high expression of LAMC?2 was correlated with focal adhesion and extracellular matrix receptor
interaction.

Conclusions: Immune suppression and macrophages infiltration were correlated with poor outcomes in
NSCLC. LAMC2 promoted macrophages infiltration and extracellular matrix remolding in NSCLC. Our
studies suggested an oncogenic role of LAMC2 in NSCLC progression and it perhaps serve as a potential
immune therapy target for NSCLC.
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(TME)
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Introduction

Worldwide, lung cancer is the most frequently occurring
cancer in men and is the third most common cancer in
women, and it is also the most common cause of cancer-
related death (18.0% of the total cancer deaths) in both
sexes (1). Non-small-cell lung cancer (NSCLC) accounts
for 80-85% of lung cancers. In the past, the therapeutic
efficacy of lung cancer was not satisfactory. Recently,
the certain immune checkpoint blockers, such as anti-
programmed cell death protein 1 (PD-1) antibodies and
cytotoxic T-lymphocyte-associated protein 4 (CTLA4)
antibodies, had achieved promising results in NSCLC,
but only a small part of the patients achieved good clinic
outcome in these immunotherapies (2,3). This imply the
presence of resistance, and the mechanisms need to be
identified for more effective strategies can be proposed (4,5).

Immune escape is one of the important reasons that
affects the response rate of immunotherapy and is closely
related to the change of tumor microenvironment (I'ME),
which has been recognized as a key factor in several
stages of disease progression, local resistance, metastasis
and immune-escaping, thereby impact the treatment of
oncology in the future (6). More and more studies on TME
have been carried out, and it was found that TME contains
a heterogeneous composition of immunosuppressive cells.
Myeloid-derived suppressor cells (MDSCs) and tumor-
associated macrophages (TAMs) alter the immune landscape
of the TME and serve as facilitators of tumor proliferation,
distant metastatic and immunotherapy resistance (7).
TAMSs, which can account for 50% of some solid tumors,
constitute the heterogeneity and plasticity of tumor immune
microenvironment (TIME) (8). Increasing evidence suggest
that cytokines secreted by TAMs can induce anti-apoptotic,
hyperproliferative and metastatic responses in lung cancer
(9-11). TAMs can weaken the immunotherapy by impede
T cells from reaching tumor cells (12). Targeting TAMs
may treat as a possible therapeutic strategy to improve T
cell interaction with cancer cells, thereby shifting “immune-
excluded” tumors, which are refractory to immune
checkpoint inhibitors, into tumors that respond to anti-
PD-1 antibodies (12).
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We used the bioinformatics analysis approach to screen
the key genes accounting for TAMs infiltration. Laminin y2
(LAMC?2) was one of the up-regulated genes that observed
in TAMs rich NSCLC tissues. LAMC2 is the y2 subunit of
the Heterotrimeric Glycoprotein Laminin-332(LAM-332,
formerly known as Laminin-5, consisting of a3, B3, and y2
chains). Although LAMC?2 is recognized as an important
structural component of the epithelial basement membrane
in kinds of normal tissues, there is growing evidence that
LAMC?2 monomer plays a pathological role in cancers.
High expression of LAMC2 can promotes invasion,
migration and metastasis in human lung adenocarcinoma
cells (13). And elevated serum level of LAMC2 is a poor
prognostic factor of NSCLC (14).

However, the exact functions of LAMC2 in NSCLC
TIME are still not fully understood. In the present study,
we attempt to explore the significance of TAMs in NSCLC
and further explore the underlying mechanisms of TAMS
infiltration in NSCLC. We present the following article in
accordance with the MDAR reporting checklist (available at
https://dx.doi.org/10.21037/atm-21-4507).

Methods
Immune cell infiltration analyses

We acquired ImmuneScore, StromalScore of each sample
in NSCLC through the ESTIMATE algorithm using
the “estimate” package in R with default parameters.
CIBERSORT algorithm could quantify the abundance of
specific cell types (15). To compare the difference between
early-stage NSCLC and middle-advanced NSCLC, the
CIBERSORT analysis (https://cibersort.stanford.edu) was
used to estimate the percentage of immune cells in each
sample.

Identification of macrophages infiltration-related DEGs

The dataset between macrophages infiltration high groups
and macrophages infiltration low groups was identified
using Limma package in R. The P<0.05 and |Log2 fold
change| >1 were set as the cut-off for the DEGs. The top
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50 DEGs were exhibited by the heatmap.

Cell culture and conditioned media

The human cell lines A549, H520, H1975, HCC827,
PC9, H1299, BEAS-2B and THP-1 were authenticated
by DNA short tandem repeat (STR) profiling. All cells
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS),
100 U/mL penicillin and 100 pg/mL streptomycin.

RNA interference

Two small interfering RNAs (siRNAs) were
designed to specifically target LAMC2: siRNATL:
GTCAAAGCCTGTCCTTTGA; siRNA2:
TCGGGAACTTCACAGACAA (RIBOBIO, Guangzhou,
China). Non-targeting siNC as a negative control. The
optimal conditions for transient transfection into NSCLC
cell lines, determined in preliminary experiments, were
100 nmol/well siRNA and 3 pL/well Lipofectamine 3000
(ThermoFisher, USA) with 2 mL. DMEM supplemented
with 10% FBS in 6-well plate, and the cell culture medium
was replaced after 24 h. Cell samples were collected 30 or
48 h after transfection for gqRT-PCR or Western blot. The
experiments were biological replicated 4 times.

Cell proliferation assay

For CCKS cell proliferation assay, H1975 and HCC827
cell proliferation was measured using a Cell Counting
Kit (CCKS8, BS350B, biosharp, China) according to the
manufacturer’s instruction. In brief, the cells (1.5x10° cells/
well with 4 wells in each group) were cultured in DMEM
medium supplemented with 10% FBS for 1, 2, 3, 4, 5,
6 days and then 10 pL. of CCK8 reagent was added to
each well. Cells were cultured in the dark for an additional
1h, and the absorbance at 450 nm was measured using a
multifunctional enzyme labeling instrument (K3 Plus, BIO-
DL). This experiment was biological replicated 3 times.

For EdU cell proliferation assay, we use BeyoClick™"
EdU-555 cell proliferation Assay Kit (Cat# C0075,
Beyotime Biotechnology, China). According to the supplier’s
description, components are as follows: component 1,
EdU; 2, Azide 555; 3, Click Reaction Buffer; 4, CuSO,;
5, Click Additive; 6, Hoechst 33342 (1,000x). 48 h after
transfection with siRNA, tumor cells (6x10%) were seeded
in 96-well plates with 3 wells in each group and cultured
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overnight. Then the experimental procedure was carried
according to the manufacturer’s instruction. After the
procedures completed, all nucleuses were stained blue, and
the nucleuses of proliferating cells were stained red. The
number of positive cells were obtained under fluorescence
microscope and the proliferation rate was calculated. This
experiment was biological replicated 3 times.

mRNA expression analysis

RNA was isolated from cells using AG RINAex Pro Reagent
AG21102 [Accurate Biotechnology (Human) Co., Ltd]
following the manufacturer’s instructions. And then reverse
RNA into ¢cDNA using Evo M-MLV RT Premix for gPCR
AG11706 [Accurate Biotechnology (Human) Co., Ltd].
The ¢cDNA was analyzed using real-time quantitative PCR
(SYBR Green, Invitrogen) with an Applied SYBR Sequence
Detection System (LightCycler 480 II, Roche). Each
reaction was performed in triplicate and the experiment was
biological replicated 3 times. The expression of each gene
was normalized by human GAPDH.

Primers as follows:

GAPDH:

Forward primer: AATGGTGAAGGTCGGTGTGAACG;

Reverse primer: TCGCTCCTGGAAGATGGTGATGG.

LAMC?2:

Forward primer: ACTGGAGCAGAAGCTTTCCG;

Reverse primer: GTAT TGTAGCAGCCTGGGGG.

Immunobistochemistry analysis of NSCLC specimens

The expression of LAMC2 and CD68 (the marker of
macrophage) was determined by IHC from formalin-fixed,
paraffin-embedded surgical specimens. All tumor specimens
were obtained from which underwent complete surgical
resection between 2019 and 2020 at Affiliated Cancer
Hospital and Institute of Guangzhou Medical University
with informed consent (Guangzhou, China). And this study
was approved by the ethics committee of Affiliated Cancer
Hospital and Institute of Guangzhou Medical University.
Forty eight NSCLC specimens were chosen randomly from
patients at 18-75 years old. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Immunohistochemistry was performed using standard
protocol. In brief, a pressure cooker (95 °C for 30 min
followed by 120 °C for 10 s) was used for antigen retrieval
using antigen unmasking solution (Vector Laboratories).

Antibodies specific to LAMC2 (BOSTER, #BA3650), CD68
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(OriGene, #2M-0060) were used in this study.

Western blotting

Samples were subjected to SDS-PAGE on 10%
polyacrylamide gels. After western transfer, the membranes
were incubated with primary antibody LAMC2 (1:1,000)
and internal reference antibody GAPDH (1:10,000.
Then the blots were incubated with a secondary antibody
(Invitrogen and Rockland). Signals were detected
using the Tanon Infrared Imaging System (Guagnzhou
EWELL BIO-TECHNOLOGY Co., LTD., China). This
experiment was biological replicated 3 times.

THP-1 migration assay

For coculture: H1975 and HCC827 were planted into 24-
well plate 24 h after transfection, another 24 h later, the
medium (500 pL) was replaced and the 24-well Transwells
(8 um pore size; Becton, Dickinson and Company, USA)
were inserted to the plate. Then, THP-1 (5x10%) were
suspended in serum-free culture medium (200 pL) with
PMA (100 ng/mL) and seeded into inserts. For indicated
factor: medium with LAMC2 protein (Cloud-Cline Corp.;
Wauhan, China) was added to the 24-well plate, and THP-1
(5x10%* were suspended in serum-free culture medium
with PMA (100 ng/mL) and seeded into inserts. After
24 h, the Transwells were taken out, and fixed with 4%
paraformaldehyde for 15 min, and then stained with crystal
violet (0.05%, sigma) for 5 min. The images of stained cells
on the lower side were obtained under microscope. And this
experiment was biological replicated 3 times.

H1975 and HCC827 migration and invasion assay

For migration assay: cell culture medium (500 pL) with 10%
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FBS was added to the 24-well plate and the Transwells were
inserted. H1975 (3x10%) and HCC827 (3x10% cells 24 h after
transfection of LAMC?2 siRNA were suspended in serum-
free culture medium (100 pL) and planted into the inserts.
Another 24 h later, the inserts were taken out, and fixed with
4% paraformaldehyde for 15 min, and then stained with
crystal violet for 5 min. The images of stained cells on the
lower side were obtained under microscope. For invasion
assay: the invasion assay followed a similar procedure to the
migration assay, except that MATRIGEL MATRIX (BD-
Biocoat, America) was added to the inserts before the cells
were seeded. The MATRIGEL MATRIX was diluted 20
times with cell culture medium on crushed ice according
to instructions, and 100 pL diluted MATRIGEL MATRIX
was added in each insert. 2 h later, gelation was formed,
and suspension of tumor cells was added. The following
steps were same as in the migration experiment. And this
experiment was biological replicated 3 times.

Statistical analysis

Student’s 7-test and Chi-square test were performed. Data
are presented as mean = S.E.M. P<0.05 was considered
statistically significant: *P<0.05, **P<0.01 and ***P<0.001.

Results

Immune suppression and macrophage infiltration were
related with poor prognosis of patients with NSCLC

Using The Cancer Genome Atlas (TCGA) NSCLC datasets,
we showed that the stage of NSCLC was correlated with
poor outcomes (Figure 14). Meanwhile, compared with
early NSCLC, middle-advanced NSCLC exhibited lower
immune signature but not stromal signature (Figure 1B).
In order to further understand the change of TIME, we
calculated the content of immune cells according to the
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Figure 1 Immune analysis of NSCLC using TCGA NSCLC datasets. (A) Survival rate of stage I and stage II-IV of NSCLC. (B) Immune
score and stromal score of stage I compare with stage II-IV. (C) Relative percent of different immune cells according to the CIBERSORT.
(D) The percentage of various immune cells of stage I compared with stage II-IV in NSCLC. (E) The survival rate of different type of
macrophages at different infiltration degree. *, P<0.05; **, P<0.01. NSCLC, non-small-cell lung cancer; TCGA, The Cancer Genome Atlas.
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CIBERSORT algorithm and displayed visually (Figure 1C).
We further found that the content of B cells memory, mast
cells resting and dendritic cells resting were decreased in
advanced NSCLC compared with early NSCLC (Figure 1D).
On the other hand, we found the content of macrophages
and macrophages M0 were increased in advanced NSCLC
compared with early NSCLC (Figure 1D). We detected that
the content of macrophages was the most in differential
immune cells and was correlated with poor outcomes
(Figure 1D,1E). All the above results suggested that immune
suppression and macrophage infiltration are related with
poor prognosis of patients with NSCLC.

LAMGC?2 was positively related to macrophages infiltration
and poor prognosis of NSCLC

TCGA datasets were used to explore the DEGs between
macrophages low group and macrophages high group.
A 2-fold change cutoff value was used for all ratios (ratio
>2.0). The top 50 significant genes were displayed visually
(Figure 2A4). To characterize the functions of the different
expression genes, we conducted GO enrichment analysis
of molecular function (MF). The functions of DEGs were
mainly involved in receptor ligand activity, glycosaminoglycan
binding, hormone activity, extracellular matrix structural
constituent and heparin binding (Figure 2B). To confirm
the key genes, we analyze the relationship between top
50 significant genes and prognosis. The results suggesting
that the expression of LAMC2, APCDDIL and WNT7A
were positively correlated with poor prognosis. LAMC2 was
the most significant (P<0.001) (Figure 2C).

We detected the expression of LAMC2 and the number
of infiltrating macrophages in 48 cases of NSCLC tissues
by IHC. CD68 was served as the marker of macrophages.
We found that there was a positive correlation between
LAMC?2 expression and macrophages infiltration though
they had different localization in NSCLC tissues. LAMC2
was mostly observed in cancer cells while macrophages
were mainly located in the surrounding stroma (Figure 2D),
and the expression of CD68 (the marker of macrophage)
was positively correlated with LAMC2 by using Chi-square
test (Table 1). Taken together, it was indicated that the
overexpression of LAMC2 was positively associated with
poor prognosis and macrophage infiltration in NSCLC.

LAMC2 was overexpression in NSCLC

The expression of LAMC2 protein was detected in 48 cases

© Annals of Translational Medicine. All rights reserved.
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of NSCLC tissues and paired normal tissues by THC
(Figure 34). The observations revealed that LAMC2 was
mainly located in cancer cell cytoplasm, and the expression
of LAMC2 was much higher than normal tissue in general.
We further analyzed the expression of LAMC?2 by GEPIA
(Gene Expression Profiling Interactive Analysis) dataset
(http://gepia.cancer-pku.cn/). The results showed that
the expression of LAMC2 was upregulated in lung cancer
tissues (Figure 3B). Using the methods of qRT-PCR
and WB, LAMC2 was found significantly overexpressed
in several NSCLC cell lines compared with normal
bronchoalveolar cell line (BEAS-2B) (Figure 3C,3D). All the
above results suggested that the expression of LAMC2 was
upregulated in NSCLC cells.

Knockdown of LAMC? inbibited proliferation of NSCLC

cells

The expression of LAMC?2 was knocked-down by siRNA in
H1975 and HCC827 cells and the silencing efficiency was
evaluated using qRT-PCR and Western blot (Figure 44,4B).
The result showed that LAMC2-inhibited cells had reduced
proliferation abilities when compared to the control cells as
detected by CCK-8 (Figure 4C), EdU assay demonstrated
that less EAU positive cells were observed in LAMC2-
inhibited cells than control group (Figure 4D). All the above
results suggested that LAMC2 may promote NSCLC cells
proliferation i vitro.

Knockdown of LAMC? inbibited migration and invasion
of NSCLC cells

In order to validate if LAMC2 has effect on the migration
and invasion of NSCLC cells, we conducted Transwell
assay. The result showed that LAMC2-inhibited cells had
reduced migration (Figure 5A) and invasion (Figure 5B)
abilities when compared to the control cells. The results
suggested that LAMC2 may promote the migration and
invasion of NSCLC cells i vitro.

LAMC2 promoted macrophages infiltration by ECM
remodeled

To validate LAMC2 as a macrophage chemoattractant iz vitro,
we conducted the transwell assay. The results showed that
condition medium (CM) from LAMC2-inhibited NSCLC
cells induced significantly less macrophage migration than
CM from negative control cells (Figures 64). Meanwhile
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Figure 2 The relationship of LAMC2 with different degree of macrophage. (A) The analysis of DEGs between macrophages low group
and macrophages high group using TCGA datasets. (B) GO enrichment analysis of MFE. (C) The analysis of the genes that were correlated
with poor prognosis in top 50 significant genes. (D) The expression of LAMC2 and CD68 in 48 cases of NSCLC tissues detected by IHC.
DEGs, Differentially Expressed Genes; TCGA, The Cancer Genome Atlas; GO, Gene Ontology; ME, molecular function; NSCLC, non-
small-cell lung cancer; IHC, immunohistochemistry.
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Table 1 Correlation between the expression of LAMC2 and CD68 recombinant LAMC2-supplemented media increased
by Chi-square test macrophage migration (Figures 6B). The Gene Set

CDé8-high ~ CD68-low e P Enrichment Analysis (GSEA) in TCGA NSCLC patients
LAMC2-high 18 3 8584  0.003 showed that LAMC2 promotes focal adhesion and ECM

receptor interaction, which indicated extracellular matrix is

LAMC2-I 12 15
o remodeled (Figure 6C). Thus, LAMC2 functions as a potent

Total (48) - TN
<

LUAD LUSC

[num(T)=483; num(N)=347] [num(T)=486; num(N)=338]
Figure 3 The expression of LAMC2. (A) The expression of LAMC2 protein and paired normal tissues detected by IHC. The right pie chart
showed the percentage of different level of LAMC2 (Red part: tumor’s LAMC?2 expression was higher than normal tissue, 68.75%; Blue part:
tumor’s LAMC2 expression is approximate to normal tissue, 18.75%; Black part: tumor’s LAMC2 expression is lower than normal tissue,
12.5%). (B) The expression of LAMC? analyzed by GEPIA dataset. (C,D) The expression of LAMC2 in several NSCLC cell lines compared
with normal bronchoalveolar cell line (BEAS-2B) detected by qRT-PCR and Western blot. *, P<0.05. IHC, immunohistochemistry; GEPIA,
Gene Expression Profiling Interactive Analysis; NSCLC, non-small-cell lung cancer; qRT-PCR, quantitative real time polymerase chain
reaction.
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Figure 4 LAMC2 promoted NSCLC cells proliferation. (A,B) The expression of LAMC2 in H1975 and HCC827 cell lines after LAMC?2
siRNA transfection detected by qRT-PCR and Western blot. (C) The proliferation of H1975 and HCCS827 after knockdown of LAMC2
detected by CCK-8. (D) EdU-labeled proliferating cells of H1975 and HCC827 after transfection of LAMC?2 siRNA by using EdU assay. *,
P<0.05; **, P<0.01; ***, P<0.001. NSCLC, non-small-cell lung cancer; siRNA, small interfering Ribonucleic Acid; qRT-PCR, quantitative

real ime polymerase chain reaction.

chemokine for the recruitment of macrophages to the

NSCLC TME.

Discussion

Lung cancer is the first leading cause of cancer-related
deaths worldwide. About 85% lung cancer is classified as
NSCLC (16). Middle-advanced NSCLC patients always

exhibited poor prognosis (16,17). Accumulating evidence

© Annals of Translational Medicine. All rights reserved.

forecasts that the tumor-stroma crosstalk promotes cancer
progression by modulating tumor malignancy, TME
remodeling and inducing immune evasion (8,18). Although
immune checkpoint inhibitors (ICIs) have achieved
promising results in several malignancies, the resistance
remains an issue. The imbalance of immuno-metabolism
plays a dominating role in the TME. An increased
concentration of extracellular adenosine, the depletion of
tryptophan and uncontrolled activation of the PI3K/AKT
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Figure 5 LAMC2 promoted NSCLC cells migration and invasion. (A) The migration of H1975 and HCC827 after knockdown of LAMC?2
detected by Transwell migration assay. (B) The invasion of H1975 and HCC827 after knockdown of LAMC?2 detected by Transwell invasion
assay. NSCLC, non-small-cell lung cancer. **, P<0.01; ***, P<0.001. NSCLC, non-small-cell lung cancer.

pathway induce an immune-tolerant TME. Additionally,
abnormal angiogenesis induces a hypoxic environment
by recruiting VEGE, Treg cells and TAMs to reduce the
response to ICIs (19). So, new strategies may include
targeting the adenosine pathway and immune-suppressive
cells. To overcome the resistance of ICIs in NSCLC, it is
important to identify the change of TME at first.

In this study, we explored the change of TME in
NSCLC progression. With tumor progression we found

© Annals of Translational Medicine. All rights reserved.

the immune score was decreased, but not stroma score. It
indicated that immunosuppressive microenvironment plays
a central role in tumor progression. In order to find how
the immunosuppressive microenvironment was formed.
We used the bioinformatics analysis approach to screen
different immune cells between early stage of NSCLC and
middle-advanced stage of NSCLC. Moreover, we found
that macrophages which account for up to 50% of immune
cells were the most components in TME and were related

Ann Transl Med 2021;9(17):1392 | https://dx.doi.org/10.21037/atm-21-4507
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Figure 6 The influence of LAMC2 on the migration of THP-1. (A) Migration assay of THP-1 when coculture with LAMC2-knockdown
H1975 and HCC827. (B) Migration assay of THP-1 upon addition of LAMC2-supplemented media. (C) The function of LAMC2 analyzed
by the GSEA in TCGA NSCLC patients. **, P<0.01; ***, P<0.001. GSEA, Gene Set Enrichment Analysis; TCGA, The Cancer Genome

Atlas; NSCLC, non-small-cell lung cancer.
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with poor prognosis of NSCLC patients, that is consistent
with previous findings (20). Notably, M1 and M2 type
macrophages are not exhibited any difference. Importantly,
the interaction between TAMs and cancer cells are
essential for the maintenance of immunosuppression in the
TME. TAMs released some cytokine to inhibit anticancer
immunity cells, for example helper CD4+ T cells,
cytotoxic CD8+ T cells, and natural killer (NK) cells (8).
Even though the original hypotheses proposed that
macrophages are involved in antitumor immunity, there is
abundant of clinical and experimental evidence that TAMs
may promote tumor progression by promoting tumor
proliferation, invasion and metastasis (21,22). The number
of TAMs is significantly associated with angiogenesis and
lymphangiogenesis in NSCLC TME (23,24). Our above
studies implied that TAMs involved in NSCLC progression
by inhibiting immune response.

Next, we explored the mechanisms underlying the
recruitment of TAMs. Our bioinformatics analysis found
that the top 50 different genes in macrophage high NSCLC
tissues were mainly involved in receptor ligand activity
and extracellular matrix structural constituent. Three of
the differential genes (A4PCDD1, LAMC2, WNT7A) were
closely related to the poor prognosis of NSCLC, and
LAMC?2 was the most significant one.

LAMC?2? is an important structural component of
ECM (25). Our study revealed that the expression of
LAMC?2 was higher in epithelial-stromal interface of
tumor clusters than that in paired normal tissues, which
is consistent with previous outcomes (26,27). Meanwhile,
we also found that LAMC2 was overexpressed in NSCLC
cells compared with alveolar epithelial cell. Our research
also showed that down-regulation of LAMC2 inhibited
proliferative, migration and invasion properties of NSCLC
cells. Thus, we suggested that LAMC2 may act as an
oncogene during NSCLC progression. Combine the result
of LAMC2 GSEA in our study with previous studies, it
may be concluded that the mechanism of LAMC2 on
NSCLC is that the elevated LAMC2 in cancer cells may,
through interaction with integrin B1, hijack part of the focal
adhesion complex including FAK/SRC kinase to induce
EMT via ZEBI1 and/or Snail (13,28).

In further research, we first investigated whether the
expression of LAMC2 in tumor cells could affect infiltration
of macrophages. It has been reported that secreted LAMC2
in the conditioned medium promotes lung cancer cell
migration and invasion (13), but the effect of LAMC2 on
macrophages has not been mentioned. In our study, we

© Annals of Translational Medicine. All rights reserved.
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found that high infiltration of macrophages was observed in
corresponding areas of high LAMC2 expression in NSCLC
tissues. Meanwhile, silencing LAMC2 in NSCLC cells
could inhibit macrophages migration and recombination
LAMC2 could promoted macrophages migration. It
exhibited that LAMC2 can act as a chemoattractant to
promote macrophages infiltration. Our results also show
that high expression of LAMC2 activated ECM receptor
interaction and focal adhesion signaling pathways. The
activation of two signaling pathways activated is an essential
event in tumor development and is associated with increased
extracellular matrix adhesion and cell motility (29,30).
Together, our work certifies the view that LAMC2 can act
as a potent chemokine produced by NSCLC cells to attract
macrophages into NSCLC TME and promote TME ECM
remolding.

In conclusion, our findings showed that middle-advanced
NSCLC exhibited immune suppression and macrophages
infiltration involved in formation of immunosuppressive
TME. Furthermore, LAMC2 promoted macrophages
infiltration and ECM remolding in NSCLC tissues.
However, there is a limitation that the involved signaling
pathway have not yet been fully elucidated in this study and
further study is required.

In general, our study suggested that LAMC2 may supply
a potential immune therapy target for NSCLC.
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