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1 | INTRODUCTION

| Jia Li’

Abstract

Non-small cell lung cancer (NSCLC) imposes a significant economic burden on pa-
tients and society due to its low overall cure and survival rates. Tumour-associated
macrophages (TAM) affect tumour development and may be a novel therapeu-
tic target for cancer. We collected NSCLC and tumour-adjacent tissue samples.
Compared with the tumour-adjacent tissues, the Activation Transcription Factor
3 (ATF3) and Colony Stimulating Factor 1 (CSF-1) were increased in NSCLC
tissues. Levels of ATF3 and CSF-1 were identified in different cell lines (HBE,
A549, SPC-A-1, NCI-H1299 and NCI-H1795). Overexpression of ATF3 in A549
cells increased the expression of CD68, CD206 and CSF-1. Moreover, levels of
CD206, CD163, IL-10 and TGF-f increased when A549 cells were co-cultured
with MO macrophages under the stimulation of CSF-1. Using the starbase on-
line software prediction and dual-luciferase assays, we identified the targeting
between miR-27a-3p and ATF3. Levels of ATF3, CSF-1, CD206, CD163, IL-10
and TGF-p decreased in the miR-27a mimics, and the tumour growth was slowed
in the miR-27a mimics compared with the mimics NC group. Overall, the study
suggested that miR-27a-3p might inhibit the ATF3/CFS1 axis, regulate the M2
polarization of macrophages and ultimately hinder the progress of NSCLC. This
research might provide a new therapeutic strategy for NSCLC.
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Researchers believe that the cellular components

Non-small cell lung cancer (NSCLC) is a critical sub-
type of lung cancer with very poor prognosis.! Cancer
treatments such as small-molecule tyrosine kinase in-
hibitors and immunotherapy have made remarkable
progress. However, NSCLC patients still have a poor
prognosis.2

of the tumour microenvironment (TME) play a cru-
cial role in regulating cancer markers. Among them,
tumour-associated macrophages (TAM) affect the anti-
inflammatory response and tumour development and are
key modulators of the tumour microenvironment.® As the
tumour progresses, macrophages are actively recruited
into the TME and change their functional phenotype in
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response to signals generated by tumour cells. Therefore,
there is a growing interest in targeting TAM and to explore
their role in new treatment strategies for NSCLC.
miRNAs can be involved in gene expression regula-
tion and cellular process networks. miRNA and TME
are linked to the development of cancer features. There-
fore, targeting miRNA-mediated regulation of TME
holds potential as a therapeutic strategy.* Macrophages
are important immune cells and play an indispensable
role in primordial and acquired immunity.” M1 mac-
rophages are known to produce pro-inflammatory cy-
tokines, antibacterial and anticancer activities. On the
other hand, M2 macrophages are associated with im-
munosuppression, tumorigenesis and parasite elimina-
tion.® A number of miRNAs have been shown to induce
macrophage-mediated polarization by targeting various
transcription factors and adaptor proteins.” For instance,
hypoxia pre-attack-mediated extracellular vesicles have
been found to promote NSCLC cell growth and M2
macrophage polarization through miR-21-5p delivery.®
Additionally, reduced levels of miR-27a-3p have been
reported in NSCLC.? Regulation of miR-27a-3p can af-
fect the cell activity and erastin sensitivity of NSCLC
cells.”® Furthermore, miR-27a-3p has been linked to
M2 macrophage polarization in glioblastoma (GBM)."!
Taking these factors into consideration, we focus on
miR-27a-3p and macrophage polarization in NSCLC.

Activated transcription factor 3 (ATF3) is a crucial
player in regulating metabolism, immunity and tu-
morigenesis.12 In NSCLC and melanoma studies, the
ATF3-PD-L1 axis is involved in the immune regulation
of tumour cells." In addition, colony-stimulating factor
1(CSF-1) is often upregulated in various cancers. TAM
is a promising drug target for cancer.'* Moreover, CFS1
secreted by tumour cells could promote the differentia-
tion of MO macrophages into M2-type macrophages."’
Interestingly, miR-27a-3p has been shown to decrease
calcium deposition via ATF3.' However, the specific
role of miR-27a-3p, ATF3 and CSF-1 in NSCLC is yet to
be fully understood.

In brief, we assumed that miR-27a-3p might affect
NSCLC development via macrophage polarization. In the
study, we identified the expression of ATF3 and CSF-1
in clinical samples. Further, we verified our hypothesis
through cell and animal experiments.

2 | METHODS

2.1 | Clinical sample collection

Nine Tumour-Adjacent tissue cases and nine cases of
NSCLC tissue were collected from Cancer Hospital. All
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patients were selected in accordance with the guidelines
of the World Health Organization and the International
Association for the Study of Lung Cancer, and patient in-
formed consent was obtained. The study was approved
by the Ethics Committee of Hunan Cancer Hospital (No.
SBQLL-2021-215).

2.2 | Cell culture

Human bronchial epithelial cells (HBE) and lung cancer
epithelial cells (NCI-H1299 and NCI-H1975) were ac-
quired from ATCC. Human lung adenocarcinoma cells
(SPC-A-1) and macrophages (THP-1) were purchased
from Shanghai EK-Bioscience. A549 cells were purchased
from HonorGene. All cells were cultured in RPMI-1640
medium (PM150110; Thermofly) supplemented with 10%
foetal bovine serum and 1% penicillin-streptomycin solu-
tion (PB180120; Thermofly) was added to prevent bacterial
contamination. The culture was maintained at 37°C, with
95% air and 5% CO,. MO macrophages were induced from
THP-1 by the Phorbol 12-myristate 13-acetate (PMA).

2.3 | Cell transfection

To study the effects of ATF3 and miR-27a, we manipu-
lated the levels of these factors utilizing packaged lentivi-
ruses (including oe-ATF3, oe-NC, sh-ATF3 and sh-NC),
miR-27a mimics and inhibitors, as well as mimics and
inhibitors of negative control (mimics NC and NC inhibi-
tor). These lentiviruses and reagents were obtained from
Shanghai GenePharma. A549 cells were cultured in a me-
dium containing Lipofectamine 2000 (11668500; Invitro-
gen) for 6h, and an appropriate amount of plasmids was
added. Polybren was used as a co-transfection agent when
lentivirus was transfected into A549 cells. Forty eight hour
after transfection, cells were used for further detection.
Cells in the NC group were accompanied by transfection
of oe-NC and sh-NC, while untreated cells were included
in the Blank group.

2.4 | Transwell co-culture assay
Before the co-culture assay, A549 cells were divided into
the M0 and M0-CSF1 groups. The 25 ng/uL CSF1'* was in-
cubated with the A549 cells in the M0O-CSF1 group. Mac-
rophages were then collected, and phenotypic changes
were identified via flow cytometry.

In order to investigate the impact of ATF3 in A549
cells on the polarization of macrophages, we designed
the following experimental groups: Blank, NC, oe-ATF3,
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oe-ATF3+a-CSF-1 Ab, sh-ATF3 and sh-ATF3+CSF
Indirect co-culture of A549 and macrophages was per-
formed using a 3.0pm transwell (353,492; Corning)."® In
the presence of PMA, M0 macrophages were inoculated
in the bottom of the transwell, and A549 cells were inoc-
ulated into the upper pore. The 25ng/pL CSF1 and 1.0 pg/
mL anti-a-CSF-1 were added into the co-culture system."
Macrophage cell types were determined through flow cy-
tometry analysis.

To further analyse the effect of miR-27a and ATF3
on macrophage polarization in A549 cells, the following
groups were set: Blank, mimics NC, miR-27a mimics and
miR-27a mimics+ oe-ATF3. Stable A549 cells (mimics
NC, miR-27a mimics, miR-27a mimics+ oe-ATF3) were
constructed, and A549 cells were co-cultured with mac-
rophages. Cells in the blank group were treated as pre-
viously described. Flow cytometry was used to identify
macrophage cell types.

2.5 | Macrophage chemotaxis assay

To analyse the effect of miR-27a and ATF3 in A549 cells
on macrophage chemotaxis, a co-culture system of A549
cells and macrophages was constructed as described pre-
viously. A549 cells stably transfected with mimics NC,
miR-27a mimics and oe-ATF3 were placed in the lower
chamber of transwell, and macrophages were placed in
the upper chamber. After 48h, the upper chamber was
removed and fixed with 4% paraformaldehyde for 20 min.
The cells were stained with 0.1% crystal violet for 5min.
After washing, the samples were observed under a micro-
scope and photographed.

2.6 | Xenograft mouse model

Thirty male BALB/c nude mice (4weeks) were ordered
from Hunan SJA. The mice were divided into the NC, oe-
ATF3, sh-ATF3, mimics NC and miR-27a mimics groups
(n=6 for each group). The cells were injected subcutane-
ously into the armpit of the anterior left limb of nude mice
at the rate of 3x10°/100uL/piece. The cells were trans-
fected with oe-ATF3, sh-ATF3, oe-NC and sh-NC and then
inoculated into mice. After transfection of miR-27a-3p
mimics and mimics NCs into A549 cells, the cells were
inoculated into mice. The tumours were measured and
observed twice a week. Twenty eight days after transfec-
tion, 150 mg/kg barbiturate was injected intraperitoneally
for euthanasia. The tumours were photographed and fur-
ther detected. All animal experiments were approved by
the Ethics Committee of Hunan Cancer Hospital (NO.
SBQLL-2021-215).

2.7 | Reverse transcription-quantitative
PCR (RT-qPCR)

Total mRNA was extracted with trizol. The primers of genes
were biosynthesized by Beijing Tsingke Biotechnology Co.,
Ltd. The mRNA reverse transcription kit (CW2569) and
miRNA reverse transcription kit (CW2141) were used. RT-
gPCR was conducted in a fluorescence PCR instrument
(PIKOREAL96, Thermo). p-actin and U6 were applied as
internal references. The mRNA levels were calculated via
the 2724AC:, The primer sequences used were as follows:
ATF3 forward: 5'-AAAACCAGGATGCCCACCGTT-3,
reverse: 5'-CCACATCCCCTACGAGTGACA-3'.
CSF1 forward: 5-AAGTTTGCCTGGGTCCTCTC-3’,
reverse: 5'-AGACCAACAACAGCAGGGAG-3'.
CD206forward:5-TATGCCAGACACGATCCGACCC-3/,
reverse: 5'-AGTATGTCTCCGCTTCATGCCAT-3'.
IL-10forward: 5'-ACCTGCCTAACATGCTTCGAGA-3/,
reverse: 5'-CTCAGCTTGGGGCATCACCT-3".
TGF-p forward: 5-AGCAACAATTCCTGGCGATAC
CTC-3/, reverse: 5'-CAATTTCCCCTCCACGGCTCA-3".
CD163 forward: 5-AAAAGAATCCCGCATTTGGC
AGT-3', reverse: 5'-GCCAACAGTGCCCCAAGCTC-3'".
miR-27a-3p forward: 5-TTCACAGTGGCTAAGTTC
CGC-3/, reverse: 5-GCTGTCAACGATACGCTACGTAA-3'.
U6 forward: 5'-CTCGCTTCGGCAGCACA-3’, reverse:
5'-AACGCTTCACGAATTTGCGT-3'".
B-actinforward:5-ACCCTGAAGTACCCCATCGAG-3/,
reverse: 5'-AGCACAGCCTGGATAGCAAC-3'.

2.8 | Western blot (WB)

RIPA lysates were applied to extract total proteins. Proteins
of target molecular weight were screened by the SDS-PAGE.
The target proteins on the gel were then transferred to the ni-
trocellulose membrane. After sealing in 5% skim milk pow-
der, the membrane was incubated with primary antibodies
ATF3 (ab254268, 1:1000; Abcam), CSF-1 (ab233387, 1:1000;
Abcam) and p-actin (66009-1-Ig, 1:1000; Proteintech) and
secondary antibodies for 90min. The proteins were visual-
ized by SuperECL Plus luminescence solution (AWB0005;
Abiowell). f-actin was used as the housekeeping protein.

2.9 | Immunohistochemistry (IHC)

The tissue samples were sliced into 2pm thick sec-
tions. After being placed at 60°C for 12h, the xylene and
gradient-concentration ethanol were used for dewaxing
and rehydrating. The antigen repair was performed, and
1% periodate acid was used to inactivate the endogenous
enzymes. Primary antibody CD68 (ab955; Abcam) was



ZHOU ET AL.

incubated with the sections overnight at a 1:200 dilution.
After incubation of secondary antibodies, sections were
incubated with DAB and haematoxylin solution to de-
velop colour. Sections were sealed with neutral gum. The
images were viewed using a light microscope and ana-
lysed using Image-pro-plus software.

2.10 | Immunofluorescence (IF)

Sections were dewaxed, rehydrated and heated. Then the
sections were treated with sodium borohydride solution,
ethanol solution and Sudan black for 5min, 1 min and
15 min, respectively. After rinsing with running water, the
sections were immersed in 5% BSA for 60 min. Primary an-
tibodies, including CD206 (60143-1-Ig, 1:50; Proteintech),
ATF3 (ab254268, 1:50; Abcam) and CSF-1(25949-1-AP,
1:50; Proteintech), were incubated with sections. Second-
ary antibodies were used to treat the sections. DAPI work-
ing solution was adopted to stain the nuclei. The sections
were closed with buffer glycerin and observed with a fluo-
rescence microscope.

211 | Enzyme-linked immunosorbent
assay (ELISA)

The levels of CSF-1 in cell supernatant were analysed
using the human Macrophage Colony-Stimulating Factor
(M-CSF) ELISA kit (CSB-E04658h; CUSABIO). All op-
erations were performed as instructed. After the reaction
stopped, a microplate reader was operated to examine the
absorbance (450 nm).

212 | Flow cytometry

10°/100 pL cells were taken into the 1.5 mL EP tube. After
centrifuging, cells were stained with 0.125pg CD68 (11-
0689-42; eBiosciences) and 0.25pg CD163 (12-1639-42;
eBiosciences). Then cells were washed and resuspended
with 150 pL PBS. Finally, cell suspensions were exam-
ined by flow cytometry (A00-1-1102; Beckman).

2.13 | Chromatin immunoprecipitation
coupled with qPCR (ChIP-qPCR)

ChIP-gPCR was performed as described previously.'”
First, ChIP was performed according to the ChIP kit
(ab500; Abcam) manufacturer's instructions. After cells
were fixed with formaldehyde for 10min, glycine was
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added to quench the formaldehyde. After adding the
protease inhibitor and buffer mixture, the cells were dis-
rupted by sonication (ultrasonic 4s, gap 65, total time 605,
power 20%). Chromatin was incubated with anti-ATF3
(ab254268; Abcam) and rotated overnight at 4°C. The
antibody-chromatin complexes were mixed with the Bead
at 4°C for 60min for immunoprecipitation. After extrac-
tion of immunoprecipitated DNA, qPCR was performed.
The ChIP-qPCR primer was CSF-1 forward: 5'-AGCAA
ATGAATGGCAGAG-3’, reverse: 5-ATGGGTTCTAA
AGCAATGAC-3".

2.14 | Dual-luciferase assay

The pHG-miRTarget- ATF3 and pHG-miRTarget- ATF3
MUT were purchased from Changsha Honorgene. Dual-
luciferase® Reporter Assay System (E1910) was obtained
from Promega. All operation steps strictly follow the in-
structions. The fluorescence signal intensity was meas-
ured using Promega’'s GloMax 20/20 chemiluminescence
detector.

2.15 | Statistical analysis

Statistical analyses were performed via GraphPad Prism
8.0.1. Data were presented as mean+standard devia-
tion and analysed by unpaired Student's t-test, one-way
ANOVA and two-way ANOVA. p<.05 was considered
statistically significant.

3 | RESULTS
3.1 | ATF3 and CSF-1 levels increased in
NSCLC

To investigate the changes of ATF3 and CSF-1 in
NSCLC, we examined the expression of ATF3 and
CSF-1 at transcription and translation levels. As shown
in Figure 1A,B, compared with the Tumour-adjacent
tissue, protein and mRNA expressions of ATF3 and
CSF-1 increased in NSCLC tissue. The protein and
mRNA levels of ATF3 and CSF-1 increased in A549,
SPC-A-1, NCI-H1299 and NCI-H1975 cells compared
with HBE. Among them, A549 cells had the highest pro-
tein and mRNA expression levels of ATF3 and CSF-1
(Figure 1C,D). Pearson analysis showed that ATF3 was
positively correlated with CSF-1 (Figure 1E, r=.7935,
p <.0001). In other words, the expression of ATF3 and
CSF-1 was increased.
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correlation between ATF3 and CSF-1
using Pearson correlation analysis.
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3.2 | ATF3 promotes M2 macrophage
infiltration in xenograft tumours

To understand the impact of ATF3 on the development
of NSCLC, we conducted experiments in which we over-
expressed and knocked down ATF3 in A549 cells. We
examined ATF3 expression in A549 cells at translation
and transcription levels. According to Figure 2A and B,
A549 cells with ATF3 overexpression and knockdown
were successfully obtained. To further explore the im-
pact of ATF3 on tumour development, we transplanted
these cells into mice. Figure 2C shows the tumour of
mice 28 days after transplantation. Compared with the
NC, the volume and weight of tumours increased in the
oe-ATF3 and decreased in the sh-ATF3 groups, sug-
gesting that ATF3 could promote tumour development.
IHC, IF and RT-qPCR results reflected that the CD68
and CD206 increased in the oe-ATF3 and reduced in the
sh-ATF3 groups (Figure 2D-F). CD68 is a major bio-
marker for quantifying the total number of TAM. The
transmembrane receptor CD206 is a biomarker for M2
macrophages.'® These indicated that ATF3 could pro-
mote NSCLC development by increasing the infiltration
of M2 macrophages in tumours.

6 9 12
CSF-1
3.3 | ATF3 may promote macrophage

MO0-M2 conversion by regulating CSF-1

Next, we wonder whether the promoting effect of ATF3
on M2 macrophage infiltration was related to CSF-1. Our
findings revealed that the expression of CSF-1 in A549
cells was upregulated in the oe-ATF3 group and down-
regulated in the sh-ATF3 group, as shown in Figure 3A-
C. These results reflected that ATF3 could activate the
expression of CSF-1. Furthermore, we used the JASPAR
software online (http://jaspar.genereg.net/) to predict the
ATF and CSF-1 potential binding sites motif, as shown in
Figure S1A. However, ChIP-qPCR analysis showed that
the binding between ATF and CSF-1 was negative (Fig-
ure S1B). This finding suggested that ATF3 might regulate
CSF-1 expression via alternative pathways.

The CD68¥CD163* cells in the MO-CSF increased. This
demonstrated that CSF-1 might promote the conversion of
macrophages M0-M2 (Figure 3D). CD206, CD163, TGF-f
and IL-10 levels were higher in the MO-CSF than in the MO
groups (Figure 3E). CD163 and CD206 are macrophage ac-
tivation markers and are upregulated in the inflammatory
response.'” Our results suggested that CSF-1 might promote
inflammation in tumour cells. Furthermore, our findings
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FIGURE 3 ATF3 promotes
macrophage M0-M2 conversion by
regulating CSF-1. CSF-1 levels were
analysed via WB (A), RT-qPCR (B) and
ELISA (C) *p<.05 versus the NC (n=3 for
each group), one-way ANOVA. (D) Flow
cytometry was performed to measure the
radio of CD68"CD163" cells. (E) CD206,
CD163, TGF-p and IL-10 mRNA levels
were tested. *p <.05 versus the MO (n=3
for each group), unpaired t-test. (F)

The radio of CD68*CD163* cells was
measured. “p <.05 versus the NC, ¥p <.05
versus the oe-ATF3, and “p < .05 versus
the sh-ATF3 (n=3 for each group), one-
way ANOVA.

FIGURE 4 miR-27a-3p regulates
ATF3 levels in NSCLC. (A) miR-27a-

3p and ATF3 mRNA expression were
detected. (B) The protein levels of ATF3
were analysed by WB. *p <.05 versus
the NC (n=3 for each group), one-way
ANOVA. (C) The binding site between
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dual-luciferase assay. “p <.05 versus the
Wt-ATF3+NC, one-way ANOVA.
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3.4 | miR-27a-3p regulates the ATF3 results indirectly indicated that miR-27a-3p could sup-

levels in NSCLC

To explore the regulatory effect of miR-27a-3p on ATF3 in
NSCLC, we established cells overexpressing and downreg-
ulating miR-27a-3p. As seen in Figure 4A,B, miR-27a-3p
was successfully overexpressed and knocked down. The
levels of ATF3 in the miR-27a mimics group decreased,
while that increased in the miR-27a-3p inhibitor. These

press the ATF3 levels. However, whether miR-27a-3p in-
teracted directly with ATF3 was unknown. The starbase
(http://www.targetscan.org/) forecasted that miR-27a-3p
and the gene ATF3 have binding sites (Figure 4C). Dual-
luciferase reporter assay was performed, and showed
that miR-27a-3p could target ATF3 (Figure 4D). In other
words, miR-27a-3p could directly regulate ATF3 levels in
NSCLC.
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3.5 | Overexpression of miR-27a-3p
inhibits macrophage M2 transformation by
regulating the ATF3/CSF-1 pathway

Finally, the role of miR-27a-3p was further explored. Flow
cytometry showed that CD687CD163" cells decreased in
the miR-27a mimics group, compared to the mimics NC
(Figure 5A). Simultaneously, the levels of CD206, CD163,
TGF-f and IL-10 decreased in the miR-27a mimics (Fig-
ure 5B). Additionally, a reduction in the concentration of
CSF-1 was observed in the miR-27a mimics (Figure 5C).
Further, we conducted a rescue experiment. Compared
with the mimics NC, the ATF3 and CSF-1 levels de-
creased in the miR-27a mimics group. However, oe-ATF3
reversed the inhibition of miR-27a mimics on ATF3 and
CSF-1 expression and CD68*CD163™ cells (Figure 5D,E).
Macrophage migration assay showed that oe-ATF3 could
reverse the inhibitory effect of miR-27a mimics on the mi-
gration of CD68*CD163™ cells (Figure 5F). These hinted
that miR-27a-3p might inhibit the transformation of mac-
rophages from MO to M2 by regulating the ATF3/CSF-1
pathway in cell experiments.

Furthermore, we conducted in vivo experiments to
validate our findings. As shown in Figure 6A, the vol-
ume and quality of tumours in mice in the miR-27a
mimics decreased compared to the mimics NC groups.
IHC results revealed that the rate of CD68 cells in tu-
mour tissues decreased in the miR-27a mimics (Fig-
ure 6B). IF results demonstrated that CSF-1, ATF3
and CD206 in tumour tissues of the miR-27a mimics
decreased (Figure 6C). Therefore, the results validated
that miR-27a-3p overexpression in vivo inhibited macro-
phage transformation from MO to M2 by regulating the
ATF3/CSF-1 pathway.

4 | DISCUSSION

Firstly, we conducted a comparison of the ATF3 and
CSF-1 levels between normal and NSCLC samples. Re-
sults demonstrated that the ATF3 and CSF-1 expression
in NSCLC increased in both clinical tissue and cell sam-
ples. Similarly, higher ATF3 expression has been found
in breast cancer cells, contributing to radiation resistance
in breast cancer.”® In tumours, ATF3 is known to target
multiple signals related to glucose metabolism, immune
reactivity and tumorigenesis in tumours.'> Additionally,
CSF-1 produced by tumour cells restricted the migration
of TAM to the tumour, and treatment with CSF-1-receptor
inhibitors blocked tumour granulocyte infiltration and
showed a strong anti-tumour effect.”! Consistent with
other cancers, high expression of ATF3 and CSF-1 might
be essential for NSLC development.
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After performing an overexpression of ATF3 or CSF-1
in A549 cells, we discovered that ATF3 and CSF-1 had
the ability to promote tumour development by regulat-
ing macrophage M2 polarization. Earlier studies have
shown that ATF3 promoted macrophage migration and
M2 polarization through the Wnt/p-catenin pathway.*?
CSF-1 signal could regulate macrophage differentiation
through CSF-1 receptors.®® Similarly, Oct4 promotes the
polarization of M2 macrophages by upregulating CSF-1
of lung cancer macrophages.** In hepatocellular carci-
noma, blocking osteopontin can prevent TAM by blocking
CSF-1/CSF1R, a move that can enhance the effectiveness
of immune checkpoint inhibitors in HCC treatment.”
Moreover, our results revealed that ATF3 positively reg-
ulated CSF-1 expression. A dorsal root ganglion neurons
study revealed that CSF-1 induction was reduced when
the ATF3 gene was knocked out from sensory neurons.*
ATF3 promotes CSF-1 expression and is involved in accu-
mulating macrophages in synovium and pain signalling
in dorsal horn macrophages in arthritis.”” Consequently,
in this research, ATF3 might promote the development of
NSCLC via CSF-1 and the macrophage M2 polarization.

Our results validated that miR-27a-3p inhibited ATF3
expression. In more detail, miR-27a-3p could target and
bind the gene ATF3. Similarly, miR-27a-3p plays a major
role in osteogenic differentiation by targeting ATF3.%® In
vascular calcification, miR-27a-3p targets ATF3 to reduce
calcium deposition.'® In other words, miR-27a-3p can tar-
get the ATF3/CSF-1 pathway. miR-27a-3p down-regulated
the genes ATF3 and CSF-1 and inhibited macrophage M2
polarization and tumour growth in our study. In contrast,
miR-27a-3p in glioma could promote the polarization of
M2 macrophages through EZH1/KDM3A/CTGF axis."
This was not consistent with our results that miR-27a-3p
inhibited M2-type macrophage polarization by targeting
the ATF3/CSF-1 pathway. miR-27a-3p, which is highly
expressed in tuberculosis, can induce M1 macrophage dif-
ferentiation and inhibit M2 macrophage differentiation by
targeting vitamin D receptor.”” We hypothesized that the
effect of miR-27a-3p on macrophage polarization may be
related to its regulatory mechanism under different patho-
logical conditions. miRNAs act in almost all aspects of
cancer biology.*® Molecularly distinct tumours can be an-
alysed by specific miRNA for cancer diagnosis, prognosis
and treatment.”’ miR-498 inhibits M2 polarization of TAM
by MDM2/ATF3.** miR-149 inhibits metastasis in breast
cancer cells by limiting CSF-1-dependent recruitment and
M2 polarization of macrophages.*® In other words, our
experiments revealed that miR-27a-3p targets the ATF3/
CSF-1 pathway to limit the development of NSCLS.

Overall, this study revealed that miR-27a-3p plays a
critical role in regulating the M2 macrophage ratio by in-
hibiting the ATF3/CSF-1 pathway, ultimately hindering
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the progression of NSCLC. These findings have expanded
our understanding of the underlying mechanisms of
NSCLC and provided new strategies for NSCLC. How-
ever, this study also has many shortcomings. Due to the
limitation of funds, we failed to explain the mechanism
of the ATF3 regulation of CSF-1. In future work, we will
conduct a chromatin immunoprecipitation assay to verify
whether ATF3 is involved in CSF-1 promoter enrichment.
Additionally, the relationship between miR-27a and M1
macrophage polarization still needs to be further studied,
and numerous clinical trials are still needed before miR-
27a-3p can be used to treat NSCLC.
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