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(rL-hIFN-A1) inhibits lung cancer migration through repolarizating
macrophage from M2 to M1 phenotype
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Background: Tumor-associated macrophages (TAMs) are frequently infiltrated in tumor microenvironment
and promote tumor progression. Lung cancer development largely depends upon the essential contributions
from the TAMs which generally polarize into M2 TAMs and produce abundant anti-inflammatory factors
and facilitate tumor development. The recombinant Newcastle disease virus expressing human IFN-A1 (rL-
hIFN-A1) could regulate Th1/Th2 immune response to produce anti-tumor microenvironment. However,
the interaction between rL-hIFN-A1 and macrophages polarization remains unclear.

Methods: The THP-1 cells were used to construct the THP-1-M0, THP-1-M1, THP-1-M2 and THP-1-
rL-hIFN-A1 macrophage models. qRT-PCR and Immunofluorescence were used to detect the polarization
phenotype of macrophage polarized by rL-hIFN-A1. The inhibitory properties of THP-rL-hIFN-A1 on
A549 cells and H446 cells were determined by a Clonogenic assay, as well as scratch migration assays and
Transwell were used to explore the capability of migration. Furthermore, the M1/M2 infiltration density in
different clinical stages of lung cancer tissues were examined.

Results: It was showed that rL-hIFN-A1 could induce normal macrophages to differentiate into THP-
1-M1 macrophages. Meanwhile, rL.-hIFN-A1 could also direct THP-1-M2 macrophages polarization into
THP-1-M1 macrophages. Supernatants from rL-hIFN-Al induced macrophages inhibited colony formation,
migration and invasion of lung cancer cells in vitro which was similar to THP-1-M1 macrophages.
Moreover, analysis of clinical tumor tissues indicated that M1-type macrophages decreased gradually with
the development of the clinical stage of lung cancer.

Conclusions: Therefore, rL-hIFN-Al induced significant suppression of primary lung tumor growth and
spontaneous lung metastases through regulating macrophages function, and it was expected to become a new

biological therapy for lung cancer.
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Introduction

Lung cancer is a serious threat to human health and has
been the most common cause of cancer-related death
worldwide. The 5-year survival rate of lung cancer patients
diagnosed at a distant stage is as low as 5% (1). The low
survival rate of lung cancer patients is much closely related
with the uncontrolled proliferation and metastasis of cells
within the lung (2). Radiotherapy and chemotherapy can
improve the 5-year survival rate of patients with lung cancer
to a certain extent, but the effect is limited. Immune escape
or immune tolerance seriously affects the therapeutic effect
of lung cancer. In recent years, tumor immunotherapy
has gradually entered people's field of vision, which is
another great breakthrough in the development of science
and technology, and has become a new hot spot in tumor
treatment.

Tumor microenvironment (TME) plays an important
role in the development and malignant evolution of
tumors. The tumor microenvironment contains many
resident cell types, such as adipocytes and fibroblasts, but
it is also populated by migratory haematopoietic cells,
most notably macrophages, neutrophils and mast cells (3).
Macrophages are the most frequent immune cells occurring
in the tumor microenvironment and affect the tumor
progression and metastasis (4). As part of the innate
immune system, macrophages are crucial cells with high
plasticity and heterogeneity that play a significant role in
defensing against bacterial, viral, and parasitic infection in
microenvironment (5).

According to the immunological study, polarized
macrophages can be divided into two functionally distinct
states, namely classically activated macrophages or M1
and alternatively activated macrophages or M2, each is
related to specific immune responses, among which both
progression and resolution of inflammation constitute a
critical determinant (6).

M1 macrophages, the classically activated proinflammatory
macrophages, were induced when exposed to classical
activators such as lipopolysaccharides (LPS), inducible nitric
oxide synthase (iNOS) and IFN-y, expressing high levels
of iNOS, IL-6, CXC ligand 10 (CXCL10) and TNF-a.
M2 macrophages, alternatively activated macrophages,
were induced when exposed to alternative activators such
as interleukin IL-4, IL-10, IL-21, activin A, immune
complexes and IL-13, and they showed anti-inflammatory
properties by suppressing the production of inflammatory
cytokines and expressing arginase-1 (Arg-1), mannose
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receptor, galactose receptor and CD163 antigen instead of
iNOS (7,8).

M1 macrophages have roles in inflammation factors
secretion and antitumor immunity, resulting in protecting
the host from a variety of bacteria and viruses, while M2
macrophages contribute to metastasis by stimulating
tumor proliferation, invasiveness and angiogenesis (9).
Macrophages within the tumor microenvironment termed
tumor-associated macrophages (TAMs) are known to be
crucial cells in lung cancer as they are in close proximity
to tumor cells compared with other stromal cells (10).
Based on extensive studies, it has been proposed that high
infiltration of M1 macrophages in the tumor islets and low
infiltration of tumor-polarization M2 macrophages are
associated with improved NSCLC patients’ prognosis (11).

Interleukin-29 (IL-29), also labeled as IFN-A1, is a new
member of the type III IFN family recently discovered (12).
Previous studies have identified the receptor for IL-29 (IL-28R)
is expressed on a more restricted number of cells than
IFN-a, including colon, prostate, and lung, which ensure
it may be the more targeted therapy (13). IL-29, with dual
function in the immune system, could increase production
of the Thl cytokine(e.g., IFN-y, IL-6, IL-8, and IL-10) and
reduce the Th2 cytokines (e.g., IL-4, IL-13) in macrophages
resulting in a shift from a type II T helper cell response to a
type I T helper cell response (14).

Recombinant adenoviruses expressing IFN- A 1 can
up-regulate the expression of MHC I molecules on the
surface of cells, promote the production of CD8+ T cells,
increase the cytotoxicity of T cells in tumors, and enhance
the immune response. In addition, direct intratumoral
administration of either AdIL-28A or AdIL-29 mediates
effective anti-tumor immune responses to significantly
inhibit the growth of established tumors (15).

Furthermore, our team had successfully constructed the
recombinant Newcastle disease virus expressing human
IFN-AI named as rL-hIFN-A1 and verified it could modulate
the human Th1/Th2 immune response process and change
the tumor microenvironment to an antitumor cytokine
which led to the reducing of tumor growth (16). However,
the correlation between rL-hIFN-L1 and macrophage
polarization and its effect on lung cancer progression
remains largely unknown.

In the present study, we demonstrated that rL-hIFN-
Al could be involved in M1 but not M2 macrophage
polarization, resulting in the immunoregulation function in
lung cancer and the inhibition of tumor cells proliferation
and migration. Moreover, the correlation between
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macrophages polarization phenotype and clinical stage
of lung cancer tissues were also investigated. Overall, our
findings suggest that rL.-hIFN-Al has a potential to improve
the tumor microenvironment and emphasize the importance
of macrophage polarization in cancer progress. This study
provides an important rationale for the development of a
novel therapeutic strategy in lung cancer patients through
the skewing of TAMs phenotype.

Methods
Patients and tissue samples

Eighteen patients who underwent partial or radical surgical
resection at the Department of Thoracic Surgery, The
Affiliated People’s Hospital of Jiangsu University (China),
between January 2017 and January 2018 were enrolled
in this study. The patients with a history of another
kind of cancer and any preoperative chemotherapy or
radiotherapy were excluded before sampling. The eighteen
tissue specimens were confirmed by histopathological
examination. The pathological diagnosis was in accordance
with tumor-node-metastasis classification for the stage
(2017 Union for International Cancer Control, UICC) and
histopathological grade (WHO 2015). Informed consent
was obtained from each subject included in the study and
the research was approved and supervised by the Ethics
Committee of The Affiliated People’s Hospital of Jiangsu
University.

Materials

The recombinant Newcastle disease virus expressing human
IFN-A1 (rL-hIFN-A1) was successfully constructed with
the kind help of the Harbin Veterinary Research Institute,
Chinese Academy of Agricultural Sciences, which also
provided the wild-type NDV LaSota strain. Cell culture
reagents were acquired from Gibco (Grand Island, NY,
USA). IFN-y and IL-4 were purchased from PeproTech
(Rocky Hill, NJ). Phorbol 12-myristatel3-acetate (PMA,
Sigma, P1585) and Lipopolysaccharide (LPS, E. coli
055:B5) were obtained from Sigma-Aldrich (St. Louis,
MO). Transwell unit was from Millipore (Bedford, MA).

Cell lines and cell culture conditions

The human lung adenocarcinoma A549 cell line and
human small cell lung cancer H446 cell line were purchased
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from the Cancer Cell Repository (Shanghai Cell Bank,
Shanghai, China; 2010-02-20). The human THP-1 cell line
was purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). All the cells were cultured
in RPMI 1640 (HyClone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS, HyClone), 100 mg U/mL
penicillin, and 100mg U/ml streptomycin at 37 °C, 5% CO,
in a humidified incubator.

Construction of THP-1 derived M0/M1/M2 macrophage
model

THP-1 monocytes were differentiated into macrophages by
the way that previously described. Briefly, to obtain attached
THP-1-M0 macrophages, THP-1 cells (1.0x10%well)
were seeded into 6-well plates cultured in RPMI
1640 medium containing 10% FBS and 100 ng/ml phorbol
12-myristatel3-acetate (PMA, Sigma, P1585) for 24 h.
For THP-1-M1 or THP-1-M2 macrophages polarization,
THP-1-MO macrophages were further incubated with
10 ng/mL Lipopolysaccharide (LPS, E. coli 055:B5) plus
20 ng/mL IFN-y or 20 ng/mL IL-4 inRPMI-1640 with
10% fetal bovine serum (FBS, HyClone) for another 24 h,
respectively. Additionally, NDV was added to THP-1-M0
macrophages at the indicated MOI to obtain the THP-
1-NDV macrophages and rL-hIFN-A1 was introduced into
the THP-1-MO macrophages at a MOI of 1.0 to obtain the
THP-1-rL-hIFN-A1 macrophages (16). For the indicated
experiments, the supernatants of each subset of macrophages
were harvested, named as CM-THP-1-M0, CM-THP-1-M1,
CM-THP-1-M2, CM-THP-1-NDV, CM-THP-1-rL-
hIFN-AL, centrifuged and stored at —80 °C for further use.

Quantitative RT-PCR

After the differentiation and polarization were performed
as indicated, total RNA was extracted from each subtype
of the polarized macrophage cells using Trizol reagent
according to the manufacturers’ instructions (Invitrogen,
Carlsbad, USA). The reverse transcription was performed
using a reverse transcription kit (Takara, Otsu, Japan)
to amplify CD86, TNF-a, iNOS, CD163, Argl, and
Mrecl. Then Real-time PCR was conducted on a BIO-
RADCFX96-TmReal-Time System by mixing 2 pL. cDNA
with SYBR Green Master Mix (Applied Biosystems, USA).
The forward and reverse primers were synthesized in
GenePharma (Shanghai, China). The sequence of primers
was shown in the 7able 1. The relative expression of target
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Table 1 PCR primer sequence
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Gene Primer sequences PCR product (bp)
GAPDH CAGGAGGCATTGCTGATGAT 77
GAAGGCTGGGGCTCATT T
CD86 TGCTCATCTATACACGGTTACC 137
TGCATAACACCATCATACTCGA
CD163 ATCAACCCTGCATCTTTAGACA 80
CTTGTTGTC ACATGTGATCCAG
iNOS ACTTTCCAAGCACACTTCAC 361
TTCGATAGCTTGAGGTAGAAGC
TNF-a CAATGGCGTGGAGCTGAGAG 152
TCTGGTAGGAGACGGCGATG
Arg1 CATCCCTAATGACAGTCCCTTT 210
CAGGAGGAAAGATACAGGTT GT
Mre1 GACGTGGCTGTGG ATAAATAAC 104
CAGAAGACGCATGTAAAGCTAC

mRNAs were normalized to GAPDH and quantified using
the 2**“method.

Immunofluorescence analysis

THP-1-M1, THP-1-M2, THP-1-NDV and THP-1- rL-
hIFN-A1 macrophages (5x10° per well) were induced as
described above. Additionally, in order to investigate the
function of rL-hIFN-A1 on M2 macrophages polarization,
the rL-hIFN-A1 at a MOI of 1.0 was introduced to M2
macrophages. Then all the cells were washed in PBS and fixed
with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO,
USA) at 4 °C for 30 min. The 0.1% Triton X-100 was used for
permeabilization and then blocked with10% FBS to eliminate
the nonspecific fluorescence. Immunofluorescence staining
was performed using CD86 (1:200, Cell Signaling Technology,
CST, Beverly, MA, USA), and CD163 (1:200, Proteintech) as
the primary antibodies, and then the cell preparations were
incubated with DyLight 488/594 labeled secondary antibodies
(Beyotime Biotechnology, Jiangsu, China). After washing with
PBS, cells were examined with the fluorescence microscope.

Clonogenic survival assay

A549 and H446 cells were plated in six-well plates and
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cultured overnight (500 cells per well) before being
transfected with or without the supernatants of each
subunit of macrophages. After the cells became attached,
the CM was added, then these cells were cultured for 24 h,
respectively. Furthermore, the medium was replaced with
supernatants-free medium, several days later, cells were
fixed and stained with crystal violet (0.2%) to visualize cell
colonies. Each sample was repeated in 3 wells.

Scratch wound bealing assay

A549 cells and H446 cells were seeded in six-well plates in
RPMI-1640 medium supplemented with no FBS. When
cells confluence reached 50-70%, the CM of each group
was introduced into the two kinds of lung cancer cells,
respectively. Then avertical area was scratched using a
pipette tip when cells reached 95-100%, and washed twice
with PBS to remove the loose debris. The recovery of the
wound (cell migration towards the wound to close the gap)
was evaluated at 24 h. The images were captured using a
fluorescence microscope (ECLIPSE Ti-s, Nikon, Tokyo,
Japan). The images were collected from nine independent
selected fields in each sample, and the wound areas were
calculated by NIH Image ] software (National Institutes of
Health, Bethesda, MD, USA).
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Invasion assay

The invasion assay was analyzed using a 24-well plate that
contained transwell inserts (Corning, MA, USA). The A549
or H446 cells were suspended in serum-free RPMI-1640
medium, and 1x10’ of these cells were seeded in per upper
insert. Then, 600 pL. CM-THP-1-M0, CM-THP-1-M1, CM-
THP-1-M2, CM-THP-1-NDV, CM-THP-1-rL-hIFN-A1
were added to the lower chamber of the corresponding groups
and incubated at 37 °C, respectively. After 24 h, the upper
surface of the membranes was scraped with a cotton swab,
migrated cells on the lower surface of the membrane were
fixed with 4% paraformaldehyde, stained with crystal violet
(0.2%), and cells were counted in nine fields of vision and
photographed under microscopy at 200x magnification.

Immunobistochemistry (IHC)

In total, eighteen lung cancer tissues whose histopathological
grade were confirmed as I stage lung cancer tissues, II
stage lung cancer tissues and III stage lung cancer tissues
were obtained to perform Immunohistochemical staining,
and each group contained six samples. Lung cancer tissues
and pleural effusions in different clinical stages were
collected and treated with 500 r/min centrifugation for
5 min, 4 pm paraffin-embedded sections were made by
fixation, dehydration, transparent and conventional paraffin
embedding. Samples were dewaxed in xylene, rehydrated
using a graded series of ethanol solutions and incubated
with 3% peroxide-methanol solution at room temperature
(RT) for 10 min to block peroxidase activity. Then antigen
retrieval was performed at 100 °C in an autoclave for 7 min.
Sections were incubated with rabbit anti-CD86 antibody
(1:200, Xinfan Biotechnology, China) and goat anti-CD163
(1:200, Xinfan Biotechnology, China) overnight at 4 °C.
The next day, goat anti-rabbit IgG-HRP (1:1,000, Xinfan
Biotechnology, China) and rabbit anti-goat IgG-HRP
antibody (1:1,000, Xinfan Biotechnology, China) were
incubated at room temperature for 30 min. After washing
with PBS, samples were stained with DAB and counter-
stained with hematoxylin. Then dehydration, gum seal film
and microscopic examination were processed. Image-pro
plus6.0 was used to scan the mean optical density of CD86
and CD163 in lung cancer tissue and pleural effusions.

Statistical analysis

All the experiments were performed independently in
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triplicate. The data were presented as the means + standard
error of the mean (SEM). The one-way ANOVA was used
to analyze multiple groups, and the LSD-T test was used
for the further comparison between the two groups. For all
tests, significant differences were indicated for a: P<0.01,
b: P<0.05.

Results
Cells polarization

Previous studies had identified several canonical markers
concerning the specificity for each macrophage subtype (17),
and we evaluated THP-1-M1/THP-1-M2 macrophage
polarization by detecting the gene expression of the
markers. Following a consensus in macrophage polarization
that the mRNA expression of M1 macrophages markers,
such as CD86, TNF-a and iNOS, were significantly
upregulated in the M1 population, and the mRNA
expression of M2 macrophages markers, such as CD163,
Mrec-1, and Arg-1, were greater in the M2 population
(Figure 1). These surface markers certificated the successful
polarization of monocytes into M1 and M2 polarized
macrophages. Here, we also provided evidence that THP-
1-rL-hIFN-A1 exerted strong effect on M1 macrophages
polarization rather than M2 macrophages which both
derived from MO macrophages.

7L-bIFN-\1 suppressed M2 polarization of macrophages
in vitro

To further investigate the biological effect of rL-hIFN-A1
on the regulation of the macrophage polarization, the THP-
1-M1 macrophages, THP-1-M2 and THP-1-rL-hIFN-A1
macrophages were induced as described above. Agreeing
with previous results, the immunofluorescence analysis
shown that the LPS/IFN-y induced M1 macrophages
had high expression of CD86 protein and low expression
of CD163, while the IL-4 induced M2 macrophages had
completely opposite expression. And the biomarkers of
THP-1-rL-hIFN-A1 were similar to M1 macrophages.
Next, we incubated THP-1-M2 macrophages with rL-
hIFN-A1 and the surface markers CD86 and CD163
expression level were evaluated. Significant upregulation
of CD86 but not CD163 was observed in the intervened
THP-1-M2 macrophages when rL-hIFN-A1 was applied,
indicating that rL-hIFN-A1 could reset CD163+ M2
macrophages toward CD86 + M1 macrophages (Figure 2).
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Figure 1 qRT-PCR detected the expression of markers mRINA in various types of macrophages. RINA was extracted from THP-1-MO,
THP-1-M1, THP-1-M2 and THP-1-rL-hIFN-A1 differentated from THP-1 cells, then CD86, CD163, TNF-a, iNOS, Mrc-1 and Arg-

1 mRNA was quantitated. GAPDH was used as a normalization control. The data were from three independent experiments. a, P<0.01; b,

P<0.05.

THP-1- rvL-bIFN-M\1 inbibited the proliferation of A549
and H446 cells

TAMs could produce a wide variety of growth factors
such as fibroblast growth factor (FGF), hepatocyte growth
factor (HGF), epidermal-growth-factor receptor (EGFR)-
family ligands, platelet-derived growth factor (PDGF)
and transforming growth factor-Bs (TGF-Bs) as well
as the overexpression of macrophage growth factors or
chemokines correlate with poor prognosis (3). However,
the M1 macrophages could participate in the prevention of
tumor proliferation procession, we hypothesized that the
rL-hIFN-MA1 cytokines would be effective in suppressing
lung cancer cells proliferation. To test this, we co-cultured
the CM of the different macrophages with the lung
cancer cells, and the proliferation ability of lung cancer
cells were investigated by clonogenic survival assay. The
A549 cells cocultured with the M2 CM showed significant
increase in proliferation in vivo compared to M1 group
and rL-hIFN-A1 group, which suggested that the THP-
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1- rL-hIFN-AI induced macrophage modulated a tumor-
suppressing microenvironment iz vivo (Figure 3).

THP-1-rL-bIFN-\1 inbibited the migration and invasion
of A549 and H446 cells

Enhanced cell migration and invasion abilities have
a pivotal role in cancer development, which leads to
poor prognosis. As already described in literature, the
proportion of M2 macrophages within the tumor is
critically correlated with the metastatic potential of the
tumor but the M1 macrophages have opposite relationship
with the metastatic tumor progression (18). Therefore, we
determined whether THP-1-rL-hIFN-A1 could inhibit the
migration and invasion of lung cancer cells as THP-1-M1
macrophages. The CMs of different polarized macrophages
were harvested and co-cultured with A549 cells and H446
cells, respectively. As shown in Figure 4, CM-THP-1-M2
significantly promoted the migration of A549 and H446
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Figure 2 Expression of M1 and M2 markers in different polarized macrophages. Surface expression of CD86 (M1 marker) and CD163

(M2 marker) were analyzed by immunofluorescence analysis. The level of CD86 and CD163 expression were similar between THP-1-rL-
hIFN-A1 and THP-1-MI. The level of CD86 expression decreased when THP-1-M2 was intervened with rL.-hIFN-AL. Scale bar, 20 pm.

cells in wound-healing assays, whereas CM-THP-1-M1 had
the opposite effect. Meanwhile, CM-THP-1-rL-hIFN-A1
successfully inhibited the migration ability of A549 cells and
H446 cells which was similar to CM-THP-1-M1.

To better understand the effect of THP-1-rL-hIFN-A1
on lung cancer cells invasion, we developed a Transwell
coculture system in which lung tumor cells and harvested
CMs were cocultured in the same well though separated
by a 0.8 pm-poresize barrier. Confirmed with the wound-
healing assays, we also observed that CM-THP-1-M2
significantly increased cell invasion in A549 and H446 cells
in comparison with CM -THP-1-M0, and this effect on cell
invasion was also inhibited by CM-THP-1-rL-hIFN-1
(Figure 5). These observations indicated that THP-1-rL-
hIFN-Alabrogated lung cancer cell migration and invasion
n vitro.

Correlation of M1and M2 macrophage infiltration with
patient clinicopathological

To identify and quantify the amount of infiltrated
macrophage phenotype in different clinical stages of
lung adenocarcinoma tissues, we tested the expression
of hallmarks of M1 and M2 macrophages in paraffin-
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embedded lung cancer samples by IHC. The results showed
that the level of M1 macrophages in the clinical I stage lung
cancer tissues was significantly higher than that in stage
II and 1T lung cancer tissues (t=4.53, 6.82, P<0.01), while
the infiltration density of M2 macrophage in the clinical
I stage lung cancer tissues was significantly lower than
that of clinical stage II and III lung cancer tissues (t=3.88,
6.39, P<0.01). Meanwhile, in clinical I stage lung cancer
tissues the density of M1 macrophages was higher than
the M2 macrophages, but clinical II and III lung cancer
tissues showed the opposite trend. And the infiltration
density of M1 macrophages was lower than the density of
M2 macrophages in malignant pleural effusions (t=11.19,
P<0.01) (Figure 6).

Discussion

Lung cancer is a malignant tumor with the highest
morbidity and mortality worldwide, and the metastasis
is the leading cause of its mortality and insensitivity to
cancer treatment. The preference to metastasis at early
stage contributes to a poor prognosis and insensitive to
the therapeutic strategies (19). Despite the development of
many treatment strategies, the long-term survival rate of
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Figure 3 THP-1-rL-hIFN-A1 inhibited the growth of A549 (A) and H446 (B) cells in the co-cultured system, crystal violet staining. The
A549 and H446 cells were cocultured with CMs of different polarized macrophages and the proliferation of tumor cells was assessed by the

clonogenic survival assay. a, P<0.01; b, P<0.05. CMs, conditioned mediums.

lung cancer patients is still very low. Therefore, it is urgent
to improve our understanding of the mechanisms associated
with the development of lung cancer and identify novel
therapeutic targets that could eventually overcome the
obstacles in lung cancer treatment.

TAMs are abundant in the microenvironment of non-
small cell lung cancer. It has been confirmed that the
proportion of M2 TAMs in NSCLC is higher compared
with those of M1 macrophages (20). The number of
TAMs infiltration in cancer nests can be used as one
of the independent prognostic factors of NSCLC (21).
Macrophages can present, devour and deal with antigens.
Their immunophenotypes can change dynamically iz vivo
environment at random, so they have diverse phenotypes
and rich functions. Macrophages could change their
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phenotype in response to the surrounding cytokines in the
TME. When exposed to Thl cytokines, MO macrophages
differentiated into the “classical activated” M1 macrophages
while differentiated into “alternatively activated” M2
macrophages when exposed to Th2 cytokines, which
was in consistent with our results that macrophages had
increased CD86 and CD163 expression when stimulated
with LPS/IFN-y and IL-4, respectively. When the specific
genes in the polarization pathway of TAMs were blocked
by inhibitors, the growth of NSCLC could be inhibited
through enhancing the macrophage-mediated anti-tumor
immunity (22). TAMs not only participated in the malignant
evolution of lung cancer, but also regulated the mechanism
of chemotherapy resistance of lung cancer, and affected the
therapeutic effect of lung cancer (23,24).
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Wound closure rate

Wound closure rate

Figure 4 THP-1-rL-hIFN-LA1 inhibited the migration of A549 (A) and H446 (B) cells in the co-cultured system. The A549 and H446 were

seeded into the plates until complete fusion, and then, the scratch was generated. After 24 h of co-culture with the supernatant of different

polarized macrophage, the scratch was imaged, and the fusion percentage was calculated. a, P<0.01. CMs, conditioned mediums. Scale bar,

20 pm.

In the present research, human peripheral blood
monocyte THP-1 was used to construct the macrophage
polarization model, because it had biological characteristics
that other monocytes did not possessed, and it could
produce a variety of cytokines and enzymes similar to
those in the internal environment (25). CD86 is a highly
glycosylated lysosom.al membrane protein, which is mainly
expressed in the cytoplasm of macrophages. At present,
CDS86 is widely used as a molecular marker of M1 TAMs.
CD163 is an important member of scavenging receptor
superfamily, which is mainly expressed on the surface of
monocytes and macrophages. Many studies have confirmed
that CD163 protein is a highly specific macrophage
marker associated with M2 TAMs (21). Therefore, CD86
and CD163 were used to label M1 macrophages and

© Translational Cancer Research. All rights reserved.

M2 macrophages, respectively. In addition, consistent
with the previous report that THP-1-M1 macrophages
showed higher levels of proinflammatory cytokine mRNA
expression, such as TNF-o and iNOS than THP-1-MO0
or THP-1-M2 macrophages. In contrast, THP-1-M2
macrophages showed markedly elevated expression of
MRCI1 and Arg-1. It was confirmed that THP-1-derived
macrophages could obtained different characteristics after
polarization.

Selectively programming or re-educating macrophages
toward a tumor-suppressor phenotype can be a potential
therapeutic strategy (26). Given the phenotypic
plasticity of macrophages, it is possible to reprogram M2
macrophages to develop an M1 phenotype by increasing the
environmental concentration of anti-tumor cytokines (27).
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Figure 5 Effect of rL-hIFN-)A1 on invasion of A549 (A) and H446 (B) Cells. The migration assay shows the presence of cells on the lower side
of the membrane (original magnification, x200). AfterA549 and H446 were cultured with the supernatant of different CMs for 24 h, the cells

that migrated to the lower chamber were fixed, stained, and counted using a light microscope. All experiments were performed three times in

triplicate. The data are presented as the means = SDs. a, P<0.01; b, P<0.05. CMs, conditioned mediums. Scale bar, 10 pm, crystal violet staining.

NDYV, an oncolytic virus, has been confirmed to have
the potency of antitumor through immunomodulatory
mechanisms (28). Our team inserted human IFN-A1
gene into the NDV viral genome in order to gain the rL-
hIFN-A1 which stably expressing IFN-A1 (16). The IL-
28 receptor chain (IL-28RA) and the IL-10 receptor 2
chain (IL-10R2) are the two receptors of IFN-A, especially
IL-28RA is not expressed by human primary monocytes
and monocyte-derived DCs, it is expressed by monocyte-
derived macrophages. It has been well recognized that
IFN-A1 enhances IFN-y-induced IL-12 production by
human monocyte-derived macrophages via differential

© Translational Cancer Research. All rights reserved.

regulation of IFNYR1 expression (29). Besides, IL-12
has been confirmed to inhibit tumor growth by inducing
macrophages polarization to M1- like phenotype through
downregulating the p-STAT3 and c-myc expression and
play the effective anticancer action by inhibiting the growth
of cancer cell in hepatocellular carcinoma (30). Therefore,
we speculated that rL-hIFN-Al could mobilize the immune
response and exert antitumor effect by inducing the
polarization of MO macrophages to M1 macrophages.

The findings of this study showed that treatment
with rL-hIFN-A1 into MO macrophages inhibited the
polarization of M2 type macrophages, meanwhile, rL-
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Figure 6 Immunohistochemistry analysis exhibiting infiltration densities of CD86+ and CD163+ macrophages in different clinical stages of

lung cancer and pleural effusion (SPx200). Scale bar, 10 pm.

hIFN-Al-induced phenotype switched to M1 type
macrophages. This is in line with the results iz vitro, the
up-regulation of anti-inflammatory M2 makers Argl and
CD206 induced by IL-4 were all reduced upon rL-hIFN-A1
treatment. And, rL.-hIFN-A1 further increased levels of the
pro-inflammatory M1 markers, iNOS and TNF-o in the
present of LPS/IFNy treatment. However, the mechanism
of rL-hIFN-A1 induced polarization of THP-1 cells to M1
macrophages has not been confirmed, which still needs to
be further discussed.

It was recently reported that TAMs were primarily
polarized into M2 macrophages and were associated with
cancer progression and metastasis (31). Clinical studies
and experimental evidence suggest that M2-polarized
macrophages can promote tumor migration, invasion,
metastasis, and angiogenesis by secreting growth and
angiogenesis factors, remodeling extracellular matrix,
and suppressing immune responses. In contrast, M1-
activated macrophages could reduce tumor progression
and inhibit tumor growth through direct action, such
as secretion of ROS, or promotion of the Thl response
(32,33). M1 macrophages attempt to kill tumor cells via
contact-dependent mechanisms or through molecule
secretion, while M2 macrophages tend to exhibit a
pro-tumor phenotype characterized by the release of
immunosuppressive and angiogenic agents that allow tumor

© Translational Cancer Research. All rights reserved.

to survive and grow. Previous studies had identified that
IFN-A1 inhibited the growth of several tumour cells, such
as a neuroendocrine tumour as well as glioblastoma and
colon cancer cell lines (34). It has been discovered that
IL-29 provided anti-proliferative effects by upregulating the
p21 molecule in cells through its STAT signaling pathways
in human non-small cell lung cancer (35). Agreeing with
previous studies, our result showed that M2 macrophages
enhanced lung cancer growth and migration while M1
macrophages showed the opposite trend. Besides, THP-1-
rl-hIFN-Al could inhibit proliferation, colony formation and
migration of lung cancer cells ir vitro. Taken together, these
results further supported the conclusion that the antitumor
effect of rL-hIFN-A1 depended on the macrophage
polarization.

M2 macrophages, the main component of tumor
matrix, affect the long-term prognosis of tumor. The more
M2 macrophages predict the worse prognosis, while the
more M1 macrophages predict the better the prognosis
(36,37). In the present study, the numbers of M1 and M2
macrophages in tumor tissue within different clinical stages
were examined. The IHC results showed that the M1
macrophage accumulation was richer than M2 macrophage
in lung cancer tissues with less malignancy which indicated
that the enrichment of M1 macrophages forecasting better
prognosis. Therefore, it was suggested that the clinical
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stage and progress of lung cancer were closely related to
the polarization phenotype of TAMs infiltrating in it. The
polarization of TAMs in lung adenocarcinoma can be used
as a reference for guiding the clinical stage of tumor and
judging the clinical prognosis of tumor patients.

Conclusions

Altogether, our results indicate that M2 macrophages
are rich in lung adenocarcinoma tissues and rL-hIFN-
Ml induces M1 macrophage differentiation (TNF-a high
iNOS high Argl low Mrcl low), furthermore the rL-
hIFN-Al-induced M1 macrophages exert anti-tumor
function by prevent lung cancer cell proliferation and
migration. The ability to mediate the macrophage
polarization and inhibit lung cancer cell proliferation
and migration will make rL-hIFN-Al an important
consideration for anti-lung cancer and immunotherapy
research moving into the future.
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