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Cinobufagin inhibits M2-like tumor-associated macrophage
polarization to attenuate the invasion and
migration of lung cancer cells

YING SUN', YUNFENG LIAN!, XUE MEI!, JINCHAN XIA', LONG FENG', JIANFENG GAO!,
HUAMING XU', XIAOYAN ZHANG?, HUITONG YANG!, XU HAO' and YILIN FENG!

lDepartment of Pathogenic Biology and Immunology, Medical College, Henan University of Chinese Medicine,
Zhengzhou, Henan 450046, P.R. China; 2Departrnent of Epidemic Febrile Disease, Traditional Chinese
Medical College, Henan University of Chinese Medicine, Zhengzhou, Henan 450046, PR. China

Received April 3,2024; Accepted August 14,2024

DOI: 10.3892/ij0.2024.5690

Abstract. Macrophages have crucial roles in immune
responses and tumor progression, exhibiting diverse pheno-
types based on environmental cues. In the present study,
the impact of cinobufagin (CB) on macrophage polarization
and the consequences on tumor-associated behaviors were
investigated. Morphological transformations of THP-1 cells
into MO, M1 and M2 macrophages were observed, including
distinct changes in the size, shape and adherence properties of
these cells. CB treatment inhibited the viability of A549 and
LLC cells in a concentration-dependent manner, with an 1Cs,
of 28.8 and 30.12 ng/ml, respectively. CB at concentrations
of <30 ng/ml had no impact on the viability of MO macro-
phages and lung epithelial (BEAS-2B) cells. CB influenced
the expression of macrophage surface markers, reducing
CD206 positivity in M2 macrophages without affecting
CD86 expression in M1 macrophages. CB also altered
certain expression profiles at the mRNA level, notably down-
regulating macrophage receptor with collagenous structure
(MARCO) expression in M2 macrophages and upregulating
tumor necrosis factor-o and interleukin-1f3 in both MO and
M1 macrophages. Furthermore, ELISA analyses revealed that
CB increased the levels of pro-inflammatory cytokines in M1
macrophages and reduced the levels of anti-inflammatory
factors in M2 macrophages. CB treatment also attenuated the
migration and invasion capacities of A549 and LLC cells stim-
ulated by M2 macrophage-conditioned medium. Additionally,
CB modulated peroxisome proliferator-activated receptor y
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(PPARY) and MARCO expression in M2 macrophages and
epithelial-mesenchymal transition in A549 cells, which was
partially reversed by rosiglitazone, a PPARY agonist. Finally,
CB and cisplatin treatments hindered tumor growth in vivo,
with distinct impacts on animal body weight and macro-
phage marker expression in tumor tissues. In conclusion, the
results of the present study demonstrated that CB exerted
complex regulatory effects on macrophage polarization and
tumor progression, suggesting its potential as a modulator
of the tumor microenvironment and a therapeutic for cancer
treatment.

Introduction

Lung cancer, a disease of notable global prevalence, carries
substantial morbidity and mortality rates, posing a severe
threat to human health (1-3). Annually, ~11.6% of newly
diagnosed cancer cases and 18.4% of all cancer-related deaths
are attributed to lung cancer (2,3). This disease is primarily
categorized into small cell lung cancer and non-small cell
lung cancer (NSCLC), with NSCLC comprising 80-85% of all
lung cancer cases (4,5). Among these cases, >55% of patients
with NSCLC are diagnosed with advanced cancer and have a
poor prognosis (6,7). The conventional treatment regimen for
NSCLC includes surgical resection of the primary tumor or
metastatic lesions, radiotherapy and chemotherapy. However,
resistance to a number of chemotherapy drugs, such as cisplatin
(DDP), can develop, affecting patient outcomes (8,9). Although
immunotherapy based on immune checkpoint inhibitors has
been widely used clinically, only <25% of patients can achieve
a durable immune response, possibly due to the immunosup-
pressive state of the tumor microenvironment (TME) (10-12).
Therefore, improving the immunosuppressive state of the
TME in patients with NSCLC and conceiving new treatment
strategies have become urgent issues that need to be addressed.

Tumor invasion and metastasis are the results of the
interaction and co-development between tumor cells
and the TME (13). Macrophages in the TME are termed
tumor-associated macrophages (TAMs) and are the main
cells in the NSCLC microenvironment, not only enhancing
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immune evasion of NSCLC as immunosuppressive cells
but also directly participating in cancer progression (14-16).
Studies have shown that in the initial stages of lung cancer
formation, TAMs tend to be the M1 type, while during cancer
invasion and migration, macrophages gradually polarize
from M1 to M2 (14-16). Yuan et al (17) discovered that M2
macrophages promote A549 cell invasion and the growth of
xenograft tumors, while M1 macrophages significantly reduce
the expression of fibronectin and transforming growth factor-3
(TGF-p), supporting tumor progression. M2 TAMs stimulate
tumor cell invasion and migration, correlating with unfavorable
outcomes in patients with NSCLC (18). Furthermore, TAMs
foster an anti-inflammatory milieu and fuel tumor growth by
releasing cytokines, chemokines, matrix metalloproteinases
(MMPs), growth factors and other inflammatory agents (19).
Notably, interleukin (IL)-10, platelet-derived growth factor
and vascular endothelial growth factor (VEGF) have pivotal
roles in NSCLC advancement (20). VEGF not only influences
tumor migration and angiogenesis but fosters tumor progres-
sion through autocrine or paracrine signaling pathways (20).
Upregulation of IL-10 in M2 TAM s is positively correlated
with advanced NSCLC, possibly by affecting regulatory
T lymphocytes to provide an immunosuppressive environ-
ment for tumor cells (21,22). Therefore, inhibiting macrophage
polarization towards M2 and improving the balance of M1/M2
macrophages have become important strategies for NSCLC
treatment.

Research has found that the activation of peroxisome
proliferator-activated receptor v (PPARY) is a key factor in the
polarization of M2 TAMs (23). PPARY belongs to the nuclear
receptor family and exerts anti-inflammatory effects (23), and
is the main regulatory factor for adipocyte differentiation and
function, favoring M2 phenotype activation (24). Research
has found that arginase 1 (Arg-1) and macrophage galactose
type C-type lectin-1 are direct target genes of PPARy (25).
In addition, the expression of PPARY is induced by IL-13 and
IL-4, both of which have been shown to induce M2 polariza-
tion (26). When macrophages are treated with PPARy-specific
agonists such as rosiglitazone (RSG), the secretion levels of
pro-inflammatory factors are reduced (22). Therefore, PPARYy
activation is crucial for M2 polarization.

HuaChanSu injection is a commonly used antitumor
drug with significant clinical efficacy and is characterized by
broad-spectrum anticancer activity, diverse clinical applica-
tion modes and favorable tolerance in patients. In recent years,
it has been widely used to treat various malignant tumors
such as liver cancer, lung cancer, digestive tract malignant
tumors, breast cancer and cervical cancer (27-29). A study has
demonstrated that HuaChanSu injection combined with DDP
significantly enhances efficacy in the treatment of advanced
NSCLC, resulting in an improved patient quality of life and
fewer adverse reactions (30). As the main active ingredient
of HuaChanSu injection, cinobufagin (CB) is a bufadieno-
lide steroid similar to digoxin, which also exerts antitumor
activity (31). Research has found that CB can inhibit STAT3
phosphorylation and block the IL-6-induced nuclear translo-
cation of STAT3, inhibiting epithelial-mesenchymal transition
(EMT) of colorectal cancer (CRC) cells, thereby inhibiting the
invasion and migration of CRC (32). In osteosarcoma, CB can
enhance the transcription of the downstream genes of Forkhead

Box Protein O1 (FOXO1), such as Fc fragment of IgG binding
protein, regulating the expression of E-cadherin, transcription
factor twistl, vimentin and MMP?9 in ectopic implants, thereby
inhibiting osteosarcoma progression (33). In NSCLC, CB
inhibits A549 cell progression by upregulating FOXO1 and
downregulating histone methyltransferase G9a (34). However,
there is limited research on the inhibition of lung cancer
progression by CB, and its specific mechanism of action
requires further validation. Therefore, based on the notable
clinical antitumor efficacy of HuaChanSu injection (29), the
present study aimed to reveal the influence and mechanism of
action of its effective active ingredient, CB, on the polarization
of TAMs and on NSCLC progression, to provide a theoretical
basis for further exploring the pharmacological effects and
clinical applications of CB.

Materials and methods

Cell lines. The THP-1 human monocytic leukemia cell
line (cat. no. FHO112) was procured from Shanghai
Fuheng Biotechnology Co., Ltd., while the A549 human
lung adenocarcinoma cell line (cat. no. CCL-185), LLC
(cat. no. CRL-1642) and BEAS-2B human normal lung epithe-
lial cells (cat. no. CRL-3588), human umbilical vein endothelial
cells (HUVECsS; cat. no. CRL-1730) were obtained from the
American Type Culture Collection. Upon revival, the THP-1,
BEAS-2B, A549 HUVEC and LLC cells were cultured in
RPMI-1640 medium (Beijing Solarbio Science & Technology
Co., Ltd.) supplemented with 10% fetal bovine serum (FBS;
cat. no. 164210; Wuhan PuNuoSai Biotech Co., Ltd.) and
maintained in a 37°C and 5% CO, incubator. Upon reaching
80-90% confluency, adherent cells were detached using 0.25%
EDTA-trypsin or directly pipetted, while suspended cells were
collected by centrifugation at 4°C and 1,200 x g for 5 min. Cells
in the logarithmic growth phase were utilized for subsequent
experiments.

Establishment of M1/M2 macrophage models. The establish-
ment of M1/M2 macrophage models was performed according
to previous studies (35,36). THP-1 cells into MO macrophages
were induced using the widely employed phorbol 12-myristate
13-acetate (PMA; cat. no. P1585; Sigma-Aldrich; Merck
KGaA), which was followed by polarization into the M1 or
M2 macrophage phenotypes using interferon-y (IFN-y) or
IL-4 (PeproTech China), respectively. For the generation
of MO macrophages, THP-1 cells in the logarithmic growth
phase were centrifuged at 4°C and 1,200 x g for 5 min, the
supernatant was aspirated and the cells were resuspended in
RPMI-1640 medium supplemented with PMA (200 ng/ml)
for 24 h. Subsequently, the cell concentration was adjusted to
1x10° cells/ml before seeding into a 6-well plate. For the genera-
tion of M1 macrophages, the MO macrophages were incubated
in RPMI-1640 complete medium supplemented with a IFN-y
(20 ng/ml) for 24 h. Similarly, to induce the generation of M2
macrophages, MO macrophages were cultured in RPMI-1640
complete medium supplemented with IL-4 (20 ng/ml) for 24 h.

Preparation of conditioned medium. Culture medium from
the 6-well plate containing macrophages in various polariza-
tion states was aspirated, and the plate was washed twice with
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phosphate-buffered saline (PBS). Subsequently, the macro-
phages were incubated in serum-free RPMI-1640 medium at
37°C with 5% CO, for 24 h. Following this incubation period,
the culture medium was harvested in a 5-ml sterile Eppendorf
tube and centrifuged at 4°C and 13,800 x g for 15 min. The
resulting supernatant, designated as the conditioned medium,
was carefully transferred to another 5-ml sterile Eppendorf
tube and stored at -80°C for future use.

Treatments. For the CB treatment, macrophages were exposed
to various concentrations of CB (Sigma-Aldrich; Merck
KGaA; 10, 15, 20, 25, 30, 35, 40 and 50 ng/ml) for 24 h before
being prepared for subsequent experiments. Similarly, for RSG
treatment, macrophages were exposed to various concentra-
tions of RSG (Sigma-Aldrich; Merck KGaA; 0.1,0.5, 1,5 and
10 uM) for 24 h before being prepared for further experiments.
In certain investigations, macrophages were exposed to condi-
tioned medium from MO, M1 or M2 macrophages for 24 h.

MTT assay. MO macrophages and BEAS-2B, A549 and
LLC cells were prepared as single-cell suspensions. After
counting, the cells were seeded into a 96-well culture plate
at a density of 1x10* cells in 200 pl of medium per well, with
6 replicate wells per group. The next day, after cell adher-
ence, various concentrations of CB or RSG were added to
the wells for intervention, in which the control group was
treated with an equivalent dose of DMSO (not exceeding
0.1% of the maximum dose). Following a 24-h incubation,
20 pl of 5 mg/ml MTT solution (Beijing Solarbio Science &
Technology Co., Ltd.) was added to each well, and the plate
was further incubated for ~4 h. Subsequently, 150 1 DMSO
solution was added to each well and was used to dissolve the
purple formazan, and the plate was shaken at room tempera-
ture for 15-20 min. The absorbance (A) values of each well
were measured at 490 nm, with blank wells set to 0. The cell
viability was then calculated using the following formula:
Cell viability (%)=(experimental group A value/control
group A value) x100%.

Flow cytometry. The culture medium from the 6-well plate
containing macrophages in different polarization states was
aspirated. The plate was then washed with PBS, which was
repeated twice. The cells were scraped off using a cell scraper,
repeating this step twice, and collected in a centrifuge tube.
The collected cells were gently pipetted repeatedly and then
centrifuged at 1,200 x g for 5 min at room temperature.
After centrifugation, the cells were resuspended in PBS at a
final concentration of 1x10° cells/ml, then non-specific anti-
gens were blocked using 5% BSA buffer (MilliporeSigma)
for 20 min at room temperature. For intracellular CD86
staining, fixation in 4% paraformaldehyde for 20 min at
room temperature and permeabilization with 0.1% Triton
X-100 were performed prior to staining. The cells were then
stained with monoclonal mouse anti-human CD86 (1:50;
cat. no. PE-65155) and CD206 (1:100; cat. no. FITC-65165)
antibodies (both from Proteintech Group, Inc.) for 30 min at
4°C in the dark. Subsequently, the cells were analyzed using
a BD FACSCanto II flow cytometer (BD Biosciences) and the
FlowJo 10 software (BD Biosciences). A non-specific mouse
Ig was used as an isotype control.
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Table I. Sequences of primers used for reverse transcription-
quantitative PCR.

Gene name Primer sequence (5'-3")
CD68 F: GGAAATGCCACGGTTCATCCA

R: TGGGGTTCAGTACAGAGATGC
CD206 F: CTACAAGGGATCGGGTTTATGGA

R: TTGGCATTGCCTAGTAGCGTA
IL-10 F: GGTTGCCAAGCCTTGTCTGA

R: AGGGAGTTCACATGCGCCT
MARCO F: CAGCGGGTAGACAACTTCACT

R: TTGCTCCATCTCGTCCCATAG
Arg-1 F: CTGTGGGAAAAGCAAGCGAG

R: CATGGCCAGAGATGCTTCCA
TNF-a F: CCTCTCTCTAATCAGCCCTCTG

R: GAGGACCTGGGAGTAGATGAG
IL-1pB F: ATGATGGCTTATTACAGTGGCAA

R: GTCGGAGATTCGTAGCTGGA
IL-6 F: ACTCACCTCTTCAGAACGAATTG

R: CCATCTTTGGAAGGTTCAGGTTG
PPARY F: TTCAGAAATGCCTTGCAGTG

R: GGGGGTGATGTGTTTGAACT
GAPDH F: TCCAAAATCAAGTGGGGCGA

R: AGTAGAGGCAGGGATGATGT

F, forward; R, reverse; PPARYy, peroxisome proliferator-activated
receptor y; MARCO, macrophage receptor with collagenous structure.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA in cells was extracted using the TRIzol method (Thermo
Fisher Scientific, Inc.). The total RNA concentration of each
sample was measured using a NanoDrop-2000 UV spectro-
photometer. RT was performed using the RevertAid First
Strand cDNA Synthesis Kit (cat. no. K1621; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol and
gPCR was conducted using the PowerUp™ SYBR™ Green
Master Mix (cat. no. A25743; Thermo Fisher Scientific, Inc.).
PCR thermocycling conditions were as follows: Denaturation
at 94°C for 120 sec, followed by 40 cycles consisting of melting
(95°C; 15 sec) and annealing/extension (60°C; 60 sec) phases.
GAPDH was used as an internal reference to calculate the
relative transcription level of the target gene by the 2-44¢d
method (37). The primer sequences are shown in Table I.

Immunofluorescence (IF). Cells were seeded at a density of
5x10° cells/ml in confocal culture dishes to prepare macro-
phages in different states. The culture medium was removed
and the wells were washed twice with PBS. Next, 500 pl of
4% paraformaldehyde was added to each well and incubated
at room temperature for 30 min, then 500 ul of 0.5% Triton
X-100 was added to each well and further incubated at room
temperature for 10 min. Blocking solution was next added to
the wells and incubated at room temperature for 15 min. Then,
primary antibodies against PPARy (1:350; cat. no. 66936-1-Ig;
Proteintech Group, Inc.) and macrophage receptor with collag-
enous structure (MARCO; 1:400; cat. no. bs-2659R; BIOSS)
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were added to each well and incubated overnight at 4°C. The
next day, the corresponding fluorescent secondary antibody
(1:200; cat. no. A23210, Abbkine Scientific Co., Ltd.) was
added to the wells and incubated at room temperature for 1 h.
DAPI (10 pg/ml) staining was performed for 5 min at room
temperature in the dark, followed by imaging using a laser
confocal microscope.

ELISA. protein levels of tumor necrosis factor (TNF)-a
(cat. no. E-EL-HO0109c; Elabscience Biotechnology Co., Ltd.),
IL-6 (cat. no. E-EL-HO0102c; Elabscience Biotechnology Co.,
Ltd.), IL-1p (cat. no. E-EL-H0149c; Elabscience Biotechnology
Co., Ltd.), TGF-f (cat. no. MM-1774H1; Jiangsu Meimian
Industrial Co., Ltd.) and IL-10 (cat. no. MM-0066H1; Jiangsu
Meimian Industrial Co., Ltd.) were determined by respective
ELISA assay kits.

Wound healing. Cells were seeded into a 6-well plate at
a density of 8x10° cells/ml. The macrophage-conditioned
medium was thawed and mixed with RPMI-1640 medium
with 1% FBS. After the cells had adhered to the plate and
the cell confluency was >90%, a vertical scratch was made in
the center of each well using a 200 ul pipette tip. The culture
medium was then removed, the scratched cells were washed
with sterile PBS to remove non-adherent cells and fresh mixed
culture medium was added to the plate. The 6-well plate was
placed horizontally in a 5% CO, and 37°C incubator. After
24 h, images were collected under a light microscope, and the
results were measured and analyzed using ImagelJ software
version 1.48 (National Institutes of Health). Wound healing
rate=(0 h scratch width-24 h scratch width)/0 h scratch
width x100%.

Cell invasion. The cell invasion assay was performed using a
6-well 8-um Transwell chamber. For this, Matrigel was diluted
with ice-cooled serum-free medium, and 150 pl of the matrix
gel was added to each well. The 6-well plate was then placed
in a cell culture incubator at 37°C with 5% CO, for 30 min.
The 6-well plate was then placed in a cell culture incubator
with 5% CO, at 37°C for 30 min. Next, 2 ml A549 or LLC cell
suspension (5x10° cells/ml) was added to the upper chamber,
and 2 ml macrophage-conditioned medium was added to the
lower chamber. After incubation for 48 h, the cells in the upper
chamber were wiped off with a cotton swab, and the invasive
cells were fixed with 4% paraformaldehyde at room tempera-
ture for 30 min, washed with PBS, stained with 0.1% crystal
violet solution for 30 min at room temperature, and then
observed and imaged under a light microscope. Cell counting
was subsequently performed using ImageJ.

Western blotting. The culture medium was aspirated and the
wells were washed twice with PBS. The 6-well plate was
then transferred onto ice and 250 ul pre-prepared RIPA lysis
buffer (cat. no. R0O010; Beijing Solarbio Science & Technology
Co., Ltd.) containing protease and phosphatase inhibitors
(cat. no. P0100; Beijing Solarbio Science & Technology Co.,
Ltd.) was added to each well. The plate was further cooled on ice
and the cells lysed for 30 min. The lysate was then transferred
to a 1.5-ml sterile Eppendorf tube and centrifuged at 4°C and
13,800 g for 15 min. The protein concentration was determined

using the BCA method and the proteins were then denatured.
Subsequently, protein samples (50 ug for each lane) were
separated on 10% SDS-polyacrylamide gels, followed by trans-
ferring onto PVDF membranes (MilliporeSigma). The PVDF
membranes were blocked with 5% BSA (MilliporeSigma) for
2 h at room temperature. After that, primary antibodies against
Arg-1 (1:1,000; cat. no. bs-23837R; BIOSS), inducible nitric
oxide synthase (iNOS; 1:1,000; cat. no. bs-0162R; BIOSS);
phosphorylated (p)-PPARYy (1:1,000; cat. no. bs-3737R;
BIOSS), vimentin (1:1,000; cat. no. bsm-33170M; BIOSS),
E-cadherin (1:1,000; cat. no. bs-1519R; BIOSS), N-cadherin
(1:1,000; cat. no. bs-20623R; BIOSS) and GAPDH (1:3,000;
cat. no. 60004-1-Ig; Proteintech Group, Inc.) were incubated
with the membrane overnight at 4°C, followed by washing
with Tris-buffered saline containing 0.05% Tween 20 and
incubation with horseradish peroxidase-conjugated secondary
antibodies goat anti-mouse IgG (1:10,000; cat. no. SAO0001-1)
and goat anti-rabbit IgG (1:10,000; SA00001-2; both from
Proteintech Group, Inc.) at room temperature for 1 h.
The western blot bands were visualized using an ECL kit
(cat. no. PE0010; Beijing Solarbio Science & Technology Co.,
Ltd.). Densitometric analysis was performed using ImageJ
software version 1.48 (National Institutes of Health).

Tube formation assay. For the preparation of conditioned
medium, macrophages were treated with the aforementioned
drugs, the drug-containing supernatant was removed and the
cells were cultured for 24 h. The supernatant was then collected
as conditioned medium for culturing cancer cells (A549 and
LLC) for 24 h. After removing the supernatant, fresh culture
medium was added to the cancer cells and the culturing was
continued for another 24 h. The supernatant was then collected
as conditioned medium for culturing HUVECs for 24 h.
Matrigel Basement Membrane Matrix (BD Biosciences) was
diluted with EBM-2 medium (Thermo Fisher Scientific, Inc.)
and used to coat 24-well plates at 37°C for 1 h. Subsequently,
5x10* HUVECs were treated with different conditioned media
from the A549 or LLC cells for 24 h. The tube formation ability
of HUVECs was then assessed by quantifying the number of
meshes, tube length and number of branches.

In vivo tumor growth. All animal studies were conducted
following protocols approved by the Animal Ethics Committee
of Henan University of Chinese Medicine (Zhengzhou,
China; approval no. TACUC-202302006). In this experiment,
18 6-8-week-old male BALB/c nude mice (18-21 g) were
randomly assigned to 3 groups (n=6 per group) and housed in
standard cages at 20-24°C with a 12/12-h light-dark cycle and
ad libitum access to food and water. A 100-u1 PBS suspension
containing 5x10° LLC cells was subcutaneously injected into
the right flank of each mouse. To assess the effect of the LLC
cells, data were collected every 5 days starting 4-5 days after
tumor cell inoculation, which included animal weight and
tumor dimension measurements. The mice were continuously
fed for 25 days and received intraperitoneal injections of CB
(10 mg/kg/day) (38,39) or DDP (2 mg/kg/day). For subcutaneous
tumors, the maximum allowable diameter was 20 mm for each
mouse. The tumor size was checked every other 1-2 days. The
biggest tumor volume in the present study was 2,664.12 mm?.
At the end of the experiments, the mice were euthanized using
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CO, (30-70% volume displacement of the chamber air per
min) followed by cervical dislocation as a secondary method
of euthanasia, in accordance with the approved protocol of the
Experimental Animal Ethics Committee. The tumors from all
animals were collected for subsequent analysis.

Statistical analysis. Experimental data were analyzed using
GraphPad Prism 8.0 (Dotmatics) statistical software and are
presented as the mean =+ standard deviation. Normal distribu-
tion of the data was assessed by the Kolmogorov-Smirnov
test. The unpaired Student's t-test was used for the comparison
of differences between two groups, and one-way ANOVA
followed by Bonferroni's multiple comparison tests was used
for the comparison of differences among >2 groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Morphology of the THP-1 cells and M0, M1 and M2 macro-
phages. The THP-1 cells appeared round and proliferated
in suspension. Following induction with PMA for 24 h, the
THP-1 cells underwent differentiation into MO macrophages,
which was accompanied by observable morphological changes.
These changes included an increase in cell volume, resulting
in an oval-shaped appearance, with a few fibroblast-like pseu-
dopodia extending from the periphery. The cells also began to
adhere to a surface. Upon the subsequent induction with IFN-v,
the M1 macrophages exhibited further changes, including an
increased volume, enhanced surface adherence and an elon-
gated morphology. Conversely, upon induction with IL-4, the
M2 macrophages displayed an increase in volume, maintained
an oval-shaped morphology, exhibited extending pseudopodia
and tended to aggregate for growth (Fig. 1).

Effects of CB on the viability of MO macrophages, BEAS-2B
cells and lung cancer cells. The MO macrophages were
exposed to varying concentrations of CB, resulting in a
concentration-dependent decrease in cell viability (Fig. 2A).
Similarly, treatment with CB for 24 h resulted in a decrease
in normal lung epithelial cell (BEAS-2B) viability starting
at a concentration of 30 ng/ml (Fig. 2B). Additionally,
CB exhibited a concentration-dependent reduction in the
viability of A549 and LLC cells, with a calculated ICy, of
28.80 and 30.12 ng/ml, respectively (Fig. 2C and D). CB
treatment inhibited the viability of A549 and LLC cells in a
concentration-dependent manner, while concentrations below
30 ng/ml had no impact on the viability of MO macrophages
and BEAS-2B lung epithelial cells.

Effect of CB on macrophage surface markers under different
polarization states. THP-1 monocytes differentiate into
macrophages when induced by PMA, leading to changes in
cell morphology and surface markers (40). Therefore, macro-
phage surface markers were assessed using flow cytometry in
the present study. The findings revealed a higher percentage of
CD86* cells in M1 macrophages compared with MO macro-
phages, and CB treatment did not influence the percentage
of CD86" cells in the M1 macrophages (Fig. 3A and B).
Furthermore, the percentage of CD206* cells was higher in M2
macrophages compared with MO macrophages. Nevertheless,
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Figure 1. Morphology of the THP-1, MO, M1 and M2 macrophages as
determined by light microscopy.

CB treatment significantly reduced the percentage of CD206*
cells in the M2 macrophages (Fig. 3C and D). The findings
indicated that THP-1 monocytes, upon differentiation into
macrophages via PMA induction, exhibit specific changes in
surface markers.

Effect of CB on the mRNA expression of macrophage-related
factors in different polarization states. The RT-qPCR results
revealed significantly higher levels of CD206, Arg-1 and
PPARY mRNA expression in M2 macrophages compared
with MO macrophages (Fig. 4A-C). CB treatment failed to
affect the CD206 and PPARY levels in MO macrophages,
while Arg-1 mRNA expression was upregulated in the
MO + CB group compared with the MO group (Fig. 4A-C).
Notably, CB treatment led to a significant downregulation of
MARCO mRNA expression in M2 macrophages (Fig. 4D).
Consistent findings regarding the protein expression levels
of Arg-1, PPARy and MARCO were detected by western
blotting (Fig. S1). Additionally, the TNF-o and IL-1§ mRNA
expression levels were upregulated in M1 macrophages
compared with MO macrophages. Furthermore, CB treatment
significantly increased TNF-o and IL-13 mRNA expression in
MO/M1 macrophages (Fig. 4E and F). These results indicated
that M2 macrophages had elevated CD206, Arg-1 and PPARYy
mRNA levels, which were unaffected by CB in MO macro-
phages (except Arg-1 upregulation), while CB downregulated
MARCO in M2 macrophages and increased TNF-o and IL-1
mRNA in both MO and M1 macrophages.

Effect of CB on the protein levels of macrophage-related
factors in different polarization states. Supernatant proteins
were assessed using ELISA. There was a significant
increase in the IL-6, IL-1f and TNF-a protein levels in the
supernatant of M1 macrophages compared with MO macro-
phages (Fig. SA-C). Upon CB treatment, there was a further
augmentation in IL-6, IL-1p and TNF-a protein levels in the
supernatant of M1 macrophages (Fig. SA-C). Additionally, the
IL-10 and TGF-p levels were higher in the supernatant of M2
macrophages compared with MO macrophages. However, CB
treatment resulted in a reduction in IL-10 and TGF-f protein


https://www.spandidos-publications.com/10.3892/ijo.2024.5690

SUN et al: CINOBUFAGIN AND LUNG CANCER

MO macrophage BEAS-2B
A phag B 150~
150 =
Sk ns ns ns ns
gmg- *E kx ns 9\;100- ns .
E *k % *h
:5 *% o
8 % ES
= - e % 50 =
8 50 = 38
0= T
0 10 15 20 25 30 35 40 50 DMSO 0 10 15 20 25 30 35 40 50 DMSO
CB (ng/ml) CB (ng/ml)
C A549 D LLC
150 = 100 =
_ ® _ 80 =
£ 100 = L
z Z 60
3 2
> S 40 -
T 50 = ° o)
o IC,,=28.80 s o
20 =
0 T T T T 1 0 T T T T 1
0.8 1.0 1.2 14 1.6 1.8 0.8 1.0 1.2 14 1.6 1.8
Log (CB) Log (CB)

Figure 2. Effects of CB on the cell viability of MO macrophage and BEAS-2B cells. (A) MO macrophages and (B) BEAS-2B cells were treated with different
concentrations of CB for 24 h; cell viability was detected by MTT assay. (C) A549 cells and (D) LLC cells were treated with different concentrations of
CB; cell viability was detected by MTT assay (n=3). "P<0.05 and “P<0.01 compared with control group (0 ng/ml CB). CB, cinobufagin; ns, not statistically
significant compared with 0 ng/ml CB group.
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Figure 3. Effect of CB on the expression of macrophage surface markers under different polarization states. (A and B) Flow cytometry was used to quantify the
expression of CD86, an M1 marker. (C and D) Flow cytometry was used to quantify the expression of CD206, an M2 macrophage marker (n=3). "P<0.05 and
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CB, cinobufagin; ns, not statistically significant compared with MO group.

levels in the supernatant of M2 macrophages (Fig. 5D and E).
The results indicated that IL-6, IL-1p and TNF-a levels were
elevated in M1 macrophages and further increased with CB
treatment, while IL-10 and TGF-f levels were higher in M2
macrophages but decreased with CB treatment.

Effect of CB-treated macrophage-conditioned medium on
the migration of A549 and LLC cells. In the complex TME,
TAMs interact with the TME, undergo metabolic changes
and alter the anticancer phenotype of early M1-TAMs (38).
Typically, in the early stages of tumor development, M1-like
TAMs predominate the TME and inhibit tumor growth
by secreting certain inflammatory factors (39). As cancer
progresses, late-stage M2-like TAMs begin to dominate
the TME, promoting angiogenesis and aiding tumor cell
dissemination and metastasis, thus exhibiting pro-tumor
effects (40). In the present study, MO macrophage-conditioned
medium treatment significantly improved the wound healing
of A549 and LLC cells compared with the control group
(Fig. 6A-D). Additionally, M2 macrophage-conditioned
medium further enhanced the migratory abilities of A549
and LLC cells compared with the MO group (Fig. 6A-D).
However, CB-treated MO macrophage-conditioned medium
showed no significant effect on the migration of A549,
but attenuated the migration of LLC cells compared with
the MO group (Fig. 6A-D). Furthermore, CB-treated M2
macrophage-conditioned medium reduced A549 and LLC
cell migration compared with the M2 group (Fig. 6A-D). The
results indicated that MO macrophage-conditioned medium
significantly enhanced wound healing in A549 and LLC cells,

with M2 macrophage-conditioned medium further boosting
their migratory abilities, while CB-treated MO medium had
no significant effect on A549 migration but reduced LLC
migration, and CB-treated M2 medium decreased migration
in both cell types.

Effect of CB-treated macrophage-conditioned medium on
A549 and LLC cell invasion. M2 macrophage-conditioned
medium enhanced A549 and LLC cell invasion compared
with the MO group (Fig. 7A-D). However, CB-treated MO
macrophage-conditioned medium showed no significant effect
on A549 and LLC cell invasion compared with the MO group
(Fig. 6A-D). Furthermore, CB-treated M2 macrophage-condi-
tioned medium reduced A549 and LLC cell invasion compared
with the M2 group (Fig. 7A-D). These results indicated that
M?2 macrophage-conditioned medium enhanced A549 and
LLC cell invasion, whereas CB treatment had no significant
effect on MO macrophage-conditioned medium but reduced
invasion in CB-treated M2 macrophage-conditioned medium.

Effects of conditioned medium from lung cancer cells treated
with macrophage-conditioned medium on angiogenesis. First,
lung cancer cells (A549 and LLC) were treated with condi-
tioned medium from MO, M2 or CB-treated M2 macrophages.
Then, the supernatants of the treated lung cancer cells were
used to treat HUVECSs. As shown in Figs. S2 and S3, the tube
formation ability of HUVECs was significantly enhanced
in the M2 group compared with the MO group, and the tube
formation ability was attenuated in the M2 + CB group
compared with the M2 group.
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Effects of RSG on cell viability and PPARy and MARCO
expression in macrophages with different polarization states.
Research has found that PPARY can regulate the expression of
the M2 macrophage-related factor, Arg-1 (25). Additionally,
PPARY can promote the progression of colon cancer cells and
the growth of mouse tumors by affecting M2 polarization.
RSG is an agonist of PPARY. As demonstrated in Fig. 8A,RSG
concentrations ranging from 0.1-10 uM had no effect on MO
macrophage viability. PPARy mRNA expression in M2 macro-
phages was higher than that in MO macrophages, which was
significantly downregulated by CB treatment but not by RSG
treatment (Fig. 8B). Additionally, CB treatment downregulated
PPARYy mRNA expression in RSG-treated M2 macrophages
(Fig. 8B). The nuclear translocation of PPARy was enhanced
in M2 macrophages compared with MO macrophages. CB

treatment decreased PPARY expression in the nucleus, whereas
RSG treatment increased PPARY expression in the nucleus
of M2 macrophages. Furthermore, CB treatment reversed
the RSG-induced increase in nuclear expression of PPARy
in M2 macrophages (Fig. 8C). MARCO belongs to the class
A scavenger receptor molecules. Research has revealed that
macrophages express MARCO extensively on their surface,
and MARCO* TAMs in the TME tend to exhibit the M2
phenotype (40). In the present study, the expression of MARCO
was elevated in M2 macrophages compared with MO macro-
phages. CB treatment decreased MARCO expression in the
nucleus, while RSG treatment increased MARCO expression
in M2 macrophages. Furthermore, RSG treatment partially
restored the CB-induced decrease in MARCO expression in
M2 macrophages (Fig. 8D). These results indicated that CB
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Figure 8. Effects of RSG on the cell viability, PPARy and MARCO expression in macrophages with different polarization states. (A) Effects of different
concentrations of RSG on cell viability of MO macrophages were determined by MTT assay. (B) The mRNA expression of PPARYy in different treatment
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receptor y; MARCO, macrophage receptor with collagenous structure; IF, immunofluorescence; ns, not statistically significant compared with 0 uM RSG

group.

treatment significantly downregulated PPARy mRNA expres-
sion and nuclear translocation in M2 macrophages, whereas
RSG treatment had opposite effects, with CB reversing the
RSG-induced increase in PPARY expression; additionally, CB
reduced MARCO expression in M2 macrophages, while RSG
partially restored CB-induced MARCO downregulation.

Effects of CB on the expression of macrophage polariza-
tion-related proteins. As shown in Fig. 9A, the effects of CB
on macrophage polarization-related proteins were assessed.
Arg-1 protein expression was upregulated in M2 macrophages
compared with MO macrophages. CB treatment repressed
Arg-1 protein expression, whereas RSG elevated Arg-1 protein
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Figure 9. Effects of CB on the expression of macrophage polarization-related proteins. (A) Gel blots showing protein expression of Arg-1,iNOS, p-PPARy and
PPARY in cells with different treatment groups. (B-D) Quantification of (B) Arg-1, (C) iNOS and (D) p-PPARY based on the western blot assay (n=3). “P<0.01
compared with MO group; *P<0.05, #P<0.01 and **P<0.01 compared with M2 group; #P<0.05 and 44P<0.01 compared with M2 + RSG group. CB, cinobu-
fagin; Arg-1, arginase 1; iNOS, inducible nitric oxide synthase; p-, phosphorylated; PPARY, peroxisome proliferator-activated receptor y; RSG, rosiglitazone;
ns from M2 group, not statistically significant compared with MO group; ns from M2 + RSG group, not statistically significant compared with M2 group.

expression in M2 macrophages (Fig. 9A and B). Furthermore,
CB treatment attenuated the RSG-induced increase in Arg-1
protein expression in M2 macrophages (Fig. 9A and B).
No difference in iNOS protein expression between MO
and M2 macrophages was observed (Fig. 9A-C). CB treat-
ment increased iNOS protein expression, while RSG had
no effect on iNOS expression in M2 macrophages (Fig. 9A
and C). Additionally, RSG treatment partially mitigated the
CB-induced increase in iNOS expression in M2 macrophages
(Fig. 9A and C). p-PPARY expression was upregulated in M2
macrophages compared with MO macrophages. CB treat-
ment repressed p-PPARY protein expression, while RSG
elevated p-PPARY protein expression in M2 macrophages
(Fig. 9A and D). Furthermore, CB treatment attenuated the

RSG-induced increase in p-PPARY protein expression in
M2 macrophages (Fig. 9A and D). These results revealed
that in M2 macrophages, CB treatment decreased Arg-1 and
p-PPARY protein expression while increasing iNOS protein
expression; conversely, RSG treatment increased Arg-1 and
p-PPARY expression without affecting iNOS, with RSG
partially reversing the CB-induced effects on these proteins.

Effects of CB-treated macrophage-conditioned medium on
EMT-related protein expression in lung cancer cells. EMT
is the process by which polarized epithelial cells transform
into mesenchymal-like cells. During this transformation, cell
surface epithelial markers such as E-cadherin and desmo-
plakin are downregulated, while mesenchymal markers such
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#P<0.05, #P<0.01 and *P<0.05 compared with M2 group; 44P<0.01 compared witl
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as N-cadherin and vimentin are upregulated, resulting in the
loss of cell adhesion and apical-basal polarity, which promotes
tumor progression and metastasis (41). As demonstrated
in Fig. 10A, the effects of CB on EMT-related proteins in
A549 lung cancer cells were assessed using western blot-
ting. E-cadherin was downregulated in A549 cells treated
with M2 macrophage-conditioned medium compared with
MO macrophage-condition medium (Fig. 10A and B). The
E-cadherin protein level was increased in A549 cells cultured
with CB-treated M2 macrophage-conditioned medium
compared with M2 macrophage-conditioned medium, while
RSG-treated M2 macrophage-conditioned medium had no
effect on E-cadherin expression in A549 cells compared with
M2 macrophage-conditioned medium (Fig. 10A and B).
Vimentin and N-cadherin were upregulated in A549 cells
treated M2 macrophage-conditioned medium compared
with MO macrophage-condition medium (Fig. 10A, C
and D). The vimentin and N-cadherin protein levels were

on the western blot assay (n=3). "P<0.05, “P<0.01 compared with MO group;
h M2 + RSG group. CB, cinobufagin; RSG, rosiglitazone; ns from M2 + RSG
CB group, not statistically significant compared with M2 + RSG group.

decreased in A549 cells cultured with CB-treated with
M2 macrophage-conditioned medium compared with M2
macrophage-conditioned medium, while RSG-treated M2
macrophage-conditioned medium increased vimentin and
N-cadherin protein levels in A549 cells compared with
M2 macrophage-conditioned medium (Fig. 10A, C and D).
Furthermore, the RSG-mediated effects on vimentin and
N-cadherin expression in A549 cells were attenuated by CB
treatment (Fig. 10A,C and D). The results indicated thatin A549
lung cancer cells, treatment with M2 macrophage-conditioned
medium downregulated E-cadherin and upregulated vimentin
and N-cadherin levels, effects attenuated by CB treatment
but exacerbated by RSG treatment, indicating modulation of
EMT-related protein expression.

Effects of CB and DDP on in vivo tumor growth. The effects
of CB on in vivo tumor growth were further examined using
a nude mice xenograft model. As revealed in Fig. 11A-C, both
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DDP and CB treatments inhibited the in vivo tumor growth
of LLC cells. However, DDP, but not CB, reduced the body
weight of the nude mice. Additionally, both CB and DDP
treatments significantly upregulated CD86 mRNA expres-
sion in the tumor tissues (Fig. 11E). However, CB, but not
DDP, downregulated Arg-1 expression in the tumor tissues
compared with the control group (Fig. 11F). These results indi-
cated that both CB and DDP treatments effectively suppressed
LLC tumor growth and increased CD86 mRNA expression in
tumor tissues, with DDP additionally reducing body weight
and CB uniquely downregulating Arg-1 expression compared
with controls.

Discussion

Lung cancer is one of the most common malignant tumors
worldwide, with its incidence and mortality rates increasing
annually (1). In the TME, interactions between tumor and
immune cells directly influence tumor progression (10).
TAMs have a dual regulatory role in lung cancer malignancy,
among which the quantity, activity and function of M2
macrophages are closely related to tumor progression (10,14).
HuaChanSu injection has been used for treating lung cancer
clinically (29). Furthermore, a HuaChanSu injection and DDP
combination improves efficacy in the treatment of advanced
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NSCLC, with a higher quality of life for patients and fewer
adverse reactions (7). Bufadienolide glycosides, including
CB and bufalin, are the main antitumor active ingredients
in HuaChanSu injection, but their exact mechanisms of
action remain unclear (42). At present, most research on the
antitumor mechanism of CB focus on inhibiting tumor cell
proliferation and promoting apoptosis, with fewer studies on
the molecular mechanisms of tumor invasion and migration.
Therefore, based on the significant clinical antitumor efficacy
of HuaChanSu injection, the present study aimed to reveal the
influence and mechanism of action of its effective active ingre-
dient, CB, on the polarization of TAMs, to provide a basis for
further exploration of the pharmacological actions and clinical
applications of CB.

In the complex TME, TAMs interact with the TME,
undergo metabolic changes and alter the anticancer pheno-
type of early M1-TAMs (43). Typically, in the early stages of
tumor development, M1-like TAMs predominate the TME
and inhibit tumor growth by secreting certain inflammatory
factors (44). As cancer progresses, late-stage M2-like TAMs
begin to dominate the TME, promoting angiogenesis and
aiding in tumor cell dissemination and metastasis, thus exhib-
iting pro-tumor effects (40). THP-1 monocytes differentiate
into macrophages when induced by PMA, leading to changes
in cell morphology and surface markers (45). Exposure to the
Thl cytokine, IFN-vy, induces differentiation into M1-type
macrophages, while exposure to the Th2 cytokine, IL-4,
induces differentiation into M2-type macrophages, which
is typically accompanied by changes in cell surface marker
expression (46). Therefore, the widely used PMA was adopted
in the present study to induce the differentiation of THP-1 cells
into MO macrophages, which were then separately induced
into M1 or M2 macrophage models using human IFN-y or
IL-4, respectively. The results demonstrated that after PMA
stimulation, the cells enlarged and adhered to the wall, and the
mRNA levels of the MO macrophage surface marker CD86
increased, indicating the successful induction of MO macro-
phages. Under IFN-vy stimulation, the surface expression of
the M1 polarization marker CD86 increased, accompanied by
secretion of high levels of pro-inflammatory cytokines. After
IL-4 stimulation, the levels of CD206 increased. These results
were consistent with previous studies (36,47) indicating the
successful replication of macrophage models with different
polarization phenotypes.

Pharmacological studies have demonstrated that
HuaChanSu injection has significant antitumor, analgesic and
immune-enhancing effects, and is commonly used clinically
to treat primary liver cancer, lung cancer, CRC and other
diseases (48). CB possesses antitumor, analgesic, cardiotonic
and local anesthetic effects, but it also has certain toxicities,
particularly cardiac toxicity (49,50). In the present study,
the MTT method was used to assess the effects of different
concentrations (0, 10, 15,20, 25, 30, 35,40 and 50 ng/ml) of CB
on the viability of MO macrophages. The results indicated that,
as the drug concentration increased the cell viability gradu-
ally decreased, and when the concentration was <30 ng/ml,
the viability of MO cells was >80%. In addition, to further
evaluate the safety of CB, the viability of BEAS-2B cells was
assessed. The results showed that when the concentration was
<30 ng/ml, CB had no clear toxic effect on BEAS-2B cells.

Ultimately, 25 ng/ml was selected as the CB concentration for
subsequent experiments.

The balance between M1 and M2 macrophages will affect
the overall antitumor or pro-tumor effects of macrophages.
Therefore, maintaining the M1/M2 macrophage balance in
the body has become an important strategy for antitumor
therapy. At present, immunotherapy based on macrophages
aims to reduce the proportion of M2 macrophages or repo-
larize M2 into M1 macrophages to inhibit tumor invasion and
metastasis (51). Traditional Chinese Medicine and its active
ingredients can regulate the balance of M1/M2 macrophages.
The active ingredient, $-elemene, in Curcuma aromatica can
inhibit the migration, invasion and EMT of LLC cells induced
by M2 macrophage-conditioned medium (52). f-elemene
downregulates Arg-1 and upregulates iNOS expression,
suggesting that its effect on tumor cell invasion and migration
may be achieved through regulating the balance of M1/M2
macrophages (52). Consistently, the results of the present study
suggested that CB is key in maintaining the M1/M2 macro-
phage balance, promoting M1 polarization and inhibiting M2
polarization.

Macrophages participate in various stages of tumor
metastasis, in which M2 macrophages can assist tumor cells
in penetrating blood vessels and entering the bloodstream
in the form of circulating tumor cells, thus facilitating the
subsequent settlement of tumor cells (53). Additionally, the
infiltration density of M2 macrophages is correlated with the
generation of microvessels within tumors and is negatively
correlated with patient survival (54). In the present study, M2
macrophage-conditioned medium was prepared and separately
cultured with the A549 and LLC lung cancer cell lines, to
observe the effects on the invasion, migration and angiogenic
abilities of these cells. The results showed that M2 macro-
phage-conditioned medium promoted the invasion, migration
and angiogenesis of A549 and LLC cells, while pre-treatment
with CB significantly inhibited the invasion, migration and
angiogenesis of these cells in M2 macrophage-conditioned
medium. A study has shown that M2-like TAMs can induce
EMT through the secretion of TGF-f1, activating the TGF-3
signaling pathway via Smad-dependent or Smad-independent
signaling pathways (55). In the present study, the expression
levels of the EMT-related proteins, vimentin, E-cadherin and
N-cadherin, in A549 lung cancer cells were also examined.
The A549 cells cultured in M2 macrophage-conditioned
medium exhibited a significant increase in vimentin and
N-cadherin levels and a decrease in E-cadherin levels,
supporting the notion that M2 macrophages promote lung
cancer cell progression. When the A549 cells were cultured in
M2 macrophage-conditioned medium pre-treated with CB, the
vimentin and N-cadherin levels significantly decreased, while
E-cadherin expression increased. These results suggested that
the inhibition of lung cancer cell invasion and migration by
CB may be achieved through regulating macrophage polar-
ization to influence EMT-related protein expression in lung
cancer cells.

Research has demonstrated that MARCO is exten-
sively expressed on the surface of macrophages, and
MARCO*TAMs in the TME tend to exhibit the M2
phenotype (40). In a mouse glioblastoma model, perito-
neal macrophages overexpressing PPARY increased the
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transcription levels of MARCO, driving the formation
of M2 macrophages (56). Whether the CB-inhibited M2
polarization is related to MARCO expression has not, to the
best of our knowledge, been reported. In the present study,
IF techniques were used to detect MARCO expression in
macrophages. The results demonstrated that the average
fluorescence intensity of MARCO in M2 macrophages
was higher than that in MO macrophages; however, after
pretreatment with CB, the average fluorescence intensity
of MARCO decreased, suggesting that CB downregulated
MARCO expression on the surface of M2 macrophages.

The present study demonstrated that there was no signifi-
cant change in the PPARy mRNA level in M2 macrophages
following RSG stimulation. It was hypothesized that PPARy
might exert its effects through self-phosphorylation and/or
nuclear translocation. The experimental results showed that
the phosphorylation level of PPARy in M2 macrophages
significantly increased after RSG stimulation, and a
large amount of PPARYy was translocated to the nucleus.
Collectively, these results indicated that the transcription
factor, PPARY, can promote M2 polarization through phos-
phorylation and nuclear translocation. In the present study,
to verify whether the observed CB-inhibited M2 polarization
was related to the regulation of PPARYy, macrophages were
pretreated with CB, and after RSG stimulation, CB partially
inhibited the phosphorylation and nuclear translocation of
PPARY in M2 macrophages. These results suggested that CB
can prevent PPARy activation and thus affect macrophage
polarization.

In the present study, to further clarify whether the impact
of CB on NSCLC progression was related to PPARY, RSG was
used to treat and collect macrophage-conditioned medium
for culturing A549 cells. Upon examination, it was found
that RSG pre-treated macrophage-conditioned medium
induced a high expression of vimentin and N-cadherin
in A549 cells, while E-cadherin expression remained
unchanged; meanwhile, CB reversed these changes. These
results suggested that CB may inhibit M2 polarization by
targeting PPARYy in M2 macrophages, thereby affecting lung
cancer cell progression.

However, the present study still has certain limitations
and further research is needed on the mechanism by which
CB inhibits lung cancer invasion and migration. Further
research is planned in the following three areas. First, the
present study lacked verification at the in vivo animal level
regarding whether CB inhibits lung cancer invasion and
migration by affecting macrophage polarization. The present
study preliminarily demonstrated that CB inhibited LLC
xenograft growth in mice and modulated the gene expres-
sion levels of the M1 macrophage surface marker, CD86, and
the M2 macrophage surface marker, Arg-1, in tumor tissues,
but detailed experimental research is still ongoing. Second,
TAM phenotype and function in the TME are also influenced
by metabolic reprogramming, including glutamine, glucose
and fatty acid metabolisms. Therefore, it remains to be
further clarified whether CB regulates macrophage polar-
ization by modulating metabolism. Third, communication
between TAMs and lung cancer cells can also be achieved
through exosomes. Therefore, exosomes could be used as
carriers for anticancer drug delivery systems. Compared with
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other types of macrophages, M1 macrophages have stronger
phagocytic capacity for loading anticancer drug nanopar-
ticles (57). Using M1 macrophage exosomes as carriers and
utilizing Traditional Chinese Medicine nanotechnology for
the precise targeting of tumor sites may improve anticancer
effects. Fourth, the detailed interactions between MARCO
and PPARY were not fully elucidated in the present work,
which should be further deciphered. Fifth, the present study
primarily focused on the effects of CB, with limited explo-
ration of alternative treatments or combination therapies.
Considering the complex nature of cancer and macrophage
biology, comparative studies with other treatments or
synergistic combinations may provide valuable insights into
potential therapeutic strategies. Furthermore, the expres-
sion of CD86 and Arg-1 in tumor tissues was detected only
the mRNA level, and further studies should determine the
protein levels of CD86 and Arg-1 in the tumor tissues to
consolidate the findings.

In summary, the inhibition of NSCLC invasion, migration
and angiogenesis by CB potentially operates through several
mechanisms: Suppressing PPARy phosphorylation and nuclear
translocation, lowering MARCO expression, hindering M2
macrophage polarization, enhancing secretion of inflamma-
tory factors linked to M1 macrophages, balancing the M1/M2
macrophage ratios, ameliorating NSCLC TME immunosup-
pression and impacting EMT-related protein expression levels.
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