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Abstract: Metastasis is the primary cause of death in lung cancer, one of the most prevalent and deadly neoplasms. 
The tumour-associated macrophages (TAMs) are crucial mediators to induce epithelial-mesenchymal transition 
(EMT) and promote lung metastasis via release of the cytokines. Matrine, a naturally occurring alkaloid, has been 
found with a variety of pharmacological effects, such as anti-cancer. In this study, an in vitro co-culture cell systems 
and a Lewis-bearing mouse model were employed to assay the potential effects of matrine on macrophages polar-
ization, and its regulatory effects on EMT of Lewis lung cancer cells (LLCs). Our results clearly demonstrated that 
matrine inhibited M2-like RAW264.7 polarization, reducing the production of anti-inflammatory cytokines (IL-4, IL-
10, and Arg-1), and M2 surface markers (CD206) were induced by LLCs via mTOR/PI3k/Akt signaling pathway, while 
it had no significant effect on M1 macrophages polarization. In vitro assays suggested that matrine partially blocked 
the metastasis of LLCs, and inhibited EMT induced by M2-like macrophages, which was evidenced by up-regulating 
the expression of E-cadherin and down-regulating the expression of N-cadherin, vimentin, and Snail. In vivo studies 
revealed that matrine decreased the ratio of CD206+/F4/80+, promoted the expression of CD4+ and CD8+ T cells, 
and inhibited the expression of Th2 in tumor and spleen tissues. Cell co-culture experiments revealed that Matrine 
promoted T-cell proliferation, which was impaired by tumour-derived CD11b+ myeloid cells. Collectively, our findings 
suggest that suppression of M2-like macrophages polarization of TAMs is a potential mechanism underlying the 
anti-metastasis effects of matrine in lung cancer.

Keywords: Macrophage differentiation, mTOR/PI3k/Akt pathway, matrine, EMT, metastasis

Introduction

Lung caner is the leading cause of cancer-relat-
ede mortality in worldwide, the 5-year survival 
rate of which was less than 15%. Around 1.8 
million lung cancer patients are diagnosed 
each year, and 80% of them suffer from an 
advanced stage disease [1]. Approximately 
80% of total lung cancer cases fall into the cat-
egory of non-small cell lung cancer (NSCLC). 
The prognosis of NSCLC patients remains poor 
despite several advances in the early detection 
and systematic therapies [2]. Metastasis is the 
secondary leading cause of cancer-related 
mortality, only after malignant tumours. Epi- 
thelial-mesenchymal transition (EMT) is a vital 
process of tumour invasion and metastasis. 

This change enhances the cell migration, 
metastasis of cancer cells, as well as establish-
ment of the distant secondary tumors [3]. It is 
therefore crucial to gain deeper insights into 
the underlying mechanisms potentially involved 
in the progression and development of NSCLC, 
so as to find novel and effective strategies for 
NSCLC treatment.

Tumor-associated macrophages (TAMs) are a 
key class of inflammatory cells within the tumor 
stroma, and increasing evidence has indicated 
that TAMs are core regulators of the metastatic 
phenotype of cancer cells [4]. There tend to  
be two distinct subpopulations of activated 
macrophages coexisting in the tumour microen-
vironment, classically activated macrophages 
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(M1-like macrophages), and the alternatively 
active macrophages (M2-like macrophages), 
which also display the Th1/Th2 differentiation 
paradigm [5]. M1-related cytokines release a 
high degree of proinflammatory cytokines, such 
as IL-6, IL-1β, TNF-α, and nitrogen species [6]. 
By comparison, IL-13 stimulates macrophages 
to differentiate into M2 phenotype, exerting 
anti-inflammatory and pro-tumorigenic. They 
are involved in stromal development, immuno-
suppression and tumour growth [7]. This pro-
tumor function of TAMs is again confirmed by 
clinical trials, showing a link between poor 
patient prognosis and high macrophages num-
bers in tumor tissue [8]. While these two sub-
populations have been well characterized 
[9-11], the roles of M1 and M2-polarized mac-
rophages in the development and metastasis 
of lung cancer have not been clearly elucidated, 
or contradictory. TAMs are implicated in tumour 
development, and are associated with poor 
prognosis in several cancers, while EMT is one 
of the most important mechanisms involved in 
the tumour invasion and metastasis. M2 TAMs 
play a center role in the cancer metastasis, 
reinforcing the cell metastasis. Moreover, TMAs 
have been reported to be correlated with EMT. 
A number of substances secreted by TMAs 
stimulate the proliferation and metastasis of 
tumour cells [12]. 

The traditional medicinal herbs can exert sig-
nificant anti-tumor effect through targeting the 
tumor microenvironment. Matrine (C15H24N2O, 
Figure S1), a naturally occurring alkaloid distrib-
uted in the Chinese herb Sophora flavescens 
Ait, has long been used for treating inflamma-
tion diseases and tumors, including lung can-
cer, breast cancer and so on [13]. It has been 
reported that matrine induces apoptosis by 
inhibiting PI3K.AKT pathway in human acute 
myeloid leukemia cells. Previous studies 
showed that matrine treatment exerted anti-
tumor and anti-metastasis activities. Several 
proteins have been indicated to be involved in 
these activities, including protein kinase B/
rapamycin (AKT/mTOR), epidermal growth fac-
tor receptor/matrix metalloproteinase-9 (EGFR/
MMP9), extracellular signal-regulated kinase 
(Ras-ERK), T-cell-specific factor (TCF)/Smad 
[14, 15]. In addition, clinical studies have shown 
that matrine significantly enhanced the immune 
function of patients and reduced the size of 
tumor [16, 17]. Matrine displayed good saftey 
profiles and oral administration of high-dose 

matrine has no apparent side-effects [18]. 
While matrine has valid influence on the devel-
opment and progression of different cancer 
types, whether and how matrine exerts anti-
tumor effect for EMT induced by macrophages 
polarization remains poorly understood.

According to the gaps mentioned above, here-
in, IL-13 was used to co-stimulate macrophages 
polarizing to M2 phenotype. The M2 polarized 
macrophages were co-cultured Lewis lung car-
cinoma (LLC) cells to develop a M2-likeTAMs 
macroenvironment. The effects of matrine on 
the metastatic behavior of LLCs in the co-cul-
ture system were investigated. In addition, the 
in vivo anti-cancer effects of matrine were 
investigated in a subcutaneous and intrave-
nous model. Our study provided a novel mecha-
nism of disrupting the M2 polarization-induced 
signalling to reverse EMT process, which can 
be utilized to develop therapeutic applications 
of matrine as an anti-metastatic therapy for 
NSCLC.

Materials and methods

Regents and cell lines

H460, A549 human lung cancer cell lines, 
Lewis mouse lung cancer cell line and 
RAW264.7 the mouse macrophages, were pur-
chased from by the Cell Bank of the China 
Academy of Sciences (Shanghai, China) and 
were maintained as suggested by the supplier. 
The macrophages were polarized into M2 by 20 
ng/mL IL-13 for 24 h. M2 macrophages were 
stimulated with 20 μmol/L matrine for 24 h. 
The stock solution of Matrine (MCE) was diluted 
with dimethyl sulfoxide (DMSO) and stored in 
-20°C in the dark.

Bone marrow-derived macrophages (BMDMs) 
isolation and differentiation

Bone marrow cells from C57BL/6 male mice 
were cultured in DMEM containing 10% FBS 
and 50 ng/mL macrophage colony-stimulating 
factor (M-CSF) for three days to acquire 
BMDMs.

CCK-8 assays

RAW264.7, Lewis, H460 and A549 cells were 
used to measure cell proliferation. Cell Viability 
Assay was determined using CCK8 (Dojindo, 
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Kumamato, Japan) according to the manufac-
ture’s instruction.

Flow cytometry analysis

RAW264.7 cells and BMDMs were stained with 
the following fluorochrome-conjugated antibod-
ies: anti-mouse FITC-CD86 and human/mouse 
PC7-CD206. Spleens were filtered through a 40 
μm of nylon mesh strainer, and then were lysed 
for 5 min by using 1× Red Blood Cell Lysis 
Buffer. Lewis tumor tissues and lung tissues 
were digested into single cell suspension using 
mouse tumor dissociation kit (Miltenyi). Cells 
were stimulated with Cell Activation Cocktail 
(with Brefeldin A) (BioLegend., CA, USA) to mea-
sure the intracellular cytokine expression. 
Intracellular cytokine staining was employed 
using the Fixation/Permeabilization Solution 
Kit (BioLegend., CA, USA). Stained cells were 
analyzed by FACS. Data analysis was performed 
using FlowJo software.

RT-PCR analysis

Total RNA is cell extracted using (Sigma-
Aldrich), and cDNA was reversed using a 
PrimeScript II 1st Strand cDNA Synthesis Kit 
(Takara, Tokyo, Japan). mRNA expression was 
conducted using SYBR Green PC Master Mix 
(Applied Biosystems, USA). qRT-PCR was then 
performed with SYBR Premix Ex Taqll (Takaro, 
Japan). The results were expressed as RQ= 

scratched by a 10 μl of pipette tip. Washed with 
PBS, the scratched cells were then incubated 
in M0-CM or M2-CM with or without matrine for 
24 h, migrating cells at the wound front were 
photographed.

Migration and invasion assay

Cell migration and invasion assay was per-
formed using a Trans-well cell culture chamber 
(Corning, NY, USA). Cell invasion assay needs 
that insert membranes were coated with dilut-
ed Matrigel (Corning, NY, USA). LLC cells were 
seeded into the upper chamber with 200 μl cul-
ture medium, and a volume of 0.6 mL CM was 
placed into the lower chamber for 24 h. Cells on 
the opposite side were fixed with 4% parafor-
maldehyde and stained with crystal violet.

Cell adhesion assay

Cell adhesion was analysed using a Vybrant 
Cell Adhesion Assay kit (Invitrogen Corp) and 
gelatin (2% solution type B)-coated plates. The 
results were quantified as the ratio of fluores-
cence after wash/fluorescence before wash.

Western blot analysis

RAW264.7, Lewis, H460 or A549 cells were 
lysed in RIPA buffer (Thermo Scientific). The pri-
mary against pAKT (Cat.4784, Lot:12) , AKT 
(Cat.9279, Lot:16), pPI3K (Cat.17366, Lot:5), 
PI3K (Cat.4249, Lot:13), pMTOR (Cat.5536, 

Table 1. Primer sequences for real-time polymerase 
chain reaction
Primer Sequence (5’-3’)
IL-6 Forward TGAACAACGATGATGCACTT

Reverse CGTAGAGAACAACATAAGTC
TNF-α Forward AATGGCCTCCCTCTCATCAGTT

Reverse CGAATTTTGAGAAGATGATCTGAGTGT
IL-12 Forward AGAGGTGGACTGGACTCCCGA

Reverse TTTGGTGCTTCACACTTCAG
IL-10 Forward TGCACTACCAAAGCCACAAGGCAG

Reverse AGTAAGAGCAGGCAGCATAGCAGT
IL-4 Forward TACCAGGAGCCATATCCACGGATG

Reverse TGTGGTGTTCTTCGTTGCTGTGAG
Arg-1 Forward CCACAGTCTGGCAGTTGGAAG

Reverse GGTTGTCAGGGGAGTGTTGATG 
CD206 Forward CTCGTGGATCTCCGTGACAC

Reverse GCAAATGGAGCCGTCTGTGC
β-actin Forward TGGAATCCTGTGGCATCCATGAAAC

Reverse TAAAACGCAGCTCAGTAACAGTCCG

2-ΔΔCt. The primers used in the experi-
ment are shown in Table 1.

Enzyme-linked immunosorbent assay 
(ELISA)

The release of cytokines in RAW264.7 
and BMDMs were measured by enzyme-
linked immunosorbent assay (ELISA) 
according to vendor’s instructions.

Griess test

After the incubation, NO assay kit (Sigma-
Aldrich) measured Nitric Oxide (NO) of cell 
supernatants, and incubated for 10 min 
according to the manufacturer’s proto- 
col.

Wound healing assay

LLCs were grown to 90-100% confluence 
in a 12-well plate and a wound was 
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Lot:7), MTOR (Cat.2983, Lot:3), Vim (Cat.5741, 
Lot:4), E-Cad (Cat.14472, Lot:6), N-Cad (Cat. 
13116, Lot:8) and Snail (Cat.3879, Lot:11) 
were purchased from Cell Signaling Technology. 
The cell lysates were separated on 10% or 
12.5% SDS-PAGE gels. The antibodies used 
were against GAPDH (Cell Signaling Technology).

Cell apoptosis assay

Cell apoptosis was determined using an 
Annexin V-FITC/PI Apoptosis Detection Kit 
(BioLegend., CA, USA) regarding to manufac-
turer’s instructions. Samples were measured 
using a CytExpert flow cytometer (Beckman 
Coulter, USA). 

Animal experiments

Male C57BL/6 (6-weeks old) mice were 
obtained from Shanghai University of Traditional 
Chinese Medicine and approved (Approval No. 
P2SHUTCM201120008). Mice were subcuta-
neously injected with 8×105 LLC cells in the 
right flank. In the LLCs intravenous model, 
C57BL/6 mice were injected intravenously with 
8×105 LLCs in 0.2 mL of PBS. In both models, 
after one day the mice were given an intragas-
tric (i.g.) administration of 0.2 mL of Martine 
(40 and 80 mg/kg) for 16 consecutive days. On 
day 16, Mice were killed , and tumours and lung 
tissue were cut out and weighed.

T-lymphocyte proliferation assay

T cells were isolated with a MACS CD8+ isola-
tion kit (Biolegend, CA, USA) from the spleen 
cells of C57BL/6 mice. T cells (1×105) were co-
stimulated with anti-CD3 (BioLegend) and anti-
CD28 (BioLegend) and stained with 2 μmol/L 
CFSE (BioLegend) in 96-well round-bottom 
plates. Afterward, T cells were co-cultured with 
CD11b+ myeloid cells isolated from tumors 
(Miltenyi Biotec) in a ratio of 2:1 CD8+ T cells to 
CD11b+ cells. After 72 h, T-cell proliferation was 
detected using CFSE dilution by FACS analysis 
(BioLegend) and analyzed by FlowJo software.

Immunohistochemistry (IHC) staining

Samples were cut into 10 μm slices with a rota-
ry microtome. Slides were incubated with anti- 
E-cadherin antibody (Cat.14472, Lot:6) and 
anti-Vimentin antibody (Cat.5741, Lot:4). 

Immunofluorescent staining

Tumour tissues and lung tissues were fixed by 
4% paraformaldehyde for 10 min. Then, all tis-
sues made the tissue into paraffin were cut at a 
thickness of 4 μm. The sections were the incu-
bated with anti-F4/80 (1:300) and anti-CD206 
(1:300) antibodies, followed by secondary 
antibody.

Statistical analysis

Results were analysed as the arithmetical 
Mean ± Standard Deviation (Mean ± SD) were 
analyzed by one-way analysis of variance 
(ANOVA) followed. The difference between 
groups was measured using Unpaired Student’s 
t-test (two-tailed) and one-way ANOVA test. 
Values with P<0.05 (*) was considered statisti-
cally significant.

Results

Matrine inhibited polarization of TAMs to M2 
phenotype and inactivated M1 polarization in 
RAW264.7

CD206 is a crucial marker for M2 macrophages. 
RAW264.7 was co-stimulated with IL13 to 
polarize macrophages switching to M2 pheno-
type, and then treated with or without matrine. 
As shown in Figure S3A, matrine (20 μmol/L) 
could significantly down-regulate the expres-
sion of CD206 compared with M2 (P<0.05). By 
contrast, matrine had no toxic effect on macro-
phages at the same dosage (20 μmol/L), as 
depicted in Figure S3B. In this case, 20 μmol/L 
matrine was used for further investigation. As 
shown in Figure 1A, LLCs were treated with or 
without matrine, and then co-cultured with 
RAW264.7 to investigate the how matrine 
affected the distribution of M1/M2 polarization 
in TAMs. CD86, a co-stimulatory molecular, is a 
differentiated marker of M1-like macrophages 
polarization, while CD206 is a crucial marker 
for M2 macrophages. They were both detected 
through flow cytometry analysis. According to 
the Figure 1B, 1C, the expression of CD86 in 
RAW264.7 had no significant difference from 
LLCS-treated RAW264.7 (P>0.05), whilst the 
expression of CD206 markedly decreased 
(P<0.05). These results suggested that matrine 
may inhibit TAMs polarizing to M2 phenotype 
induced by LLCS cells, and have no effect on 
M1 macrophages polarization.
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Figure 1. Matrine inhibited polarization of TAMs to M2 phenotype and inactivated M1 polarization in RAW264.7. A. LLCs were treated with or without matrine, and 
then co-cultured with RAW264.7; B. The percentage of CD86 in co-cultured RAW264.7 macrophages treated with or without matrine; C. The percentage of CD206 in 
co-cultured RAW264.7 macrophages treated with or without matrine; D. The expression of IL-6, NO, TNF-α, and IL-12 in co-cultured RAW264.7 macrophages treated 
with or without matrine measure by ELISA; E. The expression of IL-10 and IL-4 measured by ELISA, and the relative mRNA expression of Arg-1 and CD206 measure 
by RT-PCR assay in co-cultured RAW264.7 macrophages treated with or without matrine (n=5), P<0.05 (*).
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To further determine whether the suppression 
of macrophages M2 polarization induced by 
matrine was functional, the expression of the 
classic cytokines of M1-like (IL-6, TNF-α, and 
IL-12) was measured by ELISA, and the NO pro-
duction was quantified by Griess assay. As 
shown in Figure 1D, LLCS significantly de- 
creased the release of IL-6, TNF-α, and IL-12. 
No production n in LLCs-treated RAW264.7 
was reduced to 1.5-time than in control group 
(P<0.05). However, the expression of these 
M1-related cytokines in matrine-treated RAW- 
264.7 had no significant difference from the 
LLCs-treated RAW264.7 (P>0.05). Furthermore, 
the expression of M2-like (IL-10 and IL-4) mac-
rophages, and the mRNA expression of M2- 
related markers, including Arg-1 and CD206, 
was detected by RT-PCR assay. By comparison 
with the expression of IL-10, IL-4, Arg-1, and 
CD206 marker in LLCs-treated RAW264.7 mac-
rophages were upregulated considerably (P< 
0.05). Upon treating with matrine, the expres-
sion of M2-related cytokines in RAW264.7 mac-
rophages was dramatically decreased (P<0.05) 
(Figure 1E). These observations were consis-
tent with Figure 1B, illustrating that matrine 
could inhibit polarization of TAMs to M2 pheno-
type and inactivate M1 polarization in RAW- 
264.7, which was reflected by the unchanged 
release of pro-inflammatory cytokines, and 
decreased release of anti-inflammatory cyto-
kines induced by LLCs.

Matrine suppressed M2-like macrophages 
polarization via mTOR/PI3k/Akt signaling 
pathway

To further determine the underlying mecha-
nisms involved in the suppression of macro-
phages M2 polarization by matrine, the expres-
sion of M2-like surface marker, CD206, in mac-
rophages, was measured by flow cytometry 
analysis. BMDMs cells were differentiated into 
native inactivated macrophages by treatment 
with M-CFS. A sharp rise of Macrophage mark-
er CD11b verified the differentiation of macro-
phage cells (Figure S2). Figure 2A, 2E shows 
that IL-13 increased the expression of CD206 
in RAW264.7 and BMDMs significantly (P< 
0.05). After treating with matrine, CD206 ex- 
pression decreased considerably in RAW264.7 
and BMDMs (P<0.05). This result is in agree-
ment with the mRNA expression of CD206 
measured by RT-PCR (Figure 2C). To further 
determine whether IL-13 could stimulate mac-

rophages polarizing to M2 phenotype, and the 
effects of matrine on macrophage M2 polariza-
tion, the expression of M2-related cytokines, 
including IL-4, IL-10, and Arg-1 was detected. 
According to Figure 2B, co-stimulation of IL- 
13 increased the expression of IL-4, IL-10, and 
the mRNA expression of Arg-1 markedly in- 
creased (P<0.05). However, matrine reversed 
this increased expression. Taken together, IL- 
13 stimulated macrophages polarizing to M2 
phenotype. Matrine could inhibit macrophages 
M2 polarization, leading to the decreased level 
of anti-inflammatory cytokines and M2 surface 
marker.

It is well-known that PI3K regulates macro-
phage polarizationPlays a crucial part affectes 
the downstream signalling molecules, Akt and 
mTOR, which regulates several biological pro-
cesses, such as cell cycle, cell growth, and pro-
tein synthesis. To further determine whether 
PI3K signalling pathway involved in the sup-
pression of M2 macrophages Plays a crucial 
part, herein, the expression of PI3K, Akt, and 
mTOR involved in PI3K signalling pathway was 
detected by western blotting. Figure 2C depicts 
that matrine significantly inhibited PI3K, Akt 
and mTOR phosphorylation levels in IL-13-
stimulated RAW264.7 (P<0.05). Collectively, 
matrine inhibited M2 macrophages polariza-
tion induced by IL-13 through down-regulation 
of PI3K/Akt/mTOR signalling pathway in 
RAW264.7.

Matrine inhibited EMT of LLC induced by M2 
polarization of TAMs 

EMT is an important biological mechanism in 
the progression to metastasis of primary 
tumors [19]. EMT caused by inflammation has 
already been demonstrated. In addition to EMT, 
cancer cells display increased mobility and 
capacity of invasion. Therefore, it was specu-
lated that M2-polarized TAMs would induce 
EMT in lung cancer. Herein, LLC was co-cultured 
with IL-13-stimulated RAW264.7, and then the 
capacity of cell migration and invasion, the 
Vimentin, E-cadherin, N-cadherin, and snail 
expression were detected by western blotting 
to investigate the effects of M2-polarized TAMs 
on capacity of migration and invasion of LLCs. 
The capacity of LLCs migration and invasion 
was detected by Transwell assay. The results 
suggest that M2 polarized TAMs promoted the 
cell migration (Figure 3A) and invasion abilities 
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Figure 2. Matrine suppressed M2-like macrophages polarization via mTOR/PI3k/Akt signaling pathway. A. The percentage of CD206 in IL-13 co-stimulated RAW264.7 
M2-like macrophages treated with or without matrine; B. The expression of IL-4 and IL-10 measured by ELISA, and the relative mRNA expression of Arg-1 and CD206 
measure by RT-PCR assay in co-stimulated RAW264.7 M2-like macrophages treated with or without matrine; C. The relative protein expression of p-PI3K, p-AKT, 
and p-mTOR (relative to PI3K, AKT, and mTOR, respectively) in co-stimulated RAW264.7 M2-like macrophages treated with or without matrine determine by Western 
Blotting; D. The percentage of CD206+ F4/80+ in IL-13 co-stimulated BMDMs M2-like macrophages treated with or without matrine; E. BMDMs were treated with 
IL-13 and/or matrine for 24 h. Elisa and RT-PCR was carried out to analyze expression of M2 marker. (n=5), P<0.05 (*).
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(Figure 3B) of LLCs, and matrine could attenu-
ate these abilities of LLCs infiltrated with M2 
polarized TAMs. The 24 h wounding healing 
assay was also performed to further confirm 

the migration ability of LLCs. Matrine gradually 
decreased the healing rate of LLCs infiltrated 
with M2 polarized TAMs (P<0.05) (Figure 3C). 
To explore the role of matrine in adhesion of 

Figure 3. Matrine inhibited EMT of LLCs induced by M2 polarization of TAMs. A. The cell migration ability in co-
stimulated RAW264.7 M2-like macrophages treated with or without matrine measured by transwell assay; B. The 
cell invasion ability in co-stimulated RAW264.7 M2-like macrophages treated with or without matrine measured 
by transwell assay; C. The cell migration ability determined by 24 h cell wounding healing assay in co-stimulated 
RAW264.7 M2-like macrophages treated with or without matrine; D. The cell adhesion relative calcenin fluores-
cence determined by a Vybrant Cell Adhesion Assay kit in co-stimulated RAW264.7 M2-like macrophages treated 
with or without matrine; E. The relative protein expression of Vim, E-card, N-card, and snail (relative to GAPDH) in 
co-stimulated RAW264.7 M2-like macrophages treated with or without matrine determine by Western Blotting (n = 
5), p<0.05 (*).
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LLCs, the qualitative and quantitative adhesion 
assays were conducted under static condi-
tions. Findings showed that matrine significant-
ly reduced the adhesion of LLCs (P<0.05) 
(Figure 3D) compared to the control group. This 
result suggested that matrine weakened adhe-
sion ability of LLCs. Furthermore, the result of 
western blotting shows that matrine remark-
ably increased the expression of E-cadherin, 
and decreased the expression of vimentin, 
N-cadherin, and snail, alleviating the EMT prog-
ress induced by TAMs (Figure 3E). These results 
revealed that matrine could inhibit the LLCs 
migration and invasion capacity induced by 
TAMs through reversing EMT process.

Matrine targeted TAMs to inhibit metastasis of 
lung cancer cells

The data mentioned above clearly illustrated 
that matrine inhibited the cell metastasis of 
LLCs by reversing EMT process. In order to fur-
ther confirm whether this anti-metastasis prop-
erty of matrine was TAMs target, three types of 
lung cancer cells, including A549, H460, and 
LLCs, were all employed to evaluate the cell 
apoptosis and migration induced by matrine. 
As shown in Figure 4A, 4B, there was no signifi-
cant difference between control groups and 
matrine treated groups regarding their apopto-
sis and migration (P>0.05). Furthermore, the 
protein expression of vimentin and E-cadherin 
in these three lung cancer cells was measured 
by western blotting. According to Figure 4C, 
there was no significant difference in the 
expression of vimentin and E-cadherin between 
control and matrine treated groups (P>0.05). 
Collectively, it was suggested that the anti-can-
cer effect of matrine might be targeted TAMs.

Matrine inhibited the tumor growing and me-
tastasis

To identify whether matrine had the same ther-
apeutic functions in lung cancer in vivo, LLCs 
subcutaneous and intravenous model were 
employed. 40 and 80 mg/kg of matrine were 
selected to conduct the following in vivo study. 
Administration of 80 mg/kg matrine in Lewis-
bearing mice significantly decreased the 
tumour volume (Figure 5A), and the tumour 
weight (Figure 5B) (P<0.05), but the mouse 
body weight didn’t change (Figure 5C). 
Additionally, molecular changes in tumour tis-
sues associated with the reversal of EMT, 
including the expression of Vimentin and 

E-cadherin were determined by IHC staining. 
The results shown that after treating with 
matrine, the expression of vimentin was down-
regulated (Figure 5D), while the expression of 
E-cadherin (Figure 5E) was up-regulated after 
treating with 40 and 80 mg/kg matrine when 
compared to control groups. Further wards, the 
metastatic nodes on the surface of lungs in 
mice were observed. As shown in Figure 5F, 5H, 
after administration of 40 and 80 mg/kg 
matrine, the number of metastatic nodes was 
significantly reduced compared to the control 
group (P<0.05). These results suggested that 
the progression of cell metastasis in matrine-
treated groups was strongly attenuated.

Matrine boosted T-cell-mediated anti-tumor 
immunity via inhibition of macrophages polar-
ization

To further validate the in vivo results, double IF 
staining with the macrophage marker F4/80, a 
marker for the M0 phenotype, and either 
CD206, a marker for the M2 phenotype, in the 
tumor tissues and lung tissues from LLCs sub-
cutaneous and intravenous model were per-
formed to identify the distribution of M2 polar-
ization. Whereas, in 40 mg/kg Matrine treated 
group, the percentage of F4/80+ CD206+ cells 
were decreased in the spleen from LLCs subcu-
taneous model (Figure S4A). As shown in 
Figures 6A, 7A, administration of matrine sig-
nificantly decreased the expression of F4/80, 
and CD206, when compared to control groups. 
The staining results suggested that matrine 
could inhibit M2 macrophages polarization in 
tumor tissue. Macrophages also constitute 
essential regulators of initiating anti-tumor 
immune responses. M2 macrophage exhibits a 
Th2-like phenotype. CD4+ Th2 cytokines, such 
as IL-4, IL-10, have shown to promote M2 mac-
rophage polarization [20]. To provide a better 
understanding of the effects of matrine on sup-
pression of macrophages polarization into the 
M2 phenotype in long-term anti-tumor immune 
memory, the percentages of tumour tissues 
and splenic CD4+ and CD8+ T cells, and Th2 
cytokines (IL-4 and IL-10) were analysed by flow 
cytometry. The percentage of splenic CD4+ and 
CD8+ T cells of 80 mg/kg treated matrine group 
was considerably higher than control group 
(P<0.05), whilst 40 mg/kg treated matrine 
group was not statistically different (P>0.05) in 
LLCs subcutaneous model (Figure S4B). After 
administration with 40 and 80 mg/kg matrine 
in both LLCs subcutaneous and intravenous 
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Figure 4. Matrine targeted TAMs to inhibit tumour growth and metastasis of lung cancer. A. The cell apoptosis rate of A549, H460, and LLCs treated with or without 
matrine determined by flow cytometry assay; B. The cell migration ability of A549, H460, and LLCs treated with or without matrine determined by transwell assay; 
C. The relative protein expression of Vim and E-card (relative to GAPDH) of A549, H460, and LLCs treated with or without matrine determine by Western Blotting 
(n=5), P<0.05 (*).
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model, the percentage of CD4+ and CD8+ T cells 
in tumour tissues increased significantly com-
pared to control group (Figures 6B, 7B, P<0.05), 
while the expression of IL-10 and IL-4 in CD4+ T 

cells were less than control groups (Figures 6C 
and 6D, 7C, P<0.05). The data showed that the 
expression of IL-4 and IL-10 were no significant 
difference between control group and 40 mg/

Figure 5. Matrine inhibited the tumor growing and metastasis in vivo. A. Administration of 40 and 80 mg/kg matrine 
decreased the tumour volume (mm3); B. Administration of 40 and 80 mg/kg matrine decreased the tumour weigh 
(g); C. Administration of 40 and 80 mg/kg matrine increased the weight (mg) of Lewis-bearing mice model; D. The 
expression of Vimentin measured by IHC staining in tumour tissues from Lewis-bearing mice model; The Vimentin-
positive cells are stained brown. E. The expression of E-cadherin measured by IHC staining in tumour tissues from 
Lewis-bearing mice model; The E-cadherin-positive cells are stained brown. F, G. The number of metastatic nodes 
on the surface of lung from Lewis-bearing mice model; H. The images showed representative H&E stained lung sec-
tions in the two groups. Bars: 5 μm. (n=5), P<0.05 (*).



Role of matrine in lung cancer

4321 Am J Cancer Res 2021;11(9):4308-4328



Role of matrine in lung cancer

4322 Am J Cancer Res 2021;11(9):4308-4328

Figure 6. Matrine boosted T-cell-mediated anti-tumor immunity via inhibition of macrophages polarization in LLCs subcutaneous mice model. (A) Administration of 
40 and 80 mg/kg matrine decreased the expression of CD206 of the tumour tissues from LLCs subcutaneous mice model;, determined by double IF staining; (B) 
Administration of 40 and 80 mg/kg matrine increased the percentage of CD4+ and CD8+ T cells in primary tumour tissues from LLCs subcutaneous mice model; (C) 
Administration of 40 and 80 mg/kg matrine decreased the expression of IL-10 in primary tumour tissues from LLCs subcutaneous mice model determined by flow 
cytometry assay; (D) Administration of 40 and 80 mg/kg matrine decreased the expression of IL-4 in primary tumour tissues from LLCs subcutaneous mice model 
determined by flow cytometry assay (E) In vitro T-cell suppression activity of Lewis-tumor-infiltrating CD11b+ cells collected at 2 weeks post-treatment with control, 
40 mg/kg and 80 mg/kg matrine. CD8+ T cells were labeled with CFSE and then stimulated with CD3/CD28 antibodies for 3 days in the absence or presence of 
tumor-infiltrating CD11b+ myeloid cells from control, 40 mg/kg and 80 mg/kg matrine-treated Lewis tumors. Representative flow cytometry histograms and percent-
ages of proliferating CD8+ T cells when plated in a ratio of 2:1 CD8+ T cells to CD11b+ cells (n=3), P<0.05 (*).
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kg matrine treated group in the spleen, while 
80 mg/kg matrine treated group were decre- 
ased (Figure S4C and S4E, P<0.05).

Subsequently, we evaluated the direct effect of 
macrophage derived from control, 40 or 80 
mg/kg matrine-treated LLCs on CD8+ T cell pro-
liferation in vitro. CD8+ T cells were isolated 
from normal C57BL/6 mice and were stained 
with CFSE. CD8+ T cells were stimulated with 
CD3/CD28 antibodies for 72 h. At the same 
time, T cell were co-cultured with tumor-infiltrat-
ing CD11b+ cells from control, 40 or 80 mg/kg 
matrine-treated Lewis tumors. Notably, CD11b+ 
cells from the 80 mg/kg matrine-treated group 
suppressed proliferation of CD8+ T cells to a 
lesser extent compared with those from the 
control vehicle-treated group (Figure 6E). All of 
these findings indicate that matrine suppressed 
M2 TAMs polarization and, probably contribut-
ing to the infiltration CD4+ and CD8+ T cells and 
the inhibition of the differentiation of CD4+ into 
Th2 cells.

Discussion

NSCLC is the dominant type of of lung cancers. 
Strategies for NSCLC prevention and treatment 
are limited due to high recurrence rates and 
metastases. It is documented that M2 macro-
phages such as TAMs, encourage several types 
of tumor development [21]. TAMs are the most 
abundant immune cells in tumor microenviron-
ment which contribute to tumor malignancy 
[22]. Specifically, TAMs contribute greatly to 
aggressive cancer progression by cytokines 
release. Upon infiltrating through the tumor, 
macrophages preferentially differentiate into 
M2-like TAMs and promote tumor growth by 
anti-tumor immunity elimination, and promote 
the release of Th2 anti-inflammatory cytokines, 
such as IL-4 and IL-10, tumor invasion, as well 
as metastasis following the EMT process [12]. 
EMT processes, therefore, involve immune 
cells, such as the inflammatory microenviron-
ments. The interplay between cancer cells and 
different tumor microenvironment components 
during carcinogenesis forms the physiology and 

phenotype of TAMs that can encourage or 
inhibit production of tumors. IL-13 have been 
shown to be strong inducers of M2-like macro-
phage polarization, and these macrophages 
are also known as M2a subset [23]. Herein, 
IL-13 were employed to co-stimulate RAW264.7 
and BMDMs polarizing to M2 phenotype, and 
then LLCs were co-cultured with IL-13-stimua- 
lted RAW264.7 to mimic TAMs. The findings 
showed that lung cancer cells co-cultivated 
with M2 polarized RAW264.7, which had been 
stimulated with IL-13 retained macrophages as 
TAM-like phenotypes, forming a positive feed-
back loop, which in turn had polarized to M2-like 
TAMs, and induced EMTs in lung cancer cells. 
Matrine inhibited skewing of M2-like TAMs, but 
not M1 macrophages, and lowered the release 
of anti-inflammatory cytokine, such as IL-10, 
IL-4, Arg-1, and M2 surface marker CD206. 

Local progression and metastasis of NSCLC 
has been associated with various mechanisms, 
but in particular by EMT. Snail is a transcription 
factor that is capable of stimulating the occur-
rence of EMT, which is substantially upregulat-
ed in many types of tumors and inhibits 
E-cadherin expression [24]. E-cadherin expres-
sion reduction and deletion can cause cell 
polarity to vanish and cell adhesion to decrease. 
It is a significant indicator of the processes 
involved in EMT [19]. The loss of epithelial cell 
polarity is coincides with an increase in the 
expression of mesenchymal cell markers 
vimentin, and N-cadherin, which causes the 
occurrence of EMT processes, leading to meta-
static initiation [25]. After co-culture, EMT asso-
ciated with protein expression has also been 
tested in LLCs. Matrine treated M2 macro-
phages increased the expression of E-cadherin 
in LLCs, and reduced the expression of 
Vimentin, and Snail. Three types of lung cancer 
cells without co-cultured with M2-like macro-
phages were treated with or without matrine. 
The finding suggested TAMs were targeted for 
the anti-cancer effect of matrine. LLCs subcu-
taneous and intravenous model were estab-
lished to confirm the consistency of in vivo 

Figure 7. Matrine boosted T-cell-mediated anti-tumor immunity via inhibition of macrophages polarization in LLCs 
intravenous mice model. A. Administration of 40 and 80 mg/kg matrine decreased the expression of CD206 of the 
tumour tissues from LLCs intravenous mice model, determined by double IF staining; B. Administration of 40 and 80 
mg/kg matrine increased the percentage of CD4+ and CD8+ T cells in primary tumour tissues from LLCs intravenous 
mice model; C. Administration of 40 and 80 mg/kg matrine decreased the expression of IL-4 and IL-10 in primary 
tumour tissues from LLCs subcutaneous mice model determined by flow cytometry assay (n=3), P<0.05 (*).
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tumour growth and metastasis inhibitory effect 
of matrine with in vitro study. IHC staining 
results plays a crucial part the results of EMT 
related protein expression. The depth of the 
invasion, clinical process, and vascular inva-
sion of cancer cells were reported to be corre-
lated with the overexpression of Vimentin [26]. 
Hence, matrine inhibited the tumour metasta-
sis via EMT, and this inhibitory effect could are 
targeted TAMs.

The presence of TAMs has also been reported 
to lead to a histologically more malignant phe-
notype, enhance the rate of tumor growth, and 
increase tumor microvascular density in vivo 
[27]. These findings were consistent with this 
study, demonstrating that M2 polarized macro-
phages, but not M1 macrophages, induced the 
cell invasion, migration and adhesion of LLCs. 
After co-culturing of LLCs with macrophages, 
M0 macrophages were polarized towards the 
M2 phenotype, and LLCs exhibited greater 
invasive and migrative potentials. Hagemann, 
et al. [28] also found that ovarian cancer plays 
a crucial part co-cultured macrophages towards 
a tumor-associated phenotype, leading to a 
TAM activation pattern, a finding similar to 
those in ovarian tumors in vivo. Therefore, it 
was suggested that macrophages and lung 
cancer cells mutually altered the behaviors 
between each other.

mTOR/PI3K/Akt signalling pathway involves in 
the cell growth and migration, and regulation of 
the macrophage phenotype activation. Activa- 
tion of the PI3K/Akt/mTOR signalling pathway 
was reported to responsible for the M2 polar-
ization in steady-state macrophages by skew-
ing M1-like macrophages polarizing to M2-type 
macrophages. PI3K/Akt/mTOR inhibitors can 
prevent M2 macrophages polarization and redi-
rect their differentiation [29]. PI3K activation is 
an essential step towards M2 macrophages 
activation in response to IL-13. Akt inhibition 
has been reported to abolish the upregulation 
of M2 genes [25]. Hence, PI3Kγ/AKT/mTOR sig-
naling pathway is closely associated with M2 
macrophages polarization. In addition, Akt iso-
forms are crucial for tumor migration and prolif-
eration induced by TAMs. p-Akt is an extensive-
ly characterized anti-apoptotic protein, and it is 
also the primary downstream kinase of PI3K 
[30]. Cheng, et al. [31] reported that co-culture 
with TAMs enhanced EMT of lung cancer cells 
probably through mTOR/PI3K/Akt signaling 

pathway. Moreover, matrine has been reported 
to provide a novel therapeutic approach for 
treating tumors by suppressing EMT [32]. 
Accordingly, it was possible that matrine  
could inhibit M2-like macrophages polarization 
through inhibiting mTOR/PI3K/Akt signaling 
pathway, thus reversing the EMT process. The 
results showed that matrine inhibited the acti-
vation of PI3K, thus inhibiting the phosphoryla-
tion of Akt, and mTOR, leading to the inhibition 
of M2-like macrophages.

In vitro experiments have shown that TAMs not 
only accelerated the transformation of Lewis 
lung cancer epithelial cells into spindle-shaped 
mesenchymal cells, but also regulated the 
expression of EMT cell markers (E-cadherin, 
vimentin, and snail) at protein levels. The migra-
tion and invasion of LLCs were dramatically 
increased, implying that TAMs exerted vital bio-
logical functions in the promotion of invasion, 
metastasis and adhesion of LLCs. TAMs can 
generate certain cytokines which are involved 
in EMT of LLCs during this process. However, 
Plays a crucial part. The future work would eval-
uate the changes in cytokine levels in the co-
culture framework to explore the underlying 
mechanisms of TAMs in promoting EMT in 
NSCLC.

Macrophages are the major immunoregulatory 
cells in tumors and take great part in immune 
responses in tumors. A previous study [33] 
reported that in human ovarian cancers, the 
production of CCL22 from TAMs regulated the 
influx of regulatory T cells that inhibit cytotoxic 
T cell responses. In addition, in mammary 
tumor xenografts, TAMs were responded to 
cytotoxic T cell by synthesis of PGE2 and TGF-β 
[34]. These pieces of evidence indicated the 
immunoregulation roles of TAMs in cancers. In 
this study, matrine inhibited TAMs skewing M2 
polarization, and decreased the expression of 
IL-4 and IL-10 in splenic and neoplastic CD4+ T 
cells, respectively, while it increased the num-
ber of CD4+ and CD8+ T cells in both spleen and 
primary tumour tissues. Interestingly, TAM from 
matrine-treated C57BL/6 suppressed the pro-
liferation of CD8+ T cells to a lesser degree, 
compared with control group. These results 
revealed that the inhibition of M2-like TAMs 
polarization could inhibit Th2 immune response 
and promote the expression of CD4+ and CD8+ 
T cells, Plays a crucial part Th2-cytokines.
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Conclusion

Taken together, this study presented an impor-
tant role of the positive feedback loop between 
lung cancer cells and TAMs in tumour growth 
and metastasis. The anti-cancer and anti-
matastasis effect of matrine inhibited EMT 
induced by M2-like macrophages via AKT/PI3K 
signaling pathways, boosted T-cell-mediated 
anti-tumor immunity by targeting TAMs. This 
study provided a novel insight regarding the 
potential therapeutic application of matrine as 
an anti-metastatic therapy for NSCLC, and pos-
sibly for other cancers as well. 
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Figure S1. Chemical structure of matrine (downloaded from PubChem).

Figure S2. CD11b expression in MDSC-derived macrophage and MDSC monocyte.
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Figure S3. Matrine inhibited macrophages shifting to M2 phenotype by IL-13. A. RAW264.7 cells were exposed to IL-13 with or without Matrine for 24 h. The expres-
sion of M2 marker CD206 was analyzed by flow cytometry. B. The cell viability of Matrine-stimulated RAW264.7 macrophages was detected by CCK-8 assay (n=5), 
P<0.05 (*).
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Figure S4. Matrine boosted T-cell via inhibition of macrophages polarization in the spleen of LLCs subcutaneous model. A. Administration of 80 mg/kg matrine de-
creased the expression of CD206 of the tumour tissues from LLCs intravenous mice model, determined by flow cytometry; B, C. Administration of 80 mg/kg matrine 
increased the percentage of CD4+ and CD8+ T cells in primary tumour tissues from LLCs subcutaneous model; D, E. Administration of 80 mg/kg matrine decreased 
the expression of IL-4 and IL-10 in primary tumour tissues from LLCs subcutaneous mice model determined by flow cytometry assay (n=5), P<0.05 (*).


