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Abstract: The functional phenotypes (M1 and M2) of tumor-associated macrophages (TAMs) are influenced by the 
tumor microenvironment (TME) and contribute greatly to the development of non-small cell lung cancer (NSCLC). 
However, the molecular mechanisms for TAM polarization remain unclear. Angiopoietin-like protein 2 (Angptl2) is in-
volved in tumor progression. In this study, Angptl2 expression was aberrantly increased in NSCLC cells and positively 
correlated with TAM infiltration, tumor size and poor patient survival. Moreover, in vitro tumor cell-macrophage co-
culture and recombinant protein stimulation revealed that Angptl2 fostered the M2 polarization of TAMs through the 
p65 nuclear factor-kappa B (NF-ĸB) pathway. In addition, Angptl2-promoted TAM enhanced proliferation, invasion, 
and migration of NSCLC cells and the tube formation of human umbilical vein endothelial cells (HUVECs). In vivo, 
TAM depletion inhibited the tumor growth induced by Angptl2. Here, for the first time, we determined that Angptl2 
promoted the M2 polarization of TAMs and enhanced NSCLC progression. Interfering with Angptl2 might be an ef-
fective strategy for reprogramming TAM polarization in NSCLC, providing a promising therapy for NSCLC treatment.
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Introduction

Lung cancer is the leading cause of death from 
cancer worldwide. Based on histology, approxi-
mately 80% of lung cancers are non-small cell 
lung cancer (NSCLC) [1]. The incidence of 
NSCLC is increasing annually because of grow-
ing smoking rates and environmental pollution. 
Most NSCLC cases are diagnosed at a late 
stage. Despite advances in treatment, its prog-
nosis is still poor. Therefore, the identification 
of molecular mechanisms underlying its metas-
tasis and progression can improve the effects 
of NSCLC therapies.

Chronic inflammation plays roles at different 
stages of cancer development [2]. As a secret-
ed inflammatory glycoprotein, Angptl2 is struc-
turally similar to angiopoietin and belongs to 
the Angiopoietin-like proteins (Angptls) family 
[3]. Physical Angptl2 signaling maintains tissue 

homeostasis via adaptive inflammation [4], 
whereas over activation of Angptl2 signaling 
causes pathological tissue remodeling [5, 6]. 
Angptl2 is highly expressed in various cancer 
types, including NSCLC [7-11], and facilitates 
cancer metastasis by promoting tumor cell 
invasion and angiogenesis [12, 13]. Previous 
studies have focused on how tumor cell-derived 
Angptl2 directly affected tumor progression. 
Whether the action of Angptl2 on stromal cells 
is involved in Angptl2-driven tumor behaviors 
remains unknown. 

Macrophages that infiltrate tumor tissues are 
referred to as tumor-associated macrophages 
(TAMs) and are prominent in the stromal com-
partment. They have two well-established phe-
notypes, classically (M1)- and alternatively 
(M2)-activated macrophages [14, 15], which 
play different functions in tumor progression. 
M1 macrophages are potent effector cells that 
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kill microorganisms and are viewed as anti-neo-
plastic [16]. They primarily produce pro-inflam-
matory cytokines, such as tumor necrosis 
factor-α (TNFα) and interleukin (IL) 12 [17]. M2 
macrophages are immunosuppressive and 
tumor promotive. They produce immunosup-
pressive, cell growth and angiogenesis factors, 
such as IL10 and vascular endothelial growth 
factors (VEGFs) [18, 19]. TAMs reprogram their 
functional phenotype in response to cues from 
the tumor microenvironment (TME), such as 
tumor-derived signals and tissue-specific sig-
nals [20, 21]. Thus, the TAM phenotype rather 
than the number of TAMs regulates tumorigen-
esis [22]. 

Both Angptl2 and TAMs are involved in carcino-
genesis and tumor development. Tumor cell-
derived Angptl2 increases tumor cell motility 
and angiogenesis, further accelerates metas-
tasis and shortens survival periods in tumor 
cell-implanted mouse models [13]. Tumor cell-
derived Angptl2 enhances tumor cell invasion 
and tumor cell intravasation of blood vessels by 
increasing the expression and activity of matrix 
metalloproteinases (MMPs), such as MMP-1 
and MMP-9 in osteosarcoma cells [23]. In addi-
tion, TAMs promote tumor progression by 
secreting platelet derived growth factor (PDGF) 
and releasing various angiogenesis modulating 
enzymes, including MMP-2, MMP-9, and cyclo-
oxygenase-2 [24, 25]. Moreover, Angptl2 
recruits macrophages in adipose tissue inflam-
mation [26]. These studies suggest that 
Angptl2 may influence TAM function. 

Our data indicate that NSCLC cell-derived 
Angptl2 induced TAM M2 polarization, which in 
turn fostered NSCLC progression, suggesting 
that targeting Angptl2 can contribute to NSCLC 
treatment. 

Materials and methods

Ethical statement

This study was carried out in accordance with 
ethical standards and was approved by the 
Institutional Review Board of the Jinan Central 
Hospital Authority.

Patients and samples

A total of eighty-one tumor specimens from 
patients undergoing surgical resections for 

NSCLC at Jinan Central Hospital Affiliated to 
Shandong University, China, were collected. 
None of the patients underwent chemo- or 
radiotherapy prior to surgical resection. Of all 
the patients included in the study, 58 were 
male, and 23 were female, and the average 
patient age was 61.8 years at the time of oper-
ation. Of these 81 tumors, 43 were adenocarci-
nomas, 34 were squamous cell carcinoma, and 
4 were other types of tumors. The patients 
were classified according to the Union for 
International Cancer Control, 7th edition, stag-
ing system for NSCLC. 

Immunohistochemical (IHC) staining

Human primary NSCLC tissue and murine 
transplanted tumor specimens were paraffin-
embedded and sectioned. After the sections 
were de-paraffinized and rehydrated, antigen 
retrieval was performed by heating the speci-
mens in 10 mmol/L sodium citrate (pH 6.0) for 
10 min in a microwave oven. After naturally 
cooling the sections, they were incubated in 3% 
H2O2 for 10 min and then blocked in 10% goat 
serum at room temperature for 1 h. Anti-
Angptl2 polyclonal rabbit antibody (1:50 dilu-
tion; Abcam, Cambridge, UK), anti-CD68 mouse 
monoclonal antibody (1:400 dilution; Abcam), 
anti-CD34 rabbit monoclonal antibody (1:250 
dilution; Abcam), anti-F4/80 rat monoclonal 
antibody (1:50 dilution; Abcam) were added 
and incubated with the tissues overnight at 
4°C. To detect the primary antibody, the sec-
tions were incubated with the Elivision Plus 
Polymer Horseradish Peroxidase (Mouse/
Rabbit) IHC Kit (25 min) and streptavidin-conju-
gated peroxidase (25 min) at room tempera-
ture. Finally, sections were visualized with 
3,3’-diaminobenzidine solution (MXB) and 
counterstained with hematoxylin. Negative con-
trols were prepared using normal mouse and 
rabbit IgG instead of the primary antibody. All 
the staining results were scored by two inde-
pendent pathologists. For Angptl2, the propor-
tion score represented the estimated fraction 
of positive tumor cells (0=none; 1=less than 
25%; 2=25-75%; 3=greater than 75%); the 
intensity score represented the estimated aver-
age staining intensity of positive tumor cells 
(0=none; 1=weak; 2=intermediate; 3=strong); 
and the overall amount of protein is presented 
as the total score of the proportion and inten-
sity scores (ranges=0-9). Angptl2 expression 
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levels were defined by a final score, either a low 
expression level (score <3) or a high expression 
level (score ≥3). The numbers of CD68+ macro-
phages in five, high-power fields of view of the 
tumors and stroma were counted (×200). 

Cell culture 

THP-1 human monocytes and human umbilical 
vein endothelial cells (HUVECs) were purchased 
from the Cell Bank, Institute of Biochemistry 
and Cell Biology, China Academy of Sciences 
(Shanghai, China). NSCLC cell lines (A549, 
H1299, H1650, H1975, and H226) and the 
lung/brunch normal epithelial cell line, BEAS-
2B, were purchased from the Cell Resource 
Center of the Chinese Academy of Sciences 
(Beijing, China). THP-1, H226, H1299, H1650 
and H1975 cells were cultured in RPMI 1640 
medium (HyClone, South Logan, UT, USA) sup-
plemented with 10% fetal bovine serum (FBS, 
HyClone), 20 μg/mL penicillin, and 20 μg/mL 
streptomycin (Sigma, St.Louis, MO, USA); 
HUVECs, A549 and BEAS-2B cells were cul-
tured in DMEM (HyClone) supplemented with 
10% FBS (HyClone). All cells were cultured at 
37°C in a humidified atmosphere of 5% CO2 in 
air. 

Cell treatments

For experiments, THP-1 cells were seeded in 
6-well plates and differentiated into macro-
phages by adding 100 ng/ml phorbol 
12-myristate 13-acetate (PMA, Abcam) for 72 
h. Angptl2 fusion protein (Proteintech, Wuhan, 
China), pyrimidine dithiocarbamate (PDTC) 
(Abcam) and AS1517499 (Axon Medchem, The 
Netherlands) were all purchased from commer-
cial sources. For treatment with inhibitors, the 
cells were pretreated with either 100 nM 
AS1517499, 100 μM PDTC, or 0.1% DMSO 30 
min before stimulation with rAngptl2.

Cell transfections 

Lentivirus carried overexpression Angptl2 were 
built by Genechem Co. (Shanghai, China). 
H1299 cells were inoculated in 6-well plates 24 

and Angptl2 expression was detected by 
RT-PCR and western blot. Plasmid shAngptl2 
(Genepharma Co., Shanghai, China) was trans-
fected into A549 cells; non-targeting plasmid 
(shNC) was used as a negative control. 
X-tremeGENE HP Reagents (Roche, Basel, 
Switzerland) were used according to the manu-
facturer’s instructions. A549 cells (2×105) were 
transfected with 2 μg of plasmid in 6-well 
plates. The interference sequences are listed 
in Table 1.

Co-culture experiments 

THP-1-derived macrophages were plated into 
6-well dishes (2×106 cells per well) in the cul-
ture media. A549-shNC, A549-shAngptl2, 
H1299-MOCK, and H1299-Angptl2 cells (1.5 to 
2×106 cells per insert) were plated directly on 
Transwell inserts (0.4 mm, Corning, New York, 
USA) in culture medium. Prior to co-culture, 
lung cancer cells and macrophages were 
washed with RPMI containing 0.1% bovine 
serum albumin (BSA). After the last wash, the 
appropriate basal medium was added to the 
macrophages, and inserts containing lung can-
cer cells were placed in each well.

Western blot

The proteins were separated on a 10% SDS-
PAGE gel and transferred onto a polyvinylidene 
difluoride membrane (Millipore, Billerica, MA, 
USA). Subsequently, the membrane was 
blocked and incubated overnight at 4°C with 
the primary antibody, which included anti-Ang-
ptl2 pAb (1:800, Abcam), anti-phospho-p65 
(1:2000, Abcam), anti-p65 pAb (1:1000, Santa 
Cruz), anti-phospho-Erk pAb (1:800, Abcam), 
anti-Erk mAb (1:800, Abcam), anti-phospho-Akt 
mAb (1:1000, Proteintech), anti-Akt mAb 
(1:1000, Proteintech), anti-phospho-p38 pAb 
(1:800, Abcam), anti-p38 mAb (1:800, Abcam), 
anti-phospho-Stat6 pAb (1:800, Abcam) and 
anti-Stat6 mAb (1:800, Abcam). Afterwards, 
the blots were labeled for 1 h with HRP-
conjugated secondary antibodies (1:5000, 
Proteintech). Finally, the blots were exposed to 

Table 1. Interference sequences targeting Angptl2
shRNA name Sense (5’-3’) Anti-sense (5’-3’)
shAngptl2 CGCAAAGTCTTTGCAGAAT ATTCTGCAAAGACTTTGCG
shNC TTCTCCGAACGTGTCACGT ACGTGACACGTTCGGAGAA

h prior to infection. For infection, 1 
ml of fresh medium containing 10 μl 
of lentivirus (1×109 TU/ml) was 
added to each well, and after 72 h, 
the infection rate was observed 
using a fluorescence microscope, 
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the ChemiDoc™ XRS+ system (Bio-Rad, 
Hercules, CA, USA). The same membrane was 
probed for GAPDH (1:10000, Proteintech) as a 
loading control.

Reverse transcriptase-polymerase chain reac-
tion (RT-PCR) analysis 

Total RNA was isolated using TRIzol reagent 
(Invitrogen, Carlsbad, USA) according to the 
manufacturer’s protocol. cDNAs were synthe-
sized from total RNA (2 μg) using oligodT  
primers with the reverse transcription kit 
(Fermentas, Burlington, Ontario, Canada). 
RT-PCR involved the ABI7500 sequence detec-
tor (Applied Biosystems, CA, USA). The forward 
and reverse primer sequences are listed in 
Table 2. All mRNA that was detected was nor-
malized to GAPDH expression. Gene expres-
sion for RT-PCR was calculated as the change 
relative to the control (2-ΔΔCt).

Flow cytometry

Samples were incubated with FITC-CD206 (BD 
Biosciences, San Jose, CA, USA)/APC-CD14 
(BD Biosciences), PE-conjugated CD209 (BD 
Biosciences)/APC-CD14 (BD Biosciences) anti-
bodies according to the manufacturers’ instruc-
tions. Flow cytometry was performed using a 
Guava® easyCyte 6HT-2L (Millipore), and the 
results were analyzed with guavaSoft™ 3.1.1 
software (Millipore). For each sample, at least 
1×104 cells should be analyzed.

Cell proliferation assay

Cell proliferation was assessed with the CCK8 
(Cell Counting Kit-8) assay. Cells were plated in 
96-well culture plates at 1×103 cells per well 
containing 0.2 mL of different kinds of condi-
tioned media (CM). After incubation for 24 h, 
48 h and 72 h, 10 µl of CCK8 solution was 
added to each well, incubated for 4 h at 37°C, 
and then measured at 450 nm. Assays were 
repeated at least three times.

CM for 24 hours. Images of the cells that had 
migrated into the cell-free scratch wound area 
were acquired and the migration distance was 
measured under an inverted microscope. The 
scratch wound widths were determined by the 
relative percentage compared to untreated 
control cells.

Transwell assay

Matrigel (BD Transduction Laboratories, San 
Jose, USA) was melted and stored at 4°C over-
night the day before the experiment. A pipette 
tip was pre-cooled in ice-cold distilled water for 
0.5 h before the experiment, and the ECM gel 
was diluted in a 1:8 ratio with serum-free medi-
um. Then, 100 μl of Matrigel was added to the 
upper chambers; the entire process was per-
formed on ice. Then, the cells were placed in an 
incubator at 37°C for 5 h, after which 105 cells 
in the logarithmic growth phase/mL were added 
to each well for a total volume of 200 μl. Then, 
500 μl of the indicated CM was added to the 
lower chamber. After culturing for 24 h, the 
medium was discarded, and a cotton swab was 
used to gently remove cells from the upper 
layer of the Transwell. The Transwell membrane 
was fixed with methanol for 20 min, washed 
with PBS 3 times, and then stained with 0.1% 
crystal violet for 20 min after airing. The inva-
sive cell numbers from 5 fields of view (×200) 
(upper and lower, left and right, middle) were 
counted under a microscope. The mean value 
for each was calculated and statistically ana-
lyzed. The cells in each group were treated in 
triplicate and the experiments were repeated 
three times.

Cell migration

Cell migration was determined using Transwell 
insert chambers (8-mm pore size; Corning). 
Approximately 3×104 THP-1-derived cells were 
added to the upper chamber. Indicated CM was 
added to the lower chamber as a chemoattrac-

Table 2. Primer sequences for RT-PCR
Forward (5’-3’) Reverse (5’-3’)

Angptl2 GCGACCAGAGACACGACC CAGGCGGAAACTGGCGTATT
IL10 GCTGTCATCGATTTCTTCCC CTCATGGCTTTGTAGATGCCT
Arg1 CACTCCCCTGACAACCAGCT AGGACACAGGTTGCCCATG
IL12 AGGGCCGTCAGCAACATG TCTTCAGAAGTGCAAGGGTAAAATTC
TNFα ATGAGAAGTTCCCAAATGGCC ACGTGGGCTACAGGCTTGTC
GAPDH ACCCACTCCTCCACCTTTGA GTCCACCACCCTGTTGCTGTA

Wound-healing assay

Cells were seeded at a density 
of 1×105 cells/mL in 6-well 
plates and incubated until a 
90% density. Then, a scratch 
wound was made across the 
center of the monolayer of cells 
in each well using a sterile 200 
μl pipette tip. This was followed 
by incubation in the indicated 
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tant. After incubating at 37°C for 24 h, the 
migrated cells were fixed with 20% methanol, 

stained with 0.1% crystal violet (Invitrogen), 
and the number of cells in three fields (×200) of 

Figure 1. Angptl2 expression in NSCLC samples. A. IHC images of Angptl2 expression in NSCLC tissues and in 
paratumor lung tissues. Positive Angptl2 expression was identifiable by brown staining in the cytoplasm of primary 
NSCLC cells and surrounding pulmonary epithelial cells (magnification of ×200 and ×400). B. Comparison of An-
gptl2 expression in primary NSCLC tissues and paratumor lung tissues. C. Survival analysis of NSCLC patients be-
tween the Angptl2-positive group and the Angptl2-negative group in NSCLC tissues was performed by Kaplan-Meier 
survival analysis. D. Angptl2 expression and CD68+ cells in the same specimen (magnification, ×400). CD68 was 
used as a pan-macrophage marker. E. The correlation between intratumoral Angptl2 expression and TAM density 
was analyzed. r=0.5848, Pearson’s correlation. *p<0.05, **p<0.01.
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each sample was counted. The mean number 
of migrated cells was calculated.

Tube formation assay 

HUVECs (2×104 cells/well) were seeded into a 
96-well plate that had been pre-coated with 50 
μl of Matrigel and cultured with CM. The forma-
tion of tube-like structures was monitored by 
microscopic observation (×50). The average 
number of tubules was calculated from three 
fields in each sample.

In vivo animal study 

Female nude BALB/c mice, aged 6-8 weeks, 
were purchased from Beijing HFK Bioscience 
(Beijing, China). Selective macrophage deple-
tion, by means of the macrophage suicide tech-
nique utilizing liposome-mediated intracellular 
delivery of dichloromethylene-biphosphonate is 
a well-established experimental protocol [27, 
28]. Lentivirus carrying overexpressed Angptl2-
infected H1299 cells (1×106) were inoculated 
into the subcutaneous left axillary of the mice 
(n=5), and cancer progression was evaluated. 

p-value <0.05 was considered statistically 
significant.

Results

Highly expressed Angptl2 in human NSCLC 
samples correlated with TAM infiltration, tumor 
size and overall survival 

NSCLC samples were evaluated for Angptl2 
expression by IHC staining. The positive expres-
sion of Angptl2 protein showed brownish yellow 
to brown particles, mainly expressed in the 
cytoplasm of NSCLC cells (Figure 1A). There 
were 58 cases (58/81, 71.6%) showing Angptl2-
positive expression in NSCLC tissues, but only 
16 cases (16/54, 29.6%) showing Angptl2-
positive expression in adjacent normal tissues. 
A significant difference in the Angptl2-positive 
rate was found between NSCLC tissues and 
adjacent normal tissues (**p<0.01, Figure 1B).

The association between Angptl2 expression in 
NSCLC tumor tissues and clinical pathological 
characteristics is depicted in Table 3. Expre- 
ssion of Angptl2 was positively correlated with 
tumor size (*p=0.022) and higher pathological 

Table 3. Correlations between Angptl2 expres-
sion and the clinicopathological parameters of 81 
patients with NSCLC

Characteristics
Angptl2 protein expression

p-value
Negative Positive

Age (years)
    >60 13 32 0.912
    ≤60 10 26
Sex
    Male 17 41 0.772
    Female 6 17
Smoking history (years)
    <30 8 30 0.168
    ≥30 15 28
Tumor size (cm)
    ≤5 13 17 0.022*
    >5 10 41
Histological type 
    Squamous 10 24 0.089
    Adenocarcinoma 10 33
    Other 3 1
TNM stage groupings
    I/II 11 14 0.037*
    III/IV 12 44
*p<0.05, statistically significant difference.

Seven days after the tumor cell inoculations, 
the mice were injected with Clophosome-
clodronate liposomes (CCL; FormuMax 
Scientific, USA) or control neutral liposomes 
(CNL; FormuMax Scientific, USA) at initial 
doses of 0.2 ml per mouse, followed by 0.1 
ml per mouse twice a week for 4 weeks.

Tumor sizes were monitored every 7 days 
using calipers and tumor volumes were calcu-
lated according to the formula: L×S2×0.5, (L: 
longest diameter; S: shortest diameter of 
tumor). Microvessel density (MVD) was count-
ed in high-power fields (HPFs) (×400). Each 
tissue section was assigned 5 fields, the 
average of which was calculated as the MVD 
[29]. The number of cells positive for F4/80+ 
was also counted in 5 HPFs of the transplant-
ed tumor tissues.

Statistical analysis

All data were expressed as the mean ± SD. 
Cell experiments were performed in triplicate 
and a minimum of three independent  
experiments were evaluated. Differences 
were assessed for statistical significance 
using GraphPad Prism and SPSS. The statisti-
cal significance of differences between 
groups was determined by Student’s t test. A 
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stage (*p=0.037). Moreover, Kaplan-Meier sur-
vival analysis showed that the levels of Angptl2 
negatively correlated with the overall survival 
(OS) of NSCLC patients (Figure 1C). 

To explore the effects of tumor cell-derived 
Angptl2 on TAMs, we analyzed the relationship 
between the density of TAMs (CD68+) and 
Angptl2 expression in NSCLC tissues (Figure 
1D). A Pearson correlation analysis showed 
that Angptl2 expression was positively corre-
lated with TAM density (r=0.5848, **p<0.01, 
Figure 1E). 

NSCLC cell-derived Angptl2 promoted M2 po-
larization of TAMs in vitro

M2 TAMs and Angptl2 both promote cancer 
progression; polarized phenotypes, rather than 

the infiltration of macrophages, play a key role 
in NSCLC progression [22]; based on our 
results, we hypothesized that Angptl2 was 
involved in TAM polarization during the develop-
ment of NSCLC.

We detected expression of Angptl2 protein in 
all five tumor cell lines. H1650 and H1299 cells 
had low Angptl2 expression, A549, H226 and 
H1975 had high Angptl2 expression, and BEAS-
2B cells had the lowest Angptl2 expression 
(Figure 2A). Then, Angptl2 expression was 
downregulated in A549 cells (A549-shAngptl2), 
which typically have high endogenous Angptl2 
expression, while H1299, which has low endog-
enous Angptl2 expression, was forced to 
express exogenous Angptl2 (H1299-Angptl2) 
(Figure 2B). Transwell co-culture experiments 
were performed for 24 h with THP-1-derived 

Figure 2. Angptl2 induced M2 macrophage polarization in vitro. A. Angptl2 protein expression in all five NSCLC cell 
lines and the normal lung/bronchus epithelial cell line, BEAS-2B, as measured by western blot; GAPDH was used as 
a loading control. B. Angptl2 expression in lentivirus-infected H1299 cells and shRNA-transfected A549 cells was 
detected by RT-PCR and western blot. C. The percentage of CD14+/CD206+ and CD14+/CD209+ cells, as detected 
by flow cytometry, from THP-1-derived macrophages were co-cultured with H1299-MOCK cells or H1299-Angptl2 
cells for 24 hours. D. The percentage of CD14+/CD206+ and CD14+/CD209+ cells detected by flow cytometry from 
THP-1-derived macrophages co-cultured with A549-shNC or A549-shAngptl2 cells for 24 hours. E. Relative IL10, 
Arg1, IL12 and TNFα mRNA expression, as detected by RT-PCR, in THP-1-derived cells in the presence or absence of 
rAngptl2 (20 ng/ml and 50 ng/ml) for 24 hours. Relative mRNA expression levels are presented as fold inductions. 
*p<0.05, **p<0.01. IL10 and Arg1 are M2 macrophage markers; IL12 and TNFα are M1 macrophage markers. The 
same volume of PBS was added to both the 0 ng/ml rAngptl2 and control groups.
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macrophages and NSCLC cell lines. Transwell 
co-culture of H1299-Angptl2 with THP-1-
derived macrophages led to an increased per-
centage of CD206+ and CD209+ macrophages 
compared with H1299-MOCK macrophages 
(CD206 and CD209 are both believed to be 
markers for M2 macrophages), as detected by 
flow cytometry (Figure 2C). Macrophages co-
cultured with A549-shAngptl2 cells had lower 
percentage of CD206+ and CD209+ macro-
phages than those co-cultured with the A549-
shNC cells (Figure 2D).

To further confirm these results, we used 
recombinant protein Angptl2 (rAngptl2) to 
detect its function. The concentration of 
Angptl2 in NSCLC patient serum is 8.38 ± 1.73 
ng/ml [30]. Thus, it is reasonable for us to 
assume that the concentration of Angptl2 was 
higher in the TME than in the serum. We chose 
20 ng/ml and 50 ng/ml rAngptl2 to stimulate 
THP-1-derived macrophages. RT-PCR showed 
that the mRNA expression of the M2 markers 

IL10 and Arg1 increased after 50 ng/ml rAng-
ptl2 stimulation (Figure 2E). 

Induction of M2 polarization of TAMs by 
Angptl2 was dependent on p65 NF-ĸB signal-
ing

We detected certain intracellular pathways 
reported to mediate macrophage polarization 
[31-33]. rAngptl2 stimulation increased phos-
phorylation of Stat6 and p65 (Figure 3A). We 
used selective inhibitors to explore which path-
ways were involved in Angptl2 promoted M2 
macrophage polarization: AS1517499 (Stat6 
inhibitor) and PDTC (NF-ĸB inhibitor). As shown 
in Figure 3B, 3C, PDTC treatment attenuated 
Angptl2-induced M2 markers mRNA expression 
detected by RT-PCR, while AS1517499 did not 
significantly change the M2 markers mRNA 
expression significantly (data not shown), sug-
gesting that the p65 NF-ĸB pathway might be 
mediate Angptl2-induced TAMs M2 polariza- 
tion. 

Figure 3. Angptl2 promoted M2 macrophage polarization via the p65 NF-κB signaling pathway. A. Western blot of 
phospho-p38 MAPK, p38 MAPK, phospho-Erk, Erk, phospho-Akt, Akt, phospho-Stat6, Stat6, phospho-p65, p65 
NF-κB and GAPDH in THP-1-derived macrophages with or without the addition of rAngptl2 (50 ng/ml, 24 hours). B. 
Western blot of p-p65 NF-κB in THP-1-derived cells with or without pretreatment of PDTC (100 μM in DMSO for 30 
min) before the addition of rAngptl2. C. RT-PCR analysis of M1/M2 markers in THP-1-derived cells with or without 
pretreatment of PDTC before the addition of rAngptl2. D. Flow cytometry analysis of THP-1-derived cells with or with-
out PDTC pretreatment before the addition of rAngptl2. The percentage of CD14+/CD206+ and CD14+/CD209+ 
cells and quantitative data are shown. *p<0.05, **p<0.01.
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To further confirm these results, flow cytometry 
was used to detect the percentage of CD206+ 
and CD209+ macrophages influenced by the 
pathway inhibitors. The results showed the per-
centage of CD206+ and CD209+ macrophages 
induced by rAngptl2 were both impaired by 
PDTC (Figure 3D).

Angptl2-promoted TAMs enhanced the prolif-
eration, invasion, and migration of NSCLC cells 
and the tube formation of HUVECs in vitro

On the basis of the findings that NSCLC cell-
derived Angptl2 promoted M2 polarization of 
TAMs (Figure 2), we further explored the bio-
logical function of Angptl2-promoted M2 TAMs 
on the progression of NSCLC in vitro, as out-
lined schematically in Figure 4A. 

We examined whether Angptl2-promoted M2 
macrophages had the ability to enhance NSCLC 
cell proliferation, invasion and migration. To 
address this question, a CCK8 proliferation 
test, a Transwell invasion assay and a wound-
healing assay were performed. As shown in 
Figure 4B-D, after 24 h of culture in the indi-
cated CMs, the proliferation, invasion and 
migration of NSCLC cells in the Angptl2-
promoted macrophage group was highest. 

HUVECs were seeded in a 96-well plate pre-
coated with Matrigel and formed capillary-like 
structures in the presence of different macro-
phage supernatants. The network of tube-like 
structures in the Angptl2-promoted macro-
phages group was more extensive than that of 
the other two groups (Figure 4E). We also exam-
ined the migration of HUVECs under various 
kinds of CM. CM from macrophages stimulated 
by Angptl2 significantly enhanced the migration 
of HUVECs (Figure 4F).

NSCLC cell-derived Angptl2 promoted NSCLC 
tumor growth in the presence of TAMs in vivo

We established tumor transplant mouse mo- 
del with Angptl2 up-regulated NSCLC cells. 
Intravenous tail injections of CCL were used to 
deplete macrophages, and CNL served as con-
trol [27]. Tumor volume and weight in the 
Angptl2 up-regulated group were significantly 
higher than the control group, and both were 
reduced in the CCL group compared with the 
CNL control group (Figure 5A, 5B). 

Higher Angptl2 expression was related to 
enhanced MVD; depletion of macrophages 
impaired the enhancement (Figure 5C), which 
indicated the importance of TAMs in pro-tumor 
functions related to Angptl2. 

Thus, the results from animal models confirmed 
our observations in vitro and lend further sup-
port to our hypothesis that TAMs are involved in 
Angptl2-driven NSCLC progression via M2 
polarization. 

These data suggest that Angptl2 promotes M2 
polarization of TAMs through the NF-ĸB path-
way in NSCLC and further promotes tumor 
progression.

Discussion

Tumor cell products, such as IL10, colony stim-
ulating factor (CSF)-1 and extracellular matrix 
components stimulate macrophage differentia-
tion into M2 macrophages that have the capac-
ity to promote cancer [34]. Cancer cell-derived 
TGF-β affects stromal cells in a paracrine fash-
ion, leading to fibroblast activation and enhanc-
es tumor growth [35]. These studies suggest 
that tumor cell-produced factors promote 

Figure 4. Angptl2-promoted macrophages enhanced the proliferation, invasion and migration of NSCLC cells and 
the tube formation and migration of HUVECs in vitro. A. A schematic representation of the experimental approach 
used in this part. B. NSCLC cells were incubated with the indicated CMs for 24 h, 48 h, and 72 h. The CCK8 as-
say was used to evaluate proliferation. C. NSCLC cells were incubated with the indicated CMs in 24-well Transwell 
chambers for 24 h, and the invasive cells were stained with crystal violet. Representative images were taken at a 
magnification of 200×. The number of invasive cells is shown. D. A wound-healing assay was used to examine the ef-
fects of the indicated CMs on NSCLC cell migration. Representative images were taken at a magnification of 100×. 
Quantitative data are shown. E. HUVECs in the presence of the indicated CMs for 12 h formed capillary-like struc-
tures. Representative images were taken at a magnification of 50×. Quantitative data are shown. F. Transwell migra-
tion experiments of HUVECs were performed with the indicated CMs for 24 h. Representative images were taken 
at a magnification of 200×. Quantitative data are shown. *p<0.05; **p<0.01. (rAngptl2+control medium: 50 ng/
ml rAngptl2 was added to complete macrophage culture medium; rAngptl2+macrophage medium: THP-1-derived 
macrophages were cultured with 50 ng/ml rAngptl2 for 24 h, the supernatant was collected; PBS+macrophage 
medium: THP-1-derived macrophages were cultured with the same amount of PBS to rAngptl2 as the control group 
for 24 h, the supernatant was collected).
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tumor progression by influencing the functional 
phenotypes of stromal cells. 

Here, for the first time, we showed that tumor 
cell-derived Angptl2 promoted NSCLC progres-
sion by inducing M2 polarization of TAMs. The 
direct link between Angptl2 and the M2 polar-
ization of TAMs in NSCLC was suggested by 
several pieces of evidence in our studies. First, 
Angptl2 expression was positively related to 
TAM infiltration and correlated with disease 
progression as defined by tumor size, tumor 
grades and the patients’ overall survival. M2 
TAMs were also reported to be closely related 
to the poor survival of NSCLC patients, which 
suggested that Angptl2-related NSCLC promo-
tion may be related to M2 macrophages. 
Second, we used both co-culture and recombi-
nant protein stimulation systems to identify 

how Angptl2 influenced macrophage polariza-
tion by detecting the subtype markers. A co-
culture of the macrophages with NSCLC cells 
with various Angptl2 expression levels was per-
formed to simulate the interaction between 
tumor cells and macrophages in the TME. A 
recombinant protein stimulation experiment 
was performed to clarify how different concen-
trations of Angptl2 affected macrophage polar-
ization. Higher concentrations of Angptl2 pro-
moted macrophage M2 polarization more 
strongly. Angptl2 is an inflammatory factor that 
enhances immune factor production in adipose 
tissue [26]. Based on our results, its influence 
on macrophage polarization might depend on 
its concentration and the surrounding microen-
vironment; this hypothesis needs more explora-
tion. Third, tumor cell growth and migration and 
tumor angiogenesis are important events that 

Figure 5. Angptl2 induced NSCLC tumor growth in the presence of TAMs in vivo. A. Groups of female nude mice 
(n=5) were injected with 1×106 H1299-MOCK cells or H1299-Angptl2 lung cancer cells in subcutaneous of the left 
axillary. Seven days after tumor cell inoculation, the mice were injected with CCL or CNL, at an initial dose of 0.2 ml 
per mouse, followed by 0.1 ml per mouse twice a week for 4 weeks. B. Weekly tumor size and weight. Data are pre-
sented as the mean ± SD. C. IHC staining of Angptl2, F4/80 and CD34 in xenograft tissues. Representative images 
(×400). Quantitative results of TAM density and MVD in primary xenograft tissues are shown. Data are presented 
as the mean ± SD, *p<0.05; **p<0.01.
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occurred in the TME that influence NSCLC 
development. We detected functions of Angptl2 
promoted macrophages in NSCLC cells and 
HUVECs in vitro. Angptl2-promoted macro-
phages enhanced the proliferation, invasion 
and migration of NSCLC cells and the tube for-
mation of HUVECs, which indicates that 
Angptl2-promoted TAMs promote NSCLC pro-
gression. Finally, we used a macrophage deple-
tion mouse model to clarify the importance of 
macrophages in Angptl2-related NSCLC pro-
gression in vivo. Up-regulated Angptl2 in the 
mouse tumor transplant model resulted in 
increased tumor growth and MVD, while up-
regulated Angptl2 tumors with depleted TAMs 
did not show increased tumor growth or MVD. 
Collectively, our data strongly suggest that 
Angptl2 induces TAMs M2 polarization and fur-
ther promotes NSCLC progression.

To minimize the direct stimulatory effects of 
Angptl2 on NSCLC cells in this study, we used 
complete medium with the same amount of 
rAngptl2 (50 ng/ml) as the control group for CM 
from rAngptl2-treated macrophages. CM from 
Angptl2-promoted macrophages enhanced 
cancer cell proliferation, migration and inva-
sion and tube formation and migration abilities 
of HUVECs more strongly than rAngptl2 itself. 
Furthermore, our in vivo experiments showed 
that depleting mouse macrophages reduced 
Angptl2-induced xenograft growth, which clear-
ly supports the conclusion that TAMs contrib-
ute to Angptl2-induced NSCLC progression.

Our data suggest that p65 NF-ĸB signaling 
mediated the Angptl2-induced M2 polarization 
of TAMs. The NF-ĸB pathway is a classical medi-
ator of inflammation. Hepatoma-derived toll-
like receptor (TLR) 2-related ligands stimulate 
M2 macrophage differentiation by controlling 
NF-ĸB RELA/p65 protein homeostasis through 
selective autophagy [36]. The different 
responses in NF-ĸB signaling activation may be 
due to the dynamic process of cancer develop-
ment. Additionally, there may be other mecha-
nisms in the NF-ĸB activation pathway, such as 
autophagy, which require further study.

In conclusion, the data presented in this study 
suggest that Angptl2 enhances the M2 polar-
ization of TAMs in NSCLC, which in turn fosters 
the NSCLC progression. Our findings highlight 
the potential role of Angptl2 in the promotion of 
TAM M2 polarization and provide a new target 
for NSCLC therapy.
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