
© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(2):181-189www.thecjcr.org

Introduction

Lung cancer is the first cause of cancer death worldwide 
and remains a serious public health problem. The overall 
5-year survival rate for all stages is 14-17% for non-small 

cell lung cancer (NSCLC) and 6% for small-cell lung 

cancer (SCLC) (1). Clinical and epidemiologic studies have 

suggested a strong connection between inflammation and 

cancer (2,3). Chronic inflammation predisposes individuals 
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to various types of cancer. It is estimated that underlying 
infections and inflammatory responses are linked to 15-
20% of all deaths from cancer worldwide (4). Inflammatory 
cytokines are considered key factors promoting tumor 
progression due to its ability to affect the angiogenesis, 
prol i ferat ion and survival  of  malignant cel ls  (5) . 
Several pro-inflammatory cytokines such as interleukin 
(IL)-1β, IL-6 and IL-8 have been implicated to mediate 
different steps in the pathways leading to the advance of 
lung cancer (6). Inflammatory stimuli clearly contributes 
to the development and progression of lung cancer, but 
the underlying mechanisms of pro-inflammatory cytokine 
production are not fully understood.

Currently, we have known that within the tumor 
stroma, tumor-associated macrophages (TAMs) are the 
pivotal member of inflammatory cells as inflammation 
microenvironment plays a vital role in tumor progression 
and metastasis (7). Many evidences have emerged that 
TAMs participated in tumor-promoting processes such as 
carcinogenesis, tumor growth and angiogenesis (8). TAMs 
seem to have M2-polarized subtype, which is alternatively 
activated in contrast to the classically activated M1 
phenotype (9). In a previous research, the function and 
value of M2-TAMs have been evaluated in development and 
progression of NSCLC (10).

Toll-like receptors (TLRs) are a family of evolutionally 
conserved pattern recognition receptors (PRRs). TLRs are 
included in the type I transmembrane glycoprotein receptor 
family with N-terminal ligand-recognition, transmembrane 
and intracellular C-terminal signaling domains (11,12). 
TLRs are important in innate immunity and are expressed 
in tumor cells in addition to immunocytes. TLRs are 
engaged and activated by their respective ligand(s) triggers 
from a wide range of intercellular signal, ultimately leading 
to the induction of genes involved in encoding pro-
inflammatory cytokines and chemokines (13,14). The main 
TLRs pathway is dependent on myeloid differentiation 
factor 88 (MyD88) adaptor proteins. All TLRs commonly 
use MyD88 as the downstream adapter protein except 
TLR3. After activation with their individual ligands, TLRs 
recruit MyD88, resulting in subsequent activation of 
downstream factors, including nuclear factor (NF)-κB and 
microtubule-associated proteins (MAPs) kinases, promoting 
the production of inflammatory cytokines and many other 
factors (15,16).

In the present study, we identified the function of TAMs 
to the induction of IL-1β, IL-6 and IL-8 from SPC-A1 in 
the non-contact coculture environment. The underlying 

TLRs signaling pathway mechanisms that inducing pro-
inflammatory cytokines production in the coculture 
environment would be further investigated.

Materials and methods

Cell lines and culture conditions

The human NSCLC cell l ine SPC-A1 and human 
monocyte cell line THP-1 were purchased from ATCC 
(Manassas, VA, USA). SPC-A1 and THP-1 cells were 
grown in 5% CO2 at 37 ℃ in RPMI 1640 medium (Gibco, 
Gaithersburg, MD, USA) containing 10% fetal bovine 
serum (FBS) (Invitrogen, Carlsbad, CA, USA).

THP-1 cells differentiated into M2-type macrophages 

We incubated 1×106 of THP-1 cells with 320 nM phorbol-
12-myristate-13-acetate (PMA) (Sigma, St. Louis, MO, 
USA) for 24 h (17,18). After stimulation, THP-1 polarized 
and differentiated to M2-type macrophages. M2-type 
macrophages phenotype surface markers of receptors, 
including CD68 and CD206, would be further detected by 
direct immunofluorescence and flow cytometry assay.

Direct immunofluorescence assay

Cells were fixed with 4% paraformaldehyde for 1 h and 
then permeabilized with 0.2% Triton X-100 for 1 h. 
Blocking buffer (3% BSA) was then added into cells for 
1 h at room temperature. FITC-CD206 mAb was used as 
indicated. Then the slides were washed with PBS. All of the 
images were captured in microscopic fields (400-fold) under 
an inverted microscope (Olympus, Tokyo, Japan).

Flow cytometry assay

For CD68 and CD206 staining, the washed cells were 
incubated with 5 μL of FITC-CD206 mAb (BD, Franklin 
Lakes, NJ, USA) or 5 μL of PE-CD68 mAb (Miltenyi, 
Krohne, Genman). The labeled cells were detected by 
Beckman-coulter Gallios flow cytometer (Beckman-coulter, 
Brea, CA, USA) and analyzed by Kaluza 2.1 software 
(Beckman-coulter, Brea, CA, USA).

Coculture of SPC-A1 with M2-type macrophages

After PMA incubation, 1×106 of M2-type macrophages 
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were placed in the upper insert of a six-well non-contact 
transwell chamber system (Corning Costar, Cambridge, 
MA, USA). A total of 5×105 of SPC-A1 cells were grown in 
the bottom of the six-well plates. After the coculture process 
of 24 and 48 h, SPC-A1 cells were collected to extract RNA 
and total protein.

Simulation of TLRs with ligands

SPC-A1 were dispensed into a 96-well plate (Corning 
Costar, Cambridge, MA, USA) at 4×104 cells per well. The 
cells were incubated with or without TLR ligands. TLR 
ligands were added at the concentration recommended by 
the manufacturer as follows: Pam3CysSerLys4 (Pam3CSK4; 
TLR1 ligand), 100 ng/mL; Fibroblast-s t imulat ing 
l ipopeptide-1 (FSL-1, TLR6 l igand),  100 ng/mL 
(Invivogen, San Diego, CA, USA); Imiquimod (TLR7 
ligand), 250 ng/mL (Invivogen, San Diego, CA, USA). After 
6, 12 and 24 h stimulation, SPC-A1 cells were collected and 
detected for mRNA expressions of IL-1β, IL-6 and IL-8 by 
RT-PCR.

RNA isolation and RT-PCR

Total RNA was isolated by RNeasy Micro Kit (Qiagen, 
Hilden, German) and subjected to first-strand cDNA 
synthesis using PrimeScript RT Master Mix (Takara, 
Shigaken, Japan). IL-1β, IL-6 and IL-8 mRNA expression 
levels were measured by using 7500 Real-time PCR 
detection system (Applied Biosystems/Life Technologies, 
Grand Island, NY, USA). SYBR Premix DimerEraser 
(Takara, Shigaken, Japan) was used in the PCR reaction 
system at the concentration recommended by the 
manufacturer. Their sequences were as follows, IL-1β  
pr imers :  5 '-CACGATGCACCTGTACGATCA-3' 
and 5'-GTTGCTCCATATCCTGTCCCT-3'; IL-6 
primers: 5'-AACCTGAACCTTCCAAAGATGG-3' and 
5'-TCTGGCTTGTTCCTCACTACT-3'; IL-8 primers: 
5'-GCCTTCCTGATTTCTGCAGCT-3' and 5'-TGCAC
TGACATCTAAGTTCTTTAGCAC-3'; β-actin primers: 
5'-TGGCCCCAGCACAATGAA-3' and 5'-CTAAGTC
ATAGTCCGCCTAGAAGCA-3'. Cycle threshold (CT) 
values were estimated by normalizing these values against 
β-action CT values using the 2−ΔΔCt method.

Cytometric bead array assay

The cytokines IL-1β, IL-6 and IL-8 were quantified by 

using a cytometric bead array assay (CBA) (BD, Franklin 
Lakes, NJ, USA) according to the manufacturer’s 
instructions. Samples were acquired using BD FACSCalibur 
flow cytometer (BD, Franklin Lakes, NJ, USA) and 
analyzed with FCAP Array software v3.0 (BD, Franklin 
Lakes, NJ, USA).

Western blot analysis

Total proteins of cells were isolated by 1× cell lysis buffer, 
containing a protease inhibitor mixture (Sigma, St. Louis, 
MO, USA) and a phosphatase inhibitor mixture (Sigma, 
St. Louis, MO, USA). Equal amounts of protein per lane 
were separated by SDS-PAGE and transferred to PVDF 
membrane (Bio-Rad, Hercules, CA, USA). Membranes 
were incubated with the appropriate primary antibody (Cell 
signaling technology, Danvers, MA, USA). After washing, 
the membranes were reacted with horseradish peroxidase 
(HRP)-conjugated secondary antibody (ZSGB, Beijing, 
China). And protein expressions were detected using the 
enhanced chemiluminescence method (Millipore, Billerica, 
MA, USA) on X-ray film.

Statistical analyses

Statistical significance between two groups was determined 
by t-test or between multiple groups by using ANOVA 
and Tukey’s post hoc test, where P<0.05 was considered 
significant by using SPSS (version 13.0, Chicago, IL, USA). 
Data were showed as mean ± SD or standard error (SE). 
Asterisks in figures represent *P<0.05.

Results

THP-1 cells differentiated into M2-type macrophages

After treatment with 320 nM PMA for 24 h, THP-1 cells 
quickly stopped proliferating, attached M2-type macrophage 
phenotypes and differentiated to M2-type macrophages. 
The PMA-treated THP-1 had significantly enhanced M2-
type macrophage phenotype surface markers, including 
CD68 and CD206. Percentages of CD68+ macrophages 
and CD206+ macrophages were significantly higher in 
M2-type macrophages than in untreated THP-1 cell line 
[(36.22%±5.60%) (mean ± SD) vs. (11.80%±3.57%) (mean ± 
SD), P<0.05; 40.25%±5.83% vs. 8.80%±4.80%, P<0.05] 
by flow cytometry assay (Figure 1A). There were also more 
CD206+ macrophages in PMA-treated macrophage than 



Ke et al. TLRs signaling in NSCLC

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(2):181-189www.thecjcr.org

184

untreated THP-1 by direct immunofluorescence assay 
(Figure 1B). Our results showed that THP-1 cells could 
differentiate and express surface markers of M2-type 
macrophage in the treatment of PMA.

Increased expressions of pro-inflammatory factors in 
SPC-A1 cocultured with M2-type macrophages

To know the influence of M2-type macrophages to IL-1β,  
IL-6 and IL-8 expressions in SPC-A1, we detected mRNA 
and coculture supernate level changes of IL-1β, IL-6 
and IL-8 in SPC-A1 after being cocultured with M2-
type macrophages by RT-PCR and CBA assay. As shown 
in Figure 2A, significantly increased IL-1β (10.2-fold, 
P<0.05 and 12.8-fold, P<0.05), IL-6 (2.0-fold, P<0.05 for 
24 h) and IL-8 (12.9-fold, P<0.05 and 15.9-fold, P<0.05) 
mRNA expressions were evaluated in SPC-A1 after 
being cocultured with M2-type macrophages for 24 and 
48 h. In Figure 2B, in comparison with SPC-A1 cultured 
alone, IL-1β  (427.08±137.99 vs .  0.00±0.00 pg/mL, 
P<0.05; 4,702.34±126.45 vs. 0.00±0.00 pg/mL, P<0.05), 
IL-6 (6,369.59±426.20 vs. 166.55±58.23 pg/mL, P<0.05; 
8,115.23±457.81 vs. 248.54±211.12 pg/mL, P<0.05) and 
IL-8 levels (46,767.58±1,378.51 vs. 22.62±5.54 pg/mL, 
P<0.05; 17,861.19±579.30 vs. 252.81±249.07 pg/mL, 

P<0.05) were also remarkably up-regulated in coculture 
supernate for 24 and 48 h. Results demonstrated that 
coculture system with M2-type macrophages could 
significantly influence and up-regulate the expressions of 
pro-inflammatory factor IL-1β, IL-6 and IL-8 in SPC-A1.

Enhanced expressions of TLRs and TLRs signaling 
pathway proteins in SPC-A1 cocultured with M2-type 
macrophages

We estimated mRNA and protein levels of TLRs and TLRs 
signaling pathway proteins in SPC-A1 to confirm that 
whether TLRs signaling pathway proteins were activated in 
SPC-A1 after being cocultured with M2-type macrophages. 
From Figure 3A, we detected and described the expression 
levels of TLR1~9 in SPC-A1 cultured alone and coculture 
group. In the present study, we observed that TLR1 (3.5-fold, 
P<0.05 and 4.1-fold, P<0.05), TLR6 (2.6-fold, P<0.05 and 
3.1-fold, P<0.05) and TLR7 (1.9-fold, P<0.05; 2.1-fold, 
P<0.05) mRNA levels were significantly increased in SPC-A1 
after being cocultured with M2-type macrophages for 24 and 
48 h than SPC-A1 cultured alone. However, there was no 
significant difference in expression of TLR2, TLR3, TLR4, 
TLR5, TLR8 or TLR9. According to Figure 3B, TLRs 
signaling pathway proteins MyD88, TNF receptor-associated 
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Figure 1 THP-1 cell line differentiated into M2-type macrophages. (A) Expressions of CD68 and CD206 in M2-type macrophages by 
flow cytometry. M2-type macrophage phenotypes CD68 and CD206 were highly expressed in M2-type macrophages; (B) Expression of 
CD206 in M2-type macrophages by direct immunofluorescence assay: (a,b) M2-type macrophage phenotypes CD206 was highly expressed 
in M2-type macrophages by fluorescence microscope and ordinary light filming (×400). (c,d) THP-1 cell line did not express CD206 by 
fluorescence microscope and ordinary light filming (×400).
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factor 6 (TRAF6) and p-NF-κB p65 were activated in 
SPC-A1 after being cocultured with M2-type macrophages 
for 24 or 48 h relative to SPC-A1 cultured alone. We showed 
that levels of TLR1, TLR6 and TLR7 were up-regulated 
and TLRs signaling pathway proteins would be activated in 
SPC-A1 in the coculture system with M2-type macrophages.

Increased expressions of inflammatory factors in SPC-A1 
stimulated by TLRs agonists

To further reveal whether the activated TLRs were linked 
with the up-regulated levels of IL-1β, IL-6 and IL-8, we 
detected the expressions of IL-1β, IL-6 and IL-8 in SPC-A1 
after the stimulation of TLRs agonists. As Figure 4 showed, 
mRNA expression levels of IL-1β, IL-6 and IL-8 in SPC-A1 
were enhanced after being stimulated with Pam3CSK4 
(TLR1 ligand) (4.2-fold, P<0.05 for 12 h and 7.8-fold, 
P<0.05 for 24 h in IL-1β; 3.0-fold, P<0.05 for 12 h and 7.0-
fold, P<0.05 for 24 h in IL-6; 3.2-fold, P<0.05 for 12 h and 

5.9-fold, P<0.05 for 24 h in IL-8) , FSL-1 (TLR6 ligand) 
(2.5-fold, P<0.05 for 12 h and 3.3-fold, P<0.05 for 24 h in 
IL-1β; 3.1-fold, P<0.05 for 12 h and 5.0-fold, P<0.05 for 
24 h in IL-6; 3.3-fold, P<0.05 for 12 h and 4.3-fold, P<0.05 
for 24 h in IL-8) and Imiquimod (TLR7 ligand) (2.0-fold, 
P<0.05 for 12 h and 1.9-fold, P<0.05 for 24 h in IL-1β; 5.9-
fold, P<0.05 for 12 h and 4.4-fold, P<0.05 for 24 h in IL-6) 
compared with 0 h. Nevertheless, Imiquimod was sufficient 
to enhance IL-8 mRNA expression levels (2.0-fold, P<0.05) 
in 24 h stimulation relative to 0 h. Results of TLRs agonists 
stimulation assay showed that the levels of IL-1β, IL-6 and 
IL-8 would be up-regulated through activation of TLR1, 
TLR6 or TLR7 signaling in SPC-A1 cells.

Discussion

As a result of activation by molecular factors in tumor 
microenvironment, monocytes could differentiate into M1 
or M2-polarized macrophages (19). M2-type macrophages 

Figure 2 Increased expressions of pro-inflammatory factors in SPC-A1 cocultured with M2-type macrophages. (A) mRNA expressions of 
IL-1β, IL-6 and IL-8 in SPC-A1 cocultured with M2-type macrophages for 24 and 48 h by RT-PCR. *, P<0.05 vs. SPC-A1 cultured alone 
for 24 and 48 h; (B) Supernate protein expressions of IL-1β, IL-6 and IL-8 in SPC-A1 cocultured with M2-type macrophages for 24 and 48 
h by CBA assay. IL-1β, IL-6 and IL-8 expressions were significantly enhanced in SPC-A1 after being cocultured with M2-type macrophages 
for 24 and 48 h. *, P<0.05 vs. SPC-A1 cultured alone for 24 and 48 h. IL, interleukin.
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Figure 3 Enhanced expressions of TLRs and TLRs signaling 
pathway proteins in SPC-A1 cocultured with M2-type 
macrophages. (A) mRNA levels of TLR1~9 in SPC-A1 after being 
cocultured with M2-type macrophages for 24 and 48 h by RT-
PCR. *, P<0.05 vs. SPC-A1 cultured alone for 24 and 48 h; (B) 
TLR signaling pathway protein expressions in SPC-A1 after being 
cocultured with M2-type macrophages for 24 and 48 h by western 
blot. TLR signaling pathway proteins were activated in SPC-A1 in 
the coculture system. TLRs, Toll-like receptors.

Figure 4 Increased expressions of inflammatory factors in SPC-A1 
stimulated by TLRs agonists. mRNA expressions of IL-1β, IL-6 
and IL-8 in SPC-A1 were enhanced by stimulation with agonists 
of TLR1, TLR6 and TLR7 for 12 and 24 h. *, P<0.05 relative 
to 0 h stimulation time. TLRs, Toll-like receptors; IL, interleukin.
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highly expressed many receptors, such as mannose receptor 
(MR, CD206) and scavenger receptor (SR, CD68) and 
showed phenotype such as IL-10high, IL-12low, IL-23low (18). 
TAMs have the polarized M2 phenotype and are involved 
in the regulation of cellular functions including processes 

associated with cancer advance, such as proliferation, 
apoptosis and angiogenesis (20,21).

Lung cancer is known to be the most commonly 
diagnosed cancer, as well as the primary cause of cancer-
related mortality for males worldwide and the second 
leading cause of cancer-related deaths for women (22-24).  
Increased levels of inflammatory have been observed in 
different types of cancer, including lung cancer (5). Pro-
inflammatory cytokines are fundamental for several 
biological processes associated malignant tumors. IL-1β, 
IL-6 and IL-8, known as multifunctional cytokines with 
high biological activity, participate in physiological and 
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pathological responses such as inflammation, immune 
response and even tumors. IL-1β was dramatically elevated 
in patients with NSCLC and implicated in the early stages 
of tumourigenesis. In vitro studies showed that IL-1β 
promoted the proliferation and migration of NSCLC cells 
(25,26). The IL-6 was a potent pleiotropic inflammatory 
cytokine that was considered a key growth-promoting and 
antiapoptotic factor. In addition, IL-8 was verified to be 
involved in growth, proliferation and metastasis of cancer 
cells (27,28).

To confirm that whether NSCLC cell line could 
be induced production of pro-inflammation cytokines 
by TAMs, we established an in vitro coculture system 
by using THP-1-derived M2-type macrophages and 
NSCLC cell line SPC-A1. In our research, we found that 
in the treatment of PMA, THP-1 cells attached specific 
phenotypes of M2-type macrophages and differentiated 
to M2-type macrophages. These polarized M2-type 
macrophages contained phenotype markers and some 
similar function of TAMs. CD206 was expressed selectively 
on PMA-treated M2-type macrophages. High expression 
of CD206 was observed in M2-type macrophages and may 
be related to angiogenesis, tissue remodeling and repair 
in tumor tissue. After being cocultured with M2-type 
macrophages for 24 and 48 h, IL-1β, IL-6 and IL-8 mRNA 
expressions in SPC-A1 were remarkably up-regulated. 
IL-1β, IL-6 and IL-8 protein levels in coculture supernate 
also significantly increased for coculture time of 24 and 
48 h. We thought that some mechanisms were involved in 
this process that made pro-inflammation cytokines from 
SPC-A1 increase in the influence of M2-type macrophages.

Whether TLRs may participate in this process? Recent 
researches have reported that TLRs were important 
signaling regulators in tumor immunology and responded 
to a lot of products (29). TLRs primarily expressed in 
immunocytes and tumor cells. TLRs signaling had an active 
role in inflammation regulation and tumor progression 
in tumor microenvironment (30). TLRs signaling could 
activate transcription factors and generate cytokines via 
intracellular pathways. Of all class of receptors in human, 
TLR1 and TLR6 are closely connected to inflammation-
mediated carcinogenesis  and tumor progress ion. 
TLR2 preferentially forms heterodimers with either 
TLR1 or TLR6 (31,32). Recent studies showed that 
activation of TLR2-TLR6 complexes strongly enhanced 
growth of Lewis lung carcinoma and generated an 
inflammatory microenvironment hospitable for metastatic  
progression (33). TLR7 and/or TLR9 activation underlies 

systemic autoimmune diseases. TLR7 could also promote 
tumor progression, chemotherapy resistance and poor 
clinical outcomes of NSCLC and displayed a crucial role 
in lung cancer physiopathology (34). Many TLR7 agonists 
are currently in clinical trials as adjuvants to boost host 
antitumor responses in cancer patients (35,36). So we 
further detected TLRs expression levels in SPC-A1 in the 
coculture system to realize the biological function of TLRs. 
Our results showed that mRNA levels of TLR1, TLR6 
and TLR7 were significantly up-regulated in SPC-A1 after 
being cocultured with M2-type macrophages for 24 and 
48 h. TLRs signaling pathway proteins MyD88, TRAF6 
and p-NF-κB p65 were also notably activated in SPC-A1 in 
the coculture system with M2-type macrophages for 24 and 
48 h. From the results, we supposed that TLRs and TLRs 
signaling pathway proteins MyD88, TRAF6 and p-NF-κB 
p65 were involved in biological reactions of this coculture 
process. To further verify the link between TLRs signaling 
pathway and production of pro-inflammation cytokines, 
we stimulated TLR1, TLR6 or TLR7 in SPC-A1 with 
the matching TLR agonists. Our research displayed that 
the levels of IL-1β, IL-6 and IL-8 would be up-regulated 
through activation of TLR1, TLR6 or TLR7 in SPC-A1 
cells by TLR agonists for the stimulation time of 12 and 
24 h. So the up-regulation of IL-1β, IL-6 and IL-8 from 
SPC-A1 in the influence of M2-type macrophages may be 
the results of TLRs signaling pathway activation.

In our research, we considered that the mechanism by 
which TAMs promoted production of pro-inflammation 
cytokines might contain some specific processes, which 
stimulated TLR1, TLR6 and TLR7 signaling in tumor 
cells, to up-regulate IL-1β, IL-6 and IL-8 productions and 
ultimately induced inflammatory microenvironment of lung 
cancer. Thus, our findings identify TLRs signaling pathway 
is a novel regulatory axis that links inflammation signaling 
to the control of cancer cells development in NSCLC 
and provides new mechanistic insights into inflammation-
promoted tumorigenesis.
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