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Abstract
Background: Tumor-associated immune factors are heterogeneous and play an
important role in determining outcome in cancer patients. In this study, the
expression levels of immune factors in tumor tissue-conditioned media from
lung squamous cell carcinoma (LUSC) and lung adenocarcinoma (LUAD) were
analyzed.
Methods: LUAD and LUSC tissue specimens were collected immediately after
surgery for antibody array analysis and real-time quantitative PCR.
Results: Higher levels of chemokines MCP1/CCL2 (21.11-fold increase) and MIP-
1β/CCL4 (19.33-fold increase) were identified in LUAD than in LUSC. Western
blot and quantitative real-time PCR analyses showed higher co-expression of
CCL2 and CCL4 in LUAD tissues compared to LUSC (P < 0.0001). Immunofluo-
rescent co-staining showed a high percentage of CCL2+/CD68+ and CCL4+/CD68+

tumor-associated macrophages in LUAD compared to LUSC tissues, which might
be responsible for the higher expression of CCL2 and CCL4 in LUAD samples.
Kaplan–Meier curves showed that CCL2 overexpression in patients with LUSC
was associated with beneficial overall survival (OS; P = 0.048) and progression-free
survival (PFS; P = 0.012); however, LUAD patients with higher CCL2 expression
had unfavorable OS (P = 6.7e−08) and PFS (P = 0.00098). Similarly, CCL4 overex-
pression predicted favorable PFS (P = 0.021) in patients with LUSC, but patients
with high CCL4 levels in LUAD had shorter OS (P = 0.013).
Conclusion: Our study revealed that CCL2 and CCL4 expression levels could
serve as potential prognostic biomarkers and therapeutic targets for NSCLC
patients.

Introduction

Non-small cell lung cancer (NSCLC) is a highly aggressive
malignant neoplasm with an unfavorable prognosis. Lung
squamous cell carcinoma (LUSC) and lung adenocarcinoma
(LUAD) are the main pathological types of NSCLC. How-
ever, patients with LUAD have poorer prognosis than those
with LUSC, indicating that some key compositions in the
LUAD microenvironment may play a regulatory role during
cancer development and metastasis formation.
Lung squamous cell carcinoma, more common in men

than in women, is closely correlated with a history of

tobacco smoking.1 LUSC is an epidermoid carcinoma, and
begins in the tissue that lines the air passages in the lungs.
Most LUSCs are located centrally, usually in the larger
bronchi that join the trachea to the lung.2 Advanced LUSC
always undergoes central necrosis and cavitation because
of a lack of blood supply.3

Lung adenocarcinoma is currently the most common
type of NSCLC in lifelong non-smokers and women, but in
recent years incidence has increased in smokers.4 LUAD
accounts for approximately 40% of NSCLC cases, and
causes ~400 000 cases of cancer-associated mortality annu-
ally worldwide.5 This cancer usually develops peripherally
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in the lungs, as opposed to LUSC. LUAD contains certain
distinct architectural, cytological, or molecular malignant
tissue features, and tends to metastasize at an early stage.6

The prognosis of patients with LUAD is poorer than LUSC
patients because of the different pathogenesis, cancer cell
characteristics, or tumor microenvironment.7 In particular,
non-cellular components in the tumor microenvironment,
such as soluble proteins, molecules, and the extracellular
matrix, have emerged as an important regulator of cancer
development.8 Therefore, investigating novel biomarkers
for diagnosis and prognosis would be beneficial to improve
the survival rates of NSCLC patients.
The NSCLC tumor microenvironment is a pivotal factor

in tumorigenesis, particularly in tumor progression, and the
pathogenesis of cancer is largely dependent on its interac-
tions with microenvironmental components.9 In particular,
the signaling molecules in the microenvironment can affect
the growth and metastasis of cancer cells.10 VEGF is a potent
mediator of angiogenesis that enhances endothelial cell sur-
vival, induces vasodilatation, and regulates pericyte coverage
in the NSCLC tumor microenvironment.11 A recent study
showed that high IL-2 expression in NSCLC cells is associ-
ated with recurrence or metastasis.12 TNFβ expression in
tumor-infiltrating lymphocytes or in cancer cells is reported
to significantly reduce postoperative survival, especially in
patients with LUSC.13 Following the recent impressive bene-
fit to cancer patients observed by targeting the immune sys-
tem in cancer therapy, biomarker research focus has turned
to the tumor immune microenvironment. Different subsets
of tumor infiltrating immune cells interact with cancer cells
in a complex and dynamic ecosystem, mediating immune
surveillance and the destruction of cancer cells, as well as
pro-tumoral inflammation.14 In fact, extensive research has
shown that the immune contexture has an impact on cancer
patient outcomes.15,16 However, the key tumor-associated
immune factors in NSCLC are not yet known.
In the present study, we show that chemokines CCL2 and

CCL4 are overexpressed in the LUAD microenvironment
compared to LUSC. Moreover, high expression of CCL2 or
CCL4 is associated with unfavorable overall survival (OS) and
progression-free survival (PFS) in patients with LUAD. By
contrast, high levels of CCL2 or CCL4 predict good prognosis
in LUSC patients. These factors may have significant clinical
implications for the treatment and prognosis of NSCLC.

Methods

Patients and tissue samples

All NSCLC tissue specimens were obtained from the Sun
Yat-sen University Cancer Center (Guangzhou, China). All
recruited patients provided written informed consent, and

the Committee for Ethical Review of Research at Sun Yat-sen
University Cancer Center approved the study protocol.
Three LUAD and three LUSC fresh tissue specimens for

antibody array analysis were collected immediately after
surgery (cohort 1). In this cohort, no recruited patients
received preoperative chemotherapy or radiotherapy.
Twenty-eight primary LUSC and 18 LUAD tissues were
obtained immediately after surgical resection between
March and September 2013 for quantitative real-time
(qRT)-PCR (cohort 2).
The enrollment criteria were as follows: (i) definitive

LUAD and LUSC diagnosis by pathology based on World
Health Organization criteria; (ii) exclusive treatment with
chemotherapy or radiotherapy before tumor excision;
(iii) no simultaneous use of local treatment modalities
(i.e. radiofrequency ablation, microwave ablation); and
(iv) complete surgical resection.

Preparation of tissue culture-conditioned
medium

Fresh tissues were collected immediately into sterile tubes
containing 5 mL Dulbecco’s modified Eagle medium
(DMEM, without fetal bovine serum [FBS]) after surgery.
To avoid blood contamination, all tissues were rinsed five
times with phosphate buffer solution (PBS) and cut into
5–10 mm3 fragments with sterile scalpels, and then rinsed
again three times with PBS. Tissues were then incubated
with 1 mL DMEM (without FBS) in a six-well plate for six
hours at 37�C in a humidified chamber containing 5%
CO2. The supernatant was then collected into a centrifuge
tube and centrifuged at 2000 rpm for 10 minutes at 4�C,
and filtered with a 0.22 μm filter to remove the potential
contamination of bacteria and cell debris. Subsequently,
the tissue culture-conditioned media were analyzed by
antibody array (Fig 1).

Inflammation antibody array analysis

Three LUSC and three LUAD tissue culture supernatants
were mixed equally in volume, respectively. Two mixed
conditioned media (1 mL) were added to antibody arrays
against 40 unique immune factors (Catalog #AAH-INF-
G3-4; RayBiotech Inc., Norcross, GA, USA) and processed

Figure 1 Diagram for analyzing the immune factors in lung squamous
cell carcinoma (LUSC) and lung adenocarcinoma (LUAD)
microenvironments.
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according to the manufacturer’s protocol.17 The inflamma-
tion antibody array map is shown in Figure 2a. Antibodies
to specified proteins, and positive and negative controls
were printed in duplicate. Positive controls (POS1, POS2,
POS3) were treated with equal amounts of biotinylated
immunoglobulin G (IgG) printed directly onto the array,
and negative control spots with a protein-containing
buffer. The images were captured using a GenePix 4000B
Microarray Scanner (Molecular Devices, Sunnyvale, CA,
USA), and fluorescence intensity data were obtained by
RayBio Analysis Tool software that automatically measured
the local background around each spot. Normalized values
were calculated by subtracting the background and nor-
malizing to the positive control signals.

Western blotting

Fresh tissue homogenates were lysed in ice-cold radio-
immunoprecipitation assay buffer (Cell Signaling

Technology, Danvers, MA, USA), with 1 mg/ml phenyl-
methylsulfonyl fluoride and 1% protease inhibitor cocktail
(Roche, Basel, Switzerland) to obtain the whole cell lysate.
Protein aliquots (30 μg per sample) were resolved on 15%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to polyvinylidene fluoride Western blotting
membranes (Roche, Basel, Switzerland) using the Bio-Rad
Blotting System (Hercules, CA, USA). After washing, the
membranes were blocked with 5% blocking solution (non-
fat dry milk dissolved in Tris-buffered saline/Tween
20 [TBST]) at room temperature for one hour, and incu-
bated with the primary antibodies CCL2 (Catalog
#MAB279), CCL4 (Catalog #MAB271; R&D Systems, Min-
neapolis, MN, USA); and β-Actin (Catalog #3700, Cell Sig-
naling Technology) overnight at 4�C. After washing three
times with 1 × TBST for eight minutes, the membranes
were incubated for two hours at room temperature with
1:1000 diluted horseradish peroxidase (HRP)-conjugated
secondary antibody goat anti-rabbit IgG-HRP (Catalog

Figure 2 Antibody array identification
of immune factors in lung squamous
cell carcinoma (LUSC) and lung adeno-
carcinoma (LUAD). (a) Antibody map
of the inflammation antibody array
used in panel (b), adapted from the
Human Inflammation Antibody Array
protocol (RayBiotech, Catalog #AAH-
INF-G3). (b) Conditioned media from
LUSC (left panel) and LUAD (right
panel) were analyzed using an anti-
body array associated with inflamma-
tion factors. The overexpressed
proteins in LUAD are indicated by red
boxes. (c) Signal intensity of arrays in
panel (b) were analyzed using densi-
tometry, and the relative fold changes
(LUAD vs. LUSC) in individual proteins
were calculated after normalizing to
the positive controls on each array
(mean � standard deviation, n = 2).

Thoracic Cancer 9 (2018) 775–784 © 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 777

L. Li et al. CCL2 and CCL4 predict NSCLC prognosis



#7054, Cell Signaling Technology) or goat anti-mouse IgG-
HRP (Catalog #sc-2005, Santa Cruz Biotechnology, Santa
Cruz, CA, USA). After washing three times with 1 × TBST
for eight minutes, the protein bands were detected using
Western Lightening Chemiluminescence Reagent (Life
Technologies, Gaithersburg, MD, USA).

RNA extraction and quantitative real-
time PCR

Total RNA was extracted from cells or tissues using TRIzol
(Roche) and was reverse transcribed using reverse transcriptase
(Takara, Dalian, China) according to the manufacturer’s
instructions. qRT-PCR was performed to detect levels of the
corresponding CCL2, CCL4, and ACTB using SYBR Green
SuperMix (Roche) and the ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA, USA).
ACTB was used as an internal control. The gene-specific
primers were as follows: CCL2: 50-TTCCCCTAGCTTTCCC-
CAGA-30 (forward) and 50-TCCCAGGGGTAGAACTGTGG-
30 (reverse); CCL4 50-TGCTAGTAGCTGCCTTCTGC-30 (for-
ward) and 50-TTCACTGGGATCAGCACAGAC-30 (reverse);
ACTB: 50-CATGTACGTTGCTATCCAGGC-30 (forward) and
50-CTCCTTAATGTCACGCACGAT-30 (reverse). The relative
expression level (defined as fold change) of the target gene
(2−ΔΔCt) was normalized to the endogenous ACTB
reference (ΔCt).

Immunofluorescent staining

In brief, slides with frozen sections were rinsed with PBS.
Nonspecific binding was blocked with 5% normal goat
serum for 30 minutes at room temperature. The slides
were incubated with monoclonal mouse anti-CD68 (ab955,
1:200 dilution) and rabbit anti-CCL2 (ab9669, 1:200 dilu-
tion) or CCL4 (ab25129, 1:300 dilution) at 4�C overnight
in a humidified chamber (Abcam, Cambridge, UK). After
washing with PBS, the slides were then incubated with
Alexa Fluor 594 (rabbit) or 488 (mouse) conjugated sec-
ondary antibodies (Invitrogen, Carlsbad, CA, USA).
Finally, all slides were mounted with anti-fade reagent with
40,6-diamidino-2-phenylindole (s36938, Life Technologies).
Images were captured by OLYMPUS FV1000 fluorescence
microscope (Olympus Corporation, Tokyo, Japan).

Statistical analysis

Statistical analysis was performed using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). An independent student’s
t-test was used to assess the statistical significance of
CCL2 and CCL4 expression between LUSC and LUAD.
Correlation analyses of CCL2 and CCL4 in LUSC and
LUAD were extracted from GEPIA (http://gepia.cancer-

pku.cn/) by Pearson’s test.18 The prognostic value was cal-
culated by Kaplan–Meier analysis and log-rank test. All
survival curves were obtained from Kaplan–Meier Plotter
(http://kmplot.com/analysis/).13 Co-expressed genes and
Gene Ontology analyses were based on COEXPEDIA
(http://www.coexpedia.org/).19 P < 0.05 was considered
statistically significant.

Results

Antibody array identification of immune
factors in lung squamous cell carcinoma
(LUSC) and lung adenocarcinoma (LUAD)

Non-small cell lung cancer is the leading cause of cancer-
related death, and despite strong therapeutic efforts, mor-
tality remains high. Therefore, there is an urgent need for
novel prognostic biomarkers to improve the prediction of
NSCLC patient outcomes, aid clinical decision-making,
and improve survival. The tumor microenvironment is a
complex network including secreted macromolecules that
regulate cancer progression.20 Unlike LUSC, the carcino-
genesis, pathological type, and survival of LUAD are dis-
tinctive, which indicates that key factors play an important
role in accelerating LUAD progression. Immune-related
factors in the tumor microenvironment are important par-
ticipators of the extracellular milieu in regulating cancer
progression, and are associated with patient survival.
To analyze the native immune-associated factors depos-

ited in tumor microenvironments, we used a short time tis-
sue culture method that enabled us to further compare the
protein expression levels of factors between LUSC and
LUAD using antibody array (Fig 1).21 The antibody array
used to identify the immune cytokines in tissue culture-
conditioned supernatants could detect 40 human inflam-
matory factors in a test (Fig 2a). The fluorescent signals of
antibody array testing for LUSC and LUAD are shown in
Figure 2b. Signal intensity analysis showed overexpression
of chemokines MCP1/CCL2 (21.11-fold increase) and
MIP-1β/CCL4 (19.33-fold increase) in LUAD compared to
LUSC (Fig 2c, Table 1). Low expression of I-309/CCL2
(0.21-fold decrease), IP-10/CCL10 (0.20-fold decrease), and
MIP-1δ/CCL15 (0.20-fold decrease) in LUAD compared to
LUSC were also observed (Table 1). The results of antibody
array suggest that LUSC and LUAD have different immune
microenvironments.

Higher levels of CCL2 and CCL4 in LUAD
than in LUSC

To verify the CCL2 and CCL4 expression levels in LUSC
and LUAD, four LUSC and four LUAD tissue samples
were tested by Western blotting. CCL2 was obviously
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overexpressed in 4/4 LUAD tissues compared to LUSC tis-
sues (Fig 3a). In addition, high expression of CCL4 in 3/4
LUAD tissues was also observed, while CCL4 expression
was significantly low in all LUSC tissues (Fig 3a). Using
qRT-PCR, we compared CCL2 and CCL4 expression in
RNA levels in patients with LUSC (n = 29) and LUAD
(n = 18), respectively. Consistent with the Western blot
results, both CCL2 and CCL4 were highly expressed in
LUAD compared to LUSC at RNA levels (P < 0.001)
(Fig 3b). Co-staining of CCL2 or CCL4 with macrophage
marker CD68 in normal lung, LUSC, and LUAD tissues
showed that CCL2 and CCL4 could be secreted by alveolar

macrophages and tumor-associated macrophages (TAMs)
(Fig 3c). Moreover, higher percentages of CCL2+/CD68+

and CCL4+/CD68+ cells in LUAD compared to LUSC tis-
sues were observed, which might be responsible for the
high expression of CCL2 and CCL4 in LUAD samples
(Fig 3d). Interestingly, the Pearson correlation tests based
on data from The Cancer Genome Atlas (TCGA) database
(http://gepia.cancer-pku.cn/) showed a positive correlation
between CCL2 or CCL4 expression in LUSC (P = 5.1e−14)
and LUAD (P = 7.3e−12) tissues (Fig 3e). These findings
suggest that the abundant CCL2 and CCL4 in the LUAD
microenvironment may play an interrelated role in cancer

Table 1 Antibody array relative signal intensity

Spots no. Array Description LUAD/LUSC

A6,B6 CCL11 CC motif chemokine ligand 11 1.71
A7,B7 CCL24 CC motif chemokine ligand 24 3.33
A8,B8 CSF3 Colony stimulating factor 3/G-CSF 1.04
A9,B9 CSF2 Colony stimulating factor 2/GM-CSF 1.05
A10,B10 ICAM1 Intercellular adhesion molecule 1 1.84
A11,B11 IFN-γ Interferon gamma 1.16
A12,B12 I-309 CC motif chemokine ligand 1/CCL1 0.21
A13,B13 IL-1α Interleukin 1 alpha 1.22
C1,D1 IL-1β Interleukin 1 beta 3.65
C2,D2 IL-2 Interleukin 2 1.56
C3,D3 IL-3 Interleukin 3 1.51
C4,D4 IL-4 Interleukin 4 0.90
C5,D5 IL-6 Interleukin 6 2.99
C6,D6 sIL-6R Soluble interleukin 6 receptor 0.44
C7,D7 IL-7 Interleukin 7 0.99
C8,D8 IL-8 Interleukin 8 4.40
C9,D9 IL-10 Interleukin 10 1.14
C10,D10 IL-11 Interleukin 11 1.93
C11,D11 IL-12 p40 IL-12 subunit p40/IL-12B 1.04
C12,D12 IL-12 p70 IL-12 subunit p35/IL-12A, heterodimer 1.77
C13,D13 IL-13 Interleukin 13 0.89
E1,F1 IL-15 Interleukin 15 1.20
E2,F2 IL-16 Interleukin 16 3.73
E3,F3 IL-17A Interleukin 17A 1.68
E4,F4 IP-10 CXC motif chemokine ligand 10/CXCL10 0.20
E5,F5 MCP1 CC motif chemokine ligand 2/CCL2 21.11
E6,F6 MCP2 CC motif chemokine ligand 8/CCL8 0.73
E7,F7 CSF1 Colony stimulating factor 1/M-CSF 0.54
E8,F8 MIG CXC motif chemokine ligand 9/CXCL9 0.89
E9,F9 MIP-1α CC motif chemokine ligand 3/CCL3 1.36
E10,F10 MIP-1β CC motif chemokine ligand 4/CCL4 19.33
E11,F11 MIP-1δ CC motif chemokine ligand 15/CCL15 0.20
E12,F12 RANTES CC motif chemokine ligand 5/CCL5 2.50
E13,F13 TGF-β1 Transforming growth factor beta 1 0.93
G1,H1 TNF-α Tumor necrosis factor alpha 0.79
G2,H2 TNF-β Tumor necrosis factor beta 1.07
G3,H3 sTNFR1 Soluble tumor necrosis factor receptor 1 1.44
G4,H4 sTNFR2 Soluble tumor necrosis factor receptor 2 1.60
G5,H5 PDGF-BB Platelet derived growth factor subunit B 0.55
G6,H6 TIMP2 Tissue inhibitor of metalloproteinase 2 1.58

Any ≥ 5-fold increase or ≤ 0.20-fold decrease in signal intensity is shown in bold. LUAD, lung adenocarcinoma; LUSC, lung squamous cell
carcinoma.
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progression and account for the poor prognosis of LUAD
patients.

Association between CCL2 expression and
non-small cell lung cancer (NSCLC) patient
survival

The association between CCL2 expression level and sur-
vival of NSCLC patients was then determined via Kaplan–
Meier analysis based on data from the TCGA database
(http://kmplot.com/analysis/). Survival curves showed that
high CCL2 expression in LUSC patients was significantly
associated with favorable OS (P = 0.048) and PFS
(P = 0.012) (Fig 4a,b). However, in LUAD patients, high
levels of CCL2 predicted unfavorable OS (P = 6.8e−08)
and PFS (P = 0.00098) (Fig 4c,d). The opposing prognostic
value of CCL2 in LUSC and LUAD suggests that CCL2
plays key but different roles in NSCLC progression.

CCL4 expression predicts survival in NSCLC
patients

The prognostic role of CCL4 in LUSC and LUAD was fur-
ther analyzed using Kaplan–Meier Plotter (http://kmplot.
com/analysis/). CCL4 expression was not correlated with
OS in LUSC patients (P = 0.22) (Fig 5a). High levels of
CCL4 could predict good PFS in LUSC patients
(P = 0.021) (Fig 5b). However, in LUAD, high expression
of CCL4 was significantly associated with poorer OS
(P = 0.013) (Fig 5c). Moreover, there was no significant
correlation between CCL4 expression and PFS in LUAD
patients (P = 0.077) (Fig 5d). Our results suggest that
CCL2 and CCL4 expression could serve as potential prog-
nostic biomarkers for NSCLC patients.

Discussion

In the tumor microenvironment, cancer cells grow within
an intricate network of epithelial and endothelial cells,

Figure 3 CCL2 and CCL4 overexpres-
sion in lung adenocarcinoma (LUAD).
(a) Western blot analysis showed that
CCL2 and CCL4 were upregulated in
LUAD but not in lung squamous cell
carcinoma (LUSC). β-Actin was used
as a loading control. (b) Quantitative
real-time-PCR showed high expres-
sion of CCL2 and CCL4 at RNA level
in LUAD (n = 19) compared to LUSC
(n = 28). ***P < 0.001. (c) Co-
staining of CCL2 or CCL4 (green)
with macrophage marker CD68 (red)
in normal lung, LUSC, and LUAD tis-
sues. Scale bar, 100 μm. Cell nuclei
were counterstained with 40,6-
diamidino-2-phenylindole (blue). (d)
The percentages of CCL2+/CD68+
and CCL4+/CD68+ cells per visual
field in LUAD and LUSC tissues were
analyzed. *P < 0.05. **P < 0.01. (e)
Correlation analyses of CCL2 and
CCL4 expression between LUSC and
LUAD. mRNA, messenger RNA.
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cytokines and chemokines, and infiltrating immune cells.
Different types of infiltrating immunocytes and immune
factors have different effects on tumor progression, which
can vary according to cancer type.22 In this study, we com-
pared the immune factors in LUSC and LUAD by antibody
array and observed higher expression of CCL2 and CCL4
in LUAD than in LUSC, which was significantly associated
with unfavorable survival in LUAD patients. Our findings
indicate that both CCL2 and CCL4 may play key and con-
trary roles in the development of LUAD and LUSC.
CCL2, also known as monocyte chemoattractant

protein-1, is a small cytokine, belonging to the CC chemo-
kine family. CCL2 could recruit monocytes, memory T
cells, and dendritic cells to the sites of inflammation pro-
duced either by tissue injury or infection, as well as the
tumor microenvironment.23 CCL2 is produced by a variety
of tumors and plays an important role in cancer progres-
sion, particularly in promoting cancer cell migration and
invasion.24 Our study showed that CCL2 was highly
expressed in the LUAD microenvironment; however, the
reason for this is unclear. In Lewis lung carcinoma, TNFα
released by tumor cell-activated macrophages is critical for
increased CCL2 production by tumor cells.25 Wang et al.
reported that IL-6 increased the number of migrated mac-
rophages to tumor cells after irradiation by upregulating
CCL2 and CCL5 in A549 and H157 cells.26 Moreover, type

I interferons can also induce CCL2 expression to initiate
the recruitment and activation of leukocytes.27 Collectively,
CCL2 expression in lung cancer cells is tightly regulated by
the complex tumor microenvironment.
CCL4 is well known as a macrophage inflammatory

protein 1 beta, and belongs to the inflammatory CC che-
mokine subfamily. It can be secreted by activated leuko-
cytes, lymphocytes, and endothelial and muscle cells in
response to inflammation. It is a chemoattractant for nat-
ural killer cells, monocytes, and a variety of other
immune cells involved in immune responses.28 Except for
roles in inflammation and immune-regulation, CCL4 is
implicated in carcinogenesis by facilitating instability in
the tumor environment.29 Moreover, CCL4 could also
promote tumor growth through regulation of antitumor
immunity.30 In a mouse model of peritoneal dissemina-
tion of a colon tumor, intraperitoneal injection of hemag-
glutinating virus of Japan cationic liposomes containing
the MIP-1β gene resulted in local expression of MIP-1β
and local accumulation of CD4+ T lymphocytes and sig-
nificantly increased survival of the cancer cell-injected
mice, suggesting that CCL4 might serve as a potential
therapeutic target against peritoneal disseminated cancer.31

The properties of tumor microenvironments have a strong
impact on cancer progression, response to therapy, and
patient prognosis.32

Figure 4 Prognostic value of CCL2 in the
lung squamous cell carcinoma (LUSC) and
lung adenocarcinoma (LUAD) patient
cohorts. A high level of CCL2 was associ-
ated with good (a) overall survival
(OS) (P = 0.048) and (b) progression-free
survival (PFS) (P = 0.012) in patients with
LUSC. However, high expression of CCL2
in LUAD indicated poor (c) OS (P = 6.8e
−08) and (d) PFS (P = 0.00098).
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In addition, a study showed that the messenger RNA levels
of CCL2 and CCL4 in NSCLC tissues were apparently higher
than those in normal contrast tissues.33 Cao et al. also
showed higher CCL2 and CCL4 expression in NSCLC tissues
than in non-tumor tissues.34 Moreover, Zhang et al. reported
that the presence of CCL2-positive cancer cells was high in
LUAD relative to LUSC and other histological types.35 A
recent study demonstrated that Lewis lung carcinoma cells
harbor the activating KrasG12C mutation, which upregulates
CCL2 production linking cancer-associated inflammation.36

A previous study reported that knockdown of CCL2 and
CCL4 in lung cancer cells could suppress macrophage inva-
sion under co-culture conditions.37 This evidence suggests
that lung cancer cell-derived CCL2 and CCL4 can recruit
macrophages into the tumor microenvironment, promoting
cancer progression. In the present study, using antibody
array, Western blot, and qRT analyses, we found higher
RNA and protein levels of CCL2 and CCL4 in the LUAD
than in LUSC microenvironment. Dynamic interaction
between cancer cells and the microenvironment is critical for
tumorigenesis, and cancer immunosurveillance plays an
important role in tumor evolution.38 Therefore, these results
indicate the different compositions of tumor immune micro-
environments between LUSC and LUAD.
The composition of the tumor microenvironment can

play a regulatory role during cancer development and

metastasis formation, and affects patient survival. However,
correlations between CCL2 or CCL4 expression and sur-
vival of patients with LUSC or LUAD remain largely
unknown. Based on data from the TCGA database, we
found that high CCL2 or CCL4 expression was signifi-
cantly associated with survival in LUSC patients but pre-
dicted poor outcomes in LUAD patients. These findings
suggest that CCL2 and CCL4 may play opposite roles in
LUSC and LUAD progression. In addition, TAMs can be
recruited by CCL2 and CCL4 into the tumor microenvi-
ronment. There are two main phenotypes of TAMs: M1
(anti-tumor) and M2 (pro-tumor). The higher percentage
of M2 TAMs in LUAD than LUSC tissues suggests that
TAMs may tend to differentiate into the M2 subtype in the
LUAD microenvironment, while most TAMs differentiate
into the M1 subtype in LUSC. This differentiation may be
responsible for the opposing roles of CCL2 or CCL4 for
predicting prognosis in patients with LUAD and LUSC.39

CCL2 preferentially binds to the CC chemokine receptor
type 2 (CCR2). Elevated CCL2 and CCR2 expression has
been observed in a variety of malignancies and is associated
with adverse prognosis in patients with breast cancer,40

nasopharyngeal carcinoma,41 and colorectal cancer.42 More-
over, high CCL2 and CCR2 expression are also remarkably
correlated with shortened survival time and increased risk
of recurrence in renal cell carcinoma.43 However, a previous

Figure 5 CCL4 expression was asso-
ciated with survival in patients with
lung squamous cell carcinoma (LUSC)
and lung adenocarcinoma (LUAD). (a)
There was no correlation between
CCL4 expression and overall survival
(OS) in patients with LUSC (P = 0.22).
(b) High levels of CCL4 were associ-
ated with good progression-free sur-
vival (PFS) (P = 0.021) in LUSC
patients. However, in LUAD patients,
high CCL4 expression indicated (c)
poor OS (P = 0.013), (d) but not PFS
(P = 0.077).
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study reported that higher levels of CCL2 in ovarian cancer
cell lines were associated with increased chemosensitivity
and decreased invasion in vitro, and increased ovarian
tumoral expression of CCL2 was associated with improved
chemotherapy response and survival outcomes.44 In addi-
tion, the CCL4 axis can contribute to breast cancer metasta-
sis to bone by mediating the interaction between cancer
cells and fibroblasts in bone cavity by bonding to CC che-
mokine receptor type 5.45 Inversely, increased CCL4 expres-
sion shows a significant association with prolonged OS in
patients with esophageal squamous cell carcinoma.46 This
evidence suggests that the effect of CCL2 and CCL4 on can-
cer progression is inconclusive, with different results in dif-
ferent types of cancers. Further research is required to
determine the functional mechanisms.
In summary, our data demonstrate that CCL2 and CCL4

are highly expressed in the LUAD microenvironment com-
pared to LUSC. CCL2 and CCL4 predict adverse prognosis
in LUAD patients but favorable survival in LUSC patients.
These findings highlight the importance of chemokines in
immune surveillance and survival of NSCLC patients.
Although CCL2 and CCL4 may serve as potential predic-
tors and therapeutic targets of survival for NSCLC patients,
further research is needed to investigate their reciprocal
roles in LUSC and LUAD.
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