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Background: Lung adenocarcinoma (LUAD) is the most common type of lung cancer with 
a high incidence and increased mortality. CC chemokine receptors were participating in the 
modulation of the tumor microenvironment and involved in carcinogenesis and tumor 
development. However, the potential mechanistic values of CC chemokine receptors as 
clinical biomarkers and therapeutic targets in LUAD have not been fully clarified.
Methodology: ONCOMINE, UALCAN, GEPIA, Kaplan–Meier Plotter, SurvExpress, 
MethSurv, SurvivalMeth, cBioPortal, String, GeneMANIA, DAVID, Metascape, TRRUST, 
LinkedOmics, and Timer were applied in this work.
Results: The transcriptional levels of CCR1/10 in LUAD tissues were significantly reduced 
while the transcriptional levels of CCR3/6/7/8 were significantly elevated, and the expression 
of CCR1 was the highest in LUAD among these CC chemokine receptors. A significant 
correlation was found between the expression of CCR2/4/6/7 and the pathological stage of 
LUAD patients. There were significant associations between CCR2/3/4/5/6/10 expression 
levels and OS in LUAD, and LUAD patients with high transcriptional levels of CCR3/4 had 
inferior first-progression survival. In addition, the prognostic values of CC chemokine 
receptors signature in LUAD were explored in three independent cohorts, the high-risk 
group displayed unfavorable OS compared with the low-risk group, and the LUAD cases 
in the high-risk group also suffered inferior RFS than that in the low-risk group. And for the 
prognostic value of the DNA methylation of CC chemokine receptors, we found 1 CpG of 
CCR2, 2 CpGs of CCR3, 1 CpG of CCR4, 3 CpGs of CCR6, 3 CpGs of CCR7, 1 CpG of 
CCR8, and 3 CpGs of CCR9 were significantly associated with prognosis in LUAD patients. 
However, the DNA methylation signature analysis showed there was no statistically sig-
nificant association between the high- and low-risk group. For potential mechanism, the 
neighbor gene networks, interaction analyses, functional enrichment analyses of CC chemo-
kine receptors in LUAD were performed, the transcription factor targets, kinase targets, and 
miRNA targets of CC chemokine receptors were also identified in LUAD. We also found 
significant correlations among CC chemokine receptors expression and the infiltration of 
immune cells, the tumor infiltration levels among LUAD with different somatic copy number 
alterations of these chemokine receptors were also assessed. Moreover, the Cox proportional 
hazard model showed that CCR1/2/10, B_cell, CD4_Tcell were significantly related to the 
clinical outcome of LUAD patients.
Conclusion: CC chemokine receptors might serve as immunotherapeutic targets and prog-
nostic biomarkers in LUAD.
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Introduction
Lung cancer is the most common cancer worldwide, and it 
accounts for 18.4% of all deaths from cancer worldwide.1 

The 5-year survival rate of lung cancer patients is relatively 
low, only 19%.2 And lung adenocarcinoma (LUAD) is 
a major subtype of lung cancer, accounts for approximately 
40% of all cases with this disease.3 It is worth noting that up 
to about 75% of patients were at an advanced stage at the 
time of diagnosis.4 Although some treatment technologies 
and drugs have made great progress recently, the long-term 
survival rate of LUAD patients remains unsatisfactory.5,6 

And there is also a big challenge to conduct more accurate 
risk assessments and optimize treatments for LUAD 
patients.7,8 Therefore, it is an urgent need to develop and 
identify more therapeutic targets and prognostic biomarkers 
for LUAD.

CC chemokine receptors, namely beta chemokine 
receptors, are a part of the G protein-linked receptor super-
family which is known as seven-(pass)-transmembrane 
domain receptors.9 CC chemokine receptors are membrane 
proteins, they could specifically bind to CC chemokine 
family cytokines. They represent a typical subfamily of 
chemokine receptors. According to the IUIS/WHO 
Subcommittee on Chemokine Nomenclature, a total of 
ten members of CC chemokine receptors, CCR1 to 
CCR10, are named.10,11 The CC chemokine receptors 
play multiple important roles in various biological pro-
cesses, including the regulation of leukocyte chemotaxis, 
recruitment of immune cells, inflammation and parenchy-
mal remodeling, tumorigenesis, and progression.12–16 

Expressed on tumor cells and peripheral blood cells, 
immune cells, and stromal cells, CC chemokine receptors 
play prominent roles in determining the composition of 
tumor stroma, are also closely related to angiogenesis, 
tumor growth and, metastasis,17–21 thus affecting disease 
progression, therapeutic effect, and clinical outcomes 
directly or indirectly. CC chemokine receptors can be 
activated by binding to the related chemokines and applied 
as potential therapeutic targets, and prognostic indicators 
for various kinds of malignant tumors, including lung 
adenocarcinoma.21–26

Although the expression and functions of certain CC 
chemokine receptors have been reported in some studies, 
the general characterizes of all CC chemokine receptors as 
targets and biomarkers in LUAD are largely unclear. 
A synthetical analysis of the roles of CC chemokine 
receptors in LUAD has become urgent at present. Now it 

is feasible through second-generation sequencing technol-
ogy and advanced bioinformatics methods. In this study, 
we performed an in-depth and comprehensive analysis of 
the potential values of CC chemokine receptors as clinical 
markers and immunotherapeutic targets in LUAD based on 
multiple large bioinformatics databases, thus providing 
clinicians with additional information to help them choose 
more appropriate drugs and more accurately assess the 
prognosis of LUAD patients.

Materials and Methods
ONCOMINE
ONCOMINE (www.oncomine.org) is a translational bioin-
formatics service that provides powerful, genome-wide 
expression analysis.27 Data were extracted to evaluate the 
expression of CC chemokine receptors in lung cancer. And 
the analyses that meet the thresholds for CC chemokine 
receptors were further reviewed for lung adenocarcinoma 
(LUAD). In this study, a P 0.05, a fold change of 1.5 were 
set as the significance thresholds. The data type was 
selected mRNA. t-Test was used to analyze the difference 
in the expression of CC chemokine receptors in LUAD.

UALCAN
UALCAN (http://ualcan.path.uab.edu/analysis.html), 
a comprehensive and interactive web resource, provides 
easy access to publicly available cancer OMICS data 
(TCGA and MET500).28 In our study, CC chemokine 
receptors level was obtained in the “Expression” links 
using the “TCGA analysis” module and the “LUAD” 
dataset.

GEPIA
GEPIA (http://gepia.cancer-pku.cn/index.html) is 
a developed interactive web server for analyzing the 
RNA sequencing expression data of 9736 tumors and 
8587 normal samples from the TCGA and the GTEx 
project.29 In this study, we performed the pathological 
stage analysis and multiple gene comparison analysis of 
CC chemokine receptors using the “LUAD” dataset. And 
the correlation between CC chemokine receptors expres-
sion and disease-free survival (DFS) was also calculated.

Kaplan–Meier Plotter
Kaplan–Meier Plotter (https://kmplot.com/analysis/) is 
a useful prognostic biomarker assessment tool that 
explored the effect of 54k genes on survival in 21 cancer 
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types using the databases from GEO, EGA, and TCGA.30 

To analyze the prognostic value of CC chemokine recep-
tors in lung cancer regarding OS (overall survival), FP 
(first progression), and PPS (post-progression survival), 
the patient samples were split into two groups by the 
median expression, with the restricted analysis to subtype 
histology (adenocarcinoma), the JetSet best probe set was 
used, and the biased arrays were excluded for array quality 
control. The hazard ratio with 95% confidence intervals 
and log-rank P value were calculated.

SurvExpress
SurvExpress (http://bioinformatica.mty.itesm.mx/ 
SurvExpress) is a friendly and versatile free web tool, it 
could provide a comprehensive analysis of multi-gene 
biomarkers for gene expression and clinical outcomes in 
human tumors.31 In this study, two training cohorts 
(GSE31210, 226 patients; Chitale Lung, 185 patients) 
and one validation cohort (TCGA, 475 patients) were 
used to explore the prognostic value of CC chemokine 
receptors signature in LUAD patients.

MethSurv
MethSurv (https://biit.cs.ut.ee/methsurv/), a web tool for 
survival analysis based on CpG methylation patterns, was 
applied to explore the prognostic value of single CpG 
methylation of the CC chemokine receptors in LUAD 
patients.32

SurvivalMeth
SurvivalMeth (ht tp: / /bio-bigdata.hrbmu.edu.cn/  
survivalmeth/)33 was used to analyze the DNA methyla-
tion of CC chemokine receptors signature on LUAD 
prognosis.

cBioPortal
cBioPortal (www.cbioportal.org) is a comprehensive web 
resource that could visualize and analyze multidimensional 
cancer genomics data.34,35 Based on the TCGA database, 
genetic alterations of CC chemokine receptors were 
obtained from cBioPortal. Five hundred eighty-six lung 
adenocarcinoma samples (TCGA, Firehose Legacy) were 
analyzed. mRNA expression z scores (RNA Seq V2 
RSEM) were obtained using a z score threshold of ±2.0. 
The top 50 most frequently altered neighbor genes asso-
ciated with CC chemokine receptors were isolated.

String
STRING (https://string-db.org/) is a database of known 
and predicted protein–protein interactions (PPI).36,37 We 
conducted a PPI network analysis of CC chemokine recep-
tors to explore their interactions with STRING.

GeneMANIA
GeneMANIA (http://www.genemania.org) is a useful website 
that provides information for co-expression, co-localization, 
genetic and protein interactions, pathways, physical interac-
tion, shared protein domains of submitted genes.38

DAVID
DAVID 6.8 (https://david.ncifcrf.gov) is a comprehensive 
bioinformatics resource for biological functional 
annotation.39,40 In this study, the Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis were performed 
with the CC chemokine receptors, and closely related 
neighbor genes were isolated from cBioPortal.

Metascape
Metascape (http://metascape.org) is a reliable public ser-
vice that provides a biologist-oriented resource for the 
analysis of systems-level datasets.41 In this study, the 
“Express Analysis” module was used to further verify 
the enrichment of CC chemokine receptors and their 
related most frequently altered neighbor genes.

TRRUST
TRRUST (https://www.grnpedia.org/trrust/) is a manually 
curated database of human and mouse transcriptional regu-
latory networks. It contains 8444 and 6552 TF-target regu-
latory relationships of 800 human TFs and 828 mouse TFs, 
respectively. TRRUST database was used for the regulatory 
relationships of CC chemokine receptors genes.42,43

LinkedOmics
LinkedOmics (http://www.linkedomics.org/) is a publicly 
available portal that includes multi-omics data from all 32 
TCGA Cancer types.44 In this study, TCGA_LUAD data-
set was used in the “LinkInterpreter” module. Gene Set 
Enrichment Analysis (GSEA) tool was applied to explore 
the kinase target and miRNA target enrichment of CC 
chemokine receptors in the LUAD, with a minimum num-
ber of genes (size) of 3 and a simulation of 500. Results 

Journal of Inflammation Research 2021:14                                                                                 submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
269

Dovepress                                                                                                                                                           Liu and Wu

http://bioinformatica.mty.itesm.mx/SurvExpress
http://bioinformatica.mty.itesm.mx/SurvExpress
https://biit.cs.ut.ee/methsurv/
http://bio-bigdata.hrbmu.edu.cn/survivalmeth/
http://bio-bigdata.hrbmu.edu.cn/survivalmeth/
http://www.cbioportal.org
https://string-db.org/
http://www.genemania.org
https://david.ncifcrf.gov
http://metascape.org
https://www.grnpedia.org/trrust/
http://www.linkedomics.org/
http://www.dovepress.com
http://www.dovepress.com


were analyzed statistically using the Spearman correlation 
test. The P-value cutoff was 0.05.

Timer
Timer web server (https://cistrome.shinyapps.io/timer/) is 
a comprehensive resource for systematical analysis of the 
infiltration of different immune cells and their clinical 
impact across diverse cancer types.45,46 “Gene module” 
and “Survival module” were used in this study to explore 
the correlation of CC chemokine receptors level and the 
immune cell infiltration, the clinical outcome in LUAD, 
respectively. “SCNA module” was used to explore the 
correlation between somatic copy number alterations and 
abundance of immune infiltrates.

Results
Expression of CC Chemokine Receptors 
in the Lung Adenocarcinoma
First, we explored the expression levels of CC chemokine 
receptors in lung cancer and normal lung tissues using the 
ONCOMINE database (Figure 1). And the analyses that 
meet the thresholds for CC chemokine receptors were 
further reviewed according to the histopathological type 

(lung adenocarcinoma vs normal). As shown in 
Supplementary Table 1, the transcriptional levels of 
CCR1 and CCR2 in LUAD tissues were significantly 
reduced, while the transcriptional levels of CCR4, CCR7, 
and CCR8 were significantly increased in LUAD vs nor-
mal lung tissue. For CCR6, three datasets suggested that 
the transcriptional levels of CCR6 in LUAD tissues were 
significantly elevated, while one dataset showed it was 
significantly reduced in LUAD tissue.

The expression levels of CC chemokine receptors in 
LUAD were also assessed with UALCAN. As expected, the 
transcriptional levels of CCR1 (P = 1.824E-05), and CCR10 
(P = 1.528E-08) in LUAD tissues were significantly reduced, 
while the transcriptional levels of CCR3 (P = 5.402E-03), 
CCR6 (P = 1.176E-02), CCR7 (P = 4.060E-02) and CCR8 (P 
< 1E-12) were significantly elevated (Figure 2).

We also compared the relative expression levels of CC 
chemokine receptors in LUAD and found the relative 
expression of CCR1 was the highest in LUAD tissues 
among all CC chemokine receptors (Figure 3).

We then assessed the correlation between the expression of 
CC chemokine receptors and the pathological stage of LUAD 
patients, and found a significant correlation between the 

Figure 1 The mRNA levels of CC chemokine receptors in lung cancer (ONCOMINE). 
Notes: The figure showed the numbers of datasets with statistically significant mRNA overexpression (red) or downregulated expression (blue) of CC chemokine 
receptors. 
Abbreviations: CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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Figure 2 The transcription levels of CC chemokine receptors in LUAD (UALCAN). 
Notes: Compared that in normal tissue, the transcriptional levels of CCR1 and CCR10 in LUAD tissues were significantly reduced, while the transcriptional levels of CCR3, 
CCR6, CCR7, and CCR8 were significantly elevated in primary tumors. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.

Figure 3 The relative expression level of CC chemokine receptors in LUAD (GEPIA). 
Notes: The darker the color of the bar, the higher the relative expression. CCR1 showed the highest expression in LUAD among the CC chemokine receptors. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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expression of CCR2 (P = 0.027), CCR4 (P = 0.0336), CCR6 (P 
= 0.00242), CCR7 (P = 0.00387) and pathological stage 
(Figure 4), as LUAD progressed, the expression of CCR2, 
CCR4, CCR6, and CCR 7 decreased. These data suggested 
that these CC chemokine receptors played significant roles in 
the development of LUAD.

The Prognostic Value of Individual CC 
Chemokine Receptor in Patients with 
LUAD
To evaluate the prognostic value of CC chemokine recep-
tors in LUAD, we assessed the correlation between these 
chemokine receptors and prognosis using Kaplan–Meier 
Plotter (Table 1). Overall survival curves are presented in 
Figure 5. Among them, there were significant associations 
between these chemokine receptors (CCR2, CCR3, CCR4, 
CCR5, CCR6, and CCR10) and OS in LUAD. High 
expression of CCR2, CCR3, CCR4, CCR10 indicated 
shorter OS, while high expression of CCR5, CCR6 indi-
cated longer OS in LUAD cases.

The first-progression survival curves are presented in 
Figure 6. LUAD patients with high transcriptional levels 
of CCR3 (P = 0.0026) and CCR4 (P = 3e-04) were 

significantly associated with inferior first-progression sur-
vival. However, no significant difference was found 
between the CC chemokine receptors and PPS or DFS in 
LUAD patients (Table 1).

Prognostic Values of CC Chemokine 
Receptors Signature in Patients with 
LUAD
The CC chemokine receptors signature was input for prog-
nostic analysis in SurvExpress. For OS, in the training 
cohort 1 (GSE31210, 226 patients), the mRNA expression 
of CCR2, CCR6, CCR9 was higher in the low-risk group 
than that in the high-risk group, while, CCR1, CCR8, and 
CCR10 were lower expressed in the low-risk group than 
that in the high-risk group (Figure 7A-B), the high-risk 
group displayed an unfavorable OS compared with the 
low-risk group (Figure 7C). Similarly, these results were 
also displayed in the training cohort 2 (Chitale Lung, 185 
patients) (Figure 7D-F), the high-risk group had a worse 
OS compared with the low-risk group (Figure 7F). And the 
prognostic value of CC chemokine receptors signature in 
LUAD was also confirmed in the validation cohort 
(TCGA, 475 patients) (Figure 7G-I). Besides, for recur-
rence-free survival (RFS), the LUAD cases in the high- 

Figure 4 Correlation between CC chemokine receptors and the pathological stage of LUAD patients (GEPIA). 
Notes: There was a significant correlation between CCR2/4/6/7 expression level and the pathological stage of LUAD patients. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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risk group suffered inferior RFS than that in the low-risk 
group (Supplementary Figure 1).

Prognostic Value of Single CpG of CC 
Chemokine Receptors Gene
The prognostic value of DNA methylation of CC chemo-
kine receptors in LUAD was analyzed by MethSurv. The 
heat maps of DNA methylation of the CC chemokine 
receptor are displayed in Figure 8. Among them, 
cg01297500 of CCR1, cg11313065 of CCR2, cg11126313 
of CCR3, cg11126313 of CCR3, cg21366834 of CCR4, 
cg15239694 of CCR5, cg19668990 of CCR6, cg11729107 
of CCR7, cg11492964 of CCR8, cg14558191 of CCR9, and 
cg06864083 of CCR10 showed the highest DNA methyla-
tion level. And overall, we found that 1 CpG of CCR2, 2 
CpGs of CCR3, 1 CpG of CCR4, 3 CpGs of CCR6, 3 CpGs 
of CCR7, 1 CpG of CCR8, and 3 CpGs of CCR9 were 
significantly associated with prognosis in LUAD patients 
(Table 2).

Prognostic Value of the DNA 
Methylation of CC Chemokine 
Receptor Signature
The gene symbols of ten CC chemokine receptors (CCR1 
to CCR10) were input for prognostic analysis in 
SurvivalMeth. As shown in Figure 9A-C, the significant 
expression patterns were found in CCR1/2/3/5/7/8/9 
between low- and high-risk groups (Figure 9A). And the 
heatmap showed that the DNA methylation level of CCR3 

was the highest, while CCR10 was the lowest (Figure 9B). 
However, no statistically significant association was found 
between the high- and low-risk groups (P=0.1664281723) 
(Figure 9C).

Genetic Alteration, Co-Expression, 
Protein/Gene Interaction Analyses of CC 
Chemokine Receptors in Patients with 
LUAD
A comprehensive analysis of the molecular character-
istics of CC chemokine receptors was further per-
formed. First, the genetic alterations of these CC 
chemokine receptors were analyzed with cBioPortal. 
As a result, CCR1, CCR2, CCR3, CCR4, CCR5, 
CCR6, CCR7, CCR8, CCR9, and CCR10 were altered 
in 3%, 5%, 4%, 4%, 4%, 5%, 2.9%, 5%, 3%, and 0.6% 
of the LUAD samples, respectively (Figure 10A). 
Enhanced mRNA expression of CC chemokine recep-
tors, as the most common change, was found in these 
samples. Then, the potential co-expression of CC che-
mokine receptors was explored, as displayed in Figure 
10B, there was a moderate to strong correlation among 
the expression of CCR4, CCR5, CCR6, CCR7, and 
CCR8.

Moreover, PPI network analysis of CC chemokine 
receptors was conducted with STRING.

As expected, 10 nodes and 36 edges were obtained in 
the PPI network (Figure 10C). Results of GeneMANIA 
also revealed that the functions of these CC chemokine 
receptors were primarily related to cytokine receptor activ-
ity, G-protein coupled chemoattractant receptor activity, 
chemokine-mediated signaling pathway, cytokine receptor 
activity, and G-protein coupled receptor activity, et al 
(Figure 10D).

Moreover, the top 50 genes with the highest frequency 
associated with CC chemokine receptors were got from 
cBioPortal. The data indicated that CCR1, CCR2, CCR3, 
CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, 
SEMA3E, CD33, TP53, PCDH15, TTN, ZNF804A, CPS1, 
KRAS, FLG, RYR2, ZFHX4, GRIN2A, COL15A1, DISP1, 
IRX1, RRM2, MBD1, ALK, ST6GAL2, ZNF292, TRRAP, 
MADD, AKAP11, COL6A6, DCDC1, PRDM9, EYS, 
ADAMTS3, PCNT, TAF1L, ACTN2, PKHD1L1, 
COL11A1, FMN2, NTRK3, OBSCN, LRP1B, PLXNC1, 
PPEF2, SKIV2L, EXO1, AGMO, TRPV2, SPHKAP, 
PDCD11, ZNF479, IQSEC3, PKHD1, KLHL14, and 

Table 1 The Relationship Between the Expression Level of CC 
Chemokine Receptors and Prognosis in Patients with LUAD

Kaplan–Meier Plotter 
(Logrank P)

GEPIA 
(Logrank P)

OS FP PPS DFS

CCR1 0.1700 0.1200 0.0520 0.7300

CCR2 0.0081 0.4900 0.7700 0.0530

CCR3 0.0470 0.0026 0.2400 0.4000
CCR4 0.0460 3e-04 0.5900 0.3100

CCR5 1e-04 0.0790 0.1400 0.2000

CCR6 0.0450 0.5000 0.2900 0.1900
CCR7 0.4600 0.7300 0.9600 0.2500

CCR8 0.7100 0.5300 0.2100 0.3700

CCR9 0.9500 0.7000 0.5100 0.6700
CCR10 0.0360 0.4800 0.4500 0.5500

Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine 
receptor type 1- C-C chemokine receptor type 10; OS, overall survival; FP, first 
progression; PPS, post-progression survival; DFS, disease-free survival.
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PTPRT were primarily connected with the modulation and 
function of CC chemokine receptors in LUAD (Figure 10E).

Functional Enrichment Analysis of CC 
Chemokine Receptors in Patients with 
LUAD
The functions of CC chemokine receptors and their 
neighboring genes were analyzed using DAVID 6.8 
and Metascape. The significant highly enriched GO 
items (P<0.05) are shown in Figure 11A-B using 
DAVID 6.8.

In the biological process (BP) category, the top 10 
highly enriched GO items, including chemokine- 
mediated signaling pathway, chemotaxis, positive regula-
tion of cytosolic calcium ion concentration, dendritic cell 
chemotaxis, immune response, cellular defense response, 

cell adhesion, collagen catabolic process, cellular calcium 
ion homeostasis, and sarcomere organization, were asso-
ciated with the tumorigenesis and progression of LUAD 
(Figure 11A). In the cellular component (CC) category, 
integral component of plasma membrane, cell surface, 
external side of plasma membrane, Z disc, integral com-
ponent of membrane, plasma membrane, collagen trimer 
were the most significantly highly enriched items (Figure 
11A). In the molecular function (MF) category, the CC 
chemokine receptors and their neighboring genes were 
mainly enriched in chemokine receptor activity and 
related binding activities (Figure 11A). And as expected 
in KEGG pathway analysis (Figure 11B), hsa04062 (che-
mokine signaling pathway), hsa04060 (cytokine-cytokine 
receptor interaction), hsa05203 (viral carcinogenesis), 
hsa05223 (non-small cell lung cancer), hsa05230 (central 

Figure 5 Overall survival curves for the expression of CC chemokine receptors in LUAD patients (Kaplan–Meier Plotter). 
Notes: High expression level of CCR2, CCR3, CCR4, and CCR10 indicated shorter OS, while low expression level of CCR5 and CCR6 indicated longer OS in LUAD cases. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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carbon metabolism in cancer) were significantly related 
to the LUAD formation and progression. Also, the results 
of the functional enrichment analysis were confirmed 
using Metascape (Supplementary Figure 2-4).

Transcription Factor Targets, Kinase 
Targets, and miRNA Targets of CC 
Chemokine Receptors in Patients with 
LUAD
The possible transcription factor targets, kinase targets, 
and miRNA targets of the CC chemokine receptors 
were explored using the TRRUST and LinkedOmics 
databases. CCR1, CCR2, CCR3, CCR4, CCR5, 
CCR6, CCR7, CCR8, CCR9, and CCR10 were 
included in TRRUST. We found that four transcription 

factors (NR3C2, KLF2, RELA, and NFKB1) were 
associated with the regulation of CC chemokine recep-
tors (Table 3). RELA and NFKB1 were the key tran-
scription factors for CCR2, CCR3, CCR5, and CCR7. 
NR3C2 was the key transcription factor for CCR5 and 
CCR6. KLF2 was the key transcription factor for 
CCR5 and CCR7.

In addition, the top two kinase targets of CC chemo-
kine receptors were identified from LinkedOmics 
(Supplementary Table 2). Among these, only one kinase 
target, TNK2, was identified in the CCR5, SYK and LCK 
were the top two kinase targets in the CCR9, and compo-
nents of the CCR3 kinase-target network were mainly 
associated with CDK1 and CHEK1.

The top two miRNA targets of CC chemokine recep-
tors were also identified in LUAD, which is presented in 

Figure 6 First-progression survival curves for the expression of CC chemokine receptors in LUAD patients (Kaplan–Meier Plotter). 
Notes: LUAD patients with high transcriptional levels of CCR3 and CCR4 had inferior first-progression survival. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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Supplementary Table 3. Among them, no significant 
miRNA targets were found in CCR6 and CCR8. And 
there was only one significant miRNA target in the 
CCR2 (MIR-208), CCR4 (MIR-184), CCR5 (MIR- 
517), and CCR7 (MIR-525) in LUAD. And two 
miRNA targets were found in CCR1 (MIR-208 and 
MIR-371), CCR3 (MIR-202 and MIR-205), CCR9 
(MIR-191 and MIR-380-5P), and CCR10 (MIR-323 
and MIR-522).

Immune Cell Infiltration of CC 
Chemokine Receptors in Patients with 
LUAD
CC chemokine receptors have been involved in cancer- 
related inflammation and the infiltration of immune 
cells, thus affecting the clinical outcome of LUAD 
patients. Therefore, the TIMER database was used to 
provide a comprehensive analysis of the correlation 

Figure 7 The prognostic values of CC chemokine receptors signature for OS in LUAD cases from the training cohort 1 (GSE31210, 226 patients), training cohort 2 (Chitale 
Lung, 185 patients), and validation cohort (TCGA, 475 patients) via SurvExpress platform. 
Notes: (A, D, and G) the heat maps of mRNA expression of CC chemokine receptors; (B, E, and H) the mRNA expressions of CC chemokine receptors between high- 
and low-risk groups; (C, F, andI) Survival curves of CC chemokine receptors between high- and low-risk groups. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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between CC chemokine receptors and immune cell infil-
tration. The results are presented in Figure 12. Except 
for CCR10, nine CC chemokine receptors expression 
(including CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, 
CCR7, CCR8, and CCR9) positively correlated with 
infiltration of four immune cell types (CD8+ T cells, 
macrophages, neutrophils, and dendritic cells; all P < 

0.05). Except for CCR3, the other nine CC chemokine 
receptors expression positively correlated with the infil-
tration of B cells, CD8+ T cells, and CD4+ T cells (all 
P < 0.05).

We also compared the tumor infiltration levels 
among LUAD with different somatic copy number 
alterations for the CC chemokine receptors, these results 
are displayed in Supplementary Figure 5. Moreover, the 
Cox proportional hazard model was applied for CC 
chemokine receptors and six tumor-infiltrating immune 
cells in LUAD. As shown in Table 4, CCR1 (P =0.022), 
CCR2 (P =0.001), CCR10 (P =0.046), B_cell (P = 
0.011), and CD4_Tcell (P = 0.034) were found to be 
significantly related to the clinical outcome of LUAD 
patients.

Discussion
As the largest subdivision of the chemokine superfamily, 
there are ten CC chemokine receptor subtypes, they are all 
receptors with G protein-coupled, seven-transmembrane 
region and mainly induce signal transduction via Gi 
proteins.21 In humans, CCR1, CCR2, CCR3, CCR4, 
CCR5, CCR8, CCR9, and CCR10 are encoded by 
a cluster of genes on chromosome 3p21. And CCR6 is 
encoded by the gene located on the long arm of 
Chromosome 6 (6q27), and CCR7 is encoded by the gene 

Figure 8 The heat map of DNA methylation clustered expression level of CC chemokine receptor genes (MethSurv). 
Notes: cg01297500 of CCR1, cg11313065 of CCR2, cg11126313 of CCR3, cg11126313 of CCR3, cg21366834 of CCR4, cg15239694 of CCR5, cg19668990 of CCR6, 
cg11729107 of CCR7, cg11492964 of CCR8, cg14558191 of CCR9, and cg06864083 of CCR10 showed the highest DNA methylation level in LUAD. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.

Table 2 The Prognostic Value of Single CpG of CC Chemokine 
Receptors in LUAD by MethSurv (P<0.05)

Gene-CpG HR LR Test 
P-value

CCR2-3ʹUTR-Body-Open_Sea-cg21759685 0.681 0.024
CCR3-3ʹUTR-Open_Sea-cg03050629 0.694 0.04

CCR3-TSS1500-Open_Sea-cg04111761 0.676 0.029

CCR4-TSS1500-Open_Sea-cg16752389 0.701 0.049
CCR6-5ʹUTR-TSS200-Open_Sea-cg01646461 1.401 0.037

CCR6-5ʹUTR-TSS200-Open_Sea-cg21794222 1.496 0.012

CCR6-5ʹUTR-Open_Sea-cg07513332 0.702 0.028
CCR7-Body-Open_Sea-cg16047279 1.469 0.049

CCR7-TSS1500-Open_Sea-cg13504059 1.375 0.046

CCR7-3ʹUTR-Open_Sea-cg23663547 1.849 0.0014
CCR8-TSS1500-Open_Sea-cg26647600 1.493 0.036

CCR9-TSS1500-Open_Sea-cg06519172 1.509 0.035

CCR9-TSS1500-Open_Sea-cg27198997 0.696 0.024
CCR9-TSS200-Open_Sea-cg10475172 0.633 0.0088

Abbreviations: LUAD, lung adenocarcinoma; HR, hazard ratio; LR test, likelihood- 
ratio test.
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on chromosome 17q21.2. CCRs are highly differentially 
expressed on most leukocyte subsets, and mediate different 
types of immune responses.47 They are closely related to 
many autoimmune and inflammation-related conditions, 
such as multiple sclerosis, osteoarthritis, and inflammatory 
bowel disease.20,48–50 Numerous studies showed that CC 
chemokine receptors were critical mediators of chronic 
inflammatory responses, and they were involved in leuko-
cyte recruitment, angiogenesis, tumor growth, proliferation, 
and metastasis.51–53 CC chemokine receptors were also 
considered as potential pharmacological targets.21 Some 
CC chemokine receptor antagonists/inhibitors displayed 
potent anti-tumor activity in the preclinical models and 
clinical trials.51,54 For example, CCR1 antagonist BL5923 
showed antimetastatic metastatic ability in a mouse model 
of colon cancer liver metastasis.55 And Mogamulizumab, as 
a first-in-class CCR4 inhibitor, was considered a promising 
pharmacotherapy for T-cell lymphomas.56,57 However, the 
prognostic values and biological functions of CC chemo-
kine receptors in LUAD have not been well characterized.

In this study, we first investigated the expression of 
CC chemokine receptors in the lung adenocarcinoma 

and found there were six genes differentially expressed 
in LUAD compared with the normal tissues (upregula-
tion of CCR3, CCR6, CCR7, and CCR8; downregula-
tion of CCR1 and CCR10). Besides, the relationship 
between CC chemokine receptors and the pathological 
stage of LUAD patients was assessed, we found the 
expression of CCR2, CCR4, CCR6, and CCR 7 
decreased as the adenocarcinomas progressed. 
Furthermore, we investigated the prognostic values of 
CC chemokine receptors in LUAD cases. The results 
showed that high expression of CCR2, CCR3, CCR4, 
and CCR10, while, the low expression of CCR5 and 
CCR6, was significantly associated with worse OS. 
And the high expression of CCR3 and CCR4 also 
indicated inferior FP in LUAD cases. But there was 
no significant difference between the CC chemokine 
receptors expression and PPS/DFS in LUAD patients. 
In addition, the prognostic value of CC chemokine 
receptors signature was also assessed in three indepen-
dent cohorts, the LUAD patients in the high-risk group 
had unfavorable OS and RFS when compared that in 
the low-risk group. And for the prognostic value of the 

Figure 9 The prognostic value of the DNA methylation of CC chemokine receptor signature in LUAD via SurvivalMeth. 
Notes: (A) The methylation level of CpGs in high- and low-risk group, (B) The heatmap of CpG methylation level; (C) The survival curve of Kaplan–Meier plot. NS > 0.05, 
*P < 0.05; **P < 0.01; ***P < 0.001. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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DNA methylation of CC chemokine receptors, 1 CpG 
of CCR2, 2 CpGs of CCR3, 1 CpG of CCR4, 3 CpGs 
of CCR6, 3 CpGs of CCR7, 1 CpG of CCR8, and 3 
CpGs of CCR9 were found to be significantly asso-
ciated with prognosis in LUAD patients. However, the 
DNA methylation signature analysis showed no statis-
tically significant association between the high- and 
low-risk groups.

Then, the molecular characteristics of CC chemokine 
receptors were also explored in LUAD. Since the occurrence 
and development of LUAD are multi-step and multi-factors, 
and genetic alteration was also involved in this process, we 
explored the genetic alterations, and alterations of CCR1, 
CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, 
and CCR10 were observed in 3%, 5%, 4%, 4%, 4%, 5%, 2.9%, 
5%, 3%, and 0.6% of the LUAD samples. And we also found 

Figure 10 The genetic alteration, neighbor gene network, and interaction analyses of CC chemokine receptors in LUAD patients. 
Notes: (A) Genetic alterations in CC chemokine receptors in LUAD. (B) Correlation heat map of CC chemokine receptors in LUAD. (C and D) PPI network of CC 
chemokine receptors. (E) Gene–gene interaction network of CC chemokine receptors and the most frequently altered neighboring genes. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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a moderate to strong correlation among the expression of 
CCR4, CCR5, CCR6, CCR7, and CCR8, suggesting that 
these CC chemokine receptors might play a synergistic role 
in the tumorigenesis and progression of LUAD.

Then, the function of CC chemokine receptors was 
explored with GO and KEGG pathway enrichment ana-
lyses. As expected, the functions of CCR1 to CCR10 

genes are primarily related to the chemokine-mediated 
signaling pathway, immune response, cytokine-cytokine 
receptor interaction. We also sought to characterize the 
transcription factor and kinase targets of CC chemokine 
receptors, and found that NR3C2, KLF2, RELA, and 
NFKB1 may be key transcription factors in the regulation 
of CC chemokine receptors. And the top two kinase and 

Figure 11 The enrichment analysis of CC chemokine receptors and 50 most frequently altered neighboring genes in LUAD (David 6.8). 
Notes: (A) Bar plot of GO enrichment in BP, CC, and MF enriched terms. (B) Bar plot of KEGG enriched terms. 
Abbreviations: LUAD, lung adenocarcinoma; BP, biological process; CC, cellular component; MF, molecular function.
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miRNA targets of CC chemokine receptors were also 
identified. Previous researches have proved that these sig-
naling pathways above played key roles in tumor prolif-
eration, migration, invasion, and metastasis.52,58 And they 
could also affect treatment effect and clinical outcome by 
mediating the migration and localization of immune cells, 
the immune responses, and the balance between immunity 
and tolerance.59–61 These data suggested that CC chemo-
kine receptors could be used as potential immunotherapy 
targets.

Moreover, the correlation between CC chemokine 
receptors and immune cell infiltration of LUAD was 
also assessed. Eight CC chemokine receptors, including 
CCR1, CCR2, CCR4, CCR5, CCR6, CCR7, CCR8, and 
CCR9, were significantly related to all six immune cell 
types, including B cells, CD8+ T cells, CD4+ T cells, 
macrophages, neutrophils, and dendritic cells. And 
there was a positive significant correlation between 
CCR10 expression and the infiltration of B cells and 
CD4+ T cells, there was a positive significant correla-
tion between the CCR3 expression and the infiltration 
of macrophages, neutrophils, and dendritic cells. 
Furthermore, the tumor infiltration levels among 
LUAD with different somatic copy number alterations 
for the CC chemokine receptors were also compared. 
The Cox proportional hazard model further demon-
strated that CCR1, CCR2, CCR10, B_cell, and 
CD4_Tcell were significantly related to the clinical 

outcome of LUAD patients. These results indicated 
that CC chemokine receptors were involved in LUAD 
progression by affecting immune status.

Recent researches provided possible mechanisms 
that explained why CC chemokine receptors could act 
as valuable tumor-markers and immunotherapeutic tar-
gets. CC chemokine receptors are involved in tumor-
igenesis and cancer development.

The ectopic expression of CC chemokine receptors was 
found in various solid and hematological tumors, including 
lung cancer, breast cancer, gastric cancer, 
T- and B-cell lymphomas.62–66 And their altered expression 
was correlated with clinical outcomes. For example, CCR5 
and CCR9 expression were found to be related to lymph 
node metastasis, clinical stage in head and neck squamous 
cell carcinomas, and lung adenocarcinoma, 
respectively.67,68 And CCR7 was related to the develop-
ment of lymph node metastasis and might be a potential 
prediction of prognosis in lung cancer.69,70 Furthermore, 
CC chemokine receptors, activated by binding to cytokines 
of the CC chemokine family, are closely associated with 
immune and inflammation response.51,71,72 And the chemo-
kine system plays a key role in the initiation of naive T cells, 
cell fate determination such as effector and memory cell 
differentiation, and regulatory T cell functions, and could 
position cells for host defense and immunity.71 Recent 
studies in vivo and in vitro also demonstrated important 
roles for CC chemokine receptors in cancer processes. They 
exert important roles in apoptosis, proliferation, invasion, 
migration, and metastasis, and participate in the remodeling 
of the tumor microenvironment by affecting leukocyte 
recruitment and activation, angiogenesis, and lymphangio-
genesis. For instance, among these for CC chemokine 
receptors, CCR1 inhibition could reduce tumor growth 
and metastasis by targeting myeloid cells.55 Activation of 
the CCL2/CCR2 axis could exert pro-tumoral activities for 
the increased recruitment of monocytes with pro- 
tumorigenic and pro-metastatic activities.51 CCR6, com-
bined with its ligand CCL20, could recruit immune cells 
to the tumor niche, including tumor-associated macro-
phages (TAMs), T helper 17 (Th17), and regulatory 
T cells (Tregs).73–76 And CCR10, activated by CCL27 and 
CCL28, showed an effect on tumor vascularization by 
recruiting anti-cancer tumor-infiltrating lymphocytes 
(TILs) and regulatory T cells (Tregs).72

There are some limitations in our study. The biases 
caused by the confounders might exist since the data 
for analysis were from multiple online bioinformatics 

Table 3 Key Regulated Factors of CC Chemokine Receptors in 
LUAD (TRRUST)

Key 

TF

Description Regulated 

Gene

P value FDR

NR3C2 nuclear receptor 

subfamily 3, group C, 

member 2

CCR5, CCR6 6.48E-06 1.97E-05

KLF2 Kruppel-like factor 2 

(lung)

CCR5, CCR7 1.69E-05 1.97E-05

RELA v-rel 

reticuloendotheliosis 

viral oncogene 

homolog A (avian)

CCR2, CCR3, 

CCR5,CCR7

1.92E-05 1.97E-05

NFKB1 nuclear factor of 

kappa light 

polypeptide gene 

enhancer in B-cells 1

CCR2,CCR3, 

CCR5,CCR7

1.97E-05 1.97E-05

Abbreviations: LUAD, lung adenocarcinoma; TF, transcription factor; FDR, false 
discovery rate.
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Figure 12 The correlation between CC chemokine receptors and immune cell infiltration in LUAD. 
Notes: A comprehensive analysis of the correlation between CCR1-CCR10 and six immune cell infiltrations (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, 
and dendritic cells) was performed using TIMER web server. 
Abbreviations: LUAD, lung adenocarcinoma; CCR1-CCR10, C-C chemokine receptor type 1- C-C chemokine receptor type 10.
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resources. And our results also needed to be validated, 
researches in vitro and in vivo are required to further 
explore the exact mechanisms of CC chemokine recep-
tors in the progression of lung adenocarcinoma.

In conclusion, this work provided evidence of the values of 
CC chemokine receptors as clinical biomarkers and therapeutic 
targets in LUAD. We hope the results could afford some new 
inspirations for immunotherapeutic drug development, provide 
some assistance to the clinicians in the selection of optimal 
drugs for LUAD patients, and identify the tumor markers that 
have more accurate prognostic prediction ability in LUAD.
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