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Abstract

Chemokines exhibited complicated functions in antitumor immunity, with their expression profile and clinical importance of
lung adenocarcinoma (LUAD) patients remaining largely undetermined. This study aimed to explore the expression patterns
of chemokine family in LUAD and construct a predictive chemokine family-based signature. A total of 497 samples were
downloaded from the Cancer Genome Atlas (TCGA) data portal as the training set, and the combination of 4 representative
Gene Expression Omnibus (GEO) datasets, including GSE30219, GSE50081, GSE37745, and GSE31210, were utilized as the
validation set. A three gene-based signature was constructed using univariate and stepwise multivariate Cox regression
analysis, classifying patients into high and low risk groups according to the overall survival. The independent GEO datasets
were utilized to validate this signature. Another multivariate analysis revealed that this signature remained an independent
prognostic factor in LUAD patients. Furthermore, patients in the low risk group featured immunoactive tumor micro-
environment (TME), higher IPS scores and lower TIDE scores, and was regarded as the potential beneficiaries of immu-
notherapy. Finally, the role of risky CCL20 was validated by immunohistochemistry (IHC), and patients possessed higher
CCL20 expression presented shorter overall survival (P = 0.011).
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer-related mortality worldwide '. NSCLC can be further
classified as squamous carcinoma, adenocarcinoma and
large cell carcinoma according to the histology. Despite the
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spectacular progress in detection of driver gene mutations
and individualized targeted therapy, especially tyrosine
kinase inhibitors (TKIs), the 5-year overall survival (OS)
of lung adenocarcinoma (LUAD) remains approximately
15%, and the standard platinum-based chemotherapy and
targeted therapy seemed to reach a plateau in this setting.
Recently, multiple clinical trials provide exciting results
of immune checkpoint inhibitors (ICIs) in solid tumors and
ICIs are becoming the first-line treatment option for
advanced NSCLCs. KEYNOTE 024 examined the efficacy
of pembrolizumab monotherapy or platinum-based che-
motherapy in previously untreated NSCLC patients with
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PD-L1 tumor proportion score > 50%. The median
progression-free survival was 10.3 months for the pembro-
lizumab group and 6.0 months for the platinum-based che-
motherapy group. The estimated rate of OS was 44.8%
versus 27.8%, respectively®. However, the objective
response rate to ICIs ranged from 12% to 23% in solid
tumors depending on multiple factors*. Current researches
focus on several potential biomarkers predictive to ICIs
treatment response in NSCLC, including tumor PD-L1
expression, tumor mutational burden (TMB), tumor infiltra-
tive T cells’. However, these biomarkers could not fully
reflect the heterogeneous tumor microenvironment (TME)
of LUAD. As a matter of fact, none of these biomarkers
alone or in combination could give optimal predictive value
such as those biomarkers (i.e., EGFR mutations, ALK rear-
rangements) seen in targeted therapies. New biomarkers and
prediction models are in urgent need to stratify response and
to identify patients who might benefit from ICIs treatment.

The chemokine family, consisting of CC, CXC, CX;C,
and XC subfamilies, exhibit complicated functions in anti-
tumor immunity, with the collective properties being either
anti- and pro-cancer. The antitumor chemokines are known
to favor the antitumor immunity by forming a concentration
gradient of chemokines between tumor lesions and periph-
eral blood and lymph vessels, therefore recruiting immune
cells expressing corresponding receptors. Chemokines also
directly suppress tumor growth and metastasis®. The pro-
cancer chemokines are associated with promoting immuno-
suppressive TME’, supporting tumor growth®, angiogenesis,
and metastasis’. Novel agents targeting the pro-cancer che-
mokine receptors, such as CXCR4 antagonists and CCR4
antibodies, are currently under clinical investigations in dif-
ferent phases'® '2. However, chemokine family-related gene
expression profiling and the subsequent clinical implications
in LUAD remain undetermined.

This comprehensive study aimed to explore the expres-
sion profile and clinical implications of chemokine family in
LUAD. A chemokine family-based risk model was con-
structed and validated to predict the clinical outcome of
LUAD patients. Given the complex effects of chemokine
family on TME and their potential roles in ICI responses,
we further investigated this signature related immune-cancer
landscape, hoping to provide novel insights to optimize the
delivery of immunotherapy.

Methods and Materials
Data Collection and Preprocessing

The RNA-Seq data and clinical information of 497 LUAD
patients, acquired from the Cancer Genome Atlas (TCGA)
data portal (https://portal.gdc.cancer.gov/), were utilized to
construct the training set. Data on somatic mutations were
also downloaded from the TCGA data portal. Representative
Gene Expression Omnibus (GEO) datasets containing large
number of LUAD patients based on the platform of GPL570

(Affymetrix Human Genome U133 Plus 2.0 Array), includ-
ing 85 cases from GSE30219, 128 cases from GSES50081,
106 cases from GSE37745 and 226 cases from GSE31210
were retrieved from NCBI (https://www.ncbi.nlm.nih.gov/
geo) as the validation sets. The mRNA expression profiling
from GEO datasets were normalized by Robust Multi-Array
average (RMA) algorithm, and experimental batch effects
were corrected by limma package. The mean value was
employed for genes represented by more than one probe.

Construction and Validation of the Prognostic Model

OS-related chemokine family members were sought out by
the univariate Cox regression model and were enrolled in a
subsequent stepwise multivariate Cox regression model.
Three genes with the most powerful predictive value were
finally extracted, and the risk score was calculated as fol-
lows: risk score = expression of Gene 1 * coefficient 1 +
expression of Gene 2 * coefficient 24 expression of Gene
3 * coefficient 3. Patients were categorized into high or low
risk groups, according to the optimal cutoff value of risk
score, which was calculated by the maxstat R package, cor-
responding to the most significant relation with survival. A
total of 4 cohorts from the GEO datasets were utilized to
further validate this model.

Prognostic Meta-Analysis

In order to assess the prognostic value of chemokine-based
signature, meta-analysis was performed using the meta pack-
age. A fixed-effect model was then adopted to compute the
pooled hazard ratio (HR) value.

Functional Enrichment Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were conducted and
visualized by the clusterProfiler package.

Evaluation of Tumor-Infiltrating Immune Cells

We applied CIBERSORT algorithm to infer the abundance
of tumor-infiltrating immune cells in different risk groups'?.
LM22 signature file utilized in the analysis were down-
loaded from the website (http://cibersort.stanford.edu/). The
P-value was estimated using the deconvolution approach and
P < 0.05 was considered as the main criterion to further
select samples enrolled in the analysis. Fractions of individ-
ual immune cells between different risk groups were visua-
lized by the pheatmap and ggplot packages.

Prediction of Immunoreactivity

Expression of biomarkers believed or known to be associ-
ated with immunotherapy responses, including PD-1, PD-
L1, PD-L2, CTLA4, CD4, CD8A, and CD8B, was compared
between the high and low risk groups. Immunophenoscore
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Figure |. Flow chart of the study. The TCGA-LUAD cohort was used as the training set, and the combination of GSE30219, GSE50081, and
GSE37745, GSE31210 cohort was used as the validation set. TCGA, the Cancer Genome Atlas; LUAD, lung adenocarcinoma.

(IPS) for LUAD patients, ranging from 0 to 10, was obtained
from The Cancer Immunome Atlas (TCIA) (https://tcia.at/
home), with higher scores correlated with stronger immunor-
eactivity'*. Tumor immune dysfunction and exclusion
(TIDE), a calculation method based on two different
immune evasion mechanisms, including T cell dysfunction
and exclusion'®, was also utilized to predict the immunother-
apy response. Upon uploading transcriptome data, the TIDE
scores and PD-L1 expression for LUAD patients in TCGA
dataset were obtained from TIDE website (http://tide.dfci.
harvard.edu/).

Tissue Microarray and Immunohistochemistry (IHC)

Tissue microarray, containing a total of 52 pairs of human
lung adenocarcinoma and adjacent normal tissue, were
obtained from Zhuoli Biotechnology Co, Shanghai, China.
The samples come from the National Human Genetic
Resources Sharing Service Platform (2005DKA21300). After
the tissue was dewaxed, antigen retrival was performed using
the EDTA antigen repair buffer. Tissue section was incubated
with the primary antibody for CCL20 (Affinity Biosciences,
China, DF2238) at 4°C overnight. Furthermore, the section
was incubated with second antibody for 50 minutes and visua-
lized by diaminobenzidine staining. Finally, a counterstain
was performed by hematoxylin. IHC scores were analyzed
by two independent investigators. Staining intensity was

graded as follows: 0 (—, no staining); 1 (+, weak staining,
light yellow); 2 (++, moderate staining, yellow brown);
3 (++-+, strong staining, brown). Both the intensity and pos-
itive percentages of IHC were used to examine the CCL20
expression: the IHC H-score (values 0-300) = staining inten-
sity x the percentage of positive-stained cells x 100.

Statistical Analysis

Univariate Cox regression model and a subsequent stepwise
multivariate Cox regression were employed to screen the most
significant survival-related genes. Kaplan-Meier method was
carried out to evaluate OS for patients in different risk groups
or with different CCL20 expression, and a log-rank test was
performed to compare survival differences between groups.
Wilcoxon test was utilized to evaluate fractions of immune
cells, expression of biomarkers, TIDE scores between differ-
ent risk groups and CCL20 expression between tumor tissues
and adjacent tissues. All the aforementioned statistics were
conducted using R software (version 3.6.3). A two-sided
P value < 0.05 was considered to be statistically significant.

Results
Predictive Value of Chemokine Family Genes in LUAD

The workflow of study design was summarized in Fig. 1. A
total of 71 well-specified chemokine genes, divided into four
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Table I. Clinical Characteristics of Patients Enrolled in the Study.

TCGA
(n = 497) n (%)

GSE30219

Characteristics (n = 85) n (%)

GSE5008|
(n = 128) n (%)

GSE37745
(n = 106) n (%)

GSE31210
(n = 226) n (%)

Age (years)

<65 236 (47.5) 60 (70.6)

>65 261 (52.5) 25 (294)
Gender

Female 269 (54.1) 19 (22.4)

Male 228 (45.9) 66 (77.6)
Smoking history

Yes 412 (82.9) -

No 71 (14.3) -

NA 14 (2.8) -
TNM stage

I &l 385 (77.5) 85 (100.0)

& Iv 105 (21.1) 0 (0.0

NA 7(1.4) 0 (0.0
OS status

Alive 317 (63.8) 40 (47.1)

Dead 180 (36.2) 45 (52.9)

40 (31.2) 57 (53.8) 176 (77.9)
88 (68.8) 49 (46.2) 50 (22.1)
63 (49.2) 60 (56.6) 121 (53.5)
65 (50.8) 46 (43.4) 105 (46.5)
92 (71.9) - 111 (49.1)
23 (18.0) - 115 (50.9)
13 (10.1) -

128 (100.0) 89 (84.0) 226 (100)

0 (0.0) 17 (16.0) -
0 (0.0) 0 (0.0) -
76 (59.4) 29 (27.4) 191 (84.5)
52 (40.6) 77 (72.6) 35 (15.5)

*NA, not available; OS, overall survival

Table 2. Univariate Cox Regression Analysis Identifying Chemo-
kine Family Correlated with OS.

Official Symbol HR 95%Cl P value
CXCLI7 0.86 0.80-0.92 <0.001
CCLI3 0.90 0.82-0.99 0.03
CCLI7 0.88 0.79-0.98 0.02
CCL20 [.10 1.02-1.19 0.01
XCL2 0.77 0.61-0.97 0.03
CX3CLI 0.89 0.80-0.98 0.02
CXCR4 0.83 0.72-0.96 0.01
CXCR6 0.76 0.62-0.94 0.01
CCR2 0.66 0.54-0.81 <0.001
CCR4 0.73 0.60-0.90 0.003
CCR7 0.82 0.70-0.96 0.02
CX3CRI 0.71 0.58-0.88 0.001
ACKRI 0.87 0.78-0.97 0.01

*HR, hazard ratio; Cl, confidential interval

distinct subfamilies-CC, CXC, CX;C, and XC-and their
receptors were enrolled in this study. First, RNA-seq data
and clinical information data of LUAD patients were down-
loaded from the TCGA dataset. Patients without follow-up
data were excluded. Demographic characteristics of this
cohort were listed in Table 1. RNA expression profile of
chemokine family genes was extracted and genes with log2
expression value < 1 were excluded. A univariate Cox pro-
portional hazards regression model was established to iden-
tify genes correlated with the OS of LUAD patients. Finally,
thirteen genes were shown to be associated with OS
(P < 0.05) (Table 2). Among these genes, there existed 12
protective genes, including CXCL17, CCL13, CCL17,XCL2,
CX3CL1, CXCR4, CXCR6, CCR2, CCR4, CCR7, CX3CRI,
and ACKR1, with hazard ratios (HRs) <less than 1. Quite the

Table 3. Multivariate Cox Regression Analysis Identifying Chemo-
kine Family Correlated with OS.

Official Symbol HR 95%ClI P value
CXCLI17 0.85 0.80-0.91 <0.001
CCL20 1.15 1.06-1.23 <0.001
CCR2 0.67 0.54-0.82 <0.001

*QOS, overall survival; HR, hazard ratio; Cl, confidential interval

reverse, only CCL20 was recognized as a risky gene, with an
HR greater than 1.

Construction of Chemokine Family-Based Signature
in TCGA Dataset

To explore genes most significantly related with OS, the
aforementioned 13 genes were entered into a step-wise mul-
tivariate Cox regression model. CXCL17, CCL20, and CCR2
were screened out (Table 3) and risk scores were constructed
using the following formula: risk score = (—0.158397 *
expression of CXCLI7) + (0.135678 * expression of
CCL20) + (-0.406781 * expression of CCR2). Risk score
for each patient was calculated based on the formula. Fig. 2a
demonstrated the expression of CXCLI7, CCL20, and
CCR?2 in detail and displayed the corresponding risk score
of each sample.

Patients were subdivided into the high (n = 154) and low
risk (n = 343) groups according to the optimal cut-off value
(risk score = 1.2477). As shown in Fig. 2b-d, the high risk
group revealed a relatively adverse clinical outcome for the
overall patients (P < 0.001) and patients presented with
either early stages (stages I & II, P < 0.001) or advanced
stages (stages III & IV, p = 0.005) diseases.
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Figure 2. The construction of chemokine family-based signature in TCGA cohort. (a) the distribution of risk score, survival plot and gene
expression patterns. Patients were classified into the high and low risk groups based on the risk scores. (b) Kaplan-Meier curves of OS in
total patients (n = 497). (c) Kaplan-Meier curves of OS at early stage (stages 1&ll) patients (n = 385). (d) Kaplan-Meier curves of OS in
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Figure 4. Validation of chemokine family-based signature in differ-
ent clinical subsets, including (a) young (age < 65, n = 236), (b) old
(age > 65, n = 251), (c) female (n = 269), (d) male (n = 228),
(e) smoker (n = 416), (f) non-smoker (n = 71), (g) EGFR mutation
(n=63), (h) EGFR wide-type (n =438), (i) KRAS mutation (n = 123),
(j) KRAS wide-type (n = 378) and (k) EGFR and KRAS wide-type
(n=2316).

Validation of the Chemokine Family-Based Signature
in GEO Cohorts

To validate the reliability of chemokine family-based signa-
ture in LUAD patients, 4 cohorts-GSE30219, GSE50081,

Table 4. Univariate and Multivariate Cox Regression Analyses
Exploring Factors Associated with OS.

Univariable analysis Multivariable analysis

Factors HR  95%Cl Pvalue HR  95%Cl P value
Age
>65 vs <65 1.25 0.92-1.69 0.16
Gender
Male vs female 1.12 0.82 -1.52 0.47
Stage

&IV vs &I 246 1.78-3.40 <0.001 2.19 1.59-3.04 <0.001
Smoking history

Yes vs no 0.90 0.59 -1.37 0.6l
EGFR status

WT vs MUT  0.63 0.42-0.96 0.03
KRAS status

WTvs MUT 096 0.67-1.39 0.84
Risk score

High vs low 1.92 1.59-2.32 <0.001 1.93 1.58-2.34 <0.001

0.64 0.42-0.97 0.03

GSE37745, and GSE31210 from the platform of GPL570
were downloaded and combined. Risk score for each sample
was also calculated by the same formula and patients were
classified into the high and low risk groups based on the
optimal cut-off value (risk score = 0.1543). It is not unex-
pected that patients in the low risk group exhibited pro-
longed OS (P < 0.001, Fig. 3a).

Furthermore, we performed a meta-analysis to confirm
the prognostic value of chemokine family-based signature
in LUAD patients based on these 5 cohorts. Results showed
that the chemokine family-based signature was indeed a risk
factor for LUAD patients (pooled HR = 2.64, 95%CI
[1.89-3.70], Fig. 3b).

Validation of the Chemokine Family-Based Signature
in Clinical Subgroups

In order to validate the chemokine family-based signature in
diverse clinical subgroups, we further divided patients from
the TCGA database of different sex, age and smoking status
into the high and low risk groups based on the cut-off point
(risk score=1.2477). Analysis of OS time revealed that
patients in the high risk group represented a significantly
better prognosis across all stratified subsets (Fig. 4a-f, all
P<0.05). In terms of patients with different somatic muta-
tions, likewise, regardless of the mutation status, the chemo-
kine family-based signature displayed robust prognostic
value in each subtype, containing EGFR mutation, EGFR
wide type (WT), KRAS mutation, KRAS WT, and EGFR/
KRAS WT group (Fig. 4g-k, P < 0.05).

The Chemokine Family-Based Signature Serves as an
Independent risk Factor for LUAD Patients
Univariate and multivariate Cox regression model were per-

formed on the TCGA dataset to explore the relationship
between the signature and clinical characteristics. Advanced
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Figure 5. Function and pathway enrichment analysis of the signature related genes. (a) Heatmap of signature related genes (Pearson |r| >
0.4). (b) and (c) GO and KEGG analyses of biological processes and pathways.
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stages (stages III & IV) and high risk scores were correlated
with unfavorable clinical outcome, while EGFR muta-
tion was associated with gratifying OS period in both uni-
variate and multivariate analysis (Table 4), indicating that
the risk score was a crucial independent prognostic factor for
LUAD patients.

Functional Enrichment Analysis for Chemokine
Family-Based Signature Related Pathways
Genes correlated with the signature were extracted to inves-

tigate the biological functions. A total of 357 genes were
finally screened out (Pearson [r| > 0.4), of which 45 were
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positively related and 312 were negatively related (Fig. Sa).
GO and KEGG enrichment analysis were then conducted.
The top six biological process, cellular component and mole-
cular function terms were illustrated in Fig. 5b. The most
significantly enriched pathways were “Cell adhesion
molecules,” “Hematopoietic cell lineage,” “Leishmaniasis,”
“Rheumatoid arthritis,” “Intestinal immune network for IgA
production” and “Viral myocarditis” (Fig. 5¢).

Immune Landscape of the Chemokine Family-Based
Signature

The intimate association between chemokine family and
immune-related signaling pathways inspired us to conduct

an intensely investigation of the signature and related TME.
CIBERSORT was carried out to predict the tumor-
infiltrating immune cell fractions in each sample. The abun-
dance and different distributions of immune cells between
the high and low risk groups were displayed in Fig. 6a, b. In
detail, memory B cells, memory CD4 T cells, monocytes,
M2 macrophages, resting dendritic cells, resting mast cells
and activated mast cells were extensively enriched in the low
risk group, while the high risk group had a greater population
of activated memory CD4 T cells, resting NK cells and MO
macrophages. Furthermore, we explored the expression pat-
terns of PD-L1, PD-1, CTLA4, PD-L2, CD4, CD8A, and
CDS8B for immunotherapy responses in these two groups and
concluded that patients in the high risk group exhibited
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Figure 8. CCL20 was highly expressed in LUAD tissues compared to adjacent tissues and related to poor overall survival. (a) The 20 X and
200 X representative IHC staining. (b) The expression of CCL20 was significant higher in LUAD tissues compared to those in paired normal
tissues (P < 0.001). (c) Kaplan-Meier plot of 52 patients with survival data (from tissue arrays) stratified by CCL20 expression levels. Patients
possessing more CCL20 exhibited poorer overall survival (P = 0.011). LUAD, lung adenocarcinoma; IHC, immunohistochemical.

lower expression of immune biomarkers (P <0.001, Fig. 7a).
IPS scores were compared for patients in the high versus low
risk group. Higher IPS scores were observed in the low risk
group (P < 0.001) (Fig. 7b). Lower expression of immune
biomarkers and IPS scores in the high risk group indicated an
immunosuppressive TME and unfavorable responses to
ICIs, which might be associated with the shorter OS period
in high risk group. Next, TIDE method was also applied to
predict response to immunotherapy. Similarly, patients in
high risk group possessed lower PD-L1 expression level
(P <0.001) and higher TIDE scoring (P < 0.001), suggesting
poorer response to ICIs (Fig. 71, g).

Validation of the CCL20 Chemokine

To further valiate the results of bioinformatic analysis,
CCL20, the representative risky chemokine in the signature,

was further investigated by IHC staining using a LUAD tissue
microarray (Fig. S1). Considering that CCL20 was mostly
expressed in cytomembrane and cytoplasm, we compared the
expression levels of CCL20 in these areas. The staining pat-
terns of CCL20 were displayed in Fig. 8a. The levels of the
expression were quantitated by the IHC-H score based on
tumor cell proportion and staining intensity. The IHC staining
further confirmed that CCL20 was significantly elevated in
LUAD tissue compared to adjacent tissue (P <0.001, Fig. 8b).
Samples were then split into 2 groups based on the median
IHC-H score at 200, and patients possessed higher CCL20
expression displayed shorter OS period (P = 0.011, Fig. 8c).

Discussion

Immunotherapy has opened a new era of anticancer treatment
due to its remarkable success in solid tumors. However,
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biomarkers evaluating the status of TME and predicting ben-
efit of immunotherapy for LUAD patients are quite rare. Che-
mokines, on functional grounds, pleiotropically participate to
inflammatory and homeostatic, with the former induced by
inflammation while the latter involved in the process of
immune cell homing. As such, circulating chemokines, modu-
lated easier than tumor infiltrating lymphocytes, are closely
related to the immune landscape of TME and could be a good
candidate for predicting clinical response to immunotherapy.
In this study, we constructed the first comprehensive analysis
of the prognostic value of chemokine signature based on 71
well-specified chemokine genes from CC, CXC, CX;C, XC
subfamilies and their receptors in TCGA dataset, hoping to
provide insight into the multifaceted role of chemokine fam-
ilies in the tumor-immune modulation.

We performed univariate Cox regression analysis fol-
lowed by stepwise multivariate Cox regression analysis and
screened out 3 genes that are significantly correlated with
OS of LUAD. We established a risk score signature based on
the expression of these 3 genes. A combination of 4 GEO
datasets was applied to validate the accuracy of this signa-
ture and a meta-analysis was then performed. The
chemokine-based signature, associated with adverse OS
across all clinical subtypes, was regarded as an independent
risk factor for LUAD patients. CIBERSORT, IPS, and TIDE
scoring system were utilized to explore the immune land-
scape of LUAD patients. Interestingly, patients in the low
risk group were more likely to have a higher IPS score and
lower TIDE score, displaying increased response rate to
ICIs. Thus, our model represented strong potential of novel
predictors in LUAD patients.

In this analysis, we concluded that the majority of signif-
icant chemokine genes appeared as predictive factors for
favorable clinical outcomes, which was in consistent with
previous studies®. CXCL17, CCL20, and CCR2 were
extracted to establish the risk model. CXCL17 was a mucous
chemokine, with the role in cancer remaining controversial.
CXCL17 was reported to facilitate antitumor immune
response at early stage intraductal papillary mucinous neo-
plasm by inducing dendritic cell trafficking to the tumor
niche, thus enhancing the susceptibility of tumor cells
exposed to cytotoxic T lymphocytes'®. Conversely, CXCL17
was upregulated in breast cancer and hepatocellular carci-
noma, correlating with recurrence and poor prognosis'"'¥,
with the potential mechanisms could be attributed to
increased cellular proliferation and metastasis, decreased
apoptosis, and presence of immunosuppressive cells in the
TME. In the setting of LUAD, previous study had confirmed
an upregulation of CXCLI7 expression in LUAD patients
compared with that in LUSC patients, which had an essential
role in recruiting macrophages through phosphorylation of
the Src/FAK pathway'®. Our results concluded that CXCL17
was a protective factor for LUAD patients (HR = 0.85, 95%
CI [0.80-0.91], P < 0.001). CCL20, also referred to as
macrophage inflammatory protein 3o or liver and
activation-regulated chemokine®*?', was considered as a

candidate target of antitumoral therapy due to its contribu-
tions to tumor progression. In lung carcinomas, investigators
had revealed that CCL20, playing a pivotal role in tumor
progression, were upregulated in patients with relapsed lung
cancer and augmented cell proliferation through the ERK
signaling pathway®*?*. Downregulation of CCL20 by doce-
taxel treatment was strongly implicated with prolonged OS
in NSCLC patients®*, which was in consistent with our result
that CCL20 was a risky gene both in bioinformatic analysis
and THC staining, indicating that CCL20 could be a promis-
ing anti-tumor target. CCR2 was a multifunctional and pro-
miscuous receptor, binding not only to CCL2 but also to
CCL7, CCL8, and CCL13%°. The most frequent CCR2/CCL2
axis had both pro- and anti-tumor effects in lung carcinomas.
Investigations showed that the activation of CCR2/CCL2
axis could recruit macrophages and subsequently promote
cancer cell invasion®. In addition, the CCR2/CCL2 axis
served a pivotal role in recruiting immunosuppressive
MDSC, while intervention of this signaling led to a signifi-
cant reduction of tumor growth together with increased cyto-
toxic T cell infiltration®’. However, in the Human Protein
Atlas database, CCR2 expression was associated with better
prognosis in lung cancer’®, which was in line with ours
(HR =0.67,95% CI[0.54-0.82], P <0.001). The underlying
molecular mechanisms of these genes in this signature for
LUAD patients remain largely unknown and require further
illumination.

The accuracy of this chemokine family-based signature
was validated in four GEO cohorts and a subsequent meta-
analysis was carried out to confirm the prognostic value of
this signature in these datasets. Generally, this signature per-
formed well in multiple cohorts and across different clinical
subgroups. Furthermore, genes related with this signature
were enriched into immune biological process and signaling
pathways, indicating that the differences in OS between
groups might be attributed to the heterogeneity of TME and
encouraging us to further explore the potential mechanisms.
Abundances of tumor-infiltrating immune cells were calcu-
lated using CIBERSORT algorithm. Our results revealed
that patients in the low risk group featured a higher popula-
tion of memory B cells, memory CD4 T cells and resting
dendritic cells, leading to an adequate antitumor immunolo-
gical reaction, which was in consistent with previous
studies?”*°. Monocytes played a duel role in different stages
of tumorigenesis, functioning on the one hand to differenti-
ate into protumoral tumor associated macrophages and on
the other to recruit antitumoral NK cells in lung cancer®'*2.
In this study, monocytes were abundant in the low risk
group. However, immunosuppressive M2 macrophages were
also highly enriched in the low-risk group, which might
indicate that patients in the low risk group might be good
candidates for anti-M2 vaccination®>. Immune biomarkers
for ICIs were explored. Patients in the low risk group dis-
played upregulation of PD-L1, PD-1, CTLA4, PD-L2, CD4,
CDS8A, and CD8B as well as remarkably increased IPS
scores. Besides, patients in the low risk group also presented
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significantly decreased TIDE scores. Collectively, these
results illustrated that this signature performed well in pre-
dicting survival and response to immunotherapy. However,
further experiments are needed to validate our findings.

Despite of the aforementioned compelling results, there
still exist some limitations that ought to be acknowledged.
First, most cases enrolled in the study were obtained from
public databases and estimated by bioinformatic methods.
Only the role of CCL20 chemokine was validated in tissue
microarray by ITHC staining. Independent clinical samples
and further experiment are still needed to validate other
chemokines in this signature. Second, we only focused on
the chemokine members, with some crucial genes failing to
be investigated. Further researches should certainly take a
wider scope. Third, response to immunotherapy were vali-
dated indirectly as patients treated with immunotherapy
were not included in this study. However, the compelling
results outweighed these limitations.

Conclusion

This study investigated the role of chemokine families in
LUAD patients, and 13 genes were perceived to be predic-
tors of OS period. A three gene-based signature was subse-
quently constructed, and the predictive accuracy, related
TME and ICI response were then estimated. These findings
may serve as a reliable clinical prediction tool and optimize
the therapeutic potential of ICIs.
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