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Abstract
Introduction:Skin cutaneous melanoma (SKCM) is an aggressive cancer and associates with CXC
chemokine receptors (CXCRs). CXCRs is a group of membrane protein involved in tumor initiation,
progression, and outcome. However, the therapeutic and prognostic value of CXCRs in SKCM remained
elusive.

Methods: we used multiple, publicly available datasets for the analysis of CXCRs in SKCM. These
datasets included GEPIA, UALCAN, TISIDB, DAVID 6.8, Metascape, GSCALite, and TIMER.

Results: CXCR3 and CXCR4 were elevated in tumor samples in comparison to healthy ones. CXCR3,
CXCR4, CXCR5, CXCR6, and CXCR7 were transcriptionally upregulated in the metastasis SKCM tissues
compared to the primary tissues. The CXCR3, CXCR4, CXCR5, and CXCR6 were positively correlated to
more prolonged overall survival (OS) at the transcriptional level. Meanwhile, CXCR3, CXCR4, and CXCR6
had an association with the stage in SKCM patients. The drug sensitivity analysis showed CXCR4 as a
potential target of drug screening. The function of CXCRs and the neighboring genes mainly enriched in T
cell activation, cytokine-cytokine receptor interaction, and leukocyte migration. Cancer pathway analysis
showed that all the CXCRs positively affect apoptosis and EMT pathway and negative effect on the cell
cycle, DNA damage response, and hormone AR pathway. Furthermore, CXCR3, CXCR4, CXCR5, and
CXCR6 were positively correlated with the in�ltration of lymphocytes and expression of PD-1, PD-L1, and
CTLA-4.

Conclusions: we found that CXCR3, CXCR4, CXCR5, and CXCR6 may provide essential clues about
credible prognostic biomarkers, especially CXCR4 may be a potential target and prognostic biomarkers in
the progression of SKCM.

1. Introduction
Skin cutaneous melanoma (SKCM) is a malignant tumor disease resulting in most of the mortality rate
among skin tumors (1). This disease's incidence is 15–25 per 100,000 individuals, which is increasing
faster than any other cancers (2). The metastatic SKCM has a 15–20% �ve-year survival rate (3). So the
most pressing need is to excavate and identify biomarkers to predict the prognosis and treat the patients
diagnosed with SKCM (4).

SKCM is a high immunogenicity tumor in�ltrated with various immune cells (5). Chemokines and their
receptors help to relocate the immune cells into the areas of cancer cells to eliminate tumor cells, which
may affect the process of SKCM (6). Speci�c expression of chemokine receptors led to changes in the
stage of cancer homing and metastasis dependent on receptor and organ (7). There are four classes of
chemokine receptors, CXCR, CCR, CR, and CX3CR, named with their corresponding Chemokines (8). Most
recently, CXCRs exert essential functions in melanoma progression (9). There are seven subtypes of
CXCRs, respectively were named CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, CXCR7 (also known as
ACKR3). It was reported that CXCR1 or CXCR2 were stably overexpressed in human melanoma cell and
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enhanced the proliferation, motility and invasion of tumor cells (10). CXCR3 was upregulated in human
vertical growth phase melanoma, closely correlating with increased metastasis and poor OS (11).
Murakami et al. reported that CXCR4 could enhance pulmonary metastases, which indicated that
chemokine receptors were involved in the mechanism of tumor metastasis (12). A growing body of
evidence showed that CXCR7 expression was elevated in a variety of malignancies and shows multiple
functions in tumor progression (13). In murine melanoma cell lines CXCR7 was overexpressed and high
expression of CXCR7 was associated with bad overall survival in melanoma patients. Many studies
described the functions and prognostic impact of individual CXCRs in melanoma. However, there are few
systematic investigations of the therapeutic and prognostic value of CXCRs in SKCM.

With the comprehensive development of second-generation sequencing technology, the establishment of
various databases and the development of visual websites have made it possible to comprehensively
analyze mRNA levels in various cancers. Here we performed a comprehensive study on CXCRs based on
several large public databases to investigate how much CXCRs contribute to prognosis. The aim was to
provide essential clues about credible prognostic biomarkers and explore effective treatment to prevent
cancer deterioration.

2. Methods

2.1 GEPIA
GEPIA (http://gepia.cancer-pku.cn/index.html) is an effective tool for revealing the meaningful
information of the large-scale genomic data in TCGA and GTEx, which contained RNA sequence
expression data of 9,736 tumors and 8,587 standard tissue samples (14). In this study, we performed an
analyses of mRNA expression in tumors and healthy control tissues. Furthermore, we analyzed the mRNA
expression of CXCRs in the pathological stages and its correlation to prognosis using the "Single Gene
Analysis" module of GEPIA. Besides, we performed multiple gene comparison analysis of CXCRs with the
"Multiple Gene Comparison" module of GEPIA by using the "KIRC" dataset. We used the student's t-test to
determine whether expression and pathological stages were signi�cantly different (p < 0.05). We used a
Kaplan-Meier curve to analyze the prognosis.

2.2 UALCAN
UALCAN (http://ualcan.path.uab.edu/analysis.html) is an e�cient platform to generate information on
the expression of genes based on TCGA and MET500 cohort data (15). We obtained the transcriptional of
CXCRs in primary and metastasis SKCM by using the "Expression Analysis" module of UALCAN (p < 0.05).

2.3 TISIDB
TISIDB (http://cis.hku.hk/TISIDB/) (16)is a web portal for tumor and immune system interaction, which
integrates multiple heterogeneous data types. TISIDB was applied to investigate the correlation between
the mRNA levels of CXCRs and different immune subtypes of SKCM by the Kruskal-Wallis test (p < 0.05).
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2.4 DAVID 6.8
DAVID 6.8 (https://david.ncifcrf.gov/home.jsp) is a data analysis website that provides the biological
function of target genes (17). In our research, we analyzed the functions of differentially expressed
CXCRs with DAVID 6.8. We got the gene enrichment information with the Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway. GO analysis is a primary bioinformatics tool, can
provide gene enrichment information, including Biological processes (BP), cellular components (CC), and
molecular function (MF). Moreover, the visualization of this information was obtained with the R project
(p-value < 0.05).

2.5 Metascape
Metascape (http://metascape.org) is a portal that provides a gene annotation and analysis of gene list
enrichment (5). Metascape can promote data-driven decisions based on the functional list of
genes/proteins. We undertook the Metascape analysis to elucidate the CXCRs further and their neighbor
genes. “Custom Analysis” module was used to verify the functional annotation of CXCRs and their
neighbor genes with min overlap of 3, p-value < 0.01 and min enrichment of 1.5.

2.6 GSCLite
GSCALite (http://bioinfo.life.hust.edu.cn/web/GSCALite/) is a platform for gene sets analysis (18). We
used TCGA SKCM dataset to generate information on genetic alterations, cancer pathway activity, and
drug sensitivity analysis of CXCRs.

2.7 TIMER
TIMER (https://cistrome.shinyapps.io/timer/) is a web server that can predict the in�ltration of immune
cells of cancers and their clinical impact (19). We analyzed CXCRs expression as a "Correlation module"
to estimate the relationship between their level and the immune cell in�ltration and immune checkpoints
PD-1, PD-L1, and ctla-4 (p-value < 0.05).

3. Results

3.1 Aberrant Expression of CXCRs in Patients with SKCM.
We detected the transcriptional levels of CXCRs in SKCM and healthy tissues with GEPIA (Fig. 1). The
transcriptional levels of CXCR3 and CXCR4 in SKCM tissues were upregulated, while CXCR2, CXCR7,
declined. Then, the transcriptional of CXCRs in primary SKCM and metastasis SKCM were evaluated with
UALCAN (Fig. 2). The transcriptional levels of CXCR4, CXCR5, CXCR6, and CXCR7 were higher in the
metastasis SKCM tissues than in the primary SKCM, while the transcriptional levels of CXCR1, CXCR2
and CXCR3 in the metastasis SKCM tissues were lower than that in controls.

Subsequently, the TISIDB was used to investigate the correlation between the mRNA levels of CXCRs and
different immune subtypes of SKCM (Fig. 3). We found that the expression of the CXCR3, CXCR4, CXCR5,
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and CXCR6 was signi�cant differences in the immune subtypes of SKCM, while the expression of the
CXCR1, CXCR2, and CXCR7 showed no statistical difference. Interestingly the levels of CXCR3, CXCR4,
CXCR5, and CXCR6 were improved in the IFN-gamma dominant of the SKCM immune subtype, while
decreased in the lymphocyte depleted immune subtype.

3.2 CXCRs correlate with the stage of SKCM and predict the Prognosis in Patients Diagnosed with SKCM

We evaluated whether the expression of CXCRs was associated with the stage of SKCM using GEPIA
(Fig. 4, A). The results showed that CXCR3 (p = 1.58E-03), CXCR4 (p = 4.94E-06), and CXCR6 (p = 3.21E-
04) were signi�cantly correlated with the cancer stage. In general, the expression of CXCR3, CXCR4, and
CXCR6 in stage I was signi�cantly higher than that in stage 0, and their expression in stage II was
markedly decreased, followed by an upward trend in stage  and , while no correlation was found
between the level of CXCR1, CXCR2, CXCR5, and CXCR7 and the pathological stage of SKCM patients.
Consistently, the expression levels of CXCR3, CXCR4, and CXCR6 were relatively low in Stage II compared
with other stages. These data suggested that CXCR3, CXCR4, and CXCR6 were involved in the
deterioration of SKCM,especially, they may be involved in important processes in Phase II.

Furthermore, we evaluated the differentially expressed CXCRs in the survival of SKCM patients to assess
the functions of CXCRs in the progression of SKCM with GEPIA (Fig. 4, B). The results showed that the
expression of CXCR1 in SKCM patients was negatively correlated with survival time (p = 3.7E-03). In
contrast, CXCR3 (p = 1.6E-04), CXCR4 (p = 2.1E-02), CXCR5 (p = 0.01) and CXCR6 (p = 1.6E-05) in the
SKCM patients were positively correlated to survival time. In other words, the patients with high
expression of CXCR3, CXCR4, CXCR5, and CXCR6 might have longer overall survival.

3.3 Functional Enrichment Analysis of CXCRs in SKCM
To understand the function of distinct CXCRs in the development of SKCM, we isolated the top 71 CXCRs
neighboring genes by using GEPIA to explore further the biological functions of CXCRs (Table 1). We
conducted Enrichment analysis, including GO function and KEGG pathways, using DAVID 6.8 to analyze
CXCRs and their neighboring genes (Fig. 5).

CXCRs and their neighboring genes were most enriched in T cell activation and leukocyte migration in the
biological process (BP), receptor binding and activity in the molecular function (MF), external side of
plasma membrane in the cellular component (CC), cytokine-cytokine receptor interaction in KEGG
pathway analysis (Fig. 5, A-D). Moreover, the functions of CXCRs and their neighboring genes were further
veri�ed using the Metascape (Fig. 5, E). Broadly consistent with the DAVID 6.8 results, the most enriched
functions were T cell activation, cytokine-cytokine receptor interaction, and leukocyte migration.

3.4 Analyses of Genetic Alteration, Cancer Pathway Activity
and Drug Sensitivity of CXCRs in SKCM patients
We performed a comprehensive analysis of genetic alterations, pathway activity, and drug sensitivity
analysis of CXCRs using the GSCALite. Around 50% of SKCM samples showed genetic alterations, and
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the main mutations form was missense mutation. CXCR2 and CXCR1 were altered in 42% and 31% of the
queried SKCM samples, respectively (Fig. 6, A).

We explored the cancer pathway activity among the CXCRs by using GSCALite (Fig. 6, B). All the CXCRs
positively affect the apoptosis and EMT (Epithelial-Mesenchymal Transition) pathway, and negatively
affect the cell cycle, DNA damage response, and hormone AR pathway.

We carried out the drug sensitivity analysis with 265 small molecules from Genomics of Drug Sensitivity
in Cancer (GDSC) by using GSCALite (Fig. 7). Low expression of CXCR4 showed resistance to most of the
small molecules (blue point), while high expression of CXCR4 was resistant to many anticancer drugs,
including trametinib, telatinib (17-AAG), and docetaxel (orange point), which suggested CXCR4 might be a
potential biomarker for drug screening.

3.5 CXCRs involved in Immune Cell In�ltration in Patients with SKCM and were associated with immune
checkpoints

The anti-tumor activity was signi�cantly correlated with the in�ltration of immune factors in the tumor
environment. We used TIMER to analyze CXCRs expression correlated with immune cells in SKCM. The
expression of CXCRs members negatively related to tumor purity in SKCM (Fig. 8). Generally, CXCR3,
CXCR4, CXCR5, and CXCR6 were positively correlated with the in�ltration of B cells, CD8 + T cells, CD4 + T
cells, macrophages, neutrophils, and dendritic cells. However, the expression of CXCR1 and CXCR2 was
almost not correlated with the in�ltration of immune factors, while the expression of CXCR7 was only
positively associated with the in�ltration of CD4 + T cells, macrophages, and neutrophils.

The anti-tumor effect also depends on the expression of the immune checkpoints in tumor cells, so we
also analyzed the relation of CXCRs expression and immune checkpoints (PD-1, PD-L1, and CTLA-4) in
SKCM with TIMER (Fig. 9). Increased CXCR3, CXCR4, CXCR5, and CXCR6 were positively correlated with
high expression of PD-1, PD-L1, and CTLA-4. Especially, the expression of CXCR3 and CXCR6 were
strongly correlated with PD-1 expression (p = 4.87E-43 and p = 1.33E-27 respectively), which may be a
potential predictive biomarker for the sensitivity of Immunosuppressive therapy. Except for CXCR1 and
CXCR2 showed a weak positive correlation of PD1, there was no signi�cant correlation between the
expression of CXCR1, CXCR2, and CXCR7 and the immune checkpoints expression levels.

4. Discussion
CXCRs, as one of the important subtypes of chemokine receptor, are involved in a variety of physiological
functions such as cell growth, development, differentiation, apoptosis and distribution. Tumor
microenvironment greatly affect the growth, local invasion, and organ-speci�c metastasis of tumor cells,
and ultimately affects the outcome of tumor patients (20). Numerous studies have shown that CXCRs
and their ligands affect the formation and metastasis of various tumors by change the in�ltrating tumor
microenvironment (21). However, the expression and the prognostic value of CXCRs in SKCM has not
been systematically investigated. Here, we used large databases for the analysis of CXCRs in SKCM.
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Firstly, we found that CXCR3 and CXCR4 were highly expressed in SKCM compared to healthy tissue.
These data were consistent with Jenkins et al (22). and Doron et al. (23). Meanwhile, mounting evidence
manifested that CXCR4 was overexpressed in melanomas throughout progression(24). The
transcriptional level of CXCR7 was a distinct decreased in SKCM tissues in our study. This result was
inconsistent with Xu et al. (9), who found that CXCR7 was overexpressed in murine melanoma cell lines.
The opposite result may be due to differences in the species of the two studied. Chemokine receptor
expression, including CXCR3 and CXCR4, is supposed to lead and enhance site-directed metastases (25).
In our study, CXCR3, CXCR4, CXCR5, CXCR6, and CXCR7 were highly expressed in metastasis SKCM
compared with primary SKCM. This result was consistent with the previous study, which reported the
expression of CXCR5 and CXCR6 were signi�cantly increased in metastases melanoma to the kidney and
the cerebrum(24). Several reports showed that CXCR4 could enhance tumor metastasis, though the
mechanism still have no consensus(26). Thus, CXCR4 may be an effective therapeutic target for
inhibiting tumor metastasis.

Credible prognostic biomarkers for primary melanomas are urgently needed to develop effective
therapeutic strategies to prevent tumor migration and metastasis. In our study, the expression of CXCR3,
CXCR4, and CXCR6 in the State  to  of SKCM was signi�cantly different from that of stage 0, especially
in stage II, these receptors displayed the lowest expression level, suggesting that CXCR3, CXCR4, and
CXCR6 plays an important role in the progression of stage II disease. McConnell et al. found that CXCR4
expression of melanoma was signi�cantly higher in stage  and  than that in stage  and  (25), which
was not in consistent with our result.

Moreover, we investigated the prognostic value of CXCRs in patients with SKCM, as expected, the
expression of CXCRs were associated with survival. CXCR3, CXCR4, CXCR5, and CXCR6 were positively
associated with more prolonged overall survival. These results were in line with previous studies, which
found that the high expression of CXCR3, CXCR5, and CXCR6 were associated with better prognosis in
melanoma and breast cancer(27). However, another report demonstrated Knockdown of chemokine
receptor CXCR4 gene could inhibit the growth of B16F10 melanoma(28). McConnell et al. also found that
primary cutaneous melanomas with high CXCR4 expression (> 50%) were three-fold more likely to
develop metastasis with concurrent reduced disease-free survival(29). The con�ict in the OS rates among
the present study and previous studies required larger sample-sizes and high-quality trials to show
signi�cance.

Genetic alteration plays an essential role in tumorigenesis and the progression of SKCM(30). In our study,
alterations with the provisional datasets of TCGA showed the most alteration is elevated missense
mutation. The cancer pathway activity analysis showed that CXCRs had an active effect on the apoptosis
and EMT (Epithelial-Mesenchymal Transition) pathway and negative effect on the cell cycle, DNA
damage response, and hormone AR (Androgen Receptor) pathway. The process of apoptosis, also called
programmed cell death,was genetically regulated autonomous cell death. The abnormal apoptotic
process causes the imbalance between cell division and death, leading to malignant transformation and
the occurrence of tumor(31). EMT was the biological process of epithelial cells transforming into cells
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with a mesenchymal phenotype through a speci�c program. It played an important role in tumor
progression and metastasis (32). Previous studies had found that CXCR7 controlled cell adhesion,
migration, and proliferation by EMT pathway (33). Therefore, CXCRs might affect the occurrence,
development, and metastasis of SKCM through these signaling pathways. Drug sensitivity analysis
documented CXCR4 as a potential biomarker for drug screening, which showed resistance to 71 small
molecules. Mountains of reports had indicated that CXCR4 was one of the most potential chemokine
receptors in malignancy. Small moleculars (34) or antibodies (35) that inhibiting the activity of CXCR4
could reduce the metastasis of tumor cells in vitro and in vivo.

We investigated the function of differentially expressed CXCRs using GO enrichment analysis, KEGG
pathway enrichment analysis, and Metascape analysis. The results showed that the most highly enriched
functions were T cell activation, cytokine-cytokine receptor interaction, hematopoietic cell lineage, and
leukocyte migration. Interaction between chemokines and receptors plays a vital role in immune cell
differentiation, development, and directional migration (36). The CXCL12-CXCR4 axis is a crucial signal
that regulates the hematopoietic stem cell compartment in the bone marrow (37). Several studies show
CXCRs signaling pathways play an essential role in immune activation (38), senescence (39), immune
evasion (40), and metastasis of various cancers (41, 42).

In many malignancies, enhanced in�ltration of the tumor by an immune cell is typically associated with a
good prognosis (6). Intense in�ltration, especially by cytotoxic CD8 + T cells, is usually associated with
favorable OS (43). Our result showed that CXCR3, CXCR4, CXCR5, and CXCR6 had a high correlation with
CD8 + T cells, CD4 + T cells, neutrophils, and dendritic cells. Meanwhile, the expression of CXCR1, CXCR2
was almost not correlated with the in�ltration of immune factors, while the expression of CXCR7 was
only positively associated with the in�ltration of CD4 + T cells, macrophages, and neutrophils. These
results combined with the survival of SKCM suggested that the in�ltration of immune cells might be
associated with better survival. Chen et al. also had similar results (44), who found that the high
expression of CXCR3 in gastric cancer (GC) was positively correlated with M2 macrophage in�ltration
and improved survival. Meanwhile, Saxena et al. found that CXCR4 antagonist exert anti-tumor effects by
increasing the in�ltration of CD8 + cells and improve the survival rate of patients (45).

CTLA-4, PD-1, and PD-L1 immune checkpoint inhibitors have been shown to prolong survival in
metastatic melanoma (45). Similar trends were observed with the in�ltration of immune cell,
overexpression of CXCR3, CXCR4, CXCR5, and CXCR6 were positively correlated with high expression of
PD-1, PD-L1, and CTLA-4, while no signi�cant correlation was observed between the expression of CXCR1,
CXCR2, and CXCR7 and the immune checkpoints expression levels, which suggested that CXCR3, CXCR4,
CXCR5, and CXCR6 might enhance the antitumor effect of immune checkpoint inhibitors (ICIs). Saxena et
al. (45)found that CXCR4 antagonist X4-136 combination with checkpoint inhibitors axitinib inhibited the
growth of melanoma and renca tumors, thought increasing the in�ltration of CD8+ / perforin + cells. It
was suggested that CXCRs or their blockers combined with immune checkpoint inhibitors might be a
novel approach strategy for the treatment of cancer.
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There are some limitations to our study. First, GPR35, the receptor of CXCL17 was recently renamed as
CXCR8 (46). However due to a lack of data in the database, this receptor was not included in this study.
Then, the analysis on the transcriptional level cannot re�ect global changes in the immune status.
Furthermore, more in vitro or in vivo studies should be performed to validate our results.

5. Conclusion
We de�ne the contribution of CXCRs in the SKCM. We found that CXCR3, CXCR4, CXCR5, and CXCR6 may
provide a diagnostic and prognostic role in SKCM. Besides, CXCR4 could serve as a promising target of
drug design and treatment.
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Table  The similar neighbor genes of CXCRs isolated with GEPIA.
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CXCRs Similar neighbor genes

CXCR1 RP11-531H8.2, LINC00694, PRSS3, CSF3, SPANXN4, RP11-217E22.5, CTB-78F1.1,
ACEA_U3, CTD-2015G9.1, RP11-361M10.4

CXCR2 ABCA12, WH43, CYP4F3, GRHL1, PNPLA1, SDR16C5, SPINK5, TMEM45A, UNC93A, ZNF750

CXCR3 TRAC, SLA2, SIRPG, IL2RB, HCST, CTSW, CD7, CD27, CD2, CCL5

CXCR4 CYTIP, CD69, TNFSF8, CD48, TAGAP, FAM159A, GPR183, SELL, CD52, CD37

CXCR5 TREML2, TNFRSF13C, SPIB, PAX5, LTB, CNR2, CLEC17A, CD19, CCR6, BLK

CXCR6 GBP5, CCL4, CD8A, FASLG, TIGIT, CD8B, GZMA, IL2RB, SIRPG, JAKMIP1

CXCR7 BCL6B, CD93, CDH5, CLEC14A, COL4A1, CXorf36, ESAM, KCNJ8, NID2, PCDH12

Figures
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Figure 1

The expression level of CXCRs in SKCM (GEPIA). T (SKCM tumor tissue); N (normal tissue). * means the
p-value < 0.05. The transcriptional levels of CXCR3 and CXCR4 in SKCM tissues were signi�cantly
elevated, while the transcriptional levels of CXCR2, CXCR7 were signi�cantly reduced.
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Figure 2

The mRNA expression of distinct CXCR family members in metastasis SKCM tissues and primary SKCM
(GEPIA). The difference in mRNA expression was compared by students’ t-test considering unequal
variance. The p-value was set at 0.05.
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Figure 3

The distribution of CXCRs across immune subtypes (TISIDB). Statistical signi�cance of differential
expression evaluated using Kruskal-Wallis test. C1 (wound healing); C2 (IFN-gamma dominant) C3
(in�ammatory); C4 (lymphocyte depleted); C6 (TGF-b dominant).
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Figure 4

The correlation between CXCRs and the pathological stage, overall survival of SKCM (GEPIA). (A) The
expression of CXCR3, CXCR4, and CXCR6 were signi�cantly associated with pathological stage. (B) The
disease-free survival curve of CXCRs in SKCM patients. SKCM patients with high expression of CXCR3,
CXCR4, CXCR5, and CXCR6, and low expression of CXCR1 had a better overall survival.
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Figure 5

The enrichment analysis of differentially expressed CXCRs and 71 most similar neighbor genes in SKCM
using David 6.8 (A-D) and Metascape (E-G). (A) biological process (BP); (B) molecular function (MF); (C)
cellular component (CC); (D) KEGG pathway analysis. (E)bar-plot of top 16 enriched terms across CXCRs
and neighbor genes, colored by p-values. (F-G) Network of enriched terms, colored by p-values.
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Figure 6

The genetic variation analysis (A) and cancer pathway activity (B) of CXCRs in SKCM patients
(GSCALite).(A) Summary plot displays genetic variation frequency and variant types of CXCRs in SKCM.
(B) The relationship between pathways and CXCRs.
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Figure 7

The drug resistance analysis of CXCRs based on GDSC IC50 drug data. The Spearman correlation
represent the gene expression correlates with the drug. The positive correlation means that the gene high
expression is resistant to the drug, vise verse.
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Figure 8

The correlation between different expressed CXCRs and immune cell in�ltration. The correlation was
adjusted by purity.
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Figure 9

The correlation between different expressed CXCRs and PD-1, PD-L1, and CTLA-4 in SKCM (TIMER). The
correlation was adjusted by purity.


