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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is one of
the malignancies with the highest morality rate due to postop‑
erative local invasion and distant metastasis. Although C‑X‑C
motif chemokine receptor (CXCR) subunits have been reported
as prognostic indicators in gastric cancer, the prognostic value
of CXCR subunits in PDAC remains poorly understood. In
the present study, the expression levels and biological func‑
tions of CXCR subunits were investigated using multiple
publicly accessible bioinformatic platforms and databases.
Survival analysis was used to evaluate the prognostic value
of CXCR subunits in 112 early‑stage PDAC cases by setting
the median expression levels as the cut‑off values. A nomo‑
gram was constructed to combine CXCR subunit expression
levels and clinical data for prognosis prediction. Moreover,
the association between CXCR subunit expression levels and
tumor infiltration levels were detected in PDAC. The expres‑
sion levels of CXCR subunits were elevated in PDAC tumor
tissues. In the multivariate Cox proportional risk regression
model, high CXCR2, CXCR4 and CXCR6 expression levels
in early‑stage PDAC were associated with a more favorable
prognosis. Further, it was demonstrated that the differential
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expression levels of CXCR subunits in PDAC for combined
survival analysis could contribute to risk stratification. The
nomogram model demonstrated the contribution of CXCR
subunits and clinical features in the prognosis of PDAC.
Gene Set Enrichment Analysis suggested that CXCR subunits
serve a role in immunomodulatory functions. The expression
levels and somatic copy number alterations of CXCR subunits
were associated with tumor infiltration levels in PDAC. CXCR
subunits were associated with prognosis in patients with
early‑stage PDAC and may be potential drug targets for the
treatment of pancreatic cancer.
Introduction
Pancreatic cancer is known to be one of the most lethal
malignancies globally. Currently, due to the aggressiveness
and lack of effective treatment of pancreatic cancer, it ranks
as the fourth leading cause of cancer‑associated death in the
United States in 2017, with a 5‑year survival rate of 6% (1).
In China, pancreatic cancer ranks ninth and sixth in cancer
morbidity and mortality, respectively, and it is estimated that
91,000 cases were diagnosed in 2015, of which 79,400 died
from this disease (2). The major histological type of pancreatic
cancer (>95% of cases) is pancreatic ductal adenocarcinoma
(PDAC) (3). Since there is a lack of early clinical symptoms
and effective biomarkers, most patients are diagnosed at
an advanced stage and only 10% of patients are eligible for
surgery (4).
The tumor microenvironment serves a key role in tumor
self‑monitoring and control of malignant transformation. The
function of tumor infiltrating immune cells can be mediated
by chemokine heterocomplexes of chemokine agonists and
specific receptors that can activate multiple chemokine recep‑
tors modulating cell recruitment, localization and conversion
of cellular invasive components at different tumor stages (5). In
inflammatory types of cancer, patients with established T cell
tumor infiltration have an improved prognosis and response
to immunotherapy compared with patients with non‑inflam‑
matory tumors (6‑9). High immune cell scores, determined by
scoring tumor samples based on the total number of immune
cells at the center of the tumor and on the edge of invasion,
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were significantly associated with an improved prognosis in
patients with early‑stage PDAC after pancreaticoduodenal
resection (10). Lianyuan et al (11) reported that low levels of
stromal tumor‑infiltrating lymphocytes are a poor indicator
of prognosis and liver metastasis in patients with PDAC after
surgery (11). Poschke et al (12) analyzed infiltration of T‑cells
in tumor biopsy of resectable PDAC by immunohistochem‑
istry and reported that adoptive T‑cell therapy has significant
beneficial therapeutic impact.
Chemokines are a family of chemotactic cytokines that
regulate immune cell activation and migration under normal
and inflammatory conditions (13). The binding of chemokines
to 7 transmembrane binding receptors and multi‑level conduc‑
tion facilitates intracellular delivery of activation signals for
cell migration (14). A recent study reported that chemokines
and their receptors are involved in tumor growth, tumor cell
invasion and distant metastasis (5). C‑X‑C motif chemokine
receptor (CXCR) subunits belong to an important subfamily
of chemokines. High expression levels of CXCR subunits were
detected in tumor tissues from diverse tumor types, including
lung adenocarcinoma, gastric cancer, colorectal cancer and
hepatocellular carcinoma (15‑18). Another recent study
reported the prognostic values of CXCR subunits in gastric
cancer (19); however, the potential prognostic values of CXCR
subunits in PDAC remains unclear. The present study aimed to
examine the potential regulation pathway of CXCR subunits
in network enrichment analysis and the prognostic value of
CXCR subunits in patients with early‑stage PDAC.
Materials and methods
Expression levels of CXCR subunits in tissues and enrichment
analyses. The expression levels of CXCR subunits in normal
human tissues were analyzed in Genotype‑Tissue Expression
projects (GTEx) (gtexportal.org/). The comparison of CXCR
subunit expression levels in pancreatic adenocarcinoma
(PAAD) tumor and non‑tumor tissues were performed using
Gene Expression Profiling Interactive Analysis (GEPIA; gepia.
cancer‑pku.cn/) (20), which provides comprehensive analysis
of the expression profiling data from The Cancer Genome
Atlas (TCGA) and GTEx projects. The enrichment analysis of
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways
and annotation of Gene Ontology (GO) terms was performed
using Database for Annotation, Visualization, and Integrated
Discovery version 6.8 (david.ncifcrf.gov/home.jsp) (21).
In order to determine potential drug‑target interaction
profiles in CXCR subunits, the interactions between chemical
compounds and proteins from the Search Tool for Interactions
of Chemicals (STITCH) version 5.0 database (stitch.embl.
de/) (22) were analyzed. To investigate the association between
CXCR subunit mRNA expression levels, correlation analyses
were performed using the Corrplot R package version 0.84
(cran.r‑project.org/web/packages/corrplot/).
Survival analysis and prognostic model construction. The
data on the expression levels of all CXCR subunits and the
relevant clinical parameters were obtained from the UCSC
Xena browser (xena.ucsc.edu/). Since the TCGA PAAD cohort
contains a variety of histopathological types, inclusion and
exclusion criteria of early‑stage PDAC samples in TCGA were

processed as described in previous studies (23,24). Patients
who underwent pancreaticoduodenectomy and whose clinical
pathology was diagnosed as American Joint Committee
on Cancer 7th stage (25) I or II PDAC were enrolled in the
survival analysis. Then, a total of 112 PDAC cases with
complete survival data were analyzed in the study. The median
expression levels of the CXCR subunit was used as the cut‑off
for classifying patients into high‑ and low‑expression groups.
Estimation of survival distribution and overall survival (OS)
and disease‑free survival (DFS) times were performed using
Kaplan‑Meier method and analyzed using the log‑rank test.
A Cox proportional hazard model was established and used
to calculated hazard ratios (HRs) and 95% confidence inter‑
vals (CIs) to identify independent prognostic predictors. The
association between the prognosis of patients with early‑stage
PDAC and CXCR subunit expression levels was identified
using combined survival analysis.
The survivalROC R package (cran.r‑project.org/web/pack‑
ages/survivalROC/) version 1.0.3 was using to construct
time‑dependent receiver operating characteristic (ROC) curves
and further evaluate the predictive accuracy of CXCR subunits
in the clinical outcomes of patients with PDAC. All area under
the ROC curve (AUC) values were calculated. Further, a prog‑
nostic nomogram model was constructed using the rms (26)
R package, according to the selection of prognosis‑associated
variables in a univariate Cox proportional hazards regression
model.
Gene set enrichment analysis (GSEA). To investigate the
potential mechanisms underlying the association of CXCR
subunits between high‑ and low‑expression groups and the
prognosis of patients with PDAC, c2 (c2.all. version 7.0.
symbols) was used for KEGG pathway analysis and c5 (c5.
all.v7.0. symbols) was used for GO term analysis of the
Molecular Signatures Database for GSEA (software.broadin‑
stitute.org/gsea/index.jsp). P<0.05 was considered to indicate a
statistically significant difference.
Comprehensive analysis of tumor‑infiltrating immune cells.
The correlation between 6 immune infiltrates (B cells, CD4+
T cells, CD8+ T cells, neutrophils, macrophages and dendritic
cells) and CXCR subunit expression levels in patients with
PAAD was identified using the Tumor IMmune Estimation
Resource (TIMER) (27) and was analyzed using the
purity‑corrected partial Spearman method. The infiltration
level for each somatic copy number alteration category was
compared using the normal using two‑sided Wilcoxon rank
sum test, followed by Bonferroni's correction. The somatic
copy number alteration categories were defined using GISTIC
version 2.0 (28). Moreover, fractions of tumor‑infiltrating
immune cells in TCGA patients with PDAC were obtained
from supplementary materials of a previously published litera‑
ture (29). In addition, the sample IDs of all PDAC cases were
matched with the sample IDs of the selected samples in the
aforementioned steps for further analysis and other non‑PDAC
samples were excluded.
Statistical analysis. All statistical analyses were performed
using SPSS version 24.0 (IBM Corp.) and R version 3.4.1
(R Foundation for Statistical Computing, Vienna, Austria.
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Figure 1. Expression analysis of CXCR subunits. (A) Expression levels of CXCR subunits in The Cancer Genome Atlas pancreatic tumor and non‑tumor
tissues. Comparisons between groups were performed using unpaired Student's t‑test. (B) Heatmap analysis of CXCR subunits expression in Genotype‑Tissue
Expression normal tissues. Red box indicates normal pancreatic tissue expression and the color of the cell indicates the level of expression. *P<0.05.
CXCR, C‑X‑C motif chemokine receptor; T, tumor; N, normal; TPM, transcripts per kilobase million.

ISBN 3‑900051‑07‑0, URL http://www.R‑project.org/). The
correlation of metric data was analyzed using Pearson's corre‑
lation coefficient. The comparison of CXCR subunit expression
levels in PAAD tumor and non‑tumor tissues were performed
using a Student's t‑test. P<0.05 was considered to indicate a
statistically significant difference. All Kaplan‑Meier survival
curves were constructed using GraphPad Prism version 7.01
(GraphPad Software, Inc.).
Results
Expression levels of CXCR subunits in tumor and normal
tissues and enrichment analysis. Public databases indicated
that the expression levels of CXCR subunits (CXCR3, CXCR4,
CXCR5 and CXCR6) were significantly elevated in patients
with PAAD compared with healthy patients (Fig. 1A). The
heatmap of the GTEx project showed that CXCR4 expression
levels were slightly elevated in normal tissues, notably in whole
blood and spleen (Fig. 1B). In normal pancreatic tissues, all
CXCR subunits displayed a low expression levels. The enrich‑
ment analysis of CXCR subunits shows that the subunits may
be involved in ‘cytokine‑cytokine receptor interaction’, ‘C‑X‑C
chemokine receptor activity’ and the ‘G‑protein coupled
receptor signaling pathway’ (Fig. 2A). Using the STITCH
database, plerixafor was identified as a potential chemical

drug that acts on CXCR4, CXCL12 and CXCR6 (Fig. 2B).
Furthermore, correlation analysis of each two CXCR subunits
expression levels in PDAC presented a relation with a posi‑
tive trend (Fig. 2C). The aforementioned results indicated that
CXCR subunit expression levels are low in normal tissues and
highly expressed in pancreatic cancer tissues. These CXCR
expression levels were positively correlated with each other
in PDAC cancer and para‑cancer tissues and could be novel
targets for pancreatic cancer treatment.
Survival analysis of CXCR subunit expression levels in
patients with early‑stage PDAC. The association between
clinicopathological parameters and the prognosis of patients
with early‑stage PDAC in TCGA database is shown in Table SI.
The survival curves of the association between CXCR subunit
expression levels and prognosis of patients with PDAC are
displayed in Fig. 3. In the univariate survival analysis, high
expression level groups of CXCR3, CXCR4 and CXCR6 were
associated with a more favorable OS time in patients with
early‑stage PDAC (P= 0.033, 0.018 and 0.005, respectively;
Fig. 3A‑C). Compared with low expression levels of the CXCR
subunits, PDAC patients with high CXCR3, CXCR4 and
CXCR6 expression levels have longer OS times (HR=0.59,
0.56 and 0.49, respectively; Table I). Moreover, low CXCR2
and CXCR6 expression levels in patients with early‑stage
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Figure 2. Enrichment and correlation analysis of CXCR subunits. (A) GO term and KEGG pathway analysis using the Database for Annotation, Visualization,
and Integrated Discovery. The vertical axis represents the KEGG pathways and GO terms, in which the CXCR subunits are enriched. The height of the histo‑
gram in the horizontal axis indicates the number of CXCR subunits enriched and the red dotted line represents the P‑value of the enrichment analysis. (B) Drug
target prediction using Search Tool for Interactions of Chemicals. Green edges indicate predictive drug association with target. (C) Correlation analysis for
CXCR subunits in patients with early‑stage pancreatic ductal adenocarcinoma. Red and blue represent positive and negative correlations, respectively. The size
and color of the ball indicate the level of correlation coefficient. CXCR, C‑X‑C motif chemokine receptor; KEGG, Kyoto Encyclopedia of Genes and Genomes;
GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function.

PDAC results in lower DFS time (P=0.008 and 0.027, respec‑
tively; Fig. 3D and E). The median DFS time of low CXCR2
and CXCR6 expression levels was 581 and 443 days, respec‑
tively, compared with 872 and 831 days in patients with high
CXCR2 and CXCR6 expression levels, respectively (Table I).
In the combined survival analysis, it was identified that all
high expression levels of CXCR3, CXCR4 and CXCR6 had
a significantly reduced risk of death and more favorable OS
time in patients with early‑stage PDAC (HR= 0.29; P= 0.007;
Fig. 3F; Table II), compared with the combined all low expres‑
sion levels of CXCR3, CXCR4 and CXCR6. Moreover, the joint
effects of CXCR3, CXCR4 and CXCR6 were associated with

DFS time of patients with PDAC, DFS time of different CXCR
subunits joint expression levels were statistically different
(Fig. 3G). In addition, it was demonstrated that combined all
high expression levels of CXCR2 and CXCR6 were associ‑
ated with higher OS and DFS time in patients with PDAC
(HROS=0.36, POS= 0.002, Fig. 3H; HR DFS=0.25, PDFS= 0.003;
Fig. 3‑I; Table II) compared with all low expression levels of
both CXCR2 and CXCR6.
Prognostic model construction. Based on the results of
univariate survival analysis, time‑independent ROC curves
were used to evaluate the prognostic ability of CXCR subunits
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Figure 3. Survival analysis of different CXCR subunit expression levels in patients with early‑stage pancreatic ductal adenocarcinoma. (A‑C) Survival curves
of OS time for high and low CXCR3, CXCR4 and CXCR6 expression level groups, respectively. (D and E) Survival curves of DFS time for high and low
CXCR2 and CXCR6 expression levels groups, respectively. (F and G) Survival curves of OS and DFS times for different combination of CXCR3, CXCR4 and
CXCR6 expression level groups. (H and I) Survival curves of OS and DFS for combination of CXCR2 and CXCR6 expression groups. CXCR, C‑X‑C motif
chemokine receptor; OS, overall survival; DFS, disease‑free survival.

in patients with PDAC. The AUCs of time‑independent
ROC curves were 0.283‑0.461 in different survival time
(Fig. S1A and B). The time‑dependent ROC curves are
univariate analyses that require a consideration of clinical
case information to improve accuracy. Therefore, a prognosis
nomogram for OS and DFS time of patients with PDAC
was constructed to predict the prognostic risk of different
CXCR subunits mRNA levels and clinical characteristics and
analyze its contribution to prognosis prediction. In the OS
time nomogram model, low CXCR3 and CXCR6 expression
levels were adverse factors for long‑term OS time (Fig. 4A),
which is consistent with the aforementioned results. Moreover,
low CXCR2 expression levels, high pathological stage, high
neoplasm histological grade and non‑radical resection were
the primary factors affecting DFS time in patients with PDAC
(Fig. 4B). The aforementioned results showed that combined
CXCR subunits expression levels and clinical data can predict
postoperative clinical outcomes of patients with PDAC for
further improvement of treatment plans.
GSEA report in patients with early‑stage PDAC. The GSEA
report suggested that CXCR subunits in the genome‑wide
expression profile dataset of the TCGA PDAC cohort serves
a role in ‘immune response’ and ‘antigen binding’ (Fig. 5).
Thus, CXCR subunits are associated with the cellular immune
antigen presentation process for tumor cell recognition.
Furthermore, CXCR subunits function in the regulation of

the immune cell activation and facilitate the adhesion and
differentiation of immune cells (Fig. S2A‑E), which may help
immune cells to bind, recognize and destroy tumor cells to
promote apoptosis.
Association of tumor infiltration levels with CXCR subunits
expression levels in PDAC. The association between tumor
infiltration levels with CXCR subunit expression levels were
detected using TIMER and TCGA. Using heatmap clustering
analysis, it was demonstrated that Th1, Th2 and TH17 cell
fractions were associated with CXCR subunit expression
levels, and high CXCR1 and CXCR2 expression levels were
associated with less Th1 cell fractions and more Th2 and
TH17 cell fractions. High CXCR3, CXCR4 and CXCR5
expression levels were associated with more Th1 cell frac‑
tions, less Th2 and TH17 cell fractions (Fig. 6A). Similarly, a
number of immune cells in PDAC tumor tissues were associ‑
ated with CXCR subunits expression levels: High CXCR1 and
CXCR2 expression levels were associated with more neutro‑
phils, eosinophils and dendritic cell fractions; high CXCR3,
CXCR4 and CXCR5 expression levels were associated with
more lymphocyte cell fractions and fewer macrophages cell
fractions (Fig. 6B and C). In the purity‑corrected partial
Spearman's correlation analysis, CXCR subunits (CXCR2,
CXCR3, CXCR4 and CXCR6) were positively correlated with
tumor infiltration levels of 6 immune infiltrates, including B
cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages

a

B, regression coefficient calculated using univariate Cox proportional hazards regression analysis. bAdjusted for pathological stage T and N stage, histological grade, radical resection and targeted
molecular therapy. CXCR, C‑X‑C motif chemokine receptor; TCGA, The Cancer Genome Atlas; PDAC, pancreatic ductal adenocarcinoma; OS, overall survival time; DFS, disease‑free survival time;
MST, median survival time; MRT, median disease‑free survival time; HR, hazard ratio; CI, confidence interval; Ref., reference.
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OS
DFS
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
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HR crude			
HR adjusted				
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HR adjusted
Subunit MST P‑value
(95% CI)
P‑value Coefficient Ba
(95% CI)b
P‑value MRT P‑value
(95%CI)
P‑value Coefficient Ba
(95% CI)b
P‑value

Table I. Survival analysis of the CXCR subunit expression levels in patients with early‑stage PDAC.
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DFS
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
HR crude		
HR adjusted
(95% CI)
P‑value
(95% CI) a
P‑value

a

Adjusted for pathological T and N stage, histological grade, radical resection and targeted molecular therapy. CXCR, C‑X‑C motif chemokine receptor; OS, overall survival time; DFS, disease‑free
survival time; MST, median survival time; MRT, median disease‑free survival time; HR, hazard ratio; CI, confidence interval; NA, not available; Ref., reference.
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MST
P‑value
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Table II. Combined survival analysis of the CXCR subunits in patients with early‑stage pancreatic ductal adenocarcinoma.
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Figure 4. Nomogram model constructed for CXCR subunits expression level for (A) overall survival and (B) disease‑free survival in patients with early‑stage
pancreatic adenocarcinoma. To determine the value of each variable on the point axis, a vertical line is drawn on the total points axis according to the total
value of variables and the predicted survival probability in the time‑evaluated line. CXCR, C‑X‑C motif chemokine receptor.

and dendritic cells, in patients with PDAC, Spearman's corre‑
lation coefficient range from 0.234‑0.54 (P<0.05, Fig. 7). A
comparison of tumor infiltration levels among tumors with
different somatic copy number alterations for CXCR subunits
also showed a significant correlation, different copy number
alterations of CXCR subunits were mainly different in the
infiltration levels of CD4+ T cells (P<0.05, Fig. S3).
Discussion
In the present study, the differential expression levels of CXCR
subunits in patients with PDAC were identified using data
from TCGA. High CXCR3, CXCR4 and CXCR6 expression
levels were associated with a favorable OS in patients with
early‑stage PDAC. In addition, a significant association was
found between high CXCR2 and CXCR6 expression levels and
favorable DFS in patients with PDAC. The prognostic ability
of CXCR subunits was evaluated using time‑independent ROC

curves. A prediction model for the prognosis of patients with
PDAC was then constructed using CXCR subunit expres‑
sion levels and clinical features. Moreover, the results of
GSEA analysis showed that CXCR subunit expression levels
functioned in the regulation of immunity in PDAC. Heatmap
clustering demonstrated that immune cell fragments in tumors
were associated with CXCR expression levels. Expression
level and somatic copy number alterations of CXCR subunits
(CXCR2, CXCR3, CXCR4 and CXCR6) were positively corre‑
lated with tumor infiltration levels in pancreatic cancer. It was
predicted that plerixafor was associated with CXCR6, CXCR4
and its ligand CXCL12, using drug target network analysis.
In the present results of tumor infiltration levels, CXCR
subunits expression were positively associated with infiltration
levels of tumor‑infiltrating immune cells in PDAC tissues,
indicating that immune cells were mediated by chemokines.
In the tumor microenvironment, a variety of cells in the tumor
release different chemokines, leading to the recruitment and
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Figure 5. Gene set enrichment analysis in patients with early‑stage PDAC. Gene Set Enrichment Analysis reports for high C‑X‑C motif chemokine receptor
subunit expression levels using high‑ vs. low‑risk groups. Enrichment plots for: (A) Antigen binding, (B) adaptive immune response based on the somatic
recombination of immune receptors built from immunoglobulin superfamily domains, (C) regulation of leukocyte‑mediated immunity and (D) lympho‑
cyte‑mediated immunity. These panels provide the genome‑wide potential pathways and molecular mechanisms in patients with PDAC based on gene
expression. NES, normalized enrichment score; PDAC, pancreatic ductal adenocarcinoma; GO, Gene Ontology.

activation of different immune cells, modulating the balance
between tumor‑promoting and anti‑tumor responses (30).
CXCR subunits are expressed to coordinate leukocyte
trafficking under both physiological and pathological
conditions (31).
Tumor‑associated neutrophils serve a role in the early
stages of cancer, advanced progression and therapeutic drug
resistance (32‑34). The inhibition of CXCR2 expression in
pancreatic tumors prevents neutrophil accumulation, leading
to tumor growth under T cell‑dependent suppression. Activated
and functionalized T cells infiltrate pancreatic cancer in
the absence of neutrophils (35). Ijichi et al (36) found that
tumor‑stromal interactions via a CXCR2‑dependent chemo‑
kine can regulate the progression of PDAC. Idorn et al (37)
identified that CXCR2, as a candidate for chemokine receptor
transduction, can improve the recruitment of transduced tumor
ascites lymphocytes toward the ovarian cancer microenviron‑
ment. However, the function of CXCR2 may be different in
immune cells to regulate the balance between antitumor and

protumor responses. A recent study demonstrated that the
CXC chemokine‑receptor axis was associated with the inva‑
sion and migration of PDAC cells and that blockade of this
axis prolonged survival and inhibited both tumor angiogenesis
and PDAC microinvasion, following CXCR2 knockout in PKF
mice (38). Moreover, high expression levels of CXCR2 were
associated with a favorable DFS in patients with early‑stage
PDAC in the present study and the prognostic prediction model
indicated that low CXCR2 expression level was a prognostic
indicator for less favorable DFS.
A previous study reported that knockdown of CXCR2
diminished the DNA‑damage response and CXCR2‑binding
chemokines reinforced growth arrest in senescent cells (39).
In a further study, it was revealed that the overall effect of
CXCR2 signaling was involved in the balance between tumor
suppression and tumorigenicity, which induced senescence
in benign lesions; however, this is reversed in more advanced
tumors (40). It was suggested that the effect of CXCR2
signaling was determined by the stage and pathological status
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Figure 6. Associations between CXCR subunit expression levels, clinical features and immune cell fractions in pancreatic ductal adenocarcinoma tumor
tissues. (A) Helper cells. (B) Overall immune cells. (C) Immune cell subsets. Red to blue: High abundance of immune infiltration to low abundance. Various
colored side boxes were used to characterize the age, sex, histological grade, targeted molecular therapy and CXCR subunit expression levels. Colors from
light to dark indicate that the value of the continuity variable is from low to high. Multiple colors represent two or multiple categorical variables. CXCR, C‑X‑C
motif chemokine receptor.

of the lesion, as well as its origin and genetic background.
Studies performed in animal models require an understanding
of the complex contribution of CXCR2 towards tumor progres‑
sion in cell experiments. Intrinsic causes of the differences
in results of CXCR2 towards tumor progression in vitro and
in vivo experiments needs further verification to clarify the
molecular mechanisms underpinning these differences.
In the present study, high expression levels of CXCR3 were
associated with an improved OS in patients with early‑stage
PDAC. Studies have reported that agonists of CXCR3 promote

the recruitment of NK cells, CD4+ and CD8+ T lymphocytes
to the tumor microenvironment, where they exert potent
antitumor activity (30,41). The present study also identified
that CXCR3 expression levels were positively correlated to
tumor infiltration levels in PDAC and that CXCR3 expression
levels were elevated in tumor tissues, enhancing the antitumor
activity of immune cells.
In the previous studies, CXCR4 was upregulated in cancer
tissues and extensively expressed in pancreatic cancer cell
lines (42,43). In the SDF‑1α /CXCR4 axis, the migratory
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Figure 7. Correlation of (A) CXCR2, (B) CXCR3, (C) CXCR4 and (D) CXCR6 expression levels with immune infiltration level in pancreatic cancer. The
scatterplots show the purity‑corrected partial Spearman's correlation and statistical significance. The abscissa and ordinate represent CXCR subunit expression
levels of tumor tissues and tumor infiltration levels of immune cells, respectively. CXCR, C‑X‑C motif chemokine receptor; PAAD, pancreatic adenocarci‑
noma; RSEM, RNA‑Seq by Expectation‑Maximization; cor, correlation.

potential and invasion activity of pancreatic cancer cells
were modulated by the induction of CXCR4 expression (42).
Moreover, CXCR4 and its ligand CXCL12 are involved in
the metastasis of different types of tumors, such as breast,
prostate, lung and colorectal cancer (43). CXCR4 is impor‑
tant in the classical chemokine receptor response in adults,
as well as neutrophil maturation (44). Maréchal et al (45)
reported that patients with PAAD and high level of CXCR4
expression in tumor tissues had a shorter OS time compared
with those with low CXCR4 expression levels, using immu‑
nohistochemistry. The group demonstrated that CXCR4 was
expressed in 84.5% of PAAD tumor tissues, but CXCR4
expression levels were undetectable in 6 samples with a low
proportion (<30%) of adenocarcinoma cells, indicating that
CXCR4 expression levels are different in variable pathological
types of PAAD. In contrast, Gebauer et al (46) reported that
CXCR4 expression levels evaluated using immunohistochem‑
istry in PAAD specimens were not associated with OS and
DFS times. Gebauer et al (46) demonstrated that CXCR4
was expressed in 214 patients with PAAD (86.0%) and
>90% patients received adjuvant gemcitabine chemotherapy,
whereas Maréchal et al (45) reported only 17% of patients
with PAAD to receive adjuvant chemotherapy. In the present
study, high expression levels of CXCR4 were detected using
RNA‑sequencing of tumor tissues and were associated with
longer OS in early‑stage ductal adenocarcinoma type of
PAAD. It was hypothesized that different types of histology

and adjuvant therapy may lead to differences in CXCR subunit
expression levels. The present results demonstrated that
CXCR4 expression levels were positively correlated with tumor
infiltration levels of PDAC. Studies have reported that CXCR4
knock‑out mice are embryonically lethal due to multiple organ
failure, such as hematopoiesis damage (47,48). In addition,
the high levels of immune cell infiltration in the microenvi‑
ronment recruited by the CXCL12/CXCR4 axis is positively
correlated with a favorable prognosis in breast, ovarian and
cervical cancer (49‑51). More studies are required to evaluate
the prognostic value of CXCR4 in patients with PDAC.
A positive correlation was also identified in the present
study between CXCR6 and immune cell‑infiltrate levels in
pancreatic cancer. High expression levels of CXCR6 were
associated with a favorable OS and DFS in patients with
early‑stage PDAC. However, a number of studies have been
reported where high CXCR6 expression levels indicated a less
favorable clinical outcome for patients with gastric cancer and
clear cell renal cell carcinoma (52,53). In the present study,
it was hypothesized that the prognostic value of CXCR6 was
associated with the type and stage of the tumor. Late‑stage
PDAC is characterized by the matrix portion that forms a thick
layer of connective tissue across the epithelial portion of the
tumor, functioning as a physical barrier mediating chemo‑
therapy resistance and hindering T‑cell migration (54,55).
Using the nomogram model to predict the clinical outcomes of
patients with PDAC, it was demonstrated that the prognostic
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values of CXCR6 expression levels were different for OS and
DFS. Based on the multivariate and combination survival
analysis, high CXCR6 expression levels were associated with
long‑term OS and DFS of patients with PDAC in the present
study. It was hypothesized that the prognostic value of CXCR
may be associated with clinical information in the model,
which needs further verification.
Using drug target network analysis, it was identified
that plerixafor was associated with CXCR6, CXCR4 and its
ligand CXCL12. Plerixafor is the only approved drug that
targets CXCR4 and has been used in combination therapy
clinical trials for other types of cancer, such as prostate and
cervical cancer (56,57). Correlation analysis of the present
study identified the association between tumor‑associated
immune cell‑infiltrates levels, CXCR subunit expression
levels and somatic copy number alterations, indicating that
CXCR subunits are potential therapeutic targets for immu‑
notherapy in PDAC. However, this needs further verification
using in vitro and in vivo experiments to clarify the levels
of tumor‑associated immune cell infiltrates in PDAC tissues
and associations between immunotherapy drugs and CXCR
subunits in PDAC.
There are several limitations of the present study. Firstly,
there was the lack of external and experimental validation
of the results. Secondly, some important clinical baseline
information and the postoperative adjuvant treatments in
TCGA database were not available, such as chemotherapy and
primary tumor location. Thirdly, the present study evaluated
the association between CXCR subunits and tumor infiltration
levels; however, no bioinformatic platforms were found for
investigating the depth of PDAC cell infiltration. Moreover,
an independent cohort is required to verify the constructed
prognostic models and larger samples are needed for a more
reliable prognostic assessment.
In conclusion, CXCR subunits are associated with infiltra‑
tion levels of immune cells and the prognosis of patients with
early‑stage PDAC and these subunits may be potential drug
targets for the treatment of pancreatic cancer.
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