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Abstract. Immunotherapy based on the tumor microenviron‑
ment is a feasible method for treating cancer; therefore, it is 
necessary to investigate the immune microenvironment of 
pancreatic cancer and the influencing factors of the immune 
microenvironment. Chemokines are an important factor 
affecting the tumor immune microenvironment. In the present 
study, chemokines or chemokine receptors were screened to 
identify those differentially expressed in pancreatic cancer 
compared with normal controls and associated with patient 
prognosis. Chemokines or chemokine receptors that are 
differentially expressed in pancreatic cancer tumor tissues 
were initially screened using the Gene Expression Omnibus 
database. Next, survival analysis was performed using GEPIA, 
a website based on The Cancer Genome Atlas (TCGA) 
database. Immunohistochemical staining of CXCL5 was 
performed in tissue microarrays (TMAs) containing 119 cases 
of pancreatic cancer. Histochemistry score (H‑SCORE) was 
used to evaluate the expression of CXCL5. Next, association 
analysis of the H‑SCORE of CXCL5 and the clinical charac‑
teristics of patients was performed, as well as Kaplan‑Meier 
survival and Cox multivariate regression analyses. The results 
of the bioinformatics analysis demonstrated that CXCL5 was 
highly expressed in pancreatic cancer tissues. High expression 
of CXCL5 in pancreatic cancer tissues was associated with a 
poor prognosis in patients in TCGA cohort. The expression 
level of CXCL5 in tumor tissues was significantly higher 
compared with that in adjacent peritumoral normal tissues in 
the immunohistochemical analysis. There was no significant 
association between CXCL5 expression in pancreatic cancer 

tumor tissues and clinicopathological factors. Patients with 
pancreatic cancer with high CXCL5 expression had a poor 
prognosis, as determined by Kaplan‑Meier survival analysis 
based on the TMA dataset. The results of Cox multivariate 
regression analysis showed that CXCL5 was an independent 
factor for a poor prognosis in patients with pancreatic cancer. 
In conclusion, the results of the present study revealed that the 
chemokine CXCL5 was highly expressed in pancreatic cancer 
tissues; high CXCL5 expression was associated with a poor 
prognosis in patients with pancreatic cancer.

Introduction

Pancreatic cancer, particularly pancreatic ductal adenocarci‑
noma (PDAC) is extremely malignant, with a 5‑year overall 
survival rate of only ~9% (1). The symptoms of pancreatic 
cancer are not clear in the early stages, and most patients 
present with local invasion or distant metastasis at the time of 
diagnosis. Therefore, the surgical resection rate is low, with a 
previous study reporting a resection rate of 10‑20% (2). Patients 
with pancreatic cancer often experience metastasis and recur‑
rence following surgery, and the prognosis is poor (3). Clinical 
data have demonstrated that pancreatic cancer remains incur‑
able and that traditional chemoradiotherapy cannot prolong the 
survival of patients (3‑5). In the past, tumor cells were the main 
subject of tumor research, particularly in studies investigating 
the role of genes and signaling pathways in tumorigenesis and 
tumor progression; these studies were used to find potential 
therapeutic targets for pancreatic cancer, but no major targets 
have been identified (6). Recent studies have reported that the 
tumor microenvironment serves an important role in tumori‑
genesis and development (7,8). These studies have suggested 
that the malignant biological behavior of tumors may be regu‑
lated by the tumor microenvironment (9‑11). Immunotherapy 
based on the tumor microenvironment is a feasible treatment 
method; therefore, it is necessary to investigate the immune 
microenvironment of pancreatic cancer and its influencing 
factors.

The components of the tumor microenvironment include 
tumor cells, interstitial cells, immune cells and cell regulatory 
factors secreted by cells in the microenvironment or secreted 
by other cells and transported to the microenvironment; the 
most important of these components may be tumor immune 
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cells, including B lymphocytes, T lymphocytes, neutrophils, 
macrophages, dendritic cells, and other immune cells that 
infiltrate tumor tissues (7,8). Previous studies have shown that 
the tumor microenvironment of pancreatic cancer is extremely 
complex (12,13). Tang et al (14) have reported that the level of 
CD8+ T lymphocyte infiltration in pancreatic tumor tissues is 
lower compared with that in adjacent normal tissues. Treg cells, 
which highly infiltrate tumor tissues, inhibit the antitumor 
immunity of CD8+ T lymphocytes, which may be associated 
with tumor immune escape (14). In another study, Liu et al (15) 
reported that in 92 patients with pancreatic cancer, the number 
of infiltrating CD4+ and CD8+ T lymphocytes in the adjacent 
normal tissues of pancreatic cancer was higher compared with 
that in the tumor tissues, but CD4+ FOXP3+ Treg cells were 
more abundant in the tumor tissues. The survival analysis 
showed that high infiltration of CD8+ T lymphocytes in adja‑
cent normal tissues and low infiltration of CD4+ T cells in 
tumor tissues were good independent prognostic factors (15). 
Therefore, we hypothesized that immune cell infiltration is an 
important part of the tumor microenvironment.

Tumors are considered to be ‘organs’ composed of different 
types of cells (7). Compared with normal tissues, the informa‑
tion interactions between cells in the tumor microenvironment 
are more complicated (8). A previous study has demonstrated 
that these interactions are associated with the occurrence 
and progression of tumors (16). Chemokines are important 
mediators of interactions between different types of cells in 
the tumor microenvironment (17). Chemokines not only act 
as chemotactic molecules for targeted migration, but also 
serve an important regulatory role in various physiological 
and pathological processes of the cell (including infection, 
wound repair, inflammatory response, tumorigenesis and inva‑
sion) (18). Chemokines in the tumor microenvironment may act 
on tumor cells and other stromal cell components, including 
neutrophils, macrophages, lymphocytes and fibroblasts, to 
promote or inhibit tumor progression (19,20). Furthermore, 
there may also be negative chemokines that support a tumor 
microenvironment with no T lymphocyte infiltration (21). A 
lack of T lymphocyte infiltration in the microenvironment 
may lead to a poor prognosis (22).

In the present study, chemokines or chemokine receptors 
were screened to identify those differentially expressed in 
pancreatic cancer compared with normal controls and associ‑
ated with patient prognosis.

Materials and methods

Public datasets from the gene expression omnibus (GEO) 
database. The gene expression microarray and corre‑
sponding clinical data of patients with pancreatic cancer were 
obtained from the GEO database (https://www.ncbi.nlm.nih.
gov/geo/). The dataset numbers were GSE56560 (23,24) and 
GSE28735 (25,26).

Screening of differentially expressed (DE) chemokines and 
chemokine receptors. Initially, analysis of DE genes between 
pancreatic tumor tissues and normal tissues was performed 
using the ‘limma’ package (http://www.bioconductor.
org/packages/release/bioc/html/limma.html) in  R  (27,28), 
according to the screening criteria (adjusted P≤0.10 and |log 

fold‑change|≥1.5). DE chemokines and DE chemokine recep‑
tors were determined by overlapping the DE genes with a 
dataset containing all chemokines and their receptors; this 
analysis was performed using the ‘VennDiagram’ package in 
R (29).

Survival analysis of the TCGA dataset. The survival analysis 
was performed on the Gene Expression Profiling Interactive 
Analysis website (GEPIA; http://gepia.cancer‑pku.cn/). The 
data for 178  patients with pancreatic cancer analyzed on 
the GEPIA website were obtained from The Cancer Genome 
Atlas (TCGA, https://cancergenome.nih.gov/).

Patients and tissue microarray. Two commercial tissue 
microarray (TMA) chips consisting of 290  points were 
used. Of these, there were 128 pairs of intra‑tumoral tissues 
and adjacent peri‑tumoral normal tissues (Shanghai Outdo 
Biotech, Shanghai, China). All patients from the TMA under‑
went surgical treatment. If the tumor was located in the head 
of the pancreas, pancreaticoduodenectomy was performed. If 
the tumor was located in the tail of the pancreas, pancreatic 
body tail resection was performed. All patients had a surgical 
pathological diagnosis. Clinicopathological data included 
pathological type, operation time, survival status, follow‑up 
time, survival time, tissue code, tumor organ, sex, age, patient's 
main complaint, tumor history, family tumor history, distant 
metastasis site, whether it was a primary organ or metastatic, 
pathological classification, pathological grade, tumor size, 
tumor site, description of the tumor, texture of the tumor, 
tumor capsular invasion, pathological morphology, tumor 
boundary, vascular invasion, lymph node invasion, number of 
total and invaded lymph nodes, T stage, N stage, M stage and 
American Joint Committee on Cancer stage (30). All patients 
received conventional chemotherapy following surgery and 
were followed up regularly. The follow‑up information came 
from outpatient follow‑up  review or telephone  follow‑up. 
Overall survival (OS) time refers to the time between surgery 
and death, with OS as a prognostic indicator of survival.

Immunohistochemical staining and interpretation. 
Immunohistochemical staining was performed on tissue 
sections deparaffinized in xylene with an UltraSensitive SP 
Mouse/Rabbit IHC kit (cat. no. KIT‑9720; Maxim Biotech, 
Inc.) according to the manufacturer's instructions and an 
IHC Biotin Block kit (cat. no. BLK‑0002; Maxim Biotech, 
Inc.) by an automated immunostainer (cat. no.  ST5010; 
Leica Microsystems, Inc.). The protocol for the IHC Biotin 
Block kit is as follows: After the antigen retrieval, the PBS 
was removed, Avidin solution (reagent A, 50 µl) was added 
dropwise to the TMA and incubated at room temperature 
for 10 min. Subsequently, the TMA was rinsed twice with 
PBS (3 min per rinse); the PBS was removed, and d‑Biotin 
Solution (reagent B, 50 µl) was added dropwise to the TMA 
and incubate for 10 min at room temperature, followed by 
further two rinses with PBS (3 min per rinse). An anti‑human 
CXCL5 monoclonal antibody (1:50; cat. no. MAB 254‑100; 
R&D Systems) was used for analysis. A fully automatic digital 
pathology slice scanner (Aperio; Leica Microsystems, Inc.) 
was used to scan the immunohistochemically stained TMA 
chips to obtain a digital image. The microscopic images were 
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imported as digital photo files analyzed using QuantCenter 
in Pannoramic Viewer software 1.15.4 (3DHISTECH, Ltd.). 
Following preliminary observation, the unsatisfactory 
points of TMA in the sectioning and staining images were 
eliminated. TMA images were analyzed by two independent 
pathologists who were blinded to the patient's clinical data. 
Histochemistry score (H‑SCORE) was used to evaluate the 
expression of CXCL5. H‑SCORE is a scoring method for 
tissue immunohistochemical results that reflects the positive 
ratio and the positive intensity. The following formula was 
used: H‑SCORE=∑ (PI x I)=(percentage of cells of weak 
intensity x1) + (percentage of cells of moderate intensity x2) 
+ (percentage of cells of strong intensity x3). In the formula, 
PI represents the percentage of positive cells to the total 
number of cells in this position and I represents the intensity 
of staining. The H‑SCORE is 0‑300, with a higher score repre‑
senting stronger positive staining. The H‑SCORE for each 
patient was calculated, and all patients were divided into two 
groups (low and high CXCL5) according to the cut‑off value. 
The H‑SCORE cut‑off value was determined using X‑tile 
software version 3.6.1 (Yale University), which determines the 
cut‑off value by calculating the P‑value corresponding to each 
possible cut‑off value; the cut‑off corresponding to the lowest 
P‑value is considered the best. The calculations revealed that 
the best cut‑off value for the H‑SCORE was 76.83.

Statistical analysis. In the present study, Student's t‑test was 
used for comparing quantitative data, and the χ2 test, Fisher's 
exact test or likelihood ratio  test were used for qualitative 
data. The Kaplan‑Meier method was used to generate survival 
curves, and the log‑rank method was used to compare the 
differences in survival rates between the groups. Multivariate 
analysis was performed using the Cox multivariate regression 
analysis model. The clinicopathological factors with signifi‑
cant associations (P<0.1) in the aforementioned Kaplan‑Meier 
survival analysis were subjected to Cox multivariate analysis. 
The statistical and mapping software used in the present 
study were SPSS 22.0 (IBM Corp.), GraphPad Prism 6.02 
(GraphPad Software, Inc.), Adobe Photoshop CS5, and Adobe 
Illustrator CS6 (both from Adobe Systems, Inc.). P<0.05 was 
considered to indicate a statistically significant difference.

Results

CXCL5 is differentially expressed in two datasets from 
the GEO database. A total of 890 DE genes were identi‑
fied between the pancreatic tumor tissues and the normal 
tissues in the GSE56560 dataset, and 116 DE genes were 
identified in the GSE28735 dataset. A total of 10 DE chemo‑
kines or DE chemokine receptors were identified in the 
GSE56560 dataset, and only one (CXCL5) was identified in 
the GSE28735 dataset. Therefore, CXCL5 was selected for 
further analysis (Fig. 1).

Patients with pancreatic cancer with high CXCL5 expres‑
sion in TCGA dataset have a poor prognosis. A total of 
198 patients from TCGA dataset were included in the present 
study; they were divided into groups of 89 patients with low 
CXCL5 expression and 89 patients with high CXCL5 expres‑
sion according to the median value of CXCL5 expression. 

The prognosis of the patients in the low CXCL5 group was 
significantly improved compared with that of the patients in 
the high CXCL5 group (P=0.024; Fig. 2).

Characteristics of 119 patients from TMA dataset. Following 
removal of unsatisfactory points of TMA  chips in the 
sectioning and staining images, a total of 119 patients with 
pancreatic cancer were included in the study. Samples of 
tumor and corresponding peritumoral healthy tissue were 
collected from each patient. Table  I presents the clinico‑
pathological characteristics of the patients with pancreatic 
cancer.

Expression of CXCL5 in the TMA dataset. The mean 
H‑SCORE of CXCL5 expression in pancreatic cancer tissues 
in the TMA was 94.58, and the 95% confidence interval (CI) 
was 89.35‑99.82. The H‑SCORE in adjacent peri‑tumoral 
normal tissues was 57.14, and the 95% CI was 54.58‑59.69. 

Figure 2. Kaplan‑Meier survival analysis of patients based on The Cancer 
Genome Atlas data. HR, hazard ratio.

Figure 1. Venn diagram of DE chemokines or DE chemokine receptors. 
CXCL5 was identified in all datasets and was selected for further analysis. 
DE, differentially expressed.
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The expression level of CXCL5 in tumor tissues was signifi‑
cantly higher than that in adjacent peritumoral healthy tissues, 
and the difference was statistically significant (P<0.0001; 
Fig. 3A). Typical staining is presented in Fig. 3B (pancreatic 
cancer tissues) and C (adjacent normal tissues).

Association between CXCL5 expression and clinicopatho‑
logical factors. There was no significant association between 
the expression of CXCL5 in pancreatic cancer tumor tissues 
and sex, age, tumor site, tumor site, vascular invasion, 

Table I. Patient demographics and clinicopathological factors.

Factors	 No. of patients

Age, years
  <70	 81
  ≥70	 38
Sex
  Male	 71
  Female	 48
Grade
  I	 15
  II	 59
  III	 45
  IV	 0
Tumor size, cm
  ≤4	 76
  >4	 43
Tumor site
  Head	 72
  Other	 47
Vascular invasion
  No	 64
  Yes	 55
T
  T1	 4
  T2	 72
  T3	 43
  T4	 0
N
  N0	 63
  N1	 45
  N2	 11
M
  M0	 87
  M1	 32
TNM stagea

  I	 39
  II	 63
  III	 11
  IV	 6

aTNM stage of patients with pancreatic adenocarcinoma 
according to the American Joint Commission on Cancer guide‑
lines (8th edition)  (30). T, tumor; N, node; M, metastasis; TNM, 
Tumor‑Node‑Metastasis.

Figure 3. Expression of CXCL5 in pancreatic cancer. (A) Statistical compar‑
ison of CXCL5 expression levels (H‑SCORE) in pancreatic cancer tumor 
tissues and adjacent peritumoral normal tissues. (B) CXCL5 was highly 
expressed in pancreatic cancer tumor tissues. (C) Low expression of CXCL5 
in adjacent peritumoral normal tissues (magnification, x200). H‑SCORE, 
histochemistry score.

Figure 4. Kaplan‑Meier survival curve according to CXCL5 expression levels 
in cancer tissues of patients with pancreatic cancer.
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histological grade, T stage, N stage, or M stage (P>0.05; 
Table II).

Patients with pancreatic cancer with high CXCL5 expression 
had a poor prognosis: Analysis based on the TMA dataset. 
OS was used as the prognostic indicator, and Kaplan‑Meier 
survival analysis showed that the prognosis of patients in the 
CXCL5 high‑expression group was significantly worse than 
that of those in the low‑expression group (P=0.007; Fig. 4). 
The median survival time of patients in the high‑expression 
group was 9 months with a 95% CI of 7.6‑10.4 months, while 
the median survival time of patients in the low‑expression 
group was 33 months with a 95% CI of 7.4‑58.6 months.

CXCL5 is an unfavorable independent prognostic factor 
in patients with pancreatic cancer. Kaplan‑Meier survival 
analysis showed that CXCL5 was significantly associated 
with the OS of patients with pancreatic cancer. It predicted a 

poor prognosis in patients with pancreatic cancer (P=0.007). 
Among the clinicopathological factors, age (P=0.031), 
histological grade (P=0.007), N stage (P=0.004) and 
Tumor‑Node‑Metastasis (TNM) stage (P=0.002) were signif‑
icantly associated with poor overall survival (P<0.05). Since 
the N stage and the M stage are factors related to TNM stage, 
only TNM stage was included in the multifactor regression 
analysis. Cox multivariate regression analysis showed that 
age (P=0.003), histological grade (P=0.006), TNM stage 
(P=0.002) and CXCL5 (P=0.011) were independent prog‑
nostic factors for patients with pancreatic cancer (Table III). 
Therefore, CXCL5 is an independent factor for a poor 
prognosis in patients with pancreatic cancer. The hazards 
ratio (95% CI) of CXCL5 was 2.003 (1.176‑3.412), indicating 
that in patients with pancreatic cancer, the mortality risk 
of those with a high expression of CXCL5 in tumor tissues 
is ~2‑fold higher compared with that of those with a low 
expression.

Table II. Associations between CXCL5 and clinicopathological factors.

	 Expression level of CXCL5
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 No. of patients	 Low (%)	 High (%)	 P‑value

Sex				    0.969
  Male	 71	 19 (27)	 52 (73)
  Female	 48	 13 (27)	 35 (73)
Age, years				    0.589
  <70	 81	 23 (28)	 58 (72)
  ≥70	 38	 9 (24)	 29 (76)
Tumor site				    0.879
  Head	 72	 19 (26)	 53 (74)
  Other	 47	 13 (26)	 34 (74)
VI				    0.116
  Yes	 64	 21 (33)	 43 (67)
  No	 55	 11 (18)	 44 (82)
Grade				    0.421a

  1	 15	 6 (40)	 9 (60)
  2	 59	 16 (27)	 43 (73)
  3	 45	 10 (22)	 35 (78)
T				    0.139
  T1+T2	 76	 17 (22)	 59 (78)
  T3+T4	 43	 15 (35)	 28 (65)
N				    0.981
  N0	 63	 17 (27)	 46 (73)
  N1+N2	 56	 15 (27)	 41 (73)
M				    0.854
  M0	 87	 23 (26)	 64 (74)
  M1	 32	 9 (28)	 23 (72)
TNM stage				    0.800
  I+II	 102	 27 (26)	 75 (74)
  III+IV	 17	 5 (29)	 12 (71)

aP‑values were calculated using the Likelihood Ratio Test. VI, vascular invasion; T, tumor; N, node; M, metastasis; TNM, Tumor‑Node‑Metastasis.
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Discussion

There are a number of dysregulated chemokines and chemo‑
kine receptors in tumor tissues, which serve a role in a variety 
of cells and are the key regulatory molecules for tumorigen‑
esis, metastasis and immune escape (17). Chemokines and 
their receptors interact in a variety of non‑specific ways, 
which constitute the multiple ligand and receptor axes (31). 
They may cause the cell to move directionally and have 
a regulatory function in a variety of cellular pathology 
processes and physiological processes (32). With regards to 
the role of chemokines in the immune system, chemokines 
are usually divided into inflammatory chemokines and 
endoenvironmental stability chemokines  (33). The latter 
type of chemokine maintains the stability of the internal 
environment and is often expressed in the lymphoid homing 
site. Inflammatory chemokines may recruit immune effector 
cells to induce an inflammatory microenvironment and are 
often expressed under pathological conditions in which 
homeostasis is disrupted (33).

A recent study reported that certain chemokines serve 
an important role in tumorigenesis; they serve an important 
role in the migration, invasion, proliferation, chemotherapy 
resistance, vascular and lymphangiogenesis, distant metastasis 
and growth of stromal cells in pancreatic cancer (34). Previous 
studies have reported that the axes of certain chemokines 
and their receptors not only participate in the regulation of 
signaling pathways but also regulate the differentiation and 
infiltration of T cells, serving a key molecular role in tumor 
immune escape (19,20). The CXCL12‑CXCR4 axis has been 
identified to have immunosuppressive effects in tumors. 
Studies have demonstrated that the CXCL12‑CXCR4 action 
axis is associated with a poor prognosis in patients with 
lung (35), esophageal (36), gastric (37), pancreatic (38), ovarian 
cancer (39) and other cancer types (40).

Feig et al (41) reported that CXCL12, a chemokine secreted 
by cancer‑associated fibroblasts (CAFs) in pancreatic cancer, 
may spread and coat the surface of tumor cells, and then 

CXCL12 on the surface of tumor cells and mesenchymal 
CAFs binds to CXCR4, a chemokine receptor on the surface 
of T lymphocytes, leading to the clearance of T lymphocytes 
from tumor tissues. Karin and Wildbaum (20) have proposed 
that the CXCL12‑CXCR4 axis inhibits the cellular immune 
response and may induce Th0 cells to differentiate into 
regulatory T cells (Tr1). At present, there are a variety of 
inhibitors that may target the CXCL12‑CXCR4 axis, including 
AMD3100 (42), TN14003 (43), and CTCE‑9908 (44); there‑
fore, cancer immunotherapy based on cytokines is promising.

CXCL5 is also termed epithelial cell‑derived neutro‑
phil‑activating protein‑78  (45). Studies have reported that 
CXCL5 has strong effects on granulocyte chemotaxis and 
angiogenesis (46,47). The target cells of CXCL5 include neutro‑
phils and CXCR2+ monocytes of CXCR2+ myeloid‑derived 
suppressor cells (MDSCs) and tumor‑associated recep‑
tors (48). Therefore, the role of the CXCL5‑CXCR2 axis in 
tumors is also diverse. In colorectal cancer, the preoperative 
serum CXCL5 level may be used as a novel prognostic marker 
and is associated with the liver metastasis of colorectal 
cancer (49). In bone metastatic tumors of prostate cancer, 
CXCL5 mediates inflammatory cell infiltration and accel‑
erates the growth of metastatic tumors (50). Gao et al (51) 
reported that the CXCL5‑CXCR2 action axis leads to 
bladder cancer invasion and metastasis by activating the 
PI3K/AKT signaling pathway to upregulate MMP2/MMP9, 
suggesting that CXCL5 may be a potential therapeutic target 
for bladder cancer (51). In thyroid studies, CXCL5 was found 
to promote the migration and invasion of thyroid cancer 
cells, affecting tumor epithelial‑mesenchymal transition, 
but not proliferation, suggesting that CXCL5 may affect the 
microenvironment of thyroid cancer (1). However, in another 
study, Cui et al (52) suggested that the CXCL5‑CXCR2 axis 
promotes the proliferation of thyroid cancer cells through the 
P38 and JNK signaling pathways and promotes the progres‑
sion of the cell cycle from the G1 phase to the S phase (52). 
Soler‑Cardona et al (53) found that the lymph node metas‑
tasis rate was significantly increased in melanoma with high 

Table III. Univariate and multivariate analyses of CXCL5 as a prognostic factor.

	 Univariate analysis	 Cox analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 MST	 P‑value	 HR	 95% CI	 P‑value

Sex (Male/female)	 10/10	 0.785
Age, years (<70/≥70)	 14/8	 0.031	 1.993	 1.260‑3.152	 0.003
Grade (I/II/III)	 13/8	 0.007	 1.844	 1.191‑2.856	 0.006
Tumor site (Head/other)	 9/12	 0.218
Vascular invasion (No/yes)	 10/10	 0.729
T (T1+T2/T3+T4)	 10/11	 0.220
N (N0/N1/N2)	 15/10/8	 0.004
M (M0/M1)	 12/8	 0.055
TNM stage (I+II/III+IV)	 13/8	 0.002	 2.401	 1.372‑4.200	 0.002
CXCL5 (Low/high)	 33/9	 0.007	 2.003	 1.176‑3.412	 0.011

MST, median survival time; HR, hazards ratio; CI, confidence interval; T, tumor; N, node; M, metastasis; TNM, Tumor‑Node‑Metastasis.
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expression of CXCL5 compared with melanoma with low 
expression of CXCL5; this may be associated with the fact 
that CXCL5 recruits PD‑1‑expressing neutrophils into the 
tumor microenvironment and interferes with the activation 
of antitumor immunity  (53,54). In other studies, CXCL5 
was demonstrated to recruit MDSCs expressing CXCR2 
to promote the progression of colon cancer  (48) and to 
promote tumor angiogenesis by increasing the expression of 
FOXD1 (55). A previous study suggested that high expres‑
sion of CXCL5 in colorectal cancer is not sufficient to prove 
it as a diagnostic or prognostic tumor marker (56), but it is 
considered a potential biomarker and therapeutic target in 
lung cancer (57,58). A meta‑analysis involving 15 studies 
showed that CXCL5 was an adverse prognostic biomarker 
in various tumors (59). CXC5 has also been shown to inhibit 
tumor progression in colon cancer and kidney cancer, which 
contradicts the aforementioned conclusions (60). At present, 
there are few studies on CXCL5 in the field of pancreatic 
cancer. By analyzing three pancreatic cancer data sets from 
the GEO database, Gu et al  (61) obtained 25 core genes, 
including CXCL5, the functional enrichment of which was 
demonstrated to be associated with the cell cycle of pancre‑
atic cancer cells, but no further study was conducted on 
CXCL5 (61).

The present study investigated the significance of CXCL5 
in pancreatic cancer. Initially, potential chemokines associ‑
ated with the prognosis of patients with pancreatic cancer 
were searched for in the GEO and TCGA databases. CXCL5 
was found to be highly expressed in pancreatic cancer tissues 
and was associated with a poor prognosis. Furthermore, the 
expression of CXCL5 in the tumor tissues and adjacent peri‑
tumoral normal tissues of 119 patients with pancreatic cancer 
was analyzed by immunohistochemistry. The present study 
reported that the expression of CXCL5 in pancreatic cancer 
tumor tissues is higher than that in adjacent peri‑tumoral 
normal tissues, suggesting that CXCL5 is involved in certain 
pancreatic cancer biological processes. Finally, Kaplan‑Meier 
survival analysis and Cox multivariate  analysis revealed 
that CXCL5 is an independent prognostic factor in patients 
with pancreatic cancer. High expression of CXCL5 in tumor 
tissues predicts a poor prognosis and may be a potential 
biomarker and therapeutic target for pancreatic cancer.

The chemokine, CXCL5, is highly expressed in pancre‑
atic cancer tissues, and high CXCL5 expression is associated 
with a poor prognosis in patients with pancreatic cancer. The 
association between CXCL5 and tumor‑infiltrating lympho‑
cytes requires investigation in the future.
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