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ABSTRACT

BACKGROUND: The significance of CXCL5 in pancreatic cancer is unclear, although it has been implicated in the malignant process of
many different types of cancer. Research on the impact of CXCL5 on immune cell infiltration and the malignant phenotype of pancreatic can-
cer is needed. This study aimed to examine the connection between CXCL5 expression and immune cell infiltration and the malignant phe-
notype of pancreatic cancer.

METHODS: Tissue samples and clinical information were collected from 90 patients with pancreatic cancer. Tumour tissues and adjacent
tissues were made into a tissue microarray and stained for immunohistochemistry analysis. Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR) and Western blot analysis were performed to measure the expression level of CXCL5. CXCL5-overexpressing/
CXCL5-knockdown cell lines were constructed via transfection for cytological experiments. CCK-8, cell apoptosis, cell cycle, cell invasion,
and cell colony formation assays were used to detect the effect of CXCL5 on the malignant phenotype of pancreatic cancer cells. Finally, a
mouse model of pancreatic cancer was constructed for in vivo verification.

RESULTS: Compared with control cells, pancreatic cancer cells overexpressing CXCL5 exhibited increased proliferation, migration, and
invasion but decreased apoptosis. Conversely, knockdown of CXCL5 did not enhance the malignant phenotype of pancreatic cancer cells.
Spearman correlation analysis indicated that there was a significant negative correlation between CXCL5 levels and the CD8 IRS. However,
there was a significant positive correlation between FOXP3 IRS and CXCLS5 levels.

CONCLUSIONS: CXCL5 is highly expressed in pancreatic cancer and promotes the malignant phenotype of pancreatic cancer cells.
CXCLS5 is associated with immunosuppressive FOXP3 + T-cell infiltration, which facilitates the formation of an immunosuppressive microen-

vironment (with low CD8 + T-cell infiltration).
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Introduction
Pancreatic cancer is an aggressive tumour with a poor prognosis
and a high mortality rate. Among cases, 90% of pancreatic cancers
are of the pancreatic ductal adenocarcinoma (PDAC) pathological
type, and its 5-year survival rate is only 9%.> However, the prog-
nosis of patients can be improved by surgical resection of tumours.
However, because the early signs of pancreatic cancer are not obvi-
ous, many patients present with late-stage disease at diagnosis, so
they miss the opportunity for surgery3 Accordingly, better treat-
ment options are needed for patients with unresectable pancreatic
cancer as well as patients who have undergone surgery.

At present, the carcinogenic mechanism of pancreatic can-
cer is still unclear, and the current clinical treatment is mainly
based on moderately hypofractionated chemoradiotherapy.

*Tao Wang and Jian Sheng contributed equally to this work.

Targeted immunotherapy and neoadjuvant therapy have also
achieved a certain degree of clinical efficacy. However, the sur-
vival time of most patients is not significantly prolonged.>-> We
first assessed the tumour microenvironment to further explore
treatment regimens for improving patient survival. During the
growth of pancreatic cancer, the interaction of cells from the
tumour microenvironment plays a pivotal role. The cells and
soluble factors in the microenvironment may provide more
effective targets for pancreatic tumour treatment.® The tumour
microenvironment of pancreatic cancer has special characteris-
tics. It mainly includes connective tissue hyperplasia and
immune cells. These properties support the low immunogenic-
ity of these tumours.”® The tumour microenvironment also
affects tumour growth. One study pointed out that senescent
cells can enhance tumour paracrine function.” There may also
be a correlation between tumour immune escape and immune
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cell infiltration, such as CD4+and CD8+T lymphocyte
infiltration, which is significantly decreased in pancreatic can-
cer tissues compared with control tissues. Therefore, enhancing
such immune infiltration may become an effective treatment
strategy.1%11 CXCLS5 is present in the tumour microenviron-
ment. During the apoptotic death of tumour cells, CXCLS5 is
released into the microenvironment. CXCLS5 overexpression
improves the invasive capacity of tumour cells and reduces
immune invasion.!213 As a member of the CXC chemokine
family, CXCLS5 suppresses immune cell infiltration through
specific binding to the G protein-coupled receptor CXCR2.14
CXCLS5 promotes malignant phenotypes in various cancers
and participates in tumour progression through autocrine and
paracrine pathways in prostate cancer,’® osteosarcoma,'® and
hepatoblastoma.!” A meta-analysis comprehensively analysed a
variety of tumours, and high CXCL5 in tumours was found to
predict a worse prognosis.!8

Whether CXCL5, which is overexpressed in pancreatic
tumours, further affects the infiltration of various immune-
related cells into tumour tissues and whether it has an impact
on the survival of patients with advanced pancreatic tumours
are unclear. These connections deserve our study.

Materials and Methods

Patients and tissue samples

For this study, the clinical data of 90 patients with pancreatic cancer
were collected from the Second Affiliated Hospital of Jiaxing
University between 2012 and 2021. All patients underwent surgery,
and the postoperative pathology clearly confirmed pancreatic can-
cer. The clinical data included age, sex, tumour site, tumour size,
TNM stage (eighth edition of the guidelines of the American Joint
Commission on Cancer, 8th AJCC), and the statuses of local inva-
sion, perineural invasion, vascular invasion, lymph node metastasis,
smoking, drinking, and diabetes. Exclusion criteria were as follows:
(1) received any anti-tumour treatment before surgery; (2) the
tumour was confirmed as non-pancreatic cancer by postoperative
pathology; (3) merge with other malignant tumours; and (4) the
enrolled cases do not have complete clinical information data. The
relationships between the expression of CXCLS5 in these patients
and these clinical variables were analysed.

Immunohistochemistry and interpretation

The Tissue microarray (TMA) paraffin sections (4pm) were
dewaxed in xylene and gradient ethanol solutions. The specimens
were stained with an anti-CD8 antibody after citrate antigen
retrieval (Maixin, MAB-0021, 1:4000), an anti-CD4 antibody
(Maixin, RMA-0021, 1:30000), an anti-FOXP3 antibody
(Abcam, ab20034, 1:50), and an anti-CXCLS5 antibody (R&D,
MAB254,1:50). We eliminated image spots originating from the
preparation or staining operations. Subsequently, using micro-
scopic observation, 2 independent pathologists analysed these
TMA readings (blinded to each patient’s clinical data). These

digital images were passed through the Aperio ImageScope digital
pathology system for data analysis. The immunoreactivity score
(IRS) method was used for immunological scoring. IRS was cal-
culated as follows: immunohistochemical staining intensity score
X score for the percentage of positive cells. In general, the overall
staining intensity was scored from O to 3, with O=no staining,
1=weak staining, 2=moderate staining, and 3 =strong staining.
The percentage of positive cells was scored from 0 to 4, with 0=0%
stained cells, 1=1% to 10% stained cells, 2=11% to 50% stained
cells, 3=51% to 80% stained cells (strong reaction), and 4=81% to
100% stained cells. Therefore, the final IRS ranged from 0 to 12.

Cell culture

Human pancreatic adenocarcinoma cells (BxPC-3, CFPAC-1,
ASPC-1, Panc-1, and SW1990) and human normal pancreatic
ductal epithelial cells (HPDE6C?7) were acquired from Shanghai
Qingqi Biotech Co, Litd. All cell lines were cultured in Iscove’s
modified Dulbecco medium (IMDM,; Pricella, Wuhan, China)
supplemented with 10% foetal bovine serum (FBS) (Biological
Industries, Kibbutz Beit-Haemek, Isracl) and 1% penicillin-
streptomycin solution. The cultivation environment was main-
tained at 37°C, and the carbon dioxide concentration was 5%.

Reverse transcription-quantitative polymerase
chain reaction

The TRIzol reagent was used to extract sample RNA from cul-
tured cell lines (Thermo Fisher Scientific, Waltham,
Massachusetts, 15596026), and an AG RNAex Pro RNA kit
(Accurate Biotechnology, AG21102) was used. The protein con-
centration was measured using an ultramicro nucleic acid pro-
tein analyser (NanoPhotometer NP80). The genomic gDNA of
the sample RNA was removed with an Evo m-mlv (Accurate
Biotechnology, AG11705) kit, and then reverse transcription
was performed to synthesize cDNA. Reverse transcription-pol-
ymerase chain reaction (RT-PCR) was completed with a SYBR
Green Pro Taq HS premixed Kit (AG11702, accurate biotech-
nology). The quantitative PCR primers used were jointly
designed by Beacon Designer 7.8 and Primer Premier 5.0. The
cDNA was synthesized by a StepOnePlus real-time PCR sys-
tem (ABI) using 2- A M RNA was quantified by CT and stand-
ardized to human GAPDH. The primers used for reverse
transcription-quantitative polymerase chain reaction (RT-
gPCR) were as follows: CXCLS5 forward 5-GCCTGTTCTAG
TCCTGGTGG-3, reverse 5-GGCATCTAAAAAGCTCA
GCAATG-3’; human GAPDH forward 5-AGAAGGCTGG
GGCTCATTTG-3, and reverse 5~ AGGGGCCATCCACA
GTCTTC-3.

Western blot analysis

First, sufficient cells were collected and washed 3 times

with 4°C PBS. The washed cells were fully lysed with
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radio-immunoprecipitation assay (RIPA) lysis buffer (Beyotime,
Shanghai, p0013b) containing 10% pmsf for 15 minutes and
centrifuged at 14000r/min for 5 minutes, after which the
supernatant was extracted. We used a Bicinchoninic Acid Assay
(BCA) protein assay kit to determine the protein concentration
(Beyotime, P0010, Shanghai) and separated the proteins by
Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). Then, the proteins were transferred to polyvi-
(PVDF)
Millipore) at room temperature. Notably, 5% fat-free milk was

nylidene  fluoride membranes  (Immobilon-P,
used for blocking for 2 hours. Primary antibodies were added
and incubated in a 4°C refrigerator overnight. Tris-buffered
saline with 0.1% Tween-20 (TBST) was used. The blots were
washed 3 times for 10 minutes each. At room temperature, sec-
ondary antibody was added, and the samples were incubated for
1hour. TBST was used for membrane washing. The blots were
washed 3 times for 10 minutes each. Finally, protein expression

was detected by an enhanced chemiluminescence system.

Transfection and treatments

We transfected CXCL5 siRNA into BxPC-3 and CFPAC-1
cells. Notably, 24-well plates were used for transfection, and the
cells were grown to 60%—70% confluence at the time of trans-
fection. The cells in each well were incubated and transfected
with Lipofectamine 2000 (Thermo Fisher Scientific,
11668019) diluted in serum-free medium at 37°C and 5%
CO,, and the negative control group was transfected with
Lipofectamine 2000 as an empty carrier. Cells were stably
transfected with Geneticin (G418; Thermo Scientific,
Shanghai, China). Instantly transfected cells were harvested 48
hours later.

CCK-8 assay

We used a CCK-8 cell counting cassette to determine the
changes in viability of the BxPC-3 and CFPAC-1 cell groups.
In a sterile 96-well plate, the cell suspension was added to the
middle wells of the plate at a density of 5000 cells/20 pL.
Culture solution was added to the blank wells around the test
wells to prevent experimental evaporation from affecting the
results. The cells were cultured at 37°C and 5% CO2 for
48hours and then incubated with CCK-8 reagent for 4 hours.
A Multiskan microplate reader was used to measure the optical
density at 480 nm (Thermo Fisher Scientific).

Cell apoptosis assay

Sufficient cells were collected, washed with PBS, and adjusted
to 2 X 10°/mL. Then, 200 pL of cell suspension was added to
1 mL of cold PBS at 1000 r/min and 4°C for 10 minutes. The
supernatant was aspirated after centrifugation, and the process
was repeated 3 times. The cell pellets were resuspended by add-
ing 200 pL of labelling buffer. Then, 10 puL of Annexin

V-FITC (Beyotime, C1062M, Shanghai) was added, mixed
well in the dark, and reacted for 15 minutes at room tempera-
ture. Then, 300 uL of labelling buffer was added, and the cells
were immediately detected by flow cytometry (Millipore, USA,
Guava easyCyte HT).

Cell cycle analysis
The cells were resuspended in 2 mL of PBS and centrifuged

at 1000 r/min for 5 minutes, after which the supernatant was
removed. Then, 1 mL of PBS and 2 mL of absolute ethanol
were added, and the sample was resuspended and centrifuged
for 5minutes at 1000r/min. The fixation solution was
removed, and the cells were washed twice with 2 mL of PBS.
The supernatant was discarded, and 400 puL of PBS was used
to resuspend the cells. Then, 50 pL of propidium iodide rea-
gent and 50 pL. of RNase (Beyotime, Shanghai; C1052) were
added and incubated in a dark room for 30 minutes. Detection

of the samples was performed using flow cytometry (Guava
easyCyte HT).

Cell invasion assay

Transwell assays were used to analyse the invasion and migra-
tion of BxPC-3 and CFPAC-1 cells. A 24-well cell culture
plate with Transwell chambers with 8 um pores was used
(Corning, USA, 354480). For cell migration experiments, the
cells were washed 3 times with PBS after digestion and then
made into a cell suspension with serum-free medium con-
taining BSA, and the cell density in the cell suspension was
adjusted to 5 X 10°/mL. A volume of 200 uL was inoculated
into the upper chamber of the Transwell chamber, and 600
pL of medium supplemented with 15% FBS was added. The
cells were incubated at 37°C for 24 hours. The chamber was
removed, and the culture solution in the well was discarded.
PBS-washed migratory cells were fixed with 4% paraformal-
dehyde (Beyotime, Shanghai, P0099). The upper layer of
nonmigrated cells was removed, and the cells were stained
with 0.1% crystal violet for 20 minutes (Beyotime, Shanghai,
C0121) and then washed 3 times with PBS. Cells in 5 ran-
domly selected fields were observed under a microscope and
photographed (Caikang Optical Instrument, Shanghai,
XDS-100). For invasion experiments, 300 uL of serum-free
medium at 4°C was added to 50 pL of Matrigel (Corning,
USA, 356234), mixed well, and placed on ice. The Transwell
chamber was then incubated for 4 hours at 37°C. The remain-
ing experimental procedures were the same as those used for
the migration experiment.

Cell colony formation assay

The cells were collected and resuspended in 10% FBS RPMI
1640 medium (11875101, Thermo Fisher Scientific). With a
cell density gradient of 50, 100, or 200 cells/dish, the cells were
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inoculated into a Petri dish containing 10 mL of culture
medium at 37°C. The cells were incubated at 5% CO,, 37°C,
and saturated humidity for 2weeks. The culture was termi-
nated, the supernatant was removed, and the cells were washed
twice with PBS. Notably, 5 mL of pure methanol (Beyotime,
Shanghai, P0099) was added, and the cells were fixed for
15 minutes. The fixative was discarded, and the cells were
stained with Giemsa staining solution for 30 minutes. The
samples were washed with slow-running water, air-dried at
room temperature, and counted with a microscope.

Animal experiments

Subcutaneous tumourigenesis assays were performed in nude
mice. All animal surgeries were performed on the basis of the
protocol authorized by the ethics committee of the Institute of
Jiaxing University. For xenograft assays, NC-CXCLS5 (negative
control), SH-CXCLS5, and OE-CXCL5 were engrafted at a
density of 2 X 10°/mL cells randomized, each group contained
5 mice. Four-week-old BALB/C nude mice were selected, and
these cells were injected subcutaneously into the left armpit.
The weights of the nude mice were measured and recorded
every 3 days, and the tumour size was measured with a Vernier
calliper every 3 days after tumour formation. After 23 days, the
mice were exposed to CO2, and the weights of the tumours
were measured.

Statistical analysis

In this experiment, #-tests were used to compare the data
obtained from these measurements. Fisher’s exact probability
method, the chi-square test, and the RXC contingency table
were used for qualitative data comparison. Multivariate analy-
sis was completed by the Cox multivariate regression analysis
model. The difference in survival rate between groups was
determined using the log-rank method, and survival was
assessed using the Kaplan-Meier method. We used the
Spearman correlation analysis to investigate the correlation
between CXCLS5 and the infiltration levels of 3 types of T cells
(CD4+,CD8+, and FOXP3). In this project, various drawing
software packages were used to illustrate the results. These
included Adobe Photoshop CS5, Adobe Illustrator CS6, SPSS
22.0, and GraphPad Prism 6.02. P<<.05 indicated statistical

significance.

Results

Relationships between CXCLS5 levels and clinical
factors

This study included 90 patients with pancreatic cancer. We
collected tumour tissues and adjacent normal tissues from each
patient. We further analysed the correlation between CXCLS5
and clinicopathological features. We found that sex, age,

tumour location, vascular invasion status, degree of differentia-
tion, tumour TNM stage, smoking status, alcohol consumption
status, and other factors were not significantly correlated with
CXCLS expression (Table 1, P>.05). There was no significant
difference in different AJCC stages in this study, which may be
limited by the sample size. It is also possible that although it is
highly expressed in tumour tissue, it is not significantly corre-

lated with the tumour AJCC stage.

Expression of CXCLS5 in various pancreatic cancer
cell lines and construction and verification of

CXCL5-overexpressing/knockdown cell lines
We aimed to explore the differences in the expression of CXCL5

between normal tissues and various pancreatic cancer cell lines.
Five pancreatic tumour cell lines were compared with the pan-
creatic ductal epithelial cell line HPDE6C7 (Figure 1A).
Through RT-qPCR, we found that CXCLS5 expression was sig-
nificantly greater in BxPC-3 and CFPAC-1 cells than in the
other assessed cell lines. We next aimed to further assess whether
high or low expression of CXCLS5 affects the migration and pro-
liferation of tumour cells. First, we established CXCLS5-
overexpressing and CXCL5-knockdown cell lines using BxPC-3
and CFPAC-1 cells as the parental cell lines. Reverse transcrip-
tion-polymerase chain reaction was performed to verify the
CXCL5 mRNA content of BxPC-3 cells (Figure 1B) and
CFPAC-1 (Figure 1D) cells, and Western blotting was per-
formed to verify the CXCLS5 protein content of BxPC-3 cells
(Figure 1C) and CFPAC-1 (Figure 1E). This indicates success-

ful cell line construction.

Effect of CXCLS5 on the proliferation and apoptosis

of pancreatic cancer cells

In the CCK-8 assay, we found that the proliferation of the
CXCL5-overexpressing group was obviously greater than that
of the blank control group and normal group. The proliferation
of cells in the CXCLS5 knockdown group was relatively inhib-
ited (Figure 2). This experiment showed that the expression of
CXCLS5 was directly proportional to the cell proliferation rate
of these 2 tumour cell lines. To explore the effect of CXCLS5 on
tumour proliferation at a deeper level, cell cycle analysis was
performed on BxPC-3 (Figure 3A) and CFPAC-1 (Figure 3B)
cells. Most BxPC-3 cells in the CXCL5 knockdown group
were in the G1 phase. In contrast, the proportion of cells in the
G2/M and S phases was lower than that in the control group.
In the S phase, the CXCL5 overexpression group outper-
formed the other groups. Similar results were observed in the
CFPAC-1 cell group. Therefore, we detected cyclins by
Western blotting. Knockdown of CXCLS5 resulted in low cyc-
lin E1 expression, whereas high expression of CXCLS5 resulted
in increased cyclin E1 expression (Figure 3C and D). But for
cyclin D1, CDK4, and CDKS®, this phenomenon did not occur.
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Table 1. Correlation between CXCL5 and clinicopathological features of patients.

LEVEL CXCL5 LOW CXCL5 HIGH P

n 50 40

Age (%) <65 27 (54.0) 18 (45.0) .525
=0.5 23 (46.0) 22 (55.0)

Sex (%) Male 29 (58.0) 21 (52.5) .758
Female 21 (42.0) 19 (47.5)

Grade (%) 1 17 (34.0) 23 (57.5) .051
2 29 (58.0) 13 (32.5)
3 4 (8.0) 4 (10.0)

Tumour site (%) Head 34 (68.0) 32 (80.0) .299
Others 16 (32.0) 8 (20.0)

Tumour size (%) <3cm 28 (56.0) 19 (47.5) .555
~3¢cm 22 (44.0) 21 (52.5)

Local invasion (%) No 21 (42.0) 19 (47.5) .758
Yes 29 (58.0) 21 (52.5)

Perineural invasion (%) No 7 (14.0) 4 (10.0) .801
Yes 43 (86.0) 36 (90.0)

Vascular invasion (%) No 36 (72.0) 25 (62.5) .465
Yes 14 (28.0) 15 (37.5)

Lymph node metastasis (%) No 31 (62.0) 20 (50.0) .354
Yes 19 (38.0) 20 (50.0)

T2 (%) T1+T2 35 (70.0) 26 (65.0) 781
T3+T4 15 (30.0) 14 (35.0)

N (%) NO 31 (62.0) 20 (50.0) 461
N1 15 (30.0) 17 (42.5)

0 N2 4(8.0) 3(7.5)

M (%) MO 48 (96.0) 37 (92.5) 797
M1 2 (4.0 3(7.5)

AJCC stage (%) 1 21 (42.0) 14 (35.0) 792
2 22 (44.0) 20 (50.0)
3+4 7 (14.0) 6 (15.0)

Smoking (%) No 40 (80.0) 26 (65.0) 174
Yes 10 (20.0) 14 (35.0)

Drinking (%) No 41 (82.0) 32 (80.0) 1
Yes 9 (18.0) 8 (20.0)

Diabetes (%) No 43 (86.0) 35 (87.5) 1

Yes 7 (14.0) 5 (12.5)
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Figure 1. The expression of CXCL5 in various cells. (A) CXCL5 in various pancreatic tumour cell lines. CXCL5 expression was significantly greater in
BxPC-3 cells and CFPAC-1 cells than in other cell lines. (B and C) CXCL5 expression levels in different BxPC-3 cells. (B) Detection of the CXCL5 level in
control, CXCL5-overexpressing, or CXCL5-silenced cells by RT-gPCR. (C) Detection of the CXCLS5 level in control, CXCL5-overexpressing, or CXCL5-
silenced cells by Western blotting. (D and E) CXCLS5 expression levels in different CFPAC-1 cells. (D) Detection of the CXCLS5 level in control, CXCL5-
overexpressing, or CXCL5-silenced cells by RT-qPCR. (E) Detection of the CXCL5 level in control, CXCL5-overexpressing, or CXCL5-silenced cells by

Western blotting.

NC: negative control group; KD: knockdown group; VECTOR: blank transfection group; OE: overexpression group. *P <.05; **P <.01; ***P <.001.
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Figure 2. CCK-8 assay. The survival ability of CFPAC-1 cells and BxPC-3 cells of transfection was affected by knocking down CXCL5 and
Overexpressing CXCL5. (A) CCK-8 assay of BxPC-3 cells; (B) CCK-8 assay of CFPAC-1 cells.

NC-BxPC-3: BxPC-3 negative control group.

SH-BxPC-3: BxPC-3 shRNA-mediated knockdown group.
BLANK- BxPC-3: BxPC-3 blank transfection group.

OE- BxPC-3: BxPC-3 overexpression group.
NC-CFPAC-1: CFPAC-1 negative control group.
SH-CFPAC-1: CFPAC shRNA-mediated knockdown group.
BLANK-CFPAC-1: CFPAC-1 blank transfection group.
OE-CFPAC-1: CFPAC-1 overexpression group.

*P<.05; **P<.01; ***P <.001.

We also performed a cell colony formation assay (Figure 3G
and H). In culture dishes, we found that CFPAC-1 and
BxPC-3 cells with CXCL5 knockdown had obvious growth
restrictions. However, the growth and proliferation of CXCL5-
overexpressing CFPAC-1 and BxPC-3 cells in culture dishes
were obviously enhanced. Flow cytometry was performed to
detect the percentage of apoptotic cells in the 2 groups (Figure
3E and F), and we found that CXCLS5 knockdown signifi-
cantly enhanced cell apoptosis, while CXCLS5 overexpression
had the opposite effect. Through proliferation and apoptosis

assays, we found that CXCLS5 overexpression is beneficial for
pancreatic cancer cells.

Effects of CXCLS5 on the migration and invasion of

pancreatic tumour cells

Next, we explored the impact of high/low CXCLS5 on invasion
and migration. We performed Transwell invasion assays on
CFPAC-1 and BxPC-3 cells (Figure 4A and B). SH-CXCL5
transfection and CXCLS5 overexpression were compared with
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CFPAC-1 cells.

NC: negative control group; KD: knockdown group; VECTOR: blank transfection group; OE: overexpression group.
*P<.05; **P<.01; ***P <.001.
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Figure 4. Effects of CXCL5 on invasion and migration of pancreatic cancer cells. (A) CXCL5 knockdown inhibits cell invasion. Transwell invasion assay:
BxPC-3 cells were transfected with CXCL5 shRNA or a CXCL5 overexpression vector. (B) CXCL5 knockdown inhibited cell invasion. Transwell invasion
assay: CFPAC-1 cells were transfected with CXCL5 shRNA or the CXCL5 overexpression vector. (C) The migration ability of the cells was analysed
through wound healing experiments. BxPC-3 cells were transiently transfected with CXCL5 or control shRNA. (D) The migration ability of the cells was
analysed through wound healing experiments. Transient transfection of CFPAC-1 cells with CXCL5 or control shRNA. (C and D) Quantification of the
experimental data shown in the graphs. Magnification, 40X. The results revealed that the wound healing rate of CFPAC-1 and BxPC-3 cells could be

reduced by silencing CXCLS5. (E) Rates of BxPC-3 cells; (F) Rates of CFPAC-1 cells.
*P<.05; **P<.01; ***P <.001.
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Figure 5. Expression of CXCL5, CD4, CD8, and FOXP3 in pancreatic cancer and adjacent normal tissues. (A) CXCL5 staining of adjacent tissue and
corresponding tumour tissue from 90 pancreatic cancer patients. (B) CD4 staining of adjacent tissue and corresponding tumour tissue from 90 pancreatic
cancer patients. (C) CD8 staining of tumour tissue and corresponding adjacent nontumour tissues from 90 pancreatic cancer patients. (D) FOXPS3 staining
of adjacent tissue and corresponding tumour tissue from 90 pancreatic cancer patients. The odd-numbered columns represent the intratumoural tumour
tissues, and the even-numbered columns represent the paired paracancerous tissue samples.

those in the control group. The results showed that tumour
cells with high expression of CXCLS5 had stronger invasive
ability, especially in the CFAPC-1 cell line. Therefore, whether
it has the same effect on cell migration ability remains unclear.
Wound healing experiments were conducted on CFPAC-1
and BxPC-3 cells. At 40X magnification (Figure 4C and D),
CXCL5 silencing decreased the wound healing rate of
CFPAC-1 and BxPC-3 tumour cells. By quantifying the data
(Figure 4E and F), we can intuitively see that the expression of
CXCLS is directly proportional to migration ability.

Correlation analysis of CXCL5, CD4, CDS, and
FOXP3 expression and immune infiltration

A total of 90 pairs of tumour tissue and adjacent tissues were
used for immunohistochemistry (Figure 5), and the results
were analysed. The Spearman correlation analysis indicated
that there was a significant negative correlation between
CXCLS5 levels and the CD8 IRS (»=-0.205, P=.018; Table
2). There was no significant correlation between the CD4
IRS and CXCLS5 level (r=-0.086, P=.418; Table 3).
However, there was a significant positive correlation between
FOXP3 IRS and CXCLS5 levels (r=0.341, P=.001; Table 4).
These findings suggest that the high expression of CXCL5
in pancreatic cancer may be unfavourable for cytotoxic lym-

phocyte infiltration. CXCL5 may be associated with the

infiltration of immunosuppressive FOXP3 +T cells to form
an immunosuppressive microenvironment.

Effect of CXCLS5 on tumour phenotype and

immune inﬁlz‘mtion in vivo

Using nude mice, we completed a subcutaneous tumourigene-
sis test. Finally, we generated a negative control group, an
SH-CXCLS5 group, and an OE-CXCLS5 group, which con-
sisted of 3 groups of subcutaneous tumours (Figure 6A). We
also calculated the tumour growth curve and average tumour
weight (Figure 6B, C). The knockdown group showed slower
growth and reduced tumour weight, whereas the overexpres-
sion group showed faster tumour growth and increased tumour
weight.

Discussion

Chemokines are involved in immune and inflammatory
responses by mediating leukocyte migration and triggering
specific immune responses. There are 4 kinds of chemokines
(C, CC, CXC, and CX3C) that are important targets for
tumour immunotherapy.’® At present, many chemokines are
found in tumour cells. These chemokines often regulate a vari-
ety of cells and ultimately affect the occurrence and develop-
ment of tumours or immune escape.?’ Studies have shown that
these chemokines can induce naive T-cell infiltration in the
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Table 2. CXCL5 expression level and CD8 IRS correlation.

CD8 IRS

CXCL5 Low 0 3 7 7 5 25 3
High 1 2 10 11 3 13 0
, ~0.250

P .018

Table 3. CXCL5 expression level and CD4 IRS correlation.

CD4 IRS

CXCL5  Low 1 24 "1 2 A1

High 10 22 5 0 3 0
r -0.086
p 418

Table 4. CXCL5 expression level and FOXP3 IRS correlation.

FOXP3 IRS

CXCL5 Low 22 17 9 0 1 0 1
High 7 13 13 2 3 1 1

r 0.341

P .001

tumour microenvironment,?! CCL1 and CCL17 can enhance
the activation of CD8 +T cells,22 CXCL9 enhances CXCR3
and monocyte tumour infiltration,” and CXCL12 and
CXCL16 can induce tumour regression through T-cell infil-
tration.?#? The receptor axis composed of chemokines and
receptors can also be involved in cellular physiological and
pathological processes by inducing directional cell movement
or recruiting immune effector cells.?62” These findings indicate
that chemokines play important roles in the occurrence and
development of cancer.

Pancreatic cancer is a malignant tumour with high mortal-
ity. With a unique immunosuppressive tumour microenviron-
ment, immunotherapy against pancreatic cancer is limited.?8
Therefore, targeted immunotherapy has become a new adju-
vant therapy. In this study, we found that CXCL5 not only
reduced immune cell infiltration but also affected the malig-
nant phenotype of cancer. This finding further suggested that
CXCLS5 may become an important target in the immunother-
apy of pancreatic cancer. CXCLS5 can play a role in a variety of
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Figure 6. Knockdown of CXCL5 increased inhibition in an in vivo mouse
tumour model. (A) Pictures of tumours in nude mice. (B and C). Growth
curves and mean tumour weights after tumour measurements.

NC: negative control group; SH-CXCL5: CXCL5 shRNA knockdown group; OE-
CXCL5: CXCL5 overexpression group.

*P<.05; **P<.01; ***P <.001.

cancers by inducing immune cell aggregation in the immune
microenvironment.!? It further promotes cell proliferation by
changing autocrine ability while affecting the generation of
derived blood vessels to promote the growth of pancreatic
tumours.?? Overexpression of CXCL5 and CXCL1 can pro-
mote immunosuppression through macrophage-derived apoli-
poprotein E, resulting in poor survival in patients.’® Tumour
invasion and metastasis are among the determinants of patient
prognosis. The high expression of CXCLS5 in PDAC can be
activated by receptor tyrosine kinase discoid domain receptor 1
and then the formation of neurotrophic extracellular traps,’!
which promote tumour growth and metastasis. Gamma amin-
obutyric acid, a receptor pi subunit, induces Ca?* and activated
nuclear factor kB signalling, which in turn leads to the overex-

pression of CXCL5 and CCL20. This process promotes
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macrophage infiltration and ultimately contributes to tumour
metastasis.>? In addition, studies have shown that knockdown
of CXCLS5 can reduce resistance to gemcitabine in the treat-
ment of pancreatic cancer.3> Knockdown of CXCLS5 expres-
sion in the treatment of bladder cancer can affect the NF-«xB
pathway to effectively attenuate resistance to mitomycin C.3
In sunitinib-resistant cells, researchers also found that CXCL5
was significantly upregulated.>> CXCLS5 not only has excellent
research value in improving drug resistance but also improves
the therapeutic efficacy of the tyrosine kinase inhibitor gefi-
tinib without increasing side effects in the combined treatment
of lung cancer.3¢ Therefore, targeted inhibitors against CXCLS5
could become a new way to attenuate drug resistance and could
be used as adjuvant drugs.

The metastasis of malignant tumours is also positively corre-
lated with the expression of CXCLS5. In the tumour microenvi-
ronment, CXCL5 can affect the local metastasis of advanced
melanoma, which is mainly related to neutrophil infiltration.3”
High CXCLS5 in colorectal cancer liver metastasis and gastric
cancer lymphatic metastasis predicts high metastasis risk.3®3 The
expression of CXCLS5 is greater in highly metastatic hepatocel-
lular carcinoma than in other types.*® CXCLS5 expression in
patients with metastatic prostate cancer was greater than that in
patients with primary prostate cancer.®' Therefore, CXCLS5
shows strong potential as a targeted cytokine in immunotherapy.

CXCL5 in pancreatic cancer can promote migration and
invasion through the cxcl5/cxer2 axis. The Cxcl5/cxcr2 axis plays
a bridging role in the microenvironment of solid tumours. It is
involved in recruiting immune cells and promoting tumour
growth and proliferation.#? The cxcl5/cxer2 axis affects the
growth of breast cancer,®® nasopharyngeal carcinoma,* thyroid
cancer,¥ and other tumours. In the potential mechanism by
which CXCLS5 acts on pancreatic cancer cells, some scholars have
found that there is a positive correlation between epithelial-mes-
enchymal transition (EMT) markers (SNAI2 and TWIST1) and
CXCLS5 in pancreatic cancer.*® In colon cancer, a team of experts
reported that high expression of CXCL5 induced EMT in a
CXCR2-dependent manner. This process mainly depends on the
ERK/Elk-1/Snail and AKT/GSK3p/B-catenin pathways.*’ The
CXCR2/CXCLS5 axis, which activates the PI3K/Akt/GSK-33/
Snail signalling pathway, further induces EMT and is involved in
the progression of hepatocellular carcinoma.*® Therefore, the
CXCR2/CXCLS5 axis can induce EMT, which may be a poten-
tial mechanism by which CXCLS5 is involved in the occurrence
and development of pancreatic cancer.

To explore the relationships between the malignant pheno-
type and immune infiltration of pancreatic cancer patients and
the expression of CXCLS5, we first explored the associations
between CXCLS5 expression and clinical pathophysiological
characteristics. Unfortunately, the correlations were not signifi-
cant. We further selected cells with high CXCLS5 levels and
constructed and verified CFPAC-1 and BxPC-3 cells with
CXCLS5 overexpression or knockdown. We used the 2 con-
structed cell lines and control cells for the CCK-8 assay, cell

proliferation and apoptosis assay, cell invasion and migration
assay, and so on. Our study found that the expression level of
CXCLS5 in tumour cell proliferation can affect cell prolifera-
tion, and this effect is often proportional to the expression of
CXCLS. Further experiments showed that most cells in the
knockdown CXCLS5 group exhibited cell cycle arrest in the G1
phase, which may be due to the impact of knockdown CXCL5
on the low expression of cyclin E1. Our experiment of detect-
ing cyclin by Western blot confirmed this point. At the same
time, flow cytometry also found that CXCLS5 knockdown sig-
nificantly enhanced cell apoptosis. Overall, we found that
CXCLS5 overexpression was beneficial to pancreatic cancer
cells. Studies have revealed that high expression of CXCL5
enhances the malignant phenotype of pancreatic tumour cells.
The level of expression of CXCL5 and the infiltration of CDS,
CD4, and FOXP3T cells were explored by immunohistochem-
istry. The CXCLS5 expression level was related to the CD8 IRS.
To verify this result, we generated subcutaneous tumour mod-
els in nude mice after obtaining Ethics Committee approval
from the Institute of Jiaxing Second Hospital. Mouse experi-
ments showed that the average weight of tumour in the knock-
down group was reduced, and the growth curve analysis also
found that the tumour in the knockdown group grew slowly.
This further illustrates high CXCL5 promoted the growth of
subcutaneous tumours in mice.

Of course, there are still limitations in our study. First of all,
the specific pathway through which CXCL5 can promote
tumour progression needs to be further studied. In addition, we
observed that the expression of CXCLS5 was correlated with
CD8 and FOXP3, but we did not deeply explore the liquid and
liquid mechanism of CXCLS5 affecting tumour immunity.

Conclusions

In this study, we aimed to explore the relationships between
CXCLS5 and malignant phenotypes and immune infiltration.
We analysed the associations between the clinicopathological
characteristics of pancreatic cancer patients and CXCLS5 levels.
Cell lines with high expression of CXCL5 were screened and
validated through sufficient experiments. We found that
CXCLS5 can promote a malignant phenotype, and high expres-
sion of CXCLS5 often indicates poor patient prognosis.
Therefore, CXCL5 may become a valuable new target for
future immunotherapy. However, accurate treatment of cancer
has gradually become an important point of clinical treatment.
This study failed to fully explore the possible regulatory mech-
anism and signal pathway of CXCLS5 on pancreatic cancer. So,
the underlying molecular mechanism of CXCLS5 regulation
still needs to be further explored. Whether CXCLS5 can play an
effective role in clinical immunotherapy in the future remains
to be further verified.
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