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Abstract: The discovery of early detection markers of pancreatic cancer (PC) disease is highly warranted. We ana-
lyzed the expression profile of different CXC-receptor-2 (CXCR2) ligands in PC cases for the potential of biomarker 
candidates. Analysis of different PDAC microarray datasets with matched normal and pancreatic tumor samples 
and next-generation sequenced transcriptomics data using an online portal showed significantly high expression of 
CXCL-1, 3, 5, 6, 8 in the tumors of PC patients. High CXCL5 expression was correlated to poor PC patient survival. 
Interestingly, mRNA and protein expression analysis of human PC cell lines showed higher CXCL2, 3, and 5 expres-
sions in cell lines derived from metastatic sites than primary tumors. Furthermore, we utilized immunohistochem-
istry (IHC) to evaluate the expression of CXCR2 ligands in the human PC tumors and observed positive staining for 
CXCL1, 3, and 8 with a higher average IHC composite score of CXCL3 in the PC tissue specimens than the normal 
pancreas. We also observed an increase in the expression of mouse CXCL1, 3, and 5 in the pre-cancerous lesions 
of tumors and metastasis tissues derived from the PDX-cre-LSL-KrasG12D mouse model. Together, our data suggest 
that different CXCR2 ligands show the potential of being utilized as a diagnostic biomarker in PC patients.
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Introduction

Pancreatic Cancer (PC) remains a challenging 
disease due to its late clinical presentation  
with metastatic dissemination at the time of 
diagnosis [1-3]. Other factors that affect this 
disease’s outcome are the limited number of 
patients that qualify for surgical resection, the 
inadequacy of the currently available detection 
techniques, and less effective chemothera- 
peutic treatments for combating the disease. 
Thus, even though PC is less common in occur-
rence, the disease has a higher mortality rate 
than other cancer types [4]. With all the above 
mentioned factors, improving this disease’s 
clinical outcome necessitates research focus-
ing on early detection markers. In the current 
study, we present an effort to identify the 

potential of the CXCR2 receptor’s inflammatory 
chemokines as biomarkers during PC’s incep-
tion and progression.

Chemokines, the members of the supergene 
family of chemotactic cytokines, are a horde of 
low molecular weight inflammatory cytokines 
that recruit leukocytes to an inflammatory area 
[5]. There are four subfamilies of chemokines 
based on the location of N-terminal cysteine 
residues: CXC, CC, CX3C, and XC [6]. The mem-
bers of these four families of chemokines differ 
in their structure, the chromosomal location of 
their genes, and the target cell’s response [7]. 
After the initial characterization of chemokines 
as immune cell recruiters, the plethora of 
recent research highlights their pivotal role in 
cancer biology by affecting both the tumor cells 
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and tumor microenvironment. Chemokines in- 
fluence different cancer cell properties such as 
tumor growth and proliferation, epithelial to 
mesenchymal transition, cancer stem cell prop-
erties, and chemotherapy resistance, and can 
modify the tumor microenvironment through 
leukocyte recruitment, stromal interactions, 
angiogenesis, and creating metastatic niches 
[8].

The CXC subfamily or α-chemokine comprises 
seventeen members. Some family members 
have a characteristic Glu-Leu-Arg (ELR) motif 
located at the N-terminus before the first cyste-
ine amino acid residue [9]. This ELR motif is 
associated with the chemokine’s angiogenic 
nature [10]. Thus, the CXC family can further 
divide into two groups based on the presence 
or absence of an ELR motif. The ELR+ chemo-
kines are, in general, promoters of angiogene-
sis, play a role in endothelial cell chemotaxis, 
and neutrophils recruitment, known for their 
synthesis and storage of angiogenic molecules 
[11, 12]. On the other hand, ELR- members are 
usually angiogenesis inhibitors [10, 13] with T 
and B cell recruitment properties.

CXC-receptor 2 (CXCR2) ligands (CXCL1-3, 5-8) 
are all ELR+ angiogenic chemokines that as- 
sist in delivering oxygen and nutrients to the 
tumor to constitute a vascular network, thereby 
enhancing the invasiveness of tumors. Our cur-
rent study focuses on different methods to 
examine their expression profile for evaluation 
as potential biomarker candidates. CXCR2 
plays a critical role in different cancers, such as 
lung cancer [14, 15], breast cancer [16-21], 
clear-cell renal cell carcinoma [22], hepatocel-
lular carcinoma [23], melanoma [24-27], and 
pancreatic ductal carcinoma [28-30]. Moreover, 
recent studies suggest that CXCR2 could  
be considered a target for PC and metastasis 
treatment [31, 32]. Varied studies in different 
tumor types have drawn a consensus regarding 
the role of CXCR2 and the ligands. However, our 
study attempts to analyze the prognosis value 
of CXCR2 ligands in PC comprehensively.

We utilized different approaches for the eva- 
luation of the biomarker potential of CXCR2 
ligands. Such as online Oncomine, Michigan 
Portal for the Analysis of NGS data (MiPanda), 
and Gene Expression Profiling Interactive 
Analysis (GEPIA) portals with microarray and 
analyzed next-generation sequenced transcrip-

tomics data. Similarly, we utilized the Badea 
cohort (GSE15471) [33], Pei Pancreas (GSE- 
16515) [34], and Zhang cohort (GSE28735) 
[35] containing matched pancreatic tumors 
with corresponding matched normal samples. 
We also performed CXCR2 ligands expression 
analysis in nine different human PC cell lines. 
We evaluated the ligand expression pattern in 
pancreatic tissues and metastatic liver derived 
from the disease progression mouse model of 
PDX-cre-LSL-KRASG12D and the human PC tis-
sue specimens. In conclusion, our analysis  
suggests that among different CXCR2 ligands, 
CXCL5 shows the potential of being used as a 
biomarker in PC patients.

Material and methods

Online portals

Oncomine analysis: Oncomine (www.oncomine.
org) is a public cancer microarray database 
with a web-based data-mining platform de- 
signed to facilitate gene expression analyses 
for various tumors [36]. We utilized the Badea 
Pancreas (39 normal pancreas and 39 PC  
samples) and Pei Pancreas databases (16 nor-
mal pancreas and 36 PC samples) in the PC 
Oncomine database to analyze the expression 
level of the CXCR2 receptor and ligands. We 
used a P-value of 0.0001, a fold change of 2, 
and the top 10% genes as thresholds for our 
analysis. Oncomine automatically generates 
bar-graphs of expression data based on the 
input gene from the two utilized databases.

GEPIA analysis: GEPIA (http://gepia.cancer-
pku.cn/) is an online web-based data-mining 
portal that integrates gene expression data 
from (TCGA) and the Genotype-Tissue Expres- 
sion (GTEx) project [37]. We utilized the GEPIA 
database to explore CXCR2 receptor and 
ligands’ gene expression as a differential func-
tion of normal (171 samples) and pancreatic 
tumor (179 samples), different pathological 
stages according to the TCGA clinical annota-
tion, similar gene detection, and patient surviv-
al analysis. We plotted logarithmic expression 
of TPM (log2 (TPM+1)) transformed expression 
data. GEPIA automatically generates different 
plots such as a box or violin plot based on the 
different gene input.

MiPanda analysis: MiPanda (http://mipanda.
org) is a public online portal that provides 

Table 1. Details of the GEO datasets utilized in the study
GEO  

Accession
Last name of 

the first author
Normal 

Samples
Tumor 

Samples Matched Number 
of genes

1 GSE15471 Badea 36 36 36 54775
2 GSE 16515 Pei 16 36 16 54613
3 GSE 28735 Zhang 45 45 45 28869
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access to large-scale computational analysis of 
high-throughput RNA sequencing samples [38]. 
We utilized this portal to access PC-specific 
CXCR2 receptor and ligands gene expression 
profiles across numerous normal pancreas, 
cancer tissues and, metastasis. Currently, the 
portal contains a combined 417 RNA sequenc-
ing samples of normal pancreas and tumor tis-
sue. Our current study has modified the auto-
matically generated graph from the portal with 
the expression of gene plotted in logarithmic 
TPM across normal pancreas, primary PC sam-
ples, and metastases.

OncoLnc analysis: OncoLnc (http://www.on- 
colnc.org.) is an online tool that explores sur-
vival correlations based on mRNAs, miRNAs, or 
long non-coding RNAs (lncRNAs) expression 
data for different genes. OncoLnc retrieves 
RNA-sequencing expression for mRNAs and 
miRNAs from TCGA and lncRNA expression 
from MiTranscriptome beta. We utilized pre-
computed survival analyses generated as 
Kaplan-Meier plots for gene expression of 
CXCR2 receptor and ligands in PC patients’ 
analyses [39].

Microarray-based gene-expression profiles of 
matched pairs of PDAC tumor and adjacent 
non-tumor tissues

We downloaded raw data of the following  
microarray gene expression profiles-GSE15471 
[33], GSE16515 [34], and GSE28735 [35] from 
the GEO database, NCBI gene expression, and 
hybridization array data repository. We ana-
lyzed the obtained raw data using Wilcoxon 
analysis in GraphPad Prism 8.0 software (San 
Diego, CA). Table 1 contains details of the three 
datasets utilized for matched PDAC tumor and 
adjacent non-tumor tissues.

Cell culture

We obtained the human PC cell line T3M-4 as a 
generous gift from Dr. Hollingworth’s laboratory 
at the University of Nebraska Medical Center 

L3.3 and L3.6pl [40] as generous gift from  
Dr. I.J. Fidler in the University of Texas M.D. 
Anderson Cancer Center. We also utilized a 
model of immortalized human pancreatic duct-
derived cell lines, with or without exogenous 
expression of KRAS(G12D)-hTERT-HPNE (HPNE) 
and hTERT-HPNE-KRAS(G12D) (HPNE-KRAS) as 
described previously [41]. We purchased PC 
cell line AsPC-1 from American Type Culture 
Collection (Manassas, VA). We have described 
cell culture and maintenance previously [42].  
In brief, we maintained cell lines such as T3M-
4, CD18-HPAF, MiaPaCa-2, and Panc-1 in 
Dulbecco’s Modified Eagle Medium (DMEM) 
(Hyclone Laboratories, Logan, UT) supplement-
ed with 5% fetal bovine serum (FBS) (Sigma-
Aldrich, St. Louis, MO), 1% of 100X Minimum 
Essential Medium (MEM) vitamin solution 
(Mediatech, Herdon, VA), 1% of 200 mM L- 
glutamine (Mediatech) and 8 mg/mL of genta-
mycin (Invitrogen, Carlsbad, CA). We cultured 
AsPC-1 and BxPC-3 using Roswell Park 
Memorial Institute medium (Sigma-Aldrich) 
supplemented with 5% FBS (Sigma-Aldrich),  
1% of 200 mM L-glutamine (Mediatech), and 8 
mg/mL gentamycin (Invitrogen). We cultured 
Capan-1 cells in Iscove’s Modified Dulbecco’s 
Medium (IMDM) (Sigma-Aldrich) with 20% FBS 
(Sigma-Aldrich), 1% of 100X MEM vitamin solu-
tion (Mediatech), 1% of 200 mM L-glutamine 
(Mediatech) and 8 mg/mL gentamycin (Invit- 
rogen). Lastly, we maintained HPNE and HPNE-
Kras in unique media consisting of three parts 
DMEM (HyClone) and one part M3:5 growth 
medium (Incell, San Antonio, TX) supplement- 
ed with 5% FBS, (Sigma-Aldrich), 1% of 100X 
MEM vitamin solution (Mediatech), 1% of 200 
mM L-glutamine (Mediatech) and 8 mg/mL of 
gentamycin (Invitrogen).

RNA extraction and analysis

We seeded different cell lines at a density of 
1×106 in a 100 mm dish overnight. We isolat- 
ed total cellular RNA from these different cell 
lines the following day using TRIzol® reagent 

Table 1. Details of the GEO datasets utilized in the study
GEO  

Accession
Last name of 

the first author
Normal 

Samples
Tumor 

Samples Matched Number 
of genes

1 GSE15471 Badea 36 36 36 54775
2 GSE 16515 Pei 16 36 16 54613
3 GSE 28735 Zhang 45 45 45 28869

(UNMC), Omaha, Nebraska. 
Similarly, we obtained human 
PC cell lines such as CD18-
HPAF, Panc-1, MiaPaCa-2, 
Capan-1, and BxPC-3 as  
generous gifts from Dr. Batra’s 
laboratory, UNMC Omaha, Ne- 
braska. We received human 
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(Invitrogen, Carlsbad, CA) as described previ-
ously [43]. We resuspended the obtained RNA 
in 20 μl of diethylpyrocarbonate (DEPC) con-
taining water, quantified using absorbance at 
260 nm, and checked the quality of the RNA. 
We synthesized cDNA using two µg of the 
obtained RNA for a twenty µl reaction using 
High-Capacity cDNA Reverse Transcription Kit 
(applied biosystems, Thermo Fischer Scienti- 
fic, Carlsbad, CA). We prepared qRT-PCR reac-
tions using PowerUp™ SYBR™ Green Master 
Mix (Thermo Fisher), cDNA, gene-specific prim-
ers (Table 1), and nuclease-free water. We ana-
lyzed the results using Thermo Fisher Connect 
(Thermo Fisher). We calculated the mean Ct  
values of the target genes and normalized the 
obtained values to mean Ct values of the en- 
dogenous control, HPRT; [-ΔCt = Ct (HPRT) - Ct 
(target gene)]. Furthermore, we performed a 
melting curve analysis to check the specificity of 
the amplified products. The details of the se- 
quence of gene-specific primers are in Table 2.

Protein isolation, quantification, and immunob-
lotting

We seeded different cell lines at a density of 
1×106 in a 100 mm dish overnight. The follow-
ing day we washed the cells thrice with Phos- 
phate Buffer Saline (PBS) and added serum-
free media. Furthermore, we incubated these 
cells for 72 hours before isolating proteins. We 
isolated and quantified proteins for immunob-
lotting as described previously (plexin-B3). In 
brief, we lysed the cells using Membrane Lysis 
Buffer (M-PER®, Pierce, Rockford, IL) contain- 
ing protease inhibitors (Complete mini, Roche 
Diagnostics, Mannheim, Germany). We utilized 
a BCA kit (Pierce™ BCA and Protein Assay Kit 
(Thermo Scientific, Rockford, IL) for protein 

quantitation and followed the protocol as des- 
cribed by the manufacturer. We separated the 
denatured proteins on a 10% SDS-PAGE and 
transferred the proteins to a 0.45 μm PVDF 
membrane (Millipore, Billerica, MA). Next, we 
blocked the membrane with 3% Bovine Serum 
Albumin (BSA, Sigma) in 0.1% Tween containing 
Tris Buffer Saline (TBST) and incubated the 
membrane with the respective primary anti-
body (Table 3) at 4°C overnight. The following 
day, we incubated the membrane with second-
ary horseradish peroxidase antibody (mouse 
(Sigma)), 1:5000; rabbit (Thermo Scientific), 
1:5000 and finally developed the blots using 
the Luminata™ Forte (Millipore) on Molecular 
Imager® Gel Doc™ XR System (BIO-RAD) using 
Image Lab version 5.2.1.

Enzyme-linked immunosorbent assay (ELISA)

We seeded different cell lines at a density of 
1×106 in a 100 mm dish overnight and fol- 
lowed the protocol described in the above sec-
tion. After incubating these cells in serum-free 
media for 72 hours, we collected the superna-
tants from these cells. According to the manu-
facturer’s protocol, we performed an ELISA 
assay for human CXCL1 (DY275) and CXCL5 
(DY254) using a duo set sandwich ELISA assay 
kit (R&D Systems, Minneapolis, MN). Similarly, 
according to the manufacturer’s protocol, we 
utilized monoclonal CXCL8 antibody (M-801-E, 
Endogen, Woburn, MA) for coating and biotin-
labeled detecting antibody (M-802-B, Endo- 
gen) for the development of the assay.

Also, serum levels of CXCL1, CXCL5, and CXCL8 
from human patient samples were quantified 
using Human duo set sandwich ELISA assay as 
per manufactures instructions (R&D Systems). 

Table 2. List of human primers used for the study
S. No Gene Melting Temp Forward Primer Reverse Primer
1 HPRT 58°C GTTGGATACAGGCCAGACTTTCTTG GATTCAACTTGCGCTCATCTTAGGC
2 CXCR1 59°C TGGGAAATGACACAGCAAAA AGTGTACGCAGGGTGAATCC
3 CXCR2 58°C ACTTTTCCGAAGGACCGTCT GTAACAGCATCCGCCAGTTT
4 CXCL1 59°C ATTCACCCCAAGAACATCCA CACCAGTGAGCTTCCTCCTC
5 CXCL2 59°C GCAGGGAATTCACCTCAAGA AGCTTCCTCCTTCCTTCTGG
6 CXCL3 59°C GCAGGGAATTCACCTCAAGA GGTGCTCCCCTTGTTCAGTA
7 CXCL5 57°C AGCTGCGTTGCGTTTGTTTAC TGGCGAACACTTGCAGATTAC
8 CXCL6 58°C GAATTTCCCCAGCATCCCAAAG TGCCTTCTGCACTCCCTTTATC
9 CXCL7 58°C ACTTGTAGGCAGCAACTCACC GGTGGAGAAGGCTGAGCTAG
10 CXCL8 59°C ACATACTCCAAACCTTTCCACCC CAACCCTCTGCACCCAGTTTTC

Table 3. List of antibodies used for IHC and immunoblotting
Species reactivity 
in this paper Antibody Supplier Catalog  

number
Host  

species Dilution

Mouse CXCR2 A kind gift from Dr. Strieter Goat 1:1000
Mouse/Human Gro alpha Abcam ab86436 Rabbit 1:500
Mouse/Human CXCL3 Bioss bs-2547R Rabbit 1:500
Mouse CXCL5 Cloud-clone corp. PAA860Mu01 Rabbit 1:100
Human CXCR2 Abcam ab14935 Rabbit IHC-1:200, WB: 1:500
Human CXCL8 Pierce Endogen P801 Rabbit 1:200
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The serum samples were obtained under the 
Institutional Review Boards (IRB) of the Univer- 
sity of Nebraska Medical Center (UNMC) (IRB 
number 209-00). Consent was obtained from 
all patients and controls, and inclusion criteria 
were any adult patient (age ≥18 years) with his-
tologically proven PC. Chronic pancreatitis (CP) 
was defined based on CT scan findings of calci-
fications, abnormal pancreatogram, or secretin 
stimulation test. The 96-well plates were coat-
ed with anti- Human CXCL1/5/8 capture anti-
bodies (4 µg/ml concentration) in PBS over-
night at room temperature (RT). After three 
washes with wash buffer PBS containing 0.05% 
Tween 20 (PBS-T) using a plate washer (BioTek, 
ELx50, BioTek, Winooski, VT), plates were blo- 
cked with 3% BSA (Probumin, Millipore) for two 
hours at RT followed by three washings with 
PBS-T. The linear range of standards (rang- 
es from 12,000-11.7 pg/ml) and appropriate 
serum dilution (1:5 dilutions) in 1% BSA were 
added in duplicates, and plates were incubated 
overnight at 4°C. After three washes with wash 
buffer, standards and samples were incubat- 
ed with biotinylated detection antibodies in 1% 
BSA for 2 hrs at RT. After washing thrice, the 
streptavidin-HRP was added onto plated for 20 
minutes at RT. Signal was developed using TMB 
substrate (Millipore), and the final reaction was 
stopped with a stop solution (2N H2SO4). Plates 
were read at 450 nm, and concentrations in 
serum samples were interpolated using logis-
tic-4 regression on the FindGraph software 
(Vancouver, BC).

Immunohistochemistry

We have previously described the method of 
IHC in detail in [44]. In brief, we deparaffinized 
4 µm thick, formalin-fixed, paraffin-embedded 
sections using the gradient of alcohol and 
xylene. We performed antigen retrieval using 
sodium citrate buffer (pH=6.0) and microwav-
ing for 10 minutes following deparaffinization. 

Next, we blocked endogenous peroxidase by 
incubating it with 3% hydrogen peroxide in 
methanol for 30 minutes. We probed slides 
with appropriate primary antibodies after block-
ing, as detailed in Table 3, overnight at 4ºC. The 
following day, we washed the slides using PBS 
and incubated them for an hour with appropri-
ate secondary antibodies. We detected immu-
noreactivity using the ABC Elite Kit (Vector 
Laboratories, Burlingame, CA) and 3, 3 diami-
nobenzidine substrate kit (Vector Labo- 
ratories) as per the manufacturer protocols, 
respectively. Furthermore, we counterstained 
the nuclei with hematoxylin.

IHC score was calculated according to the  
following criteria: Percentage of positive cells 
on the slides was as follows: 0 (negative), 1 
(1-25% of cells positive), 2 (>25-50% of cells 
positive), 3 (>50-75% of cells positive), and 4 
(>75-100%). Furthermore, the intensity was 
designated as weak (1 point), moderate (2 
points), and strong (3 points). The IHC compos-
ite score was calculated by multiplying the 
extent of positive cells with intensity (maxi- 
mum score of 12). Average scores from two 
independent observers were reported.

Mouse model of PC disease progression and 
metastasis specimens

We utilized tissue sections of primary pancre-
atic tumors and liver metastasis of the PDX- 
cre-LSL-Kras(G12D) (KC) mice [45]. We obtained 
pancreatic tumors of KC mice from different 
time points/ages (10, 25, and 50 weeks) and 
metastatic liver sites of KC mice at the 50- 
week time point for our study. Five tumor sec-
tions of each stage were used to evaluate the 
expression of different ligands. The Tissue sci-
ence facility at the University of Nebraska 
Medical Center (UNMC) processed, paraffin-
embedded, and sectioned the collected tissue 
specimens.

Table 3. List of antibodies used for IHC and immunoblotting
Species reactivity 
in this paper Antibody Supplier Catalog  

number
Host  

species Dilution

Mouse CXCR2 A kind gift from Dr. Strieter Goat 1:1000
Mouse/Human Gro alpha Abcam ab86436 Rabbit 1:500
Mouse/Human CXCL3 Bioss bs-2547R Rabbit 1:500
Mouse CXCL5 Cloud-clone corp. PAA860Mu01 Rabbit 1:100
Human CXCR2 Abcam ab14935 Rabbit IHC-1:200, WB: 1:500
Human CXCL8 Pierce Endogen P801 Rabbit 1:200



CXCR2 axis in pancreatic cancer

73 Am J Cancer Res 2022;12(1):68-90

Human PC patient specimens

We obtained Tissue Microarray (TMA) slides 
from the UNMC rapid autopsy program. The 
Institutional Review Board of the UNMC has 
approved the rapid autopsy program (UNMC 
IRB 091-01). Constructed from paraffin blocks, 
TMAs contained pancreatic tumor cores, non-
cancerous pancreas, and control specimens of 
gastric tissue.

The serum samples were obtained under the 
Institutional Review Boards (IRB) of the Univer- 
sity of Nebraska Medical Center (UNMC) (IRB 
number 209-00). Consent was obtained from 
all patients and controls before enrollment into 
the study. Inclusion criteria were any adult 
patient (age ≥18 years) with histologically prov-
en PC. Chronic pancreatitis (CP) was defined 
based on CT scan findings of calcifications, 
abnormal pancreatogram, or secretin stimula-
tion test.

Results

Oncomine datasets demonstrate higher 
expression of CXCL3, CXCL5, and CXCL8 in 
pancreatic tumors in comparison with normal 
pancreas

We utilized different online portals to examine 
the expression of CXCR2 ligands in PC pa- 
tients. First, we examined Pei and Badea PC 
datasets present in the Oncomine database 
[36], which contained a differential gene 
expression analysis of PC tumors and the nor-
mal pancreas. We screened for CXCR2 ligands 
(Figure 1A-F) and observed significantly higher 
expression of CXCL3 (Figure 1A, 1D), CXCL5 
(Figure 1B, 1E), and CXCL8 (Figure 1C, 1F) in 
pancreatic tumors in comparison with normal 
pancreas. CXCL3 showed five-fold higher ex- 
pression in pancreatic tumors (P-value 3.8E-7, 
t-tests-5.806 with overexpression (OE) gene 
rank of 433). It was among the top 3% of the 
differentially expressed genes in the Pei datas-
et (Figure 1A). Similarly, CXCL3 showed nearly 
four-fold higher expression in pancreatic tu- 
mors (P-value 1.19E-8, t-tests-6.423 with OE 
gene rank of 1428). It was among the top 8%  
of the differentially expressed genes in the 
Badea dataset (Figure 1D). On the other hand, 
CXCL5 nearly showed 13 fold higher expres- 
sion (P-value 5.58E-9, t-tests: 6.828, OE gene 
rank of 16) and was among the top 1% of the 

differentially expressed genes in the Pei datas-
et (Figure 1B). Uniformly, CXCL5 showed an 8.6 
fold higher expression in pancreatic tumors 
(P-value 3.37E-13, t-tests-8.638, OE gene rank 
of 211) and was among the top 2% of the dif-
ferentially expressed gene genes in the Badea 
dataset (Figure 1E). Lastly, CXCL8 showed 
eight-fold higher expression (P-value 3.51E-6, 
t-tests: 5.473, OE gene rank of 719) and was 
among the top 4% of the differentially expre- 
ssed genes in the Pei dataset (Figure 1C). 
Likely, CXCL8 showed a 9.8 fold higher expres-
sion in pancreatic tumors (P-value 9.92E-12, 
t-tests-7.971, OE gene rank of 380) and was 
among the top 2% of the differentially expressed 
genes in the Badea dataset (Figure 1F).

MiPanda database demonstrate higher ex-
pression of CXCL1, CXCL3, CXCL5, CXCL6, and 
CXCL8 in pancreatic tumors and metastasis in 
comparison with normal pancreas

We examined the expression of CXCR2 ligands 
in normal pancreatic tissues, PC tissues, and 
metastasis at the MiPanda database [38]. 
Expression of CXCL1, CXCL3, CXCL5, CXCL6, 
and CXCL8 was significantly higher, whereas 
CXCL2 was significantly lower in PC tissues and 
metastasis in comparison with normal tissues 
(Figure 1G-L). The median value of logarithmic 
CXCR2 ligands transcripts per million (TPM) 
expression for PC tumor, metastases, and nor-
mal pancreas and are listed in Table 4. CXCL5 
expression showed the highest fold change dif-
ference of 197.67 in pancreatic tumors com-
pared to the normal pancreas (Figure 1J), fol-
lowed by CXCL8 (107.46 fold change) (Figure 
1L), CXCL3 (95.92 fold change) (Figure 1I), 
CXCL6 (42.46 fold change) (Figure 1K) and 
CXCL1 (26.92 fold change) (Figure 1G). Apart 
from the highest fold change difference of 
CXCL5, the range of CXCL5 expression in the 
normal pancreas was narrow. All the expres-
sion values were lower than the median of 
CXCL5 expression in pancreatic tumors.

We utilized the GEPIA database [37] to validate 
further the expression of CXCR2 ligands in nor-
mal pancreas and pancreatic tumor tissues 
(Figure 1M-R). Similar to MiPanda, CXCL1 (Fig- 
ure 1M), CXCL3 (Figure 1O), CXCL5 (Figure 1P), 
CXCL6 (Figure 1Q), and CXCL8 (Figure 1R), 
showed significantly higher logarithmic expres-
sion TPM+1 (P<0.01) whereas CXCL2 (Figure 
1N) showed a non-significant trend of lower 
expression in PC tissues than normal tissues.
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Figure 1. Different online portals demonstrate significantly high CXCR2 ligands expression in patients with PC. (A-C) The differential CXCR2 ligands expression 
analysis was performed on the Pei PC microarray dataset present in the Oncomine database. Box plot shows higher expression of CXCL3 (A, P=3.8E-7), CXCL5 (B, 
P=5.58E-9) and CXCL8 (C, P=3.51E-6) in PC patients than normal pancreas. (D-F) The differential CXCR2 ligands expression analysis was carried out on the Badea 
PC microarray dataset present in the Oncomine database. Box plot graph showing higher expression of CXCL3 (D, P=1.19E08), CXCL5 (E, P=3.37E-13) and CXCL8 
(F, P=9.92E-12) in PC patients than normal pancreas. (G-L) In the MiPanda online platform, box plot demonstrates significantly high logarithmic TPM expression of 
CXCL1 (G, P=7.38E-8), CXCL3 (I, P=2.00E-12), CXCL5 (J, P=3.88E-15), CXCL6 (K, P=3.64E-8) and CXCL8 (L, P=2.33E-20) whereas low CXCL2 (H, P=7.51E-9) expres-
sion in pancreatic tumors and metastasis in comparison with normal pancreas. (M-R) In the GEPIA online platform, box plot demonstrates significantly high logarith-
mic TPM+1 expression of CXCL1 (M), CXCL3 (O), CXCL5 (P), CXCL6 (Q), and CXCL8 (R), whereas non-significant low CXCL2 (N) expression in pancreatic tumors and 
metastasis in comparison with the normal pancreas (P<0.01). Red indicates pancreatic tumor tissue; gray indicates normal pancreatic tissue.
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Matched pancreatic tumors and correspond-
ing normal pancreas sample analysis from 
different gene expression omnibus (GEO) data-
sets demonstrate high CXCR2 ligand expres-
sion in PC patients

We downloaded raw data of microarray gene 
expression profile of CXCR2, different CXCR2 
ligands, and CXCR1 from Badea-GSE15471 
[33], Pei-GSE16515 [34], and Zhang-GSE287- 
35 [35] datasets present in the (GEO). We only 
analyzed expression datasets of the patient 
having both matched pancreatic tumors and 
corresponding normal pancreas samples from 
these raw data. The Badea-GSE15471 dataset 
contained probes for all CXCR2 ligand samples 
as well as CXCR1 and CXCR2 (Figure 2A-H). 
With a sample size of 34 patients, analyzing  
the Badea dataset showed more patients with 
a higher CXCL1 (P-value =4E-4) (Figure 2A), 
CXCL3 (P-value <1E-4) (Figure 2C), CXCL5 
(P-value <1E-4) (Figute 2D), CXCL6 (P-value 
<1E-4) (Figure 2E), and CXCL8 (P-value <1E-4) 
(Figure 2F) in the matched tumor than adja- 
cent normal samples, whereas CXCL2 and 
CXCR1 showed more patients with a trend of 
lower expression in the matched tumor than 
adjacent normal samples. On the other hand, 
the trend of CXCR2 expression was not con- 
clusive. Pei-GSE16515, with matched samples 
of 16 patients, also contained expression pro-
files for CXCR2, all CXCR2 ligand samples, and 
CXCR1. Analyses of the Pei dataset showed a 
trend indicating a greater number of patients 
with significantly higher amounts of CXCL3 
(P-value =8E-40) (Figure 2I), CXCL5 (P-value 
<3E-4) (Figure 2J), CXCL7 (P-value =2.5E-2) 
(Figure 2K), and CXCL8 (P-value =1E-3) (Figure 
2L) in the matched tumor in comparison to the 
adjacent normal samples. Lastly, the Zhang-
GSE28735 dataset containing matched sam-

ples of 45 patients contained limited-expres- 
sion probes for CXC family ligands and recep-
tors; however, CXCL3 (P-value =5.3E-3) (Figure 
2M), CXCL5 (P-value <1E-4) (Figure 2N), and 
CXCL8 (P-value =4.1E-3) (Figure 2O) showed a 
significant trend of higher expression while 
CXCR1 (P-value =3.2E-2) (Figure 2P) showed a 
trend of significant lower expression in pan- 
creatic tumors compared to their respected 
matched normal samples.

GEPIA plots of CXCR2 ligand expression are 
significantly different across PC pathological 
stages

GEPIA can plot gene expression by pathological 
stages based on The Cancer Genome Atlas 
(TCGA) clinical annotation. We observed sig- 
nificant differences of CXCL1 (F value =2.91, 
Pr(>F) =3.61E-2) (Figure 3A), CXCL3 (F value 
=3.97, Pr(>F) =1.15E-2) (Figure 3B), CXCL5 (F 
value =5.84, Pr(>F) =8.05E-4) (Figure 3C) and 
CXCL8 (F value =3.61, Pr(>F) =1.45E-2) (Figure 
3D) expression across different PC pathologi-
cal stages. All the four ligands CXCL1, CXCL3, 
CXCL5, and CXCL8, showed a higher median 
and narrow range of expression in the later 
stages of the disease. Among the four ligands 
showing significant association with the patho-
logical stages, CXCL5 (Figure 3C) expression 
demonstrated the most direct and logical pat-
tern of increase in expression. However, we do 
acknowledge that less than 3% of TCGA data 
represents stage IV. Hence the analysis of the 
dataset with pathological stages is not robust. 
Also, CXCL5 expression based on mRNAs sh- 
owed a significant correlation with the survi- 
val of PC patients generated as Kaplan-Meier 
plots from the OncoLnc tool (P-value =9.31E-3) 
(Figure 3E). We selected the 25th percentile 
suggesting we compared upper quartile data 

Table 4. CXCR2 ligands expression in pancreatic tumors

Normal Cancer Metastasis P-value (primary 
cancer vs Normal)

P-value (primary cancer, 
metastasis vs Normal)

1 CXCL1 6.036 16.647 46.941 7.38E-8 5.55e-8
2 CXCL2 22.913 10.416 9.794 7.51E-9 6.64E-9
3 CXCL3 1.734 7.293 28.412 2.00E-12 1.27E-12
4 CXCL5 1.087 25.039 68.22 3.88E-15 3.24E-15
5 CXCL6 1.961 8.124 3.096 3.64E-8 4.16E-8
6 CXCL8 2.203 24.0325 12.18 2.33E-20 2.83E-20
MiPanda database demonstrates higher expression of CXCL1, CXCL3, CXCL5, CXCL6, and CXCL8 in pancreatic tumors com-
pared to normal pancreas.
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Figure 2. Analysis of matched normal and tumor in PC patients demonstrate significantly high CXCR2 ligands ex-
pression. Analysis of microarray gene expression datasets present in GEO (Badea-GSE15471, Pei-GSE16515, and 
Zhang-GSE28735) for patients having both matched pancreatic tumors and corresponding normal pancreas sam-
ples. (A-H) Graph showing higher trend of CXCL1 (A, P=4E-4), CXCL3 (C, P<1E-4), CXCL5 (D, P<1E-4), CXCL6 (E, 
P<1E-4), and CXCL8 (F, P<1E-4), lower trend of CXCL2 (B, P<1E-4) and CXCR1 (G, P<1E-4) and non-conclusive trend 
of CXCR2 expression (H) in Badea dataset with sample size of 34 patients. (I-L) Graph showing significant higher 
trend of CXCL3 (I, P=8.0E-4), CXCL5 (J, P=3.0E-4), CXCL7 (K, P=2.5E-2) and CXCL8 (L, P=1.0E-3) in Pei dataset 
with matched sample size of 16 patients. (M-P) Graph showing a significantly higher trend of CXCL2 (M, P=5.3E-3), 
CXCL5 (N, P<1.0E-4), CXCL8 (O, P=4.1E-3), and CXCR1 (P, P=3.2E-2) in Zhang dataset with a matched sample size 
of 45 patients.
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with lower quartile for survival analysis. PC 
patients with higher CXCL5 expression demon-
strated poor survival. However, this survival 
analysis is based on various pancreatic sam-
ples with different diseases and etiologies su- 
ch as pancreatic ductal adenocarcinoma, neu-
roendocrine pancreatic cancer, and others.

CXCL2, CXCL3, and CXCL5 expression in differ-
ent PC cell lines depends on the cells’ aggres-
sive property

We tested the mRNA expression of CXCR2 
ligands in eleven different pancreatic cancer 
cell lines. Three cell lines BxPC-3, Panc-1, and 
MiaPaCa-2, were derived from primary tumor 
sites; on the other hand, four cell lines T3M-4, 
CD18/HPAF, AsPc-1, and Capan-1, were de- 
rived from metastatic sites. Also, we used a 
model of immortalized human pancreatic duct-
derived cell lines hTERT-HPNE and hTERT-
HPNE-KRAS(G12D). The hTERT-HPNE cell line was 
developed from the human pancreatic duct by 
transduction with a retroviral expression vector 
(pBABEpuro) containing the hTERT gene. Exo- 
genous KRAS(G12D) expression enhances the 
aggressiveness of the HPNE cells. Also, we uti-
lized a pair of L3.3 and L3.6pl cell lines that 
differ in their metastatic potential to form liver 
lesions, with L3.6pl cells being more aggres-
sive than L3.3 cells. For the CXCL1 relative 
expression profile in these eleven cell lines, we 
observed a range of expression from 0 to 5000 
(Figure 4A). The cell lines BxPC-3, Panc-1, and 
MiaPaCa-2 derived from the primary tumor site 
showed a lower relative expression of CXCL1 
with less than 500. Similar to CXCL2 and 
CXCL3, cell lines derived from the primary tu- 
mor showed CXCL5 expression below 500 and 
compared HPNE-KRAS to HPNE and L3.6pL to 
L3.3 that the more aggressive cell lines, HPNE-
KRAS and L3.6pL, expressed higher CXCL5. 
CXCL6 demonstrated a narrow range of rela- 
tive expression of 0 to 150 with no significant 
expression trend in cell lines derived from pri-
mary or metastatic sites (Figure 4E). Most cell 

lines expressed CXCL1, CXCL5 and CXCL8,  
and CXCR2 receptor (Supplementary Figure 1). 
When comparing HPNE-KRAS to HPNE, we ob- 
served that HPNE-KRAS showed a higher 
expression of CXCL1, 3, 5, and 8 (Figure 4). In 
addition, L3.6pL expressed higher expression 
of CXCL2, 3, and 5 as compared to L3.3. cells 
(Figure 4B-D). In contrast, expression of CXCL6 
and 8 was lower in L3.6pl cells as compared to 
L3.3 cells (Figure 4E and 4F).

CXCL1, CXCL5, and CXCL8 protein expression 
were lower in BxPC-3, and Panc-1, derived from 
the primary tumor site (Figure 5A) compared to 
the cell lines derived from metastatic sites. 
Also, CXCL5 (Figure 5B) and CXCL8 (Figure 5B) 
demonstrated higher secretion in HPNE-KRAS 
aggressive cancer cells than HPNE cells. Inter- 
estingly, HPNE cells, pancreatic ductal cells, 
demonstrated higher expression of CXCL than 
some metastatic and primary cancer cell lines. 
We rationalize that each cell line can be consid-
ered as a set of individual patient samples. 
Thus, gene expression levels can vary between 
normal, and cancer cells in different indivi- 
duals so do the cell lines. Moreover, online data 
resources also indicate that certain patients 
have lower tumor CXCL expression compared to 
their corresponding normal tissue.

Enhancement of CXCR2 ligands expression 
in the cancerous lesions of the PC disease 
progression model

We utilized Pdx1-cre; LSL-Kras(G12D) mice, hav-
ing a pancreas-specific expression of the 
KRAS(G12D) mutation [39, 40] as a PC progres-
sion model, to understand the precise spatio-
temporal pattern for expression of CXCR2 
ligands. Pancreatic tissues were derived from 
the control Pdx1-cre mice (50 weeks) and  
Pdx1-cre; LSL-Kras(G12D) mice sacrificed at dif-
ferent time points (10, 20, and 50 weeks), 
including tissues of the liver as a site of me- 
tastasis. We observed no expression of CXCR2 
(Supplementary Figure 2) and its ligands CXCL1 

Figure 3. Correlation between CXCR2 ligands expression and different tumor stages of PC patients. (A-D) Violin 
plots derived from GEPIA online platform demonstrate a comparison of CXCL1 (A), CXCL3 (B), CXCL5 (C), and 
CXCL8 (D) expression profiles with different tumor stages of PC. CXCL1 [F=2.91, Pr(>F)=0.0361], CXCL3 [F=3.79, 
Pr(>F)=0.0115], CXCL5 [F=5.84, Pr(>F)=0.000805], and CXCL8 [F=3.61, Pr(>F)=0.0145] were associated and sig-
nificantly different among the different stages of PC stages. (E) Kaplan-Meier plot showing overall survival analysis 
of PC patients with low and high CXCL5 expression using online OncoLnc platform. CXCL5 was negatively associated 
with the overall survival of PC (P=0.00931). Patients with expression above the median are indicated by the red line, 
and patients with expression below the median are indicated by the blue line.



CXCR2 axis in pancreatic cancer

80 Am J Cancer Res 2022;12(1):68-90

(Figure 6A), CXCL3 (Figure 6B), and CXCL5 
(Figure 6C) in the pancreas, derived from the 
control Pdx1-cre mice. However, we observed 
the expression of CXCR2 and its ligands CXCL1, 
CXCL3, and CXCL5 in both ductal cells and the 
surrounding stroma of Pdx1-cre; LSL-Kras(G12D) 
mice beginning at 10 weeks of age. However,  
at 10 weeks, the intensity of staining is low, 
appearing as a background stain. We did not 
observe any background staining for our anti-
bodies in the negative control sections to rule 
out the possibility of background staining. The 
receptor and ligand’s expression was further 
enhanced and became highly specific in the 
tumors of mice at 20 and 50 weeks of age. 
Furthermore, liver metastasis derived from 

cells (n=14) of PC tissue and surrounding stro-
ma (n=17) showed an enhanced expression of 
human CXCL1, CXCL3, and CXCL8 compared 
with the normal pancreas. The average IHC 
composite score for human CXCL3 (P<0.05) 
(Figure 7B) and CXCL8 (P<0.001) (Figure 7C) 
was significantly higher in pancreatic tumors 
versus the normal pancreas. In the normal pan-
creas, the ducts were negative for human 
CXCL3 and CXCL8; however, the malignant duc-
tal cells showed high immunoreactivity for both 
the ligands. We observed an intense immuno-
reactivity for human CXCR2 both in the ducts 
and the stroma of the human PC specimens 
(Supplementary Figure 3). CXCR2 was also 
expressed in the normal pancreas; however, 

Figure 4. Expression levels of CXCR2 ligands mRNA in different PC cell lines: 
Bar graph showing relative expression levels of CXCL1 (A), CXCL2 (B), CXCL3 
(C), CXCL5 (D), CXCL6 (E), and CXCL8 (F) in the cell lysate of different PC cell 
lines as determined by quantitative RT-PCR. The values are mean relative ex-
pression 2^(-ΔCt) ± standard error of the mean (SEM). *P, 0.05, significantly 
different from HPNE cells; #P, 0.05, significantly different from L3.3 cells.

Pdx1-cre; LSL-Kras(G12D) mice 
aged 50 weeks were positive 
for the expression of CXCR2 
as well as the ligands. Thus, 
our data demonstrate that 
ductal and stromal cells are a 
source of CXCR2 expression, 
along with its ligands, that  
progressively enhance the de- 
veloping cancerous lesions of 
pancreatic tumors and liver 
metastasis.

High CXCL3 and CXCL8 
expression in the pancreatic 
tumor tissue of the PC patient 
tissues

Lastly, to confirm our observa-
tions in human patient sam-
ples, we performed IHC analy-
sis of human CXCL1 (Figure 
7A), CXCL3 (P<0.05) (Figure 
7B), and CXCL8 (Figure 7C) 
proteins and CXCR2 (Supple- 
mentary Figure 3) receptor in 
human PC normal and tu- 
mor specimens. We detect- 
ed human CXCL1, CXCL3, and 
CXCL8 expression in the ducts 
and the stroma of human PC 
tumor tissues. Normal pancre-
atic acinar cells also showed 
immunoreactivity for human 
CXCL1; however, the normal 
pancreatic ducts were nega-
tive for its expression (n=3) 
(Figure 7A). Malignant ductal 
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this expression was localized only to the ac- 
inar cell compartment, and normal pancreatic 
ducts were negative for human CXCR2 expres-
sion. Overall, the average composite score of 

CXCR2 IHC was higher in the PC tissue speci-
mens versus the normal pancreas (P=0.075). 
We also tested human patients’ serum samples 
for expression of CXCL1, CXCL5, and CXCL8 
(P=0.0593) (Figure 7D). Of the three tested 
ligands, only CXCL8 showed a significant di- 
fference in expression between normal serum 
samples and PC patient serum samples.

Discussion

Chemokines are inflammatory mediators with  
a typical length of 60-90 amino acids and a 
mass of 8-10 kilodaltons. The prime chemokine 
function is to recruit leukocytes to an inflamma-
tory area (9). Mainly, chemokines were discov-
ered based on either their biological activity or 
their expression upon chemical stimulation. 
The CXC family of chemokines contains 17 
members that bind to seven different CXC  
chemokine receptors (CXCR1-7) [46]. Our cur-
rent work focuses on the CXC chemokines 
(CXCL1-3, 5-8) that bind to the CXCR2 re- 
ceptor.

CXCR2 is a seven-transmembrane G protein-
coupled receptor with three extracellular loops 
necessary for ligand binding and three intracel-
lular loops required for receptor internalization 
[31]. CXCR2 shares 78% amino acid homology 
with CXCR1 and binds with all ELR+CXC ligands 
(CXCL1-3, 5-8); conversely, CXCR1 binds only 
CXCL6 and CXCL8 [46]. Several cell types, 
including epithelial cells, endothelial cells, fi- 
broblasts, and immune cells like neutrophils 
and monocytes, express CXCR2. Hence, cells 
present in the tumor microenvironment can 
communicate through CXCR2 and the ligands. 
Pathologically, there are implications of the 
CXCR2 biological axis in several autocrine and 
paracrine tumor-promoting roles in cancer [8, 
47], including pancreas [28-30, 48-51], mela-
noma [24-27], breast [17, 18, 20] and others 
[14, 23, 52]. However, the normal physiological 
function of CXCR2 is to regulate neutrophil 
homeostasis [53] and their recruitment to 
tumor sites [21, 53, 54]. Additionally, CXCR2 
ligands are angiogenic and perform diverse 
functions. These include facilitating oxygen and 
nutrient delivery to tumor tissues, attracting 
and activating human neutrophils, contributing 
to tumor vascularity, and enhancing tumor inva-
siveness [8]. Altogether, the CXCLs/CXCR2 axis 

Figure 5. Expression levels of secreted CXCR2 li-
gands proteins in the supernatant of different PC 
cell lines: Bar graph showing expression levels of 
secreted CXCL1 (A), CXCL5 (B), and CXCL8 (C) and 
in the cell supernatant of different PC cell lines as 
determined by ELISA. The values are the mean of 
secretory ligand (pg/mL) per 10^6 cells ± standard 
deviation (SD).
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Figure 6. Pathological expression of different CXCR2 ligands in PC progression model derived from tumors and 
metastasis of Pdx1-cre; LSL-Kras(G12D) (KC) mice: Representative images of CXCL1 (A) CXCL3 (B) and CXCL5 (C) IHC 
performed on a progression model derived from the normal pancreas (50-weeks), tumors at different ages (10-, 
20-, and 50-weeks) and metastasis (liver, 50-weeks) of Pdx1-cre; LSL-Kras(G12D) (KC) mice (n=5). The pictorial graph 
demonstrates a progressive increase in qualitative CXCL1, CXCL3, and CXCL5 expression in cancerous lesions of 
the KC mice model until 50-weeks with positive expression of these ligands in liver metastasis of 50-weeks mice. 
The normal pancreas of 50-week old Pdx1-cre mice was negative for CXCL1, CXCL3, and CXCL5 expression. The 
scale bar represents 100 μm.
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regulates tumor angiogenesis, metastasis, and 
even chemoresistance in different cancers.

Apart from the pathological functions men-
tioned above, upregulation of the ligands for 
CXCR2 is a well-known consequence of acti- 
vating mutations in the KRAS oncogene [29]. 
Matsuo et al. identified the link between 
KRAS(G12V) and KRAS(G12D) mutations and upreg-
ulation of cumulative expression of CXCL1, 
CXCL5, and CXCL8 in PC. Later, Hayer et al. 
reported that knock-down of endogenous 
KRAS(G12D) in the PC cell line SW1990 reduced 
transcripts of CXCL1-3, 5-8. Based on the link 
that 90% of PC patients have the oncogenic 
KRAS mutation that can upregulate the ligands 
for CXCR2, we explored the potential of CXCR2 
ligands as a biomarker in this study in PC.

We utilized different online portals such as 
Oncomine, MiPanda, and Gepia to strengthen 
our examination of the expression pattern of 
CXCR2 ligands in normal pancreas and pancre-
atic tumors. Analysis from different online por-
tals demonstrated that expression of all CXCR2 
ligands except CXCL2 and CXCL7 were signifi-
cantly upregulated in one of three online por-
tals. CXCR2 expression, on the other hand, did 
not show any significant difference, whereas 
homologous CXCR1 was significantly decreas- 
ed in pancreatic tumors compared to normal 
pancreas. We would expect that upregulation  
of the ligands usually leads to downregulation 
of expression of their corresponding receptor. 
Next, we compared CXCR2 ligands expression 
between matched normal and adjacent tumors 
of the pancreas to examine whether our obser-
vations hold valid samples from the same  
individual. This approach also offers better 
visualization of trends and differences in the 
range of CXCR2 ligand expression in tumor and 
normal tissue of an individual. Towards this 
end, we utilized matched microarray gene ex- 
pression profile-from GSE15471, GSE16515, 
and GSE28735 datasets from the GEO data-
base and observed similar results as those ob- 
tained from the online portals. We also visual-
ized the distribution of different CXCR2 ligand 

expressions in pathological stages of PC and 
observed that only CXCL1, CXCL3, CXCL5, and 
CXCL8 were significantly related to stages of 
PC. Also, among seven ligands of CXCR2, only 
CXCL5 demonstrated a significant correlation 
with the survival of PC patients. Although 
CXCL1, CXCL3, CXCL6, and CXCL8 demonstrat-
ed the characteristics of potential biomarkers, 
CXCL5 can be regarded as the most promising 
candidate. Apart from significant correlation 
with the survival of PC patients, CXCL5 was 
also the most upregulated CXC ligand in the PC 
patients with a non-overlapping interquartile 
range of CXCL5 expression in normal and PC 
tumor and distinct pattern of increasing expres-
sion and narrowing range with the later patho-
logical PC stages.

We validated CXCR2 ligand expression analysis 
obtained through the data mining platforms by 
performing different experimental approaches. 
Firstly, we examined the CXCR2 ligand expres-
sion using a panel of PC cell lines. We catego-
rized these cell lines based on their derivation 
from primary tumor sites, metastatic sites, 
aggressiveness, and metastatic potential. We 
observed that the expression of CXCL2, CXCL3, 
and CXCL5 was higher in cell lines derived from 
metastatic sites and with high aggressiveness 
and metastatic ability. Next, we utilized disea- 
se progression PDX-cre-LSL-KRAS(G12D) mouse 
model of PC and human PC tissue specimens 
to identify the cellular sources of the expres-
sion of CXCR2 ligands. We were using pancre-
atic tissues derived from the PDX-cre-LSL-
KRAS(G12D) mouse model; we wanted to re- 
cognize the expression pattern of CXCR2 and 
its ligand during the development and progres-
sion of PC. The PDX-cre-LSL-KRAS(G12D) mouse 
model, having pancreas-specific knock-in for 
the KRAS(G12D) mutation, is known to closely 
recapitulate the histological and molecular 
pathology of the human PC [55]. This model 
enables the evaluation of the cellular pattern 
for the expression of desired molecular targets 
and helps identify their time points during dis-
ease development.

Figure 7. Pathological expression of different CXCR2 ligands in PC patients: Representative images of CXCL1 (A), 
CXCL3 (B), and CXCL8 (C) IHC performed on the normal human pancreas and tumor tissue cores present in the 
TMA. Bar graph demonstrates quantitation of IHC score of CXCL1 (A), CXCL3 (B), and CXCL8 staining in pancreatic 
tumor tissues. The scale bar represents 100 μm. The bar graph shows higher CXCL3 (P<0.05) and CXCL8 (P<0.01) 
IHC scores in the tumor in comparison with a normal pancreas. (D) Graph showing levels of secreted CXCL1, CXCL5, 
and CXCL8 in serum samples of PC patients. Secreted CXCL8 is significantly higher in serum of PC patients in com-
parison with healthy controls (0.0593).
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Moreover, PC is associated with a high frequen-
cy of mutations in the KRAS oncogene in the 
malignant ductal cells and dense stroma pro-
duction. CXCR2 and its ligands are known to be 
expressed by several cell types in the body, 
including part of the PC tumor microenviron-
ment, such as fibroblasts, immune cells, and 
endothelial cells. Thus, precise identification of 
the cell types expressing CXCR2 and its ligands 
in PC can lead to target specificity. We identi-
fied the expression of mouse CXCL1, CXCL3, 
and CXCL5 and mouse CXCR2 in the pre-can-
cerous lesions of PDX-cre-LSL-Kras(G12D) mice. 
The normal murine pancreas was negative for 
the expression of mouse CXCR2, CXCL1, and 
CXCL5. The expression of the ligands and the 
receptor intensified with the progression of the 
disease.

Next, we evaluated the expression pattern of 
CXCL1 and CXCL3, and CXCL8 in the human  
PC tissue specimens. Previous reports have 
already elaborately demonstrated the expres-
sion of CXCL5 in human PC patient tumor speci-
mens, discussed later. Our results show CXCL1, 
CXCL3, CXCL8, and CXCR2 expression in the 
human pancreatic tumors and the normal pan-
creas. We identified CXCL1, CXCL3, and CXCL8 
in malignant ductal cells and surrounding stro-
ma of the PC tissues. Also, we observed posi-
tive immunoreactivity for CXCR2 only in the aci-
nar cells of the normal pancreas; however, both 
malignant ducts and stroma were positive in 
the tumor tissues. Moreover, the expression of 
CXCL3 and CXCL8 was higher in the pancreatic 
tumors than in the normal pancreas. Like our 
observations, human CXCR2 has been report-
ed in both PC tissues and the normal pancreas 
[50, 56, 57]. Similarly, a previous report by Frick 
et al. demonstrated a non-significant increase 
in the expression of human CXCL1 in the PC tis-
sues versus the surrounding normal pancreas 
[58].

Lastly, we evaluated CXCL1, CXCL5, and CXCL8 
in the serum of eight healthy controls and twen-
ty PC patients. We observed that only CXCL8 is 
significantly higher in PC patients in compari-
son with the healthy controls. The lack of sig-
nificant difference in CXCL1 and CXCL5 serum 
levels could be because of the small sample 
size of the patients. Previously, reports have 
evaluated the expression of different CXC che-
mokines in human PC tissues and serum sam-

ples. O’Hayer et al. evaluated the expression of 
CXCL1, CXCL5, CXCL6, CXCL7, and CXCL8 in 
serum samples isolated from 20 PC patients 
and 19 age- and sex-matched healthy donors. 
Their results demonstrated significantly elevat-
ed expression of CXCL1 and CXCL7 in PC speci-
mens. No change in the expression of CXCL5, 
CXCL6, and CXCL8 was observed in PC serum 
specimens compared with healthy donors [59]. 
Moreover, a recent study reported significantly 
higher levels of CXCL8 in serum samples of  
PC patients compared with specimens derived 
from patients of acute or chronic pancreatitis 
[60]. Matsuo et al. evaluated CXCL1, CXCL5, 
and CXCL8 in the secretin stimulated pancre-
atic exocrine secretions of PC patients and nor-
mal individuals. Their data demonstrate signifi-
cantly enhanced secretion of CXCL5 in PC pa- 
tients versus normal individuals. However, they 
did not observe a significant change in the indi-
vidual expression of CXCL1 and CXCL8 [61].

Apart from our transcriptome analysis using dif-
ferent available online tools and experimental 
results that suggest the relevance of CXCL5 as 
a biomarker, various recent research reports 
provide extensive evidence for the expression 
and pathological role of CXCL5 in PC [14, 62- 
64]. CXCL5 is a potential biomarker in different 
cancers [14, 59-65] and is also included in the 
eight gene molecular signatures for PC progno-
sis [65]. Significantly increased CXCL5 was 
reported in the tumor tissue lysates of PC com-
pared with the normal tissue and histopatho-
logically distinct diseases of the pancreas. 
Furthermore, CXCL5 was shown to localize in 
the cytoplasm of the malignant ductal cells. In 
contrast, the surrounding normal tissues dem-
onstrated no expression for the ligand except in 
some acinar cells and islets of Langerhans 
[66]. Later Li et al. identified that the expres-
sion of CXCL5 was occasionally present in 
PanIN-1 lesions but increased in PanIN-2 and 
PanIN-3 stages, where 4 out of the total 11 
specimens demonstrated high immunoreactiv-
ity for CXCL5 [67]. Moreover, CXCL5 was detect-
ed in 67% of PC specimens with staining of  
apical cytoplasm in the tumor cells and no 
immunoreactivity in the acinar and ductal epi-
thelium of the normal pancreas. Furthermore, 
they established that high CXCL5 expression 
correlates with tumor progression and short-
ened patient survival time by performing Ka- 
plan-Meier analysis. Lastly, the authors report-
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ed that higher microvessel density in the tumor 
correlates with higher expression of CXCL5, 
suggesting its role in neoangiogenesis [67]. 
Recent reports by Wu et al. demonstrate simi- 
lar results as discussed above. They suggest 
that high CXCL5 expression is positively corre-
lated with poor survival [68] and the increased 
infiltration of immune suppressive cells [69]. 
Unfortunately, we did not observe a significant 
difference in CXCL5 expression in serum sam-
ples between healthy controls and PC patients, 
limiting its utility as a biomarker. However, we 
must consider that our observations are based 
on a limited number of PC patient serum sam-
ples. Overall, there is a need to test CXCL5 
expression in a larger cohort of PC patients.

Compared with other members of its family, 
CXCL8 is the most extensively studied ligand 
for its pathological significance in PC [49, 52] 
and evaluated for the potential of biomarkers 
[70-72]. The first report of higher expression of 
CXCL8 protein in human PC tissue specimens 
(n=45) compared with the normal pancreas 
(n=15) was by Xiangdong et al. (2000). Its 
expression was localized to the ductal cells as 
well as the stroma [73]. Later, Kuwada et al. 
(2002) reported the expression of CXCL8, pri-
marily in the cytoplasm of the tumor cells, in  
20 out of 50 patient tissue specimens evaluat-
ed [74]. Another group identified higher expres-
sion of CXCL8 protein in PC tumor lysates com-
pared to non-affected neighboring tissue. The 
group also demonstrated that the expression 
of CXCL8 was upregulated in the T3 and T4 ver-
sus the T1 and T2 stages of PC based on the 
TNM classification of malignant tumors. Fur- 
thermore, their IHC analysis revealed that 
CXCL8 was in the cytoplasm of the ductal epi-
thelial cells and the infiltrating inflammatory 
cells CXCL8 [66]. In contrast to this report that 
did not detect CXCL8 in the normal pancreas,  
a recent study detected expression of CXCL8  
in both PC (55.6%) and non-cancer tissues 
(25.9%) [60].

Introduction of novel biomarkers are critically 
needed to improve the management of patients 
with pancreatic cancer [75]. Currently, serum 
carbohydrate antigen 19-9 (CA19-9) is utilized 
in the diagnostic work-up of patients diagnosed 
with PC however this biomarker lacks the sen- 
sitivity and specificity associated with a gold-
standard marker. Recent reports have evaluat-
ed the clinical usefulness of CXCR2 and its 

ligands in diagnosis and prediction of PC com-
pared to classic biomarkers [70, 76]. The diag-
nostic sensitivity, accuracy, negative predictive 
value, and areas under the receiver operating 
characteristic curves for serum CXCL8 were 
higher than those for serum CXCR2, C-reactive 
protein, CA 19-9, and carcinoembryonic anti-
gen. Moreover, serum CXCL8 and CXCR2 were 
the only significant predictor of PC risk [70, 76]. 
Together these studies suggest that tumor tis-
sue expression and serum levels of CXCR2 and 
its ligands will be clinically potential biomarkers 
alone or in combination with classic ones. 
Besides, the expression of CXCR2 chemokines 
is associated with survival analysis of different 
cancer patients, suggesting the potential of 
these ligands as a prognostic marker in the 
future. CXCR2 ligand expression can also find 
utility as “molecular signatures” to determine 
tumor aggressiveness, pathological stages, se- 
lection of appropriate treatments, and respon- 
se to chemotherapy drugs for cancer patients.

However, taking advantage of CXCR2 ligands 
for diagnostic and prognostic biomarkers can 
be challenging for various reasons (14). Firstly, 
both tumor cells and a wide range of host cells 
can express CXCR2 ligands. The expression of 
these ligands is not limited to PC but also oth- 
er cancers and chronic inflammatory diseases 
such as rheumatoid arthritis and AIDS. Se- 
condly, some CXCR2 ligands demonstrate pro-
miscuous nature by binding to CXCR1, which 
increases their interaction’s complexity, and 
may show compensatory effects under differ-
ent pathological conditions. Thirdly, CXCR2 li- 
gands profile changes with PC cancer stages, 
drug treatment, and chemotherapy resistance, 
again complicating the specificity of biomarker 
usage. In conclusion, the current understand-
ing of CXCR2 ligands suggests combining mul-
tiple pairs of CXCR2 ligands or using them with 
other biomarker molecules for diagnostic and 
prognostic purposes.
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Supplementary Figure 1. Expression levels of CXCR2 proteins in the cell lysate of different PC cell lines: Western blot 
showing CXCR2 expression in cell lysates of different PC cell lines.

Supplementary Figure 2. Pathological expression of CXCR2 in PC progression model derived from tumors and 
metastasis of Pdx1-cre; LSL-Kras(G12D) (KC) mice. Representative images of CXCR2 IHC performed on a progression 
model derived from the normal pancreas (50-weeks), tumors at different ages (10-, 20-, and 50-weeks) and metas-
tasis (liver, 50-weeks) of Pdx1-cre; LSL-Kras(G12D) (KC) mice (n=5). The pictorial graph demonstrates a progressive 
increase in qualitative CXCR2 expression in cancerous lesions of the KC mice model until 50-weeks with positive 
expression of these ligands in liver metastasis of 50-weeks mice. The normal pancreas of 50-week old Pdx1-cre 
mice was negative for CXCL1, CXCL3, and CXCL5 expression. The scale bar represents 100 mm.
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Supplementary Figure 3. Pathological expression of CXCR2 receptor in PC patients. Representative images of 
CXCR2, IHC performed on the normal human pancreas and tumor tissue cores present in the TMA. Bar graph dem-
onstrates quantitation of IHC score of CXCR2 staining in pancreatic tumor tissues. The scale bar represents 100 
mm. The bar graph shows a high CXCR2 IHC score in the tumor in comparison with a normal pancreas.


