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Abstract. C-X-C motif chemokine receptor type 2 (CXCR2), 
a key regulatory protein, has been associated with multiple 
roles in the progression of numerous tumors, including gastric 
adenocarcinoma (GA). However, the mechanism of CXCR2 in 
the development of tumors remains controversial and unclear. In 
a previous study, the expression of CXCR2 and interleukin-22 
receptor 2 (IL-22BP) was observed in GA. This promoted the 
present study, which aimed to explore the association between 
the two proteins, and to further analyze their roles in GA. CXCR2 
and IL-22BP protein expression was analyzed by immunohis-
tochemistry and reverse transcription-quantitative polymerase 
chain reaction assays in gastric cancer (GC) tissue, addition-
ally confirmed via western blotting and immunocytochemical 
analysis in the MKN-45, BGC-823 and SGC-7901 cell lines. 
The association between expression levels and clinicopatho-
logical characteristics was evaluated by the Mann-Whitney U 
and Kruskal-Wallis tests. Using Kaplan-Meier plots and Cox 
proportional hazard models, overall survival (OS) was analyzed. 
Compared with non-cancerous tissue, CXCR2 and IL-22BP 
were over expressed (P<0.001 and P<0.001, respectively), and 
were observed mainly in the cytoplasm (P=0.022 and P=0.014, 
respectively) in GA. The associated protein and messenger RNA 
levels were analyzed, and coexpression was identified. Increased 
expression and more positive cases of CXCR2 and IL-22BP 
were observed with advanced pathological tumor-node-metas-
tasis (p-TNM) stage in GC (P<0.001 and P<0.001, respectively), 
as well as the presence and absence of lymph node metastasis 
(LNM) (P=0.003 and P=0.041, respectively) and deep or 
superficial muscular invasion (P=0.002 and P=0.004, respec-
tively). In addition, an association between IL-22BP and tumor 

diameter was indicated (P=0.021). In a Kaplan-Meier analysis, 
compared with negative expression, the two proteins identified a 
group of patients with the shortest OS. Cox proportional hazard 
models revealed that the two proteins, in addition to p-TNM 
stage, LNM and depth of invasion, predicted a short time to OS. 
The coexpression of CXCR2 and IL-22BP was demonstrated 
in GA, which may indicate that CXCR2 is involved in more 
complex mechanisms and roles, and indicate a poor outcome in 
GA progression.

Introduction

Gastric cancer (GC) is the second most frequent cause of 
cancer-associated mortality around the world (1). Although a 
number of studies have been performed to analyze a variety of 
molecules associated with GC development, only a few molec-
ular mechanisms has been revealed and translated into clinical 
application (2-4). Despite making advances in treatment and 
increasing efforts into research over the past 10 years, the 
outcome of gastric cancer remains unsatisfactory. Increasing 
evidence indicates that tumors are promoted and sustained 
by inflammatory signals from the tumor microenvironment, 
which is important for tumor progression (5-7), including 
tumor necrosis factor α (TNF-α), interleukin-1β (IL-1β) and 
interleukin-8 (IL-8).

Previously, studies on the mechanisms and roles of 
C-X-C motif chemokine receptor type 2 (CXCR2) in GC 
were performed (8,9). CXCR2 belongs to the chemokine 
receptor family, which consists of G-protein-coupled receptors 
containing 7 transmembrane domains (10-12). The structure 
of the protein family is unique: The C-X-C motif chemokine 
receptor type 1 (CXCR1) and CXCR2 proteins have a single 
polypeptide chain that is 350, 355 or 360 amino acids in length; 
the protein share 76% amino acid identity to one another, with 
the highest homology over the membrane-spanning regions; 
and the receptor N- and C-termini structure also display 
high homology (11,12). However, CXCR1 and CXCR2 vary 
considerably in ligand specificity and affinity. CXCR2, with a 
high affinity for binding to numerous ligands, interacts with a 
wide range of chemokines, including C-X-C motif chemokine 
ligand (CXCL)8, CXCL1, CXCL2, CXCL5 and granulocyte 
chemotactic protein 2 (GCP-2/CXCL6), whereas the binding 
specificity for CXCR1 is limited to CXCL8 and CXCL6 with low 
affinity (13‑15). In a previous study, certain functions of CXCR2 
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in GC development were identified, which revealed that CXCR2 
may be involved in important signals that promote proliferation 
and invasion and be associated with cancer angiogenesis, metas-
tasis and drug resistance in the tumor (16). Although numerous 
molecular mechanisms in certain tumors, including GC and 
in particular GA, were elaborated in the study, the expression, 
distribution and roles of CXCR2 were explored in little detail.

At present, two interleukin-22 (IL-22) receptors, inter-
leukin-22 receptor 1 (IL-22R1) and interleukin-22 receptor 2 
(IL-22R2/IL-22BP), have been reported. The IL-22/IL-22R 
expression pattern makes IL-22 an important cytokine for 
mediating the cross-talk between leucocytes and epithelia, 
including tumor cells (17,18). Compared with IL-22R1, fewer 
studies have been performed on IL-22BP to examine its struc-
ture and biological functions in certain tissue tumors (19-21). 
Previously, reports demonstrated that IL-22R1 and IL-22R2 
share limited similar biological roles, and that the significant 
differences identified between their biological functions may 
be partly explained by the varied affinity of the two proteins 
binding to IL-22 (22,23). In a pre-experiment of the present 
study, CXCR2 and IL-22BP were indicated to be overexpressed 
in GA, which may provide another reason for exploring the 
mechanism of CXCR2 further.

The present study aimed to reveal the functions of CXCR2 
and IL-22BP in GA, and any association between the two. The 
notable results indicate that the two proteins may be used as a 
novel clinical treatment possibility for GA.

Materials and methods

Human tissue samples and reagents. The tissues of 112 patients 
with primary GA, who underwent thoracic surgical procedures 
at The First Affiliated Hospital of Sun-Yat Sen University 
(Guangzhou, China) between January 2009 and July 2014 and 
had received no radiation treatment, chemotherapy or other 
anticancer treatments, were recruited to a tissue bank. The 
protocol of the present study was approved by the Sun-Yat Sen 
University Institutional Review Board, and included keeping 
all tissues frozen, and collecting 42 non-cancerous tissue 
samples that were located >5 cm away from the primary tumor 
edge site. The stage and histological type of the tumor were 
defined according to the 7th edition of the American Joint 
Committee on Cancer tumor-node-metastasis (TNM) staging 
system (24). The relevant clinicopathological data collected 
included age, gender, pathological tumor-node-metastasis 
(p-TNM) stage, lymph node metastasis (LNM), differentiation, 
depth of invasion and follow-up to overall survival (OS). The 
MKN-45, BGC-823 and SGC-7901 cell lines were purchased 
from the American Type Culture Collection (Manassas, VA, 
USA). Anti-CXCR2 (mouse monoclonal; dilution, 1:200; 
catalog no., MAB331) and anti-IL-22BP (polyclonal goat; 
dilution, 1:200; catalog no., AF1087) primary antibodies, 
which were shown to be highly specific in western blot, immu-
nohistochemistry (IHC) and immunocytochemistry assays in 
pre-experiments, were purchased from R&D Systems Europe, 
Ltd., Abingdon, UK (data not shown).

IHC. IHC was performed as previously described (25,26).
Tissue samples were fixed in 4% paraformaldehyde for 24 h 
at 4˚C, and were then dehydrated by graded alcohol and 

paraffin‑embedded. The tissues were subsequently stored at 
4˚C and were dewaxed and rehydrated in phosphate‑buffered 
saline (PBS). The sections were subjected to antigen retrieval 
in sodium citrate buffer (pH 6.0) for 10 min at 100˚C and were 
washed with PBS. Endogenous peroxidases were quenched 
in PBS containing 3% H2O2 and 10% methanol for 30 min. 
Anti-CXCR2 and anti-IL-22BP antibodies were used at a dilu-
tion of 1:200 and 1:50, respectively, with overnight incubation 
at 4˚C. Experiments with no primary antibody were used as 
a negative control. Slides were then washed with PBS and 
incubated for 1 h with the horseradish peroxidase-conjugated 
goat anti-mouse immunoglobulin (Ig)G secondary antibody 
(dilution, 1:1,000; catalog no., S2023; Dako North America, 
Inc., Carpinteria, CA, USA). The immunohistochemical 
expression was independently assessed by two pathologists 
(Department of Pathology, The First Affiliated Hospital of 
Sun Yat-Sen University, Guangzhou, China). The Allred 
scoring system was applied to evaluate the entire slide, as 
previously described (27). The expression of CXCR2 and 
IL‑22BP were defined as positive if distinct staining of the 
cytoplasm, cytomembrane or nuclear was observed in at least 
10% of tumor cells.

Western blot analysis. Proteins were extracted from frozen 
tissues (including adenocarcinoma and non-cancerous tissues) 
in 100 mmol/l Tris (pH 7.5), 300 mmol/l NaCl, 4 mmol/l 
ethylenediaminetetraacetic acid, 2% NP40, 0.5% sodium 
deoxycholate and 1 mmol/l sodium orthovanadate. The 
protein was quantified, laemilli buffer was added to 10 µg 
protein, and samples were boiled for 5 min. Proteins were 
resolved on 4-15% gradient sodium dodecyl sulfate (SDS) 
polyacrylamide gels and transferred onto polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked and stained with the primary 
antibodies in PBS, 5% milk and 0.1% Tween 20, and washed 
in PBS and 0.1% Tween 20. Blots were incubated at 4˚C 
for >12 h with anti-CXCR2 (1:400), anti-IL-22BP (1:200) 
and anti-β-actin (clone AC-15; mouse monoclonal; dilu-
tion, 1:10,000; catalog no., A5441; Sigma-Aldrich, St. Louis, 
MO, USA). Following further washing with PBS, blots were 
incubated with horseradish peroxidase-conjugated goat anti 
mouse IgG (dilution, 1:1.000; Dako North America, Inc.). The 
cells were homogenized in protein lysis buffer (radioimmuno-
precipitation assay buffer) containing 10% protease inhibitor 
(Sigma-Aldrich), and the protein concentrations were then 
quantified using a Bio‑Rad protein assay (Bio‑Rad Laborato-
ries, Inc., Hercules, CA, USA).

Immunocytochemistry. MKN-45, BGC-823 and SGC-7901 
cells (3x105 at 50% confluency) were harvested and dissolved 
by the addition of SDS-containing lysis buffer. The lysate 
was used for SDS-polyacrylamide gel electrophoresis on a 
75 g/l gel. The proteins were electrophoretically transferred 
from the gel to a nitrocellulose membrane. The transferred 
membrane was treated with anti-CXCR2 (dilution, 1:200) 
and anti-IL-22BP (dilution, 1:200) antibodies, followed by 
detection with peroxidase-conjugated goat anti-mouse IgG 
(dilution, 1:1.000). The two proteins were detected by immu-
nocytochemistry. The normal gastric tissue cells were used as 
control.
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RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction. Total RNA was extracted using 
the RNAeasy mini kit (Qiagen GmbH, Hilden, Germany) 
with additional purification by centrifugation through 
QIAshredder spin columns (Qiagen GmbH). RNA concen-
tration and purity was calculated using the Nanodrop 2000 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc., 
Pittsburgh, PA USA). Complementary DNA (cDNA) from 
100 ng of total RNA was amplified by PCR using the 
following primers and conditions: CXCR2 sense, 5'-ACT 
TTT CCG AAG GAC CGT CT-3' and antisense, 5'-GTA ACA 
GCA TCC GCC AGT TT-3'; IL-22BP sense, AGG GTA CAA 

TTT CAG TCC CGA and antisense, CGG CGT CAT GCT CCA 
TTC TGA; incubated at 55˚C for 40 cycles. Levels of genes of 
interest were normalized to β-actin.

Statistical analysis. The Mann-Whitney U, Kruskal-Wallis 
test and Spearman rank correlation coefficient were used for 
statistical analysis using SAS 9.12 (SAS Institute, Inc., Cary, 
NC, USA). Associations with OS were analyzed initially by 
Kaplan-Meier plots (Log-rank test). Cox multivariate propor-
tional hazards regression models were used to assess the OS 
power of these parameters. A P-value of <0.05 was considered 
to indicate a statistically significant difference.

Figure 1. Expression of CXCR2 and IL-22BP proteins in GA via immunohistochemistry, western blotting and immunocytochemistry. Expression two pro-
teins were defined as positive if distinct staining of the cytoplasm, cytomembrane or nuclear was observed in at least 10% of tumor cells. (Aa) CXCR2 and 
(Ab) IL‑22BP expression in GA, compared with (Ac) non‑cancerous tissue (magnification, x200). (Ad) Compared with non‑cancerous tissue, the expression 
of CXCR2 and IL‑22BP in GA was significantly increased, and the proteins were mainly located in the cytoplasm. Using western blotting, (Ba) CXCR2 
and (Bb) IL‑22BP expression was detected in frozen GA tissue, which confirmed the overexpression of the two proteins in GA.  *P=0.013 and **P=0.008.
(C) CXCR2 and IL‑22BP expression was detected in the MKN‑45, BGC‑823 and SGC‑7901 cell lines via immunocytochemistry (magnification, x400). 
CXCR2, C-X-C motif chemokine receptor type 2; IL-22BP, interleukin-22 receptor 2; GA, gastric adenocarcinoma.

  A

  B

  C

  a   b

  c

  d

  a
  b



YANG et al:  CXCR2 AND IL-22BP EXPRESSION INDICATE POOR OUTCOME FOR GA PROGRESSION1480

Results

Expression pattern of CXCR2 and IL‑22BP in GA. Immu-
nohistochemistry assays revealed that CXCR2 and IL-22BP 
were overexpressed in GA (73.21%, 82/112, P<0.001 and 
75.89%, 85/112, P<0.001; respectively) (Fig. 1Aa-1Ac; 

Table I). In addition, the expression of the two proteins was 
identified in the GA frozen tissue via western blot analysis 
(Fig. 1B) and the MKN-45, BGC-823 and SGC-7901 cell lines 
via immunocytochemistry analysis (Fig. 1C; Table I). CXCR2 
and IL-22BP were also indicated to be mainly located in the 
cytoplasm (P=0.022 and P=0.014, respectively; Fig. 1Ad). 

Table I. Association between CXC2R and IL-22BP in gastric adenocarcinoma and non-cancerous tissues.

 Tumor tissue Non-cancerous tissue
 ----------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------
 No. of Positive  No. of Positive
Protein patients expression, % P-value patients expression, % P-value

mRNA   0.023   0.142
  CXCR2 64 57.14  12 28.57
  IL-22BP 60 53.57  10 23.80
Protein   0.021   0.023
  CXCR2 82 73.21  15 35.71
  IL-22BP 85 75.89  13 30.95

CXCR2, C-X-C motif chemokine receptor type 2; IL-22BP, interleukin-22 receptor 2; mRNA, messenger RNA.
 

Figure 2. Analysis of CXCR2 and IL-22BP expression via western blotting and RT-qPCR. Expression of CXCR2 and IL-22BP in the MKN-45, BGC-823 
and SGC‑7901 cell lines via (Aa) western blotting and (Ab) quantification. Using (Ba) RT‑qPCR and (Bb) additional quantification, the results revealed that 
the mean level of CXCR2 and IL-22BP expression was increased with advanced clinical stage of disease, increased depth of tumor invasion and lymph node 
metastasis. CXCR2, C-X-C motif chemokine receptor type 2; IL-22BP, interleukin-22 receptor 2; RT-qPCR, reverse transcription-quantitative polymerase 
chain reaction; p-TNM, pathological tumor-node-metastasis. *P<0.05.
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The increased expression of the two proteins was observed 
in all three GA cell lines via western blot analysis (P<0.05; 
Fig. 2A).

Messenger RNA quantification was performed using 
RT-qPCR, and the results were compared with β-actin as 
the internal reference gene. CXCR2 and IL-22BP expression 
levels ranged between 0.308 and 14.362 (median, 7.204) and 
between 0.227 and 15.154 (median, 7.132), respectively. The 
expression levels of CXCR2 and IL-22BP increased gradually 
with advanced p-TNM stage (Fig. 2B), invasion depth (super-
ficial to deep muscular) and LNM (absent to present). By 
adopting cut-off values according to the median expression 
levels, compared with non‑cancerous tissues, a significantly 
increased expression of the two proteins was observed 
(Fig. 2B; Table I).

Association between CXCR2 and IL‑22BP expression and 
clinical characteristics. The associations between CXCR2 
and IL-22BP expression and a range of standard clinico-
pathological parameters were tested. The Mann-Whitney U 
and Kruskal‑Wallis tests indicated a significant association 
between CXCR2 and IL-22BP expression and p-TNM stage 
(P<0.001 and P<0.001, respectively), LNM (P=0.003 and 

P=0.041, respectively) and depth of invasion (P=0.002 and 
P=0.004, respectively) (Table II). In addition, the percentage 
of cells with positive CXCR2 and IL-22BP expression 
increased with advanced p-TNM stage. IHC and RT-qPCR 
also indicated an association between the expressions of the 
two proteins (P=0.021 and P=0.023, respectively; Table I). 
Following completion of the Kruskal-Wallis test, an asso-
ciation was indicated between tumor diameter and IL-22BP 
expression, but not with CXCR2 expression (Table II).

Association of CXCR2 and IL‑22BP expression with OS. 
Kaplan-Meier survival analysis was used to determine 
survival with respect to CXCR2 and IL-22BP. The increased 
expression of CXCR2 and IL-22BP was indicated to predict 
a significantly shorter OS (Log-rank 3.652, P=0.015 and 
log-rank 3.443, P=0.025, respectively). Similar results were 
observed from other clinical characteristics, including 
p-TNM stage (log-rank 7.051, P=0.032), depth of invasion 
(log-rank 6.281, P=0.014) and LNM (log-rank 4.821, 
P=0.017).

A Cox regression analysis was performed in order to 
assess whether the expression of the two proteins may be 
prognostic of survival, independently from other variables. 

Table II. Association between the immunohistochemical expression of CXCR2 and IL-22BP and the clinicopathological param-
eters of gastric cancer.

 CXCR2 expression IL-22BP expression
 --------------------------------------------------------------------- ----------------------------------------------------------------------
Parameters + - P-value + - P-value

Gender     0.968     0.148
  Male 55 20  60 15 
  Female 27 10  25 12 
Age, years     0.909     0.150
  <50 40 15  45 10 
  ≥50 42 15  40 17 
p-TNM stage   <0.001   <0.001
  I   5 12    4 13 
  II 11   8  12   7 
  III 32   6  36   2 
  IV 34   4  33   5 
Tumor size     0.231     0.021
  <5 cm 46 13  50   9 
  ≥5 cm 36 17  35 18 
Differentiation     0.293     0.076
  Well/moderate 40 18  40 18 
  Poor 42 12  45   9 
Lymph node metastasis     0.003     0.041
  Present 42   6  41   7 
  Absent 40 24  44 20 
Depth of invasion     0.002     0.004
  Superficial  31 21  33 19 
  Deep muscular 51   9  52   8 

CXCR2, C-X-C motif chemokine receptor type 2; IL-22BP, interleukin-22 receptor 2; p-TNM, pathological tumor-node-metastasis.
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The multivariate analysis indicated a significant effect 
and revealed that increased CXCR2 and IL-22BP expres-
sion (P=0.008 and P=0.025, respectively), p-TNM stage 
(P=0.015), depth of invasion (P=0.018) and LNM (P=0.034) 
are independent prognostic factors for survival (Fig. 3; 
Table III).

Discussion

Increasing numbers of studies regarding novel treatments for 
GA are being reported due to the gradually rising incidence 

of gastric diseases, worldwide (28,29). GA is the most 
common neoplastic tumor of the stomach, and is, therefore, 
the focus of the present study. The present study investigated 
the expression patterns of the CXCR2 and IL-22BP proteins 
and their functions in GA. As a result, the clinical value of 
CXCR2 and IL‑22BP was identified. In addition, through 
evaluating the OS of patients, CXCR2 and IL-22BP were 
indicated to demonstrate potential as important molecular 
prognostic factors.

CXCR2, a member of the G-protein-coupled receptor 
family, is an important receptor for proteins including CXCL1, 

Table III. Kaplan-Meier (univariate) and Cox multivariate proportional hazard analysis.

 Univarivate analysis Multivariate analysis
 --------------------------------------------------------- --------------------------------------------------------------------------------
Factors Log-rank P-value Hazard ratio (95% CI) P-value

Age, years 4.042 0.351 6.82 (3.03-8.36) 0.213
  <50    
  ≥50    
CXCR2 expression 3.652 0.015 3.70 (0.32-7.51) 0.008
  Negative    
  Positive    
IL-22BP expression 3.443 0.025 3.30 (1.23-6.22) 0.025
  Negative    
  Positive    
p-TNM stage 7.051 0.032 2.41 (1.45-5.13) 0.015
  I-II    
  III-IV    
Depth of invasion  6.281 0.014 2.79 (2.11-6.24) 0.018
  Superficial    
  Deep muscular    
Lymph node metastasis 4.821 0.017 4.96 (2.37-7.04) 0.034
  Present    
  Absent    

CXCR2, C-X-C motif chemokine receptor type 2; IL-22BP, interleukin-22 receptor 2; p-TNM, pathological tumor-node-metastasis; CI, con-
fidence interval.
 

Figure 3. Evaluation of (A) CXCR2 and (B) IL-22BP as a predictor for OS by Kaplan-Meier plots. Association between CXCR2 and IL-22BP expression and 
OS was observed, and indicated that positive CXCR2 and IL-22BP expression is associated with shorter OS time. Through analyzing the results and data 
(Table III), CXCR2 and IL-22BP show potential role as a predictor for OS in gastric adenocarcinoma progression. OS, overall survival.

  A   B
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CXCL8 and CXCL6 (14,15). Previous studies report that, in 
the progression of certain solid tumors, CXCL8-mediated 
activation of the CXCR2 biological axis is important for 
the regulation of the phosphoinositide 3 kinase/Ras/Raf 
pathway (30-32). The differences between CXCR1 and CXCR2 
were previously identified, and the latter showed a high 
affinity for binding to numerous ligands, including CXCL8, 
CXCL1, CXCL2, CXCL5 and GCP-2 (13-15,30,31,33-35). 
Yang et al (32), reported that the Ras-induced transforma-
tion of ovarian tumors may depend largely on the roles of 
CXCL1 binding to the CXCR2 axis. Although the biological 
functions of CXCR2 have been investigated widely, the role 
of CXCR2 for GA tumorigenesis has not been clarified in 
detail.

IL-22BP, the second IL-22 receptor, is a soluble-secreted 
receptor that belongs to the IL-10 cytokine family (36,37). 
Compared with the first receptor, IL‑22R1, certain studies 
reported that the binding of IL-22 to IL-22BP has a 
20-1,000-fold higher affinity (22,23); therefore the struc-
ture and biological functions of IL-22BP are of value for 
additional studies. One study revealed that colon tumor 
development was strongly accelerated and the diameter of 
tumors was increased in IL-22BP-/- using a colitis-associated 
colon cancer mice model, and showed that low expression of 
IL-22BP may be important in colon tumor progression (36). 
These results suggest that IL-22BP may perform important, 
complex functions in tumor development, but its role in GA 
is less understood.

In the present study, coexpression between CXCR2 and 
IL-22BP was observed in GA via IHC, immunocytochem-
istry assays, western blot analysis and RT-qPCR experiments. 
In addition, CXCR2 and IL-22BP were indicated to be 
mainly located in the cytoplasm, and demonstrated increased 
expression with GA advanced p-TNM stage, depth of inva-
sion and LNM, which may reveal that the two proteins are 
important for promoting GA progression. The present study 
investigated the association between CXCR2 and IL-22BP 
expression and revealed the importance of the two proteins 
in GA, and the results for CXCR2 was in agreement with 
previous reports (16). Although the tumor tissues are varied, 
the biological effect on tumor development showed similarity, 
which may indicate that IL-22BP has similar biological 
mechanisms.

The data in present study showed that CXCR2 and 
IL-22BP proteins may be a powerful predictor of OS in 
GA. In Kaplan-Meier plots, compared with negative expres-
sion, either CXCR2 or IL-22BP positive expression showed 
significant association with poor OS. In addition, a COX 
regression analysis was performed, which revealed that the 
increased expression of either CXCR2 or IL-22BP protein 
may be an independent prognostic factor. These results were 
agreement with the expected results of the study.

The results revealed that CXCR2 and IL-22BP proteins may 
take part in GA progression, and explored the mechanisms of 
CXCR2 on regulating tumor development. Although in vitro 
experiments with CXCL1, CXCL8 or other ligands were not 
performed, the close association in GA progression between 
CXCR2 and IL-22BP proteins has sufficient clinical value 
to be explored further. Although the mechanisms for tumor 
progression remain unclear, the functions of the two proteins in 

GA development are notable and may be considered as a novel 
pathway for GA treatment.

References

 1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T and Thun MJ: 
Cancer statistics, 2008. CA Cancer J Clin 58: 71-96, 2008.

 2. Wang CS, Hsieh CC, Chao TC, Jan YY, Jeng LB, Hwang TL, 
Chen MF, Chen PC, Chen JS and Hsueh S: Resectable gastric 
cancer: Operative mortality and survival analysis. Chang Gung 
Med J 25: 216-227, 2002.

 3. Bernal C, Aguayo F, Villarroel C, Vargas M, Díaz I, 
Ossandon FJ, Santibáñez E, Palma M, Aravena E, Barrientos C 
and Corvalan AH: Reprimo as a potential biomarker for early 
detection in gastric cancer. Clin Cancer Res 14: 6264-6269, 2008.

 4. Marrelli D, Roviello F, De Stefano A, Farnetani M, Garosi L, 
Messano A and Pinto E: Prognostic significance of CEA, CA 
19-9 and CA 72-4 preoperative serum levels in gastric carcinoma. 
Oncology 57: 55-62, 1999.

 5. DeNardo DG, Barreto JB, Andreu P, Vasquez L, Tawfik D, 
Kolhatkar N and Coussens LM: CD4 (+) T cells regulate pulmonary 
metastasis of mammary carcinomas by enhancing protumor prop-
erties of macrophages. Cancer Cell 16: 91-102, 2009.

 6. Ikushima H and Miyazono K: TGFbeta signalling: A complex 
web in cancer progression. Nat Rev Cancer 10: 415-424, 2010.

 7. Balkwill F, Charles KA and Mantovani A: Smoldering and 
polarized inflammation in the initiation and promotion of 
malignant disease. Cancer Cell 7: 211-217, 2005.

 8. Cheng WL, Wang CS, Huang YH, Tsai MM, Liang Y and 
Lin KH: Overexpression of CXCL1 and its receptor CXCR2 
promote tumor invasion in gastric cancer. Ann Oncol 22: 
2267-2276, 2010.

 9. Wang CS, Lin KH, Chen SL, Chan YF and Hsueh S: Overex-
pression of SPARC gene in human gastric carcinoma and its 
clinic‑pathologic significance. Br J Cancer 91: 1924‑1930, 2004. 

10. Wang D, Yang W, Du J, Devalaraja MN, Liang P, Matsumoto K, 
Tsubakimoto K, Endo T and Richmond A: MGSA/GRO-mediated 
melanocyte transformation involves induction of Ras expression. 
Oncogene 19: 4647-4659, 2000.

11. Murphy PM: The molecular biology of leukocyte chemoat-
tractant receptors. Annu Rev Immunol 12: 593-633, 1994.

12. Kelvin DJ, Michiel DF, Johnston JA, Lloyd AR, Sprenger H, 
Oppenheim JJ and Wang JM: Chemokines and serpentines: The 
molecular biology of chemokine receptors. J Leukoc Biol 54: 
604-612, 1993.

13. Ahuja SK and Murphy PM: The CXC chemokines 
growth-regulated oncogene (GRO) alpha, GRObeta, GROgamma, 
neutrophil-activating peptide-2 and epithelial cell-derived 
neutrophil-activating peptide-78 are potent agonists for the 
type B, but not the type A, human interleukin-8 receptor. J Biol 
Chem 271: 20545-20550, 1996.

14. Ahuja SK, Lee JC and Murphy PM: CXC chemokines bind to 
unique sets of selectivity determinants that can function indepen-
dently and are broadly distributed on multiple domains of human 
interleukin‑8 receptor B. Determinants of high affinity binding 
and receptor activation are distinct. J Biol Chem 271: 225-232, 
1996.

15. Fan X, Patera AC, Pong-Kennedy A, Deno G, Gonsiorek W, 
Manfra DJ, Vassileva G, Zeng M, Jackson C, Sullivan L, et al: 
Murine CXCR1 is a functional receptor for GCP-2/CXCL6 and 
interleukin-8/CXCL8. J Biol Chem 282: 11658-11666, 2007.

16. Tazawa H, Okada F, Kobayashi T, Tada M, Mori Y, Une Y, 
Sendo F, Kobayashi M and Hosokawa M: Infiltration of 
neutrophils is required for acquisition of metastatic phenotype 
of benign murine fibrosarcoma cells: Implication of inflam-
mation-associated carcinogenesis and tumor progression. Am 
J Pathol 163: 2221-2232, 2003.

17. Brand S, Beigel F, Olszak T, Zitzmann K, Eichhorst ST, Otte JM, 
Diepolder H, Marquardt A, Jagla W, Popp A, et al: IL-22 is 
increased in active Crohn's disease and promotes proinflam-
matory gene expression and intestinal epithelial cell migration. 
Am J Physiol Gastrointest Liver Physiol 290: G827-G838, 2006.

18. Wolk K, Witte E, Hoffmann U, Doecke WD, Endesfelder S, 
Asadullah K, Sterry W, Volk HD, Wittig BM and Sabat R: 
IL-22 induces lipopolysaccharide-binding protein in hepa-
tocytes: A potential systemic role of IL-22 in Crohn's disease. 
J Immunol 178: 5973-5981, 2007.



YANG et al:  CXCR2 AND IL-22BP EXPRESSION INDICATE POOR OUTCOME FOR GA PROGRESSION1484

19. Xu W, Presnell SR, Parrish-Novak J, Kindsvogel W, Jaspers S, 
Chen Z, Dillon SR, Gao Z, Gilbert T, Madden K, et al: A soluble 
class II cytokine receptor, IL-22RA2, is a naturally occurring 
IL-22 antagonist. Proc Natl Acad Sci USA 98: 9511-9516, 2001.

20. Witte E, Witte K, Warszawska K, Sabat R and Wolk K: Inter-
leukin-22: A cytokine produced by T, NK and NKT cell subsets, 
with importance in the innate immune defense and tissue 
protection. Cytokine Growth Factor Rev 21: 365-379, 2010.

21. Sonnenberg GF, Fouser LA and Artis D: Border patrol: Regu-
lation of immunity, inflammation and tissue homeostasis at 
barrier surfaces by IL-22. Nat Immunol 12: 383-390, 2011.

22. Huber S, Gagliani N, Zenewicz LA, Huber FJ, Bosurgi L, Hu B, 
Hedl M, Zhang W, O'Connor W Jr, Murphy AJ, et al: IL-22BP is 
regulated by the inflammasome and modulates tumorigenesis in 
the intestine. Nature 491: 259-263, 2012.

23. Zenewicz LA, Yancopoulos GD, Valenzuela DM, Murphy AJ, 
Stevens S and Flavell RA: Innate and adaptive interleukin-22 protects 
mice from inflammatory bowel disease. Immunity 29: 947-957, 2008.

24. Zurleni T, Gjoni E, Ballabio A, Casieri R, Ceriani P, Marzoli L and 
Zurleni F: Sixth and seventh tumor-node-metastasis staging system 
compared in gastric cancer patients. World J Gastrointest Surg 5: 
287-293, 2013.

25. Hsu SM, Raine L and Fanger H: The use of antiavidin antibody 
and avidin-biotin-peroxidase complex in immunoperoxidase 
technics. Am J Clin Pathol 75: 816-821, 1981.

26. Hsu SM, Raine L and Fanger H: Use of avidin-biotin-peroxidase 
complex (ABC) in immunoperoxidase techniques: A comparison 
between ABC and unlabeled antibody (PAP) procedures. 
J Histochem Cytochem 29: 577-580, 1981.

27. Harvey JM, Clark GM, Osborne CK and Allred DC: Estrogen 
receptor status by immunohistochemistry is superior to the 
ligand-binding assay for predicting response to adjuvant endocrine 
therapy in breast cancer. J Clin Oncol 17: 1474-1481, 1999.

28. Lazennec G and Richmond A: Chemokines and chemokine 
receptors: New insights into cancer‑related inflammation. Trends 
Mol Med 16: 133-144, 2010.

29. Washington K: 7th edition of the AJCC cancer staging manual: 
Stomach. Ann Surg Oncol 17: 3077-3079, 2010.

30. Heidemann J, Ogawa H, Dwinell MB, Rafiee P, Maaser C, 
Gockel HR, Otterson MF, Ota DM, Lugering N, Domschke W 
and Binion DG: Angiogenic effects of interleukin 8 (CXCL8) in 
human intestinal microvascular endothelial cells are mediated by 
CXCR2. J Biol Chem 278: 8508-8515, 2003.

31. Mestas J, Burdick MD, Reckamp K, Pantuck A, Figlin RA and 
Strieter RM: The role of CXCR2/CXCR2 ligand biological axis 
in renal cell carcinoma. J Immunol 175: 5351-5357, 2005.

32. Yang G, Rosen DG, Zhang Z, Bast RC Jr, Mills GB, Colacino JA, 
Mercado-Uribe I and Liu J: The chemokine growth-regulated 
oncogene 1 (Gro-1) links RAS signaling to the senescence of 
stromal fibroblasts and ovarian tumorigenesis. Proc Natl Acad 
Sci USA 103: 16472-16477, 2006.

33. Tekamp-Olson P, Gallegos C, Bauer D, McClain J, Sherry B, 
Fabre M, van Deventer S and Cerami A: Cloning and character-
ization of cDNAs for murine macrophage inflammatory protein 
2 and its human homologues. J Exp Med 172: 911-919, 1990.

34. Bozic CR, Kolakowski LF Jr, Gerard NP, Garcia-Rodriguez C, 
von Uexkull-Guldenband C, Conklyn MJ, Breslow R, Showell HJ 
and Gerard C: Expression and biologic characterization of the 
murine chemokine KC. J Immunol 154: 6048-6057, 1995.

35. Harada A, Kuno K, Nomura H, Mukaida N, Murakami S and 
Matsushima K: Cloning of a cDNA encoding a mouse homolog 
of the interleukin-8 receptor. Gene 142: 297-300, 1994.

36. Martin JC, Bériou G, Heslan M, Chauvin C, Utriainen L, 
Aumeunier A, Scott CL, Mowat A, Cerovic V, Houston SA, 
et al: Interleukin-22 binding protein (IL-22BP) is constitutively 
expressed by a subset of conventional dendritic cells and is 
strongly induced by retinoic acid. Mucosal Immunol 7: 101-113, 
2014.

37. Dumoutier L, Lejeune D, Colau D and Renauld JC: Cloning 
and characterization of IL-22 binding protein, a natural 
antagonist of IL-10-related T cell-derived inducible factor/IL-22. 
J Immunol 166: 7090-7095, 2001.


