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High expression of CXCR?2 is associated with tumorigenesis,
progression, and prognosis of laryngeal squamous cell carcinoma
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Abstract The laryngeal squamous cell carcinoma
(LSCC) is one of the most common cancers threatening
people’s life. CXC-chemokine receptor type 2 (CXCR2)
was reported to play critical roles in angiogenesis, tumor-
igenesis, and metastasis of several cancers such as colon
cancer, melanoma, lung cancer, and so on. However, the
expression of CXCR2 in LSCC and its association with
clinical characters of LSCC remain unclear. Quantitative
real-time reverse transcription-PCR and immunohisto-
chemistry were used, respectively, to analyze the mRNA
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level and protein level of CXCR2 in 109 cases of LSCC
tissues and 28 cases of tumor-adjacent normal tissues. The
expression of CXCR2 in LSCC was significantly higher
than that in tumor-adjacent tissues. Moreover, the expres-
sion level of CXCR2 protein in LSCC was significantly
related to lymph node metastasis (P = .022), histopathol-
ogical grade (P = .038), and 5 years’ survival (P = .007).
Cox regression analysis revealed that CXCR2 expression
(P = .031), as well as lymphatic metastasis (P = .026) and
TNM classification (P = .042), is an independent prog-
nostic marker of LSCC. High expression of CXCR2 is also
associated with short survival of LSCC patients. Our data
indicate that the expression of CXCR?2 is associated with
the development and progression of LSCC. CXCR2
expression may serve as an independent prognostic marker
for LSCC patients.

Keywords Laryngeal squamous cell carcinoma -
CXCR2 - Prognostic marker

Background

Head and neck cancer accounts for about 6% of all human
cancers. There are approximately 47,560 new cases in the
USA and at least 500,000 cases worldwide each year [1, 2].
Approximately, one-fourth of all head and neck cancers are
laryngeal squamous cell carcinoma (LSCC) [1, 3]. Despite
many advanced methods for diagnosis and treatment, the
mortality rate of LSCC has not changed too much (5 year—
survival rate is 64%). Now, the incidence age of LSCC is
getting younger (40-50 years old) [4, 5]. Therefore, it is
urgent to improve the prognosis of LSCC patients.
Chemokines consist of a group of structurally related
small molecular weight peptides (8—14 kD) that are soluble
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and mostly basic. The family of chemokines contains four
members, designated as C, CC, CXC, and CX3C, on the
basis of the position of their cysteine residues [6]. The
CXC chemokines can be divided into ELR' and ELR™
subgroups depending on the presence or absence of the
sequence motif (glutamic acid-leucine-arginine, ELR) in
the N-terminus of the molecule [7]. The balance of the two
groups may determine the tendency of angiogenesis and
tumor growth [8]. CXCR2, also known as IL-8RB, has
been shown to bind all of the ELRY CXC chemokines,
including IL-8; ENA-78; GRO-«, -f8, and -y; neutrophil-
activating protein-2 (NAP-2); and GCP-2 with high affinity
[9-13]. CXCR?2 is a member of the seven-transmembrane
domain rhodopsin-like G protein-coupled receptors, and it
mediates functions of ELR(4+) CXC chemokines such as
angiogenesis [14]. CXCR2 is reported to participate in the
pathogenesis of chronic inflammation, sepsis, and athero-
sclerosis [15]. In addition, a large body of evidence dem-
onstrated that CXCR?2 plays critical roles in angiogenesis,
tumorigenesis, and metastasis of several human cancers
such as colorectal carcinoma, melanoma, lung cancer,
prostate carcinoma, pancreatic carcinoma, and so on [16—
24]. However, the possible roles of CXCR2 expression in
LSCC have not been determined.

In this study, we examined the expression levels of
CXCR2 in LSCC tissues and tumor-adjacent normal tissues.
Our data showed that compared to tumor-adjacent normal
tissues, LSCC tissues have higher expression of CXCR2. In
addition, our data suggested that CXCR2 expression in
LSCC is associated with lymph node metastasis, tumor
grade, and 5-year survival. We also revealed that CXCR2
expression might serve as the prognostic marker for LSCC.

Materials and methods
Patient specimens

One hundred and nine cases of LSCC were obtained from
the Department of Pathology, the Affiliated Hospital of
Nantong University between 2000 and 2009. Diagnosis of
LSCC was performed according to the latest WHO criteria
[25] and TNM stage classification (UICC 2002). The mean
age of patients at the time of surgery was 60.8 years
(ranging from 29 to 87 years old). Clinical data include
gender, age, tobacco use, alcohol consumption, pTNM
stage, lymph node metastasis, histopathological grade, and
5 years’ follow-up survival. Follow-up of all cases started
from post-operation through May 2010. Before surgery,
none of the patients had received radiation therapy, neo-
adjuvant chemotherapy, or immunotherapy. Nantong
Tumour Hospital’s ethics committee approved the study
protocol.

Tissue microarrays construction (TMA)

We use formalin-fixed, paraffin-embedded tissues from
109 LSCC and 28 tumor-adjacent normal tissues for our
present study. TMA was produced by the Shanghai Xin-
chao Biotech Co., Ltd. Core tissue biopsies (2 mm in
diameter) were taken from individual paraffin-embedded
LSCC and arranged in the new recipient paraffin blocks.
The tissue microarray was cut into 4-pum sections and
placed on super frost charged glass microscope slides.

Immunohistochemistry

Paraffin tissue sections (4 pm) were deparaffinized in
100% xylene and re-hydrated in descending ethanol series
and water according to standard protocols. Heat-induced
antigen retrieval was performed in 10 mM citrate buffer for
2 min at 100°C. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxide, and non-specific
binding of immunoglobulin was blocked with serum for
1 h at room temperature. Tissue sections were incubated
with monoclonal mouse anti-CXCR2 antibody (dilution or
working concentration, ab24963, Abcam) overnight at 4°C.
After washing, the sections were incubated with biotin-
labeled goat anti-rabbit antibody for 30 min at room
temperature and subsequently incubated with streptavidin-
conjugated horseradish peroxidase (HRP). Sections were
colorized with 3,3-diaminobenzidine (DAB) chromogen
solution and counterstained with hematoxylin. Visualiza-
tion and documentation were accomplished with XX
microscope supporting XX camera. All sections were
immunostained at the same time and under the same con-
ditions. Results were examined by two investigators in
blinded manner. In the case that the two investigators
disagreed, related results were evaluated by the third party;
if any two of the three investigators could not come to an
agreement, related sections were excluded. Results were
analyzed according to the method described as before [26].
Briefly, the percentage of CXCR2-positive cells was scored
as follows: O for 0%, 1 for 1-33%, 2 for 34—66%, and 3 for
67-100%. The intensity of CXCR2 staining was also
scored into four points: O for negative staining, 1 for yellow
color staining, 2 for light brown color staining, and 3 for
brown color staining. Samples with a sum score of 0-2
were regarded to have low expression of CXCR2, and
those with a sum score of 3—6 were regarded to have high
expression of CXCR2.

RNA extraction and quantitative real-time reverse
transcription-PCR analysis

We collected 10 samples of fresh LSCC tissues and their
adjacent tissues. Tissue samples were snap-frozen in liquid
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nitrogen and stored at —80°C before RNA extraction.
Tissues were homogenized using tissue grinders. The
quality of RNA was examined by gel electrophoresis. Total
RNA from LSCC tissues or tumor-adjacent normal tissues
was isolated using Trizol reagent (Invitrogen, Carlsbad,
CA). Two microgram of total RNA was employed for
cDNA synthesis using Moloney murine leukemia virus
retrotranscriptase (Promega). Real-time PCR was per-
formed using SYBR green dye in Bio-Rad iQ50 Real-time
PCR system following the manufacturer’s instructions.
Primers designed with Beacon Designer 7.0 software (Palo
Alto, CA, USA) were as follows: CXCR2 forward 5'-TC
TGGATGCCACCGAGATTCT-3', CXCR?2 reverse 5'-AG
TCCATGGCGAAACTTC-3’; glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward 5'-TGCACCACCAAC
TGCTTAGC-3', GAPDH reverse 5'-GGCATGGACTGTG
GTCATGAG-3'. The transcription levels of GAPDH
served as a loading control.

Statistical analysis

The following clinical data were evaluated: age, pTNM
stage, Lymph node metastasis, histopathological grade, five
years’ survival, and other clinicopathological information.
The relationship between CXCR2 expression and clinico-
pathological factors was analyzed by chi-square test. Sur-
vival rate was estimated by Kaplan—-Meier method.
Univariate and multivariate analysis was carried out using
Cox’s proportional hazards regression models. P < 0.05
was defined to be significant. The statistical analysis was
performed using STATA V.9.0.

Result

We examined the mRNA levels of CXCR2 in LSCC tis-
sues and tumor-adjacent normal tissues by qPCR. Nor-
malized to GAPDH, the means of CXCR2 mRNA level in
laryngeal squamous cell cancer tissues (n = 10) and that in
tumor-adjacent normal tissues (n = 10) were 4.66 £+ 2.319
and 2.34 £+ 1.51, respectively (r = 2.884, P <0.05)
(Fig. 1). Compared to tumor-adjacent normal tissues, the
mRNA levels of CXCR2 in LSCC were significantly
higher. Protein levels of CXCR2 were examined using
immunohistochemistry. As shown in Fig. 2, compared to
tumor-adjacent normal tissues, cancer tissues showed more
positive staining cells and stronger staining. 73 Cases of
109 LSCC tissues (66.97%) showed high expression of
CXCR?2, however, only 9 cases of 28 tumor-adjacent nor-
mal tissues (32.14%) displayed high expression of CXCR2.
The high expression rate of CXCR2 between cancer tissues
and non-cancerous tissues showed significant difference
(P = 0.001). The immunohistochemistry results are con-
sistent with qPCR results, which suggest that the
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Fig. 1 The expression of CXCR2 mRNA in LSCC Box-and-whisker

plot represents CXCR2 mRNA expression in LSCC and matched
tumor neighbor tissue

expression of CXCR2 might play an important role in the
tumorigenesis of LSCC.

Correlations between various clinicopathological char-
acteristics and CXCR2 expression in LSCC tissues were
analyzed by »* test (Table 1). The analysis showed that
high expression of CXCR2 in LSCC was significantly
related to lymph node metastasis (P = 0.022), histopa-
thological grade (P = 0.038), and 5 years’ survival
(P = 0.007). However, no statistically significant correla-
tion was found between CXCR2 expression and age,
tobacco use, alcohol consumption, or pTNM stage.

Univariate analysis showed that the life span of LSCC
patients is correlated with lymph node metastasis
(P < 0.001), tumor stage (P = 0.042), histopathological
grade (P = 0.04), and expression level of CXCR2 as well
(P = 0.001). Multivariate analysis using the Cox regres-
sion model adjusted to clinicopathological variables [tumor
stage (I-II versus III-IV) and lymph node metastasis]
showed that CXCR2 protein expression may serve as an
independent prognostic factor for overall survival
(Table 2). Moreover, we analyzed patients’ survival based
on CXCR2 expression by stage separating stage II and
stage III from the rest of the group. Kaplan—Meier survival
curves showed that patients with high CXCR2 expression
had a shorter survival time than patients with low CXCR2
expression (Fig. 3).

Discussion

Over the past two decades, even though patients with
LSCC have benefited greatly from the latest advances in
surgical techniques, radiation therapy and chemotherapy,
the survival rate of LSCC has not improved significantly
[4]. With the development of genomic and basic research,
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Fig. 2 Al Well-differentiated LSCC tissue (A2 and A3). The positive
immunostaining of CXCR2. B/ Poorly differentiated LSCC tissue
(B2 and B3). Strongly positive immunohistochemical reaction of

we have more knowledge about the molecular processes of
tumorigenesis and progression. Cell biomarkers have been
used as a variable for appraising the clinical malignancy of
a cancer. Several molecular markers used for LSCC clas-
sification have been investigated, but there are few with
great value in predicting patient prognosis. It is important
to find some new molecular factors that may serve as
prognostic markers for LSCC.

It was reported that CXCR2 and its ligands play
important roles in inflammatory diseases, immune
responses and wound healing [27-29]. Recently, some
studies indicated that CXCR2 and its ligands participated
in tumor growth and metastasis. CXCR2 was reported to
bind all the ELR* CXC chemokines with high affinity [14].

CXCR2 in LSCC (CI). Tumor adjacent tissue (C2 and C3). Weakly
positive expression of CXCR2. Original magnification x40in A/, A2,
Bl, B2, Cl, and C2, x400 in A3, B3, and C3

ELR"™ CXC chemokines play an important role in tumor
growth and progression in various tumors. All angiogenic
ELR™ CXC chemokines mediate their angiogenic activity
through CXCR2 [14]. Seema Singh et al. [30] found that
CXCL-8-mediated angiogenesis in the regulation of mel-
anoma growth and metastasis is dependent on CXCR2.
Elena Loukinova et al. [31] reported that GRO-a can
promote the growth of murine squamous cell carcinoma by
a host CXCR2-dependent pathway. Aihua Li et al. [32]
demonstrated that BM-derived EPC (endothelial progenitor
cells) was correlated with pancreatic cancer growth and
provided a cellular mechanism for CXCR2-mediated tumor
neovascularization. These previous studies suggested that
CXCR2 might play critical roles in tumor progression.
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Table 1 Correlation of high CXCR2 expression with clinicopatho-
logical characteristics in LSCC

Table 2 Univariate and multivariate analysis of prognostic factors
for survival in laryngeal squamous cell cancer

Clinicopathological ~CXCR2
characteristics - - >
n High expression  y P(value)
(n) %

Gender
Male 107 71(66.36) 1.0074  0.316
Female 2 2(100)

Age(years)
< 60 45 27(60.00) 1.6845 0.194
> 60 64  46(71.88)

Tobacco use
Yes 77 49(63.36) 1.3197  0.251
No 32 24(75.00)

Alcohol consumption
Yes 53 36(67.92) 0.0423  0.837
No 56 37(66.07)

pTNM stage
Stage I, 1T 65 40(61.54) 2.1496  0.143
Stage III, IV 44 33(75.00)

Lymph node metastasis
Yes 19 17(89.47) 52672 0.022
No 90  56(62.22)

Histopathological grade
Well 51 29(56.86) 4.427 0.035"
Medium and low 58  44(75.86)

Five years’ survival
Yes 72 42(60.00) 7.1569  0.007"
No 37 31(79.49)

P < 0.05

In the present study, we used quantitative real-time PCR
and immunohistochemistry to examine the mRNA and
protein levels of CXCR2 in 109 cases of LSCC and 28
cases of tumor-adjacent normal tissues. QRT-PCR result
showed that LSCC tissues displayed higher level of
CXCR2 mRNA compared with non-cancerous adjacent
tissues (P < 0.05). This result is in accordance with pre-
vious reports in other tumors [20, 22]. Immunohisto-
chemical analysis showed that CXCR2 protein was
localized in the cell nucleus and cytoplasm of cancer cells.
Some other reports showed that both the cell membrane
and cytoplasm of cancer cells are positively stained with
CXCR2 [22, 24]. The reason for the difference in subcel-
lular localization of CXCR?2 might be because of dissimilar
antibodies and LSCC samples from various areas. Our
results demonstrated that the expression of CXCR2 protein
in LSCC was higher than that in adjacent normal tissues,
which indicates that the expression of CXCR2 might be
involved in the malignant transformation of LSCC [33]. It
was reported that overexpression of CXCR?2 is related to
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Univariate Multivariate analysis
analysis
P>l P>l 95% CI
CXCR2 appearance
High versus low 0.001" 0.031""  1.103775-7.753679
Age (years)
<60 versus >60 0.327
Tobacco use
Yes versus no 0.858
Alcohol consumption
Yes versus no 0.595
pTNM stage
Stage I, II versus 0.042" 0.042""  1.034938-5.841221
Stage III, IV
Lymph node metastasis
Yes versus no <0.001"  0.026™ 1.144843-7.969205

Histopathological grade

Grade I versus grade II  0.04
versus grade III

*

P < 0.05

poor prognosis of various cancers including ovarian [24],
breast [34], gastric cancer [35], and melanoma [36]. In our
study, we found that high CXCR2 expression in LSCC was
correlated with clinical pathologic characteristics including
poor survival, lymph node metastasis, and stage grouping
with TNM classification. Univariate analysis showed that
not only tumor differentiation, stage grouping with TNM
classification, and lymph node metastasis but also the
expression level of CXCR2 is correlated to life span of
LSCC patients. CXCR2 expression was found to be sig-
nificantly related with prognosis in univariate survival
analysis, and it still kept its prognosis value in multivariate
survival analysis. The multivariate analysis revealed that
strong expression of CXCR2 is an independent factor for
poor prognosis of LSCC patients. Furthermore, we ana-
lyzed survival of LSCC patients based on CXCR2
expression by stage separating stage II and stage III from
the rest of the group. The overall 5-year survival of high
CXCR?2 expression group was significantly shorter than
that of low CXCR2 expression group. These findings
suggest that CXCR2 expression may be associated with the
development and progression of LSCC and that CXCR2
expression may act as an independent prognostic marker
for LSCC.

Our study is the first report about the relationship
between CXCR2 expression and the prognosis of LSCC
patients; it will help to develop some new therapeutic
strategies to improve the clinical treatments for LSCC and
prolong the patients’ survival. Recently, it was reported
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Fig. 3 Five-year survival of patients with LSCC according to different independent factors with the Kaplan—-Meier method. a The overall
survival rate in all patients. b The overall survival rate in patients of the stage grouping II-III. ¢ Life spans of patients with lymph node metastasis

that small molecules like SCH-479833 or SCH-527123
(antagonists targeting CXCR2) could reduce melanoma
growth and angiogenesis [37]. SB225002, another antag-
onist of CXCR2, could block the proliferation of esopha-
geal cancer cells [22]. In the future, more research needs to
be done to confirm the therapeutic value of the regulation
of CXCR2.

Conclusion

To the best of our knowledge, this is the first report that
demonstrates the involvement of CXCR2 in the carcino-
genesis of LSCC. In this study, we found that high
expression of CXCR2 was correlated with poor survival,
lymph node metastasis, and pTNM stage in LSCC patients.
The overall survival of LSCC patients with high CXCR2
expression was significantly shorter than that with low
CXCR2 expression. CXCR2 expression may serve as a
prognostic marker in LSCC patients. Our study is helpful in
understanding the roles of CXCR?2 in the development and
progression of LSCC. It also suggested the new therapeutic
strategy by regulating CXCR2 expression to slow down the
malignancy progression of LSCC and to improve the
prognosis of LSCC patients.
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