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Abstract. Chemokine receptors are key mediators of
normal physiology and numerous pathological conditions,
including inflammation and cancer. This receptor family is
an emerging target for anticancer drug development. C-X-C
motif receptor 7 (CXCR7) is an atypical chemokine receptor
that was first cloned from a canine cDNA library as an orphan
receptor and was initially named receptor dog cDNA 1 (RDC1).
Shortly after demonstrating that RDC1 binds with its ligand,
stromal cell-derived factor-1a and interferon-inducible T-cell
o chemoattractant, RDCI1 was officially deorphanized and
renamed CXCR7, as the seventh receptor in the CXC class of
the chemokine receptor family. Recent accumulating evidence
has demonstrated that CXCR7 expression is augmented in the
majority of tumor cells compared with their normal counter-
parts and is involved in cell proliferation, survival, migration,
invasion and angiogenesis during the initiation and progression
of breast, lung and prostate cancer. In the present review, the
expression and role of CXCR?7, as well as its clinical relevance in
cancer of the gastrointestinal system, were investigated. In addi-
tion, the potential of this chemokine receptor as a therapeutic
target in the treatment of gastrointestinal cancer was discussed.
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1. Introduction

Chemokines and their binding receptors comprise the
chemokine signaling systems, which are involved in organ
development, host immune response and other physiological
processes that direct cells to specific locations throughout the
body. Since they first appeared in teleost fish, chemokines have
become the most extensive family of cytokines (1-4). Chemo-
kine receptors constitute the largest branch of the y subfamily of
rhodopsin-like seven-transmembrane receptors (4). Chemokine
receptors are differentially expressed by all leukocytes and other
nonhematopoietic cells, including cancer cells, and are classi-
fied into two categories: G protein-coupled receptors (GPCRs)
and atypical chemokine receptors (ACKRs). This classification
was recently introduced and approved by the Nomenclature
Committee of the International Union of Pharmacology and
the Human Genome Nomenclature Committee (1). A key
structural determinant that distinguishes these two groups is
the sequence motif Asp-Arg-Tyr-Leu-Ala-Ile-Val (also known
as DRYLAIV), which is located at the end of transmembrane
domain 3 and is conserved in the majority of GPCRs, but
poorly conserved in ACKRs (1).

C-X-C motif receptor 7 (CXCR7), recently termed ACKR3,
is an atypical chemokine receptor that was first cloned from
a canine thyroid cDNA library as an orphan receptor and
initially named receptor dog cDNA 1 (RDCI) (1,5). Shortly
thereafter, the human and mouse RDCI orthologs were identi-
fied and their amino acid sequences were found to have >90%
similarity. The human and mouse RDC/ genes were mapped
to chromosome regions 2q37.3 and 1 55.6 cM, respectively.
Notably, these are the same chromosomes that encode the
CXCR4 genes in the two species (6). Similar to CXCR4,RDCI
binds to stromal cell-derived factor-1a (SDF-1a; also known as
CXCL12); however, unlike CXCR4,RDCI1 is not monogamous
since it can also bind to interferon-inducible T-cell o chemoat-
tractant (I-TAC; also known as CXCLI11) (1). Subsequent to
demonstrating that SDF-1a and I-TAC bind with high affinity
to RDC1, RDCI1 was officially deorphanized and renamed
CXCR7, as the seventh receptor of the CXC class of the
chemokine receptor family (7). However, I-TAC is also able
to bind to CXCR3. Therefore, any biological effects of I-TAC
through the activation of CXCR?7 should be distinguished from
possible involvement of this cytokine with CXCR3, in cases
where this receptor is also expressed on the target cells (8).
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In addition, I-TAC can compete with SDF-1a for binding to
CXCR7 and hinder the SDF-1a. and CXCR?7 interaction (8,9).

The physiological role of CXCR7 depends on its expres-
sion in tissues, as well as its ability to induce appropriate
signaling cascades. Depending on cell type, CXCR7 is a
signaling or non-signaling receptor (7,9-13). In normal tissues,
CXCRY7 is expressed in the heart, brain, spleen, kidney, lungs,
testis, ovary, thyroid, placenta, liver and thymus, as well as
in hematopoietic cells, including lymphocytes, granulocytes
and monocytes (7,14-17). Therefore, CXCR7 has diverse roles
in various organs, although its role in adult tissues remains
unclear. CXCR7 expression is tightly regulated by many
factors such as hypoxia and hormones, and is induced during
pathological processes, including inflammation and cancer. In
these conditions, CXCR7 expression is increased on immune
cells and endothelial cells in the periphery; however, expres-
sion is decreased on leukocytes following their move into the
tissues. CXCR?7 expression is also augmented in the majority
of tumor cells compared with their normal nontransformed
counterparts (6,9). This overexpression may be involved in the
increased proliferative and survival capacities of tumor cells,
and provide an advantage for tumor development and dissemi-
nation (6,9,18,19). Signaling via CXCR?7 has been demonstrated
to enhance the proliferation of cancer cells on fibroblasts,
promote tumor growth in nude mice and exert pro-survival and
anti-apoptotic effects, supporting the hypothesis that CXCR7
facilitates the expansion and progression of certain tumor
types and may be a potential prognostic marker (9,11,12,20).
Accordingly, Miao et al (21) reported that CXCR7 promotes
the growth of tumors formed from breast and lung cancer cells,
and enhances experimental lung metastasis in immunodefi-
cient and immunocompetent mouse models. The authors also
demonstrated increased CXCR7 expression in human breast
and lung cancer, where it is highly expressed in the majority
of tumor-associated blood vessels and malignant cells, but
not expressed in the normal vasculature (21). Wang et al (22)
also demonstrated that, in prostate cancer, the level of CXCR7
expression increases as the tumors become aggressive.
In addition, CXCR7 expression has been associated with
enhanced adhesive and invasive activities, as well as increased
proliferation in in vitro and in vivo studies. Furthermore,
CXCRT7 regulates the expression of the proangiogenic factors,
interleukin-8 and vascular endothelial growth factor (VEGF),
which likely participates in the regulation of tumor angiogen-
esis (22). CXCRY7 is also expressed in tumors of hematopoietic
origin (such as lymphomas) and mesenchymal origin (including
sarcomas and gliomas), suggesting its potential role in tumori-
genesis and tumor dissemination (10,11,13,20,23-28). However,
the function of the receptor requires further clarification.

Regarding gastrointestinal cancer, increasing evidence
suggests that CXCR7 is involved in tumor biology. The
present review focuses on the expression and role of CXCR7
in gastrointestinal cancer, and discusses its prognostic and
therapeutic potential.

2. CXCRY7 in cancer of the gastrointestinal system
Cancer of the oral cavity. Squamous cell carcinomas of

the head and neck are a heterogeneous group of malignan-
cies involving the oral cavity, oropharynx, larynx and
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hypopharynx, and account for >90% of malignant tumors in
the oral cavity (29,30). The biological properties of squamous
cell carcinoma are intimately regulated by various cytokines
and growth factors. Recent studies in the field of chemokine
systems as mediators of tumor development and progression
have demonstrated that chemokine receptors play an impor-
tant role in head and neck squamous cell carcinomas (31,32).
Xia et al (32) reported that the expression of CXCR7 mRNA in
oral leukoplakia, which is a premalignant lesion of oral squa-
mous cell carcinoma, was increased by >2-fold compared with
normal tissues as observed by microarray analysis. CXCR7
was also expressed in 85% of oral leukoplakia and 86% of
oral squamous cell carcinoma, whereas only 8% of normal
tissues displayed CXCR7 immunostaining at the protein
level. In addition, CXCR7 was concomitantly expressed
with its ligands SDF-1a and I-TAC in all oral leukoplakia
and oral squamous cell carcinoma tissues, suggesting that
the CXCR7-SDF-1a/I-TAC axis is important in oral carci-
nogenesis (32). Recently, Maussang et al (33) demonstrated
a high CXCR7 expression in head-and-neck cancer biopsies,
highlighting a potential novel tumorigenic role of CXCR7 in
these types of cancer. The authors also confirmed the expres-
sion of CXCR?7 in head-and-neck cancer cell lines at the
transcript and protein levels, and generated a patient-derived
CXCR7-expressing head-and-neck cancer xenograft model
in nude mice (33). Furthermore, CXCR7-targeting therapy
inhibited the secretion of the angiogenic factor, resulting in
the inhibition of tumor growth and angiogenesis in vivo.

Esophageal cancer. The expression and role of CXCR7
in esophageal cancer have not been studied intensively.
Ge et al (34) reported that the long non-coding RNA,
HOX transcript antisense RNA (HOTAIR), is involved in
the molecular mechanism of esophageal squamous cell
carcinoma metastasis. They detected CXCR?7 in cells over-
expressing HOTAIR using microarrays and quantitative
polymerase chain reaction, which suggests the contribution
of CXCR?7 to esophageal squamous cell cancer progres-
sion (34). In addition, Tachezy et al (35) investigated the
expression of CXCR7 in primary tumors, lymph nodes and
distant metastases of 299 patients with esophageal cancer
and its association with clinicopathological parameters.
CXCR?7 expression was rarely detected in esophageal adeno-
carcinoma tissues; however, CXCR7 was overexpressed in
almost half of the esophageal squamous cell carcinoma cases
investigated, underlining the different mechanisms and back-
grounds of the two histologies. In contrast to other cancer
types, such as breast, prostate and lung cancer (21,22,36),
no significant correlation was observed between CXCR7
expression and histopathological data or patient survival
rates in esophageal cancer.

Gastric and small bowel cancer. The role of CXCR7 in gastric
and small bowel cancer is poorly understood. CXCR?7 tran-
scripts have been detected in gastric cancer cells, including
MGC-803, SGC-7901 and BGC-823 cells (37). In a previous
study, Lee er al (2) reported that CXCR7 was differentially
expressed in gastric adenocarcinoma tissues. Increased
expression levels of CXCR7 and its ligand SDF-1la in tumor
cells was associated with aggressive tumor biology and a poor
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prognosis (2), suggesting that further investigation is required
to decipher the role of CXCR7 in these tumors.

Colorectal cancer. Previous studies have demonstrated that
CXCRY7 is differentially expressed in colorectal cancer at
the transcriptional and protein levels, as well as in the cell
membrane (38-43). CXCR7 expression increased following
lipopolysaccharide treatment in the SW480 and COLO 205
colorectal carcinoma cell lines, which express Toll-like
receptor 4 (TLR4)/myeloid differential protein-2. CXCR7
expression, which was mediated by TLR4, promoted tumor
cell proliferation and migration in human colorectal carci-
noma (38). In addition, higher rates of CXCR7 expression
were confirmed in colorectal carcinoma tissues compared
with those in normal tissues, and the high CXCR7 expression
was associated with aggressive tumor behavior, including
large tumor size, high TNM stage, high histological grade,
and lymph node metastasis (38,42). Guillemot er al (39) also
demonstrated that CXCR7 and its ligands were overexpressed
in human colorectal cancer and that CXCR7 facilitated the
progression of colon cancer in the lungs of a pulmonary
metastasis mouse model. However, certain studies obtained
contradicting results. For instance, Kheirelseid er al (44)
identified no significant difference in CXCR7 expression
between paired tumor and tumor-associated normal samples
using gene expression profiling. In addition, they demonstrated
that patients with a high CXCR7 expression in the tumor cells
exhibited longer survival rates compared with patients with a
lower CXCR7 gene expression (44).

Liver cancer. Several studies have demonstrated that CXCR7
was differentially expressed in hepatocellular carcinoma and its
expression was significantly higher in tumor tissues compared
with normal liver control tissues (45-50). For instance,
Monnier et al (49) reported that in hepatocellular carcinoma,
transcripts of CXCR7 and its ligand I-TAC are significantly
overexpressed. They also identified that CXCR7 protein is
expressed in endothelial cells within hepatocellular carcinoma,
as well as in the adjacent fibrotic liver (49). By contrast, other
studies detected CXCR?7 protein expression in the membranes
and cytoplasm of tumor cells (45-48,50). CXCR7 expression
was upregulated by hypoxic and low pH conditions, which are
well-known characteristics of the hepatocellular carcinoma
microenvironment, as well as by VEGF (48.,49). In addition,
in a mouse model of hepatocarcinogenesis, a strong induction
of CXCR7 and I-TAC transcripts was observed (49). Further-
more, SDF-1a induced invasion, adhesion, tube formation and
VEGF secretion in hepatocellular carcinoma cells via CXCR?7,
and these biological effects were inhibited by abrogating
CXCR7 (48). High CXCR?7 expression in patients with hepa-
tocellular carcinoma has been found to be associated with an
increased tendency to develop distant metastases and poorer
survival compared with patients with low CXCR7 expression
following hepatic resection (46,47,51). Xue et al (52) also
reported that a high CXCR7 expression was a risk factor for
extrahepatic metastasis subsequent to hepatectomy in patients
with hepatocellular carcinoma. In addition, CXCR7 expression
correlated well with the expression of osteopontin in hepatocel-
lular carcinoma in vivo, while knockdown of CXCR7 induced
the downregulation of osteopontin, suggesting that the effect
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of CXCR7 is mediated through osteopontin upregulation (52).
Therefore, these findings imply that CXCR7 and its ligand
system play a prominent role in hepatocellular carcinoma.

Pancreatic cancer. CXCRT7 expression has been identified
in pancreatic adenocarcinoma in vitro and in vivo, along
with upregulation of the CXCR7 gene on oligonucleotide
microarrays (53-59). The expression of CXCR7 was found to
be associated with tumor grade and inversely correlated with
tumor size in patients with pancreatic adenocarcinoma (56). In
addition, stromal expression of CXCR7 was associated with
significantly worse survival outcomes in pancreatic cancer
patients that were treated with neoadjuvant chemoradiotherapy
followed by surgery and adjuvant gemcitabine treatment (53).
These observations suggest that CXCR7 has a potential role
in the tumorigenesis of pancreatic adenocarcinoma, and that
CXCR7 is involved in cell migration and invasion in pancre-
atic cancer. In the human pancreatic cell lines, PANC-1 and
Su86.86, knockdown of CXCR7 resulted in decreased migra-
tion and invasion when compared with control cells (55). In
addition, signaling via CXCR?7 facilitated cell proliferation in
pancreatic cancer cells (54).

Biliary tract cancer. The expression and role of CXCR7 in
biliary tract cancer have not yet been investigated extensively.
Only Yao et al (60) assessed the expression of CXCR7 in gall-
bladder cancer specimens from 72 patients and investigated
its association with the clinicopathological characteristics and
survival of patients. CXCR7 was detected in the cytoplasm, and
its expression was associated with tumor stage and TNM (60).
Furthermore, the CXCR7 expression was an independent risk
factor for worse postoperative survival, collectively suggesting
the potential role of CXCR?7 in gallbladder cancer development
and progression, and its possible application as a therapeutic
target (60). However, further research is required to decipher
how CXCR?7 and its ligand contribute to tumorigenesis of
gallbladder and other biliary tract cancer types.

3. CXCRY7 as a therapeutic target

CXCR7 and its ligand system are currently considered as
novel potential therapeutic targets, although the role of this
system in tumor biology is not yet fully understood. Several
agents are currently being developed to target CXCR7. Small
molecular inhibitors of CXCR7 have been manufactured by
ChemoCentryx, Inc. (Mountain View, CA, USA), including
CCX771, CCX754, CCX733 and CCX2066 (1,61-63).
CCX662 is in preclinical development for the treatment of
glioblastoma multiforme (1). In gastrointestinal tract cancer,
several preclinical studies have demonstrated that targeting
the CXCR7 pathway had an antitumor activity in vitro and
in vivo (33,39,42 45,46 ,48,54,55). Maussang et al (33) reported
that CXCR7-targeting nanobodies reduced the secretion
of the anti-angiogenic factor and inhibited tumor growth
in head-and-neck cancer. In addition, Guillemot et al (39)
evaluated the effects of CCX754 and CCX771 on mouse exper-
imental models of metastasis using mouse C26 and human
HT29 colon cancer cell lines, which were previously demon-
strated to express CXCR7. In an in vivo study (39), animals
with verified experimental micrometastasis were treated with
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specific CXCR7 antagonists. Upon examination of the lungs,
the CXCR7 antagonist-treated mice had fewer pulmonary
metastases compared with vehicle-treated mice in the C26 and
HT29 models. The treatment of mice with CXCR7 antagonists
significantly reduced the number of metastases in the lungs of
C26-injected mice [reduced by 40%; 77+6 (treated) vs. 129+5
(untreated)] and HT29-injected mice [reduced by 56%; 2.6+0.8
(treated) vs. 5.9+1.4 (untreated)]. CCX771 also blocked the
proliferative and migratory effects of CXCR7 in CXCR7-posi-
tive SW480 colorectal carcinoma cells (38). In addition,
Heckmann et al (42) demonstrated that CXCR7-expressing
colon cancer cell lines were more chemoresistant compared
with control cells. The authors also analyzed the cytotoxicity
in a stroma-dependent cell kill assay subsequent to treatment
with 5-fluorouracil (4, 8 and 16 mg/ml), which is a standard
chemotherapeutic drug in colorectal cancer treatment (42).
The stromal environment was mimicked using murine
SDF-1a-producing stromal FBMD-1 cells in a co-culture with
CXCR7-expressing SW480 (SW480CXCR?7) and control cells
[wild-type SW480 (SW480WT) or enhanced green fluorescent
protein (EGFP)-expressing SW480 (SW480EGFP) cells] (42).
The two control cell lines demonstrated similar chemosen-
sitivity. However, SW480CXCR?7 cells presented increased
chemoresistance compared with the control cells following
exposure to 5-fluorouracil (42).

In hepatocellular carcinoma, several studies demonstrated
that targeting CXCR7 had an antitumor activity in vitro and
in vivo. CXCR7 knockdown significantly inhibited the prolif-
eration, migration, invasion and adhesion of hepatocellular
carcinoma cells (45,46,48,64). In addition, silencing CXCR7
markedly suppressed tumor cell-induced tube formation and
VEGF secretion in vitro, and further inhibited tumor growth,
angiogenesis and lung metastasis in a xenograft model of
hepatocellular carcinoma (46,48). Furthermore, Xue et al (51)
recently reported that CXCR?7 correlated with the differentiation
of hepatocellular carcinoma. CXCR7 was also demonstrated to
suppress hepatocyte nuclear factor 4o through the activation
of extracellular regulated protein kinase (ERK), which was
inhibited by U0125, an inhibitor of mitogen-activated protein
kinase/ERK 1 and 2. These observations suggest that the
CXCR7-ERK-HNF4a cascade may be a novel target for the
differentiation therapy of hepatocellular carcinoma. Collec-
tively, these results indicate that CXCR?7 is a potential molecular
target for the treatment of hepatocellular carcinoma.

Regarding pancreatic adenocarcinoma, CXCR7 knockdown
in human pancreatic cancer cell lines transfected with CXCR7
siRNA was found to inhibit cell proliferation, migration and
invasion (54,55). In addition, Hong et al (53) reported that
stromal CXCR7 expression was associated with poor survival
outcomes in patients with resectable pancreatic adenocar-
cinoma who underwent preoperative chemoradiation with
proton beam therapy and capecitabine followed by surgery
and adjuvant gemcitabine. These findings suggest that CXCR7
is involved in the resistance to treatment strategies, such as
radiation and chemotherapy. Furthermore, several researchers
demonstrated that CXCR7 expression was associated with
treatment resistance in several cancer types, including brain
tumors and breast cancer. Therefore, targeting CXCR7 may
be a reasonable approach to overcome this hurdle in cancer
treatment (9,42,65-67).
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In conclusion, the findings described in the present review
suggest that CXCR7 is a potential therapeutic target in gastro-
intestinal cancer. Improving the understanding on CXCR7 and
its role in tumorigenesis of the gastrointestinal system, as well
as developing further clinical applications, is crucial.

4. Conclusion

CXCR7 is a chemokine receptor that may be involved in
the initiation, progression and metastasis of various gastro-
intestinal tract cancer types, as well as in processes such as
cell proliferation, migration, invasion, adhesion and angio-
genesis. In addition, several studies have demonstrated that
targeting CXCR7 using small molecular inhibitors, siRNA
and nanobodies exhibited an antitumor activity in vitro and
in vivo (33,39,54,55). Therefore, the CXCR7 pathway is a
potential therapeutic target in the treatment of gastrointestinal
cancer. However, extensive research is required to improve the
understanding on the effect of CXCR7 and its ligand system
in the tumorigenesis of the gastrointestinal system, in order to
achieve its successful use in clinical applications.
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