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The chemotactic cytokines called chemokines are a superfamily of
small secreted cytokines that were initially characterized through
their ability to prompt the migration of leukocytes. Attention has
been focused on the chemokine receptors expressed on cancer cells
because cancer cell migration and metastasis show similarities to
leukocyte trafficking. CXC chemokine receptor 4 (CXCR4) was first
investigated as a chemokine receptor that is associated with lung
metastasis of breast cancers. Recently, CXCR4 was reported to be a
key molecule in the formation of peritoneal carcinomatosis in gastric
cancer. In the present review, we highlight current knowledge about
the role of CXCR4 in cancer metastases. In contrast to chemokine
receptors expressed on cancer cells, little is known about the roles
of cancer cell-derived chemokines. Cancer tissue consists of both
cancer cells and various stromal cells, and leukocytes that infiltrate
into cancer are of particular importance in cancer progression.
Although colorectal cancer invasion is regulated by the chemokine
CCL9-induced infiltration of immature myeloid cells into cancer,
high-level expression of cancer cell-derived chemokine CXCL16
increases infiltrating CD8* and CD4* T cells into cancer tissues, and
correlates with a good prognosis. We discuss the conflicting biological
effects of cancer cell-derived chemokines on cancer progression,
using CCL9 and CXCL16 as examples. (Cancer Sci 2007; 98: 1652-1658)

Chemokines are a family of small (8—14 kDa), mostly basic,
heparin-binding cytokines that primarily induce directed
migration of various types of leukocytes through interactions with
a group of seven transmembrane G protein-coupled receptors
(GPCR). GPCR mediate biological effects such as cell migration.
That is, normal rapid leukocyte trafficking is controlled strictly
by chemokines and their receptors.? To date, over 50 chemokines
and 20 chemokine receptors have been identified, and are grouped
into four categories (C, CC, CXC, and CX3C) based on the
location of the main cysteine residues near the N termini of
these proteins.

Leukocyte trafficking and, to a lesser degree, cancer metasta-
sis have regular rules called organ selectivity. The cancer meta-
static process can be divided into several migration steps. First,
cancer cells are released from the primary cancer to the sur-
rounding tissues, enter the vascular or lymphatic circulation,
and are transported through it. Then, the cells become arrested
in the capillary bed of a distant organ and extravasate from the
circulation to organ parenchyma. However, although cancer
migration from the primary site to distant organs is essential to
establish metastasis, we know very little about the molecular
mechanisms that regulate cancer cell migration.

It is now thought that chemokines play a significant role in
organ-selective cancer metastasis, because cancer cell migration
and metastasis share many similarities with leukocyte trafficking.®®
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Several chemokine receptors are regarded as molecules related
to cancer metastasis.®™

In the present review, we will discuss two topics in solid
cancer metastasis and progression (Fig. 1). CXC chemokine
receptor 4 (CXCR4) is the most common chemokine receptor
that has been demonstrated to be overexpressed in human cancers.
More than 23 different human malignancies, including breast
cancer, ovarian cancer, melanoma, and prostate cancer, express
CXCR4."9 The focus of the first part of this review is the biology
of chemokine receptors (Fig. 1a), especially CXCR4, which is
expressed on cancer cells, and the therapeutic strategies against
CXCR4 in cancer metastasis.

Although many findings from both basic and clinical studies
have demonstrated an association between chemokine receptors
and cancer metastasis, relatively little is known about the role of
chemokines secreted directly by cancer cells. Cancer tissue is
composed of not only cancer cells but also cancer-associated
stromal cells."? Chemokines are secreted, constitutively or
inducibly, from various tissues under normal and pathological
conditions. In the second part of this review we will therefore
discuss which chemokines derived from cancer cells are the
main driving force of the infiltration by various cells, especially
lymphocytes, into cancer tissues and what potential these cancer
cell-derived chemokines may have for regulating the progres-
sion of cancer (Fig. 1b).

Chemokine receptors expressed on cancer cells in
cancer metastasis

CXCR4 and its ligand CXCL12. Hematopoietic cells proliferate and
differentiate into mature hematopoietic cells in the parenchyma
of bone marrow. CXCL12 (also called stromal-derived factor-
lo) was originally cloned from a murine bone marrow stromal
cell line and was identified as a stimulating factor of pre-B-cell
growth. Constitutive production of CXCL12 from marrow
stromal cells is a major source of this protein and CXCL12 is a
highly efficient chemoattractant for lymphocytes, monocytes,
and CD34* hematopoietic precursor cells expressing its receptor,
CXCRA4.1» CXCR4 has received much attention because it is
regarded as a co-receptor for infection with T-tropic (X4) HIV
virus."” Moreover, the critical roles of CXCR4 in the develop-
ment of embryos has been revealed by gene knockout studies.
The CXCR47~ phenotype is lethal in mice owing to defects of
cardiac, central nervous system, and hematopoietic stem-cell
homing."®
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Fig. 1. Schematic illustrate of this review. (a) Chemokine receptors
expressed on cancer cells in cancer metastasis. (b) Chemokines derived
from cancer cells in cancer progression.

Table 1. Expression of CXC chemokine receptor 4 in cancer metastasis

Cancer cell type Site of metastasis Reference no.

Breast Lung, lymph node 516
Prostate Bone 17
Non-small-cell lung Pleural space 18
cancer

Ovarian Peritoneum 19,20
Pancreas Liver, lung 21
Melanoma Lymph node 22
Neuroblastoma Bone, bone marrow 23
Esophageal Lymph nodes, bone marrow 24
Colorectal Liver 25
Osteosarcoma Lung 26
Renal Adrenal glands, bone 27
Gastric Peritoneum 8

CXCR4 in cancer metastasis and poor prognosis. Muller et al.
reported the landmark finding that the chemokine receptors
CXCR4 and CC chemokine receptor (CCR) 7 are highly expressed
in human breast cancer cells, and their respective ligands
CXCL12 and CCL21 (also called secondary lymphoid tissue
chemokine) play critical roles in determining the metastatic
destination of breast cancer.®

Among all chemokine receptors, CXCR4 is of particular
importance in the metastatic behavior and destination of solid
cancers.®® Table 1 summarizes the correlations between CXCR4
expression and metastatic behavior in various types of solid
cancer cells."*'5 CXCR4 is expressed on various types of cancer
cells: breast,>19 prostate,'” lung,"® ovarian,'**” pancreatic,?"
melanoma,® neuroblastoma,®® esophageal,®® colorectal,®>
osteosarcoma,® and renal.?” The CXCL12-CXCR4 axis is
implicated in the bone metastasis of prostate cancer!” and non-
small-cell lung cancer cells, particularly in their dissemination
into the pleural space.!® In ovarian cancer, melanoma and
neuroblastoma, CXCL12 directs not only cell migration but also
multiple other biological functions, such as the induction of
cell adhesion, matrix metalloproteinases, and antiapoptosis.1°2%
However, there had been no reports about the role of the CXCR4
in metastatic behaviors of gastric cancer.®

Death of patients with advanced gastric carcinoma is frequently
caused by peritoneal carcinomatosis, often associated with
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malignant ascites,®®3® and no reliable effective treatment is
available for this condition. The 5-year survival rate of patients
with peritoneal carcinomatosis is only 2%, even in patients with
intraperitoneal cancer cells without macroscopic peritoneal
carcinomatosis.®"” To design a new and effective treatment for
peritoneal carcinomatosis, it is important to understand the
molecular mechanisms that promote the development of this
condition.

We recently reported the roles of CXCR4 in peritoneal
carcinomatosis of gastric cancer.® In a screen of chemokine
receptors in human gastric carcinoma cell lines, characteristic
expression patterns were found: cells derived from malignant
ascites and pleural effusion selectively expressed CXCR4 mRNA,
especially NUGCH4 cells, which were established from malignant
ascites. To clarify the potency of CXCR4 for the promotion of
peritoneal carcinomatosis by gastric carcinoma, we extended
our investigations to human clinical samples. In peritoneal
carcinomatosis, CXCL12 was strongly expressed on peritoneal
mesothelial cells, and a higher level of CXCL12 was detected in
malignant ascites fluid of patients with peritoneal carcinomatosis
of gastric cancer than in normal fluids in the peritoneal cavity.
Most importantly, CXCR4 expression in primary tumors of
patients with advanced gastric carcinomas was significantly
correlated with the occurrence of peritoneal carcinomatosis. In
conclusion, our results suggest that the expression of CXCR4 in
biopsy specimens from primary gastric tumors may be useful for
preoperative evaluation of risks for the occurrence of peritoneal
carcinomatosis. Evaluation of CXCL12 levels in normal intra-
operative fluids of the abdominal cavity in patients with advanced
gastric carcinomas may also be useful as a predictive molecular
marker for the risk of peritoneal carcinomatosis.

Moreover, high-level expression of CXCR4 is a predictor of
poor prognosis in lung cancer,*” melanoma,®” pancreatic,®¥
ovarian,®¥ colorectal,® and breast cancer.!6* CXCR4 expression
is observed in approximately 75% of biopsy specimens of inva-
sive ductal carcinoma,'” and high-level expression of CXCR4 is
correlated with decreased overall survival of patients in breast
cancer.®” In prostate cancer, approximately 80% of patients
with untreated cancer respond to androgen withdrawal therapy;©®
however, disease recurrence occurs frequently after progression
to a hormone-refractory status, in which androgen-independent
growth of the cancer is observed.

We recently reported that the human prostate cancer cell line
DU-145 specifically expresses CXCR4 at high levels compared
with DU-145/AR (DU-145 cells expressing androgen receptor
[AR]). DU-145 showed vigorous migratory responses to CXCL12.
In contrast, CXCL12 did not affect the migration of DU-145/
AR cells. These results indicate that expression of AR may
downregulate the migratory responses of human prostate cancer
cells via chemokines and their receptor systems.” Furthermore,
CXCR4 expression in prostate cancer patients treated with
androgen withdrawal therapy was investigated by immunohisto-
chemical staining. CXCR4 was detected in most of the biopsy
specimens from patients with metastatic prostate cancer. Patients
with strong expression of CXCR4 in tumors had poorer cause-
specific survival than those with weak expression of CXCR4
(Akashi and Koizumi et al. unpublished data, 2007).

CXCR4 as an attractive target for cancer metastasis therapy. The
expression and function of CXCR4 expressed on normal and
malignant cells are induced by hypoxia inducible factor (HIF)
under hypoxic conditions.®” In addition, high expression of
CXCR4 in biopsy specimens from various primary cancers is
significantly associated with poor prognosis and the extent of
metastasis.®> Targeting CXCR4, therefore, is now regarded as a
novel and efficient strategy for treating human cancer metastases.
The therapeutic strategies are mainly classified into two categories:
the application of anti-CXCR4 monoclonal antibody and of
specific low-molecular weight antagonists for CXCR4.
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Fig. 2. Marked inhibitory effect of the CXC chemokine receptor 4
(CXCR4) antagonist AMD3100 on experimental peritoneal carcino-
matosis in gastric cancer. Photographs show representative results of
phosphate-buffered saline (PBS)-treated mice and AMD3100-treated
mice 40 days after intraperitoneal inoculation of CXCR4-expressing
NUGC4 cells. Treatment with PBS or AMD3100 was carried out daily
starting from the day of tumor inoculation. Ascites fluids and omental
tumors in the abdominal cavity are shown.

As mentioned above, it was first reported that lung metastasis
of human breast cancer is suppressed by the administration
of antihuman CXCR4 monoclonal antibody in an SCID mice
model.® The antibody also inhibits lung metastasis of murine
B16 melanoma®® and bone metastasis of human prostate cancer
in a murine model.®”

In addition to anti-CXCR4 monoclonal antibody, antagonists
of CXCR4 are thought to be a promising therapeutic approach
for cancer metastasis. The targets for approximately 50% of
the current drugs based on this approach are GPCR, and new
drugs targeting GPCR continue to be discovered and developed as
novel therapeutic targets in several diseases.

AMD3100 (Bicyclam) is very effective against HIV-1 and
HIV-2 based on its inhibition of virus replication. AMD3100 is the
most potent and selective CXCR4 antagonist ever discovered.“?
Administration of AMD3100 suppressed the growth of glioblastoma
cells transplanted intracranially into mice and also increased
apoptosis of the cells. In addition, the migration and invasion of
bladder cancer cells was inhibited by a CXCR4 antagonist
(4F-benzoyl-TE14011) in vitro,*V and a single injection of this
antagonist significantly reduced the number of pulmonary
colonies in an experimental melanoma metastasis model.“?
Another CXCR4 antagonist, TN14003, inhibited the migration
and invasion of pancreatic cancer cell lines in vitro® and sup-
pressed breast cancer metastasis in a murine xenograft model.*¥

Given the effective suppression of cancer metastasis by
specific CXCR4 antagonists in previous reports, we attempted
to apply AMD3100 in a xenograft model of NUGC4 cells in
nude mice.® Interestingly, in AMD3100-treated mice compared
with control mice, marked reduction of the ascitic fluid and
inhibition of the growth of disseminated tumors were also observed
(Fig. 2). Therefore, CXCR4 antagonists may be useful for the
treatment of peritoneal carcinomatosis, an incurable complication
of gastric cancers, and especially beneficial for patients with
intraperitoneal free cancer cells without macroscopic peritoneal
metastasis (Fig. 3).

For future studies on the development of novel combination
therapy, including CXCR4 inhibitors for cancer metastasis,
it is worthwhile discussing the role of the cooperation between
CXCR4 and human epidermal receptor (HER) 2 in the lung
metastasis of breast cancers.®® The role of HER2 in homing to
metastatic organs remains unknown, although HER2 enhances
cancer metastasis. Li et al. reported that HER2 induced the
CXCR4 expression required for the lung metastasis of breast
cancer in a mouse model.®> Moreover, a significant correlation
between HER2 and CXCR4 expression was observed and CXCR4
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Fig. 3. The CXCL12-CXC chemokine receptor 4 (CXCR4) axis plays a
pivotal role in peritoneal carcinomatosis of gastric cancer and novel
therapeutic strategies targeting CXCR4 for peritoneal carcinomatosis of
gastric cancer. The molecular mechanisms that promote the develop-
ment of peritoneal carcinomatosis. CXCR4-expressing gastric carcinoma
cells are preferentially attracted to the peritoneum cavity where their
ligand CXCL12 is produced abundantly. CXCL12 produced by peritoneal
mesothelial cells acts on proliferation and survival of CXCR4-expressing
gastric carcinoma in the peritoneal cavity in a paracrine manner. CXCR4
may be a potential therapeutic target for peritoneal carcinomatosis of
gastric carcinoma and especially beneficial for patients with i.p.-free
cancer cells without macroscopic peritoneal metastasis.

expression was also associated with poor patient overall survival
in human breast cancer.

The combination of Trastuzumab (Herceptin) with a taxane is
now first-line therapy used as the standard of care for patients
with HER2-positive metastatic breast cancer. More effective
Trastuzumab-based therapies are now being developed. Novel
combinations of Trastuzumab with chemotherapeutic agents
such as vinorelbine and gemcitabine are currently under investi-
gation in clinical trials.“> As anti-CXCR4 monoclonal antibody
and CXCR4 antagonists are attractive therapeutic candidates,
these antagonists will be applied as novel combination partners
with Trastuzumab in breast cancer.

Chemokines derived from cancer cells in cancer
progression

Regulation of leukocyte migration by chemokines secreted from
cancer cells. Although cancer tissue consists of various stromal
cells, such as leukocytes, fibroblasts, and endothelial cells, we
know little about the driving forces for the migration and
infiltration of cells into cancer tissue. As with endothelial cells,
vascular endothelial growth factor secreted from cancer cells is
widely known to be a cytokine that acts as a driving force.“®

However, chemotactic cytokines, chemokines, are representa-
tive driving forces of leukocytes in the inflammatory process,!?
leading us to ask whether or which chemokines secreted from
cancer cells are specifically correlated with cancer progression via
infiltration of leukocytes into the cancer tissue. Macrophages,
lymphocytes, and natural killer cells are the predominant cell
types of the immune cells in cancer tissue. In addition, eosinophils,
granulocytes, and B cells are present as minor immune cells in
some cancers.“”

Leukocyte accumulation in cancer tissue directed by cancer
cell-derived chemokines plays a crucial role in cancer progression
and metastasis as chemokine expression has been detected in
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sarcomas, gliomas, melanomas, and cancers of the breast, lung,
esophagus, ovary, and cervix. Cancer cell-derived chemokines
are responsible for the migration and infiltration of various types
of leukocytes, including mainly macrophages (tumor-associated
macrophages [TAM]).("

CCL5 (also called regulation on activation, normal T cell
expressed and secreted [RANTES]) and CCL2 (also called
monocyte chemoattractant protein [MCP]-1) are observed com-
monly in various types of cancers. In breast cancer, lower CCL2
expression correlated with longer relapse-free survival and
decreased TAM,“® and higher CCL5 expression was associated
with an increase in TAM and lymph-node metastasis.*” The
level of TAM infiltration and invasion was positively correlated
with CCL2 expression in esophageal carcinoma.®” In addition,
CX3CLI (also called Fractalkine) was produced by colorectal
cancer, and in contrast to CCL2, CCLS5, and TAM, high expres-
sion of CX3CL1 was positively correlated with good prognosis
and the number of tumor-infiltrating lymphocytes in colorectal
cancer patients.®!

CCL9 and infiltrating immature myeloid cells in colorectal cancer.
The adenoma—carcinoma sequence proposed by Fearon and
Vogelstein is the most famous principle of colorectal
carcinogenesis.®? The initial genetic change in the development
of most colorectal adenoma is thought to be at the adenomatous
polyposis (APC) gene locus, and the molecular events associated
with these stages are clear: a second hit in the APC gene is
sufficient to cause microadenoma development, at least in familial
APC.® The synergistic genetic mutation of APC and inactivation
of transforming growth factor (TGF)-P} family signaling, especially
via Sma and MAD-related protein (SMAD)4, brings about
colorectal cancer progression from adenoma.

Kitamura et al. have clearly shown the induction of the pro-
gression of adenoma to colorectal cancer by cancer cell-derived
chemokine CCL9 (also called MIP-1Y) using their excellent
technique for construction of transgenic mice.®? APC single-
mutant mice (Apc*’27'%) develop only microadenoma;®> in contrast,
cis-Apc*™'% Smad4*~ mutant mice (cis-Apc/Smad4) develop
intestinal adenocarcinomas with the clinical features of marked
invasion and stromal expansion. Interestingly, immature myeloid
cells iMC) expressing CCR1 recruited from the bone marrow
were observed in the cancer-invasion front in cis-Apc/Smad4
mice. In addition, an increase in the expression of the CCR1
ligand CCL9 was induced by the inactivation of TGF-3 family
signaling. To elucidate the role of CCR1-positive iMC in the
cancer-invasion front, a homozygous CCR/ knockout mutation
was made in cis-Apc/ASmad4 mice to generate triple-mutant
mice (cis-Apc/Smad4 Ccrl™). The lack of CCR1 inhibited the
accumulation of CD34* iMC at the invasion front and, most
importantly, prevented cancer invasion.

It may be important to focus on the chemokine receptor
CCRI for infiltrating leukocytes in cancer tissue. CCR1 is shared
by several chemokines: CCL3 (also called MIP-1a), CCL5, CCL7
(also called MCP-3), and also CCL9. Yang et al. have recently
shown the contribution of the CCR1-CCL3 axis to malignant
progression of hepatocellular carcinoma.®® To investigate the
roles of CCL3 and CCRI in hepatocarcinogenesis, CCL3- or
CCRI1-deficient mice were treated with N-nitrosodiethylamine
(DEN), a known inducer of hepatocellular carcinoma. After
DEN treatment, the number of intratumoral Kupffer cells, a rich
source of growth factors and matrix metalloproteinases, was
decreased markedly in CCR1- and CCL3-deficient mice. Most
importantly, foci number and sizes were remarkably reduced
and cancer angiogenesis was also markedly diminished in
CCR1- and CCL3-deficient mice treated with DEN.

CXCL16 and tumor-infiltrating lymphocytes in colorectal cancer.
Analyses of colorectal cancer specimens by immunohistochemistry
have amply demonstrated that higher levels of tumor-infiltrating
lymphocytes can be regarded as a favorable prognostic sign.®”

Koizumi et al.

(a) 140 - CD8*TIL 140 - CD4*TIL .
120 - 120 +
L]

.
.
g 100 : 100 - g
g 80 . 80 - ' s

= . -
S 0 . 60 !

T T .
g : -+ . '
s
8 401 . H 01 .
- ' i .
20 1 : ¢ 20 1
. P<0.01 P<0.01
weak strong weak strong
CXCL16 Expression CXCL16 Expression
(b) 100 -
CXCL16 strong

P<0.05

CXCL16 weak

Survival rate (%)
(&)}
o

0 T T T T T T T T
0 12 24 36 48 60 72 84 96

Time (months)

Fig. 4. High-level expression of cancer cell-derived CXCL16 correlates
with increased tumor-infiltrating lymphocytes and a good prognosis in
colorectal cancer. (a) Tumor-infiltrating lymphocyte (TIL) counts. CD8*
and CD4* cells were counted in five randomly selected areas at the
tumor border for each case. The average TIL counts were plotted and
compared between weak and strong CXCL16 expression groups. The
number of CD8* and CD4* cells was significantly increased in the strong
group compared with the weak group. (b) Kaplan-Meier survival
curves of 58 colorectal cancer patients. The strong CXCL16 expression
group had significantly longer survival than the weak CXCL16
expression group (Log-rank, P = 0.041).

In particular, tumor-infiltrating CD8" T cells are a good prognostic
predictor in human colorectal cancer.®®

CXCL16 (also called SR-PSOX) is a unique CXC chemokine
that exists in both a transmembrane form and a soluble form.®”
CXCL16 has been shown to possess multiple biological activities.
Soluble CXCL16 induces chemotactic migration of cells express-
ing its receptor, CXCR6,®” including CD8* T cells, CD4* T cells
and natural killer T (NKT) cells,®%® whereas cell surface-
anchored CXCL16 can function as a cell-adhesion molecule for
CXCR6-expressing cells and also as a scavenger receptor for
phosphatidylserine and oxidized lipoprotein.® Given that the
CXCL16 receptor CXCRG6 is detected on cytotoxic effector cells
with anticancer activity such as CD4* T cells, CD8* T cells, and
NKT cells cells, high-level expression of CXCL16 by cancer cells
may attract these types of immune cells to colorectal cancer.

We categorized colorectal cancer cases into those with strong
expression of CXCL16 and those with weak expression of
CXCL16.%9 As shown in Fig. 4a, the numbers of CD8" T cells
and CD4* T cells were significantly increased in the group with
strong CXCL16 expression compared with the weak CXCL16
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expression group. The clinicopathological characteristics of
colorectal cancer patients were independent of the level of
CXCL16 expression. However, the strong CXCL16 expression
group had a significantly better prognosis than the weak CXCL16
expression group (Fig. 4b). Interestingly, CXCL16 expression
is strongly upregulated in colorectal cancer cells compared to
normal colon epithelium in the majority of colorectal cancer
cases. In addition, adenoma also expresses CXCL16.

The transition from adenoma to carcinoma in carcinogenesis
for colorectal cancer is induced by multiple genetic alternations
that promote the growth of a clonal population of cells. In
apparent contrast to the observation of CXCL16 expression in
colon adenoma, the adenoma in Apc*/47'% mice does not express
CCL9, and few CCRI1-positive immature myeloid cells are
accumulated at the adenoma. These results suggest that the
expression of CXCL16 in colorectal cancer is induced by genetic
alternations that occur early in the process of the adenoma—
carcinoma sequence, at the stage when normal colon epithelium
changes to adenoma, compared to the later induction of CCL9
in colorectal carcinogenesis.

It remains to be seen why colorectal cancer upregulates CXCL16
production during the sequence of carcinogenesis. Upregulation
of CXCLI16 by colorectal cancer cells could be potentially dis-
advantageous for their growth. In fact, like the chemokines CCL2,
CCL5, and CCL9, several cytokines produced by cancer cells are
known to have immunosuppressive potency. TGF-§ produced by
cancer cells typically affects CD4 Th subsets, and cancer growth
progresses in the immunosuppressed state induced by TGF-[3.¢9

Our findings thus imply a novel role for CXCL16 in colorectal
cancer progression, namely, upregulation of CXCL16 expression
by colorectal cancer cells may represent a self-check mechanism
against cancer progression through a chemokine expressed by
cancer cells (Fig. 5).

Conclusion

Since the time when novel aspects of ‘chemokine receptors and
cancer metastasis’ were first discussed by Muller eral.,®
chemokine receptors expressed on cancer cells have been
discovered to play key roles in cancer metastasis (Fig. 1a).
Many reports on this subject have been published. Some merely
reported the effects of chemokines on cancer cells in vitro; some
achieved good therapeutic results using antagonist or neutralizing
antibodies in cancer metastasis models in mice in vivo; and more-
over, some immunohistochemical analyses of surgical specimens
of cancer patients showed a good connection between the
in vivo findings above and clinicopathological data. Today, based
on analysis of many chemokine receptors, we can be fairly
certain that CXCR4 remains an attractive candidate for cancer
metastasis therapy. We therefore approach a turning point from
‘the elucidation of biological functions of chemokine receptors
in cancer metastasis’ to ‘the development of new therapeutic
strategies based on chemokine receptors, especially CXCR4, for
cancer metastasis in patients’ (Fig. 3).

As shown in Fig. 1b, we have also discussed the conflicting
biological effects of infiltrating leukocytes induced by cancer
cell-derived chemokines, such as CCL9, CCL3, and CXCL16, on
cancer progression. The question of which cancer cell-derived
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