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Abstract: Malignant melanoma is one of the most highly invasive and metastatic tumors. Melanoma is an increasingly
common malignancy as well, and its mortality rates have been rapidly increasing above those of any other cancer in recent
years. Surgical resection and systemic chemotherapy are the main therapeutic strategies for the treatment of malignant
melanoma. However, these approaches are insufficiently effective and may be associated with significant adverse effects.
Angiogenesis, a process by which new vascular networks are formed from pre-existing capillaries, is required for tumors
to grow, invade and metastasize. Tumor vessels are genetically stable, and less likely to accumulate mutations that allow
them to develop drug resistance in a rapid manner. Therefore, targeting vasculatures that support tumor growth, rather
than cancer cells, is considered the most promising approach to malignant melanoma therapy. Now, novel anti-angiogenic
agents with tolerable side effects is actually desired for the treatment of patients with malignant melanoma. In this paper,
we review the current understanding of anti-angiogenic therapy for malignant melanoma, especially focusing on pigment
epithelium-derived factor (PEDF), which was recently identified as the most potent endogenous inhibitor of angiogenesis
in the mammalian eye. We also discuss here the involvement of a receptor for advanced glycation end products (RAGE)
in angiogenesis, melanoma growth and metastasis, and the therapeutic implications of the blockers of RAGE in this dev-

astating disorder.

1. INTRODUCTION

Malignant melanoma is an increasingly common public
health problem in many countries. It results from the malig-
nant transformation of melanocytes (Fig. 1). Since the mid
1960s, melanoma incidence has risen by 3—8% per year in
most people of European origin, with the greatest increases
in elderly men [1]. Despite this increase, and an overall rise
in mortality due to melanoma, the survival rate has improved
substantially. Roughly 60% of those diagnosed with mela-
noma in the 1960s died of the disease, compared with just
11% more recently, an improvement attributed mainly to
early detection [2]. Main treatments for melanoma are total
excision of the tumor and early evaluation of metastasis in-
cluding sentinel node biopsy. However there have been no
effective systemic therapies once melanoma starts to grow
rapidly and metastasize, nevertheless many regimens for
multiple chemotherapies, radiotherapy and immunotherapy
have been tried. Melanoma patients with visceral involve-
ment have a median survival of only 4-6 months [2]. Thus
controlling the tumor growth and metastasis is one important
clue to improve the extremely poor prognosis of patients
with progressed melanoma.

A major microenvironmental event in tumor growth and
expansion is the ‘angiogenic switch’, an alteration in the
balance of pro-angiogenic and anti-angiogenic molecules
that leads to tumor neovascularization (Fig. 2) [3]. Angio-

*Address correspondence to this author at the Department of Dermatology,
Hokkaido University Graduate School of Medicine, N 15 W 7, Kita-ku,
Sapporo 060-8638, Japan; Tel: +81-11-716-1161 ext. 5962; Fax: +81-11-
706-7820; E-mail: aberi@med.hokudai.ac.jp

1389-5575/07 $50.00+.00

Fig. (1). Clinical images of malignant melanoma. In early stage,
melanoma is an enlarging brown macule with color variegation on
the face (A, also termed as lentigo maligna) and extremities (B). In
advanced stage, vertical proliferation causes elevation and ulcera-
tion (C), or macules spread to cover large part of foot (D).

genesis, a process by which new vascular networks are
formed from pre-existing capillaries, is required for tumors
to grow, invade and metastasize [4]. Tumors are unable to
grow beyond a volume of 1-2 mm® without establishing a
vascular supply because active cells must remain within 100-
200 wm of a blood vessel to survive [4]. Tumor vessels are
genetically quite stable, and less likely to accumulate muta-
tions that allow them to develop drug resistance in a rapid
manner [5]. Therefore, targeting vasculature that supports
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Fig. (2). A schematic outline of angiogenic switch resulting in tumor angiogenesis. There are various associated factors promoting or inhibit-
ing angiogenesis. Both factors are greatly affected by environments, such as ultraviolet, hypoxia and inflammation. Imbalance of angiogenic
switch and decline into pro-angiogenic factors causes Neovascularization, resulting in melanoma invasion and metastasis. (AGE; bFGF;
basic fibroblast growth factor, IL; interleukin, MMP; matrix metalloproteinase, PIGF; placental growth factor, PDGF; platelet-derived
growth factor, PEDF; pigment epithelium-derived factor, TSP; thrombospondin, VEGF; vascular endothelial growth factor).

tumor growth, rather than cancer cells themselves, is consid-
ered the most promising approach to cancer therapy.

Many tumors, including malignant melanoma not only
overexpress multiple angiogenic factors such as vascular
endothelial growth factor (VEGF), basic fibroblast growth
factor (FGF), hepatocyte growth factor (HGF), platelet-
derived growth factor (PDGF) and interleukin (IL)-8, but
also underexpress angiogenic inhibitors such as throm-
bospondin-1, thus favoring angiogenesis [6,7]. Among them,
VEGEF is the best characterized angiogenic factor involved in
melanoma tumor expansion [8]; hypoxia, hypoglycemia, low
intra-tumor pH, or inflammation stimulates VEGF expres-
sion in tumors. The angiogenic tumor phenotype with en-
hanced VEGF expression is correlated with a poor prognosis
and low patient survival rates. VEGF acts on endothelial
cells by binding to the membrane receptors, KDR and FLT-
1. These receptors are basically expressed by endothelial
cells and not by the tumor cells secreting the growth factors.
Large numbers of anti-angiogenic agents with various mode
of action are currently being tested and are currently under
consideration for several clinical trials.

Metastasis is the transfer of malignant tumor cells from
one organ to a distant organ [9]. It is the most common cause
of death in cancer patients. Different molecular mechanisms
enable tumor cells to infiltrate the surrounding tissue, invade
into and out of blood/lymphatic vessels and leave the blood
stream at a different site. Tumor cell interactions with ex-
tracellular matrix (ECM) components and epithelial-mesen-
chymal transition are important factors in invasion and me-
tastasis. Gene expression profiles of metastatic melanoma

cells in various organs are variable and not every tumor cell
has the capacity to metastasize to a particular organ if at all.
The microenvironment in the target organ can thus influence
the formation of metastases.

2. ANGIOGENSIS IN MELANOMA

New blood vessel formation is an important and promi-
nent feature of human cutaneous melanomas, indicating that
these tumors have angiogenic activity [10,11]. A rise in the
mean vascular density was correlated with melanoma pro-
gression in subsequent histochemical studies of cutaneous
melanomas [12,13], and a number of retrospective his-
tological studies have reported an inverse correlation be-
tween tumor microvessel density and disease-free/overall
survival of melanoma patients [14,15]. A prospective study
of cutaneous melanoma patients reported that tumor vascu-
larity, as determined by analysis of routine histologic stain-
ing, was the most important determinant of overall patient
survival [16].

Multiple angiogenic factors are produced by primary
cutaneous melanoma cells. VEGF is an endothelial cell-
specific growth factor and the principal regulator of angio-
genesis under normal and pathological conditions in most
organs [17], including the skin [18]. Using immunohisto-
chemical analyses, the transition from a horizontal to a verti-
cal growth phase in melanoma was found to be associated
with increased VEGF protein expression and accumulation
in the tumor stroma [12,13]. Other studies demonstrated that
VEGF was only expressed in 32% of primary melanomas,
with increased expression levels in metastases [15,19].
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However, these studies demonstrated that VEGF expression
is not as prominent in melanomas as in most epithelial can-
cers [20] and, therefore, might not represent the most impor-
tant angiogenic activity in these tumors. The expression of
functional VEGF receptors on human melanoma cells sug-
gests the intriguing possibility that VEGF might act as an
autocrine factor and exert growth-promoting effects on the
tumor cells themselves [21]. Furthermore VEGF from tumor
cells can change into its isoforms by different splicing, re-
sulting in increasing angiogenic activity in early hypoxic
microenvironment [22]. However, angiogenesis is not seen
to occur by VEGF independently; a recent experiment re-
ports that VEGF-induced angiogenesis depends on the exis-
tence of matrix metalloproteinase (MMP) [23].

Expression of basic fibroblast growth factor (bFGF)
gene, a potent angiogenic factor, has been detected in metas-
tatic and primary invasive melanomas, whereas melanocytes
in benign nevi failed to express this factor [24]. Low bFGF
serum concentrations at the beginning of high-dose inter-
feron (IFN)-2b therapy were associated with patient recur-
rence-free survival [25].

CD13/Aminopeptidase N is a membrane-bound, zinc-
dependent metalloproteinase that regulates the N-terminal
modification of various proteins, resulting in tumor invasion
by angiogenesis and degrading ECM [26-28]. CD13 is ex-
pressed on endothelial cells within human tumors, which is
activated by various angiogenic conditions such as hypoxia
through Ras signaling pathways [29]. Recently bFGF can
induce overexpression of CD13 in human melanoma cell in
vitro [30], suggesting an association between CDI13 and
melanoma angiogenesis. Other aminopeptidases such as type
2 methionine aminopeptidase, and adipocyte-derived leucine
aminopeptidase/puromycin- insensitive leucyl-specific amino-
peptidase are also involved in angiogenesis [31].

Several other angiogenic factors have been implicated in
the pathology of human melanomas. IL-8, in particular, was
absent from normal epidermis and benign melanocytic le-
sions but was expressed at high levels in the majority of cu-
taneous melanomas [32]. Moreover, IL-8 serum levels were
found to be elevated, compared to healthy controls, and were
correlated with an advanced disease stage and poor overall
survival [33]. Immunohistochemical analysis revealed in-
creased expression levels of the angiogenic factors: placental
growth factor (PIGF; [21]), platelet-derived growth factor
(PDGF)-AA and PDGF-BB [34] in human melanoma tissue
samples.

Down-regulation of endogenous angiogenic inhibitors
was observed in several epithelial cancers, and was proposed
to enhance tumor progression. However, in contrast, to the
large number of studies on angiogenic molecules, little is
known about the expression of endogenous angiogenic in-
hibitors by melanoma cells. An inverse correlation between
mutations in the tumor suppressor p53 and the expression of
the angiogenesis inhibitor thrombospondin (TSP)-1 was
found in a study of 99 melanoma samples. Researchers de-
tected a significantly higher incidence of p53 mutations in
metastatic tumors, suggesting that acquisition of these muta-
tions, coupled with decreased TSP-1 expression, might pro-
mote the metastatic phenotype in malignant melanoma [35].
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2.1. Therapeutic Targetting of Angiogensis in Melanoma
2.1.1. Angiogenesis in Experimental Melanoma Models

Human melanoma cells synthesize a plethora of angio-
genic factors in vitro, including VEGF, bFGF, IL-8, PDGF,
and PIGF. The specific biological function(s) of several of
these factors has been evaluated in both in vitro angiogenesis
and in xenograft models. VEGF was not expressed in normal
melanocytes but upregulated in malignant melanoma cells
[36]. In a series of melanoma cell lines, in vitro VEGF ex-
pression was correlated with the degree of tumor angiogene-
sis and the metastatic potential of in vivo tumor xenografts
[37]. Overexpression of VEGF in melanoma cell lines pro-
moted tumor growth, angiogenesis, and metastasis in vivo
[38].

Basic FGF is expressed by most melanoma cells, but not
by normal melanocytes, whereas both types of cells express
high-affinity receptors for bFGF [39]. Although overexpres-
sion of bFGF conferred the capacity for anchorage-indepen-
dent growth to human and murine melanocytes in vitro,
bFGF-transfected melanocytes did not form persistent ma-
lignant tumors in vivo [32]. This indicates that autocrine
bFGF stimulation provides a growth advantage but is not
sufficient for the induction of a transformed phenotype.
Downregulation of VEGF expression slowed tumor growth,
whereas transfection of a bFGF antisense construct com-
pletely inhibited tumor formation, indicating an important
autocrine function of bFGF in human melanoma develop-
ment [40].

CD13 is also expressed strongly by melanoma cells. In-
hibitors of CD13, such as bestatin and amastatin can sup-
press invasion of melanoma in vitro [26]. CD13 is also im-
plied as a homing protein to tumor tissues with active angio-
genesis. Tumor necrosis factor (TNF) alpha, a well-known
anticancer agent, can work with 30 times lower doses against
murine melanoma model when TNF alpha is fused with
CNGRC peptide, a CD13 ligand [41].

IL-8 and PDGF have also been implicated in the promo-
tion of experimental melanoma growth, angiogenesis, and
metastasis [6]. IL-8 is produced by melanocytes and mela-
noma cells. It stimulates cell migration, proliferation, and
metastases in an autocrine fashion, as shown in IL-8-
transfected non-metastatic melanoma cells [42]. Moreover,
in human melanoma xenografts, the incidence of spontane-
ous metastasis was associated with increased IL-8 expres-
sion, and treatment with IL-8 neutralizing antibodies signifi-
cantly decreased angiogenesis and the formation of metasta-
ses [43]. In human melanoma cells that do not express
PDGF, induction of tumor-associated blood vessels and for-
mation of a dense connective tissue stroma were observed
after cells were transfected with a PDGF expression vector
[44].

2.1.2. Therapeutic Targeting of Angiogenesis in Melanoma
Patients

More than three decades ago, Folkman proposed that
inhibition of tumor angiogenesis might represent a new strat-
egy for treating human cancers [45]. Increasing experimental
evidence, obtained predominantly in tumor xenotransplan-
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tion models, suggests that in addition to epithelial cancers,
malignant melanoma growth and progression might also be
inhibited by the blockade of blood vessel growth. Further-
more, conventional chemotherapies or immunochemothera-
pies can influence various angiogenic factors in melanoma
patients [46], which implies that angiogenesis is a promising
target for therapeutic strategies both directly and indirectly.
Several reagents have been developed that block VEGF ac-
tivity, including neutralizing antibodies against VEGF and
small molecules or antibodies that prevent VEGF from bind-
ing to, or signaling through its receptors on the vascular en-
dothelium cells. These have been demonstrated to have anti-
tumor and anti-angiogenic activity in melanoma models [47].
Moreover, studies designed to block bFGF activity have
been shown to inhibit tumor angiogenesis, melanoma growth,
and metastasis [48].

Other anti-angiogenic strategies that have shown anti-
tumor efficacy in preclinical melanoma models [10] include
targeted inhibition of the urokinase-type plasminogen activa-
tor [49], Tie-2 receptor ligands [50], the v integrin receptor
[51], and MMPs [52]. Moreover, overexpression or systemic
application of the endogenous angiogenesis inhibitors an-
giostatin [53], endostatin [54,55], TSP-1 [56], TSP-2 [57]
and pigment epithelium-derived factor (PEDF) [58] have
been shown to slow tumor growth in melanoma xenograft
models. In this review we focus especially on these new anti-
angiogenic agents in details later.

The safety, feasibility and efficacy of anti-angiogenic
therapies for patients with advanced malignant melanoma are
currently under investigation in clinical phase I-1II trials. The
humanized monoclonal antibody Vitaxin, which is directed
against the v3 integrin [59], an angiogenesis inhibitor tha-
lidomide, combined with the cytotoxic agent temozolomide
[60], recombinant TNF through isolated limb perfusion [61],
and a ribozyme-based inhibitor targeting VEGF receptor-1
[62] are being tested in clinical trials for patients with pro-
gressed or metastatic melanoma. The combination of temo-
zolomide and thalidomide was well tolerated and had anti-
tumor activity in some patients with advanced melanoma
[60]. A phase I trial of the angiogenesis inhibitor TNP-470, a
derivative of fumagillin, resulted in the induction of a long-
term, stable disease state in one patient with progressive me-
tastatic melanoma [63]. Since malignant melanoma cells
release a number of different angiogenic factors, a combina-
tion of these and other anti-angiogenic agents, combined
with traditional or low-dose chemotherapy or with immuno-
therapy, might ultimately be needed to inhibit melanoma
growth.

2.1.3. Endostatin

Endostatin is an endogenous collagen XVIII-derived
angiogenesis inhibitor identified and purified from a murine
hemangioendothelioma cell line [64] and later characterized
in mice [65]. It corresponds to a 20-kDa fragment derived
from the COOH-terminal NC1 domain of type XVIII colla-
gen [64-67]. Recombinant endostatin efficiently blocks an-
giogenesis and suppresses primary tumor growth and metas-
tasis in experimental animal models without any apparent
side effects, toxicity, or development of drug resistance [54,
64,68,69].
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New insights into the molecular mechanisms associated
with endostatin inhibition of tumor growth are emerging.
Recent studies have reported that endostatin interferes with
FGF-2-induced signal transduction, blocking endothelial cell
motility [70], inducing apoptosis [71], causing G1 growth
arrest of endothelial cells through inhibition of cyclin D1
[72]. In addition, endostatin also blocks VEGF-mediated sig-
naling via direct interaction with the VEGF-R2/KDR/FIk-1
receptor tyrosine kinase in human umbilical vein endothelial
cells [73], and blocks TNF—induced c-Jun NH2-terminal
kinase—dependent proangiogenic gene expression [74]. En-
dostatin rapidly down-regulates many genes in growing en-
dothelial cells as well, including immediate-early response
genes, cell cycle—related genes, and genes regulating apopto-
sis inhibitors, MAPKs, FAKs, and G-protein-coupled recep-
tors mediating endothelial cell growth, mitogenic factors,
adhesion molecules, and cell structure components [75].
Conversely, it was shown that endostatin up-regulates many
anti-angiogenic genes in human microvascular endothelial
cells. Endostatin also affects the signaling events that are not
associated with angiogenesis, thus demonstrating the impor-
tance of inter-pathway communication in this signaling net-
work [76].

Recombinant "immobilized" human endostatin interacts
with a5 and av integrins on the surface of human endothe-
lial cells. Furthermore, this endostatin-integrin interaction is
of functional significance in vitro, as immobilized endostatin
promotes integrin-dependent endothelial cell functions [77].
Endostatin binds to the a5B1 integrin and inhibits the migra-
tion of endothelial cells by blocking signaling pathways via
Ras and Raf and further downstream via ERK1 or p38 [78].
Conversely, endostatin inhibits chemotaxis, without affect-
ing the intracellular pathways known to regulate endothelial
cell migration and proliferation/survival, without affecting
phospholipase C-y, Akt/protein kinase B, p44/42 MAPK,
p38 MAPK, and p21l-activated kinase activity [79]. There-
fore, more work needs to be done to sort out the precise
mechanism of endostatin action.

Endostatin binds to heparin [80] and with low affinity to
all surface heparan sulfate proteoglycans that are involved in
growth factor signaling [81-83]. The anti-angiogenic activity
of endostatin seems to depend on the interactions with
heparan sulfate proteoglycans, possibly by an interaction
between discontinuous sulfated domains in heparan sulfate
proteoglycans and arginine clusters on the surface of en-
dostatin [84].

Endostatin inhibits the activation and activity of certain
MMPs (i.e., MMP-2, -9, and -13 and MT1-MMP) and binds
directly to at least MMP-2 and -9 [85-87]. In addition to
MMPs, endostatin has been shown to interfere with the ac-
tion of other proteases, like the plasminogen activator system
[88]. Interestingly, certain MMPs can generate endostatin-
containing peptides differing in molecular size (20-30 kDa)
from human type XVIII collagen [89]. The physiologic lev-
els of circulating endostatin in the serum are 40 to 100
ng/mL compared with the concentrations of endostatin (0.2-
20 mg/mL) that are effective in the inhibition of tumor
growth in various experiments. It has been shown that some
of the anti-angiogenic and anti-tumor effects of endostatin
might, in fact, represent high dose pharmacologic effects
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which are not necessarily related to the physiologic function
of endostatin [90]. In this regard, the physiologic levels of
endostatin have little or no effect on the growth of fibrosar-
comas and melanomas in collagen XVIII/endostatin knock-
out mice [91].

Three phase I trials have been published using recombi-
nant human endostatin in a total of 61 patients with advanced
metastatic cancer (including 11 melanomal cases) [92-94].
These studies administered daily endostatin doses of 15-600
mg/m*/day by short intravenous infusion. No significant en-
dostatin-related toxicity was noted. Endostatin displayed
consistent linear pharmacokinetics with the area under the
serum concentration-time curve reaching levels associated
with activity in animal models, at doses of 300 mg/m*/day.
No formal disease responses were seen although some evi-
dence of anti-neoplastic activity was noted with one patient
with metastatic pancreatic neuroendocrine tumor experienc-
ing a minor response [92]. Other administration regimens,
such as daily subcutaneous injection of recombinant human
endostatin have been also tried [95].

2.1.4. Thrombospondins (TSP)

Thrombospondin-1 (TSP-1) was the first protein to be
recognized as a naturally occurring inhibitor of angiogenesis
[96]. It is a large multifunctional ECM glycoprotein that
regulates various biological events, like cell adhesion, angi-
ogenesis, cell proliferation and cell survival, transforming
growth factor-f (TGF-B) activation, and protease activation
[97,98]. Some studies suggest that TSP-1 may possess dual
activity (with both proangiogenic and antiangiogenic proper-
ties) depending on proteases that generate fragments of TSP-
1 [99,100]. It has been shown to inhibit tumor growth and
metastasis, thus making it a potent inhibitor of in vivo neova-
scularization and tumorigenesis. Overexpression of TSP-1 in
mice suppresses wound healing and tumorigenesis, whereas
the lack of functional TSP-1 results in increased vasculariza-
tion of selected tissues [101-103]. Expression of TSP-1 was
inversely correlated with malignant progression in breast and
lung carcinomas and melanomas [104]. To evaluate the im-
portance of TSP-1 in the progression of naturally arising
tumors in vivo, Lawler et al. have crossed TSP-1-deficient
mice with p53-deficient mice. In the p53-null mice, the ab-
sence of TSP-1 decreased survival. They also determined
more directly whether host TSP-1 inhibited tumor growth by
implanting melanoma and testicular teratocarcinoma cells
into the TSP-1-null mice. The tumors grew faster on the
TSP-1-null background and exhibited an increase in vascular
density, a decrease in the rate of tumor cell apoptosis, and an
increase in the rate of tumor cell proliferation [105]. The
anti-angiogenic activity of TSP-1 has been mapped to the
type 1 repeats and within the NH2-terminal portion of the
molecule within the procollagen-like domain. TSP-1 and
peptides from the type 1 repeat region (tryptophan-rich,
heparin-binding sequences and TGF-$1 activation sequences)
were evaluated in two models of retinal angiogenesis. TSP-1
inhibited angiogenesis in both experimental models, but pep-
tides from the native TSP-1 sequence containing both the
tryptophan-rich repeat and the TGF-B1 activation sequence
or containing only the tryptophan-rich, heparin-binding se-
quence had distinct efficiencies in the two models. These
results suggest that the type 1 repeats of TSP-1 contain two
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subdomains that might independently influence the processes
of neovascularization [106]. The existence of two subdo-
mains also explains how TSP-1 may block FGF-2 and VEGF
angiogenic signals via two independent pathways [107].
TSP-1 is able to distinguish pathologic neovascularization
from pre-existing vasculature due to the dependence of pro-
liferating endothelial cells on Fas/Fas ligand (FasL)-medi-
ated apoptosis. TSP-1 up-regulates FasL expression on endo-
thelial cells. Expression of the FasL receptor, was low in
quiescent endothelial cells but greatly enhanced by inducers
of angiogenesis, thereby specifically sensitizing the stimu-
lated cells to apoptosis by inhibitor-generated FasL [108].

ABT-510 is an angiogenesis inhibitor derived from TSP-
1, a naturally occurring angiogenesis inhibitor. ABT-510
was administered subcutaneously in patients with advanced
solid malignancies, to assess safety, pharmacokinetics, and
serum markers of angiogenesis. Thirty-nine patients received
a total of 144 treatment cycles. Stable disease lasting for six
cycles or more was seen in six patients. ABT-510 demon-
strated a low toxicity profile and linear, time-independent
pharmacokinetics at biologically relevant plasma concentra-
tions. The significant number of patients with prolonged,
stable disease and the convenient dosing method merit fur-
ther studies with this and possibly other angiogenesis inhibi-
tors [109]. More recently the same group assessed ABT-510
with gemcitabine and cisplatin in patients with solid tumors
including three progressed melanoma. Patients received a 3-
week cycle of intravenous gemcitabine (1250 mg/m” on days
1 and 8) and cisplatin (80 mg/m* on day 1) in combination
with ABT-510, which was administered subcutaneously
twice daily at doses of 50 mg or 100 mg. One melanoma
patient showed partial response [110].

TSP-2 also shows anti-angiogenic activity. Injection of
TSP-2-transfected squamous cell carcinoma cells into the
dermis of nude mice resulted in inhibition of tumor growth
that was even stronger than the inhibition observed with
TSP-1-transfected cells. The combined overexpression of
TSP-1 and TSP-2 completely prevented tumor formation.
Extensive areas of necrosis were observed in TSP-2-expres-
sing tumors, and both the density and the size of tumor ves-
sels were significantly reduced [111]. Furthermore, tumor
angiogenesis was significantly enhanced in TSP-2-deficient
mice. Although TSP-2 deficiency did not affect tumor dif-
ferentiation or proliferation, tumor cell apoptosis was sig-
nificantly reduced [112]. The anti-angiogenic role of TSP-2
was further confirmed with an implant system that continu-
ously produces TSP-2. Fibroblasts, which overexpress TSP-2
are transplanted into nude mice resulting in increased levels
of circulating TSP-2, inhibiting tumor growth and angio-
genesis of human squamous cell carcinomas, malignant
melanomas, and Lewis lung carcinomas implanted at a dis-
tant site [57]. It has been shown recently that the anti-
angiogenic region of TSP-2 lies approximately within the
80-kDa fragment of the NH2-terminal globular region [113].
Daily injections of TSP-2 resulted in a significant inhibition
of the growth of human squamous cell carcinomas in vivo
and reduced tumor vascularization. Possible mechanisms for
this anti-angiogenic activity include the inhibition of VEGEF-
induced endothelial cell migration, vessel tube formation,
and/or increased endothelial cell-specific apoptosis [113].
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2.1.5. Other Reagents

EMD 121974, an antagonist of avp3 and avp5 integrin,
produced clinical benefits in melanoma patient preclinical
studies. A phase I trial demonstrated good tolerance [114].
Another humanized IgGl immunoglobulin (Medi-522) tar-
geting the avfB5 integrin was tested in a phase I study which
accrued 19 patients. Tolerance was acceptable and 7 patients
achieved prolonged SD with 2 lasting more than 9 months
[115].

A specific Raf-1 inhibitor was developed termed BAY
43-9006. This BRaf inhibitor, BAY 43-9006 (sorafenib) has
shown encouraging results when administered together with
chemotherapy and is now being assessed in randomized
studies. This evaluation study included 35 participants in
Phase I/11 studies, the majority who had advanced metastatic
melanoma. Of the 35 participants, fourteen participants (40
percent) demonstrated tumor shrinkage of 50 percent or
greater, which lasted for six months or more [116].

2.2. Pigment Epithelium-Derived Factor (PEDF)
2.2.1. Characterization of PEDF

PEDF, a glycoprotein that belongs to the superfamily of
serine protease inhibitors, was first purified from human
retinal pigment epithelial cell conditioned media as a factor
with potent human retinoblastoma cell neuronal differentia-
tion activity [117]. Recently, PEDF has been shown to be a
potent inhibitor of angiogenesis in both cell culture and ani-
mal models. Indeed, PEDF is reported to inhibit retinal endo-
thelial cell growth, migration and suppress ischemia-induced
retinal neovascularization [118,119]. Furthermore, loss of
PEDF was associated with angiogenic activity in prolifera-
tive diabetic retinopathy [120]. However, a functional role
for PEDF in tumor growth and angiogenesis remains to be
elucidated.

PEDF possesses several physiologic properties that make
it a potentially important protein in the regulation of angio-
genesis, in neuronal cell survival, in maintaining self-
renewal of neural stem cells microenvironmentally, and in
the protection of neurons from neurotoxic agents. Its anti-
angiogenic activity is selective, in that PEDF targets only
new vessel growth but spares existing vessels, and its action
is reversible. It is a protein that is highly up-regulated in the
GO cell cycle phase of early-passage G361 cells compared
with rapidly proliferating or senescent cells and thus it is also
linked to both the control of the cell cycle and cell senes-
cence [121,122].

A recent study highlighted two beneficial aspects of
PEDF treatment on tumor growth and expansion. One is the
direct suppression of tumor angiogenesis in several ways.
PEDF is strongly expressed in normal murine kidney, and
the loss of angioinhibitory activity here may contribute to
increased pathologic angiogenesis in Wilms' tumors [123]. In
addition, PEDF may serve as a multifunctional anti-tumor
agent in neuroblastomas, not only inhibiting angiogenesis
but also increasing the numbers of Schwann cells and differ-
entiated tumor cells that in turn can produce PEDF [124]. A
loss of PEDF expression was also detected in glioma tumor
progression [125]. In PEDF-deficient mice, there were in-
creased numbers of stromal vessels associated with epithelial
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cell hyperplasia [126]. Another PEDF activity includes the
capability to induce of FasL-dependent apoptosis in tumor
cells. PEDF up-regulates endothelial cell FasL. Expression
of an essential partner of FasL, the Fas/CD95 receptor, is
usually low on quiescent endothelial cells but is greatly en-
hanced after angiogenic induction, thereby specifically sensi-
tizing the stimulated cells to an apoptotic signal by PEDF-
generated FasL. The antiangiogenic activity of PEDF, both
in vitro and in vivo, was dependent on this dual induction of
Fas and FasL and the resulting apoptosis [58,107].

PEDF can be given therapeutically as a soluble protein or
by viral-mediated gene transfer [127,128]. It is stable and
nontoxic when injected systemically. PEDF gene transfer
suppresses tumor vascularization and growth while prolong-
ing survival in syngeneic murine models of thoracic malig-
nancies. Gene transfer of PEDF using adenoviral-associated
vectors also inhibited ischemia-induced neovascularization
[129].

A recent study also suggests that, in physiologic condi-
tions, a critical balance between PEDF and VEGF exists, and
that PEDF may even counteract the angiogenic potential of
VEGF. Under oxidative stress, PEDF levels decrease, dis-
rupting the angiogenic balance [130]. This critical balance
between PEDF and VEGF is important to prevent the devel-
opment of choroidal neovascularization [131,132]. In addi-
tion, bone angiogenesis and matrix modeling may also be
mediated by the dynamic interplay between both PEDF and
VEGF [133].

2.2.2. Efficacy of PEDF for Melanoma Growth Inhibition

We have recently reported [58] that several human mela-
noma cells expressed substantial amounts of PEDF, and the
expression levels of PEDF in these tumor cells were compa-
rable with that of normal human cultured melanocytes. In
contrast, expression levels of VEGF among these cells were
quite variable; melanoma cells were characterized by a
strong expression of VEGF, while little VEGF protein was
detected in cell lysates from normal melanocytes. These ob-
servations suggest a pathological role for tumor VEGF pro-
duction in the development of malignant melanoma [125]. A
decrease or loss in PEDF production by tumor cells them-
selves might not contribute to the initiation or progression of
the malignant melanoma tumor. However, we, together with
others, have recently shown that PEDF protected retinal vas-
cular and neuronal cells from oxidative stress-induced injury
[134,135]. H,O, is formed as a byproduct of melanin synthe-
sis, following ultraviolet irradiation in mammalian skin
[136]. Taken these results into consideration, PEDF secreted
by melanocytes might be involved in the natural mainte-
nance of normal skin homeostasis through its anti-oxidative
properties, although we do not fully understand the physio-
logical roles of PEDF in melanocytes in skin [136]. High
levels of PEDF in normal cells may also inhibit the forma-
tion of oxidative stress related mutagenic free radicals that
can cause DNA damage and neoplastic initiation and tumor
progression.

Overexpression of PEDF was found to decrease tumor
angiogenesis and almost completely inhibits the growth of
melanoma xenografts in nude mice. Therefore, the inhibition
of tumor angiogenesis by PEDF may be a promising ap-
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proach for melanoma treatment. Furthermore, in vitro, PEDF
dose-dependently retarded growth and induced apoptotic cell
death in melanoma cells, which was completely blocked by
treatments with a neutralizing antibody against FasL. These
results suggest that PEDF directly elicits apoptosis in mela-
noma cells in a FasL-dependent manner. Taken together, our
study has also highlighted two beneficial aspects of PEDF
effects in melanoma growth and expansion; one is the sup-
pression of tumor angiogenesis, and the other is induction of
Fas L-dependent apoptosis in tumor cells. PEDF is therefore
a promising novel therapeutic agent for the treatment of pa-
tients with certain types of cancer including melanoma.

Malignant melanoma responds well to anti-angiogenic
therapy using other endogenous angiogenic inhibitors such
as angiostatin (plasminogen kringles 1-4) and endostatin
[137,138]. Since plasminogen kringle 5 was recently re-
ported to inhibit ischemia-induced retinal neovascularization
in a rat model by down-regulating VEGF and up-regulating
PEDF [139], the anti-angiogenic and growth inhibitory ef-
fects of angiostatin on melanoma cells might work in a simi-
lar manner and therefore could be ascribed, at least in part, to
changes in PEDF activity.

Lastly, we will discuss the biologically relevant serum
concentrations of PEDF that might exert anti-tumor effects
on malignant melanoma in vitro. Petersen et al. recently re-
ported that the estimated human blood concentration of
PEDF was about 100 nM [140]. These observations suggest
that at the physiologic concentrations of PEDF seen in hu-
mans might have anti-tumor effects. Since hypoxia and cy-
tokines down-regulate PEDF expression levels in various
cell types [118,134,141], a decrease or loss in PEDF produc-
tion might contribute to the likelihood of tumor growth and
expansion in vivo. Recently, serum concentrations of PEDF
were found to be decreased in patients with hepatocellular
carcinoma compared to healthy volunteers and patients with
chronic hepatitis, further supporting this speculation [142].

3. METASTASIS AND THERAPEUTIC STRATEGIES
AGAINST METASTASIS

3.1. Mechanism of Metastasis

The existence of invading cancer cells in an organism
does not necessarily imply metastases and a fatal outcome
[9]. Invasion is certainly a prerequisite for metastasis, e.g.
without invasion metastasis cannot take place [143-146].
There are many steps in the cascade from the initiation of
melanoma cancer to metastasis: multiple initiation events —
growth — angiogenesis — progression — tumor cell selec-
tion — detachment — adhesion to the basal membrane —
destruction of the basal membrane — motility — adhesion at
the basal membranes of vessels — migration through the
vessel wall — survival in the vessel and embolization —
passage through the vessel wall and entry into metastatic
target organs — local factors — invasion and growth of me-
tastasis in target organ [9].

Firstly, acquired genetic susceptibility enables the step-
wise selection of variant subclones of cancer cells. In a mi-
nority of cells, loss of cell-cell adhesion will occur during
growth. Proteins (e.g. receptor for advanced glycation end
products (RAGE)) and amphoterin have been identified as a
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receptor-ligand pairs in molecular checkpoints that regulate
survival, invasiveness, growth and spread of tumor cells
[147]. Regulation of the molecular events necessary for in-
vasion involves a spatial and temporal coordination, of cy-
clic on-off processes (at the level of individual cells) and
motility coupled with controlled adhesion to the extracellular
matrix, which allows an invading cell to move through the
three-dimensional matrix. Several gene families are involved
in invasion: matrix metalloproteinases [148], urokinase plas-
minogen activator/ receptor [149], integrins [150], cathepsins
[151] and many others, most of which are presently unidenti-
fied. The functions of proteins encoded by these genes are
the regulation of tumor cell adhesion to each other as well as
of tumor cells and the ECM, the synthesis of proteases, mi-
gration of tumor cells, cytoskeletal remodeling and the syn-
thesis of new ECM components (ECM remodeling). In a
tumor, the close proximity of neoplastic and non-neoplastic
cells (e.g. fibroblasts, pericytes and inflammatory, endothe-
lial and myoepithelial cells) affects the microenvironment of
the ECM [152]. The microenvironment is modified and re-
modeled in part by proteases. Notably, the host stroma is
responsible for most of the increase in protease production,
and the cellular origins of the proteolytic machinery vary in
different tumor types. A recent finding is that intratumoral
hypoxia is correlated with an increased risk of invasion
probably due to the selection of mutated proteins that harbor
invasive properties and by the expression of genes, the prod-
ucts of which promote invasion mediated by hypoxia-
inducible factor 1 (HIF-1) [153]. A new finding is that the
breakdown of epithelial cell homeostasis leading to aggres-
sive cancer progression has been correlated with the loss of
epithelial characteristics and the acquisition of a migratory
phenotype [146]. This phenomenon, referred to as epithelial-
mesenchymal transition (EMT) is considered a crucial event
in late-stage tumorigenesis [154]. A multitude of EMT mod-
els have been developed in different tissues. EMT is accom-
panied by loss of epithelial glycoprotein 2 (MOC-31) [155],
upregulation of MMPs [156] and increased expression of N-
cadherin [157]. Recently, the diversity of molecular mecha-
nisms contributing to the plasticity of epithelial cells has
been studied. It has become evident that tumor metastasis
and angiogenesis are intrinsically related [9]. A further cru-
cial element both in cancer invasion and metastatic out-
growth is the interaction between tumor cells and stroma
[158]. Conventional wisdom has assumed that invasion and
metastasis are late events. Our present knowledge suggests
that invasion can be either an early or clinically dormant
event.

3.2. Chemokine in Metastasis

Chemokines are chemotactic cytokines that cause the
directed migration of leukocytes, and are induced by in-
flammatory cytokines, growth factors and pathogenic stimuli
[159-161]. Chemokine signaling results in the transcription
of target genes that are involved in cell invasion, motility,
interactions with ECM and cell survival [162]. Chemokine
signaling can coordinate cell movement during inflamma-
tion, as well as homeostatic transport of hematopoietic stem
cells (HSCs), lymphocytes and dendritic cells. Directed mi-
gration of cells that express the appropriate chemokine re-
ceptor occurs along a ligand chemical gradient allowing cells
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to move towards high local concentrations of chemokines.
More than 50 chemokines have been discovered so far and
there are at least 18 human seven-transmembrane-domain
chemokinereceptors [163]. In general, these receptors, which
belong to the G-protein-coupled receptor family, bind to
more than one type of chemokine. The profile of chemokine-
receptor expression on an individual cell is determined by its
lineage, stage of differentiation, and microenvironmental
factors such as chemokine concentration, the presence of
inflammatory cytokines and hypoxia. The pattern of chemo-
kine receptor and ligand expression in a tissue generally cor-
relates with the numbers and types of infiltrating cells that
are typically present. The chemokine gradient that attracts
infiltrating cells can be created by different cell populations
in a tissue. During infections, the first cells that produce
chemokines are probably tissue leukocytes, but fibroblasts,
endothelial cells and epithelial cells (both normal and malig-
nant) are also able to produce chemokines and generate a
chemokine gradient. Although originally identified on leu-
kocytes, functional chemokine receptors are also found on
endothelial cells [164] and on some epithelial cells, particu-
larly those that have been malignantly transformed [165-
167]. Many human cancers have a complex chemokine net-
work that influences the extent and phenotype of this infil-
trate, as well as tumor cell growth, survival, migration and
angiogenesis [168]. It has been shown that there is a signifi-
cant chemokines influence on the metastatic potential and
site-specific spread of tumor cells.

Recent reports imply that malignant melanoma cells also
express various chemokines in association with tumor pro-
gression and metastasis [169]. CXCR3 and CXCR4 recep-
tors are expressed in progressed melanoma cell line BLM.
The ligands for CXCR3 and CXCR4 activate various
GTPases, causing chemotaxis and modulation of melanoma
cell adhesion to fibronectin [170]. Clinically, melanoma pa-
tients with highly expressed CXCR3 and/or CXCR4 tumor
cells have statistically poor prognostic signs such as ulcera-
tion, increased tumor thickness and lymphatic infiltration
[171,172], although there is a controversy as to CXCR3
[171]. Risk of metastasis are also substantially increased when
melanoma cells express CXCR4 [173-175]. Another chemo-
kine, CCR10 expression was also found in melanoma and it
was directly correlated with the tumor depth and sentinel
lymph node metastasis [176]. Although there have been no
clinical evaluation, CCR7 is indicated an association with
lympho node metastasis in vitro [169,177], and CCR9 with
small intestine metastasis [178].

3.3. Novel Therapeutic Strategies to Block Metastases of
Tumors

The main cause of treatment failure and death in cancer
patients is metastasis - the formation of secondary tumors in
organs distant from the original neoplastic cell tissue. Adju-
vant therapy of proven efficacy is not currently available for
cancer patients, therefore the search for new targets for
therapeutic reagents is required to prevent both proliferation
and metastases.

It is clear that chemokines and their receptors are in-
volved in malignant progression and that a better understand-
ing of chemokine signaling in this process could lead to new
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therapeutic strategies for cancer. With this in mind, it is pos-
sible that drugs that are being tested in inflammatory and
autoimmune diseases that target the chemokine network
[179] could also be useful as cancer biotherapies. As the
chemokine network is both large and complex, it is unlikely
that an individual chemokine antagonist would be powerful
enough to inhibit cancer cells, and inhibitors of chemokine-
inducing cytokines, such as TNF-o, could also be useful.
Chemokine and cytokine antagonists have the potential to
inhibit tumor-promoting leukocyte infiltrates, metastatic
spread and angiogenesis [180,181].

Recent preclinical studies have reported chemokine-
receptor antagonist anticancer activity in several murine can-
cer models. For example, tumor cells express CCL5, and the
CCLS5 receptors CCR1 and CCRS5 are expressed by the leu-
kocyte infiltrate. Daily treatment of tumor-bearing mice with
the CCR1 and CCRS antagonist, Met-CCLS [182], led to
modest anticancer effects at doses similar to those that have
activity in animal models of inflammatory disease. Specifi-
cally, the total number of inflammatory cells and the propor-
tion of infiltrating macrophages decreased in tumors treated
with Met-CCL5 [183]. Inhibiting tumor cell chemokine-
receptor signaling has the potential to induce growth arrest
or apoptosis, and prevent invasion and metastasis [184,185].
Antibodies to CXCL12 also inhibit organ metastases of non-
small-cell lung cancer cells when concurrently administered
with tumor cell injection into mice [186]. Systemic admini-
stration of the CXCR4 antagonist AMD3100 inhibited the
growth of intracranial glioblastoma and medulloblastoma
xenografts, and increased tumor cell apoptosis within 24
hours [187]. Furthremore, more recently, daily subcutaneous
injection of microcapsules containing a CXCR4 antagonist
(4F-Benzoyl-TE14011) suppressed pulmonary metastasis in
murine melanoma model [188]. Therefore, CXCR4 is a po-
tential therapeutic target in human cancer, although more
extensive studies using better established tumors and an-
tagonists of other receptors are required. Where there is high
expression of CXCL12 at the site of the primary tumor, it is
important to ensure that antagonists, such as AMD3100, do
not encourage tumor cell release, thereby increasing, rather
than decreasing, the risk of metastasis. Finally, as has been
shown in many experimental cancer studies, an alternative
approach is to manipulate the cancer chemokine network to
encourage the influx and activation of host immune cells that
have general or specific tumor-destructive capacities.

3.4. Advanced Glycation end Products (AGEs) — Recep-
tor for AGEs (RAGE) Interaction

Advanced glycation end products (AGEs), non-enzymati-
cally glycated protein derivatives, were originally thought to
accumulate in various tissues and have been implicated in
the development of diabetic vascular complications, e.g.
retinopathy and nephropathy [189,190]. Recent studies dem-
onstrated that the formation and accumulation of AGEs pro-
gress at an accelerated rate intra- and extracellularly after the
generation of oxidation stress [191]. The receptor for ad-
vanced glycation end products (RAGE), a multi-ligand
member of the immunoglobulin superfamily of cell surface
molecules, interacts with distinct molecules implicated in
homeostasis, development and inflammation [192]. RAGE
binding by ligands such as AGEs triggers the activation of
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key cell signaling pathways, thereby reprogramming cellular
properties. Recently, Taguchi and colleagues have identified
RAGE as a molecular checkpoint that regulates not only the
invasiveness but also the growth and movement of glioma
cells [147]. However, the complete role of RAGE is still
unclear in melanoma proliferation and metastasis.

Recently, we demonstrated that RAGE was expressed in
human malignant melanoma cells. Furthermore, glyceralde-
hyde-derived AGE (AGE2) and glycolaldehyde-derived AGE
(AGE3) enhanced proliferation, migration and invasion of
this malignant melanoma cell line in vitro [193]. Finally,
treatment by intraperitoneal injection of the neutralizing anti-
RAGE antibody reduced tumor formation, prolonged sur-
vival rate and inhibited lung metastases in nude mice [193].

It has been reported that RAGE is expressed by a range
of cell types, including endothelial cell, astrocytes, and some
malignant cells such as malignant glioma and squamous cell
carcinoma, contributing to homeostasis, development, in-
flammation, and carcinogenesis [191,194-196]. We and other
groups have reported that AGEs were present in various tis-
sues including blood vessel endothelial cells, mesenchymal
cells, and as part of the ECM [197,198]. Accumulation of
AGE:s initiated various important processes including angio-
genesis in diabetic microangiopathies [194]. AGE formation
in the ECM of skin is accelerated by ultraviolet-induced oxi-
dation [198] and AGEs generate active oxygen species in the
skin during ultraviolet irradiation [199] suggesting the pres-
ence of a vicious cycle of AGEs formation. Furthermore,
AGEs can activate RAGE expression causing enhanced
AGEs-RAGE interaction [200]. It is thus hypothesized that
activated cells that include not only tumor cells but also
stromal cells located in peri-tumor sites, synthesis AGEs.
Taken together, we hypothesis that melanoma cells prolifer-
ate and invade with abundant accumulation of extracellular
AGE:s in skin.

We have highlighted the pathways of AGEs formation
and characterized distinct AGEs classes (AGE1-5) with dif-
ferent cell mediated responses [201-203]. In the present
study, AGE2 and AGE3 but not other AGEs, can up-regulate
melanoma cell growth, migration, and invasion in vitro. Re-
cently, we also reported strong RAGE binding by AGE2 and
AGE3, but not other AGEs [204]. Taken together, AGE2-
and AGE3- RAGE interactions have an important role in the
progression of melanoma. Although previous papers re-
ported that CML-RAGE interaction mediates cell signaling
[205], our data showed CML has little effective influence on
melanoma proliferation, migration, and invasion. We specu-
late this disparity is dependent on cell transformation state
(malignant or normal) or cell type.

We also assessed the therapeutic efficacy of AGEs-
RAGE interactions in a xenograft model. In our experiments,
blocking RAGE by systemic administration of neutralizing
RAGE antibody significantly inhibited the growth of G361
xenograft tumors and spontaneous lung metastasis. Further-
more, the inhibition of RAGE prolonged the survival of
G361 tumor-bearing mice. Previously we reported that this
interaction could play a significant role in the progression of
pancreatic cancer through the induction of autocrine platelet-
derived growth factor-B [195]. Furthermore, Taguchi et al.
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showed that this interaction regulates not only the growth but
also the movement and invasiveness of glioma tumor cells
[191]. In addition, the presence of AGEs was confirmed in
human melanoma beds, whereas AGEs were hardly detected
in normal skin, suggesting the interaction of up-regulated
RAGE in melanoma cells with AGEs which are present in
tumor beds to promote melanoma progression. We con-
cluded that these interactions regulate various malignant
tumors, which have a particularly high invasive and metas-
tatic potential.

CONCLUSION

Only cells from malignant tumors invade surrounding
tissues and travel to distant organs. It was thought that inva-
sion and metastases were late events in the clinical course of
a patient's cancer. However, we now know that invasion can
be both early and clinically 'silent'. An understanding of the
molecular basis for this aggressiveness aims to lead to thera-
pies that block the transition of a tumor from benign to ma-
lignant, and maintain the disease locally.

In addition, there is now significant evidence to indicate
that the induction of angiogenesis is an important stage for
many tumors, especially melanoma progression. As an in-
creasing number of angiogenesis inhibitors are being tested
on other tumor types, these trials should be expanded to in-
clude melanoma patients with progressive disease. Relative
systemic levels of proangiogenic and antiangiogenic factors
likely govern tumor progression by regulating the tissue "an-
giogenic balance." Conversion of dormant carcinomas to
invasive malignant carcinomas is considered to involve a
shift in favor of enhanced angiogenesis potential. Influenced
by oncogenes and tumor suppressor genes, disruption of the
"angiogenic checkpoint" via increases in angiogenic factors,
such as VEGF, or decreases in the physiologic levels of en-
dogenous inhibitors of angiogenesis, like PEDF, may repre-
sent an important step in the progression of cancer.

One of the most pressing clinical questions is to deter-
mine whether it is best to exclusively use these new anti-
angiogenic agents or to combine them with conventional
cytotoxic drugs so that the survival of patients can be signifi-
cantly increased [206]. This challenge implies a need for
new clinical development models that preferably consider
the cytostatic rather than the cytotoxic nature of anti-
angiogenic agents, in addition to the possibility of prolonged
therapy with these agents and the rationale for combining
them with other cytotoxic therapies. Ongoing clinical trials
are applying these concepts with the prospect of using these
anti-angiogenic therapies in clinical practice.
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