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Abstract Uveal melanoma arises from melanocytes located in the uveal tract of the eye and is the most
common primary intraocular tumor in adults. Metastatic liver disease is the overwhelming cause
of death in uveal melanoma patients, with almost 50% of patients developing liver metastases
up to 15 years after diagnosis. Most of these patients do not present with any evidence of overt
metastasis at the time of initial diagnosis although it is assumed that they have undetectable
micrometastases. Currently, there are no therapeutic modalities to prevent or efficiently treat
the metastatic disease in uveal melanoma patients. Recent discoveries have shed light on the
molecular pathways that may contribute to the progression of liver metastasis. The aim of this
review is to describe new insights into the genetic and molecular pathways that may play a role
in the development of liver metastases in uveal melanoma patients.

Background

Uveal melanoma is the most common primary intraocular
malignant tumor in adults, with an incidence of roughly
seven cases per million (1). Tumors arise in the uveal tract,
which comprises the iris, ciliary body, and the choroid. In
contrast with skin melanoma, epidemiologic studies have
failed to show an association between exposure to sunlight
and an increased incidence of uveal melanoma (2–5).
Despite this lack of correlation, recent studies have implicat-
ed blue light exposure as a possible risk factor for uveal
melanoma, but further studies are necessary to draw
definitive conclusions (6–8).
Histopathologically, uveal melanoma tumors are composed

of either spindle or epithelioid cells. Callender’s classification,
modified at the Armed Forces Institute of Pathology, is
one of the most reliable prognosticators. Tumors composed
exclusively of spindle cells carry a better prognosis than
those that contain epithelioid cells in any proportion
(9, 10).
Despite advances in the diagnosis and treatment of the

primary tumor, the 5-year mortality rate of uveal melanoma
patients has not significantly changed since 1973 (11). The
survival rates at 5, 10, and 15 years are 65%, 52%, and 46%,
respectively (12, 13). The principal target organ for metastasis
is the liver, which is involved in 71.4% to 87% of patients
with metastatic disease (14–16). The liver is the exclusive site

of systemic metastasis in f40% of the patients and is often
the first metastatic site in patients (17). Unfortunately, when
liver metastases are diagnosed, treatment options are limited
and life expectancy is poor. Reports have differed on the
median survival time, ranging between 2.2 and 12.5 months,
probably reflecting technological advances that detect meta-
stasis earlier (16, 18).

Cells that escape the primary tumor do so by hematoge-
nous dissemination, due to the lack of lymphatics in the eye
itself (19). The predominance of liver metastasis cannot be
solely explained by circulation because the lungs are the first
set of capillary beds that these cells would encounter.
Therefore, uveal melanoma offers a unique setting in which
to study the hematogenous dissemination of cells and the
subsequent homing of these cells, or their preferential
survival, in the liver of patients. Understanding of the
mechanisms underlying this phenomenon could have vast
implications for the large number of patients who are at a
high risk for the development of liver metastasis from other
cancers, such as colorectal or breast carcinomas (20, 21).
Substantial questions remain regarding the specific liver
metastasis in uveal melanoma patients. Is it a reflection of
homing of cells to the liver or simply preferential growth and
survival of these uveal melanoma cells in that microenviron-
ment? As in many things, it may be a mixture of the two.

Vasculogenic Mimicry

The discovery by Maniotis and colleagues (22) that uveal
melanoma cells had the ability to line, or even create,
vascular-like channels ideally illustrates the utility of this
disease as a model system. The lack of lymphatics in the eye
made uveal melanoma an ideal system to study the ability of
tumor cells to create vascular-like channels and three-
dimensional matrices (23). The idea of vasculogenic mimicry
has changed the way we view angiogenesis and has
important implications for therapeutic targeting of angiogen-
esis in a wide variety of cancers.
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Gene Expression Profiling

There have been several recent advances in studying the
metastatic process of uveal melanoma cells. Genetic assays such
as microarray analysis of tumor samples have yielded new
directions of study and confirmed previous theories about the
malignant transformation of uveal melanocytes. These studies
were able to classify patients into two groups: class 1, tumors
associated with a low risk of metastatic death, and class 2,
tumors associated with a high risk of metastatic death (24).
Down-regulation of melanoma-specific genes including the
helix-loop-helix inhibitor ID2 was discovered in class 2 tumors
along with a corresponding increase in E-cadherin expression
(25). A colocalization of E-cadherin and h-catenin to the
plasma membrane in high-risk patients was observed, possibly
implicating a Wnt signaling pathway.
In addition to these patient studies, animal models have also

been used to describe the metastatic process. Recently, a
transcriptional study of tumor cells isolated from an intraocular
tumor, circulating malignant cells, and subsequent metastasis
in a xenograft albino rabbit model of uveal melanoma was
published (26). This study identified several factors that were
up-regulated from intraocular tumor to circulating malignant
cells, and from circulating malignant cells to metastasis (26).
Some of these highly up-regulated genes include insulin receptor
substrate-2, fibronectin 1 , and cytokeratin 18 (26). Conversely, a
decrease in vimentin and melanoma-specific markers, such as
MelanA and CD63, was seen.

These studies, combined with others using a variety of
techniques such as immunohistochemical studies of tissue
sections, orthotopic animal models, and in vitro assays, have
provided hints as to the possible pathways implicated in liver
metastasis from uveal melanoma.

Hepatocyte Growth Factor/Scatter Factor and
c-Met

One of the molecules that has long been suspected of playing
a role in specific growth of cells in the liver is hepatocyte growth
factor (HGF), also known as scatter factor, and its corre-
sponding receptor, c-Met (Fig. 1). Expression of c-Met by uveal
melanoma cells was shown to be correlated with their ex-
pression of epithelial specific cytokeratin, previously described
as the interconverted phenotype (27, 28).
Studies have shown that increased levels of c-Met expression

in the primary tumors of patients significantly increased the risk
of those patients to develop subsequent liver metastasis (29).
Uveal melanoma cells have also been shown to become highly
motile and invasive when HGF was used as a chemoattractant
(30, 31). The exposure of uveal melanoma cells to tumor
associated macrophages, the presence of which is an indicator
of worse prognosis in uveal melanoma, was also shown to
increase the expression of HGF by tumor cells (32).
On activation of c-Met by HGF, c-Met is autophosphorylated

on two tyrosine residues. This initiates the formation of a
docking site that can recruit intracellular adapter proteins, such

Fig. 1. Compared with normal melanocytes, uveal melanoma cells
have increased expression of c-Met, IGF-IR, and CXCR4.The liver is
the only organ that highly expresses the corresponding ligands of
these receptors (HGF, IGF, and CXCL12), indicating that these
pathways may be highly involved in the liver-specific metastases in
uveal melanoma.
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as growth factor receptor bound protein 2, phosphatidylino-
sitol 3-kinase, Shc, and Src (33). This leads to multiple down-
stream signaling pathways, including the Ras protein kinase
pathway. These pathways lead to the up-regulation of mul-
tiple genes and can increase cellular proliferation, cell cycle
progression, protection from apoptosis, increased cellular
motility, and invasive ability (ref. 33; Fig. 2).
The expression of HGF alone, however, does not explain the

predominance of liver-specific metastasis. A study by Econo-
mou and co-workers (34) described the interrelation of insulin-
like growth factor I receptor (IGF-IR) and c-Met from uveal
melanoma samples. Interestingly, although the coexpression
of these two molecules was highly predictive of liver metastasis
by univariate analysis, only IGF-IR expression had a signifi-
cant prognostic value when analyzed by multivariate analysis
(ref. 34; Fig. 1).

IGF-I and IGF-IR

Molecules of more recent interest in uveal melanoma are
IGF-I and its receptor as expression of these have been shown to
correlate with worse prognosis (35). Similar to HGF, IGF-I is
mainly produced by the liver and may help explain the pre-
ferential homing or growth of cells to the liver in uveal
melanoma patients. IGF-I binds to IGF-IR, a heterotetrameric
plasma membrane glycoprotein, which is composed of two a
and two h subunits (36). When stimulated by ligand binding,
the intrinsic tyrosine kinase activity of the h subunit is activated
and phosphorylation of several intracellular proteins takes
place (37).

At least nine substrates of the insulin/IGF-I receptors have
been described. It is believed that the phosphorylation of these
diverse substrates may have different cellular effects depending
on the substrate that is activated (38). The insulin receptor
substrate family members bear structural and functional
similarities; however, insulin receptor substrate-1 is believed
to mediate the mitogenic effects of the IGF-I receptor, whereas
insulin receptor substrate-2 is believed to play a role in meta-
bolic and proliferative signals triggered by the insulin receptors
(38). It is also interesting to note that insulin receptor sub-
strate-2 is the major effector of insulin signaling in the liver.
Among the downstream pathways that can be stimulated by
insulin receptor substrate-2 is the phosphorylation of Akt via
phosphatidylinositol 3-kinase. Phosphorylated Akt has also
been shown to be a prognostic indicator of increased metastasis
in patients with uveal melanoma. It is possible that this
increased mortality rate may reflect the activation of Akt
through the IGF-I pathway. Other downstream pathways that
have been shown to be activated are Ras and mitogen-activated
protein kinase (ref. 38; Fig. 2).

Activation of IGF-IR has been shown to play a role in cellular
proliferation, protection from apoptosis, migration, integrin-
mediated adhesion to the extracellular matrix, and invasion of
basement membranes (39). These are all essential steps in the
formation of metastasis. Targeting of this pathway by using a
specific inhibitor of IGF-IR tyrosine phosphorylation called
cyclolignan picropodophyllin was shown to cause tumor
regression in a xenograft mouse model (40). Targeting this
receptor pathway may be a good choice for preventing or at
least decreasing the chance of metastasis in patients (Fig. 2).

Fig. 2. Several pathways may be involved in the formation of liver metastasis in uveal melanoma patients with potential therapeutic targets of each pathway.
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CXCR4 and CXCL12

An emerging field of study has been the family of chemo-
kines. Of these, the CXCL12 or stromal derived factor-1 may be
the most interesting. The major receptor for CXCL12 is believed
to be CXCR4, a cell surface G-protein–coupled seven-span
transmembrane receptor (41). This receptor has been widely
reported in many different cancer types, including breast, pro-
state, and colon cancer (42–44). Currently, CXCL12 is the only
ligand that has been described for CXCR4, making it unique
among chemokines and chemokine receptors that typically
have several potential ligands and receptors.
Activation of CXCR4 by CXCL12 has been shown to lead to a

variety of intracellular signal transduction pathways and
regulation of cellular survival, proliferation, migration, and
adhesion (45). Among the multiple pathways that are activated
is phosphatidylinositol 3-kinase, which subsequently phos-
phorylates Akt. As mentioned previously, activated Akt is
associated with worse prognosis in uveal melanoma and plays
a role in proliferation of cells as well as migration (46). Other
pathways of interest that have been shown to be activated
by CXCL12/CXCR4 are mitogen-activated protein (MAP)
kinase and Janus-activated kinase (JAK)/signal transducer and

activator of transcription (STAT). Activation of the MAP kinase
pathway is common in uveal melanoma, although a report by
Zuidervaart and colleagues (47) showed that, in contrast to
cutaneous melanoma, this pathway is seldom activated by
BRAF or Ras. Future experiments will have to be carried out to
establish if this often-seen activation of MAP kinase in uveal
melanoma is caused by CXCL12 signaling or if a second,
currently undefined, ligand is responsible (Fig. 2).
Recently, it has been shown that cancer cells are capable of

exploiting and hijacking this system to facilitate their
movement and extravasation out of the primary site and into
systemic circulation (48). It has also been hypothesized and
widely believed that the CXCR4/CXCL12 mono-axis may play
a critical role in guiding circulating malignant cells (CXCR4-
positive cells) to organ-specific locations that actively secrete
CXCL12, such as bone, brain, lungs, and, most importantly,
the liver (ref. 49; Fig. 1). An animal model of breast cancer in
which the CXCR4/CXCL12 axis was inhibited showed
repression of the metastatic process (48). Recent work in
uveal melanoma has shown that, although cell lines typically
do not express CXCL12, tumors can express CXCR4, and this
expression correlates with markers of poor prognosis (30, 50).
In addition, it has been shown that TN14003 inhibits

Table 1. Summary of recent therapeutic targets and agents that have been used in vitro and in clinical trials
for various types of cancers including uveal melanoma

Strategies Potential targets Implicated cancers Therapeutic agents Phase of development/
clinical trials

Inhibit induction of
invasion and angiogenesis

c-Met Bladder (58), breast (58),
cervical (58), colorectal (58),
lung (58), liver (58),
adult T-cell leukemia (58),
multiple myeloma (58),
glioblastomas/
astrocytomas (58),
melanoma (58)

PHA665752—
several (59, 60)

In vitro

IGF-IR Breast (61), prostate (62),
uveal melanoma (63)

Nordihydroguaiaretic
acid—breast
cancer (61)

In vitro

Gene therapy
(IGF-IR dominant
negative)—gastric
cancer (64)

In vivo (mouse)

PPP—uveal
melanoma (40)

In vitro/in vivo
(mouse)

Inhibit interactions between
disseminated tumor cells
and stoma at metastatic site

Chemokines
(CXCR4/CXCL12),
integrins

Breast (42),
uveal melanoma (50)

AMD3100 and other
small-molecule
inhibitors (65)

Phase II

Inhibit signaling pathways
implicated in cell survival
and motility

PI3K Breast (66), colon (67),
uveal melanoma (68)

LY294002—ovarian
cancer (69)

In vitro/in vivo
(mouse)

Wortmannin—
breast cancer (70)

In vivo (murine)

Akt Prostate (71),
uveal melanoma (46)

API-2—melanoma (72) In vitro

Celecoxib analogues (73) In vitro

Abbreviations: PI3K, phosphatidylinositol 3-kinase; PPP, picropodophyllin.
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migration of uveal melanoma cell lines when chemoattracted
by CXCL12 (51). More work will have to be done to
categorize the exact pathways of activation in uveal melanoma
and establish for which part of liver-specific metastasis
CXCL12 is responsible.

Clinical-Translational Advances

There are currently several treatments for primary uveal
melanomas that are located in the posterior part of the eye.
Historically, uveal melanoma has been treated by enucleation
of the affected globe, which in addition to loss of vision
requires the implantation of prosthesis. This has been sup-
planted by the use of globe-sparing treatments such as plaque
radiotherapy, in which a shield containing a radioactive isotope
such as ruthenium is implanted opposite the base of the tumor
on the sclera of the affected eye for several days. No significant
change in patient mortality has been shown for either treatment
option (52). The majority of patients are treated by plaque
radiotherapy, although a percentage of patients still undergo
enucleation because of failure of the primary treatment or the
size of tumor on diagnosis.
Although treatment of the primary tumor is well established

and usually results in local control, treating metastatic disease is
a much more daunting task. At diagnosis, few patients pre-
sent with clinically detectable metastatic lesions regardless of
the clinical prognostic factors such as tumor height (18). As
mentioned previously, the outlook for patients becomes in-
creasingly poor as follow-up time increases, with an almost 50%
mortality rate due to metastatic disease after 15 years. Minor
improvements have been seen in some patients after surgical
resection of the liver metastasis, when possible, followed
by intrahepatic arterial chemotherapy, with all of the asso-
ciated morbidity. Clinical trials assessing potential therapeutic
agents, such as dacarbazine, treosulfan in combination with
gemcitabine, thalidomide with IFN a2b, temozolomide, and
9-nitrocamtothecin, have also been similarly disappointing
with only minor improvements in some patients (53–57).

We have described here several pathways (Fig. 2) that we
believe play a role in the majority of uveal melanoma patients
who go on to develop liver metastasis as the first detectable
metastasis and the major cause of mortality among uveal
melanoma patients (Fig. 1). These pathways represent oppor-
tunities to halt the progression of this disease and to use uveal
melanoma as a model system for hematogenous dissemination
and liver metastasis formation in other cancers. It seems
unlikely, from the evidence given, that targeting only one of
these molecular pathways would be sufficient to improve
patient mortality. It is far more likely that it will take a
combined approach, targeting at least two of these pathways
that may induce liver-specific metastasis, to lead to an
improvement in patient mortality rates. Several inhibitors of
these specific pathways are in development, with a handful
already in phase II clinical trials for other diseases. Table 1
shows the status of several of these molecules that are specific
for the pathways that have been discussed above, including
inhibitors targeting c-Met, IGF-IR, phosphatidylinositol 3-
kinase, Akt, and CXCL12/CXCR4. It would be of great
importance to test these molecular targets in the context of
uveal melanoma and study the effects that they would have not
only on liver metastasis but also on hematogenous dissemina-
tion of tumor cells.

To date, the majority of clinical trials have been run with
metastatic uveal melanoma patients with diagnosed liver
metastasis. These trials have been disappointing, showing little
or no effect of drug treatments on reducing the metastatic
burden. We believe that an adjuvant trial, beginning at
diagnosis, would yield better results for patients. These trials
would, by the nature of the disease, have to run for up to 10
years to establish efficacy. Biomarkers of disease progression
and response could also be used, such as melanoma inhibitory
activity, S100, or the detection of circulating malignant cells. It
is perhaps naBve to believe that compounds will be able to cure
established metastatic nodules of the liver. Unlike other cancer
types, however, there is a large window in which to operate for
uveal melanoma.
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