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CHAPTER 2

MACROPHAGES IN UVEAL MELANOMA
AND IN EXPERIMENTAL OCULAR
TUMOR MODELS: FRIENDS OR FOES?
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2.1 UVEAL MELANOMA AND ANGIOGENESIS

Tumor cells may leave the enclosure of the eye by intravascular spreading, by outgrowth
through the trabecular meshwork or by migrating along blood vessels or nerves. Seddon
et al. determined that in uveal melanoma the 10-year mortality without extraocular exten-
sion was 31%, and with extraocular extension 75% *. Recent studies looked at tumor cell
ingrowth in blood vessels within the tumor, and in the sclera, and observed a strong correla-
tion between any ingrowth of tumor cells into blood vessels and poor survival >3. Extraocular
extension was correlated with the grade of malignancy of the tumor itself, such as the pres-
ence of monosomy 3. The presence of intravascular tumor cells was strongly correlated to
intrascleral invasion. These data indicate the important role of blood vessels in the clinical
course of uveal melanoma.

The amount of blood vessels is also related to prognosis: when looking at areas with a high
MVD, one can identify so-called “hot spots” of vascular density +¢, which in some studies
showed a correlation with death. Mikitie et al. studied vessel density in a group of 134 uveal
melanomas, using the CD34 monoclonal antibody to identify blood vessels: a high MVD
was associated with the presence of epithelioid cells, a high largest basal tumor diameter and
tumor height, and a decreased survival 7. In addition, a high MVD was associated with an
increased density of TAM *.

Turning on angiogenesis, known as the angiogenic switch, is an important early event
in tumor growth, including uveal melanoma. Angiogenesis often occurs as a response to
intra-tumoral hypoxia, which leads to an upregulation of the transcription factor HIF-1a
and expression of its target gene VEGE. In many types of cancer, intra-tumoral hypoxia,
overexpression of HIF-1a, and increased microvascular density are found to be associated
with tumor progression and poor prognosis **°. Fluorescein angiography shows that the
formation of new vessels is an early feature that discriminates between uveal melanoma
and choroidal nevi. The main uveal melanoma blood vessels are connected to the choroidal
and not the retinal vasculature, and fluorescein angiography may thus show a dual circula-
tion. Uveal melanoma blood vessels may lack endothelial cells, and their walls are extremely
thin while their lining often shows disruptions when tumor cells penetrate into the vessel
lumen ".The presence of new vessels is critical for tumor growth, as diffusion of oxygen and
nutrients becomes limited when tumor size increases > Tumor blood vessels are considered
to arise as an outgrowth of the local vascular bed (angiogenesis). But what determines the

growth of new blood vessels in uveal melanoma?
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2.2. VEGF AND REGULATION OF ANGIOGENESIS

VEGEF is one of the most important angiogenic factors, with a potent vasopermeability func-
tion. Uveal melanoma cell lines produce VEGF as well as Platelet-Derived Growth Factor
(PDGF) »*. VEGF is present in the vitreous and aqueous of uveal melanoma-containing
eyes, and has prognostic value 7. While increased levels of VEGF have been reported in
uveal melanoma eyes, with significant VEGF production by stromal cells and tumor cells.
However, immunohistochemical studies do not show a universal picture: some studies us-
ing immunohistochemistry observed VEGF expression in at least 25% of uveal melanomas
-2 while others reported a lack of VEGF expression in uveal melanoma **2¢. The variable
expression patterns of VEGF protein and mRNA reported in uveal melanoma **® most
likely reflect variations in fixation, tissue-processing techniques and antibody specificity (for
example, to VEGF splice variants). Epigenetic mechanisms may also be involved in VEGF
overexpression in ocular melanomas *.

Missotten and others observed a correlation between VEGF levels in the aqueous humor
and an increased basal tumor diameter, as well as with ciliary body involvement 7. Patients
with uveal melanoma metastases often have increased levels of VEGF in their serum (Fig 1)
25.

While tumor cells may be the source of VEGE, other ocular sources of VEGF may include
retinal Miiller cells or neurons overlying the tumor, RPE cells disrupted during tumor growth,

or macrophages inside or outside the tumor (see below). Vinores and others observed that
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FIGURE 1. Concentration of serum VEGF-A in (metastatic) UM patients and controls.

Concentration of serum VEGF-A in the control group, and in patients with and without metastatic uveal
melanoma. P-values (Mann-Whitney test) between the different groups are indicated in the graph. Each box
shows the median, quartiles (box length is the interquartile range) and whiskers represent the 90th and 10th
percentiles. Reproduced with permission from “Regulation of VEGF-A in uveal melanoma’, by El Filali et al.
(2010), via Copyright Clearance Center.
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eyes containing a uveal melanoma expressed VEGF in ganglion cells, in vessel walls within
the inner retina, and in the RPE, ciliary body and iris *°. Analysis of frozen tumor sections
revealed expression of VEGF mRNA in quite a large number of tumors, while short-term
cultured primary uveal melanoma cells or uveal melanoma cell lines often expressed and
produced VEGF (Fig. 2) 2. Exposure of cultured tumor cells to hypoxia greatly induced
the production of VEGEF, and this may also play an important role in tumor angiogenesis.
Similar to the situation in other solid tumors, outgrowth of uveal melanoma combined with
limited oxygen diffusion probably leads to local areas of tumor ischemia, and thus hypoxia.
This hypoxia subsequently induces HIF-1a, which stimulates VEGF production by oxygen-
deprived tumor cells and tumor-associated macrophages. Ocular studies using a retinal laser
photocoagulation model showed that macrophages directly stimulate angiogenesis, since
a reduction of choroidal neovascularisation took place when macrophages were removed
prior to laser treatment .

A similar situation may occur in uveal melanoma metastases, which may remain dormant
for many years. It may well be that dormancy depends on the (temporary) lack of vasculari-
sation in metastases. Preventing angiogenesis may be a useful therapy in this phase of the
disease **. What triggers the metastatic cells to become active, often many years after enucle-
ation of the melanoma-containing eye, remains elusive, but it may be that local macrophage
accumulation plays a stimulatory role.

That hypoxia may influence malignant tumor-cell behaviour is well-illustrated by in vitro

work by Victor et al., using the MUM2B uveal melanoma cell line. Exposure of these cells to
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FIGURE 2. VEGF-A mRNA expression in primary UM cell cultures following exposure to hypoxia.

The amount of VEGF-A mRNA expression was measured with quantitative real-time RT-PCR in primary
UM cell cultures (cultures 1-5) under normoxic (black) and hypoxic (gray) conditions after 24 h. Expression
is demonstrated in normalized fold. Reproduced with permission from “Regulation of VEGF-A in uveal
melanoma’, by El Filali et al. (2010) via Copyright Clearance Center.
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an hypoxic environment induced several changes in RNA expression including upregulation
of CXCR4, angiopoietin-related protein, pyrovate dehydrokinase 1, integrin f8 and others,
and increased tumor-cell migration, invasion and adhesion . Cells transfected with siRNA
directed against HIF-1a did not show an increase in any of these characteristics, suggesting

that HIF-1a-mediated processes were involved.

2.3 UVEAL MELANOMA AND MATRIX METALLOPROTEINASES

Matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases that can
degrade most extracellular (ECM) components. Secreted and transmembrane MMPs play a
major role in tumor invasion and metastasis, and are important in angiogenesis, inflamma-
tion, apoptosis, cell-surface protein-shedding, release and activation of ECM-sequestered
growth factors such as Transforming Growth Factor (TGF)-p and Fibroblast Growth Fac-
tor (FGF)-2, and signal transduction ***. MMPs are generally constitutively expressed at
low levels, and production is tightly regulated at the level of transcription as well as post-
transcription by cytokines, growth factors and hormones, and by changes in cell-cell and
cell-ECM interactions. MMPs are mostly secreted in latent (proMMP) forms and activated
in the extracellular space by serine proteases such as plasmin, urokinase plasminogen activa-
tor (uPA) or by other MMPs, including membrane-type (MT)-MMPs. EMMPRIN (CD147,
extracellular MMP inducing protein) can induce MMP production by stromal cells such as
fibroblasts and endothelial cells, and can regulate VEGF and MMP production in tumor an-
giogenesis . Tissue Inhibitors of MMPs (TIMPs) may modulate MMP activity, and regulate
cell proliferation, angiogenesis, and apoptosis.

In uveal melanoma, MMPs have been implicated in both angiogenesis and vasculogenic
mimicry due to their ability to degrade vascular basement membranes as well as to activate
growth factors such as VEGF and TGFp 7. MMP-2, -9 and MT1-MMP have been reported
to facilitate tumor angiogenesis, cell migration, and invasion **¥. Consistent with these
observations, (latent and active) heterogeneous MMP-1, -2, -9 and MT1-MMP expression
has been observed in uveal melanomas, including on the tumor vasculature » (Fig. 3).

In primary uveal melanoma, the presence of VEGF-A and MMP-9 is associated with
metastasis formation *. Heterogeneous EMMPRIN expression was observed on primary
uveal melanomas, in association with MMP-expressing fibroblasts, particularly at tumor
edges (Fig. 4). Melanomas with a mixed and epithelioid morphology generally expressed
higher levels of EMMPRIN, assessed with immunohistochemistry. In vitro studies showed
that EMMPRIN-expressing uveal melanoma cells co-cultured with choroidal fibroblasts can
induce fibroblast MMP-2 production and activation.

In uveal melanoma, immunohistochemistry, gene array, and in vitro studies collectively

show an important role for MMPs in primary and metastatic tumors, and an association
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FIGURE 3. Immunoperoxidase labelling of MMP-1, -2 and -9 in uveal melanoma. A and B.

Tumor cells immunolabelled for MMP-1, although not at the tumor-sceral interface (TSI). B. Tumor cells

are also seen within a blood vessel (bv) C and D. Blood vessels (bv) show strong MMP-2 immunostaining,
with little or no MMP-2 immunostaining of tumor cells. E and E. MMP-9 immunostaining of tumor cells and
vasculature within uveal melanoma. As seen in E, the pattern of MMP-9 immunostaining appears similar to
the extravascular matrix patterns seen with PAS staining. An MMP-9 positive intravascular leukocyte is also
visible in E. (TSI - tumor-scleral interface; bv - blood vessel; hematoxylin counterstain).

FIGURE 4. Co-immunolabelling for MMP-2 and EMMPRIN (CD147) in uveal melanoma, visualized using
confocal microscopy. A and B.

Stromal cells (presumptive fibroblasts; arrowheads) near the tumour edge show strong MMP-2
immunostaining (green). Tumor cells (M) display distinct cell-surface EMMPRIN immunostaining (red); (bv

- blood vessel).
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with tumor invasion and vasculogenic mimicry **#. MMPs can mediate formation of the
laminin-rich matrix via cleavage of laminin 5y2 to form pro-migratory fragments *»*. Block-
ing MMP activity in vitro using chemically-modified tetracyclines inhibits laminin 5y cleav-
age, and downregulates MMP-2, -9, MT1-MMP, VEGE-C, VE-cadherin and TIE-1, inhibit-
ing vasculogenic mimicry #. Gene-expression profiling of different phases of oncogenesis
in uveal melanoma shows TIMP-3 (an MMP-inhibitor) downregulation during progression
from melanocyte to metastasis . TIMP-3 immunoreactivity was also decreased in more
aggressive, epithelioid/mixed uveal melanomas ». Clinically, uveal melanoma expression of
MMP-2 and -9 is associated with a higher incidence of metastatic disease, and patients with
tumors expressing low levels of the MMP inhibitors TIMP-1 and -2 showed a worse survival
4445 As not only tumor cells but also macrophages can produce MMPs, inflammatory cyto-
kines and VEGF, they too are important for the (further) induction of local inflammation as

well as angiogenesis.

2.4 ANGIOGENESIS AND TREATMENT

Anti-angiogenic therapy is currently being trialed for many types of cancer. With regard
to uveal melanoma, several potential areas for the use of anti-angiogenic therapy can be
identified: growth inhibition of an intraocular melanoma, growth inhibition of metastases,
and treatment of side effects of ocular irradiation, i.e. radiation retinopathy. As treatment of
intraocular tumors with different types of irradiation leads not only to inhibition of tumor
growth but also to shrinkage of the tumor, additional treatment with angiogenesis inhibitors
may not be needed. On the other hand, one might consider treatments with fewer side effects
than irradiation, and that might include a combination of anti-angiogenic agents with local
chemotherapy or immunotherapy. Attacking blood vessels too early may not be such a good
idea, as this might stop the local distribution of chemotherapy. Treating suspicious large
nevi with anti-angiogenic treatments might be an option, as an early change to malignancy
includes the development of intra-tumoral blood vessels. However, closing blood vessels
may have an unwanted effect related to reduced oxygen distribution and local hypoxia,
selecting outgrowth of tumor cells that are more resistant to hypoxia and that have become
less sensitive to irradiation. In addition, temporary vessel closure may be followed by local
hypoxia, resulting in more vessel growth instead of less. Finally, primary uveal melanoma
and metastases not only contain blood vessels but also extravascular channels. This addi-
tional tumor microcirculation (vasculogenic mimicry) provides a route for alternative fluid
movement and perfusion within solid tumors, and in vitro, does not appear to be targeted by
agents specific for vascular endothelial cells such as endostatin *.

With regard to metastasis, one looks for therapies that may stimulate tumor-cell dormancy.

Using anti-angiogenic therapies may well be indicated when the tumors are still small and
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have not developed their full vascularisation. We do not know whether systemic treatment
with angiogenic inhibitors will help patients who have clinically significant liver metastases.
El Filali and others observed that patients with uveal melanoma metastases often have in-
creased levels of serum VEGF (Fig. 5) . The first results from experimental studies of VEGF
inhibitors to prevent the growth of metastases in mice are promising +. Using bevacizumab,
metastases outgrowth in the liver could be partially inhibited in a mouse model, using B16
cells as well as human uveal melanoma cells. As combination treatments of anti-angiogenic
and chemotherapy are nowadays recognized treatments of various types of cancer metas-
tases, the first trials for the treatment of uveal melanoma metastases will probably soon be
underway. It is unfortunate, that growth inhibition by anti-angiogenic agents is often only
temporarily, and combination therapies should be sought.

The third area where anti-angiogenic agents can be applied is in the treatment of radiation
retinopathy, which may occur after irradiation of an intraocular or orbital tumor. Radiation
retinopathy is a complication of radiation therapy and intraocular VEGF-A expression was
shown to be particularly high in eyes developing secondary iris and retinal neovascularisa-
tion after receiving local radiotherapy >*##%. Several case histories or small series of cases have

already been reported, with variable results.



Angiogenesis and uveal melanoma

REFERENCE LIST

10.

11.

12.

13.

14.

16.

17.

Seddon, J. M., Albert, D. M., Lavin, P. T., and Robinson, N. A prognostic factor study of disease-free in-
terval and survival following enucleation for uveal melanoma. Arch.Ophthalmol. 1983. 101:1894-1899.

Coupland, S. E., Campbell, I., and Damato, B. Routes of extraocular extension of uveal melanoma: risk
factors and influence on survival probability. Ophthalmology 2008. 115:1778-1785.

Ly, L., Odish, O., de Wolff-Rouendaal, D., Missotten, G., Luyten, G., and Jager, M. Intravascular pres-
ence of tumor cells as prognostic parameter in uveal melanoma: a 35-year survey. Invest Ophthalmol.
Vis.Sci. 2009.

Foss, A. J., Alexander, R. A, Jefferies, L. W., Hungerford, J. L., Harris, A. L., and Lightman, S. Microves-
sel count predicts survival in uveal melanoma. Cancer Res. 1996. 56:2900-2903.

Lane, A. M., Egan, K. M., Yang, ], Saornil, M. A., Alroy, J., Albert, D., and Gragoudas, E. S. An
evaluation of tumour vascularity as a prognostic indicator in uveal melanoma. Melanoma Res. 1997.
7:237-242.

Schaling, D. F. and Pauwels, E. K. The clinical role of immunoscintigraphy for the detection of ocular
melanoma. Q.J.Nucl.Med. 1996. 40:335-340.

Makitie, T., Summanen, P, Tarkkanen, A., and Kivela, T. Microvascular density in predicting survival
of patients with choroidal and ciliary body melanoma. Invest Ophthalmol.Vis.Sci. 1999. 40:2471-2480.

Toivonen, P., Makitie, T., Kujala, E., and Kivela, T. Microcirculation and tumor-infiltrating macrophages
in choroidal and ciliary body melanoma and corresponding metastases. Invest Ophthalmol.Vis.Sci.
2004. 45:1-6.

Hanahan, D. and Folkman, J. Patterns and emerging mechanisms of the angiogenic switch during
tumorigenesis. Cell 1996. 86:353-364.

Semenza, G. L. HIF-1 and tumor progression: pathophysiology and therapeutics. Trends Mol.Med. 2002.
8:562-S67.

Radnot, M. and Antal, M. Vessels of intraocular malignant melanomas. Am.J.Ophthalmol. 1979.
88:472-478.

Holmgren, L., O’Reilly, M. S., and Folkman, J. Dormancy of micrometastases: balanced proliferation
and apoptosis in the presence of angiogenesis suppression. Nat.Med. 1995. 1:149-153.

Jjland, S. A, Jager, M. J., Heijdra, B. M., Westphal, J. R., and Peek, R. Expression of angiogenic and
immunosuppressive factors by uveal melanoma cell lines. Melanoma Res. 1999. 9:445-450.

Westphal, J. R., Van’'t Hullenaar, R., Peek, R., Willems, R. W,, Crickard, K., Crickard, U., Askaa, J.,
Clemmensen, I., Ruiter, D. J., and De Waal, R. M. Angiogenic balance in human melanoma: expres-
sion of VEGE, bFGE, IL-8, PDGF and angiostatin in relation to vascular density of xenografts in vivo.
Int.J.Cancer 2000. 86:768-776.

Boyd, S. R, Tan, D., Bunce, C., Gittos, A., Neale, M. H., Hungerford, J. L., Charnock-Jones, S., and
Cree, 1. A. Vascular endothelial growth factor is elevated in ocular fluids of eyes harbouring uveal
melanoma: identification of a potential therapeutic window. Br.J.Ophthalmol. 2002. 86:448-452.

Boyd, S.R., Tan, D. S., de Souza, L., Neale, M. H., Myatt, N. E,, Alexander, R. A., Robb, M., Hungerford,
J. L., and Cree, 1. A. Uveal melanomas express vascular endothelial growth factor and basic fibroblast
growth factor and support endothelial cell growth. Br.].Ophthalmol. 2002. 86:440-447.

Missotten, G. S., Notting, I. C., Schlingemann, R. O., Zijlmans, H. ], Lau, C,, Eilers, P. H., Keunen, J.
E., and Jager, M. J. Vascular endothelial growth factor a in eyes with uveal melanoma. Arch.Ophthal-
mol. 2006. 124:1428-1434.

33



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

Sheidow, T. G., Hooper, P. L., Crukley, C., Young, J., and Heathcote, J. G. Expression of vascular endo-
thelial growth factor in uveal melanoma and its correlation with metastasis. Br.J.Ophthalmol. 2000.
84:750-756.

Abdel-Rahman, M. H., Craig, E. L., Davidorf, E H., and Eng, C. Expression of vascular endothelial
growth factor in uveal melanoma is independent of 6p21-region copy number. Clin.Cancer Res. 2005.
11:73-78.

Vinores, S. A., Kuchle, M., Mahlow, J., Chiu, C., Green, W. R., and Campochiaro, P. A. Blood-ocular
barrier breakdown in eyes with ocular melanoma. A potential role for vascular endothelial growth
factor/vascular permeability factor. Am.].Pathol. 1995. 147:1289-1297.

Stitt, A. W,, Simpson, D. A., Boocock, C., Gardiner, T. A., Murphy, G. M., and Archer, D. B. Expression
of vascular endothelial growth factor (VEGF) and its receptors is regulated in eyes with intra-ocular
tumours. ].Pathol. 1998. 186:306-312.

Peer, J., Shweiki, D., Itin, A., Hemo, I., Gnessin, H., and Keshet, E. Hypoxia-induced expression of vas-
cular endothelial growth factor by retinal cells is a common factor in neovascularizing ocular diseases.
Lab Invest 1995. 72:638-645.

Kvanta, A., Steen, B., and Seregard, S. Expression of vascular endothelial growth factor (VEGEF) in
retinoblastoma but not in posterior uveal melanoma. Exp.Eye Res. 1996. 63:511-518.

Clarijs, R., Schalkwijk, L., Ruiter, D. J., and De Waal, R. M. Lack of lymphangiogenesis despite coexpres-
sion of VEGF-C and its receptor Flt-4 in uveal melanoma. Invest Ophthalmol.Vis.Sci. 2001. 42:1422-
1428.

el, Filali. M., Missotten, G. S., Maat, W,, Ly, L. V., Luyten, G. P, van, d., V, and Jager, M. ]. Regulation of
VEGF-A in uveal melanoma. Invest Ophthalmol.Vis.Sci. 2009.

el, Filali. M., Homminga, I., Maat, W., van, d., V, and Jager, M. ]. Triamcinolone acetonide and anecor-
tave acetate do not stimulate uveal melanoma cell growth. Mol.Vis. 2008. 14:1752-1759.

Sakurai, E., Anand, A., Ambati, B. K., van, R. N., and Ambati, ]. Macrophage depletion inhibits experi-
mental choroidal neovascularization. Invest Ophthalmol.Vis.Sci. 2003. 44:3578-358s.

Jager, M. J. Angiogenesis in uveal melanoma. Ophthalmic Res. 2006. 38:248-250.

Victor, N., Ivy, A, Jiang, B. H., and Agani, E H. Involvement of HIF-1 in invasion of Mum2B uveal
melanoma cells. Clin.Exp.Metastasis 2006. 23:87-96.

Stamenkovic, I. Matrix metalloproteinases in tumor invasion and metastasis. Semin.Cancer Biol. 2000.
10:415-433.

Overall, C. M. and Kleifeld, O. Towards third generation matrix metalloproteinase inhibitors for cancer
therapy. Br.J.Cancer 2006. 94:941-946.

Bougatef, F, Quemener, C., Kellouche, S., Naimi, B., Podgorniak, M. P, Millot, G., Gabison, E. E.,
Calvo, E, Dosquet, C., Lebbe, C., Menashi, S., and Mourah, S. EMMPRIN promotes angiogenesis
through hypoxia-inducible factor-2alpha-mediated regulation of soluble VEGF isoforms and their re-
ceptor VEGFR-2. Blood 2009. 114:5547-5556.

Seftor, R. E., Seftor, E. A., Koshikawa, N., Meltzer, P. S., Gardner, L. M., Bilban, M., Stetler-Stevenson,
W. G., Quaranta, V., and Hendrix, M. ]. Cooperative interactions of laminin 5 gammaz chain, matrix
metalloproteinase-2, and membrane type-1-matrix/metalloproteinase are required for mimicry of
embryonic vasculogenesis by aggressive melanoma. Cancer Res. 2001. 61:6322-6327.

lida, J. and McCarthy, J. B. Expression of collagenase-1 (MMP-1) promotes melanoma growth through the
generation of active transforming growth factor-beta. Melanoma Res. 2007. 17:205-213.

Raffetto, J. D. and Khalil, R. A. Matrix metalloproteinases and their inhibitors in vascular remodeling

and vascular disease. Biochem.Pharmacol. 2008. 75:346-359.



36.

37

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Angiogenesis and uveal melanoma

Ebrahem, Q., Chaurasia, S. S., Vasanji, A., Qi, J. H., Klenotic, P. A., Cutler, A., Asosingh, K., Erzurum,
S., and Anand-Apte, B. Cross-talk between vascular endothelial growth factor and matrix metallopro-
teinases in the induction of neovascularization in vivo. Am.J.Pathol. 2010. 176:496-503.

Hofmann, U. B., Westphal, J. R., Van Kraats, A. A., Ruiter, D. J., and Van Muijen, G. N. Expression
of integrin alpha(v)beta(3) correlates with activation of membrane-type matrix metalloproteinase-1
(MT1-MMP) and matrix metalloproteinase-2 (MMP-2) in human melanoma cells in vitro and in vivo.
Int.J.Cancer 2000. 87:12-19.

Egeblad, M. and Werb, Z. New functions for the matrix metalloproteinases in cancer progression. Nat.
Rev.Cancer 2002. 2:161-174.

Lai, K., Conway, R. M., Crouch, R., Jager, M. J., and Madigan, M. C. Expression and distribution of
MMPs and TIMPs in human uveal melanoma. Exp.Eye Res. 2008. 86:936-941.

Sahin, A., Kiratli, H., Soylemezoglu, E, Tezel, G. G., Bilgic, S., and Saracbasi, O. Expression of vascular
endothelial growth factor-A, matrix metalloproteinase-9, and extravascular matrix patterns and their
correlations with clinicopathologic parameters in posterior uveal melanomas. Jpn.J.Ophthalmol. 2007.
51:325-331.

van der Velden, P. A., Zuidervaart, W., Hurks, M. H., Pavey, S., Ksander, B. R., Krijgsman, E., Frants, R.
R., Tensen, C. P,, Willemze, R., Jager, M. J., and Gruis, N. A. Expression profiling reveals that methyla-
tion of TIMP3 is involved in uveal melanoma development. Int.].Cancer 2003. 106:472-479.

Hendrix, M. J., Seftor, E. A., Seftor, R. E., Gardner, L. M., Boldt, H. C., Meyer, M., Peer, J., and Folberg,
R. Biologic determinants of uveal melanoma metastatic phenotype: role of intermediate filaments as
predictive markers. Lab Invest 1998. 78:153-163.

Hendrix, M. J., Seftor, E. A., Hess, A. R., and Seftor, R. E. Vasculogenic mimicry and tumour-cell plastic-
ity: lessons from melanoma. Nat.Rev.Cancer 2003. 3:411-421.

Vaisanen, A., Kallioinen, M., von, D. K., Laatikainen, L., Hoyhtya, M., and Turpeenniemi-Hujanen,
T. Matrix metalloproteinase-2 (MMP-2) immunoreactive protein--a new prognostic marker in uveal
melanoma? ].Pathol. 1999. 188:56-62.

El Shabrawi, Y., Ardjomand, N., Radner, H., and Ardjomand, N. MMP-g is predominantly expressed in
epithelioid and not spindle cell uveal melanoma. J.Pathol. 2001. 194:201-206.

van der Schaft, D. W,, Seftor, R. E., Seftor, E. A., Hess, A. R., Gruman, L. M., Kirschmann, D. A., Yo-
koyama, Y., Griffioen, A. W., and Hendrix, M. J. Effects of angiogenesis inhibitors on vascular network
formation by human endothelial and melanoma cells. ].Natl.Cancer Inst. 2004. 96:1473-1477.

Yang, H., Jager, M. J., and Grossniklaus, H. E. Bevacizumab suppression of establishment of micrometas-
tases in experimental ocular melanoma. Invest Ophthalmol.Vis.Sci. 2010. 51:2835-2842.

Boyd, S. R, Gittos, A., Richter, M., Hungerford, J. L., Errington, R. D., and Cree, 1. A. Proton beam

therapy and iris neovascularisation in uveal melanoma. Eye (Lond) 2006. 20:832-836.

35






