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Abstract

Macrophages belong to the innate immune system and as such constitute one 
of the first barriers against infection. They play an important role in wound 
healing, in inflammation and in angiogenesis, but are also essential in the first 
stage of a “danger response”. After scavenging debris, they can digest cellular 
proteins into smaller pieces, and protein-derived peptides can subsequently 
be presented to the immune system. Depending on the activation state of 
the macrophage, this antigen presentation may trigger a full-blown active 
immune response, or may suppress a potential immune reaction. Macrophages 
constitute a heterogeneous cell population described by many names, with 
varying phenotypic characteristics, depending on their tissue location and state 
of activation. They play important roles in different ocular tissues, including 
the cornea and the choroid, and have been found to be involved in anti-tumor 
immune responses in mouse ocular tumor models. One would thus expect 
macrophages to belong to the “good guys” that help to protect our body against 
dangers such as cancer. In human uveal melanoma however, a high density of 
macrophages is associated with a poor prognosis for the patient. Macrophages 
play a role in promoting angiogenesis, and thus may stimulate tumor growth; 
in addition, macrophages have also been found to suppress anti-melanoma 
immune responses. These functions may shift during aging. Taken together, 
these new observations extend our understanding of the diverse functions of 
macrophages and show us their different faces, making them either “friends or 
foes” in human uveal melanoma. A better understanding of these multifaceted 
cells will help in developing new treatments to prevent the growth of 
metastases in uveal melanoma patients.
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1. Introduction

Macrophages originate in the bone marrow, where their earliest identifiable 
progenitor is the myelomonocytic stem cell. In the bone marrow, monoblasts 
proliferate and differentiate along the macrophage lineage up to the monocyte 
stage. Monocytes move to the blood and from there into many different 
tissues, where they develop into mature macrophages1. Metchnikoff first 
described macrophages over 100 years ago, and delineated a characteristic 
function: removal of debris by engulfing it2. Since then, many subtypes of 
bone marrow-derived precursor cells, peripheral blood monocytes, and tissue 
macrophages have been described, that collectively constitute the mononuclear 
phagocyte system3. What do these cells actually do? In the first place, as 
already mentioned, macrophages can function as scavengers, removing debris 
after trauma or infection. However, they also play important roles in tissue 
remodelling and in innate immunity4. During infections, they can become 
activated, and being present in all tissues, thus constitute the first line of 
defence. Using a multitude of cell-surface receptors and cytokines, macrophages 
can act as antigen-presenting cells (APCs), stimulating reactions of the adaptive 
immune system. 
Within the eye, macrophages are of great importance as seen for example in 
the defence against corneal infections, including those caused by bacteria5, 
Herpes Simplex Virus Type 16, Acanthamoeba7, and fungi8. Furthermore, 
they are essential in the early phase of corneal allograft rejection 9: removal of 
macrophages prior to corneal transplantation reduced graft rejection to almost 
zero, most likely due to the fact that when macrophages were absent, antigen 
presentation no longer occurred.
Macrophages may not only stimulate immune responses, but as myeloid-
derived suppressor cells (MDSCs), they can also inhibit the development 
of effective immune responses or provide help to induce tolerance. This 
phenomenon has been observed in auto-immune diseases such as experimental 
auto-immune uveoretinitis and in cancer 10,11. When macrophages are present 
within tumors, they are often referred to as tumor-associated macrophages 
(TAMs). In a specific type of intraocular tumor, i.e. uveal melanoma, a higher 
density of macrophages is associated with a worse patient prognosis quod 
vitam12. This brings us to a fourth function of macrophages: macrophages may 
be important in cancer due to their regulation of angiogenesis (see below). 
Tumors need blood vessels for sustenance and growth, and macrophages may 
not only be involved in stimulating the development of new vessels, but can 
have an angiogenesis-inhibiting function as well. An example can be found 
in ocular tumors: when macrophages were removed in an intraocular tumor 
model in old mice, tumor growth was almost completely prevented13.
As new characteristics of specific macrophage subpopulations continue to 
be discovered, their paradoxical functions become increasingly evident. The 
current paradigm proposes a polarisation of macrophages related to their 
overall effect and phenotype, with distinct M1 and M2 macrophages being 
described 14-16. The different functions of M1 and M2 macrophages and their 
possible role(s) in uveal melanoma will be discussed and we will describe the 
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presence of macrophages in uveal melanoma in relation to histologic findings 
and survival. We will also discuss the role of macrophages in angiogenesis and 
in ocular immunology, analysing different animal models. As uveal melanoma 
is a deadly tumor, obtaining a better understanding of the growth of uveal 
melanoma and metastasis and the potential contribution of macrophages may 
help to develop more appropriate therapies for uveal melanoma.

2. Different types of macrophages

Macrophages may directly lyse hostile cells or pathogenic organisms by 
releasing toxic substances. This specific “killing” function is characteristic of 
CD14+ myeloid progenitor cells, and is stimulated by pro-inflammatory signals 
such as Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF), and 
bacterial products such as lipopolysaccharide (LPS), and Interferon (IFN)-
gamma which is produced by other immune cells. Macrophages that have 
such immunostimulatory functions, anti-bactericidal activity and release of 
inflammatory cytokines, are now classified as M1-type macrophages 15. Such 
macrophages function as Antigen-Presenting Cells (APCs), and thus help T and 
B cell to develop immune responses against a multitude of infectious agents and 
against transplanted tissues.
Mantovani et al. 15 introduced the concept of another subset of macrophages – 
M2 macrophages – that is mainly involved in enhancing angiogenesis, tissue 
repair, extracellular matrix (ECM) remodelling, and immune suppression 
within the tumor. Tissue homeostasis needs to be restored following damage 
induced by an immunological reaction, and M2 macrophages play an essential 
role in this process 17. These cells are of special interest to ophthalmology 
because of their pro-angiogenic capability, and the significant impact of 
neovascularisation on vision. Macrophage-Colony Stimulating Factor (M-CSF), 
IL-4, and IL-13 are essential cytokines that stimulate myeloid progenitor cells to 
differentiate into M2 cells.
M2 macrophages can produce matrix metalloproteinases (MMPs, such as MMP-
9) and secrete growth factors including vascular endothelial growth factor 
(VEGF), emphasising their key role in tissue remodelling and angiogenesis 18. 
Besides restoring local physiological tissue functions, M2-type macrophages 
are also immunosuppressive. One can imagine that during tissue repair, the 
development of inflammation is counterproductive. During local wound 
healing, M2 macrophages counteract, at the same time, any stimulatory signal 
that might lead to a strong immune response. This immunosuppressive 
function can be created by triggers such as corticosteroids and the suppressive 
cytokine IL-10, which stimulates M2 cells to further produce IL-10, leading to a 
suppressive feedback loop.
The identification of two subtypes of macrophages is especially relevant for 
tumor biology, since macrophages are frequently found in solid tumors. M1-
type macrophages are able to kill cells, and have the potential to suppress tumor 
growth, while M2-type macrophages with their pro-angiogenic capability 
and ability to suppress immune responses are expected to favour tumor 
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progression. Some studies claim that TAMs are mainly of the M2-macrophage 
subtype, and that the degree of infiltration with these cells can be determined 
by counting the number of CD163+ cells. The presence of CD68-positive (a 
marker that characterises cells of the monocyte/macrophage lineage) TAMs in 
malignancies is generally considered an indicator of poor prognosis 19 and these 
cells are considered to be tumor-promoting. The most important ocular tumor 
in adults, the uveal melanoma, contains TAMs. Uveal melanoma carrying 
moderate or high concentrations of TAMs carried a bad prognosis 12,20. The 
possible reasons behind this finding are the subject of this review.

3. Immune cells in uveal melanoma

Uveal melanoma is the most common primary intraocular tumor in adults, 
with an estimated annual incidence of 6–10 cases per million per year in 
Caucasian populations 21,22. It is a tumor that can develop in the iris, the ciliary 
body or the choroid, and especially occurs in adults and the elderly. Up to 
50% of patients with uveal melanoma may die from metastatic disease23,24, and 
while an increased incidence in the occurrence of metastases is observed 2–3 
years after recognition of the primary tumor, metastases may still develop 
after 10–15 years, and even after 35 years (Fig. 1). The most frequent site of 
metastases is the liver, and aside from sporadic successful local chemoperfusion 
and occasional liver surgery for a few small metastases, no effective therapy 
for metastatic disease exists to date 25-27. Once metastases are identified, the 
median time to death is 10–18 months 26,28. In order to identify mechanisms that 
play a role in prognosis and tumor growth, we can learn much from studying 
primary tumors and compare those that are malignant with those that are 
not. Many histological parameters have been identified that are related to 
prognosis (Fig. 2), and these include the presence of infiltrating lymphocytes 
and macrophages 29,30. Tumors may contain variable levels of infiltrating 
lymphocytes, which in uveal melanoma consists mainly of T cells; several early 
studies identified the presence of lymphocytes in uveal melanomas as being 
a bad prognostic sign 31-34. The presence of a subtype of T cells, the FOXP3-
positive T cells, was recently described to occur in one out of four uveal 
melanoma, and was a marker of worse survival 35. De Waard-Siebinga et al. 
36 analysed the presence of different types of infiltrating leukocytes in uveal 
melanoma, and found CD3+, CD4+, and CD8+ lymphocytes, as well as CD11b+ 
and CD15+ cells, considered to be monocytes/macrophages and granulocytes, 
respectively. CD15+ cells were rare, but CD11b+ cells were present in 90% 
of tumors studied. B cells were seen in only one case. A positive correlation 
was observed between the presence of CD3+ cells, CD11b+ cells, and the 
level of HLA Class I expression (Fig. 3). Interestingly, local treatment with 
thermotherapy was noticed to further stimulate the influx of macrophages 37. It 
is assumed that this influx of scavenger cells helps to remove tumor cells after 
thermotherapy/brachytherapy. Intra-tumoral macrophages often carry pigment 
and are called melanophages.
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3.1. Macrophages in uveal melanoma

As mentioned above, different macrophages can be identified. Markers that 
have been used to identify macrophages in humans include CD68 and CD163 
39. The hemoglobin-haptoglobin scavenger receptor protein (CD163/HbSR) is a 
monocyte/macrophage restricted transmembrane glycoprotein of the scavenger 
receptor-rich family. It reacts with mature monocytes and macrophages and 
with neoplastic cells of monocyte/histiocytic origin, and also stains tissue 
macrophages 40,41.
Mäkitie et al. 12 used CD68 as a marker to study the relationship between 
the density of TAMs and patient survival in uveal melanoma in 149 cases of 
choroidal or ciliary body melanoma enucleated between 1972 and 1981. The 
tumors were divided into three groups: those with a few (17% of cases), a 
moderate number (51% of cases) or many macrophages (32% of cases). Higher 
numbers of TAMs were associated with more patients dying from uveal 
melanoma metastases. Higher numbers of TAMs were also associated with 
female gender, larger basal tumor dimensions, epithelioid cell type, heavy 
pigmentation, and a high microvascular density (MVD), thus with bad tumor 
phenotypes 42. An association between the presence of a high number of 
TAMs and a high MVD has also been observed in other malignancies such as 
cutaneous melanoma 43 and breast cancer 44, suggesting a causal relationship.

3.2. Other antigen-presenting cells in uveal melanoma

In order to obtain efficient T cell priming, a series of events needs to take place, 
including sufficient antigen presentation on professional APCs. Several studies 
have shown that many types of APCs are present in uveal melanoma, among 
which are macrophages and dendritic cells. Dendritic cells (DCs) can be further 
classified into subtypes by studying their morphology and surface antigen 
expression 45. Markers identifying different APCs include FXIIIa, expressed 
on DC (independent of maturity), CD68 (expressed by tissue macrophages 
and DCs), HLA-DR (essential for antigen presentation, expressed on activated 
macrophages), CD40 (a molecule essential for interaction with T cells), and 
CD83 (marker for mature DCs). Obviously, there is an overlap in these 
characteristics between DCs and macrophages.
Cells carrying the markers FXIIIa, CD68, and HLA-DR are generally found in 
uveal melanoma, indicating that, indeed, DCs and macrophages are present 
45. These APCs were most often located at the border of the tumor adjacent to 
normal tissue, or close to the vasculature. However, CD40, considered to be 
essential for stimulating T cells, was not expressed on DCs, but occasionally on 
pigmented melanophages, while CD83, a marker for DCs that are able to prime 
T cells, was only seen on some cells in one out of ten cases studied 45. Since the 
maturation and activation markers CD40 and CD83 are required for antigen 
presentation, lack of these markers may interfere with the development of a 
proper T cell-mediated anti-tumor immune response in the eye. However, as 
the APCs neither express TGFβ nor indolamine 2,3 dioxygenase (IDO), which 
are both necessary for the induction of tolerance, it may be that they
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Fig. 1. Survival in relation to specific parameters of 643 cases of uveal melanoma that underwent 
primary enucleation at the LUMC between 1972 and 2007. Shown are the survival curves of all 
cases, and survival in relation to cell type, largest basal diameter, tumor prominence, intrascleral 
ingrowth and ciliary body involvement.
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Fig. 2. Histological example of different cell types. Light micrographs showing (A) spindle cell and 
(B) mixed (spindle and epithelioid) cell morphology in uveal melanoma 38. Note the epithelioid cells 
(*) in (B) (H&E).

Fig. 3. HLA Class I and II expression and the presence of macrophages in uveal melanoma. 
(A) Uveal melanoma stained with mAb HC10 against HLA Class I. (B) and with mAb HCA2, 
also against HLA Class I. (C) mAb PG-M1 against macrophage epitope CD68 was used to label 
macrophages. (D) mAb clone Ta1.1B5 against HLA-DR. Magnification ×400. Reproduced with 
permission from “Monosomy	of	chromosome	3	and	an	inflammatory	phenotype	occur	together	in	uveal	
melanoma”, by W. Maat, Invest. Ophthalmol. Vis. Sci. 2008, 49, 505–510, via Copyright Clearance 
Center.
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do not carry a tolerogenic signal either. This needs further testing, but it 
is clear that uveal melanoma do not contain the kind of “patient friendly” 
immunostimulatory macrophages or dendritic cells that help stimulate 
immune responses against the tumor. In addition, not only local APC, but 
also factors secreted by the uveal melanoma cells or stromal cells within their 
microenvironment may have diverse effects, many of which remain to be fully 
characterised. Uveal melanoma cells for instance do express IDO, which may 
play a role in the creation of a local immune-privileged microenvironment 
46. Apart from blocking the effector function of the immune system, the local 
tumor environment may not only play a role in inhibiting effector T cells, but 
may also be involved at an earlier phase, i.e. in the abrogation of local antigen 
presentation 45. Not only the cells that make up the tumor environment, but 
also cutaneous and uveal melanoma cells themselves are able to anergize the 
T cell-mediated immune response by alteration of dendritic cell function by 
tumor-derived cytokines. This process leads to the generation of suppressive 
and regulatory T cells, and this may play a role in immunotherapy of uveal 
melanoma 47.

3.3. The inflammatory phenotype

As mentioned above, De Waard-Siebinga et al. 36 observed a correlation between 
the density of macrophages and HLA Class I expression. Blom et al. 48, and 
later Ericsson et al. 49 and Dithmar et al. 50 reported that a higher expression of 
HLA class I antigens was associated with a worse survival. This may be related 
to the hematogeneous spreading of uveal melanoma: within the bloodstream, 
Natural Killer (NK) cells are able to kill tumor cells with a low HLA expression, 
while the NK cells would not kill circulating tumor cells with a high HLA Class 
I expression 51. An increased expression of HLA Class II was also found to be 
associated with a worse survival 49. HLA Class II antigens may be expressed on 
tumor cells as well as on infiltrating APCs. The density of TAM was compared 
to several other tumor characteristics (Table 1) 20: a high TAM density was 
found to be associated with a range of prognostic markers, such as a largest 
basal tumor diameter (P = 0.045), the presence of monosomy 3 (P = 0.001), and 
a positive HLA Class I (P = 0.017) and HLA Class II (P = 0.001) staining (Fig. 3). 
This is the first study to find a significant association between macrophage 
density and monosomy 3. Using microarray-based gene-expression profiling, 
Onken et al. 52,53 identified two categories of tumors: Class 1 tumors are 
associated with the presence of spindle cells and carry an excellent prognosis, 
whereas class 2 tumors are associated with the presence of epithelioid cells, 
extravascular loops 54, monosomy 3, and metastatic death – a poor prognosis. 
Based on these associations, one can expect that the high risk class 2 tumors will 
be the ones with a high number of macrophages.
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Table 1. Distribution of macrophage density in relation to clinical and histological parameters for 
antibody staining: numbers indicate mean and standard deviation for the concerning parameter. For 
other variables: number of cases with different macrophage densities. Cases were reported in Maat 
et al. 20. 
 

Macrophage density
N Low Medium High p-value

Gender Male 27 13 18 6 0.03
Female 23 3 12 8

Cell type Spindle 15 7 5 3 0.34
Mixed + epithelioid 35 9 15 11

CB involvement Not present 29 11 11 7 0.55
Present 21 5 9 7

Tumor prominence ≤ 8.0 mm 31 10 13 8 0.98
 >8.0 mm 19 6 7 5

Largest basal diameter LBD ≤ 13.0 mm 29 13 8 8 0.05
LBD  >13.0 mm 21 3 12 6

Chromosome 3 Disomy 19 12 5 2 0.001
Monosomy 31 4 15 12

Scleral ingrowth Not present 3 3 0 0 0.03
Present 47 13 20 14

Loops Not present 12 5 3 4 0.47
Present 38 11 17 10

Networks Not present 19 8 5 6 0.28
Present 31 8 15 8

HC10 50 24.7 (28.2) 33.5 (27.9) 56.8 (35.3) 0.02
HCA2 50 36.3 (33.3) 41.0 (29.6) 54.6 (26.2) 0.23
Ta1.1B5 50 8.4 (5.4) 18.0 (18.6) 36.1 (29.4) 0.001

  

We proposed the term “inflammatory phenotype” to describe a combination 
of inflammatory markers in uveal melanoma: the most “ugly” tumors carry 
high numbers of macrophages and lymphocytes, high levels of HLA Class I 
and II expression, and are characterised by the presence of epithelioid cells 
and a high MVD. Several other inflammation-related molecules have been 
found in tumors with a bad prognosis, such as an increased expression of 
NFkB 55, COX-2 56, of inducible Nitric Oxidase Synthase (iNOS) 57. The presence 
of intra-tumoral FOXP3-positive regulatory T cells is correlated with the 
expression of COX-2 35. Whether the association with monosomy 3 determines 
the high grade of malignancy or indirectly induces local inflammation is as yet 
undetermined. Myeloid-Derived Suppressor Cells (MDSCs) are also induced by 
pro-inflammatory mediators, and enhance suppression of anti-tumor immune 
responses; the presence of regulatory T cells as well as MDSCs among the 
infiltrating tumor leukocytes would thus be consistent with inflammation being 
a “bad” prognostic factor for uveal melanoma and indeed being of functional 
relevance (further discussed below). The tumor-promoting M2 macrophages 
may be the same as MDSCs.
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3.4. CD11b+ cells and T cell regulation

CD11b+ macrophages have been identified in uveal melanoma 36. In recent 
years, many functions have been attributed to these CD11b+ macrophages, 
and they have been found to, for example, stimulate angiogenesis and 
lymphangiogenesis 58. Furthermore, these cells not only occur in human uveal 
melanoma, but also infiltrate anterior chamber tumors in mice, where they 
have an immunological function and inhibit Cytotoxic T cell (CTL) activity59. 
CD11b+ macrophages can infiltrate tumors transplanted into the skin, where 
they inhibit T cell proliferation and induce T cell apoptosis via nitric oxide 60. 
McKenna et al. 61 recently detected the presence of circulating CD11b+ cells 
in the blood of patients with uveal melanoma and compared their numbers 
to those in healthy controls. Using flow cytometry, the expression of CD15 (a 
marker for granulocytes) and CD68 was determined on CD11b+ myeloid cells. 
The percentage of CD11b+ cells was increased 1.8 fold in the blood of uveal 
melanoma patients compared to healthy controls. CD11b+ CD68–CD15+ cells 
(granulocytes) were increased 4.1 fold, while CD11b+ cells that expressed 
CD68 and low levels of CD15 (monocytes) were not significantly increased. 
At the same time, a reduction was seen in T cells expressing the CD3ζ chain, 
which indicates T cell dysfunction. The amount of T cell dysfunction correlated 
with the percentage of CD11b+ cells in the patient’s blood. These findings 
are of great interest as CD15+ cells are able to stimulate the development of 
T regulator cells 62, which are able to suppress T cell function. Similar to the 
findings of De Waard-Siebinga et al. 36, McKenna’s group showed that inside 
the uveal melanoma, CD11b+ cells express CD68, but not CD15 61, indicating 
that these have macrophage and not granulocyte characteristics. Expression 
of the CD3ζ chain was reduced on tumor-infiltrating T cells in four out of five 
uveal melanomas studied, and it was suggested that CD68+ macrophages from 
the eye as well as the CD11b+ CD15+ granulocytes in the peripheral blood 
were able to reduce CD3ζ expression, either by increased arginase activity or 
by reactive oxygen production. From these data, peripheral blood CD11b+ 
cells may be assumed to belong to the MDSCs, while it is interesting that they 
are granulocytes. However, peripheral blood monocytes and granulocytes 
are known to share many lineage-associated antigens, such as the genetically 
polymorphic Human Monocyte Antigens 1 and 2 63,64. The immunosuppressive 
characteristics of these cells clearly indicate that they do not belong to the M1-
type macrophages. Indeed, double-staining with anti-CD68 and anti-CD163 
showed that most of the infiltrating cells in uveal melanoma are of the M2 type 
65: the majority of TAM was positive for both markers. As there is no specific 
marker for M1 macrophages, their absence could only be determined by 
exclusion.

4. Regulation of influx of macrophages

Macrophage infiltration is especially noticeable in a subset of uveal 
melanomas, i.e. tumors that contain epithelioid cells, are heavily pigmented 
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and contain a high microvascular density 12. As discussed above, tumors 
that are characterised by an increased expression of HLA Class I, HLA Class 
II, and by infiltration with macrophages and lymphocytes are regarded as 
having an inflammatory phenotype 20. Little is known about the biochemical 
pathways that stimulate the influx of lymphocytes and macrophages into uveal 
melanoma, but some general oncologic principles most likely apply to these 
tumors as well.
Monocytes tend to migrate to hypoxic areas, as hypoxia stimulates the 
stabilisation of HIF-1α, which stimulates the upregulation of many HIF-1α-
dependent cytokines, including VEGF-A and -C, Placental Growth Factor 
(PlGF) and others 66. These cytokines help to attract macrophages: in studies 
on ischemia-induced retinal neovascularisation in mice, VEGF was observed 
to play an important role in inducing leukocyte infiltration 67. Monocyte/
macrophage lineage cells express the VEGFR1 (flt1) receptor, through which 
VEGF exerts its chemotactic actions 68. VEGF may also indirectly induce 
leukostasis and monocyte migration by increasing vascular permeability 
and increasing the expression of ICAM-1 69. Ischemia would thus create an 
environment that attracts macrophages and results in monocyte “trapping” 
70. Consistent with this, Mäkitie et al. 12 found an association between high 
levels of macrophages in uveal melanoma and a large tumor size, which was 
confirmed in a study on 50 uveal melanomas by Maat et al. 20 (Table 1). One 
assumes that the exponential growth of large tumors will induce ischemic 
areas, where upregulation of HIF-1α will occur, leading to the production of 
VEGF. This would then attract and trap more macrophages. It is therefore 
fascinating that Maat also found a correlation between monosomy 3 and an 
increased density of macrophages, most of which belong to the pro-angiogenic 
M2 type65. This may explain why tumors that have lost one chromosome 3 
are more malignant. Larger tumors contain more areas with microvascular 
“hot spots” 71. As macrophages have been hypothesized to be essential in the 
development of new vessels 72, the association between a high macrophage 
density and increased microvascular density sounds logical, and one can 
thus speculate that attraction of macrophages to ischemic areas may add to 
the effect of tumor tissue ischemia by causing a further production of VEGF. 
Macrophages would thus be the agents most involved in angiogenesis: blood 
vessels are essential features of malignancy of uveal melanoma.
Besides VEGF, a range of cytokines and chemokines may stimulate influx of 
macrophages including CCL2 (MCP-1) 73,74, CCL5, CCl7, CCL8, CXCL12, PDGF 
and M-CSF 75. Gazzaniga et al. 76 demonstrated the importance of MCP-1 in 
tumor growth by transfecting a cutaneous melanoma cell line with the MCP-
1 gene. After transfection, MCP-1 positive tumor cells grew faster in nude 
mice and became infiltrated by F4/80 cells, which marker identifies murine 
macrophages. Furthermore, MCP-1 positive tumors developed an extensive 
angiogenic network. Depletion of macrophages with clodronate liposomes 
resulted in 70% tumor growth inhibition, and fewer vessels. MCP-1 and 
macrophages were clearly shown to be important in tumor growth in this 
nude mouse model. However, we do not yet know all the chemokines and 
chemokine receptors that are being expressed in uveal melanoma. Repp et al. 77 
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showed that uveal melanoma cells produce Macrophage-Migration-Inhibitory 
Factor (MIF). From the same group, Li et al.78,79 examined the expression of 
CXCR4 and CCR7 on cell lines obtained from primary uveal melanoma and 
metastases, and found that both markers contributed to tumor-cell migration 
to the liver. Interestingly, liver extract was able to downregulate expression of 
these two chemokines on melanoma cells. Lowering the expression of CXCR4 
on uveal melanoma cells with siRNA produced fewer liver metastases in a 
murine model. Expression of macrophage-specific chemokines in primary 
uveal melanoma and metastases warrants further investigation.
Aside from chemokines, cell-surface antigens may also play a role in 
macrophage migration. Mäkitie et al. 80 found expression of Ezrin, a protein 
that plays a role in cell migration, on uveal melanomas, and positive 
immunostaining of tumors was significantly associated with the presence of a 
high MVD and increased infiltration with macrophages. Clarijs et al. 81 studied 
the co-localization of macrophages with arcs, loops and network patterns 82, 
and analysed the potential involvement of endothelial monocyte-activating 
polypeptide (EMAP)-II in the process of macrophage infiltration in uveal 
melanomas using immunohistochemistry. They observed that macrophages 
had indeed accumulated in areas with a high EMAP-II expression, but that 
tumor cells and blood vessel endothelial cells in these areas also expressed 
ICAM-1. Vascular expression of ICAM-1 is also known to facilitate tissue 
infiltration of monocytes 83. Ly et al. 84 observed that the aqueous humor of 
eyes enucleated for the presence of a uveal melanoma, frequently contained 
measurable levels of ICAM-1 and other adhesion molecules.
The association between the presence of macrophages and increased 
vascularity in uveal melanoma especially suggests an important role for M2 
macrophages. A specific type of perivascular macrophage, carrying the TIE-2 
receptor for angiopoietin, has been identified in a number of tumors85.

5. Angiogenesis

5.1. Macrophages and angiogenesis

Experimental work has shown that macrophages play an important role 
in ischemia-induced pathological neovascularisation, for instance in the 
cornea: local depletion of macrophages around the cornea of mice leads to a 
complete inhibition of inflammatory corneal hem and angiogenesis86. Similarly, 
depletion of macrophages in an experimental mouse model for retinopathy 
of prematurity inhibited the development of pathological blood vessels 67. 
Penfold et al. 87 suggested that choroidally-derived leukocytes and retinal 
microglia might be sources for signals leading to immune-mediated choroidal 
neovascularisation, and experimental murine models have been useful 
for studying the ocular location and function of different types of antigen-
presenting cells 88. One model developed to study the induction of ocular 
angiogenesis uses argon laser coagulation of the retina/choroid in mice in 
order to induce ischemia and subsequent hypoxia 89. Eter et al. 90 studied the in 
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vivo contribution to angiogenesis of different types of mononuclear phagocytes 
(macrophages, dendritic cells), using mice that had been genetically modified 
so that their macrophages and dendritic cells became constitutively fluorescent 
(by expressing GFP, Green Fluorescent Protein). While normal retina already 
contained many GFP-positive fluorescent cells, 60 min after laser treatment, an 
intense accumulation of GFP-positive cells occurred around the laser-treated 
area. While dendritic cells disappeared rapidly, macrophages remained in 
situ for at least 7 weeks. Most of these cells carried the CD11b marker. Sakurai 
et al. 91 applied laser photocoagulation to the retina in 6–8 week old mice, and 
showed that macrophages stimulated angiogenesis, since macrophage depletion 
reduced choroidal neovascularisation. Itaya et al. 92 showed that both VEGF-A 
expression as well as macrophage infiltration could be blocked by intravitreal 
injection of a monoclonal antibody directed against monocyte chemoattractant 
protein (MCP-1). Immunohistochemical analysis showed that MCP-1 was 
strongly expressed in the RPE in areas that had been treated with laser, and this 
expression probably brought in VEGF-producing macrophages. Laser treatment 
stimulated the influx of M2-type macrophages, which are known to be involved 
in tissue repair as well as in angiogenesis.

5.2. Age and angiogenesis

Interestingly, wound healing studies have found a difference between young 
and old individuals with regard to angiogenesis. Old mice, for example, show 
an upregulation in angiogenesis during wound repair 93. Espinosa-Heidmann 
et al.94,95 and Apte et al. 96 showed that there was a differential influence of 
macrophages obtained from old and young mice. After laser treatment, laser 
spots in old mice contained more macrophages than laser spots in young mice, 
and developed much more choroidal angiogenesis; when macrophage depletion 
was performed prior to laser applications, the amount of blood vessels was 
lower. Splenic macrophages from young mice were able to inhibit angiogenesis 
in old mice, while an injection with macrophages from old mice did not 
inhibit angiogenesis 97: macrophages from young mice had an anti-angiogenic 
influence, macrophages from old mice a pro-angiogenic one.
As blood vessel growth is important in tumor expansion, it was hypothesized 
that there might be a difference in the development of intraocular tumors in 
young and old mice 98. Surprisingly, a recent study, using the B16 tumor-cell 
line in C57Bl/6 mice, showed no difference in tumor growth when cells were 
implanted into the anterior chamber of young or old mice 13. However, once 
macrophages were removed at the time of tumor implantation, a dramatic 
difference ensued: tumors still grew in the anterior chamber of young mice, 
but hardly any tumor growth occurred in the anterior chamber of old mice. 
Not only the tumor-containing cells but also even the normal eyes of old mice 
expressed higher levels of macrophages and angiogenesis markers than the 
eyes of young mice. This corresponds to a report of a higher expression of 
many immunological markers in old mice compared to eyes of young mice, a 
phenomenon known as para-inflammation in the elderly 99. We propose that 
the presence of increased numbers of intraocular macrophages in old age may 
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contribute to the development of specific age-related ocular diseases, including 
age-related macular degeneration as well as uveal melanoma. It is as yet 
unknown whether this is applied to all individuals or is determined by specific 
genetic or environmental determinants.
In studies by Kivelä’s group, the presence of macrophages in human uveal 
melanoma has been found to correlate with MVD 42. If the capacity of 
macrophages to stimulate or inhibit angiogenesis changes with age, a small 
dormant tumor might be helped to develop blood vessels when, during aging, 
the tumor-infiltrating macrophage population changes from an angiogenesis-
inhibiting population to a pro-angiogenic one. Taken together, these 
observations suggest that the macrophages in close proximity to blood vessels 
and extravascular matrix networks in uveal melanoma are not just “innocent 
bystanders” but are actively involved in the growth and metastasis of uveal 
melanomas 81. The pro-angiogenic capacity of macrophages thus makes it likely 
that their presence stimulates growth and dissemination of uveal melanoma and 
outgrowth of its metastases.

5.3. Uveal melanoma and matrix metalloproteinases

One important theory states that monocytes/macrophages are able to drill 
“tunnels” in existing tissues by using MMPs, and that these tunnels are later 
filled with new blood vessels 72. Moldovan proposed that extracellular matrix is 
penetrated using macrophage-produced proteases, and then the empty spaces 
are colonized by either capillary sprouts, endothelial cells that are derived from 
trans-differentiated macrophages, or by circulating progenitor endothelial cells. 
Macrophages would thus be expected to be present at the tips of fast-growing 
capillaries. It is assumed that TAM in uveal melanoma expresses MMPs and 
function in this way. MMPs are probably involved in the pro-angiogenic 
function of macrophages in this tumor.

6. Macrophages in mice

6.1. Macrophages as scavengers

That macrophages are multifunctional and are not only active in angiogenesis 
is shown by different animal experiments, involving intraocular tumors. The 
translation of the word macrophage is “much-eater”, and that is indeed one of 
its main functions: removal of debris by phagocytosis. In the eye, for example, 
this is seen during development with regression of the hyaloid vasculature 
including the pupillary membrane (located on the anterior surface of the lens) 
and the tunica vasculosa lentis (on the posterior surface of the lens), as well 
as the vitreal hyaloid vessels, which have typically disappeared at birth in 
humans 100and postnatally in mice 101. Macrophages are considered to play a role 
in programmed vascular regression: in PU.1 mice, which lack macrophages, 
vascular regression does not occur, and the different membranes and vessels 
remain 101. Macrophages may achieve this effect by inducing apoptosis 102. It may 

Chapter 2

42



well be that induction of apoptosis also plays a role in specific experimental 
ocular tumors, as shown in some tumor models.
Immune privilege of the eye allows the growth of tumor cells inside the eye 
while the same cells would be rejected when placed elsewhere in the body. 
In spite of this intraocular immune privilege, tumor rejection is still possible, 
and can follow several patterns 103. In the first pattern, not only is the tumor 
destroyed, but the bystander tissues in the eye are also damaged, eventually 
leading to phthisis. This type of rejection depends on CD4+ cells and resembles 
a delayed-type hypersensitivity reaction. The second type of immune response 
depends on CD8+ cytotoxic T cells, leaving the eye intact. In addition, a third 
type of immune response has been identified in which the major cell type is the 
CD4+ T cell, but the eye is not destroyed 104,105.
Schurmans et al. 105 used a murine model that allowed visualisation of the 
tumor cells in the anterior chamber of the eye. Murine cells were transformed 
with the early region 1 of human adenovirus type 5 (Ad5E1) and when these 
cells were placed in the anterior chamber of a C57BL/6 mouse an intraocular 
tumor developed. After 3–4 weeks, the tumor disappeared without any damage 
to the neighbouring ocular tissues. Removal of the tumor cells is due to an 
immunological process, but rejection does not require TNFα, FasL, perforin, B 
cells, NK cells or CD8 cells. It does depend on CD4+ T cells, Interferon-gamma 
and TRAIL (tumor necrosis factor-related apoptosis-inducing ligand), as shown 
by Wang et al. 106.
As macrophages can do many different things, we analysed their role in the 
rejection process. On the one hand, macrophages and dendritic cells play an 
important role in antigen presentation to T cells and removal of macrophages 
should stop the development of an immune response. On the other hand, it is 
unlikely that tumor-specific CD4+ T cells can directly recognize and kill the 
Ad5E1 cells, as these are HLA Class II negative, while CD4+ T cells need Class 
II as a ligand. Perhaps the macrophages act as effector cells, killing the tumor 
cells or inducing apoptosis (a characteristic of the M1-type macrophages), 
or they may actively remove killed or damaged cells. Removal of effector 
macrophages would then prevent tumor-cell removal. This was tested in an 
experimental ocular tumor model, using adenovirus-transformed (Ad5E1) 
cells placed in the anterior chamber. Macrophages were removed from the eye 
using clodronate (dichloromethylene diphosphonate)-containing liposomes 
107. Clodronate is toxic for macrophages, macrophage precursors, as well as 
myeloid dendritic cells, and can be encased into liposomes, which are only 
taken up by macrophages; the release of clodronate inside the macrophage 
subsequently leads to macrophage apoptosis 108,109. After tumor cell inoculation 
into the anterior chamber of the murine eye, clodronate-containing liposomes 
were injected subconjunctivally on several occasions. The intraocular tumors 
in mice that had undergone subconjunctival injections did not show any sign 
of rejection: the results were the opposite, namely that they showed a faster 
and more aggressive growth than the tumors in naïve mice or in control 
mice that received PBS-containing liposomes. While immunohistochemical 
staining identified F4/80 positive macrophages in draining lymph nodes 
of normal mice, no such cells were visible in tumor-containing eyes after 
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clodronate treatment. From this experiment, one can conclude that in this 
model, macrophages are essential in the destruction of this tumor. Their effect 
may be indirect: it may be that due to a lack of antigen presentation, effector 
T cells cannot develop; another option is that the macrophages are directly 
involved in cell killing: they kill the tumor cells and then remove them; and a 
third option is that macrophages are essential in directly helping the T cells in 
tumor-cell killing or in T cell induced apoptosis. Dace et al.110 studied the role 
of macrophages in removal of intraocular tumors in immunodeficient mice. 
CD4+ T cells were isolated from a mouse that had just rejected an Ad5E1 tumor 
from its eye. Adoptive transfer of these CD4+ T lymphocytes into a severely 
immunodeficient (SCID) mouse protected these mice from intraocular tumor 
growth. However, when these SCID mice had been locally depleted of their 
ocular macrophages, they were no longer able to reject an intraocular tumor, 
even if they had received enough active CD4+ cells. These data indicate that, 
in this tumor-rejection model, CD4+ cells as well as macrophages are needed 
during the rejection process, and that macrophages actively contribute to the 
rejection itself. This fits with the findings of Boonman et al. 107 in the adenovirus-
intraocular tumor model, where it was shown that depletion of macrophages 
led to progressive tumor growth within the eye. From these data we can learn 
that macrophages may be involved in rejecting intraocular tumors in this 
specific tumor model, for which reason macrophages should here be considered 
“friends” of the tumor-bearing host.

6.2. Immunostimulatory macrophages

Antigen-presenting cells are known to have different functions and depending 
on their activation state, they may suppress or stimulate immune responses. 
The observation that tumors can grow in the eye while they are immediately 
rejected when placed in the skin is considered an effect of the immune-
privileged environment of the eye, in which antigen-presenting cells play an 
important role. Originally, it was proposed that antigens in the eye would not 
easily elicit an immune response due to the anatomical structure of the eye and 
the lack of intraocular lymph vessels. Due to the work of many and especially 
the group of J. Wayne Streilein, we now know that immune privilege in the 
eye is a consequence of many active immune processes, collectively known 
as Anterior Chamber Associated Immune Deviation, or ACAID. Placement 
of antigens in the anterior chamber of the eye leads to systemic tolerance. 
Eye-derived antigen-presenting cells (F4/80+ cells in mice) carry intraocular 
antigens to the spleen, where interactions with NK- (natural killer) T cells and 
marginal zone B cells help to create an environment where antigen-specific T 
cells develop into CD8+ regulatory T cells. These cells can downregulate CD4+ 
delayed-type hypersensitivity responses, as well as antibody responses and 
cytotoxic T cell responses 111. In murine and human eyes, tumors can grow for a 
prolonged time before being recognized by the immune system or may not be 
attacked at all.
An experiment created by nature showed that this tolerance depends on the 
activation state of the local antigen-presenting cells and can be broken by 
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a spontaneous development of intense intra-tumoral inflammation. Mouse 
embryo cells transformed with Ad5E1A plus EJ-ras were placed into the 
anterior chamber of C57Bl/6 mice 112. In general, E1A-transformed cells 
will grow in the anterior chamber and although specific CTLs can be found 
in the regional lymph nodes, they are not found systemically and tumor 
growth is not inhibited (Ad5E1A cells without EJ-ras grow more slowly and 
are eventually rejected, as shown by Schurmans et al.,105). However, in a 
later set of experiments using the Ad5E1A cells plus EJ-ras, over 50% of the 
mice developed another type of ocular disease: mice developed phthisis, a 
phenomenon where the tumor-containing eye shrinks 112. Histological analysis 
showed a collapse of ocular integrity, filling of the anterior chamber with tumor, 
and shrinkage of the eye, with cellular infiltration of all ocular tissues. Mice that 
developed this type of ocular pathology also developed systemic tumor-specific 
CTL, most likely as a consequence of the phthisis.
As this was not seen in mice without phthisis, this suggested that the 
development of phthisis changed the ocular conditions that helped to induce 
CTL development. As we already know, regional lymph nodes were necessary 
to stimulate T cells, and local CD11c+ antigen-presenting cells were found 
to be essential in this process 105. CD11c is expressed on some macrophages 
and especially on dendritic cells. There were important differences in the 
characteristics of the CD11c+ APCs from mice developing phthisis compared 
to mice with intraocular tumors but no phthisis: CD11c+ cells derived from the 
draining lymph nodes of mice with phthisis displayed upregulated cell-surface 
markers such as CD80, CD86, CD40 and MHC class I and II. The same was true 
for CD11c+ cells isolated from phthisical eyes containing an intraocular tumor. 
These markers were much less expressed on CD11c+ cells from lymph nodes of 
non-phthisical tumor-containing eyes.
The disintegration of the eye was accompanied by a local inflammatory 
response that produced APCs carrying an activated phenotype that helped 
to present tumor antigens, and stimulate systemic immune responses. The 
importance of such systemic immune responses was visible after a lethal 
Ad5E1A cell line was injected subcutaneously. While injection of this cell 
line is lethal in normal mice within a few weeks, all mice that had developed 
phthisis survived such an injection, and not even one of these mice developed 
subcutaneous tumors after being challenged. On the other hand, mice that 
had developed intraocular tumors without phthisis showed even growth 
of a subcutaneous non-aggressive Ad5 cell line that usually was rejected by 
naïve mice. This agrees with the phenomenon of ACAID, where placement 
of antigens into the anterior chamber induces systemic tolerance, not 
immunisation. The experiment that was provided to us by nature, i.e. the 
spontaneous development of phthisis in some mice with an intraocularly 
growing tumor, illustrates that the presence of activated antigen-presenting 
cells (dendritic cells and probably M1 macrophages) completely changes the 
outcome of an intraocular tumor and the effect of local immune responses 112. In 
this case, the antigen-presenting cells can be regarded as “friends”, that helped 
to save the mouse’s life.
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6.3. Immunoregulatory macrophages

While macrophages can be involved as scavengers and antigen-presenting cells, 
a specific immunoregulatory function has recently been ascribed to a subgroup 
of macrophages, i.e. the myeloid-derived suppressor cells (MDSCs). These 
cells can be induced by various tumour- and host-derived factors, including 
pro-inflammatory cytokines, and have been reported to accumulate in lymph 
nodes and in tumors in the majority of cancer patients and in experimental 
cancer models 113,114. In the mouse, MDSCs are characterised by the following 
markers: CD11b+, Gr-1+, F4/80+, MHC class II low, Ly-6C+, CD31+115,116. 
These leukocytes include CD11b+ macrophages that have a tumor-stimulating 
role, as they help to induce immunosuppression and tolerance, and promote 
angiogenesis and metastasis. That MDSCs can be induced by pro-inflammatory 
cytokines supports the hypothesis that inflammation plays an important role 
in promoting tumor growth. Accumulation of leukocytes, including MDSCs, 
in lymph nodes and in a tumor may further enhance local inflammatory 
responses, and downregulate immune surveillance as well as anti-tumor 
immune responses. The potential role of MDSCs in inhibiting uveal melanoma 
immunotherapy requires further consideration.
MDSCs most probably have a physiological role in inflammation: they may 
be part of a feedback mechanism that prevents damage from overactive or 
prolonged inflammatory responses, and may help stop the expansion of CD8+ 
T cells. In normal tissues, a return to immune homeostasis may occur; however, 
in case of tumors, tumor cell escape may develop. It is not yet known whether 
the MDSCs are similar to the F4/80+ cells that are so important in murine 
experiments on ACAID.
CD11b+ macrophages have been attributed a role in T cell regulation, and 
McKenna and Kapp 59 showed that they are also involved in immune regulation 
against intraocular tumors in mice: CD11b+ macrophages can accumulate in 
intraocular murine tumors and suppress cytolytic anti-tumor CD8+ cells, thus 
allowing tumor growth. Such CD11b+ macrophages were able to inhibit CTL 
activity in vitro via NO production, and were also able to function in the skin, 
but inside the eye, macrophages showed a decreased capacity to produce NO 
117. This clearly shows the influence of the ocular microenvironment on the 
function of MDSCs.
A recent study with different mouse cancer cell lines showed that some highly 
malignant cell lines such as Lewis Lung Carcinoma can attract CD11b+/Gr+ 
inflammatory monocytes/myeloid suppressor cells and stimulate them to 
produce local TNFα 118. TNFα subsequently enhanced metastatic growth of 
Lewis Lung Carcinoma cells. These observations clearly illustrate how tumors 
may use the innate immune system to support growth, and may also explain 
why an association may be seen between the presence of tumor-associated 
macrophages and poor patient prognosis. Obviously, these tumor-enhancing 
macrophages fall into the category of “foes” and not friends.
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7. Implications for therapy

7.1 Macrophages

That macrophage depletion may prevent outgrowth of tumors was recently 
shown using a human melanoma xenograft model 76. Data from our laboratory 
also show that this is the case when macrophage depletion is used in specific 
intraocular tumors 13,107. However, Kelly et al. 97 observed a differential effect 
with regard to young and old mice: macrophages from young individuals were 
able to suppress the angiogenesis-stimulating effect of macrophages from older 
mice. As some diseases such as Age-related macular degeneration (AMD) and 
the growth of uveal melanomas are related to an older age, one can imagine 
that the lack of angiogenic inhibition by older macrophages may play a role in 
the development of these diseases. Ly et al. 13 observed an essential difference 
in the anterior segment of naïve eyes from young and old mice: eyes of old 
mice expressed more markers indicating the presence of M2 macrophages and 
blood vessels. The presence of more macrophages and blood vessels in aging 
eyes may contribute to the development of AMD as well as uveal melanoma, 
two diseases that are pathophysiologically related to vessel growth 87. Whether 
environmental influences (food, smoking, drugs such as statins, aspirin and 
osteoporosis inhibitors) that may affect inflammation or macrophage activity 
or systemic conditions that involve inflammation (metabolic syndrome, auto-
immune disease, increased acute phase proteins) play a role in the development 
of uveal melanoma or the outgrowth of metastases needs investigation.
As macrophages seem to be related to tumor growth, one would therefore 
like to either get rid of macrophages in the elderly, or otherwise change the 
functional characteristics of the macrophages. Would this be the fountain of 
youth? Transfusion of macrophages from genetically-identical individuals 
that differ in age is possible in inbred mice, but difficult in people: bone-
marrow transplantation is quite a heavy treatment and probably not 
appropriate to treat uveal melanoma. It would be interesting to see whether 
a person’s own macrophages can be modified in such a way as to reinstate 
a young phenotype with young-age-related functions. In vitro modification 
and re-infusion might then be an option to help suppress the development 
of vascularisation in malignancies. Anti-oxidants have been suggested as a 
potential treatment to modify the function of macrophages, and influencing 
macrophage function with exposure to different cytokines, similar to the 
treatments now used in cancer therapy, may also be an option 119. In cutaneous 
melanoma for example, trials are underway to stimulate the cytotoxic function 
of macrophages by adding GM-CSF in combination with an anti-angiogenesis 
drug, thalidomide 120. Depletion of the M2-type macrophages may at the same 
time enhance immune responsiveness, as M2-type macrophages are considered 
immunosuppressive. As there are two sides to the coin, one then wonders 
whether this approach would in fact induce more auto-immune disease. 
Another approach may be to inhibit the function of macrophages, for instance 
by blocking metalloproteinases, or by using macrophage-inhibiting drugs, such 
as biphosphonates 121. 
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A wide range of kinase inhibitors is currently being developed and used in the 
treatment of cancer. Kinases are also involved in the regulation of chemokines 
that may attract macrophages, such as macrophage inhibitory cytokine-1 122. 
In a first study we performed using kinase inhibitors in uveal melanoma, a 
differential effect between the response of primary tumors and metastases 
was found, with the metastases regrettably showing less sensitivity to the 
inhibitors than the primary tumors 123. Further studies of the application of these 
interesting agents for uveal melanoma are very much indicated, and drugs 
that modify the pathway from ischemia to inflammation may be especially 
interesting.

7.2 Immunoregulation

As the presence of an inflammatory phenotype is associated with a bad 
prognosis in uveal melanoma, it may be worthwhile to identify ways to 
influence inflammation, which may also be involved in the outgrowth of liver 
metastases. Blocking inflammatory mediators, such as the NOS pathway by 
for instance non-steroidal anti-inflammatory drugs, may be a therapeutic 
option, although this has not been explored in uveal melanoma. In an animal 
model, targeted inhibition of inducible nitric oxide synthase was effective in 
inhibiting the growth of two different human cutaneous melanoma cell lines 124. 
Furthermore, inflammation promotes the local accumulation of MDSCs, which 
are able to inhibit both the innate as well as the adaptive immune response 113. 
MDSC’s use inflammation-related enzymes such as ROS and iNOS2 to block 
T cell activity. 1-a25-dihydroxyvitamin D3 has been shown to inhibit GM-CSF 
induced formation of MDSCs 125 as does all-trans-retinoic acid 126. As discussed 
earlier, the eyes of elder individuals show a generally increased expression of 
HLA Class II and signs of chronic inflammation. It may be important to try to 
find ways to downregulate this general phenomenon. The role of macrophage-
suppressing drugs, such as biphosphonates, needs to be studied.
Specifically attacking MDSCs may also be an option to suppress regulator 
T cells and thus support cytotoxic and delayed-type hypersensitivity T cells 
directed against tumor cells. The chemotherapeutic agent gemcitabine may 
specifically inhibit suppressor macrophages 127. It is interesting that this drug 
has been found to have anti-tumor effects in vitro and is also mentioned in 
several clinical trials for uveal melanoma 128,129. Another approach may be to 
stimulate anti-tumor immune responses so strongly that they can overcome 
suppression. One option for immunotherapy is stimulating anti-tumor immune 
responses with specific peptides, for which many approaches are feasible. When 
studying the possibility of combining adoptive T cell transfer with long peptide 
vaccination in a murine ocular tumor model, the vaccination stimulated the T 
cells so strongly, that they produced a deadly cytokine storm130. It will therefore 
be necessary to properly calibrate immune-stimulatory measures and to use 
the appropriate stimuli. Bosch and Ostrand-Rosenberg have used retroviruses 
to express HLA-DR and CD80 in tumor cells to activate tumor-specific CD4+ 
T lymphocytes 131,132. Uveal melanoma cells were effectively transformed into 
a good vaccination source and were able to stimulate peripheral blood T cells 
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of uveal melanoma patients! As the presence of a uveal melanoma may induce 
MDSCs and a downregulated T cell activity, it is fascinating that with the 
proper stimulant, the inhibition of efficient T cell activity may be overcome.

8. Conclusions

Uveal melanoma is a deadly disease once metastases have developed and 
grown out. A wide range of prognostic parameters have been identified, 
one of which is the presence of an inflammatory phenotype, with increased 
tumor HLA expression and an increased presence of macrophages, as well 
as an upregulation of many pro-inflammatory molecules. The presence of 
macrophages may play an important pathophysiological role, especially as 
M2-type macrophages, the most prevalent type in uveal melanoma, has a 
tumor-promoting function. The reason that macrophages are important lies 
in their angiogenesis-promoting function, and their capacity to suppress anti-
melanoma immune responses. The observations described in this review may 
help to extend the understanding of the diverse functions of macrophages and 
highlight their potential as “friends or foes” in human uveal melanoma. Finding 
ways to overcome the adverse effects that the presence of inflammation and 
macrophages has for patient survival, may help in developing new treatments 
to prevent the spread and growth of metastases in uveal melanoma.
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Abbreviations

ACAID  anterior chamber associated immune deviation
AMD  age-related macular degeneration
APC  antigen-presenting cell
COX-2  cyclo-oxygenase-2
CTL  cytotoxic T cell
DC  dendritic cell
ECM  extracellular matrix
EMAP  endothelial monocyte-activating polypeptide
EMMPRIN extracellular MMP inducing protein
FGF  fibroblast growth factor
FNAB  fine needle aspiration biopsy
GFP  green fluorescent protein
GM-CSF granulocyte-macrophage colony stimulating factor
HIF-1α  hypoxia-inducible factor 1alfa
HLA  human leukocyte antigen
HMA  human monocyte antigen
IDO  indolamine 2,3 dioxygenase
IFN  interferon
iNOS  inducible nitric oxidase synthase
LPS  lipopolysaccharide
MCP-1  monocyte chemoattractant protein
M-CSF  macrophage-colony stimulating factor
MDSC  myeloid-derived suppressor cells
MIC  macrophage inhibitory cytokine
MIF  macrophage-migration-inhibitory factor
MMP  matrix metalloproteinase
MVD  microvascular density
NFkB  nuclear factor kB
NK  natural killer
PAS  Periodic Acid Schiff
PBS  phosphate-buffered saline
PDGF  platelet-derived growth factor
PlGF  placental growth factor
ROS  reactive oxygen species
RPE  retinal pigment epithelium
SCID  severe combined immunodeficiency
TAM  tumor-associated macrophages
TGFb  transforming growth factor beta
TIE-2  tyrosine kinase with immunoglobulin-like and IGF-like   
  domains
TIMP  tissue inhibitor of MMPs
TRAIL  tumor necrosis factor-related apoptosis-inducing ligand
UV  ultraviolet
VEGF  vascular endothelial growth factor
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