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ORIGINAL ARTICLE

Evidence of macrophage and lymphocyte, but not dendritic cell,
infiltration in posterior uveal melanomas, whilst cultured uveal
melanomas demonstrate pluripotency by expressing CD68 and

CD163
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Summary

Although variation in the level of macrophage infiltration has been reported in uveal
melanoma, little is known about the expression of other leucocyte markers. An immuno-
histochemistry study of the levels of expression of macrophage and other leucocyte
markers, in a series of 10 primary choroidal melanoma biopsies, was undertaken.
Biopsies were either fixed immediately in formalin and embedded in paraffin wax or
established as short-term cultures. Using single- and double-labelling immunohisto-
chemistry, cultured cells and paraffin sections were analysed for a range of melanoma
(HMB435, Melan A, S100 and tyrosinase) and immune cell (CD68, CD163, CD45 and
CD1a) markers. All samples expressed at least two known melanoma markers. Infiltrating
macrophages were present in the majority of sections. When cultured specimens were
studied by double-labelling immunofluorescence, uveal melanoma cells were seen to express
macrophage markers or have cross-reactivity with related proteins. Expression of the
leucocyte antigen CD45 was observed in three tumours but was not present in any cultured
cells, whilst the expression of the dendritic cell marker CD1a was absent from all samples.
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Tumour cells are able to escape immune attack, either through
evading destruction or being recognized as immunologically
normal tissue (Khong & Restifo 2002). As the tumour
increases in size, however, secretion of soluble mediators by
tumour cells and physiological properties of the tumour mass
often attract circulating immune cells, stimulating their migra-
tion. Of such infiltrating cells, tumour-associated macrophages
(TAMSs) are a significant component of many tumours. Increasing
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evidence exists to suggest that TAMs produce a number of
regulators responsible for promoting tumour growth, despite
possessing the ability to destroy neoplastic cells, and for some
tumour types, high levels of infiltration correlate with a
worse prognosis (Coussens & Werb 2002).

Posterior uveal melanomas are aggressive tumours affecting
the choroid and ciliary body. In common with many cancers
(Leek et al. 1996; Ono et al. 1999; Torisu et al. 2000), the
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dominant infiltrating cells detected in uveal melanomas are
macrophages, whilst only minimal levels of lymphocytes and
other immune cell types have been described (de Waard-Siebinga
et al. 1996; Collaborative Ocular Melanoma Study Group 1998;
Anastassiou et al. 2001; Makitie et al. 2001). These tumours
nevertheless typically are described as having low levels of TAM
infiltration (Meecham ez al. 1992; de Waard-Siebinga et al. 1996;
Collaborative Ocular Melanoma Study Group 1998), and thus
despite playing a role in the development of other malignancies,
their precise involvement in uveal melanoma progression remains
unclear. A more recent study, however, has provided conflicting
evidence, describing moderate-to-high levels of macrophage infil-
tration in most uveal melanomas (Makitie ef al. 2001). As the
cytoplasm of uveal melanoma cells is reported to cross-react with
specific antibody clones directed against the macrophage marker
CD68, whilst others clones of anti-CD68 antibodies are reputedly
less sensitive (Makitie ez al. 2001), it is possible that over-or under-
estimations of macrophage infiltration may occur.

An alternative explanation could relate to the concept that
malignant progression is often associated with tumour geno-
type and related phenotype dedifferentiation, whereby cells
have been shown to express genes more commonly associated
with other cell types. For uveal melanoma, expression of a
range of genes has been identified in cell lines, and it has been
proposed that cells potentially revert to a ‘pluripotent,
embryonic-like genotype’ (Hendrix et al. 2003). More specific-
ally, aggressive uveal melanomas (originating from the neu-
roectoderm) have been reported to express the CD34 antigen,
a protein associated with cells derived from myeloid or lymph-
oid progenitors (Chen et al. 2002). Uveal melanoma cells
might therefore similarly express markers linked with cell
types such as macrophages, thus again leading to an over-
estimation of infiltration. In order to investigate these possi-
bilities, this present study assessed paraffin-embedded sections

Table1 Histopathological data

from a series of choroidal melanomas, and the corresponding
tumour cells in culture, for possible coexpression of a number
of immune cell and melanoma-associated markers.

Materials and methods

Clinical material

A series of 10 primary untreated choroidal melanomas and, in
addition, one liver metastasis were collected from theatre upon
enucleation (Table 1). Primary uveal melanoma biopsies were
either fixed in formalin for 24 h, processed to paraffin wax and
sectioned (5 um), or established as short-term cultures (STCs)
as previously described (Baker et al. 2001). STCs were ana-
lysed within five passages of being established in culture. The
liver biopsy (SOM 351 met) was not grown in culture and was
fixed in formalin only, whilst samples from the primary
tumour of SOM 351 were not available as the patient had
received pervious stereotactic treatment. Two uveal melanoma
cell lines were also included in the study (SOM 157d and SOM
196B). Ethical approval and informed patient consent were
obtained prior to collection of tumour samples. STCs and cell
lines were maintained by serial passage in RPMI-1640, sup-
plemented with penicillin (100 U/ml), streptomycin (100 pg/
ml), Fungizone (5 pg/ml), epidermal growth factor (0.2 pg/
ml), fetal calf serum (20%) and glucose (0.2%) at 37°C in
an atmosphere of 5% carbon dioxide/95% air. Owing to the
constraints of culturing solid tumours, the study was restricted
to 10 primary posterior uveal melanomas from which suffi-
cient numbers of cells for all aspects of the study could be
obtained. For each tumour, cultured cells and paraffin-
embedded sections were initially analysed by single-
labelling immunohistochemistry for expression of a panel of

SOM Age Sex Metastatic disease Volume (mm?>) Pigmentation Cell type Status
157d 73 Male Yes 3647 Moderate Epithelioid Dead
196B 83 Male No 885 Moderate Mixed Alive
256 84 Female No 481 High Spindle B Alive
258 45 Male No 568 Low Spindle B Alive
267 53 Female No 1395 Low Spindle Alive
280 88 Male Yes 2621 Low Mixed Alive
330 28 Male No 1251 Low Spindle Alive
346 63 Male No 862 Low Mixed Alive
349 66 Female No 811 Moderate — Alive
350 48 Male No 1485 Low-moderate Spindle B Alive
351 met 52 Male Yes — Amelanotic — Alive

Tumours volumes (mm

were calculated using the following formula: (7/6) x length x height x width.
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Table 2 Details of the clones, dilutions and suppliers of the primary mouse IgG; monoclonal antibodies used

Primary monoclonal antibody Clone Dilution Supplier

Melan A A103 1:25 Novocastra (Newcastle-upon-Tyne, UK)
S$100 S1/61/69 1:30 Novocastra (Newcastle-upon-Tyne, UK)
HMB45 HMB45 1:45 Novocastra (Newcastle-upon-Tyne, UK)
Tyrosinase T311 1:25 Novocastra (Newcastle-upon-Tyne, UK)
CD1a JPM30 1:20 Novocastra (Newcastle-upon-Tyne, UK)
CD45 X16/99 1:15 Novocastra (Newcastle-upon-Tyne, UK)
CDé68 KP1 1:100 Dako Corporation (Carpinteria, CA, USA)
CD68 PG-M1 1:100 Dako Corporation (Carpinteria, CA, USA)
CD163 10D6 1:50 Novocastra (Newcastle-upon-Tyne, UK)

melanoma-associated antigens (Melan A, S100, HMB45 and
tyrosinase) and macrophage (CD68 and CD163), dendritic
cell (CD1a) and leucocyte (CD45) markers (Table2). All
primary mouse monoclonal antibodies were immunoglobulin
G; (IgGq) isotypes. An IgG; isotype control antibody was
therefore used as a negative control, and appropriate positive
controls were included in all instances (breast carcinoma sections
for macrophage and leucocyte markers and skin sections for the
dendritic cell marker).

Immunobistochemistry

Exploratory studies Paraffin sections were initially de-waxed
in xylene and dehydrated through graded alcohols. For antigen
retrieval, sections were incubated in 0.1% trypsin in 0.1%
calcium chloride at 37°C for 10 min. One section from each
tumour was also stained with haematoxylin and eosin. Alter-
natively, cultured cells were grown on sterile glass slides for
24 h, before washing in phosphate-buffered saline (PBS) and
fixing in equal volumes of acetone and methanol for 10 min.
Slides of STCs were then stored at -20 °C before use.

Cells and paraffin sections were stained using an avidin-
biotinylated peroxidase complex method (Vectastain ABC
Elite Kit™, Vector Laboratories, Peterborough, UK) (Hsu
et al. 1981). All samples were rinsed in PBS prior to incubation
with the primary antibody (diluted in PBS) for 1h at room
temperature (Table 2). Slides were then thoroughly washed in
PBS before detection with the immunoperoxidase technique
and visualization with 3-amino-9-ethylcarbazole (AEC) (Vec-
tor Laboratories). Samples were counterstained with Gill’s
haematoxylin, mounted in aqueous mounting medium and
examined using a light microscope. Staining intensity was
assessed by two independent observers and scored as weak
(+), medium (++) or strong (+++) as previously detailed (Baker
et al. 2001). Two ocular pathologists (MAP and HSM) deter-
mined morphology and the percentage of immune cell infiltration.

Co-localization of expression of macrophage markers and
melanoma cell markers To investigate the possibility that

melanoma cells themselves may express macrophage markers,
sections and cultured cells from SOM 157d, 196B (cultured cells
only), 280, 330, 346, 349 and 350 were fluorescently double
labelled for both S100 and macrophage (CD68 and CD163)
markers. Prior to incubation with the first monoclonal antibody,

Table3 Results of staining uveal melanoma cultured cells and
sections melanoma-associated antigens

Level of melanoma-associated antigen staining

SOM Tissue Melan A S100 Tyrosinase HMB45
157d  Section - + - .
Cultured cells - + - -
196B  Section - 4+ + .
Cultured cells + ++ - -
256 Section - ++ - 4+
Cultured cells + ++ - 4+
258 Section - ++ - F44
Cultured cells - + - .
267 Section - ++ - F4+
Cultured cells - + ++ +
280 Section - ++ - F4+
Cultured cells — + - +
330 Section - ++ - F44
Cultured cells - + - +
346 Section - + - ++
Cultured cells - ++ - +
349 Section - Y. _ ot
Cultured cells - ++ - +++
350 Section - +H/ 4+ = F4+
Cultured cells - ++ - +
351 metSection - - - T+

Staining intensity was assessed as previously described (Baker et al.
2001) and was scored as weak (+), medium (++) or strong (+++). With
the exception of SOM 351 met, expression of S100 and HMB435 was
detected in >90% of melanoma cells in each sample. For SOM 351
met, expression of HMB435 alone was detected.
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sections and cells were treated as detailed above. Samples were
then incubated with either anti-S100 or an antimacrophage
monoclonal antibody (CD68 or CD163) overnight at 4°C
(Table 2). Following further incubation with a biotinylated anti-
mouse antibody (Vectastain ABC Elite Kit™), expression was
detected with Texas red Avidin DCS (Vector Laboratories).
Prior to incubation with the second monoclonal antibody,
endogenous biotin and avidin was blocked using a Biotin/Avidin
blocking kit (Vector Laboratories). Samples were subsequently
treated with an antimacrophage or anti-S100 monoclonal
antibody (dependent upon the first monoclonal antibody) for
1h at room temperature, and expression was visualized using a

fluorescein immunodetection system (Vector MOM ™ Immuno-
detection Kit, Vector Laboratories). Slides were mounted with
an antifade mounting medium (Vectashield, Vector Labora-
tories) and observed under fluorescence. Negative control samples
were included in all instances, in which either or both monoclonal
antibodies were replaced with the IgG; isotype control antibody.
Breast carcinoma sections were again used as positive controls.

Results

Comparable ubiquitous levels of expression of the melanoma-
associated antigens S100 and HMB45 were observed in a high

Figure 1 Photographs of uveal melanoma
sections and cultured cells to illustrate
staining patterns taken under light (a—d)

and fluorescent microscopy (e-h). Sec-

tions were stained with 3-amino-9-ethyl-
carbazole (AEC) (magenta) and
counterstained with Gill’s haematoxylin.
Samples were double labelled with fluor-
escein (green) and Texas red (red). (a)
SOM 157d paraffin section stained for
CD68 (x100). Infiltrating CD68-positive
cells can be seen arranged along an
extracellular matrix channel (—). (b)
SOM 351 met paraffin section stained for

CD68 (x25). (c) SOM 350 paraffin sec-
tion stained for CD163 (x160). (d) SOM
267 paraffin section stained for CD45
(x160). (e) SOM 350 paraffin section
stained for CD68 (green and highlighted
by the white arrow) and S100 (red)
(x100). (f) SOM 350 paraffin section
stained for CD68 (green and highlighted
by the white arrow) and S100 (red)
(x1000). Expression of CD68 was absent
from S100-positive uveal melanoma cells.
(g) SOM 280 cultured cells stained for
CD68 (red) and S100 (green and high-
lighted by the white arrow) (x1000). (h)
SOM 349 cultured cells stained for
CD163 (red) and S100 (green and high-
lighted by the white arrow) (x1000). (g
and h) Possible expression or cross-
reactivity of anti-CD68 and anti-CD163
monoclonal antibodies by S100-positive
uveal melanoma cells in culture.
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proportion of the cells (>90%) in the majority of samples,
whilst the expression of Melan A and tyrosinase was less
common (Table 3). SOM 351 met was the only exception, as
strong HMB435 expression alone was apparent (Table 3). Con-
sistent with previous reports (Facchetti et al. 1991; Falini et al.
1993; Makitie et al. 2001), clone KP1 (directed against intra-
cytoplasmic CD68) strongly cross-reacted with the cytoplasm
of most uveal melanoma cells included in the study and was
thus excluded. Staining with clone PG-M1 (also directed
against CD68) showed greater definition and was therefore
used throughout to assess CD68 expression (Anastassiou et al.
2001; Makitie ef al. 2001). These results were confirmed by
analysing the expression of a further macrophage marker
(CD163). This antigen is specific to a distinct stage of differ-
entiation/activation of monocytes/macrophages (Backe et al.
1991) and, in this study, discretely stained a similar pattern of
cells to clone PG-M1.

Tumour sections

Pigmentation was observed in some tumours, but this did not
obscure detection of the any immunopositive cells. Expression
of the immature dendritic cell marker CD1a was absent from
all sections, whilst the expression of the leucocyte antigen
CD45 by a small number of infiltrating cells (<1-10% of the
total cell number in the biopsy section), morphologically
resembling lymphocytes, was observed in sections from three
tumours (SOM 157d, 267 and 350) (Table4) (Figure 1d). A
small population of infiltrating macrophages (<1% of the total
cell number in the biopsy section) was also identified in paraf-
fin sections from the majority of melanomas (including
SOM 351 met), staining strongly for both CD68 and CD163
(often in areas of high pigmentation) (Table4 and Figure 1a—
c). SOM 258 was the only tumour that did not contain cells
staining positively with either macrophage marker (Table 4).

Table 4 Results of staining uveal melanoma sections for the macrophage markers CD68 and CD163, and the leucocyte antigen CD435,
and approximate levels of infiltration as assessed by Dr h. S. Mudhar

Intensity of staining

SOM Percentage of infiltrating cells Cell type CD45 CD68 (PG-M1) CD163

157d <1 Macrophages o+ +++
10 Leucocytes ++

196B <1 Macrophages +++ ++
0 Leucocytes -

256 <1 Macrophages +++ ++
0 Leucocytes -

258 0 Macrophages - -
0 Leucocytes -

267 <1 Macrophages ++ ++

<1 Leucocytes ++

280 <1 Macrophages ++ ++
0 Leucocytes -

330 <1 Macrophages ++ ++
0 Leucocytes -

346 <1 Macrophages ++ ++
0 Leucocytes -

349 <1 Macrophages e+ —/+
0 Leucocytes -

350 <1 Macrophages +H+ +++

<1 Leucocytes +++

351 met <1 Macrophages o+ +++

0 Leucocytes -

Levels of infiltration are expressed as an approximate percentage of the total cell population. The anti-CD45 monoclonal antibody detects a range

of leucocyte cell types, but morphologically immunopositive cells resembled lymphocytes. Cells expressing the dendritic cell marker CD1a were
absent from all sections. Staining intensity was assessed as described for Table 3. Double-labelling immunofluorescence identified that infiltrating
macrophages were S100-negative, whereas melanoma cells commonly expressed both S100 and HMB45.

© 2004 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 85, 35-43
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When comparing staining patterns of anti-CD68 and anti-
CD163 monoclonal antibodies, slight differences in numbers
and strength of immunopositive cells were observed in five
tumours (SOM 196B, 256, 330, 346 and 349), but as statis-
tical analysis was not carried out, the significance cannot be
determined and was most likely a result of inter-observer
variation. In all cases, however, infiltration was still estimated
at <1% of the total cell population. Patterns of immunoposi-
tive macrophages arranged along microvascular or extracellu-
lar matrix were also seen in some cases, similar to those
observed by Makitie e al. (2001) (Figure 1a). As endothelial
cells were not labelled in this study or matrix patterns stained,
no association between these factors and macrophage infiltra-
tion could be made. In addition to the immunopositive infil-
trating cells (Table 4), when observed under light microscope
at x100 magnification, tumour cells from six cases (SOM
157d, 280, 330, 346, 349 and 350) also had weak CD68
staining. This was not seen with positive controls (breast
carcinoma sections) or with any of the other markers and,
similar to clone KP1, could infer that the melanoma cells
were cross-reacting with clone PG-M1.

To investigate further, sections showing some possible
cross-reactivity (SOM 157d, 280, 330, 346, 349 and 350)
were double labelled using immunofluorescence for CDé68
and $100. Expression of both S100 and HMB45 was detected
in each of these tumours (Table 3), but as both CD68 and
HMB4S5 proteins are present in the cytoplasm, S100 was chosen
as the confirmatory label of melanoma status because of its
predominantly defined perinuclear staining pattern. As a con-
trol, experiments were also repeated with the macrophage
markers CD163 and S100. In agreement with single-labelling
studies, a small S100-negative infiltrating cellular population
staining strongly with both macrophage markers could be seen
(Figure le), with levels of infiltration comparable to those seen
by light microscopy (Figure la,c). Specific staining of either
CD68 or CD163, however, was absent from the S100-positive
tumour cell population (Figure 1e,f). Negative control samples
showed no evidence of background fluorescence.

Cultured tumour samples

As we have previously shown differences in integrin expres-
sion between uveal melanoma paraffin sections and cells in
culture (Baker ef al. 2001), the study was extended to investi-
gate the expression of these immune cell markers by uveal
melanoma STCs. With the exception of SOM 157d and
SOM 196B, all cells were assessed within five passages of
being established in culture. Single-labelling studies revealed
an absence of expression of both the dendritic and leucocyte
cell markers CD1a and CD45, respectively, from any uveal

melanoma culture. For macrophage markers, however, cells
derived from five tumours (SOM 196B, 280, 330, 349 and
350) stained positively for CD68, whilst three cases were
CD163-positive (SOM 157d, 349 and 350). Using fluorescent
double labelling, results were confirmed for both CD68 and
CD163, whilst at the same time showing that cells were also
positive for S100 with use of an anti-S100 monoclonal anti-
body (Figure 1g,h). Negative control samples similarly had no
background staining.

Discussion

Cells of the immune system are frequently observed migrating
into tumours, and evidence increasingly suggests that they are
important regulators of tumour growth (Coussens & Werb
2002). For uveal melanomas, however, only low levels of
infiltration have been typically described (Meecham et al.
1992; de Waard-Siebinga er al. 1996; Collaborative Ocular
Melanoma Study Group 1998). In this present study, expres-
sion of the immature dendritic cell marker CD1a was absent
from all uveal melanomas (Table 4) and is therefore not com-
parable with other malignancies in which expression of CD1a
is reported (Coussens & Werb 2002). In contrast, infiltrating
CD45-positive leucocytes were detected in three tumours mor-
phologically resembling lymphocytes (Table 4 and Figure 1d),
as previously described (Meecham ez al. 1992; Ksander et al.
1998). However, as this receptor is widely expressed on a
number of leucocyte types, detection of other cell types includ-
ing monocytes (macrophage precursors) is also possible.

This present study observed a low level of macrophage
infiltration in uveal melanomas, which, in common with
many other cancers (Leek et al. 1996; Ono et al. 1999; Torisu
et al. 2000), are considered to be the major type of infiltrating
cells observed (de Waard-Siebinga et al. 1996; Collaborative
Ocular Melanoma Study Group 1998; Anastassiou et al. 2001;
Makitie et al. 2001). Levels of infiltration and microvascular
density have been independently considered as prognostic
indicators in uveal melanoma (Foss et al. 1996; Makitie et al.
2001), and similar to breast carcinoma and cutaneous mela-
noma, macrophages accumulate in the proximity of endothe-
lial cells (Leek et al. 1996; Torisu et al. 2000; Makitie et al.
2001; Clarijs et al. 2003). The use of macrophage infiltration
as a prognostic indicator in uveal melanoma is nevertheless
controversial, as wide variation in infiltrating numbers has
been reported (de Waard-Siebinga et al. 1996; Collaborative
Ocular Melanoma Study Group 1998; Anastassiou et al. 2001;
Makitie et al. 2001). Consistent with the study of Makitie and
coworkers (2001), clone KP1 detecting CD68 strongly cross-
reacted with the cytoplasm of most uveal melanoma cells
analysed in the study (both in tissue sections and in culture).
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In contrast, clone PG-M1 discretely labelled a population of
infiltrating macrophages in tissue sections that commonly also
expressed CD163 (Figure le). As the monoclonal antibody
detecting CD163 (clone 10D6) is reported to be highly specific
(Backe et al. 1991), our results would support its use, in
conjunction with clone PG-M1, in future studies.

Although the number of infiltrating macrophages was low
for all tumours, there was nevertheless slight variation in the
level of CD68-positive and CD163-positive cells between
tumours (Table 4 and Figure 1a—c,e), most likely due to small
discrepancies between observers. In all cases, however, the
numbers of macrophages detected were minimal, therefore
differing from the study of Makitie and coworkers (2001) in
which moderate-to-high numbers of macrophages were
detected. Although no statistical correlation with prognosis
was made, a small spindle cell tumour (SOM 258), associated
with a better prognosis, contained no macrophage infiltrate. In
comparison, macrophages were observed in larger melanomas
(SOM 157d, 196B, 267, 280, 349 and 350) (Tables 1 and 4),
which, in agreement with previous studies (Makitie et al.
2001), could infer an association of infiltration with worse
prognosis. However, as only a small number of choroidal
tumours were assessed in this investigation, all of which were
sufficiently large to require enucleation, samples were already
biased towards those with a worse prognosis (Singh et al.
2001), and thus, no real conclusions may be drawn. Alterna-
tive explanations for differences between studies could relate
to the scoring systems used for analysis or to the presence of
heavy pigmentation obscuring the immunoreaction.

In contrast to tissue sections, uveal melanoma cells from the
same tumours in culture showed specific staining patterns for
these macrophage markers (Figure 1g,h), presumed as a
response to the conditions in vitro. It is therefore of interest
that the protein recognized by monoclonal antibodies detect-
ing CD68 is a member of the lysosome-associated membrane
protein (LAMP) family (Greaves & Gordon 2002). Although
the function of the CD68 receptor is unknown, related LAMP
proteins are involved in melanogenesis, located within the
melanosome of cells of melanocytic origin (Salopek & Jimbow
1996). If these receptors, therefore, share any sequence hom-
ology with CD68, cross-reactivity of clone PG-M1 with LAMPs
is a feasible explanation, which in turn could also be subject to
upregulation upon culture.

Expression of the scavenger receptor cysteine-rich macro-
phage marker CD163 was nevertheless also detected in cul-
tures derived from two tumours (SOM 349 and SOM 350)
which were similarly CD68-positive (Figure 1g,h), whilst there
is no evidence to date of anti-CD163 monoclonal antibody
cross-reactivity with related proteins. Although the specificity

of CD163 encourages its use in future studies, its expression by
cultured uveal melanomas could suggest that cross-reactivity
with LAMPs is not a feature, and instead cultured uveal mela-
nomas share expression of antigens previously only asso-
ciated with macrophages. Despite reports of similarities in
the expression of antigens by macrophages and melanocytes
in melanomas (Pernick et al. 1999) and although it is possible
that this phenomenon contributes to the pattern of expression
in vivo, it is unlikely to have affected the staining of specimens
subsequently cultured. In addition, although investigations of
dendritic tumours have indicated that whilst being negative for
dendritic cell markers (CD1a), these tumours can express S100
and CD68 (Pileri et al. 2002), as the majority of cultured uveal
melanomas studied expressed both S100 and HMB45 - this
would confirm their melanoma origin. Furthermore, as degen-
erative behaviour by uveal melanomas has been reported
(Chen er al. 2002; Hendrix et al. 2003), expression of
CD163 and CD68, seen here in response to alterations in the
microenvironment produced by growth in culture, could pro-
vide further evidence of such degeneration.

The effect of macrophage gene upregulation may also be
specific to environmental conditions created by culturing, as
analysis of tumour sections taken from SOM 351 met
(HMB4S5-positive melanoma cells resected from the hepatic
not orbital environment) did not show evidence of CD163 or
CD68 upregulation by melanoma cells. Because other meta-
static samples, or the corresponding SOM 351 met cells in
culture, were not available for study, no true conclusions can
therefore be drawn and further studies with additional meta-
static lesions are required to assess differences in expression
patterns between primary and metastatic tumours. As the
metastatic lesion was derived from a patient who had received
prior stereotactic treatment, it is possible that the immune
response would differ, a situation that could generally arise
as a response to metastasizing tumours. Until further meta-
static tumours are available for study, these alterations in the
immune response cannot be studied.

It is, however, clear that changes in the microenvironment
of tumours nevertheless have a significant effect on behaviour
on tumour and host cells (Fidler 2002), and the pluripotent
genotype and related phenotype of uveal melanoma cells could
allow them to rapidly adapt to environmental conditions
(Hendrix et al. 2003). Certainly, recent work by Busund et al.
(2002) has suggested that spontaneous tumour cell-macro-
phage fusion in highly aggressive sarcoma cells correlates
with an increase in macrophage traits of tumour cells. These
observations were accompanied by an increase in microvascu-
lar density (Busund ez al. 2002), implying that expression of
macrophage genes by tumour cells confers a growth advantage.

© 2004 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 85, 35-43
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As a small number of cultures were, nevertheless, studied here,
further independent expression studies are required to confirm
these hypotheses.

In conclusion, double-labelling immunofluorescence for
macrophage and melanoma markers would suggest that
uveal melanoma cells do not normally express CD68 or
CD163. Variation in levels of macrophage infiltration bet-
ween studies may therefore relate to individual tumours or
methods of assessment used. In contrast, cultured uveal
melanomas stained positively for macrophage markers,
due either to possible expression of these or related antigens,
or to cross-reactivity with elements related to melanogenesis,
both presumably as a response to the cultural environment.
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