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Summary 
Rat monoclonal antibodies were prepared against antigens expressed by uveal 
melanomas. Uncultured cells from primary human uveal melanomas were used for 
the rat inoculations and for the screening of hybridomas by enzyme-linked immu­
nosorbent assay (ELISA). One of the monoclonal antibodies, designated 4A3, 
recognised a cytoplasmic antigen which was relatively specific for melanoma cells 
and which could be detected by immunohistochemistry in formalin-fixed, paraffin 
embedded tumour tissue. Western blotting showed the antigen to have a molecular 
weight of approximately 55-60 kD, with a doublet configuration which showed 
inter-tumour variation. The antigen was also detected by Western Blotting in the 
subretinal fluid of patients with uveal melanoma. 

Knowledge of the antigenic expression of 
uveal melanomas could be important for 
further progress in the immunological study of 
this tumour. With the development of 
hybridoma technology for the production of 
monoclonal antibodies, 1 it is now possible to 
identify tumour-associated antigens in uveal 
melanomas and to investigate the extent of 
their expression in these tumours and in other 
tissues. Although most monoclonal anti­
bodies to cutaneous melanoma also react with 
uveal melanoma this is not always the case, 
suggesting that there are significant antigenic 
differences between these two types of 
melanoma.2 Rather than adopting monoclo­
nal antibodies previously prepared using 
cultured cells from cutaneous melanomas, as 
other workers have done,3 our approach has 
been to prepare monoclonal antibodies using 
uncultured cells from primary uveal 
melanomas. 

Materials and Methods 
Monoclonal antibodies to uveal melanoma have 
been raised in the rat and the technique has been 
described in detail elsewhere (Fig. 1).4 In brief, a 
suspension of melanoma cells was prepared within 
minutes of the removal of the tumour by local 
resection or enucleation. The cells were used to 
coat plastic 96-well plates. They were also used for 
the immunisation of DA rats. After two or three 
intraperitoneal inoculations, given at three to four 
week intervals, the antibody response of the immu­
nised rat was tested by ELISA. 5 When high levels of 
serum antibodies to uveal melanomas were demon­
strable with this assay (a titre of 1/1,000 or greater), 
the splenic lymphocytes of the immunised rat were 
immortalised by fusing them with rat myeloma 
cells. This was done in a conventional manner:6 the 
two types of cell were centrifuged together; incu­
bated with polyethylene glycol for 90 seconds; and 
then dispersed into 100 wells for culture. Hypox­
anthine-aminopterin-thymidine (HAT) medium 
was used so that after a week only the hybrid cells 
had survived. Hybridomas were visible 10-15 days 

From the Tennent Institute of Ophthalmology, and the 'Department of Biochemistry, University of Glasgow. 

Correspondence to: Dr. Bertil E. Damato, FRCS, Tennent Institute of Ophthalmology, University of Glasgow, 
Glasgow G11 6NT. 
Presented at the Annual Congress of the Ophthalmological Society of the United Kingdom, April 1987. 



MONOCLONAL ANTIBODIES TO UVEAL MELANOMA 687 

SPLENIC 
LYMPHOCYTES 

PRODUCTION OF RAT 
MONOCLONAL 
ANTIBODIES TO 
UVEAL MELANOMAS 

Fusion 

RAT MYELOMA 
CELLS 

Fig. 1. Strategy used in this study for the production 
of monoclonal antibodies to uveal melanoma. 

after fusion. Those producing antibodies reactive 
with melanoma cells were detected by ELISA and 
subeloned at least twice to ensure monoelonality. 
Bulk cell culture supernatant was concentrated ten­
fold by precipitation with ammonium sulphate, fol­
lowed by dialysis into phosphate buffered saline. 

The monoclonal antibodies prepared in this 
study were used to investigate antigens in samples 
of homogenised uveal melanoma cells and in sub­
retinal fluid. This was done by Western blotting. 7 In 
brief, proteins in the sample of uveal melanoma 
cells were separated according to their molecular 
weight by SDS-polyacrylamide gel electrophoresis. 
They were then transferred to nitrocellulose paper 
by electrophoretic elution so that the relevant anti­
gens could be located by autoradiography following 
successive incubations with rat monoclonal anti­
body, rabbit anti-rat immunoglobulin and, finally, 
125I-labelled protein A. Some of the monoclonal 
antibodies were further studied by conventional 
immunohistochemistry,8 using paraffin-embedded, 
formalin-fixed tissue, and by immunofluorescence 
microscopy using suspensions of melanoma cells. 9 

The class of the antibodies was determined using 
the Ouchterlony technique.lO 

Results 
To date, more than ten monoclonal antibodies 
have been produced. Of these, the monoclo­
nal antibody we designated 4A3 was the most 
interesting. This was an IgM monoclonal anti­
body which on preliminary screening by 
ELISA reacted significantly with cells from all 
12 uveal melanomas tested and none of six 
control samples (lymphocytes from five 
healthy individuals and cells from a breast 
carcinoma). 4 These ELISA results were sup­
ported by immunohistochemistry which 
demonstrated staining of the melanoma cells 
but not the lymphocytes and macrophages 
within the tumour (Fig. 2). Immunofluores­
cence microscopy, performed with cultured 
BOOB melanoma cellsll showed the 4A3 anti­
gen to be intracellular and concentrated in the 
peri-nuclear region. In contrast, another 
mOl!oclonal antibody, 4B4-2 , stained the 
cytoskeletal elements in the tumour cells 
(Fig. 3). Electrophoresis and Western Blot­
ting indicates that the molecular weight of the 
antigen detected by the 4A3 monoclonal anti­
body was approximately 55-60 KD4 and 
tended to be expressed as two discrete bands. 
The appearance of these bands showed inter­
tumour variation (Fig. 4). Using these 
methods, the 4A3 antigen was demonstrated 
in the subretinal fluid of patients with uveal 
melanoma (Fig. 5). 

Discussion 

The most important feature of this study is the 
demonstration that monoclonal antibodies 
can be produced using uncultured uveal 
melanoma cells. None of the monoclonal anti­
bodies we produced were entirely specific for 
an antigen which was present only in 
melanoma cells. In this respect they are 
similar to the vast majority of monoclonal 
antibodies produced against cutaneous 
melanomas. 12 There are three main reasons 
for the lack of absolute specificity of monoclo­
nal antibodies to tumours. Firstly, the anti­
genic differences between malignant and 
normal cells are only quantitative, rather than 
qualitative as previously believed. 13 Secondly, 
the methods used for the selection of 
hybridomas may be inadequate. Despite' 
claims made by other workers,5 the ELISA 
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Fig. 2. Immunoperoxidase staining of tumour cells in a primary uveal melanoma. Lymphocytes and mac­
rophages within the tumour are negative. (a) Immunoperoxidase reaction. (b) Negative control. Final magnifica­
tion x]05. 

a 

Fig. 3. Immunofluorescent staining of cultured B008 melanoma cel/s. (a) Monoclonal antibody 4A3 detects an 
antigen which is concentrated in the peri-nuclear region. (b) Monoclonal antibody 4B4-2 reacts with a cytoskeletal 
antigen. Final magnification xl05. 

technique used in this study favoured the 
detection of intracellular rather than mem­
brane antigens. Finally, IgM monoclonal anti­
bodies can react with more than one specific 
antigen. 14 For example, even if the 4A3 anti­
gen were specific for melanoma, the 4A3 
monoclonal antibody, being polyvalent, 
might nevertheless react with other tissues in a 
'multispecific' fashion. 

Despite being only relatively specific, 
monoclonal antibodies to melanoma could 
nevertheless be very useful in research and 
clinical practice. With these reagents, for 
example, it has been possible to correlate anti­
genic expression in primary cutaneous 
melanomas with the risk of subsequent meta­
static disease. IS This approach might provide 
useful insights into the potential risk of meta­
static disease in patients with uveal 
melanoma. The detection of the 4A3 antigen 

in subretinal fluid of patients with uveal 
melanoma suggests that small amounts of this 
and other melanoma-associated antigens 
might be detectable in other body fluids. Such 
techniques, which have already been used 
with cutaneous melanoma, 10 could be of value 
in diagnosing the primary tumour or in 
demonstrating that a patient already has met­
astatic disease. A number of monoclonal anti­
bodies when administered to patients with 
disseminated melanoma have been shown to 
accumulate within tumour tissueY These 
reagents, when conjugated to radioisotopes, 
could be very helpful, when conventional 
methods fail, to establish the diagnosis of an 
intraocular tumour. Treatment of melanoma 
by targeting toxic agents with monoclonal 
antibodies has been attempted already with 
encouraging preliminary results.IK.19 One of 
the difficulties associated with the administra-

h 
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Fig. 4. Immunoblotting identification of the 4A3 anti­
gen in homogenised cells from three different uveal 
melanomas showing inter-tumour variatioll. On the left 
is nitrocellulose paper stained for proteill with amido 
black after immunoblotling. On the right is an aulO­
radiograph of the nilrocellulose paper. 

tion of agents like ricin and radioactive iso­
topes is damage to other organs, such as the 
liver and kidney, in which monoclonal anti­
bodies tend to accumulate. This factor is less 
likely to cause problems with the use of photo­
dynamic agents, which are toxic only when 
exposed to light. It may not be long, there­
fore, before monoclonal antibodies are used 
to enhance the accumulation of haemato­
porphyrin derivatives20 in uveal melanoma 
thereby reducing the systemic photosen­
sitivity that currently complicates the use of 
such agents. 

94kD� 
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Fig. 5. Immunoblotting identification of the 4A3 anti­
gen in sub retinal fluid from a patient with uveal 
melanoma (Melanoma) but not from a patient with 
rhegmatogenous retinal detachment (Control). On the 
left is nitrocellulose paper stained for protein with 
amido black after immunoblotting. On the right is an 
auto radiograph of the nitrocellulose paper. 

After an initial phase of enthusiasm, real­
ism has entered into the evaluation of mono­
clonal antibodies to tumour-associated 
antigens. Nevertheless, as the technology 
improves, there is every reason for long-term 
optimism that monoclonal antibodies will 
prove to be of value in ophthalmic oncology. 
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