Simultaneous cell cycle
and phenotypic analysis
of primary uveal
melanoma by flow
cytometry

Abstract

Background and purpose DNA ploidy and cell
cycle measurements of uveal melanoma tissue
are regarded as having limited prognostic
significance. In contrast, dual-parameter
(DNA monoclonal antibody) flow cytometry
offers a convenient and rapid way to screen
tumour samples for a variety of phenotypic
markers, whilst simultaneously measuring
DNA ploidy and cell cycle, and therefore has
the increased potential to identify clinically
relevant indicators of disease progression. The
aim of the present study was to identify a
simple yet robust method for isolating,
preserving and staining cells that could be
analysed by flow cytometry.

Methods Using a simple preparation
procedure, a panel of membrane-associated
antibodies (ICAM-1, W632, HLA-DR) and
nuclear or cytoplasmic oncoprotein antibodies
(c-erbB-2, c-myc, bcl-2, p53), together with
positive (PHM-5) and negative (FITC F(ab'),)
controls, were assayed. It was considered
important to test the protocol with markers
expressed on the cell surface, and in the
cytoplasm and nucleus, so as not to be
restrictive and thereby exclude an antigen of
potential clinical interest. In addition, such
panels would also enable the generation of a
‘phenotypic profile’ for each specimen that
may reveal clinically significant trends.
Results Our results indicate that tissue
dissociation followed by brief fixation in 1%
paraformaldehyde and permeabilisation in
70% methanol produces a stable single cell
suspension, which can subsequently be
stained with a wide range of antibodies for the
accurate identification of cells in a potentially
heterogeneous tumour population.

Conclusion This technology can rapidly
identify sub-populations of cells expressing
differing levels of proteins, which may prove
to be indicative of disease progression for this
aggressive disease.

Eye (1998) 12, 431-439 © 1998 Royal College of Ophthalmologists

J. LAWRY, M.O. SMITH, A.J. PARSONS,
I.G. RENNIE

Key words DNA ploidy, Flow cytometry,
Melanoma, Monoclonal antibody

Uveal melanoma is reported to be the most
common primary ocular neoplasm in adults.
The 15-year survival rate for patients treated by
enucleation is approximately 50%," and this
cancer preferentially metastasises to the liver.

Neoplastic progression is dependent on the
control, or loss of control, of growth. This may
be highly relevant to malignant progression and
the development of metastases, which in the
case of ocular melanoma preferentially occur in
the liver. Inmunohistochemical studies of fresh
uveal melanoma samples are limited, but have
included the analysis of bromodeoxyuridine
(BrdU) labelling, and the measurement of DNA
ploidy and cell cycle. The published findings
suggest that BrdU may be of value in
identifying proliferating cells following
unsuccessful irradiation treatment,? whilst
studies on proliferation indicate that cell
turnover can not be correlated with tumour size
or pathology.>* Studies on fresh samples of
metastatic cutaneous malignant melanoma
suggest that tumour ploidy and S-phase fraction
are independent prognostic variables, and
major determinants of survival after first
recurrence,” whilst patients with aneuploid
tumours and low S-phase fractions had
improved survival following systemic therapy
suggesting that these tumour types were more
sensitive to therapy. In addition, a sequential
analysis of metastatic cutaneous lesions
indicated that, with time, the evolution of an
aneuploid genotype was associated with
reduced survival®

Thus far, the use of flow cytometry for the
analysis of DNA ploidy and cell cycle in uveal
melanoma has largely been restricted to the
extraction and analysis of nuclei from sections
of paraffin-embedded tissue.” Whilst these
measurements may provide basic information
on the DNA content and proliferation of tumour
populations, evaluation of such data can be
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difficult without appropriate diploid controls, and the
technique is still restricted to single-parameter analysis,
making it impossible to further characterise sub-
populations of cells, or indeed to quantify the actual
tumour versus stromal/infiltrative component of the
sample.

In an attempt to increase the clinical impact of flow
cytometric DNA analysis, antibody staining was added
to enable the simultaneous bivariate analysis of DNA
ploidy and antigen expression together with the degree
of antibody binding in each measurable phase of the cell
cycle® This technique has proved to be valuable in the
identification of rare aneuploid populations using
surface antigens in haematological malignancies;” and by
using cytokeratin antibodies for epithelial tumours.'*"!
The technique has not been widely applied to uveal
melanoma, nor has the application of panels of
antibodies against membrane, cytoplasmic and nuclear
antigens been evaluated using a single protocol.

The purpose of the present study was therefore to
identify whether it was possible to take fresh tissue
specimens and dissociate the cells sufficiently to produce
a single cell suspension. Secondly, it was considered
important to see whether cells could then be stained with
specific monoclonal antibodies, simultaneously with a
DNA fluorochrome, in order to subdivide heterogeneous
populations of cells into several categories: (i) antibody
positive or negative, (ii) DNA diploid or aneuploid, (iii)
cell cycling or non-cycling populations, (iv) antibody-
stained diploid or aneuploid cells, and (v) antibody-
stained cycling or non-cycling cells.

The findings of the present study suggest that a
detailed ‘tumour profile’ can be determined from
dissociated specimens of fresh or frozen uveal
melanoma, but the range of antibodies used in the panel
is dependent upon the size of the tumour and
consequently the tumour cell yield. We present
illustrative examples of the nature of antibody/DNA
staining on only four cell suspensions taken from
individual tumour samples, to prove the validity of the
preparation technique. We are therefore not able to make
clinical judgement on the results nor even to determine
the best antibodies to use in the clinical analysis of these
tumours. Further studies are now being undertaken on a
larger group of tumour samples to question whether
there are any possible relationships between traditional
clinical and pathological parameters (tumour cell type,
volume, location (posterior/anterior to the equator), the
tissue origin (choroid, ciliary body), and the flow
cytometric measurement of cell surface protein or
cytoplasmic/nuclear oncoprotein expression in cells
taken from samples of primary uveal melanoma.

Materials and methods
Patient group

Fresh tumour tissue was collected following enucleation,
transported in liquid nitrogen to the laboratory, and then
either stored or dissociated to produce a single-cell

suspension. Patient details and clinical information were

recorded in a data base. Pathological analysis was
undertaken by an experienced ophthalmic pathologist
(M.AP.), and results recorded.

Tissue preparation

Samples of primary ocular melanoma collected following
enucleation were divided for storage, histology or
immediate use. Single-cell suspensions were generated
by dicing pieces of fresh tissue with scalpels in
phosphate-buffered saline (PBS) containing antibiotics.
Cells for flow cytometric analysis were washed in PBS,
fixed in 1% paraformaldehyde at room temperature for
5 min with frequent mixing, washed in PBS and
permeabilised in 70% methanol cooled to 4 °C, for a
further 15 min period at room temperature. Cells were
then either stored at 4 °C or washed and stained
immediately.

Flow cytometric staining

Cell suspensions were washed in PBS then PBS
containing 1% newborn calf serum (PBS/serum), 10°
cells aliquoted into tubes, and the primary (test) antibody
added at an appropriate concentration (typically 5 or
10 pl neat antibody). Staining was carried out for 30 min
at 4 °C, followed by washing in PBS/serum. The second-
stage fluorescein isothiocyanate-conjugated goat anti-
mouse antibody (FITC-F(ab'),, Caltag, Bradsure
Biologicals, Loughborough, UK) was then added (100 pl
at 1/100 dilution in PBS/serum) for a further 30 min at
4 °C (protected from light).

The samples were then washed in PBS/serum to
remove excess antibody, and the pellet resuspended. The
DNA fluorochrome, propidium iodide (PI, Sigma,
Dorset, UK), was added (300 .l at 50 pg/ml in PBS) for
at least 30 min (protected from light), together with 50 pl
RNAse (5 u/ml, Sigma, Dorset, UK), after which samples
were syringed (25G needle) and filtered through a 50 um
stainless steel mesh to remove any large aggregates of
cells before analysis on the flow cytometer. In most cases
the quality of DNA staining (peak CV) was improved by
overnight storage at 4 °C in the final buffer containing PI
DNA dye.

Monoclonal antibodies assessed

The following panel of antibodies were used to
determine the feasibility of the technique, with care taken
to include antibodies against cell surface, cytoplasmic
and nuclear antigens:

Negative control: FITC second-stage goat anti-mouse
F(ab'), antibody (Caltag, Bradsure Biologicals,
Loughborough, UK).

Positive control: PHM-5 epithelial / endothelial antibody
(Silenus, Bio-Stat Diagnostics, Stockport, UK).

W632 MHC Class I antibody (a generous gift from the
BTS labs, Sheffield).



HLA-DR MHC Class II antibody CR3/43 (DAKO, High
Wycombe, UK).

ICAM-1 (CD54) adhesion molecule antibody (a generous
gift from ICRF, London).

c-erb-B2 cytoplasmic domain antibody, code: OM11952
(CRB, Cheshire, UK).

c-myc (against peptide mid-region) antibody 6E10 (CRB,
Cheshire, UK).

bel-2 antibody 124 (DAKO, High Wycombe, UK).

p53 antibody DO-7 wild-type and mutant (DAKO, High
Wycombe, UK).

Flow cytometry

Samples were routinely analysed for DNA ploidy and
cell cycle on an Orthocyte bench-top cytometer (Ortho
Diagnostics, High Wycombe, UK). Stored files were
analysed by the Multicycle DNA software analysis
package on this cytometer (Phoenix Flow Systems, USA)
for accurate DNA index and cell cycle calculations.
Samples with diploid Go/G; peaks having a coefficient of
variation (CV) greater than 10 were excluded from the
present study, and retested if possible. The study group
CV range was 3.3-9.9 (median 6.4).

Dual-stained (DNA /monoclonal antibody) samples
were analysed on a FACSort bench-top cytometer
(Becton Dickinson UK, Oxford, UK) by recording large-
angle and forward-angle light scatter, antibody FITC
fluorescence (530 nm band pass) and the DNA
fluorescence of PI (620 nm long pass) for at least 10 000
cells. Doublets were excluded using scatter gates, and by
doublet discrimination gates using peak height and
width analysis of the DNA fluorescence parameter.
Measurements were made on stored data files, and
included the percentage of antibody-positive cells and
median level of staining, the DNA index of the sample,
and cell cycle measurements. When required, DNA
indices and cell cycle measurements were made using
Modfit software (Verity Software House, USA).

Data analysis

Flow cytometric data were measured as median channels
of fluorescence (linear fluorescence scales) and calculated
mean fluorescent channels (log fluorescent scales). The
FITC scales were quantified by running samples of
standardised multifluorescent beads under exactly the
same cytometer running conditions as used for cell
samples (FluoroSpheres, DAKO, High Wycombe, UK).
By calibrating fluorescence to known mean equivalent
numbers of molecules of soluble fluorescein (MESF), data
obtained from the cytometer on the staining intensity of
antibody bound to cells can be converted into MESF
values. TallyCAL software (DAKO and Applied
Cytometry Systems, UK) was used to convert channel
values into MESF values. By making certain assumptions
(1:1 binding of the antibody to antigen; 2:1 binding of the
secondary antibody to the primary antibody), and by
recording the fluorescein:protein molar ratio of the
fluoresceinated second-stage antibody (3-5 molecules

FITC:Ig molecule, goat anti-mouse F(ab')2 Ig), the
calculated MESF for the stained population of cells can
be converted into the approximate antigen density for
each antibody used. A more accurate calculation can be
made using directly conjugated monoclonal antibodies,
although the fluorescence of these reagents was found to
be reduced by quenching as a result of the bright PI
fluorescence to a greater extent than the fluorescence of
two-stage staining protocols.

Results
Quantification

Assuming 6-10 molecules FITC would bind to each
primary antibody, and each primary antibody would
bind to one antigen site, a median fluorescent channel of,
for example, 50 would be equivalent to between 3800 and
6400 antigen sites per cell as an average for the sample
population.

Controls

The first test analysed on the flow cytometer was always
the negative control containing only second-stage
antibody, and was used to identify the level of non-
specific staining for each sample. Clusters representing
the non-stained cells were also DNA-stained using PI, so
the populations identified along the x-axis (DNA
fluorescence) were used to identify cells in G;, S and G,M
phases of the cell cycle, as well as detecting the presence
of aneuploidy. The lines drawn above the dot clusters in
Figs. 1-3 were used to assist in the calculation of the
percentage of stained cells.

The second test was the positive control used to
quantitate the proportion of cells present that were of
tumour origin — not infiltrating leucocytes or normal
stromal cells. The latter could only be resolved if non-
diploid cells were present as identified by staining with
the DNA fluorochrome. PHM-5 was found to be a good
positive control, generally staining over 80% of all cells in
the sample. PHM-5 staining was generally bright with a
median channel of 100.

Surface membrane markers

MHC Class I (W632) staining was generally found to be
restricted to a low proportion of cells in each sample
(around 10%), with a median channel in the order of 30
(data not shown). This was comparable to the staining
seen with MHC Class I (HLA-DR), although the
proportion of positive cells was usually higher (two of
the four samples quoted in this study having 87% and
89% positive cells). Sub-populations were often seen that
had different levels of staining intensity, with medians
ranging from 50 to 500, or approximately 10 000 to
100 000 antigens per cell. One such sample is illustrated
in Fig. 4. '

ICAM-1 (CD54) staining was frequently seen on more
than 25% cells in each sample, with differential staining
apparent between different ploidy populations within the
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tumour sample. Levels of staining were generally around
channel 50, as is the case for the example shown in Fig. 1
in which 65% cells are stained over background levels.

Oncoprotein markers

The fixation and permeabilisation protocol enabled the
visualisation of all the internal antigens investigated in
this study, with high proportions of cells staining
positive for c-erb-B-2 (50-70% cells present) with median
channel measurements from 50 to 80. c-myc (6E10)
staining was evident in all samples tested at levels from
27% to 56% of cells in the four tumours illustrated (data
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not shown), although at low intensities (channels 15-25);
and bcl-2 staining was seen at elevated levels (i.e. >25%)
in most samples tested, with 50% of tumours showing
bcl-2 positivity on over 80% of cells present (Fig. 1). p53
staining was highly variable, the four samples cited in
this study having levels of 10%, 27%, 29% and 82%
p53-positive cells over background staining (Figs. 2, 3).

DNA and antibody staining

A range of samples of primary uveal melanoma were
available for analysis, and Figs. 14 indicate the value of
using dual-parameter analysis in diploid samples, where
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Fig. 1. The DNA profle of Mel. 182, a choroidal malignant melanoma, together with duul—purﬁmeter displays for DNA content (x-axis) and
fluorescein isothiocyanate monoclonal antibody (FITC MoAb) staining (y-axis) for the negative control sample, the positive control (PHM-5), and
the three test antibodies ICAM-1, HLA-DR and bcl-2. The diagonal line is drawn to facilitate the detection of positively stained cells: these move

above the line, whilst non-staining cells remain below the line.
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Fig. 2. Results from Mel. 145, a malignant melanoma designated as being both ciliary body and choroidal. The DNA histogram shows the tumour
to contain 64% aneuploid cells with a DNA Index of 1.75. The dual-parameter (DNA/MoAb) histograms show the negative control and two
oncoprotein antibodies, c-erb-B2 and p53, which stain both diploid and aneuploid cells.

it is clear that sub-populations exist with different
staining patterns for the antibodies used in the test panel.
In addition, in samples containing populations of cells
with clear differences in DNA content, it is still possible
to identify further subpopulations based on antibody
staining.

Figs. 1, 2 and 3 illustrate dual-parameter staining for
melanoma samples that were found to be DNA diploid
(Fig. 1), diploid and aneuploid (Fig. 2) and diploid with
two further aneuploid populations (Fig. 3). Fig. 1 shows
the DNA profile of a choroidal malignant melanoma,
together with three test antibodies and with the negative
and positive control for the sample Mel.182. Whilst the
majority of cells stain equally brightly with ICAM-1,
HLA-DR and bcl-2, discrete populations from within the
Go/G1 DNA peak clearly stain less well with ICAM-1
and bcl-2. In contrast, a minor population of cells from
the same DNA peak stain with the HLA-DR antibody at
a median channel of 300, compared with the main
population which has a median of 45. This tumour was
reported to contain 30% epitheloid cells, 70% spindle B
cells. These figures correlate with the observed split in
stained / unstained cells seen with ICAM-1 and bcl-2
staining, with 65% and 67% staining respectively.
Obviously, without cell sorting the morphology of these
two staining populations can not be predicted by
antibody staining alone.

Fig. 2 illustrates results from a malignant melanoma
designated as being both ciliary body and choroidal,
containing 64% aneuploid cells (Mel. 145, DNA Index
1.75), where the diploid and aneuploid populations
exhibit comparable levels of staining for c-erb-B2 and
pS3.

Fig. 3 is from an amelanotic choroidal malignant
melanoma containing 75% epitheloid cells and 25%
spindle B cells, and shows diploidy together with two
aneuploid populations of 5.4% (DNA Index 1.6) and
20.8% (DNA Index 2.4) respectively, i.e. total aneuploidy
in 25% population. Whilst p53 staining was only at a low
level, being close to that of the non-specific control, cells
in the second aneuploid population can be seen to bind
more p53 antibody than the other two populations. This
tumour was highly aggressive as the patient also
presented with liver metastases.

It is also technically possible to use the flow cytometer
software to gate or select discrete populations of cells
based on their differing DNA content, and then measure
antibody binding; alternatively cells selected on the basis
of differing antibody staining levels can have their DNA
content and cell cycle measured. This technique is
illustrated in Fig. 4 for a choroidal malignant melanoma
of mixed cell pathology (10% epitheloid, 90% spindle B
cell). Data are shown in panel A as a dot display of DNA
content (x-axis) versus MHC Class II HLA-DR staining
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Fig. 3. Mel. 177, an amelanotic choroidal malignant melanoma containing 75% epitheloid cells, 25% spindle B cells. The DNA histogram identifies a
diploid population together with two aneuploid populations of 5.4% (DNA Index 1.6) and 20.8% (DNA Index 2.4) respectively. Dual-parameter dot
displays illustrate the staining seen with the negative and positive controls (Control and PHM-5 respectively), and the oncoprotein p53.

(y-axis), on which three regions have been drawn to
surround HLA-DR-negative diploid cells amounting to
14.3% (region 1), a discrete population of near-diploid
non-HLA staining cells (3.7%, DNA Index 1.24, region 2)
and the main proliferating diploid population amounting
to 79.4% of cells (region 3). Histogram B shows the DNA
histogram of this sample, and indicates the difficulty in
observing these populations by single-parameter
analysis. Histograms C, D and E show cells selected by
regions R1, R2 and R3 respectively, to provide DNA
histograms for ploidy peak analysis; the same regions
have also been used to isolate populations of cells to make
individual measurements of HLA-DR antibody binding,
the results being shown in histograms F, G and H.

Not all uveal melanoma samples provided large
numbers of cells, the resulting yield being proportional
to the initial sample size, rather than an inability to
dissociate the tissue sample, so in certain cases the size of
the antibody panel had to be contracted. However, in no
instance was there ever any problem in dissociating the
tumour sample. The only difficulty encountered was in
the quality of the DNA G; peak CV in strongly
pigmented tumour preparations. No easy solution was
found to improve the results, which were thought to be
based on steric hindrance preventing total DNA

saturation by the DNA dye, propidium iodide, coupled
to possible autofluorescence and abnormal amounts of
light scattering caused by the strong pigment.

Discussion

This study shows that flow cytometry can rapidly and
accurately phenotype cells in suspension from ocular
melanoma tissue. More importantly, it also enables the
detailed analysis of complex mixtures of populations
within tumours. For example, by distinguishing diploid
from aneuploid cells, or cells in each phase of the cell
cycle, antibody staining can be related to precise sub-
populations of cells within the tumour. Given
appropriate markers (antibodies), this approach may
enable the identification of sub-populations having a
metastatic phenotype, i.e. capable of migration, evasion
of the host’s immune response and the potential to
respond to endogenous growth factors. This technique
should therefore be capable of producing individual
‘tumour profiles’, which may be of greater value for the
prediction of patient survival and response to therapy
than DNA ploidy and cell cycle measurements alone -
although these parameters are still thought to offer
important qualitative and quantitative information on
tumour cell proliferation.”
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Fig. 4. The value of flow cytometry in enabling the selective analysis of gated populations of cells. The choroidal malignant melanoma illustrated
(Mel. 181) has been stained with the MHC Class II antibody, HLA-DR, and the initial data are shown in (A) as a dot display of DNA content (x-
axis) versus HLA-DR staining (y-axis). Three regions have been drawn to surround HLA-DR-negative diploid cells, amounting to 14.3% (R1); a
discretepopulation of near-diploid non-HLA staining cells (3.7%, DNA Index 1.24, R2); and the main proliferating diploid population, amounting to
79.4% of cells (R3). (B) The DNA histogram of this sample, indicating the difficulty in observing these populations by single-parameter analysis. (C),
(D) and (E) Cells selected by regions R1, R2 and R3 respectively, to provide DNA histograms for ploidy peak analysis; the same regions have also
been used to isolate populations of cells to make individual measurements of HLA-DR antibody binding, the results being shown in (F), (G) and (H).

Our results illustrate clear antibody binding for MHC
antigens, the adhesion molecule ICAM-1, and the
oncoproteins (c-erbB-2, c-myc and bcl-2), which suggests
that our protocol is effective for the detection of
membrane, cytoplasmic and nuclear antigens. The
combination of a fixative and permeabilising agent
clearly does not damage or mask antigen to any
significant degree, nor do they prevent DNA
fluorochrome penetration into the nucleus as it was still
possible to measure high-quality DNA profiles using
simple DNA staining procedures, from which it was
possible to calculate the percentage of cells in each phase
of the cell cycle. Populations of cells with differing DNA
ploidy values could also be resolved, although this was

dependent upon their frequency in the total sample. It
was not considered that the resolution of ploidy sub-
groups was any easier in fresh rather than fixed samples,
but the combination of DNA fluorochrome and antibody
revealed sub-populations of cells with abnormal DNA
content that would otherwise be invisible using single-
parameter analysis.

With the range of antibodies available commercially,
it is clear that some consideration has to be given to the
composition of any antibody panel used to generate a
‘tumour profile’. For this reason the pilot study
presented here selected a range of potentially useful
markers as identified from the literature. In common
with the study of Carrel et al.,'> MHC Class [ and II
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expression was targeted and when antibody binding was
detected, usually involved smaller sub-populations of
tumour cells within the sample. They reported Class I
expression on the majority of spindle and mixed type
lesions, and 50% of the epitheloid type lesions, with
generally higher levels of Class II expression than Class I.
This was contradicted by Jager et al.'* who detected
higher levels of HLA Class I antibody (B9-12-1) staining
(75%) on the ocular melanomas tested, with 44% of
lesions staining for HLA Class II (DR, D1-12). In a further
immunohistochemical study, Waard-Siebinga et al.'*
found all uveal melanomas to have high level HLA Class
I (monomorphic determinants), variable expression of
polymorphic molecules (A2, A3, BW4, BW6), and low
level expression of B2-microglobulin and HLA-B locus
that was associated with a large tumour diameter. Class
II expression was generally low (0-35%), yet the simple
presence of Class II-positive cells has been associated
with those melanomas having an increased risk of
metastases.'” Class Il expression has been reported on
50% of spindle and epitheloid type lesions and low
numbers of mixed cell lesions. Natali et al.'® found that
only mixed and epithelial type lesions expressed HLA
Class I, not spindle lesions; and HLA Class I was seen on
only one epetheloid and one mixed cell type. The
implication of measuring MHC Class I and Class II
molecules is clear if patients are to be given
immunotherapy, as the presence of MHC Class I on the
tumour cells would be a prerequisite for the generation
of an immune response by tumour-specific T cells.'”
Dual-parameter flow cytometry would therefore be a
rapid means of quantifying MHC molecule expression
on tumour cell populations.

Adhesion molecules may be responsible for tumour
cell escape from the primary site into the circulation, by
binding to endothelial cells, enabling contact with and
passage through the basement membrane.'® Tumour
cell/endothelial cell binding may also cause the
increased secretion of metalloproteinases, which are
enzymes capable of degrading the basement
membrane.'*? Intercellular adhesion molecule-I
(ICAM-1, CD54) is one such molecule known to be
expressed on a range of tumour cells as well as tissue
fibroblasts. ICAM-1 may also offer some degree of
protection to a tumour cell in the circulation, if adhesion
to other cells provides a means of evading the normal
host immune response to a foreign cell. The presence of
this molecule may therefore be associated with increased
survival of tumour cells in the circulation, and ultimately
an increased chance for the development of metastases,”!
as higher levels of ICAM-1 have been reported in
metastatic melanoma compared with the primary
lesion.*

The inhibition of apoptosis by the bcl-2 protein may
enable tumours to survive longer, develop extensive
genotype transformations, and possibly be more
aggressive. The bcl-2 oncoprotein is encoded by a gene
involved in the 14;18 chromosome translocation that
brings the bcl-2 gene into juxtaposition with the
immunoglobulin heavy chain gene and causes the over-

expression of the bcl-2 gene.*® The protein is reported to
be an inner membrane protein, localised within
mitochondria.** Our results demonstrate that antibody
binding to bcl-2 is indeed possible using this technique,
and a more detailed study may identify the significance
of bcl-2 gene expression in uveal melanoma progression,
and whether the ability of a cell to prevent the initiation
of apoptotic pathways is detrimental to patient survival.
The presence of discrete sub-populations of cells having
different levels of expression of this protein may be
related to an incomplete response to chemo- or
radiotherapy with the survival of resistant clones.

The results of the present study may suggest that
uveal tumours develop from cells of differing origins,
leading to complex variations in the expression of surface
molecules, and also their responsiveness to and synthesis
of, growth factors and oncoproteins involved in cell cycle
control. The protocol presented in this paper offers a
rapid, simple and convenient means of enumerating
multiple parameters on single samples and, with the
careful selection of antibodies, may enable the
identification of non-responsive tumours with a poor
prognosis at a level previously impossible using
standard histological methods.
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