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Table I Gamma enolase in various types ofuveal melanoma

Series Age Sex Site Cell type PAP y y y
number

pmg/g ,Lg/mg protein

1 88 F Choroid Spindle B (with areas spindle A) 1-5 + patchy 46-6 0-63
2 59 F Choroid Spindle B I + 40 9 0 60
3 40 M Choroid Mixed, predominantly epithelioid + 21 -5 0-22
4 70 F Choroid Mixed, predominantly epithelioid + 10 0-20
5 67 M Choroid Mixed, predominantly spindle + 8-96 0-15
6 56 M Choroid Mixed, predominantly spindle -ve 4-0 010
7 73 F Choroid Mixed, no predominance of cell type -ve 1 86 0 04

stained for y subunits of enolase by the peroxidase-
antiperoxidase (PAP) technique. Sections (5 ,um)
were stained by the peroxidase-antiperoxidase tech-
nique using anti-y enolase sera. Normal rabbit serum
and adsorbed antisera were used as controls. The
intensity of the staining for y enolase was graded
independently by one of us (W.R.T.).

Biochemical assay-treatment of tissue samples.
Tissue samples were weighed, homogenised in 2 ml of
50 mM tris buffer, pH 7*1, containing 4 mM MgC12,
and then centrifuged at 40000 g for 30 minutes at 4°C.
The resulting supernatant fluids were assayed in

Fig. 2 Spindle celled melanoma,
negative control. Note thefew cells
containing granules ofmelanin
pigment in the bottom right-hand
corner. (x 800).

duplicate for y immunoreacting enolase by radio-
immunoassay.
Radioimmunoassay. The radiolabelled yy enolase

was prepared by the method of Bolton and Hunter'7
using N-succinimidyl-3,4 hydroxy-5 ('25I) iodophenyl
propionate (Amersham International Ltd..
Amersham, Bucks HP7 9LL).
The primary antiserum used was produced in

rabbits. 8 The separation of the bound and free
antigen in the assay was accomplished by precipita-
tion with goat anti-rabbit IgG as a secondary antibody
(Miles Laboratories Ltd., Slough, Bucks). The tubes
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were then centrifuged at 2000 g for 30 minutes at 4°C
in an MSE6L. The supematants were removed by
aspiration and the pellets counted in an Intertech-
nique Well-type y counter. The y immunoreactivity
in the melanomas became diluted in parallel with the
purified yy enolase usedc to generate the standard
curve, providing evidence that the 2 cross-react
immunologically.

Results (Table 1)

Histological grading. Five of the tumours were graded
as mixed cell tumours, the other 2 being spindle cell
B. In one case (patient 1) large areas of spindle cell A
cells were present within the tumour. However, in
keeping with the guidelines laid down by McLean et
al.19 on the classification of spindle cell A tumours this
tumour was classified as spindle cell B.

Identification of y enolase in paraffin sections of
uveal melanomas by the immunoperoxidase tech-
nique. The 2 spindle cell tumours with the highest y
enolase levels both stained positively for y enolase
(Figs. 1, 2). The strongest stainingwas found in patient
1, whose tumour was classified as spindle cell B con-
taining spindle cell A elements. Of the 5 mixed cell
tumours 3 were found to have equivocal staining for y
enolase, and in 2 the staining for y enolase was
absent.

Estimation of y enolase by biochemical assay. y
Enolase was found in all 7 tumours studied (Table 1).
However, a marked variation in the levels present
was found. The highest levels of y enolase, 46&6 ,ug/g
and 40 0 gg/g were found in 2 of the spindle cell B
tumours. All 5 of the mixed cell tumours had lower
levels of the enzyme than the spindle celled tumours.

Discussion

Our results confirm the presence of y enolase within
melanocytic tumours of the uveal tract. Although the
series is small, the more benign spindle cell tumours
appear to have a higher level of y enolase than those
containing epithelioid cell clements. The highest level
of enolase was present in a tumour which both clinic-
ally and histologically appeared the most benign. The
lowest enolase level occurred in a mixed cell tumour
(patient 7) which was large in size; its size may reflect
a relatively fast growth rate. It has been established
that large melanomas of the uveal tract carry a
relatively poor prognosis.
A correlation between the biochemical assay and

the immunoperoxidase staining was demonstrated.
The 2 tumours with the highest biochemical assays
both stained positively for the isoenzyme. The 2
tumours with the lowest levels of y enolase showed no
appreciable staining.

Both methods of y enolase estimation may be of
value in estimating the malignant potential of a uveal
melanoma. The biochemical assay, although requir-
ing the acquisition of fresh material in order to per-
form it, has distinct advantages. Firstly, unlike the
immunoperoxidase method, it is quantitative rather
than subjective. Secondly, the larger amount of
material analysed by this technique renders it less
susceptible to sampling error. Obviously further work
on y enolase levels in uveal melanomas is necessary.
This should include a prospective trial where enolase
levels within uveal melanomas could be compared
with long-term survival. Nevertheless we believe that
y enolase estimation may provide an accurate quanti-
tative method for assessing the malignant potential of
uveal melanomas.
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