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SUMMARY Using a computed video image analysis system, the staining intensity for both neurone
specific enolase (NSE) and S100 protein was measured in sections from 19 malignant melanomas
and 16 benign melanocytic lesions. The results of this study confirm previous reports that NSE and
S100 protein are useful markers for malignant melanoma. NSE staining intensity in the cases of
malignant melanoma was significantly higher than that in benign naevi (p = 0 01 1). Intensity of
staining for S100 protein was not significantly higher in the malignant melanomas. There was,
however, a significant S100 gradient when comparing superficial and deep intradermal portions of
these tumours (p = 0-003). This feature was not seen in benign naevi. The greatest intensity of S100
protein staining was found in the deeper portions of the malignant melanomas. This gradient
difference was not seen with staining for NSE. Although it seems that the overall intensity of
staining for NSE is more effective in differentiating between benign and malignant lesions, the
difference in staining intensity between the superficial and deep portions of the tumour may be the
better indicator of adverse behaviour in lesions in which the diagnosis of malignancy is uncertain.

Behaviour in individual cases of malignant melanoma
is exceedingly difficult to predict, although the depth
of invasion seems to be one of the most reliable prog-
nostic indicators at present.' 4 In a previous study
we reported that staining intensity and pattern for
neurone specific enolase (NSE) were of diagnostic
value in differentiating benign from malignant mela-
nocytic lesions and that differences in staining in-
tensity were of potential prognostic value.5
There are problems with this approach. Not least

is the fact that the studies, which have so far been
undertaken, entail subjective assessment of the level
of staining intensity and may therefore not be
reproducible between laboratories or even between
observers in the same laboratory.

This can be overcome by having an objective mea-
sure of staining intensity rather than the usual subjec-
tive plus scale scoring. In this study the optical density
of staining in tumour tissue was measured using a
microcomputer video image analysis system.6 Nine-
teen cases of malignant melanoma and 16 benign
melanocytic lesions were stained for both NSE and
S100 protein and the average staining intensity be-
tween the superficial, deep, and total tumour regions
was examined.
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Material and methods

Archived material from the files of the Flinders Med-
ical Centre was used for this study. The tumours se-
lected came from a batch reviewed by a panel of four
consultant pathologists. Only tumours in which there
was unanimous independent agreement as to the his-
tological diagnosis were measured.

Sections of 19 malignant melanomas and 16 benign
compound naevi that had been formalin fixed and
paraffin embedded were cut at 5 im and stained to
show the presence of NSE and S1OO protein.

STAINING
The details of the method have been described pre-
viously.7 Rabbit antihuman NSE was used at a dilu-
tion of 1/100 for 30 minutes and rabbit antibovine
S1OO (which cross reacts with human S1OO) at 1/200
for 120 minutes. Alkaline phosphatase conjugated
goat antirabbit antibody was used at a dilution of
1/50 for 30 minutes and immunolocalisation devel-
oped with napthol AS-MX phosphoric acid with fast
red TR salt (Sigma). The red reaction product avoids
confusion in interpretation of staining in those tu-
mours producing melanin. The entire set of slides for
this experiment were stained as one batch for both
NSE and S1OO protein so that intensity of staining
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Video image analysis for measuring SJOO protein and neurone specific enolase
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Fig I Digital grey level image ofsectioned tumour stained
for SJOO protein. Complete depth oftumour was contained
within field.

could be compared without the problem of differences
due to interbatch technical variations.

ANALYSIS
The image analysis was performed using a system
designed in our laboratory comprising a solid state

Fig 2 Segmentation ofstaining regions by grey value to give
binary imagefollowed by delineation ofsuperficial (S) and
deep (D) regions at about 50% oftumour depth by
interactive editing to allow computer to distinguish
independent masks over grey level imagefor measurement of
area and integrated optical density.

camera, video digitiser, microcomputer, and image
analysis software designed specifically for densi-
tometric measurement.' The software permitted the
integrated optical density and area of images to be
measured in standardised arbitrary units. To control
densitometric errors calibration procedures were used
to ensure that the pixel values were linear in propor-
tion to the illumination intensity. Correction for
uneven illumination was performed by storing an
image of the "white" background before mea-
surement. The pixel values from the store were
retrieved and used to correct every subsequent scan.
Measurements were made using a 550 nm narrow
band (10 nm band width) interference filter and a
x 2 5 objective lens. The whole or major depth of
each tumour was contained within the field of view.
Up to four such fields were selected for each case and
scanned to give digital images with 64 levels of grey
for densitometric analysis (fig 1). The regions of stain-
ing were automatically segmented by the computer,
based on the relative density of the stain above that of
the unstained tissue, to give a binary image. To permit
quantitation of the gradient of staining intensity the
sectioned tumours were arbitrarily divided into
superficial and deep regions, using the thickest por-
tions of the tumour, by a line running parallel to the
surface of the skin at a level of 50% of the tumour
depth. All the tumour above this line was designated
as "superficial" tumour mass and that below the line
as "deep" tumour mass. Superficial and deep portions
of the tumour and melanocytic cells from both
regions were delineated by interactive editing of the
binary image to give independent masks that defined
the regions of the grey level image to be measured by
the computer (fig 2). The staining intensity, expressed
as average optical density, was calculated from the
area and integrated optical density measurements.
The time required for analysis was about 10 minutes
per case.

Statistical analysis was performed with a two tailed
Student's t test for unpaired groups, using the pro-
grams outlined in Statistical Package for the Social
Sciences.8
Results

s100 PROTEIN STAIN
For the whole sectioned area of tumour the mean
staining intensity for the malignant lesions was not

Table 1 Means (SD) ofoptical density ofimmunochemical
stainingfor S100 protein and NSE, comparing groups of
benign and malignant lesions

Benign (n = 16) Malignant (n = 19)

Sioo 0-3746 (0-117) 0 3939 (0-109) (t = 053; p = 0 596)
NSE 0-3042 (0-100) 0-3959 (0 100) (t = 2 70; p = 001I)*

*Significance at 95% confidence level.
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Table 2 Mean optical densities ofstainingfor SIOO protein and NSE, comparing superficial and deep regionsfor both benign
and malignant lesions

Superficial Deep

S100 benign (n = 16) 0-3653 (0-115) 0-3839 (0-123) (t = 175; p = 0 098)
SI00 malignant (n = 19) 0 3752 (0-099) 0-4162 (0-123) (t = 3-36; p = 0-003)*
NSE benign (n = 16) 0-2970 (0 097) 0-3144 (0-106) (t = 1 50; p = 0 154)
NSE malignant (n = 19) 0-3888 (0 023) 0-4029 (0-024) (t = 1-53; p = 0-145)

*Significant at 95% confidence level.

significantly different from that of the benign lesions
(table 1). For the superficial and deep regions of the
tumours the staining intensity was not significantly
different in the benign lesions, but for the malignant
lesions the staining intensity in the deep region was
significantly higher than that in the superficial region
(table 2).

NSE STAIN
For the whole sectioned tumour area the mean stain-
ing intensity was significantly higher for malignant
lesions (table 1). For the superficial and deep regions,
the staining intensity was not significantly different
from that of either the malignant or benign groups
(table 2).

Discussion

The results verify previous subjective observations
that the intensity of staining for NSE differs
significantly between benign and malignant lesions.
Similarly, for the malignant lesions there was an
expected increase in staining intensity for S1OO pro-
tein but this was only slight and was not significant
(table 1).
The results suggest that in practice measurement of

the intensity of neurone specific enolase staining may
be more useful than that of S1OO protein for discern-
ing between benign and malignant lesions. Staining
for S1OO protein, however, enables the S1OO gradient
(superficial to deep) to identify malignant tumours,
with the higher staining intensities in the deeper layers
identifying the invasive component. The ratio of SIOO
protein staining densities between superficial and
deep regions may therefore be a more convenient
indicator of behaviour in any one case. The study
showed that staining intensities for NSE and S1OO
protein in melanocytic tumours can be measured by a
simple, quick, and accurate image analysis technique
using a microcomputer system, as described. The
measurement of staining intensity by image analysis
eliminates the error caused by subjectivity, when
using arbitrary scales to assess visual impressions of
staining intensity.

It follows that if such measurements are made in a
standardised way with appropriate batch control

specimens valid comparisons can be made between
interlaboratory data. This means that reference data
from a large number of cases of known diagnosis can
be compiled, including response to treatment and out-
come. Equations can then be made using discriminant
analysis, which provide objective predictions for any
case, if the same measurements are performed.9
As it is fast, accurate, economical, and simple to

use, this method of analysis could be applied in rou-
tine practice to assess marker proteins in melanocytic
and other tumours.
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