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SUMMARY A series of 41 fresh and 36 routinely processed malignant melanomas were immu-
nostained with a panel of 12 monoclonal antibodies reactive against a range of epithelial, lymphoid,
and melanoma associated antigens. The aim of the study was to determine whether this panel of
antibodies would be useful in diagnostically difficult cases for differentiating melanomas from other
tumours, particularly carcinomas and lymphomas. The results confirmed that most unequivocal
malignant melanomas can be identified by positivity for S100 protein and for the antigen recognised
by antibody NK1/C3, and by negativity for epithelial and lymphoid antigens. The incidence of
melanomas expressing cytokeratin antigens was higher, however, particularly in cryostat sections
than has previously been reported. It is therefore suggested that a panel ofantibodies with more than
one marker in each category should be used for identifying melanomas in clinical practice.

When the origin of a malignant tumour is unknown
the two most likely alternative diagnoses are lym-
phoma and carcinoma. Recently, studies performed in
several laboratories have established the patterns of
antigenic expression characteristic of these two cate-
gories of tumour,1 1 so that they can now almost
always be diagnosed by immunohistological labelling
with an appropriate panel of monoclonal antibodies.
A few tumours of uncertain origin encountered in
routine histopathological practice lack the antigen
profile of either lymphoma or carcinoma: in our own
experience these cases account for 10%-15% of ana-
plastic tumour biopsies.

Further investigation of such cases indicates that
the most common diagnosis is melanoma, and several
studies have suggested that immunocytochemical
labelling may be of value for indentifying this type of
tumour. 2-16 There has been no comprehensive study
of the immunophenotype of unequivocal malignant
melanomas that would enable the reliability of this
approach in practice to be assessed, however, and, in
particular, it is not certain whether or not malignant
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melanomas may, on occasion, express the antigenic
markers found on epithelial tumours.

In this study a large number of fresh and routinely
processed malignant melanomas were examined with
a panel ofmonoclonal antibodies against a wide range
of epithelial, lymphoid, and other antigens. These
results were compared with those from several other
tumour types, including lung tumours, skin tumours,
and a series of malignant tumours of uncertain histo-
logical origin. The results confirmed that it is now
possible to add melanoma to the list of anaplastic
tumours, which can be identified by immu-
nocytochemical means, when difficulty arises in estab-
lishing a diagnosis on conventional grounds.

Material and methods

Fresh biopsies of various different tumours were
received from patients attending either the John
Radcliffe Hospital, Oxford or the Finsen Institute,
Copenhagen, where most of the fresh melanomas
were collected. A representative portion was removed
from each biopsy for immunohistological exam-
ination, and the remainder was processed in the con-
ventional manner by fixation in formalin and
embedding in paraffin. The portion of unfixed tissue
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Immunocytochemical study of malignant melanoma and its differential diagnosis

Fig. la Homogeneous staining of cutaneous malignant melanoma for melanoma associated antigen recognised by mono-

clonal antibody NKJ/C3.
b and c also show extensive staining for SJO0 protein in cutaneous malignant melanomas (antibody SJ.61).
d and e are serial sections of nodular melanoma stained with two anticytokeratins, KLI (D) and PKJIO (E). Note that
PKIIO stains melanoma nodules strongly, in addition to overlying epidermis.
f is nodular melanoma which reacts with anticytokeratin (CAM5.2) while overlying epidermis (arrow) is unstained. Note
patches of brown melanin pigment (top left). Use of the APAAP immunoalkaline phosphatase technique is valuable when
staining melanoma biopsies as it avoids problems of interpretation due to melanin pigment.
b is routinely fixed paraffin embedded section. The rest are cryostat sections. All were stained by APAAP technique.

was immediately frozen in liquid nitrogen and stored
at - 70°C. Cryostat sections were collected on slides
coated with gelatin, thoroughly air dried, and fixed for
10 minutes in cold acetone. Routinely processed
paraffin blocks were retrieved from the files of the
histopathology department, John Radcliffe Hospital,
Oxford and the Flinders Medical Centre, Adelaide,
where most of the routinely processed melanomas
were obtained.

Table I gives details of the monoclonal antibodies
used in this study. Sections were immunostained by a
three stage immunoperoxidase procedure or the
APAAP (alkaline phosphatase: antialkaline phos-
phatase) technique as described previously.'1"8 All
the melanomas were stained by the APAAP technique
to avoid the problem of distinguishing immu-
noperoxidase staining from melanin. Fifteen of the 41
frozen section melanomas were positive for HLA-DR.
It was impossible to test routinely processed sections
for the presence of this antigen as the anti-HLA-DR
antibodies available for this study did not react
reliably with tissues fixed in formalin.

Results

Table 2 gives the results of immunostaining 41 fresh
and 36 formalin fixed melanomas, together with the
labelling reactions of a total of 120 other types of
tumour (basal cell and squamous cell carcinoma of
skin, carcinoma of the lung, poorly differentiated car-
cinoma, and lymphoma).
Most of the melanomas (in both paraffin and cryo-

stat sections) showed strong positivity for the
NKl/C3 antigen and for the S1OO protein, usually
homogeneously distributed throughout the tumour
(Figs. la-c). This contrasted with other tumour types
in which the labelling was seen only in occasional
biopsies and was usually much weaker than that in the
melanomas. Only one routinely processed melanoma,
failed to express either of these markers. This tumour
did not stain with any of the other antibodies in the
panel.
The melanomas also differed from other categories

of tumour in that they were usually negative for cyto-
Table 1 Details ofmonoclonal antibodies used in study

Antibody Antigen Reference
Cytokeratins:

KLI 55-57KD 20
CAM5.2 39-50KD 14
PK 52 64-67KD
PK 63 50-67KD K Pulford
PK 110 50-67KD (unpublished)
PK 121 61-62KD
PK 141 46-59KD
SI.61 SlOO protein 21
S3.77 SlOO protein 21
E29 Epithelial membrane antigen (EMA) 22
NKI/C3 Melanoma associated antigen 16
CR3/43 HLA-DR 23

Table 2 Comparison of reactivity ofmelanoma and lung carcinoma on cryostat and routinely embedded tissue samples

Material No of Melanoma
Cases associated Cytokeratin

antigen Sf00

(NKI/C3) protein KL1 CAM5.2 PKIIO PKI2l EMA CEA HLA-DR

Melanoma Cryostat 41 41 40 0 4 29 2 0 0 15
Melanoma Routine 36 31 31 0 0 4 1 0 0 ND
Lung cancer Cryostat 11 4 11 11 11 ND ND 9 5 4
Lung cancer Routine 7 1 4 7 7 3 2 7 5 ND

Anticytokeratin antibodies PK 52, PK 63, and PK 141 were negative with all melanomas and positive (to different degrees) with epithelial
tumours.
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Table 3 Comparison of reactivity of routinely processed melanomas and other tumour types

Melanoma
associated Cytokeratins

No of antigen S1OO
cases (NKI/C3) protein KL1 CAMS.2 PKIIO PKI21 EMA CEA

Melanoma 36 31 31 0 0 4 1 0 0
Lung cancer 7 1 4 7 7 3 2 7 5
Skin, squamous cell carcinoma 16 0 7 11 1 7 12 12 2
Skin, basal cell carcinoma 11 0 3 5 1 1 5 0 0
Anaplastic tumours
Carcinomas 20 4 9 19 19 ND ND 19 6
Lymphomas 55 6 11 0 0 ND ND 0 0

Anticytokeratin antibodies PK 52, PK 63, and PK 141 were negative with all melanomas and positive (to different degrees) with epithelial
tumours.

keratins (Fig. Id) and other epithelial markers (epi-
thelial membrane antigen and carcinoembryonic anti-
gen). All the carcinomas were positive for many or all
of these. Twenty nine of 41 frozen and four of 36
routinely processed melanomas, however, were posi-
tive with the anticytokeratin PKl 10 (recognising cyto-
keratins of 50-67 kilodaltons molecular weight)
(Fig. le). In addition, occasional melanomas were
stained by two other anticytokeratin antibodies, posi-
tive staining being seen with PKI21 and CAM 5-2
(Fig. lf). Each of the melanomas that reacted with one
or more of the anticytokeratin antibodies showed typ-
ical staining for S1OO protein or NK1/C3.

Discussion

Recently the differential diagnosis ofanaplastic malig-
nant tumours has been considerably facilitated by the
introduction of immunohistological labelling with
monoclonal antibodies against epithelial, lymphoid,
and other antigens. Many of these antibodies react
only with acetone fixed cryostat sections prepared
from fresh biopsy material. As many diagnostic prob-
lems are appreciated by the pathologist only after a
tissue biopsy has undergone fixation in formalin and
processing the application of this approach in routine
diagnosis was initially limited. The recent production
of a small number of monoclonal antibodies against
epithelial, lymphoid, and other antigens, which are
suitable for use on routine paraffin embedded
material, has extended the use of these techniques into
the routine diagnostic laboratory.

Several studies have shown that a major problem in
general pathological practice is the distinction
between carcinoma and lymphoma. The monoclonal
reagents now available against epithelial and lym-
phoid antigens enable most of these cases to be
identified.46"1019 Amelanotic malignant melanoma,
however (traditionally one of the most important
differential diagnoses), is recognised only by lack of
immunostaining for these markers or by positivity

for antigens shared by many other tumours for
example, vimentin.

In previous immunocytochemical studies either a
series of melanomas was analysed with a single anti-
body or a few cases of melanoma were included in a
large series of anaplastic tumours. The picture that
emerged from these studies was that melanoma can be
reliably identified by a combination of negativity for
epithelial and lymphoid antigens and positivity for
S100 protein and antigens associated with
melanoma-for example, that recognised by antibody
NK1/C3.121516

This study investigated the practical utility of
immunocytochemistry in diagnosing melanoma by
staining a large series of melanomas, both in cryostat
and routinely processed sections, with a panel of 12
different monoclonal antibodies. These results were
compared with the patterns seen in lung carcinomas,
squamous and basal cell carcinomas of skin, and in a
series of 75 carcinomas and lymphomas that had been
considered to be undiagnosable before immunocyto-
chemical study.

These findings confirm that more than 85% of both
cryostat and routinely processed sections of mela-
noma are positive with both NKI/C3 and anti-SIOO
antibodies. As in previous studies neither of these two
markers was restricted to the presence of melanomas
on a small number of carcinomas and lymphomas.

In contrast to their strong reactivity with antibody
NKI/C3 and anti-SIOO, most melanomas were nega-
tive for epithelial associated antigens. It should be
noted, however, that the incidence of melanomas
expressing these antigens may be higher than has been
appreciated in the past. It is evident from this study
that although the anticytokeratin antibody PKl 1O
stained only four out of 36 cases of melanoma in
paraffin sections, it was reactive in more than 50% of
cases (29 of 41) when tested on cryostat sections.
Hence the concept that melanomas usually lack epi-
thelial cytokeratins may indicate that many previous
studies were performed on paraffin tissue sections in
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which a considerable loss of antigenic reactivity
occurred.
The particular monoclonal antibody used to detect

cytokeratins may also influence the occurrence ofpos-
itive labelling. In this context it is of practical
importance that we found that the monoclonal anti-
cytokeratin antibody, CAM5.2, a reagent previously
regarded as specific for epithelial tissues,'4 labelled a
few melanomas (four of 41) when tested on cryostat
sections. This substantiates other observations of
non-epithelial cell staining with this antibody in lym-
phoid tissue (unpublished observations). Whether
these results mean that some melanomas contain cyto-
keratin intermediate filaments or that the anti-
epithelial antibodies recognise shared epitopes on
different intermediate filaments is still unclear.
The results of this study allow the important prac-

tical conclusion to be drawn that malignant mela-
noma can often be identified by strong positivity for
both S1OO protein and for the antigen recognised by
antibody NKI/C3. In view of the occasional reaction
of these antibodies with non-melanocytic tumours,
however, we recommend that the panel of antibodies
used for diagnosing melanoma should contain at least
two antiepithelial antibodies. A suitable panel for this
purpose should therefore consist of anti-S100, anti-
body NKl/C3, three antiepithelial antibodies (two
anticytokeratins and one antiepithelial membrane
antigen), and an antileucocyte common antibody.
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CAM5.2, respectively.
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