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ABSTRACT

The present study describes two novel antigens, a glycoprotein with a
molecular weight of 113,000 and a protein with a molecular weight of
76,000, which are associated with the transformed phenotype of mela-
nocytes.

The monoclonal antibodies (MoAb) MUC18 and MUC54, raised
against human malignant melanoma, were selected for differential reac
tivity with normal and neoplastic cells of melanocyte lineage. The antigen
defined by MoAb MUC18 is a membrane bound monomeric sialylated
glycoprotein with an apparent molecular weight of 113,000. In contrast
to the broad reactivity with melanomas, isolated nevus nests were stained
in only 1 of 55 nevi investigated. No staining of MoAb MUC18 was
observed in a large variety of surgically removed normal and tumor
tissues except for smooth muscle cells of the blood vessel wall and hair
follicles. MoAb MUC54 immunoprecipitated a cytoplasmic monomeric
protein with an apparent molecular weight of 76,000. By immunoperox-
idase staining, the antigen was demonstrated on a large number of
melanomas and in addition on 1 of 36 nevocellular, 3 of 4 Spitz, and 5 of
14 dysplastic nevi. The M, 76,000 protein was found in a number of
epithelial tissues and various types of neoplasms. Both antibodies pre
sented in this study define structural changes in the antigenic profile of
melanocytes occurring during carcinogenesis.

INTRODUCTION

That antigenic differences exist between neoplastic cells and
their normal counterparts has been demonstrated in numerous
experimental tumor systems (1). One of the major challenges
in the study of spontaneous human tumors is to identify such
putative molecular differences and to correlate them with events
involved in carcinogenesis. Human malignant melanoma is an
ideal tumor system for such investigations. The pigmental
nature of these lesions and their location on the skin allows
access not only to benign activated melanocytes of nevi but also
to very early malignant melanomas. Nevocellular nevi and
dysplastic nevi have been interpreted by Clark et al. (2) to
represent initial steps in the evolution of melanocytes towards
malignant melanoma. Furthermore, the linear correlation be
tween the thickness of primary melanomas and the incidence
of mÃ©tastasesarising from such tumors (3) implies additional
changes in the cells of locally progressing primary melanomas.
One approach to identifying melanoma associated molecules
which are correlated with multiple stepwise changes in the
evolution from normal skin melanocyte to melanoma is to
isolate monoclonal antibodies which are able to discriminate
between these various lesions.
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Using this approach we have previously identified two mol
ecules, gp75" and gp89 (4,5), which are expressed in melanomas

but rarely in benign nevi. In this paper we describe two newly
developed monoclonal antibodies, MUC18 and MUC54, which
define two antigens, a membrane associated gpll3 (MUC18)
and a cytoplasmic p76 (MUC54), which are differentially ex
pressed in malignant melanoma and their benign counterparts.

MATERIALS AND METHODS

Cells, Tissues, and Antibodies. The human melanoma cell lines Mel
Juso, Mel Wei, and Mel Ho were established in our laboratory and
maintained as described (4). MoAb 141.11 (IgM) was provided by G.
HÃ¤mmerling, Heidelberg, Federal Republic of Germany, and MoAb
UPC 10 (IgG2a) was purchased commercially (Sigma, St. Louis, MO).
MoAb 225.28S directed against the high molecular weight antigen of
melanoma was obtained from S. Ferrone, Valhalla, NY (6).

Tissues were snap-frozen in liquid nitrogen immediately after sur
gical removal and stored at -70Â°C.

Fusion and Selection of Hybridomas. MoAbs Mills (IgG2a) and
MUC54 (IgM) were produced by fusion of the nonsecreting P3 x 63
Ag 8.653 myeloma and spleen cells from C57BL/6 x BALB/c F, mice
using standard procedures (7). In the case of MoAb MUC18, the spleen
cells were fused 3 days after a single i.p. injection of a membrane
enriched fraction (corresponding to l mg protein) prepared from a
melanoma lymph node metastasis, together with Bordetella pertussis
adjuvant. MoAb MUC54 was obtained from a mouse given injections
of 100 mg of Lipid A and 14 days later 3 x IO6cells each of Mel Juso,

Mel Ho, and Mel Wei. The Lipid A was kindly provided by Dr.
Consens, Freiburg, Federal Republic of Germany. Supernatants of
hybrids were screened by immunoperoxidase staining of frozen tissue
sections. Hybridomas staining a melanoma lymph node metastasis and
showing no reactivity with one nevocellular nevus were cloned two
times by limiting dilution on feeder layers of mouse peritoneal macro
phages.

Immunoperoxidase Staining. After dehydration for l h at 40 ( and
fixation for 10 min in acetone, <>//m frozen tissue sections were incu
bated for l h with MoAb and then rinsed with PBS. An affinity purified
peroxidase conjugated rabbit antiserum to mouse immunoglobulins
(Dianova, Hamburg, Federal Republic of Germany) was diluted 1:200
in PBS/10% fetal calf serum and applied for 1 h. The sections were
washed three times with PBS and stained for 7-8 min with a solution
of 0.25 mg/ml 3-amino-9-ethylcarbazole (Sigma) and 0.003% H2O2 in
0.1 M acetate buffer, pH 4.9. The carbazole had initially been dissolved
(5 mg/ml) in Ar,Ar-dimethylformamide (Sigma). After washing in acetate

buffer, the sections were counterstained with hematoxylin for 1 min,
mounted in Kaiser's glycerin gelatine (Merck, Darmstadt, Federal

Republic of Germany) and evaluated microscopically. In each section,
the percentage of stained cells was estimated and tissues were only
scored as negative if no reactive cell could be detected. MoAbs 141.11
(IgM) and UPC 10 (IgG2a) served as isotype controls. For all experi
ments undiluted tissue culture supernatants were used.

Immunoprecipitation. Cell surface proteins were externally labeled

' The abbreviations used are: gp75, a glycoprotein with a molecular weight of

75,000 (other glycoproteins are similarly abbreviated); p76, a protein with a
molecular weight of 76,000; MoAb, monoclonal antibody; PBS, phosphate buff
ered saline.
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with '"I using the glucose oxidase-lactoperoxidase method as described

(8). To label cells with radioactive amino acids, cells were cultured for
l h in methionine free medium and then for 4 h in medium supple
mented with 50 iiCi/ml [35S]methionine (specific activity, 800 Ci/mmol;

Amersham Buchler, Braunschweig, Federal Republic of Germany).
Immunosorbents prepared by binding MoAbs to Protein A-Sepharose
(Sigma) were added to labeled cell lysates at 4Â°Cfor 3 h. For IgM

MoAbs the immunosorbents were preincubated with 100 ng affinity
purified rabbit anti-mouse immunoglobulin in PBS, pH 8.O. Bound
material was eluted by boiling in sample buffer (with or without dithio-
threitol) and analyzed on a 7.5% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis according to the procedure described by Laemmli
(9). Fixed, stained, and dried gels were exposed to Kodak XAR-5 film
at â€”70"Cwith an intensifying screen. Molecular weight markers were

obtained from Amersham (Amersham Buchler).
Neuraminidase Digestion. Neuraminidase digestion was performed

according to the procedure described by Brown et al. (IO).

RESULTS

Expression of Antigenic Determinants Recognized by MoAbs
MUC18 and MUC54 in the Melanocyte Lineage. MoAbs
MUC18 (IgG2a) and MUC54 (IgM) were obtained as described
in "Materials and Methods." Analysis of a large number of

benign and malignant melanocytic lesions confirmed that the
antigens defined by MoAbs MUC18 and MUC54 are associated
with malignant transformation in the melanocyte lineage. The
percentage of lesions reactive with each antibody is listed in
Table 1, and the fraction of positive cells within each lesion is
depicted schematically in Fig. 1. As shown in Table 1, 47% of
49 primary melanomas and 69% of 26 metastatic melanomas
examined expressed the antigen defined by MoAb MUC18
while 76% of the primary melanomas and 62% of the metastatic
melanomas expressed the antigen defined by MoAb MUC54.
Both antigens were found on subpopulations of tumor cells,
and the distribution of the antigens within each lesion indicated
that their expression is independent. As is evident from Fig.
2fl, staining with MoAb MUC18 was membrane associated,
which is consistent with the location of the antigen on the cell
surface as demonstrated by immunofluorescence staining and
surface radioiodination of cell lines. The staining pattern of
MoAb MUC54 appeared cytoplasmic (Fig. 2b) which was also
confirmed by analyses of cell lines. In contrast to the broad
reactivity with melanomas, MoAb MUC18 stained scattered
nevus cell nests in only 1 of 55 nevi tested (Table 1). The nevi
investigated included 35 nevocellular, 4 Spitz, and 16 dysplastic

Table 1 Reactivity of MoAbs MUC 18 and MUC 54 with benign and malignant
melanocytic lesions

Immunohistochemical staining
with

MelanocyticlesionsNevocellular

nevi
Junctional
Compound
Dermal
Congenital
Spitz nevusMUC

181/39Â°
(3)*

0/4 (0)
1/18(6)
0/10(0)
0/3 (0)
0/4 (0)MUC544/39

(10)
0/4 (0)
0/18 (0)
0/10(0)
1/3 (33)
3/4 (75)

Dysplastic nevi' 0/16(0) 5/14(36)

Melanomas 41/75(55) 53/75(71)
Primary melanomas 23/49 (47) 37/49 (76)Melastatic melanomas 18/26 (69) 16/26(62)

Â°Number of positive lesions/number of lesions tested as measured by immu-
noperoxidase technique. Lesions were scored as negative only if no reactive cells
could be detected. Isotype controls were 141.1 l(IgM) and UPC10(IgG2a).

* Numbers in parentheses, percentage of positive lesions.
' Dysplastic nevi were diagnosed according to the criteria described by Clark

et al. (2) and Elder el al. (20).
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Fig. 1. Reaction patterns of MoAbs MUC18 and MUC54 with various me

lanocytic lesions. Each dot represents a single lesion. O, negative reacting lesion;
â€¢,positive reacting lesion. The percentage of positive cells per lesion were divided
into five intensity groups: 0; 0-25; 26-50; 51-75; and 76-100. NN, nevocellular
nevi; DA', dysplastic nevi; PM, primary melanoma; MM, metastatic melanoma.

nevi (Fig. 3). MoAb MUC54 reacted with 1 of 35 nevocellular
nevi (a congenital nevus located next to a primary melanoma)
3 of 4 Spitz, and 5 of 14 dysplastic nevi. As in malignant
melanomas, distinct subpopulations of nevus cells were stained,
although the fraction of positive nevus cells was reduced as
compared with the fraction of positive cells in the tumors. In
seven cases MoAb MUC54 was found to react with apparently
normal melanocytes overlaying a nevus or tumor although in
some cases the nevi themselves were negative. In four primary
melanomas the epidermis overlying the tumor cells was also
stained, while the epidermis of normal skin adjacent to the
tumor area was negative.

Reactivity of MoAbs MUC18 and MUC54 with Surgically
Removed Normal and Malignant Tissues. To characterize the
reactivity of these MoAbs outside of the melanocyte lineage,
frozen tissue sections of various neoplastic and normal tissues
were examined for expression of the antigens defined by MoAbs
MUC 18 and MUC54 (Tables 2 and 3). MoAb MUC 18 showed
strong reactivity with smooth muscle cells of the blood vessel
wall and in some instances with germinal cells of hair follicles.
The smooth muscle of the colon and stomach, skeletal muscle,
and all other tissues tested (normal, benign proliferative lesions
and tumors) showed no staining. In these cases, reactivity with
the smooth muscle cells of the blood vessel wall served as an
internal positive control. The tissue distribution of the MUC54
antigen appeared to be quite different. It was strongly expressed
on a number of nonmalignant tissues, such as on the mucosa
of the gastrointestinal tract, hepatocytes, kidney tubules, and
in the lymph nodes, where only dendritic cells in the germinal
centers were stained. Furthermore, MoAb MUC54 stained
subpopulations of tumor cells in several of the carcinomas
examined (Table 3). Comparison of the reactivity of hepatocytes
and mucosa of colon and stomach with their malignant coun
terparts revealed a stronger expression of MoAb MUC54 on
normal than on malignant tissue. In all other cases malignant
tissue showed a stronger reaction than the corresponding nor
mal tissue.

Biochemical Characterization of the Antigens Defined by
MoAbs MUC18 and MUC54. To further investigate the nature
of the antigen detected by MoAb MUC18, melanoma cell lines
were labeled by surface iodination, lysed with detergent, and
the antigen isolated by immunoprecipitation. MoAb MUC 18
precipitated a protein with an apparent molecular weight of
113,000 under reducing and 98,000 under nonreducing condi
tions (Fig. 4). This migration behavior suggests that the antigen
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Fig. 2. Immunoperoxidaseanalysis of the reactivityof MoAbs MUC18 and MUC54 with lymph nodes containing metastatic melanoma,a, MoAb MUCI8; b,
MoAb MUC54. Original magnification:a, x 125;b, x 150.

Fig. 3. Immunoperoxidase analysis of the reactivity of MoAbs MUC18, MUC54, and 225.28S with a compound nevus, a, MoAb MUC18; *, MoAb MUC54; c,
MoAb 225.28S. Original magnification, x ISO.
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Table 2 Reactivity ofMoAbs MUC 18 and MUC 54 with normal tissues and
benign lesions

Tissues with positive reactivity with Tissues scored as negative Â«Â¡Mr"

MUCI8Smooth

musclecells
oftheblood

ves
selwallHair
folliclesMUC54Hepatocytes

(4/4)Â°Colon

mucosa(9/9)Small

intestinemucosa
(2/2)Stomach

mucosa(2/5)Intestinal

meta
plasia(2/2)Tubules

inkidney(3/3)Dendritic

cellsinlung
and ger

minalcentersof
lymphnodesLymph

vesselsMUC18Skin

epidermisSweat
glandSebaceous

glandLung
(3)'Spleen

(1)Thymus
(2)Lymph

node(3)Kidney
(3)Liver
(4)Bile
ductStomach

(4)Intestinal
Meta

plasia(2)Colon
(10)Small
intestineGall

bladder(1)Pancreas
(1)Thyroid

glandGoiter
(2)Mammary

glandMastopathia
(2)Brain

CerebrumCerebellum
(1)Peripheral
nervesSkeletal

muscle(1)Smooth
muscleofcolon

andstomachBone

marrow(2)Blood
cellsPMC*
(5)PHA

stimulatedPMC
(5)MUC54Skin

epidermisSweat
glandSebaceous
glandHair

folliclesLung
(3)Spleen
(1)Thymus
(2)Bile

duct(4)Gallbladder
(1)Pancreas

( 1)Thyroid
glandGoiter

(2)Mammary
glandMastopathia

(2)Brain
Cerebrum(1)Cerebellum

(1)Peripheral
nervesSkeletal

muscle(1)Smooth
muscleofcolon

andstomachBone

marrow(2)Blood
cellsPMC
(5)PHA

stimulatedPMC
(5)

â€¢Numbers in parentheses, number of positive lesions/number of lesions tested.
* Tissues were scored as negative only if no reactive cell could be detected.

Isotype controls were 141.1 l(IgM) and UPC10(IgG2a).
' Numbers in parentheses, number of specimens scored as negative.
rfPMC, peripheral mononuclear cell; PHA, phytohemagglutinin.

Table 3 Reactivity of MoAbs MUCI8 and MUC54 with malignant tumors of
various origins

Immunohistochemical
stainingwithTumor"ColorÃ©ela!

carcinomaGastric
carcinomaBreast
carcinomaOvarian
carcinomaRenal

cellcarcinomaBronchial
carcinomaThyroid
carcinomaAdrenal
carcinomaVaginal
carcinomaChorion
carcinomaRetinoblastomaBasal

cellcarcinomaGliomaNeuroblastomaEpstein-Barr

virustransformedB-lymphoblastoid
celllineT-cell

leukemia'MUC180/9*0/80/100/30/40/10/10/10/10/10/10/10/20/10/160/3MUC548/96/85/93/30/40/10/11/11/10/10/10/10/20/10/80/3

' Tumors were scored as negative only if no reactive cell could be detected.

Isotype controls were 141.1 l(IgM) and UPC10(IgG2a).
* Number of positive lesions/number of lesions tested.
r Cell lines; T-cell lines: Molt4; CEM; and Jurkat.

is a single chain protein with intrachain disulfide bonds. When
the lysate of radioiodinated melanoma cell line Mel Ho was
digested with neuraminidase prior to immunoprecipitation a
shift of the molecular weight from 113,000 to 100,000 was
observed, demonstrating that the antigen is a sialylated glyco-

protein.
Because of the cytoplasmic localization of the MUC54 anti

gen, metabolic incorporation of [35S]methionine was used to
label this molecule. As shown in Fig. 4, MoAb MUC54 im-

92.5-

68-

-

46-

Fig. 4. Autoradiograph of MoAbs MUC18 and MUC54 immunoprecipitates
of labeled extracts of human melanoma cells analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (7.5% acrylamide). The location of the molec
ular weight standards are indicated on the left. These included ovalbumin (M,
46,000), bovine serum albumin (M, 68,000), and phosphorylase b (M, 92,500).
Lane a, antigen precipitated by MoAb MUC18 from '"I labeled Mel Juso cells,
reduced; lane b, antigen precipitated by MoAb MUC18 from I!5I labeled Mel Ho
cells, reduced; lane c, antigen precipitated by MoAb MUC18 from '"I labeled
Mel Ho cells incubated at 37"C for l h with 0.5 unit neuraminidase, reduced;
lane d, antigen precipitated by MoAb MUC54 from ["S]methionine labeled Mel
Juso cells, reduced; lane e, antigen precipitated by MoAb MUC54 from
("SJmethionine labeled Mel Juso cells, unreduced.

munoprecipitated a protein with an apparent molecular weight
of 76,000 under reducing and 70,000 under nonreducing con
ditions suggesting that the antigen is a single chain protein with
intrachain disulfide bridges.

DISCUSSION

The melanocytes of benign nevi share many characteristics
with their malignant counterpart. The majority of melanoma
associated antigens which have been defined by MoAbs cannot
be detected on skin melanocytes but are expressed by melano
cytes of nevocellular nevi in essentially the same way as by
melanoma cells (11-13). The expression of markers such as the
transferrin receptor (5) as well as the occasional observation of
mitotic figures (14) indicate that nevus cells, although benign,
are in an active and proliferative state. By specifically screening
anti-melanoma MoAbs on nevocellular nevi in situ, molecules
differentially expressed by benign and malignant melanocytes
can be identified. To date, four such molecules have been
reported, gp75 (4), gp89 (5), gp 130 ( 15), and the antigen defined
by MoAb PAL Ml (16). Based on their biochemical character
istics and tissue distribution, gpll3 and p76 are two new
proteins showing such differential expression. Of the 75 mela
nomas examined, the majority expressed both gpll3 (defined
by MoAb MUC 18) and p76 (defined by MoAb MUC54),
although gpll3 was more frequently observed on mÃ©tastases
then on primary melanomas. Analysis of individual tumors
indicates that the expression of the two antigens is independent
both among the tumors and within a given tumor. In contrast
to melanomas, gpl 13 and p76 were only rarely found on nevus
cells in situ. In only one nevus of the 55 examined was gpl 13
observed, and its expression was limited to occasional isolated
nevus nests. Although p76 was seen in nine nevi, expression of
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this molecule appeared to correlate with atypia (dysplastic nevi)
or increased activity (Spitz nevi) of the cells. Thus, while only
1 of 35 nevocellular nevi contained reactive cells, 3 of 4 Spitz
nevi and 5 of 14 dysplastic nevi expressed p76.

Extensive examination of normal and malignant human tis
sues indicates that with the exception of smooth muscle cells
of the blood vessel wall and germinal cells of hair follicles, the
expression of gpll3 is virtually limited to melanoma cells. In
contrast, p76 is present in a variety of normal tissues such as
hepatocytes and gastric mucosa. These observations suggest
that the expression of gpl 13 (or at least the epitope defined by
MoAb MUC18) is specifically associated with melanocyte
transformation while the expression of p76 may reflect a dys-
regulation of an epithelial cell product normally not expressed
in the melanocyte lineage. In 1935 Rous and Beard (17) pro
posed that malignant tumors develop by the accumulation of
stepwise changes involving several independent characteristics.
Today this hypothesis is supported by numerous observations
in experimental systems (18) as well as in human tumors (19).
The strong association of gp75, gp89, gpl30, and the PAL Ml
antigen as well as newly defined p76 and gpl 13 with malignant
transformation of melanocytes suggests that these molecules
may play a role in this process. The sporadic and independent
expression of these molecules in nevocellular nevi would be
expected from a multihit origin of malignant melanoma. How
ever, such speculation can only be resolved by a detailed under
standing of the nature and function of these molecules.
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