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ABSTRACT

Conditions were established to induce rapid donai growth of melano-
cytes from newborn foreskin. Surface antigen expression was analyzed
using monoclonal antibodies derived by immunization of mice with mel
anoma cell, melanocyte, and placenta! membrane preparations. Unlike
resting melanocytes in normal skin, cultured melanocytes expressed most
major melanoma-associated antigens tested, e.g., nerve growth factor
receptor, proteoglycan, transferrin-related M, 97,000 protein antigen, M,
120,000 protein, and gangliosides 9-O-acetyl GD3 and (;â€ž...HLA-DR
antigen and ganglioside GDI were expressed at very low levels or not
expressed. After several subpassages, most melanocyte cultures, includ
ing clones and melanocytes, initially sorted by rosetting with monoclonal
antibody to nerve growth factor receptor, lost their characteristic bipolar
morphology and expression of nerve growth factor receptor and M,
97,000 antigen but continued to express high molecular weight proteins
such as proteoglycan, M, 130,000/105,000 and 120,000 antigen. The few
melanocyte cultures that did maintain their characteristic bipolar to
spindle morphology continued to express all melanoma-associated anti
gens and even began to express HLA-DR antigens. Melanocytes cultured
in the presence of the phorbol ester 12-O-tetradecanoylphorbol-13-ace-
tate also maintained their bipolar morphology, were often pigmented,
and continued to express melanoma-associated antigens for several pas
sages; they did not express HLA-DR antigen. Our studies indicate that
rapidly proliferating melanocytes in culture undergo antigenic changes
associated with malignancy.

INTRODUCTION

Melanocytes obtained from normal human skin can be grown
in culture in the presence of either phorbol ester tumor pro
moters or an extract from bovine hypothalamus (1, 2). Char
acteristically, these cells show elevated levels of tyrosinase
activity and contain premelanosomes and melanosomes. When
grown in short term culture, melanocytes do not express anti
gens associated with malignant melanoma except for the NGF3
receptor (3) and the gangliosides GD3 (4), 9-O-acetyl GD3 (5),
and proteoglycan (6) as tested with a large panel of MAbs (7-
10). On the other hand, resting melanocytes in normal skin
tested in frozen sections do not express in contrast to melanoma
cells NGF receptor (3), ganglioside GD3 (10), or other major
melanoma-associated antigens such as M, 97,000 protein (11),
proteoglycan (12), or M, 130,000 protein (10).

In this report we describe the culture conditions for rapid
growth of melanocytes and the antigens expressed by these
cells. We also report the production and characterization of
melanocyte-reactive monoclonal antibodies obtained after im-
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munization of mice with placenta! membranes, normal mela
nocytes, or gangliosides isolated from melanoma cells.

MATERIALS AND METHODS

Culture of Melanocytes. Foreskins of newborn humans were im
mersed in 70% ethanol for 15 s and washed four times with sterile
phosphate buffered saline. After removal of s.c. tissues, the foreskins
were cut into 4 x 7-mm fragments and incubated overnight at 4'C in
HBSS without Ca+* and Mg++ and with 30 IBM4-(2-hydroxyethyl)-l-

piperazineethanesulfonic acid (modified HBSS, pH 7.4) containing
0.25% trypsin. In order to remove fibroblasts from the tissues, the
epidermis was mechanically separated from the dermis using forceps,
immersed in phosphate buffered saline, and incubated while slowly
rotating for 3 h at 37'C in a 15-ml plastic tube containing 5 ml modified

HBSS with 0.1% Versene, 1.25 U/ml dispase (neutral protease, grade
II; Boehringer Mannheim) and 0.1% hyaluronidase, type IS from
bovine testis (Sigma, St. Louis, MO). Following incubation, the tissue
was vigorously vortexed, and the resulting single cells were washed
twice in modified HBSS, seeded in culture medium at 50,000 cells/
cm2, and maintained in a 5% CÃ›2atmosphere at 35Â°C.The culture

medium consisted of four parts of MCDB 153 medium (13) supple
mented with 2 mM Ã‡aand one part of L-15 medium, 5 Â¿ig/mlinsulin,
10 Mg/ml transfcrrin, 2% FCS, 5 ng/ml epidermal growth factor (only
in initial experiments), 80 Â¿ig/mlof pituitary extract (40 nu/ml in initial
experiments) (13), and 100 ng/m\ gentamicin. In some experiments,
10 ng/ml TPA was added to the medium. Medium was changed twice
each week. Subconfluent cultures were subcultured using 0.025% tryp
sin and 0.01 % versene in modified HBSS. Trypsin was inactivated with
0.01% soybean trypsin inhibitor (Sigma).

Culture of Fibroblasts and Keratinocytes. The separated dermis from
the foreskins was cut into 1-2-mm3 fragments which were placed onto
the scratched surface of 4-cm2 dishes (12 wells/plate). Dermis was left
to dry for 10-20 min before medium (Eagle's minimum essential

medium with 2X vitamins and 10% FCS) was added. Medium was
changed twice weekly until cultures reached confluence at approxi
mately 3-4 weeks.

Nevus and Tumor Cells. The human nevus and tumor cells used in
these studies (see Table 2) are described elsewhere (7, 9). These cells
were maintained in either L-15, minimum essential medium, or RPMI
1640 medium containing 10% FCS.

Cell Growth Assay. Trypsinized cells were resuspended in modified
HBSS in 1/100 of the final volume. Cells were placed in 35-mm dishes
previously filled with 3 ml medium and preincubated for at least 45
min. Cells were incubated without further medium changes for 7 days,
fixed with 10% formalin, and stained with 0.2% crystal violet. The PD
per day were calculated using the formula:

PD = Log; Mean no. cells per colony
No. of days of incubation

(A)

where nine colonies per duplicate dishes were randomly selected for
cell count. Only colonies of four or more cells were included. CFE was
calculated from:

CFE

No. of colonies formed per
dish at end of experiment

No. of cells inoculated
at start of experiment

x 100 (B)

where colonies in 15 fields (6 mm2/field) were counted in duplicate

dishes.
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Cell Cloning. Cells were seeded in 96-well microtiter plates in growth
medium at 1,2, 4, 8, and 16 cells/200 Â¿tl/well.After 8-14 days, single
colonies were selected and fed twice weekly. At subconfluence, clones
were trypsinized and transferred to larger dishes.

Tyrosinase Activity. Tyrosinase was determined using the method of
Halaban ff a/. (14).

Electron Microscopy. For detection of premelanosomes and mela-
nosomes by electron microscopy, melanocytes grown in 35-mm dishes
were fixed and embedded as described (15).

Cell Separation. For cell sorting, trypsinized cells were incubated
with 100 >jg/ml of monoclonal antibody ME 20.4 defining the NGF
receptor (3). Bound antibody was detected by rosette formation with
SRBC coated with anti-mouse immunoglobulin antibodies. Resetted
cells were separated from nonrosetted cells by centrifugation on Ficoll-
Hypaque so that the interface contained nonrosetting cells and the
pellet contained the resetted melanocytes.

Monoclonal Antibodies. MAbs 1984 and 487 were derived from the
immunization of BALB/c mice twice with pooled melanocytes from
foreskins. MAbs 39 and 77 were derived from mice immunized three
times with approximately 100 un protein doses of crude membranes
from human placenta (gift of R. Furlanetto) in an attempt to obtain
MAbs to the receptor for insulin-like growth factor I. MAb ME 24 was
produced by immunization of mice with 10 cells of melanoma cell line
SK-MEL-23 followed by an i.p. booster with a semipurified ganglioside
preparation from melanoma cells preincubated for 3 h at 37Â°Cwith a

0.5% suspension of autologous red blood cells. Fusion of spleen cells
with variant 653 of mouse myeloma P3x63Ag8, cloning and mainte
nance of hybridomas were done using standard procedures. Production
and characterization of MAbs ME 31.3 (16). ME DA3 (9), ME 77.1
(9), ME 20.4 (3), ME 13-17 (17, 18), ME 9-61 (7), 207 (9). ME 311
(5), and ME 36.1 (19) have been described.

Binding Studies. In MHA, binding of MAbs to live adherent target
cells was visualized using SRBC coated with mouse anti-SRBC anti
bodies and agglutinated with rabbit serum anti-mouse immunoglobulin
(6). Quantitative analysis of MAb binding to cells was measured by
FACS. MAbs were indirectly labeled with fluoresceinated rabbit anti-
mouse l (ab').. IgG antibodies as described (3). Percentage of cells

binding MAbs was similar for FACS and MHA except for monoclonal
antiganglioside antibodies which were weakly reactive in MHAs but
strongly in FACS. Binding of MAbs to antigens released by cultured
cells was determined in a solid-phase radioimmunoassay in which
serum-free conditioned medium, collected on day 5 from monolayers,
was dried and fixed to Polyvinylchloride microtiter plates and used as
target (20).

Biochemical Analysis of Antigens Detected by Monoclonal Antibodies.
Metabolic labeling of cells with ["SJmethionine, antigen precipitation,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and auto-
radiography have been described (21). Biochemical characterization of
the GDJ ganglioside detected by MAb ME 24 has been described (22).

RESULTS

Establishment of Cell Lines of Melanocytes. Within 8 to 12
days after melanocytes were placed in culture the cells were
80% confluent, yielding approximately 1 x IO6 cells/foreskin.

Melanocytes had a bipolar to spindle morphology and approx
imately 25% of cultures were pigmented. When tested within
the first subculture, cells of five of six cell lines showed elevated
levels of fyrosinase activity when compared to fibroblasts and
cells of 15 of 16 cell lines contained premelanosomes and
melanosomes. The PD as tested in clonal growth assays ranged
between 0.1 and 1.0 per day with a median of 0.39 for 11 cell
lines. The CFE correlated with PD/day: cells with high PD/
day, e.g., 0.8, also showed high CFE, e.g., 20%, and vice versa.
Potential contamination of the cultures with keratinocytes was
obviated by the use of medium with high calcium concentrations
which prevented attachment and thus proliferation of these
cells (23). The procedure used for the initial separation of

Table 1 Growth requirements of normal human melanocytes from newborn
foreskin

Clonal growth of normal melanocytes was tested in the presence of various
growth supplements. The base medium was modified MCDB153 medium supple
mented with FCS. pituitary extract, insulin, and transferrin. The concentration
of these growth supplements and other components was tested in growth assays
with one variable only for each assay.

Growth condition
Optimal con- % increased

Test range centration PD/day" cell growth

PCSPituitary
extractInsulinTransferrinCholera

toxinEOFHydrocortisonePhosphoethanol-amineEthanolamineLamininTPA0-16%1

0-320Mg/ml0.1-100
ng/ml1-100

jig/ml10-*-10-'2M1-50

ng/mlIO'5-
IO"'MIO"3-
10-'MIO'3-

10-'M1-20
Â»ig/ml1-100

ng/ml2%80

Kg/ml5
Mg/ml10
Mg/mlIO''
MlO-'MIO-'M7

ng/ml10
ng/ml0.40.50.30.30.40.30.40.40.40.50.5>100*>100*30*1060*001010>100*^>100*

" Mean PD/day of four cultures in two assays.
* Significant increase from controls not containing growth supplement (P <

0.05 in Student's t test). All other increases were not significant (P > 0.05).
' EGF, epidermal growth factor.
'Growth stimulatory effect Â»(laminili was only observed when plastic dishes

were coated with fibronectin (2.8 fig/cm3).

epidermis from dermis containing fibroblasts helped to ensure
minimal contamination by fibroblasts (<1%).

Effect of Medium Components on Cell Growth. Melanocyte
growth was optimal when serum was present in medium at a
concentration of 2% and pituitary extract at 80-120 Mg/ml
(Table 1). Melanocyte growth rate and CPE increased signifi
cantly when either insulin, cholera toxin, and TPA were added
to the medium. Addition of laminin to medium had a stimula
tory effect only on cells growing on fibronectin-coated dishes.
In addition to fibronectin, substrates such as gelatin (1%),
collagen (from rat tail), bovine serum albumin (0.5%), and spent
serum-free medium from a melanoma cell line, had a stimula
tory effect on cell growth. Unless otherwise noted, all subse
quent experiments were performed with melanocytes grown
without substrate in MCDB 153/L-15 medium supplemented
with the optimal concentrations of PCS, pituitary extract, in
sulin, and transferrin.

Reactivity of Monoclonal Antibodies. The binding pattern of
antimelanocyte, antiplacenta, and an anticarbohydrate MAb to
premalignant and malignant cells is summarized in Table 2.
MAb 1984, which immunoprecipitated a protein with a molec
ular weight of 110,000 from melanoma and carcinoma cells
(Fig. 1), bound to only four of 20 malignant melanoma cell
lines but to all nevus, glioma, and to most carcinoma cell lines.
MAb 487 bound to only one out of 27 melanoma, two of 27
carcinoma, and one of four leukemia cell lines. No binding to
nevus and glioma cells was seen. Antiplacenta MAb 77, which
immunoprecipitated a A/r 120,000/94,000 protein under reduc
ing conditions and, in preliminary studies under nonreducing
conditions, a similar pattern was observed, bound to 21 out of
22 melanoma cell lines, to all nevus and glioma cell lines tested,
but only to two out of 27 carcinoma cell lines and not to cells
of leukemias and lymphomas. A similar binding pattern was
observed with antiplacenta MAb 39. This antibody, however,
failed to immunoprecipitate a protein. MAb ME 24 detected
the disialo-ganglioside GD.?and cross-reacted weakly with GD2
(22); 16 of 20 melanoma, four of seven nevus, and three of 15
carcinoma cell lines were reactive with MAb ME 24. MAbs 77,
1984, and ME 24 did not react to melanocytes in frozen sections
of newborn foreskin but did bind to melanomas.4

' D. E. Elder, personal communication.
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Table 3 Binding of monoclonal antibodies to newborn human cutaneous melanocytes
All cell lines were tested for binding of monoclonal antibodies in mixed hemadsorption assays at first subculture within 2 weeks after initiation of cultures.*

GroupOncofetal

proteinsNGF

receptorHLATransferrin-related

antigenNevus-associated
antigenMelanocyte-associated
antigensPlacental

antigensAntibodyME

31.3MEDA3ME

77.1ME
20.413-17ME

9-6120719844873977IsotypeIgGlIgG2aIgGlIgGlIgGlIgG2bIgGlIgGlIgGlIgGlIgGlAntigen*ProteoglycanP130/10Spi

20NGF
receptorHLA-DRp97p98pi

10NICNIp

120/94No.

of cul
tures bind

ing/totalno.tested19/1919/1918/1919/197/1919/1917/1916/198/815/1918/19Mean
% posi

tivecells(range)67.4(20-100)93.7(40-100)95.8(60-100)75.5(10-100)6.9

(2-60)90.0(30-100)35.3

(0-100)53.5
(0-100)43.2
(10-80)43.4
(0-80)53.5

(0-90)

* With the exception of data shown for M Ab 487. For this antibody, cell lines were tested at passages 4 and 5. None of the melanocytes in 15 cultures at first

subculture bound MAb 487.
* Proteins: pl30/105, M, 130,000/105,000; pl20, M, 120,000; p97. M, 97,000; p98, M, 98,000; pl20/94, M, 120,000/94,000.
' NI, not identified.

Table 4 Expression ofgangliosides on newborn foreskin melanocytes as tested by
fluorescence-activated cell sorting

Binding of monoclonal antibodies was tested after melanocytes were removed
from plastic dishes with 0.01% EDTA and 0.02% trypsin in modified HBSS. All
cells were from first passage.

Percentage of positive cells per culture

Antibody Isotype Antigen FM 232 FM 233 FM 234 FM 240

ME36.1ME
311ME
24P3IgG2aIgG3IgMIgGlGm

andGOJ9-O-acetyl
GmGDS

and G02Control4.027.427.61.06.141.332.01.04.126.245.41.04.652.734.90.8

Table 5 Binding of anti-melanoma MAbs in MHA to melanocytes undergoing
morphological changes

Epidermal melanocytes from newborn foreskin (parental culture) were cultured
over several subpassages and tested in MHA at passage 1, 3, 5, and 7 for binding
of monoclonal antibodies. By the third passage cells had a flat and spindle-shaped
morphology. The same culture was sorted at passage 1 for the selection of cells
expressing NGF receptor. Also at passage 1, cells were cloned by limiting
dilutions. Sorted and cloned cells were grown for several weeks and then tested
at the same time for MAb binding as passage 5 of the parental culture.

Percentage of positive cells

MAb

Parental culture
Clone Clone Clone

Antigen" p.l p.3 p.5 p.7 Sorted 1 4 6

ME31.3MEDA3ME

77.1ME
20.413-17ME

9-61proteoglycanP130/105pl20NGF

receptorHLA-DRP97601001008006080806052100206080000606080000408080000203040000606060000603030000

â€¢Proteins: p!30/105,A/, 130,000/105,000;pl20, M, 120,000; p97, A/,97,000.

Table 6 Binding of antimelanoma MAbs to a melanocyte cell line with stable
morphology

Cells displayed at all passages a bipolar to spindle morphology.

Percentage of positive cells in MHA

Passage Passage Passage Passage Passage
MAb Antigen" 1 4 7 9 11

ME31.3MEDA3ME

77.1ME
20.413-17ME

9-6177ProteoglycanP130/105pl20NGF

receptorHLA-DRP97p

120/94901001001005100802010080100904030601001001001001003060100100901008060601001001001009060
Â°Proteins: pl30/105,M, 130,000/105,000;pl20,M, 120,000;p97,M,97,000;

pi 20/94, M, 120,000/94,000.

shared similar antigenic patterns at the first and seventh pas
sages when tested with MAbs in MHA (Table 7). TPA-grown
melanocytes, however, did not express HLA-DR at any passage

Table 7 Binding of MAbs in MHA to melanocytes cultured in the presence of
TPA

Cells were cultured in medium containing 10 ng/ml TPA starting with initia
tion of primary cultures. Parallel cultures were maintained in medium without
TPA. Those cells lost expression of melanoma-associated antigens (see Table 5).

Percentage of positive cells

FM 278 FM 279

MAb Antigen" P.I P.7 P.! p.7

ME31.3MEDA3ME

77.1ME
20.413-17ME

9-6177ME

24ProteoglycanP130/105pi

20NGF
receptorHLA-DRP97p

120/94Gm
and GDJ8010090SO01003030100100100500100100100601001006001004006010010040010080100

' Proteins: p 130/105, M, 130.000/105,000; p 120, M, 120,000; p97. M, 97,000;

p 120/94, A/, 120,000/94,000.

level and expressed NGF receptor at lower levels than did
pituitary extract-grown cells in the first or second passage.

DISCUSSION

Normal resting human melanocytes in situ express none of
the surface antigens associated with melanoma cells (3, 10-12).
However, under tissue culture conditions that support vigorous
cell growth, melanocytes express a variety of melanoma-asso
ciated antigens, including proteoglycan, M, 97,000 protein, M,
120,000 protein, 9-O-acetyl GD3, and NGF receptor, and thus
are antigenically similar to their malignant counterparts. Ex
ceptions were the HLA-DR antigen and ganglioside ( ;â€ž_.which
were both absent from melanocytes but present on melanoma
cells (9). On the other hand, such melanocyte cultures show no
other features associated with melanoma cultures; the cells
cease to divide at the level of the 20th to 30th subpassage, the
cells never transform spontaneously, none of four cultures
injected into athymic nude mice at 10 cells/mouse formed
tumors, and all of five cultures tested had a diploid karyotype
(data not shown).

Two likely possibilities exist to explain the expression of
melanoma-associated antigens. First, our selection of cells
growing in culture may favor rapidly dividing cells. Second,
components in the growth medium such as growth factors
(insulin, transferrin, or epidermal growth factor) or the poorly
defined constituents such as bovine pituitary extract and fetal
calf serum, might induce changes in cell surface antigen expres
sion that do not reflect cells maintained /// situ. One may thus
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presume that most of the antigens defined by MAbs generated
from mice immunized with cells or cell products from meta-
static melanoma do not represent the malignant phenotype but
rather reflect certain other growth and differentiation charac
teristics. The fact that the medium used in this study greatly
enhances the growth rate of normal melanocytes when com
pared to media used in our previous studies (6, 9) favors the
latter possibility.

Two types of changes occurred in the melanocytes with
increasing time in culture. By passages 2 to 4, approximately
80% of the cultures no longer expressed differentiation markers,
such as pigmentation, tyrosinase activity, dendritic morphol
ogy, and, among other cell surface antigens, NGF receptor.
These fibroblast-like melanocytes could be distinguished from
skin fibroblasts by their expression of proteoglycan, M, 120,000
and 130,000/105,000 proteins indicating that the observed
changes were not due to overgrowth by contaminating fibro
blasts. Unlike melanocytes, fibroblasts continued to grow vig
orously over at least 40 passages.

In the 20% of cultures that did not undergo antigenic changes,
the cells maintained their bipolar morphology over several
months until they ceased to divide. These cells remained anti-
genically stable and some even began to express HLA-DR
antigen during subculture. A stable morphological and antigenic
phenotype was also observed in melanocytes cultured in the
presence of TPA. The cells were highly bipolar with a neuron-
like morphology. This morphological phenotype may reflect a
state of differentiation generally not observed in melanoma
cells.

Our studies demonstrate that normal human melanocytes
can express antigens generally associated with the malignant
phenotype. Further studies are required to determine charac
teristics of these cells that distinguish them from premalignant
and malignant cells.
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