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ABSTRACT

Previous studies from our laboratory have suggested that melanomas
can be grouped in subsets reflecting stages of melanocyte differentiation.
Each of these stages has a characteristic cell surface antigenic phenotype.
We have examined the effect of culture of melanoma cell lines repre
senting different stages of differentiation in RPMI medium containing
insulin, transferrin, and selenium (ITS). Only cell lines with a phenotype
corresponding to early or intermediate stages of melanocyte differentia
tion could be adapted to culture in ITS medium. ITS cultures showed a
decreased reactivity with monoclonal antibodies detecting epidermal
growth factor receptor and transferrin receptor. Decreased reactivity with
anti-epidermal growth factor receptor antibodies was the result of the
production of epidermal growth factor receptor-binding molecules by
melanoma cells and down-regulation of the receptor, while decreased cell
surface expression of transferrin receptors seemed related to redistribu
tion of receptor molecules to an intracellular pool. Culture of la-negative
melanomas in ITS medium resulted in expression of major histocompat-

ibility complex Class II antigens. Induction of la antigen by culture in
ITS medium was constitutive and irreversible. No coordinate changes in
phenotypic traits suggestive of induction of differentiation were observed.
Melanoma cell lines respond differentially to growth factors, and expres
sion of growth factor receptors and other cell surface molecules is
regulated by culture conditions.

INTRODUCTION

Melanoma is a particularly illustrative tumor system for the
study of cell differentiation, malignant transformation, and
tumor progression: (a) melanoma usually arises in the skin and
frequently metastasizes to the s.c. tissue where it is accessible
for biopsy; (b) a preneoplastic lesion, the dysplastic nevus, is
available for study; (c) melanoma cells can be disaggregated
into single cell suspensions; (</) permanent cell lines can be
established from approximately 30% of mÃ©tastases;(e) methods
have recently been developed for the culture of normal melan-
ocytes in medium containing 12-0-tetradecanoylphorbol-13-
acetate and cholera toxin (1) or a melanocyte growth factor
produced by melanoma, astrocytoma, and fibroblast cell lines
(2); and (/) a number of well-characterized phenotypic markers

(e.g., production of melanin, tyrosinase activity, melanosomes)
distinguish melanocytic cells (1-9).

We and others have previously described a variety of cell
surface antigens of cultured melanomas and melanocytes using
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mAb3 (3, 5-11). Based on cellular morphology, pigmentation,

levels of tyrosinase activity, and cell surface antigenic pheno
type, a scheme of antigenic changes accompanying melanocyte
differentiation has been proposed (3, 5, 6). Antigens expressed
by adult melanocytes, but not by fetal melanocytes, were pro
posed to be markers of late stages of differentiation. Antigens
expressed by fetal melanocytes, but not by adult melanocytes,
were proposed to be markers of intermediate stages of melan
ocyte differentiation. Antigens expressed by some melanomas,
but absent from adult and fetal melanocytes, were proposed to
be markers of a melanocyte precursor, the melanoblast, which
has not yet been identified (3, 5, 6). Melanomas can be grouped
into early, intermediate, and late stages of differentiation ac
cording to their antigenic phenotype and the expression of
other phenotypic markers (cell morphology, pigmentation, and
tyrosinase activity).

In the present study we have analyzed the growth and phe
notype of a panel of melanoma cell lines cultured in a chemically
defined, serum-free medium containing insulin, transferrin, and
selenium. Melanoma cultures with early and intermediate dif
ferentiation phenotype, but not those with late differentiation
phenotype, could be adapted to proliferate in ITS medium.
Culture in ITS was accompanied by reproducible changes in
cell surface antigenic phenotype.

MATERIALS AND METHODS

Cell Culture. Cell lines were established as described previously (3,
4). Cultures were maintained in RPMI 1640 supplemented with non-
essential amino acids (1%), glutamine (2 HIM),penicillin (100 units/
ml), streptomycin (100 units/ml), and FBS (10%) (FBS medium) or in
RPMI 1640 supplemented with nonessential amino acids (1%), insulin
(5 jig/ml), transferrin (5 ^g/ml), and selenium (5 ng/ml) (ITS medium)
(Collaborative Research, Waltham, MA). A panel of melanoma cell
lines displaying phenotypes of early and late stages of differentiation
was selected for study. Subconfluent cultures were directly transferred
from FBS-containing medium to ITS medium without stepwise reduc
tion of the FBS content. Cultures have been maintained in ITS medium
uninterruptedly for 12-36 months.

Upon confluency, cultures were passaged by treatment with a solu
tion of trypsin (0.5 mg/ml) and EDTA (0.2 mg/ml) in Hanks' balanced

salt solution. Cultures maintained in FBS medium were treated with
T/E solution for 5-10 min at 22Â°C,and cells were collected by centrif-

ugation and subcultured. Cultures maintained in ITS medium were
treated with T/E solution for 0.5 min. The flasks were gently shaken,
and cells were centrifuged and subcultured.

To determine if growth factors were secreted by cells cultured in ITS,
conditioned medium was stored at â€”20Â°C,freeze-dried, dissolved in
distilled H2O to 5-10% of the original volume, and dialyzed against
RPMI 1640. Fresh ITS medium was processed in parallel as a control.
Concentrated, unfractionated medium was used for competition assays
(see "Binding Assay").

3The abbreviations used are: mAb, monoclonal antibody; EGF, epidermal

growth factor; EGFr, epidermal growth factor receptor; FBS, fetal bovine serum;
IFN, interferon; ITS, insulin, transferrin, and selenium; mel-CSPG, melanoma
chondroitin sulfate proteoglycan; MHC, major histocompatibility complex; NGF,
nerve growth factor: PBS, phosphate-buffered saline; T/E, trypsin/ethylenedi-
aminetetraacetate; TGF, transforming growth factor.
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Growth Curves. Cultures were trypsinized and 2-5 x 10~'cells were

plated in each well of Costar 3040 plates (Costar, Cambridge, MA).
Cell counts were determined in duplicates at days 1, 3, 5, 7, and 9 using
a hemocytometer. Cellular viability was determined by the trypan blue
dye exclusion method.

SÃ©rologies!Reagents. Table 1 lists the mAbs used in this study and
provides information on the antigens detected by them. mAbs were
used as supernatants of hybridoma cultures or as sera obtained from
nu/nu mice bearing hybridoma-induced tumors. mAb 225, detecting
EGFr (12), was provided by Dr. J. Mendelsohn (Sloan-Kettering Insti
tute, New York, NY) and was used at a concentration of l mg/ml.
Hybridomas secreting mAb OKT9 [detecting transferrin receptor
(13)], mAb W6/32 [against a nonpolymorphic epitope of Class I MHC
antigens (14)], and mAb L243 [detecting a monomorphic determinant
of human Class II MHC antigens (15)] were obtained from the Amer
ican Type Culture Collection. mAb 13-17, detecting a monomorphic
determinant of human Class II MHC antigens (16, 17), was kindly
provided by Dr. H. Koprowski (Wistar Institute, Philadelphia, PA).
The rest of the mAbs used in this study were produced in our laboratory
and their characteristics have been described previously (2, 3, 5, 18,
19).

Serological Assays. The anti-mouse immunoglobulin and protein A
hemadsorption assays were performed as reported previously (20).
Briefly, cells cultured on Falcon 3040 Microtest II plates (Falcon
Labware, Oxnard, CA) were incubated with serial dilutions of antibody
for l h at 22Â°C.After a washing with PBS containing 1% 7-globulin-
free FBS, cells were incubated for l h at 22Â°Cwith a 0.2% suspension

of type O RBC previously conjugated to anti-mouse immunoglobulin
or protein A and washed with 1% 7-globulin-free FBS/PBS. In some
assays cells were cultured in ITS medium:RPMI 1640 (1:1) containing
15% FBS (final FBS concentration, 7.5%). Some cells cultured in ITS
medium did not adhere well to plastic and were assayed on plates
precoated with concanavalin A (1 mg/ml) as described previously (21).
End point tilral ion refers to the antibody dilution that showed 10% of
the target cells forming rosettes.

Immunoprecipitation Procedures. For metabolic labeling of proteins,
cells were cultured in medium containing [35S]methionine. For pulse-
chase experiments, cells were labeled in medium containing [35S]methi-

onine (50 Â¿iCi/ml)for 30 min and then chased with medium containing
cold methionine for 10 min, 30 min, l h, 2 h, 4 h, and 8 h. Extracellular
membrane components were labeled with '"I using the lactoperoxidase

method as described (22). Cell lysates and radioimmunoprecipitates
were obtained and analyzed as described previously (23).

Binding Assays. EGF (International Biotechnologies, Inc., Cam
bridge, MA) and transferrin (International Biotechnologies, Inc.) were
labeled with '"I using the chloramine-T method (24), and binding
assays with '"I-EGF or '"I-transferrin were performed as reported

(25), with some modifications. Unlabeled EGF and transferrin were
used in competition experiments as positive controls, and unlabeled

Table Serological reagents used for the study of the antigenic phenotype of
melanoma cells

Monoclonal
antibodyOKT922513-17L243AO10MillAJ8M144C350L127C437B5.2J143L230W6/32L235A123M68AntibodysubclassIgGlIgGlIgGlIgG2aIgGlIgGlIgGlIgGlIgGlIgGlIgGlIgG2aIgGlIgGlIgG2aIgGlIgGlIgG2bAntigendetectedgp90,"

transferrinreceptorgpl70.

EGFreceptorgp28/34,
HLA ClassIIgp28/34.
HLA ClassIIgpllOgpllOgplOO,

CALLANDgplSONDND>500/gp280,

mel-CSPGgp
140/30gp

130/100/27/24gp45/12,
HLA ClassIgp95,

melanotransferringp45NDRef.136,

1216,
17153,53,5,73,53,5,75,

183,7Unpublished3,7193,7143,73,73,7

NGF was used as negative control. Variable amounts of concentrated
conditioned medium from cells cultured in ITS (or fresh ITS control
medium) were added to the labeled EGF, and inhibition of binding was
compared with that of increasing amounts of unlabeled EGF. For acid
elution of receptor-bound molecules, cells were incubated for 5 min at
4'C with 150 mM NaCl 0.1% acetic acid, pH 3.5 (26).

RESULTS

Growth of Melanoma Cell Lines in ITS Medium

Cultures of 16 melanoma cell lines were transferred from
FBS medium to ITS medium. During the first few weeks of
culture in ITS medium and after the first trypsinization, variable
degrees of cell death were observed. Table 2 compares the
phenotypic characteristics of cell lines with their ability to grow
in ITS medium. Cultures from the 5 lines with a phenotype
corresponding to an early stage of melanocyte differentiation
(epithelioid morphology, nonpigmented, tyrosinase negative,
expression of early melanocyte antigens) adapted well to ITS
medium, as did cultures from 7 of 8 cell lines with an interme
diate differentiation phenotype (spindle morphology, little or
no pigment and tyrosinase activity). Cells from one of the lines
with an intermediate differentiation phenotype (SK-MEL-13)
remained viable for several weeks but failed to grow in ITS
medium. All the cell lines adapted to culture in ITS medium
have been maintained in culture for more than 1 year. In
contrast, the 3 cell lines with late differentiation traits (spindle-
dendritic morphology, high levels of pigmentation and tyrosin
ase activity, expression of late melanocyte antigens) failed to
proliferate in ITS medium.

Two lines that grew well in ITS medium (SK-MEL-28 and
SK-MEL-131) have also been cultured for more than 1 year in
RPMI 1640 without supplements (neither nonessential amino
acids nor ITS).

Growth Rates of ITS Cultures

Cells cultured in ITS were extremely sensitive to the process
of trypsinization. When cells were incubated with T/E solution
for 5 min (as is usual for melanoma cultures grown in FBS
medium), a marked decrease in cell viability and growth rate of
subcultures was noted. Conditions for subculturing were im
proved when cells were exposed to 1 ml of T/E solution for 0.5
min, collected after gentle shaking of the flasks, diluted in 10
ml of RPMI 1640 medium at 4Â°C,and recovered by centrifu-
gation at 4Â°C.Cells from some of the lines growing in ITS

medium could be detached from the flasks using 1 mM EDTA
in PBS for 5 min at 22Â°C.Growth curves were obtained for

Table 2 Relationship of the differentiation phenotype of melanoma cell lines to
their ability to proliferate in ITS medium

" gp90, M, 90.000 glycoprotein (other glycoproteins are similarly designated);

CALLA, common acute lymphoblastic leukemia antigen; ND, not determined.

Melanoma celllineSK-MEL-37SK-MEL-178SK-MEL-186SK-MEL-187SK-MEL-I73SK-MEL-28SK-MEL-131

(2.42)SK-MEL-23
(22a)DX-2SK-MEL-29SK-MEL-30SK-MEL-130SK-MEL-13SK-MEL-64SK-MEL-23SK-MEL-19MorphologyEpithelialEpithelialEpithelialEpithelialEpithelial-spindleSpindleSpindleSpindleSpindleSpindleSpindleSpindleSpindleSpindleSpindle-dendriticSpindle-dendriticPigment-â€”â€”â€”+

or-+
or-+â€”+

or-+
or--H-++

or-+++++++Growth

in
ITS medium++++++++++++Â±â€”â€”-
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two representative cell lines, SK-MEL-28 and DX-2 (Fig. 1).
After trypsinization and prior to reaching log growth phase,
culture of melanoma cells in ITS medium was characterized by
a prolonged period of slow growth (3-7 days). During log
growth phase the doubling times of SK-MEL-28 cultured in
FBS medium or in ITS medium were 29 and 36 h, respectively.
For DX-2, the doubling times were 39 h in FBS medium and
27 h in ITS medium.

Phenotypic Changes Observed during Culture in ITS Medium

Morphology. No major changes in cell morphology or pig
mentation were observed in most cases during culture in ITS
medium. Fig. 2 shows the morphology of cells from four
melanoma lines cultured in FBS medium and in ITS medium.
DX-2 cultures in FBS medium contain cells with a predomi
nantly spindle morphology and light pigmentation. After 1 year
of culture in ITS medium DX-2 cells showed a more epithelioid
morphology. In some cell lines, a tendency was noted for cells
to grow in clusters in ITS medium, as opposed to their growth
as monolayers in FBS medium. In most cell lines, culture in
ITS medium was accompanied by a retardation in cell attach
ment and spreading.

Antigenic Phenotype. The antigenic phenotype of a panel of
10 melanoma cell lines cultured in FBS medium or in ITS
medium was determined by anti-mouse immunoglobulin

hemadsorption assays using a panel of mAbs detecting cell
surface antigens of melanomas and melanocytes. Table 3 shows
the detailed results of serological typing of paired cell lines
cultured in FBS medium and ITS medium.

HLA Class II Antigens. HLA Class Il-positive melanoma cell
lines typically have an early melanocyte phenotype (epithelioid
morphology, little or no pigment and tyrosinase activity) (3, 5).
Cell lines that expressed HLA Class II antigens when cultured
in FBS medium showed a decreased reactivity with mAb L243

1001-
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O

8 10

1
x

1 -

1357 days
Fig. 1. Growth curves of SK-MEL-28 (â€¢,O) and DX-2 (â€¢,D) cell lines

cultured in medium containing FBS (â€¢,â€¢)or ITS (O, D).

(which detects a monomorphic determinant of HLA Class II
molecules) after adaptation to culture in ITS medium (Table 3;
Fig. 3). In contrast, culture of HLA Class Il-negative melano
mas in ITS medium resulted in expression of HLA Class II
antigens in 3 of 4 cell lines (Table 3; Fig. 3). Expression could
be detected as early as 2 weeks after culture in ITS medium, at
which time no changes in cell morphology or pigmentation
could be detected (Fig. 4). Expression of HLA Class II antigens
during culture in ITS medium was constitutive and irreversible
since it persisted after transfer of DX-2 (ITS) cells to FBS
medium (Fig. 4). To extend the serological findings, DX-2 cells
cultured in FBS or ITS were labeled metabolically with [35S]
incili ion ine or with I25Iusing the lactoperoxidase method. Cell

lysates were incubated with mAb L243 and immunoprecipitated
molecules were analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. Two components, M, 34,000 and
28,000, were detected in DX-2 (ITS) cell lysates, but not in the
lysates from DX-2 (FBS) cells (Fig. 5). IFN-7 is also known to
induce expression of HLA Class II antigens on melanomas and
melanocytes (27). Although IFN-7 is thought to be produced
exclusively by T-lymphocytes, we analyzed conditioned medium
from melanoma cells cultured in ITS to determine whether
IFN-7 or other soluble inducers of HLA Class II gene expres
sion could be detected. Conditioned medium from DX-2 (ITS)
cultures was filtered, supplemented with 7.5% FBS, and incu
bated for 48 h with a panel of HLA Class Il-negative melanoma
cell lines. As little as 1-5 units/ml of IFN-7 can be detected by
this method of induction (8, 27). DX-2-conditioned ITS me
dium did not induce expression of HLA Class II antigens (data
not shown). To determine if the appearance of Class II antigens
in ITS cultures resulted from overgrowth of a HLA Class II-
expressing cell population, DX-2 cells were plated in 75-cm2

culture dishes at a density of 800 cells/plate. After 3 weeks of
culture in FBS medium an average of 32 colonies/plate was
detected (range, 19-52). Colonies were screened for reactivity
with mAb L243 using the anti-mouse immunoglobulin hemad
sorption assay. Of 492 colonies evaluated only 3 contained cells
reactive with mAb L243 (<0.6%). Based on the doubling time
of DX-2 cells cultured in ITS, these results support the conclu
sion that HLA Class II expression during culture in ITS me
dium does not result from selection of a HLA Class II-express-
ing cell population.

EGF Receptor. Expression of EGFr on melanomas correlates
with an early differentiation phenotype (6). Cell lines that were
unreactive with mAb 225 (anti-EGFr) in FBS medium remained
EGFr negative upon culture in ITS medium. In contrast, culture
in ITS medium resulted in a marked decrease or loss of reactiv
ity with mAb 225 in 4 of 4 EGFr-positive cell lines (Table 3;
Fig. 3). Prior studies in our laboratory have shown that reactiv
ity of melanoma cell lines with mAb 225 correlates well with
EGF binding and that EGFr-positive melanoma cell lines gen
erally express a low number of EGFr molecules/cell (2-3 x
IO4).This low level of expression may account for the difficulty
we have had in detecting EGFr molecules in immunoprecipi-
tation experiments and EGFr gene transcripts in Northern blots
(6).4

Binding experiments with 125I-EGF were conducted in order

to extend the serological findings. SK-MEL-28 (FBS) cultures
specifically bound 4.6 x 10~2 pmol '"I-EGF/106 cells at satu
ration. In contrast, no specific binding of '"I-EGF to SK-MEL-

28 (ITS) cells could be detected. Unfractionated, concentrated
conditioned medium from SK-MEL-28 (ITS) cells did not

* F. X. Real and A. N. Houghton, unpublished results.
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Fig. 2. Morphology of four melanoma cell lines cultured in medium supplemented with FBS or with ITS. FBS medium: A, C, E, G; ITS medium: B, D, F, H. SK-
MEL-37 (A, B); SK-MEL-I78 (C, D); SK-MEL-28 (E, F); DX-2 (G, H). No changes in cellular morphology were observed for cell lines SK-MEL-37, SK-MEL-178,
and SK-MEL-28. DX-2 (FBS) cultures contained predominantly cells with a spindle morphology, while DX-2 (ITS) cultures contained a greater proportion of cells
with an epithelioid morphology.
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Fig. 3. Changes in cell surface antigenic phenotype induced upon culture of
melanoma cells in ITS medium. Cell lines SK-MEL-37 and SK-MEL-178 share
early phenotypic traits (epithelioid morphology, low tyrosinase levels, lack of
pigment, and cell surface antigenic phenotype), while cell lines DX-2 and SK-
MEL-130 share "intermediate" phenotypic traits (spindle cell morphology, light

pigmentation, and cell surface antigenic phenotype). Induction of HLA Class II
antigen expression in la-negative cultures (DX-2 and SK-MEL-130) and de
creased reactivity with antibodies OKT9 (all lines tested) and 225 (SK-MEL-37
and SK-MEL-178) were observed. No significant changes in reactivity with mAb
L230 were detected in any of the cell lines tested. (â€¢),FBS cultures; (O), ITS
cultures.

Place m
ITS Medium

Place in
FBS Medium

1 10

Time(Weeks)

Fig. 4. Time course of the induction of expression of HLA Class II antigens
on DX-2 melanoma cells during culture in medium containing FBS or ITS.

compete with 125I-EGF for binding to cells. To determine if
lack of binding of 125I-EGF was related to occupancy of recep

tor, molecules bound to EGFr were eluted by incubating the
cells for 5 min in acetic acid at pH 3.5. EGF binding to SK-
MEL-28 (FBS) cultures was unchanged after acid elution of
cell surface-bound molecules (4.5 x 10~2 pmol I25I-EGF/106

cells at saturation). In contrast, acid elution of SK-MEL-28
(ITS) cells prior to incubation with labeled EGF revealed spe
cific EGF binding (11 x 1(T2 pmol I25I-EGF/106 cells). This
demonstrates that SK-MEL-28 cells cultured in ITS medium
produce EGFr-binding molecules, possibly TGF-a which is
known to be secreted by melanoma cells (28).

Transferrin Receptor. Expression of transferrin receptors was
determined using mAb OKT9. Most human tumor cell lines
cultured in medium containing FBS show strong cell surface
reactivity with the anti-transferrin receptor antibody OKT9.5 A

marked decrease or loss of cell surface reactivity with mAb
OK.T9 was observed in all cell lines upon culture in ITS medium
(Table 3; Fig. 3). To determine if a high concentration of
transferrin could account for blocking of mAb OKT9 binding

5F. X. Real, unpublished observations.
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FBS ITS

1 1
Fig. 5. Radioimmunoprecipitation of lysates from 125I-labeled DX-2 cells

cultured in medium supplemented with FBS or ITS. Unreactive control mAb
(Lane 1), mAb OKT9 (anti-transferrin receptor) (Lane 2), mAb L243 (anti-MHC
Class II antigens) (Lane 3), mAb L230 (anti-gpl30/100/27/24, in which gp is
glycoprotein, followed by molecular weight in thousands) (Lane f).

to the transferrin receptor, cells adapted to growth in FBS
medium were cultured for 1 or 48 h in medium containing both
FBS and ITS. No changes in mAb OKT9 reactivity under these
conditions were detected. To determine if decreased reactivity
of cells cultured in ITS medium with mAb OKT9 was related
to a decrease in the number of cell surface receptors for trans
ferrin, SK-MEL-28 (FBS), SK-MEL-28 (ITS), DX-2 (FBS),
and DX-2 (ITS) cells were surface labeled with I25I using the

lactoperoxidase method. Lysates were incubated with mAb
OKT9 and immunoprecipitates were analyzed by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis. The amount
of transferrin receptor immunoprecipitated from surface-la
beled cells was much less in ITS cells than in FBS cells (Fig.
5). A lower number of transferrin receptor molecules on the
cell membrane of ITS cells was also detected using binding
assays with 125I-transferrin [maximum binding to DX-2 (FBS)
cells was 11.6 x 10~3pmol/106 cells; maximum binding of I25I-
transferrin to DX-2 (ITS) cells was 6 x 10~3 pmol/106 cells].

These results show that decreased reactivity of cells cultured in
ITS with mAb OKT9 results from a decrease in the number of
transferrin receptor molecules per cell, rather than from block
ing of mAb binding to the receptor by transferrin. To evaluate
if lower surface expression of transferrin receptor was due to
decreased rate of synthesis or increased rate of degradation, cells
grown in FBS or ITS medium were pulse-labeled with
[35S]methionine and then chased for various periods of time

with cold medium. No difference in the biosynthetic rate or the
half-life of transferrin receptors was found between FBS and
ITS cultures. Based on these results, the decreased reactivity of
mAb OKT9 with cells cultured in ITS seems to result from
redistribution of the transferrin receptor pool to intracellular
compartments.

Melanoma Chondroitin Sulfate Proteoglycan. mAb B5.2
detects mel-CSPG, produced by most melanoma cell lines. It
has been postulated that mel-CSPG is involved in the process
of cell attachment (29, 30). In most cases, cell surface reactivity
with mAb B5.2 was lower in ITS cultures than in FBS cultures.

The decrease in mel-CSPG expression may correspond to the
observed retardation of cell attachment and spreading on plastic
of these cells.

Other Antigens of Melanomas and Melanocytes. A decrease
in the expression of common acute lymphoblastic leukemia
antigen by cells after adaptation to culture in ITS medium was
detected by mAb AJ8 in 4 of 6 melanoma cell lines (Table 3).
No consistent changes were observed in the reactivity of other
mAbs detecting differentiation antigens of melanomas (AO10,
Mill, M144, C350), or other antigens of restricted (LI27,
C437) or wide distribution in cultures of human normal and
malignant cells (HLA Class I antigens, J143, L230, Mr 95,000
glycoprotein/M 97,000 protein, A123, and M68) (Table 3 and
data not shown).

DISCUSSION

Many studies have shown that some normal and tumor cells
can be adapted to proliferate in culture in chemically defined
serum-free medium containing a variety of growth factors (31-
34). Insulin, transferrin, and EGF are among the most potent
growth-stimulating hormones (31, 32, 34). In some systems,
culture in serum-free medium promoted cellular differentiation
(33, 34).

In the present study we compared the growth and phenotype
of melanoma cells cultured in FBS and in chemically defined
ITS medium using a panel of mAbs detecting differentiation
antigens of melanomas and melanocytes. These mAbs can be
used to define discrete stages of pigment cell differentiation (3,
5,6), and coordinate changes in the expression of these antigens
can be regulated in vitro upon induction of differentiation of
cloned melanoma lines with cholera toxin and/or phorbol esters
(5).

Melanoma cultures which showed an early differentiation
phenotype proliferated in response to insulin, transferrin, and
selenium, while cultures with a late differentiation phenotype
did not. The differential effect of growth factors on melanoma
cells may reflect diversity in the expression of growth factor
receptors. A precedent for this hypothesis exists in the expres
sion of EGFr in cells of the melanocyte lineage; melanoma cells
at an early differentiation stage are EGFr positive, while more
differentiated melanoma cells and normal skin melanocytes are
EGFr negative (6). The defined medium used in this study
contained insulin and transferrin. Expression of transferrin
receptors in melanomas growing in medium containing FBS
was found to be universal, while insulin receptor expression has
not been studied.

Additionally, differences in adaptation to culture in ITS
medium may reflect diversity in the production of autocrine
growth factors. There is evidence that some melanoma cells
can produce growth factors: (a) melanoma cells have been
shown to produce TGF-a (28, 35); (b) melanoma cell lines that
express the receptor for NGF at the cell membrane can produce
NGF-like molecules that interact with the NGF receptor (36);
(c) melanomas, as well as other cell types, produce cytoplasmic
factor(s) capable of stimulating the growth of melanocytes (1),
and (d) we and others have found that some melanoma cell
lines can be adapted to growth in defined medium without
supplemented growth factors (37, 38). It remains to be deter
mined if production of growth factors by melanomas is related
to the stage of cellular differentiation. It is possible that all
melanoma lines synthesize autocrine factors. Similar physiolog
ical regulation of autocrine growth factor production and
growth factor receptor expression has been characterized exten-
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sively in normal and malignant T-cells (reviewed in Ref. 39).
In order to evaluate these possibilities, we have studied the

expression of EGFr and transferrin receptor using mAbs and
binding assays with labeled ligand. Culture of melanoma cells
in ITS medium resulted in a decreased reactivity with mAb 225
(anti-EGFr) and mAb OKT9 (anti-transferrin receptor) and in
lower binding of I25I-EGF and 125I-transferrin. Decreased reac

tivity of melanoma cultures adapted to growth in ITS medium
with mAb 225 might result from changes in the synthesis of
EGFr molecules, down-regulation of receptor expression on
the cell membrane or blocking of receptor by EGFr-binding
molecules produced under these culture conditions (35, 40).
Binding assays and acid elution experiments show that EGFr-
binding molecules are indeed produced during culture of SK-
MEL-28 cells in ITS medium. A likely candidate for this
activity is TGF-a. TGF-a has sequence homology with EGF
and has been shown to bind to the same cell surface receptor
as EGF (28).

The decreased reactivity with mAb OKT9 by melanoma cells
cultured in ITS medium is related to a decreased expression of
transferrin receptor at the cell membrane and redistribution of
the receptor in various intracellular compartments. Transferrin
receptors are distributed in two pools, one at the cell surface
and the other in vesicles of the endoplasmic reticulum (41, 42).
Internalization and redistribution of the receptor occur in the
absence of ligand and are further stimulated by transferrin (43).
In addition, the interaction of EGF with its receptor induces
rapid changes in the expression of transferrin receptor at the
cell membrane (44, 45). The melanoma cell lines adapted to
culture in ITS medium provide an experimental model for the
study of the interactions of these growth factor/receptor sys
tems.

One of the most striking phenotypic changes observed during
the culture of HLA Class Il-negative melanomas in ITS me
dium was the appearance of HLA Class II antigens. Seventy %
of melanoma cell lines growing in FBS medium express HLA
Class II antigens constitutively. This subpopulation of mela
noma lines is characterized by epithelioid morphology and low
levels of pigment and tyrosinase activity (3, 5, 46). In contrast,
Class H-negative melanoma cell lines generally have spindle-
dendritic morphology, strong pigmentation, and high levels of
tyrosinase (3, 5). Normal melanocytes from fetal and newborn
skin are HLA Class II negative (3). Therefore, we have proposed
that Class II antigens may be markers of a precursor cell in the
melanocyte lineage. According to this view, melanoma cells
with constitutive expression of HLA Class II antigens share
phenotype traits with such normal precursor (3, 5). Another
possibility is that Class II antigen expression can be regulated
by events occurring during the malignant transformation of
pigmented cells and that it is a transformation-related trait.

From past work we know of two other experimental manip
ulations which induce HLA Class II antigen expression in cells
of the melanocyte lineage, IFN-7 (27) and ras oncogene (8).
IFN-7 induces or enhances HLA Class II expression on mela
nomas and melanocytes, among other cell types (27, 47). In
duction by IFN-7 is rapid (within 24 h of culture), reversible
upon its removal, and cell type specific since neuroblastomas
and teratocarcinomas are consistently resistant to this effect.
Infection of human melanocytes with the ras-containing Harvey
murine sarcoma virus and Kirsten murine sarcoma virus results
in the expression of HLA Class II antigens. Induction occurs 2
weeks after infection, it is not mediated by a soluble factor and
it is accompanied by a transformed morphology, ability to grow
in soft agar, and a 5-10-fold increase in the cell surface expres

sion of disialoganglioside GD3. HLA Class II antigen induction
by viral ras oncogene also shows target cell specificity, normal
human foreskin fibroblasts being resistant to this effect (8).
Induction of HLA Class II antigens by IFN-7 and ras-contain-
ing viruses was not accompanied by other coordinate changes
in the differentiation phenotype of melanoma cells.

Class II antigen induction in ITS medium could be detected
2 weeks after transfer of nonexpressor melanomas to ITS
medium, was not reversible when the cultures were placed in
base line (FBS) culture conditions, and was not mediated by a
soluble factor. Expression of Class II antigens during culture
in ITS medium could be the result of two types of phenomena:
one adaptative, by which culture in ITS would induce their
expression without a change in the differentiation program of
melanoma cells; the other selective, by which a subpopulation
of HLA Class II-expressing melanoma cells would have a
proliferative advantage in ITS medium. The lack of coordinate
expression of other early differentiation traits of melanoma
cells (morphology, pigmentation, cell surface antigenic pheno
type), the detection of Class II antigen on DX-2 cells 2 weeks
after placement in ITS medium (a time at which minimal or no
cell death had occurred) and the extremely low frequency of
constitutive Class H-positive cells detected when DX-2 was
cloned in FBS medium suggest that the latter is not the case.
The decreased expression of EGFr, transferrin receptor, and
mel-CSPG indicates that HLA Class II antigen expression is a
specific event and does not result from a general up-regulation
of the expression of cell surface molecules during culture in
ITS medium.

Overall, these studies show that culture of melanoma cells in
ITS medium results in selective phenotypic changes and that
the sensitivity of melanoma cells to the effects of growth factors
is dependent on the stage of cellular differentiation. These
results are the basis for further studies on the regulation of the
expression of genes that are important for the control of prolif
eration and differentiation of melanocytes.
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