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Human Melanoma Proteoglycan: Expression in 
Hybrids Controlled by Intrinsic and Extrinsic Signals 

Human malignant melanoma cells express specific chondroitin sulfate proteoglycans 
(mel-CSPG) on the surface, both in vivo and in vitro. Melanocytes in normal skin show 
no detectable mel-CSPG but can be induced to express the antigen when cultured in 
the presence of cholera toxin and the tumor promoter 12-O-tetradecanoylphorbol-13- 
acetate. Most other cell types do not express mel-CSPG either in vivo or in vitro. A 
study was designed to examine regulatory signals controlling mel-CSPG expression. 
The gene encoding mel-CSPG was mapped to human chromosome 15, and this 
chromosome was Ltroduced into rodent-cells derived from distinct differentiation 
lineages. Three types of mel-CSPG-expressing hybrids were found: (i) hybrids derived 
from human melanomas; (ii) hybrids derived from human cells that do not express 
mel-CSPG; and (iii) hybrids derived from human cells expressing mel-CSPG that are 
antigen-negative but that are induced to express ~ ~ L C S P G  when cultured on 
extracellular matrix instead of plastic surfaces. Thus, mel-CSPG expression can be 
controlled both through intrinsic signals, provided by the differentiation program of 
the rodent fusion partner, and through extrinsic signals, provided by specific cell- 
matrix interactions. 

M ONOCLONAL ANTIBODIES HAVE 

been used to identify a large num- 
ber of surface antigens on human 

melanoma cells (1) .  One of these antigens, a 
high molecular weight glycoconjugate, 
shows a highly restricted distribution on 
cultured cells and in tissues (2-6). Biochem- 
ical analysis has shown that the antigen is a 
chondroitin sulfate proteoglycan (mel- 
CSPG), consisting of a 250-kD core glyco- 

protein and a number of characteristic gly- 
cosaminoglycan side chains (7 ) .  The molec- 
ular basis for the expression of this proteo- 
glycan in melanomas is not known. Since 
normal skin melanocytes do not express 
detectable levels of mel-CSPG in vivo, anti- 
gen expression in melanomas may be part of 
their transformed phenotype. However, 
nevi, which are benign disorders of melano- 
cytic cells, and skin melanocytes cultured in 
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vitro in the presence of cholera toxin and the 
tumor promoter 12-0-tetradecanoylphor- 
bol-13-acetate also express mel-CSPG (3- 
5). Hence, antigen expression is not restrict- 
ed to malignant tumors. The extracellular 
and cell membrane localization of proteogly- 
cans in other cell types suggests that these 
molecules have a role in cell-matrix interac- 
tions and tissue organization. Because mel- 
CSPG may have a similar role in cells ex- 
pressing this antigen (7) ,  we investigated the 
relation between mel-CSPG expression and 
cell lineage and cell-matrix interaction " 
through analysis of rodent-human somatic 
cell hybrids. 

~odent-human hybrid clones were gener- 
ated by fusing different types of human cells 
(melanoma, neuroblastoma, lymphocytes, 
and kidney epithelial cells) with rodent cells 
(L-cell and A9 mouse fibroblasts, N4TG-1 
and NS20TGllE mouse neuroblastomas, 
RAG mouse renal cancer cells, and YH21 
Chinese hamster ovary fibroblasts). The hu- 
man chromosomes retained in the hybrid 
clones were determined by karyotype analy- 
sis and typing for human isozyme and cell 
surface markers (8, 9) .  Expression of mel- 
CSPG in hybrid cells was tested with mono- 
clonal antibodies in mixed hemadsorotion 

L 

(MHA) assays and radioimmunoprecipita- 
tion tests. Six monoclonal antibodies recog- 
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nizing mel-CSPG were used in this study; 
three antibodies (designated B59.2.27, and 
222.28) were derived against human mela- 
nomas (24), and three (designated A050, 
A092, and A0122) were derived against 
human astrocytomas (10). In initial experi- 
ments we used sequential immunopredp- 
itation assays with extracts of radiolabeled 
melanoma cells to establish that all six anti- 
bodies are reactive with the same cell surfice 
components. We further defined the rela- 
tion between the epitopes detected by anti- 
body competition assays (11). The results 
suggested that at least four epitopes of mel- 
CSPG could be distinguished with these 
antibodies. The 9.2.27 epitope had been 
shown earlier to be present on the 250-kD 
core protein of mel-CSPG (7), and we have 
determined by immunoblotting procedures 
that antibody B5 also reacts with the core 
protein and not with the glycosaminoglycan 
side chains. 

A series of 26 hybrid clones was typed by 
MHA assay with monoclonal antibodies B5, 
9.2.27, 225.28, and A0122 to the four 

Fig. 1. Morphology of NBE-Kl mouse-human neuroblasto- 
ma hybrid cells grown on plastic dishes (Nunc, Roskilde, 
Denmark) or on plastic dishes coated with extracellular 
matrix derived from bovine corneal endothelial cells (Inter- 
national Bio-Technologies, Jerusalem, Israel). Cells main- 
tained in plastic flasks were seeded at identical cell densities 
into (A) a plastic dish or (B) an ECM-coated dish and phase- 
contrast photomicrographs were taken after 10 days of 
culture. Cells grown on plastic are round, extend processes, 
do not form confluent sheaths of cells, are loosely substrate- 
adherent and are rapidly detached by incubation in phos- 
phate-buffered saline (PBS); cells plated on EN-coated 
substrates spread out and adhere within 24 hours and, when 
confluent, form a continuous sheath of cells with a cobble- 
stone pattern. They remain substrate-adherent when incu- 
bated in PBS. 

distinct mel-CSPG epitopes. A comparison 
between the serolo~cal -typing resdts and 
the distribution of individual human chro- 
mosomes among these hybrid clones per- 
mitted the assignment of gene loci conkl-  
ling the expression of B5, 9.2.27, 225.28, 
and A0122 epitopes to human chromosome 
15 (Table 1). Since antibodies B5 and 
9.2.27 detect the core glycoprotein of mel- 
CSPG, we assign the gene coding for this 
molecule to human chromosome 15. Fur- 
thermore, since our discordancy analysis 
shows that the A0122 and 225.28 epitopes 
are also controlled by this chromosome, we 
suggest that these epitopes are on the core 
protein; alternatively, they may be on the 
glycosaminoglycan side chains of mel- 
CSPG. and ex~ression of these side chains is 
also d&erminld by chromosome 15. 

Additional hybrid clones containing hu- 
man chromosome 15 were derived by hsing 
human cells that express mel-CSPG or hu- 
man cells that do not express mel-CSPG 
(mel-CSPG-) with different rodent cell 
types. Serological typing of these hybrid 

A Parent cells B Hybrids (plastic) C Hybrids (ECM) 
0 

Antibody dilution 

Fig. 2. Surface expression of mel-CSM; on cultured cells rrstcd with serial dilutions of monoclonal 
antibody A0122 in MHA assays (10). (A) Human ncuroblastoma cell line BE(2)-C (e) and mouse 
neuroblastoma cell line NS2OTGllE (0). (B) NBE hybrid clones C2 (m), D4 (El), E l  (A), G1 (A), 
H1 (O), K1 (G),  and N1 (0) grown on plastic surfaces. (C) NBE hybrid clones (indicated as above) 
grown on EN-coated Terasaki plates for 48 hours prior to MHA assays. Hybrid clones J2 and M l  
(not shown) gave identical patterns of reactiviry to N1. 

clones has permitted the analysis of regula- 
tory mechanisms affecting mel-CSPG 
expression. Six of 22 hybrid clones derived 
from human melanoma retained human 
chromosome 15, and all six clones (CE12, 
AM1, AM3.8, AM18.6, LM13.20, and 
p 3 9 )  expressed mel-CSPG (reciprocal ti- 
ters in MHA assays, 1 x 16 to 5 x lo5). 
The melanoma hybrids lacking human chro- 
mosome 15 were mel-CSPG-, consistent 
with our chromosomal assignment. Induc- 
tion of mel-CSPG expression was found in 
certain hybrids derived from human mel- 
CSPG- cells. Four hybrid clones construct- 
ed with mel-CSPG- human kidney epitheli- 
al cells and mouse A9 fibroblasts (clones 
ANK414, ANK4114, ANK4120, and 
ANK4123) and one clone constructed with 
mel-CSPG- human lymphocytes and A9 
(clone A9lDXB-6) expressed mel-CSPG as 
determined by MHA assays with monoclo- 
nal antibodies A0122 and B5. In contrast, 
six hybrid clones constructed with human 
kidney epithelial cells and RAG mouse renal 
cancer cells (clones RCl, RC2, RC3, RC4, 
RC5, and RC7), which had also retained a 
normal human chromosome 15, did not 
express mel-CSPG. These results show that 
mel-CSPG is induced by fusing nonexpres- 
sor human cells with rodent cells derived 
from specific cell lineages; mouse fibroblasts 
induce mel-CSPG expression, but mouse 
renal cancer cells do not. 

We also examined the influence of cell- 
matrix interactions on mel-CSPG expression 
in hybrids wntainiig human chromosome 
15. A number of hybrid clones derived from 
fusions between human and mouse neuro- 
blastoma cells (designated as NBE series) 
showed concomitant changes in cell mor- 
phology, substrate adhesiveness, and mel- 
CSPG expression when grown on substrates 
coated with extracellular matrix (ECM) in- 
stead of plastic surfaces. Figure 1 illustrates 
the change in cell morphology and substrate 
adhesion observed in a typical NBE neuro- 
blastoma hybrid clone after it is transferred 
from a plastic dish to an ECM-coated dish. 
Figure 2 illustrates the accompanying 
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change in mel-CSPG expression as deter- 
mined by MHA assays. NBE cells express 
little or no mel-CSPG when grown on 
plastic surfaces; however, within 24 hours 
after transfer to ECM-coated dishes, all 
eight NBE hybrid clones containing human 
chromosome 15 become strong mel-CSP 
expressors. As expected, NBE-G1 cells, 
which do not contain human chromosome 
15, remain negative for mel-CSPG expres- 
sion when grown on ECM although they 
show changes in cell morphology similar to 
those that accompany mel-CSPG expres- 
sion. No changes in cell morphology or mel- 
CSPG expression were seen in the melano- 
ma-derived hybrids when they were trans- 
ferred from plastic to ECM-coated dishes. 
Figure 3 shows that mel-CSPG can be im- 
munoprecipitated from ECM-induced 
NBE-K1 hybrid cultures but not from non- 
induced cultures; therefore, the increase in 
surface expression of mel-CSPG in hybrids 
grown on ECM reflects an increase in the 
total amount of antigen present in the cells. 
It is of interest, however, that the 250-kD 

Table 1. Discordancy analysis for cell surface 
expression of mel-CSPG and presence of human 
chromosomes. The reactivity of rodent-human 
hybrids with monoclonal antibodies B5, 225.28, 
9.2.27, and A0122 was determined. Hybrid 
dones and their human chromosome content 
have been described in detail (8, 9); clones NSK- 
1, -Is, -2, -3, -4, -5, -6, -7, -9, and -10, as well as 
CE12 and CE121611 were tested with all four 
monoclonal antibodies; clones NBE-C2, -D4, 
-El, -GI, -HI, J 2 ,  -K1, -Ml, and -N1, all grown 
on ECM-coated substrates, were tested with B5 
and A0122; clones AM2, CE2511, A9/1620CLB, 
A91149211, and LC113145 were tested with 
A0122. 

Number of 
Chromo- discordant hybrid dona  

B5 225.28 9.2.27 A0122 

14 MARCH I986 

core glycoprotein is the major component 
immunoprecipitated from the hybrid cells, 
whereas the higher molecular weight glyco- 
conjugates, although detectable, are minor 
components. 

To show that mel-CSPG is specifically 
induced by ECM, we examined NBE hy- 
brids cultured on ECM for changes in the 
expression of two other cell surface antigens 
encoded by human chromosome 15-name- 
ly, SV13 (105-kD glycoprotein) and F23 
(140-kD glycoprotein) (8). We found that 
the eight NBE clones containing human 
chromosome 15 did not show any changes 
in F23 and SV13 expression when trans- 
ferred from vlastic dishes to ECM-coated 
dishes. No Aanges were observed in the 
expression of six additional human cell sur- 
face antigens encoded by other chromo- 
somes. Extracellular matrix-induced expres- 
sion of mel-CSPG is also specific with re- 
gard to the target cells. A number of mel- 
CSPG- human cell lines, including cells of 
epithelial and hematopoietic origin (12), 
were cultured on ECM and examined for 
changes in cell morphology and antigen 
expression. After 24 to 74 hours, some of 
the cell lines showed slight changes in cell 
morphology, but in no case did we find 
induction of mel-CSPG surface expression. 

Extracellular matrix is a complex mixture 
of proteins and its specific effects on cell 
morphology and expression of differentiated 
cellular traits in a number of cultured cell 
types have been established [for review see 
(13)l. how eve^, little is known about sur- 
face antigenic systems modulated by ECM, 
and mel-CSPG is the first antigen shown to 
be regulated in this way. Ind&t.ion of mel- 
CSPG by ECM occurs coordinately with 
specific changes in cell morphology and 
substrate adhesiveness, indicating that the 
ECM signal activates a program of altema- 
tive differentiation rather than expression of 
a single gene product (14). It will be impor- 
tant to define the nature of the ECM signal 
and the ECM receptor and to identify other 
cell surface antigens regulated by ECM. 
Expression of mel-CSPG in hybrids derived 
from mel-CSPG- human cells (induced by 
signals provided by the rodent h i o n  part- 
ner) shows that the mel-CSPG gene is not 
irreversibly inactivated- in antigen-negative 
human cells. Instead, antigen expression is 
dependent on the specific differentiation 
program of the human or hybrid cells har- 
boring the mel-CSPG gene. The synthesis of 
human albumin and other liver-specific pro- 
teins in hybrids derived from fbions be- 
tween human leukocytes or amniocytes and 
mouse hepatoma cells provides a precedent 
for the induction of silent traits in rodent- 
human somatic cell hybrids (15). 

Although mel-CSPG was initially de- 

I 

H 1 K 1 K 1 
(ECM) (ECM) (plastic) 

Fig. 3. Fluomgraph of immunoprecipitates ob- 
tained with monoclonal antibody B5 fiom ex- 
tracts of NBE-HI and NBE-Kl cells and separat- 
ed on 9 percent sodium dodecyl sulfate-polyacryl- 
amide gels. Cells grown in plastic tissue culture 
flasks were transferred to new plastic flasks or 
plastic flasks coated with ECM and cultured ifithe 
presence of [3H]glucosamine (New England Nu- 
clear) at 20 pCi1rnl for 3 days. Nonidet P40- 
extracts were prepared as described (lo), [3H]glu- 
cosamine incorporation was determined after pre- 
cipitation of cellular proteins fiom cell lysates 
with 10 percent mchloroacetic acid. Aliquots 
with equal 3H counts per minute were used in 
immunoprecipitation tests with antibody B5 (B5) 
or unrelated control antibodv (Co). Molecular 
weights of immunoprecipitated cbmbnents were 
determined as described and are indicated on the 
right. 

scribed on human melanoma cells, other 
neuroectoderm-derived tumors, including 
asmcymmas and neuroblastomas, also ex- 
press this antigen (3,4, 6). In contrast, their 
nontransformed cellular counterparts-mel- 
anocytes, glial cells, and neurons-show no 
detectable mel-CSPG expression in vivo (4). 
Mel-CSPG+ tumor cells may no longer re- 
quire extrinsic signals for mel-CSPG expres- 
sion or, alternatively, tumor cells (or mesen- 
chymal cells present in the tumors) may 
produce specific matrix components (16) 
that can act as appropriate signals for anti- 
gen expression. 
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unrelated control antibodies for inhibition of bind- 
ing of [35S]-labeled antibody B5 in a direct radio- 
binding assay on SK-MEL-13 and LA1-5s target 
cells. B5 binding was inhibited by 9.2.27, A050, 
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Biosynthesis of the Torpedo califmica Acetylcholine 
Receptor a Subunit in Yeast 

Yeast cells were transformed with a plasmid containing complementary DNA encod- 
ing the a subunit of the Torpedo califmica acetylcholine receptor. These cells 
synthesized a protein that had the expected molecular weight, antigenic specificity, and 
ligand-binding properties of the a subunit. The subunit was inserted into the yeast 
plasma membrane, demonstrating that yeast has the apparatus to express a membrane- 
bound receptor protein and to insert such a foreign protein into its plasma membrane. 
The a subunit constituted approximately 1 percent of the total yeast membrane 
proteins, and its density was about the same in the plasma membrane of yeast and in 
the receptor-rich electric organ of Electruphmrrs electricw. In view of the available 
technology for obtaining large quantities of yeast proteins, it may now be possible to 
obtain amplified amounts of interesting membrane-bound proteins for physical and 
biochemical studies. 

T HE NICOTINIC ACETYLCHOLINE RE- 
ceptor in the Torpeda and Electropho- 
rus electricus electroplax is among the 

best known membrane proteins involved in 
the transmission of signals between cells (1- 
3). The T,  cal@mica receptor contains five 
subunits, two of a ,  and p, y, and 6 (4, 5). 
The primary structure of these subunits (6- 
9 )  has been determined by cloning and 
sequencing of complementary DNA (cDNA) 
clones. The messenger RNA (mRNA) cor- 
responding to each of the subunits is tran- 
scribed in vitro, and the receptor (or indi- 
vidual subunits) is expressed after microin- 
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Fig. 1. A yeast plasmid, pYTcal, that directs 
synthesis of the a subunit of the T. cdfornica 
acetylcholine receptor in yeast. The 1760-bp 
cDNA containing the a subunit gene was isolated 
as an Eco RI fragment from a X gt-10 library (24). 
This fragment was inserted by ligation into the 
Eco RI site of piMAC561 to generate pYTcal. 
Correct orientation of the a subunit gene with 
respect to the ADCl promoter and the CYCl 
transcription terminator was confirmed by restric- 
tion mapping. As indicated, pYTcal also contains 
an origin of replication from the yeast 2-(* plas- 
mid, the wild-type TRPl gene, and pBR322 
sequences, all derived from pMAC561. 

jection (10) into Xenqw oocytes (11, 12). 
This approach has been used to demonstrate 
that all four subunits are essential for recep- 
tor function (13'). It has also been used in 

\ ,  

conjunction with site-specific mutations 
(14), in attempts to locate the functional 
regions of the a subunit ( lo) .  We report 
here that yeast cells transformed with a 
plasmid containing cDNA for the T. califm- 
nica a subunit synthesize a protein that-has 
the expected molecular weight, antigenic 
specificity, and ligand-binding properties of 
the a subunit. Furthermore, this protein is 
inserted into the yeast plasma meAbrane. 

The entire structural gene for the a sub- 
unit was previously isolated as a cloned 
cDNA fragment of 1760 base pairs (bp). 
This fragment was inserted into the yeast 
expression vector pMAC561 (15) in the 
correct orientation, downstream of the 
strong constitutive promoter of the ADCl 
gene &d upstream of a transcription termi- 
nation site derived from the CYCl gene. 
The resulting plasmid, pYTcal (Fig. l ) ,  
would be expected to direct the synthesis of 
large amounts of functional mRNA encod- 
ing the a subunit in yeast. This plasmid was 
used to transform the Saccharomyces cerevisiae 
strain TD4 to the Trp' phenotype. 

The expression of cDNA for the acetyl- 
choline receptor a subunit in "east was first 
detected by irnmunoblotting of extracts 
from transformed cells (Fig. 2). Total cellu- 
lar proteins were separated by sodium dode- 
cylsulfate (SDS)-polyacrylamide gel electro- 
phoresis and then blotted onto nitrocellu- 
iose and reacted with a rat monoclonal 
antibody (16) against the a subunit of the T. 
califimica receptor. Immune complexes 
were detected -bv successive incubations 
with rabbit anti-mouse immunoglobulin G 
(IgG) and '25~-labeled protein A (Fig. 2). 
Yeast cells that contained the plasmid 
pYTcal (Fig. 2, lanes 11 to 17) contained a 
protein that was irnmunoreactive and had 
;he same mobility as the a subunit from T. 
cal@mica membranes (Fig. 2, lane 5). Yeast 
cells containing pMAC561 without the a 
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