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ABSTRACT

Previous studies have shown that treatment of S91-C2 murine mela
noma cells with 0-a\\-trans-retinoic acid (RA) results in growth inhibition,
enhanced activity of siaiyltransferase, and increased glycosylation of a
M, 160,000 cell surface sialoglycoprotein (gpl60). None of these effects
could be detected in mutant clones (e.g., S91-C154) selected from the
S91-C2 cells for resistance to RA-induced growth inhibition. These
findings suggest that modulation by RA of gpl60 might be related
causally to growth inhibition. In this study we examined the possible role
of gploO in growth regulation using specific antibodies to this glycopro-
tein. Metabolic labeling of S91-C2 cells with either |3H)glucosamine or
|3*S|methionine revealed that the cells shed into the growth medium a

gpl60-like glycoprotein, in addition to several other macromolecules.
The up 160-like glycoprotein was isolated from concentrated conditioned

medium after preparative polyacrylamide slab gel electrophoresis in the
presence of sodium dodecylsulfate by excision of the corresponding
protein band. Rabbits were immunized with this material and immuno-
blotting revealed that their sera contained antibodies that bound specifi
cally to gploO in extracts of untreated or RA-treated S91-C2 cells.
Indirect immunofluorescence staining followed by fluorescence-activated
cell sorter analysis demonstrated that the anti-gpl60 antibodies bound
to the surface of both untreated and RA-treated S91-C2 cells and that

the treated cells bound more of the antibodies than untreated ones. In
contrast, these antibodies bound to the same extent to untreated and RA-
treated resistant S91-C154 cells. The growth of S91-C2 cells in the
presence of anti-gpI60 antibodies in semisolid medium as well as in
monolayer cultures was inhibited in a dose-dependent fashion. Fifty %
growth inhibition was obtained at an immunoglobulin concentration of 10
Mg/ml. The growth of cells exposed concurrently to RA and anti-gpl60
antibodies was also inhibited strongly in semisolid medium, but the
antibodies caused only a small increase in the inhibitory effect of RA in
monolayer cultures. No inhibition by the antibodies of either anchorage-
independent growth or anchorage-dependent growth of S91-C154 cells,
grown in the absence or presence of RA, was observed. These results
support the suggestion that cell surface gploO might be involved in
growth regulation in the S91-C2 cells.

INTRODUCTION

Retinoids, a group of vitamin A metabolites and synthetic
analogues, have gained much interest recently following nu
merous reports on their unique abilities to modulate the differ
entiation and growth of various types of cancer cells (1-4). The
mechanism of these effects has been the subject of intensive
studies using different cell systems (2, 4). We have been inves
tigating their antiproliferative actions using a model system
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consisting of mouse S91-C2 melanoma cells that are sensitive
to the growth-inhibitory effects of RA4 and other retinoids and
mutant cell clones selected from S91-C2 cells for resistance to
such growth-inhibitory effects (5-7). Recent investigations per
formed with these cells strongly suggest that the cell surface
membrane is a plausible target for retinoid action. Specifically,
we have found that RA enhances the incorporation of several
monosaccharides, but not of amino acids, into a M, 160,000
glycoprotein designated gploO (8). This glycoprotein was more
intensely labeled on the surface of RA-treated S91-C2 cells than
on untreated cells by methods that are specific for exposed
sialic acid or galactose (and galactosamine) residues (8). RA
enhanced the activities of galactosyltransferase and siaiyltrans
ferase in S91-C2 cells indicating that the increased glycosyla
tion of gploO by RA was the result of modified biosynthetic
activity (9,10). Since RA exerted no effect on either the activity
of siaiyltransferase or on the glycosylation and cell surface
labeling of gploO in RA-resistant mutant clones we suggested
that the cell-surface changes might be correlated with the effects
of RA on cell growth (11). To further explore this possibility
we undertook the present study, in which we isolated gploO,
produced antibodies against it and used them to examine the
possible involvement of gploO in growth regulation.

MATERIALS AND METHODS

Cells and Culture Conditions. The S91-C2 cloned mouse melanoma
cells (5) and the cloned RA-resistant mutant cells S91-C154 (7) were
grown as monolayers on plastic tissue culture dishes or in semisolid
medium (0.5% agarose), as described previously (7).

Metabolic and Cell Surface Labeling of Glycoproteins and Proteins.
S91-C2 cells were cultured in 10-cm dishes for 5 days. For the last 48
h of the 5-day period, cells were in medium containing r>[6-3H]gluco-

samine (31 Ci/mmol, New England Nuclear, Boston, MA) at 10 uC\/
ml. Other cultures were labeled for the last 5 h with L-[35S]methionine

(1390 Ci/mmol, Amersham Corp., Arlington Heights, IL) at 50 /Â¿Ci/
ml. At the end of labeling the media were removed and centrifuged at
1000 rpm for 5 min to pellet a few floating cells and debris, and the
supernatants were used for analysis of macromolecules released by the
cells. Cell surface sialoglycoproteins were labeled by oxidation of the
sialic acid residues with dilute sodium periodate followed by reduction
with NaB[3H]4 (10 Ci/mmol, Amersham) as described elsewhere (8).

The cell monolayers were washed, and the cells were solubili/od with a
nonionic detergent as described elsewhere (12). The radiolabeled mac
romolecules found in the medium and in the cell extracts were subjected
to SDS-PAGE and then identified by fluorography. The details of the
procedures for cell solubilization, SDS-PAGE, and fluorography have
been described previously (12).

Preparation of gploO from Conditioned Medium. S91-C2 cells were
grown in 15-cm tissue culture dishes in DMEM containing 5% FCS.
When cell monolayers approached a confluent state, the medium was
removed by aspiration and the monolayers were washed twice with 10

' The abbreviations used are: RA, /3-all-fra/is-retinoic acid; gpl60, a cell surface
sialoglycoprotein of M, 160,000; SDS-PAGE, sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis; DMEM, Dulbecco's modifiai Eagle's minimum essen
tial medium; FCS. fetal calf serum; PBS. phosphate-buffered saline containing,
per liter of H2O, 8.0 g NaCI, 0.2 g KC1, 1.5 g Na2HPO4, and 0.25 g KH2PO4;
BSA, bovine serum albumin; FACS, fluorescence-activated cell sorter; FITC,
fluorescein isothiocyanate: NRG. normal rabbit immunoglobulin.
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ml of serum-free DMEM per plate. The monolayers were then incu
bated for 4 h in serum-free DMEM (10 ml/dish) at 37Â°C.The condi

tioned medium was collected and centrifuged at 2000 x g, and then
phenylmethylsulfonyl fluoride was added to a Final concentration of 1
IHM.Next, the medium was dialyzed extensively against distilled HO
and lyophilized. Material obtained from 30 dishes (conditioned by
approximately 5x10* cells) was dissolved in SDS-PAGE sample buffer

(12) at a protein concentration of 7 to 10 mg/ml and boiled for 10 min
in the presence of /J-mercaptoethanol. One-mi samples were applied to
6% polyacrylamide slab gels and subjected to SDS-PAGE (12). At the
termination of electrophoresis the gels were stained with Coomassie
brilliant blue R-2SO and destained. The band of protein migrating with
an apparent M, of 160,000 was excised and homogenized in 1 ml of
0.1% SDS in PBS. This preparation was used to immunize rabbits.

Immunization and Antibody Isolation. Rabbits were immunized by
repeated i.m. injections of a total of SOÂ¿igof gp 160 at four sites on the
hind legs (0.25 ml/site) at 2-week intervals until a good antibody titer
was obtained. The serum was isolated and fractionated by ammonium
sulfate precipitation to obtain the immunoglobulin fraction. Activity of
serum and of immunoglobulin fraction was determined by immunopre-
cipitation of antigen from conditioned media.

Immunoblotting with Anti-gpl60. Cells were solubili/ed with a non-
ionic detergent, and the extracts were subjected to SDS-PAGE on 6%
polyacrylamide slab gels as described previously (12). The proteins were
then transferred electrophoretically (blotted) from the slab gels to
nitrocellulose filter sheets in a uniform electric field of 100 mA for 5 h
(13). Next the nitrocellulose sheets were incubated in 2% BSA in PBS
for 2 h at 37Â°Cto block nonspecific protein absorption, and then they

were allowed to react with a 1:100 dilution of the anti-gpl60 antiserum
in 2% BSA in PBS for l h at 23Â°C.After that, nitrocellulose sheets

were washed extensively with PBS containing 0.1% Tween 20 and then
allowed to react with '"I-labeled protein A [iodinated by the chloramine
T method as described by Langone (14)] at IO6cpm/ml of PBS for l h
at 23 Â°C.The nitrocellulose filters were then washed extensively with

PBS containing 0.1% Tween 20, dried, and placed against an X-ray
film (X-Omat AR; Eastman Kodak Company, Rochester, NY) for
overnight exposure at 23'C.

Analysis of Anti-gpl60 Binding to S91-C2 Cells. Binding of anti-
gploO antibodies to the surface of S91-C2 and S91-C154 cells was
determined after labeling cells by indirect immunofluorescence methods
and analysis by FACS. Cells were detached with 2 mM EDTA, washed
with PBS, and suspended at 1 x IO7 cells/ml of PBS containing 2%
BSA. One-hundred-/Â¿laliquots of this cell suspension were mixed with
50 /iI of ani i-gp 160 immunoglobulin (l mg/ml) and incubated for 30
min at 4Â°C.The cells were then washed with PBS and resuspended in

100 /(I of PBS. A purified second antibody, FITC-conjugated goat anti-
rabbit immunoglobulin (Yeda, Israel), was diluted 1:20 into the cell
suspension and allowed to bind for 30 min at 4'C. Cells were then

washed with PBS and fixed with 1.5% paraformaldehyde in PBS for
20 min at 23Â°C.Finally, the cells were suspended at 2 x 10' cells/ml
in PBS and aliquots containing IO4cells were analyzed in FACS II (II

D FACS Systems, Sunnyvale, Ã‡A).A scatter window was adjusted to
eliminate dead cells and cell debris, the laser output was 400 mV and
the fluorescence gain was set at 8. Cells stained with normal preimmune
rabbit immunoglobulin as the first antibody and FITC-goat anti-rabbit
immunoglobulin as the second antibody were used as controls. Binding
of FITC-labeled concanavalin A (Vector Laboratories, Burlingame, CA)
to untreated or to RA-treated cells was also analyzed using FACS.

Assays for Growth Inhibition. The ability of anti-gpl60 antibodies to
inhibit the growth of S91-C2 and S91-C154 melanoma cells was
analyzed by two different assays. One evaluated the effects of the
antibodies on cell proliferation in monolayer cultures (anchorage-de
pendent growth), and the other assessed their effects on colony forma
tion in semisolid medium (anchorage-independent growth). For these
assays the immunoglobulin fraction of anti-gpl60 antiserum, of a
preimmune rabbit serum, and of an irrelevant hyperimmune rabbit anti-
bovine fibronectin serum (Calbiochem-Behring, La Jolla, CA) were first
adsorbed on spleen cells from C57BL/6 mice at a ratio of 1 mg
immunoglobulin protein per spleen for 30 min at 4"( ' to remove some

growth stimulatory factors. The spleen cells were pelleted by centrif-

ugation, and the immunoglobulin solution was passed through 0.45-
nm Millipore filters (Millipore Corporation, Bedford, MA). Cell sus
pensions containing 106 cells/ml in PBS were incubated with various

concentrations (10,25, or 50 ^g/ml) of the anti-gpl60 immunoglobulin
or NRG for l h at 37Â°C.The cells were then pelleted by centrifugation
(500 x g for 5 min at 23Â°C),resuspended at 4 x IO3cells/ml in DMEM

containing 10% FCS and the appropriate concentration of anti-gpl60
antibodies or NRG without or with 10 Â¿IMRA, and plated in replicate
wells of a 24-well Costar cluster plate (Data Packaging Corp., Costar
Div., Cambridge, MA) for monolayer cultures. Alternatively, the cells
(4 x IO3) were mixed 1:1 with 1% low-temperature-gelling agarose

(FMC Corp., Marine Colloids Division, Rockland, ME) in DMEM
containing 10% FCS and anti-gpl60 antibodies or NRG without or
with 0.2 Â¿IMRA and 1 nil aliquots were placed on top of a previously
cast layer formed by 1 ml of 1% agarose in the same growth medium
in 35-mm dishes. The cultures were fed fresh medium every 72 h. The
number of cells in the monolayer cultures was determined after 5 days
by detaching cells with 2 mM EDTA and counting the single-cell
suspensions using an electronic particle counter (Model ZBI; Coulter
Electronics, Hialeah, FL). After 10 days the number of colonies formed
in the agarose was determined under an inverted microscope using the
x4() magnification.

Concanavalin A (Vector) was also assayed for growth inhibitory
effects on untreated and on RA-treated cells by incubating cell mono-
layers or cell suspensions (for agarose colony formation assay) with
12.5, 25, or 50 Mglectin/ml and performing the subsequent cell cultur-
ing as described for the anti-gpl60 antibodies.

RESULTS

Shedding of a M, 160,000 Protein by S91-C2 Cells into the
Growth Medium. Analyses by SDS-PAGE of concentrated sam
ples of medium conditioned by untreated or by RA-treated cells
revealed the presence of a protein migrating with an apparent
M, of 160,000 (Fig. 1, lanes E and F). This protein could not
be observed in concentrated growth medium incubated without
cells (data not shown), suggesting that the protein originated
from the cells. Further support for this conclusion has come
from the finding of a comigrating, radioactively labeled protein
in the medium of cells that had been incubated with [3H]-
glucosamine (Fig. 1, lanes A and B) or with [35S]methionine

(Fig. 1., lanes C and D), which indicates that the M, 160,000
glycoprotein released into the medium might be a shed form of
cell-surface gpl60. The M, 160,000 glycoprotein was labeled
with [35S]methionine within l h and shed into the medium

within 2 h. Maximal shedding of this molecule was found after
4 h. Many additional labeled proteins with lower molecular
weight values began to appear in the medium thereafter and the
relative amount of the M, 160,000 glycoprotein decreased (data
not shown), so we chose to use medium conditioned for 4 h as
a source for the M, 160,000 glycoprotein.

The M, 160,000 glycoprotein was isolated from medium
conditioned by about 5 x IO8 S91-C2 cells by subjecting con
centrated medium to SDS-PAGE (Fig. 1, lane G) and excising
the M, 160,000 protein band from the gel. Between 50 and 100
ng of this glycoprotein were obtained from such a preparation
after separation on several slab gels.

Specificity of Anti-.W, 160,000 Protein Antiserum for Cellular
gpl60. The serum of rabbits immunized with the M, 160,000
glycoprotein isolated from medium conditioned by S91-C2 cells
was found by immunoblotting to bind specifically to a Mr
160,000 protein present in total cell extracts of untreated and
RA-treated S91-C2 cells (Fig. 2, lanes A-D). This protein
comigrated with [3H]glucosamine-labeled cellular gpl60 (Fig.

2, lane F) and with gpl60 labeled on the surface of RA-treated
cells by the NaIO4-NaB[3H]4 method that labels exposed sialic
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Fig. 1. Demonstration of gpl60 release into growth medium by S91-C2 cells.

Cells were grown for S days in the absence (lanes A, C, and /-.')or presence (lanes
B, D, and F) of 10 pM RA and labeled metabolically with either [3H]glucosamine
(lanes A and B) or ("SJmethionine (lanes C and D) as described in "Malt-rials
and Methods." The medium was removed at the end of labeling, and the labeled

cells were detached and counted. Samples of the labeled medium were diluted in
SDS-PAGE sample buffer such that medium conditioned by a similar number of
cells and containing 20 Â±1.5 x IIÂ»'trichloroacetic acid-precipitable dpm could
be applied into each slot of the stacking gel (lanes A-D). The samples were
subjected to SDS-PAGE in 6% polyacrylamide slab gels, and the gels were
processed for fluorography ( 15) by impregnation with EN3HANCE (New England
Nuclear) followed by drying and placement against an X-ray film at -7()"( ' for 1

to 2 weeks of exposure. Medium from several 1S-cm dishes containing nearly
confluent monolayers of cells grown in the absence (lane E) or presence (lane F)
of 10 Â»MRA for S days was collected, dialyzed against distilled water, lyophilized,
and dissolved in SDS-PAGE sample buffer at 10 mg of protein per milliliter.
Samples of the concentrated material (500 Mgprotein) were subjected to SDS-
PAGE in 6% gels, which were then stained with Coomassie brilliant blue R-2SO.
For large-scale isolation of gploO, monolayers of untreated S91-C2 cells in 15-
cm dishes were washed and incubated with serum-free DMEM for 4 h. The
conditioned medium was dialyzed and lyophilized, the dried material was dis
solved in sample buffer at 7 mg/ml, and a 1-ml sample was placed on top of a
13- x 13- x 0.15-cm 6% polyacrylamide slab gel and subjected to SDS-PAGE.
After electrophoresis the proteins within the gel were stained with Coomassie
brilliant blue R-250 (lane G). Numbers on the left, electrophoretic migration of
molecular weight markers including myosin ( V, 210,000), 0-galactosidase (A/,
130,000), phosphorylase "a" (M, 94,000), and BSA (M, 68,000) which underwent

electrophoresis in a parallel lane.

acid residues (Fig. 2, lane H). These findings strongly suggested
that the A/r 160,000 glycoprotein released into the medium by
S91-C2 cells is a shed form of cell-surface gploO that we have
characterized previously (8). A higher molecular weight form
of HP160, presumably an aggregate was detected by Â¡mmuno
blotting of cell extracts that have been subjected to SDS-PAGE
without reducing and boiling the samples prior to electropho
resis (Fig. 3, lanes C and D).

Interestingly, gploO of untreated cells which is almost un-
detectable in [3H]glucosamine-labeled cells (Fig. 2, lane E) or
on the cell surface (Fig. 2, lane G), is detected by immunoblot-
ting with anti-gpl60 antibodies (Fig. 2., lane A). The immu-
nodetection method indicates that up 160 is present in untreated
cells in amounts similar to those in RA-treated cells (compare
lanes A and // in Fig. 2), although the glycosylation of gploO is
enhanced in RA-treated cells.

Anti-gpl60 antibodies were obtained only in rabbits immu
nized with A/r 160,000 glycoprotein shed into the medium of
S91-C2 cells grown in the absence of RA. No such antibodies
were detected in sera of three rabbits immunized on different
occasions with different preparations of A/r 160,000 glycopro
tein shed by RA-treated cells into the medium; however, these
rabbits died 2 weeks after the third booster injection for un
known reasons.

The anti-gpl60 immunoglobulin fraction obtained by am
monium sulfate precipitation was used in a combination of
indirect immunofluorescence staining and flow cytofluo-
rometry to study gpl60 expression on S91-C2 and S91-C154
melanoma cell surfaces. The binding of the antibodies to RA-
treated S91-C2 cells was invariably higher than their binding

-, -<

94-

68-

Fig. 2. Specificity of anti-gpl60 for gploO sialoglycoprotein of S91-C2 mela
noma cells. Cells were grown for 5 days in the absence (lanes A, C, E, and G) or
presence (lanes B, D, F, and //) of 10 JIMRA. Cell extracts from unlabeled cells
were subjected to SDS-PAGE in a 6% polyacrylamide slab gel and then the
proteins were blotted by electrophoretic transfer onto a nitrocellulose filter sheet.
The nitrocellulose filler was then incubated with anti-gpl60, washed, and incu
bated with '^I labeled protein A. After that the tiller was washed again and
placed against an X-ray film for autoradiography (lanes A and B). Extracts of
cells labeled metabolically with [}sS]methionine (lanes C and D) or with ['I l|
glucosamine (lanes E and /â€¢'I. as well as extracts of cells labeled by the NaIO4-
NaB[3H]4 method, that is specific for surface-exposed sialic acids (lanes G and
//), were also subjected to SDS-PAGE, and the gels were processed for fluorog-
raphy as described in the legend to Fig. 1. Numbers on the left, molecular weight
markers.

AB CD
, -m-

210-

gp160-

130-

94-

68-
!

Fig. 3. Demonstration of a high molecular weight form of gploO. Cells were
grown for 5 days in the absence (lanes A and C) or presence (lanes B and /') of
Io //M RA. Cells were then extracted with a nonionic detergent solution (0.25%
Nonident P-40) and half of the extracts were boiled in SDS-PAGE sample buffer
containing ff-mercaptocthanol (lanes A and B) whereas the other half was mixed
with sample buffer without reducing agent and was not boiled (lanes C and D).
The samples were subjected to SDS-PAGE, electrophoretic transfer, and ininui
noblotting as in Fig. 2 (lanes A and B). Numbers on the left, molecular weight
markers; Arrows, reduced and unreduced gp 160.

to the surface of untreated cells (Fig. 4). In contrast, there was
no difference in the binding of these antibodies to control and
RA-treated S91-C154 cells (Fig. 4).

Growth-Inhibitory Effects of Anti-gpl60. The anti-gpl60 im-
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S91-C2

Control
RA-Treated _

HI

anti-gp 160

Ml

S91-C154

anti-gp 160

Fluorescence Intensity
Fig. 4. Cell surface binding of aim-up IMi antibodies. S91-C2 and S91-C154

melanoma cells were grown for 5 days in the absence or presence of 10 pM RA.
The cells were detached and incubated successively with anti-gp 160 antibodies
and FITC-conjugated goat anti-rabbit immunoglobulin before FACS analysis, as
described in "Materials and Methods." Cells incubated with preimmune NRG,
instead of anti-gp 160 were used as controls.
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Fig. 5. Growth-inhibitory effects of anti-gp 160 antibodies on S91-C2 cells.
Cells were incubated in suspension with the indicated concentrations of NRG or
anti-gpl60 immunoglobulin, both of which had been tirsi incubated with spleen
cells. In I. the cells were then suspended 1:1 (v/v) in 1% agarose in DMEM
containing 10% FCS without or with 0.2 Â»IMRA, and Imi samples containing 2
x id' cells were placed in 35-mm dishes on top of a precast layer formed by 1 ml

of 1% agarose. The number of colonies that developed in the semisolid medium
was determined after 10 days of growth. In B, another portion of cells that had
been preincubated with NRG or anti-gp 160 was seeded in wells of a 24-well
cluster Costar plate at 4 x l (I' cells/well in the absence or presence of 10 uM RA.

The number of cells was determined after 5 days of growth.

munoglobulin was found to inhibit both the formation of colo
nies of S91-C2 cells in semisolid medium (Fig. 5A) and the
proliferation of these cells in monolayer cultures (Fig. 5A). The
concentration of immunoglobulin causing 50% growth inhibi
tion was about 10 Â¿/g/ml,and almost complete inhibition was
observed with 25 Mg/ml. The effect of the antibodies was
cytostatic, since cell viability was not altered even after a 5-day
exposure of the cells to the antibodies. There was no active
complement in the antibody-binding assay or in the growth
medium. The growth-inhibitory effect of anti-gpl60 immuno
globulin was also observed in cells exposed concurrently to the
antibodies and to 0.1 MMRA (Fig. 5A). Some additive effect of
anti-gp 160 on the growth-inhibitory effect of RA alone was
noticed when the cells were grown in semisolid medium (Fig.
5,4). In contrast there was almost no difference between the
growth of cells in monolayer cultures in the presence of both
RA and anti-gp 160 and growth in the presence of RA alone
(Fig. 5B). Anti-gpl60 immunoglobulin exerted no growth in
hibitory effects on the RA-resistant S91-C154 cells (Table 1).

Likewise, an irrelevant hyperimmune rabbit antiserum (anti-
bovine fibronectin), processed as the anti-gp 160 antiserum (iso
lation of immunoglobulin fraction and absorption on spleen
cells) caused no growth inhibitory effects on the S91-C2 cells
in semisolid medium or in monolayer culture, whether the cells
were grown in the absence or in the presence of RA (data not
shown), suggesting that hyperimmune rabbit serum does not
contain a nonspecific growth-inhibitory activity. The growth of
either untreated or RA-treated S91-C2 cells in semisolid me
dium or in monolayer cultures was not inhibited by heat-
inactivated ( 100'T, 10 min) anti-gp 160 immunoglobulin or by

concanavalin A, a lectin that binds to the surface of both
untreated and RA-treated S91-C2 melanoma cells (data not
shown) suggesting that binding of another ligand at the cell
surface does not inhibit growth as does the anti-gp 160 antibody.

DISCUSSION

Glycoconjugates (glycoproteins, glycolipids, and proteogly-
cans) associated with the cell surface membrane have been
shown to play important roles in fundamental physiological
and pathological processes (16-24). Different lines of evidence
implicate cell surface glycoconjugates as mediators of intercel
lular recognition and adhesion (20, 21) and as receptors for
hormones and growth factors (24-27). These membrane com
ponents are altered during embryogenesis ( 17), differentiation
(17, 24), and malignant transformation (19, 22-24) and are
therefore presumed to be involved in these processes. Although
the role of the carbohydrate residues that constitute the oligo-
saccharide side chains of glycoconjugates in the above functions
is not fully understood, there are some indications that pertur
bations of the carbohydrate moiety of glycoproteins may some
how influence cell growth (24, 27-29).

Numerous studies in vivo and in organ and cell cultures have
demonstrated the ability of retinoids to modulate the growth,
differentiation, and malignant progression of various tumor
cells (1-4). The mechanism by which retinoids exert these
effects is not known, but an increasing number of reports points
to the cell surface membrane as one of the likely targets for
retinoid action (1-3). Indirect evidence, such as retinoid-in-
duced changes in cellular interactions (30-34), suggests that
retinoids modify cell surface components involved in cell-cell
adhesion. Other studies have demonstrated more directly that
retinoid treatment of certain cultured untransformed or tumor
cells leads to specific changes in cell surface glycoproteins and
glycolipids (1-3,8,12, 30,31,35-39). In addition to modifying
glycosylation reactions, retinoids have been shown to alter the
dynamics and shedding of specific cell surface glycoconjugates
(1-3, 39-42). Retinoic acid treatment of prechondrogenic mes-
enchymal cells causes increased retention of fibronectin at the
cell surface (40). In Swiss 3T3 cells, RA inhibited phorbol ester-
induced shedding of fibronectin from the surface (41 ).

In the present study we found that S91-C2 melanoma cells
shed into their growth medium a A/r 160,000 glycoprotein. The
amount of this glycoprotein in medium conditioned by RA-
treated cells was about 50% the amount found in medium
conditioned by untreated cells as determined by densitometric
scanning of autoradiograms of samples of medium conditioned
by [35S]methionine-labeled cells and separated by SDS-PAGE.

It is not clear yet whether this is the result of increased degra
dation of material shed by RA-treated cells or the result of
decreased shedding of the cell-surface-associated glycoprotein
in RA-treated cells. The latter possibility is more plausible,
because RA-treated cells produced a more highly glycosylated
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Table 1 Comparison of the growth-inhibitory effects ofanti-gploO antibodies on RA-sensitive (S9I-C2) and on RA-resistant (S9I-C154) melanoma cells

S91-C2 S91-C1S4

Treatment"ControlRA.

HIKM
RA, 0.1 MM
NRG, 25 (ig/ml
NRG, 25 Mg/ml; RA, 10 pM
NRG, 25 Mg/ml; RA, 0.1 n\i
Anti-gpl60, 25 UKml
Anti-gpl60. 25 Mg/ml; RA, 10 Â¡IM
Anti-gpl60, 25 Â«ig/ml;RA, 0.1 Â¡IM10-5x

No. ofcells/well*12.4

Â±0.2
1.6Â±0.111.7

Â±0.2
1.4Â±0.11.2

Â±0.1
1.1 Â±0.1No.

ofcolonies/dish'595

Â±628

Â±5
625 Â±1731

Â±624
Â±3010-*

x No. ofcells/well12.1

Â±0.4
9.8 Â±0.39.6

Â±0.27.2
+0.110.4

Â±0.2
7.3 Â±0.1No.

ofcolonies/dish560

Â±9495

Â±28456
Â±17424

Â±6
530Â±21479

Â±15
* Described in "Materials and Methods" under "Assay for Growth Inhibition."
b Four thousand cells were plated in each of a series of replicate wells of a 24-well Costar cluster plate. The number of cells after 5 days of treatment was determined

and the values are the mean Â±SE of triplicate wells per treatment. Similar results were obtained in three independent experiments with different batches of cells and
antibodies.

' I Â«othousand cells in 0.5% agarose were plated on top of a layer of 1% agarose in 35-mm dishes. The number of colonies was determined after 10 days of

treatment. The values are the mean Â±SE of triplicate dishes. Similar results were obtained in three experiments with different batches of cells and antibodies.

gpI60, which should exhibit greater resistance to proteolytic
enzymes than the less glycosylated gp 160 produced by untreated
cells.

Shedding of glycoproteins from the surface of normal and
cancer cells is a well-documented phenomenon (43, 44). Many
types of untransformed and tumor cells release proteases and
adhesion molecules from the cell surface (43, 44), and some of
the shed glycoproteins exhibit a subunit molecular weight of
160,000-170,000 (45-48). Preliminary results suggest that cell
surface gploO might be involved in mediation of homotypic
aggregation of S91-C2 cells;5 however, the relation of gploO to

the adhesion molecules released by other cells remains to be
established. Preliminary studies indicate that gploO is distinct
from a neural cell J-l antigen which is a A/r 160,000 adhesion-
mediating shed glycoprotein (48).

As part of our investigation of the possible role of cell surface
gpl60 it was first necessary to isolate it. Since cell surface
gpl60 is present in very small amounts, the use of isolated
membranes as a source for its purification was deemed unsuit
able. The finding that a gpl60-like glycoprotein is shed by the
S91-C2 cells into their growth medium at about 0.2 Mg/ml in 4
h has made the conditioned medium a more suitable source for
glycoprotein isolation. A variety of methods, including gel
filtration, ion-exchange, and affinity chromatography on im
mobilized wheat germ agglutinin or on immobilized serotonin,
failed to yield large quantities of pure M, 160,000 glycoprotein,
because several other sialoglycoproteins copurified with it.6
Therefore, we used preparative SDS-PAGE to obtain electro-
phoretically homogenous glycoprotein.

The antibodies prepared against the shed glycoprotein rec
ognized a M, 160,000 component among the numerous proteins
present in extracts of untreated or RA-treated cells. This com
ponent is presumed to be the cellular gpl60 because it comi-
grates on gels with the RA-mediated gpl60 (Fig. 2). Ininni no
blotting with anti-gpl60 antibodies of S91-C2 extracts revealed
the presence of similar amounts of gpl60 in untreated and in
RA-treated cells. This finding supports our previous suggestion
that RA increases the glycosylation of gp 160 without increasing
the amounts of the polypeptide (8). Immunoblotting of cell
extracts that have not been reduced or boiled prior to electro-
plion-sis revealed that gpl60 may be present in the cells as a
dinier or a higher M, aggregate. The finding that all the anti-
genicity was present in the M, 320,000 component in unreduced
and unboiled extracts also suggests that the material that we
used for immunization (a protein band cut out of a slab of SOS

' R. Lotan. unpublished observation.
* V. Deutsch, Modification of Tumor Cell Membranes by Retinoids (Doctoral

Thesis). Rehovot, Israel: The Weizmann Institute of Science, 1986.

PAGE gel) did not contain a mixture of unrelated proteins with
a molecular weight of 160,000 because it is unlikely that differ
ent proteins exhibiting a molecular weight of 160,000 in SDS
should behave similarly under nonreducing conditions and ag
gregate to form a complex of the same size (about M, 320,000).

The antibodies produced against the M, 160,000 glycoprotein
shed by untreated cells were capable of binding to the surface
of RA-treated cells to a larger extent than to untreated cells.
This phenomenon might be the result of the presence of more
gpl60 or of the higher accessibility of gpl60 on treated cells
than on untreated ones as revealed previously by cell surface
iodination with iodine-125 (8). The RA-induced modification
of gpl60 glycosylation (8) includes increases in sialylation,
which may have increased the hydrophilicity of the molecule
and induced a conformational change that exposed additional
antigenic determinants on the gpl60 molecule. This conclusion
is supported by the finding that in S91-C154, where RA does
not alter the glycosylation of gpl60 (11), the binding of ami
gpl60 antibodies was not increased after RA treatment.

The binding of anti-gpl60 antibodies to untreated S91-C2
cells resulted in a dose-dependent inhibition of their ability to
form colonies in semisolid medium and proliferate in mono-
layer cultures. In contrast, no inhibition was observed with the
RA-resistant S91-C154 cells. It is interesting that the binding
of antibodies to the surface of cells in the absence of comple
ment usually fails to affect cell viability, morphology, or growth.
For example, monoclonal antibodies that react with cell surface
antigens such as HLA-A, -B, -C, or -DR (49), with human
melanoma cell surface antigens including M-19, R-8, 0-5, and
gp 150 (50), with some antigens on the surface of B16 melanoma
cells (51, 52), with ft-microglobulin on /iÂ£i/-transfected 3T3

cells (53), or with fibronectin or chondroitin sulfate on several
transformed and tumor cell lines (54), exerted no growth-
inhibitory effects after binding to various cells. We found no
inhibition of S91-C2 cell growth by an irrelevant immunoglob-
ulin (anti-fibronectin) or by concanavalin A which binds to cell
surface glycoconjugates. In contrast, some antibodies that react
with specific cell surface antigens have been found to modulate
cell growth and the expression of the transformed phenotype
in a cytostatic fashion. These include antibodies that react with
cell surface components of unknown function, including Thy-1
antigen (55), Goj-ganglioside (50), a melanoma-specific chon
droitin sulfate proteoglycan (49), a M, 59,000 protein of murine
and human melanoma cells (52), and a M, 125,000 glycoprotein
complex found in proliferating normal and malignant cells (56).
Antibodies against surface components with defined function,
such as receptors for transferrin (57), epidermal growth factor
(58), interleukin-2 (59), endogenous lectins (54), and oncogene
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products (53), have also been shown to suppress cell growth.
Most of these antibodies inhibited the growth of transformed
cells in semisolid medium and conferred upon these cells a
more normal behavior in vitro (49, 52-54). Thus, the antigens
with which these antibodies react were implicated in the regu
lation of cell growth and the expression of the transformed
phenotype. By analogy, the ability of anti-gpl60 antibodies to
inhibit the colony-forming capacity and the proliferative capac
ity of S91-C2 cells indicates that the gploO might be involved
in regulation of growth and expression of the transformed
phenotype.

RA treatment of the S91-C2 cells resulted in a higher expres
sion of the gploO glycoprotein on the cell surface as evidenced
by the increased binding of anti-gpl60 antibodies. Nonetheless,
the growth inhibitory effect of anti-gpl60 antibodies was lower
in RA-treated than in untreated cells. These results suggest that
the growth-inhibitory effects of RA itself may not be due to
quantitative but rather to qualitative changes of the gpl60
glycoprotein. This conclusion tends to reinforce our previous
findings that RA-induced changes in glycosylation and sialyla-
tion of gploO may be involved in growth inhibition (8-12).

We propose that in the S91-C2 melanoma cells gploO plays
an important function, such as that of a cell surface receptor
for a putative growth factor, and that this function can be
abrogated either by increased glycosylation, and, in particular,
increased sialylation such as is produced by RA treatment, or
by the binding of anti-gpl60 to the cell surface gploO. The
finding that RA-resistant S91-C154 bind a similar amount of
anti-gpl60 antibodies as untreated S91-C2 cells and, yet, the
growth of the former cells is not inhibited by the antibodies
whereas the growth of the latter cells is suppressed (Table 1)
suggests that the mere binding of anti-gpl60 antibodies to the
cell surface is not sufficient to inhibit cell growth. It is possible
that the mutagenesis involved in the generation of the RA-
resistant mutant (11) resulted in a loss of the putative growth-
related function of gploO. This contention is compatible with
our previous observations that RA treatment of the S91-C154
cells fails to modify the glycosylation of gpl60 and fails to
inhibit cell growth (11). Another explanation that is compatible
with our results is that the shed gpl60 is itself a growth-
promoting factor, similar in function to endogenous transform
ing growth factors (60, 61). In this case, RA-enhanced glyco
sylation of shed gpl60 or the formation of gpl60-anti-gpl60
complexes could result in diminished binding to the cell surface
and the subsequent growth inhibition. Future experiments will
be designed to explore these possibilities further.
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