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Altered Composition of Membrane Glycoconjugates in Rat Hepatoma Tissue
Culture Cells after Dexamethasone Treatment or in Vivo Growth1

Heinz Baumann and Fong-Fong Chu

Department of Molecular Biology, Roswell Park Memorial Institute. Buffalo. New York 14263

HTC cells2 are characterized by the same distinct set of gly
coproteins and glycolipids. This set of glycoconjugates is dif
ferent from that of Reuber H-35 cells or normal hepatocytes
(3, 8). Most of the glycoproteins and glycolipids are turned
over as units with half-lives of 75 to 100 hr (3, 28). The
quantitative and qualitative composition of membrane glyco
proteins is quite stable; for instance, no important differences
in glycoprotein composition could be detected between HTC
cells grown in suspension and in monolayer culture or those
grown at low and high cell density (3),3 There are, however,
reports that changes in plasma membrane function, such as
adhesiveness (2), amino acid transport (17, 22), and secretion
of plasminogen activator (7), occur when these cells are treated
with glucocorticoids. Another quite unexpected observation is
that HTC cells, which normally exhibit only very loose cell-cell
interaction, form solid tumors rather than ascites-type tumors
when grown i.p. in rats. This alteration in cell affinity suggests
possible structural reorganization at the cell surface involving
both glycoproteins (21) and glycolipids (i 3). In the present
paper, we examined the changes in membrane glycoconju
gates which occur when cell growth is influenced by hormones
or by in vivo environment. We found that several qualitative as
well as quantitative alterations in the composition of the mem
brane glycoproteins occur when HTC cells were either treated
with dexamethasone or grown in vivo in rats. Under the same
experimental conditions, the glycolipid pattern remains rela
tively constant.

MATERIALS AND METHODS

Materials. L-[6-3H]Fucose (13.12 Ci/mmol) was purchased
from New England Nuclear, Boston, Mass. Dexamethasone
(9a-fluoro-i 6e-methylprednisolone) was from Sigma Chemical
Co. , St. Louis, Mo. , and male Buffalo rats were from Simonson
Laboratories, Inc., Gilroy, Calif. Concanavalin A-Sepharose,
DEAE-Sephadex A-25, and Sephadex LH-20 were obtained
from Pharmacia Fine Chemicals, Piscataway, N. J.; Florisil was
from Baker Chemical Co., Phillipsburg, N. J. ; and thin-layer
plates coated with Silica Gel G were from Analtech, Inc.,
Newark, Del. All chemicals used were of analytical grade.

Cells and Hepatomas. A cloned cell line of HTC cells, which
was derived originally from ascites tumors selected from a solid
Morris hepatoma 7288c (19, 27), was grown either in suspen
sion culture or in monolayer culture in Eagle's minimal essential
medium containing i 0% fetal calf serum (29). The growth of
solid tumors was initiated by i.p. injection of 2 x i O@HTC cells
in 2 ml Earle's buffered salt solution into male Buffalo rats (350
to 500 g). The tumors present after 11 days were between 4

2 The abbreviations used are: HTC cells, hepatoma tissue culture cells; DOd

Tris buffer, 1% sodium deoxycholate: i 0 mMTris-HCI, pH 8.0, containing 0.1 m@
phenylmethylsulfonyl fluoride: SDS, sodium dodecyl sulfate.

3 H. Baumann, manuscript in preparation.
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ABSTRACT

The influence of dexamethasone or in vivo growth on the
composition of glycoproteins and glycolipids in membranes of
rat hepatoma tissue culture cells (HTC cells) was studied. The
fucose-containing glycoproteins were labeled by incubation of
HTC cells or tumor tissue for 24 hr in the presence of [3H]-
fucose. The glycoproteins were isolated from the total mem
brane fractions by concanavalin A-Sepharose chromatography
and analyzed by two-dimensional gel electrophoresis. Tumor
tissue contains the same set of fucose-contamningglycoprotemns
as do the in vitro cultured cells, plus three additional fucogly
coproteins. Crossed immunoelectrophoretic analysis of these
glycoprotemnsusing antisera, raised against total glycoprotein
fractions in goats, also revealed three additional precipitation
lines for tumor tissue. Treatment of HTC cells with dexameth
asone resulted in the appearance of two new glycoproteins.
When rats bearing a hepatoma derived from HTC cells were
treated with dexamethasone, the same hormone-inducible gly
coproteins as found in HTC cells appear in the tumor cells. In
addition, a third glycoprotein was induced in the tumor cells of
the rat. Besides the appearance of hormone-inducible glyco
proteins in the HTC cells growing in vitro culture and in vivo in
rats, other glycoproteins were reduced in amount. No qualita
tive and only minor quantitative differences in the composition
of both the gangliosides and the neutral glycolipids could be
detected when hepatoma cells grown in vitro and in vivo were
compared. Dexamethasone treatment, however, caused in
HTC cells as well as in the tumor a reduction in the ganglioside
GMI and a simultaneous appearance of a new band, probably

GOla.
These results indicate that the membrane phenotype of HTC

cells is a function of the growth environment of the cell. Some
of the observed alterations in the composition of the membrane
associated glycoconjugates could be related to coincident
changes in plasma membrane functions, such as cell-cell in
teractions and transport of small molecules.

INTRODUCTION

Tissue culture cells are frequently used as models to inves
tigate the effects of malignant transformation on membrane
architecture and/or function (10, 15, 20). Often, however, it is
not known how much of the observed alterations result from
the conditions of cell culture.

The plasma membrane and intracellular membranes of rat
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fraction was applied to a column (i x 4 cm) of concanavalin A-
Sepharose. The column was equilibrated prior to use with 100
ml of DOC-Tris buffer. The nonbound material was eluted with
200 ml of DOC-Tnis buffer at a flow rate of 40 mI/hr. The
bound glycoproteins were eluted after incubation of the column
with 0.5 M a-methyl mannoside in DOC-Tnis buffer for i 8 hr.
For analytical purposes, the glycoproteins were precipitated
with i 0% tnichloroacetic acid and were washed twice with
ethanol. When, however, the glycoproteins were used for im
munization of a goat or for crossed immunoelectrophoretic
analysis (see below), the glycoprotemnseluted from the lectin
column were dialyzed for 48 hr against several changes of
DOC-Tnisbuffer and rechromatographed over a fresh concan
avalin A-Sepharose column in order to remove more of the
nonglycosylated proteins. The glycoproteins eluted from the
second lectin column were dialyzed against i 0 mp@iTris-HCI,
pH 8.0, for 48 hr followed by dialysis against distilled water for
24 hr. The glycoprotein fraction was subsequently lyophilized.
The recovery of glycoproteins by the lectin chromatography
ranges between 25 and 35% (3, 4). Previously, we have shown
that the lectin-bound fucoglycoprotemns do not differ qualita
tively from the total cellular fucoglycoproteins. There are, how
ever, some glycoprotein species which are slightly enriched by
concanavalin A-Sepharose chromatography (3).

Electrophoretic Separations. One-dimensional electropho
retic separations of proteins were performed either in uniform
7.5% polyacrylamide gels or in gels consisting of a linear
gradient of acrylamide from 7.5 to i 5% in the presence of
0. i % SDS according to the procedure of Laemmli (18). Two
dimensional gel electrophoresis was carried out essentially as
described by Ames and Nikaido (i ) with minimal modification
(4). Isolated glycoproteins which were to be analyzed were
dissolved by boiling for 2 mm in 50 mt,i Tnis-HCI, pH 6.8,
containing 2% SDS and 5% 2-mercaptoethanol. These sam
pIes were diluted with 2 volumes of sample dilution buffer,
which contained 9.5 M urea, 2% ampholines (0.4% pH 3.5 to
i 0, 0.8% pH 4 to 6, and 0.8% pH 6 to 8), 5% mercaptoethanol,
and 8% non-ionic detergent Nonidet P40. The samples, each
containing 100,000 acid-precipitable cpm in 60 @sl,were used
immediately for separation in the first dimension by isoelectnic
focusing in polyacrylamide slab gels.

The second-dimension SOS gel consisted of a uniform con
centration of 7.5% acrylamide. The following molecular weight
markers were used: myosin 2i 0 x i 0@;f.@-galactosidase,i 30
x 10@;phosphorylase A, 94 x 10@;albumin, 68 x i 0@;
ovalbumin, 43 x i 0@;chymotrypsinogen, 25 x 10@;and avidin,
18 x i o@.The gels were stained for proteins with Coomassie
Brilliant Blue. Fluorographic detection of tnitium in the gels was
performed as described by Bonner and Laskey (6). Exposure
time was routinely i month.

Immunological Procedures. Production of antiserum against
glycoproteins was done in goats. For all injections, aliquots of
6 mg of total membrane glycoproteins from either HTC cells or
hepatomas were dissolved in i ml of 0.9% NaCI solution and
mixed with an equal volume of complete Freund's adjuvant.
The first injection was performed i.m., and, after consecutive
i 4-day intervals, 2 additional s.c. injections were done. Ten
days after each injection, a blood sample was tested for the
presence of antibodies by a double immunodiffusion assay.
Positive reactions were observed after the second and third
injections. The serum from the third bleeding was subsequently

and 20 mm in diameter and were used for all experiments.
In order to obtain in vitro-cultured cells from hepatomas,

solid tumors after removal of surrounding connective tissues
together with outer cell layers were cut into i -cu mm pieces.
The tissue fragments were washed several times with Earle's
balanced salt solution and then were incubated with shaking in
Hanks' balanced salt solution containing 2.5% trypsin and 2%
EDTA for 5 mm at 37Â°.The released cells were removed, and
a tryptic digestion of the remaining tissue was repeated twice.
The cells were washed twice with growth medium and were
placed either in suspension or in monolayer culture.

Treatment with dexamethasone was started usually 18 hr
prior to the addition of labeled precursor or isolation of the
tumor cells from the rat either by addition of the hormone (1
mg/mI 95% ethanol) to the in vitro culture medium yielding a
final concentration of 1 @Mor by i.p. injection of i 00 @slof the
ethanolic dexamethasone solution into the tumor-bearing rats
with simultaneous s.c. injection of the same amount of hormone
suspended in corn oil. The control tissue cultures or animals
were treated with the same amounts of carrier solvent only.

Radioactive Labeling. Total cell glycoproteins were labeled
by growing tissue culture cells in the presence of L-[6-3HJ
fucose for 24 hr. Suspension cell cultures at an initial density
of i x 106 cell/mI and confluent monolayers (3 ml of medium
per 25 sq cm) were exposed to the labeled sugar at a concen
tration of 10 ,@Ci/mIof culture medium. For labeling of hepa
toma tissue, solid tumors were freed of surrounding host tissue
and then cut into pieces of i cu mm. The fragments were
washed several times with Earle's balanced salt solution fol
lowed by monolayer culture medium. The tumor pieces repre
senting 5 mg of total cell proteins were placed into culture
dishes (3.5 cm in diameter), and 5 ml of monolayer culture
medium containing 50 @sCiof [3H]fucose were added. The
incorporation was allowed to proceed for 24 hr.

To test whether the incorporated radioactivity is confined to
fucose residues, the cellular proteins were precipitated with
tnichloroacetic acid and extracted twice with ethanol. Aliquots
of the insoluble fraction each containing i 00,000 cpm were
methanolized and N-acetylated. Then, the liberated methyl
glycosides containing 98% of the tritium radioactivity were
trimethylsilylated and analyzed by gas-liquid chromatography.
The elution gas was measured by scintillation counting. The
recovery of the method was determined by using L-[6-3H]fu
dose. In all tested samples, between 90 and 95% of the
radioactivity was found associated with the peaks of the fucose
derivatives.4

Isolation of Membrane Glycoproteins. All the following de
scribed steps were carried out at 4Â°.Radioactive-labeled cul
ture cells on hepatoma tissue were washed 4 times with phos
phate-buffered saline and then disrupted in 10 volumes of 50
mM Tnis-HCI, pH 7.6, containing 0.5 mM phenylmethylsulfonyl
fluoride by ultrasonication for 3 sec on a Branson sonicator
with microprobe attachment. The homogenate was centrifuged
at i 50,000 x g for i hr. The pellets were washed once by
resuspending in the above Tnis buffer followed by centrifuga
tion. The glycoproteins were extracted by sonication of the
crude membrane fraction in DOC-Tris buffer. The extract was
centrifuged at i 50,000 x g for 1 hr. The resulting supernatant

4 H. Baumann, E. Nudelman, K. Watanabe, and S. I. Hakomoni, submitted for

publication.
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used for analysis. Crossed immunoelectrophoresis of the gly
coproteins were carried out as described by Weeke (30). The
composition of the agarose gels was modified by adding Triton
x-i 00and0.2Ma-methylmannoside.Thelatterwasaddedin
order to prevent agglutination of glycoprotemnsby contaminat
ing concanavalin A, which leaked oft the lectin column used
for affinity chromatography. The samples analyzed contained
isolated glycoproteins labeled with [3H]fucose (200,000 cpm)
to which cold glycoproteins were added to bring the quantity
up to 30 @tg.The electrophoresis in the first dimension ran for
5 hr at 5 V/cm. The electrophoresis in the second dimension
occurred in agar gel containing 2% immune serum. After sep
aration, the agar gel was washed for 48 hr by shaking in
several changes of phosphate-buffered saline. For obtaining a
fluorograph of the crossed immunoelectrophoretic pattern, the
following procedure was used. The gel was soaked for i 5 mm
in distilled water followed by 2 changes of acetone. The ace
tone-fixed gel was then incubated for 30 mm in 20% PPO in
acetone. The impregnated gel was placed for 10 mm in ice
water and then dried. A fluorogram of such a gel required an
exposure time of 3 weeks.

Glycolipid Isolation and Analysis. For isolation of neutral
glycosphingolipids and gangliosides, cultures cells (4 x 10@)
or i 0 g of tumor tissue were kept at â€”70Â°prior to the extraction
and were homogenized in 50 ml of cold 0.9% NaCI solution in
a Sorvall Omnimixer. The homogenate was centrifuged for 1 hr
at 105,000 x g. The pellet was subjected to the same extrac
tion procedure once again. The washed crude membrane frac
tion was now suspended in 20 ml of 0.9% NaCI solution and
was extracted with 400 ml of chloroform:methanol (2: i ). The
insoluble fraction after filtration was extracted a second time
with 200 ml of chloroform:methanol:H2O (i :2:0.i 5). Both fil
tered extracts were combined, dried in a rotary evaporator,
and redissolved in a small volume of chloroform:methanol:
water (2:i :0.05). After removal of the insoluble material by
centnifugation, the supernatant fraction was desalted by gel
chromatography over a column of Sephadex LH-20 in chloro
form:methanol:water (2:i :0.05). The gangliosides were then
isolated from the total lipid fraction by ion-exchange chroma
tognaphy on DEAE-Sephadex A-25 as described by Yu and
Ledeen (3i ). Desalting of the gangliosides occurred by gel
filtration on Sephadex LH-20. The portion which was not ad
sorbed to DEAE-Sephadex was used to isolate the neutral
glycosphingolipids according to the procedure of Saito and
Hakomoni (24) involving the following steps: acetylation; chro
matography on Flonisil; deacetylation; and desalting on Seph
adex LH-20.

For analysis, the purified glycolipid fractions were applied to
thin-layer plates coated with Silica Gel G. The separation of
the gangliosides was performed in chloroform:methanol:2 N
NH4OH (60:35:8, by volume), and that of the neutral glyco
sphingolipids was done in chloroform:methanol:H2O (60:35:8,
by volume). In both cases, appropriate standard glycolipids
were co-chromatographed. The gangliosides were visualized
by staining with resorcinol, and the neutral glycolipid was
visualized by staining with orcinol.

RESULTS

Identification of the Cells in Solid Tumors as HTC Cells.
When HTC cells are injected i.p. into rats, the cells do not grow
as expected as an ascites tumor but form solid tumors prefer

entially located around the stomach, attached to the mesothe
hum and adjacent omentum. The growth of such tumors was
highly reproducible (38 of 40 treated animals). A rat bearing
the tumor dies normally after 3 weeks. At that stage, the tumor
had completely overgrown the stomach. The s.c. growth of a
tumor of comparable size (25 g) requires, however, a growth
period of 3 to 4 months. The hepatoma cells do not synthesize
and secrete a1-fetoprotein either in vitro or in vivo; no significant
amounts of this protein were detected by the method of Sell
and Gord (25) in either the culture medium or the serum of
tumor.

A cross-section of an i i-day-old tumor grown i.p. reveals
that the tumor is composed mainly of one cell type (Fig. i).
The tumors do not show invasions of blood vessels or other
host tissues. Generally, the host tissues, containing some blood
vessels, are limited to several cell layers surrounding the mdi
vidual tumors (Fig. i ). In order to demonstrate that the cells
forming the solid tumors are HTC cells identical to those used
for initial injection, tumors were freed from host tissue and then
dissociated with trypsin. The released cells were placed in
tissue culture. A comparison of the electrophoretic pattern of
the total cell proteins from these recultured cells with that from
the original HTC cells showed identity (Fig. 2). An analysis of
the synthesized [3H]fucose-containing membrane glycopro
teins of these cell types, grown in suspension as well as in
monolayer culture, is illustrated in Fig. 3. Under both growth
conditions, no differences were observed. In addition, it is
noteworthy that the glycoprotein pattern of the same cell type
grown in suspension or in monolayer culture does not differ
qualitatively. Only slight differences in the labeling intensity of
the glycoprotein band with apparent molecular weight of
i 75,000 can be observed.

The cells forming the solid tumors were identified as HTC
cells not only by biochemical methods but also by morpholog
ical criteria. When HTC cells were examined by electron mi
croscopy, a large number of intracellular vacuoles of different
sizes were observed. The same characteristic pattern of vac
uoles is found in cells of solid tumors.5

Membrane Glycoproteins of HTC Cells and Hepatoma. It is
generally believed that membrane glycoproteins play an im
portant role in cell-cell interactions and in cell adhesiveness
(14, 23). The change in growth behavior that cells undergo
when they are transferred from in vitro individual cell growth to
in vivo aggregate growth conditions might be expected to
involve some alteration in membrane structure. A 2-dimensional
separation of [3H]fucose-labeled membrane glycoprotemnsiso
lated by concanavalin A-Sepharose chromatography from HTC
cells grown in monolayer or as a hepatoma reveals that all
glycoproteins found in HTC cells are also present in the tumor
(Fig. 4). Some of the glycoproteins, however, are synthesized
at different relative rates depending on conditions of growth. A
very prominent example of a protein that is increased in amount
in the tumor is the protein with an apparent molecular weight
of i 45,000 and isoelectric point of 5.5. In addition, several
other new membrane glycoprotein species are synthesized in
the tumor. The most striking ones have apparent molecular
weights of 65,000, 60,000, and 35,000 and isoelectnic points
of 6.0 to 7.3, 6.5 to >8.0, and 4.8, respectively (Fig. 4, open
arrowheads). In order to test whether HTC cells cultured in

5 F-F. Chu, unpublished observation.
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Glycollplds of HTC Cells and Hepatoma. Gangliosides and
neutral glycolipids were isolated from HTC cells and tumor
tissue, which were either exposed or not exposed to dexa
methasone. These lipid fractions were separated simultane
ously by thin-layer chromatography (Fig. 6). These analyses
were repeated twice with preparations derived from independ
ently conducted experiments (in vitro and in vivo, in presence
and in absence of dexamethasone). For each case, consistent
patterns were obtained. The ganglioside pattern of both HTC
cells and the solid hepatoma shows no obvious differences and
is characterized by high concentrations of GM3(lI3-a-N-acetyl
neurammnosyllactosylceramide, and an almost complete ab
sence of multiply sialylated forms (Fig. 6A). In both the in vitro
and in vivo-cultured hepatoma cells, a new band with a migra
tion similar to G048(1l3,1V3-a,a-di-N-acetylneurammnosylgangli
otetraglycosylceramide) appears after treatment with dexa
methasone. At the same time the GM1(1l3-a-N-acetylneurami
nosylgangliotetraglycosylceramide) band is remarkably re
duced. A similar identity between HTC cells and hepatoma
exists in the pattern of the neutral glycolipids (Fig. 6B). There
is, as in the case of gangliosides, no tumor-specific neutral
glycolipid detectable. It appears, however, that tumor tissue
contains relatively more glycolipids which migrate with mobili
ties similar to those of globoside and Forssman antigen glyco
lipid. Dexamethasone does not induce the synthesis of a new
type of neutral glycolipid but stimulates preferentially the syn
thesis of the higher glycosylated forms with migration rates
slower than those of the Forssman antigen glycolipid. Some
what unexpected is the additional sharp band in the neutral
glycolipid pattern of non-dexamethasone-treated hepatoma
(slowest migrating component in Fig. 6B, Column 3). In the 2
additional experiments with tumors from rats not treated with
hormone, this band was consistently present, but it was always
absent in dexamethasone-treated tumors from rats. However,
it cannot be ruled out that this band represents a nonlipid
contaminant.

DISCUSSION

Much attention has been given to comparisons of the inven
tory type between hepatomas and normal liver. A recent bio
chemical analysis showed that many abundant proteins of
various differently growing hepatomas are present in normal
rat liver as well (i 2). In addition to these shared proteins, there
were, however, additional tumor-specific proteins detectable.
A similar comparative study, but carried out on glycosphingo
lipids, also revealed differences between the hepatomas and
normal liver (26). Each hepatoma type is characterized by a
fairly well-defined pattern of glycolipids. However, when mem
brane glycoprotemnsof 2 hepatoma cell lines, HTC cells and
Reuber H-35 cells, were compared with those of normal hep
atocytes by a 2-dimensional electrophoretic analysis, not one
common glycoprotemnspot series could be detected among the
3 systems.3 One must keep in mind that this does not neces
sanily mean different polypeptides are being produced in the
cells. Drastic differences in electrophoretic mobility can arise
from different degrees of glycosylation, mainly, of course, from
sialylation. The latter primarily determines the final overall
charge and extent of charge heterogeneity of the membrane
glycoproteins, as illustrated by the behavior during isoelectro
focusing in the first dimension (Fig. 4; Refs. 4 and 5). On the

vitro do contain these tumor-specific glycoproteins, but without
any fucose residues attached to them, glycoprotemnsfrom HTC
cells (a) labeled at the cell surface by either galactose oxidase:
NaB3H or lactoperoxidase:Na'251 were labeled with (b) [2-3H]-
mannose, or were labeled with (C)[35S]methionmne;the labeled
glycoproteins were purified by concanavalin A-Sepharose
chromatography and were separated by 2-dimensional gel
electrophoresis. In none of the cases were spots corresponding
to the tumor-specific fucoglycoproteins detected (data not
shown; see also Refs. 4 and 5 and Footnotes 6 and 7).

Because of recent reports that the glucocorticoid analog
dexamethasone not only enhances adhesiveness to HTC cells
(2) but also induces the synthesis of specific membrane pro
teins (i 6), the effect of this hormone on the [3H]fucose-con
taming membrane glycoproteins was studied. In HTC cells,
dexamethasone causes an apparent induction of 2 glycopro
teins with apparent molecular weights of 75,000 and 50,000
and isoelectnic points of 6.8 to >8 and 5.9 to 6.8, respectively.
In addition to induction, however, the synthesis of some gly
coproteins is remarkably reduced. The most illustrative exam
pIe of such a glycoprotemnwhose quantity is reduced in re
sponse to the hormone is, one with an apparent molecular
weight of 140,000 and isoelectnic point of 5.4 (Fig. 4, closed
and downward-pointed arrowhead).

When tumor-bearing rats were treated with dexamethasone,
almost identical effects on membrane glycoprotein synthesis
was observed as was found for the in vitro-cultured cells. There
is, however, an induction of an additional third glycoprotemnin
the cells of tumor origin. This glycoprotein has an apparent
molecular weight of 68,000 and isoelectric points of 5.8 to 6.7.
Because the hepatomas in rats not treated with dexamethasone
are actually already exposed to endogenous glucocorticoids,
low amounts of the inducible proteins could be detected in the
control cells. All these changes were highly reproducible; iden
tical results were obtained in 4 independently conducted ex
peniments.

We next determined whether the differences in composition
of the membrane glycoprotemns between HTC cells and the
hepatoma could be detectable by immunological methods. For
this purpose, antisera were produced in goats against glyco
proteins purified from either HTC cells or hepatomas by con
canavalin A-Sepharose chromatography. A crossed immunoe
lectrophoretic analysis of [3H]fucose-Iabeled glycoprotemns
shows again a high degree of similarity in the antigenic pattern
between HTC cells and the hepatoma (Fig. 5). There are,
however, differences in the relative amounts of glycoprotemns
present in the 2 types of cells (note rocket height differences).
This is not surprising, since the 2-dimensional gel electropho
retic analyses also show quantitative differences in the glyco
proteins synthesized in the 2 types of cells (see Fig. 4). The
immunoelectrophoretic pattern of tumor glycoproteins differs
from that of HTC cell glycoprotemnsnot only quantitatively but
also by the presence of 3 additional precipitation lines (Fig. 5,
Columns 1, 3, and 11). These differences could also be con
firmed by similar immunoelectrophoretic separations using re
versed combinations of antigens and antisera. We have not yet
been able to assign these additional tumor antigens to glyco
protein spots resolved in the 2-dimensional gel electrophoresis
shown in Fig. 4.

6 H. Baumann, submitted for publication.

7 H. Baumann and D. Doyle, manuscript in preparation.
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basis of the apparently unique composition of membrane gly
coconjugates among the hepatomas and liver cells, we tried to
determine whether and how much of the tumor-specific char
acter of the membrane in the case of HTC cells is due to
modulations produced by alterations in the growth conditions
of the cells.

The effect of the synthetic glucocorticoid dexamethasone on
the induction of cytosolic tyrosine aminotransferase in HTC
cells (27) is well described. Recently, Ivarie and O'Farrell (i 6)
presented 2-dimensional analyses of the soluble proteins syn
thesized by HTC cells when cultured in the absence or in the
presence of dexamethasone. They demonstrated that the syn
thesis of several proteins beside tyrosine aminotransferase is
induced by the hormone. One ofthese proteins has an apparent
molecular weight of about 50,000 and is change heteroge
neous. This protein, called â€˜â€˜Belt 1,â€˜â€w̃as found to be a con
stituent of the plasma membrane. The pattern of [3H]fucose
containing membrane glycoproteins (Fig. 4) shows also an
alteration in the composition of the membrane synthesized
after dexamethasone treatment. Probably, the dexamethasone
induced protein with apparent molecular weight of 50,000 and
isoelectnic point of 5.9 to 6.8 is identical to the above-men
tioned protein â€˜â€˜Belt i .â€˜â€B̃ecause a reduction in amount of
other glycoprotemnsoccurs simultaneously to the appearance
of new proteins, the possibility exists that the induced proteins
are proteolytic degradation products of the glycoproteins the
concentration of which in the membrane is reduced. It was also
noted previously that dexamethasone has an enhancing effect
on cell adhesiveness (2). We found that mild treatment of HTC
cells with trypsin alone creates a dramatic effect on cell aggre
gations (5). It needs to be shown whether dexamethasone
treatment leads to a proteolytic modification of the presumptive
plasma membrane glycoproteins causing increased cell adhe
siveness. It can be ruled out that the appearance of these
specific glycoproteins in HTC cells after dexamethasone treat
ment is characteristic of cell hepatocyte derivatives, because
neither in H-35 cells nor in hepatocytes are these inducible
proteins detectable.7

Solid tumors after i.p. injection of HTC cells into rats also
synthesized the same glycoproteins as did the in vitro-cultured
cells. Additionally, 3 major new glycoproteins were made in the
solid tumor (Fig. 4). Surprisingly, the most abundant of these
new proteins, the one with an apparent molecular weight of
60,000 and isoelectric point of 6.5 to >8.0, is unusually basic
for a glycoprotein in HTC cells. Immunologically, 3 additional
antigenic glycoproteins could be detected (Fig. 5). Identifica
tion of the factors in the in vivo environment which bring about
these changes in the membrane composition of hepatomas is
still open. The role and the importance of these tumor-specific
glycoprotemns are not known. One possibility might be an
involvement in enhanced cell adhesiveness involved in forming
the tumor.

No marked qualitative and quantitative changes in the pat
terns of the glycolipids from in vitro- to in vivo-cultured cells
are noted (Fig. 6). Conservation of the glycolipid composition
also was observed after dexamethasone treatment. The only
exception is the appearance of a new ganglioside, probably
GDIa, and a simultaneous decrease of GM1 in dexamethasone

treated cells. A possible but not proven explanation for these
changes would be a sialylation of GM1to GDIa(9). Gray (i i ) has
shown in a different system that, in fact, steroid hormones can

stimulate the activity of a single glycosyltransferase involved in
the biosynthesis of glycolipid. In that case, testosterone stim
ulated the synthesis of diglycosylceramide in the kidney of
female mice by enhancing the activity of the galactosyltrans
ferase.

The data presented here show that the membrane composi
tion and with it the character of HTC cells can be modulated by
either dexamethasone or in vivo growth conditions. Remaining
to be elucidated are the mechanisms producing the altered
membrane phenotype and an assignment of the structural
changes to altered functions.
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Fig. 1. Section of the tumor from HTC cells after 11 days of growth. H & E, x 120.
Fig. 2. One-dimensional separation of total cell proteins from HTC cells on a linear gradient polyacrylamide gel. The proteins were visualized by staining with

Coomassie Brilliant Blue. Column 1, molecular weight markers; Column 2, HTC cells cultured in suspension prior to injection into a rat; Column 3, HTC cells recovered
from a solid tumor and grown in vitro in suspension culture for 5 days. BPB, bromophenol blue.

Fig. 3. [3H}-Fucose-containing glycoproteins of HTC cells separated on a 7.5% SDS:polyacrylamide gel. Intact cells after labeling with [3Hjfucose (10 @zCi/ml)for
3 days were solubilized in SDS sample buffer, and aliquots containing about 50,000 acid-insoluble cpm were analyzed. A fluorc,gramafter 2 weeks is shown. Column
1, HTC cells prior to injection into a rat grown in suspension culture: Column 2, HTC cells recovered from a solid tumor and grown in suspension culture; Columns
3 and 4, same as Columns 1 and 2, respectively, but the cells were grown in monolayer culture. BPB, bromophenol blue.

Fig. 4. Two-dimensional separation of [3H)fucose-containing glycoproteins isolated by concanavalin A-Sepharose chromatography. The fluorograms of the gels
after an exposure time of 1 month are shown. Open arrowheads, glycoproteins found only in tumor tissue: closed, upward-pointing arrowheads, glycoproteins
induced by dexamethasone; closed, downward-pointed arrowhead, a glycoprotein which is reduced after dexamethasone treatment. BPB, bromophenol blue.

Fig. 5. Crossed immunoelectrophoretic separation of [3Hjfucose-containing glycoproteins isolated by concanavalin A-Sepharose. a to c, glycoproteins from HTC
cells grown in monolayer; d to f, glycoproteins from tumor tissue; a and d, underexposed fluorograms; b and c, overexposed fluorograms (in order to show the weakly
labeled bands); c and f, diagrams of the precipitation lines.

Fig. 6. Thin-layer chromatography of gangliosides (A) and neutral glycolipids (B) of hepatoma cells. Column 1, HTC cells grown in monolayer but not hormone
treated; Column 2, as Column 1, but treated with dexamethasone; Column 3, tumor tissue from rats not treated with dexamethasone: Column 4, tumor tissue from rats
treated with dexamethasone; Column 5, standard glycolipids. St., start position: Glob., globoside: Fors., Forssman antigen: CTH, tniglycosylceramide; CDH,
diglycosylceramide; CMH, monoglycosylceramide; GM2.113-a-N-acetylneuraminosylgangliotriglycosylceramide:GD,b,1l3-n-N-acetylneuraminosyl-o2--'8-N-acetylneu
raminosylgangliotetraglycosylceramide.
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