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ABSTRACT

Glycolipid compositions of mouse mammary tumor cell FM3A and its
Newcastle disease virus-resistant mutant cell, Had-1, which was also
characterized as a defective mutant of UDP-galactose transport to Golgi

apparatus, have been studied. The major neutral glycolipid in FM3A was
Gal|81-4Glc/31-lCer (LacCer) (95%) and the rest was Glctfl-lCer. The
concentration of neutral glycolipids in Had-1 was only about one-fifth of
that in FM3A. GlcBl-lCer in Had-1 accounted for 79% of neutral
glycolipids and the rest was LacCer, the content of which was decreased
to 4% of that in FM3A. Ganglioside patterns of the two cell lines were
similar, although gangliosides with A'-glycolylneuraminic acid were in

creased in Had-1 cells compared with that in FM3A cells. The presence
of NeuAca2-3-Gal#l-4GlcNAc/81-3Gal01-4Glc,81-lCer, NeuAcÂ«2-
3Gal/31-4GlcNAci81-3Gal/31-4GlcNAc/Jl-3Gal/31-4Glci31-2Cer,
GM.,, and GD3 was demonstrated by thin-layer Chromatograph) im-
munostaining. 125I-LabeledNewcastle disease virus bound only poorly to

gangliosides extracted from either FM3A or Had-1 cells on a high
performance thin-layer Chromatograph) plate. The effects of glycolipids
on the growth of the two cell lines were also studied. Had-1 cells were

more sensitive to glycolipids added exogenous!) than FIVI3Acells. Ad
dition of GM, had a stimulative effect on cell growth of Had-1. LacCer,
Gal^l-3GalNAc/81-4Gal/3I-4Glc/34-lCer, and Glc/31-lCer inhibited
the growth of Had-1 cells. LacCer was the most potent inhibitor. LacCer
immobilized on the culture plate also inhibited the growth of Had-1 cells.

The inhibitor) effect was recovered completely overcome by transferring
the cells to LacCer-free medium. Had-1 cells were not tumorigenic in

C3H/He mice, and furthermore the tumorigenic activity of FM3A cells
was suppressed by the prior administration of Had-1 cells.

INTRODUCTION

Much attention has been paid toward the understanding of
functions of glycolipids on cell surfaces in the past decade, and
glycolipids have been reported to play roles in cellular interac
tion (1-4), cell adhesion (5, 6), growth control (7-10), cell
differentiation (11-13), and binding of microorganisms (14-

16). Experiments using mutant cell clones can be used as one
approach to elucidate the function of glycolipids (17, 18). In
the present study, we used a murine mammary tumor cell line,
FM3A, and its mutant cell line, Had-1, which was established
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as an NDV'-resistant clone. The Had-1 cell line was also
characterized as WGA-resistant cells (19). Chemical analysis

of carbohydrates of glycoproteins in the mutant cells has re
vealed an extensive reduction of carbohydrate chains containing
galactose at their terminal ends (20). A genetic complementa
tion test between Had-1 cells with a WGA-resistant mutant of
a Chinese hamster ovary cell clone, Lee 8, which was charac
terized to be defective in the UDP-galactose transport system
by Deutscher and Hirshberg (21), showed that the Had-1 cell
line is devoid of the UDP-galactose transport system, and this
presumably accounted for the reduction of galactose-terminated
sugar of its glycoproteins (20).

In the present study, glycolipid compositions and the effects
of exogenously added glycolipid on cell growth of FM3A and
Had-1 cells have been compared, and the tumorigenicity of
these cell lines was also examined.

MATERIALS AND METHODS

Glycolipids. GlcCer was prepared from a spleen suffered from Gauch-
er's disease. GalCer was prepared from bovine brain, and LacCer,
NeuGcÂ«IV'nLc4Cer, and NeuGcaVI3nLc6Cer were prepared from bo
vine erythrocytes (22). nLcjCer was prepared from NeuGcÂ«IV'nLc4Cer
by mild acid hydrolysis (23). GM3, NeuAcÂ«IV'nLc4Cer, NeuAca-
Vl!nLc6Cer, and NeuAc2-I were from human placenta (24). GbjCer

and Gb4Cer were from porcine erythrocytes. Gb5Cer was from sheep
erythrocytes. Ganglio-series gangliosides were prepared from bovine
brain. GD.i was prepared from bovine pineal gland (25).

Cell Culture. Mouse mammary tumor FM3A and the mutant Had-1
cells were cultured in ES medium supplemented with 2% fetal bovine
serum in a 5% CO: incubator at 37Â°C.When the effect of glycolipid on

cell growth was to be examined, the cells were adapted to a chemically
defined serum-free medium, HB 101, for 24 h. Then the cells were
collected by centrifugation and the cell number was adjusted to the
value indicated in the legend to each figure. Glycolipid was added as a
methanol solution to HB 101 medium; the final concentration of
methanol was kept below 1%. After incubation, cells were collected by
centrifugation and viable cells were counted in the presence of 0.05%
trypan blue.

'The abbreviations used are: GlcCer, Glc/il-lCer; GalCer, Gal#l-2Cer;
LacCer, Galfll-4GlcÃJl-lCcr; GbjCer, Gal<vl-4GalÃÂ¡I-4GlcÃÂ¡l-lOer;Gb4Cer.
GaIN Acrf1-3GalÂ«1-4Gal/i 1-4Glctf 1-1 Cer; Gb,Cer, GalNAcÂ«1-3GalNAcfil-
3Galn 1-4Galrf 1-4Glc/31 -1 Cer; Gg4Cer, GalÂ¿1-3GalNActf 1-4Gald 1-4Glcii 1-
ICer; nLc4Cer.Galf(l-4GlcNActil-3Galfil-4Glc/il-lCer; NeuAcÂ«IV6nLc4Cer,
NeuAclt2-6Galtfl-4GlcNActn-3Galrfl-4Glcrfl-lCer; NeuAcÂ«IV3nLc4Cer,
NeuAcÂ«2-3Galtfl-4GlcNAcfÂ¡l-3GalÃ‰Â¡l-4GlcfÂ¡l-lCer; NeuGcaIV'nLc4Cer,
NeuGcÂ«2-3Galdl-4GlcNAcrfl-3Gal/Jl-4Glc/il-lCer; NeuAcÂ«VI'nLc6Cer,
NeuAcÂ«2-3Gal/3 l-4GlcNAcfu -3Gal/31 -4GlcNAc(i 1-3Galfil -4Glc/il -1 Cer;
NeuGcÂ«-VI3nLc6Cer,NeuGcÂ«2-3Gal/<l -4GlcNAc/i 1-3Galfi 1-4GlcNAc/Jl -
3Galfil-4Glcfu-lCer; NeuAc2-I, NeuAcÂ«2-3GalfM-4GIcNActfl-3(NeuAcÂ«2-
3Gal/Jl-4GlcNAc/il-6)Gal/il-4GlcNAcÃÃl-3GalfÃl-4GlcfÂ¡l-lCer. Ganglio-se
ries gangliosides were designated according to the system of Svennerholm (40).
PBS. phosphate-buffered saline: TLC. thin-layer chromatography; Mah. mono
clonal antibody; NOV. Newcastle disease virus; TMS, trimethylsilyl; WGA. wheat
germ agglutinin; HPTLC, high-performance thin-layer chromatography; NeuGc,
A'-glycolylneuraminic acid; NK, natural killer; GlcNAc, A'-acetylglucosamine;
NeuAc, ,V-acetylneuraminic acid; GalNAc, A'-acetylgalactosamine.
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Isolation of Glycolipids from the Cells. For the isolation of glycolipid,
1 x 10'Â°cells were collected. Packed cells were extracted with 1.5 liters

of a solvent mixture of chloroform:methanol (2:1, v/v). The extraction
was repeated twice. The extracts were combined and evaporated to
dryness under reduced pressure. Gangliosides and neutral glycolipids
were separated by the method of Ladish and Gillard (26). Neutral
glycolipid fraction was obtained by the acetylation method described
by Saito and Hakomori (27). Neutral glycolipid was applied to a column
(1.2 x 40 cm) packed with latrobeads (6RS 8060; latron Co. Ltd..
Tokyo). Glycolipids were eluted with a linear gradient formed from a
mixture of chloroform:methanol:water (83:16:0.5, v/v; 150 ml) and
chloroform:methanol:water (30:70:5. v/v; 185 ml). The homogeneity
of the separated glycolipids was examined by TLC. Since the contents
of ganglioside were too low for chemical analysis, the ganglioside
fraction was subjected to TLC immunostaining for identification.

TLC. TLC was performed on precoated silica gel 60 HPTLC plates
(E. Merck. Darmstadt. West Germany). Solvent systems used for
developing were: chloroform:methanol:water (65:35:8, v/v) for neutral
glycolipids; chloroform:methanol:0.2% aqueous CaCli (55:45:10, v/v)
for gangliosides. Neutral glycolipids were visualized with orcinol re
agent and gangliosides with resorcinol reagent. The profile of ganglio
side and contents of neutral glycolipids were analyzed by using a TLC
densitometer (Shimadzu CS 910) at 580 nm. GlcCer and LacCer were
used as standards.

Gas Chromatography. About 200 Â¿igof glycolipid were subjected to
methanolysis with 0.5 ml of 5% methanolic HC1 at 83Â°Cfor 18 h. Fatty-

acid methyl esters were extracted three times with 0.5 ml of n-hexane.
The lower layer was neutralized by the addition of pyridine and the
solvent was evaporated off with a nitrogen stream. Methyl glycosides
were converted to TMS derivatives by the addition of 20 M' of TMS
reagent consisting of pyridine:trimethylchlorosilane:hexamethyl-
disilazane (1:0.2:0.2, v/v). For the analysis of long chain bases, about
200 Mg of glycolipids were hydrolyzed with 0.5 ml of 2 N HCI in
methanol at 70Â°Cfor 18 h. After the hydrolysis, fatty acids were

removed by the addition of n-hexane. The resulting lower layer was
adjusted to pH 10 by the addition of 10 N NaOH. Long chain bases
were extracted with ether three times and the extracts were combined,
evaporated, and converted to TMS derivatives. Compositions of car
bohydrates, fatty acids, and long chain bases were analyzed by gas
chromatography using a Shimadzu GC-7A. Analyses were performed
on a DB-1 capillary column (0.25 mm x 30 m) programmed as 150-
200Â°Cat 3Â°C/minfor carbohydrates, 180-260"C at 3Â°C/minfor fatty
acids, and 180-260Â°Cat 3Â°C/minfor long chain bases.

Immunostaining on HPTLC Plates. Identification of gangliosides was
performed by immunostaining on HPTLC plates using antibodies to
glycolipids. Antibodies used were: M 2590 (mouse IgM type) for GM.i
(28); F-l 1 (mouse IgM type) for GDi and GMi (provided by Dr. Sanai,
Department of Biochemistry, The University of Tokyo); anti-Hangan-
utziu-Deicher antibody (chicken IgM type) for A'-glycolylneuraminic
acid-containing glycolipids (29) (provided by Dr. M. Naiki, Department
of Biochemistry, Hokkaido University); and H-ll (mouse IgM type)
for iV-acetyllactosamine-containing glycolipids (30). When monoclonal
antibody H-l 1 was used for TLC immunostaining, gangliosides devel
oped on the HPTLC plate were treated with Closlridium perfringens
sialidase (type VI, purchased from Sigma) as follows. The HPTLC
plate was dipped in 0.4% polyisobutyl methacrylate in hexane for 30 s.
After the plate was dried, 0.5 ml of C perfringens sialidase (3 milliunits/
ml in \% bovine serum albumin containing 0.5 M acetate buffer, pH
5.0) per lane was overlaid and the plate was coverted with Parafilm
(American Can Co., Greenwich, CT). After incubation at 37Â°Cfor 2 h

in a humidified box, the plate was washed with PBS seven times and
immunostaining using H-ll was done as described in a previous paper

(30).
Binding of '"I-NDV to Gangliosides on the HPTLC Plate. Labeling

of NDV was performed by the chloramine-T method (31). About 5 Mg
of NDV were labeled with 200 /iCi of Na'25I (New England Nuclear)
in the presence of 10 ^g of chloramine-T at pH 7.4. Labeled NDV was
separated from Na'25I on a small column (0.5 x 10 cm) packed with
Sephadex G-25, and 5 ml of '"I-NDV (5 x IO6cpm/ml PBS containing

lrr bovine serum albumin) were used for the binding test. Reference

gangliosides and gangliosides separated from FM3A and Had-! cells
(equivalent to 1 x \G>cells) were developed on an HPTLC plate; then
the plate was dipped in 0.4rr polyisobutyl methacrylate solution in n-

hexane for 30 s. After the plate was dried, the labeled NDV solution
was overlaid on the HPTLC plate. The plate was covered with a sheet
of Parafilm and left for 30 min at 4Â°C.After the plate was washed with

PBS. radioactive bands were visualized by autoradiography using X-
ray film (HR-H: Fuji Photo Co.. Ltd., Tokyo, Japan).

Preparation of |'H|LacCer. LacCer was prepared from bovine brain

gangliosides by acid hydrolysis according to the method of Svcnnerholm
et al. (23) and purified with latrobeads column chromatography. LacCer
thus obtained was further separated into two molecular species, d|8:i-
sphingosine containing and d;n ,-sphingosine containing LacCer with
high performance liquid chromatography as described in a previous
paper (32). Five mg of LacCer (diÂ»:i-sphingosineand Cm:(rfatty acid-
containing molecular species) were labeled with NaB'H4 (5 mCi; New

England Nuclear) in the presence of PdCI? catalyst by the method of
Schwarzmann (33). The |'H]LacCer was purified by preparative TLC

using a precoated Silica Gel G plate (20 x 20 cm; Merck). The solvent
mixture for developing was chloroform:methanol:water (65:25:4, v/v).
Radioactive bands were visualized with autoradiography. Bands corre
sponding to LacCer were scraped from the plate and extracted with a
mixture of chloroform:methanol:water (10:5:1, v/v). Specific activity
was 2.05 mCi/Mmol.

RESULTS AND DISCUSSION

Glycolipid Compositions of FM3A and Had-1 Cells. The
profiles of neutral glycolipids of FM3A and Had-1 cells were
analyzed by TLC as shown in Fig. 1. In both cell lines, glyco
lipids corresponding to GlcCer and LacCer were observed.
These two components were confirmed to be GlcCer and
LacCer by gas Chromatographie analysis of the sugar compo
nents. Other glycolipids were hardly detected. Quantitative
analysis with a chromatoscanner showed that the content of

GlcCer **â€¢
GalCer

LacCer

GbsCer

Gb4Cer

Gg4Cer

4
Fig. 1. TLC of neutral glycolipids of FM3A and Had-1 cells. Lane I. standard

glycolipids [GlcCer. LacCer. GbiCer. and GbjCcr from top to bottom]'. Lane 2.
neutral glycolipid of FM3A; Lane 3. neutral glycolipids of Had-1: Lane â€¢/.standard
glycolipids jGalCer. Gb4Cer. and Gg4Cer from top to bottom]. Glycolipids were
visualized with orcinol reagent.
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neutral glycolipid was 18 ng in FM3A and 3.4 ng in Had-1 per
IO7 cells, respectively. The main glycolipid was LacCer in
FM3A, which accounted for 95%, while in Had-1 cells GlcCer
accounted for 79% of the total. The content of LacCer in Had-

1 was decreased to 4% ofthat in FM3A. The drastic reduction
of LacCer is consistent with the extensive reduction of galac-
tose-terminated asparagine-linked sugar chains in the mutant
cells (20). A reduction of LacCer was reported for a Chinese
hamster ovary cell mutant, Lee 8; a WGA-resistant cell line
(18); and also for a nonmetastatic mutant cell line MDW-4,
selected as a WGA-resistant clone from a highly metastatic
mouse lymphoid tumor cell line, MDAY-D2 (17). These clones
were shown to be deficient in UDP-galactose transport to the
Golgi apparatus (17, 21, 34).

The compositions of fatty acids and long chain bases of
LacCer and GlcCer from these cell lines were analyzed by gas
chromatography. The major fatty acids of the glycolipids were
Cjjio, Ci* i, and C|6:o- Long chain bases of these lipids were
mainly of the d|8:i type. No significant difference could be
observed in the compositions of fatty acid and long chain base
between the two cell lines.

Ganglioside content was very low in both cell lines. Chro
matographie analyses by HPTLC and TLC immunostaining
were used for identification of gangliosides using lipid extract
from 1 x 10"'cells in both cases. As shown in Fig. 2, ganglioside

contents and profiles in both cell lines were found to be similar.
The presence of GM3 was confirmed by TLC immunostaining
using Mab M 2590 (28). Major bands of gangliosides in both
cell lines corresponded to those of GD3 and sialyl-nLc6Cer on
the HPTLC plate. The presence of GD3 was confirmed by TLC
immunostaining using Mab F-ll, which recognizes GD3 and
GM,. Mab directed to paragloboside, H-l 1 (30), was also used
for the detection of /V-acetyllactosamine-containing ganglio
sides after treatment with C. perfringens sialidase on the
HPTLC plate. The result indicated that sialylated nLcjCer,
nLc,,Cer, and a small amount of I-type gangliosides were pres
ent in both cell lines. Anti-Hanganutziu-Deicher antigen anti
body (29) was used for the detection of NeuGc-containing
gangliosides. NeuGc-containing GM3 together with NeuGc-
nLcjCer and NeuGc-nLc6Cer were found in both cell lines. The
results of these analyses are summarized as ganglioside profiles
in Fig. 2b. In principle, the ganglioside profiles were similar in
both cell lines, but the NeuGc-containing gangliosides (shown
as black peaks in Fig. 2b) were increased in Had-1 cells.

Binding of I25I-NDV to Gangliosides Separated on an HPTLC

Plate. Sialic acid residues of glycoconjugates on cell surfaces
have been reported to be the binding sites of NDV (35). Suzuki
et al. (36) reported that NDV recognizes specific structure of
gangliosides. On the basis of these results, we tried to test
whether the nonpermissive character of Had-1 cells to NDV
could be correlated with the capacity of the virus to bind to
gangliosides obtained from each cell line. As reference ganglio
sides, ganglio- and neolacto-series gangliosides were used. As
shown in Fig. 30, dense bands visualized by autoradiography
corresponded to the standard NeuGcÂ«IV'nLc6Cer and
NeuAcÂ«IV3nLCf,Cer.Bands visualized by I25Iwere also detected

in the lanes of gangliosides from both cell lines. These bands
corresponded to standard i-type gangliosides. However, there
was no significant difference in the binding of I25I-NDV to
gangliosides obtained from either FM3A or Had-1 cells. These
results together with very small amounts of gangliosides sug
gested that gangliosides do not have a significant role in the
binding of NDV in these cells.

Effects of Exogenous Glycolipids on Cell Growth. The analysis
of glycolipid composition revealed a large decrease in glycolipid
content, especially LacCer, in Had-1 cells, and the mutant cell
line was found to be defective in UDP-galactose transport to
Golgi apparatus (20). On the basis of these observations, we
examined the effect of exogenously added glycolipids contain
ing galactose at their nonreducing terminals on the cell growth
and compared it with the effect of other neutral glycolipids and
gangliosides (Fig. 4). Gangliosides showed a rather stimulatory
effect on cell growth at 30 /Â¿g/ml.On the other hand, some
neutral glycolipids were inhibitory to the cell growth. The effect
was greater with Had-1 cells than FM3A cells. GlcCer, LacCer,
and Gg4Cer showed an inhibitory effect on the cell growth of
Had-1. Among these neutral glycolipids, LacCer was the most
potent inhibitor. By the addition of LacCer at 30 /ig/ml, growth
of Had-1 cells was suppressed to as little as 30% of that of
control cells. The dose dependency of this effect was examined
by using LacCer, Gg4Cer, and GMi (Fig. 5). At the concentra
tion of 5 /Â¿gLacCer/ml, cell growth of Had-1 cells was sup
pressed to 50% of the control. Addition of GMj at this concen
tration still had a stimulatory effect on the cell growth of Had-

1.
The time course of the effect of LacCer on Had-1 cell growth

is shown in Fig. 6. One day after the addition of LacCer at 20
/Â¿g/ml,the cell number was suppressed to 22% of the control
and after 4 days of incubation, the number was 16% of the
control.

The morphological change of Had-1 cells induced by incu
bation with LacCer is shown in Fig. 7. In the control culture,
the cells were well dispersed as free cells (Fig. la), but the
addition of LacCer caused aggregation of cells as shown in Fig.
Ib. In addition, the cell size was less homogeneous as compared
with the control. This interaction of cells seemed to be closely
related to the growth inhibition of Had-1 cells. It seems that
contact-inhibited cell growth may have occurred in the presence
of LacCer. In the case of FM3A, this kind of aggregation was
rarely found (data not shown). When Had-1 cells were cultured
in the presence of galactose (up to 5 mg/ml) or lactose (up to 5
mg/ml), neither aggregation nor growth inhibition of the cells
could be observed. We next examined the effect of LacCer
coated on the culture plate on the cell proliferation in compar
ison with that of LacCer added to the culture medium (Fig. 8).
Release of LacCer coated on the plate was measured by using
[3H]LacCer. Under the present conditions, less than 0.3% of

LacCer coated on the plate was detected in the culture medium
after 2 days of incubation. The coated LacCer showed a signif
icant inhibitory effect on the proliferation. Furthermore, most
of Had-1 cells cultured in the plate coated with LacCer were
found to adhere to the plate. These observations indicate that
the interaction of the cells with LacCer is important for the
regulation of cell proliferation.

The inhibitory effect of exogenously added LacCer on the
cell growth of Had-1 was found to be completely reversible, as
shown in Fig. 9. When the culture medium was changed to
glycolipid-free medium, the growth rate of Had-1 cells re
covered to that of the control.

In the present study, we have demonstrated that LacCer has
a regulatory effect on the cell growth of Had-1. This is the first
evidence that LacCer plays an important role in regulation of
cell growth. It is not clear how the proliferation is suppressed,
but the aggregation induced by the addition of LacCer seems
to be closely related to the suppression. Two explanations are
possible for the observation of the growth control by the
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3 fi*. â€”MB
3 â€”â€¢ W

GM2 -â€¢Â» mâ€ž._NeuAcal\rtiLc4Cer

GD3

::!! ^. ^NeuAcyl

12345

H

Fig. 2. TLC of gangliosides (a) and gangliosidc pattern of FM3A and Had-1 shown by densitometric analysis and TLC Â¡mmunostaining (A), a. Lane I, GM.,
(NeuAc type), GM,, CD,., and GT,b from top to bottom; Â¡Mne2, GM, (NeuGc type), GM2, and GD,; Lane 3. gangliosides of FM3A; Lane 4, gangliosides of Had-1;
Lane 5, NeuAciÂ«lV3nLC6Cer, NeuAcÂ«VI3nLc6Cer. and NeuAc2-l from top to bottom. Gangliosides were visualized with resorcinol reagent, h. I, CM.,; 2, sial-
ylnIV3nLc4Cer; 3. GD3; 4, sialylÂ«VI3nLc6Cer;5. NeuAc2-l. Black peaks show gangliosides stained with anti-Hanganut/iu-Deicher antibody.

LacCer: (a) an unusually high content of LacCer in FM3A cells
may not be expressed exclusively at the cell surface, but rather
located mostly in intracellularly as reported by Symington (37).
While LacCer content is lower in Had-1 cells, this glycolipid
could be more exposed at the surface of these cells. It is highly-
plausible that LacCer in Had-1 cells is associated with a func

tionally important membrane protein controlling cell growth,
while such organization is lacking in FM3A cells; (b) recently,
Hakomori's group (2, 3) demonstrated the involvement of

carbohydrate-carbohydrate interaction in cell-cell interaction,
cell adhesion, and also intercellular communications. This kind
of interaction might occur in the Had-1 cells cultured with

a

GM2 - Â«
GMi -*>

GD3 -
GDia -

- â€”

GM3

NeuAco)V:riLc4Cer

NeuGcJV3nLc4Cer

NeuAcaVlVcgCer

GT1b - Â«â€¢â€¢

1

NeuAc2-l

3 4 1234
Fig. 3. Binding of '"I-NDV to gangliosides on an HPTLC plate. Standard gangliosides (each I jjg/band) and equivalent amounts of gangliosides of FM3A and

Had-1 cells extracted from 1 x 10' cells were subjected to TLC analysis. The plate was developed with a solvent system of chloroform:methanol:0.2r'o CaClj (55:45:9.
v/v). '"I-NDV (I X 106cpm/ml of 1Â°;bovine serum albumin containing PBS) was overlaid on the plate, which was covered with Parafilm and left at 4Â°Cfor 30 min.

Plate a was visualized by using resorcinol reagent and plate h by autoradiography. Lane I. GM2. GM,, GD,, GD,,, and GT,b from top to bottom: Lane 2. gangliosides
of FM3A; Lane 3, gangliosides of Had-1: Lane 4, GM, (NeuAc type). NeuAC[vIV3nLc4Ccr, NeuAcVI'nLc6Cer. and NeuAc2-I; Lane 5. GM, (NeuAc type),
NeuGCÃvIV'nLCÃCer.and NeuGcÂ«VI3nLc6Cer.
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ISO

Su"o
.-: 50

T

Fig. 4. Effect of glycolipids on the growth of FM3A and Had-1 cells. Cells (1
x 10" cells/ml) were seeded in HB 101 containing 30 Mgof glycolipid/ml. After
3 days, cells were collected and viable cells were counted. * FM3A; D. Had-1
cells. Bar. SD. CalCer. Gal/il-lCer.

LacCer, in view of the morphological observations and also the
effect of LacCer coated on the culture plate on the cell growth.

Next, we cultured both cells in the presence of ['HjLacCer to

see whether there is a difference in the metabolism of LacCer.
Three times more radioactivity was incorporated into Had-1

cells than into FM3A cells, and more than 95% of the radio
activity remained as LacCer after 18 h of incubation in both
cell lines (Fig. 10). In the case of Had-1 cells, radioactivities
were found in the bands of ceramide and sphingosine together
with GlcCer after 4 h incubation; however, radioactivities were
hardly detected in the bands of sphingosine and ceramide of
FM3A cells (Fig. 10Â¿>).We did not examine whether the [3H]-

LacCer molecules were inside the cells or incorporated into
their surfaces. However, this observation indicates that the
affinity for LacCer is increased by the mutation, and this
increase seems to be related to the difference of sensitivity to
LacCer.

Tumorigenicity of Had-1 Cells. The observation of cell aggre
gation and growth inhibition of Had-1 caused by LacCer sug
gested the occurrence of contact-inhibited cell growth. Because
the loss of contact-inhibited cell growth is a characteristic
property of tumor cells, the tumorigenicity of Had-1 cells to
C3H/He mice was examined. After i.p. injection of 5 x IO6

120
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Â«o

20

5 10
GlycolipidConcentration

Fig. 5. Effect of various concentrations of LacCer, Gg4Cer. and GM3 on the
proliferation of Had-1 cells. Cells (3 x 10" cells/ml) were seeded in HB 101
medium containing the indicated amount of glycolipid and the cell number was
counted after 4 days of incubation. D, GM3; A. Gg4Cer; O. LacCer. Bar. SD.
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Fig. 6. Effect of LacCer. GgjCer. and GM, on the proliferation of Had-1 cells
as a function of incubation time. Cells (3 x IO4)were seeded in HB 101 medium
containing 20 jig of glycolipid/ml. â€¢.control; D. GM5; A, Gg^Cer; O. LacCer.
Bar. SD.

cells of FM3A, all mice died within 30 days. However, no mice
given injections of the same number of Had-1 cells died. They
were still alive more than 9 months after the injection. Six
months after the first injection, the surviving mice were again
challenged with 5x10" cells of FM3A or Had-1. Four of 10

Fig. 7. Effect of exogenously added glycolipids on the morphology of Had-1
cells. Cells were observed after 4 days of incubation without (a) or with (b) LacCer
(20
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Fig. 8. Effect of LacCer coated on the culture plate on the growth of Had-1
cells. The indicated amounts of LacCer solution were added to the culture plate
(1.8cm in diameter) and evaporated; then the cells (5 x IO4cells/ml) were seeded

in HB 101 medium. Cell number was counted after 4 days of incubation. O, cells
cultured in the medium containing LacCer; â€¢,cells cultured in the plate on which
LacCer was coated. Bar. SD.

mice given injections of FM3A cells died, but the other 6 mice
survived for more than 3 months. All mice given the second
challenge with Had-1 cells survived. These results indicate that
Had-1 cells had lost tumorigenicity during the mutation, but
the injected Had-1 cells contributed to the acquisition of resist
ance to the tumorigenic FM3A cells in the mice. Dennis (38)
demonstrated that a less metastatic mouse tumor cell line
MDW4 from spontaneous WGA-resistant mutants of the
highly metastatic tumor cell line MDAY-D2 expresses abnor
mal asparagine-linked oligosaccharides and the loss of met
astatic potential depends on the characteristic changes in gly-
coconjugate structures (38). Dennis and Laferte (39) demon-
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012345

Days in Culture
Fig. 9. Reversible effect of LacCer on the proliferation of Had-1 cells. Had-1

cells Â»ereincubated in LacCer (20 pg/ml)-containing medium (A. â€¢V) or in
LacCer-free medium (O). The cells were collected after 1 (A). 2 (D), or ÃŒ(V) days
and transferred to LacCer-free medium: then cell numbers were counted after
incubation for the indicated time. Bar. SD.
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Fig. IO. Incorporation of ['H|LacCer into FM3A and Had-1 cells (a) and

Chromatographie distribution of radioactivity on HPTLC plate (A). FM3A or
Had-1 cells (1 x 10'cells/ml) were cultured in the presence of LacCer. 20 ng (45
ijCi). for indicated period (a). Total lipids were separated on HPTLC plate, and
the distribution of radioactivities was visualized by auloradiography (A). Sph.
sphingosine.

strated that the mutant cells are hypersensitive to NK lysis in
vitro and the cell lysis is inhibited by adding high mannose
glycopeptides or GlcNAc-terminating complex from MDW4
cells, but the complex structure obtained from MDAY-D2,
which is NK insensitive, is not inhibitory. From these observa
tions, they suggested that the type of asparagine-linked oligo
saccharides and the density of the glycoconjugate on tumor cell
surface may affect NK sensitivity. In a previous paper, we have
reported that most of the complex asparagine-linked oligosac
charides of Had-1 cells terminated GlcNAc or mannose and
appeared to be premature in the synthesis of sialic acid-contain
ing complex-type oligosaccharide structures found in FM3A
cells (20). The loss of tumorigenicity observed in the present
study may depend on the enhanced susceptibility to NK cells
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by exposure of GlcNAc-terminating carbohydrates as suggested
by Dennis and Laferte (39). In addition to the change of
asparagine-linked oligosaccharide structures, the phenomenon
of growth inhibition caused by LacCer seemed to be closely
related to the loss of tumorigenicity of Had-1 cells, because
LacCer is a major component of glycolipids in circulating
plasma (data not shown). However, it is unclear what mecha
nisms function for the rejection of FM3A cells in the mice
given Had-1 cells. Further studies are in progress to clarify the
events occurring in the mice given injections of Had-1 cells.
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