
Influence of ganglioside GM3 and high density 
lipoprotein on the cohesion of mouse brain 
tumor cells 

Hongwei Bai and Thomas N. Seyfried' 

Department of Biology, Roston College, Chestnut Hill, MA 02167-381 1 

Abstract Prehlous findings with various murine tumor cell 
lines suggest an association between ganglioside GM3 and cell 
cohesive properties. The influence of GM3 on cohesion was 
studied in two mouse brain tumor cell lines: ependymoblas- 
toma (EPEN) and CT-2A. In culture, the EPEN cells grow as 
islands and contain GM3 as the only ganglioside, whereas the 
CT-2A cells grow as a fusiform cell monolayer and contain 
GM2, GMI, and GDla as major gangliosides and low amounts 
of GM3. To examine the role of GM3 in cohesion, both cell 
lines were treated with I )  C. pt7fn'ngens neuraminidase, 2) anti- 
GM3 monoclonal antibody (mAb DH2), or ?) were grown in 
serum-free medium. All three treatments caused a significant 
increase in the number of non-cohesive and protoplasmic 
process-bearing cells for the EPEN, but had no effect on the 
morphology of the CT-2A cells. The neuraminidase treatment 
removed GM3 from both cell lines and caused a significant 
accumulation of GM1 in the CT9A cells. EPEN cell cohesion 
and GM3 content returned to control levels after removal of 
neuraminidase. EPEN cell cohesion was restored in seruni- 
free medium with added high density lipoprotein (HDL.). The 
HDL effect on the EPEN cell cohesion was dose-dependent 
and was not seen with other 1ipoproteins.a We suggest thac 
EPEN cell cohesion could involve an interaction between ex- 
tracellular HDL, acting as a bridge, and GM3 molecules on 
opposing cell surfaces.-Bai, H., and T. N. Seyfried. Influ- 
ence of ganglioside GM9 and high density lipoprotein on the 
cohesion of mouse brain tumor cells. ,I. I,ipid Kur. 1997. 38: 
160- 1 72.  
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changes in oncogenesis, morphogenesis, and differenti- 
ation (3-7). 

GM3, a structurally simple monosialoganglioside 
(Fig. l ) ,  has been studied for its possible role in cell 
growth, differentiation, and adhesion. GM3 can modu- 
late the function of several growth factor receptors in- 
cluding those for fibroblast growth factor (FGF), epi- 
dermal growth factor (EGF) , platelet-derived growth 
factor (PDGF), and the integrin receptor (8-13). En- 
hanced differentiation was observed in both monocytic 
cells and oligodendrocytes after treatment with GM3 
(14, 15). Although a homophilic GM3-GM3 interac- 
tion was not found, GM3 could participate in cell 
adhesion through specific heterophilic interactions 
with various neutral GSLs including gangliotriaosyl- 
ceramide (Gg3Cer) , lactosylceramide (LacCer) , globo- 
side (Gb4Cer), and gangliotetraosylceramide (Gg4C:er) 
(16-19). 

In addition to a role in cell growth, differentiation, 
and adhesion, previous studies also suggest an associa- 
tion between GM3 and cell cohesive properties, ix., the 
ability of one cell to stick or cohere to another cell. In 
general, transformed or  malignant cells that contain 
GM3 as the major ganglioside grow as clumps or islands 
in culture, whereas cells containing GM3 as a minor 
ganglioside grow as a fusiform monolayer. This phe- 
nomenon was observed with rat ascites hepatoma cells 
(20, 21),  transformed rat embryo fibroblasts (22) ,  and 

Gangliosides are sialic acid-containing glycosphingo- 
lipids (GSLs) that are enriched in the outer leaflet of 
plasma membranes. The GSLs are anchored through 
the ceramide moiety and the attached carbohydrate 
moiety extends from the membrane surface (1, 2 ) .  Al- 
though the functions of GSLs in cell membranes have 
not been clearly established, previous studies suggest an 
association between changes in GSL composition and 

Abbreviations: EPEN, ependyrnoblastoma; Nase, neur-aminidasc; 
inAb DH?, anti-GMS monoclonal antibody; SSM, serum-snp 
plemented incdium; SFM, serum-frre mcdiuni; (SLs, 
sphingolipids; GlcCer, glucosylceramide; (:alCer, galacto 
amide; LacCer, lactosylceramide; GbSCei-, globotriaosylcer 
((;hOseSCer); Gb4Cer, globotetraosylcer.an~ide (glohoside, 
GbOse4Cer) ; GgSCer, gangliotriaosylceramide, GA?; (;g4Cer, gan- 
gliotett.aosylceramide, GAI ; LDL, low density lipoprotein; HDI., 
high density lipoprotein; VLDL., very low density lipoprotein. 
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fig. 1. Structure of ganglioside GM3 (NeuAca2+3Galp1+4Glc~l+l'Ceramide). 

experimental mouse brain tumor cells (23, 24). Fur- 
thermore, the GMSrich mouse brain tumor cells that 
grow as islands in culture grow as cohesive tumors in 
vivo (24). In contrast, GM3-poor brain tumor cells that 
grow as a fusiform monolayer in culture grow as a soft 
non-cohesive tumor in vivo. These findings suggest that 
GM3 may influence the cohesive properties of cells 
grown both in vitro and in vivo. 

Although much is known concerning the role of high 
density lipoprotein (HDL) in coronary heart disease 
and cholesterol transport, little is known about the role 
of HDL in cellular cohesion. HDL may influence the 
expression of endothelial adhesion molecules (25), and 
serum lipoproteins including HDL can interact with 
both neutral GSLs and gangliosides (26-28). Kivatinitz, 
Grabois, and Quiroga (29) recently showed that HDL 
was a heat-stable factor that could inhibit GM2 synthase 
activity and could block neuritogenesis in chicken cere- 
bral cells. In the present study we show that cell-surface 
GM3 and extracellular HDL participate in the cohesive 
properties of a mouse brain tumor cell line. A prelimi- 
nary report of these findings has appeared (30). 

MATERIALS AND METHODS 

The following materials were purchased from the 
Sigma Chemical Co. (St. Louis, MO): C. pmjizngens 
neuraminidase (type V), GM3 ganglioside, HDL (bo- 
vine or human plasma), LDL (human plasma), glutathi- 
one, non-immune mouse IgG, anti-mouse IgGagarose, 
and peroxidase-conjugated anti-mouse IgG. Rhoda- 
mine-conjugated goat anti-mouse IgG was purchased 
from Kirkegaard & Perry Laboratories Inc. (Gaithers- 
burg, MD) . Mouse and bovine brain gangliosides were 
purified in our laboratory. The IgG mAb DH2 culture 
supernatant was kindly provided by Dr. S. Hakomori 
(The Biomembrane Institute, Seattle, WA). VLDL, 
apoE3, and apoE4 were kindly provided by Dr. B. P. 
Nathan (The Cardiovscular Research Institute, Univer- 

sity of California, San Francisco, CA) . Reconstituted 
HDL was kindly provided by Dr. D. M. Levine (The Ro- 
gosin Institute, New York, NY). [14C]galactose was pur- 
chased from New England Nuclear (Boston, M). Neu- 
tral GSL standards were purchased from Matreya Inc. 
(Pleasant Gap, PA). 

Cell lines and cell culture 

The EPEN and the CT-2A cell lines were established 
from mouse brain tumors as previously described (24). 
These tumor cells were cultured in Dulbecco's modified 
Eagle medium (DMEM) supplemented with either 5% 
or 10% heat-inactivated fetal bovine serum (FBS). The 
cells were cultured in a humidified atmosphere of 95% 
air and 5% COP at 37°C and the medium was changed 
every other day. 

Analysis of cohesion in the WEN cells 

As the cultured EPEN cells grow normally as islands 
with few protoplasmic processes, cell cohesion was mea- 
sured as the percentage of free cells or cells with proto- 
plasmic processes. A free cell was defined as any cell 
with no part of the cell body touching another cell, 
whereas a protoplasmic process was defined as a process 
extending from a cell that was at least as long as the 
average diameter of a cell body. An inverted microscope 
equipped with an ocular grid was used for cell counting. 
Only cells with nuclei falling on the vertical grid lines 
were scored. About 20 cells were scored in each micro- 
scopic field and 30 to 40 randomly selected fields were 
analyzed from three independent experiments. 

Treatment of cells with C. pe@ingens neuraminidase 
(Nase), anti-GM3 monoclonal antibody (mAb DHZ), 
and serum-free medium (SFM) 

The cells were cultured as described in Fig. 2 and 
were treated with either Nase, mAb DH2, or SFM. Nase 
(10 U) was dissolved in 1 ml of 0.1 M sodium acetate 
buffer, pH7. The Nase solution was filtered through a 
0.22-pm sterile filter before addition to the cell culture 
medium. The cells were treated with Nase in the pres- 
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ence of 5% FBS for 24 h. Control cell cultures were 
treated with either inactivated Nase (boiling for 15 min) 
or with sodium acetate buffer only. 

The IgG monoclonal antibody (mAb) DH2 hybrid- 
oma culture supernatant was described previously (31) 
and was concentrated according to the procedures of 
Hockfield et al. (32). The antibody solution was centri- 
fuged for 15 min at 2000 rpm prior to application to 
cell cultures. The cells were treated with this antibody 
solution (100 pg/ml culture medium) in the presence 
of 5% FBS for 48 h. The control cell cultures were either 
untreated or were treated with phosphate-buffered sa- 
line (PBS) alone or with non-immune mouse IgG (100 

After the cells were cultured in DMEM supplemented 
with 5% FBS for 6 days, the serumcontaining medium 
was removed. The cells were washed twice with SFM that 
contained DMEM supplemented with 5 pg/ml insulin, 
5 pg/ml transferrin, and 25 ng/ml epidermal growth 
factor. The cells were then grown in this SFM for 24 h. 

The trypan blue exclusion procedure (33) was used 
to assess the viability of the cells after 24 h (Nase and 
SFM) or after 48 h (mAb DH2). The number of the 
dead cells that incorporated trypan blue were counted 
using a hemacytometer. 

Treatment of cells with lipoproteins and glutathione 

The EPEN cells were seeded and cultured for 6 days 
as described above. After washing the cells twice with 
SFM, the cells were cultured for 24 h in SFM supple- 
mented with either HDL (80 pg protein/ml), LDL (80 
pg protein/ml), VLDL (40 pg protein/ml), apoE3 (30 
pg/ml), apoE4 (30 pg/ml), or apoE3 or E4 together 
with VLDL (40 pg protein/ml), respectively. For gluta- 
thione treatment, the concentrations of 80, 100, 160, 
200 pg/ml were used. The glutathione at different con- 
centrations was added to SFM together with HDL (120 
pg/ml). To study the dosage-related effects of HDL on 
the EPEN cells, the cells were grown in SFM in the pres- 
ence of 40, 80, or 120 pg/ml of HDL protein. 

Analysis of gangliosides and neutral GSLs 
The EPEN or the CT-SA tumor cells were seeded at 

approximately 2 X lo4 cells/flask into 75-cm2 culture 
flasks. The cells were cultured in DMEM supplemented 
with 10% FBS for 6 days. The cells were labeled with 
[ 14C] galactose as described previously (34). After 24 h 
in culture, Nase, boiled Nase, or buffer was added. The 
culture medium was removed 24 h later and the flasks 
were washed three times with cold PBS. The cells were 
treated with 0.1 % trypsin and harvested by centrifuga- 
tion. 

The isolation and purification of gangliosides and 
neutral GSLs from the lyophilized cell pellets and their 

!%/mu. 

qualitative analysis by high performance thin-layer chro- 
matography (HPTLC) was as we described previously 
(23, 35, 36). The solvent systems used for the develop 
ment of gangliosides and neutral GSLs are described in 
the figure legends. The ganglioside or neutral GSL 
bands were visualized by spraying the dried plates with 
the resorcinol-HCI reagent or the orcinol-H2S04 re- 
agent, respectively, and by baking the plates at 95- 
100°C for 30 min (37). The procedure of Warren (38) 
was used to estimate free sialic acid content. 

Autoradiography of either the gangliosides or neutral 
GSLs was performed by exposing the radiolabeled TLC 
plate to H ~ e r f i l m - ~ H  (Amersham, Arlington Heights, 
IL) for 7 days. Exposed films were developed with Ko- 
dak GBX developer (5 min), fixed with Kodak GBX 
fixer (3 min), and photographed. A Molecular Dynam- 
ics Phosphorlmager (model SF) was also used to exam- 
ine the distribution of the radiolabeled GSLs. 

GSL biosynthesis in EPEN cells grown in serum-free 
medium 

GSL biosynthesis was analyzed by estimating the in- 
corporation of ['*GI galactose into gangliosides and 
neutral GSLs. The EPEN cells were seeded at approxi- 
mately 2 X lo4 cells/flask into the 75cm2 culture flasks 
and were cultured in DMEM supplemented with 10% 
FBS for 2 days. The medium was changed and the cells 
were cultured for an additional 6 days in either SSM or 
SFM. ['4C]galacto~e (0.15 pCi/ml) was then added to 
the cell culture medium. After incubation for 24 h, the 
cells were harvested and 14C-labeled GSLs were isolated 
and purified as described above. Duplicate aliquots 
from either the ganglioside or neutral GSL samples 
were added to Ecoscint scintillation cocktail (National 
Diagnostics, Manville, NJ). The GSL synthesis was ob- 
tained by scintillation counting (Pharmacia LKB Liquid 
Scintillation counter) and was expressed as dpm 
[ ''C]galacto~e incorporated into GSL/ lo5 cells. The 
distribution of radiolabeled GSLs on HPTLC was per- 
formed as described above. 

RESULTS 

The gross morphology, histology, and ganglioside 
composition of the EPEN and CT-2A tumors grown in 
vivo and in vitro were described previously (23, 24, 34). 
Briefly, the EPEN tumor grows as a firm, cohesive, non- 
hemorrhagic mass in vivo and as cell islands in vitro. 
The CT-PA tumor, on the other hand, grows as a soft, 
noncohesive, hemorrhagic mass in vivo and as a fusi- 
form monolayer in vitro. The EPEN cells synthesize 
GM3 as the only ganglioside, whereas the CT-2A cells 
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synthesize GM2, GMI, and GDla as major gangliosides, 
and GM3 as a minor ganglioside. 

Influence of Nase on tumor cell cohesive properties 

Nase treatment disrupted EPEN cell islands (reduced 
cohesion) and increased the number of free (non-cohe- 
sive) cells and cells bearing protoplasmic processes (Fig. 
2A and B) . Most of the free, non-cohesive Nase-treated 
cells expressed protoplasmic processes. In contrast to 
the EPEN cells, Nase treatment had no noticeable effect 
on the morphology of the CT9A cells (Fig. 3A and B) . 
The quantitative effects of Nase on EPEN cell cohesion 
and morphology are shown in Fig. 4A and B. Both the 
percentage of free cells and cells bearing protoplasmic 
processes were increased significantly by Nase. Nase 
treatment also reduced the growth rate of both cell lines 
(data not shown), but had no significant effect on cell 
viability. Greater than 95% of the EPEN and CT-PA cells 
survived the Nase treatment as assayed by trypan blue 
exclusion. 

Influence of Nase on tumor cell GSL composition 

It is important to mention that the gangliosides and 
neutral GSLs in each cell line migrated as double bands 
on the HPTLC plates (Fig. 5 and Fig. 6) .  The double 
bands arise from structural heterogeneity in the cera- 
mide portion of the molecule as previously described 
(23, 39, 40). Nase removes terminal sialic acids from 
glycoconjugates including GM3 and converts ganglio- 
sides such as GDla to GMI (7, 22). In the EPEN cells, 
Nase treatment converted most of the GM3 to LacCer, 
Le., the asialo core structure of GM3 (Figs. 5A and 6). 
In the CT9A cells, Nase converted most of the GM3 
and GDla to LacCer and GM1, respectively, but had 
little effect on the distribution of GM2, which is resis- 
tant to Nase digestion (Figs. 5B and 6). The Nase- 
induced increase in LacCer in the EPEN and CT-SA 
cells was also proportional to the level of GM3 in these 
cells. Besides producing the expected GSL reaction 
products, the Nase-induced hydrolysis of sialic acids 
from cell-surface glycoconjugates also increased the 
level of free sialic acids in the culture medium of both 
cell lines (data not shown). 

Association between GM3 content and EPEN cell 
cohesive properties 

The data in Fig. 7 show that Nase treatment did not 
cause permanent changes in the morphological and 
biochemical properties of the EPEN cells. Cell cohesion 
(expressed as a reduction in the percentage of process- 
bearing cells) and GM3 content (dpm/105 cells) re- 
turned to control pre-treatment levels after the suspen- 
sion of Nase treatment. As most of the free, non-cohe- 
sive cells also expressed protoplasmic processes (see 

Fig. 2B), these results show a positive association be- 
tween GM3 content and the cohesive behavior of the 
EPEN cells, i.e., cells with high GM3 levels (days 7 and 
12) were mostly cohesive (few processes), whereas cells 
with low GM3 levels (day 8) were mostly non-cohesive 
(many processes). 

Influence of Nase-treated and boiled FBS on EPEN 
cell cohesive properties 

To determine whether the Nase-induced changes in 
EPEN cell morphology might involve an effect of Nase 
on a serum factor, we treated the FBS for 15 h with Nase 
and then boiled the serum to stop further Nase activity. 
The EPEN cells grown in this Nase-treated and boiled 
FBS formed islands similar to those seen in Fig. 2A. 
These results suggested that Nase influenced EPEN cell 
cohesion and morphology from an effect on the cells 
rather than from an effect on factors in the FBS. 

Influence of mAb DH2 on tumor cell cohesive 
properties 

Treatment of the EPEN cells with mAb DH2 pro- 
duced an effect similar to that seen with Nase treatment, 
i.e., a disruption of cell islands (reduced cohesion) and 
an increase in the number of free (non-cohesive) cells 
and cells bearing protoplasmic processes (Fig. 2A arid 
C;; Fig. 4A and B) . No effect was seen with the addition 
of non-immune mouse IgG (100 pg/ml) as a control. 
Also similar to the Nase effect, mAb DH2 treatment re- 
duced cell growth, but had little effect on cell viability 
(data not shown). In contrast to the EPEN cells, mAb 
DH2 had no noticeable effect on the morphology of 
the CT-PA cells (Fig. 3A and C). The binding specificity 
of mAb DH:! was also examined using immunostaining 
on HPTLC plates. mAb DH2 was specific for GM3 and 
did not cross-react with other gangliosides found in ei- 
ther bovine brain or in  the solid EPEN tumor growing 
in vivo (data riot shown). These results agree with the 
previous findings of others (16, 31). 

Influence of SFM on tumor cell cohesive properties 
and GSL composition 

SFM produced an effect on EPEN cell morpholo<gy 
similar to that seen after treatment with Nase and mAB 
DH2, i.e., a disruption of cell islands (reduced cohe- 
sion) and an increase in the number of free (non-cohe- 
sive) cells and cells bearing protoplasmic processes (Fig. 
2A and D) . Also similar to the effects of Nase and rnAb 
DH2, SFM treatment reduced cell growth rate, but had 
little effect on cell viability. In contrast to the EPEN 
cells, SFM had no noticeable effect on the morphology 
of the CT-PA cells (Fig. SA and 1)). 

In order to determine whether SFM influenced the 
expression of GM3 or neutral GSLs, the EPEN cells 
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401 $. 

C2 IgG DH2 

251 

C2 IgG DH2 Y C1 Nase 

Fig. 4. influence of Nase and mAh DH2 on the percentage of free 
cells (A) and protoplasmic process formation (B) of the EPEN cells. 
The cells were cultured and treated with either Nase or mAb DH2 as 
described in Fig. 2. The values were obtained from three independent 
experiments as described in Methods and are expressed as means i 
SEM. Asterisks indicate that the values for the Nase and mAb DH2 
treatment5 differed from those of the controls at P <  0.01 (two-tailed 
t-test). C1 and Nase represent treatment with sodium acetate buffer 
or Nase, respectively. C2, IgG, and DH2 represent treatment with PBS 
buffer, non-immune mouse IgG (100 pg/ml culture medium), and 
mAh DH2, respectively. 

were cultured in the presence or absence of fetal bovine 
serum. SFM enhanced the content of GM3, but had no 
noticeable effect on the content or distribution of neu- 
tral GSLs. The content of GM3 (expressed as dpm/ lo" 
cells) was 1840 and 2090 dpm (two independent experi- 
ments) in serumcontaining medium, and was 3550 and 
3990 dpm in serum-free medium. The pattern of radio- 
labeled neutral GSLs (GlcCer, LacCer, and Gb3Cer) 
was the same as that shown in Fig. 6 lane C, for EPEN 
cells grown in serum-containing medium. These results 
suggest that the GM3 influence on EPEN cell cohesion 
was unlikely to involve direct homophilic (GM3-GM3) 
or heterophilic (GM3-neutral GSLs) interactions as 
SFM disrupted cell islands, but did not reduce GM3 or 

alter the distribution neutral GSLs. Based on these 
findings, we surmised that EPEN cell cohesion might 
involve an extracellular factor that was missing from the 
SFM. We therefore examined the fetal bovine serum for 
this factor. 

Influence of HDL on EPEN cell cohesive properties 

Our preliminary experiments on the cohesion of 
EPEN cells excluded an involvement of several serum 
factors including albumin, epidermal growth factor, fi- 
broblast growth factor, and plateletderived growth fac- 
tor. Recent findings from Kivatinitz et al. (29) showed 
that HDL was a heat-stable factor that could also block 
protoplasmic process formation in chick cerebral cells. 
From our Nase experiments, we knew that a serum fac- 
tor should be both heat-stable and Nase-resistant. To 
test the possible involvement of HDL in the EPEN cell 
cohesion phenomenon, we cultured the EPEN cells 
with SFM in the absence (control) or presence of bo- 
vine HDL. An HDL protein concentration of 80 pg/ml 
was used initially because this is the concentration that 
we estimated in the culture medium supplemented with 
10% FBS based on the previous findings of Savion et 
al. (41). 

Addition of HDL to EPEN cells growing in SFM 
caused a significant reduction in the number of free 
cells and process-bearing cells compared to the controls 
(Fig. 8).  Indeed, the morphology of the HDL-treated 
EPEN cells was similar to that observed for EPEN cells 
grown in serum-supplemented medium (Fig. 2A). 
These results show that the cohesion and morphology 
of the EPEN cells was restored after addition of HDL 
to the SFM. Treatment of the bovine HDL with Nasc 
and boiling had no influence on the HDL effect, thus 
fulfilling the two criteria of the serum factor. Moreover, 
the effect of bovine HDL on EPEN cell cohesion was 
also observed with human HDL and with reconstituted 
human HDL (42). The HDL effect on the percentage 
of free cells and protoplasmic processes was dosage-de- 
pendent and observed with a maximal effect at 120 pg 
HDL protein/ml (Fig. 9). 

To determine the specificity of the HDL effect on 
EPEN cell cohesion, we examined the influence of 
other serum lipoproteins including LDL, VLDL, apoE3, 
apoE4, VLDL plus apoE3, and VLDL plus apoE4. Previ- 
ous studies suggested that VLDL, apoE3, apoE4, and 
various combinations of these could influence neurito- 
genesis in cultured cells (43). In contrast to the effect 
of HDL, none of these lipoproteins or apolipoproteiris 
influenced the morphology or cohesive properties of 
the EPEN cells grown in SFM. As oxidized lipids in HDL 
caused a growth-inhibiting effect on glioblastoma cells 
(44), we added the antioxidant glutathione, at different 
concentrations, to the SFM together with bovine HDL 
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GD3 

GDla 
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GTla 

GDlb 
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GTlb 
GQlb 
Origin - 

Stds C Nase A Stds C Nase B 
Fig. 5. Autoradiogram (A) and phosphorimage ( R )  ofHPT1.C plates showing the influence of Nase treatment 
on ganglioside distribution in the EPEN (A) and CT-PA ( R )  cells. The cells were grown for 24 h in medium 
containing 0.15 pCi/ml of  [“Clgalactose. The cells were then treated with Nase (as described in the legend 
to Fig. 1) for 24 h in the presence of  [“<:]galactose. For A, an amoiint of dpm equivalrnt to 1 X I O ’  cells 
(lancs C and Nase) wcrc spotted. For B, 1500 dpm (lanes C and Nasc) xcerc spotted. Approximately 1.5 pg of 
ganglioside NeuAc standards (Stds) {vas spotted for both A and B. The plates were developed hv one ascending 
elution with chloroform-mctlianoI-watcr 50:4.5: 10 (v/v) containing 0.02% (>aC1,,2H,O. After autoradiogra- 
phy (A) o r  phosphorimaging (R), the plates were sprayed with the resorcinol reagent to identify ganglioside 
standards. lanes <; and Nase indicate that the cells were treated with sodium aceliite Iiiifler o r  Nase, respectively. 

(see Methods). This treatment also had no influence 
on the HDL effect. 

DISCUSSION 

The molecular mechanisms by which one cell co- 
heres to another cell are likely varied and complex. Our 
results suggest that cell surface GM3 and extracellular 
HDL participate in the cohesion of cultured EPEN cells. 
Evidence for this comes from finding a), that EPEN cell 
cohesion was disrupted after the enzymatic removal 
(Nase) or immunological masking (mAb DH2) of GM3, 
or from growth in serum-free medium (absence of 
HDL) and h) ,  that EPEN cell cohesion returned after 
the resynthesis of GM3 or  after addition of HDL to the 
serum-free medium. Although both GM3 and HDL 
were necessary participants in the cohesion phenome- 
non, our findings also showed that neither molecule by 
itself was sufficient for EPEN cell cohesion. 

It is unlikely that non-specific effects of the Nase, 
mAb DH2, or  SFM treatments disrupted EPEN cell mor- 
phology or cohesion, as similar treatments had no in- 
fluence on the morphology or cohesive properties of 
the CT-2A tumor cells. In contrast to mouse melanoma 
cells ( S ) ,  mAb DH2 showed no cytotoxicity toward the 

EPEN or CT-2A cells. We cannot exclude the possibility 
that disrupted EPEN cell cohesion resulted in part from 
a treatment-induced reduction in growth rate. How- 
ever, the Nase treatment also reduced the growth rate 
of the CT-2A cells, but did not alter their morphology. 
Schubert et al. (45) also found that morphological 
changes induced from low serum were not coupled to 
changes in cell division or DNA synthesis in C1300 
mouse neuroblastoma cells. Although different cell 
lines may not always respond to the same treatment in 
the same way, it  is unlikely that reduced growth rate 
alone can account for the differences in cohesive p r o p  
erties between the EPEN and CT-2A cells. O n  the con- 
trary, our data suggest that the differential effects of the 
Nase, mAb DH2, or SFM treatments on EPEN and CT- 
2A morphology result from the differences in GM3 con- 
tent in the two lines. GM3 is the major ganglioside in 
the EPEN cells, but is a minor ganglioside (about 5% 
of the total distribution) in the CT-2A cells. 

Previous studies showed that Nase treatment could 
release cell-surface sialic acid and disrupt the aggrega- 
tion of chick embryonic muscle cells (33,46). Although 
Nase can remove terminal sialic acids from both glyco- 
proteins as well as gangliosides (GM3 in the case of the 
EPEN cells), the anti-GM3 antibody, mAb DH2, is spe- 
cific for GM3 as it  does not cross-react with glycopro- 
teins or  other GSLs (16). Chattejee, Chakraborty and 
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Fig. 6. Autofiit1iogr;uii of an HI'TIX: plate showing the influerice o l  the Nase treatment on nentral (;SI, distri- 
butii)n in the EPEN and CT-2A cells. Thc cells \vcre labeled with [ "C:]~alactosc and \vcrc trcatcd with sodium 
iicetiite ImlT'er (C) o r  Nase (see Methods). Approximately I500 dpni 01' r;itliolahclcrl ncutl-al GSL, \vas spotted 
h r  the <: ant1 Nasc lanes. Ncutral <;SI. stantl;~rtls were spotted in lane I (Glc<:er, Iac(;cr, Gg3(:cr, and Gg4Cer) 
and latic 2 (<;lc<:cr, (:al<:er. IncCer, GbJ(:er ;ind (;h4(:er). The plate was dcvclopctl in ;I solvcnt systcm coii- 

taining chloroform-~ncthanol-2..i M NH,OH 6.3: 35:s  (v /v )  with 0.02% ( X l . l . 2 H . ~ 0 .  Alter autor-adiography. 
thc plate \\'as sprayed with the orcinol reagent t o  identify neutral <;SI. stanthrtls. The ntt~iohhrletl band tnigrat- 
ing 1,ctwceti GlcCcr atid IacCcr represents it phospholipid conranitiant. 

Anderson (47) also showed that an interaction between 
cell-surface GM3 and an anti-GM3 monoclonal anti- 
body could induce protoplasmic processes in Neuro-2A 
cells. Our  results with the EPEN cells are consistent with 
these findings and further suggest that GM3 may be in- 
volved with the observed morphological changes. 

M'e suggest that the content of GM3, relative to that 
of other gangliosides, may also be important for its par- 
ticipation in the cohesion phenomenon. This comes 
from our present findings that the low level of GM3 in 
the CT-PA cells was associated with a fusiform non- 
island morphology, and from our previous findings that 
island formation occurred in rat fibroblasts where the 
content of GM3 (as a percentage of lipid bound sialic 
acid) comprised 5776, but did not occur in fibroblasts 
where the content of GM3 was 33% or  lower (22). Fur- 
ther studies will be necessary to determine whether a 
critical content or threshold of GM3 is necessary for is- 
land formation. 

Previous studies indicated that GM1 might play a role 
in neuritogenesis as the Nase-induced conversion of 
complex gangliosides to GMI was associated with neu- 
rite outgrowth in cultured neural tumor cells (7). We 
found that disrupted cohesion was associated with the 

appearance of neurite-like protoplasmic processes in 
the treated EPEN cells. These processes, however, a p  
peared in either the absence (Nase treatment) or pres- 
ence (growth in SFM) of gangliosides. Furthermore, 
HDL could abolish protoplasmic processes in the EPEN 
cells grown in SFM. These findings are consistent with 
those of Kivatinitz et al. (29), who recently showed 
that HDL could also block neuritogenesis in chicken 
cerebral cells. On the other hand, no protoplasmic 
processes appeared in the CT-2A cells despite the 
Nase-induced conversion of most GDla to GMI. We 
suggest that neurite formation in cultured cells is a com- 
plex phenomenon that likely involves the participation 
of numerous cellular and extracellular molecules. 

Although the participation of GM3 in cell adhesion 
is well documented, little is known about the role of 
HDL in cell adhesion or cohesion. The HDL effect on 
EPEN cell cohesion was specific as no effect was found 
with other serum lipoproteins, i.e., LDL and VLDL or 
with apolipoproteins, i.e., apoE3 and apoE4, which 
were found to influence neuritogenesis in cultured cells 
(43). Furthermore, the HDL effect was observed with 
bovine and human HDL as well as with reconstituted 
human HDL (42). A. the antioxidant glutathione did 

168 Journal of Lipid Research Volume 38, 1997 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


-0- % Process Bearing Cells 

- -0- - GM3 Content 

v) 
I I 

s 
M 
C 
k 
.I 

3 
fp 
v1 

0 
8 
E n 

6 7 8 9 10 11 12 1, 

Days in Culture 

'vi 
I I 

s - 1500 
b 
4 - a 

-lo00 3 
a 

.cI 

8 
!3 

- 500 u 
c1 

rr, E 
c3 

- 0  
3 

Fig. 7. Association between GM3 content and protoplasmic process 
formation in the EPEN cells. Approximately 2 X lo4 cells/flask were 
seeded into 75cm2 culture flasks and the cells were cultured in 
DMEM containing 10% FBS for 6 days. [14C]galactose (0.15 pCi/ml) 
was added to the culture medium on the sixth day. Nase was added 
on day 7 as in Fig. 2. After the cells were treated with Nase for 24 h, 
the Nase-containing medium was removed (on day 8) and the cells 
were cultured for another 4 days in the absence of Nase. The radie  
labeled gangliosides were isolated and purified as described in Meth- 
ods. For the studies of protoplasmic process formation, about 20 cells 
were analyzed in each field, and at least five randomly selected fields 
were examined for each experiment. The values represent the means 
and the bars the range of two independent experiments. 

not block the HDL effect, it is unlikely that the effect 
arose as an artifact of oxidized lipids in the HDL prepa- 
rations (44). Furthermore, the HDL effect on EPEN cell 
cohesion was dosage-dependent and was observed at 
HDL protein concentrations similar to those normally 
present in culture medium supplemented with 10% fe- 
tal bovine serum. Besides a widely recognized role in 
cholesterol transport, our findings suggest a possible 
role for HDL in the cohesion and morphological prop- 
erties of certain cell types grown in culture. 

It is not known whether the participation of GM3 and 
HDL in EPEN cell cohesion is unique to the in vitro 
culture environment or might also occur in vivo. The 
EPEN and other experimental tumors that contain 
GM3 as the major ganglioside grow in the brain as firm 
cohesive masses, whereas the CT-2A and other tumors 
that contain low levels of GM3 grow as soft non-cohesive 
masses (24). HDL could access the growing brain tu- 
mors from either the cerebral spinal fluid (48) or from 
uptake through the blood-brain barrier (49). Although 
HDL could have similar access to the EPEN and CT-2A 
tumors, the low level of GM3 in CT9A may account for 
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Fig. 8. Influence of HDL on the percentage of free cells (A) and 
protoplasmic process formation (B) of the EPEN cells. The cells were 
cultured in serum supplemented medium (C) for 6 days as in Fig. 2. 
The SSM was replaced and the cells were cultured in serum-free me- 
dium for 24 h (SFM). HDL (80 pg protein/ml) was added to the 
culture medium and the cells were then cultured for an additional 
24 h (SFM + HDL). The values represent means 2 SEM of three 
independent experiments as described in Methods. 

its in vivo growth as a soft non-cohesive mass. It will be 
interesting to determine whether the participation of 
GM3 and HDL is similar in in vitro and in vivo growth 
environments. 

The mechanism by which GM3 and HDL participate 
in EPEN cell cohesion is not known. It is unlikely that 
the mechanism involves a direct interaction between 
GM3 and HDL as rat C6 glioma cells, which also express 
GM3 as the major ganglioside, do not grow as islands 
in serum-containing medium (50) .  Rather than a direct 
GMSHDL interaction, we speculate that the interaction 
may be indirect and mediated through an HDL recep- 
tor. HDL could participate as an extracellular bridge, 
linking apposing EPEN cells by binding to a cell-surface 
HDL receptor. GM3, on the other hand, could partici- 
pate by modulating the function of the HDL receptor. 
Our notion is consistent with previous findings that 
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Fig. 9. Dose-response curve fix influence o f  HDL on  the percenr- 
age free cells (A) arid protoplasmic process formation (R) of the 
EPEN cells. The cells were seeded and cultured for 6 days in SSM 
(see Methods). The SSM was replaced with SFM together with HDI. 
(40, 80, and 120 pg protein/ml). Aftrr 24 h, the cclls were examined 
(see Methods). The vahtm represent means f SEM of thr-ec indcpcii- 
dent experirneiits. 

GM3 can modulate the  function of several kinds of cell- 
surface receptors (8-13, 51-55), a n d  that HDL can 
hind to a specific receptor at  the  cell surface (56-58). 
T h e  removal of either GM3 or HDL could therefore 
disrupt EPEN cell cohesion as o u r  data show. Although 
we suggest that EPEN cell cohesion may involve a n  indi- 
rect interaction between GM3 a n d  HDL, we do not  ex- 
clude o ther  possible mechanisms. Further studies are 
needed  to better define the  mechanism by which GM3 
a n d  HDL participate in EPEN cell cohesion.M 
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