
Abstract. The most lethal aspect of cancer is the metastatic
spread of primary tumors to distant sites. Any mechanism
revealed is a target for therapy. In our previous studies, we
reported that the invasive activity of the bone metastatic C4-2B
prostate cancer cells could be ascribed to the reorganization
of the ·2ß1 integrin receptor and the ·2 subunit-mediated
association and activation of downstream signaling towards the
activation of MMPs. In the present study, we demonstrate that
expression of asialoGM1 in C4-2B cells correlates with cancer
progression by influencing adhesion, migration and invasion,
via reorganization of asialoGM1 and colocalization with
integrin ·2ß1. These observations reveal an uncharacterized
complex of asialoGM1 with the integrin ·2ß1 receptor
promoting cancer metastatic potential through the previously
identified integrin-mediated signaling pathway. The present
findings promote further understanding of mechanisms by
which glycosphingolipids modulate malignant properties and
the results obtained here propose novel directions for future
study.

Introduction

Glycosphingolipids (GSLs), including gangliosides are
common components of cell membranes. They are known to

serve as major cell surface antigens, in particular tumor-
associated antigens, as receptors for bacterial and viral
toxins, involved in the process of microbial infection, and as
mediators of cell adhesion/recognition and to modulate cell
motility and signal transduction (1). 

Several studies indicate that the expression of tumor-
associated GSLs result from oncogenic transformation, and
suggest that GSL expression varies with metastatic potential
(2,3). Such a correlation has been shown for human melanoma
and glioma cells as well as for renal cell carcinoma, where
specific GSLs are found to be selectively expressed in invading
tumor cells (4-6). Basically all GSLs, in tumor and normal
cells, are clustered, interact with specific cell surface compo-
nents and organize with intracellular signaling molecules,
thereby profoundly affecting cellular function and phenotype
(1,7).

In our previous study, we reported that the adhesive and
invasive behavior of the bone metastatic derivative C4-2B
cells of the LNCaP prostate cancer progression model are
mediated through the lateral reorganization of the integrin
·2ß1 receptor and the ·2 subunit-mediated association and
subsequent activation of the FAK/src/paxillin/JNK/Rac path-
way, resulting in enhanced activation of matrix metallo-
proteinases, MMP-2 and MMP-9 (8). In addition, we pointed
out that the obtained results should not be viewed as the
mechanism of a single player, instead we evoke that ·2ß1
integrin receptors are key components of a complex with
other membrane proteins and lipids, initiating downstream
signaling events via the ·2 subunit of the integrin ·2ß1 receptor
in C4-2B cells. Since GSLs are known to play crucial roles
in integrin-mediated cell adhesion, migration and invasion
through their effect on signal transduction pathways, which
are influenced by cross-talk with other functional membrane
components including tetraspanins and growth factor receptors
(1,9,10), we continued our studies by investigating a possible
functional role for GSLs in complex with ·2ß1 integrin
receptors in the LNCaP progression model. 

In this study, we demonstrate that in addition to the
previously reported differences between LNCaP and C4-2B
cells, namely increased adhesiveness to and invasiveness into
collagen I of C4-2B cells (8), the velocity at which C4-2B cells
migrate is higher as compared to the parental LNCaP cells.
Furthermore, we demonstrate that the cell surface expression
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of asialoGM1 correlates with cancer progression and that
asialoGM1 is a crucial factor to regulate cancer metastatic
potential and this via lateral redistribution of asialoGM1 and
colocalization with integrin ·2ß1 receptors. In conclusion,
this is the first study to report that asialoGM1 is expressed on
prostate cancer cells and that asialoGM1 plays a significant
role in prostate cancer progression. 

Materials and methods

Antibodies and other reagents. The antibodies against integrin
·2ß1, ·3ß1, ·5ß1, ·vß3 and ·vß5 receptors, GD2 and GD3
were from Millipore (Billerica, MA). The ganglioside anti-
bodies to GM1, asialoGM1, GM2 were from EMD Biosciences
(Gibbstown, NJ), while Gb3 and GM3 antibodies were pur-
chased from Glycotech (Gaithersburg, MD). Secondary
biotinylated anti-rabbit and anti-mouse, FITC-labeled anti-
mouse, FITC- and TR-labeled anti-rabbit secondary antibodies
were from Vector Laboratories (Burlingame, CA). BCA protein
assay reagent kit was from Pierce (Rockford, IL). Vectastain
ABC-AmP kit was obtained from Vector Laboratories. 

Cell culture. The human prostate cancer LNCaP cells and the
derivative C4-2B cell line were a kind gift from Dr M. Bisoffi
(UNM, School of Medicine, NM) (11) and were grown in
RPMI-medium supplemented with 5% FBS, 100 IU/ml
penicillin, 100 μg/ml streptomycin (Invitrogen, Carlsbad,
CA) at 37˚C equilibrated with 5% CO2 in humidified air.

Wound healing assay/scratch assay. Cells were grown in
6-well plates until confluency and washed twice with PBS.
After wounding the cells, 3 ml of medium in the presence
or absence of function blocking integrin antibodies and/or
ganglioside antibodies were added. After 24 and 48 h, the
distances over which the cells migrated were measured and
expressed as migratory velocity (μm/h).

Flow cytometry analysis. Cells were detached and suspended
as single cells using 10 mM EDTA and 20 mM HEPES buffer
in the appropriate medium. The EDTA was neutralized with
CaCl2 and MgSO4, and washed again with medium containing
0.1% BSA. For permeabilization, cells were incubated with
Tween-20 (0.5% in PBS). Cells (2.5x105) were incubated
with asialoGM1 and GM1 antibodies, followed by secondary
FITC-labeled antibodies. After washing, 1x104 stained cells
were analyzed for fluorescence using the Cell Lab Quanta SC
MPL (Beckman Coulter, Miami, FL). Stainings without
primary antibody were used as controls. 

Cell adhesion assay. Cells were detached with trypsin/EDTA
and resuspended at 5x105 cells/ml in RPMI supplemented
with 2% FBS in the presence or absence of function blocking
integrin ·2ß1 and/or asialoGM1 and GM1 ganglioside anti-
bodies. Cell suspension (100 μl) was added to collagen I-
precoated 96-well plates (BD Biosciences, San Jose, CA). After
90-min incubation at 37˚C, wells were washed three times with
PBS. The remaining cells were solubilized with 0.2% Triton
X-100 and acid phosphatase activity was measured by addition
of p-nitro-phenyl phosphate (Sigma). Absorbance values of the
lysates were determined on a microplate reader at 405 nm.

Collagen type I invasion assay. Six-well plates were filled
with 1.25 ml neutralized type I collagen (0.09%, Millipore)
and incubated for 1 h at 37˚C to allow gelification. For invasion
into collagen type I, cells were harvested using trypsin/EDTA
and seeded on top of collagen type I gels. Cultures were
incubated for 24 h at 37˚C in the presence or absence of
function blocking integrin ·2ß1 and/or asialoGM1 and GM1
ganglioside antibodies. Numbers of cells penetrating into the
gel or remaining at the surface were counted, using an inverted
microscope and expressed as the invasion index, being the
percentage of invading cells over the total number of cells (12).

Confocal-fluorescence immunostaining
Fluorescence microscopy. Cells were suspended in trypsin/
EDTA and stained by an indirect immunofluorescence
technique. Briefly, cells were incubated on a rotator at 4˚C
for 1 h with antibodies against integrin ·2ß1, asialoGM1 and
GM1, washed three times with CMF-HBSS and fixed with
3% paraformaldehyde in CMF-HBSS for 20 min. Fixed cells
were washed three times with CMF-HBSS and incubated
with FITC-labeled anti-mouse secondary antibody. Stained
cells were mounted with a drop of Glycergel mounting medium
(Dako Corp., Carpinteria, CA) containing 1% 1,4-diazabi-
cyclo[2.2.2]octane (fluorescence stabilizer). Fluorescence
was observed by fluorescence microscopy (Olympus IX51
with Olympus U-CMAD3 camera).

Confocal microscopy. Cells were grown on glass cover
slips (diameter, 12 mm) placed in 24-well plates. The glass
cover slips were removed, washed and fixed with 3% para-
formaldehyde. Next, fixed cells were washed and incubated
with primary antibodies against asialoGM1, GM1 and integrin
·2ß1, followed by incubation with FITC-labeled and TR-
labeled secondary antibodies. Stained cells were mounted
with Glycergel mounting medium (Dako) containing 1% 1,4-
diazabicyclo[2.2.2] octane (fluorescence stabilizer) and
confocal fluorescence images were acquired using a Leica
TCS SP2 confocal system (Leica Microsystems, Heidelberg,
Germany). Images were taken using a 63x NA 1.32 objective.
The standard LCS software was used. Cross-talk between
different fluorochromes, which could give rise to false-positive
colocalization of the signals, was totally avoided by careful
selection of the imaging conditions. Standard filter combi-
nations and Kalman averaging was used. 

Co-immunoprecipitation of cell surface molecules. Cells at
70% confluency were lysed, using 0.5 ml lysis buffer
containing 1% Triton X-100, 1% NP-40 and the following
inhibitors: aprotinin (10 μg/ml), leupeptin (10 μg/ml), PMSF
(1.72 mM), NaF (100 mM), NaVO3 (500 μM), and Na4P2O7

(500 μg/ml). Lysates, containing 2000 μg protein, were mixed
with protein G-Sepharose beads (Amersham Biosciences,
NJ) to preclear non-specific binding. Antibody to asialoGM1
(1:100) was added to the collected supernatant and rotated at
4˚C overnight. Subsequently, protein G-Sepharose beads were
used to recover the immunocomplexes. Immunoprecipitates
were resolved in 150 μl SDS-PAGE sample buffer and heated
to 95˚C for 5 min. The supernatants were electrophoresed
on 7.5% SDS-PAGE and transferred to PVDF membranes
(Immobilon-P) (Bio-Rad Laboratories, Hercules, CA). After
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transfer, membranes were incubated with antibody against
integrin ·2ß1, followed by incubation with a secondary
biotinylated antibody and developed by ECL (Vectastain
ABC-AmP) detection kit. Membranes were imaged on the
BioChemi System and analysis software (UVP, Upland, CA).

Statistical analyses. All treatments were matched and carried
out at least three times. Data were analyzed using Excel, for
determination of mean, SD, and Student's t-test (95%). Intensity

of the immunoblotted bands was quantified by densitometry,
using statistical software Scion Image (Scion Corp., Frederick,
MD).

Results

Migratory differences between LNCaP and C4-2B cells. In
addition to the previously reported differences between
LNCaP and C4-2B cells, namely increased adhesiveness to
and invasiveness into collagen I of C4-2B cells (8), we report
herein that the velocity at which C4-2B cells migrate is
higher as compared to the parental LNCaP cells (Fig. 1).
Treatment with function blocking integrin and ganglioside
antibodies reveals that integrin ·2ß1 antibody is the sole
integrin antibody able to inhibit the migratory capacity of
C4-2B cells, while asialoGM1 is the major ganglioside
involved in the migration of C4-2B cells as compared to the
parental LNCaP cells (Fig. 1).

Cell surface and total expression of asialoGM1. We reported
that there are no significant differences in the total expression
and cell surface expression levels of integrin ·2ß1 in LNCaP
and C4-2B cells (8). Next, we examined the cell surface (left
panel) and total expression (right panel) levels of asialoGM1
on LNCaP and C4-2B cells by flow cytometry with respective
antibodies, given the minor difference between asialoGM1
and GM1 (Fig. 2). The left panel of Fig. 2 shows that
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Figure 1. Migratory differences between LNCaP and C4-2B cells. Migration of
LNCaP (closed bars) and C4-2B (open bars) cells. Cells grown in 6-well plates
until confluency, were wounded and allowed to grow in the absence or
presence of function blocking integrin (5 μg/ml) and/or ganglioside (1:500)
antibodies. After 24 and 48 h, the distances over which the cells migrated were
measured and results are expressed as migratory velocity (μm/h). Asterisks
indicate statistical difference from untreated C4-2B cells (p<0.05).

Figure 2. Cell surface and total expression levels of asialoGM1 and GM1. Left panel, cell surface expression levels of asialoGM1 (B) and GM1 (C) in LNCaP and
C4-2B cells. Single cell suspensions were stained by relevant primary antibodies and FITC-labeled secondary antibodies. Right panel, total expression levels of
asialoGM1 (B) and GM1 (C) in LNCaP and C4-2B cells, after permeabilization with Tween-20 (0.5% in PBS), followed by incubation with primary antibodies
and FITC-labeled secondary antibodies. Control stainings were performed without primary antibody (A). Experiments were performed at least three times. 
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asialoGM1 (Fig. 2B) and GM1 (Fig. 2C) are expressed at the
cell surface of C4-2B cells and could not be detected in the
parental LNCaP cells as compared to the respective controls
(Fig. 2A). The total expression levels were determined after
permeabilization and the results in Fig. 2 (right panel) reveal
that total expression levels of asialoGM1 (Fig. 2B) and GM1
(Fig. 2C) are comparable for both cell lines. In summary, the
data suggest that the increased cell surface expression levels
of asialoGM1 and GM1 in the bone metastatic derivative cell
line might correlate with cancer progression. 

AsialoGM1 mediates adhesion and invasion. Given the pro-
nounced cell surface expression of both asialoGM1 and GM1
in C4-2B cells and the profound influence of asialoGM1 on
the migration of C4-2B cells, we investigated whether
asialoGM1 and/or GM1 were involved in adhesion to and
invasion into collagen I. The results reveal that treatment
with GM1 antibody does not affect any of these processes,
while asialoGM1 antibody treatment significantly reduces the
adhesion to collagen I (Fig. 3A), as well as the invasiveness
into collagen I of C4-2B cells (Fig. 3B). Overall, these results
suggest that asialoGM1 plays a role in the different processes
involved in cancer progression, i.e. adhesion, migration (Fig. 1)
and invasion. 

Organization of asialoGM1 and colocalization with integrin
·2ß1. The integrin ·2ß1 receptors were found reorganized in
the derivative bone metastatic C4-2B cells and these changes
in organizational pattern correlated with increased adhesion and
cellular invasion. The major alterations in the organizational
status, rather than increased expression, were responsible
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Figure 3. AsialoGM1 mediates adhesion and invasion. (A) Adhesion to
collagen I. LNCaP (5x104) (closed bars) and C4-2B (open bars) cells/100 μl,
untreated or treated with asialoGM1 or GM1 antibodies (1:500) were seeded
in a collagen I precoated 96-well plate. After 90 min, the cells were washed
and acid phosphatase activity was measured. The percentage binding was
calculated by subtracting non-specific binding and expressed as % adhesion
compared to untreated LNCaP and C4-2B cells. Six wells were analyzed in
each experiment. (B) Invasion into collagen I. LNCaP (1x104)  (closed bars)
and C4-2B (open bars) cells, untreated or treated with asialoGM1 or GM1
antibodies (1:500), were seeded on top of collagen type I gels and cultured
for 24 h. The invasion index expresses the percentage of invading cells over
the total number of cells. All data are means ± SD from three independent
experiments, asterisks indicate statistical difference from untreated C4-2B
cells (p<0.05).

Figure 4. Organization of asialoGM1 and colocalization with integrin ·2ß1.
Organization of integrin ·2ß1, asialoGM1 and GM1 by indirect fluorescence
(A and B) and confocal microscopy (C-F). (A and B) Cell surface staining
pattern of integrin ·2ß1, asialoGM1 and GM1 in LNCaP (A) and C4-2B (B)
cells as analyzed by fluorescence microscopy. Cells were suspended in
trypsin/EDTA and incubated with relevant primary antibodies on a rotator
at 4˚C for 1 h, fixed with 3% paraformaldehyde in CMF-HBSS and labeled
with secondary FITC-labeled antibody. Reorganized staining patterns for
integrin ·2ß1 and asialoGM1 are observed in C4-2B cells. (C-F) Co-
localization of integrin ·2ß1 and asialoGM1 in LNCaP and C4-2B cells
studied by confocal microscopy. Cells were grown on glass cover slips
and double stained by integrin ·2ß1 and asialoGM1 primary antibodies and
FITC- and TR-labeled secondary antibodies. In C4-2B, integrin ·2ß1
colocalized with asialoGM1 more extensively than in LNCaP cells. Control
staining, for (A-F), were performed without primary antibody (data not
shown); scale bar, 10 μm. Experiments were performed at least three times.
(G) Different level of integrin ·2ß1/asialoGM1-association in LNCaP versus
C4-2B cells. Aliqouts of immunoprecipitates were analyzed by Western
blotting using the respective antibody. Experiments were performed at least
three times.
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for the initiation and activation of signal transducers in the
downstream pathway, leading to invasion via association
with the integrin ·2 subunit (8). Next, we examined the
localization and distribution patterns of asialoGM1 and possible
colocalization with integrin ·2ß1 receptors by fluorescence
and confocal microscopy. The fluorescence immunostaining
of LNCaP and C4-2B cells in suspension reveals major
alterations in cell surface staining pattern for asialoGM1 and
integrin ·2ß1 (8) but not for GM1 in C4-2B cells (Fig. 4B),
as compared to the parental LNCaP cells (Fig. 4A). The
confocal microscopy images (Fig. 4C-F) also display that
asialoGM1 and integrin ·2ß1 are differentially organized
and clustered in C4-2B cells (Fig. 4D), as compared to the
parental LNCaP cells (Fig. 4C), and asialoGM1 is found to
have colocalized with integrin ·2ß1 in C4-2B cells, while no
such clustering and colocalization of GM1 with integrin ·2ß1
is found in LNCaP (Fig. 4E) and in C4-2B (Fig. 4F) cells.
The close connection is further confirmed by co-immuno-
precipitation of asialoGM1, demonstrating the association
of integrin ·2ß1 in C4-2B cells and not in LNCaP cells
(Fig. 4G).

Possible synergistic interaction of asialoGM1 and integrin
·2ß1. Based on the above data, we wanted to determine the
significance of the asialoGM1/integrin ·2ß1 interaction.
Fig. 5A and C show that function blocking of the integrin
·2ß1 receptor blocks the adhesive and invasive behavior of
C4-2B cells in collagen I, which is in line with our previously
published results. Additionally, function blocking of integrin

·2ß1 reduces the migratory capacity of C4-2B cells (Fig. 1).
Subsequently, we investigated whether blocking of both
integrin ·2ß1 and asialoGM1 resulted in a synergistic effect.
Co-treatment with antibodies against integrin ·2ß1 and
asialoGM1 reduced even more the observed effects, however,
not significantly different from the effect of the integrin ·2ß1
antibody by itself (Fig. 5). 

Discussion

Understanding the metastatic and invasive properties of tumor
cells are of crucial importance in tumor malignancy. Every
possible mechanism revealed could be a target for prevention
or inhibition of tumor progression. Various studies indicate
that tumor cell penetration into extracellular matrix (ECM),
based on increased motility coupled with ECM-destructive
activity is often associated with high metastasis (13). In our
previous study, we showed that the bone-metastatic derivative
C4-2B cells of the LNCaP progression model display enhanced
invasiveness into and adhesiveness to collagen I as compared
to the parental LNCaP cells. The observed differences were
mediated through the reorganization of the ·2ß1 receptor,
resulting in the activation of a downstream signaling pathway
leading to increased activity of matrix metalloproteinases (8).

In the present study we found that, in addition to the
markedly enhanced adhesion and invasion activity, C4-2B
cells migrate faster than the parental LNCaP cells. Moreover,
integrin ·2ß1 and asialoGM1 were identified as important
mediators of cell migration. Suppression of these two
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Figure 5. Is there a synergistic interaction of asialoGM1 and integrin ·2ß1? (A) Adhesion to collagen I. LNCaP (5x104) (closed bars) and C4-2B (open bars)
cells/100 μl, untreated or treated with asialoGM1 (1:500) and function blocking integrin ·2ß1 (5 μg/ml) antibodies, were seeded in a collagen I precoated
96-well plate. After 90 min, the cells were washed and acid phosphatase activity was measured. The percentage binding was calculated by subtracting non-
specific binding expressed as % adhesion compared to untreated LNCaP and C4-2B cells. Six wells were analyzed in each experiment. (B) Migration. LNCaP
(closed bars) and C4-2B (open bars) cells grown in 6-well plates until confluency were wounded and allowed to grow in the absence or presence of
asialoGM1 (1:500) and function blocking integrin ·2ß1 (5 μg/ml) antibodies. The distances over which the cells migrated were measured, after 24 and 48 h,
and results are expressed as migratory velocity (μm/h). (C) Invasion into collagen I. LNCaP (1x104) (closed bars) and C4-2B (open bars) cells, untreated or
treated with asialoGM1 (1:500) and function blocking integrin ·2ß1 (5 μg/ml) antibodies, were seeded on top of collagen type I gels and cultured for 24 h.
The invasion index expresses the percentage of invading cells over the total number of cells. All data are means ± SD from three independent experiments,
asterisks indicate statistical difference from untreated C4-2B cells (p<0.05).
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molecules using asialoGM1 and integrin ·2ß1 receptor anti-
bodies clearly demonstrated their particular roles in the
increased cell migration of C4-2B cells. In contrast, LNCaP
cells were scarcely affected by these treatments. Analysis of
the cell surface and total expression levels of asialoGM1 and
the related GM1 revealed enhanced expression of asialoGM1,
at the cell surface in C4-2B cells as compared to LNCaP cells.
On the other hand, no significant differences in total expression
and cell surface levels were found for the integrin ·2ß1 receptor
in the preceding study (8).

The neutral glycosphingolipid, asialoGM1, is expressed
by T cells as well as by natural killer (NK) cells (14) and
its expression correlates with the killing activity. Traces of
asialoGM1 have also been found in nerve tissues and in
cystic fibrosis respiratory epithelial cells (15,16). Furthermore,
asialoGM1 has been described as an adhesion receptor for
P. aeruginosa to regenerate respiratory epithelial cells
(17,18). Moreover, it has been reported that asialoGM1
expression could vary according to the cellular phenotype
(19) which is in agreement with our observations showing
that the cell surface expression of asialoGM1 correlates with
cancer progression and that asialoGM1 is a crucial factor to
regulate cancer metastatic potential by influencing adhesion,
migration and invasion. 

In the immunostaining studies, differences in organizational
pattern of asialoGM1 in the cell membrane were observed
between LNCaP and C4-2B cells, indicating that reorganization
of asialoGM1 correlates with the invasive phenotype. In
addition, further microscopy studies revealed that asialoGM1
and integrin ·2ß1 colocalized in C4-2B cells. These results
suggest a close connection of asialoGM1 with integrin ·2ß1,
and co-immunoprecipitation of asialoGM1 in C4-2B cells,
confirmed the association with integrin ·2ß1, while this could
not be detected in the parental LNCaP cells. 

These observations led us to explore the possibility that
asialoGM1 and integrin ·2ß1 receptors act in synergy in
C4-2B cells to mediate alterations in adhesive, migratory and
invasive behavior. While no significant reduction was found
in the different biological assays under the conditions used in
this study, the idea that asialoGM1 and integrin ·2ß1 work
together to achieve the phenotypic changes is plausible since
signaling molecules found in the co-immunoprecipitates of
asialoGM1 were previously identified as being involved in a
major signaling pathway leading to expression of MMPs in
C4-2B cells (data not shown).

These observations are in line with several studies demon-
strating that glycosphingolipids play crucial roles in integrin-
mediated cellular activities thereby affecting signal transduction
pathways and that asialoGM1 is able to engage in cytoplasmic
signaling networks (1,20). Moreover, there is a high possibility
that GSLs are complexed with tetraspanins at the cell surface.
Along this line, tetraspanins CD9 and CD82 are identified as
motility inhibitors and decreased expression is reported to be
associated with increased invasion and metastasis in prostate
cancer (21,22). Although the mechanism largely remains
unclear, detailed study on CD9 and CD82 indicate that
these tetraspanins alone do not inhibit tumor cell motility or
invasiveness rather such inhibition occurs through regulating
the biological activities of associated proteins, as integrins,
and/or reorganizing the components of the cell membrane

(1,23). Correspondingly, we could not detect CD9 and CD82
in the co-immunoprecipitates of asialoGM1, although both
tetraspanins are present on LNCaP and C4-2B cells (data not
shown). 

In our previous study, we pointed out that the increased
cell adhesion and invasion as well as the activation of the
downstream signaling pathway is attributed to major alterations
in the organizational status of the ·2ß1 integrin receptor,
rather than to increased expression, and reminded that the
observations should not be considered as the mechanism of a
single player, but as key components in complex with other
crucial molecules (8). Herein, we report that asialoGM1 is
reorganized and colocalized with integrin ·2ß1 in C4-2B
cells, suggesting that the interaction of integrin ·2ß1 and
asialoGM1 is necessary to maintain the invasive phenotype.
The increased cell surface expression of asialoGM1 in C4-2B
cells as compared to the parental LNCaP cells, however,
remains at present unexplained. It has been generally accepted
that in most cases the major pool of cellular GSLs is localized
in the cell surface membrane. Minor sites of location are the
subcellular organelles, where GSL metabolism occurs, or
the vesicles, or other transport structures, involved in GSL
intracellular traffic (24). Based on the latter, we presume the
subcellular localization and/or accumulation of asialoGM1 in
LNCaP cells, this may point out to the existence of specific
sorting mechanisms that regulate the intracellular transport
and localization of GSLs or the presence of agents that affect
the sorting mechanisms between endosomes/Golgi apparatus
and the cell membrane and is currently under investigation.

It is not yet clear why particularly asialoGM1 is involved
in metastatic potential and not the related GM1, one possible
explanation could be the presence of sialidases at the cell
membrane that remove sialic acid from sialylated ganglio-
sides (25). In fact, studies indicate that metastatic potential
does not always parallel the sialic acid levels, instead there
is evidence to believe that the altered sialidase expression
is more important for metastases. In addition, increase in
neuraminidase NEU3, is often detected in prostate cancer and
correlates with the histological differentiation grade (26).
Another possibility could be the metabolic recycling of sugar
residues of glycosphingolipids, especially of sialic acids,
since this is a way of saving energy and channeling sugars to
sites of activation, through cytoskeleton microfilaments (24).
Further studies based on these possibilities are in progress.

In conclusion, the present study reports that cell surface
expression of asialoGM1 correlates with cancer progression
and suggests that the reorganization and interaction of
asialoGM1 with integrin ·2ß1 receptors are crucial in the
regulation of cancer metastatic potential. To the best of our
knowledge this is the first study to report that asialoGM1 is
expressed on prostate cancer cells and that asialoGM1 plays
a significant role in prostate cancer progression.
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