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Abstract

Background:The current study was directed to determine
the values of both GM3 ganglioside and specific anti-GM3
antibodies in in vitro-incubated normal cells, malignant
cell and mixed cultures of co-cultivated cells from both
types as well. So a better understanding of the molecular
mechanisms, underlining differences between various
cellular types and changes during the process of cell
differentiation was necessary.

Methods:Total lysates from cultivated normal cells from
mouse embryos, mouse malignant myeloma line and
mixed of both were prepared and passed through GSH-
Agarose Columns. Molecules with affinity to the reduced
form of Glutathione (GSH) were separated. The levels of
ganglioside GM3 and of specific antibodies to it were
assessed by enzyme-linked immuno-sorbent assay (ELISA)
technique.

Results: In the normal cells’ lysate, supplemented with
molecules, possessing affinity to GSH the lowest values
were assessed. These differences could be due to
contention of many non-possessing such affinity
molecules in equal volume of biological material, as well
as with the presence of various bonded forms of GM3.

Conclusions: The data obtained confirm literature data
about the increased levels of GM3 as a marker for
malignancy. We propose derivation of lymphoid-like cells
from the embryonic progenitors. Another hypothesis
could be the production of immunoglobulins (IgG
antibodies) from non-lymphoid cells in appropriate
conditions.

Keywords: Anti-GM3 antibodies; Experimental in vitro-
models; ELISA

Introduction
Gangliosides have been characterized as glycosphingolipids,

which are among the main elements of the cell membranes
[1]. These molecules have been found to mediate main
biological processes as cell signaling pathways, especially cell
differentiation, proliferation and death [2].

Ganglioside GM3 has been proposed as a tumor-associated
antigen and specific marker in many malignant disorders [3-5].
According to other references a protective function of the
increased values of this ganglioside in malignant cells has been
proposed. This is based on the accumulation of the molecule
in apoptotic malignant cells [6]. In this way, GM3 has been
characterized as a target for novel anti-malignancy therapeutic
strategies [7]. It can act as a regulator of membrane-
transmitted signals [8,9] and by modulation of the functions of
tumor suppressors [10], or by its anti-angiogenic effects in
some solid malignancies as well [11]. In addition, specific
increase of ganglioside molecular species during immune cell
differentiation of normal and malignant myeloid and lymphoid
progenitors has been established [12-14].

In this aspect, the main goal of the current paper was to be
investigated the differences in GM3 ganglioside levels in
lysates of in vitro-incubated normal and malignant cells. The
amounts of this molecule are intensively changing depending
on the cell functions. The levels of anti-GM3 antibodies were
assessed in parallel from all types of the cell cultures used.
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Materials and Methods

Types of in vitro-cell cultures
Normal cells 3T3 from Balb/c mouse embryos, malignant

cells from mouse myeloma, as well as mixed cultures from
both were used. The so prepared cultures (1 × 106 cells/ml),
were cultivated at 37°C in incubator with 5% СО2 and 95%
humidity, in RPMI 1640, Dulbecco’s Modified Minimal Essential
Medium (DMEM) or a mixture of both media (1:1)
supplemented with 10% Fetal Calf Serum (FCS), 100 UI/ml
Penicillin, 0.25 mg/ml Streptomycin and 0.25 mg/ml
Amphotericin-B, in 24-well plaques. The observations were
performed by inverted light microscope, supplied with mega-
pixel CCD-camera. The cells of all three culture types were
lysed by treatment of previously-prepared cell suspensions
with 10% tri-chloroacetic acid (Cl3CCOOH) and 0.48 M solution
of K3PO4. For isolation of specific bio-molecules with affinity to
GSH from the so prepared protein extracts, the isolated total
protein content from all three cell culture types was passed
through GSH-Agarose columns.

Determination of the presence and levels of
ganglioside GM3 and anti-GM3 antibodies in in
vitro-cell cultures by ELISA technique

Slight modifications of the method of Mitzutamari et al.,
were made [15]. For measuring the values of antibodies to
GM3, 1000 ng of the ganglioside (Sigma) in 100 ml of
methanol were pipetted into microtiter plate wells, containing
the tested biological material. For determination the values of
GM3, instead of ganglioside solution, the tested probes were
mixed with sera, previously proved to contain specific
antibodies to this ganglioside. Subsequently, the wells were
air-dried and blocked with BSA-PBS (Sigma) (1% bovine serum
albumin in phosphate-buffered saline) for 1 hour. After six-fold
washing with PBS, 100 ml of each one of the prepared lysates
from the cell cultures, described above, diluted 1: 20 to 1:
5000 in PBS were added to each well and incubated overnight.
After that, the plates were washed six-fold with PBS. Binding
was detected by following 2 hours incubation period with BSA-
PBS (Sigma) diluted (1/3200) peroxidase-conjugated goat anti-
human IgG antibodies (Bul Bio Ltd., NCIPD, Sofia). All the
incubations were performed at 4°C. The plates were then
washed six times with PBS. Color development was achieved in
a substrate solution, previously prepared from 15mM O-
Phenylenediamine and 0.015% H2O2 in 0.1 M sodium acetate
buffer (0.2 M CH3COONa/0.2 M CH3COOH; pH 5.0) at 20°C.
The reaction was stopped after 30 minutes with 50 ml of 1N
H2SO4, and the optical density (OD) was assessed
spectrometrically at 490 nm on ELISA-reader (TECAN TM,
Sunrise, Austria). Non-specific antibody bindings (OD value in a
well not containing the specific molecule in the respective
probe) were subtracted for each measurement.

The data were considered strongly positive, when the mean
OD exceeded 2 ± SD (standard deviation), compared with the
controls. The standard error of mean varied between ± 0.01

and ± 0.1. For the best reliability the procedure was performed
three times.

Results
In the total (control) lysates from probes of the all three

types of cell cultures, anti-GM3 antibodies were assessed only
at dilutions 1: 200 and 1: 400 (Figure 1A), and ganglioside GM3
– only at dilutions 1: 100 and 1: 400, respectively (Figure 1B).
No statistically significant differences were in the levels
established in this case. At both 1: 200 and 1: 400 dilutions,
the highest values of anti-GM3 antibodies were assessed in
the lysate from the culture of normal cells, and the lowest – in
the lysate from the mixed culture (Figure 1A). At dilution 1:
100, the lowest level of GM3 was found in the lysate from the
culture of malignant cells and the highest – in the lysate from
the mixed cell culture, unlike of the result at dilution 1: 400,
where the highest amount of this ganglioside was established
in the lysate from the culture of normal cells (Figure 1B). At
dilution 1: 100, the highest value of the same ganglioside was
assessed in the extract from the culture of normal cells, and
the lowest – again in the lysate from the mixed culture.

Figure 1 Levels of antibodies to GM3 (A) and GM3 (B) in
total extracts from experimental in vitro-incubated cell
models (control probes), OD–Optical Density.

Different data were observed in the lysates from the same
three types of cell cultures, determined as containing
“selected” molecules, possessing affinity to GSH (Figure 2).
Here, increased values of both GM3 and anti-GM3 antibodies
were established in the lysates of malignant cells and mixed
cultures, in comparison with that from the normal cells. At all
dilutions of the lysates from the three types of cell cultures,
the lowest value of the anti-GM3 antibodies was established in
the lysate from the culture of normal cells (Figure 2A). At
dilutions 1: 40 and 1: 100, the highest value of these
antibodies was assessed in the lysate from the culture of
malignant cells, and at dilutions 1: 200 and 1: 400 – in the
lysate of the mixed cell culture, respectively. Also, at all
dilutions of the extracts from the cell cultures, the highest
level of GM3 was established in the lysate of the culture of
malignant cells, but only at dilution 1: 200 the difference
between this value and the value in the lysate from the culture
of normal cells was not statistically significant (Figure 2B). At
the same dilution, as well as at dilution 1: 100, the lowest level
of this ganglioside was noted in the lysate from the mixed cell
culture, unlike at dilutions 1: 40 (the lowest) and 1: 400 (the
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highest), where the lowest value of GM3 was assessed in the
lysate from the culture of normal cells.

Figure 2 Levels of anti-GM3 antibodies (A) and GM3 (B) in
lysates from experimental in vitro-incubated cell models,
supplemented with “selected” molecules with affinity to
GSH, OD–Optical Density.

Discussion
The presented data were in support with many literature

sources about the higher values of the tested molecules (GM3
and antibodies to it) in neo-plastic cells and tumors as markers
for malignancy [3-5]. Moreover, the role of this ganglioside on
important signaling pathways has been proved, which has
delineated it as appropriate target for anti-neoplastic
therapeutic directions [7]. On the other hand, the data, in
particular the noted higher values in the lysate from the mixed
culture compared with this of the culture from normal cells,
both determined as containing “selected” bio-molecules with
affinity to GSH, confirm the reported increased levels of GM3
ganglioside in the process of cell differentiation in myeloid
direction [12]. One of the reasons for the observed deviations,
as well as the often lack of certain levels in the extracts,
containing also non-specific molecules, non-possessing affinity
to GSH from the lysates of all cell culture types could be a
decreased concentration of the specific GM3 and anti-GM3
antibodies at the expense of other non-specific bio-molecules,
including of cross-linked to the antibodies [15], in equal
volume of biological material. Another hypothesis could be the
eventual existence of GM3 besides in free, non-bound form,
also in different bound forms with various bio-molecules [16],
depending of the respective function, in which this ganglioside
participates.

The role of Glutathione (L-γ-glutamyl-L-cysteinyl-glycine) in
the cell and its redox-status, determining its physiological
functions, has been underlined [17]. This molecule regulates
many cascade mechanisms, underlining the living cell
processes, as well as in many inflammatory and pro-
inflammatory.

The current paper is in confirmation of literature findings
that non-lymphoid cell types are able to express and produce
immunoglobulins (in the concrete case, IgG antibodies) in
appropriate conditions [18,19], including of such with
malignant characteristics [20]. Two main explanations about
the established presence of anti-GM3 antibodies in the lysates
from cells cultures, could be proposed:

• Indicated in many studies cells with lymphoid functions,
derived from separate stem-like embryonic cells [21,22].

• Proved action of some cell-produced proteins as antibodies
or antibody domains to specific bio-molecules [23].

On this basis, possibilities for development of novel
immunotherapeutic strategies against malignancies have been
proposed [24]. So, variations in the location and distribution of
gangliosides and antibodies (from class IgG) to them in
separate regions of the cell could be suggested, on the basis of
literature sources [25].

Conclusion
Only in separate dilutions of the total extracts from the used

three types of in vitro-experimental models certain values of
both ganglioside GM3 and antibodies to it were established. In
the lysates from the same probes, determined as containing
“selected” molecules, possessing affinity to GSH in all dilutions
from the cell cultures the lowest values in both GM3 and
antibodies to it were established in the extract from the
culture of the normal cells. These differences can be explained
by the presence of molecules, non-possessing affinity to GSH
and the reduction of bio-molecules with such affinity in an
equal volume of biological material. The results could be
explained with the presence of cross-linked antibodies. These
data were in support of cited literature sources about higher
values of GM3 in malignant cells as a marker for neo-plasticity,
including in its participation in protective functions. On the
other hand, the higher values in the mixed culture of co-
cultivated normal and malignant cells confirm the proved
increasing levels of this ganglioside in the process of myeloid
differentiation. Another explanation of the observed
deviations could be the existence of GM3 in free, non-
bounded form, also bounded with different molecules, in
dependence of the biological function, which it performs. The
observed presence of antibodies to this ganglioside in the
probes of the cell cultures, supplemented with “selected” bio-
molecules, possessing affinity to GSH, could be interpreted
with established by other investigations presence of lymphoid-
like cells. Another hypothesis could be showed from other
references the possibility of non-lymphoid cells to express
immunoglobulin genes and to produce antibodies (from IgG
type).
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