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Abstract: The titers of ganglioside GM3 and anti-GM3 antibodies were assessed in extracts 
from brain, pancreas and in vitro-cultures of normal cells, malignant cells and mixed culture of 
both cell types. Total lysates from both organs were prepared (controls) and equal volumes of 
them were passed through GSH-Agarose Columns for separation of bio-molecules with affinity 
to the reduced form of tripeptide Glutathione - GSH. Separate aliquots from the lysates of both 
organs were mixed with lysates of laboratory-incubated cells, containing additionally-inserted 
copy of tumor-suppressor gene scgn, coding hormone-like protein Secretagogin (SCGN) 
for separation of molecules with affinity to it. The amounts of GM3 and titers of anti-GM3 
antibodies in each of the prepared samples were estimated by ELISA technique, after addition of 
the tested ganglioside, and/or of serum, previously proved as positive on anti-GM3 antibodies. 
Statistically significant frequency of statistically higher GM3 and anti-GM3 antibodies titers 
in the lysates from cultures of malignant cells and of the mixed cultures were established, 
compared to the lysate from the culture of normal cells. These results were in agreement with 
literature data about increased titers of these molecules in neoplastic cells and malignancies. 
Higher titers of GM3 and anti-GM3 antibodies in the samples containing molecules with 
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affinity to SCGN and GSH compared to the controls were assessed. The differences could be 
explained with decreased titers in equivalent volume of the respective biological material at the 
expense of other bio-molecules, not possessing such affinity. These data were in confirmation 
of literature findings about the ability of non-lymphoid cell types to produce immunoglobulins 
(antibodies). These features could suggest a possibility for development of novel strategies for 
diagnostic, prophylactic and therapy goals.

INTRODUCTION

Gangliosides are complex glycosphingolipids, which have been found to participate 
in the mechanisms of various intermolecular intra- and extra-cellular interactions in 
cascade mechanisms, known to underline the cellular functions of the separate cells, 
tissues and organs (Kolyovska et al., 2015; Xu et al., 2010; Yu et al., 2011). These 
cascade regulatory pathways have been found to be responsible for the differences 
between the cells but also vital and specific functions as growth, proliferation and 
differentiation (Zurita et al., 2001). In this way, these molecules have been proposed 
to be important in the control of many biological processes (Xu et al., 2010; Yu et 
al., 2011; Zurita et al., 2001). Besides in free form, each ganglioside has been found 
to exist in various bounded forms with different bio-molecules, depending on the 
functions in which it participates. The protective role of ganglioside GM3 against 
many malignancies (Bai and Seyfried; 1997; Iwabuchi et al., 1998; Miura et al., 2004; 
Toledo et al., 2004; Watanabe et al., 2002), neurodegenerative processes (Simpson et 
al., 2004; Ohkawa et al., 2011; Zaprianova et al., 2010) and some endocrine diseases 
as diabetes (Inokuchi, 2014; Kabayama et al., 2007; Kabayama et al., 2005) has been 
proved. It is known to regulate membrane-transmitted signals and to modulate the 
functions of tumor suppressors. Its anti-angiogenic role in some solid malignancies 
has also been established.

The tripeptide glutathione (GSH) and the hormone-like protein secretagogin 
(SCGN) have been characterized as key molecules participating in different intra- and 
extra-cellular inter-molecular interactions (Gartner et al., 2007; Hayes and McLellan, 
1999; Jahren-Hodje et al., 1997; Maj et al., 2010). The role of protein SCGN in 
the coordinated action of oncogenes and tumor-suppressor genes and, hence, in the 
regulation and prevention of malignant transformation has been shown (Witcher et 
al., 1995). Its role as neuroprotector, endocrine regulator and anti-diabetic substance 
has also been proved (Hayes and McLellan, 1999; Maj et al., 2010) Calcium-
dependent SCGN-TAU interaction, as well as co-induction of TAU, has been found 
in the islets of Langerhans and beta-cell-derived lines with high expression of the 
neuroendocrine-specific protein SCGN (Butner and Kirschner, 1991; Rogstam et al., 
2007). These effects of SCGN have been proposed to be related with its ability to 
bound to cytoskeleton components as microtubule proteins and cyclins (Oakata et al., 
1995). The last have been proved to connect with histones and histone-like nuclear 
proteins, in cascade regulatory pathways (Jaumot et al., 1994). On the other hand, and 
in particular its reduced form (GSH) has been proved as one of the main regulatory 
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molecules in the processes of cell proliferation, differentiation, death, inflammatory 
and pro-inflammatory processes (Hayes and McLellan, 1999; Jahren-Hodje et al., 
1997). 

Considering these data the current study aimed to determine the presence and titers 
of ganglioside GM3 and antibodies against it in extracts from in vitro-incubated cell 
cultures and anatomic organs, prepared by techniques, providing different proportions 
of specific molecules.

MATERIALS AND METHODS

The amounts of ganglioside GM3, as well as the titers of specific antibodies against 
it, were assessed in in vitro-, in vivo- and “in vivo+in vitro”-experimental models. The 
in vitro-models were presented by lysates from three types of laboratory-incubated 
cell cultures: of normal mouse cells from 3T3 embryonic line, of malignant cells 
from mouse myeloma line Ag853, but also mixed cultures of co-cultivated cells from 
both types. The in vivo-models were presented by extracts of rat brain and pancreas. 
The experimental models “in vivo+in vitro” were presented by lysates from the same 
anatomic organs, determined as containing molecules with affinity to protein SCGN 
after passing through GSH-Agarose Columns (by taking in consideration the presence 
of GST-tag in the used recombinant DNA-constructs), applying the protocol of Derrick 
Witcher et al. (1995). These samples were prepared by mixing separate aliquots from 
the lysates of both organs with isolated SCGN from prokaryotic Escherichia coli 
strains and eukaryotic malignant RIN-5F cells from rat insulinoma, both containing 
previously transferred tumor-suppressor gene scgn by transfection with appropriate 
recombinant DNA-constructs. In general, total extracts were isolated separately from 
RIN-5F malignant rat cells and from bacteria strains, respectively, both containing 
additionally-inserted copy of scgn gene by transfection with appropriate recombinant 
DNA-constructs, after which polyclonal anti-rat SCGN antibody was added to each 
one of the two types of lysates. After centrifugation and removing the supernatants, 
the pellets/precipitates (probably containing SCGN protein) were resuspended with 
PBS. The acquired suspensions were mixed together and the so prepared suspension 
mixture was separated in two equal parts. One of them was mixed with previously 
prepared total lysate from rat brain and the other – with total lysate from rat pancreas, 
respectively. The organ extracts were prepared by mincing of the isolated anatomic 
organs and subsequent treatment with lysis buffer. These two anatomic organs are 
known to actively express protein SCGN from most of the cells, composing each one 
of them. 

For determination of the titers of GM3 and anti-GM3 antibodies in each of the 
tested samples, ELISA-method, published by Roxana Mitzutamari et al. (1994) with 
slight modifications was applied. For anti-GM3 antibodies, a solution of 1000 ng 
dry substance of the ganglioside GM3 (Sigma) in 100 ml of methanol were pipetted 
into 96-well micro-titre plates, containing the respective samples. For GM3, instead 
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of ganglioside solution, serum, previously proved to contain specific anti-GM3 
antibodies, was added to the tested samples. After air drying, the wells were blocked 
with BSA-PBS (Sigma) (1% bovine serum albumin in phosphate-buffered saline) for 
1 hour. After six-fold washing with PBS, 100 µl from each one of the prepared lysates, 
described above, diluted 1:20 to 1:5000 in PBS, were added to each well and incubated 
overnight. Subsequently, the plates were washed six times with PBS. Binding was 
detected after 2 hours incubation period with BSA-PBS (Sigma) diluted (1/3200) 
peroxidase-conjugated goat anti-IgG antibodies (Bul Bio Ltd., NCIPD, Sofia). All the 
incubations were performed at 4oC. After six washes with PBS, colour development 
was achieved in a substrate solution, containing 15mM O-phenilendiamine and 
0.015% H2O2 in 0.1M sodium acetate buffer (0,2 M CH3COONa/0,2 M CH3COOH; 
pH 5.0) at 20ºC. The reaction was stopped after 30 minutes by addition of 50 µl of 1N 
H2SO4, and the optical density (OD) was read spectrometrically at 490 nm on ELISA-
reader (TECAN TM, Sunrise, Austria). Non-specific antibody binding (OD value in a 
well not containing the specific molecule in the respective sample) was 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

Statistically significant frequency of higher titers of ganglioside GM3 and anti-
GM3 antibodies were observed in the samples from the neoplastic cells and mixed 
cultures, compared to these in the normal cells (Figs. 1a, b).

Fig. 1. Titers of ganglioside GM3 (a) and anti-GM3 antibodies (b) in lysates from in 
vitro-cultures of normal mouse embryonic cells from 3T3 fibroblast cell line, mouse 

malignant myeloma cells, and mixed of both cell types, OD – optical density.



204

Analogically, statistically significant frequency of higher titers of the same 
ganglioside and antibodies to it were established in the lysates containing 
molecules with affinity to SCGN and to GSH, respectively, compared to the 
control extracts, non-passed through columns and containing the full composition 
of biological molecules (Figs. 3-6). These differences could be explained with 
probably decreased titers in equivalent volumes of the respective biological 
material, at the expense of the presence of other molecules, not possessing such 
affinity

Fig. 2. Titers of ganglioside GM3 (a) and anti-GM3 antibodies (b) in lysate from 
rat brain: control sample, containing the full composition of molecules; containing 
molecules, possessing affinity to GSH; containing molecules, possessing affinity to 

protein SCGN, OD – optical density.

Fig. 3. Titers of ganglioside GM3 (a) and anti-GM3 antibodies (b) in lysate from rat 
pancreas: control sample, containing the full composition of molecules; containing 
molecules, possessing affinity to GSH; containing molecules, possessing affinity to 

protein SCGN, OD – optical density.
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DISCUSSION

The results obtained confirmed the literature data about the proved role of 
GM3 and anti-GM3 antibodies as markers of malignancy (Bai and Seyfried, 
1997; Choi et al., 2006; Miura et al., 2004; Nematpour et al., 2018). A protective 
function of the increased amounts of this ganglioside in malignant cells has also 
been proposed by its accumulation during apoptosis (Watanabe et al., 2002). On 
the other hand, these data were in support of the literature findings about the 
importance of this ganglioside for the insulin signaling pathways in the control 
of diabetes (Inokuchi, 2014; Kabayama et al., 2007; Kabayama et al., 2005). 
These data were in agreement with suggested neuro-protective function of this 
substance (Kolyovska et al., 2015), supporting the explanation of its role in the 
control of neurodegenerative processes by the established relationship of disorder 
symptoms and mutations, connected with a lack of the enzyme GM3 synthase 
(Simpson et al., 2004). These results were also in confirmation of the changes 
in the titers of GM3 and anti-GM3 antibodies in pathogenic and/or ageing 
processes in people and rats  (Kolyovska et al., 2015; Zaprianova et al., 2010). 
Also, the results were in agreement with literature data about a possibility of non-
lymphoid cell types to express and produce immunoglobulins (IgG antibodies) in 
appropriate internal (genetic), epigenetic and/or external conditions (Bebbington, 
1991), including such with malignant characteristics (Chen et al., 2009). In 
support of the scientific literature, these features could be explained with the 
ability of immature cells to differentiate in lymphoid direction (Cho et al., 1999), 
but also with the immunoglobulin characteristics and antibody properties of 
cell-produced proteins, performing different specific functions in the respective 
cell type (Nematpour et al., 2018). Another possible explanation was the proved 
action of proteins, performing specific functions in the respective types of non-
lymphoid cells, tissues and organs (for example, enzymes), as antibodies and/
or immunoglobulin domains/chains (Ponomarenko et al., 2006). In this way, the 
presented data suggested a possibility for development of novel strategies for 
diagnostic, prophylactic and therapeutic purposes. Similar studies on other types 
of cells, tissues and organs should be performed in the near future.

CONCLUSION

The established tendency for increased titers of GM3 and anti-GM3 antibodies 
in the lysates from the cultures of malignant cells and from the mixed cultures, 
compared to the lysates from the normal cells were in agreement with literature 
findings about the role of this ganglioside as a marker for malignancy. The 
tendency for its increased amounts, but also of the titers of specific antibodies 
to it in the samples of both organ extracts, containing selected molecules with 
affinity to GSH and to protein SCGN, respectively, compared to the control 
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samples, were probably due to the presence of many other molecules in the last, 
not possessing such affinity, in equal volumes of biological material. In this way, 
the current study suggested the role of ganglioside GM3 in the mechanisms of 
prevention of diabetes, and of many neurodegenerative changes, by molecules, 
which it interacts. A possibility for production of antibodies from non-lymphoid 
cells, tissues and organs in appropriate conditions was shown, including in result 
of probable initial lymphoid differentiation of low-differentiated immature cell 
sub-populations. In this way, a possibility for expression of immunoglobulin 
genes in non-lymphoid cell types, including in malignant cells, in appropriate 
conditions, was proved, which was in confirmation of literature data in this 
attitude and could suggest a possibility for development of novel diagnostic, 
prophylactic and therapeutic strategies.
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