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Abstract. With whole U87MG cells used as antigenic stimulant, two clones 1A5G6 and
1D3A3 secreted monoclonal antibodies which gave intense staining in monolayer cultures
of the cells as ascertained by indirect immunofluorescence. Antibodies from clone 1A5G6
stained both the cytoplasm and the processes, and that from clone 1D3A3 stained only the
cytoplasm and not the processes. 1A5G6 elicited no cross-reactivity towards human fetal
and adult brain and lungs, liver, kidney or spleen, mouse neuroblastoma and melanoma, rat
C6 glioma, neuroblastoma × glioma hybrid and normal rat kidney cells. It gave 58–60%
cross reactivity with the human neuroblastoma and T-cell leukemia cells. The antigenic
component has been identified to be a membrane protein of molecular weight 25–30
kilodaltons by immunoblotting. Using C6 glioma cells as antigenic stimulant 19 clones
which were positive for C6 glioma cells, but negative for rat liver cells as inferred by indirect
immunofluorescence were selected. Antibodies secreted by all these gave positive reaction
towards normal rat kidney and fetal rat kidney cells in culture. Distinct identity of these
clones were ascertained by discernible staining patterns in indirect immunofluorescence on
C6 glioma cells.
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Introduction
The vertebrate central nervous system is composed of diverse types of neuronal and
glial cells: The latter are grouped into astrocytes, oligodendrocytes, ependymal cells
and microglial cells. Many of the neuronal cell types have been identified by anatomists and physiologists on the basis of their distinctive arborization pattern and
functional organization. A number of biochemical markers are now available which
allow their unambiguous identification. For example, astrocytes contain large
bundles of intermediate filaments, composed of vimentin and a 50 kilodalton protein
called Glial fibrillary acidic protein (Raff et al., 1983; Bjorklund et al., 1984). Neurons
contain the neurofilament protein (Steinert et al., 1984) and glactocerebroside has
been used as a surface marker for oligodendrocytes (Raff et al., 1979).
Immunological approaches using antisera obtained by conventional procedures
have been used in the past in the delineation of antigenic components in electrical
and chemical synapses (Morita et al., 1980; Nicoll et al., 1980) and cell-adhesion
molecules (Edelman, 1983). In view of heterogenous nature of polyclonal antibodies
and complex antigenic stimulants often used these studied suffered from severe
*To whom all correspondence should be addressed.
Abbreviations used: MEM, Eagle’s Minimum Essential Medium; DMEM, Dulbecco-Vogt Modification of
MEM; IMDM, Iscove’s modification of DMEM; ELISA, Enzyme linked immunosorbent assay; PBS,
Phosphate buffered saline; SDS, sodium dodecyl sulphate; PAGE, polyacrylamide gel electrophoresis;
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intrinsic limitations. Fresh impetus to such investigations came with the advent of
monoclonal antibody technology (Köhler and Milstein, 1975) which made it possible
to generate highly mono-specific antibodies against almost any antigenic component
present in complex antigenic stimulants. A variety of complex antigenic stimulants
ranging from fetal and adult brain tissue to clonal neuroblastoma and glioma cells
maintained in culture have been used to generate panels of monoclonal antibodies
eliciting varying degrees of specities towards neuronal cells. They have been used to
identify and characterise surface glycoproteins of the developing nervous system
(Rougon et al., 1983), the neural cell-adhesion molecules (Edelman, 1983), surface
glycolipids of human neuroblastoma (Cheung et al., 1985) and several surface
markers of human gliomas (Wikstrand et al., 1984). Recently a C6 rat glioma tumorassociated surface protein antigen of molecular weight of 64 kilodaltons has been
identified by a monoclonal antibody obtained by using whole C6 cells as an antigenic stimulant (Luner and deVellis, 1986).
In earlier studies reported from this laboratory we have shown that a human
glioblastoma multiforme cell line U87MG and a rat C6 glioma cell line could be
differentiated by the addition of dibutyryl cyclic AMP to the cultures (Gomathi,
1985; Sharma et al., 1983). These cells thus serve as excellent model systems in the
studies of tumor-associated and differentiation antigens. In this paper we report our
observations on a panel of monoclonal antibodies generated against human glioblastoma multiforme and rat C6 glioma cells as antigenic stimulants eliciting differential
staining patterns in indirect immunofluorescence and varying range of cross reactivities towards cells of non-neuronal origin.
Materials and methods
Materials
Eagle's Minimum Essential Medium (MEM), Dulbecco-Vogt Modification of MEM
(DMEM), Iscove's modification of DMEM (IMDM) and fetal bovine serum were
obtained from Flow Laboratories, UK; immunoreagents from Cappel and Miles
Laboratories, USA; polyethyleneglycol from Koch Light, USA; dimethylsulfoxide
from Fisher Chemicals, USA. Sterile tissue culture ware and Elisa plates were
obtained from Costar, USA. All other chemicals were from either Sigma Co., USA or
British Drug House, Bombay.
Cell lines
Human glioblastoma multiforme cell line U87MG, myeloma P3 × 63Ag8·653 and
other cell lines tested for cross reactivity (table 1) were obtained from American Type
Culture Collection, USA, and rat glioma C6Bu-1 was from Dr. Marshall Nirenberg,
NIH, USA. Cells were grown in sterile 75 cm2 flasks in appropriate culture mediaMEM with 1 mM sodium pyruvate for U87MG and DMEM for C6Bu-1 containing
10% fetal bovine serum in the presence of penicillin (100 units/ml) and streptomycin
(100 µg/ml) in a humidified atmosphere of 10% CO 2 in air at 37°C. Parental
myelomas P3 × 63Ag8·653 and derived hybridomas were grown in IMDM supple-
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mented with 10% fetal bovine serum and antibiotics in a humidified atmosphere as
described before.
Normal human tissue
The whole brain of a 12 weeks human fetus was obtained 1 h after prostaglandin,
induced abortion. Adult brain and other normal tissues were obtained not later than
12 h after death from the mortuary of AIIMS. Membranes were prepared by the
method of Ames and Nikaido (1976).
Immunization and cell fusion
Balb/c mice (4–6 weeks old) were immunized with 1 × 106 whole cells. The first
injection (intraperitoneal) consisted of whole cells emulsified with Freund’s complete
adjuvant, followed by 3 weekly injections in Freund’s incomplete adjuvant. The last
injection of 1 × 106 cells was given intravenously in saline. Three days later the
spleen was removed asceptically, single cell suspension was prepared and fused with
a non-secretory mouse myeloma cell line P3 × 63Ag8·653 in the presence of
polyethyleneglycol 1000. The hybrids were plated in 96 wells plates and screened for
antibody production by an enzyme linked immunosorbent assay (ELISA).
ELISA
1 × 105 cells in 50 μl of phosphate buffered saline (PBS) pH 7·4 or 25 μg of membrane
proteins were plated in the wells of PETG ELISA plates and incubated overnight at
37°C. After blocking the nonspecific binding sites with 2% bovine serum albumin in
PBS pH 7·4 the wells were incubated for 1 h with 50 μl of hybridoma supernatant at
37°C. The plates were rinsed several times with PBS and the wells incubated with
second antibody-HRPO-conjugated rabbit antimouse (Fab)2 diluted to 1:1000 in
PBS for 1 h. After washing the wells with PBS the color was developed with 100 μl of
orthophenylene diamine (0·5 mg/ml in PBS) containing hydrogen peroxide (0·8 μl of
30% H2 O2 in 1 ml of orthophenylene diamine. The reactions was terminated with
50 μl of 5 Ν H2 SO4 and the optical density was read at 492 nm in an ELISA reader
(Titertek Multiscan Flowlab).
Indirect immunofluorescence
Cells were grown as monolayer on glass cover slips. They were washed with PBS
and fixed with 4% formaldehyde in PBS, pH 7·4. The coverslips were incubated
with hybridoma supernatant for 1 h at room temperature. Unbound antibodies
were removed by washing 4 x with PBS and the cover slips were incubated with 1:40
dilution of FITC-conjugated rabbit antimouse antibody. After washing 4 x with
PBS the coverslips were mounted in 90% glycerol in PBS and observed in a Nikon
diaphot fluorescence microscope.
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Gel electrophoresis and immunoblot
50–100 μg membrane proteins of U87MG cells were subjected to sodium dodecyl
sulphate (SDS)-polyacrylamide gel electrophoresis (PAGE) (Ogita and Markert,
1979). Proteins separated on the gel were electrophoretically transferred to nitrocellulose sheets by the method of Towbin et al. (1979). The sheets were either stained
with amido black or processed by ELISA with monoclonal antibodies.
Results and discussion
There now exists an extensive literature on the use of monoclonal antibodies in the
identification and characterization of cellular antigens (McKay et al., 1981). The
unprecedented resolution afforded by the mono-specific antibodies revealed the
presence of many antigenic components unique to various cell types of diverse origin
in different states of differentiation (Trisler et al., 1981, 1983). At the same time many
of these monospecific antibodies showed a wide range of affinities towards a variety
of related or unrelated cell types. In our attempts towards a tentative classification of
panels of antibodies generated against human glioblastoma multiforme and C6 rat
glioma cells we have used two criteria: (i) spatial distribution of relevant antigens as
ascertained by immunofluorescent studies and (ii) range of cross-reactivities with
neuronal and non-neuronal cells of diverse origin as inferred by ELISA.
Indirect immunofluorescence studies with monoclonal antibodies against U87MG
human glioblastoma multiforme and rat C6 glioma
Antibodies secreted by 11 positive hybridoma clones (screened by ELISA) against
U87MG whole cells as antigenic stimulants were examined by indirect immunofluorescence. The results are shown in figure 1. Their discernible staining patterns can be
readily seen from the photomicrographs. (i) The antibody from clone 1A5G6 stained
both the cytoplasm and the processes, the fine processes are not uniformly stained
and often show brightly stained spots (figure 1B). (ii) The antibody corresponding to
clone 1D3A3 reveals highly asymmetric staining of cytoplasmic region (shown by
arrow) with little or no staining of the fine processes (figure 1D). This can be readily
ascertained by comparison with the phase contrast photomicrographs in figure 1A
and C. (iii) The antibody secreted by clone 2A4C12 stains only the nuclei-both the
cytoplasmic region and the processes remain completely unstained (figure 1F). Other
remaining antibodies in the panel of 11 fall in one of the above 3 categories.
Photomicrographs included in figure 2 show antigenic distribution patterns as
revealed by indirect immunofluorescence studies with representative antibodies from
the panel of 19 hybridoma clones generated against rat C6 glioma cells. Antibody
CE 5 shows distinctive staining pattern with spotty appearance. The texture is
indicative of localization of the antigenic components in discrete regions of the
cytoplasm. Similar spotty staining is noticed on the processes. In contrast, the fluorescence in the cytoplasmic region due to antibody CE 1 has a smoother texture.
Staining pattern corresponding to another antibody CE6 (figure 2C) is very similar
to that shown in figure 2B as regards to uniform staining of the cytoplasmic region.
The fine processes on the other hand, show localization of antigenic component in

428

Ela Sharma et al.

Figured 1. Indirect immunofluorescence staining of cellular antigens of U87MG cells by
monoclonal antibodies. (Β), Antibody 1A5G6; (D), antibody 1D3A3; (F), antibody
2A4C12. (A), (C) and (E) are the phase contrast photo-micrographs of the same field.
Blanks with myeloma supernatant did not give any fluorescence (× 200).

discrete regions. Staining of the cytoplasmic region by antibody CE 10 is asymmetric
and often more intense in the vicinity of nuclei as compared to that of the protoplasmic extrusion as shown in the corresponding phase contrast photograph (figure
2D,E).
Range of cross reactivities displayed by the antibodies secreted by different clones
In another type of investigations the cross reactivities of the antibodies with the
membrane preparations from diverse types of cells of both neural and non-neural
origin were examined by ELISA. The results for 3 clones 1A5G6, 1D3A3 and 2A4C12
secreting antibodies against human glioblastoma multiforme (U87MG) are sum-
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Figure 2. Indirect immunofluorescence staining of cellular antigen of C6 glioma cells by
monoclonal antibodies. (Α), (Β), (C) and (D) are antibodies CE5, CE1, CE6 and CE10. (E) is
the phase contrast photomicrograph of the same field in CE10. Blanks with myeloma supernatant did not give any fluorescence (× 200).

marized in table 1. It is noticed from the data presented in table 1 that clone 1A5G6
shows no cross reactivity towards the cells of human origin including those from
fetal and adult brain. It is also negative against mouse neuroblastoma or C6 glioma
cells. However, this clone shows significant levels of cross reactivity (58–60%)
towards a human Τ cell leukemia and human neuroblastoma cells. Clones 1D3A3
and 2A4C12 on the other hand, recognize some widely distributed antigenic components present in a variety of cell types.
Cross reactivities of the clones secreting antibodies against rat C 6 glioma are
summarized in table 2. All the clones tested exhibited 60–90% cross reactivity with
normal rat kidney (NRK) cells. The fluorescence pattern revealed by the antibody
secreted by the clone CE10 is shown in figure 3. NRK cells showed a ring-like fluo-
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rescence, with the cytoplasm unstained (Figure 3B). Similar ring-like fluorescence on
the epithelial cells was seen on the primary cultures of fetal rat kidney cells (figure
3D). It is interesting to note that fibroblasts in the same field (figure 3C) were
unstained.
The studies presented in this paper essentially comprise preliminary observations
on the panels of monoclonal antibodies generated against U87MG and C6 glioma
cells. Immunocytochemical investigations and range of cross-reactivities of the
antibodies with different tissues and cell lines have enabled us to tentatively classify
them into distinct groups.
The clone 1A5G6 is particularly interesting as it shows a very restrictive range of
cross reactivity. Membrane proteins from U87MG cells were separated by SDS-PAGE
and transferred electrophoretically (Western blot) onto nitrocellulose sheet. Antigenic component corresponding to the clone 1A5G6 was identified as a 25–30
kilodalton protein by ELISA (Tsang et al., 1983) using horse radish peroxidase conjugated second antibody (figure 4).
Concerning the clones secreting antibodies against C6 glioma, it is indeed surprising that all of them elicit strong cross-reactivity towards NRK cells as well as fetal
rat kidney cells in culture. That the relevant antigenic components are localized on

Figure 4. Identification of the U87MG membrane antigens by antibody 1A5G6. Lane 1,
Standard molecular weight markers. Lane 2, surface proteins of U87MG cells electrophoresed by SDS-PAGE, transferred to nitrocellulose sheets and stained with amido black. Lane
3 and 4, nitrocellulose blot of membrane was stained with antibody 1A5G6. Lane 2 and 3
had 50 µg and Lane 4 and 5 had 100 μg protein. Lane 5, nitrocellulose blot of membranes
was stained with myeloma supernatant.
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some specific cell types is apparent from the fact that the fibroblast cells present in
the primary rat kidney culture (figure 3C,D) remain completely unstained. It is not
clear at present as to whether sharing of a number of antigenic components by rat
kidney cells and C6 glioma cells has some ontogenetic basis. Work on the molecular
characterization of various antigenic components, which may throw light on this
question is in progress.
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