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IMMUNOLOGICAL MARKERS OF BRAIN GLIOMAS

N. DE TRIBOLET

Summary

Immunological markers of human gliomas have been looked for by studying the patient's

immune response or by raising heteroantisera against these tumours. More recently, the

hybridoma technology has allowed to produce monoclonal antibodies recognizing a single

antigenic determinant.

This paper describes fhe production of monoclonal antibodies against human glioma-associat-

ed antigens and discusses their possible applications as diagnostic tools.

Résumé

Les marqueurs immunologiques des tumeurs gliales ont été recherchés en étudiant la réponse

immune des malades porteurs de tumeurs ou en produisant des hetero-antisera contre ces

tumeurs. Récemment, la technique des hybridomes a permis de produire des anticorps mono-

clonaux reconnaissant un seul déterminant antigénique.

Cet article décrit la production d'anticorps monoclonaux contre des antigènes associés aux

gliomes humains et discute les possibilités de leur utilisation diagnostique.

I n t roduc ti on

Gliomas are a group of tumours that arise mainly from neuroglial astrocytes, oligodendrocytes,

and ependymal cells (1). Kernohan and Sayre's (2) system of grading glial tumours by

increasing order of malignancy from I to II is widely used; it is convenient to divide these

tumours into benign gliomas (grades l-ll) and mal ignant gliomas (grades III-IV glioblastomas).

Glioblastoma multiforme, fhe most malignant glioma, is thought to arise from anaplastic

transformation of glial cells, mostly astrocytes, and represents 55 % of all intracranial gliomas

in all age groups. Mixed gliomas, composed of several gliogenous elements,are not uncommon
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(1). It thus appears that on morphological grounds, gliomas represent a highly heterogenous

group.

This heterogeneity of cells derived from individual gliomas has been demonstrated by Bigner

et al. (3), who studied the phenotypic and genotypic characrerisfics-of several human glioma

cell lines. Gliomas share some antigens with normal brain cells. Glial fibrillary acidic

protein (GFAF) is a specific marker for gl ial cells, especially astrocytes (4, 5). This protein

is found in gliomas of astrocytic origin and some ependymomas and is useful for their diagnosis

(6). However, levels of GFAP decrease with increasing malignancy (7, 8, 9). This marker

is almost absent from anaplastic glial cells and if also usually disappears from tumour

cells after several passages in culture (10). Another marker called S100 profein is present

in normal brain glial cells and Schwann cells of the peripheral nervous system (11, 12), but

S100 levels in glial rumour tissue are also inversely proportional to the degree of malignancy

(13, 14). In glioma cells maintained in vitro, the presence of S100 protein has been reported

by some authors (15), but was not found by others (16). Recently, S100 protein has also been

found in large amounts in cultured human malignant melanomas (17), in malignant melanoma

tissue (18), as well as m melanocytes and Langerhans cells of normal skin (19). a-2-glyco-

protein is another protein found predominantly in oligodendrocytes (20) and associated with

gliogenous tumours; its concentration also correlates inversely with the malignancy of the

tumours (21).

The possible presence of tumour-associated antigens on glioma cells has been suggested by

reports from several investigators. These antigens were identified either by studying the

humoral and cellular immune responses of glioma patients (22-28) or by raising heteroanti-

sera against these tumours (29-34). The major drawback of the serological methods however

is the overwhelming number of contaminating antibodies in sera that have to be removed by

extensive absorptions before any tumour specificity can be demonstrated. The production of

somatic cell hybrids secreting monoclonal antibodies against single antigenic determinants,

as described by Köhler and Milstein (35), represents a great improvement for the search of

antibodies directed against tumour associated antigens. Recently, several authors have

produced monoclonal antibodies against various human tumour markers or antigens (36-42).

We have analysed the specificity of monoclonal antibodies secreted by hybrids obtained

from a fusion between mouse myeloma cells and spleen cells from a mouse immunized with

malignant glioma cells from the LN-18 line (43).
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Materials and methods

Development and characterization of established human malignant glioma lines.

All gliomas operated in fhe neurosurgical service are routinely cultured in our laboratory.

To date, we were able to establish 15 permanent lines. HLA typing has been carried out for

each line, 7 of them were studied by electron microscopy. All lines were tested for the

presence of GFAP by direct immunoperoxydase using an antiserum given by Dr. L.F. Eng, Palo

Alto, California. One of these cell lines has been extensively characterized and published

(44), and used for raising monoclonal antibodies. We also were able to obtain two clones

from two different lines, which retain their capacity to synthetize GFAP after more than

50 passages.

Specificity analysis of monoclonal antibodies raised against whole human malignant glioma

cells.

We derived hybridoma cells from a fusion between mouse P 3X 63 /Ag8 myeloma cells and

spleen cells from a mouse immunized with whole cells of the human malignant glioma line

LN-18. Of 345 hybrids obtained, 36 secreted antibodies that reacted with the glioma cell

line used for immunization as assayed by an indirect antibody-binding radioimmunoassay.

After a first screening for the absence of reactivity on two nonliogenous cell lines, 3 hybrids

were selected and cloned by limiting dilution. The specificity of these monoclonal antibodies

was then investigated on a panel of 47 cell lines derived from human malignant gliomas, 18

cell lines from nongliogenous neoplasms, as well as normal peripheral blood lymphocytes,

normal skin fibroblasts and normal spermatozoi ds. The monoclonal antibodies from two positive

hybrids, BF7 and GE2, reacted preferentially with glioma cells and appear to be directed

against common malignant glioma antigen fe). BF7 antibodies bound to 38 and GE2 to 43 out

of 47 glioma cell lines. The third monoclonal antibody, CG12 showed a broad reactivity since

it bound to 23 out of 47 glioma lines, 8 out of 9 melanoma lines and 2 out of 3 neuroblastoma

lines. Absorption with normal adult and fetal brain homogenates did not modify the binding

capacity of BF7 and GE2 for glioma cells, while the binding of CG12 antibodies was abolished.

Reciprocal binding inhibition tests using (3H)-leucine-labelled antibodies showed that BF7,

GE2 and CG12 antibodies were directed against different antigenic determinants. BF7 and

GE2 antibodies bound weakly to one (colon carcinoma) of 18 lines derived from nongliogenous

neoplasms, whereas CG 12 antibodies bound fo none of these.
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Preliminary immunochemical characterization of a glioma antigen.

Cells from glioma lines were labelled either with '"| by fhe lactoperoxydase method or

with 35s-methionine biosynthetically. Radiolabelled cell lysates were immunoprecipifated

with the 3 monoclonal anti-gliomo antibodies BF7, GE2 and CGI2, using protein A-Sepha-

rose to bind the antigen-antibody complexes, followed by analysis in SDS-PAGE and

autoradiography or fluorography. The overwhole results showed that both BF7 and GE2 antibodies

gave a major protein band with an apparent molecular weight of 48 KD, with glioma cell

lysate labelled by either of the two isotopes, whereas CG12 did not precipitate any definite

protein band in this range of molecular weight.

Use of monoclonal antibodies in the immunoh is fol og i ca I diagnosis
of fresh tumour material.
The three stage biotin-avidin-peroxydase system was used for staining fresh tumour tissue

with the anti-glioma monoclonal antibodies GE2 and BF7, The monoclonal antibodies were

used at the first stage, at the second stage biotinylated horse anti-mouse antiserum was added,

and avidin-peroxydase conjugate af fhe third stage.

Fig. 1 is a section of a grade IV malignant glioma stained with monoclonal antibody GE2.

An intense staining of rather well differentiated neoplastic astrocytes can be seen. The

astrocytic processes are clearly visible.

Undifferentiated, multinucleated cells are also stained but with less intensity. The pattern

of staining throughout the cellular body indicates that fhe antigen is present in large amounts

in the cytoplasm and not restricted to the membrane.

Discussion
The identification of tumour-associated antigens by means of hetero-antisera is extremely

difficult because of the large number of contaminating antibodies directed against antigens

present on normal cells that must be removed by extensive absorption before any tumour

specificity can be demonstrated. Our results show that the hybridoma technology can be used

to identify glioma tumour associated antigens on glioma cells.

The mal ignant glioma specificity of the 2 antibodies, BF7 and GE2, directed against a

putative common glioma-associated antigen was studied by a series of quantitative absorption

experiments. Our first results showed that incubation with malignant glioma cells abolished

the reactivity of BF7 and GE2 antibodies to malignant glioma cells, whereas nongliogenous

cells were unable to reduce the binding capacity of BF7 and GE2 for gliomas. Absorptions

with normal and fetal brain homogenates were also unable fo reduce the binding capacity of
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Fig. 1. Immunohistological localization of the antigen recognized by monoclonal antibody
GE2 on resected glioma. Frozen section of a malignant glioma (x 400). Indirect immuno-
peroxydase using the Biotin-Avidin system with amino-ethyl-carbazol as chromogen.
Neoplastic astrocytes, well differentiated, are stained throughout the cytoplasm and their
processes are clearly visible. Anaplastic cells are stained with less intensity.

these 2 monoclonal antibodies for malignant glioma. From these experiments, we concluded

that the antigenic determinants recognized by BF7 and GE2 antibodies were not expressed on

normal and fetal broin cells, or at least not in an amount detectable by these absorption

experiments.

Immunocytochemistry results have shown that the antigen is present in the cytoplasm of

astrocytic cells and not only on their surface, as demonstrated by binding assays.

Although it has been shown by binding inhibition that BF7 and GE2 recognize two different

antigenic determinants, the immunoprecipitation of radiolabelled cell lysate demonstrated

that both monoclonal antibodies reacted with a similar if not identical polypeptide chain

with an apparent molecular weight of 48 KD. The question then arises why these two monoclonal

antibodies have different binding activities on many of the individual glioma cell

lines tested, GE2 being usually more active than BF7. A possible explanation is that the

determinant recognized by BF7 may be situated deeper in the cell membrane than the one
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recognized by GE2 and is therefore less accessible to the antibodies. The cellular distribution

and the molecular weight of this molecule are very similar to those of GFAP. It seems,

however, unlikely that the 48 KD protein immunoprecipirated by GE2 and BF7 is GFAP,

since the glioma cell line (C1 -71) used for these experiments did not express GFAP.

Furthermore, the glioma cell line (LN-18) used for immunization of the mouse which provided

the lymphocytes for our fusions was also GFAP negative.

Analysis by fluorescent activated cell sorter of the antigen identified by GE2 and BF7

antibodies showed thot it was expressed on a fraction (45-55 %) of the cells from the glioma

line Cl-121 (data not shown). It will be interesting to sort and subclone such cell lines in

order to determine if one can obtain stable clones with a 100% reactivity with GE2 and BF7

antibodies. Furthermore, the tumorogenicify in nude mice and cell division characteristics

in vitro of putative positive or negative clones should be studied.

Quantitative absorption experiments performed with CG12 antibodies confirmed thot they

were directed against an antigenic determinant expressed on glioma as well as on melanoma

cells. Absorption with normal adult and fetal brain homogenates reduced the binding capacity

of CG12 culture fluid for malignant glioma as well as for melanoma. These results suggest

that the antigenic determinant recognized by these antibodies has not a tumour but rather a

tissue specificity for cells of a common embryological origin. Monoclonal antibodies which

displayed a similar reactivity spectrum have already been reported by several authors.

Kennett and Gilbert (45) raised monoclonal antineuroblastoma antibodies which cross-reacted

with fetal brain cells and glioblastoma. Heriyn et al. (46) and Carrel et al. (AT) raised monoclonal

anti-melanoma antibodies which also cross-reacted with malignant glioma.

Thus we can conclude to the existence of at least two antigenic systems on gliòma cells, the

first is composed of glioma tumour associated antigens and the second of neuroectoderm

differentiation antigens.

The qualitative and quantitative expression of these antigens is highly variable among

different cell lines of the same tumour type and even among the cells from a single tumour line

confirming the marked heterogeneity of glioma cells. Thus a panel of monoclonal antibodies

recognizing tumour associated as well as differentiation antigens should be tested on histologic

sections or cultured cells from each glioma in order to determine if any of these markers have

a qualitative or quantitative correlation with the degree of malignancy. Monoclonal

antibodies are valuable reagents for the precise identification of subpopulations of cells present

in gliomas and they may help us in understanding the development of tumours of the central

nervous system.

This work was supported by grant No 3.431-0.78 of the Swiss National Fund for Scientific

Research.

118



1. Rubinstein L.J.: In: Tumours of the central nervous system. Armed Forces Institute of
Pathology. Washington (2nd series, fase. 6), 1972.

2. Kemohan J.W., Sayre F.P.: In: Tumours of the central nervous system. Armed Forces
Institute of Pathology. Washington (Atlas of tumour pathology, fase. 35), 1952.

3. Bigner D.D., Bigner S.H., Ponten J., Westermark B., Mahaley M.S., Ruoslahti E.,
Herschman H., Eng L.F., Wikstrand C.J.: Heterogeneity of genotypic and phenotypic
characteristics of fifteen permanent cell lines derived from human gliomas. J.
Neuropath.Exp.Neurol. 40: 201, 1981.

4. Eng L.F.: The glial fibrillary acidic protein. In: Proteins of the nervous system. 2nd ed.
Raven Press. New York, p.85, 1980.

5. Eng L.F., Vanderhaegen J.J., Bignami A., Gerstk B.: An acidic protein isolated from
fibrous astrocytes. Brain Res. 28: 351, 1971.

6. Eng L.F., Rubinstein L.J.: Contribution of immunohistochemistry to diagnostic problems
of human cerebral tumours. J.Histochem.Cytochem. 26: 513, 1978.

7. Jacque CM., Vinner C, Kujas M., Raoul M., Racadot J., Baumann N.A.: Determination
of glial fibrillary acidic protein (GFAP) in human brain tumours. J.Neurol.Sci. 35: 147,
1978.

8. Palfreyman J.W., Thomas D.G.T., Ratei iffe J.G., Graham D.I.: Glial fibrillary acidic
protein (GFAP), Purification from human fibrillary astocytoma, development and validation

of a radioimmunoassay for GFAP-like immunoactivity. J.Neurol.Sci. 41: 101 1979.
9. Van der Meulen J.D.M., Houthoff HJ., Ebels E.J.: Glial fibrillary acidic protein in

human gliomas. Neuropathol.Appl.Neurobiol. 4: 177, 1978.
10. Vidard M.N., Girard N., Chauzy C, Delpech B., Delpech A., Maun ou ry R., Laumonier

R.: Disparition de la protéine gliofibrillaire (GFA) au cours de la culture de cellules de

glioblastomes. CR Acad.Sci.(D) (Paris) 286: 1837, 1978.
11. Moore B.W.: A soluble protein characteristic of the nervous system. Biochem.Biophys.

Res.Commun. 19: 739, 1965.
12. Eng L.F., Kosek J.C, Forno L., Deck J., Bigbee J.: Immunohistochemistry of brain

proteins in fixed paraffin-embedded tissue. Trans.Am.Soc.Neurochem. 7: 211, 1976.
13. Ditrmann L., Axelsen N.H., Norgaard-Pedersen B., Bock E.: Antigens in human glio¬

blastomas and meningiomas: Search for tumour and oncofoetal antigens. Estimation of
S-100 and GFA protein. Br.J.Cancer 35: 135, 1977.

14. Haglid K.G., Stavrou D., Ronnback L., Carlsson CA., Weidenback W.: The S-100
protein in water-soluble and pentanol-extractable form in normal human brain and
tumours of the human nervous system: A quantitative study. J.Neurol.Sci. 20: 103, 1973.

15. Dohan F.C.Jr., Kornblith P.L., Wellum G.R., Pfeiffer S.E., Levine L.: S-100 protein and
2'3' cyclic nucleotide -3'-phosphohydrobase in human brain tumours. Acta Neuroparhol.
(Beri) 40: 123, 1977.

16. Bigner D.D., Bullord D., Clifford S., Preissig S.H., Wikstrand C.J.: Cellular heterogeneity
and diversity as a basis for therapeutic resistance of human gliomas. In: Multidisciplinary
aspects of brain tumour therapy. Neuro-oncology. vol. 1. Elsevier/North-Holland.
Amsterdam, p.329, 1980.

17. Gaynor R., Herschman H.T., Irie R., Morton D.: S-100 protein is present in cultured
human malignant melanomas. Nature 286, 400, 1980.

18. Gaynor R., Herschman H.R., Irie R., Jones P., Morton D., Cochran A.: S-100 Protein:
a Marker for human malignant melanomas? Lancet I: 869, 1981.

19. Cocchia D., Michetti F., Donato R.: Immunochemical and immunocytochemical localiza¬
tion of S-100 antigen in normal human skin. Nature 294: 85, 198).

20. Warecka K., Moller H.G., Vogel H.M., Tripatzis I.: Human brain-specific alpha-glyco-
protein-purification by affinity chromatography and detection of a new component:
Localization in nervous cells. J.Neurochem. 19: 719, 1972.

21. Warecka K.: Immunological differential diagnosis of human brain tumours. J.Neurol.
Sci. 26:511, 1975.

119



22. Coakham H.B., Kornblith P.L., Quindlen E.A., Pollack L.A., Wood W.C, Hartnett L.C:
Autologous humoral response to human gliomas and analysis of certain cell surface
antigens: In vitro study with the use of microcytotoxicity and immune adherence assays.
J.Natl .Cancer Inst. 64: 223, 1980.

23. Hitchock N.H., Hollinshead A.C., Chretien P., Rizzoli H.V.: Soluble membrane antigens
of brain tumours: I. Controlled testing for eel I-mediated immune responses in a long-
surviving glioblastoma multiforme patient. Cancer 40: 660, 1977.

24. Levy N.L.: Specificity of lymphocyte-mediated cytotoxicity in patients with primary
intracranial tumours. J.Immunol. 121:903, 1978.

25. Pfreundschuh M., Shiku H., Takahashi T., Ueda R., Ransohoff J., Oettgen H.F., Old
L.J.: Serological analysis of cell surface antigens of malignant human brain tumours.
Proc.Natl .Acad.Sci. USA 75: 5122, 1978.

26. Sheikh K.M.A., Apuzzo M.L.J., Kochsiek K.R., Weiss M.H.: Mai ignant glial neoplasms;
Definition of a humoral host response to tumour associated antigen(s). Yale J.Biol.Med.
50: 397, 1977.

27. Sheikh K.M.A., Apuzzo M.L.J., Weiss M.H.: Specific cellular immune responses in

patients with malignant gliomas. Cancer Res. 39: 1733, 1979.
28. Solheid C, Lauro G., Pal ladini G.: Two separate membrane-bound antigens on human

glioma cells in tissue culture detected with sera from glioma patients by immunofluorescence.

J.Neurol.Sci. 30: 55, 1976.
29. Coakham H.: Surface antigen(s) common to human astrocytoma cells. Nature 250: 328,

1974.

30. Kehayov l.R,- Tumour-associated water-soluble antigen(s) in human glioblastoma demon¬

strated by immunodiffusion and immunoelecfrophoresis. Ann.Immunol. 127: 703, 1976.

31. Trouillas P.: Carcino-fetal antigen in glial tumours. Lancet 2: 552, 1971.
32. Wahlström T., Linder E., Saksela E., Westermark B.: Tumour-specific membrane antigens

in established cell lines from gliomas. Cancer 34: 272, 1974.
33. Wikstrand C.J., Mahaley M.S., Bigner D.D.: Surface antigenic characteristic of human

glial tumour cells. Cancer Res. 37: 4267, 1977.

34. Wikstrand C.J., Bigner D.D.: Surface antigens of human glioma cells shared with normal
adult and fetal brain. Cancer Res. 39: 3235, 1979.

35. Köhler G., Milstein C: Continuous cultures of fused cells secreting antibody of prede¬
fined specificity. Nature (Lond.) 256:495, 1975.

36. Accolla R.S., Carrel S.,Mach J.P.: Monoclonal antibodies specific for carcinoembryonic
antigen and produced by two hybrid cell lines. Proc. Natl .Acad.Sci. USA 77: 563, 1980.

37. Carrel S., Accolla R.S., Carmagnola A.L., Mach J.P.: Common human melanoma associ¬
ated antigen(s). Detected by monoclonal antibodies. Cancer Res. 40: 2523, 1980.

38. Heriyn M., Steplewski Z-, Herlyn D., Koprowski H.: Colorectal carcinoma-specific
antigen: Detection by means of monoclonal antibodies. Proc.Natl .Acad.Sci. USA 76:
1438, 1979.

39. Heriyn M., Steplewsky Z., Herlyn D., Koprowski H.: Antigens defected by monoclonal
antibodies against human melanoma. Proc.Am.Assoc.Cancer Res. 21: 210, 1980.

40. Kermett R.H., Gilbert F.M.: Hybrid myelomas producing antibodies against a human
neuroblastoma antigen present on fetal brain. Science 203: 1120, 1978.

41. Koprowski H., Steplewski Z., Herlyn D., Herlyn M. : Study of antibodies against human
melanoma produced by somatic cell hybrids. Proc.Natl .Acad.Sci. USA 75: 3405, 1978.

42. Yeh M.Y., Hellström L., Brown J.P., Wamer G.A., Hansen J.A., Hellström K.E.: Cell
surface antigens of human melanoma identified by monoclonal antibody. Proc.Natl .Acad.
Sci. USA 76: 2927, 1979.

43. Schnegg J.F., Diserens A.C., Carrel S., Accolla K.S., de Tribolet N-: Human glioma-
associated antigens detected by monoclonal antibodies. Cancer Res. 41: 1209, 1981.

120



44. Diserens A.C., de Tribolet N., Martin A.A., Gaide A.C., Schnegg J.F., Carrel S.:
Characterization of an established human malignant glioma cell line: LN-18. Acta
Neuropathol. 53:21, 1981.

45. Kennett R.H., Gilbert F.M.: Hybrid myelomas producing antibodies against a human
neuroblastoma antigen present on fetal broin. Science (Wash.D.C), 203: 1120, 1978.

46. Herlyn M., Steplewski Z., Herlyn D., Koprowski H.: Antigens detected by monoclonal
antibodies against human melanoma. Proc.Am .Assoc. Cancer Res. 21: 210 (1980).

47. Carrel S., Accolla R.S-, Carmagnola A.L., Mach J.P.: Demonstration of human melanoma
associated antigen(s) by monoclonal antibodies. In: H. Peelers (ed.). Protides of Biological

Fluids,Vol. 27. Oxford: Pergamon Press pp. 505, 1980.

Address: Dr N. de Tribolet, P.D., Médecin adjoint, Service de Neurochirurgie, Centre
Hospitalier Universitaire Vaudois, 1011 Lausanne (Suisse)

121




	Immunological markers of brain gliomas

