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Summary. The human glioblastoma-derived cell lines 
86HG-39, 87HG-28 and 87HG-31, used for the produc- 
tion of monoclonal antibodies (mAbs) against glioma- 
associated antigens (GAA), were characterized in terms 
of morphology, growth behaviour, chromosomes and 
antigen expression. In the primary tumours, differential 
expression of glial fibrillary acidic protein, S 100 protein, 
Leu-7 and GAA as defined by mAbs MUC 2-39, MUC 
2-63 and MUC 8-22 was demonstrated. Receptors for 
epidermal growth factor (EGFr) and nerve growth factor 
(NGFr) were found in many cells in short-term cultures, 
but the transferrin receptor (Tr) was found in only a 
few cells of 87HG-28. In permanent cell lines, differenti- 
ation antigens and EGFr decreased and Tr increased 
markedly. NGFr and GAA remained stable. Transplan- 
tation tumours of 86HG-39 were partly positive for Tr 
and GAA. Chromosomal analysis revealed that the 
86HG-39 and 87HG-28 cell lines had a hypodiploid or 
diploid stem line with lines in the hypotetraploid to tetra- 
ploid region for 50 in vitro passages. The 87HG-31 cell 
line had chromosomal patterns in the hypotriploid to 
triploid region. A gain of chromosomes was seen in the 
groups C7, C8, C10, D14, F19, F20, G21, G22. The 
variability of antigens in these tumours and especially 
during long-term cultivation probably reveals an ability 
to influence the growth of malignant glioma cells via 
the respeective effector molecules. 
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Introduction 

Malignant human gliomas are highly variable with re- 
gard to morphology, growth fraction (Deckert et al. 
1989) and antigenicity (Wikstrand etal. 1985; Rettig 
et al. 1986). Thus, heterogeneity is a major problem in 
glioma diagnosis and therapy. Immunochemical meth- 
ods are valuable in the analysis of brain tumour cell 
populations (Kleihues et al. 1987; Perentes and Rubin- 
stein 1987; Reifenberger et al. 1987) and the presence 
of growth-related molecules such as epidermal growth 
factor receptor (EGFr) (Libermann et al. 1984), transfer- 
rin receptor (Tr) (Prior et al. 1990) and glioma-associat- 
ed antigen (GAA) (Carrel et al. 1982; Bourdon et al. 
1983; Wikstrand et al. 1986; Stavrou et al. 1987; Vrionis 
et al. 1988) can help to identify neoplastic cells, monitor 
tumour progression and act as possible targets for anti- 
body-guided therapy (Epenetos et al. 1985; Takahashi 
et al. 1987; Wikstrand et al. 1987; Lee 1988). 

Cell lines and glioma xenograft models offer the op- 
portunity of detailed neuropathological, immunological 
and pharmacological studies. Such models may repre- 
sent some characteristics of the primary tumour and in- 
dicate some of its developmental potentials. 

The objective of the present study was to describe 
(a) the morphology, antigen expression, in vitro propa- 
gation, growth behaviour and cytogenetics of three hu- 
man gliomas which have been used for the production 
of monoclonal antibodies (mAbs) against GAA (Stavrou 
et al. 1987) and (b) to report on the expression of growth 
factor receptors and GAA in permanent cell lines and 
transplantation tumours. 

Materials and methods 

Primary tumours, the age and sex of the patients, turnout location 
and the histological features of the surgical specimens from which 
the cell lines were derived are summarized in Table 1. Samples 
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Table 1. Origin, location, diagnosis and histopathological characteristics of primary brain tumours established as permanent glioma 
cell lines 86HG-39, 87HG-28 and 87HG-31 

Cell line Patient Location Diagnosis 
(age/sex) 

Histopathological characteristics 

Cell Necroses Vascular Lymphocytic 
proliferation infiltration 

Density Polymorphism GF" 

86HG-39 56 years/M L frontal Glioblastoma Moderate High 24% Small+large Moderate Marked 
87HG-28 55 years/F R temporal Glioblastoma Moderate Moderate 14% Small+large Marked Moderate 
87HG-31 61 years/M L parietal Glioblastoma High Moderate 12% Small+large Moderate Rare 

" Growth fraction according to nuclear Ki-67 expression 

for in vitro propagation obtained from the brain tumours were 
processed within 1 h. Tumour tissue was kept under sterile condi- 
tions, freed from blood and connective tissue and then mechani- 
cally dissociated in cell suspensions, or cut into pieces of I mm 3. 
Pieces for cryostat sections and paraffin histology were treated 
according to conventional methods. 

Tumour fragments were placed in 25 cm z plastic culture flasks 
and covered with Dulbeccos modified Eagle medium (DMEM) 
culture medium containing 10% fetal bovine serum (FBS), and 
supplemented with non-essential amino acids (Stavrou et al. 1987). 
Suspensions and explants were incubated at 37~ in humidified 
air with 5% carbon dioxide. After outgrowth, cells were detached 
and dispersed by use of 0.025 % trypsin/0.04% EDTA in phosphate 
buffered saline (PBS). Subsequent cultures were fed with supple- 
mented DMEM/10% FBS, changing the medium twice weekly. 
Confluent cultures were divided in ratios between 1:2 and 1:10, 
depending on the proliferation rate. Cell culture reagents were pur- 
chased from Boehringer (Mannheim, FRG), and Flow (Mecken- 
heim, FRG). For immunocytochemistry, cells were kept under se- 
rum-free conditions for 72 h. Serum-free media consisted of a 1 : 1 
mixture of DMEM and nutrient mixture F12 (Ham's) supple- 
mented as above, additionally enriched by 10 btg/ml insulin, 10 
I-tg/ml transferrin, l0 nM sodium selenite and I mg/ml bovine se- 
rum albumin (Westphal et al. 1988). These products were obtained 
from Gibco (Paisley, UK) and Sigma (Deisenhofen, FRG). Plating 
efficiency, doubling time and saturation density were estimated 
according to conventional methods by counting the cells in a hae- 
mocytometer (Coulter Electronics, Harpenden, UK) and under an 
inverse phase contrast microscope (Zeiss ICM 405), respectively. 
Viability of cells was tested by trypan blue exclusion. The morpho- 
logical features of the cell lines were monitored by phase contrast 
or differential interference contrast microscopy with a Leitz photo- 
microscope. All cell lines were routinely tested for mycoplasma 
contamination. 

Material for histological investigation was either frozen in liq- 
uid nitrogen or fixed in formalin. Paraffin sections were stained 
with haematoxylin and eosin (H & E), cresyl violet, and according 
to Masson's trichrome and Tibor PAP methods. Frozen sections 
were stained with H & E. Immunochemistry was carried out on 
tissue sections and monolayer cell cultures for glial fibrillary acidic 
protein (GFAP), vimentin, desmin, cytokeratin, neurofilaments, 
neuron specific enolase (NSE), S100, Leu-7, Leu-M1, chromogran- 
in, synaptophysin, Ulex europaeus agglutinin (UEA 1), EGFr, 
NGFr, Tr, MUC 2-63, MUC 2-39, and MUC 8-22. Origins of 
antibodies, dilutions etc. are listed in Table 2. 

Monoclonal antibodies were applied to paraffin and frozen sec- 
tions and on cell cultures grown on cover slides with immunochemi- 
cal methods as usual, in particular by a four step PAP, avidin- 
biotin-complex, or immunogold method, respectively. For staining 
of transplantation tumours in the mouse, biotinylated primary anti- 
bodies were used to avoid reations of the anti-mouse secondary 
antibodies with the host immunoglobulins in the tumour. Frozen 

sections and cells for immunocytochemical stainings were fixed 
in ice-cold acetone. After immunochemistry (Reifenberger et al. 
1989), sections were counterstained with Meyer's haemalum or left 
unstained andmounted in Depex R (Serva, Heidelberg, FRG). Con- 
trols were performed by replacing the primary antibodies with ei- 
ther the immunoglobulin fraction from non-immunized rabbits or 
with non-specific mouse IgG at dilutions identical to those of the 
primary antibodies. 

Cell enzyme linked immunosorbent assay (ELISA) was per- 
formed for the detection of mAb reactivity against surface antigens 
on viable cells as previously described (Stavrou et al. 1983). Gtioma 
cells were seeded into 96-well round-bottomed vinyl plates (Linbro 
76.364-05, Flow) and grown to a subconfluent state. Thereafter, 
DMEM/FBS was removed and replaced by serum-free conditioned 
medium as described above. After 48 h cells were washed with 
cold PBS and then covered with the primary antibody during 1 h 
at 4 ~ C. After washing in PBS cells were fixed; rabbit anti-mouse 
IgG was added and incubated for 30 min. After the final wash, 
100 gl substrate solution containing 1 mg/ml orthophenylendia- 
mine (Sigma) in 0.1 M citrate buffer, pH 4.5, was added to each 
well. The reaction was stopped by 8 N sulphuric acid and the super- 
natants measured in a Titertek Multiscan (Flow) at 492 nm. 

For scanning electron microscopy (SEM) cell cultures were 
fixed in 1% phosphate-buffered glutaraldehyde (pH 7.3) for 24 h, 
dehydrated in graded ethanol and saturated in amylacetate. Sam- 
ples were then dried with the critical-point method and covered 
with gold-paladium. SEM micrographs were taken in a Philips 
SEM 515. Material for transmission electron microscopy (TEM) 
were fixed in 2.5% paraformaldehyde/1% glutaraldehyde, buffered 
with Sorensen buffer, pH 7.4, postfixed in osmium and embedded 
in Epon. Cell cultures were fixed in 0.5 % glutaraldehyde. Ultrathin 
sections were stained with uranyl acetate and lead citrate and exam- 
ined under a Zeiss EM-10. 

The tumorigenicity of the cell lines in athymic mice was deter- 
mined by subcutaneous injections of 106-2 x 107 cells grown in 
vitro. Cells were harvested mechanically, washed twice in PBS, 
suspended in 100-gl aliquots and placed in the right chest wall. 
Cell numbers were determined by counting in a Coulter counter 
and the percentage of living cells was then evaluated by trypan 
blue exclusion test. Tumours were removed at a size of more than 
1 cm in diameter. They were dissected free of connective tissue 
aseptically and processed for examination by light and electron 
microscopy and tissue culture. 

For chromosome preparation, subconfluent cell cultures were 
treated with Colcemid (Ciba, 0.4 pg/ml, 1-3 h), detached with tryp- 
sin, centrifuged at 100 g and resuspended in 0.5% potassium chlo- 
ride solution. After swelling sufficiently, cells were pelleted and 
fixed in acetic acid/methanol 1:3 for 45 rain. Metaphases were 
spread on microscopic slides and air-dried. Staining of chromo- 
somes was performed with 2.5% Giemsa solution after treatment 
with 0.0125% trypsin in sodium chloride solution. Samples were 
examined with immersion optic under a Zeiss photomicroscope. 



Table 2. Origin of antibodies for immunochemistry of human gliomas and glioma cell lines 

Antigen Species Antibody Source Dilutions References 

GFAP M m clone G-A-5 Boehringer, 1:100 
Mannheim, FRG 

R p Dakopatts 1 : 2000 
Hamburg, FRG 

Vimentin M m clone V9 Boehringer 1 : 100 

Desmin M m clone D33 Dakopatts 1 : 100 
Neurofilaments M m pool NF Dianova, 1:100 

Hamburg, FRG 
Cytokeratins M m clone KL 1 Dianova 1:100 

m clone Lu5 Boehringer 1:100 

$100 R p Dakopatts 1:2000 
NSE R p Dakopatts 1 : 2000 
Chromogranin M m clone LK2H 10 Hybritech, 1 : 300 

San Diego, Calif. 
Synaptophysin M m clone SY 38 Boehringer 1 : 200 

Leu-7 (HNK1) M m Becton and 1:100 
Leu-MI(FAL, CD15) M m clone MMA Dickinson, 1:100 

Heidelberg, FRG 
EGFr M m clone EGFR1 Amersham, 1:100 

UK 
NGFr M m clone ME20-4 Amersham 1:100 

Tr M m clone 2EB Amersham 1 : 100 

GAA M m clone MUC 8-22 1 : 100 

M m clone MUC 2-63 1 : 100 
M m m clone MUC 2-39 1 : 100 

Ki-67 M m PC Dakopatts 1 : 50 

UEA 1 biotin, lectin Vector, 1:150 
Burlingame, Calif. 

MIgG R p Dakopatts 1 : 500 
G p Dakopatts 1 : 500 
H p + Biotin Vector 1 : 300 
G p + Gold Janssen, 1 : 200 

Olen, Belgium 
RIgG S p Dakopatts 1 : 500 
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Debus et al. 
Differentiation 25:193-203 (1983) 

Osborn et al., 
Eur J Cell Biol 34:137-143 (1984) 

Osborn and Weber, 
Lab Invest 48 : 372-394 (1983) 
Viac et al., 
Invest Dermatol 81:351-354 (1983) 
v. Overbeck et al., 
Virchows Arch [A] 407:1-12 (1985) 

Lloyd and Wilson, 
Science 222:628 (1983) 
Wiedenmann and Franke, 
Cell 41 : 1017-1028 (1985) 

Waterfield et al., 
J Cell Biochem 20:149-161 (1982) 
Ross et al., 
Ann NY Acad Sci 486:115-123 (1983) 
Gatter et al., 
J Clin Pathol 36:539-545 (1983) 
Stavrou et al., 
J Neurol Sci 80:205-220 (1987) 

Gerdes et al., 
Int J Cancer 31 : 13-20 (1983) 

M, Mouse; R, rabbit; H, horse; G, goat; S, swine; m, monoclonal antibody; p, polyclonal antisera 

Results 

The  three  b r a i n  t u m o u r s  desc r ibed  here  show m a n y  
h i s to log ica l  charac te r i s t i cs  o f  the  g l i o b l a s t o m a  g r o u p :  
a m o d e r a t e  to h igh  cell dens i ty  wi th  smal l  to m e d i u m -  
sized gl iogenic  cells, smal l  anap la s t i c  cells, m o n o -  o r  
mu l t i nuc l ea t ed  g ian t  cells, a b u n d a n t  nuc lea r  p o l y m o r -  
p h i s m  and  m a n y  mi to t i c  figures.  M o s t  cell nuclei  are  
ch romat in - r i ch ,  r o u n d  or  oval  in po lygona l ,  and  ca r ro t -  
l ike in sp indle  cells. Al l  t u m o u r s  have  sol id  a n d  mic ro-  
cystic a reas ;  regressive changes  cons is t  o f  smal l  necro t ic  
foci wi th  pa l i s ad ing  a n d  large  necroses .  T u m o u r  vascu-  
l a r i za t ion  shows n u m e r o u s  capi l la r ies  b u t  also smal l  a n d  
m ed i um-s i zed  vessels wi th  g l o m e r u l a r  f o r m a t i o n  and  

ga r land- l ike  endo the l i a l  p ro l i fe ra t ions .  Dif fuse  l y m p h o -  
cytic in f i l t ra t ions  as well  as pe r ivascu la r  l y m p h o c y t i c  
cuffs con ta in ing  2 -6  layers  a re  of ten  p romine n t .  

In  pa r t i cu la r ,  N39/86 (Fig.  1A,  B) is a r ecu r ren t  
g l iob la s toma .  I t  was  r e m o v e d  f rom the left f ron ta l  lobe  
o f  a 56-year -o ld  male  pa t ien t ,  4 m o n t h s  af ter  the  first  
surgery.  I m m u n o r e a c t i v i t y  o f  the p ro l i f e ra t ing  cell 
m a r k e r  Ki-67 d e m o n s t r a t e s  a g rowth  f rac t ion  o f  a p p r o x -  
imate ly  24% (Table 1). Some  areas  are  ex t remely  r ich 
in re t icul in  f ibres and  show a s a r c o m a t o u s  p a t t e r n  
(Fig.  1 B). The  t u m o u r  N28/87 was f rom the r ight  tem-  
p o r a l  lobe  o f  a 55-year -o ld  w o m a n .  The  t u m o u r  has  
a p ro l i f e r a t i on  index o f  a p p r o x i m a t e l y  14% (Table 1), 
is var iable ,  con t a in ing  several  a n g i o m a t o u s  areas  wi th  
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Fig. 1A-F. Human glioblastomas N39/86, N28/87, N31/87. A, B Recurrent glioblastoma N39/86 in a 56-year-old man. Gliomatous 
tissue with microcystic parts, large necroses, endothelial proliferations and nuclear polymorphism. Immunohistochemistry of glial fibrillary 
acidic protein (GFAP) in gliomatous cell groups (A) and sarcomatous areas (B). C, D Glioblastoma N28/87 of a 55-year-old woman. 
GFAP-positive tumour parts between marked vascular proliferation (C), partly resembling an angioma, as demonstrated by binding 
of ulex europaeus agglutinin (UEA 1; D). E, F Glioblastoma N31/87 of a 61-year-old man, composed mostly of gemistocytic areas 
with strong expression of GFAP (E) and Leu-7-positive gliogenic areas between vascular proliferation. A, B, D PAP method; C, E, 
F ABC method. A, F x 320; B-D • 160; E x200 

blood vessels of  various sizes (Fig. 1 C, D). Reticulin 
fibres are also prominent  in large areas of  the tumour  
tissue. The tumour  N31/87 was removed f rom the left 
parieto-occipital region of  a 61-year-old man. It is of  
medium to high cell-density containing large polymorph-  

ic protoplasmatic  astroglial cells (Fig. l E) and anaplas- 
tic areas with marked vascular proliferation (Fig. ~ F). 
The proliferation index is 12% (Table 1). 

Immunohistochemical  data are given in Table 3 and 
Fig. 2. In N39/86 and N28/87, most  of  the GFAP-pos i -  
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Antigen Primary tumours Short-term cultures Long-term cultures Transplan- 
tation 

Passages 5-15 Passages 3(~50 Passages 8(~100 tumours 

N39/86 N28/87 N31/87 86HG-39 87HG-28 87HG-31 86HG-39 87HG-28 87HG-31 86HG-39 87HG-28 87HG-31 TT 86HG-39 

GFAP 2 2 3 2 2 2 1 1 2 1 0 0 0 
Vimentin 2 3 2 4 4 4 4 3 4 4 4 4 1 
S100 3 2 2 2 2 2 2 3 3 1 2 1 1 
Leu-7 3 2 2 2 2 2 2 1 1 1 1 0 0 
EGFr - - - 2 2 1 1 0 0 0 0 0 0 
NGFr - - - 3 2 0 3 2 0 3 2 0 0 
Tr - - -- 0 1 0 1 1 1 3 2 3 2 
Ki-67 2 1 1 2 1 1 . . . . . .  2 
MUC 2-39 3 0 0 4 0 0 4 0 0 4 0 0 3 
MUC 8-22 2 3 2 3 3 2 2 3 2 3 3 2 3 
MUC 2-63 2 2 2 3 3 1 3 3 2 3 3 1 2 

Values: 1, -25%;  2, 25%-50%; 3, 50%-75%; 4, >75%; - ,  not tested 

% of imrnunoreactive cells 

100 1 
80 

40 - 1  20- 

0 
N3~86 

j ~ J 
N28/87 N31/87 TT86HG-39 

GFAP ~ Vim ~ Sl00 [ ~  Leu-7 

Fig. 2. Immunohistochemistry of glial antigens GFAP, vimentin, 
$100 and Leu-7 in primary brain tumors N39/86, N28/87 and N31/ 
87 as well as in xenotransplantation tumours of the 87HG-39 cell 
line in nude mice, taken from the 50th in vitro passage 

tive cells are diffusely distributed (Fig. 1 A) or arranged 
in gliomatous cell clusters. Moreover,  strong immunore-  
activity is found in sarcomatous  areas of  N39/86 
(Fig. 1B). In N28/87 and N31/87, G F A P  is intensely 
expressed around blood vessels. In N31/87 areas resem- 
bling gemistocytic as t rocytoma are very rich in GFAP,  
whereas small anaplastic cells are negative (Fig. 1 E). In 
all tumours,  S100 and vimentin reactivities are similar 
to GFAP,  with vimentin somewhat  more pronounced 
in the anaplastic fields. Leu-7 is mostly restricted to glio- 
genic cell groups (Fig. 1 F). Desmin, cytokeratin, neu- 
rofilaments, NSE, chromogranin  and synaptophysin are 
not found. Leu-M1 is most ly  expressed in reactive astro- 
cytes in the tumour  periphery. M U C  2-39 stains cells 
only in N39/86. M U C  8-22 and M U C  2-63 stain cells 
in N39/86, N28/87 and N31/87. In t ransplantat ion tu- 
mours  of  86HG-39 GFAP,  $100 and Leu-7 are weak 
or negative. Expression of  growth factor receptors was 
investigated in cryostat  sections of  secondary tumours  
of  the 86HG-39 cell line. Immunoreact ivi ty  can be 

shown for Tr in most  and for N G F r  and EGFr  in single 
cells. Reactivity patterns of  M U C  2-39, M U C  8-22 and 
M U C  2-63 in the t ransplantat ion tumours  are compara-  
ble with those found in the pr imary tumours.  

Cell lines were designated as 86HG-39, 87HG-28 and 
87HG-31, whereby the first digits stand for the year, 
the latter for the number  of  the biopsy and the letters 
for human  glioma. All cell lines grew as monolayers ;  
86HG-39 cells could also be grown as spheroids. Cell 
proliferation increased continously up to the 30th in vi- 
tro passage. Cell lines were regarded as permanent  f rom 
the 30th in vitro passage onward. Growth  characteristics 
of  the three glioma cell lines are summarized in Fig. 3. 
Cell growth with elongation of processes was observed 
after 24 h. The major  cell type present initially was small 
to medium-sized, bi-or mult ipolar  with long thin pro- 
cesses in 86HG-39 and 87HG-31 and short p lump pro- 
cesses in 87HG-28, respectively. Parallel growing spindle 
cells also occurred. Mono-  or multinuclear giant cells 
were numerous.  Between the short- term cultures and the 
20th in vitro passage, cultures developed into a more 
uniform cell populat ion dominated by bi-or tripolar cells 
with occasional polygonal  and rare giant cells (Fig. 4). 
However,  during a cultivation period of  over 90 in vitro 
passages, the cell line 87HG-28 remained stable as a 
mixed monolayer  of  the above-mentioned type. The con- 
tinuously growing cell line 87HG-31 represented a mixed 
monolayer  culture, whereby bi-or tripolar cells were 
dominant ,  but single pleomorphic giant cells were a con- 
sistent finding. 

Immunocytochemis t ry  was carried out in the cell lines 
at different passage levels, in particular between passages 
5 and 15, 30 and 50, 80 and 100 (Table 3, Figs. 5-7). 
In short- term passages, glial antigens are comparable  
to those of  the original turnouts. Receptors of  E G F  and 
N G F  are stained in variable amounts  in most  of  cells 
in 86HG-39 and 87HG-28, E G F  in single cells of  87HG- 
31. Tr is found in single cells or is negative. M U C  2-39 
is present in most  of  the cells in 86HG-39 but negative 
in the two other cell lines. M U C  8-22 and M U C  2-63 
react with cells in all cell lines. In long-term passages, 
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Fig. 3. In vitro growth of human glioma cell lines 86HG-39 (A), 
87HG-28 (B) and 87HG-31 (C). Plating efficiency (P.E.), doubling 
time (D. T.) and saturation density (S.D.) at different passage levels 
that illustrate a marked increase of the in vitro proliferation 

expressions of GFAP, $100 and Leu-7 are markedly re- 
duced, whereas vimentin gives identical results as in the 
early passages (Figs. 5-7, 8A, E). EGFr is still present 
in a few cells of 86HG-39, but negative in 87HG-28 
and 87HG-31. Surprisingly, Tr is increased in all cell 
lines (Table 3; Figs. 5-7, 8D). NGFr (Fig. 8B), MUC 
2-39, MUC 8-22 (Fig. 8C) and MUC 2-63 (Fig. 8F) 
remain unchanged. 

Micro-ELISA was performed concerning the expres- 
sion of EGFr, Tr, MUC 2-39 and MUC 2-63 on 86HG- 
39 cells. In passages 25-35, extinctions concerning EGFr 
were at a mean value of 0.48, Tr 0.25, MUC 2-39, 0.73, 

MUC 2-63 0.68. Controls were at 0.1-0.2. In passages 
80-90, EGFr was at 0.18, Tr 0.65, MUC 2-39 0.78, 
MUC 2-63 0.7. 

After subcutaneous injection of 106-107 cells, grow- 
ing turnouts developed only from the 86HG-39 cells; 
other lines showed short-term nodules only. Treatment 
of the recipients with dexamethasone and cyclosporin 
A did not improve the tumour take. Secondary tumours 
were obtained in 19 of 20 animals with the 86HG-39 
cell line. These were similar to the original tumour but 
were more homogeneous with less necrosis and vascular 
proliferation. In tumours larger than 1.5 cm in diameter, 
large central necroses with lymphocytic and macrophage 
infiltration occur. Cells are small to intermediate in size, 
round to polygonal with some giant ceils. The mitotic 
index ranges from 32% to 38%. Tumours are sharply 
demarcated from the surrounding tissue, with some infil- 
tration of muscle and skin and a delicate collagen net- 
work reaching from the periphery into the turnout. 

SEM was carried out on cell cultures and revealed 
similar results for the three glioma cell lines. At higher 
magnifications, flattened spindle shaped and multipolar 
cells are observed. Processes reach a length of approxi- 
mately 100 lain. There is no contact inhibition, and cells 
are often double-layered (Fig. 4 C, D). At higher magni- 
fications bubbles, folds and short microvilli are observ- 
able at the cell surface. Filopodia of different length 
occur. 

TEM on the three cell lines and in transplantation 
tumours of the 86HG-39 cell line showed that 86HG-39 
cell cultures consist of medium-sized cells with long pro- 
cesses and large hypodense nuclei. Nuclei contain up 
to four nucleoli and chromatine-dense clumps at the nu- 
clear membrane. Sometimes nuclei have multiple finger- 
like invaginations (Fig. 9A). The cytoplasm is rich in 
filaments and polysomes (Fig. 9B). Numerous mito- 
chondria occur in the perikaryon. Autophagolysosomes 
with straight or concentric membranes are numerous 
(Fig. 9 C). The Golgi apparatus appears normal 
(Fig. 9D). Gap junctions and single tight junctions can 
be found in vitro as well as in the secondary tumours. 
In the tumours, the cells are loosely arranged with abun- 
dant extracellular space containing collagen fibres. 
87HG-28 cells are characterized by very large and often 
bizarre hypodense nuclei with multiple long and 
branched invaginations. They contain one to three nu- 
cleoli and varying numbers of chromatin clumps. In the 
cytoplasm, only a few small mitochondria and large 
numbers of autophagolysosomes filled with myelin-like 
structures can be found (Fig. 9E). There are a great 
number of filaments, mostly associated with the cell sur- 
face (Fig. 9F). Rough endoplasmatic reticulum (RER) 
is rare, but many free ribosomes are disseminated in 
the cytoplasm. Single cell contacts occur. 87HG-31 cells 
have small or medium-sized normally configured hy- 
pochromatic nuclei and one or two nucleoli. Mitochon- 
dria and Golgi apparatus are normal. RER is rare, but 
numerous free ribosomes can be found. Many filaments 
are located near to the nucleus and the cell membrane, 
which occasionally showed single junctions. 

The karyotype of 86HG-39 was analysed at the 27th 
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Fig. 4. Human glioma cell line 86HG-39 in the 30th (A, B), and in the 90th in vitro passage (C, D). Cell morphology is more uniform 
in late passages and cultures consist mostly of flattened spindle-shaped cells but still contain single multipolar cells. Cells are often 
double-layered without contact inhibition. At the cell surface, bubbles, folds and microvilli can be seen (C, D). A DIK; B phase contrast; 
C, D SEM, • 500 

and the 42th in vitro passage. A stemline was found 
in a hypodiploid to diploid region with sidelines in the 
hypotetraploid to tetraploid region. The stemline had 
the following karyotype: 38-46, XY, C9p+,  t ( + 9 p -  
ter: :?), - C  13, marl, mar2, mar3. In this line, only 
one marker chromosome, i.e. 9p+,  could be found. Ad- 
ditionally, there was a nullisomy of chromosome 13. 
87HG-28 chromosome numbers were determined at the 
50th in vitro passage. The stemline was within the hypo- 
diploid region, with hypotetraploid to tetraploid side- 
lines. The marker chromosomes in these two cell lines 
showed a rather uniform pattern, most commonly the 
markers 6p+,  7 q - ,  8 q - ,  10q-  and 14q+. 87HG-31 
chromosome numbers were determined at the 24th and 
64th in vitro passages. The stemline was in the hypertrip- 
loid region. 

Discussion 

Immunohistochemistry of the primary tumours revealed 
a variety of cell markers, often without obvious morpho- 
logical correlations. In N39/86, which was a recurrent 
tumour of a primary glioblastoma, large areas rich in 
reticulin fibres occur. These may be due to postoperative 
reaction or radiation-dependent injury. Some, but not 
all of these structures contain GFAP, vimentin, $100 
and Leu-7. In N28/87, angiomatous components can be 
demonstrated by reticulin staining and by binding of 
Ulex europaeus lectins. However, glial antigens GFAP, 
$100 and Leu-7 are heterogeneously distributed in all 
tumour compartments. In N31/87 two different histolog- 
ical patterns can be distinguished immunohistochemi- 
cally: one representing an anaplastic astrocytoma with 
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gemistocytic elements reacts strongly with GFAP, $100 
and Leu-7; the other, containing mostly spindle-shaped 
cells, shows little staining for glial markers and reticulin, 
but is positive for vimentin. 

Gliomas can exhibit a wide variety of phenotypes 
(Kepes 1987), including sarcomatous formations (Mor- 
antz et al. 1976; Schiffer et al. 1984; Slowik et al. 1985; 
Kochi and Budka/987). As outlined recently (Meis et al. 
1990) gliosarcoma is widely accepted as a mixed tumour 
with the strong staining of glial antigens in gliomatous 
areas and the negative results in the sarcomatous areas 
which contain many reticulin fibres. In contrast, glio- 
blastomas stain diffusely for GFAP and SI00 protein. 
From this point of view, the classification of N39/86 
is difficult, since both appearances are found within the 
same tumour. 

GFAP is widely accepted as a glial cell marker (Os- 
born et al. 1981; Eng and Smith 1985). GFAP and vi- 
mentin have been found in most malignant glial neo- 
plasms (Herpers et al. 1986; Schiffer et al. 1986; Cos- 
grove et al. 1989; Kleihues et al. 1987; Perentes and Ru- 

binstein 1987; Reifenberger et al. 1987) and in cultures 
of human glioma (Pateau /988). Co-polymers of these 
two intermediate filaments can form heteropolymers in 
neoplastic astrocytes (Wang et al. 1984). The discussion 
of whether expression of GFAP and vimentin is inversely 
correlated to the degree of anaplasia is controversial (De 
Armond et al. 1980; Reifenberger et al. 1987). In agree- 
ment with others (Ponten and Westermark/978; Pateau 
1988) we have observed a decrease and even loss of glial 
differentiation markers during permanent glioma culti- 
vation. Nevertheless, GFAP and $100 were still present 
in single cells (87HG-28) or up to 20% of cells (86HG- 
39, 87HG-31). Vimentin was consistently expressed in 
nearly all of the turnout cells and was partially co-ex- 
pressed with GFAP and SI00. Positive reactions for 
GFAP, $100 and Leu-7 in non-gliomatous cells, negative 
results in gliomatous cells and the vimentin positivity 
in both seem to us more an indication of variable cellular 
differentiation and a differentiation-dependent antigen 
expression than a sign of different histogenesis of the 
cells involved. Intermediate filament heteropolymers 
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with varying proportions of GFAP and vimentin as a 
result of cell differentiation and function have been dis- 
cussed in detail (Pateau 1988). The characterization of 
malignant gliomas and the cell lines derived from them 
generally revealed no simple correlations between differ- 
ent phenotypic and genotypic variables (Shapiro et al. 
1981 ; Bigner et al. 1981 ; Wikstrand et al. 1985; Rutka 
et al. 1987; Kennedy et al. 1987; Westphal et al. 1988). 
Cultures of 86HG-39, 87HG-31 and 87HG-28 exhibited 
considerable morphological, antigenic and proliferation 
variability. Although cell lines became more uniform 
with increasing in vitro passages, cellular heterogeneity 
never disappeared fully. Interestingly, transplantation 
tumours of late passages (greater than 100) of 86HG-39 
in nude mice were of the same histological type as those 
from earlier passages (30-40). Long-term in vitro growth 
and cryoconservation are selective processes which give 
rise only to those cells which have the highest adaption 
potentials. Cells which are highly adaptive to culture 
conditions may represent poorly differentiated forms, 
and have developmental potential latent in the primary 
tumour. Such cells could represent the most resistant 
population to radio- or immunotherapy and if this is 

so, establishment of in vitro and in vivo model systems 
of human malignant gliomas would be useful in the de- 
velopment of new diagnostic tools and therapeutic con- 
cepts. Different chromosomal aberrations could be dem- 
onstrated associated with glioma growth, including loss 
of sex chromosomes and decrease or loss of chromo- 
somes 4, 9p13, 10, 12, 17p and 22 and gains of nos. 
7, 14 and 19 (Bigner et al. 1988; Bigner and Vogelstein 
1990). The most prevalent changes are numerical alter- 
ations of whole chromosomes, e.g. gains of 7 and loss 
of 10 (Bigner et al. 1984). Allelic deletions especially on 
chromosome 10 have been described in glioblastomas 
(James et al. 1988). In a group of 32 of 38 malignant 
human gliomas with near diploid stem lines statistically 
significant gains of 7 were found (Bigner et al. 1988). 
Nullisomy 13 has also been observed in another glioblas- 
toma cell line (Zang et al. 1988). In the 86HG-39 cell 
line gains of chromosomes 7 and 16, a decrease of 10, 
15 and 17 and a loss of 13 was seen during the 27th 
to 42th in vitro passage. Those chromosomes which are 
involved in aberrations harbour important oncogenes 
responsible for division, growth and differentiation. In 
gliomas the gene which is most often amplified is the 
EGFr gene (Bigner and Vogelstein 1990). Although poly- 
somy 7 in gliomas is common, it does not seem to be 
an essential prerequisite for EGFr amplification (Bigner 
1987). To our knowledge, only one human glioma cell 
line has been reported to retain over-expression of the 
EGFr in culture (Filmus et al. 1985). Growth factor sen- 
sitivity of a human glioma cell line which initially re- 
sponded to EGF with increased proliferation was re- 
duced in higher passages (Westphal et al. 1988). A possi- 
ble explanation is that the selective conditions to main- 
tain EGFr amplification are not present in vitro 
(Humphrey et al. 1988), whereas in anaplastic gliomas, 
increased expression of EGFr (Libermann et al. 1985; 
Reifenberger et al. 1989) has been described. 

One of the most interesting findings of the present 
study was a change of growth factor immunoreactivity 
during permanent glioma cultivation. Binding of trans- 
ferrin to its receptor induces endocytosis of the receptor/ 
ligand complex and subsequent iron uptake, which is 
essential for DNA synthesis and cell replication (Trow- 
bridge et al. 1984). Little is known about the expression 
of Tr in human gliomas (Zovickian et al. 1987; Colom- 
batti et al. 1988), especially during in vitro cultivation. 
Immunohistochemistry of Tr in human nervous system 
tumours revealed an increased expression of Tr in high- 
grade gliomas (Prior et al. 1990). It is quite unclear by 
which mechanisms increase of Tr in the glioma lines 
occurred. Since transferrin is a constituent of the defined 
medium applied 3-4 days before immun0cytochemistry, 
one should not expect Tr increase. Speculatively, it is 
possible that (a) EGFr has been lost, structurally modi- 
fied or down-regulated, (b) EGFr-negative/Tr-positive 
cell sub-populations have been selected during long-term 
in vitro growth or (c) a switch of growth factor receptors 
has occurred by epigenetic changes. NGFr was more 
or less constant during the whole cultivation period. 
NGFr is found in neural crest turnouts such as neurino- 
mas, neurofibromas and ganglioneuromas (Ross et al. 
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Fig. 8A-F. Human glioblastoma cell lines 86HG-39, 87HG-28, 87HG-31. Cell line 86HG-39 in the 80th in vitro passage with differential 
expression of GFAP (A) and NGFr (B). Cell line 87HG-28 with expression of the GAA MUC 8-22 (C) and the transferrin receptor 
(D) in the 70th in vitro passage. Cell line 87HG-31 with strong expression of vimentin (E) and the GAA MUC 2-63 OF) in the 50th 
in vitro passage. A-E ABC method; F immunogold with silver enhancement; A, D x 350; B, C, E, F x 450 

1984), whereas gliomas were either negative or only 
slightly positive (Prior et al. 1989). There is some evi- 
dence that  N G F  (via its receptor) is involved in the dif- 
ferentiation and function of  glioma cells. Morphological  
changes persisted even in the absence of  N G F  (Marus- 
hige et al. 1987). In our studies, cells were kept under 
serum-free conditions during 3 days before immuno-  
chemistry. The content of  growth factors in the serum 

charges cannot  be destinated under conventional condi- 
tions. I f  effects of  growth factors on cells persist longer 
than 72 h, it seems likely to suggest that  cell characteris- 
tics are still under the influence of  serum-derived factors. 

G A A  were defined by mAbs M U C  8-22, M U C  2-63 
and M U C  ~ 3 9 ,  which preferentially react with neuroec- 
todermal tumours  including gliomas, neuroblastomas 
and melanomas as well as with embryonic and fetal 
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Fig. 9A-F. TEM of human glioblastoma cell lines 86HG-39 and 87HG-28. Cell line 86HG-39 in the 45th in vitro passage (A-D). 
Cell nuclei are hypodense, contain several nucleoli and chromatin clumps and show multiple invaginations (A). The cytoplasm is rich 
in filaments and polysomes (B), autophagolysosomes and a normal Golgi apparatus (C, D). Cell line 87Hg-28 in the 50th in vitro 
passage (E, F). Ultrastructure is similar to 86HG-39. Additionally, myelin-like structures can be found in the cytoplasm (E). It is 
rich in filaments, RER is rare but free ribosomes are multiple (F). A: x 20000; B, E: x 25000; C, D, F: x 30000 

brain, but which do not recognize normal  adult brain 
(Stavrou et al. 1987). The mos t  interesting result con- 
cerning the expression of  G A A  was its constant  reactivi- 
ty during the whole cultivation period and even on par- 
affin sections of  the tumours.  Chromosomal  analyses 
of  the cell lines 86HG-39, 87HG-28 and 87HG-31 are 
still in a preliminary stage. Although it could be shown 

that  the profiles found in cells used for immunizat ion 
were typical for human malignant  gliomas, it cannot  
be concluded that  mAbs constructed f rom these cell lines 
define antigens representative for gliomas. 

The presence or absence of  antigens depends on 
changes in gene expression rather than changes in the 
tumour  cell genome. The loss of  immunoreact ivi ty dur- 
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ing in vi t ro  g rowth  o f  g l iomas  is p r o b a b l y  due  to a fa i lure  
o f  cells to express these genes unde r  cu l ture  condi t ions .  
The  capac i ty  o f  g l ioma  cells to change  the express ion  
o f  genes depend ing  on  env i ronmen ta l  cond i t ions  m a k e s  
the pa thogenes i s  and  b io logica l  b e h a v i o u r  o f  these neo-  
p lasms  diff icul t  to unde r s t and ,  bu t  offers the o p p o r t u n i -  
ty to inf luence t u m o u r  g rowth  by  ta rge t ing  g l ioma  cells 
wi th  fac tors  which  can  induce thei r  d i f ferent ia t ion .  Al -  
t hough  the respect ive  r eac t ion  po ten t i a l s  o f  m A b s  
aga ins t  G A A  are  res t r ic ted  by  several  cross-react iv i t ies  
these m A b s  seem to be useful  molecules  for  g l i oma  cell 
target ing.  
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