
Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition

Bratisl Med J 2021; 122 (6)

367 – 370

DOI: 10.4149/BLL_2021_061

EXPERIMENTAL STUDY

Can permanent cell lines originate from low-grade astrocytomas:
overgrowth of “glia-like“ cells in pilocytic and fi brillary (diffuse) 
astrocytoma cultures
Sivakova I, Mraz P, Kubikova E, El Falougy H, Perzelova A
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ABSTRACT
OBJECTIVES: Due inter alia to wide-spread cell lines cross-contamination it is not clear, which kind of normal 
or tumoral tissue give rise to permanent cell lines.
BACKROUND: Few permanent cell lines have been established from low-grade astrocytomas. However, 
recently some of these have been identifi ed as being cross-contaminated with other cell lines.
METHODS: Morphology, cell growth and GFAP immunophenotype of low-grade astrocytomas were examined 
on 9 pilocytic and 15 fi brillary (diffuse) tissue cultures. 
RESULTS: GFAP-positive process-bearing cells were present in all the cultures, mainly during the fi rst 
days in vitro (DIV). In pilocytic cultures, cells with hairy (piloid) processes were present. GFAP-positive cells 
completely disappeared by passages 3 to 5 and all the cultures contained only GFAP-negative “glia-like“ 
cells, which underwent cellular senescence within passages 8 to 15. 
CONCLUSION: Key differences in the morphology and GFAP expression between the neoplastic astrocytes 
and normal “glia-like“ cells allow the observation of perceptibly more rapid growth of normal cells in 
astrocytoma cultures. We caution that cultures prepared from macroscopically tumoral brain tissue may 
contain rapidly proliferating normal cells. Based on this and our previous studies in relation to the high 
percentage of cross-contaminated cell lines, we conclude that cells in low-grade astrocytoma cultures lack 
the capacity for spontaneous immortalization (Fig. 14, Ref. 15). Text in PDF www.elis.sk
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Introduction

Astrocytomas are the type of primary brain tumours that arises 
from star-shaped glial cells called astrocytes. They are classifi ed 
according to the grading system developed by the World Health 
Organization (WHO), which was updated (4th edition) in 2007 
(1). The 2016 WHO classifi cation of the CNS is the restructured 
CNS tumour classifi cation using molecular parameters in addi-
tion to histology (2). Astrocytomas come in four grades based 
upon how quickly they proliferate and infi ltrate adjacent brain 
tissue: namely, grade I (pilocytic astrocytoma), grade II (diffuse 
astrocytoma: fi brillary, protoplasmic and gemistocytic), grade III 
(anaplastic astrocytoma), and grade IV (glioblastoma). Grades I 
and II astrocytomas are the slowest growing tumours, also called 
low-grade gliomas, while grades III and IV are high-grade malig-

nant gliomas. Tumour grade is the key factor infl uencing the treat-
ment strategies and also providing information about prognosis.

Fibrillary astrocytomas are the most common type of low-
grade gliomas in adults that occur anywhere in the brain. They are 
distinctive with a diffuse growth into surrounding normal brain 
tissue, so they are also named diffuse astrocytomas. An important 
feature of these tumours is their progress into anaplastic astrocy-
toma or glioblastoma. Pilocytic astrocytomas are most often found 
in children in the fi rst decade of life and are located mainly in the 
cerebellum and chiasmatic/hypothalamic region. They are well-
circumscribed and generally considered as benign tumours (3, 4).

Cultures derived from adult human brain tissue are poorly 
characterized until now and are often termed “glia-like“ cells. 
This term was introduced to cover the predominant population of 
GFAP-negative cells in brain cultures (5). Recently, we demon-
strated the presence of “glia-like“ cells in short-term glioblastoma 
cultures (6). Here, we characterize the cultures from low-grade 
astrocytomas occurring in adults and children.

Materials and methods

Glioma specimens and tissue cultures
Glioma samples with a low and high WHO grade of malig-

nancy were kindly provided by the Department of Neurosurgery, 
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Derer’s Hospital, Bratislava. They were collected between 1993 
to 2011. Experiments with human brain biopsies were performed 
according to Slovak laws 272/1994, 76/2004, and approved by the 
Ethical Committee of UNB Bratislava. 

We cultured and examined low-grade gliomas. In this study 
we examined 9 cultures derived from pilocytic astrocytomas grade 
I (patients aged 4 to 16) and 15 cultures from fi brillary (diffuse) 
astrocytomas grade II (patients aged 28 to 61). Bioptic samples 
were cut into small pieces (explants) and seeded into uncoated 
plastic dishes (25 cm2). Culture medium consisted of MEM with 
glutamine, nonessential amino acids and 10% foetal calf serum 
(Sigma). Cultures were passaged using 0.2% EDTA and 0.25% 
trypsin. Cells used for immunofl uorescence staining were grown 
under the same conditions on uncoated glass coverslips. 

Immunofl uorescence 
Indirect immunofl uorescence using antibodies to GFAP (clone 

GF-01, 1:100, Exbio, Prague, and polyclonal sera to GFAP, 1:100 
(Dako) was performed in all the cultures in early passages. Cells 
grown on coverslips were rinsed with PBS, fi xed in methanol-
acetone (1:1) solution for 15 min at –15 °C. Secondary fl uores-
cein-conjugated antibodies were purchased from Sigma. Cells 
for indirect immunofl uorescence were incubated 1h with primary 
and 30 min. with secondary antibodies. Fluorescence microscopy 
was performed using an Olympus BX51 microscopy (Olympus, 
Germany).

 
Cell kinetics

Proliferation rates were determined in 3 pilocytic and 3 fi -
brillary astrocytoma cultures between passages 3 to 5. Growth 

curves were constructed from the counts of the harvested cells. 
For counting, we used the cells from two dishes within DIV 1 to 
5. Chamber cell counting was accomplished by enumerating 20 
marked microscopic fi elds.

 
Results

Morphology and immunofl uorescence staining of pilocytic and 
fi brillary tissue cultures 

Morphological properties of cultured glioma cells were exa-
mined with an inverse phase-contrast microscopy performed on 
living cells. All astrocytoma cultures contained neoplastic astro-
cytes bearing long and thin processes. These cells were specifi c 
mainly for fi brillary astrocytomas. They were found as single 
attached cells or outgrowing from small explants (Fig. 1A, B). 
Similarly, all the cultures contained spindle or fl at “glia-like“ 
cells. Both astrocytoma cultures contained areas of morphologi-
cally very heterogeneous cells. Here we demonstrate pilocytic 
astrocytoma culture at DIV 9 containing explant with astrocytic 
morphology (Fig. 1C) and a neighbouring explant with outgrowth 
of “glia-like“ cells (Fig. 1D).

The cultures during the passage number 2 were mostly com-
prised of “glia-like“ cells. Rarely there occurred small transported 
explants with a persistent outgrowing of neoplastic astrocytes (Fig. 
1E). Confl uent cultures in early passages contained mainly fl at 
cells. Only rarely there occurred astroglial small bipolar astrocytes 
(Fig. 1F). Astroglia-like cells had completely disappeared between 
the passage numbers 3 to 5.

Examination of astrocytoma cultures by immunofl uorescence 
was performed with antibodies to GFAP, considered the best marker
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Fig. 1. Morphological properties of living cells, phase-contrast microscopy. Fibrillary astrocytoma cultures: long and thin process-bearing cells, 
single attached (A) and a small explant at DIV 5 (B). Pilocytic astrocytoma cultures: explants with outgrowing of neoplastic astrocytes at DIV 9 
(C) and a neighbouring explant with outgrowing “glia-like“ cells (D). The cultures in passage number 2 contained fl at “glia-like“ cells and small 
explant with outgrowing of hairy cellular processes (E) or small bipolar cells overlaying fl at confl uent “glia-like“ cells (F). Scale bars: 100 um.
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for normal and neoplastic astroglial cells and used for diagnosis 
of gliomas. Recent studies showed that GFAP expression is infl u-
enced by astrocytoma grade and frequently lost with an increasing 
grade of glioma malignancy (7, 8). However, for low-grade glioma, 
GFAP always remains the best marker. Immunostaining for GFAP 
was performed in all the cultures and revealed a strong positive 
staining in all long and thin process-bearing cells. In addition, a 
variety of different morphological forms of GFAP-positive cells 
with poorly developed processes were present in a low percentage, 
mainly in fi brillary astrocytoma cultures (Fig. 2A, B). However, the 

majority of GFAP-positive cells showed a 
fi brous astroglial morphology (Fig. 2C, D). 
Specifi c for pilocytic astrocytoma cultures 
was the presence of hairy (piloid) cellular 
processes (Fig. 2E-H).

Cell growth 
Cells in astrocytoma cultures reached 

confl uency usually within 10 to 15 DIV af-
ter explants seeding. Population doubling 
time determined from the growth curves in 
three well proliferating fi brillary and pilo-
cytic cultures between the passage 3 to 5 
was approximately 24 to 36 hours. Within 
the passages 8 to 15, the cells in all the 
cultures showed a decreased proliferation 
following by cellular senescence. Any per-
manent cell growth was observed in these 
astrocytoma cultures. 

 
Discussion

In this report, we demonstrate the be-
haviour of tissue cultures prepared from pi-
locytic and fi brillary astrocytoma samples. 
The cultures contained high percentages 
of GFAP-positive cells bearing long and 
thin processes within 10 to 15 days after 
explants seeding. Only small morphologi-
cal differences were observed between both 
astrocytoma cultures. In pilocytic cultures, 
some GFAP-positive cells showed hairy 
processes. GFAP-negative fl at or spindle-
shaped “glia-like“ cells occurred in all the 
cultures. Similar cells with non-glial phe-
notypes were found in normal adult human 
brain cultures (9, 10). In addition, we re-
cently demonstrated the presence of normal 
“glia-like“ cells in glioblastoma cultures (6). 
Specifi c morphological features of astro-
cytic GFAP-positive and fl at GFAP-nega-
tive cells permit distinguishing between the 
neoplastic astrocytes and normal “glia-like“ 
cells. At increased passage number, “glia-
like“ cells became the predominant cell sub-

population in all the cultures and after the passage number 5, the 
cultures contained only “glia-like“ cells. All the cultures showed 
limited life spans and cellular senescence occurred between the 
passages number 8 to 15. 

A similar explant cultures of astrocytomas of different grades 
of malignancy has been examined by Kharbanda, 1993 (11). In 
their cultures, GFAP expression decreased over time in all cul-
tures irrespective of grading. In addition, they revealed the lower 
BrdU LI in glioblastoma multiforme in comparison to low-grade 
astrocytomas and suggested un unidentifi ed mechanism underly-
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Fig. 2. Indirect immunofl uorescence staining for GFAP. Fibrillary astrocytoma cultures: vari-
able morphology of GFAP-positive cells outgrowing from explant and GFAP-negative glia-like 
cells (A–B), GFAP-positive cells similar to fi brous astrocytes (C–D). Pilocytic astrocytoma cul-
tures: GFAP-positive processes outgrowing from explant (E–F) and cells with hairy processes 
specifi c for these tumours (G–H). Scale bars: 100 um.
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ing cell differentiation. These fi ndings match our observation. 
However, we explain the above-mentioned decrease in GFAP-
positive cells by overgrowth with GFAP-negative “glia-like“ cells, 
which in early passages may grow even more rapidly than glioma 
cells (6). Recently, we described the establishment of permanent 
glioblastoma cell lines in 2 of 30 cultures (12, 15). The remain-
ing cultures showed a limited life span and similar properties to 
low-grade astrocytoma cultures. The presence of “glia-like“ cells 
in glioma cultures may be explained by the infi ltrative growth 
of astrocytomas and glioblastoma into surrounding brain tissue. 
However, the cultures derived from well circumscribed pilocytic 
astrocytoma showed the presence of “glia-like“ cells similarly. 

Currently, the basic question of permanent cell growth from 
different cancer and/or normal tissue remains unanswered, largely 
because the recent studies revealed a high number of normal or 
cancer cross-contaminated cell lines (13, 14). Several permanent 
cell lines from low-grade gliomas were identifi ed as cross-contami-
nated mainly by the HeLa and some other classic cell lines (https://
iclacstaging.wpengine.com/databases/cross-contaminations/). In 
our laboratory, we were able to establish permanent cell lines only 
from glioblastoma tissue, with a rate of establishment of about 10 % 
(12), any permanent cell lines established from low-grade astro-
cytomas. To the best of our knowledge, the authentic permanent 
cell lines from low-grade astrocytomas have never been reported. 
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