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CELL CULTURE

Short-term glioblastoma cultures may contain normal 
“glia-like“ cells
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ABSTRACT
OBJECTIVES: Currently used glioblastoma cultures have many disadvantages and are being replaced by 
short-term cultures. However, these may include normal brain cells.
BACKGROUND: A comparative model of normal and glioma cultures is lacking. A signifi cant contributory 
factor is because cultures from adult human brain contain small amounts of cells with glial phenotypes. The 
predominant population of fl at or spindle shaped cells does not express glial markers and are often termed 
as “glia-like“. 
METHODS: Cryopreserved glioblastoma cultures from 28 bioptic samples were examined by 
immunofl uorescence using antibodies to intermediate fi laments (IF): glial fi brillary acidic protein (GFAP), 
cytokeratins (CK), nestin (Nes), vimentin (Vim) and neurofi laments (NF).
RESULTS: In short-term glioblastoma cultures GFAP-positive cells occured at higher percentages in 3/28 
cultures and in lower percentages in further 5 cultures. Subpopulation of nestin positive cells were observed in 
all cultures and CK-positive cells were found in 25/28 cultures. All cells in all cultures were positively stained 
only for vimentin and negatively for NF. Cells grew slowly in 5 cultures which showed early proliferation arrest 
between passages 7 to 8. A further 23 cultures showed growth arrest by passages 10 to 15. 
CONCLUSION: The presence of normal cells in short-term glioblastoma cultures may be caused by the 
infi ltrative growth of these tumors. Our comparative analysis of morphological, growth and cytoskeletal 
properties revealed similarities between glioblastoma and normal brain cultures. In this study, the majority 
(28/30) of short-term glioblastoma showed limited life spans, similar to normal cells lacking spontaneous 
immortalization. The use of short-term glioblastoma cultures has two main problematic areas: cultures 
may contain a major subpopulation of normal “glia-like“ cells; or they may contain the inital phases of 
spontaneously immortalized glioblastoma cells bearing properties of permanent cell lines (Tab. 1, Fig. 2, 
Ref. 19). Text in PDF www.elis.sk.
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Introduction

Glioblastoma multiforme (GBM) is the most aggressive and 
intractable form of primary brain tumor, with remarkable inter- 
and intra-tumral heterogeneity. Progress in glioblastoma treatment 
requires improved understanding of intra-tumoral heterogeneity, 
in particular. GBM cell lines are often used in studies of glioma 
biology and to test potential therapeutic targets. However, the use 
of these cell models is problematic in several aspects: scientists 
of Uppsala University (whence the U-series of GBM cell lines 
originate) discovered that the DNA profi le of one of the most 

profi lic examples, U87MG, supplied by American Type Culture 
Collection (ATCC) was quite different from the original tumor. 
Hence, the validity of U87MG samples has been compromised 
due to misidentifi cation. This bugbear of cell culture – cell line 
cross-contamination (CLCC) – is now known to be widespread 
and chronic (1). The recent publicity given to CLCC (2) together 
with the convenience of authentication by DNA profi ling and 
availability of reference profi le databanks should help mitigate 
this problem. Accordingly, the need for new GBM cell lines with 
well attested provenances and, ideally, reference tumor DNA/
RNA remains acute. Further problematic areas in studies using 
continuous glioblastoma cell lines are: cryptic contamination with 
mycoplasma with infl uence on cell growth (3); and, the validity of 

Cultures GFAP Nes CK Vim NF
NB 0-0,1        20-30       0-70 100      0
GBM 0-70         30-40       0-60      100      0

Tab. 1. Indirect immunofl uorescence staining for IF. The percentage 
of positive cells in normal brain (NB) and glioblastoma multiforme 
(GBM) cultures.
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GBM cell lines to represent given molecular subtypes of primary 
human gliomas (4, 5). Several investigations have attempted to 
circumvent the above-mentioned problems by using short-term 
glioblastoma cultures. 

Brain cell cultures derived from patients with non tumoral 
diagnoses have remain poorly defi ned. They are often termed as 
“glia-like“ cells based on some morphological similarities to as-
trocytes. However, these cells do not express the critical marker 

Fig. 1. Morphological features of living cells, phase-contrast microscopy. Normal adult human brain cultures (A–C): Astrocyte overlaying fl at 
“glia-like“ cells (A); ameboid microglia with grainy cytoplasm, and spindle shaped “glia-like“ cells (B); confl uent layer of “glia-like“ cells (C). 
Glioblastoma short-term cultures (D–F): area of cells with astroglial mophology (D), spindle shaped (E) and fl at cells (F). Scale bar 100 μm.
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Fig. 2. Indirect immunofl uorescence staining for IF. Normal human brain cultures (A–C): GFAP-positive astrocyte (A), CK–positive (B), and 
nestin-positive “glia-like“ cells (C). Glioblastoma short-term cultures (D–F): GFAP-positive (D), CK-positive (E), and nestin-positive cells (F). 
Nuclei stained with Hoechst. Scale bars: 100 μm.
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GFAP (6, 7, 8). In this study we compared the morphological, 
growth and cytoskeletal properties of glioblastoma and normal 
human brain short-term cultures.

 
Materials and methods

Cell cultures
Glioblastoma samples were kindly provided by the Depart-

ment of Neurosurgery, 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 Bratisla-
va. Bioptic samples were cut into small pieces and seeded in 
uncoated plastic dishes (25 cm2). Culture medium consisted of 
MEM with glutamine, nonessential amino acids and 10% fetal 
calf serum (Sigma). Primary cultures and/or the cells in early 
passages were cryopreserved in liquid nitrogen. We recultured 30 
cryopreserved glioblastoma cultures (from donor patients aged 39 
to 74 years). From these cultures two permanent cell lines were 
established (170-MG-BA and 538-MG-BA). The remaining cul-
tures showed limited life span. Cultures were passaged using 
0.2 % EDTA and 0.25 % trypsin. Cells used for immunofl uores-
cence staining were grown under the same conditions on uncoated 
glass coverslips.

Immunofl uorescence 
Indirect immunofl uorescence using antibodies to IF was per-

formed in all 28 cultures. Cells grown on coverslips were rinsed 
with PBS, fi xed in methanol-acetone (1:1) solution for 15 min at 
–15 °C. We used the following antibodies: against GFAP, clone 
GF-01, 1:100 (Exbio, Prague), and polyclonal sera to GFAP, 1:100 
(Dako); to vimentin clone V9, 1:100 (Sigma, Germany); to cy-
tokeratins monoclonal anti-pan CK types: 1,4,5,6,8,10,13,18,19 
(Sigma); to neurofi laments clone NF-01, 1:100 (Exbio); to nes-
tin clone 25, 1:50 (BD Biosciences, USA) and polyclonal sera to 
nestin 1:100 (Millipore, USA). Secondary fl uorescein-conjugated 
antibodies were purchased from Sigma and Sevapharma (Prague). 
Cells for indirect immunofl uorescence were incubated 1h with pri-
mary and 30 min. with secondary antibodies. Nuclei were stained 
with Hoechst 33258 fl uorochrome (5 μg/ml in PBS, Sigma) for 
1 min. To determine the percentage of immunoreactive cells, 30 
fi elds were enumerated at 200x magnifi cation, equally distributed 
over the coverslips fi xed at different DIV and passage numbers. 
Fluorescence micoscopy was performed using an Olympus BX51 
microscope (Olympus, Germany).

Cell kinetics
Proliferation rates were determined in three well prolifer-

ating cultures between passages 5 to 8. Growth curves were 
constructed from counts of the harvested cells. For counting 
we used the cells from three dishes within DIV 1 to 5. Cham-
ber cell counting was accomplished by enumerating 20 marked 
microscopic fi elds.

Results

Morphology of normal and glioblastoma tissue cultures
Cultured cells were assessed with inverse phase-contrast mi-

croscopy performed on living cells (Fig. 1A–F). Morphological 
features of primary normal adult human brain cultures are de-
scribed in our previous study (8). Briefl y, the cultures contained 
the following morphologically distinct cell types: astrocytes (0–0.1 
%), cells with long and thin processes (Fig. 1A); microglia/mac-
rophages (2–5 %), ameboid cells with grainy or vacuolated cy-
toplasma Fig. 1B; and “glia-like“ cells (95–98 %), fl at or spindle 
shaped cells (Fig. 1A–C). Glioblastoma cultures contained mainly 
fl at and spindle shaped cells (Fig. 1E, F). Only several cultures in 
early passages contained areas of cells with astroglial morphol-
ogy (Fig. 1D). 

Immunofl uorescence staining
All short-term gliobastoma cultures were examined for GFAP, 

vimentin (Vim), cytokeratins (CK), nestin (Nes) and neurofi la-
ments (NF). The results of indirect immunofl uorescence stain-
ing are summarized in Table 1 which, for comparative analysis, 
includes previously published immunostaining on normal adult 
human brain cultures (8, 9) (Fig. 2A–C). In glioblastoma cultures 
the GFAP-positive cells (50–70 %) occurred in 3/28 and at lower 
percentages (5–10 %) in further 5 cultures. Staining revealed the 
morphological variability of GFAP-positive cells (Fig. 2D). The 
number of GFAP-positive cells decreased subsequently, and com-
pletely disappeared in all cultures during passages 7 to 10. CK were 
expressed in 25/28 at 1–60 % (Fig. 2E), while nestin was present 
in all cultures at 30–40 % (Fig. 2F).

Cell growth
Cells in short-term glioblastoma culture grew slowly in 5 cul-

tures which showed early proliferation arrest between passages 7 
to 8. A further 23 cultures showed growth arrest by passages 10 
to 15. Population doubling times determined from growth curves 
in three well proliferating cultures between passage 5 to 8 and 
were approximately 30 to 36 hours. The cell growth was con-
tinuous without lag-phase which we described in glioblastoma 
cell lines (10).

Discussion

Recently we cultured 30 bioptic samples from GBM patients. 
From these samples we succeeded in establishing only two continu-
ous cell lines, named as 170-MG-BA and 538-MG-BA (10). The 
remaining 28 cultures showed only limited life spans and ceased 
to grow between passage numbers 7 to 15. In this study these cul-
tures were analysed in comparison with our previous fi ndings on 
normal human brain cultures (8, 11). Predominant cell populations 
in 25/28 non-immortalized glioblastoma cultures comprised mainly 
fl at or spindle shaped cells and only the remaining three contained 
higher percentages of cells with thin and long processes typical 
of astroglial cells. Immunofl uorescence staining with antibodies 
against IF showed distinct subpopulations of GFAP, nestin or cy-
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tokeratins positive cells. All cultured cells were positively stained 
only for vimentin and negatively for neurofi laments.

GFAP is considered to be the best marker for astroglial cells 
and astroglioma cultures, such as glioblastoma. However, most 
permanent human glioblastoma cell lines stain negatively for 
GFAP or lose GFAP expression after several passages (10, 12). 
Here, a high percentage of morphologically variable GFAP-posi-
tive cells were observed in 3/28 cultures but only rarely in a fur-
ther fi ve cultures. However, GFAP-positive cells disappeared with 
increasing passage numbers in all cultures. CK are specifi c for 
normal and neoplastic epithelial cell differentiaton. But CK have 
also been reported in glioma tissue and cultures (13, 14, 15). In 
this study CK-positive cells were present in 25/28 glioblastoma 
cultures at various percentages. Previously we described the un-
expected presence of CK in 8/10 human brain cultures where 0.1 
to 70 % of “glia-like“ cells positively stained with monoclonal 
anti-pan CK antibodies (9). Celullar dediferentiation is hallmark 
of cancer cells, however, CK expression in cultured normal brain 
cells is a sign of cellular dedifferentiaton which recapitulates the 
ectodermal origin of brain tissue. Nestin is currently considered 
as marker for neural stem cells (16). Here, nestin was found in 
all normal and glioblastoma cultures at approximately similar 
percentages.

The above-mentioned immunostaining, growth and morpho-
logical properties of glioblastoma cultures are comparable with 
the fi ndings on normal adult human cultures prepared from brain 
tissue of patients with non-malignant diagnoses. Normal cultures 
contained only minor populations of morphologically distinct glial 
cell types (2 to 5 %) expressing specifi c markers accompanying a 
predominant population of GFAP-/vimentin+ “glia-like“ cells (8). 
Similarly in normal “glia-like“ and glioblastoma cultures the cells 
expressed nestin or cytokeratins at various percentages (8, 9). Dif-
ferences were observed only in percentages of GFAP-positive cells. 
Normal adult human brain cultures always contained only small 
amounts of GFAP-positive cells which disappeared over several 
passages. GFAP-positive cells occurred at high percentages only 
in several glioblastoma cultures and as in normal cultures they 
disappeared by increased passage number. 

Poor therapeutic outcomes in GBM demand new therapeutic 
approaches, more profound knowledge of glioma biology and 
optimalization of available cell models. Currently used glioma 
cell lines have critical disadvantages and are being replaced by 
short-term cultures defi ned as cultures surviving greater than three 
passages (17). Because of the high infi ltrative potential of GBM, 
it is necessary to distinguish the normal from glioblastoma cells 
in a short-term cultures. Our results showed that mophological 
growth and IF immunostaining failed to demonstrate tumoral ori-
gin for short-term cultures. 

A similar molecular profi le has been described in short-term 
cultures and corresponding glioblastoma tissue (18). They exam-
ined four cultures with rapid and stable cell growth when cells at-
tained at least ten passages. However, these cultures were selected 
from 36 short-term cultures. These fi ndings correspond with our 
previous results demonstrating establishment of two permanent 
glioblastoma cell lines from 30 short-term cultures. Both cell lines 

originated during passage numbers 3 to 5 when there appeared ar-
eas of more rapidly proliferating cells which overgrew the remain-
ing cells (10). We propose that in the afore- mentioned study (18) 
four short-term cultures were actually nascent continuous glio-
blastoma cell lines. As well as mutations of PTEN, TP53, EGFR, 
PIK3CA, PIK3R1, NF1, RB1, IDH1 and PDGFRA, Brennan et al. 
(19) reported a high incidence of alterations affecting the EGFR 
locus, of which the well known EGFRvIII subtype comprised 11 
%. In view of the limited availability of informative cytogenetic 
data, there is much scope for subjecting GBM cell lines to such 
molecular genetic analyses when attempting to characterize GBM 
cells at different stages of culture.
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