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Summary. The effects of glia conditioned media on the 
survival and differentiation of embryonic neuron 
cultures of the Central Nervous System is described. We 
established glial cultures of peritumoral areas and the 
culture medium was changed serially and collected as glia 
conditioned medium (GCM). Neuron enriched cultures 
plated on poly-L-lysine coated Petri dishes and after 4 
days in vitro. the neuronal cultures were treated for the 
inhibition of glial cells. We established two 
groups of neuronal cultures that were respectively exposed 
to the GCM and to conventional culture medium. We 
evaluated the survival and differentiation of neuronal 
population in each group of cultures by contrast-phase 
microscopy and cellular uptake of Horse Radish 
Peroxidase. The cell cultures exposed to GCM showed a 
survival during the in vitro stages and an organization 
and differentiation pattern of mature neurons larger than 
the control cultures. This fact suggests that the glial 
cultures produce a diffusible neurotrophic factor that 
influences the neuronal response in vitro. 
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lntroduction 

There has been considerable acceptance of proliferation 
of glial constituents of the CNS through the life span of 
individual mammals (Biesold et al., 1976; Mares and 
Brueckner, 1978; Schultze and Korr, 1981; Korr et al., 
1983; Sinués, 1985). The neurons may respond to the 
stimuli capable of inducing neurotrophic effects and 
these could be mediated through either direct cell 
contact or the microenvironment (Sakellaridis et al., 
1986). Tissue culture techniques eliminate some of 
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the in vivo disadvantages and allow the study of 
individual factors that influence cell development. 
Primary cultures enriched in astroglial cells are an 
experimental model to study growth regulation in 
the CNS. Also, primary nerve cell cultures offer the 
possibility of choosing the brain region and the age of the 
animal at the time of cell seeding (Hansson, 1984). 

In this paper, the effects of glia conditioned medium 
(GCM) on primary nerve cell culture are described, after 
characterization of the glial cultures using cell specific 
marker. We evaluated the survival and differentiation of 
neurons by morphological patterns and the cellular 
uptake of Horse Radish Peroxidase as a neuronal 
marker. 

Materials and methods 

Material of glial cultures: Characterization 

Tissue adjacent in the white matter to glioblastoma 
multiforme was obtained from the operating room within 
a few minutes. Sections of 10 pm of this tissue were 
stained with H-E according to conventional method. 

This tissue was tested for the glial fibrillary acidic 
protein (GFAP), an astrocyte and immature oligodendrocyte 
marker (Choi and Kim, 1984). Fragments were frozen 
and stored before staining. Frozen sections 10 pm thick 
were fixed with 70° C acetone for 30 secs and then 
washed twice with PBS. The sections were then 
incubated with an antiserum to GFAP (a gift from Prof. 
A. Bignami, Harvard) at a dilution of 1:20. FITC- 
conjugated secondary antibody (Miles-Yeda, Lab.) was 
added at a dilution of 1:15 and the sections were viewed 
under a Leitz microscope with FITC interference (500 
nm) and filters. 

Glial cultures frorn hurnan periturnoral tissue 

The peritumoral tissue was washed with Hank's 
solution, minced into small pieces and digested with 
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0.125% trypsin for 15 min at room temperature, the cell 
suspension obtained was washed with F-12 medium and 
passed through a Pastcur pipette. The pelleted cells, 
without removing cellular microaggregates, wcre 
resuspended and placed in tissue culture flasks. Tnitially, 
F-12 medium, supplemented with 10% fetal bovine 
scrum (FBS), without antibiotics. was used. Cell cultures 
were incubated at 37" C in a humidified atmospherc of 
5% CO, in air 

Characterization of human glial cultures 

Morphology: The human peritumoral glia was grown 
on coverslips. After severa1 phases of proliferation (3-8 
days), i t  was washed with Hank's solution and fixcd for 
15 min in methanol, washed with distilled water and 
stained with H-E. The cells were dehydrated successively 
until finally reaching xylol. Coverslips werc mounted on 
slides and exarnined with a Leitz light microscope. 

Identification of GFAP: S h e  G F A P  was assayed by 
indirect immunofluorescence in cell cultures with 
succcssive stages of confluence. Cclls were fixcd with 
cold ethanollacetic a .  (95:s). The next steps were similar 
to step previously described for the peritumoral tissuc. 

Reactive glia-conditioined medium (GCM) 

The human astroglial cultures were changed to fresh 
serum-free F-12 when the cells reached confluence after 
5 days in vitro. Subsequently,,the cultures were serially 
changed twice a week and the GCM was collected and 
filtered through a 0.22 lirn filter. The GCM was frozen 
and stored at -20 " C prior to use. 

Neuronal primary cultures 

Neuron-enriched cultures were prepared according to 
the method of Dutton et al. (1981) by dissociation of 
cerebral hernispheres of 18-day fetal rats (Wistar strain). 
Following decapitation, the cerebral hemispheres were 
collected, pooled and cleaned of nieninges and blood 
vessels. Al1 dissociation media were based on Ca2+- free 
Earle's basic salt solution containing bovine serun1 
albumine (fraction V ,  Signia). glucose and MgSO,. The 
cell suspension was plated on 1.5 pgrlml of poly-lysine 
(Sigma) coated Petri dishes (35 mm. Nunc, Denmark). at 
a density of 105 cellslml. The culture niedium. Eagle's 
MEM, was supplied with 10% FBS. 30 mM glucose. 5 pgr 
insulinlml. 200mM L-glutamine, 25 mM K +  and 10-' M 
cytosine-arabinoside (Sigma). The cell cultures were 
incubated at 37" C in a humidified atniusphere with 95°/0 
air and 5% CO, 

Experimental culture conditions 

After the methodology above described, the neuronal 
cultures were divided into two groups. Each group of 
cultures was respectively exposed to the following 
media: GCM and Eagle's MEM. Tn both groups of 
cultures the medium was changed every 5 days. 

To determine the percentage of glial contamination, 
both groups of cultures were characterized on the 7th day 
using indirect immunofluorescence with GFAP antibody. 

We evaluated the survival and differentiation of 
neuronal population in each group of cultures by 
examination with a contrast-phase microscope every 24 h 
and cell uptake of H R P  (type VI, Sigma). The H R P  was 
dilluted in culture medium at 3%. After incubation the 
cultures were washed 3 times with PBS. fixed in 
methanol, rehydrated and stained with DAB (Sigma) 
according to the method of Eng and Rubinstein (1978). 

Resul ts  

Peritumoral tissue 

Pcritumoral areas in the white mattcr. stained with 
H-E, were characterized by numerous reactive 
astrocytcs. They wcre oriented along myclin fihers. By 
indirect immunofluorescence, reactive astrocytes were 
GFAP positive. They showed many processes with 
strong GFAP-expression (Fig. 1A). 

Characterization of glial cultures 

Morphology: The cell cultures showed morphological 
differentiation from the early stagcs in vitro. The 
logarithmic growth displayed stcllate cells with long 
processes linked tugether anct polygonal cells with 
bipolar processes (Fig. IB) .  The cells were frequently of 
different sizes and with one central nucleus with two or  
more nucleoli. In the next days of development the 
cultured astroglial cells formed a confluent monolayer 
(Fig. 1C). The majority were flat epithelial-like cells with 
large iiucleus and scanty cytoplasm and slight processes. 

Primary monolayer cultures expressed GFAP in 90% 
of the cells, with a characteristic fibrillary pattern 
(Fig. ID) .  Once the ¿ilmost confluent cultures were 
established, 7 days in vitro, the GFAP-expression 
appeared to be within cells usually showing a weaker 
homogeneous fluorescente than in the first days. Tlic 
GFAP-positive cells reached 100% in culture. 

Neuronal cultures. ldentification of neurotrophic factors 

In the neuronal cultures we observed that 
considerably less than 2% of the cells stuined positively 
with GFAP-antibody, a marker of astrocytes and 
immature oligodendrocytes. 

The morphological evolution of the primary neuronal 
cultures was evaluated by phase-contrast microscopy. In 
the first stages, 5 days in vitro we visualized cellular 
clusters made up of refracting cells attached to the 
culture dishes; later short filiform processes closely 
apposed to clusters had emerged (Fig. 2A). 

In order to determine the glia-dependent neurotrophic 
activity, after this initial period in culture, we evaluated 
the differences of neuronal survival and differentiation 
between the two groups of neuronal cultiires: After 
longer periods in culture. 40 days in vitro, the cultures 
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Fig. 1A. Peritumoral tissue. GFAP determination by indirect 
immunofluorescence. 1 Opm section. x 200 

Fig. 18. Astroglial culture, 3 days in vitro. H-E. x 100 

Fig. 1C. Astroglial culture, 9 days in vitro. Monolayer with mature 
astrocytes. Phase contrast microscopy. x 200 

Fig. ID. Astroglial culture, 6 days in vitro. GFAP-positives astrocytes. 
lndirect irnmunofluorescence. x 400 

Fig. 2A. Neuronal culture, 7 days in vitro. Neuronal cells with filiform 
processes. Phase contrast microscopy. x 200 

Fig. 28. Neuronal culture, 18 days in vitro. Cellular monolayer with 
bundle of axons. Phase contrast microscopy. x 100 

Fig. 2C. Neuronal culture, 10 days in vitro. HRP uptake. Neuron with a 
profuse neuritic network. x 400 

Fig. 2D. Neuronal culture, 18 days in vitro. HRP uptake. 
Morphological pattern of mature neurons. x 200 

- -  

exposed to Eagle's MEM showed a lower population of 
cells possessing neurites: cells identified as neurons. 

Both groups of cultlires showed a similar cellular 
differentiation pattern during the first days in culture. 
Beginning on the 5th day, a number of characteristics 
had been observed in the cultures exposed to GCM: 
cultures became composed predominantly of cells with 
neuritic hranchings that established a network together 
with the neuronal somas. In later stages of maturation, 
18 days in vitrci. the neuronal population showed dense 
neuron clusters with hundles of axons so that their 
microscopic image was similar to histological organization 
pattern (Fig. 2B). After a month in culture the 
microscopic control determined a greater number of 
adult neurons to the cultures exposed to GCM. This 
finding was ratified by the cellular uptake and neuronal 
transport of HRP: neurons with apparent nuclei with a 
subtle and very dense profuse neuritic network that in 
some areas was similar to fibers. (Figs. 2C, D) .  

We observed through our study a stahle morpholo- 
gical pattern in the cultures exposed to Eagle's MEM: 
cells with interconnected branching processes. These 
neuritic processes became increasingly complex: 
however, these cultures showed levels of development 
and differentiation considerably inferior to that of the 
cultures exposed to GCM. 

Discussion 

The astroglial cells play an important role for the 
function of the brain. Astroglia have been shown to act as 
K+ buffer (Waltz and Hertz, 1983). to participate 
in uptake and metabolism of amino acid transmitters 
(Hansson, 1984: Hansson et al., 1984) and to bear recep- 
tors for various neurotransmitters and neuromodulators 
(Van Calker and Hamprecht, 1980). Epigenetic factors 
involved in the regulation of neuronal plasticity may also 
be closely associated with the expression of glial cell 
function (Hansson, 1986). 

The microenvironment factors influence the growth 
and neuronal differentiation. So, in the cellular culture 

systems, a glial monolayer affects neuronal survival 
(Denis-Donini et al., 1984). However, the studies with 
references to CNS are limited (Schonfeld et al., 1981; 
Benfey and Aguayo, 1982: Kligman, 1982; Muller and 
Seifert, 1982). These studies suggest an in vivo role for 
peripherally derived factors in stimulating central 
neuron regeneration. Nerve growth factor (NGF) is a 
neurotrophic protein for sympathetic and some sensory 
neurons (Levi-Montalcini and Angeletti, 1986). In the 
CNS, mRNA of NGF (Shelton and Reichart, 1984) and 
a low leve1 of NGF (Korschcing et al.. 1985) have been 
detected, suggesting that NGF acts as a neurotrophic 
factor in the CNS as in the PNS. 

In this report, we suggest that reactive glia from 
peritumoral tissues, containing predominantly GFAP- 
positive protoplasmic astrocytes, produces diffusable 
neurotrophic factor(s) which promote survival and 
neurite out-growth from embryonic cerebral neurons in 
vitro. We are assuming that the input of fibrillary 
neuroglia. the most common reaction of the brain in the 
peripheral areas of gliomas (Schiffer et al., 1986), to the 
neuronal microenvironment is mediated in culture 
through the glia conditioned medium. 

In our study we based the establishment of pure 
neuronal cultures on: use of fetus chosen at a critical 
phase of early development. while there are many still 
immature neurons that possess ability to survive under 
tissue culture conditions and to differentiate; use of 
cytosine-arabinoside, a specific inhibitor of the DNA 
synthesis. to kill al1 still dividing cells at a critical time in 
the culture differentiation (Sotelo et al., 1980); and 
the plating surface and cell density. So, poly-lysine 
was essential for cell growth and neurite extension 
(Aizenman and de Vellis, 1987). 

The functional activity of the cultures exposed to 
GCM is shown by uptake and cellular transport of HRP; 
this inespecific neuronal marker shows a different 
intracellular pattern of distribution depending on glial or 
neuronal uptake. 

Furakawa et al. (1986) have found that astroglial cells 
cultured from the whole mouse brain svnthesize and 
secrete a material with NGF-like immunoreactivity 
(NGF-LI) into their culture medium, this material 
showed neurite outgrowth stimulatory activity. We 
propose that the GCM contain a diffusable neurotrophic 
factor(s) produced by GFAP-positive cells. 

It has been reported that the distribution of NGF and 
its mRNA is region-specific in the brain (Korshcing et 
al., 1985) and neutrophic factors have been described in 
the brain of developing or adult rats after injury to the 
nervous system (Nieto-Sampedro et al., 1982). So, the 
astroglial cells in different regions of the brain or in 
different levels of maturation produce neurotrophic 
factors as proper supply to neurons for their growth, 
survival and maintenance of function. 
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