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The immunohistochemical expression of glial fibrillary acidic protein (GFAP) and vimentin (VIM) was studied in reactive astrocytes of tbe 
rat cerebral cortex 5 days after a brain injury. Seriated Epon semithin sections were irnmunostained aJternatively for GFAP or VIM. There
after, both antigens were detected in consecutive sections of the same cell . Bordering the wound, an inner reactive glial layer 300-350 ¡,¡rn 
thick, showed positive astrocytes with the two immunohistochernical techniques. In this layer, about 60% of the GFAP positive astrocytes 
were also positive for VIM. Outside the inner layer, only GFAP positive astrocytes could be found . 

Differentiating astrocytes show changes in the expres mine the co-expression of both proteins in normal astro
4sion of intermediate filament proteins . Thus, the radial cytes . The thinness of these sections (0.5 ,um) makes it 


glia and immature astrocytes are positive for vimentin possible to compare the immunostaining for both anti

(VIM) and lack of glial fibrillary acidic protein (GFAP)2, gens in consecutive sections of the same cel!o In the 

3,6,16,21 . In the course of the first two postnatal weeks a present study, we apply this method to demonstrate co

transition from VIM to GFAP takes place I3 ,16,21, where expression of GFAP and VIM in reactive astrocytes ap


by astrocytes in adult animals are usual!y positive for pearing around a brain stab wound . 

GFAP and negative for VIM . Eight Wistar rats aged 4 months were used for our 


During the transitional period, both VIM and GFAP study. Under ether anesthesia, a smal! incision was made 
can be co-expressed. This co-expression is a transient on the scalp. The skul! was dril!ed on a point located 5 

event for most astrocytes in the central nervous system mm behind the bregma and 3 mm to the right of the 
(CNS)13,15,21. Nevertheless, yet in the normal adult, as midline. A 3 mm-deep brain wound was made with a 
trocytes in specific locations including cerebel!um, ret sterile needle (1 mm thick) on the right cerebral hemi
ina, large tracts of myelinated fibers and optic nerve , still sphere. Animals were killed 5 days after the lesiono Un
co-express VIM and GFAp4,13,15 ,17. der deep ether anesthesia, rats were perfused with 2% 

GJiosis is the most common response to different in glutaraldehyde and 2% paraformaldehyde in 0.1 M phos
juries of the CNS. Numerous studies have demonstrated phate buffer, pH 7.4. Cubic tissue samples of 4-5 mm 
an enhanced express ion of GFAP in reactive astrocytes thick centered by the wound were obtained after the 
in lesions of different types1,2,S,10,1l,15,lS-20. Reactive as- perfusion. The most superficial part of the sample, cor
trocytes appear to recover the capacity to express VIM, responding to the cerebral cortex, was trimmed out in 
lost during normal development I3 ,14, 19. The co-expres four 1.5-2 mm-thick tissue blocks bearing the wound 
sion of GFAP and VIM has been described in reactive and neighbouring brain tissue. Tissue samples obtained 
astrocytes in different experimental models (brain wound from the left hemisphere at the same level of the wound 
in neonatal rats13, laser-induced brain necrosis and brain were used as non-lesioned controls. Tissue blocks were 
tumors induced by ethylnitrosourea14). In these models, embedded in Epon without postfixation in osmium 
the co-expression has been described only in astrocytes tetroxyde, and oriented with the wound track perpen
abuting the necrotic areas 13 ,14. dicular to the section planeo Five sets of 10 consecutive 

We have used immunohistochemical techniques to de semi-thin sections 0.5 ,um thick were obtained from each 
tect GFAP ~nd VIM on consecutive Epon embedded block. Alternative sections were immunostained for 
semithin sections of optic nerves of adult rats to deter- GFAP and VIM as described previousll. 

Correspondence: J. Boya Vegue, Departrnent of Histology, Faculty of Medicine, University Complutense, 28040 Madrid , Spain. 
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Figs. 1-6. Figs . 1 and 2: low-power magnification of consecutive semi-thin sections of rat cerebral cortex showing the wound track (asterisk) 
and the adjacent nervous tissue immunostained for GFAP (Fig. 1) and for VIM (Fig. 2). The positive band is thicker when immunostained 
for GFAP than for VIM. Magnification 55 x. Figs. 3 and 4: high-power view of the reactive glial band immunostained for GFAP and VIM. 
Profiles immunostained for GFAP outweigh those irornunostained for VIM. Magnification 120x. Figs . 5 aod 6: high-power magnification of 
reactive astrocytes immunostained for GFAP (Fig. 5), and for VIM (Fig. 6) showing the expression of both antigens in consecutive sections 
of the same cells. Magnification 300x. 
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Reactive astrocytes around the brain wound showed a 
positive immunostaining for both antigens studied. In 
both cases, the strongest concentration of irnmunostained 
profiles corresponded to the area closest to the lesion, 
fading beyond this limit (Figs. 1-2). The width of the 
immunopositive band varies with the antigen studied. 
Two regions could be distinguished according to their 
immunoreactive pattern: (i) Inner zone, accounting for 
the first 300-350 .um from the wound limit, showing a 
positive immunostaining for both, VIM and GFAP, in 
reactive astrocytes. (ü) Outer zone, only immunostained 
for GFAP. The width of this region was considerably 
greater than that of the inner zone. GFAP+ astrocytes 
were frequently found over a11 the surface of sections. 
Thus, the border of the outer region seemed to faH be
yond the tissue block. Neither GFAP+ nor VIM+ astro
cytes were seen in the cerebral cortex of the control left 
hemisphere. 

The pattern of immunostaining of inner regions of 
consecutive sections immunostained for GFAP and VIM 
was similar, though the amount of GFAP-positive pro
files was always larger (Figs. 3-6). To determine the ex
tent of the co-expression phenomena, the somata of im
munopositive astrocyte of the inner zone were marked 
in photographic prints of consecutive tissue sections. Re
sults showed that about 60% of GFAP+ -reactive astro
cytes of the inner zone were also VIM+, while the re
maining 40% only expressed GFAP. Astrocytes positive 
for VIM but negative for GFAP were not observed. 

According to our results, reactive astrocytes appear
ing in the cerebral cortex 5 days after a brain stab 
wound, express GFAP and VIM. The present study was 
done on gray matter to achieve a more accurate identi
fication of changes in the glial antigen expression of re
active astrocytes. Though detected in sorne astrocytes of 
the white matter4

,16,17, VIM-positive astrocytes have not 
be en described in the cerebral cortex of adult rats. On 
the other hand, protoplasmic astrocytes of the normal 
cerebral cortex do not express GFAp7 

,9-11. The study 
was performed at the 5th postlesional day, which accord
ing to several studies accounts for the time of the max
imal glial reactionS- 11 ,20. 

Our results confinn the increase in the expression of 
GFAp1,2 ,S, 1O, 1l,15,lS-20 and the appearance of positivity 

for VIM13,14,19 in reactive astrocytes after the brain in
jury. The co-expression of GFAP and VIM on reactive 
astrocytes has been studied in stab-wounded brains of 
neonatal rats13 and in the glial reaction around laser in

1 Anders, J .J. and Johnson, J.A ., Transection of the rat olfac
tory nerve increases glial fibrillary acidic protein immunoreac
tivity from the olfactory bulb to tbe piriform cortex,. GUa, 3 
(1990) 17-25. 

duced brain necrosis and around experimental tumours14 
. 

Both investigations used a double immunostaining on 
cyrostat or paraffin sections. 

In our study, consecutive semi-thin sections 0.5 .um 
thick have been immunostained alternatively for GFAP 
and VIM. Our technique allows a great resolution to es
tablish comparisons among the expression of both anti
gens . According to our results, confirming previous stud
ies 13

, 14, the reactivity against VIM is more restricted 
than for GFAP. An immunopositive band of 300-350,um 
thick appears surrounding the wound. In this regíon, 
60% of the astrocytes express both VIM and GFAP, 
while the remainder is positive only for GFAP. The 
lesser proportion of VIM-positive astrocytes compared 
to the population of GFAP-positive astrocytes has been 
highlighted by other authors13

,14 ,19, though not quanti
fied. 

The genesis of reactive astrocytes as a result of hyper
trophy or hyperplasia is still under discussion. Mitosis 
has been described in reactive astrocytes surrounding the 
brain wound5 

. Autoradiography using tritiated thymi
dine shows labeJling of reactive astrocytes9 ,1l,12. The co
expression of GFAP and VIM on reactive astrocytes 
could be interpreted as a sign of immaturity of these 
ce11s, indirectly supporting their origin from a recent mi
tosis. Actua11y, developing astrocytes in the first two 
postnatal weeks can co-express both antigens13

,16,21. 

However, several facts contradict this idea. Autoradio
graphic studies with tritiated thymidine demonstrate a 
low labeling index of reactive astrocytes9

,1l ,12 . Using the 
'cumulative labelling' method, i.e. counting after repet
itive injections of tritiated thymidine for 6 days after the 
brain lesion, only 17% of reactive astrocytes were la
belled ll 

. AH these data suggest that the majority of the 
reactive astrocytes mainly derive from the hypertrophy 
of pre-existing astrocytes. Thus, newly formed astrocytes 
should represent a minority. According to DaW and Big
nami2 

, after a cerebral wound, protoplasmic astrocytes 
of the gray matter show a considerable increase in the 
expression of GFAP, becoming fibrous astrocytes. In our 
material, reactive astrocytes frequently showed hyper
trophic somata and thick ceH processes, showing a mor
phology rather resembling fibrous astrocytes of the white 
matter. The co-expression of GFAP and VIM on reac
tive astrocytes can also be considered in support of this 
idea since various studies have demonstrated such co
expression in fibrous astrocytes of the white matter of 
nonnal adult animals4 ,16,17. 

2 Bignami, A. and Dahl, D ., The astroglia response to stabbing: 
immunofluorescence studies with antibodies to astrocyte-specific 
protein (GFA) in mammalian and submammalian vertebrates, 
J. Neuropathol. Appl. Neurobiol., 2 (1976) 99-110. 
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