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Coexpression of vimentin and glial fibrillary 
acidic protein in glial cells of the adult rat 
pineal gland 


López-Muñoz F, Calvo JL , Boya J, Carbonell AL. Coexpression of 
vimentin and glial fibriH ary aeidie protein in glial eells of the adult rat 
pineal gland. J. Pineal Res. 1992:12:145-148. 

Abstraer: In the present work , eoexpression of vimentin (VIM) and glial 
fibrillary aeidie protein (GFAP) is demonstrated in the glial eells of the 
adult rat pineal gland. Serial eonseeutive Epon semithin seetions (0 .5 
¡..tm thiek) were alternately immunostained for VIM and GFAP. GFAP 
positive eell s and proeesses were found in the proximal region of the 
pineal gland , near the pineal stalk. Most of these eells were al so 
immunostained for VIM in adjaeent semithin seetions. The signifieanee 
of the eoexpress ion VIM-GFAP and the restrieted loeation of GFAP 
positive eells is diseussed in relation with the maturation of pineal glial 
eells. 

Introduction 

Astrocytes contain two different types of interme
diate filament (IF) proteins, i .e., vimentin (VIM) 
[Dahl et al., 1981 ; Schnitzer et al., 1981] and glial 
fibrillary acidic protein (GFAP) [Eng et al., 1971; 
Bignami et al. , 1972]. Vimentin, initially consid
ered as characteristic for mesenchymal cells, has 
been described in several cells of the central nervous 
system including radial glia, inunature astrocytes 
and ependymal cell s [Dahl et al., 1981; Schnitzer 
et al. , 1981] . 

In the course of maturation , the expression of IF 
proteins in astrocytes shows a sequential change. 
Thus , VIM is initially expressed and later replaced 
by GFAP [Lagenaur et al., 1980; Schnitzer et al. , 
1981]. However, in sorne regions of the central 
nervous system such as the cerebellum, the retina , 
and the optic nerve, or in reactive astrocytes, the 
coexpression of both antigens has been demon
strated [Schnitzer et al., 1981; Shaw et al., 1981; 
Schiffer et al. , 1986; Takamiya et al., 1988; Calvo 
et al., 1990, 1991] . 

The pineal gland in rodents contains two types of 
parenchymal cells [Vollrath, 1981], pinealocytes, 
and a second cell type named the interstitial cell 

.lWolfe, 1965; Arstila, 1967] . The recent immuno
histoC( hemical demonstration of GFAP and VIM in 
this pineal cell type supports its glial nature [M011er 
et al., 1978; Schachner et al., 1984; Calvo et al., 
1988] . VIM immunoreactive cells are .evenly dis-
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tributed within the pineal parenchyma; however, 
GFAP express ion is confined to those glial cells 
located in the proximal region of the gland [Calvo 
et al., 1988]. 

The aim of the present work was to demonstrate 
the coexpression of these IF proteins in this pineal 
cell type using an immunohistochemical method on 
semithin serial sections [Calvo et al., 1990]. 

Materials and methods 

Twelve adult Wistar rats of both sexes were used in 
the present study . Animals were kept under routine 
laboratory conditions (light:dark 14:10) with free 
access to food and water . Rats were killed by 
decapitation under ether anesthesia , and the pineal 
gland was quickly removed and fixed by immersion 
in 2% g lutaraldehyde , 2% parafOlmaJdehyde in O. I 
M phosphate buffer , pH 7.4 at 4°C. After fixation , 
each g land was longitudinally divided into two 
halves and washed in phosphate buffer. Glands 
were embedded in Epon without previous osmifi
cation. Serial semithin sections (0.5 f..lm) were cut 
with a LKB ultramicrotome. Sections were etched 
for 20 min with sodium ethoxide, incubated in 
nonimmune swine serum and immunostained alter
natively for VIM and GFAP. VIM was detected by 
an indirect immunoperoxidase method, using a 
monoclonal mouse anti-human VIM antiserum 
(1 :50) . A peroxidase-antiperoxidase (PAP) tech
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nique was applied to detect GFAP using a poly
clonal rabbit anti-bovine GFAP (l :300). AlI anti
bodies were obtained from Dako Laboratories, 
Denmark. 

The occurrence of VIM and GFAP in the same 
cell profiles was studied examining serial immuno
stained sections with a camera lucida . 

Results 

GFAP immunostained celIs were found in the 
proximal third of the pineal gland near the pineal 
stalk (Fig. 1). GFAP immunoreactive cells were 
sparse, star-shaped, and were usualIy located near 
connective tissue spaces. Numerous strongly-GFAP 
immunostained cell processes, transversally or lon
gitudinally cut, were observed in this same region as 
well. 

VIM immunoreactive cells were uniformly dis
tributed throughout the pineal gland (Fig. 2). These 
cells showed a similar shape to GFAP immuno
positive celIs described aboye. VIM immunoreac
tive cross-sectioned processes, appearing as minute 
positive dots, were also frequently seen . The strong 
immunostaining of the glia limitans of the adjacent 
cerebral tissue constituted an intrinsic positive con
trol for both antisera. 

The study of serial semithin sections, immuno
stained alternatively for each antisera, confirmed 
the coexpression of VIM in most of GFAP immuno
stained structures of the proximal region (Figs. 3,4). 
VIM immunopositive and GFAP immunonegative 
cell bodies and processes were commonly found in 
all cases (Figs. 5,6), but the opposite pattem was 
only occasionally noted. 

Discussion 

According to our findings, GFAP and VIM are 
coexpressed in the same pineal cell type of the adult 
Wistar raL The method employed, using semithin 
serial sections (0.5 ¡.¡.,m), allowed us to compare 
accurately the expression of both antigens in the 
same cell. 

Several immunocytochemical studies have estab
lished the glial nature of the second pineal celI type . 
Thus , diverse glial cell markers, including GFAP, 
S-lOO protein, or VIM, have been demonstrated in 
several mammal species: humans [Papasozomenos, 
1983; Min et al., 1987], equines [Cozzi, 1986], 
bovines [Zang et al., 1985] and rodents [M011er 
et al., 1978; Schachner et al., 1984; Huang et al., 
1984; Calvo et al., 1988]. 

In the adult rat, glial pineal cells show differ
ences in their antigenic pattem depending on their 
location. Most of these cells express VIM and are 

uniformly dispersed within the gland [Calvo et al., 
1988]. VIM is considered a marker for immature 
cerebral glia [Dahl and Bi'gnami, 1986]. On the 
other hand, very sparse GFAP immunoreactive cells 
are located close to the pineal stalk. In contrast to 
VIM , GFAP is a characteristic IF protein for mature 
astroglial cells [Dahl and Bignami, 1986]. 

Developing astrocytes in the central nervous 
system initially express VIM and C 1 antigen, while 
GFAP and MI antigen are synthesized later in the 
course of differentiation [Schnitzer et al., 1981; 
Sommer and Schachner, 1981] . The modification of 
the antigenic profile occurs during the first 2 
postnatal weeks in astrocytes of the rodent's central 
nervous system. As a result, adult astrocytes are 
GFAP immunopositive and VIM immunonegative 
[Schnitzer et al., 1981; Pixley and De Vellis, 1984; 
Voigt , 1989]. Considering the different expression 
pattero of IF proteins in adult pineal glial cells , we 
suggest that the rat pineal gland exhibits a combi
nation of glial elements in diverse maturational 
phases. Since GFAP is only present in few cells, our 
findings support the hypothesis [Schachner et al., 
1984] of the immature character of most pineal glial 
celIs in adult rats. 

The topographic location of the gland and the 
presence of central nerve fibers are factors that may 
influence the extent of maturation of pineal glial 
cells. The level of penetration of commissural fibers 
into the pineal gland varies depending on species . 
Thus, in those mammals with a deep-seated pineal 
gland (type A) [Vollrath, 1981], these nerve fibers 
are widely dispersed throughout the gland (dog) 
[Matsuura et al., J983]; (primates and cat) [Nielsen 
and M011er, 1975]. However, pineal glands in 
rodents such as the rat [Kappers, J960; Reuss and 
M0lIer, 1986; Mikkelsen and M011er, 1990], the 
guinea-pig [Schneider et al., 1981], or the Mongo
lian gerbil [M011er , 1985; Mikkelsen et al., 1991] 
are located very superficiaJly (type C) [Vollrath, 
1981) and central fibers entering the gland through 
the pineal stalk are restricted to the proximal area . 
According to Tubahara [1955], corrunissural nerve 
fibers form the main innervation of the cat and the 
dog pineal glands, whereas sympathetic nerve fibers 
constitute the predominant innervation of the rat 
pineal gland . The possibility arises that central 
nerve fibers may induce the maturation of pineal 
glial cells. This hypothesis may explain why GFAP 
immunopositive mature glial ceUs are exclusively 
located in those areas where commissural nerve 
fibers are distributed. As these hypothetical stimuli 
would be more powerful in the central nervous 
system, they could induce an earlier and full mat
uration of brain astrocytes. 

The coexpression of VIM and GFAP has been 
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Fig, I,2. Serial semithin sections ol' the proximal region of the pineal gland immunostained for GFAP (Fig. 1) and YIM (Fig. 2), 
x 250, 
Fig. 3,4, Serial semithin sec tions showing the coex pression of GFAP (Fig. 3) and YIM (Fig. 4) in several glial pineal cells (arrows), 
x 620. 
Fig, 5,6, Seri al semithin sections immunostained for GFAP (Fig. S) and YIM (Fig. 6) . Some ce ll profiles coexpress both antigens 
(arrows). Scattered cell profiles are immunostained for YIM but not for GFAP (asterisks). X500, 

considered a sign of immaturity, and i t has been of pineal gland cells into astrocytes, such a stimulus 
repeat,edly demonstrated that during maturation, presumably would be weak in the rodern pineal 
astrocytes in the CNS express both IF proteins gland. This may account for the apparent relative 
[Pixley and De Vellis, 1984; Voigt, 1989]. Assum immaturity of the astrocytes of the rat pineal gland 
ing that commissural fibers elicit the tran,sformation even after adulthood. 
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