THE JOURNAL OF COMPARATIVE NEUROLOGY 295:569-579 (1990)

Glial Fibrillary Acidic Protein and
Vimentin Immunohistochemistry in the
Developing and Adult Midbrain of the
Lizard Gallotia galloti

M. MONZON-MAYOR, C. YANES, M.S. GHANDOUR, J. DE BARRY, anp G. GOMBOS
Departamento de Histologia, Colegio Universitario de Las Palmas (Division de Medicina),
Universidad de Las Palmas de G.C. 35080 (M.M-M.), Departmento de Biologia Celular,
Facultad de Biologia, Universidad de La Laguna, Tenerife (C.Y.), Canary Islands,
Spain 38206; Centre de Neurochimie du C.N.R.S. and U 44 INSERM, 67000
Strasbourg, France (M.S.G., J.D.B., G.G.)

ABSTRACT

The distribution of glial fibrillary acidic protein (GFAP)- and vimentin-containing cells was
studied by immunohistochemistry in the midbrain of the lizard Gallotia galloti. At embryonic
stage 32 (E32), vimentin immunoreactivity appeared first in cell bodies located in the ventricular
walls, in radial fibers, and subpial end-feet and increased in these structures until E34/E35.
Faint GFAP immunoreactivity gradually appeared in the same structures between E34 and E37,
and this increased until adulthood, whereas vimentin immunoreactivity decreased after E35,
becoming limited to a few end-feet and fibers in the adult, mainly in the tegmentum. Thus, in
developing Gallotia midbrain a shift from vimentin-containing to GFAP-containing intermedi-
ate filaments begins around E36 or E37. At E40, in addition to the cell bodies in the ependymal
area, dispersed GFAP-positive cells, possibly immature astrocytes appeared. These cells showed
the same shift. In the adult lizard, GFAP-positive radial glia are still present and coexist with
GFAP-positive astrocytes, which are prefentially located in the marginal optic tract and the
oculomotor nuclei, but are absent in the fasciculus longitudinalis medialis. Optic tectum,
pretectum, tegmentum, and isthmic nuclei are the areas richest in GFAP-positive radial fibers:
these were much less abundant in the deep mesencephalic nuclei. Thus, in this lizard,
GFAP-positive astrocytes display a clear cut regional distribution: they are present in
mesencephalon, whereas they are absent in telencephalon (Yanes et al.: J. Comp. Neurol.,
'90:295:559-568.
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Radial glia is phylogenetically the most primitive type of
glia (Kruger and Maxwell, ’66; Friede et al., ’69; Schachner
et al. "77; Polak et al., ’82; Onteniente et al., 83; Miller and
Liuzzi, '86) and is the first to appear during ontogeny
(Ramoén y Cajal, ’11; Levitt and Rakic, ’80). In mammals it
disappears during development and, thus, is absent in the
adult (Choi and Lapham, ’78, ’80; Schnitzer et al., ’81;
Franke et al., "82; Choi et al., '83; Pixley and De Vellis, ’84),
whereas in nonmammalian vertebrates radial glia is still
present in the adult (Achucarro, ’15; Ebner and Colonnier,
75).

Comparative studies on glial cells in the CNS of different
animal species might thus help to clarify some questions,
including that concerning the suggested origin of astrocytes
from radial glia. But before addressing such questions, a
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characterization of the glial system in the chosen lower
vertebrates is necessary. In order to characterize glial cell
development in the lizard Gallotia galloti, we used immuno-
histochemistry with antibodies directed against either glial
fibrillary acidic protein (GFAP), a protein specific for
gliofibrils (Eng et al., *71; Bignami et al., *72, ’80; Dahl and
Bignami ’73; Schachner et al., '77; Eng and Bigbee '78;
Ghandour et al., '79, ’83; Eng ’80; Levitt and Rakic ’80;
Levitt et al., ’81; Shaw et al., ’81; Choi et al., ’83; Onteniente
et al., '83; Bullon et al., ’84; Dahl et al., '85; Didier et al., ’86),
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or vimentin, a protein present in intermediate filaments of
many cells (Bennett et al., *78a,b; Franke et al., *78, *79;
Starger et al., '78; Lazarides, ’80, ’82; Ramaekers et al., '80;
Dahl et al., ’81; Gabbiani et al., ’81; Bignami et al., ’82;
Paulin et al., ’82; Schachner et al., ’82; Cochard and Paulin,
'84; Pixley and De Vellis, ’84). We have shown that in the
telencephalon of this lizard radial glia is present in the
adult. At the same time scattered GFAP-positive astrocytes
are absent (Yanes et al., *90, this issue), whereas in other
adult reptiles radial glia co-exists with typical astrocytes.
During development of the lizard telencephalon, radial glia
shifts from vimentin positivity to GFAP positivity.

In the present paper we show that in Gallotia mesenceph-
alon GFAP-positive astrocytes are present. Thus we observe
two different situations in the central nervous system (CNS)
of the same animal, each described, so far, in different
species.

MATERIALS AND METHODS

The experimental methods and the material used were as
described in Yanes et al (’90, this issue).

RESULTS
Vimentin-like immunoreactivity

A relatively moderate anti-vimentin immunoreactivity is
already detectable in the midbrain marginal and ventricular
zones (Fig. 1a) at embryonic stage 32 (E32). At E33, a
stronger immunoreactivity is present in the anlage of pretec-
tum, optic tectum, and tegmentum (not shown). At E34—
E35, the immunoreactivity in the same areas increases:
abundant immunofluorescent end-feet are detectable in the
marginal zone, whereas an immunofluorescent palisade of
radial processes spreads through the intermediate zone from
the ventricular zone (Figs. 1a, 2a). Between these immuno-
fluorescent fibers, immunonegative cells (possibly migrating
neurons) are stacked up (Fig. 2¢). The intensity of immuno-
fluorescence, highest at K35 for the whole midbrain (Fig.
1a), progressively decreases from E36 to E40 except for the
subpial end-feet, which remain intensely fluorescent (not
shown). At E40, immunofluorescent radial processes and
perivascular end-feet are still visible in the optic tectum and
in the tegmentum (Fig. 1b). At hatching (Fig. 1¢) and early
postnatal ages some immunofluorescence is still present in
the basal zone of pretectum (Fig. 3a) tegmentum and optic
tracts.
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In addition to the vimentin-like immunoreactivity in
fibers and end-feet described above, vimentin-positive cell
bodies were observed in the periventricular, intermediate,
and marginal zones from E34 to E40 (Fig. 2b,c).

In the adult midbrain, vimentin-positive cell bodies are
absent, but vimentin-positive perivascular end-feet and
fibers can be observed mainly in the tegmentum (Fig. 3b).

GFAP-like immunoreactivity

During development. The earliest expression of GFAP
was detected at E34 as a weak immunofluorescence in cell
somata and end-feet in the ventricular zone (not shown).

At E37, when anti-vimentin immunofluorescence is al-
ready decreasing, anti-GFAP immunofluorescence increases
and other GFAP-immunoreactive structures such as perivas-
cular processes and additional astrocyte somata appear in
the superficial layer of the optic tectum (Fig. 1a’).

The immunofluorescence due to the presence of GFAP in
periependymal glial cell bodies, radial processes, and end-
feet in the optic tectum, tegmentum, and pretectum contin-
ues to increase from E38 to E40 (Figs. 1b/, 2d, 3c) and
hatching (Figs. 1¢/, 3d), while that of astrocytes remains
weak.

At the fifth postnatal day a stronger GFAP immunofluo-
rescence was observed in the periependymal glia at the level
of isthmic nuclei (not shown), in subpial end-feet in the
tectum, pretectum, and tegmentum (Fig. 3e), and in perivas-
cular end-feet at the level of the oculomotor nuclei (Fig. 3f).

In adult lizards. The most evident GFAP-positive
processes in the adult Gallotia midbrain are fibers coursing
between an intense rim of GFAP immunoreactivity within
the ventricular walls (Figs. 5a, c, e, 6a—c) and in the subpial
“glia limitans” (Figs. 5a, b, d, 6a) or the blood capillary walls
(perivascular end-feet) (Fig. 5¢) in all regions. Observations
at higher magnification with interference contrast optics
suggest that these fibers originate from cell bodies with
perinuclear immunoreactivity localized in the ependymal
layer (Fig. 5e). These perikarya probably correspond to the
“periependymal radial glia” described by Achucarro ('15).
These cells together with their fibers constitute the “radial
glia” first described by Magini (1888) and more recently
defined by Rakic (*71). Neither GFAP-positive somata nor a
GFAP-positive plexus were observed in the subependymal
layer. The fibers originating from the proliferative zone in
the sulcus limitans are particularly interesting, since some

Abbreviations

A aqueduct (see also below under “V”)
bv blood vessel

EF end-feet

film fasciculus longitudinalis medialis

Tc n. isthmi, pars magnocellularis caudalis
Ip n. interpeduncularis

Ir n. isthmi, pars magnocellularis rostralis
Isp n. isthmi, pars parvocellularis

1Z intermediate zone

MZ marginal zone

nllT n. oculomotorius

nlV n. trochlearis

nv n. nervi trigemini

opt n. opticus tegmenti

oT optic tectum or tectum mesencephali (= colliculus anterior)

ot optic tract

pm pia mater

pr n. profundus mesencephali

PT pretectum

rub n. ruber

sl sulcus limitans

TS torus semicircularis (= colliculus posterior)

TZ tegmental zone

v ventricle. Notice that in reptiles the medial ventricular cavity

extends more caudally than in mammals. The ventricular space
anterior to the commissura posterior corresponds to the III ven-
tricle which thus extends caudally as far as the pretectum. Cau-
dally to the commissura posterior the ventricular cavity becomes
Y-shaped and takes the name of “mesencephalic ventricle.” At
the level of nIV the mesencephalic ventricle narrows down into a
short aqueduct which opens caudally into the fourth ventricle.
vz ventricular zone
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Fig. 1. Schematic drawing of Gallotia galloti mesencephalon cross
sections at different developmental ages. Drawings a, a’, ¢, and ¢
represent sections of mid-mesencephalon, while b and b’ represent a
more caudal mesencephalic section. The different areas, tracts, and
nuclei are represented in the left half of each section, while in the
right half, vimentin-immunoreactive structures are drawn in a, b, and

of them seem to follow a straight radial course toward the
pia mater while others appear to take sinuous pathways
(Fig. 6¢).

Dispersed GFAP-positive cell bodies are abundant in the
tegmentum and present at the level of the oculomotor nuclei
(Figs. 4b, 6b-d), of the trochlear nerve nuclei (not shown),
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¢, and GFAP-immunoreactive structures are drawn in a’, b’, and ¢
subpial end-feet, radial fibers and periventricular areas are indicated;
the asterisks represent GFAP-positive scattered star-shaped cells; and
the comma-like marks indicate vimentin-positive or GFAP-positive
oval-shaped cells. Bars = 1,000 ym.

and of the optic tract (Fig. 4a,b). They are absent in the
fasciculus longitudinalis medialis (flm) (Figs. 4b,c 6b,d), and
rare in other areas such as tectum, pretectum, isthmic nuclei
(Fig. 6a) and the other tegmental areas (Figs. 4b, 6¢, 6b-d).
Identical results were obtained with the two anti-GFAP
immune sera. In the midbrain of adult Gallotia, GFAP-like
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Fig. 2. Indirect immunofluorescence with anti-vimentin antibodies
and GFAP immunoreactivity revealed by the PAP technique in trans-
verse sections of embryonic Gallotia galloti midbrain. a: Embryonic
stage E34: in the tegmentum vimentin immunoreactivity is evident in
the radial fibers which encompass immunonegative cells. Notice that
because of the oblique plane of the section radial fibers near the pial
surface are cross-sectioned (lower right in the figure). b: Embryonic
stage I635: notice one of the rare vimentin-containing cells (arrow) in the
pretectum extended perpendicularly to the radial fibers. ¢: Embryonic

immunoreactivity was observed in typical astrocytes, radial
fibers, glia limitans, perivascular end-feet, and as a periven-
tricular rim.

Such immunoreactivity was never observed in cells of
capillary walls or meninges nor in cells which reacted with
antibodies specifically recognizing neurons, oligodendro-
cytes and microglia (manuscript in preparation). Indeed
neuronal perikarya appeared as GFAP-negative ‘“holes”
(Fig. 6d).

stage E40: notice the strong immunofluorescent vimentin-positive struc-
tures at the level of the ventricular walls. The arrows point to vimentin-
positive scattered cell bodies. Above these cells a blood vesgel is visible
because of the vimentin-positive perivascular end-feet. d: Embryonic
stage E40: GFAP immunoreactivity is shown by the PAP technique.
Positive cells along the ventricular wall and scattered oval cells bodies
(arrows) indicate the same pattern of labelling as observed with
anti-vimentin antibodies. Bars = 100 gm for a,b,d; 20 um for c.

Fig. 3. Indirect immunofluorescence with anti-vimentin and anti-
GFAP antibodies in midbrain at late stages of development. Anti-
vimentin antibodies react with radial fibers in the pretectum at hatching
(a), and in the adult tegmentum with perivascular end-feet (b).
Anti-GFAP-reactive cell bodies of ependymal glial cells and fibers in
transverse sections of pretectum at embryonal stage 40 (¢), of optic
tectum at hatching (d), and of tegmentum at postnatal day 5 (e). Notice
many dispersed cell bodies in the optic tectum (d), the numerous subpial
end feet in the tegmentum (e), and the perivascular end feet at the level
of the oculomotor nuclei at postnatal day 5 (f). Bars = 100 um.
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Fig. 4. Schematic drawing of adult Gallotia galloti mesencephalon
cross sections: drawing b represents a sections of mid-mesencephalon,
while a and ¢ represent a more rostral and a more caudal mesencephalic
section, respectively. The different areas, tracts, and nuclei are repre-

sented in the left half of each section, while in the right half GFAP-
immunoreactive structures are drawn: scattered star-shaped cells (aster-
isks), oval cells (comma-like marks), radial fibers, and periventricular
areas. Bars = 1000 um.

Fig. 5. Immunoreactivity with anti-GFAP immuneserum in trans-
verse and sagittal sections in the adult lizard Gallotia galloti midbrain.
Notice the immunofluorescent radial and/or sinuous processes in the
optic tectum (a and b), the tegmentum (c), and the torus semicircularis

(d). Bulbous end feet are also observed in the optic tectum (b). On the
walls of the aqueduct, the outlines of ependymal cells bodies are
revealed by the PAP technique observed with Nomarsky optics (e).
Bars = 100 um for a,c,d; 20 um for b,e.
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DISCUSSION

Phylogenetic differences in distribution of
GFAP-positive astrocytes

Our data are the first to show the astrocyte distribution in
a lizard midbrain since the previous studies by Dahl et al.
(’85) on the lizard Anolis carolinensis were on cerebellum,
where GFAP-positive astrocytes and Bergmann glia were
shown. Astrocyte distribution in Gallotia optic tract is
similar to that in the snake, except that typical astrocytes
are absent in snake tegmentum (Onteniente et al., ’83).
These differences probably reflect interspecific differences
rather than technical differences in the immunological
procedures, since the peroxidase-antiperoxidase (PAP)
method used by Onteniente et al. (’83) is more sensitive than
our immunofluorescence method.

Interspecies and regional differences in
ependymal glia

In Gallotia, as in other reptiles (Kirsche, *72; Cruce and
Nieuwenhuys, '74) the ependymal layer is multicellular at
the level of the “proliferative zones” of the sulci. However,
the cell layer in the ventricular wall from which the radial
fibers originate shows regional and interspecies differences:
the layer can be monocellular or multicellular with different
intermingled or stratified cell types. GFAP cellular localiza-
tion can differ between the animal species or can change
with age as the following examples indicate.

In mammals, ependymocytes are GFAP-positive during
early development (Levitt and Rakic, '80), but the whole
ependymal layer is GFAP-negative in adults (Dahl and
Bignami, 73).

In adult birds the ependymal layer is GFAP-positive
(Onteniente et al., ’83), but no radial fibers are detectable,
and in the finch the GFAP-positive cells in the ependymal
layer have the morphology of typical astrocytes (Onteniente
et al., '83).

In the optic tectum of testudo (turtle) GFAP-positive
radial fibers spread out from a thick GFAP-positive multicel-
lular layer around the ventricle (Dahl and Bignami, '73);
several cell bodies in these layer are immunonegative.

In teleosts the GFAP-positive layer is the subependymal
layer. In goldfish (Stevenson and Yoon, ’82) the periventric-
ular wall at the level of the optic tectum is multilayered:
ependymocytes are located at the ventricular surface
(ependymal layer) and their processes (in contrast to those
of ependymocytes in adult mammals) are GFAP-positive
and form a local plexus which does not extend into the
tectum further than the ependymal layer. Other cells, the so
called “periventricular cells,” are situated in the subependy-
mal layer. Long radial processes called “periependymal
radial glia” originate from these “periventricular cells.”
These processes do not contain intermediate filaments, are
GFAP-negative, but form perivascular and subpial end-feet.
These characteristics, however, might be specific to goldfish,
which shows several particularities concerning the glial
population: although typical astrocytes were also observed,
radial glia contains neither GFAP nor gliofibrils, Bergman
glia is absent in cerebellum (Dahl and Bignami, '73}, and
optic nerves do not contain GFAP-positive cells.

Double immunolabeling of the same tissue section with
antibodies with different cellular specificity should help us
to distinguish between these cell types in the ependymal
zone of Gallotia galloti.
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Developmental changes of mesencephalic glia

At the earliest developmental stages, vimentin-positive
cells and fibers did not react either with antibodies directed
against neurofilament proteins (unpublished results) or
astrocyte markers such as GFAP or glutamine synthetase
(Monzon-Mayor et al, 1990). Later on, however, reactivity
with anti-GFAP antibodies appeared, indicating that these
cells and fibers belong to the astrocyte family: thus, in
Gallotia, as in other species, (Bignami et al., '82; Dahl et al.,
’81) vimentin is the major component of the intermediate
filament of immature glia.

Dahl et al. (81, ’82), however, observed that in rat
encephalon and spinal cord, vimentin decreases and GFAP
increases during the second and third postnatal week, while
Pixley and De Vellis ('84) have shown that in developing rat
brain vimentin disappears with radial glia and GFAP ap-
pears with mature astrocytes. In Gallotia galloti midbrain
we have observed a critical phase at E36 when vimentin
begins to decrease and GFAP starts to accumulate. How-
ever, some fibers and particularly end-feet are still vimentin-
positive in the adult. We do not know if these processes
belong to radial glia or to astrocytes. This is not an unique
phenomenon; in fact vimentin and GFAP coexist in the
same cell in cultured astrocytes and, in some cases, in vivo
(Schnitzer et al., '81; Shaw et al., ’81; Dahl et al., ’82;
Lazarides, ’82; Schiffer et al., ’86; Chiu et al., ’88).

Rakic ("72, ’82) and Choi et al., (’83) have described in the
monkey and in the human, respectively, the disappearance
of radial glia and the appearance of cells which look like
transitional forms between radial glia and astrocytes (Rakic,
’82; Choi et al., ’83) or oligodendrocytes (Choi et al., ’83).
These authors suggested that radial glia is transformed into
other adult glial cell types. In Gallotia midbrain radial glia
does not disappear, but the composition of its intermediate
filaments apparently changes. In the adult, star-shaped
astrocytes are GFAP-positive, and it is possible that the
scattered vimentin-positive cells shown (arrows in Fig. 2¢c, d)
are immature astrocytes, while the GFAP-positive cells
shown in Figures 2e and 3d could be the same cells at a more
mature stage of development. If this is the case, the vimen-
tin to GFAP shift is common to radial glia and astrocytes
and occurs almost simultaneously in the two cell types. This
coincidence is unexpected. In fact, the transformation of one
cell type into the other appears to be unlikely to occur in
lizards or, if present, may involve a small fraction of radial
glia.

We must point out, however, that gliogenesis in reptiles is
unusual: immature glial cells are present in the multicellular
ependymal layer in the “proliferative zone” of the various
sulci of the telencephalon, even in the adult (Yanes et al.,
’89) or in the sulcus limitans of the midbrain (Monzon-
Mayor, unpublished). These zones could be a reservoir from
which immature glial cells migrate before they mature
throughout the lizard life. If this is the case, these immature
migrating astrocytes should not be vimentin positive.

The expression of vimentin in birds and mammals coin-
cides with neuronal proliferation and migration (Dahl et al.,
’81; Schnitzer et al., ’81; Pixley and De Vellis, *84; Quitsche
et al., '85; Schiffer et al.,, '86). Similarly the maximal
expression of vimentin (e.g., at £34-K35) in Gallotia mid-
brain apparently coincides with neuronal migration as sug-
gested by the presence of the stacks of immunonegative cells
piled up in between strongly vimentin positive fibers (Fig.
2b). We cannot at the moment assess whether this is a
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Fig. 6. Indirect immunofluorescence with anti-GFAP immuneserum
in adult Gallotia galloti midbrain transverse sections at the level of the
isthmic (a) and the oculomotor (b-d) nuclei. Notice the strongly
immunofluorescent structures (astrocytes) in the tegmentum {(arrows in
b). GFAP-positive cells are particularly abundant in the dorsal part of
the oculomotor nuclei (arrows in b), which contrasts with the few

GFAP-positive astrocytes in the ventral part of the nuclei and the
virtual absence of immunofluorescence in fasciculus longitudinalis
medialis (fim) (b). Also neurons (arrows in d) are negative. At the level of
the sulcus limitans (c) the ventricle wall is also clearly immunofluores-
cent, and GFAP-positive radial fibers penetrate the tegmentum. Bars =
100 pm.
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simple temporal coincidence or whether there is any causal
relation.
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