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Summary

In immunohistochemical reactions against glutamic acid
decarboxylase (GAD),?{Laminobutyric acid (GABA) and glycine
(Gly), neurons in the mouse cerebellum showed the following
reactivities: 1) The dendrites and cell bodies of the
Purkinje cells were only GAD-positive, but their axonal
terminals were GABA- and GAD-positive., 2) In both stellate
and basket cells the cell bodies and terminals were GABA-
and GAD-positive but Gly-negative. 3) The Golgi cells were
GABA-, GAD- and Gly-positive. 4) The granule cells were
negative with all antibodies. Based on the populations of
each type of neuron, identified by the properties mentioned
above, the reeler cerebellum was divided into four regions,
namely, 1) the molecular and Purkinje cell layers covering
the surface of the cerebellum, where the stellate and basket
cells were present as in normal mouse; 2) the granule cell
layer, where the heterotopic Purkinje and stellate-type
cells (including both stellate and basket cells) were-
present together with the granule and Golgi cells; 3) the
region beneath the granule cell layer where Purkinje cells
were present as clusters of several neurons, and in
addition, the superficial zone of the central cell mass,
where the stellate-type and Golgi cells were present among
the Purkinje cells; and 4) the deep zone of the central cell
mass, where the Golgi cells were exclusively present among
the Purkinje cells. The heterologous synapses originating
from inhibitory interneurons were formed on the Purkinje

cells closely related to the distribution of these neurons.



Introauction

The reeler mutant mouse is an autosomal recessive
mutant, suffering from reeling ataxic gait, tremor action,
and dystonic posture (Falconer,1951,1952). In the central
nervous system there are widespread abnormalities
characterized by malposition of neurons (Hamburgh,1960;
Sidman,1968; Caviness and Rakic,1978). In the reeler
cerebellum the lobular formation is extremely disturbed, and
the lavered architecture of the cortex, consisting of the
molecular, Purkinje cell, and granule cell layers, is
present but poorly developed beneath the pia mater, whereas
the majority of malpositioned Purkinje cells remain in the
central area together with other neuronal elements, referred
to as the "central cell mass" (Rakic,1976; Caviness and
Rakic,1978; Goffinet et al.,1984; Goffinet,1990; Inoue et
al.,1990; Maeda et al.,1990). The Purkinje cells in the
cortex and in the central cell mass reveal greater diversity
in dendritic extensions and external features as shown by
Golgi silver-impregnation and IP3-receptor
immunohistochemistry (Rakic,1976; Mariani et al.,1977;
Heckroth et al.,1989; Inoue et al.,1990). Thus the neuronal
connectivity with the Purkinje cells is possibly altered as
was reported previously; for example, heterologous synaptic
contacts with mossy fibers on the Purkinje dendrites, or
multiple innervations by climbing fibers in the central cell
mass (Rakic,1976; Mariani et al.,1977; Sotelo and
Privat,1978; Mariani,1982; Goffinet et al.,1984; Terashima

et al.,1985; Sotelo,1990,1991).



The interneurons in the reeler cerebellar cortex have
been investigated by Golgi silver impregnation and electron
microscopy (Rakic,1976; Mariani et al.,1977; Caviness and
Rakic,1978; Wilson et al.,1981; Terashima et al.,1985), but
the types of these neurons and the terminals on the Purkinje
cells could not be clearly identified. Neurons other than
the granule cells in the cerebellar cortex are exclusively
inhibitory and GABAergic (Eccles et al.,1967; Ito,1984;
Seguela et al.,1984; Ottersen and coworkers,1984,1987,1988).
By immunohistochemical examination, the cell bodies,
dendritic shafts, and terminals of the Purkinje cells were
demonstrated to be glutamic acid decarboxylase (GAD)-
positive, as were those of the stellate, basket and Golgi
cells (McLaughlin et al.,1974; Oertel et al.,1981), and it
is easy to identify each of these cell types based on their
location within the cerebellar cortex. In the reeler
cerebellum, on the other hand, it is impossible to determine
the neuronal types of GAD-positive cells in accordance with
their position because in the granule cell layer and central
mass the neurons are intermingled with one another as
described above. Thus cell markers other than GABA are
necessary for the reeler study. In the present study I chose
glycine (Gly) as a cell marker, which is reported to act as
an inhibitory transmitter in the spinal cord (Aprison and
Daly,1978; Fagg and Foster,1983) and retina (Ehinger and
Dowling, 1987), and exists in the Golgi cells which are
inhibitory neurons in the cerebellum (Ottersen et

al.,1987,1988). The functions of Gly, i.e. it is in fact



inhibitofy, are uncertain as yet, since it has been reported
that Gly may be involved in the potentiation of the NMDA
receptor channel in cultured neurons (Johnson and
Ascher,1987) or in Xenopus oocytes implanted with NMDA
receptor channel m-RNA {(Meguro et al.,1992; Kutsuwada et
al.,1992; Ikeda et al.,1992). However, I could
immunohistochemically distinguish the Golgi cells from
stellate and basket cells using the novel monoclonal
antibody against Gly as well as that against GABA, both of
which had been established at our laboratory.

Thus in this way I elucidated the population of each
type of inhibitory neuron in the reeler cerebellum and to
demonstrate the distribution of the inhibitory terminals,

which is possibly altered in the disturbed cytoarchitecture.

Materials and Methods
1)Monoclonal antibodies against the conjugated GABA or Gly
GABA and Gly were conjugated to bovine serum albumin
(BSA) as described by Storm-Mathisen et al.(1983). In
addition,éi—amino caproic acid (ACA),{X—alanine (X—Ala),F5
~alanine (FLAla), aspartic acid (Asp), GABA, glutamine
(Gln), glutamic acid (Glu), Gly, histidine (His),
hydroxyproline (Hpr), isoleucine (Ile), methionine (Met),
proline (Pro), tyrosine (Tyr), and valine (Val) were
conjugated to ovalbumin (Ova) in a similar manner. Balb/c
mice were immunized by several intraperitoneal injections of
100‘pg of GABA or Gly conjugated with BSA and emulsified in

equal amounts of complete Freund's adjuvant. Three days



after the last injection without adjuvant, spleen cells were
prepared and fused with P3-U1 myeloma cells. Hybridoma cells
producing antibodies which selectively bind to conjugated
GABA or Gly were screened by using GABA-Ova- or Gly-Ova-
coated immunoplates (Sumitomo, Japan). Cross-reactivity with
other amino acids was checked in a similar manner by using
immunoplates coated with various conjugated amino acids. Two
novel hybridoma clones, HE-4 (anti-GABA) and RS 3-21 (anti-
Gly), were chosen for use in this study. HE-4 reacted
strongly with conjugates of both GABA and ACA, but showed no
cross-reactivity with other conjugated amino acids (O(-Ala,[:S
-Ala, Asp, Gln, Glu, Gly, His, Ile, Met, Pro, Tyr, and Val)
nor Ova (Fig.la). RS 3-21 bound only to the Gly conjugate

(Fig. 1e).

2)Animals

The reeler strain (B6C3Fe-a/a-rl) was obtained from
Jackson Laboratories (Bar Harbor, Maine, USA), and
maintained in our laboratory. Adult reeler mutant mice and

their littermates (rl/+ or rl/-) were used in this study.

3)Immunohistochemistry

(1)Glutamic acid decarboxylase (GAD)

Mice were fixed by transcardial perfusion with a
solution of 4% paraformaldehyde in 100 mM phosphate buffer
adjusted to pH 7.4, after being anesthetized deeply with
ether. Their brains were immersed overnight in the same

fixative, and SO—Pm-thick sagittal sections were cut with a



microslicer (DTK-1000, Dosaka, Japan). Sections were
incubated in antiserum against rat GAD diluted 1:4000 and
stained by the ABC method (Vectastain kit, Vector
Laboratories, Inc.). Their cross-reactivity with mouse GAD
had been revealed in our previous study (Inoue et al,,1993).

(2)GABA and Gly

Mice were fixed by transcardial perfusion with a
mixture of 2.5% paraformaldehyde and 1.5% glutaraldehyde in
100 mM phosphate buffer (pH 7.4). The brains were immersed
for several days in the same solution, and sectioned
sagittally at a thickness of 500 um with a microslicer. The
sections were dehydrated in a graded series of ethanol, and
empedded in Epon in the usual manner. Semi-thin 0.5 um
sections were prepared with glass knives, and mounted on
slide glasses. They were etched with sodium methoxide (Mayor
et al.,;1961), and immunostained with HE-4 culture
supernatant diluted 1:500 for GABA or RS 3-21 culture
supernatant diluted 1:100 for Gly. Immunohistochemical
staining was performed by the ABC method (Histofine,
Nichirei Corp., Japan).

(3)Absorption experiment with amino acid conjugates

Sections were stained with each diluted culture super-
natant which was preincubated with one of the three kinds of

conjugated amino acids, GABA-Ova, Glu-Ova, or Gly-Ova.



Results
1) The normal cerebellum

(1) GAD immunohistochemistry

In the cerebellar cortex, the stellate, basket,
Purkinje, and Golgi cells were positively labeled (Figs.2a
and 2b). In the molecular layer, terminals of the stellate
cells on the Purkinje dendrites and the basket terminals
enclosing the Purkinje cell bodies were also immunostained
(Fig.2a). In the granule cell layer the ring-shaped
terminals at the periphery of the protoplasmic island
(glomeruli), corresponding to the varicose plexuses of the
Golgi cell axons, were labeled (Fig.Zb).

In the cerebellar nuclei, large immunonegative neurons
were surrounded by GAD-positive terminals. Small neurons
were also immunonegative (Fig.2c).

{2) GABA and Gly immunohistochemistry

The stellate and basket cells in the molecular layer
were labeled with GABA antibody, but were negative with Gly
antibody. In the Purkinje cell layer small cell bodies which
immunoreacted with both GABA and Gly antibodies were
present. Around the Purkinje cell bodies GABA-positive
basket-like terminals, but no Gly-positive terminals, were
detected (Fig.3a,3b). In the granule cell layer, Golgi cell
bodies and ring-shaped structures, suggestive of parts of
glomeruli, were stained with both antibodies (Figs.3a and
3b). Gly-positive fibrous processes were abundandantly
present in the molecular layer, probably representing

dendrites of the Golgi cells (Fig.3b). In the cerebellar



nuclei, many GABA-positive and several Gly-positive
terminals were observed around the large neurons which were
negative with both antibodies. Small GABA-positive cells,
most of which simultaneously showed Gly-immunoreactivity,
were present among the large neurons (Figs.3c and 3d).

The immunohistochemical properties of the neurons and
terminals in the normal cerebellum are summarized in Table
I. The stellate and basket cells had very similar
properties, so they are referred to as "stellate-type cells"
in this reeler study. The neuronal types in the reeler

cerebellum were identified on the basis of these criteria.

2)Immunohistochemistry of GABA, Gly, and GAD in the reeler
cerebellum

In the molecular and Purkinje cell layer covering the
entire pial area of the cerebellum, stellate-type cells,
which were GABA-positive and Gly-negative, were present, and
terminal boutons with the same immunoreactivity were f£ound
mainly on the dendritic shafts of the Purkinje cells or
formed basket-like structures around the Purkinje cell
bodies, as observed in the normal cerebellar cortex
(Figs.4a-c). In the granule cell laver the Golgi cells and
their ring-shaped terminals composing the cerebellar
glomeruli could be identified since they were GABA- and Gly-
positive. However, near the malpositioned Purkinje cells
within the granule cell layer stellate-type cells were
present, and the GABA- and GAD-positive terminals were

aligned on the dendritic shafts of the Purkinje cells or



formed baskets around the soma as well (Figs.4a-c).

Within the small clusters of the Purkinje cells located
between the granule cell layer and white matter, stellate-
type cells and Golgi cells were intermingled
(Figs.5a,5b,6a,6b). In these clusters many GAD-positive
punctate terminals were aligned on the Purkinje dendrites
extending towards the pia mater (Fig.6c), and basket~like
terminals enclosed the Purkinje cell bodies (Figs.5a,6a,6c).
In addition, Gly-positive terminals were sometimes detected
around the Purkinje cell bodies (Figs.5b and 6b).

The central cell mass in the cerebellar hemisphere,
which consisted mainly of the heterotopic Purkinje cells,
occupied the area from the white matter to the cerebellar
nuclei. In the superficial zone of the cell mass beneath the
white matter many stellate-type cells were present
(Figs.5c,5d,6d,6e). GAD-positive punctate boutons were
aligned on the Purkinje dendrites, which extended across the
white matter up to the granule cell layer (Figs.5e and 6f),
and GABA- and GAD-positive baskets probably originating from
the neighboring stellate-type cells closely enclosed the
Purkinje cell bodies (Figs.5c¢,5e,6d,6f). In the deep zone
near the cerebellar nuclei, on the other hand, only a few
GABA-positive interneurons were present and most of them
were Gly-positive Golgi cells as ascertained in the adjacent
sections (Figs.5f,5g,6d,6e). The GABA- and GAD-positive
punctate terminals surrounded the Purkinje cell bodies
(Figs.5f,5g9,6h,673)}, wheréas they were rarely aligned on

their dendrites which extended in a disorderly manner in the

10



compact cluster of cell bodies (Figs.5h and 6j). In
addition, Gly-positive terminals were observed around the
Purkinje cell bodies (Figs.5g,6e,6i).

In the cerebellar vermis the central cell mass was
present from the white matter to the ventricular wall.
Except for the deep zone near the ventricular surface, the
stellate-type cells and Golgi cells were scattered in the
compact cluster of the hetérotopic Purkinje cells (Figs. 44
and 4e). Numerous GAD-positive punctate terminals were
present in the dendritic area of the Purkinje cells, and
basket-like terminals enclosed their cell bodies (Figs.4d
and 4f). In addition, Gly-positive terminals were sometimes
present closely surrounding the Purkinje cell bodies
(Fig.de).

In the cerebellar nuclei, small GABA-positive neurons,
most of which simultaneously displayed Gly-immunoreactivity,
were present. Large neurons were negative for all
antibodies, and were surrounded by numerous GABA-positive
and a few Gly-positive boutons. This feature was identical

to that observed in the normal mouse (Figs.5i-k,6h-j).

Discussion

1)Identification of neuronal types in the cerebellum by

means of GAD-, GABA- and Gly-immunohistochemistry
Recently the distribution and features of Purkinje

cells in the reeler cerebellum have been examined

immunohistochemically with antibodies against available

markers of the Purkinje cells, such as cGMP-dependent
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protein kinase (Heckroth et al.,1989), P6 (Goffinet et
al.,1984), and IP;4 receptor/P4OO protein (Inoue et
al.,1990). However, the precise distribution of interneurons
and their synaptic connectivity with the Purkinje cells have
not been reported, since there have been no reliable methods
of marking each type of interneuron and its synaptic
boutons. In the present study, inhibitory neurons in the
normal cerebellum were divided into two groups by means of
immunostaining for GAD, GABA, and Gly, as follows. One group
consisted of stellate and basket cells, referred to as
stellate-type cells in this study, which were GABA (GAD)-~
positive and Gly-negative, and the others of Golgi cells
which were GABA (GAD)-positive and Gly-positive. Neurons of
the latter group included not only the Golgi cells in the
granule cell layer but also some small neurons in the
Purkinje layer. It could not be definitely determined
whether these small cells were another type of Golgi cell or
some other class of neuron {(for example, Lugaro cells.
{Ottersen et al.,1988)). In the cerebellar nuclei GABA- and
GAD-positive terminal boutons surrounding the large neurons
were considered to have originated mainly from the Purkinje
cells, and in part from small inhibitory interneurons within
their own cerebellar nuclei, since the immunopositive
terminals of IP3 receptor (Maeda et al.,1989,1990; Inoue et
al.,1990), which is specific for all elements of the
Purkinje cells, were fewer in number than the GABA- and GAD-
positive terminals.

In the reeler cerebellum these properties of neurons

12



were considered to be retained on the basis of evidence from
previous studies as follows: 1) marker molecules of the
Purkinje cells existed even in the heterotopic Purkinje
cells (Caddy et al.,1982; Goffinet et al.,1984; Wuenschell
and Tobin,1988; Inoue et al.,1990; Maeda et al.,1990), 2)
malpositioned Purkinje cells produced GABA, since expression
of GAD mRNA was demonstrated (Wuenschell and Tobin,1988), 3)
Golgi cells in the central cell mass as well as those in the
granule cell layer expressed proenkephalin mRNA (Wuenschell
and Tobin,1988), and 4) grafted neurons also contained a
similar transmitter even in the host tissue (Cassel et
al.,1993). Therefore, it was reasonable to apply the
criteria of the normal cell types to those in the reeler
cerebellum. In the reeler cerebellum many Gly-positive
boutons were observed around the Purkinje cell bodies in the
central mass. These Gly-positive boutons might correspond to
the heterologous synapses originating from the Golgi cells
based on the following reasons: 1) In the normal cerebellum
Gly immunoreactivity was mainly demonstrated in the Golgi
cells, together with GABA-immunoreactivity. 2) In the reeler
cerebellum many GABA-positive boutons were detected around
the same Purkinje cell bodies as shown in the adjacent
sentions. Thus, these Gly-positive terminals probably
contained GABA and originated from the Golgi cells which are

inhibitory interneurons.

2) Heterogeneity of the population of interneurons in the

reeler cerebellum
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It is generally accepted that the granule cells are
generated from the external germinal layer and descend from
the pial side, whereas the Purkinje and Golgi cells
originate from the internal germinal layer located on the
ventricular side (Altman,1982). The stellate and basket
cells, on the other hand, have been generally considered to
originate from the external germinal layer (Altman,1982);
however, recently some researchers have claimed that some of
the small neurons in the molecular layer originate from the
internal germinal layer, as do Purkinje and Golgi cells
(Hallonet et al.,1990; Otero et al.,1993). The pial region
of the cerebellum was covered with a layered structure
consisting of a thin molecular layer, incompletely aligned
Purkinje cells and a discontinuous granule cell layer,
resulting from the normal migration of neurons which,
however, were fewer in number than normal. In  the molecular
layer, stellate and basket cells but no Golgi cells were
found, and the terminals from these cells maintained the
same connections with the dendrites and cell bodies of the
Purkinje cells as in the normal molecular layer, although
the GABA-positive terminals were more numerous than in the
normal cerebellum.

Beneath the molecular and Purkinje cell layer, in
contrast, the population of each type of neuron varied with
the depth of the cerebellum, and this region was divided
into three areas, as follows: 1) the granule cell layer,
where heterotopic Purkinje cells and stellate-type cells

were found together with the granule and Golgi cells; 2)
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small clusters of Purkinje cells which existed between the
granule cell layer and white matter, and in addition, the
superficial zone of the central cell mass, where the
Purkinje dendrites extended widely and among which stellate-
type and Golgi cells were present and; 3) the deep zone of
the central mass enclosing the cerebellar nuclei or facing
the fourth ventricle, where the Purkinje cells and Golgi
cells were exclusively present. Thus there was a reverse
gradient in cell population between the stellate-type and
Golgi cells, and this supports the hypothesis that most of
the stellate-type and granule cells originated from the
external germinal layer and the Purkinje and Golgi cells
from the internal germinal layer. According to a
developmental analysis using 3H—thymidine (Altman,1982), the
different types of neurons in the normal cerebellum are
produced in strict chronological order in four
nonoverlapping periods; i.e., the Purkinje cells are
generated between the 13th embryonic day (E13) and E16, the
Golgi cells on E19, the basket cells from the Gth postnatal
day (P6) to P7, and the stellate cells from P8 to P11, and
the granule cells are produced during the entire period
until P21. The time schedule is preserved in the reeler
cerebellum (Goffinet,1983,1984,1990). In the normal
cerebellum the stellate and basket cells descend in the
molecular layer among the dendritic trees of the Purkinje
cells and radial processes of the Bergmann glial cells,
which migrated much earlier than neurons of the external

germinal layer and are already aligned in the Purkinje cell
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layer; the stellate and basket cells never cross over this
layer to invade the granule cell layer. In the reeler, on
the other hand, the Purkinje and Golgi cells, which develop
and migrate from the ventricular site earlier, remain
numerous in the central region of the cerebellum. The rest
of the neurons, however, migrate as usual to form markedly
incomplete alignment of the Purkinje and the Golgi cell
populations in the granule cell layer. In addition, the
Bergmann cells are located in an unusual site in the
molecular and Purkinje cell layer (Rakic,1976; Terashima et
al.,1985), and some of them extend their processes into the
granule cell layer. After the Purkinje cells become aligned,
the stellate-type and granule cells descend from the
external germinal layer and traverse the incomplete Purkinje
cell layer to reach the granule cell layer and even the
superficial zone of the central cell mass, to where the
dendrites of the heterotopic Purkinje cells extend. Thus the
compact alignment of the Purkinje and Bergmann cells in the
Purkinje cell layer and the extension of the Purkinje
dendrites and radial processes of the Bergmann cells into
the molecular layer might play an important role in the
descent of the stellate and basket cells and their
restricted presence in the molecular layer. In the deep zone
of the central cell mass near the cerebellar nuclei or 4th
ventricle, on the other hand, stellate-type cells were
scarce. The compressed dendrites of the Purkinje cells in
the packed cluster of cell bodies might obstruct their

further descent into the deep zone.
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3)Synaptic rearrangement in the reeler cerebellum

The reeler cerebellum was divided into four regions on
the basis of the populations of Purkinje cells (Goffinet et
al.,1984; Heckroth et al.,1989; Inoue et al.,1990) and
inhibitory interneurons, the stellate-type and Golgi cells,
described above. The distribution of inhibitory terminals on
the Purkinje cells differed among these four regions, as
summarized in Table II. These regional differences were
closely related to the diversity of the population of
inhibitory neurons. In the molecular and Purkinje cell
layers, terminals of the stellate cells were present on the
Purkinje dendrites, and basket-like terminals were formed
around the Purkinje cell bodies, as was obserbed in normal
mice. However, the density of the stellate terminals was
higher than that in the normal molecular layer. The probable
reasons for the higher density are as follows: 1) the
neuronal population became relatively dense because of the
reduction of the molecular layer volume, and 2) reduced
synaptic contact with the parallel fibers might give rise to
an increase in formation of other synapses as reported for
other mutant mice (Inoue et al.,1993). In areas where both
the stellate-type and Golgi cells were present, a few
heterologous synapses originating from Golgi cells were
detected around the Purkinje cell bodies as well as those
originating from the stellate-type cells on the dendrites or
somata. In the deep zone of the central cell mass, on the

other hand, where the Golgi cells were exclusively present
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in the compact cluster of Purkinje cells, many Gly-positive
synapses were formed heterologously around the Purkinje cell
bodies. The GABA- and GAD-positive terminals occurring in
the deep zone possibly originated from both the recurrent
axons of the heterotopic Purkinje cells and the Golgi cells,
since the IP; receptor protein-positive terminals found in
this region were much fewer (Inoue et al.,1990) and the
stellate-type cells were scarce. In previous electron
microscopic studies (Mariani et al.,1977; Sotelo and
Privat,1978; Wilson et al.,1981, Sotelo,1990,1991), it was
noted that the stellate axon terminals were in contact with
the Purkinje cell bodies and the Golgi cells formed synapses
on the dendritic spines of the Purkinje cells. This
heterologous synapse formation could not be detected in this

immunohistochemical study.
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Figure legends
Fig.1 Specificity of two novel monoclonal anti-bodies.

Enzyme-linked immuno-solvent assay of the reactivities
of HE-4 and RS 3-21: HE-4 reacted strongly with conjugates
of both GABA and ACA, but showed no cross-reactivity with
other conjugates (a). RS 3-21 bound only the Gly conjugates
(e).

Inhibition experiment with three conjugated amino
acids, GABA(+GABA), Glu(+Glu), and Gly(+Gly):
Immunoreactivity of HE-4 was inhibited by GABA-Ova (b), and
RS 3-21 by Gly-Ova (h), but the other conjugates had no
effect (c,d,f,qg).

Fig.2 Normal cerebellum stained with anti-GAD antiserum.
a and b, the cerebellar cortex of the normal mouse; c¢, the
cerebellar nucleus (Nucl. medialis).

ML, molecular layer; PL, Purkinje cell layer; GL, granule
cell layer; Nu, cerebellar nucleus; S, stellate or basket
cells; Go, Golgi cell; small arrows, terminal boutons _of
stellate cells; large arrowheads, basket-like terminals
around the Purkinje cell bodies; arrowhead, ring-shaped
terminals at the cerebellar glomeruli; asterisks, large
neurons within the cerebellar nucleus.

Fig.3 Normal cerebellum stained with GABA (a,c) and Gly
(b,d) antibodies. a and b, serial sections of the cerebellar
cortex; ¢ and d, serial sections of the cerebellar nucleus
(Nucl. medialis). ML, molecular layer; PL, Purkinje cell
layer; GL, granule cell layer; S, stellate or basket cells;

arrows, small neurons located in the Purkinje cell layer
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which were stained with both GABA and Gly antibodies; small
arrows, Gly-positive fibrous processes in the molecular
layer; crossed arrows, Golgi cells located in the granule
cell layer; large arrowheads, basket-shaped terminals around
the Purkinje cell bodies; small arrowheads, ring-shaped
structures which were stained with both antibodies;
asterisks, large neurons within the cerebellar nucleus;
circle, a small neuron containing only GABA,

Fig.4 Sagittal sections of the vermis of reeler
cerebellum stained with GABA antibody {(a,d,g), Gly antibody
(b,e,h), and GAD antibody (c,f,i). These regions are shown
in the diagram (j).

a-c, the pial zone composed of the molecular layer, Purkinje
cell layer, and granular layers; d-f, the voluminous central
mass beneath the white matter; g-i, the ventricular zone.
Abbreviations in Figs. 4, 5, and 6: ML, molecular layer; PL,
Purkinje cell layer; GL, granule cell layer; WM, white
matter; CM, central cell mass; Nu, cerebellar nucleus;.
arrows, stellate-type cells (GABA-positive, Gly-negative);
crossed arrows, Golgi cells (GABA-positive, Gly-positive);
large arrowheads, basket~shaped structures enclosing the
Purkinje cell bodies; small arrow, Purkinje dendrites;
arrowheads, unusual Gly-positive terminal boutons around the
Purkinije cell bodies.

Fig. 5 Paramedial sections where the medial nucleus was
observed to be stained with GABA (a,c,f,i), Gly (b,d,g9,3),
and GAD (e,h,k) antibodies. The areas are shown in the

diagram (1l).
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a and b, the small cluster of Purkinje cells located between
the granule cell layer and the white matter; c-e, the
superficial zone of the central cell mass; f-h, the deep
zone of the central cell mass close to the medial cerebellar
nucleus; i-k, the medial cerebellar nucleus; asterisks,
large neurons within the cerebellar nucleus.

Fig.6 Sagittal sections of the reeler hemisphere stained
with GABA (a,d,h), Gly (b,e,i), and GAD (c,f,j) antibodies.
The areas are shown in the diagram (g).

a-c, a small Purkinje cell mass located under the granule
cell layer; d-f, the central cell mass underlining the white

matter; h-j, interpositus nucleus.
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Table I Immunohistochemistry of the neurons in the normal

cerebellum

anti-~-GAD anti-GABA anti-Gly
stellate cell
soma + + -
terminal + + -
basket cell
soma + + -
terminal + + -
Purkinje cell
soma + - -
dendrite + - -
terminal + + -
granule cell
soma - - -
parallel fiber - - -
Golgi cell -
soma + + +
terminal + + +
cerebellar nucleus
large neuron - - -
small neuron
soma - + +
terminal + + +
unknown type in the + + +
molecular layer
+: positive, -: negative

30



Table ITI Distribution of inhibitory terminals on the

Purkinje cells in four regions of the reeler cerebellum

stellate basket Golgi
cell cell cell
molecular and
Purkinije cell layer ++ + -
granule cell layer + + -
central cell mass
surface zone + + +
deep zone - - F4

31



HLARA




















<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Emulate Acrobat 4 CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Emulate Acrobat 4)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


