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c,omplc..r. BRAIN R E S B U L L 18(1) 19-24. 1987.-Monoclonal antibody mabQl13 selectively labels a subset of Purkinje
cells which are arranged in parasagittal bands throughout the vermis and hemispheres of the rat cerebellar cortex. N o other
cerebellar cell types are immunoreactive. By contrast, in the remainder of the brain the mabQ113 epitope is located
primarily in glial cells. In general, the glial immunoreactivity is not differentially distributed. An exception is that mabQ113
densely and uniformly stains the lateral habenula ( L H b ) but gives no labelling of the medial habenula (MHb). During
cerebellar development, the mabQ113 epitope is expressed in three stages. Before postnatal day 7 (P7) all Purkinje cells are
negative. Secondly. all Purkinje cells become mabQ113+ between P7 and P12. The parasagittal bands are created between
P I ? and P30 by selective suppression of epitope expression. T o explore whether epitope suppression is also responsible for
differential staining patterns in other brain regions the ontogenic development of mabQ113 immunoreactivity has been
mapped in the habenular complex. Neither the M H b nor the L H b express the mabQI 13 epitope prenatally. PI is the first
age at which the L H b is stained. During the next few days the intensity of staining within the L H b steadily increases until
the adult pattern is attained at P6. At no time is there expression of the mabQ113 antigen in the MHb. This also confirms
that the two classes of hahenular astrocytes, mabQ113-/GFAP+ and mabQ113+/GFAP+. are intrinsically different
throughout postnatal life.
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AS a crossroads of limbic and striatal interconnections the
habenular nuclei play a role in numerous aspects of brain
function (reviewed in [38]). Although grouped together, the
medial (MHb) and lateral (LHb) habenular nuclei have widespread, largely independent afferent and efferent connections (for the rat see [6, 7, 1 I, 12, 19,20, 25, 34, 391). Numerous biochemical differences between L H b and MHb have
also been reported, involving components of the GABAergic
[9, 10, 401 and cholinergic [13, 22, 23, 29. 321 pathways as
well as several other neurotransmitters [2. 10, 20, 241 and
neuropeptides [I. 5, 8, 21, 28, 34. 36, 371. Recently, a monoclonal antibody. mabQ113, has been found to differentiate
sharply between L H b and MHb. The mabQl13 epitope is of
especial interest because in the cerebellum it is confined to a
subset of Purkinje cells, about 3% of the total, which are
clustered into a set of parasagittal bands separated by similar
bands of mabQ113-Purkinje cells [15-18. 301. N o other cells
in the cerebellum are immunoreactive. By contrast. when
mabQ113 immunoreactivity was mapped in the rest of the rat
C N S the distribution of reaction product was quite different.
In all regions studied, the epitope was found in both neurons
and glia, but principally in glial cells, and there was no evi-
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dence of a striped o r patchy distribution [31]. One region in
which the epitope was distributed non-uniformly was the
habenular complex. MabQ 113 densely and uniformly stained
the L H b but did not stain the MHb. The reaction product
was associated with the neuropil and electron microscope
immunocytochemistry revealed that most staining was astrocytic, although some reaction product was also seen in
adjacent neuronal profiles. Therefore, there seems to be a
fundamental difference between the expression of the
epitope in the cerebellum and the rest of the brain.
In the cerebellum the pattern of development of parasagittal mabQ113+ bands of Purkinje cells is complex. The
mabQ 113 irnmunoreactivity appears for the first time at
postnatal day 7 (P7) in the Purkinje cells of the posterior lobe
vermis. By P12, the immunoreactivity has spread to include
Purkinje cells throughout the cerebellar cortex. However, at
PI2 there is no differentiation between mabQ113+ and
mabQ113- bands of cells: all the Purkinje cells are
mabQ113+. The parasagittal bands are created between P I 2
and P30 by the selective suppression of epitope expression in
those Purkinje cells destined to become mabQI 13- [16]. In
view of this pattern of development in the cerebellar cortex,
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FIG. I. Coronal sections of adult rat brain immunoperoxidahe stained with mahQ113 ( A ) and anti-elial fihrillary acidic
protein (GFAP) ( B ) . A. MabQ113 densely stains the lateral habenula (I) and leaves the medial habenula ( m ) unstained. The
reaction product is distributed throughout the neuropil o f the LHb with n o systematic regional differences in intensity. B .
Anti-GFAP stains the astrocytes of both the m and I equally. The scale bar indicates 200 p m .

FIG. 2. Coronal \cction\ of adult I - ; II;itc~-211
~
habcnular n u c l c ~Ilyhtly
immunoperoxidc~sestained with mabQI 13. The cell hodie\ of \mall
multipolar cells can be distingui~hed.T h e somata range in diarnetelfrorn 7 to 14 p m . T h e sc:tle bar indicates 50 p m .

i t was important to discover whether selective suppression
of epitope expression was also responsible for the nonuniform distribution of mabQ113 immunoreactivity in other
brain regions, where the reaction product is primarily associated with astroglia. Therefore, we have tested whether
differential staining in the habenular complex develops
through the selective suppression of epitope expression in a
subset of astroglia o r whether two astroglial populations are
distinct from the earliest stages of expression.
METHOD

The production and characterization of monoclonal
antibody mabQ113 has been described previously 1151. To
obtain adult tissue for immunocytochemistry, rats were first
deeply anesthetized with sodium pentobarbital. After surgical exposure of the heart, 75 units of heparin and 5 mg sodium
nitrite were in.jected into the heart and, one minute later, the
animal was perfused via the left ventricle with 250 ml of

ice-cold fixative (4% paraformaldehyde, 0.2% glutaraldehyde
in 0.1 M phosphate buffer. pH 7.4) over a 30 min period. The
brains were removed and either placed in phosphate buffered
saline (0.1 M phosphate buffer, 0.15 M NaCI, pH 7.4) or
postfixed overnight in 4% paraformaldehyde in phosphate
buffer alone.
For the developmental series, pregnant rats and postnatal
pups were deeply anesthetized with sodium pentobarbital.
Fetuses were taken at gestational ages E15, E l 7 and E20, the
day of copulation being EO. The fetuses were removed surgically through an incision in the uterine wall. E l 7 and E20
fetuses and postnatal pups were perfused over a 15 min
period via the left ventricle with ice-cold fixative with a volume ranging from 2 to 30 ml depending on the size of the
animal. E l 5 fetuses were too small for- reliable intracardiac
perfusion. After removal from the uterine sack, they were
decapitated and their heads promptly immersed in cold fixative for periods of time ranging from 15 min to 24 hr. Complete litters (8-12 individuals) were fixed at each prenatal age
and five individuals, frorn different litters, were taken at each
postnatal age. The brains of the immersion-fixed and perfused fetuses and postnatal rats were removed and stored in
phosphate buffered saline.
Sections were cut coronally at 50 p.m using a freezing
microtome. To detect specific immunoreactivity, sections
were incubated in antibody overnight. In all the examples
shown here, mabQ113 was used diluted 1116 into lo% normal
horse serum ( N H S ) in PBS. T o detect specific antibody binding, sections were incubated for 2 hr in rabbit anti-mouse
immunoglobulin conjugated to horseradish peroxidase (Dako
Inc.) diluted Ill00 in l W NHS. Antibody binding was revealed by using 4-chlol-o-I-naphthol as substrate [14]. The
sections were washed for 10 min in each of three changes of
buffer between the incubations. Sections in which the primary antibody was omitted gave no staining and no other
antibody in our library gave a similar distribution of reaction
product.
T o detect the presence of glial fibrillary acidic proteir
(GFAP), a polyclonal rabbit anti-mouse G F A P serum wa:
used, the kind gift of Dr. V . I. Kalnins, University of Toronto. The serum was diluted 1/20 in I m NHS. The remainder of the histochemical procedures were as described above
except that goat anti-rabbit immunoglobulin conjugated tc
horseradish peroxidase (Sigma Inc.) diluted Ill00 in I w
NHS was used. T o confirm the specificity of the anti-GFAF
reagent these experiments were repeated using the HistoScan anti-GFAP staining kit (Biomedia Corp.). The result.
were identical by using either staining procedure.
RESULTS

With the exception of the Purkinje cells of the cerebella1
cortex, mabQ113 immunoreactivity in the adult rat brain i:
strongest in the habenular complex (Fig. IA). In the LHb.
mabQ113 immunocytochemistry leads to a dense. uniform
deposition of peroxidase reaction product which is confinec
to the tangle of processes in the neuropil. By contrast, the
MHb is unreactive except for an occasional scattered fiber.
The boundary between LHb and MHb is sharply defined ano
within the LHb there is no evidence of a non-uniform epitopf
distribution. Previous studies have shown that the mabQI I?
immunoreactivity in the neuropil is localized primarily tc
astroglial processes [31].
GFAP is a reliable immunocytochemical marker of astrocytes in the mammalian central nervous system (3.41. Using

DIFFERENTIAL mabQ113-IMMUNOREACTIVITY
anti-GFAP reagents both the L H b and MHb are uniformly
stained (Fig. IB), thus indicating that the selective distribution of the mabQ113 epitope is not due to a lack of astrocytes
in the MHb. Furthermore, this observation confirms the
presence of two classes of astrocytes mabQ113+iGFAP+
and mabQ113-iGFAP+ as has been shown in the rat cerebral cortex [31]. The MHb is populated by mabQ113-iGFAP+
astrocytes and the L H b by mabQ I 13+IGFAP+ ones.
The mabQ113 staining of the L H b is s o intense that individual stained cellular elements usually cannot be distinguished, and only the outlines of large unstained neurons are
identifiable [3 I]. In lightly stained sections it is apparent that
reaction product is associated with small cells bearing
numerous fine processes (Fig. 2). The diameter of the cell
bodies ranges between 7 and 14 p m with the majority being
11-12 p m in size.
The development of mabQ113 imrnunoreactivity of the
habenular complex has been investigated from embryonic
day 15 ( E l 5 ) onwards. There is no specific immunoreactivity
in either the L H b o r the M H b in the prenatal rat (Fig. 3). This
is not the case for other brain regions: for example, in the
telencephalic vesicle at E17, the ventricular zone and radial
glial fibers are all strongly mabQ113-reactive [3 I]. Immunoreactive neuropil first appears in the L H b during the
first day after birth ( P I ; Fig. 3). Even at the earliest stages of
induction, there is no evidence for a gradient of expression
within the LHb. During the next few days the intensity of
staining within the L H b steadily increases until the adult
level of immunoreactivity is attained at P6 (Fig. 3). At no
stage during development is the mabQ 1 13 epitope expressed
by cells of the MHb.
DISCUSSION

By using tritiated thymidine autoradiographic techniques,
it has been found that the cells of the habenular nuclei are
generated between E l l and E15. being slightly more advanced in the L H b as compared to the MHb ( R . Marchand,
personal communication), and by cresyl violet staining the
habenular complex is anatomically divisible into L H b and
MHb nuclei between E I5 and E 16. The habenular afferent
and efferent tracts, the stria medularis and fasciculus retroflexus, are already anatomically identifiable structures in
close apposition to the habenular nuclei at E l 4 (R. Marchand, personal communication). The timing of maturation
of afferent and efferent synaptic contacts of the habenular
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nuclei have not been reported. Although numerous biochemical differences exist between the M H b and L H b , there have
been few investigations into the developmental profiles of
differentiation markers within the habenular complex. One
exception is somatostatin-like immunoreactivity. Somatostatin-immunoreactive cells appear in the rat hypothalamus
at E l 4 and by E20 are identifiable in the L H b [35]. Thus the
appearance of mabQ113 L H b reactivity at PI does not correspond to the time of anatomical subdivision into the L H b and
MHb.
Since the peroxidase reaction product in the habenular
complex is located primarily in astrocytes [31], it is clear that
mabQ113 distinguishes between two populations of GFAP+
astrocytes, one mabQI13+ found in the L H b , the other
mabQ113- found in the MHb. Similar evidence for two
classes of astrocyte has also been obtained from the cerebral
cortex 1311. Other immunological studies have demonstrated
convincingly that there are at least two populations of fibrous astrocytes in the developing rat brain. In the optic
nerve, type-l astrocytes can be distinguished from type-? by
the presence or absence of galactocerebroside and there is
both direct and indirect evidence that the two types develop
from distinct precursor cells [26,27] and have different developmental timetables. The difference between mabQ113+
and mabQ113- astrocytes does not seem to correspond to
the type-litype-2 distinction. Likewise, the two classes of
astrocytes recognized by Schachner and colleagues [33] also
seem to be different from those recognized by mabQ113.
The developmental profile of mabQ 1 13 immunoreactivity
in the habenular complex has revealed another difference
between the expression of the epitope in the cerebellum versus the rest of the brain, as it is clear that there is no selective
suppression of immunoreactivity in the M H b equivalent to
that leading to the adult mabQ 113-Purkinje cells. At no stage
during development is the mabQ113 epitope expressed in the
MHb. Furthermore, the timing of antigen induction in the
habenular complex now shows that the two glial populations
are already distinct shortly after the time of birth.
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FACING PAGE
FIG. 3. Coronal sections of fetal and postnatal rat brains immunoperoxidase stained with mabQ113. At E l 7 and E20 there is no specific
staining of either the lateral (I) o r medial ( m ) hahenula. PI is the first age at which specific immunoreactivity is detected in the LHb. The
intensity of staining within the L H b steadily increases during the next few day.; to attain the adult level a t P6. At no age is there any specific
immunoreactivity in the MHb. The scale bars indicate 50 F m for E l 7 and E20, and 100 F m for PI through P6.
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