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Monoclonal antibody mabQ113 recognizes a polypeptide antigen which, in rat cerebellum, is confined exclusively to a subset of Pur- 
kinje cells which are organized into parasagittal bands. In this report we have explored the distribution of mabQ113 immunoreactivity 
in some other regions of the rat brain. The most interesting result was a dramatic differential staining of the habenular complex in 
which mabQ113 densely and uniformly stained the lateral habenula but did not stain the medial habenula. Within the lateral habenula 
reaction product is localized primarily in the cellular processes of astrocytes but there is also staining of neighboring neuronal dendritic 
and axonal profiles. The afferent and efferent tracts of the habenular nuclei are not immunoreactive and there was no systematic dif- 
ference in staining between the afferent and efferent nuclear groups of the two habenular nuclei. The pattern of mabQ113 immunore- 
activity in rat brain is distinct from previously described biochemical differentiation markers of the two nuclei and thus may serve as a 
useful probe to study habenular anatomy, development and function. 

INTRODUCTION 

Monoclonal antibodies are powerful tools to ex- 
plore the biochemical differentiation of the brain. 
We have produced a library of monoclonal antibod- 
ies against polypeptide antigens of the rat cerebel- 
lum, one of which. mabQ113, selectively stains a sub- 
set of Purkinje cells in the cerebellar cortexl3. Immu- 
noreactive cells are arranged into regular parasagit- 
tal bands which extend throughout the vermis and 

widespread throughout the brain. In particular, we 
emphasize here that mabQ113 selectively and uni- 
formly stains the lateral habenula leaving the medial 
habenula unstained. The pattern of mabQ113 immu- 
noreactivity is distinct from all of the previously de- 
scribed biochemical differentiation markers of the 
two nuclei and thus may serve as a useful probe for 
studies of habenular anatomy and development. 

MATERIALS AND METHODS 

the hemispheres separated by similar bands of non- 
reactive Purkinje cells. No other cells types in the For immunocytochemistry, adult Sprague-Daw- 
cerebellar cortex are immunoreactive. The ley rats were deeply anesthesized with sodium pento- 
mabQ113 antigen has been identified on Western barbital. After surgical exposure of the heart, 75 
blots as a 120 kdalton polypeptide but nothing is units of heparin and 5 mg sodium nitrite were in- 
known concerning its function. In view of the striking jected into the heart and, 1 min later, the animal was 
immunocytochemical staining in the cerebellar cor- perfused via the left ventricle with 200 ml of PBS (0.1 
tex the distribution of the antigen was explored in M phosphate buffer, pH 7.4,O.lS M NaCl). followed 
other brain regions. MabQ113 immunoreactivity is by fixation with 200 ml of ice-cold 4% paraformalde- 
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TABLE I 

Relative m a b Q l l 3  immunoreactivity of the neuropil in various brain regions 

0 means no staining, 1 very slight staining and 2,3,4 are even gradations of staining up  to a maximum of 5, equivalent to that of cerebel- 
lar Purkinje cells. 

Area Staining Area Staining 

Cerebellum 
Purkinje cells 
Granule cells 

Amygdala 
Medial nucleus 
Central nucleus 
Cortical nucleus 
Lateral nucleus 
Basolateral nucleus 
Basomedial nucleus 

Olfactory bulb 
Olfactory nerve layer 
Glomerular layer 
Mitral cell layer 
Granule cell layer Anterior commissure 

Accessory olfactory bulb 0 Internal capsule 1 

Anterior olfactory nucleus 
Lateral, dorsal, ventral, medial parts 

Corpus callosum 

Thalamus 
Reticular nucleus 
Parafascicular nucleus 
Centromedian nucleus 
Reuniens nucleus 
Rhomboid nucleus 
Anteroventral nucleus 
Anterodorsal nucleus 
Anteromedial nucleus 
Mediodorsal nucleus 
Posterior nucleus 
Ventromedial nucleus 
Ventrolateral nucleus 
Lateral nucleus 
Lateral geniculate 
Medial geniculate 
Anterior pretectal area 

Lateral olfactory tract 

Olfactory tubercle 
Plexiform layer 
Pyramidal layer 
Polymorphic layer 

Pyriform cortex 

Entorhinal cortex 

Neocortex (frontal and parietal) all layers 

Hippocampus 
Oriens layer 
Pyramidal layer 
Radiatum layer 
Molecular layer 
Alveus 
Fimbria 
Fornix 

Hypothalamus 
Suprachiasmatic nucleus 
Supraoptic nucleus 
Paraventricular nucleus 
Anterior hypothalamic area 
Arcuate nucleus 
Ventromedial nucleus 
Dorsomedial nucleus 
Median eminence 
Lateral hypothalamic area 
Posterior hypothalamic area 

Dentate gyrus 
Molecular layer 
Granule cell layer 
Polymorphic layer 

Septa1 nuclei 
Lateral septal nucleus 
Medial septal nucleus 
Triangular septal nucleus 
Diagonal band nucleus 
Septofimbrial nucleus 
Precommissural septal nuclei 
Lateral ventral septal nucleus 
Septohypothalamic nucleus 
Bed nucleus of the stria terminalis 

Preoptic area 
Lateral preoptic area 
Medial preoptic area 
Central gray substance 

Basal ganglia 
Caudate-putamen 
Globus pallidus 
Claustrum 
Nucleus accumbens 



Table 1 (continued) 

Area 
-- 

Epithalamus 
Medial habenular nucleus 
Lateral habenular nucleus 

Subthalamus 
Subthalamic nucleus 
Zona incerta 
Entopeduncular nucleus 
Nucleus basalis 
Substantia innominata 
Substantia nigra 

pars compacta 
pars reticulata 

Interpeduncular nucleus 
Central part 
Paramedian part 
Outer part of posterior subnucleus 
Apical part 

Staining Area Staining 

Brainstem etc. 
Dorsal raphe 
Medial raphe 
Mesencephalic raphe 
Pontine raphe 
Brainstem nuclei, 111, IV, V, VI, 
Inferior colliculus 
Ventral tegmental area 
Inferior olive 
Superior colliculus 
Tegmental reticular formation 
Locus coeruleus 
Parabrachial nucleus 

2 
2 
2 
2 

VII, VIII, X, XI1 3 
3 
2 
2 
2 
2 
2 
2 

hyde, 0.2% glutaraldehyde in PBS. The brain was 
post-fixed overnight in 4% paraformaldehyde alone. 
Sections were cut sagittally, horizontally or coronally 
at 50 pm using a freezing microtome. Vibratome sec- 
tions were used for electron microscopy. 

To detect specific immunoreactivity, sections were 
incubated in monoclonal antibody mabQ113 over- 
nightl3. In all the examples shown here, mabQ113 
was used diluted 1/32 into 10% normal horse serum 
in PBS. T o  detect specific antibody binding, sections 
were incubated 2 h in rabbit antimouse immunoglob- 
ulin conjugated to horseradish peroxidase diluted 
1/100 in 10% normal horse serum (Dako Inc.). Anti- 
body binding was revealed using 4-chloro-1-naphthol 
as substrate12 for light microscopy, 3-3'-diaminoben- 
zidine for electron microscopy. The sections were 
washed for 10 min in each of 3 changes of buffer be- 
tween the incubations. Sections in which the primary 
antibody was omitted gave no staining and no other 
antibody in our library gives a similar distribution of 
reaction product. For electron microscopy, sections 
were postfixed in buffered 2% 0,04 for 1 h and in 
buffered 2% 0 , 0 4 ,  3% potassium ferrocyanide for 
another hour before embedding in epon. Silver sec- 
tions were stained with 5 %  uranyl acetate and 0.1% 
lead citrate. A Phillips model EM300 was used for 
electron microscopic observation and photography. 

A total of 20 rats were studied. The brains of 3 of 
the adult rats were serially sectioned and every tenth 

50 p m  section was stained with mabQ113. In addi- 
tion, using the stereotaxic atlas of Pellegrino et al.23, 
3 adult rats received intraventricular injections of 105 
pg  of colchicine in 7 p1 of saline 48 h prior to sacri- 
fice28. The nuclear groups were identified using the 
rat brain atlas of Paxinos and Watson22. The nuclear 
group nomenclature used is that of Herkenham and 
Nautal4JS with some modifications according to the 
atlas of Paxinos and Watson22. A table (Table I) has 
been constructed of the relative mabQ113 immuno- 
reactivity of the neuropil in various brain regions; 
0 denotes no staining, 1 very slight staining, and 2 ,3 ,  
4 increasing increments of staining up to a maximum 
of 5, equivalent to that of the cerebellar Purkinje 
cells. 

RESULTS 

MabQ113 gives a striking pattern of differential 
staining in the rat cerebellar cortex by recognizing a 
subset of Purkinje cells which are arranged into para- 
sagittal bandsl3. With this in mind, evidence of differ- 
ential staining was sought in other brain regions. The 
relative intensity of mabQ113 immunoreactivity in 
the rat brain is presented in Table I. Reaction prod- 
uct is found throughout the adult central nervous sys- 
tem and, with the exception of the cerebellum, is 
characterized by the marking of the neuropil, with 
little evidence of strong differential expression be- 



tween brain regions. However, one intriguing exam- era1 habenular nucleus (LHb) (Fig 1A-C) while leav- 
ple of selective immunoreactivity was found in the ing the medial habenular nucleus (MHb) almost com- 
habenular nuclei. MabQ113 gave a dense and uni- pletely unstained (Fig. l A ,  B) except for reaction 
form deposit of reaction product throughout the lat- product confined to a few scattered fibers. Observed 

MHb . '  

s r n  

Fig. I .  Coronal sections of rat habenular nuclei stained with rnabQll3. In A there is dense staining of thc lateral habcnular nucleus 
(LHb) of the adult rat and no staining of the mcdial habenular nucleus (MHb), stria rnedularis (sm) or fasciculus retrotlcxus (fr). Scale 
bar = 5 0 0 ~ t m .  B shows a higher magnification view of the border between LHb and MHb. Scale bar = 50pm.  C illustrates the border 
between the LHb and the stria medularis. Scale bar = 30/tm. 



Fig. 2. Electron micrographs of adult rat lateral habenular nucleus stained with mahQ113. In A ,  the imrnunoreactive product is local- 
ized to a fine lacework of cellular processes characteristic of astrocytes. These processes surround neuronal cell bodies, dendrites, ax- 
ons and boutons. S ta~ned  glial fibrils are indicated by the arrowhead. In B, a transversely sectioned myelinated axon displays uniform 
staining of the axonal contents. Surrounding the stained axon there are numcrous unstained myelinated and unmyelinated axons. The 
bars indicate I urn in A and 0.5,um in B. 



under higher power, the stain deposits appear to be 
confined to the neuropil (Fig. 1C). The staining is so 
intense that individual stained cellular elements can- 
not be distinguished and only the outlines of large 
unstained neurons are identifiable. In lightly stained 
sections it is apparent that reaction product is asso- 
ciated with small cells bearing numerous fine proces- 
ses. The diameter of the cell bodies ranged between 7 
and 14pm with the majority being 11-12pm in size. 
Rarely, weakly stained cell bodies could be discerned 
within the MHb similar in size and appearance to 
those of the LHb. MabQ113 immunoreactivity does 
not distinguish between the different neuronal cell 
types described by Villani et al.31. 

By electron microscopy. the majority of the 
mabQ113 immunoreactivity was confined to a fine 
lacework of cellular processes characteristic of astro- 
cytes (Fig. 2A). These processes surround neuronal 
cell bodies, dendrites, axons and boutons. The pres- 
ence of glial fibrils (arrowhead in Fig. 2A) and nucle- 
ar heterochromatin (Fig. 3A) within stained profiles 
supports their identification as astrocytes. In some 
areas neuronal dendritic and axonal processes were 
also lightly stained (Figs. 2B, 3A, B). When sec- 
tioned transversely, some axons were uniformly la- 
beled (Fig. 2B). However, the majority of labeled 
axons were non-uniformly stained, with reaction 
product localized to one area within the axon (Fig. 
3B). Likewise, in longitudinal sections of dendrites, 
the reaction product associated with microtubules 
tended to be non-uniformly distributed with areas of 
more intense labeling alternating with areas of little 
or no staining (Fig. 3B). 

Within the LHb there is no evidence of the banding 
found in the cerebellar cortex. In none of the animals 
examined did we find evidence of a gradient of im- 
munoreactivity in the mediolateral. dorsoventral or 
rostrocaudal directions. The boundaries of the LHb 
are, however, very sharply delineated both at the 
LHb-MHb junction (Fig. 1B) and at the interface of 
the LHb and the stria medularis (Fig. 1C). The uni- 
formity of the LHb staining is significant since the 
LHb is not uniform either in its anatomical connec- 
tions or in its chemical composition. The afferents to 
the LHb are topographically organized such that the 
lateral portion of the entopeduncular nucleus pro- 
jects to the lateral portion of the LHb, and the medial 
portion of the entopeduncular nucleus projects to the 

medial portion of the LHb28. The medial-lateral to- 
pographic organization also occurs in the lateral hy- 
pothalamic and lateral preoptic area afferents. The 
efferents from the medial portion of the LHb project 
to the raphe nuclei while the lateral portion projects 
to the area of the reticular formationls. Biochemical 
gradients have been described within the LHb in the 
concentration of glutamic acid decarboxylase 
(GAD), GABA-transaminase and serotonin5,8,9, 
11.18. 

The analysis of the distribution of mabQ113 immu- 
noreactivity included the MHb and LHb afferent and 
efferent connections. The afferent and efferent fiber 
tracts themselves, the stria medularis, the habenular 
commissure and the fasciculus retroflexus are all 
unstained (the stria medularis and fasciculus retro- 
flexus are illustrated in Fig. 1). The major and minor 
habenular afferents have been thoroughly defined in 
rat3.1".14.15.30. The two major nuclei sending afferent 
projections to the LHb, the entopeduncular nucleus 
and the lateral hypothalamus are illustrated in Fig. 
4A. The lateral hypothalamus is illustrated under 
higher power in Fig. 4B. The two major nuclei which 
send afferents to the MHb are the triangular septa1 
nucleus and the septofimbrial nucleus (illustrated un- 
der higher power in Fig. 4C). There is no significant 
difference between the staining of the MHb and LHb 
major afferent nuclear groups (Fig. 4 and Table I). 
Similarly there is no selective staining of minor affer- 
ent cell groups projecting to the MHb or the LHb 
(Table I). In all cases, the staining resembles that il- 
lustrated in Fig. 4 and involves neuropil and small, 
multipolar cells. In lightly stained regions such as the 
lateral hypothalamus (Fig. 4B) and the septofimbrial 
nucleus (Fig. 4C) the immunoreactivity can be re- 
solved to individual, small multipolar cells and, in 
particular, to their cellular processes. These cells 
closely resemble those stained in the LHb in both size 
(cell somata diameters 7-14pm) and appearance. 

Lik'ewise, the major and minor habenular efferent 
nuclear groups have been well-defined anatomical- 
ly4,15.20,27, The major efferent projections from the 
LHb to the dorsal and median raphe are shown in 
Fig. 5A with a higher power view of the median 
raphe in Fig. 5B. The major efferent projections 
from the MHb are subgroups of the interpeduncular 
nucleus, shown under higher power in Fig. 5C. From 
inspection of Fig. 5 and Table I, it is clear that as for 



Fig. 3. Electron micrographs of adult rat lateral habenular nucleus stained with mabQll3.  In A, the immunoreactive product is pres 
ent within the cellular cytoplasm of an astrocyte (a) as identified by the presence of nuclear heterochromatin. Two dendritic processer 
(d), one cut longitudinally and the other transversely, are labeled. Within a transversely cut axon one region of the axoplasm is morr. 
intensely stained (arrowhead). In B, a longitudinally sectioned dendrite reveals areas of stronger irnmunoreactive labeling (arrow 
heads) alternating with areas of weak or  no staining (small arrows). Likewise, several transversely cut axons reveal areas of mort 
dense labeling (large arrows). Patchy immunoreactivity in dendritic profiles is characteristic of mabQ113. The bars in A and B indicatt 
I {cm. 



aer lower power In A. I ne lareral nypornalamus IS luusrrarea unaer nlgner power In a. I ne major arrerenr nuclear groups ro rne meal- 
al habenul igular sept: ofimbrial nl itrated in C ittle differe 
Ing lnrenslry or larera I capsule; I ,  rorn~x; gp, g~oous  pal 
nucleus; vp, ventral posterior thalamic nucleus. The bar indicates 500pm in A, and 50pm in B and C 
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Fig. 5 .  Coronal sections stained with mabQ1 I3 of adult rat nuclear groups which receive projections from the habenular nuclei. The 
major efferent groups from the lateral habenula are the dorsal raphe (dr) and median raphe (mr),  illustrated under lower power in A.  
The median raphe is illustrated under higher power in B. The major efferent nuclear group from the medial habenula is the interpe- 
duncular nucleus, illustrated in C. Thcre is little differencc in staining intensity of the lateral and medial hahenular efferents. dscp. de- 
cussation of the superior cerebellar peduncle, 4n. 4th cranial nerve nucleus. Thc bar indicates 500~crn in A and 50jtm in B and C. 

the major  efferent structures, there is n o  significant 
difference between the staining pattern of the M H b  
and L H b  efferent projection nuclear groups. There  
was, likewise, n o  difference in the staining pattern of 
the minor M H b  and  L H b  efferent projection nuclear 
groups (Table I ) .  

These studies all suggest that 1nabQ113 immunore- 
activity is associated with intrinsic L H b  cells rather 
than with afferent fibers. T o  test this hypothesis fur- 
ther the distribution of reaction product was exam- 
ined in sections from animals w h ~ c h  had received in- 
traventricular injections of colchicine. By thus block- 

ing the fast axonal transport of materials it is possible 
to  demonstrate the somata-of-origin of immunoreac- 
tivity normally confined to the cell periphery" Col- 
chicine injections 48 h prior to  sacrifice gave n o  per- 
ceptible change in either the distribution o r  the inten- 
sity of habenular staining (not shown). T h e  immuno- 
reactivity of the afferent and efferent projection 
areas was likewise unchanged. 

DISCUSSION 

M a b Q l l 3  immunoreactivity is found throughout 



the adult rat central nervous system. With the excep- 
tion of the cerebellum, staining is associated with 
neuropil and there is little evidence that rnabQ113 is 
selectively expressed in different brain regions. One 
exception is the highly selective immunoreactivity 
within the habenular complex with prominent stain- 
ing of the LHb but not of the MHb. Reaction product 
is distributed uniformly throughout the LHb and 
sharply confined to its borders. 

With electron microscopic observation it became 
clear that the majority of the rnabQ113 staining was 
within astrocytes, as identified by their fine, intricate 
lacework of cellular processes and nuclear hetero- 
chromatin. Neuronal cell bodies, axons and den- 
drites were also labeled, but less intensely and less 
extensively. The subcellular localization of mabQ113 
immunoreactivity to astrocytes was most surprising, 
considering its exclusively neuronal localization in 
the cerebellar cortexl3. Thus the antigen seems to be 
expressed in a highly selective manner in different 
brain regions, but the ability to express is not con- 
fined exclusively to neurons or glia. Although the 
majority of rnabQ113 imrnunoreactivity is confined 
to astrocytes, it is interesting that both neuronal and 
glial processes contribute to the staining of the neuro- 
pil, for this suggests either that whatever controls 
mabQ113 antigen expression acts on the LHb as a 
whole or  that interactions between neighboring neu- 
rons and glial cells result in mabQ113 antigen co-ex- 
pression. MabQ113 imrnunoreactivity was never ob- 
served in the intracellular space, thus not supporting 
the possibility of a passive acquisition of mabQ113 
reactivity by one cell type (e.g. neurons) following 
the secretion of the antigen by another (e.g. astro- 
cytes). 

No link was found between the differential habe- 
nular mabQ113 antigen expression and the organiza- 
tion of afferent and efferent connections. The fiber 
tracts for afferent and efferent habenular connec- 
tions did not stain, nor was any significant difference 
noted in staining quality and intensity of either the 
MHb or LHb major and minor afferent structures. 
Likewise the major and minor efferent areas from 
either the MHb or LHb did not display any significant 
staining differences. MabQ113 does stain cerebellar 
efferent axons and their projections in the deep cere- 
bellar nuclei. In contrast, mabQ113 immunoreactivi- 
ty is not seen in the habenular efferent bundles. 

Thus, the cellular elements stained within the LHb 
seem to be intrinsic and not related to differences in 
the afferent and efferent connectivity. This sugges- 
tion is supported by the fact that intraventricular col- 
chicine did not change the staining pattern of 
mabQ113. 

Besides the afferent and efferent antomical differ- 
ences between the MHb and LHb, there are also a 
number of biochemical differences. For example, 
choline acetyltransferase is 5 to 7 fold higher in the 
MHb than in the LHb5,11,16,21 and acetylcholinester- 
ase is two-fold higher in the LHb than in the MHbl6. 
The mabQ113 antigen is not closely related to cholin- 
ergic activity in other regions of the brain; however, 
areas with very high acetylcholinesterase levels such 
as the amygdalar nuclear groups, the olfactory tuber- 
cule and the caudate-putamen (levels up to 7 times 
higher than the LHb) all stain more weakly than the 
LHb with mabQ113 (Table I). Likewise nicotinic re- 
ceptors are found in the LHb and not in the MHbl7, 
but the a-bungarotoxin binding in the LHb is very 
weak in comparison to strongly reactive regions such 
as the accessory olfactory bulb, the hippocampus and 
amygdala, findings which are quite different from the 
distribution of mabQ113 imrnunoreactivity (Table I). 
Again, muscarinic binding sites have a 3-fold higher 
concentration in the LHb as compared to the MHb, 
but again, other brain regions that have up to a 6-fold 
higher concentration of muscarinic receptors as com- 
pared to the LHb, such as the olfactory bulb and tu- 
bercle's, have much less mabQ113 immunoreactivity 
(Table I). Vasopressin2 and neurophysin29 are pres- 
ent within the LHb and not the MHb. However, the 
mabQ113 antigen does not appear to be directly re- 
lated to these peptides since they arise from cells in 
the suprachiasmatic nucleus and are not intrinsic to 
the LHb. a finding different from our results. 

There are several neurotransmitter related differ- 
ences between LHb and MHb. The concentration of 
norepinephrine is non-uniform in a rostrocaudal di- 
rection within the habenular complex, but compara- 
ble in both the MHb and LHb7,19. Dopaminergic in- 
put is primarily localized to the lateral sector of the 
MHb and the medial sector of the LHb, findings dif- 
ferent from the mabQ113 antigen distribution1.2J. Se- 
rotoninergic neurons project to the medial portion of 
the LHb from the median and dorsal rapheU.18. Be- 
cause the mabQ113 staining of the LHb is uniform, 



and the staining intensity of the median and dorsal 
raphe is much less than that of the LHb, the 
mabQ113 antigen does seem to be serotonin-related. 

In general terms. mabQ113 antigen is distributed 
in the brain along with GABAergic (y-aminobutyric 
acid) systems and staining for GABA-transaminase 
produces a strong reaction product in the LHb-72. 
However, the most intense staining for GABA-trans- 
aminase is in the subthalamic nucleus which 
mabQ113 stains only lightly (Table I). The concen- 
tration of G A D  is 4-fold greater in the LHb than in 
the MHb5,8, but GAD-immunoreactive staining of 
the cerebellum, although labeling Purkinje cells, also 
stains strongly in the granule cell layer26 and double- 
labeling experiments in rat cerebellar cortex with 
anti-GAD and mabQ113 clearly show that they are 
not co-distributed (Hawkes, unpublished obser- 
vations). 
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