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Calbindin-D 28K in hippocampal organotypic cultures 
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Slices of hippocampus from 6-day-old rats were cultured for 2-4 weeks using the roUer-tube technique. The organization of these 
explants was studied by immunocytochemieal labeling of calbindin-D 28K (CaBP 28K). The development of the CaBP 28K staining 
was very close to that of the rat hippocampus in vivo with only 3 ~ubpopulations of labeled cells: granule cells and their mossy fibers, 
pyramidal cells in the subiculum-CA1 zone and interneurons scattered in strata oriens and radiatum. 

The roller-tube tissue culture technique has been 
successfully used to culture hippocampal slices for 
several weeks. Studies using different markers have 
shown that the development of organotypic cultures 
is similar to that of the hippocampus in vivo, 
suggesting that the hippocampus has retained its 
basic cellular and connective organization under 
these culture conditions 7'16. 

An alternative interesting marker of the hippo- 
campus is the calbindin-D 28K (CaBP 28K). CaBP 
28K is found primarily in two hippocampal cell 
populations, the granule cells and the CA1 pyrami- 
dal neurons 2,4'1°,13. Although its exact function in 

the brain is unknown, this calcium-binding protein 
could be implicated in the regulation of intracellular 
calcium levels and its presence has been closely 
linked to the hippocampus development 13. In the 

present study, the immunocytochemical distribution 
of CaBP 28K has been therefore used as a marker of 
hippocampal integrity in roller-tube cultures. 

Hippocampal slices (400/~m thick) were prepared 
from the brain of 6-day-old rat pups and cultured 
using the roller-tube technique described by 
G~ihwiler 6. After 14-26 days in vitro, the explants 
were fixed on their coverslips in Carnoy's solution 
for 2 h, dehydrated in 100% ethanol (1 h) and 
isoamylacetate (3 h), and embedded in paraffin. The 
explants were separated from the coverslips with a 

razor blade and sectioned (7.5 /~m thick). This 
procedure was adopted to ensure antibody penetra- 
tion, as intact cultured tissue remained unlabeled. 
The paraffin was removed with toluene, and the 
sections rehydrated and immunostained for CaBP 
28K using the procedure of Rami et al. 13 adapted for 
the roller explants. The antiserum used was raised in 
rabbit against rat renal CaBP 28K, its specificity has 
been demonstrated by Ouchterlony double immu- 
nodiffusion and radioimmunoassay 9. The sections 
were washed in PBS, covered with 4% horse serum 
in PBS for 1 h, blotted and flooded with diluted 
anti-CaBP 28K serum (1:1000 in PBS-3% BSA) for 
16 h at 4 °C. They were then washed with PBS, 
flooded with anti-rabbit IgG-peroxidase (BioSys, 
1:150 in PBS-3% BSA) and incubated for 10-15 min 

with 0.05% DAB and 0.01% H20 2 in 0.05 M 
Tris-HC1, pH 7.6. The sections were then dehy- 
drated in ethanol and mounted in Eukitt. 

Fig. 1A shows the typical immunostaining with 
the CaBP 28K antiserum. 

The dentate gyrus was clearly labeled, with heavy 
staining over the entire length of the granule cell 

layer. The dendrites, somata and axons of granule 
cells were CaBP 28K-positive; thus the molecular 
and granular layers were labeled (Fig. 1B) and 
immunoreactive mossy fibers were conspicuous in 
stratum lucidum of the CA4-CA3 area (Fig. 1C). An 
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Fig. 2. A and B: CaBP 28K immunostaining in the subiculum-CA1 border zone. A: at DIV 26, neurons of CA1 area become stained 
(compare with Fig. 1A). B: the stained neurons (DIV 14); dendrites and somata of labeled neurons are conspicuous. Note that only 
a subpopulation of neurons is labeled. C and D: CaBP 28K immunostaining of interneurons (DIV 26). Various shapes in stratum 
oriens (or) of the subiculum-CA1 border zone (C) and in stratum radiatum (rad) of the CA3 subfield (D): bipolar (b), pyramidal 
(p) and stellate (s) neurons. Scale bars = 50 ~m. 

in f rapyramida l  b u n d l e  was s ta ined in the hilar  region 

(Fig. 1A). A similar  bund le  can be ident i f ied with 

T i m m  s ta in ing  of  this p repa ra t ion  16, indica t ing  that  

it consis ted of mossy fibers. The  free b lade  of the 

fascia den ta t a  occasional ly  p re sen t ed  an  unusua l  

pa t t e rn ,  with a second layer  of  g ranu le  cells above  

the molecu la r  layer  which is sandwiched  b e t w e e n  

two CaBP  28K-posi t ive n e u r o n a l  rows (Fig. 1). In  

Fig. 1. A: distribution of CaBP 28K immunostaining in a hippocampal slice after 14 days in vitro (DIV 14). The basic pattern is 
present. Note the widening of the free blade (asterisk) and the infrapyramidal bundle of the mossy fibers (arrow). FD, fascia dentata. 
B: the granule cell layer (DIV 26); the dendrites in the molecular layer (m) and the soma of the cells (granular layer g) are labeled. 
C: CA3 area (DIV 14); the mossy fibers are stained but not the pyramidal neurons (asterisk). The collaterals of the mossy fibers 
penetrate between the pyramidal somata (sp). The dark points (arrow) probably correspond to mossy fiber excrescences. Scale bars 
= 50/~m. 
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fact, a closer examination suggests that in the 
roller-tube cultures, CaBP 28K-positive granule cells 
migrate around the molecular layer. 

CA3 pyramidal neurons were clearly not labeled 
with the antibody (Fig. 1C, asterisk). 

In the subiculum-CA1 border zone, many neu- 
rons were immunoreactive with distinctly visible 
dendrites (Fig. 2A, B). It was, however, very 
difficult to determine precisely the limit between 
subiculum and CA1 because of the widening of all 
cell layers in the roller-tube cultures. Another 
distinctive feature of these two areas is that CA1 
ceases where stratum radiatum (with a parallel 
pattern of dendrites) disappears 12. On the basis of 
this criterion, it appeared in our study that in the 

young cultures, the labeling concerned rather the 
subiculum near CA1 (Fig. 1A) whereas in the older 

ones, the staining involved also pyramidal cells in the 
CA1 subfield (Fig. 2A). Thus the location of the 
staining in the subiculum-CA1 area was dependent 

on the age of the cultures. 
Numerous heavily stained neurons were dispersed 

in stratum radiatum and oriens of the CA1 and CA3 
subfields (Fig. 2C, D) with bipolar, stellate or 
pyramidal shapes, thus these cells had location and 
general morphological features similar to those of 
the interneurons in vivo 14. 

The present study shows that in the fascia dentata: 
(i) the staining pattern for CaBP 28K in cultured 
hippocampal slices is remarkably similar to that of 
the in situ hippocampus of rats aged 35 days or 
older2"4"l°'13; and (ii) this pattern differs considerably 

from that of the 6-day-old hippocampus before 
culture. In the latter, only the granule cells in the 
lateral blade are labeled and the mossy fibers are just 
visible ~3. We therefore conclude that the immuno- 
cytochemical staining for CaBP 28K develops in 
vitro. Since the cultured slices lack any of the normal 
extrinsic connections (afferents, including perforant 
path fibers, septal afferents, commissural and asso- 
ciation fibers and monoaminergic fibers from the 
brainstem, or efferents, notably to the septum, 
entorhinal and subicular corticesL~5), it is remark- 
able that, even without all their normal afferents, the 
granule cells achieve in vitro the full pattern ob- 
tained after maturation in vivo. These results suggest 
that the synthesis of CaBP 28K in the granule cells 

is not dependent upon the presence of the normal 
afferents. But, since most of the mossy fibers are 
present in cultured slices t6 and form functional 
synapses with CA3 pyramidal cells s, this synthesis 

could be dependent upon the presence of the target 
cells. In dorsal root ganglion cells in cultures, data 
also support the hypothesis that CaBP 28K synthesis 
is induced by an interaction with developing skeletal 
muscle 3. 

The situation is different for the CA1 pyramidal 
cells. In vitro, these cells have been deprived of their 
normal targets except a small part of the subiculum 
which was preserved in these slices, but a significant 
part of their afferents (i.e. Schaffer collaterals) are 
still present. In addition, only a portion of the CA1 

pyramidal neurons localized near the subiculum 
became labeled, in contrast to in vivo where labeled 

neurons were visible along the whole CA1 pyramidal 
cell layer ~3. Therefore the scarce staining within this 
subfield in vitro may be due to the absence of most 
of the normal target cells. However, since hippo- 
campal neurons in roller-tube cultured slices estab- 
lish aberrant connections including in CA15"H, the 
present observations suggest that the signals which 
will initiate CaBP 28K synthesis are not present in 
the inappropriate targets. Further studies using 

cocultures of hippocampal subregions are required 
to test this hypothesis. 

A particularly interesting feature of the pattern of 
CaBP 28K staining in the cultured slices is the 
persistence of intense labeled interneurons whereas 
this staining is transient in vivo 13. Therefore, our 

observations suggest that in slice culture, some 
transient features become persistent. 

In conclusion, this study shows that if the overall 
staining pattern of the CaBP 28K distribution dem- 
onstrates the integrity and essential normal devel- 
opment of the hippocampal slices in roller-tube 

culture, minor differences are observed, that can 
reveal the role of extensive suppression of both 
afferent and efferent connections in the neuronal 

maturation. 

We are grateful to O. Robain and G. Barbin for 
their advice and suggestions and w e  thank S. 
Guidasci for valuable photographic assistance. 
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