
Glial S100B Positive Vacuoles In Purkinje Cells: Earliest
Morphological Abnormality In SCA1 Transgenic Mice

Parminder J.S. VIG, Maripar E. LOPEZ, Jinrong WEI, David R. D’SOUZA, SH SUBRAMONY,
Jeffrey HENEGAR, and Jonathan D. FRATKIN
Departments of Neurology and Pathology, University of Mississippi Medical Center, Jackson, USA

Abstract
Spinocerebellar ataxia-1 (SCA1) is caused by the expansion of a polyglutamine repeat within the
disease protein, ataxin-1. The overexpression of mutant ataxin-1 in SCA1 transgenic mice results in
the formation of cytoplasmic vacuoles in Purkinje neurons (PKN) of the cerebellum. PKN are closely
associated with neighboring Bergmann glia. To elucidate the role of Bergmann glia in SCA1
pathogenesis, cerebellar tissue from 7 days to 6 wks old SCA1 transgenic and wildtype mice were
used. We observed that Bergmann glial S100B protein is localized to the cytoplasmic vacuoles in
SCA1 PKN. These S100B positive cytoplasmic vacuoles began appearing much before the onset of
behavioral abnormalities, and were negative for other glial and PKN marker proteins. Electron
micrographs revealed that vacuoles have a double membrane. In the vacuoles, S100B colocalized
with receptors of advanced glycation end-products (RAGE), and S100B co-immunoprecipated with
cerebellar RAGE. In SCA1 PKN cultures, exogenous S100B protein interacted with the PKN
membranes and was internalized. These data suggest that glial S100B though extrinsic to PKN is
sequestered into cytoplasmic vacuoles in SCA1 mice at early postnatal ages. Further, S100B may be
binding to RAGE on Purkinje cell membranes before these membranes are internalized.
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INTRODUCTION
Spinocerebellar ataxia 1 (SCA1), an autosomal dominant disease, belongs to a group of
trinucleotide repeat disorders of the nervous system. SCA1 is associated with progressive
ataxia resulting from the loss of cerebellar Purkinje cells and neurons in the brainstem (21,40).
The mutant protein ataxin-1 has an expanded polyglutamine tract (2,11,27). However, the exact
function of this protein is not fully understood. Further, understanding the precise pathogenic
mechanisms of selective neuronal death in SCA1 is important if effective therapies have to be
designed.
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SCA1 trangenic mice (line B05) express mutant ataxin-1 with 82 glutamines. Overexpression
of mutant ataxin-1 in Purkinje cells of these mice results in a progressive ataxia and Purkinje
cell pathology that are very similar to those seen in SCA1 patients (4). In transgenic mice, a
hallmark of SCA1 pathology is the presence of intranuclear inclusions and cytoplasmic
vacuoles in Purkinje cells. These vacuoles are believed to originate as large invaginations of
the outer cell membrane, and later on contain proteins from degenerating Purkinje cell
somatodendritic membranes, especially PKC gamma (32). It is not fully understood why
increased expression of mutant ataxin-1 results in the formation of cytoplasmic vacuoles.
However, they are relevant to disease as they are formed only when mutant ataxin-1 (with
expanded repeats) is expressed.

S100 proteins are a multigenic family of non-ubiquitous Ca2+-modulated proteins of the EF-
hand type expressed in vertebrates exclusively, and have been involved in the regulation of
protein phosphorylation, some enzyme activities, the dynamics of cytoskeleton components,
transcription factors, Ca2+ homeostasis, and cell proliferation and differentiation (8,39). Certain
S100 members are released into the extracellular space by an unknown mechanism. S100B is
known to exist as a non-covalently associated dimer (betabeta) under physiological
concentrations and reducing conditions (9), and is capable of functionally crossbridging two
homologous or heterologous target proteins in a Ca2+-dependent manner (24). S100B is
abundantly expressed in the nervous system (18,29,30,39). It is mainly expressed in astrocytes,
oligodendrocytes, and Schwann cells.

Receptor for advanced glycation end products (RAGE) is a multiligand member of the
immunoglobulin superfamily of cell surface molecules whose repertoire of ligands includes
advanced glycation end products (AGEs), amyloid fibrils, amphoterins and S100/
calgranulins (18,31). Several isoforms of RAGE are expressed in human brain (7,13). Schmidt
et al. (31) have proposed that in RAGE expressing cells, RAGE ligands have the capacity to
upregulate the receptor thus enhancing the initial response. Whereas soluble RAGE (secreted
isoform of RAGE), has the ability to prevent RAGE signaling by acting as a decoy (16). S100B
has been reported to activate RAGE inducing neurite outgrowth and activation of transcription
factor NF-kappaB in vitro (1,18).

Bergmann glia located in the Purkinje cell layer in cerebellar cortex elaborately ensheathe
Purkinje cell dendrites, synapses and soma, and are structurally and functionally related with
differentiating Purkinje cells (38). Recently, Pakhotin and Verkhratsky (28) have demonstrated
electrical coupling between Bergmann glia and Purkinje cells. In addition Bergmann glia are
gaining recognition as key players in the clearance of extracellular glutamate, and these cells
express high levels of S100B (33). Therefore, the objective of the present study was to determine
if Bergmann glia have any role in SCA1 pathogenesis.

METHODS
SCA1 transgenic mice

The SCA1 transgenic mice are generated by Drs. Harry Orr and Huda Zoghbi (4) at the
University of Minnesota. We have a colony of SCA1 mice in our animal facility.

The heterozygous PS–82 BO5 line of mice identified using a transgene specific PCR assay
were backcrossed to the parental FVB/N strain (N=10) to establish congenic line with
homogeneous background strain. The line B05 has 30 copies of the transgene PS-82.
Transgenic mice of the B05 line develop progressive loss of Purkinje cells and cerebellar
function. Heterozygous B05 transgenic mice become visibly ataxic (as assessed by home cage
behavior) at 12 wks of age, whereas in homozygotes, the onset of ataxia is at 6 wks postnatally.
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Though these animals are ataxic, they can reproduce (with normal litter size), eat and drink,
and survive for more than one year.

Tissue processing, histology and electron microscopy
SCA1 heterozygous and wildtype mice at different postnatal ages were anesthetized and
perfused with 4% buffered paraformaldehyde according to the method described by
Neuroscience Associates, Knoxville, TN. The brains were removed and immersed in the
perfusion fixative and further fixed overnight, transferred to phosphate-buffered saline (PBS),
and were either used for cryostat sectioning or processed for paraffin embedding. Six μm
paraffin sections were cut from the midline sagittal plane of cerebella. Some perfused cerebellar
tissue pieces, fixed overnight with 4% with buffered paraformaldehyde were transferred to EM
fixative. The tissues blocks were then processed for electron microscopic embedding and
sectioning.

Immunohistochemistry
The formalin-fixed paraffin embedded or frozen sections of mouse brain (7 days to 6 wks old)
were immunohistochemically stained with monoclonal or polyclonal antibodies to S-100B,
calbindin D28k, PKC gamma, β-III tubulin, glial fibrillary acidic protein (GFAP) or RAGE as
described earlier (35). Briefly, 6 μm thick tissue sections (paraffin embedded) were
deparaffinized and were then incubated with 3% H2O2 for 10 min, microwaved for 14 min and
then with 5% blocking goat serum for 10 min with thorough intervening washes with PBS.
After washing the sections with PBS, the sections were incubated for 1 hr at room temperature
or overnight at 4°C with primary antibody (at optimal dilutions), followed by incubation with
(30 min) anti-mouse or rabbit second antibody biotinylated (for HRP staining) or conjugated
to Alexa 488 and/or 546 fluorescent dyes. The monoclonal antibody against GFAP (Sigma)
was directly conjugated with Cy3, therefore, no secondary antibody was used. The sections
were then mounted and photomicrographed using an Olympus BAX60 Epi-fluorescence
Microscope. Images were processed using Adobe Photoshop CS (version 8.0; San Jose, CA)

Western blots
For Western blot analysis, cerebellar cytosolic or membrane fractions prepared from SCA1
and wildtype mice were subjected to SDS-PAGE (4–20% or 15% acrylamide gels) (35). For
each postnatal age equal amounts of proteins from animals in the various groups were used.
Protein estimations were carried out in the nuclear and cytosolic fractions using protein assay
kit (Bio-Rad). Proteins were transferred to polyvinylidene difluoride (PVDF) membrane (Bio-
Rad), blocked for 1 hr with blocking solution (Western Breeze, Invitrogen) and incubated for
1 hr or overnight with appropriate concentration of primary antibodies. Immunoreactive
proteins were visualized by incubation (for 1 hr) in the goat anti-mouse alkaline phosphatase-
labeled secondary antibody followed by reaction with the luminescent substrates (Western
Breeze, Invitrogen). The blots were then exposed to hyperfilm-ECL (Amersham).

Co-immunoprecepitation
Co-immunoprecipitation of S100B was performed using Protein A IP kit (KBL, Inc.
Gaithersburg, MD). Briefly, samples containing 400 μg/ml protein from 4wks old wildtype
and SCA1 heterozygous mice were rotated overnight at 4 °C with the rabbit anti-RAGE
antibody and 25 μl of a 50% slurry of protein A-agarose. Immunoprecipitates were collected
by centrifugation, and the protein A-agarose beads were washed four times with 700 μl of lysis
buffer. Agarose beads were then mixed with SDS-gel sample buffer, incubated 15 min at room
temperature, and spun down briefly. Eluted samples were resolved by SDS-PAGE and
transferred for immunoblot analysis as described previously. Electrophoretically separated
proteins were transferred to PVDF membranes, blocked 1 h in blocking solution (Western

VIG et al. Page 3

J Neurol Sci Turk. Author manuscript; available in PMC 2008 January 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Breeze, Invitrogen), and incubated overnight with monoclonal S100B antibody.
Immunoreactive proteins were visualized by incubation (for 1 hr) in the goat anti-mouse
alkaline phosphatase-labeled secondary antibody followed by reaction with the luminescent
substrates (Western Breeze, Invitrogen). The blots were then exposed to hyperfilm-ECL
(Amersham).

Purkinje cell cultures
Cerebellar Purkinje cell mixed or enriched cultures were prepared by the method of
Messer(26) as described previously (34) with slight modifications. We used Thy 1.2 (CD90.2)
coated Dynabeads to prepare Purkinje cell enriched cultures.

Preparation of dissociated cultures and feeding
The whole cerebellum was removed from 0–1 day old mouse pup. Meninges were carefully
removed under the dissection microscope. Tissue was rinsed in cold Ca2+ and Mg2+ free Hanks
balanced salt solution(CMF-HESS) and then 3ml of cold CMF-HESS was added to petri dish
containing 6 cerebella. The tissue was minced and was then added to the centrifuge tubes.
Tubes were left at room temperature for 5 min so that the tissue pieces can settle down with
gravity. Supernatant was gently removed and 3 ml of 1% trypsin/0.1% DNase (in CMF-HESS)
was added. Pellet (minced tissue pieces) was incubated for 14 min at room temperature
followed by washing and then trituration in 3 ml Dulbecco’s modified Eagle’s medium
(DMEM)/0.05%. The dissociated cells were centrifuged gently and the top 2.4 ml of media
was removed and with the remaining media the cells were titrated and the cell pellet was
thoroughly chilled on ice. The pellet was resuspended in DMEM and cells were counted. Cells
were diluted with the plating medium (DMEM and 10% horse serum) and the cells were plated
at 1–1.5×106 cells/1.5 ml of medium and grown in Lab Tek II Camber Slides with 4 wells/
slide. Alternatively, to 1 ml of cell suspension, 25μl of Thy 1.2 coated dynabeads were added.
Cells were chilled on ice for 5 min and were incubated at room temperature for 15 min with
gentle tilting and rotation. The microfuge tubes were placed on Dynal MPC for 1min and 500
μl of DMEM-1% horse serum was added to the pelleted beads. Beads were washed twice with
DMEM-1% horse serum and cells were resuspended in 1 ml plating media. The microfuge
tubes or plates were incubated overnight at 35.5° C with 5% CO2 and 100% humidity. Next
day cells were flushed (attached to dynabeads) vigorously and released cells were transferred
into a flask containing serum free supplement, [50ml DMEM, 50 ml H-12, 1ml (100x) insulin-
transferrin-selenium supplement (Gibco BRL) 1ml(100x) penicillin-streptomycin, 100 μM
putrescine, and 20nM progesterone]. These cultures initially comprise a very heterogeneous
mixture of cell types, but the smallest and most numerous type (granule cell precursors)
gradually dies off in the first 6 to 9 days. The remaining cells include (relatively) flat glial cells,
bipolar and tripolar cells 8–10 μm in diameter, and about an equal number of Purkinje cells
(of similar size with slightly more elaborate asymmetric arbors off to one side of the soma).
By 10 – 15 days these arbors were more elaborate.

Immunocytochemistry
The cultured Purkinje cells were immunostained for calbindin D28k or S100B. Briefly, the
cultures were fixed for 30 min in 4% paraformaldehyde in PBS. After 3x5 min rinse in PBS
the cultures were incubated with 10% blocking goat or horse serum containing 0.05% Triton
X-100 for 10 min with thorough intervening washes with PBS. The sections were then
incubated overnight at 4 °C with optimal dilution of primary antibody. After washing in PBS,
cultures were incubated for 1 hr with anti-mouse or anti-rabbit IgG conjugated with Alexa 546
or Cy3 (diluted 1:100 in 5% goat or horse serum prepared in PBS containing 0.05% Triton
X-100). After mounting, the immunostained cells were photomicrographed using an Olympus
BAX 60 epi-fluorescence microscope.
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S100B protein labeling
Bovine brain purified S100B protein (Sigma) was labeled with fluorescent dye Oregon Green
using Oregon Green 514 protein labeling kit (Molecular Probes). 5–14 days old cultures were
incubated at different time intervals with labeled S100B protein. Unlabeled S100B protein was
detected by indirect immunofluorescence.

RESULTS
To gain insight into a molecular basis of the vacuole formation in SCA1 Purkinje cells we
looked at the expression of Bergmann glial and Purkinje cell marker proteins. The
immunohistochemical analysis revealed that S100B though expressed exclusively in
Bergmann glia was localized to Purkinje cell vacuoles (Fig. 1). We saw S-100B positive
cytoplasmic vacuoles in Purkinje cells of heterozygous SCA1 mice as early as 16 days
postnatally, and by day 20 a marked number of vacuole were visible (not shown). However,
these vacuoles was negative for PKC gamma, β-III tubulin, calbindin D28k and glial GFAP,
especially in the central core of the vacuoles (Fig. 1, 2A and 3). No S100B vacuoles were seen
in wildtype animals and A02 transgenic line with normal CAG repeats (data not shown).

S100B containing vacuoles were of different shapes and sizes. Most of the vacuoles had S100B
immunoreactive outer membrane and central core. Whereas, smaller vacuoles had somewhat
homogeneous distribution of S100B protein (Fig. 3). Electron microscopy of the cerebellar
sections from 6 wks old heterozygous mice revealed that vacuoles appeared to be originating
near Purkinje cell membranes (Fig. 4A), and in close proximity of Bergmann glial cells.
Further, the outer membrane of the internalized vacuoles in fact was a double membrane (Fig.
4B, inset) suggesting that vacuoles may be formed outside Purkinje cells,which are then
internalized. At early postnatal ages, when the vacuoles had just started appearing, there were
no differences between the number of Bergmann glia in SCA1 and wildtype mice, however,
around 4 wks in SCA1 heterozygous mice, the number of Bergmann glia began to increase in
the Purkinje cell layer as compared to the age-matched wildtype animals (Fig 2B and C).

Now the question was whether S100B just diffused into the vacuoles or Purkinje cells possessed
certain binding sites for S100B. We found that Purkinje cells from both wildtype and SCA1
animals expressed RAGE, which are known to bind S100 proteins. In SCA1, RAGE co-
localized with S100B, and the outer membrane of the vacuoles showed positive
immunoreactivity (Fig. 5A–C). This was supported by co-immunoprecipitation experiments
(Fig. 5D).

Western blot analysis indicated that RAGE (not shown) and S100B were expressed in the
mouse cerebellar tissue fractions (Fig. 5D). Mouse cerebellar S100B under reducing conditions
existed as a monomer (beta), a dimer (betabeta) and as a multimer (Fig. 5D). Interestingly,
different oligomerization states of S100B co-immunoprecipitated with cerebellar RAGE.
Some additional immunoreactive bands seen could be due to the detection of other S100
proteins, which bind to RAGE and contain antibody-specific beta subunit (Fig. 5D).

Localization of S100B protein to the cytoplasmic vacuoles prompted us to study if exogenous
S100B protein interacts with SCA1 Purkinje cells in vitro. Purkinje cell enriched cultures were
prepared from the cerebella of 0–1 day old wildtype or SCA1 homozygous mouse pups.
Purkinje cells were identified by size, asymmetric arbors, immunoreactivity to calbindin-D28k
(Fig. 6A) and failure to express GFAP (not shown). Purified S100B protein was labeled with
fluorescent dye Oregon Green. 5 days old cultures were incubated at different time intervals
with either tagged S100B protein or free dye. Figure 6B shows calbindin positive Purkinje cell
with internalized S100B (Fig. 6C). S100B fluorescence was detected in Purkinje cells as early
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as 2 hr post incubation. Free dye was not internalized (not shown). Cultures without
exogenously added S100B did not show any S100B immunoreactivity (not shown).

DISCUSSION
In SCA1 transgenic mice, two prominent pathological changes that occur early in the disease
progression are the formation of cytoplasmic vacuoles and nuclear aggregation of ataxin-1.
However, our present study indicates that S100B positive vacuoles appear much earlier, even
before ataxin-1 aggregation and alterations in the behavior in SCA1 mice. In addition, we found
that the appearance of S100B positive vacuoles does not coincide with the loss of dendritic
membranes as reported earlier (32). We also observed that almost all vacuoles had S100B
immunoreactive outer membrane and central core. Smaller vacuoles on the other hand had
somewhat homogeneous distribution of S100B protein (Fig. 3). Colocalization of S100B and
RAGE (S100B receptor) suggests that S100B receptors are expressed in Purkinje cells, and
may be associated with normal Purkinje cell- Bergmann glial crosstalk.

Brain S100B functions as a cytokine with both neurotrophic and neurotoxic
effects(18,29,30,39). S100B has been shown to be released from astrocytes to promote neuronal
survival(3,37) and development(36). However, similar to our studies, increased
immunoreactivity to S100B has also been reported in Alzheimer’s disease and Down
syndrome(15,19). Increased immunostaining to S100B in SCA1 mice may influence
behavior(4) as in other animal studies, changes in the cerebral concentration of S100B cause
behavioral disturbances and cognitive deficits(30). Further, S100B binds to RAGE(1,18), and
activation of RAGE by S100B promotes cell survival. On the other hand, analysis of RAGE
expression in non-demented and Alzheimer’s disease (AD) brains indicated that increases in
RAGE protein and percentage of RAGE-expressing microglia paralleled the severity of disease
suggesting a role of RAGE in the pathogenesis of AD(23). Therefore, it’s possible that RAGE
is a signal-transducing receptor for both trophic and toxic effects of S100B in SCA1 Purkinje
cells.

In the present study, the specificity of S100B and lack of localization of other glial and Purkinje
cell marker proteins to vacuoles indicate that the vacuoles are not formed due to bulk
internalization of extra or intracellular material(32). It could be argued, however, that S100B
is released by degenerating Bergmann glia(15,19,30). The Bergmann glial cells display a tight
association with Purkinje cells during development and in the adult cerebellum and elaborately
ensheathe Purkinje cell dendrites, synapses and soma. Further, in SCA7 mice Purkinje cell
abnormalities develop due to the expression of polyglutamine expanded protein in the
Bergmann glial cells suggesting that dysfunctional Bergmann glia could cause Purkinje cell
degeneration(14). Furthermore, our preliminary electron microscopic observations of young
SCA1 mouse cerebellum show signs of pathological changes in Bergmann glia (unpublished
observations).

Based on the neurotrophic properties of S100B as reported by others, and observed co-
localization of S100B and RAGE to both wildtype and SCA1 Purkinje cells in the present
study, we believe that S100B protein has a role in Purkinje cell development and function.
Since our data shows that S100B binds to RAGE on Purkinje cell membranes, and since RAGE
stimulation leads to activation of NF-kappaB pathway(18) we speculate that in SCA1 mice the
internalization of S100B-RAGE complexes(10,22) in the form of vacuoles could cause sustained
activation of RAGE-dependent pathways. In Huntington’s disease, mutant huntingtin has been
shown to elevate NF-kappaB-dependent gene expression(20). NF-kappaB, a heterodimer is
present in the cytoplasm in inactive form bound to its inhibitor IkappaB(12). Subsequent to cell
stimulation, IkappaB undergoes phosphorylation, ubiquitination and degradation by a
proteosome-dependent pathway, allowing nuclear translocation of the active dimeric NF-
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kappaB transcriptional factor(17,20). Furthermore, NF-kappaB translocation to the nucleus
could elevate protein kinase B/Akt expression(25). Interestingly, Akt is a key enzyme that
modulates neurotoxicity of ataxin-1(5).

In summary, these data suggest that calcium binding protein S100B though extrinsic to Purkinje
cells is sequestered into cytoplasmic vacuoles in SCA1 mice at an early postnatal age. It is
possible that S100B has receptors or is a constituent of Purkinje cell membrane. Further,
localization of RAGE to the vacuoles suggests that S100B may be binding to RAGE on Purkinje
cell membranes before these membranes are internalized. Furthermore, the in vitro data
indicates that S100B protein may be internalized into SCA1 Purkinje cells. Whether these
cultured cells also contain S100B positive vacuoles, and how these observations compare with
Purkinje cells from wildtype mice is currently being pursued.
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Figure 1.
Cytoplasmic vacuoles (arrows) in Purkinje cells in 23 days (A–C) and 5 wks old (D–F) SCA1
heterozygous mice. A–C: Cerebellar section showing double immunostaining of PKC gamma
(A) and S100B (B), and staining in merged image (C); bar = 10 μm. D–F: Double
immunofluorscence of beta III tubulin (D) and S100B (E), and fluorescence in merged image
(F); bar = 10 μm. GL, ML and PL are granule, molecular and Purkinje cell layers respectively.
Vacuoles are positive for S100B and appear to be negative for both PKC gamma and beta III
tubulin. Most of the vacuoles contain S100B immunoreactive central core.
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Figure 2.
GFAP (red) and calbindin-D 28k (green) double immunostaining in cerebellum in 4-wks old
SCA1 heterozygous mouse (A). Purkinje cell vacuoles (arrows) are negative for both GFAP
and calbindin; bar = 10 μm. B and C: S100B immunostained Bergmann glia in 4wks old
wildtype (B) and SCA1 heterozygous mice (C); bar = 10 μm. The number of immunoreactive
Bergmann glia to S100B appears to have increased in SCA1 cerebellum.
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Figure 3.
Double immunostained cerebellar sections of 5 wks SCA1 heterozygous mice showing S100B
(A,D,G) and beta III tubulin (B,E,H) immunoreactions. C, F and I are merged images. The
arrows indicate multiple S100B immunoreactive vacuoles of various shapes and sizes in
Purkinje cells. Smaller vacuoles have somewhat homogeneous distribution of S100B protein.
However, majority of vacuoles are devoid of beta III tubulin, especially in the central core. Bar
= 10 μm.
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Figure 4.
Electronmicrographs of 6wks old SCA1 heterozygous mouse cerebellum (A and B). A: A
vacuole like structure, which is not yet internalized is present (arrow) near Purkinje cell’s
(PKN) soma; bar = 3 μm. B: A dying Purkinje cell with two cytoplasmic vacuoles (arrow); bar
= 3 μm. The inset shows that the vacuole has a double membrane; bar = 0.2 μm.
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Figure 5.
Double immunofluorescence representing S100B (A) and RAGE (B) localization to the
cytoplasmic vacuoles (arrows) in Purkinje cells of 6 wks old SCA1 heterozygous mouse. C:
Merged image. In SCA1 and wildtype (not shown) mice, RAGE is expressed in Purkinje cells
and interneurons in the molecular layer. Bar = 10 μm. D: Western blots showing S100B
expression in the cytosolic fraction prepared from the cerebellum of 4 wks old wildtype mouse
(lane 1). Mouse cerebellar S100B under reducing conditions exists as a monomer (beta), a
dimer (betabeta) and as a multimer. Lanes labeled ‘SCA1’ and ‘Wildtype’ represent S100B
co-immunoprecipitated with RAGE using cytosolic fractions of 4ks old SCA1 and wildtype
mice. Co-immunoprecipitated S100B appears as multiple bands probably due to different
oligomerization states of S100B, and some bands could be other S100 proteins, which bind to
RAGE and contain S100B antibody specific beta subunit.
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Figure 6.
Cultured Purkinje cells showing calbindin D28k immunoreactivity (A and B) and S100B
fluorescence (C) in 5 (B and C) and 12 days old (A) cultures. Purkinje cell enriched cultures
were prepared from the cerebella of 0–1 day old wildtype (A) and SCA1 homozygous mouse
pups (B and C). Purkinje cells were identified by size, asymmetric arbors, immunoreactivity
to calbindin-D28k and failure to express glial fibrillary acidic protein (not shown). In this
preparation, cultures were incubated with Oregon Green tagged S100B protein (5μg/ml) for 2
hr. Calbindin positive Purkinje cell shows internalized S100B; bar = 10 μm.
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