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Changes of Calbindin-D28k Expression Levels After Transient Ischemic
Damagein Rat Cerebellar Purkinje Cells
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Cerebellar Purkinje cells are selectively vulnerable to ischemia, although the reasons for this are not known.
Moreover, an intracellular Ca?* overload induced by excitotoxicity (toxic glutamate receptor activation) is considered
to be a key mediator of central neuronal loss consequent to ischemic damage. Calbindin-D28k is an intracellular
calcium binding protein that is expressed in nearly all Purkinje cells of the rat cerebellum. Its major role is presumed to
be associated with intracellular Ca* buffering. In the present work, In-Situ Hybridization and Western blot methods
were used to investigate the changes of calbindin-D28k and its gene expression levels in the rat cerebellum at various
times after transient global ischemia. Both level of calbindin-D28k and its MRNA expression level in the cerebellum
decreased after ischemic insult, whereas the number of cerebellar Purkinje cells was unaltered after ischemia. In the
light of our finding of lower levels of calbindin-D28k and its mMRNA in the cerebellum, atered intracellular calcium
buffering capacity in the cerebellar Purkinje cell might be presumed. It is believed that this may lead to calcium-

mediated cytotoxic events after ischemic insultsin cerebellum.
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I ntroduction

Calbindin-D28k is a calcium-binding protein of
the E-F hand family (Lomri et al. 1989, Minghetti et
al. 1988), and is widely expressed throughout the rat
brain (Celio 1990), including the Purkinje cells of the
cerebellum (Kadowaki et al. 1993). Among the many
calcium-binding proteins in the nervous system, cal-
bindin-d28k is particularly notable in terms of its
abundance and distribution specificity. As a result,
many neuroanatomical and developmental studies
have used calbindin-D28k as a cellular marker
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(Andressen et al. 1993).

Calbindin-D28k is known to have a neuropro-
tective role and the maintenance of the concentration
of calbindin-D28k in certain neurons may be critical
for cell survival. Several research groups have found
altered expression of calcium binding proteins, inclu-
ding calbindin-D28k in normal aging (Wu et al. 1997,
Kishimoto et al. 1998) and in association with acute
insults, such as stroke and epileptic seizures, and also
in chronic neurodegenerative disorders, such as Alz-
heimer’s, Huntington's, Parkinson’s and Pick’s dis-
eases (Heizmann and Braun 1992). In view of the im-
portance of calcium for proper neuronal maintenance
and function and the proposed physiological role of
calbindin-D28k with respect to intracellular calcium
(Baimbridge et al. 1992, Heizmann and Hunziker
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1991, McMahon et al. 1998), it is possible that abnor-
malities in calcium homeostasis in various neurotoxic
conditions are closely linked to changes in the intra-
cellular calbindin-D28k level.

Recent studies (Diemer et al. 1993, Chamimoniuk
and Strosznajder 1998, Martin et al. 2000) have
indicated that neuronal cell death after ischemic insult
involves perturbations in intracellular Ca?* homeo-
stasis, possibly resulting from excitotoxic activation of
neuronal glutamate receptors. Since cerebellar Pur-
kinje cells are rich in calbindin-D28k and selectively
vulnerable to ischemia, although the reasons have not
been discovered until now, we considered it would be
useful to study the relationships between neuronal
vulnerability after ischemic insult and associated
changes of calbindin-D28k expression level in the
cerebellum.

Thus, the goal of this study was to provide insight
into the possible contribution that changes of calbin-
din-D28k expression levels make degeneration in
cerebellar Purkinje cells after ischemic insult. In the
present work, histological examination with the In-
Situ Hybridization techniques demonstrated the effect
of ischemia-reperfusion insult on calbindin-D28k
MRNA expression levels at the cellular level. Western
Blot with polyclonal anti calbindin-D28k antibody
was also used in this study to investigate changes of
calbindin-D28k levels in the cerebellum after ische-
mic insult.

Materials and Methods

1. Animal experiment

In this study, we used a two-vessel occlusion
(common carotid artery) model of transient global
ischemic insult. 10 young adult (2~ 3 months) male
F344 rats were used in each experimental group (sham
—operation, postischemic days 1, 2, and 7). Animals
were anesthetized with diethyl ether and both common
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carotid arteries were carefully dissected and clipped
for 15 minutes with aneurysm clips (AESCULAP™).
After surgery, anesthesia was discontinued and the
rats were allowed free access to food and water until
they were sacrificed on either reperfusion days 1, 2 or
7. Sham-operated rats were subjected to the same
procedure, except that the aneurysm clip was not
applied. Animal care and the experimentation compli-
ed with the NIH guide for the care and use of labora-
tory animals.

2. In-Situ Hybridization

Frozen coronal sections (10 um) of rat cerebellum
were thaw-mounted onto gelatin—coated dlides, fixed
in 4% paraformaldehyde (pH 7.0) for 10 min., de-
hydrated in graded acohols, treated with chloroform
for 4 min., and rehydrated. pPGEM-T (Promega™)
vector inserted rat calbindin—-D28k gene coding re-
gion (786 bp) was labeled with DIG (Digoxigenin)—
dUTP (alkali-labile) in the polymerase chain reaction
(PCR) using the PCR DIG Probe Synthesis Kit
(Boehringer Mannheim™). Slides were incubated in a
humidified chamber at 42°C for 18 hr with 75 pl of
hybridization solution per slide(25% formamide, 60%
Hybrizol | (Oncor™), and 15% DEPC D.W.). After
hybridization, the slides were incubated in SSC buffer
containing 50% formamide for 30 min at 50°C, and
then incubated with akaline phosphatase conjugated
Anti-DIG (Boehringer Mannheim™) for 45 min at
37°C. Finally the colorimetric reaction was performed
with NBT/BCIP solution (Boehringer Mannheim™)
for 3~4 hrsat 37°C.

3. Western blot

The cerebellum was extracted from rat whole brain
and homogenized with lysis buffer (10% PBS, 1%
Triton X-100™), 0.5% sodium deoxycholate, 0.1%
SDS, ImM PMSF). Samples so obtained were applied
to 15% SDS-polyacrylamide gel electrophoresis and
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electrophoretically transferred to nitrocellulose mem-
branes using semi-dry transfer units (TE70, Hoefer
™), Calbindin-D28k was detected with polyclonal
anti calbindin-D28k (Oncogene™) and enhanced
chemiluminescence (ECL Western blotting detection
reagents, Amersham Pharmacia Biotech™). Finally,
the results were analyzed using an image-analysis
system (Vilber Lourmat™).

4. Quantification of the number of cerebellar
Purkinje cells

The cerebellum was sectioned to 40 um and Nissl
stained with cresyl violet to count the number of cere-
bellar Purkinje cells. Five contiguous sections of cere-
bellum were selected from each group and all Purkinje
cells were counted in areas including, the simple lo-
bule, ansiform lobule and vermis. Finally analysis of
variance (ANOVA) testing (p< 0.05) was performed
to compare the significance of differences among the
experimental groups.

Results

When examined by In-Situ hybridization, calbindin
-D28k mRNA expression was found to be localized
amost exclusively in the Purkinje cell layers in the
cerebellar cortex of the sham operated control rat.
After ischemic insult, moderate edematous changes
were observed in hippocampal and striatal portions of
cerebral hemispheres (data not shown). These changes
were more prominent during the late reperfusion time
and were similar bilaterally, but there were no parti-
cular pathologic changes in the cerebellum on gross
examination. No statistically significant differencesin
the number of Nissl stained cerebellar Purkinje cells
were found in the experimental groups by ANOVA
test, which might suggest that changes of calbindin-
D28k and mRNA expression levels are relatively early
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Fig. 1. Photomicrographs of Nissl stained (Cresyl Violet stain-
ing) lobule of cerebellar cortex. (A) 1 day after reper-
fusion. (B) 7 days after reperfusion. Note no significant
numerical change between two groups Scale bar =50 pm,
Arrows=Nisdl stained cerebellar Purkinje cells

events in the ischemia induced apoptosis or necrotic
degeneration of Purkinje cells(Fig. 1).

After 15 minutes of transient ischemic insult, cal-
bindin-D28k and its mMRNA expression levels de-
creased during the reperfusion periods (day 1, 2 and
7). In-Situ hybridization showed depleted calbindin-
D28k mRNA expression levelsin amost all cerebellar
Purkinje cells after ischemic insult. In the sham oper-
ated control rat, Purkinje cells were stained strongly
with NBT-BCIP in almost all cerebellar cortical
areas, including the simple lobule, ansiform lobule
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Fig. 2. In-Situ hybridization of calbindin-D28k mRNA expressing Purkinje cells (arrows) in the lobule of cerebellar cortex. Note the
almost depleted calbindin-D28k mRNA expression level (D, F) compared to the sham-operated control after 2 and 7 days of
reperfusion (C, E). A. 1 day of reperfusion (sham operated control), B. 1 day of reperfusion, C. 2 days of reperfusion (sham
operated control), D. 2 days of reperfusion, E. 7 days of reperfusion (sham operated control), F. 7 days of reperfusion, M:
molecular layer, G: granular layer, Scale bar =100 um

and vermis. Whereas, there were no particular changes  mic insult), calbindin-D28k mRNA expression was
during the early reperfusion stage (1 day after ische- almost absent after 2 and 7 days of reperfusion (Fig.
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Fig. 3. Western blot analysis of calbindin-D28k protein expre-
ssion in the cerebellar cortex (15 g of protein/lane) from
the sham control and ischemic rats after 1 day (Sham1,
Ischeml) and 7 days (Sham?, Ischem?) of reperfusion.
The calbindin-D28k level in ischemic rats decreased
significantly after 7 days of reperfusion, whereas no
changes were observed between the sham control and
ischemic rats after 1 day of reperfusion.

2).

Western blot analysis using polyclonal anti calbin-
din-D28k antibody was used to examine the amount
of calbindin-d28k in the sham operated and ischemic
model rats. 28—-kDa calbindin protein was observed
and found to decrease during periods of reperfusion.
After 7 days of reperfusion, we found that the calbin-
din-D28k level decreased prominently in ischemia-
induced subjects compared to sham operated subjects.
Although the amount of calbindin-D28k in the sham
operated group decreased, as did its level in the is-
chemia group, the degree of reduction was markedly
different (Fig. 3).

Discussion

This study indicates that transient ischemic insult

induces changes in both the expression level of cal-
bindin-D28k and its mRNA in cerebellum. Although
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the number of Purkinje cells was unaltered after ische-
mic insult, ischemic insult influenced the changes of
calbindin-D28k gene expression level during the
ischemia-reperfusion periods. Considering the relati-
vely short post-ischemic periods(day 1, 2, and 7) in-
volved in this experiment, those changes seemed to be
occurred before the loss of Purkinje cells caused by
delayed degeneration. Although the Purkinje cells
were known to be vulnerable to ischemic insult, as
mentioned in introduction, a recent report indicated
delayed degeneration of Purkinje cells in transient
global incomplete cerebral ischemia (Martin et al.
2000).

Our findings provide the first evidence of changes
in the calbindin-D28k expression levels after ische-
mic insult in cerebellar Purkinje cells, in which calbin-
din-D28k is known to be the predominant cytosolic
protein. It has been suggested that perturbations in
intracellular Ca2* homeostasis, induced by toxic glu-
tamate receptor activation, is a key mediator of central
neuronal loss consequent to hypoxic—ischemic insults.
Therefore, it seems possible that a reduction of calbin-
din-D28k gene expression depletes the neuron’s
ability to buffer cytosolic free calcium, rendering it
susceptible to the initiation of calcium-mediated irre-
versible cytotoxic events. Thus, as mentioned in intro-
duction, it is possible that an abnormality in cal-cium
homeostasis in an ischemia-reperfusion injury to the
brain is closely linked to changes in the calbindin-
D28k gene expression.

With regard to ischemic insult to the brain and its
relation with calbindin—-D28k, the mgjority of studies
to date have been limited to the hippocampal region.
Ischemic insult in the adult rat is associated with a
characteristic pattern of hippocampal cell vulnera-
bility, with dentate hilar neurons and CA1 (cornu
ammonis area 1) pyramidal cells being the most
vulnerable. Calbindin—-D28k immunoreactive granule
cells were reported to be selectively resistant to ische-
mic insult in the dentate gyrus of the developing rat
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(Goodman et al. 1993), and vulnerability seemed to be
inversely correlated with the calbindin-D28k contents
of the hippocampal neurons (Freund et al. 1990, Rami
et al. 1992). However, another theory suggests that a
mobile cellular calcium buffer could promote neuro-
nal injury. In a study using calbindin-D28k knockout
mice (Klapstein et al. 1998), it was suggested that a
calbindin-D28k deficient status is more favorable
against ischemic insult in spite of its cytoplasmic cal-
cium buffering properties. It seems possible that other
calcium-binding proteins may have been up-regulat-
ed or other compensatory mechanisms initiated before
the time of insult. Therefore, further studies upon vari-
ous aspects of this issue are required to clarify whe-
ther the calcium buffering property of calbindin-
D28k isrealy neuroprotective. Nevertheless, it is gen-
erally accepted that the regulation of intracellular
Ca2* concentration by calcium-binding protein is a
critical aspect of neuronal survival (Orrenius and
Nicotera 1994), and that there exists strong relation-
ships between various neurodegenerative diseases and
calcium-binding proteins, including calbindin-D28k.
Although we didn’t measured the intracellular calcium
concentration elucidate the mechanisms involved in
lowering the calbindin—-D28k gene expression in this
study, we observed almost completely depleted cal-
bindin—-D28k mRNA expression in the Purkinje cells
and an associated significant decrease in its level in
the cerebellum. This situation may lead to a failure of
calcium buffering or intraneuronal calcium homeosta-
sis, which contributes to excitotoxicity - mediated
events during the ischemia-reperfusion period. Since
Purkinje cells are known to be vulnerable to ischemic
insult, and calbindin-D28k is a predominant protein
in the Purkinje cell, we consider that cerebellar Pur-
kinje cells, along with calbindin—-D28k, would be a
very useful subject for studying the pathophysiology
of ischemia-reperfusion or other calcium mediated
toxicinjuries.

We are now further investigating the role of calbin-
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din-D28k using an in-vitro calbindin—-D28k overex-
pression system, and direct measurements of intracel-
lular Ca?* will be made for the next step. Supple-
menting the Ca?* -binding capacity of vulnerable
cells via gene transfer of calbindin—-D28k may reduce
neuronal damage by interrupting the cascade of Ca2™*
-induced neurodegenerative events (Phillips et al.
1999), since minute changes in intracellular Ca?™
have profound effects on neuronal cell functions. Fu-
ture studies should focus on the physiological roles of
these proteins in the CNS, using calcium binding pro-
tein gene transfected neuronal cell lines and the trans-
genic modeling of neurodegenerative events. The out-
come of these results may also be relevant to the me-
dication developed to correct the hyperactivity of in-
tracellular Ca&2 ™.

References

Andressen C, Blumcke I, Celia MR : Calcium-binding pro-
teins: selective markers of nerve cells. Cell Tiss Res 271 :
181-208, 1993.

Baimbridge KG, Celio MR, Regers JH : Calcium-binding
proteins in the nervous system. Trends Neurosci 15 : 303-
308, 1992.

Celio MR : Cabindin D-28k, parvalbumin in the rat nervous
system. Neuroscience 35 : 375-475, 1990.

Chamimoniuk M, Strosznajder J: NMDA receptor -depen-
dent nitric oxide and cGMP synthesis in brain hemispheres
and cerebellum during reperfusion after transient forebrain
ischemia in gerbils: effect of 7-Nitroindazole. J Neurosci
Res 54 : 681-690, 1998.

Diemer NH, Valente E, Bruhn T, Berg M, Jirgensen MB,
Johansen FF : Glutamate receptor transmission and ische-
mic nerve cell damage: evidence for involvement of exci-
totoxic mechanisms. Prog Brain Res 96 : 105-123, 1993.

Freund TF, Buzsaki G, Leon A, Baimbridge KG, Somogyi P :
Relationship of neuronal vulnerability and calcium binding
protein immunoreactivity in ischemia. Exp Brain Res 83 :
55-66, 1990.

Goodman JH, Wasterlain CG, Massarweh WF, Dean E,



— Calbindin in ischemic rat cerebellum —

Sollas AL, Sloviter RS : Calbindin-D28k immunoreac-
tivity and selective vulnerability to ischemia in the dentate
gyrus of the developing rat. Brain Res 606 : 309-314,
1993.

Heizmann CW, Braun K : Changes in Ca(**)-binding pro-
teins in human neurodegenerative disorders. Trends Neu-
rosci 15 : 259-264, 1992.

Heizmann CW, Hunziker W : Intracellular calcium-binding
proteins. more sites than insights. Trends Biochem Sci 16 :
98-103, 1991.

Kadowaki K, McGowan E, Mock G, Chandler S, Emson P :
Distribution of calcium binding protein mRNAs in rat
cerebellar cortex. Neurosci Lett 153 : 80-84, 1993.

Kishimoto J, Tsuchiya T, Cox H, Emson PC, Nakayama Y :
Age-related changes of calbindin-D28k, calretinin, and
parvalbumin mRNAs in the hamster brain. Neurobiol
Aging 19 : 77-82, 1998.

Klapstein GJ, Vietla S, Lieberman DN, Gray PA, Airaksinen
MS, Thoenen H, Meyer M, Mody | : Calbindin-D28k fails
to protect hippocampal neurons against ischemiain spite of
its cytoplasmic calcium buffering properties: evidence
from calbindin-D28k knockout mice. Neuroscience 85 :
361-373, 1998.

Lomri N, Perret C, Gouhier N, Thomasset M : Cloning and
analysis of calbindin—k28K cDNA and its expression in
the central nervous system. Gene 80 : 87-98, 1989.

Martin L, Sieber FE, Traystman RJ : Apoptosis and necrosis

67

occur in separate neuronal populations in hippocampus and
cerebellum after ischemia and are associated with differ-
ential alterations in metabotropic glutamate receptor sig-
naling pathways. J Cereb Blood Flow Metab 20 : 153-167,
2000.

McMahon A, Wong BS, lacopino AM, Ng MC, Chi S,
German DC : Calbindin-D28k buffers intracellular calci-
um and promotes resistance to degeneration in PC12 cells.
Mol Brain Res 54 : 56-63, 1998.

Minghetti P, Cancela L, Fujisawa Y, Theofan G, Norman A :
Molecular structure of the chicken vitamin D-induced
calbindin—-d28K gene reveds eleven exons, six Ca2+ -hin-
ding domains, and numerous promoter regulatory ele-
ments. Mol Endocrinol 2 : 355-367, 1988.

Orrenius S, Nicotera P : The calcium ion and cell death. J
Neural Transm Suppl 43 : 1-11, 1994.

Phillips RG, Meier TJ, Giuli LC, McLaughlin JR, Ho DY,
Sapolsky RM : Calbindin-d28K gene transfer via herpes
simplex virus amplicon vector decreases hippocampal
damage in vivo following neurotoxic insults. J Neurochem
73 : 1200-1205, 1999.

Rami A, Rabie A, Thomasset M, Krieglstein J : Calbindin-
d28K and ischemic damage of pyramidal cells in rat
hippocampus. JNeurosci Res 31 : 89-95, 1992.

Wu CK, Mesulam MM, Geula C : Age-related loss of calbin-
din from human basal forebrain chalinergic neurons. Neu-
roreport 8 : 2209-2213, 1997.



— Young Il Lee, Young Bok Yoo —

d5oll 23 3l1F 4% Purkinje A £
Z+4 73 3hekbel (calbindin) @] = 3}

old Y FY R
ST

EEELEER PR E T

2xel] EA3e Purkine Ml 2% o} 1 olf= AHAIE] m2ut 3 (brain ischemig)el]l =5~ R1zHEE A

o2 glu) =3 T E-=A) (excitotoxicity; toxic glutamate receptor activation)el] 2]3] ¥ Al =z Ca2+,] JqL

=3 271 Hs| el 93 FFAAME] £46) 9lola] FAIA Q] wislA 98-S sA ® o). Cabindin-D28k
Z5 7|x=2 Az e Cat

= 3AF & A9 =E PukinedlEo M == AE Zgddeiden,
o Wat hEA8el Aoz AR gloh £ AFME 3F Ho BE 39 dAA S 2 FH
A7 AZFEHE Ao A]9] cabindin-D28ke] & ¥ 312 In-Situ Hybridizations} Western Blot& E3}o] oo}

Bkl 1587 dAA e 7] gL ABF UFY I = 4 Purkine A £9 =2 W= ddd
uhy calbindin-D28ke] WHE W3t A HAF 7)ol FAIs) Wl Ale] FelE g}

wteby o3PS 4 Purkine Al Z0) Mz Z49E5Ye) WHE o A7 H3 o|Ze] 24 AN
AESHE BN Aoz oAXH, 2 A7l wea Ashe 45 958 o8 PEHs ARz
Wl 2 olslstd Beg Fod Ane ATY Aoz Aa.

ol 7| g2t : Cabindin-D28k, 338, 4], Purkinje cell

68



