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Calbindin-D28K has been implicated in the regulation of neuronal cell death. Previously, we demonstrated that calbindin-D28K

prevents staurosporine (STS)-induced caspase activation and subsequent apoptosis in a neuronal cell line. However, the role of

calbindin-D28K in STS-induced activation of calpain and necrotic cell death was not identified. Staurosporine induced the elevation

of intracellular calcium after 1 hr of treatment. Overexpression of calbindin-D28K and presence of a calcium chelator, BAPTA,

prevented the increase of calcium in STS-treated cells. Cleavage of Bax by calpain was prevented by the overexpressed calbindin-

D28K. Permeabilization of the plasma membrane, a factor in necrosis, as well as apoptotic change of the nucleolus induced by STS,

was prevented by calbindin-D28K. Thus, our study suggests that calbindin-D28K may exert its protective functions by preventing

calpain activation in necrotic cell death, in addition to its effect on the caspase-apoptosis pathway.
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INTRODUCTION

Calcium has been implicated in the control of neuronal activity,
differentiation, survival, and death [1-4]. Calcium-binding proteins
(CaBPs) are expressed in many types of neurons and maintain
calcium homeostasis [5, 6]. Calbindin-D28K belongs to the
calbindin family of CaBPs that has a common structural calcium-
binding domain designated the EF-hand [7]. Other members of
the EF-hand family of CaBPs, such as calmodulin and calpains,
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have been extensively investigated in neuronal cells [8]. Though the
neuroprotection by overexpressed calbindin has been attributed
to its calcium-chelating activity, the exact role of calbindin in
neuronal cell death remains largely unknown (for review; see [9]).
Recently, we reported that calbindin prevents caspase-3 activation
and apoptosis in neuronal death induced by staurosporine (STS)
[10]. However, the activity of calbindin with respect to calpain,
calcium-dependent protease, and necrotic (or late-apoptotic) cell
death in STS-induced neuronal death is not clear.

Here, we report that calbindin prevented STS-induced elevation
of intracellular levels of free calcium ([Ca®"],) and calpain
activation. We also demonstrated that calbindin expression
prevents STS-induced necrotic death, as well as apoptosis.

MATERIALS AND METHODS

Cell culture
The establishment and characterization of MN9D cells that
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stably overexpress calbindin-D28K (MN9D/Calbindin) or vector
control (MN9D/Neo) were described elsewhere [11]. Both MN9D
parental cells and MN9D/Neo cells had no detectible levels of
endogenous calbindin, as determined by immunoblot analysis
[11]. Cells were plated at a density of 2x10" cells/well in 48-well
Corning® Costar® plates (coated with 25 pg/ml poly-D-lysine.
Cultures were maintained in complete culture medium (CCM),
consisting of Dulbeccos Modified Eagles Medium supplemented
with 10% (v/v) heat-inactivated fetal bovine serum and 250 pg
G418/ml, for 3 d at 37°C in an incubator with an atmosphere of
10% CO,. Culture medium was subsequently changed to serum-
free N2 medium containing experimental reagents and further
incubated for various time periods. Culture reagents were from
Life Technologies (Grand Island, NY). Staurosporine was obtained
from Sigma-Aldrich (St. Louis, MO, USA) and BAPTA from
Calbiochem (La Jolla, CA, USA).

Immunoblot analysis

Cultures of 1x10° MN9D/Neo or MN9D/Calbindin cells in
poly-D-lysine-coated Corning®” P-100 dishes containing CCM
were grown for 3~4 d. Cells were then washed with ice-cold
PBS and lysed for 10 min in a buffer containing 50 mM TrisHCI
(pH 7.0), 2 mM EDTA, 1% (v/v) Triton X-100, 2 mM PMSE
and 10 pg leupeptin and aprotinin/ml. Lysates were clarified by
centrifugation at 13,000 xg for 30 min at 4°C. Protein content
of supernatants was measured using the Bio-Rad protein assay
reagent (Bio-Rad; Hercules, CA, USA), and 40 pg from each
sample was separated on 12.5% (w/v) PAGE containing SDS.
The separated proteins were blotted onto pre-wetted PVDF-
nitrocellulose filters (Bio-Rad), and the filters were then further
processed for immunoblot analysis with antibodies, e.g., rabbit
anti-Bax antibody (1:3000) (Pharmingen, San Jose, CA).

MTT reduction assay

Cells from each established cell line were plated at 2x10"/well
in 48-well plates with CCM and grown for 3 d, after which the
medium was changed to serum-free N2 medium containing 1 (M
STS. These cultures were then further incubated for various time
periods in combination with either 1~50 uM BAPTA or vehicle.
Following the treatment, cell survival was assessed using the MTT
reduction assay as described [12] and determined as percent
survival relative to untreated control.

Measurement of cytosolic calcium

Levels of [Ca™]; were visualized with the cytosolic calcium
indicator Fura-2 by confocal laser fluorescence microscopy. Cells
were plated onto 35-mm glass-bottom dishes coated with poly-
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D-lysine and then incubated for treatment with experimental
agents. For calcium measurement, the cells were incubated with
5 uM Fura-2/AM for 30 min at room temperature, followed by
an additional 30 min in HEPES-buffered isotonic salt solution.
Imaging was performed at room temperature on the stage of
a confocal laser microscope (Leica TCS NT system) (Leica;
Heidelberg, Germany). Images of Fura-2 fluorescence (excitation
at 340~380 nm; emission, 510 nm) were acquired with an LSM
510 camera (Carl Zeiss; Jena, Germany). Color coding was set
using the LSM 510 image system.

Statistics

Experimental data were expressed as mean valuestSEM from
a specified number of experiments. Significance of differences
between groups was determined by one-way ANOVA and post-
hoc Student’s t test. Values of p<0.05 were considered to be
statistically significant.

RESULTS

Previously, we demonstrated that STS induced the activation
of caspase and calpain in dopaminergic neuron death [10,
13]. Overexpression of calbindin prevented caspase activation
and apoptosis in STS-induced cell death [10]. In this study,
we investigated the role of calbindin in calpain activation and
necrosis in STS-induced cell death. After 30 min of STS treatment,
[Ca™]; was elevated and peaked at 1 hr (Fig. 1). Cotreatment with
BAPTA prevented STS-induced [Ca®]; surge (Fig. 2 A and B).
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Fig. 1. Staurosporine (STS) induces the elevation of cytosolic calcium
in MN9D cells. Cells were treated with or without 1 uM ST for various
times, stained with the calcium-sensitive Fura-2 fluorogenic dye and
analyzed by confocal laser microscopy. The intracellular calcium
concentration ([Ca’"];) was quantitated. Values were representitive from
three independent experiments.
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Fig. 2. Overexpression of calbindin prevents STS-induced intracellular
calcium ([Ca™],) surge. (A) Fura-2 staining of MN9D/Neo cells treated
with vehicle alone (Cont), 1 uM STS or STS in the presence of 40 uM of
the calcium chelator BAPTA. Scale bar, 100 pum. (B) Quantitation of [Ca™],
in MN9D/Neo cells treated with vehicle, STS, or STS in combination with
BAPTA. NM9D/Calbindin cells were treated with STS and [Ca™], was
compared. *p<0.05.

Overexpression of calbindin prevented [Ca™'], elevation after
treatment with STS (Fig. 2B). Three individual clones of stable cell
lines expressing calbindin were similarly resistant to STS-induced
cell death (Fig. 3).

To further define the protective mechanism of calbindin, we
tested the effect of calbindin on the cleavage of Bax, which is a
substrate of calpain. As we previously reported, STS treatment
induced calpain activation in MN9D/Neo cells, as indicated by
calpain-mediated cleavage of an 18 kDa Bax fragment, at the
late phase of cell death (Fig. 4A; 24-hr time point). Calbindin
overexpression prevented Bax cleavage in STS-induced neuron
death, suggesting that calbindin inhibited calpain activation (Fig.
4A).

After 20 hr of treatment with STS, both apoptotic (chromatin
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Fig. 3. Overexpression of calbindin prevents drug-induced cell death.
Following 24 hr of 1 uM STS exposure, MTT reduction assay of MN9D/
Neo and MN9D/Calbindin cells was performed. Values were expressed as
a percentage relative to the untreated control (100%). *p<0.05.

condensation and fragmentation) and necrotic (propidium-iodide
staining) events occurred in MN9D/Neo cells; whereas, calbindin
overexpression significantly prevented both types of events (Fig,
4B). Few MN9D/Calbindin cells showed chromatin condensation
or fragmentation, and virtually no cells were stained with
propidium iodide (Fig. 4B). These data suggest that calbindin may
exert its protective functions by preventing calpain activation and
necrotic cell death, as well as by effects on the caspase-mediated

apoptotic pathway [10].
DISCUSSION

Previously, we reported that calbindin prevents STS-induced
caspase activation [10]. However, the role of calbindin on calcium
elevation and calcium-dependent calpain activation has not been
investigated in STS-induced dopaminergic neuron death. In this
study, we demonstrated that calbindin overexpression prevented
elevation of [Ca™], calpain activation, and cleavage of Bax in
STS-induced dopaminergic neuron death. Our previous results
demonstrated that MPP+-induced Bax cleavage was prevented
by the expression of calbindin. Taken together, our data suggest
that the prevention of [Ca®]; elevation, calpain activation, and
Bax cleavage might be a common mechanism underlying the
protective role of calbindin in dopaminergic neuron death. In
support of this hypothesis, calpain activation has been reported in
post-mortem midbrain of patients with Parkinsons disease (PD).
Furthermore, calpain regulates other molecules in dopaminergic
neuron death [14]. Therefore, the calpain pathway may likely be a
175
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Fig. 4. Calbindin-D28K prevents calpain activation
and permeabilization of the cell membrane during
cell death induced by STS. (A) Immunoblot analysis

Propidium of calpain-mediated Bax cleavage in MN9D/Neo

Todide and MN9D/Calbindin cells. (B) MN9D/Neo and
MN9D/Calbindin cells were exposed to 1 uM STS
for 20 hr. Nuclei of STS-treated cells were stained
with propidium iodide or Hoechst dye. In MN9D/
Neo cells, many nuclei were stained in red as the cell

Hoechst membrane was permeabilized to propidium iodide

good research area for discovery of new PD treatments.

Interestingly, the protection rate by calbindin in STS-induced cell
death is much higher than in MPP+-induced death (approximately
40% vs. 25%, respectively). This implies that the protective role
of calbindin is accomplished through inhibition of both the
calcium/calpain and caspase pathways in parallel in STS-induced
dopaminergic cell death. Calbindins protective effect is relatively
smaller in MPP"-induced cell death, in which only the calcium-
calpain pathway is inhibited [10].

Permeabilization of the plasma membrane is a typical characte-
ristic of necrotic cell death [15]. In this study, we observed that a
large portion of STS-treated MNID cells lost the integrity of their
cell membrane, although the morphology of the nucleoli was
not apoptotic, suggesting that STS-induced cell death is necrotic
in at least a part of the cell population. Our data suggested that
calbindin prevents both the necrotic and apoptotic components of
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entry, indicating necrotic cell death. This necrotic
change was significantly attenuated in MN9D/
Calbindin cells. Scale bar, 100 pum.

cell death in STS-induced dopaminergic cell death. Indeed, the cell
death mechanisms are rather complicated in PD. In brain of PD
patients, both caspase and calpain activation have been reported
[16-18]. Therefore, a multifunctional molecule, e.g., calbindin, that
can prevent involvement of both caspase and calpain pathways,
might be needed to protect dopaminergic neurons in the brain.
Interestingly, it has been demonstrated that calbindin is located
in the midbrain dopaminergic neurons, which are relatively
invulnerable to degeneration as seen in animal PD models [19,
20]. In PD patients, dopaminergic neurons of the substantia nigra
pars compacta that express calbindin appear to be relatively more
resistant to cell death than those not expressing calbindin [21].
Therefore, this protein might be part of endogenous protective
machinery, and further research may reveal a potential treatment

based on it to prevent dopaminergic neuron death in PD.
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