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ABSTRACT

Cystatin B is a ubiquitoudly distributed
small protein 98 amino acid in size, which

NSC90-2314-B-038-040-
1p3291&#7" 31p
trpeig §a
PEEE R ERED (B
Z ik (2

GIIRGE- &
ERE= )
#2)

binds and inhibits the cystein proteases
including cathepsins L, H, B, S and plant
cysteine protease papain.  Mutations in
cystatin B gene caused progressive
myoclonic epilepsy (EPM1) in human, and
cystatin B deficient mice represent similar
symptom, with increased apoptosis in
cerebellar granule cells.  The mechanism by
which lacking of cystatin B expression
promotes apoptosis in CNS is still not clear.
However, other studies showed that cathepsin
B, D and L are involved in the apoptosis of
serum deprived PC12 cells and hippocampus
CA 1 pyramidal neuron after ischemia, and
cathepsin B is involved in the processing of
severa procaspases. It was proposed that
reduction in cystatin B might increase
apoptosis by inappropriate activation of
cathepsins and thereby increase the activation
of caspases that are required for the apoptosis
to occur. To further investigate the function
of cystatin B protein in apoptosis of neuronal
cells, we cloned the cDNA of cystatin B gene
in either sense or antisense orientation into

the pCDNAS3 expression vector, transfect
these plasmid into the rat adrend

pheochromocytoma PC12 cells, and select
for stable transfected clones. The cdll
clones expressing higher (sense) or lower
(antisense) level of cystatin B protein were
selected for our experiments. Since the
PC12 cell can be induced to neurona
differentiation by NGF, these stable
trasfected cell clones can be used to study the
effect of cystatin B protein on the apoptosis
of undifferentiated and NGF- induced
neuronal- differentiated PC12. In the future,
these can also be used to study the detall
mechanism of how cystatin B involves in



apoptosis.

Keywords. cystatin B, PC12, apoptosis,
epilepsy.

INTRODUCTION

Cydtatin B, also called stefin B, is a
member of a large class of proteins that
inhibit cystein proteases (Barrett et al.
1986, Turk & Bode 1991). The protein is
98 amino acid in size, distributed
ubiquitously among different tissues and
cel types (Turk and Bode, 1991),
localized mostly intracellularly, but has
been found extracellularly. Cystatin B is
a tightly binding reversible inhibitor of a
variety of proteasesincluding cathepsinsL,
H, B, S and plant cysteine protease papain
(Jarvinen and Rinne, 1982; Ritonja et al.,
1985; Jerala et al., 1988). Cathepsins B,
H, L, and S are localized in lysosomes,
involved in general protein catabolism and
possibly in specific proteolytic processing
events (Mark et al., 1986; Bohely and
Seglen, 1992). It has been proposed that
the cystatin B serve as a protector against
the proteases leaking from |ysosomes,
participate in the regulation of proteolysis.

This protease inhibitor was correlated
to a disease when Pennacchio et al. (1996)
found that mutation in cystatin B gene
was associated with type | progressive
myoclonic epilepsy (EPM1, aso caled
Unverricht-Lundborg disease), one of
important type of myoclonic epilepsy
occurring in childhood and young adult
age. They identified two cystatin B gene
point mutations in EPM1 patients
(Pennacchio et al. 1996), and later many
other mutations in cystatin B gene (Lalioti
et a. 1997a, Bespalova et a. 1997) or
promoter (Lalioti et a. 1997a, 1997b,
1998) were discovered, al of them
resulted in truncated proteins or decreased
cystatin B mRNA level, and EPM1
phenotype. The gene encoding cystatin
B is approximately 2.7 kb in length, the
MRNA is about 0.8 kb and expressed in
all tissues examined including bran
(Pennacchio et al. 1996). EPM1lisarare
disease characterized by onset age

between 6-16 years, stimulus- sensitive
myoclonus and tonic- clonic seizures
(Koskiniemi 1974a; Koskiniemi et al.
1974b; Norio and Koskiniemi 1979).
The patients developed progressive
mental deterioration and cerebellum
ataxia (Norio and Koskiniemi 1979), and
computed tomography (CT) scanning of
patients’ cerebral showed a progressive
cortical atrophy (Parmeggiani et al., 1997).
Gene knockout mice lacking of cystatin B

expression developed profound
neurol ogical symptoms including

progressive ataxia and myoclonic epilepsy,
and increased apoptosis characterized by
condensed nuclei and fragmented DNA
was observed in in these cerebellar
granule cells animals (Pennacchio et al.
1998). Recent study showed that seizure
activity induced widespread expression of
cystatin B mRNA and protein in rat
forebrain neuron, and it was proposed that
the upregulation of CSTB following
seizures may counteract  apoptosis
(D'Amato et al., 2000). Moreover,
N-acetylcysteine, a sulfhydryl antioxidant
which has been shown to protect many
cells from a variety of apoptotic stimuli,
can effectively treat the EPM1 patients
(Hurd et a. 1996; Selwa, 1999;
Ben-Menachem et al., 2000).

Taking together, it is quite clear that
cystatin B plays important role in the survival
of neuronal cells, and lacking of cystatin B
activity may hamper the well-being of centra
nerve system. The gene knockout mice
experiment suggested that cystatin B could
inhibit the apoptotic pathway in cerebellar
granule cells (Pennacchio et a. 1998),
however, the mechanism by which cystatin B
is involved in the pathway of apoptosis is
dill unclear. It is also not clear why
deficiency of cystatin B protein seems to
attack only neural system. Other studies
showed that cathepsn B and D were
involved in the apoptosis of serum deprived
PC12 cells (Ohsawa et al., 1998; Shibata et
a., 1998; Isahara et al., 1999). Cathepsin B
and L were aso implicated in ischemia-
caused apoptosis of gerbil and monkey
hippocampus CA 1 pyramida neuron



(Nitatori et al, 1995; Kohda et a., 1996).
Cathepsin B was shown to participate in the
processing of several procaspases to active
caspases, which are important elementsin the
apoptosis (Vancompernolle et a., 1998), and
the cathepsin B activities in processing of
caspase zymogens and induction of nuclear
apoptosis are inhibited by the synthetic
peptide caspase inhibitors. Caspase-3
deficient mice die prematurely, with
increased number of cerebellar granule cells
due to insufficient apoptosis during
development (Kuida et a. 1996), and the
caspase-3 is required for the apoptosis occurs
in the cultured cerebellar granule neurons
(Du et a. 1997). Since cystatin B is a
natural inhibitor for cathepsin B, it is
possible that reduction in the expression of
cystatin B might increase apoptosis by
inappropriate activation of cathepsins and
thereby increase the activation of caspases.
Alternatively, it might increase the genera
proteolysis, which damages cells and lead to
apoptosis of unhealthy cells.

To further explore the function of
cystatin B in apoptosis, we propose to study
the effect of changing in cystatin B
expression on apoptosis of the PC12 cdll, and
to measure the apoptotic gene expression and
enzyme activitie of proteases during the
course of apoptosis. PC12 cel line is
derived from the rat pheochromocytoma
(Greene and Tischler, 1976), it iswidely used
because of its ability to differentiate into
neuronal cells in response to nerve growth
factor (NGF). Using this established cell
line, it will be easier to manipulate the
expression of cystatin B gene and to examine
the cellular and biochemical changes during
the course of apoptosis than the animal
model.

RESULTSAND DISCUSSIONS:

To clarify the role of cystatin B protein
in the apoptosis of neuronal cells, we cloned
the cDNA of cystatin B gene in either sense
or antisense orientation into the pCDNA3
expression  vector. These plasmids,
expressing either sense of antisese RNA of
cystatin B gene, were separately transfected

into the rat adrenal pheochromocytoma PC12
cells, and stable transfected cell clones were
picked. The levels of cystatin B protein in
these cell clones were then evaluated using
immunoblotting, and the clones expressing
higher level of cystatin B protein (sense
cystatin B RNA) or lower level of cystatin B
protein (antisense cystatin B RNA) were
selected for our experiments. According to
the immunobl otting results, we have obtained
several independent clones of cystatin-B
overexpressing and underexpressing PC12
clones. The high/low cystatin B cell clones
were subjected to various conditions,
including high concentration of arachidonic
acid, serum deprivation, hydrogen peroxide,
and the toxicity were evaluated by LDH
assay. This will alow us to understand
which pathway of apoptosis can be inhibited
by the cystatin B protein. In the coming
future, we will induce these PC12 cell clones
to neuronal differentiation, and examine the
effect of various cystatin B protein levels on
the apoptosis of these differentiated cells.
We also plan to study the expression of bcl-2,
bax and p53 genes, and activities of cathepsin
B, D, L and caspase-3 during the course of
apoptosis in these NGF-induced PC12 cdlls,
and their correlation with the cystatin B
protein level.
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