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Inhibitory Effect of Chitooligosaccharide on Neuronal Apoptosis
Induced by Beta-amyloid »5.35 (AP2s-35) in Rat Pheochromocytoma
(pc-12) cells

Jin-Sook Park

Department of Chemistry, Graduate School,
Pukyung National University

Abstract

Alzheimer disease (AD) is the most common age-related neurodegenerative disorder that
affects the brain, and the cause of dementia in the elderly. The major factor of AD is the beta-
amyloid (AP), which generates reactive oxygen species (ROS) in the cell. In this research, we
evaluated the inhibition of COS on the ROS-induced apoptosis generated by AP,s.3s in the rat
pheochromocytoma (pc-12) cells. Treatment of COS showed the increasing inhibitory effect on
gene and protein expression levels of not only p53 and p21 but also other apoptosis-related
genes such as caspases, cytochrom ¢, and Apaf-1. Cell cycle analysis of pc-12 cells in the
presence of COS confirmed that COS reduced cell cycle arrest at S phase. These result showed
that COS 1is effective to inhibit the formation ROS, therefore, COS can inhibit neuronal
apoptosis induced by AP,s3s in the pc-12 cells. Moreover, there are some evidences that
acetylcholinesterase (AChE) plays a key role in modulating the cytotoxicity of AP. This
research also showed that COS can inhibit AChE activity. These results suggest that COS has

potential ability as a restrainer of AD.
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Introduction

Alzheimer disease (AD), named for German physician Alois Alzheimer who first described it
in 1906, is the most common age-related neurodegenerative disorder that affects the brain, and
cause of dementia in the elderly. The incidence of AD is increasing at an alarming rate along
with aging of populations of industrialized countries. The prevalence of AD among 60-year-olds
is about 1%. This incidence doubles approximately every 5 years, becoming 2% at the age of 65
years, 8% at 75 years, and 16 and 32% at 85 years (Giorgio et al. 2006). The clinical symptoms
result from the deterioration of selective domains, those related to memory. Memory decline
initially manifests as a loss of episodic memory, which is considered a subcategory of
declarative memory. The dysfunction in episodic memory impedes recollection of recent events
including autobiographical activities (Frank et al. 2007). The memory loss results in behavioral
deficit, disorientation in tome and space, and impairments in language skills. These cognitive
deficits have been linked to the loss of neurons in brain regions such as the cortex and
hippocampus (Yan et al. 1996) (Fig. 1). There are three clinical stages of AD — mild, moderate
and severe — with cognitive and functional decline stretching over 5-8 years. The initial stage
usually lasts 2-3 years and is characterized by short-term memory impairment often
accompanied by symptoms of anxiety and depression. In the moderate stage, these symptoms
appear to abate as neuropsychiatric manifestations, such as visual hallucinations, false beliefs
and reversal of sleep patterns emerge. The severe and final stage is characterized by motor signs,
such as motor rigidity and prominent cognitive decline. Cognitive and functional decline tends
to be linear throughout the three stages of the disease, whereas caregiver burden peaks with the

onset of neuropsychiatric symptoms and declines somewhat during the final stage, when the



patient is more sedentary (Gauthier et al. 2002).

As stated above, the disease was named after the German psychologist Alois Alzheimer, but
while he is the disease's namesake, his colleague Emil Kraepelin played a just as important role
in the identification of the disease. Kraepelin isolated and grouped together the symptoms of the
disorder, suggesting they were unique disease processes, while Alzheimer was the first to
understand what was actually happening in the brains of Alzheimer's patients. In the early
1900's Alzheimer was following the case of a 51-year-old woman who exhibited the symptoms
of the disorder identified by Kraepelin, including an unusual form of amnesia. After her death,
Alzheimer examined her brain and discovered unusual plaques and tangles. These are the classic
identifiers of the disease, which could only be diagnosed post-mortem with an autopsy, until the
end of the twentieth century. After Kraepelin and Alzheimer's identification of the disease in the
early twentieth century, the Alzheimer's history showed that not many advances were made in
understanding or treating the disease. The name of Alzheimer's disease only gained popularity in
the 70s and 80s as a label for patients over the age of 65. Now the disease has recognizable and
diagnosable symptoms, which can appear in patients as young as 30. Typically, an aggressive
type of Alzheimer's disease that occurs in patients under the age of 65 has a known genetic
factor, while the appearance of the disease in patients over 65 has a number of other factors in
regards to its development, such as health, occupation, and environment.

Alzheimer described a ‘peculiar substance’ occurring as extracellular deposits in specific
brain regions, which are now referred to as amyloid plaques. It was not until the mid-1980s that
it was discovered that the plaques consist of aggregates of a small peptide called amyloid-p (AB)
(Masters et al. 1985). AP is produced by endoproteolysis of the parental amyloid precursor
protein (APP), which is achieved by the sequential cleavage of APP by groups of enzymes or

enzyme complexes termed a-, B- and y-secretases (Fig.2) (Flank et al. 2007).
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Figure 1. These images represent a cross-section of the brain as seen from the front. The cross-
section on the left represents a brain from a normal individual and the one on the right
represents a brain with Alzheimer's disease. In the early stages of Alzheimer's disease,
short-term memory begins to decline when the cells in the hippocampus degenerate.
As Alzheimer's disease spreads through the cerebral cortex, judgment declines,
emotional outbursts may occur and language is impaired. Progression of the disease
leads to the death of more nerve cells and subsequent behavior changes. The ability to
recognize faces and to communicate is completely lost in the final stages. Patients lose

bowel and bladder control, and eventually need constant care.



Mon-amyloidogenic  Amyloidogenic

sAPPo
SAPPJ

Presenilin 1 or 2
Micastrin

: AP | APP Co9

Figure 2. The AP peptide is derived via proteolysis from a larger precursor molecule called the
amyloid precursor protein (APP). APP can undergo proteolytic processing by one of
two pathways. Most is processed through the non-amyloidogenic pathway, which
precludes AP formation. The first enzymatic cleavage is mediated by o-secretase.
Cleavage by a-secretase occurs. within the AP domain, thereby preventing the
generation and release of the AP peptide. Two fragments are released, the larger
ectodomain (sAPPa) and the smaller carboxy-terminal fragment (C83). Furthermore,
C83 can also undergo an additional cleavage mediated by y-secretase to generate P3
(not shown). APP molecules that are not cleaved by the non-amyloidogenic pathway
become a substrate for P-secretase (B-site APP cleaving enzyme 1; BACE1),
releasing an ectodomain (sAPPf), and retaining the last 99 amino acids of APP
(known as C99) within the membrane. The first amino acid of C99 is the first amino
acid of AB. C99 is subsequently cleaved 38—43 amino acids from the amino terminus

to release AP, by the y-secretase complex.
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Figure 3. Putative Amyloid Cascade. This hypothesis of the amyloid cascade, which
progresses from the generation of the AP peptide from the amyloid precursor
protein, through multiple secondary steps, to cell death, forms the foundation for

current and emerging options for the treatment of Alzheimer's disease.



Oxidative stress reflects a situation wherein reactive oxygen species (ROS), such as free
radicals and their products, are in excess of the antioxidant defense systems. The link between
the amyloid deposits and oxidative stress in AD brain is not readily apparent due to the fact that
studies of postmortem tissue cannot reveal whether these deposits are the byproducts of
neurodegeneration or precede the degenerative process (Fig. 3). However, there is increasing
evidence shows that AP itself is associated with oxidative stress. Several markers of excess
oxidative stress, such as an increase in ROS, accumulation of oxidized products serve to
establish the direct role of AP in the oxidative damage associated with AD (Varadarajan et al.
2000). The AB-associated accumulation of ROS result in damage to major components of cells:
nucleus, mitochondrial DNA, membranes, and cytoplasmic proteins. Free radicals are in fact
potent deleterious agents causing cell death or other forms of irreversible damage (Ames et al.
1991). Neurons appear to be particularly vulnerable to attack by free radicals for the following
reasons: /) their glutathione content, an important natural antioxidant, is low (Cooper et al.
1997); 2) their membranes contain a high proportion of polyunsaturated fatty acids (Hazel et al.
1990.); and 3) brain metabolism requires substantial quantities of oxygen (Smith et al. 1995.).

The fact that age is a key risk factor in AD provides considerable support for the free radical
hypothesis because of effects of the attacks by free radicals. Free radicals are involved in many
kinds of age-related pathologies, specifically in AD and all neurodegenerative disease (Beal et al.
1997). Although normal individuals have special mechanisms (antioxidants) that protect them
from the harmful effects of ROS, Alzheimer’s patients have reduced tolerance for oxidative
stress. The brains from Alzheimer’s patients show higher levels of oxidative damage than age
matched controls. Oxidative stress may contribute to the neuronal degeneration observed in a
wide variety of neurodegenerative disorder of the central nervous system and pathological

condition such as ischemia and trauma brain injury (Frances et al. 1999). Especially, frailty of



the brain to Foxidative stress is related to its high rate of oxygen consumption, being oxidation
damage determental to neurons. The oxidation of mitochondrial DNA and, to a lesser extent, of
nuclear DNA has been observed in the parietal cortex of AD patients (Mecocci et al. 1994).
Protein oxidation has also been observed in elderly individuals with and without AD, but
appears to be more marked in AD patients in the regions presenting the most severe
histopathologic alterations (Hensey et al. 1995). Many studies have shown increased lipid
peroxidation in the brains of AD patients. Lipid peroxidation is a major cause of depletion of
membrane phospholipids in AD. One of the products of lipid peroxidation, 4-hydroxynonenal,
which is found in high concentrations in AD patients (Markesbery et al. 1998), proved to be

toxic to hippocampal cells in culture (Mark et al. 1997).

Because Af,s.3s generates ROS, AP,sss can induce apoptotic cell death related with ROS in
a variety of mammalian cell types in vitro. These findings raise the possibility that Ap may be
responsible for apoptotic cell death observed in the brains of AD patients. From many studies in
non-neuronal cell types, particularly in fibroblasts and epithelial cells, a key role for p53 as
regulator of apoptotic cell death has been inferred (Ding et al. 1998). In particular, the activation
of p53 in response to various stress stimuli leads to increased expression of several pro-
apoptotic genes (Fig. 5). Circumstantial evidence suggests that p53 may also play a role in
apoptotic death occurring in the brain of AD patients. Thus, it was shown that p53 expression is
increased in the brain of AD patients and in the brain of AP transgenic mice (LaFerla et al.
2007).
The bcl-2 family, a group of apoptosis regulatory genes, has received particular attention. In
this family, bcl-2 and bcl-xL are anti-apoptotic factors, whereas bax, bcl-x, bad, bak, and bik are

pro-apoptotic ones. Dimerization of anti-apoptotic factors with pro-apoptotic factors is assumed



to be a critical interaction. For example, cells continue to survive if bcl-2 predominates over bax.
In contrast, a higher concentration of bax compared with Bcl-2 enhances cell susceptibility to
apoptosis (Oltvai et al. 1993).

The execution of neuronal apoptosis involves relatively few pathways that converge on
activation of the cysteine proteases called caspases (Friedlander. 2003). To date, 14 caspases
have been identified in mammals. Two principal pathways are well-known with respect to their
activations: the cell surface death receptor pathway and the mitochondrial pathway. In the death
receptor pathway, activation of caspase-8 is the critical event that transmits the death signal (Fig.
6). In the mitochondrial pathway, caspase activation is triggered by the formation of an
apoptotic protease-activating-factor-1 (Apaf-1)/cytochrome ¢ complex that is fully functional in
recruiting and activating procaspase-9. Activated caspase-9 then cleaves and activates
downstream caspases, such as caspase-3, -6, and -7. The mitochondrial pathway appears to be
regulated by the Bcl-2 family of proteins, and there may be participation of ion
channels/nonselective pores, in particular the permeability transition pore (PTP), that may be
activated by pro-apoptotic stimuli. Accumulating evidence implicates selective neuronal loss in
neurodegenerative diseases, including AD, which involves activation of these caspases (Takuma

et al. 2005) (Fig. 7).
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that lead to perturbation of the mitochondria leading to leakage of cytochrome c or

factor that directly activate members of the death receptor family.
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Figure 6. Caspase Cascade. Apoptosis or programmed cell death is triggered by a variety of
stimuli, including cell surface receptors, the mitochondrial response to stress. The
caspases comprise a class of cystein proteases, many members of which are involved
in apoptosis. The caspases convey the apoptotic signal in a proteolytic cascade, with
caspases cleaving and activating other caspases that in turn activate enzymes that

subsequently degrade cellular targets that lead to cell death.
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Figure 7. Oxidative damage due to the endogenous production of reactive oxygen species by
mitochondria can lead to cell death via apoptosis. Two such factors, cytochrome ¢ and
apoptosis inducing factor (AIF), begin a cascade of proteolytic activity that ultimately
leads to nuclear damage (DNA fragmentation) and cell death. Cytochrom c, a key
protein in electron transport, appears to act by forming multimeric complexes with
Apaf-1, aprotease, which in turn activates pro-caspase-9, and begins a cascade of
activation of downstream caspases. Bcl-2 and Bcl-x can prevent pore formation and
block the release of cytochrome ¢ from the mitochondria and prevent activation of

caspase cascade and apoptosis.
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Few studies have assessed apoptosis morphologically in AD neurons. In those that have,
neurons are not necessarily shrunken, the chromatin is not compacted, membrane blebbing is
not observed and there is preservation of organelle structural integrity. The nuclei are often
swollen rather than pyknotic. Some reports indicate the increase in neurons containing
condensed nuclear DNA and no nucleolus in AD.

DNA fragmentation in apoptotic cells is the result of the activation of deoxyribonucleases
(DNAses) that cleave the genomic DNA at regular intervals. While there is no strong evidence
for apoptotic morphology in AD neurons, there is some evidence that DNA fragmentation is
increased in AD. As early as the 90’s, it has been shown that there is a 2 fold increase in DNA
breaks in AD. Using various techniques to label the 3’ ends of the fragmented DNA, several
investigators have seen an increase in DNA fragmentation in the hippocampus and the
entorhinal cortex, in the temporal cortex, and insular and midfrontal gyrus. The amount of
labeled cells is significantly different from normal controls. The cell types with fragmented
DNA are not always assessed but some studies have shown DNA fragmentation in glia with
only 28% in neurons whereas other claims that all positive cells are neurons. The fact that cells
with fragmented DNA have swollen nuclei indicates that the cell death observed is necrotic
rather than apoptotic. However, as stated above, it does not rule out an apoptotic mechanism for
the initial cell death that cannot be detected in late AD.

It has recently been suggested that endogenous factors, such as acetylcholinesterase (AChE)
play significant roles in modulating the cytotoxicity of AP (Alvarez et al. 1998). In the AD brain,
ACHhE is associated predominantly with the amyloid core of mature senile plaques, diffuse “pre-
amyloid” deposits, and the endothelial lining cerebral blood vessels. More relevantly, the brain
areas where senile plaques are present are strongly AChE positive (Calderon et al. 1998). AChE

also directly promotes assembly of AP peptide into amyloid fibrils, whose toxicity is higher than

13



that of the AP aggregates alone (Alvarez et al. 1998). Since such findings have suggested that
there is close interaction between AChE and AP, it has become of interest to know the role of

ACHhE activity in AB- induced apoptosis (ZHANG et al. 2003).

Chitin, a polymer of N-acetylglucosamin (B-1,4-glucosidic linkage of 2-cetoamino-D-
glucose), is a cellulose-like biopolymer present in the exoskeleton of crustaceans, in the cuticle
of insects, and also in the cell wall of some fungi, microorganism, and yeast. Chitin is a water-
insoluble material resembling cellulose in its solubility. Chitosan is derived from chitin by
deacylation in the presence of alkali. Therefore, chitosan is copolymer consisting of B-(1—4)-2-
amino-D-glucose units with the latter usually exceeding 80% and water soluble by making salt
with various acids on the amino groups of D-glucosamine units. Additionally, partially
acetylated chitosan having about 50% D-glucosamine units is only able to dissolve in water
(Aiba, 1989). The structure of chitin and chitosan are shown in Fig.8.

Until the middle of the 1980s, major applications of chitosan were centered on sludge
dewatering, food processing, and metal ion chelation. Recently, new applications, however, are
concentrated on producing high valuable products by means of cosmetics, drug carriers, food
additives, semi-permeable membranes, and pharmaceuticals. Chitosan have been developed as
new physiologically bioactive materials since they possess various biological activities such as
antihypertensive activity (Okuda et al. 1997), antibacterial activity (Allan et al. 1979; Hadwiger
et al. 1980; Walker-Simmons et al. 1983; Hirano et al. 1989; Uchida et al. 1989; Jeon et al.
2000; Kim et al. 2000), and hypocholesterolemic activity (Maezaki et al. 1993; Sugano et al.
1980). In the recent studies, it has been more of interest for converting chitosan to their
oligosaccharides. Even though chitosan is known to have very interesting functional properties

in many areas, their high molecular weights and high viscosity restrict the uses in vivo.

14



HO

HO

OH

)

OH

NH,

HO

I

OH
Q
NH
@)

OH
Q

o O
HO = 'NH,

- OH
0 ~
O/ O
HO NH
I n O
Deacetylation
OH
@)
HO  NH,
g n

Figure 8. Structures of Chitin and Chitosan



In addition, there is little doubt that such properties will influence absorption in the human
intestine. Therefore, the actions of chitosan in vivo still remain ambiguous as the physiological
functional properties because most animal intestines, especially the human gastrointestinal tract,
do not possess enzyme which digest on the B-glucosidic linkage in chitosan (Weiner 1992) and
consequently the unbroken polymers may be poorly absorbed into the human intestine. However,
chitosan is water-insoluble, high molecular size, and more difficult to absorb to body. Especially,
most animal intestines including human gastrointestinal tract do not possess enzymes which
digest on the B-glucosidic linkage in chitosan, resulting that are exerted unchanged in the feces
without any degradation of significant absorption. In the recent studies, it has been more of
interest for converting chitosan to their oligomers. Even though chitosan is known to have
interesting functional properties, direct absorption is difficult in the intestine of human because
of physicochemical properties of chitosan.

Chitooligosaccharides (COS) is hydrolyzed derivative of chitosan and has lower viscosity,
relatively small molecular sizes, and short chain lengths, and is soluble in neutral aqueous
solution. Subsequently, they seem to be readily absorbed in vivo system. They also possess
additional functional properties such as antitumour activity (Suzuki et al. 1986; Tsukada et al.
1990; Jeon et al. 2002), enhancing protective effects against infection with some pathogens
associated in mice (Yamada et al. 1993; Tokoro et al. 1989), antifungal activity (Hiroan et al.
1989), and antimicrobial activity (Allan et al. 1979; Kim et al. 2000; Jeon et al. 2001).

Because it is expected that COSs are absorbed and possess bioactivity in the in vivo system,
using of COS is more efficient than that of chitosan. This study was focused on the effect of
COS. As mentioned above, COS possess many kinds of functions however there is little
information of bioactive properties on Alzheimer’s diseases. Pc-12, derived from rat

pheochromocytoma, is useful for studying ability of neuron cells. The aim of this study,
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therefore, was to investigate not only inhibitory effect of apoptotic cell death induced by AP but

also inhibitory effect of AChE using pc-12 cell (rat pheochromocytoma) line.
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Experimental procedure

1. Materials

Different molecular weight of chitooligosaccharides (COS) were donated by Kitto Life Co.
(Seoul, Korea). Pc-12 cell lines (pheochromocytoma; adrenal gland) were obtained from Korean
Cell Line Bank (Seoul, Korea). Cell culture medium (DMEM F-12), Trypsin-EDTA,
penicillin/streptomycin, fetal bovine serum (FBS), and other materials required for culturing
cells were purchased from Gibco BRL, Life Techniligy (NY, USA) and Sigma Chemical Co. (St.
Louis, MO, USA). MTT reagent (3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide),
Acetylthiocholine (ATCh), 5,5 -dithiobis-(2-nitrobenzoic acid) (DTNB), propidium iodide,
RNase, Proteinase K, ethidium bromide and dithiothreitol (DTT) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). 2’,7°-Dichlorofluorecin diacetate (DCFH-DA) was
obtained from Molecular Probe Inc., (OR, USA). TUNEL assay kit was purchased from
Invitrogen (CA, USA). Beta-amyloid (Ap) was synthesized by Peptron Inc. (Dae-jeon, Korea).
Primary and secondary antibodies used for western blot analysis were purchased from Santa
Cruz Biotechnology (CA, USA). Trizol® was obtained from Invitrogen (CA, USA) and AMV

reverse transcriptase was purchased from USB Corporation (OH, USA).

2. Preparation of chitosan oligosaccharides using an UF membrane bioreactor

Crab shell wastes are currently utilized as the major industrial source of biomass for the
large-scale production of COS. These crustacean shell wastes are composed of protein,
inorganic salts, chitin and lipids as main structural components. Therefore, the extraction of

chitin and chitosan (the starting material of COS) is mainly employed stepwise chemical
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methods. In the first step, crab shells are treated with 3-5% aqueous NaOH solution to remove
protein attached to the shells and thereby prevent the contamination of chitin products with
proteins. Deproteinized shells are then neutralized and calcium is removed by treating with 3-
5% aqueos HCI solution to afford a white or slightly pink precipitate of chitin. Then the chitin is
N-deacetylated with 40-45% NaOH to form chitosan with a cationic nature. The resulting crude
sample is dissolved in 2% acetic acid and the supernatant is neutralized with aqueous NaOH
solution to afford purified chitosan as a white precipitate (Hirano, 1996). After alkaline
deacetylation, some of the amino groups may remain acetylated and distribute randomly along
the whole polymer chain.

Chitosan oligosaccharides were prepared by continuous hydrolysis of chitosan in a UF
(ultra-filtration) membrane reactor system connected to an immobilized enzyme column reactor
in which chitosanase from Bacillus sp. was absorbed on chitin as a carrier for immobilization,
according to our previous method (Jeon et al., 2000). A 1% chitosan solution was prepared by
dispersing chitosan in with ratio 1L of water, dissolving it and stirring by adding 400 ml of 1M
lactic acid and make up to 15 L with water; the pH was adjusted to be 5.5 with a saturated
NaHCO; solution. The chitosan was hydrolyzed by enzymatic reaction in the reactor system and
fractioned by passing through UF membrane of molecular weight cut-off (MWCO) 10 kDa, 5

kDa, 3 kDa, and 1 kDa.
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Figure 9. Schematic diagram of the dual reactor system developed for continuous production
of chitooligosaccharide (COS).

Adapted from Jeon and Kim (2000)

3. Sample preparation

lg of each molecular weight of COS was dissolve in 10ml DMEM F-12 absence fetal
bovine serum make 10,000 pg/ml of stock solution. Stock solutions were sterilized by filter
through 0.22pm sterilized filter. From 10,000 pg/ml of stock solution, sample with different
concentrations were prepared in DMEM F-12 absence fetal bovine serum. After that, samples

were stored at 4 C. pH of sample were measured in order to show effect on pH of cell cultured

media.

4. Cell Culture

Pc-12 cells were cultured in 10cm’ tissue culture plate (SPL Lifesciences, Korea) and

maintained in Dulbecco’s Modification of Eagle’s Medium F-12 (DMEM F-12) supplement
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with 10% fetal bovine serum (FBS), and 100 pg/ml penicillin-streptomycin and maintained at
5% CO2 and 37 C humidified atmosphere. Pc-12 cells were detached with trypsin-EDTA on

culture dishes, 24- or 96- well plate and used for experiment at about 70-80 % confluency.

5. Cell viability (MTT assay)

Cytotoxicity levels of COS on pc-12 cells were measured using MTT method. The cells
were grown in 96-well plates at a density of 1 x 10*cells/well. After 24 h, cells were treated
with different concentrations of COS and after 1 h, some chemicals were added. After 24 h of
incubation, 100pl of MTT solution (1mg/ml) was added and incubated for 4 h. Finally, 100pl of
DMSO was added to solubilize the formazan salt formed and amount of fomazan salt was
determined by measuring the optical density (OD) at 540nm using a GENios microplate reader
(Tecan Austria GmbH, Austria). Relative cell viability was determined by the amount of MTT
converted to formazan salt. The percentage of wviable cells compared to the control was
calculated as a percentage (OD of treated cells / OD of blank x 100) and dose response curves
were developed. The data were expressed as mean from at least three independent experiments

and P<0.05 was considered significant

6. Acetyl cholinesterase (AChE) inhibitory activity

Ellman assay was used to evaluate the inhibitory activity of AChE. When Acetylthiocholine
(ATCh), as a substrate, is hydrolysed, thiocholine is formed. This thiocholine is reacted with
5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) and then, this compound form dithio complex and
5-thio-2-nitrobenzoate. In this experiment, AR was added to the pc-12 cell line for 24 h to
stimulate AChE and cell lysates are used as a AChE. We used Sodium phosphate buffer (pH8.0)

and the concentration of ATCh and DTNB are 0.5mM. The wavelength of absorbance is 412nm.
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Figure 10. Ellman’s assay for determination of AChE activity
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7. Cellular ROS determination by Dichlorofluorescin diacetate (DCFH-DA)
Oxidation-sensitive dye DCFH-DA was used to detect formation of intracellular reactive
oxygen species (ROS). For this experiment, pc-12 cells growing in fluorescence microtiter 96-
well plates were labeled with 20 uM DCFH-DA in HBSS for 30 min in the dark. Cells were
then treated with different concentrations of COS and incubated for 24 h. After washing the
cells with PBS for three times, 25 uM Afss.3s was added. The intensity of fluorescence signal
emitted by 2°,7’-dichlorofluorescein (DCF) due to oxidation of DCFH by cellular ROS was
detected time dependently (Acxcitation = 485 N, Aemission = 528 nm) using a GENios® fluorescence
microplate reader. Following maximum rate of fluorescence increase, each well was normalized
to cell numbers using MTT cell viability assay. Effects of treatments were plotted and compared

with fluorescence intensity of control and blank groups.

8. Fluorescence microscopy analysis

Treated cells were visualized following Jacridine orange staining method. Cells were
cultured in appropriate media at a density of 1 x 10’ cells in 6-well plate and incubated for 24h.
Cells were treated with different concentrations of test materials and chemicals. Following
incubation for 24h, cells were stained with 40pl of a mixture of acridine orange (100 mg/ml)
and ethidium bromide (100 mg/ml) in cultured medium, and immediately examined under a
fluorescence microscope and images were recorded using a connected digital camera (Olympus

C5050, Tokyo, Japan).

9. Terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL)
assay

Pc-12 cells culturing in 6 well plates were treated with different concentrations of COS and
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AP. After 24 h TUNEL assay was employed to identify apoptotic cells having free 3’-OH of
cleaved DNA using kit (TUNEL apoptosis detection kit, Upstate cell signaling solutions, NY,
USA) according to manufacturer’s instructions. Briefly, treated cells were washed twice with
PBS and fixed with 0.5% glutaraldehyde in PBS for 15 min. Following washing cells three
times with PBS cells were incubated with a solution containing 0.05% tween, 0.2% BSA in PBS
for 15 min at room temperature. After washing, free 3’-OH of cleaved DNA in apoptosized cells
was labeled by incubating for 60 min with Terminal deoxynucleotidyl transferase (TdT) end
labeling cocktail containing Tdt buffer, Biotinylated deoxyuridine triphosphate (Biotin-dUTP)
and TdT. Reaction was stopped by adding termination buffer (TB buffer). Cells were then
washed with PBS and incubated with the blocking buffer at room temperature for 20 min.
Following removal of blocking buffer, cells were incubated in dark for 30 min at room
temperature with avidin-FITC solution. Since this assay is based on the detection of single and
double stranded DNA breaks (nick) by using terminal deoxynucleotidyltransferase-mediated
dUTP nick end labeling (TUMEL), localization of fragmented DNA was detected by fluorescent
microscope (Axiovert 200, Zeiss) using Axio version 3.1 software and compared with the cells

without induction of apoptosis.

10. Cell cycle analysis by flow cytometry

Normal functioning of cell cycle in the presence of test materials was tested by flow
cytometry. Pc-12 cells were cultured in 10-cm” plate were treated with different concentrations
of test materials and chemicals for 24h and cells were washed phosphate buffered saline (PBS)
containing SmM EDTA, after that, fixed with 70% ethanol. Fixed cells were washed with
phosphate-citrate buffer and incubated with RNase A at 37 C for 30 min. Propidium iodide (PI)

with final concentration of 500 pg/ml was added and incubated for 30 min on ice bath.

24



Functioning of cell cycle was analyzed using XL-MCL™ flow cytometer equipped with

EXPO™ 32 software (Beckman Coulter, Inc., CA, USA)

11. RNA extraction

Total RNA was extracted from pc-12 cells after treatment with test materials. For that, cells
were lyzed with 1ml TRIzol”. Reagent was added to a 10-cm diameter dish, and passing the cell
lysate several times through a pipette. The homogenized samples were incubated for 2 minutes
at room temperature. After that, the homogenized samples were transferred into microtube 0.2
ml chloroform was added into microtube and shook vigorously by hand for 15 seconds and
incubated at room temperature for 2 minutes. The process was followed with centrifugation
samples 12,000 rpm at 4 °C for 15 minutes. The mixture separates into a lower red, phenol-
chloroform phase, an interphase, and a colorless upper aqueous phase. Transfer the aqueous
phase to a fresh tube. Precipitate the RNA from aqueous phase by mixing with isopropyl alcohol
following ratio 1:1. The mixture was vortexed and kept at 4 °C for 10minutes, followed by
centrifugation 12,000 rpm at 4T for 15minutes. After remove supernatant, RNA pellet was
washed once with 1 ml 75% ethyl alcohol. Ethyl alcohol was removed after the sample had
centrifuged 12,000 rpm at 4 °C for 15 minutes. At the end of the procedure, RNA pellet was
suspended in DEPC-H,O and stored at -80 °C until use. The purity of the RNA was established
by reading the optical density of each sample at 260nm and 280nm, using GENios microplate

reader (Zhang et al. 2004)

12. Real-time polymerase chain reaction (Real-time PCR)
To synthesize cDNA, an aliquot of 1.0 pg of RNA was added to RNase-free water to a final
volume of 13.5ul, denaturated for 2 min at 72 “C and cooled immediately on ice. RNA was

reverse transcribed in a mastermix containing 1X RT buffer, | mM dNTPs, 500 ng oligo (dT)15
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primers, 140 U of MMLYV reverse transcriptase and 40 U of RNase inhibitor for 90 min at 42 °C
in an automatic Whatman thermocycler (Biometra, UK). Real-time PCR was carried out to
confirm gene expression levels of p53, Bax, Bcl-2, caspse-3, caspase-9 and G3PDH mRNA. For
Real-time PCR we used mastermix containing HotStarTaq Plus DNA Polymerase, QuantiFast
SYBR Green PCR Buffer, dANTP Mix, SYBR Green [ dye, ROX dye (Qiagen, Germany).
Quantitative SYBR Green real-time PCR was performed on Rotor gene 6000 (Corbett) using
the following program: 10 min at 95 °C, followed by 40 cycles of 15 sec at 95 °C, 30 s at 60 °C
and 1 min at 72 °C. The reactions were carried out using 1 ul cDNA with SYBR Green PCR
master mix (Qiagen, USA). The sequences of the primer for real-time PCR are depicted in Table
2. As an endogenous reference we used G3PDH. Specificity of the PCR product was confirmed
by examination of dissociation reaction plots. A distinct single peak indicated that single DNA
sequence was amplified during PCR. Quantitative analysis of gene expression was performed
using the comparative cycle threshold (Cr) method, in which Cr is the threshold cycle number.
The target genes were normalized to an endogenous reference gene (G3PDH). To indicate
relative  expression, we calculated using the  expression 2 A3 where
AACT = (Crgarget = Cractin)treated sample — (Citarget — CToactin)control sample-  Each  sample was  tested in
triplicate with quantitative PCR. The sequences of the primer for each gene are shown in Table

L.
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Target

Sequence

P53 Sense: 5’-GCCATCTACAAGAAGTCACA-3’
Antisense: 5’-GTCTTCCAGCGTGATGATG-3’
Bax Sense: 5°-TGCAGAGGATGATTGCTGAC-3’
Antisense: 5’- GATCAGCTCGGGCACTTTAG-3’
Bcl-2 Sense: 5°- ATACCTGGGCCACAAGTGAG-3’
Antisense: 5’- TGATTTGACCATTTGCCTGA-3’
Caspase-3 Sense: 5’-GGACCTGTGGACCTGAAAAA-3
Antisense: 5’4 TGATTTGACCATTTGCCTGA-3’
Caspase-9 Sense: 5’- AAGACCATGGCTTTGAGGTG-3°
Antisense: 5’- CAGGAACCGCTCTTCTTGTC-3°
G3PDH Sense: 5’-GTCAACGGATTTGGTCGTATT-3’

Antisense: 5’-AGTCTTCTGGGTGGCAGTGAT-3’

Table 1. The sequences of the primer for real-time PCR
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13. Western Blot assay

1 x 10°0f pc-12 cells were cultured in 10 cm dishes in media without serum for 24 h, and
treated with different concentrations of COS and chemicals for 24 h in media without serum.
Pc-12 cells were lysed with lysis buffer containing 50 mM Tris-HCI (pH7.5), 0.4% Nonidet P-
40, 120 mM NaCl, 1.5 mM MgCl, 2 mM phenylmethylsulfonyl fluoride, 80 pg/ml leupeptin, 3
mM NaF and 1 mM DTT at 4 C for 30 min. The total protein was extracted and 70 pg/ml of
protein were separated using a 10% SDS-polyacrylamide gel and 5% attacking gel. The
resolved proteins were transferred to a nitrocellulose membrane from the gel. The nitrocellulose
blots were blocking for 1 h and 30min at 37 C using TBS-T buffer containing 0.1% Tween-20
and 3% BSA. After washing the membrane with TBS-T twice, the blots were incubated for 1 h
with suitable antibodies at 25 C. The blots were washed and visualized with enhanced
chemiluminescence’s detection and imagined using LAS-3000 system and protein expression

was quantified by Multi Gauge V3.0 software (Fujifilm Life Science, Tokyo, Japan).

14. Measurement of total protein concentration
Total protein of cell lysate was estimated to the Lowry method modified by Peterson (1977)

with bovine serum as the standard

15. Statistical analysis

All data were expressed as mean * standard deviation (SD). For statical analysis of

significance, analysis of variance followed by student’s #-test.
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Results and Discussion

1. pH of COS and culture media

pH of COS was measured in order to investigate the effect of sample’s pH on culture media.
pH of COS is different depending on concentration. pH of COS is shown in Table 1. As shown
in this table, high concentrations of sample have lower pH. Because the samples were used with
concentration 1000 pg/ml, pH of cultured media did not have significant change when treated
with samples. With this result, we could know that pH of samples does not have any effect on
changing pH of cultured media. In addition, pH of samples does not have effect on cells and

activity of components containing in culture media

2. Effect of COS on viability of pc-12 cells (rat adrenal pheochromocytoma)

To evaluate cytotoxicity effect of COS on pe-12 cells, MTT assay was carried out. Pc-12 cells
were treated with COS at the indicated concentrations for 24 h in the absence of FBS. As shown
in Fig. 11, COS did not show any cytotoxic effect on pc-12 cells even 1000 pg/ml concentration.

Therefore these results suggested that COS did not have any cytotoxicity on pc-12 cells.
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Samples(COS) 1~3 kDa 3~5 kDa 5~10 kDa
Concentrations (pg/ml)

100000 5.4 5.4 5.5
50000 X7 5.8 6.1
10000 7.1 7.1 7.0
5000 L2 2% 7.4
1000 7.5 7.5 7.5

500 9 1.5 7.5
100 =5 7.5 7.5
50 > 74 7.5
10 7.5 7.5 7.5

Cell culture media: 7.7

Table 2. pH of sample solution
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Figure. 11. Pc-12 cells (rat adrenal pheochromocytoma) were treated with COS at the indicated
concentrations. Cell viability was determined by the MTT assay after 24 hours of

treatment with COS. Blank: the group that was not treated with COS.
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3. COS inhibited AChE activity induced by As.3s

Measurements of cellular AChE activity after Af,s.;5 treatment revealed that AB,s_;s stimulate
ACHhHE activity. In view of this and previous evidence that AP may interact with AChE, this
experiment was performed to evaluate the AP is related to AChE expression. A,s3s was
applied to pc-12 cells that were pretreated with COS. Pretreatment with COS blocked the
increase in AChE activity in dose-dependent manner (Fig. 12). In a further, to investigate the
effect of COS on the AChE protein expression induced by A, pc-12 cells were assessed for
AChE protein level using appropriate antibody in the western blot experiment. Cells were
treated with COS and AP (25 uM), and then incubated for 24h. After that, total protein of cells
were extracted and separated by using SDS-PAGE. The resolved proteins were transferred to a
nitrocellular membrane from the gel. As shown in Fig. 13, the decrease of AChE levels were

observed in dose-dependant manner.
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Figure 12. Measurement of AChE activity stimulated by A,s.35in pc-12 cells. Pc-12 cells were
treated with 25 pM AR,ss3sand incubated for 24 h. AChE activity was evaluated by

Ellman assay.
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Figure 13. Western blot assay of AChE protein expression in pc-12 cells treated with COS.
After treatment of COS and AB (25uM) for 24 h, cell extracts were resolved by SDS-
PAGE. Protein were transferred onto nitrocellulose membranes and incubated with
antibodies. Western blot bands were developed with enhanced chemiluminescence
reagents and visualized using LAS3000” Luminescent image analyzer. Actin was
used for confirmation of equal amount of protein. Blk: non-treatment group; Con:

only AP (25uM) treatment group.
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4. Effect of COS on viability of pc-12 cells affected by ABs.3s

To investigate cytotoxicity effect of COS on pc-12 cells affected by AP,s.ss, pc-12 cells were
treated with different concentrations of COS and 25 uM AP,s.3s for 24 h. As shown in Fig. 14,
3~5 kDa COS is effective to inhibit the cell death from AfB,s.3s-induced cell death . Therefore,

3~5 kDa COS was selected for this research.

5. Effect of COS on intracellular ROS level induced by As.3s in pc-12 cells.

Some researchers suggested the involvement of oxidative stress in the pathogenesis of
hippocampal neuronal cell death in AD (Miranda et al. 2000). By using ROS fluorescent dye,
DCF, it was found that exposure of culture pc-12 cells treated with 25 mM AP,s 35 for 24 h
resulted in a highly significant increase in DCF fluorescence in the cells (Fig. 15). The increase
in DCF fluorescence in culture cells was essentially eliminated by cotreatment with COS (3~5
kDa). AP,s 35 -induced ROS increase was almost completely inhibited by COS (3~5 kDa) in
dose-dependent manner. These results suggest that COS is a potent antioxidant compound that

can protect radical-mediated oxidation of cellularbiomolecules.
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Figure 14. Pc-12 cells (rat adrenal pheochromocytoma) were treated with COS at the indicated
concentrations and 25 pM Afys ;5. Cell viability was determined by the MTT assay
after 24 hours of treatment with COS. Blank: the group that was not treated with

COS.
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Figure 15. Cellular radical scavenging activity of COS. Pc-12 cells were labeled with non-toxic
fluorescence dye, DCFH-DA, and treated with different concentrations of COS.
Fluorescence intensities of DCF due to oxidation of DCFH by cellular ROS
(generated AB,s3s) were detected time-dependently (Aexcitation = 485 nm and Aemission
= 528 nm). Effects of COS on the scavenging of cellular ROS were compared with
AP,s3s non-stimulated blank and sample non-treated control group in three

independent experiments.
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6. Morphological analysis of pc-12 cells affected by A,s.3s-induced apoptosis

To study cell death and morphological change, cells were visualized by staining with acridin
orange and ethidium bromide. Ethidium bromide does not penetrate plasma membrane of viable
cells but emits red fluorescence only after interaction with DNA of cells with damaged cell
membrane. In contrast, acridine orange stain both viable and non-viable cells emitting strong
green fluorescence as a result of intercalation in double-stranded DNA and red-orange
fluorescence after binding with single-stranded RNA due to its accumulation in lysosomes. Fig.
16 showed the nuclear fragmentation and chromatin condensation in A treated cells. Control
group, the cells treated with only AP for 24 h, showed the strong detection of damaged cell
whereas non-treated cells appeared a small number of damaged cells. Cells treated with COS

showed the significant decrease of damaged cells compare with control group.

7. Confirm of apoptotic cell death by TUNEL assay

Terminal Transferase dUTP Nick End Labeling (TUNEL) Assay is a method used to detect
DNA degradation in apoptotic cells because one of the hallmarks of late stage apoptosis is the
fragmentation of nuclear chromatin which results in a multitude of 3’-hydroxyl termini of DNA
ends. This property can be used to identify apoptotic cells by labeling the DNA breaks with
fluorescent-tagged deoxyuridine triphosphate nucleotides (F-dUTP). The enzyme terminal
deoxynucleotidyl transferase (TdT) catalyzes a template-independent addition of
deoxyribonucleoside triphosphates to the 3’ hydroxyl ends of double- or single-stranded DNA
generates DNA strands with exposed 3'-hydroxyl ends. To confirm the ability of COS to inhibit
apoptosis, cells were treated with COS and the results are shown in Fig. 17. Control group, cells
treated only AP, showed the strong detection of staining, whereas no staining was detected in

untreated cell. Cells treated with COS appeared the reduction of TUNEL-positive detection.
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Figure 16. Morphological analysis of pc-12 treated with 1000 pg and AB (25 uM) for 24 h.
Cells treated with COS were visualized with fluorescent microscope and compared

with blank (non-treated cell) and control (only treated 25 uM AR).

39



Control

1000pg/ml
COS

Figure 17. TUNEL stained cells after 24 h of treatment. Pc-12 cells were treated with 1000 pl
of COS and AP (25 uM) after 24 h TUNEL assay was employed to identify
apoptotic cells having free 3’-OH of cleaved DNA. TUNEL assay was performed
using a kit according to manufacterer’s instructions described in method. FITC-
labelled cells were visualized with fluorescent microscope and compared with blank

(non-treated cell) and control (only treated 25 uM AR).
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8. Determination of apoptosis by cell cycle

To study how COS affect the cell cycle progression, following treatment of COS at different
concentration pc-12 cells were monitored for 24 h. Cell cycle analysis data obtained with PI
staining revealed that cell cycle progression was delayed at S phase when cells were treated
with A,s3s. After COS was added to the cell, the ratio of arrest of S phase was decreased in
dose-dependant manner (Fig. 18). Significant number of apoptotic cells was observed after 24 h
treatment of Af,s3s. Few cells went through the apoptosis in non-treated cells. However, after
treatment of COS to the cells, the number of apoptotic cells was decreased in dose-dependent

manner (Fig. 19).
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Figure 18. Cells cycle analysis of pc-12 cells in the presence of COS. Cells were treated

with indicated concentrations of COS and AB (25 uM) and harvested after 24 h.

Propidium iodide staining was used to quantify cells undergoing apoptosis and to

analyze the cell cycle using flow cytometer. A: Blank (non-treated cells), B: Control

(only AP treated cells), C: 50pg/ml, D: 100 pg/ml, E: 500 pg/ml, F: 1000 pg/ml.

4 2



¥ (A) i (B)
]
= . r . ) ) ] ] T 0 i
o 1023 o 023
ERLN FL3 LIN
g g ]
©) = (D)
P
"o 1022 B 1023
FL3 LIN
-3
. (E) 1 4 (F)
o A | —
| .
-0 " T i i i [ i L O 1022 _0 i i 1 i i i T i T 1023
FL2LIN FLZ LIN

Figure 19. Quantification of apoptosis in pc-12 cells treated with COS after PI staining. Cells
were treated with different concentrations of COS and AP (25 uM) for 24 h. Propidium iodide
staining was used to quantify cells undergoing apoptosis and to analyze the cell cycle. A: Blank
(non-treated cells), B: Control (only AP treated cells), C: 50pg/ml, D: 100 pg/ml, E: 500 pg/ml,

F: 1000 pg/ml.
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9. COS inhibit apoptosis via reduction of pS3 expression level

Because p53 is important gene in the arrest of cell cycle, expression level of p53 was
measured. To investigate the effect of COS in inhibition of apoptosis related with p53 in pc-12
cells induction of p53 was assessed at different gene expression levels. The level of p53
transcription was quantified using Real-time PCR performed with primer corresponding p53
gene. Data revealed that the gene expression level of COS treated groups was decreased
compared with control groups. It means that COS can inhibit p53 transcription step, therefore, it
is potent inhibitor of p53gene expression in a dose-dependant manner (Fig. 20).

Because of the mechanism of p53 activation in respond to apoptosis inducing agents involves
in mainly posttranslational modifications, including phosphorylation (Giaccia et al. 1998),
western blot was carried out to investigate the reduction of total p5S3 and phosphor p53 using
antibodies after treatment of COS and A,s.35s for 24 h. Protein expression of p53 was reduced in
a dose-dependent manner. Moreover, phosphor p53 also appear similar result with total p53.
Induction of these active forms of p53 was much lower than protein expression level of control

treated with only AB,s.35 without COS (Fig. 21).
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Figure 20. p53 mRNA expression in COS treated pc-12 cells. Different concentrations of COS
treated pc-12 cells were incubated for 24 h and total RN A was extracted as described
in method section. For real-time PCR, 1 pg of RNA was reverse-transcribed to
generate first strand cDNA using AMV reverse transcriptase by reverse transcription
(RT). RT-generated cDNA was used as a template to amplify p53 mRNA. Specific

upstream and downstream primers were employed for the reaction.
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Figure 21. Western blot assay of p53 protein expression in pc-12 cells treated with COS. After
treatment of COS and AB (25uM) for 24 h, cell extracts were resolved by SDS-
PAGE. Protein were transferred onto nitrocellulose membranes and incubated with
antibodies. Western blot bands were developed with enhanced chemiluminescence
reagents and visualized using LAS3000” Luminescent image analyzer. Actin was
used for confirmation of equal amount of protein. Blk: non-treatment group; Con:

only AB (25uM) treatment group.
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10. COS inhibit target genes in apoptosis pathway that affected by Aps.3s

Since p53 inhibits cell growth through activation of cell cycle arrest and apoptosis, protein
expression level of p21 and MDM2 that are critically involved in either cell growth arrest or
apoptosis was assessed in the presence of COS. Western blot analysis carried out with anti
MDM2 antibody exhibited that treatment of COS increased the protein level of MDM2 (Fig. 22).
This increment is favorable for the transcriptional inactivation of p53 because MDM bind to the
p53 and inhibits its ability to act as a transcription factor.

When the effect of COS on the induction of p21 was assessed, the protein expression level of
p21 was decreased in dose-dependent manner. These data are in agreement with the reporter
data that expression of p53 induces growth arrest via transcriptional activation of the cyclin-
dependent kinase inhibitor p21.

Real-time PCR and western blot analysis was performed with corresponding Bcl-2 gene and
anti-Bcl-2 antibody. The result clearly showed that COS activated Bcl-2 gene expression (Fig.
23) and protein expression level (Fig. 25). In contrast, Bax was down-regulated in a does-
dependent manner in both stages (Fig. 24 and 25). It means that COS can affect not only
transcription stage but also translation stage. These result suggested that COS inhibited
apoptosis partly by the alteration of the ratio of Bcl-2/Bax protein expression that directly
affected the release of cytochrome c via alteration of mitochondria membrane permeability.

Further, COS reduced cytochrome ¢ and Apaf-1 protein levels in pc-12 cells (Fig. 26). Also
this result followed a similar pattern to reduction of Bax. These data are in agreement with the
fact that during apoptosis, cytochrome c is released from mitochondria into the cytoplasm, by
the Bax via alteration of membrane permeability. With this observation, in order to assess the
effect of COS to reduce Apaf-1, protein expression levels of Apaf-1 in the presence of COS

were tested following the same treatment duration. A significant reduction of Apaf-1 protein
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compare to that of control group was observed following treatment of COS to cells. In control
group, a strong expression level was observed whereas COS decreased the expression of Apaf-1

protein level in a dose-dependant manner.
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Figure 22. Western blot assay of MDM2 and p21 protein expression in pc-12 cells treated with
COS. After treatment of COS and AP (251M) for 24 h, cell extracts were resolved by
SDS-PAGE. Protein were transferred onto nitrocellulose membranes and incubated
with antibodies. Western blot bands were developed with enhanced
chemiluminescence reagents and visualized using LAS3000" Luminescent image
analyzer. Actin was used for confirmation of equal amount of protein. Blk: non-

treatment group; Con: only AP (25uM) treatment group.
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Figure 23. Bcl-2 mRNA expression level treated pc-12 cells. Different concentrations of COS
treated pc-12 cells were incubated for 24 h and total RN A was extracted as described
in method section. For real-time PCR, 1 pg of RNA was reverse-transcribed to
generate first strand cDNA using AMV reverse transcriptase by reverse transcription

(RT). RT-generated cDNA was used as a template to amplify Bel-2 mRNA. Specific

Treatment groups (ng/ml)

upstream and downstream primers were employed for the reaction.
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Figure 24. Bax mRNA expression level in COS treated pc-12 cells. Different concentrations of
COS treated pc-12 cells were incubated for 24 h and total RNA was extracted as
described in method section. For real-time PCR, 1 pg of RNA was reverse-
transcribed to generate first strand cDNA using AMYV reverse transcriptase by reverse
transcription (RT). RT-generated cDNA was used as a template to amplify Bax

mRNA. Specific upstream and downstream primers were employed for the reaction.
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Figure 25. Western blot assay of Bax and Bcl-2 protein expression in pc-12 cells treated with
COS. After treatment of COS and AP (25uM) for 24 h, cell extracts were resolved by
SDS-PAGE. Protein were transferred onto nitrocellulose membranes and incubated
with antibodies. Western blot bands were developed with enhanced
chemiluminescence reagents and visualized using LAS3000® Luminescent image
analyzer. Actin was used for confirmation of equal amount of protein. Blk: non-

treatment group; Con: only AP (25uM) treatment group.
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Figure 26. Western blot assay of Apaf-1 and cytochrome C protein expression in pc-12 cells
treated with COS. After treatment of COS and AP (25uM) for 24 h, cell extracts were
resolved by SDS-PAGE. Protein were transferred onto nitrocellulose membranes and
incubated with antibodies. Western blot bands were developed with enhanced
chemiluminescence reagents and visualized using LAS3000® Luminescent image
analyzer. Actin was used for confirmation of equal amount of protein. Blk: non-

treatment group; Con: only AP (25uM) treatment group.
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Besides, the reduction of caspase-9 expression was observed in the presence of COS (Fig.27,
29). This result was an expected result because processed caspase-9 remains associated with the
apoptosome as a holo-enzyme to maintain its catalytic activity (Rodriguez et al. 1999) and
apoptosome serves as anallosteric regulator for the enzymatic activity of caspase-9. Reduction
in the apoptosome in the presence of COS confirmed its anti-apoptotic potential since Apaf-
1/caspase-9 pathway mediates a variety of apoptotic stimuli. In line with reduction of caspase-9
a simultaneous reduction of caspase-3 level was observed in Real-time PCR and western blot
data (Fig.28, 29). Apoptosis is executed by a cascade of caspase activation. (Thornberryt et
al.1998). The activation of an effector caspase, such as caspase-3, is performed by an initiator
caspase, such as caspasae-9, through proteolytic cleavage at specific Asp residues. Therefore,
the inactivation of initiator caspase, caspase-9 in the presence of COS can inactivate the effector
caspases and subsequently inhibit the cleavage of numerous cellular targets, leading to cell
death. In addition, in order to confirm the effect of COS on the function and inhibition of
caspase members functioning in extrinsic pathway of apoptosis, protein level of caspase-8 was

assessed following treatment of COS in a dose-dependent manner (Fig. 29).

54



1.4
12 - T Caspase-9
)
%
—~ 1.0 - T
g
§ 0.8 - [
—
=
o 0.6 T
(«P] T
2
= 0.4
S |
&
0.2
0.0 T T 1 L) T T
Blank Control 50 100 500 1000

Treatment groups (n1g/ml)

Figure 27. Caspase-9 mRNA expression level in COS treated pc-12 cells. Different
concentrations of COS treated pc-12 cells were incubated for 24 h and total RNA
was extracted as described in method section. For real-time PCR, 1 pg of RNA was
reverse-transcribed to generate first strand cDNA using AMV reverse transcriptase
by reverse transcription (RT). RT-generated cDNA was used as a template to amplify
Caspase-9 mRNA. Specific upstream and downstream primers were employed for

the reaction.
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Figure 28. Caspase-3 mRNA expression in COS treated pc-12 cells. Different concentrations of
COS treated pc-12 cells were incubated for 24 h and total RNA was extracted as
described in method section. For real-time PCR, 1 pg of RNA was reverse-
transcribed to generate first strand cDNA using AMYV reverse transcriptase by reverse
transcription (RT). RT-generated cDNA was used as a template to amplify Caspase-3

mRNA. Specific upstream and downstream primers were employed for the reaction.
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Figure 29. Western blot assay of caspase-9, caspase-3 and caspase-8 protein expression in pc-12
cells treated with COS. After treatment of COS and AP (25uM) for 24 h, cell extracts
were resolved by SDS-PAGE. Protein were transferred onto nitrocellulose
membranes and incubated with antibodies. Western blot bands were developed with
enhanced chemiluminescence reagents and visualized using LAS3000” Luminescent
image analyzer. Actin was used for confirmation of equal amount of protein. Blk:

non-treatment group; Con: only AP (25uM) treatment group.
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Summary

AB is a cause of neuronal apoptosis and acetylcholinesterase (AChE) plays a significant role
in modulating the cytotoxicity of AB. Therefore, it was necessary to investigate inhibitory effect
of COS in AChE activity. The result revealed that COS could reduce AChE activity so it is
helpful to treat Alzheimer’s disease.

In this research, COS was used as an inhibitor of neuronal apoptosis which is a cause of
Alzheimer’s disease. Among various molecular of COS, 3~5 kDa COS was selected for this
study, 3~5 kDa COS is the most effective to inhibit the formation of ROS so it can inhibit cell
death induced by APj,s3s in the pc-12 cells. Cell morphological assay and TUNEL assay
confirmed that Af,s.3s killed pc-12 cells by inducing apoptosis but COS can inhibit apoptosis.
Further, cell cycle analysis of pc-12 cells revealed that cell cycle progression was delayed at S
phase in the presence of Af,s.35 but COS decreased arrest of S phase in dose-dependent manner.
Because p53 is related to the cell cycle arrest, it was necessary to evaluate p53 expression level.
In real-time PCR and western blot assay, gene and protein expression levels of p53 were
gradually decreased when the cells were treated with COS. It means that COS can inhibit p53
related apoptosis pathway. Concurrently, the reduction in protein expression levels of
cytochrom C, Apaf-1 and caspase-9 confirmed that COS inhibited a mitochondria pathway of
apoptosis in pc-12 cells. This result indicated that COS obstructed the alteration of
mitochondrial membrane permeability that determined from reduction of Bax and increment in
anti-apoptotic protein Bcl-2. The reduction of Apaf-1 level in the presence of COS found to be

affecting to control cascade of signaling events subsequently (Fig. 30).
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Figure 30. The proposed signaling cascade in pc-12 cells affected by COS. AP,s.35 induced
apoptosis via p53 signaling cascade and mitochondria pathway. When COS was

treated into the pc-12 cell apoptotic signaling of this cascade was inhibited.
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