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2. Proteomic analysis

LR L7av g FOKRBICED, $RTO
t FEEFHHOLIICED, ROBEZTNTOE
ROZVUNRNIBEBHLDPICTHIEICB - .
mRNA ZREBOFLBLEOEE X VNI BORE
BOZELLHBEALEWEEDE L, TOBEDS
i, U VEME, B, TEFIULk EOBRES
fiCk->TRONTHEY, EEICEFATERIELT
WHEDRINODZ NI BETHBRD, XV
BREBHOWTR /052 I 7 ABOBEBEMSHR
BOTRBSNTETEY, AF, BELLERY
BFTWBY, ¥ ) I ZAOBRPICEVIERESH
TEXZBETFOT—ZX—Z LEHED MS spec-
trometric technology DH#HIC L D, BEICEL ¥
VNZBEAETCEL LS5 TOFE I 7 A
FRORBICHEZNNTI TS, LELLY/ITAD
BRI B W HiR 3 55#, +74%HbH PCR
CHYT5EHRA 0TI ACHEELEREY. £
DORER, T0FZF I AOREBRIBROF VNI HE
BELAEEOREICBEINTVWA S Vo ThHB
BETCREW. Tord s Ak s@BERTVWE
RREOERFTH 25, ARPICEETIEE Y
VINTBER, BN F N BYBEERN TS
FHkE LTHEEICBhTWS. ik, EBOBKE
W& 2D, BRUVNIWVOERDBITLINC b BRE
ERIOEEBITTHI L BFETHY, 2xXFE
BERRPO R VUNIBEEBNTHILNTES:
o, WiRAREK, 0K, BE ER K, @K B8
B, AtE v o3k Xe@Rb e v T7EL
L4« DN FR—H—DBREBTHOHhTW5.

3. plasma analysis
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4. Plasma analysis of rheumatoid arthritis by
SELDI
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6. Liposome
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Abstract

In this study we aimed to investigate plasma molecular markers for Alzheimer’s
disease (AD). Secreted proteins from culture cells (rat glioma C6 cells) induced
by Ca?*-damage with A23187 was fractionated as the lipid liposome (PC:PS=9:1)
binding fraction. After 2D-gel, tryptic digestion and LC-MS/MS analysis, it
was found that the fraction involved annexin A2, fetuin, annexin A5, and
SLUG. As annexin A2 is highly expressed in blood cells, we focused on
annexin AS in human plasma. The level of plasma annexin A5 was 3.92 &
2.08ng/ml (N=47) and 2.92+1.29ng/ml (N=19) in AD and vascular dementia
patients, respectively, which is significantly higher than that in control was
0.87+0.21ng/ml (N=35). As the blood-brain barrier strictly limits transport
into the brain through both physical (tight junctions) and metabolic (enzymes)
barriers and relatively hydrophobic materials tends to go through the barrier
to vasculature, annexin A5 may be a novel plasma molecular marker for
dementia and especially AD. Keywords: Ca®*-stress, cytotoxicity, annexin
AS, dementia, Alzheimer’s disease, sandwich ELISA

Introduction

Alzheimer’s disease (AD) is characterized by a progressive decrease in
cognitive functions. The morphological change of the brain in AD is due to
neuronal cell apoptosis caused by functional disorder of mitochondria and

©2006 by MEDIMOND S.r.1. G716C0678 145
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CaZ*induced neuronal cell damage

Cizt:dapantant-

el ed h(amn,

Fig. 1. Schematic illustration of Ca**-induced cell damage in AD.

microsomes. Stress-induced cell damage is a crucial problem in the brain in
AD (Mattson, 2004). Amyloid-B-protein (AB), which is an unexpected proteolytic
product of amyloid precursor protein (APP), accumulates in the brains of AD
patients. This is thought to be the toxic principle of the neural cell death
(Mattson, 2004). It has been demonstrated that the amyloid-dependent
neurotoxicity involves perturbation of Ca?* homeostasis in neuronal cells (LaFerla,
2002) (Fig. 1). AB may impair membrane Ca?* pumps and enhance Ca?*
influx through voltage-dependent channels and ionotropic glutamate receptors.
In addition, Tau, which is though to have a role in filament stabilization, has
been shown to aggregate to form filaments in neurons. These cells were
shown to have high Ca?* content, leading to the hyperactivation of Ca?*-
dependent proteases and protein kinases in the postmortem brains from AD
patients (Dickson, 2004; Saito et al., 1993). Thus, AB and Tau in CSF have
been focused on as molecular markers for AD. In this study, we examined
specific molecular markers in patients’ blood plasma which might represent
neuronal cell damage. For that purpose, we first performed in vitro study
using culture cells: we analyzed proteins secreted as a results of Ca%-stress,
and then explored plasma marker for AD.

Materials and Methods

Materials Reagents were purchased from the following sources: ampholyte,
molecular weight standards and Protein A-Sepharose 4B, Amersham Bioscience
co. (Buckinghamshire, UK); cell proliferation kit Il (LDH assay) from Roche
Molecular Biochemicals (Indianapolis, IN, USA); EzStain Silver (silver staining
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kit), ATTO corporation (Tokyo, Japan).

Cell Culture Rat glioma C6 cells (JCRB9096) and human neuroblastoma
SH-SY5Y cells (CRL-2266) were obtained from the Health Science Research
Resources Bank (Osaka, Japan) and American Type Culture Collection (Manassas,
VA, U.S.A.), respectively. Cells were maintained in continuous log phase
growth in Dulbecco’s Modified Eagle’s Medium (DMEM), containing 10%
fetal calf serum at 37°C in a humidified incubator containing 95 % air-5 %
CO, atmosphere.

Cytotoxicity assay To evaluate the degree of cytotoxicity, the LDH activity
of the medium was measured using a commercially available kit (Cytotoxicity
Detection kit (LDH), Roche Molecular Biochemicals, Indianapolis, IN, USA).
Briefly, 1x10° cells were plated in a 24-well culture dish and cultured for 24h
and the culture medium was replaced with serum-free DMEM and incubated
for 0.5-1h at 37°C. Then, Ca?* ionophore (A23187) was added to the culture
media and incubated for the indicated times at 37°C. After treatment, the
culture medium (0.4 ml) was withdrawn and mixed with 0.2ml of substrate
for LDH assay. After incubation for 30min, the reaction was stopped with
0.08ml of 2M HCI, and A, was measured. The percent cytotoxicity was
calculated using the maximum amount of releasable LDH activity by 1%

‘Triton X-100 treatment according to the instruction manual.

Identification of secreted proteins from culture cells C6 cells were cultured
in a 10cm-culture dish. After incubation with A23187 (0.19pM) for 24h,
5SmM EGTA was added to culture sup and the sup (10ml) was collected. It
was then mixed with lipid liposome (PC:PS=9:1) (100pg) and CaCl, (15mM)
was added. The liposome was washed three times with 20mM Hepes (pH7.5),
0.1M NaCl and 2mM CaCl, by suspension and sedimentation with 20,000xg
for 15min. Finally binding proteins were eluted with 10mM EGTA and subjected
to 2D-gel. Each protein spot was hollowed and digested with porcine trypsin,
and the trypsin-induced peptide fragments were extracted with formic acid
and acetonitrile. The peptide mixture was analyzed with nanoscale LC-MS/
MS (LCQ) and data base searching was done with Mascot Search.

Human blood plasma Human blood samples were obtained from 66 patients
with dementia (47 with Alzheimer’s disease (86.2+2.5 y.o0.) and 19 (79.6+8.7
y.0.) with vascular dementia) and 35 controls (74.0 + 5.8 y.0.). All patients
met ICD-10 criteria for either Alzheimer’s disease or vascular dementia. The
patient’s clinical symptoms were evaluated using the revised Hasegawa Dementia
scale (HDS-R) (Hasegawa, 1983). Blood was drawn with Venoject II vacuum
tubes containing EDTA (final 4mM) (Terumo, Tokyo, Japan) and plasma
fraction was isolated by centrifugation at 3,000 g for 20 min. Blood was
centrifuged within 3 h after sampling. Plasma fraction was centrifuged again
at 3,000 g for 15 min and stored at -80°C until use.

Western blot to detect plasma annexin A5 In order to detect plasma annexin
A5, lipid binding proteins were first isolated according to the procedures for
recombinant annexin purification (Sohma et al., 2001a). Briefly, 1 ml of
plasma was diluted with 9 ml of 10 mM phosphate buffered saline (PBS) and
mixed with 100pug of multi-lamellar lipid liposome (phosphatidylcholine :
phosphatidylserine=9:1). One mM CaCl, was added to the mixture and centrifuged
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at 25,000xg for 30 min. The pellet was suspended with 5 ml of 20mM HEPES
(pH7.0), 0.1M NaCl, and 1mM CaCl,, and centrifuged again at 25,000xg for
15 min. The pellet was dissolved with SDS sample buffer (3% SDS and
50mM Tris-HCl1 (pH6.8)) and 10ul was subjected to polyacrylamide SDS-
PAGE. The following procedures were the same as those for Western blotting
described above.

Quantification of plasma level of annexin A5 using sandwich ELISA For
quantification of the plasma level of annexin AS, sandwich ELISA was performed
with monoclonal antibodies (MAbs) to native annexin AS from huma plasenta
(Romisch and Heimburger, 1990). Microtiter plates (Maxisorp, NUNC) were
coated with 100ul of MAD clone No. 23 (5pug/ml), blocked with 0.1% BSA
and then 50ul of 5pug/ml biotinylated-MAD clone No. 49 and 50ul of sample
or standard (recombinant human annexin AS5) was added to each well. After
incubation and washing, 50pl of HRP-conjugated anti-annexin AS antibody
was added to each well. After incubation and washing, avidin-conjugated
horseradish peroxidase (#438323 1: 2000; Zymed) was added to each well.
After washing, 100pl of 3,3’,5,5’-Tetramethyl Benzidine (TMB+) (DAKO,
Japan) was added and incubated. The reaction was terminated with 100pl of
IM H,SO, and 0.5M HCl. Both A, and A, were measured (A, was subtracted).
The detection range with this system was 0.32ng/ml - 20ng/ml.

Antibodies Polyclonal antibody against recombinant rat annexin A5 was
prepared from rabbits. A specific antibody was prepared with a rat annexin
AS5-conjugated Sepharose 4B column.

Results

We examined Ca*-induced cytotoxicity by measuring LDH activity in
culture media using rat glioma C6 cells and human neuroblastoma SH-SY5Y.
Cells were incubated with various concentration of Ca?*-ionophore (A23187)
for 24h. Cell viability was comparable with control with 0.19uM or less of
A23187 in both SH-SY5Y and C6 cells, but decreased with 0.38?7uM or
higher concentration of A23187 (Fig 2). To exclude leakage of intracellular
ingredients from dead cells, we conducted 24h incubation with 0.19uM of
A23187. We next examined the proteins secreted from culture cells following
Ca?-stress, which might involve a molecular marker for dementia. As the
blood-brain barrier strictly limits transport into the brain through both physical
(tight junctions) and metabolic (enzymes) barriers and relatively hydrophobic
materials tends to go through the barrier, we isolated the lipid liposome
binding proteins from the culture media. SDS-PAGE patterns of the fractions
revealed that more protein bands were observed on the SDS-gel in the fraction
after A23187-treatment compared with untreated control (Fig. 3A). The sample
of A23187-treatment was next subjected to 2D gel ((Fig. 3B). Each protein
spot was next incubated with trypsin and identification of each protein was
done with LC-MS/MS. From the Mascot search they were shown to be annexin
A2, fetuin, annexin AS and SLUG (Fig. 3C). Several lines of evidence showed
that annexin A5 can be secreted in spite of the fact that it has no signal
sequence (Christmas et al., 1991; Pfiffle et al.,, 1988; Sohma et al., 2001b).
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Fig. 2. Ca’*-induced cell damage in culture cells. Cell viability (rat glioma C6 cells) was

measured by LDH assay (see “Materials and Methods") after incubation with various
concentration of A23187 for 24h. Data represent mean+S.D. of three experiments. *, significant
difference when compared with untreated control (P<0.05 ).

Fig. 3. Identification of proteins secreted from C6 cells by Ca**-stress. Culture medium of
C6 cells after incubation with or with A23187 was collected and after incubation with
0.19uM of A23187 for 24h, culture media were collected. Phospholipid binding fractions
(see “Materials and Methods”) were subjected to SDS-PAGE (15% gel) (A). The A23187-
Ireatment sample was subjected to 2D-gel and stained with silver nitrate (B). Protein
identification of each spot was done as described in “Materials and Methods”. Mascot

scores are shown (C).
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C.:2ng(recombinant)

Fig. 4. Plasma annexin A5 in Alzheimer’s disease patients (Western blot). Lipid liposome
binding fraction of blood plasma from either dementia patients (A) or healthy volunteers
(B) was subjected to SDS-PAGE and Western blot was performed with polyclonal specific
antibodies to annexins AS. Blot with 2ng recombinant annexin AS is shown in (C).

These results led us to speculate that annexin A5 might be secreted in pathological
states of suffering from Ca?*-stress such as in dementia. ,

We next performed Western blot analysis to identify annexin AS in blood
plasma. As a good deal of plasma proteins such as albumin and globulin
interfere with separation of smaller amount of protein contents on SDS-PAGE,
to concentrate annexin proteins in the blood we isolated Ca?*-dependent lipid
liposome binding fraction. With this fraction an immunostained band with
anti-annexin A5 IgG with a molecular mass of 33kDa was detected in the
samples from AD patients but not in control (Fig. 4), suggesting that AD
patients possess a high level of annexin A5 in the blood. To quantify the
plasma level of annexin A5, we established sandwich ELISA with two different
clones of monoclonal antibodies. The plasma level of annexin AS was significantly

Table 1. Plasma level of annexin AS in Alzheimer’s disease patients (sandwich ELISA).
Plasma level of annexin A5 was measured with sandwich ELISA with two clones of monoclonal
antibodies to human annexin A5 (see “Materials and Methods”). Data represent mean=SD.
B, Plasma level of human samples. AD, Alzheimer’s disease patients; VD, vascular dementia
patients; C, control (healthy volunteers). *, significant difference when compared with
control (P<0.01).

Subject Age (7:0.5.80) | Plasia annexin A5
(ha/iml:£ D)
Controi 35 : 74.0+5.8 0.87+0.21
‘AD ' 47 88.2+2.5 3.5742.49
VD 19 - 78.8%87 2:69+2.27
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higher in the AD patients compared with controls (Table 1). The level was
also higher in the vascular dementia patients compared with controls (Table
1). The level was higher in the AD patients compared with in the vascular
dementia patients, but not significantly. Further study with a great number of
samples is needed to clarify whether the different is significant or not. Next,
to examine if there is any relation between plasma level of annexin A5 and
the pathological stage of dementia, we examined the relation between plasma
annexin A5 concentrations and HDS-R scores. There was a tendency toward
an increasing plasma level of annexin A5 with a decreasing score of HDS-R
(data not shown). Further study is needed to clarify this matter.

Conclusions

In this study we demonstrated that annexin A5 is elevated due to Ca®-
stress in culture cells and is secreted and that the plasma level of annexin A5
in dementia patients was significantly higher than in controls.
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