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SUMMARY

Human plasma contains a numerous number of proteins that provide variable information
reflecting to physiological and pathological conditions of human body. Some of such proteins
have been expected for pathobiological markers for diagnosis and drug development for
human diseases. To capture plasma proteins in a manner of high-through put, several
ligands have been employed, though these systems are still required many improvements.

‘In this report, we present a novel system using liposome as a ligand to capture a wide vari-
ety of plasma proteins. One hundred micro litter of plasma was incubated with liposome of
multi-lamellar vesicle in the presence of Ca’*. Proteins bound to liposome were then
eluted in the presence of EGTA. A two-dimensional gel analysis revealed more than 150
proteins in one electrophoresis run in a range of pH 4-7 with a molecular weight between
100 kda to 30 kda. The pattern of silver-stained proteins showed reproducible with the
same donor. Apparent differences were detected between the pattern under different
pathologic conditions including healthy volunteer and that with patients with chronic
inflammation. Taken together, the method using liposome might provide a useful biological
ligand for plasma protein analysis and a novel system for proteomic approach combined with

other chromatographic module.

Key words: liposome, biological ligand, plasma, proteomics.
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Plasma proteomic analysis using liposome as a biological ligand.
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Fig.1. Comparison of electrophoretic patterns with whole
plasma proteins and liposome binding proteins by two
dimensional gel electrophoresis.

Fifty microgram of whole blood plasma proteins (A) or lipo- -

some binding proteins (LBP) (B) are electrophoresed by two
dimensional gel electrophoresis. Spots are visualized by sil-
ver staining. Diamonds indicate protein spots that showed an
increased staining intensity in LBP compared to that with
whole plasma proteins, whereas circles indicate protein
spots that showed a decreased staining intensity in LBP
compared to that with whole plasma proteins.

WHLFE R EDRCFHCRE IR TW5. KBTI,
YRy — A RETHAERBEOEABRE~OFME YAV
MM EQEOFBITOFEN YR L, mMREABERNT
EUCHE~—» —BFRKY ~ORROTESTREL
7o, C&% IHREEMEOSWICKE {Bb b laos1t,
WY DEERRTFTHS. L LE2 DRETEDD
haEEN Ce BED LRRIBREOERER b X
hlEEE L EREC L, MRsfIb20EAEFWERE
TR DD. ToEAEOPRMBEPCF TEIZHh
5 ONEETHE, BlE~—2—L70 559, nEk$
ZizH 2 mM OFE - Cat RFEEL T Bied, V #EEE
IR S S LTV BATRER D B, AR T, Cat
TBEMC) YIREEHEFAT 2 MBEQECER L.
EHEABIOREHRKREEHFOMBEYRAVIETCLY,

Comparison of electrophoretic patterns of liposome
binding proteins with plasma obtained from healthy
volunteer (A) or malignant rheumatoid arthritis (MRA)
(B) by two dimensional gel electrophoresis. '

One hundred microgram of liposome binding proteins
obtained from healthy volunteer (A) or malignant rheuma-
toid arthritis (MRA) (B) are electrophoresed by two dimen-
sional gel electrophoresis.

Diamonds indicate protein spots that showed an increased
staining intensity in MRA compared to that with healthy vol-
unteer. Triangles indicate protein spots that showed unique
spots in MRA compared to that with healthy volunteer.

BEFTRBEINTVSFHE~Y—» —PEERH XA,
VALY — A RACLENHENMEEAED Fa T4 1
AW BRI RN R I hic 0 THET 5.
MHR& L UHZE

1 R BBEERIh b oL SIGMA #H4&+ R
[PAY A

2. m#f: M, LIRESAERERECDO-ED AV
7a—aFavey Mg KERES | BHES L 0 B
Bohi-mmix, mEsEL, Mt 80°C EEERE L.
3. U Rv—4 (Multilamellar Lipid Vesicle, MLV) : V v g
E (egg PC;Phosphatidy! Choline, PS;Phosphatidyl Serine) i3
zoakial AR —n (21) CERL (10 mg/ml), &4
EEDOPC L PS % 91 {B¥, N, (gas) THREZX L. #
FBECHFET2BHEY VBE PS) 0SB H10% TH
5. 580X ) BRI REE L, VY — 2 DML 10%PS
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TPP

Fig. 2. Comparison of electrophoretic patterns of liposome binding proteins with plasma obtained from
healthy volunteer (A), malignant rheumatoid arthritis (MRA) (B) and thrombocytopenic purpura
(TPP) (C) by two dimensional gel electrophoresis.

Fifty microgram of liposome binding proteins obtained from healthy volunteer (A), malignant
rheumatoid arthritis (MRA) (B) or thrombocytopenic purpura (TPP) (C) are electrophoresed by two
dimensional gel electrophoresis. Distinct patterns among samples are evident in A, B and C. Asterisk
indicates protein spot that is unique in MRA compared to that with healthy volunteer. Arrow head
indicates protein spot that is unique in TPP compared to that with healthy volunteer.

ERYVIEELRIHRIEETH B PC & Lic. 2D, Buffer
(50 mM Hepes (pH 7.5), 150 mM NaCl) % fn%x T, 48°C
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ZER L. £OLERY #Y —4500ug, CaCl, 15mM
Mz, PBSKTL£EXIm &L, 4Co—2—KTI2H
MER LA VRY —ADHEMEOHMMKC LD Y RV —2
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Fig. 4. Comparison of electrophoretic patterns of liposome binding protein obtained from
the same plasma by independent maneuver.

Fifty microgram of liposome binding proteins obtained from healthy volunteer (A) or (B)
are electrophoresed by two dimensional gel electrophoresis. The spot patterns are highly

reproducible as indicated in C.
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Fig. 5. Electropherogram of liposome binding protein that was
not eluted in the presence of EGTA.

Fifty microgram of liposome binding proteins that were not
eluted in the presence of EGTA obtained from healthy vol-
unteer, thrombocytopenic purpura (TPP) or malignant rheu-
matoid arthritis (MRA) are electrophoresed by one
dimensional gel electrophoresis.

1; marker

2, 3; healthy volunteer 1

4, 5; healthy volunteer 2

6, 7; healthy volunteer 3

8, 9; thrombocytopenic purpura (TPP)

10, 11; malignant rheumatoid arthritis (MRA)
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summary

To identify protein biomarkers linking to disease activity and treatment responses of patients with rheumatoid
arthritis (RA), proteomic study using mass spectrometric analysis of plasma proteins was performed. Proteomic profil-
ing technologies can simultaneously resolve and analyze multiple proteins in plasma. Evaluation of multiple proteins of
the plasma will be essential to discover protein biomarkers. In this study, we used protein chip surface enhanced laser
desorption/ionization time of flight mass spectrometry approach (SELDI-TOF MS). Through differential profiling of
plasma proteins, we selected two prospective candidate biomarkers. One mass spectrometric peak distinguished
patients with RA from healthy controls was transthyretin (TTR) and the other distinguished inactive patients with RA
from patients with active RA was Serum Amyloid A (SAA). This study demonstrates that proteomic profiling using
mass spectrometry of plasma greatly facilitates global discovery and verify clinically relevant sets of disease biomarker
directly links to disease activity and treatment responses.

Key words——Rheumatoid Arthritis; Proteomics; SELDI-TOF MS; Plasma; Liposome
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BAEVDTOT 7 A VE—RICHNTHI LN TES. SOERRABOATIIRL, FVAIEOBHREETY
BIPTHETHS. LI, MBDOL Sk, FLDOIVNIBEEYL, BHELYVIVOBKCEN THHLELD
h, BV URFICET 2, KBEEDES IUBRYRHBCER LBDIhB LI N—DREBTHN
T3, ARTROMBEOTOTF I 7 2AEWICET 2 H A%, MES%, %%U7?§%¢uk,bhbh®ﬁ%
BEESOEARTS.
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2. Proteomic analysis

L ATO Y7 FPOBBEICEYD, TRTD
L FEGFPHOLD2IICRY, ROBERXTNTOHG
HOZVUNITBEHODLKTHIELKEE- .
mRNA REBOEMBZOEZ X /NI BORE
BOELHEBELZIVWEELE L, ZOBEDS
i, U VERME, B, Tk ¥ OBREE
fiic k> TRILNTEY, EEBICAEGHTEELT
WHEDRIhLDZVNNITETHBID, /N7
BRBRBEHOWTCUI/OT T I 7 AR OEBEHRH
HOTREBREINTEXTEY, AF, BELIEEY
BFTWBY., 7)) I 7 ZAORDICLVIER I h
TCBKEETFOT—FX—R LHED MS spec-
trometric technology DHEHIZ L VD, BERICECF
VNI BERETZA L5y 7arFt Iy A
ROFEBICHELZ DT TWS. LELY/ITZAD
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YT IEHRBTOFEI 7 AKFEELEV. £
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RERBOBRFTTHBH, ARPICHEETIRER S
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BHIOELZBR T L EBAETHD, XEIXE
HERPOEI VNI BERZBRTHI LN TES
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i, At v eI alRpr V7B,
LEADNAFTI—HN—DBEELTHON TV 5.

3. plasma analysis

s I AOERIC LD, miFcid 3000 £
BaBAAZ /NI BEOHFENPHOLITIL > T
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Fig. 1 MPPICHEETHZ VNI BOBE BHR
—{3 SELDI-TOF MS i & 2T ORBEBREZRT.

WBRUNTEDOY A XSETFXINV Vv bHER
ENVEFV/DLDETEHEBEEHRETHS. SHIZ 10710
M RIGOBEPENZ VST EHPH 107M L ED
BECTMMOKBr 2 LDAHDDETRIENTED
B ETRETLDICLTWS (40mg/ml DERE T
FELTWATIVTIVELDY S I ng/ml THE
LTWABY A P AL VETXEXETHS) (Fig.
D. IHICOERBEFRBRICIIZ 0RO X N
JEBHEEL, 103~10*M TR B +EREO X v
NIEHIHFETHH, SOHIEREICZhTZSZ
EHEETHI VNI BEOBEEIIMZ S (Fig. 1).
LA FIZ 3883 % SELDI-TOF MS O HIERE13FEHE
WCRWEENZBOIEHRALI0MEETH
D, ZTOF ETRImPFD 10205 BREDHZ /N7
BLOEWNTEY, TIVTIVOESREBICHE
THRUNIEORE, FERALCIC UL 5BELED
BB S MEED X /N7 BT LB 5.

4. Plasma analysis of rheumatoid arthritis by
SELDI

b N b h iE surface-enhanced laser desorption /
ionaization time of flight mass spectrometry (LLF
SELDI-TOF MS) ZFIFHL RABEDA V7V F
VR T7RERI%ROME % FH L7-. SELDI-TOF
MS i3EEHEZFBL, Fy T ELOX VNV E%®
A3 ML, BEGWBCIDGFEZHET 5.
HELAEER Fig. 2CRT. 20— 8B
BB IUCREALOEBICIVERL TV .

ProteinChip 3 & v/ 7 BfFHICHE L7tk 4« 721k
FOHE (BA 3 VTRE, BA A VTHRE, Wil
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a:trace image b : gel image
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i: U< FBE A MEHERET i VO FEE A GE

t#, iii: Uo~FHE B MPHEER, iv: Uo<FBEEBM

RIGRE, v BEAA, Vi:#EAB

¥, EHE, &BA A VEEE, bk, ZTBR&kFV
/X7, DNA) % chip RE LICK/-®THD, £
e EICEMEE 2o ¥ VN7 B BRICH
B, BfETALBTE5 (Fig. 3a). chipEmW L
KRR XN VU/NRITBRUV/SWVAV—H—%5F
I, 4 F/4el, EEPFERABICEI WRTT
5. TFEOKEVWHDIF ERTHRHEIIR &Y,
RTEE» O FELEH IS RITFHEEE
r#r) (Fig. 3b). —BEDFENT T protein chip IZHHR
SNB/EOZ /7 BOBRBH % FRICHIE
THIEBFRETDY, EROZVNITEDORBE
BLUBEEMLEYS, E—27¢ LTHEESH, 26
PNV A—=VICERTHLHTES (Fig.
2b). LERREZIILKAVETHD (pmol N
V), m¥E, K, fiK, BEK, FBEK, ®R, At

EWo hBRBGEYEENATE, BINICET 5
MbELERADIGADB LR T WHESBH 5.

RA BEMBEER L LR DB OER,
NSO —27id serum amyloid A (SAA) & Trans-
thyretin (TTR) THB N, 7I /By —¥r Vv
- X5BACTHLLICZ-7c. SAAD
SELDI iC i A RIEHEIZ, £LFEHBREICLIT S

TOF-MS

0 Laser
detector

Y
—H—+—++ |

RERE L (0/z)

Fig. 3 protein chip 5 L U° TOF MS OEE
a: A A V/BRE, ¥, BEEEX, SEAFVEEE, 4,
DNA Z&8k&z /7, kb HER2mm OARy FCEH
EBEh, BRMEEZHE-Z VSV EBEMR, BiRxhs.
b:chip R LKHEREINAZ VA7 EG UV /LAY —
F—&FF, 44/l ERPEEABICELVRT
T5. INEWGTFITY detector iR BT 5.

.

BIE(E & MBI L (data not shown), CRP DAk
BWBREICTAHEME HMHEE LA (Fig. 4).
TTR iIZ B W TiE, SELDI iZ & AHIED A D CRP
MBI L (Fig. 3), TTR OE{LFHBREICKITS
WEMEE, BEIE C—BOBERAERIRP -
(data not shown). £ [E, b H{T - 7 pro-
teomics iZ & 5 RA O MFEBTICE N TROP -7
NA F=—A—ERBE, BEmoZ /7B TEH5
B RADREZFHNICRBLTVWBHDLEZDL
h, ThHoDR—A—bHbRTERZET5L
TE Y RAE» OB R EBIEBEOTFMATZS D
DEEZD.

SELDI-TOF MS i & 534 & <— 4 —KREIIHF
HICERHEEZLN, BALRE, WOKBHEEKICK
WTd, EhATHLNTWAS. SELDI-TOF MS
IZ &> TRA BEMEEHHT L7clE L LT, de
SenyD HbiIC X 528MERDS. bk, RAD
biomarker Efi & L T52Dpeak #HHB L, £
U & DB MRP-8 THo o b E L TV 5.

5. Rt ESX XxE (TWO-DIMENSIONAL
POLYACRYLAMIDE GEL ELECTROPHO-
RESIS : 2D-PAGE)
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X % CRP JIEHDOEAL
KBTI PHE %R,

& VBHENRTHS. FEBIX, FVNN\7BEDOEE
ALBTROBVIC XD REICHET 5HETH
5. COZODONSA—2—{F, HELEV-HE
REBHEZI X VNI BEESDERTES O
BOZUNIBREWIDENCHETES. S8
SN FUNTEE, BRELTIV—T V-5
REW - T Eh, YV ETHEEShS.
BREOTZVEIC BT ZHEBEORE, F—20iE6o2
PHAKICZ LW EWSHERZ, EEMEZZ
N BRBBNFERE LTREAN TR RWEEHh
TWied, BETRAE—ZFIVRICSERRESR L
ERDOZV/INIBEY VI IVERTI EBAEEL &
D, CTHODRBAIBRINTHWAS. “KRILERK
BTE, —BHEL0F N\ BERBHT AL
BTE, UV LAARy X VABILELEBON
IeRTF P REAWHHEERSNTHIELTIVNIE
DORIENPTETH 5. —KTELKKBEICLY,
RADNAFT—H—BRLALEEE LTE,
Takeuchi HiIZ X BZMEND 5. #HLHIE, —KkTE
KRKBEIC LD, Vo<FEELMEFFDL S, inflix-
imab # 55 CTREANBEILT 5 50 D spot & R
ML, REDHER, £hbohic, CRP, C3, Apo
J, Apo A-I, RBP, transthyretin A& Eh T\ 2 &
ZHRELTWASY. RAKEWTIHACHEDOKRE
SEAITHN T, Matsuo &I BIEEMKY
B L& LBRkEIELZ 3 HWT, BEMLEPH»
O ECHBEDORICHRDOBRERZTT>Twb. ZTOK
B, ¥ FJY 4k F-actin cappong protein alpha—1
subunit (CapZo-1 7 ¥ OHCCHIEOREICHII L

TW359,
6. Liposome

bhbhid, SEMEROZ VNI BRI BINA
FR—A—EBRETIHCHID, OLICHEEERNCE
BT RBEREL T A LPEELEZ, U
RY—LENLFTO—T e LTHERT A%
L/ YRY—LREGKEETRE 284 DHK
TETIVOIS | BRI T1-DICER I A AT ES
BTHB7. bhbhid, VRY—LPRET BE
BEDZ /NI BENOFMNM T b W BN X
VNI BORFOTERZR L, migx /78
DM %R L TN T —H—BRNDEHOTEE
HafRE LAY (Fig. 5). RETiE Ca?t KRIFMIC
DRY —ACKEGTHZ VNI BER Y ERINET S
HETHS. Cat THBREEPEOTWIT K EL
Bb Y MiaD 5L, iR EOEELZRTTH 5.
Ly LE« DRETRD bhAEHENZ Cazt BE
DEAIERFOREES M LD MlEEL5| 2
BICL>%. MV y<FTHENICHET 54
CCP HiA DR IEHFIC Y PV AL Z I8y B
BB, COVENVINEFIGRIIRTF VI
TIWVE=ZV - F43IF—¥ (PAD) iZ Ca*tic k5
EECBERELLCR > TWDY. BEINM
BB OLDZ VNI BESWEET TEESD
D, ZOX /NI BEOFRICMEFICETEINS B
OBFETHE, RE<—A—LxD 559, nK
PIZiZH 2 mM OFEW Ca2t BFEEL TV B D,
URZ VN7 BRMEE L &6 LTV SAEEE 85
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&5

Control 1-1

&J Control 1-2

1 Control 2-1

Control 2-2
- RA  1-1
—= SN T RA 1-2
SAA R 1|

Fig. 6 URY—AKE& % /N7 ED SELDI-TOF MS i X %
BEAZRL VIS BERBII—BOMELLVRY —LARKEZ V/\7B% 578, SELDI-TOF MS i & O @ L 7.

(duplicate)

5. bhbhid, Cat KEWNICY VIRE L HESF
M3 aMmifEx /"7 BICHERB L, EBIZC RA B&1
#fich o Ca?* K719 Liposome & ¥ VN7 B %
SELDI-TOF MS {Z X D &7 L/-& R (Fig. 6), L
SO SAA, TTR DIEFHICd, BEALHLTRE
DML T\W5 peak DFEBHOLMIZR D, BE
REFRTH 5.
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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 AS, and
SLUG. As annexin A2 is highly expressed in blood cells, we focused on
annexin A5 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.l. G716C0678 145
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Ca2*-induced neuronal cell damage

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



