—RERAAERE OFIRM I =2 —1
BT ) COIREPEREIZE S &
BDZERMESINTVS (Levin et
al., Brain research. 2010) .

4Bl BREIRSER T VY oA ~—Hl
FRINE BB O MLIE PITRERANTFEET D
PLIE N AR FLE OB OURER D —
-> & L T Mitochondrial import receptor
subunit TOM40 homolog (Tom40) % [F] &
L7z, Tomd0 133 b= R U THMEIZE
EL., 2 bz RUTASDEADER
BEICB ST 5 F v R ERAL T
HZEPFELNTVWD, Tomd0 Z =1— K
T 5 & T TOMMA0 1% 19 FH AL Lo
APOE B FiEfEICME L., &KEDT/
LT A R EEEARAT OFE R, TOMMA40 OV
27T VT ay ba—b b g Ui
FIERL T VY A~ —BUERENE O FEHE HS
2f#\272 % (Potkin et al., PLoS ONE,
2009) &\ o 7ZERES° TOMMA40 DA
he 2R (poly-T insertion) & DB
1. BREARIERL T LY oA <~ — IR E
DFRIENK 7EF 725 (Rosese et al.,
Pharmacogenomics J, 2010) & W\ o 7-#%
binD, —J. TV NA = —BIZEGE
BEDORAICB N T, =R X— 3
EE L ERERENBE TS LT
Wb, I bz R THEEREEROCLE
BEE LT VY A~ —BIZRENE DR BB
BWTHBD CTEEREHZE-TND D
OO, FOREICE LTI +oEHsh
TRV, BEEEIITRIT Y ANA =
—HIEREEBRE OMNDOHRT, TIaA
RRAMBEAEEAN I oy RU T OEHE
FICEET LT v R MZEEL TN D

LWV o 72EER (DeviL et al., J Neurosci.
2006) , 7 X v A FEIBRAEERZS, Tom40
EfEA L 480kDa DEE LI E % TE
T 5, b LT IvA FRIBEEEH
2 Tom40 & X b= RUTHIEDOER
THD Tim23 LFEA L. 620kDa D& 5
WCREREEEETERTHI LIZLY I
a3y R 7HA~OEABENEESN
Ihar FUTHEREENECD E Vo
72#E 1 H D (Anandatheerthavarada HK
et al., J Cell Biol. 2003) . —J5. AB D=
ko U 7 HNA~OBEEN Tom40 &I
LTiThh, MBREEEZAELDI Vo7
4 H HD (Hansson Petersen CA et al.,
Proc Natl Acad Sci. USA, 2008) , ZiL5H
DOFENTRT L HIZ Tomd0 [ X7 /17 N
A < —BERAE DR BHERF . R b=
VR THEERESFEORERREE R S LT
DTEERSFTHLZENTFHRIND,

A [E], H1 Tomd0 FUKIZT VY A < —
BURAE BE OFRMEREREE L AERE
EMEDFED BT, HT Tomd0 FLEDFH)
BRICELTUIRHATH 523, Tomd0 D
FEMEEZEET D L. PUERRBICERE
R B s T T OIXREE L B b,
LU, BCIUES MR ERAYIZER
WIAEN, MENTIREEETHILE
ERLIHELHY (Deng SX etal., Int
Immunol. 2000; Seddiki N et al., J Immunol.
2001) . A 7%&IXHT Tom40 FLIEDIFREIZ K
FETRBII O, BEMESCREEY L
EERWTHETOLERH D EEZZXD
iz,

EFRE UL AEIT VY A = —TEFR
fERBFE &0 #72IZ[FE L7z Protein
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disulfide isomerase (PDI) (2B L Tix, &
BOYZANLVT 4 G EMEST 52 LI
FVEAD T+ —NLVT 4 v T EEET S
ZEDNHBONTNWD, RETNAYANA~
—RUSRAE FBE OMRIREARMEE LIz,
Z O PDIGEDE AENFET HZ LN

& S 4172 (Honjo et al., Brain Res, 2010)

A, TNOLBEEHELE T Y NS = —
BIEBAVE DREE & OBIEMZBETT 5 2
IR | FRBOREHFOMREALRS
NZHT T 2~ — B — DL L 1BEE
DBAFIZ O 5 AR LB 2 bz,
KA LA P R AR 1, RRANHE
REPEE & BTIEE 72 L OESEREREE %
SRR EZRD 5 5 RMEERE &5
BICEE L, ZOMEFHZH~—7—
DHESLOVRRIEDO BRI THE L &
2 bbb, AEIFEE LZHimeE mN R
TERLSMNC S, Filcle A d~—Hh—L
20155 i E NEMRETTENTEET S
AR d v | A%, SEHAVE K
TRET By MEICEDLLH- /2B EH
EOMHEIEORBLEELE X 5,

9) HU TPM4 HLiK o 1 & #7 4 FHEVE A
B DARGR

»Fg g

168 A o P R R

(Donate F, et al. Current Cancer Drug Targets 2004 Y — 883 %)

“

S

‘ FGF-2

FGF-2 receptor

E

1.

=

. K

EEE I IEER IR L, £< 0
&P ARRRTUE A2 F T 5

JREZR R A ERE L BET 52 L
NP I 5P E N AR HLA A
FIET 5,

7L TPM4 FUESEIL, KIMESEE
DEEHERZE O HELIZ B 4 5 fhar
LIZfaljEA+Th 5,

TPM4 [ AR/ & PR R MR oD A
JAEREICH B L TV 5,
fLTPMA4 FURIE, RIS & PN
HHRL D angiogenesis &4 5 Z &
(CE Y RIMBERZEDOERIZE > T
WAHTRTREMEDN B 5,

PL Tom40 HLikiL, 7Yoo <~ —Fl
FOAVIE B OFR A REEE L BE# 4
LEREMEN D B,

. BEARIER
L



G. HFEEFER

1,

TR
Sakurai T, Kimura A, Yamada M,
Koumura A, Hayashi Y, Tanaka Y, *
Hozumi I, Inuzuka T : Identification of
antibodies as biological markers in
serum from multiple sclerosis patients
by immunoproteomic approach. J
Neuroimmunol. 233, 175-180, 2011.
Hozumi I, Hasegawa T, Honda A,
Ozawa K, Hayashi Y, Hashimoto K, *
Yamada M, Koumura A, Sakurai T,
Kimura A, Tanaka Y, Satoh M, Inuzuka
T: Patterns of levels of biological metals
in CSF differ among neurodegenerative
diseases. J Neurol Sci. 303, 95-99,
2011.
Tanaka Y, Kato T, Nishida H, Yamada
M, Koumura A, Sakurai T, Hayashi Y,
Kimura A, Hozumi I, Araki H, Murase
M, Nagaki M, Moriwaki H, Inuzuka T. *
Is there delayed gastric emptying of
patients with early-stage, untreated
Parkinson’s disease? An analysis using
the (13) C-acetate breath test. J Neurol.
258, 421-426,2011.
Tanaka Y, Hayashi Y, Kato J, Yamada
M, Koumura A, Sakurai T, Kimura A,
Hozumi I, Hatano Y, Hirose Y, Takami
T, Nakamura H, Kasahara S, Tsurumi H,
Moriwaki H, Inuzuka T. Diffuse
skeletal muscles uptake of [18F]
fluorodeoxyglucose on positron
emission tomography in primary muscle
peripheral T-cell lymphoma. Intern Med.
50, 2021-2024, 2011.

Tanaka Y, Yoshikura N, Harada N, *

Yamada M, Koumura A, Sakurai T,
Hayashi Y, Kimura A, Hozumi I,

-20 -

Moriwaki H, Inuzuka T. Neuromyelitis
optica in Japanese sisters. Intern Med.
50, 2829-2832, 2011.

Kimura A, Sakurai T, Yamada M,
Koumura A, Hayashi Y, Tanakay,
Hozumi I, Takemura M, Seishima M,
Inuzuka T: Elevated anti-heat shock
protein 60 antibody titer is related to
white matter hyperintensities. J Stroke
Cerebrovasc Dis. 21, 305-309, 2012.
Kimura A, Sakurai T, Yamada M,
Koumura A, Hayashi Y, Tanaka Y,
Hozumi I, Ohtaki H, Chousa M,
Takemura M, Seishima M, Inuzuka T.
Antibodies Against the Tom40 Subunit
of the Translocase of the Outer
Mitochondrial Membrane Complex and
Cognitive Impairment in Alzheimer's
Disease. J Alzheimers Dis. 29, 373-377,
2012.

Tanaka Y, Yoshikura N, Harada N,
Yamada M, Koumura A, Sakurai T,
Hayashi Y, Kimura A, Hozumi I,
Inuzuka T. Late-onset patients with
sporadic amyotrophic lateral sclerosis in
Japan have a higher progression rate of
ALSFRS-R at the time of diagnosis.
Intern Med. 51, 579-584, 2012.

Tanaka Y, Kato T, Nishida H, Yamada
M, Koumura A, Sakurai T, Hayashi Y,
Kimura A, Hozumi I, Araki H, Murase
M, Nagaki M, Moriwaki H, Inuzuka T.
Is there delayed gastric emptying in
patients with multiple system atrophy?
An analysis using the (13)C-acetate
breath test. J Neurol. 2012 in press.
Yamaguchi Y, Hayashi A, Campagnoni
CW, Kimura A, Inuzuka T, Baba H.
L-MPZ, a novel isoform of myelin PO,



is produced by stop codon readthrough. H. FRIBEEFED HFE - BRI

J Biol Chem. 2012 in press. 1. BIFERE
e el
2, FRER 2. ERFRBGH
. AMEER BIFEE, WE 6 BN
WE, B s, BEES, RE B, 5 Lo
RE . 707 A— MR L

Te R BRI BEE T A& N
BHBAHUARDFE. 8 52 Bl B AR
FEFMARE. 2011,5,18. L HE

o RHBER, BHERS, HREERE, LUH
B, A th—, BRES, RME 5,
R, MEESCEE, REE &, %
PEFR B (2T D HIMYBPC2 fifk
¥ L UL PK MI/M2 LK D [FIE & 45
BYEDOMET. 5 23 [B] B AR GE S
EFAMNES. 2011,9, 15, T

e Kimura A, Sakurai T, Yamada M,
Koumura A, Hayashi Y, Tanaka Y,
Hozumi 1, Ohtaki H, Chousa M,
Takemura M, Seishima M, and Inuzuka
T. Anti-Endothelial Cell Antibodies in

the Elderly with Extended White Matter
Hyperintensity. The 63th American

Academy of Neurology. Honolulu,
USA, 2011.

e Tanaka Y, Kato T, Nishida H, Yamada
M, Kohmura A, Sakurai T, Hayashi Y,
Kimura A, Hozumi I, Araki H, Nagaki
M, Moriwaki H, Inuzuka T: Is there the
delayed gastric emptying of Patients
with Multiple System Atophy? An
analysis using the 13C-acetate breath
test. The 63th American Academy of
Neurology. Honolulu, USA, 2011.

221 -



I #WERROHAITIZET 5 —B&



MFZER R OFITICRE+ 5 —&F

HERS
FRAE KA L E A R4 FRFEA By | =T HRRAE
Identification of antibodies
Sakurai T, Kimura A, as biological markers in
Yamada.l M, Koumura A, serum from I'nultlple Journa.l of 13 175-180 2011
Hayashi Y, Tanaka Y, sclerosis patients by Neuroimmunology
Hozumi L, Inuzuka T immunoproteomic
approach

Hozumi I, Hasegawa T,
Honda A, Ozawa K,
Hayashi Y, Hashimoto K, gfgzzz;fl:;\iiz ionfCSF Journal of the
Yamada M, Koumura A, . Neurological 303 95-99 2011
Sakurai T, Kimura A, differ among ) . Sciences
Tanaka Y, Satoh M, neurodegenerative diseases
Inuzuka T
Tanaka Y, Kato T, Nishida |Is there delayed gastric
H, Yamada M, Koumura A, |emptying of patients with
Sakurai T, Hayashi Y, early-stage, untreated
Kimura A, Ho};umi 1, Araki Parkinsoi’s disease? An Journal of Neurology | 258 421-426 2011
H, Murase M, Nagaki M, |analysis using the (13)
Moriwaki H, Inuzuka T C-acetate breath test
Tanaka Y, Hgyashl Y, Kato Diffuse skeletal muscles
J, Yamada M, Koumura A,
Sakurai T, Kimura A, uptake of [18F)
Hozumi 1, Hatano Y, ﬂucil'odeoxy.gh‘lcose on .

. . positron emission Internal Medecine 50 2021-2024 2011
Hirose Y, Takami T, tomography in primary
Nakamura H, Kasahara S, =
Tsurumi H, Moriwaki H, muscle peripheral T-cell
Inuzuka T lymphoma
Tanaka Y, Yoshikura N,
Harada N, Yamada M,
Koumura A, Sakurai T, Neuromyelitis optica in Internal Medecine 50 28292832 12011

Hayashi Y, Kimura A,
Hozumi I, Moriwaki H,
Inuzuka T

Japanese sisters

-23 .




Kimura A, Sakurai T,
Yamada M, Koumura A,

Elevated anti-heat shock
protein 60 antibody titer is

Journal of Stroke and

Hayashi Y, TanakayY, . Cerebrovascular 21 305-509 2012
. related to white matter )
Hozumi I, Takemura M, hvperintensities Diseases
Seishima M, Inuzuka T P
Antibodies Against ti
Kimura A, Sakurai T, nibodies gams 1°
Tom40 Subunit of the
Yamada M, Koumura A,
H hi Y. Tanaka Y Translocase of the Outer Journal of
a anaka 0
vastt T, anded T Mitochondrial Membrane . , 29 [373377 2012
Hozumi I, Ohtaki H, .. Alzheimers Disease
Complex and Cognitive
Chousa M, Takemura M, Impairment in Alzheimer's
er
Seishima M, Inuzuka T ‘p
Disease
Late- t ients with
Tanaka Y, Yoshikura N, S aoia?i?jeanfa::; Sh‘;l
Harada N, Yamada M, P Y .. P
) lateral sclerosis in Japan .
Koumura A, Sakurai T, . . Internal Medecine 51 579-584 2012
Havashi Y. Kimura A have a higher progression
ayas ura
yashi X, SIMUA R, | oe of ALSFRS-R at the
Hozumi I, Inuzuka T . . .
time of diagnosis
Tanaka Y, Kato T, Nishida s there delaved eastric
S Tl
H, Yamada M, Koumura A, L 4 .g .
) ) emptying in patients with
Sakurai T, Hayashi Y, multiple system atrophy? | Journal of Neurolo I 2012
Kimura A, Hozumi 1, Araki An a§al s}i/s usin thep y: u 24 1l press
H, Murase M, Nagaki M, (13)C aZetate bregath test
Moriwaki H, Inuzuka T
Yamaguchi Y, Hayashi A, |L-MPZ, a novel isoform of . .
. . . . Journal of Biological
Campagnoni CW, Kimura |myelin PO, is produced by In press 2012

A, Inuzuka T, Baba H

stop codon readthrough

Chemistry

-4 -




WFSERR DHIATY) - Bl



foumal of Newammunalogy 233 {20111 175180

Contents lists avaitable at ScienceDirent
Journal of Neuroimmunology

journal homepage: www. elsevier.com/locate/ineursim

Identification of antibodies as biological markers in serum from multiple sclerosis
patients by immunoproteomic approach

Takeo Sakurai ¥, Akio Kimura, Megumi Yamada, Akihiro Koumura, Yuichi Hayashi, Yuji Tanaka,
Isao Hozumi, Takashi Inuzuka

Depurirsent of Newrology and Gertatrics, Gifu Undversity Graduate School of Medicine, Gifie, Japmn

ARTICLE INFO ABSTRACT

Article history:

Recetved 27 May 2010

Recelved (o tevised form 1 Novengber 2010
Accepted 2 November 2010

We identified the antibody against mitechondrial heat shock protein 70 {mtHSP70) in serum from multiple
sclerosis {MS} patients by proteomics-hased analysis. The prevalerice of the anti-nuHSP?0 antibody s
significanty higher in seram from MS patients than inv serumn from Parkioson diseass patients, multiple
cerebral infarction patients, infectious meningoencephalitis patients, and healthy controls (HCs) {68%
sensitivity: 74% specificityl, We studied the dlinical features and magoetic resonance imaging Soadings of

i(utj;)zgiodx MS patients with the anti-mHSP70 antibody. As 3 result, theve were no significant differences between the
Muttiple scierosis anti-mHSP70-antibody-pasitive and -negative MS patients. Additionally, in our comprehensive analysis of
o ] the prevalence of both the anti-miHSP70 antibudy and the anti-phosphoglycerale mutase 1 (FGAMT)
PLAMT antibody, which was previously reported by us to also show a higher prevalence in serum from MS patients,

InpnunepToleome the positivity rates of both these antibodies were significantly higher in serum from MS patients than in
serwnt from patients with other neurological diseases and from HCs; mwreover, the specificity of this
combination assay was higher than that of the assay of anly one antibody (57 sensitivity; 93% specificity).
Results of our study suggest that not only the anti-PGAMT antibody but alse the anti-miHSP?0 antibody is
good dizgnostic markers of M5 and the combination of both these antibodies is useful for a more specific

diagnosis of MS,

@ 20140 Elsevier BV, AH rights reserved,

1. infroduction

The mechanism underlying the pathogenssis of multiple sclerosis
{MS} is considered to mainly involve cell-mediated immunity;
however, recently, humoral immunity has also been noted. The
jesions of MS are pathologically found o show {our fundamentally
different patterns of demyelination: T cell-mediated or T celi-plus
antibody-mediated autoimmune encephatomyelitis { patterns f and 1)
and a primary oligodendrocyte dystrophy, similar to virus- or toxin-
induced demyelination {patterns H and IV) {Luchinettt et al., 2000).
MS patients with the pattern H pathology are more likely 1o respond
favorably to therapeutic plasma exchange {Keegan er al. 2003).
Recently, B cell targeting therapy in a group of MS patients has shown
encouraging preliminary results [Hauser et al., 2008}, These findings
suggest that humoral fmmunity in part plays a role in the
pathophysiology of M5, A previous study showed rthar several
antibodies against proteins, such as myelin oligodendrocyte glveo-
protein {MOG), myelin basic protein (MBP), proteoliptd protein
peptide (PLP}, Nogo-A, and heat shock protein 60 (HSPBO). are

* Corpesponding author Tel 481 58 230 8253 faxe 481 58 230 6256,
E-mail gddress: sakut 2 1@gfu-uandp T, Sakurail

G165-572878
Aot 10,1316,

front metter © 2010 Blsevier BV, Al righis reserverd.
SUTCRINGHHUS S RETH
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present in MS patients (Reindl et al, 2008). However, no auto-
antibodies thatwould enable the discrimination between M5 patients
and healthy controls have been identified to date.

Recently, an immunoproteomic approach has been used in various
methods for searching autoantibodies associated with MS and other
autoimmune diseases such as neurepsychiatric systemic lupus
erythematosus, and Hashimoeto's encephalitis {Lefranc et al, 2007,
Gintet al, 2008; Marhey et al, 2007, Lovato et al, 2008; Kimwra et al,
20100,

In this study, we used proteomics-based analysis to sereen for
antibodies specifically found in MS patients. As a result, we identified
the antibody against mitochondrial heat shock protein 70 {mtHSP70}
in serum from MS paticnts. To cvaluare the specificity of this
antibody, we assessed its prevalence in serum from MS patients,
Parkinson disease {PD3) patients, multiple cerebral infarction {MCH
patients, infecrious meningoencephalitls {IME] patients, and healthy
controls {HCs). We also studied the dinical features and magnetic
resonance imaging (MR} findings of MS patients with this antibody.
Additionally, we comprehensively analyzed the prevalence of both
the anti-miHSP70 anthody and the anti-phosphoglycerate mutase 1
{PCAMT) antibody, which was previously reported by us to also
show a higher prevalence in serum from MS patients than in serum
from patients with other neurclogical diseases and from HCs
(Kimura et al., 2010).
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2. Materials and methods
2.1, Patients and serum samples

Serum samples were collected from 25 MS patients [malefemale =
13:12; age range, 27-75; mean age, 47); 21 PD patients [male:
female = 11:10; age range, 50-85; mean age, 68}; 19 MU patients
Imale:female = 9:10; age range, 57-83%; mean age, 72]; 20 IME patients
fmalefemale == 15:5; age range, 15-74; mean age, 47}; and 27 HGs
tmalefemale= 14:13; age range, 16-80; mean age, 48], Al the MS
patients were diagnosed as having dinically definite MS in accordance
with the criteria of Poser and colleagues (Poser et al., 19833 Among the
25 MS patients, serum samples wese collected from 16 patients in
velapse and the remaining patients in remission. We examined all the
MS patients’ dlinical data, and brain and spinal cord MR images obtained
at the same time we collected the patients serum samples. Age, gender,
disease course and duration, expanded disability status scale {EDSS],
complication of optic neuritis, and number of relapses were recorded.
We examined the number of cerebral hyperintense lesions, and the
presence of hyperintense spinal cord, cerebetlar, and brain stem lesions
on T2-weighted images (Wis) obtained by brain and spinal cord MRL
We also examined the presence of cerebral atrophy in T1 Wis obtained
by brain MRE

For screpning antibodies specifically found in MS patients, we
investigated ali the target spots corresponding fo proteins that
reacted with antibodies in the serum from 12 MS patients randomily
selected from among the 25 and 12 HCs by two-dimensional (2-D}
electrophoresis using the total proteins of rat cerebrums as samples,
foliowed by Western blotting, All the target spots that reacted with
antibodies in the serum from the 12 HGs were subtracted from the
spots that reacted with antibodies in the serum from the 12 MS
patients, After subtraction, a distinctive spot of the remaining target
spots was analyzed by mass spectrometry. This study was approved
by the institutional review board of the Gifu University Graduate
School of Medicine, Gifu Ciry, Japan.

2.2, Preparation of tissue proteins

Under ether anesthesta, adult Wister rats were killed. Their
cerebrums were immediarely removed and frozen in dry-ice powder,
The frozes brain tissue was homogenized using a tissue homuogenizer,
and protein concentration was determined by Bio-Rad protein assay
based on the Bradford method {Life Science {Research, Education,
Process Separations, Food/Animal/Environment Testing), Hercules,
CA, USAL

2.3, 2-b electrophoresis and immunoblotting

The samples were dissolved in DeStreak rehydration solution {GE
Healthcare Bio-Sciences, Piscataway, NJ, USA} and loaded onto an
immobilized rehydrared dry strip {pHs 4-7, 13cm long, GE
Heaithcare). Up to 100w of the proteins was applied to a dry strip
for Western blotting, iscelectric focusing was conducted ar 20 °C for
R5000 Vh at a maximum of 8000 V, using a hotizontal electrophoresis
system {Multiphor #, GE Healtheare}. Before separation in the second
dimension, isoelecric polyacrylamide gel {IPG) strips were equili-
brated for 15 min in a buffer containing 2% sodiun dodecyt sulate
{553, 6 M urea, 30% volume by volume {v/v} glycerol 0.001% BPB,
and 30 mM Tris-HCl {pH 8.8) under reducing conditions, with 65 mM
OTT, followed by further incubation for 15 min in the same huffer
under allodating conditions with 140 mM iodpacetaride, Equilibyat-
ed IPG strips were ransferred to a 12.5% polvacrylamide gel.

The run in the second dimension was carried out vertically, using
an electrophoresis apparatus {ERICA-S, DRCE at a constant voltage of
300 ¥ for 2 h, After the electrophoresis, the SDS-polvacrylamide gel
electrophoresis (PAGE) gels were stained with Coomassie Brilliant

Blue {CBB] {GelCode Blue Stain Reagent, Pierce) or used for protein
wansfer onto polyvinvlidene difluoride (PYDF] membranes. The
separated proteins were electrophoretically transferred to a PYDF
membrane at 0.8 mAsm” for 1 h, using a semidry blotting apparatus
{TE77 PWR Semi-Dry Transfer Unit, GE Healthcare}. The PVDF
membrane was stained with a fluorescent total protein stain {Deep
Purple Total Protein Stain, GE Healthcare) and scanned using a
variable mode imager {Typhoon 9400, GE Healthcare). Subseguently,
this membrane was incubated in a blocking solution [5% skimn matlcin
1x Tris-buffered saline Tween-20 {(TBST); 1» Tris-buffered saline
{TBS} containing 0.1% Tween 20] overnight in a cold room and after
threp washes reacted with patient serum, diluted to 11500 with 1%
skim mitk in 1x TBST, for 1h at room temperature, The PYDF
membrane was washed five times with Tx TBST and reacted with
peroxidase-conjugared goatr ant-human lg (A+ G+ M) antibodies
{PARLS.), dituted to 1:2000 with 1% skim milk in Ix TBST, for 1 h
at room temperature. After six washes, the membrane was
incubated with the WB detection reagent {ECL Plus, GE Healthoare)
for 5 min and scanned using Typhoon 9400. The mmunoreactive
protein spots were matched with the fluorescent stained total
protein spots using an image analysis software {Adobe Photoshop
6.0, Adobe Systems ).

24 In-gel digestion and mass spectrometric ident fication of proteins

in-gel dizestion and mass spectrometric identification of proteins
were performed in aceordance with a standard protocol (Yamagata
ot al, 2002). Briefly, the identified protein spots were excised from the
2-13 gels using clean scalpels, and the excised gels were washed twice
with Milli-Q water and dehvdrated in 100% acetonitrile {ACN) until
they turned opague white. The spots were then dried in 3 vacuum
centrifuge and subseguently rehydrated in 10 1 of digestion solution
consisting of 50 mM NHHCO,, 5 oM CaCle, and 0.01 sl modified
seguence-grade trypsin {Promega). After incubation for 16 h at 37°C
the digestion was terminated by adding 10 gl of 5% trifluoroacetic acid
{TFA}. Peptides were extracted three times for 20 min with 5% TFA in
50% ACN, and the extracts were pooled and dried in 2 vacuum
centrifuge. The dried materials were resuspended with 109l of 0.1%
TFA. To vemove excess salts from the extracts, solid phase extraction
was performed using ZipTip C18 (Millipore} in accordance with the
manufacturer’s instructions, Peptides were eluted from ZipTip using
015 TEA in 50% ACN, and 1 o of the eluants was spotted onto a target
plate, Then, the spots on the target plate were immediately mixed
with 0.5 of a matrix solution containing 0.3 mg/md w-cyano-
hydroxycinnamic acid, 33% acetone, and 66% cthanol, and were
completely air-dried at room temperature. Mass spectrometry and
randem mass spectromerry (MS/MS) spectra were obtained using
an ultraflex dme-of-flight {TOF)/TOF mass spectrameter {Pruker
Daltonics). An external peptide mixture was used to calibrate the
instrument. Proteins were identified using the MASCOT software
{Matrix Science ) with the NCBInr database.

2.5, One-dimensional electrophoresis and immunoblotting using human
recombinomt ntHNP?(

For one-dimensional {1-D) immunoblotting analysis, the com-
mercially available, full-length, human recombinant mrHSP70
{Abnova, molecular weight: 10076 kDa with #ts Neterminal GST-
rag), preduced by a method based on the wheat-germ-cell-free
expression systeim, was separated by 4-20% SDS-PAGE. Immunoblot-
ting was carried out as described in Secrion 2.3 except for blocking for
1 ar room temperature and reaction with pattent serum difuted to
1:2000 oversight i a cold room. We tested the serum samples from
25 MS patients, 21 PD patients, 19 MCI patients, 20 IME patients, and
27 Hs.

-26 -
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The MS patients were divided into two groups on the basis of the
presence or absence of the anti-mtHSP70 antibody. The group positive
for the anti-mtHSP70 antibody was compared with that negative for
the antibody to identify specific patterns of clinical features and MR(
findings.

Additionally, we analyzed the prevalence of both the anti-
mtHSP70 antibody and the anti-PGAMT antibody in the serum from
MS patients, PD patients, M{ patients, IME patients, and HC(s. We
have already examined the ant-PGAM 1 antibody in serum from 17 of
25 MS patients, 21 PD patients, 18 MCI patients, 17 of 20 IME patients,
and 17 of 27 HGs (Kimura et al., 2010).

2.6, Statistical analyses

Fisher's exact probability test or the Chi-sguare test with Yates’
continuity correction was used for the analysis of frequency data, and
Student's t-rest was used for continupus variable data. P values <005
were considered siznificant.

3. Resulis

3.1 Screening and ident fication of target antigen of antibodies in serum
Sfrom MS patients

We detected by 2-D immunoblotting 66 spots that reacted with
antibodies in serum from 12 MS patients and 57 spots that reacted
with antibodies in serum from 12 HCs. The fatter 57 target spots were
subtracted from the former 66 spots. After subtraction, there were 35
remaining spots that reacted with antibodies in serum from the 12 MS
patients. Among these spots specific for MS patients, we investizated
one spot [observed molecular weight (MW/pE 67(kDa)/5.8] that
reacted with the serum antibedies most commonly observed in MS
patients {5 of 12 patients). This spor that corresponded to the protein
on the 2-D electrophoresis gels was analyzed by mass specuometzy.
This immunoreactive spot was identified as mtHSP7Q [accession
mumber, P48721; score/coverage identification (%), 202/11; number
of matched peptides, 7; theoretical MW/pl: 74(kDa)/5.9].

Fig. 1. Polyvaviidene diftuoride ne
fmmanobloiting resalt for maltiple s
stajued with Tuorescent total prot

i$

)

Fig. 1 shows the PVD¥ membrane to which separated proteins
were transferred and stained with the fluorescent total protein stain
teagent {A] and 2-0 immunoblotting using serum from MS patient with
the anti-mtHSPF70 antibody (B The spot indicated by arrows reacted
with the serum antibodies most commonly observed in M$ patients
{5012 patients}, We analyzed this spot and obtained MSMS spectraof
seven peptides. We show these seven peptides in Fig. 2{A-G).
Subsequently, this spot was identified as mtHSP70 using a protein
identification software (H),

32, Immunoreactivity of serum from MS patients, PD patients, MCI
patients, IME patienrs, and HCs against full-length noman recombinant
mtHSP70

To evaluate the specificty of the anti-mtHSP70 antibody, we
assessed the prevalence of this antibody in serum from MS patients,
PD patients, MCI patients, IME patients, and HCs by 1-0 immuno-
blotring using the human mtHSP7G full-dength recombinant protein
with GST as the antigen {Fig. 3. As a result, the positivity rates were
68% {17 of 25} in MS patients, 28.6% {6 of 21) in PD patients, 26.3%
{5 of 19} it MU paticnts, 20% (4 of 200 in IME patients, and 29.6% (8 of
273 in HCs. The prevalence of the anti-mtHSP70 antibody was
statistically significantly higher in serum from MS patients than in
serum from PO patients {F-<0.02), MCI patients {P<0.02), IME patients
{P<0.004}, and HCs {P0.02) (B8% sensitivity; 74% spedficity).

3.3. Comparison of clinical features and MR} findings between
anti-mtHSP7 O-antibody- positive and -negarive MS patients

The comparison between the ant-mtHSP70-antibody-positive and
-negative MS patients is shown in Tables 1 and 2. The gender ratio
and age were similar between the two groups. Regarding the
relapsing-remitting MS {(RRMS} state of patients when their serum
samples were collected, there was no significant difference hetween
the antibody-positive and -negative MS patients. In addition, no
significant differences were found in disease course and duration,
EDSS in the relapse state, complication of opyic neuritis, or number of

pH 4

pH7

salivate on e which separsted proteing were tramsferred and stained with fluoresoent total pronsdn staly reagent, aud tweordimensional
patent with anti-mitochondrial hest shodk protein 70 2
sl reagent {A), PVDF menrbrane reacied with 1:1500-ciiaved sevumn from MS pagients watl ant

et and
(HSPTO antibody (B Arvown indieate the

ody. FYDF membrane o to which separated proteins weee transle

spot tat we analyzed by mass spectrometty. Abbreviativns: M5, mubiiple sclerosis: mtHSPTD, mitochondrial heat shock protein 70; PVDIE, polyvinyiidene diflupride.
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Table 1
Comparson of clinical features gocording o anti-mitochondrial et shock provein 70
aribody status

Auti-mtHSFFo Anti-mtHSP70 Pevalue
antthody positive  antibody negative
{ns=17 {n=8)
% Feoale 475 38% 092
Age, years SE5 4 12.7% 30441414

450
Refapse: 7 3 Refapse: 5 {1005 017
Remission: 7 {50%] Remission: O {BX]

REMS patients” state when
serin was collected

Disiease course RRMS 14 {82¢% RRMS: 5 {83 {134
SPMS: 3 {188 SPRAS: 3 {38%;

EDSS i refapse stave 38422° 31427 0.25

Disease duration, years RB34188° 66434 Q.64

Complication of oplic newritls 4 {2453 3 {385 100

Niguber of relapses 35428 45434 054

Abbreviations: ostHSPTO, witochendrial heat shock protein 70; RRMS, relapsiog-
rensitiing maltiple scheeosis; SPMS, secondary progressive muitiple sclerosis; EDSS,
expanded disability status :

* Mean 4 5.0

relapses berween the two groups. No significant differences were
found in the number of hyperintense cerebral lesions or in the
frequency of the presence of hyperintense spinal cord, cerebellar, and
brain stem lesions in T2 Wis obtained by MRL The frequency of the
presence of cerebral atrophy was not significantly different between
the anti-mtHSP70-antibody-positive MS patients and the anti-
miHSP70-antibody-negative MS patients.

3.4. Analysis of prevalence of hoth anti-mtHSP?0 antibady and anti-FGAM |
anfibody in serum from MS patients, PD patients, M patients, IME patients,
and HCs

We assessed the prevalence of both the anti-mtHSP70 antibody
and the anti-PGAMT antibody in serum from 21 MS patients, 21 PD
patients, 19 MCI patients, 17 IME patients, and 17 HCs. As a result, the
positivity rates of both rhese anribodies were 57% {12 of 21) in MS
patients, 0% {0 of 21} in PR patients, 15.8% {3 of 19) in MCl patients, 0%
{0 of 17) in IME patients, and 11.8% (2 of 17) in HCs. The positvity
rates of both these antibodies in MS patients are significantly higher
than those in PD patients (P<0.0002), MCI patients {P<0.008), IME
patients (P<0.0003), and HGs {P<0.006). The specificity of this
combination assay was higher {93%) than that of the assay of only one
antibody {ant-mtHSP70 antibody, 74%; anti-PGAM1 antibody, 73%)

4. Discussion

we identified nitHSP70 as the target antigen of the andbody in
serum from MS patients by proteomics-based analysis. Western
blotting analysis using the human recombinant protein showed that
the prevalence of the anti-mtHSP70 antibody is significantly higher in
serun from MS patients than in serum from PD patients, MUl patients,
IME patients, and HCs. Previously, we reported that the prevalence of

Table 2
Comparison of magaelk resonance bnsging findings according to anti-mitochondrial
aeas shock preteim 70 artibogdy satus

Apti-muHSPT0 antibody  Aati-miHSP76 antibody  Pvalue
positive (D= 17} negative {n=§}

T2 H wsions
Cerebral lesions ]
Humher =9 6 ;

4¢
Nunilser<8 41
Rrainstem lesipas 51 034
Ceseheliar leajons 24 @76
mal oo lesiong 2 Q.23
appophy 3 0.33

Abbreviations: WU hyperinteasity; muHSP?0, munchoodial beat shock protem 70,

-29.

the anti-PGAM1 antibody is much higher in serum from M5 patients
than in serum from patients with other neurological discases and
from HCs {Kimnura et al, 2010). Moreover, to establish more specific
biomarkers in serum from MS patients, we assayed the prevalence of
both the anti-mtHSP70 antibody and rhe anti-PGAM1 antibody. As a
result, the specificity of this combination assay was higher than that of
the assay of only one antibody. We suggest that this combination
assay is a useful diagnostic method to detect the markers in serum
from MS patients. Further studies are required to assess the specificicy
of this combination assay in a large cohort of MS patients,

In recent years, the need for multiplex autoantibody profiling
approaches has become evident in the research field of autoimmunity
{Tozzoli, 2D07; Plebani et al, 2009}, For MS. the necessity for a panel
of several markers is also explained by the enormous heterogeneiry,
which Is a characteristic of this disease. [n addition, because most of
the low-alfinity autoantibodies are also present in HCs (Lionel et al.,
200%; Lefranc et al. 2004}, multiplex analysis may be useful for
detecting specific diagnostic markers of MS. Different multiplexing
approaches have already been used for the identification of an MS-
specific autvantibody fingerprint in MS serum and MS cerebrospinal
fluid {CSF} Somers et al, 2008). They reported the identification of a
novel panel of 8 antigenic targets with 45% sensitivity and 86%
specificity using a phage display library derived from MS brain
plagues. The combination assay of rwo antibodies in our study
showed higher sensitivities and specificities than the assay they
developed.

HSPs are the most abundant among soluble intraceliular proteins
and are called stress proteins or molecutar chaperones rhat assist cell
rescue through the folding of synthesized or stress-denatured
proteins. There are more than ten different famities of human HSPs,
such as HSPEO, HSPYO, HSPIO, and small HSPs. The HSP70 family
includes at least eight homoelogous chaperone proteins: HSP70-14a,
HSP70-1h, HSP70- 11, HSP?0-2, HSP70-5, HSP70-6, HSC70, and HSP70-
9 {Daugaard et al, 2007). HSP70-9, an alternative name for mtHSP70,
and 75 kDa glucose-regulated protein (GRP79; among others are
tocalized to mitochondria (Daugaard et al, 2007}, The functions of
mtHSP?0 are reported to be as follows: a specific 42-amino-acid-
targeting signal delivers meHSP?0 1o the mitochondrial lumen, where
it interacts with incoming proteins and assists them in the correct
folding after the transmembrane transport (Deocaris ef al, 2005;
Mizzen et al, 1989).

Concerning the relationship between the H5P70 family and S,
extraceliular HSP70 family members have a significant adjuvant-like
effect by associating with an immunodominant myeln basic
protein {MBP}-derived peptide, and iny vitro generated complexes of
MBP 84-1006 and HSP70 stimwulate the proliferation of peptide-specific
human T cell lines with normally suboptimal concentrations of
antigens (Cwiklinska et al, 2003 Lond er al, 2006; Mycke er al,
2004}, Another study demonstrated an increased ranunoreactivity of
mtHSP70 in MS lesions, particularly in astrocytes and axons, which
induces decrements of reacrive oxygen species, improvement of
mitochondrial function, and protection of astrocytes {Witte ot al,
2009}, From these reports, the HSP70 family including mtHSP70
might play an important role i the etinlogy of MS.

The pathophysiclogical role of the anti-mtHSP70 antibody remains
unclarified. A previous study showed that antigen microarrays
identified the antibodies against HSPSO and HSP70 whose levels are
higher in serum from RRMS patients than SPMS patients, PPMS
patients, and HCs (Quintang et al, 2008}, Another repost showed that
the levels of antibodies against HSPY0 family proteins are significantly
higher it CSF from MS patients than in CSF from patients with motor
neuron disease, and that the levels of these antibodies in CSF from MS
patients tend To increase as disease acrivity increases {Chiba er al,,
2006}, In addition, the anti-HSP70 antibody in CSF from MS patients
may modify the HSP70-mediated antigen presentation and augment
HSP70-induced promflammatory cytokine production in monocytic
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cells {¥okota st al, 20105 In this study, we demonstrated no
correlation between the presence of the anti-mtHSP70 antibody in
serum and discase activity or severity, We suggest that the anti-
mtHSP70 antibedy may be secondarily produced in immune
responses by which mtHSP70 is expressed extraceliularly in active
MS lesions, However, we have to conduct more studies to clarify the
role of the ant-mtHSP70 antibody in the pathogenesis of MS.
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We measured the Jevels of some biological metals: copper (Cu). iron (Fel, magnesium {(Mg), manganess (M),
and zine (Zn) in the cevebrospinal fluid {TSFY in patients with newrodegenerative diseases (52 patients with
amyotrophic lateral scleresis [ALS)L 21 patients with Alzhehmer's disease {AD). and 20 patients with
Parkinson’s disease (PD) by inductively coupled plastma mass spectremetry (0P-MS). The diagnoses were
additionally supporied by neuroimaging techniques for AD and PD. In ALS. the levels of Mg {p=< (.01 significant
difference], Feo Cu {p=0.05}, and Zn (p<0.10} in {SF were higher than those in controls. Some patients
showed very high levels of Cuand Zn before the critical deterioration of the disease. In AD. the levels of Cu and
Zn in C5F were significantly ligher in patients with late-onset AD (=601} In PD, we found significantly
Barkitson's disoase increased levels of especially Cu and 2n in particular {p=0.01) and Mn (p<0.05) in C5F. A multiple comparison
Copper test suggested that the increased level of Mg in ALS and that of M in PD were the pathognomonic features.
Zinc These findings suggest that Cu and Zn in particular play important roles in the onset andd/or progression of ALS,
Cerelrospinal fuid AD, and PD. Therefore, Cu-chelating agents and modulators of Cu and 20 such as metallothionein (M7 can be

fi,‘;“‘ggegﬂmmw disease new candidates for the treatment of ALS, AD, and PD.

Reywords:
Anvyotraphic atera! scerosis
Alzheimer's disease

@ 20411 Elsevier BV, Al dghts reserved.

1. introduction quantitative analytical method {51 positron emission tomography

{(PET} or "™ c.ethyl cysteinate dimmer-{ECD}-sinzle photon emis-

Biological metals such as copper {Cu), iron {Fe), magnesium (Mg},
manganese {Mn}, and zinc {Zn) have been considered to play very
important roles in the progression of some newrodegenerative
diseases such as Alzheimer's disease {AD}, Parkinson's disease {PD),
and amyotrophic lateral sclerosis {ALS} {1-3] However, the roles and
rhe metabolisms of such metals remain to be elucidated. Not only the
direct toxicity of metals but also the oxidative stress via metals, and
metal-associated enzymes and transcription factors modify the
progression and diversity of the neuvrodegenerative diseases, Recent-
ly, we have found significantly increased levels of Cu, Zn. Fe, and Mg in
the cerebrospinal fluid (CSF) of three patients with ‘Fahe’s disease’
{idioparhic bilateral striato-pallido-dentate calcinosis {IBSPDC), its
nomenclature remains controversial) by highly sensitive inductively
coupled plasma mass spectrometry ([CP-MS) 4],

Recently, the diagnoses for neurodegenerative diseases such as AD
and PD have been muore accurate than before using the neuroimage
rechniques such as magnetic resonance imaging (MR} with a
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sion computed tomography {(SPECT) with quantitative analyses {8),
and metaiodobenzylguanidine { MIBG)-cardivscintigraphy with quan-
titative measurements {71

Some metafs have been thought 1o be associated with the onset
and/or progress of neurodegenerative diseases; Cu, Zn, and Fe for AD,
Fe for PD, and Cu and Zn for familal ALS [1] The mutations of
superoxide dismutase 1 {S0OD 1) including Cu and Zn in mice cause
ALS [8]. Recently, the development of methods of measuring metals
has progressed such as [CP-MS 14.8]. With this development, it is
possible to darify the motecular mechanisms underlying the
development of neurndegenerative diseases and identify implicated
metalloproteins and enzymes. In this situation, ir is important to
measure accurately the levels of metals in CSF of patients with ALS,
AD, and PD using ICP-MS. We speculate on the molecular mechanisms
and the reles of mewals in neurndegenerative diseases, and develop
new therapeutic strategies on the basis of the netal metabolism,

We measured the levels of some biolagical metals including Cu, Fe,
tg. Mn, and Zn in the (SF of 52 patients with ALS using ICP-MS, We
compared the measured values wich other clinical data including the
subtypes, duration, and the levels of the metals in the serum in the
patients with ALS. In addition, we had examined the levels of the
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heavy metals in the C5F of patients with typical features of AD and PD
using neuroimaging techniques, and the pathognomonic patterns of
neurpdegenerative diseases were analyzed by a multiple comparison
test,

2. Methods
2.1, USF sample collection

We obtained samples of the CSF from 52 patients with ALS, 21
patients with Al and 20 patients with PD. All the patients with ALS
fulfilled the revised ¥ Escordal criteria [ 16 for clinically definite and
probable ALS {mean age 65,1 & 1.8, 28 cases, dassical type, 22 vases,
bulbar type; and 2 cases, fmilial type; 17 females and 35 males). We
chose samples from patients with AD diagnosed on the basis of the
Diagnostic and Statistical Manual for Mental Disorders {4th ed. DSM-
IV} [11) Patients were selected on the basts of both MRI and SPECT
findings {n=21; 7 early—onset type and 14 late-onset type; 8 females
and 13 males) ro rule out other dementia such as vascular dementia
and frontotemporal dementia [5.6] We excluded patients with
abnormal MIBG findings from the AlY group to rule out Lewy body
disease. We chose 20 patients {11 females and 8 males} with PD
diagnosed on the hasis of the criteria of British Brain Bank {12] and
supported by MRL, ECD-SPECT, and MIBG-cardioscintigraphy to rule
out other types of parkinsonism, such as drug-induced parkinsonism
and progressive supranuclear palsy. Fifteen patients (9 females and 6
males) with unspecific neurological diseases were used as controls in
the study. The first CSF samples thar were obtained after the diagnosis
were analyzed in this study, The study was approved by the Ethics
Commirtee of the Gifu University Graduate School of Medicine.

2.2, Metals in (SF analysis

The CSF samples were moistly powdered to ash with pechydroxyl-
nitrate, and the levels of metals {Cy, Fe, Mg, Mn, and Zn) were
measured at least owice using ICP-MS (HP4500, Agilent Technologies,
Japan) as previously described 141

2.3. Statistical analyses

Data were statistically analyzed between disease groups and the
eontrol group using the Student’s I-test. The correlations between the
levels of metals in the C5F and other clinical data were analyzed using
Pearson Product Moment correlarion, Clinical data include age, time
between the (S¥ examination and the disease onset, serum Cu and Zn
levels, severity {mini-mental state examination {MMSE] in AD), and
the clinical disease subtypes. Correlation coefficients »0.70 were
considered significant. Multiple comparisons among disease groups
were analyzed using Tukey's honestly significant difference (HSD)
test. A significant level of 0.05 was used for ali statistical tests {two-
tailed). Statistical analyses were performed using 1BM SPSS Statistics
Base 18

3. Results

The levels of Cu, Zn, Fe, and Mg in the C5F in patients with ALS, AD,
and PD, and controls are shown in Table 1

in ALS patients, the levels of Cu, Fe {p<0.053), and particularly Mg
{p=0.01) were significantly higher in the CSF of the patients with ALS,
and those of Zn were slightly elevated {p<0.10) than those in the
controls, The data on Cu and Zn in ALS patients, were very widely
scattered, because 2 patients had very high levels of Cu (»49.1 ng/mb
» the mean fevel in ALS + 2 5D and 3 patients had very high levels of
Zn bx 335 ng/mb > the mean level in ALS+ 28D} in the study.
Interestingly these 5 patients with very high levels of Cu and Zn had
underwent zastrostomy or tracheostomy within 8 months after the

195-93

Table 1

Levels of metal in the C8F of patients wish ALS, AD, and PD. The levels of Cu, Fe, Mg, M,
and Zre i OSF of patients and cont 1. Fifty patients with ALS {except fanulial
13% fa=21) are divided o cassical type {a=28) and bulbar type {n=22) The
zh /\J are dheided {nto two mzupw wasly-vtset type (the oo helow
{ 1, and late-omser type (i comset 15 &t B3 and over 85 years) (= L
Analy f"'k was performed using the Students t-test. Significan difference,
P, 005, 4+ p=018

Contand Py Age Cu Fe My & n

years  agfod agmib opgmd nganl agimd

Cont Av 484 2 2380 298 1.8 33
{me= 131 S 2232 21 347 85 1.0 33
ALS Av 65 ST 2825 /e 2L 1114112
LR S8 117 148 749 4.8 15
Classical Ay 6485 183 2758 352 2.2 137
in==28) 50 106 a3 74.7 5.1 14 1340
Bulbar Ay BT 218 W39 366 23 a3
{622} S8 107 143 8.4 47 1.8 87
AD Ay B854 1747 3B 3R 1.8 84
{n=21} S 131 0 W4 387 44 0% 84
Farly-paset AD Ay 488 103 2216 338 2 38
{n==7} S0 &1 54 185 48 0.3 33
tate-ommet AL Av 733 208™ 2472 308 23 floran
{n==14} B 56 W07 44,1 33 1.0 4.3
Ph Av BB 18BT 2838 31e 3.3 145"
{mex 20 S 38 59 112.8 EX 2.1 74

spinal rap in the dinical follow-up research, although all the patienrs
who underwent gastrostomy or tracheostomy within 6 months after
the spinat tap did not necessarily show high levels of Cu or Zn. A
follow-up study revealed rhar the patients showed transiently very
high levels of Cu or Zinc in (SF {data not shown), Then, we classified
50 ALS patients {exclusion of 2 patients with the familial type)
accarding to the dlinical subtypes: classical type {n=28} and bulbar
type {n=22), and rapidly progressive types (n==25) and slowly
progressive types {n= 25} {data not shown}. The patients with the
rapid progressive type are those who underwent gastrostomy or
rrachenstonty, or who died within 2 years of the onset of the disease.
No significant correlation was detected between two types. The
analyses using Pearson’s chi-square fest supports the notion that the
hulbar rype is also generally the rapidiy-progressive type {p=0Q.01}.
We show the fevels of biological metals in the CSF i ALS patients in
Fig, 1

&
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in AD patients, we found significantly increased levels of Cu in the
CSF {p<0.05). Then, we classified the AD patients according to the
clinical subtype; early-onset AD (Alzhetmer's disease with the onser
under B3 years) {n=7; and late-onset AD {senile dementia of
Alzheimer type {SDAT), onset at 65 and over 65 vears) {(n= 14)
{Table 1), The levels of Cu and Zn in the CSF were significantly higher
in the patients with late~onset AD than in the controls. Correlation
between the levels of Cu and Zn in the C5F was clearly recognized in
patients with AD (0= 0812) as well as in the controls {o=0.725],
but not in patients with ALS or PD. Although the ages of AD patients
were significantly higher than those of the controls, the level of rach
metal did not correlate with the ages of the controls and AD patients.
No other significant correlations could be observed between the levels
of metals in the CSF and dinical manifestations such as MMSE. and
serum Cu and Zn fevels in this study. We show the levels of the
biological metals in the CSF only in late—onset AD in Fig. 2,

in PD patients, we found significantly increased levels of Cu and Zn
in partcular {p«<0.01), and Mn {p=0.05} in CSF {Table 1), We show
the levels of the biological metals in the ¢SF in PD in Fig, 3.

in addition, to clarily the pathognomonic features, we performed a
muitiple comparison using Tukey's HSD test. The level of Mg in ALS
was significantly higher than those in AD and PD (p~0.01). The level
of Mn in PD was significantly higher than those in ALS and AD
{p=0.01) {Hig 4).

4. Discussion

We measured the fevels of some important metals {Cu, Fe, Mg, Mn,
and Zn} in the CSF of patients with neurodegenerative diseases {AD.
P and ALS). We were able to find some pathognomonic patterns in
the levels of the bilogical metals in the neurodegenerative diseases.
Several remarkable studies on metals in the CSF of patients with
neurodegenerative diseases have been published and we discuss
some important metals for each disease.

in ALS, Kanias and Kapaki reported thar the levels of Cu and Zn in
CSF were higher in patients with ALS {age =40} than in older controls
{age »40) as determined by atomic absorption spectrophatometry
{131, This s compatible with our finding. In particular, Cu and Zn are
considered to play pivotal roles in the onset and/or progression of ALS.
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3004

Cu Fe Mg Mn

tate-onset AD [ Cont
{n=14}) {n=15)

pgical metals in the CSF of patients with late-onset ADL The
to the CSF o pationss and controls are showa in
P58, The a ts of Mg, Fe, Cu, Zn, and M
3 e fguve, The levels of o aad Zn
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Fig, 3. The levels of biological nrerals in the C5F of patients with PD. The average levels of
Cu, Fe, Mg, Mo, and Zn i the CSF fo patieats and continls are shows in the box-and
whiisher type figure usiug 5P5S. The average kevels of My, Fe, Qi Zo, aosl Mn in the (SF in
contiols are shown fo be setat 100 {46 in the fgure. The kvels of Cuasd Zn ° p<0.01,
respectively and Ma (* P<0.05] in CSF were higher i PD patients than in controls.

Studies on the spinal cord of G83A SOD-1 transgenic mice revealed
high levels of Cu and labile Zn [14,15) In this study, intriguingly, 5
patients showed very high levels of Cu and Zn hefore their critical
deterioration, A researcher had observed that some patients with ALS
showed transiently high levels of Zn in the urine during the course of
the disease {personal communication), The mechanism remains to be
elucidated and it remains to be clarified whether these phenomena
are a harbinger or a result. In our study the levels of Mg were also
significantly elevated (P<0.01) and the levels of Fe are also increased
than those i the controls (p<0.10). Glutamate excitotoxity is
suspected to cause motor neuron damage | 15] and Mg ions inhibit
the opening of NMDA receptors {171 Taken together, the findings
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Fig 4. The tevels of the kiolo
The level of My in ALS significantly higher ¢
payiests {** o <0013, and the levels of My were siguificantly bixher than shose i ALS
and Al patieass §77 p - 00T according to Tukey's HSD tost.
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suggest thar multiple metals complexly contribute to the onset and/or
progression of ALS.

We selected the patients with typical AD fearures using imaging
srudies, because the levels of Mg and Ca were reported to be increased
in the CSF int patients with Levy body disease (LBD} than in those with
AD [18] Qur study showed that the levels of Cu and Zn in CSF
markedly higher in patients with late-onset AD. As similarly observed
in ALS [13 mmarkedly higher levels of Cu and Zn were also observed in
late-onset AD patients in our study, However, no assodiation of the
levels of metals with age was found in both controls and patients with
AD. A recent study showed that the serum copper fevel is associated
with the MMSE score worsening in patients with AD[19]. Zn level was
also reported to be increased in the human AD-affected cortex {204
However, we Tound no association among the level of Cu in the CSF,
the level of Cu in the serum, and the MMSE score in this study. A
pasitive correlation berween Cu and Zn levels in CSF was found in
controls and patients with AD, although it is generally considered that
there is a negative correlation between (u and Zn levels in serum.
However, the positive correlation between Cu and Zn levels in CSFin
patients with AD was not ebserved in patients with ALS and PD. The
mechanism underlying the correlation is unclear but some other
pathognomonic factors may affect the fevels of Cu orfand Zn in
patients with ALS and PD. A study on Japanese American men
suggested that Zn and Cu modulate AR-42 levels in CSF [21]
Therefore, both Cu and Zn are considered to be the main metals that
are strongly associated with the onser and/or progression of AD,
particularly late-onset AD.

in PD, our study showed that the levels of Cu and Zn in C8F were
significantdy {p<0.01} higher and the level of Mn was also higher
{p=0.05) than those in the controls. Mn intoxicarion has been well
known to cause parkinsenism. A survey suggested that chronic
occupational exposure to Ma or Cu is associated with PD {22} Low-
level Mg intake over generations was shown fo cause the degener-
ation of the substantial nigra in rats {231 A study by IKP-AES showed
lower Fe and 5i levels in the CSF of 97 PD patients rhan in 18 controls
in ltaly and the levels of Mg concentration decreased in the CSF with
rhe duration and severity of the disease {241 The lower level of Fe and
the decrease in the levels.of Mg with time were not observed in our
study. The reason is still unknown,

There are other studies on metals in the (SF of AD, PD and ALS
patients. The unportant polits are the methods of measurement of
metals and the diagnosis of the diseases, ICP-MS is more sensitive and
accurate than the conventional colorimetery and atomic absorption
spectrophotometry methods for the simultaneous measurement of
several biclogical metals such as Cu, Fe, Mg, My, and Zn {4.9] We are
able to accurately diagnose AD and PD by neuroimaging techniques
[5-7]. However, there are soime limnitations in our study. The numbers
of controls, and AD and PD patients were relatively simall, and controls
were significantly younger than the patients with ALS, AD, and PD
{p=0.01). However, the levels of the metals in the O3F did not
correlate with age. There may be several pathological factors that
affect the levels of the metals in the CSF such as environmental factors
including diet, drugs, life styles, the dme of examination, and possibly
races, We should exarnine the changes in the levels of metals in the
CSF during the course of the diseases, particularly ALS. The levels of
metals in the CSF only indicate the levels of metabolites stimilar to
those in urine. We should examine the changes in the levels of metals
and metal-transporting proteins in the causative parts for cach
disease to clarify the roles of wietals in the brain and the spinal cord in
the future.

Taken together, Cu and Zn are considered to play important rales
in ALS, AD, and PD. Multiple metals seem to complexly contribute o
the development of ALS and a surge of Cu or Zn level may be a
harbinger of critical deterioration in ALS. The increased level of Cu and
Zn in the CSF were prominent in the late~onset AD. The increased
level of Mg in ALS and that of Mn in PD may be pathognomonic
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features. Cu and Zn may not be essential for the pathogenesis of
neurodegenesative diseases but they probably promote the progres-
sion of the discases through oxidative stress and conformarional
change of pivotal proteins. Cu-chelating agents [14] Zn-chelating
agents |15}, and, moreover, metaliothioneins, which maintain Zn and
Cu homeostasis [25,26) can be new candidates for the treatment of
neurodegenerative diseases, based on the findings.
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Abstract During the pre-symptomatic stage of Parkin-
son’s disease (PD), the idiopathic PD related abnormal
synuclein immunostaining is confined to the medulla
oblongata and olfactory bulb, according to Braak. In the
study of the enteric nervous system of PD, it has reported
that Lewy bodies were found in the Auerbach’s and Mei-
ssner’s plexuses. These lesions may cause dysfunction of
the gastrointestinal tract (GI) as pre-clinical symptoms of
PD. However, because L-dopa therapy itself may worsen
the symptoms of the digestive tract function, it is needed to
evaluate the gastrointestinal tract function in patients with
early-stage, untreated (de novo) PD. In the present study,
using the 13C.acetate breath test (13C-ABT), we investi-
gated gastric emptying in 20 untreated, early-stage PD
patients and 40 treated, advanced-stage PD patients, and 20
healthy volunteers. Gastric emptying was examined by the
3C-ABT [the half emptying time (HET), the peak time of
the *C% dose-excess curve (Timay)]. The Tomax and HET of
gastric emptying as assessed using the *C-ABT was sig-
nificantly delayed in untreated, early-stage PD patients as
compared to the controls (P < 0.001). The Ty and HET
of gastric emptying were not significantly delayed in
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untreated, early-stage PD patients as compared to treated,
advanced-stage PD patients. The results demonstrated that
delay in gastric emptying did not differ between untreated,
early-stage and treated, advanced-stage PD patients. Gas-
tric emptying of untreated, early-stage PD is already
delayed. Delayed gastric emptying may be one of markers
of the pre-clinical stage of PD.

Keywords Parkinson’s disease - Gastric emptying -
Untreated (de novo) early-stage - 3C-acetate breath test

Introduction

Patients with Parkinson’s disease (PD) often complain of
gastrointestinal (GI) tract symptoms such as heartburn,
nausea, vomiting, and full abdomen sensation [1-3]. Some
studies have reported on the dysfunction of the GI tract in
PD patients {1, 2, 4, 5].

During the pre-symptomatic stage of PD, the idiopathic
PD related abnormal synuclein immunostaining is confined
to the medulla oblongata and olfactory bulb, according to
Braak [6]. The most likely causes of GI tract symptoms are
degenerations of the dorsal vagal nucleus and the intra-
mural plexus of the whole intestine [7]. These degenera-
tions are likely to develop prior to the degeneration of
dopaminergic neurons of the substantia nigra [7]. There-
fore, in the previous study, it was reported that delayed
gastric emptying was common in patients with early-stage,
treated PD [1, 2, 4]. However, because L-dopa therapy itself
may worsen the symptoms of delayed gastric emptying [8,
9], their interpretation of the results of their study is lim-
ited. Gastric emptying of patients with treated PD may be
affected by L-dopa therapy. It was not clear whether there is
the delayed gastric emptying of patients with early-stage,
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