Tld, BEEIZHONR DT, /B
FeHm L, MLEERERERL LD
T Y oA = —RIERAE B2 BV THL
TPM4 HLIR S EE & 72 DEM A A D
7z, IR KRS R ERE TR T 55
BEBIOT VYA - —BIRHERE
(BN TIEHT TPM4 HLiR 28 KEM B S &
DEREHTZLTRED—2 L 72> T
HAREMEDH D 51, 1L TPMA HLED
mEFAEEERICEI L T, invivo 128
WTEOHREHER T OVERDD EE
Abhb, £, TOMOMREREE
b= & BB TOH TPM4 FLiED HI
ELRMAERE L OBEES RIS
VELHDEEZDLILD, T DR
2LV, PLTPM4 HifED, RIMBEERE
EDOBEEMENRESL Lo LR, K

MBEEREDOMBNA A~—T—L720

A A BEEOEFNCS LT, LBk
ER LI L A RMBEREDERTE.
OWTIEHRRAERCE L & OFhIZ o2
MBHREELZEIND,

A [E], PITPMAFUALISMT & L& 72 K
MEERE L OFEENTFHRINDS5D
OFMENEMETEEZRE L, Zh
b HECHEROREIEERIL, =27 —7
UAERTF ROU VAVEEOE Rrf v
b ZEMET 2 E A, AR EE
THANTU LEGHER, BIHEICE
BT HEA, ATPIERFHEIC= X F 1k

BADOT /o5 —va  lBEETHEA,

fRFERBER Cholz, BEETIZ, 20
9 B Dprocollagen-lysine, 2-oxoglutarate
5-dioxygenase 2 (PLOD?2), reticulocalbin-1,
phosphoglycerate mutase 1 (PGAM1){Z X

5 B EHLRIC D X ELISAMIT 21T o 72
23, B & RN B ERE OREIAEE
HEXR N7, 5, KOO
Pirilipin 2 & 26S protease regulatory subunit
8IZ D XELISABEIT 21T 5 TIETH D,
— 5. ARBFIIZBWT, 60mLL EDOK
A EREIEEHERE - EEE IR
LB s 2 BEOHULE N AT E
ZRE L, 2 b HERILEN
AR ARFERVIHER L TV S ATREE S
HY, SHRIDBRLIBHPLELERD
iz,
FIAEIOPFFEME L LT, BEHIFE
BT VY A~ —BIERAE B O ILE
(Z B2 < 3R B 2 Huill B N B AR AE
PEERELZZEBDITFOND, Zh
ETT YA = — BRI O FIES T
WICBWTHERERNIZBITST I A FB
BEEE (Ap) OBR|ILEME L FREHALSE
MWEE L I TE 722, [FFFIZ BBB D%
REEECRMERES & Vo B EE
RFHLEETHD L I TWHJack C,
Lancet Neurol, 2004), Zi 61k, HIZFR
HHSREDIR T 2 RESE L7121 Tl
RIFOFETIIRERLHR LV ALND Z
EDBFEND B, T YA = —HIFRH
FEDR BT I 1T D EEREEI ZH
TWAHHRREME b RSN D, —J7. T
VoA = —BUERAIRE DR REIZ IV TRAE
B B ORI OFEL R T 5 #
HEbdHod, BEHEL VI BRNLIL,
IHNETT YA <= —RERAERE I
BTN 20 HEDH U (Kellner A
et al., Ann Neurol. 2009) | #H T CTIiX[RI4F
ROBEFELHEETDE, TAIYNA~
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—AEREERE OFIBM ClE=a—a
CRE T T ) DIREREEIZE L B
bhdZ ENHESNTNSD (Levinet
al., Brain research. 2010) ,

SE, BREIRER T VY oA < — T
FHERE OIMIEFICFRENICEET D
LM E NIRRT E ORRBIE R B O —
-> & L T Mitochondrial import receptor
subunit TOM40 homolog (Tom40) % [7] &
L7z, Tom40 (XX hay RY 7AMEILTE
EL. R hary R TA~DEHEDER
WIEICBEET 2 F v RV EA L T
DT EPHMBNTVND, Tom40 =2 — K
T 5B T TOMMA0 13 19 BYEMAE LD
APOE BnFEfFICfE L., BiDy
LU A NEEMEHT OFEFR, TOMM40 D U
AT IYNTa s hr— L E LB
FEIERL T VY A~ —BUTRAEE DFESE Y
2 #1272 % (Potkin et al., PLoS ONE,
2009) &V T2 HESS TOMMA0 DA

e 228 (poly-T insertion) & &> HE¥E
1L, BREASSAER 7 LY oo ~ —FUSRENTE
DIFENK 7R 725 (Rosese et al.,

Pharmacogenomics J, 2010) &V o 72 R4
bbb, —FH, TV NA ~—RIBEE
BEOBANICEBW T, =¥ — 5
EE RERRENRBSE VD EanT
Wb, X hary NI T7THEEREELROME
BT LY A < —FIEREE DR BRI
BWTBRD CTEHEREEZH-TND
OO, TDOREICHE L Tid+oHsh
TRV, BEFIIIRS T VYA, ~
—HFRAEREDOMANDL T, TIimAg
NETSEAEERR I ha2r KU 7T OEA
HBICEET A2 F ¥ X ZLEL TS

EWV o T2 ESRS (DevilL et al., J Neurosci.
2006) . 7 X v NEIEEEZE H A, Tomd0
LiEE L 480kDa DEE LT EE AT
T 5, b LLIET I a4 NEiBR{EE R
A Tom40 & X har RUTHEDEH
TH D Tim23 LFEE L, 620kDa D& 5
ICREREEFEZERT D2 L1CLY
Fay RUT7THRA~DEBQEBENBE S
Shar R THEREENRETLD Lo
7#EHH 5 (Anandatheerthavarada HK
etal., J Cell Biol. 2003) , —J, AB D3
F =z R U 7 NA~OEED Tomd0 %N
LTATOIL., MREETELL LV o7
#HEHHD (Hansson Petersen CA et al.,
Proc Natl Acad Sci. USA, 2008) , Zi#.5
DEEDFT L 91T Tomd0 13T 1
A ~—BFAE DRI, FFI2 b=
> R THRESEDREEE 2 5 LT
ODTCEERZFTHLHI ENTEIND,
ARl HT Tomd0 FLIEIZT VY g <= —
RIERANIERE ORAEEREE L A B
DT HILTZ, 1 Tomd0 HLik DR
BEICEH L TIIREATH 54, Tomd0 D
REMEZET D &, PR RBICERE
7R B RITTOIXREE L Bbh b,
L L. BEHEISHAENISER A E
ViAEh, MEATUREEET L%
B LIHELHY (Deng SX et al., Int
Immunol. 2000; Seddiki N et al., J Immunol.
2001) | A IIHT Tomd0 FLIEDFFREIC &
ETRBIC X, HEAECREEY R
EEHWTHRFTAOMNERHDEEZD
iz,
FR UL ASET VY oA ~—TRE

fEBE LV Hi7=IZ[F7E L 7= Protein
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disulfide isomerase (PDI) (ZE§ L Cix. &
HDOYANT 4 NG EEST 2 Z LI
LIVEBDT +—NVT 4 T EBETD
TERMBENTND, FREIT VY NA~
—RIERINIE B ORRIFERRMER LI,
Z D PDIGHEDEAENFET D Z &N
& X472 (Honjo et al., Brain Res, 2010) .
Sk, TNHEEHEE T VY NS v —
RUIZRFNE DI fE & OBIEMEZ RS+ 5 2
SRV, RRBOIREEFO/ERL S
WNCHT T2 722 W~ — 1 — DRESL & 1RETE
DBFICORB DA O E X b,
RN ML N R BB R 1, RR A
REfESE & BTREE 7 & OEBEEE &
STTREE 2D 5 5 RMEERE &%
BRICEEL., Z0MEFH2H~—5—
DRESLTRFRIEDRFRIIMD CTEE L E
bbb, AEFRE LI E N
PUEALISMZ Y, Filzle A F~w—Hh—¢
20 fF 5 UL E N E MR LA N TFEEST S
RN H Y | %%, SEIAVWE K
TRET 1y MEIZEDLDH- /2B N
EOMBEEDORBLEELE X 5,

X1 9) $L TPM4 HuiE D I & B A LE/E R

FEFF DGR
R TPMAttE .!
.og:;sﬁ

@

S '

i

‘ FGF-2

FGF-2 receptor
il

Survival Factor

é S0 1 P

(Donate F, et al. Current Cancer Drug Targets 2004k Y — 882 %)
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We identified the autoantibody against phosphoglycerate mutase 1 (PGAM1), which is a glycolytic enzyme,
in sera from multiple sclerosis (MS) patients by proteomics-based analysis. We further searched this
autoantibody in sera from patients with other neurological diseases. The prevalence of the anti-PGAM1
antibody is much higher in patients with MS and neuromyelitis optica (NMO) than in those with other
neurological diseases and in healthy controls. It was reported that the anti-PGAM1 antibody is frequently
detected in patients with autoimmune hepatitis (AIH). Results of our study suggest that the anti-PGAM1
antibody is not only a marker of AIH but also a nonspecific marker of central nervous system autoimmune

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Over the past few years, compelling data on the roles of B cells as
sensors, coordinators and regulators of the immune response have
strengthened the view that B cells and autoantibodies are fundamen-
tal factors for activating T cells and/or mediating tissue injury in
several autoimmune-mediated diseases of the central nervous system
(CNS) (Dalakas, 2008; Hasler and Zouali, 2006). In this study, we
identified the autoantibody against phosphoglycerate mutase 1
(PGAM1) in sera from multiple sclerosis {MS) patients by proteo-
mics-based analysis. Phosphoglycerate mutase is a glycolytic enzyme
that catalyzes the interconversion of 3- and 2-phosphoglycerate with
2, 3-bisphosphoglycerate as the primer of the reaction (Fothergill-
Gilmore and Watson, 1989). In mammalian tissues, there are two
types of phosphoglycerate mutase: type M (also known as PGAM2) in
muscles and type B (also known as PGAM1) in other tissues (Omenn
and Cheung, 1974; Zhanget al,, 2001). However, there are few reports
on the anti-PGAM1 antibody (Lu et al.,, 2008; Zephir et al,, 2006) and
the specificity of this autoantibody is not clearly understood. To
evaluate the specificity of this autoantibody, we assessed the pre-

* Corresponding author. Department of Neurology and Geriatrics, Gifu University
Graduate School of Medicine, Gifu, 1-1 Yanagido, Gifu 501-1194, Japan. Tel.. +81 58
230 6253; fax: +81 58 230 6256.

E-mail address: kimurai@gifu-uacip (A, Kimura).

0165-5728/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
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-29.

valence of this autoantibody in sera from patients with various
neurological diseases and healthy controls.

2. Patients and methods
2.1. Patients

Serum samples were obtained from patients with MS [n=21;
male:female =9:12; age range, 31-75; mean age, 49}, neuromyelitis
optica (NMO) [n=13; male:female =2:11; age range, 26-79; mean
age, 49], multiple cerebral infarctions (MCI) {n = 20; male:female =
9:11; age range, 53-83; mean age, 71}, infectious meningoencepha-
litis (IME) [n=19; male:female = 14:5; age range, 15-71; mean age,
45], and Parkinson's disease (PD) [n=21; male:female = 11:10; age
range, 50-85; mean age, 68}, and from healthy controls [n = 17; male:
female =7:10; age range, 25-74; mean age, 44]. All the MS patients
were diagnosed with clinically definite MS according to the criteria of
Poser et al. {1983). All the NMO patients satisfied the 2006 revision to
the Wingerchuk diagnostic criteria (Wingerchuk et al,, 2006).

2.2. Preparation of tissue proteins

Under ether anesthesia, adult Wistar rats were sacrificed. Their
cerebrums were immediately removed and frozen in dry-ice powder.
The frozen brain tissue was homogenized in lysis buffer (7 M urea,
2 M thiourea, 0.4% CHAPS, 0.1% DTT, 0.5% Triton X-100, and 0.2% SDS)
and centrifuged at 100,000 x g for 40 min. The obtained supernatant
was used in all experiments.
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2.3. Screening for autoantibodies against protein sample in sera from MS
patients

We examined autoantibodies against a prepared protein sample in
sera from five MS patients and five healthy controls by one-dimen-
sional electrophoresis (1DE) and immunoblotting. The extracted
proteins were applied at 20 pg/well to 4-20% polyacrylamide gel for
western blotting. The proteins were separated by SDS-PAGE and
separated proteins were blotted onto polyvinylidine difluoride
(PVDF) membranes at 0.8 mA/cm? for 1h using a semidry blotting
apparatus (Trans-Blot SD semidry transfer cell, Bio-Rad Laboratories).
Subsequently, the membranes were incubated in blocking solution
overnight in a cold room, and then reacted with the sera from MS
patients and healthy controls (diluted at 1:1500) for 1h at room
temperature, followed by washing. Then the membranes were in-
cubated with HRP-conjugated anti-human Ig (A + G+ M) antibodies
(Zymed) (diluted at 1:2000) for 1 h at room temperature and reacted
with the ECL-Plus Western blotting detection system (GE Healthcare).

2.4. Two-dimensional electrophoresis (2DE) and immunoblotting

A sample was loaded onto an immobilized and rehydrated dry strip
(pH 3-10, nonlinear 18 cm long, GE Healthcare). Up to 100 ug of
extracted proteins was applied to the dry strip for western blotting.
Isoelectric focusing was carried out at 20 °C for 85,000Vh at a
maximum of 8000V using a horizontal electrophoresis system
(Coolphorestar IPG-IEF Type-PX, Anatech). This IPG strip was
transferred to 12.5% polyacrylamide gel. The second-dimension run
was carried out vertically using an electrophoresis apparatus (Cool-
phorestar SDS-PAGE Dual-200 K, Anatech) at 30 mA/gel. After the
electrophoresis, the SDS-PAGE gels were stained with SyproRuby (Bio-
Rad Laboratories) or used for protein transfer onto PVDF membranes
(Toda and Kimura, 1997). Separated proteins were electrophoretically
transferred to a PVDF membrane at a constant voltage of 32V for 3 h
using a buffer transfer tank with cool equipment (Toda et al., 2000).

e

pH 8

Subsequently, this membrane was incubated in a blocking solution (5%
skim milk in 1x TBST and 1x TBS containing 0.1% Tween 20) overnight
in a cold room, and then reacted with serum from a patient diluted
(1:1500) with 1% skim milk in 1x TBST for 1 h at room temperature.
The PVDF membrane was washed five times with 1x TBST and reacted
with peroxidase-conjugated goat anti-human Ig (A+ G-+ M) anti-
bodies (Zymed) diluted (1:2000) with 1% skim milk in 1x TBSTfor 1 h
at room temperature, After six washes, the membrane was incubated
with the WB detection reagent (ECL-Plus, GE Healthcare) for 5 min
and then scanned using a variable-mode imager {Typhoon 9400, GE
Healthcare). The antibody-reactive protein spots were matched with
the protein spots stained with SyproRuby (Bio-Rad Laboratories) using
image analysis software (Adobe Photoshop 6.0).

2.5. In-gel digestion and mass spectrometry

Proteins were detected by staining with SyproRuby (Bio-Rad
Laboratories). For mass spectrometric identification, the target
protein spot on the SyproRuby-stained 2D electrophoresis gel was
excised using FluoroPhoreStar 3000 (Anatech). In-gel digestion was
performed in according with a standard protocol (Toda and Kimura,
1997) with minor modifications. Briefly, gel pieces were dehydrated
and the dried gel pieces were rehydrated in 5ul of 100 mM
ammonium bicarbonate containing 10 pg/ml trypsin (Promega) for
3 h at 37 °C. After digestion, tryptic peptides were extracted twice
with 50 yl of 66% acetonitrile in 0.1% trifluoroacetic acid (TFA) in a
sonicator. The extracted peptides were dried, redissolved in 0.1% TFA,
and injected onto a MonoCap 0.1 mmx250 mm monolithic C18
column (Kyoto Monotech) with Prominence Nano (Shimadzu). The
column eluent was spotted every 15s onto a pFocus MALDI plate
(Shimadzu GLC) with a-cyano-4-hydroxycinnamic acid (Sigma
Aldrich) as a matrix using AccuSpot (Shimadzu). Buffer A consisted
of 5% acetonitrile and 0.1% (v/v) TFA and buffer B consisted of 90%
acetonitrile and 0.1% (v/v) TFA. The separation gradient was 5-60%
buffer B over 30 min at a flow rate of 1 pl/min. The digests were

MW
{kD)

pH 16

Fig. 1. Autoantibodies visualized by two-dimensional electrophoresis (2DE) and immunoblotting in sera from patients with multiple sclerosis {MS) and from healthy controls.
(A, B) Total protein extracts of homogenized rat brain tissue were separated by 2DE, followed by SyproRuby staining. Arrow indicates the protein spot matching the immunoreactive
spot detected by western blotting of MS patients' sera. Subsequently, this spot was identified as phosphoglycerate mutase 1 {(PGAM1) by MALDI TOF-MS; (C} 1:1500-diluted MS
patient's sera; arrow indicates the protein spot (PGAM1) recognized in sera from MS patients; and (D) 1:1500-diluted sera from healthy controls.
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Fig. 2. Immunoblotting of human phosphoglycerate mutase 1 (PGAM1) full-length
recombinant protein with GST. The recombinant protein (0.28 ug) was applied to each
well. P, 1:300-diluted anti-PGAM1 monoclonal antibody (Abnova); MS, 1:1500-diluted
sera from patients with multiple sclerosis; NMO, 1:1500-diluted sera from patients
with neuromyelitis optica; MCl, 1:1500-diluted sera from patients with multiple
cerebral infarctions; IME, 1:1500-diluted sera from patients with infectious meningo-
encephalitis; H, 1:1500-diluted sera from healthy controls.

analyzed on a MALDI TOF/TOF instrument, AXIMA Performance
(Shimadzu). By utilizing information on the x-y positions of spotted
samples on AccuSpot, autoexperiments using AXIMA Performance
were performed to analyze the samples on the plates. Every auto-
experiment and protein identification were performed using an
integrated software, Kompact Ver.2.8. Protein identification was
carried out using the MS/MS ion search database, Mascot (http://
www.matrixscience.com/; Matrix Science Ltd.).

2.6. Immunoreactivity of sera from patients with various neurological
diseases against human PCAM1 full-length recombinant protein

We examined the anti-PGAM1 antibodies in sera from 21 MS, 13
NMO, 21 PD, 20 M}, to 19 IME patients, and 17 healthy controls by
1DE immunoblotting using the commercially available human PGAM1
full-length recombinant protein with GST (Abnova). Immunoblotting
was carried out as described in Section 2.3. The screening dilution of
sera from all patients and healthy controls was 1:1500.

2.7. Statistical analysis
We used the chi-square test with Yates’ continuity correction to

assess the difference in the prevalence of the anti-PGAMT1 antibody
between groups. Differences were considered significant at P<0.05.

positivity rate

3. Results

3.1. Screening and identification of target antigen of MS patients’
autoantibodies (Fig. 1)

We examined the target antigen that reacted selectively with MS
patients’ sera. We detected by 1DE immunoblotting an approximately
30 kDa band corresponding to a protein that reacted with antibodies
in sera from two out of five MS patients, but not with sera from five
healthy controls. The same sample was subjected to 2DE, and one spot
(observed MW/pl: 26,000/6.9) with a similar molecular weight
reacted with the sera from these two MS patients but not with the
sera from the healthy controls. We analyzed this spot by MALDI TOF-
MS. This protein spot was identified as PGAM1 (accession number,
P25113; score/coverage identification (%), 660/40; number of
matched peptides, 11; theoretical MW/pl, 28,948/6.67).

3.2. Immunoreactivity of sera from patients with various neurological
diseases against human PGAM1 full-length recombinant protein (Figs. 2
and 3)

To investigate whether the anti-PGAM 1 antibody is specific for
MS, we examined this autoantibody in sera from patients with various
neurological diseases (21 MS patients, 13 NMO patients, 21 PD
patients, 20 MCI patients, and 19 IME patients) and 17 healthy
controls by 1DE immunoblotting using the human PGAM1 full-length
recombinant protein with GST (Figs. 2 and 3). As a result, the po-
sitivity rates were 81% (17 of 21) in MS patients, 77% (10 of 13) in
NMO patients, 24% (5 of 21) in PD patients, 30% (6 of 20) in MCl
patients, 32% (6 of 19) in IME patients, and 24% (4 of 17) in healthy
controls. Statistically, the prevalence of the anti-PGAM1 antibody
was significantly higher in patients with MS than in patients with PD
(P<0.001), MCl (P<0.003), and IME (P<0.005), and in healthy
controls (P<0.002). The prevalence of the anti-PGAM1 antibody was
also significantly higher in patients with NMO than in patients with
PD (P<0.008), MCI (P<0.03), and IME (P<0.04), and in healthy con-
trols (P<0.02). These findings indicate that the anti-PGAM1 antibody
has a stronger correlation with MS and NMO than with PD, MCl, IME,
and being healthy.

4. Discussion
We identified PGAM1 as the target antigen of autoantibodies in

sera from the MS patients by proteomics-based analysis. Western
blotting analysis using the human PGAM1 recombinant protein
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Fig. 3. Prevalence of antibodies against human phosphoglycerate mutase 1 (PGAM1) full-length recombinant protein. MS, patients with multiple sclerosis; NMO, patients with
neuromyelitis optica; PD, patients with Parkinson’s disease: MCI, patients with multiple cerebral infarctions; IME, patients with infectious meningoencephalitis. *P<0.001,

#P<0.003, #*P<0,005, ***P<0.002, 1P<0.008, T1P<0.03, {1TP<0.04. and {1P<0.02.
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showed that the prevalence of the anti-PGAM1 antibody is much
higher in not only patients with MS, but also those with patients with
NMO, than in those with other neurological diseases and in healthy
controls. To the best of our knowledge, this is the first study that
elucidated the relationships between the anti-PGAM1 antibody and
CNS autoimmune diseases. Lu et al. {2008) reported that the pre-
valence of the anti-PGAM1 antibody is much higher in patients with
autoimmune hepatitis (AIH) than in those with other hepatic diseases
and in healthy subjects. AIH is a rare liver disease and is characterized
by hypergammaglobulinemia even in the absence of cirrhosis,
characteristic autoantibodies, and a favorable response to immuno-
suppressive treatment (Zachou et al, 2004; Zolfino et al, 2002).
Although the etiology of this disease is as yet unknown, the presence
of several circulating autoantibodies such as the anti-nuclear
antibody, anti-smooth muscle antibody, anti-liver kidney microsome
type 1 antibody, and anti-liver cytosol type 1 antibody, which are
serological markers for diagnostic criteria (Alvarez et al, 1999),
suggests the important role of humoral mechanisms in AIH. There are
several reports on MS patients with the complication of AIH (Pulicken
et al., 20086; Takahashi et al., 2008; Ferro et al., 2008). de Seze et al.
(2005) reported that the prevalence of AIH seems to be about tenfold
higher in patients with MS than in the general population. The anti-
PGAM?1 antibody can be generated in an immunological background
common to both autoimmune CNS diseases and AIH.

Phosphoglycerate mutase is a glycolytic enzyme that catalyzes the
interconversion of 3- and 2-phosphoglycerate with 2, 3-bispho-
sphoglycerate as the primer of the reaction (Fothergili-Gilmore and
Watson, 1989). In mammalian tissues, PGAM exists in three isozymes,
composed of homodimeric and heterodimeric combinations of two
different subunits, type M (muscle form, PGAM2) and type B (brain
form, PGAM1). The homodimer MM form is mainly expressed in the
muscle; the BB form in the brain, kidney and liver; and the hetero-
dimer MB form in the heart (Omenn and Cheung, 1974; Zhang et al,,
2001), A previous study showed that PGAM1 is induced after hypoxia,
which would occur in patients with cerebral infarction (Takahashi
et al, 1998). In this study, the positivity rate of the anti-PGAM1
antibody in patients with MCl is not significantly higher than those in
patients with other neurological diseases and in healthy controls. This
finding suggests that an immunological background is important for
production of the anti-PCAM 1 antibody.

In conclusion, the results of this study suggest that the anti-PGAM1
antibody is not only a marker of AlH but also a nonspecific marker of
CNS autoimmune diseases. However, further studies are required to
assess the presence of the anti-PGAM1 antibody in a large cohort of
patients, including those with other autoimmune-mediated diseases,
and controls.
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Abstract We reviewed the clinical, electrophysiological
an laboratory findings, plus the therapeutics and evolution
of patients with motor-dominant Chronic inflammatory
demyelinating polyneuropathy (CIDP) and compared
them with those of other CIDP patients. Among 12 con-
secutive CIDP patients, we identified five patients with
motor-dominant CIDP. The five patients with motor-
dominant CIDP initially presented with weakness of the
upper limbs. Cervical magnetic resonance imaging (MRI)
examinations of the patients with motor-dominant CIDP
showed that the most affected lesions are the cervical
nerve roots and brachial plexus. The clinical course of
these patients was relapsing-remitting, and they improved
markedly after treatment by intravenous immunoglobulin
(IVIg) infusion or plasmapheresis. However, they did not
improve in response to corticosteroid therapy during the
acute phase of relapses. The relapses frequently occurred
within 2 years, but rarely occurred after that. The score in
the modified Rankin disability scale (mRDS) at the last
follow-up period was statistically lower for the patients
with motor-dominant CIDP than for the other CIDP
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patients (P < 0.002). The characteristic clinical features,
responsiveness to treatment, and prognosis suggest that
motor-dominant CIDP is a distinct subtype of CIDP, with
a specific immunological background. Repeated IVIg
therapy is required to maintain the motor functions of
patients with motor-dominant CIDP. We consider that
treatment for recurrence prevention as an alternative to
IVig therapy is very important for patients with motor-
dominant CIDP.

Keywords Corticosteroid - IVIg -
Motor-dominant CIDP - Pure motor CIDP -
Relapsing-remitting

Introduction

Chronic inflammatory demyelinating polyneuropathy
(CIDP) is a clinically heterogeneous autoimmune disease.
There are several subtypes of chronic acquired demyelin-
ating neuropathies that are broadly classified under the
umbrella term CIDP [1]. The subtypes of CIDP differ in
clinical presentation, electrophysiological and laboratory
features, and response to treatment [{]. There are several
reports on the cases of patients with motor-dominant CIDP
who showed selective motor involvement upon clinical and
electrophysiological examination [2—4]. Furthermore, the
clinical, pathological, electrophysiological, and prognostic
features of patients with motor-dominant CIDP are poorly
understood.

In this report, we reviewed the clinical, electrophysio-
logical, laboratory findings, therapeutics and evolution of
five patients with motor-dominant CIDP and compare them
with those of other CIDP patients to clarify the character-
istic features of motor-dominant CIDP.
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Patients and methods
Patients

Between September 2001 and July 2009, among 12 con-
secutive patients with definite CIDP, we identified five
patients with motor-dominant CIDP. The diagnosis of
CIDP was made on the basis of the criteria of the Joint
Task Force of the European Federation of Neurological
Societies (EFNS) and the Peripheral Nerve Society (PNS)
[5]. Diagnostic criteria of motor-dominant CIDP included
absence of sensory symptoms, except for mild distal
paresthesia, and almost normal results in sensory conduction
studies. Extensive clinical and laboratory evaluations
excluded other causes of neuropathy.

Clinical assessment

Neurological examination was carried out for all 12 CIDP
patients enrolled in this study. Measures of motor impairments
consisted of a grip strength test and Medical Research Council
(MRC) rating scale bilaterally performed on 14 muscle
groups. Disability at the last follow-up period was assessed
using the modified Rankin disability scale (mRDS) [6].

Electrophysiologic study

Nerve conduction studies were performed using Viking
Nicolet electromyography equipment. Motor nerve con-
duction studies included surface recordings with stimula-
tion of the median (wrist, elbow), ulnar (wrist, elbow), and
tibial (ankle, knee) nerves. Sensory nerves were studied by
antidromic recordings from the median, ulnar, and sural
nerves. We defined the partial conduction block on the
basis of the electrodiagnostic criteria of the Joint Task
Force of EFNS and PNS [5].

Laboratory investigations

Serum and cerebrospinal fluid (CSF) samples were
collected before therapy from the 12 patients with definite
CIDP. We examined serum samples for anti-nuclear anti-
body (ANA), anti-DNA antibody, anti-Sm antibody, anti-
SS A/B antibody, proteinase-3 (PR-3)-anti-neutrophil
cytoplasmic antibody (ANCA), and myeloperoxidase
(MPO)-anti-neutrophil cytoplasmic antibody (ANCA). We
performed general CSF examination and determined the
CSF IgG and CSF albumin indexes.

Other investigations

Cervical magnetic resonance imaging (MRI) was per-
formed for two of the five patients with motor-dominant

@ Springer

CIDP, and thoracolumbar MRI was performed for three of
the five patients with motor-dominant CIDP. A sural nerve
biopsy was performed at ankle level for two of the five
patients with motor-dominant CIDP. Details of the patho-
logical analysis method were as previously reported [7, 8].

Statistical analysis

All statistical analyses were performed using the Mann-
Whitney’s U test or Fisher’s exact probability test, as
indicated. P values of < 0.05 were considered significant.

Results
Clinical features

We identified five patients (41.7%) with motor-dominant
CIDP (patients 1-5) among 12 patients with definite CIDP.
Patient 5 was a case we described earlier [9]. The average
age of the patients with motor-dominant CIDP is
54.8 + 8.67 years (mean * SD, range 4666 years), and
that of the other CIDP patients (patients 6-12) is
64.1 & 11.2 years (range 40-72 years). The patients with
motor-dominant CIDP included three males (60%) and two
females, and the other CIDP patients included three males
(42.9%) and four females. Two patients (patients 1 and 2)
with motor-dominant CIDP also had diabetes mellitus. All
the patients with motor-dominant CIDP initially presented
with weakness. The initial regions affected by weakness
were bilateral hands (patients 1, 2, and 5), right hand
(patient 4), and left upper limb (patient 3). Besides weak-
ness, only one of the patients had bilateral paresthesia of
the hands (patient 5). The mean duration from disease
onset until admission was 3.6 months (range 2-6 months).
The neurological findings upon admission were symmet-
rical weakness of the extremities, particularly the upper
limbs, and generalized areflexia. However, the only sen-
sory deficit was mild paresthesia in the fingers (patients 1,
4, and 5) and no muscle atrophy or cranial nerve
involvements were observed (Tables 1, 2).

Electrophysiological findings

All the patients with motor-dominant CIDP showed
reduced motor conduction velocities (MCVs). Four of the
five patients showed partial motor conduction block in at
least one motor nerve (patients 1, 2, 4, and 5). Prolonged
distal motor latencies were found in three of the five
patients (patients 1, 2, and 3). F-wave abnormalities (pro-
longed F-wave latencies and decreases in the frequency of
F-wave occurrence) were found in four of the four patients
(patients 1, 2, 4, and 5). Reduced distal compound muscle
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Table 1 Summary of clinical features and laboratory findings of 12 CIDP patients
Patient  Age/ Type Complication Initial symptom Antibodies CSF cell CSF CSF  CSF
Gender count protein  IgG albumin
(mm®) content index index
(mg/dl)
1 66/F Motor dominant Diabetes Weakness (Blt. hand) ANA 2 42 0.58 5.18
mellitus
2 62/M Motor dominant Diabetes Weakness (Blt. hand) ND 1 86 0.49 12.9
mellitus
3 50/F Motor dominant - Weakness (Lt. upper limb) ND 98 0.61 10.3
4 50/M Motor dominant - Weakness (Rt. hand) ND 113 0.61 17.5
5 46/M Motor dominant - Weakness and parestheisa ~ ND 145 060 232
(Blt. hand)
6 72/F Sensory motor Sjogren Weakness (Blt. leg) Anti-SS A 2 27 0.30 323
syndrome
7 72/F Sensory motor - Dysesthesia (Lt. hand) ANA 1 58 0.49 7.46
(MADSAM)
8 69/F Sensory motor - Weakness and pain (BIt. ND 0 54 0.52 7.87
thigh)
9 69/M Sensory motor - Paresthesia (Rt. foot) ND 2 101 0.58 15.3
(DADS)
10 65/M Sensory motor MGUS Hypesthesia (Rt. foot) ND 1 53 0.60 4.00
(DADS)
11 62/F Sensory motor Multiple Paresthesia (Blt. foot) ND 3 183 0.44 29.7
myeloma
12 40/M Sensory motor (ataxic Diabetes Dysesthesia (Blt. hand) ND 14 577 0.58 720
form) mellitus

ANA anti-nuclear antibody, DADS distal acquired demyelinating symmetric neuropathy, MADSAM multifocal acquired demyelinating sensory
and motor neuropathy, MGUS monoclonal gammopathies of unknown significance, ND not detected

Table 2 Medical Research Council (MRC) rating scale of patients with motor-dominant CIDP on admission (Right, Left)

Patient Duration® Deltoid Pectoralis Biceps Triceps Wrist Wrist Digits Digits Grip
(month) major extensors flexors extensors flexors strength
(kg)
Upper
1 6 4,4 4—, 4— 4—, 4~ 4,4 4—, 4— 3.3 3,3 3,3 0,0
2 3 55 4,4 4+, 4+ 55 55 5.5 4, 4 55 15, 8
3 3 2,2 NE 3,3 34, 34 2—,2— 2—,2— 2—, 2~ 2—, 2~ 0,0
4 4 2,2 3+, 3+ 3+, 3+ 3+, 3+ 3+, 4 3+, 3+ 3+, 3+ 3+, 3+ 3,3
5 2 5.5 NE 3,3 3,3 2,2 2,2 NE NE 4,2
Patient Tliopsoas Gluteus Hamstrings Quadriceps Tibialis anterior Gastrocnemius
Lower
1 4,4 4—, 4— 4—, 4— 4+, 5— 4,4 4,4
2 4,4 55 55 55 5.5 5,5
3 34, 3+ 5—,5— 34, 3+ 2—,2— 2—, 2~ 2—,2—
4 4,4 4,4 34, 3+ 4+, 4+ 55 55
5 5—, 5~ NE 5-,5- 55 5.5 55
NE not examined
* Duration: until admission from disease onset
@ Springer
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Table 3 Electrophysiological findings of patients with motor-dominant CIDP

Rt. median Lt. median
Patient Distal latency MCV CMAP Amp. (mV) (dist./ FWCV (m/s) SCv Distal latency MCV CMAP Amp. (mV) (dist./ FWCV (m/s) SCV
(ms) (m/s) prox.) [CB, %] [occurrence, %] (m/s) (ms) (m/s) prox.) [CB, %] [occurrence, %] (m/s)
1 4.6 33.9 10/3.1 [69] 24.0 [69] 43.3 4.4 37.1 13/7.6 [42] 42.5 [63] 45.8
2 6.0 27.3 12/8.8 [27] 22.2 [37] 44.4 58 30.7 9.0/3.4 [62] 23.4 [25] 42.1
3 5.1 37.7 8.0/7.2 [10] NE 46.1 4.3 41.7 6.5/7.1 [-9.5] NE 45.2
4 32 40.2 14/6.7 [52] 29.9 [6] 49.0 3.1 43.3 14/8.1 [42} 19.2 [19] 52.0
5 4.4 31.8 8.1/3.1 [62] 34.7 [68] 50.3 42 314 7.9/4.4 [44] 32.8 [31] 49.7
Rt. ulnar Lt. ulnar
Patient Distal MCV (m/s) CMAP FWCV (m/s) SCV (m/s) Distal MCV CMAP Amp. FWCV (m/s) SCV (m/s)
latency Amp. (mV) [occurrence, %] latency (m/s) (mV) (dist./prox.) [occurrence, %]
(ms) (dist./prox.) (ms) [CB, %]
[CB, %]
1 3.6 354 5.5/4.3 122} 32.7 [56] 36.0 3.8 317 5.6/2.9 {48} NE 42.6
2 3.9 33.1 4.3/4.0 [21] 31.5 [93) 37.5 4.5 30.7 6.9/6.2 {10] 24.1 [87] 40.2
3 38 50.0 2.9/2.3 [21] NE 55.2 33 37.0 4.5/4.5 {0] NE 60.1
4 33 43.8 10/9.0 [10] 32.1 [38] 549 3.0 52.1 11/9.2 [16] 33.0 [31] 51.9
5 3.1 37.4 6.1/4.7 [23] 33.8 [68)] 44.0 3.0 38.6 7.715.7 [26)] 34.2 [93] 42.8
Rt. tibial Rt. sural Lt. tibial Lt. sural
Patient Distal MCV CMAP FWCV (m/s) SCv Distal latency MCV CMAP FWCV SCV (m/s)
latency (m/s) Amp. (mV) [occurrence, %] (m/s) (ms) (m/s) Amp. (mV) (m/s)
(ms) (dist./prox.) (dist./prox.) [occurrence, %]
1 5.6 429 8.4/7.5 35.2 [69] 40.1 5.1 38.9 4.1/4.9 29.5 [94] 39.4
2 7.3 30.2 3.9/3.4 NE 38.5 8.7 315 2.7/1.1 27.4 [43] 42.3
3 5.1 37.8 7.1/4.6 NE 46.3 38 38.1 3.5/3.4 NE 46.2
4 39 41.2 18/14 40.0 [100] 50.0 3.7 41.9 23/20 40.3 [94] 52.6
5 4.3 35.8 7.9/5.7 37.6 [100] 47.8 4.6 38.2 16/8.6 34.3 [100] 42.7

Bold italic indicates abnormal value

CMAP compound muscular action potential amplitude, CB conduction block, FWCV F-wave conduction velocity, MCV motor conduction velocity, NE not examined, SCV sensory conduction
velocity
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