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Table | General characterigtics of participants

non Dementia Dementia

Normal MCI very mild AD mild AD moderate AD

CDRO CDR 05 CDR 05 CDR1 CDR2

n=19 n =35 (n =13 fn = 104) fn = 13)
Age TL37=796 7397 £668 7754+ 803 7557 =657 T754 685
Sex (FM/M) 13/6 19/17 1172 71/33 9/4
Education 1174 +319 1L00£315 1038 =240 1087+280 9.15=204
MMSE 2816 +164 27192205 2631+ 130 263=310 1577=309

AD: Alzheimer’ s disease MCI: mild cognitive impairment. CDR : clinical dementia rating. MMSE : mini-mental

siate examination.
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Fig. 1 Mean score of the two free recall task using

ADAS-Jcog ward booklet for the Alzheimer's disease
(AD) patients, mild cognitive impairment (MCI) pa-
tients and normal controls IR : immediate recall condi-
tion and DR : delayed recall condition.
“#%":p < 05o0n Fig L.: We performed a group (5 :
Normal, MCL very mild AD, mild AD, moderate AD)
% a task condition (2 : IR. DR) mixed analysis of vari-
ance (ANOVA) on the data The ANOVA revealed a
significant main effect of the group and the task con-
dition, with interaction (p <.05). Univariate effects
analysis as the interaction showed significant effects
of group for both task conditions (p < .05) and signifi-
cant effects of task condition for all groups (p <.05),
except on Normal (n.s.). Post hoc analysis showed that
there were significant effects between all groups {p <
05), except between very mild AD and mild AD on
the IR (ns.) and except between very mild AD and
MCI on both IR and DR (n.s.).

Bothi (p<0s). RwT, BrET&HEORES
BB I ROBELToA LA, WRTE
# (IR:DR) EB8T2BOXHRFART o
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Table 2 Sensitivity, specificity, predictive values, likelihood ratio, and & for distinguishing MCI from normal eld-

erly people
Sensitivity  Specificity = -
Cut off %) %) PV + PV LR + LR d (Am)
Mini Mental State Examination 23/24 56 100 100 036 = 094 0.96
ADAS Jcog Word Recall Task
Immediate Recall (1) 6/63 500 100 100 051 = 050 200
Immediate Recall (2) 8.3/6.7 583 957 095 055 1108 D44 200
Immediate Recall (3) 67/7 649 B42 088 055 405 043 200
Immediate Recall (4) 773 899 799 089 079 422 0l4 200
Immediate Recall (5) 73717 817 737 087 082 348 011 200
Immediate Recall (6 7978 544 578 081 035 224 010 200
Delayed Recall (1) 5/6 556 %9 100 054 - 044 334
Delayed Recall (2) 6/7 722 789 087 060 343 035 4
Delayed Recall (3) 7/8 544 684 0.85 0.87 3.00 0.08 334
PV : predictive value. LR ; likelihood ratio. ( + : positive ; = : negative)
Fow =3280 ; 81.09 : 6328 : 21.22). #+CTHEEHKT % =

COBMEE WIS ERREToA 225, IRTR,
BREEADRLEFEADBERUMCIEMER(, £T
OBRMICEELELEDN (p<05). fi5, DR T,
REEADR: MCIEMEK(, £TOBMCHAR:
ErEHi (p<05).
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The delayed word recall task using ADAS-Jeog word booklet effectively divides patients
with mild cognitive impairment from normal elderly people

Naoko Kawano, Hiroyuki Umegaki, Yusuke Suzuki, Sayaka Yamamoto, Nanaka Mogi and Alkihisa [guchi

Abstract

Aim: A new screening test for detecting mild cognitive impairment (MCI) with higher sensitivity that can easily be adminis-
tered at the bedside is necessary. In this study, we proposed the delayed recall task using the word booklet of Alzheimer's
Disease Assessment Scale-cognitive component-Japanese version (ADAS-Jeog) and eompared the score of the task in pa-
tients with MCI with that of cognitive normal elderly (NE) and patients with AD.

Methods Thirty six patients with MCL, 13 very mild AD, 104 mild AD, 13 moderate AD, and age- and education-matched 19
NE, recruited from the memory clinic of Nagoya University Hospital, were evalnated by the ADAS-Jcog word recall task
which consisted of immediate recall (IR), a classical method on ADAS-Jeog and delayed recall (DR) that has been newly in-
troduced.

Results: Compared with controls, patients with MCI were significantly impaired on both IR and DR. On the other hand, DR
is more sensitive than IR for distinguishing MCI from NE. The highest sensitivity (944%) and specificity (68.4%) were
achieved when the results of IR were combined with those of DR.

Conclusion: The result suggests that the delayed word recall task using the word booklet of ADAS-Jcog may be a useful
tool as a screening method for the detection of MCL

Key words: Alzheimer’s disease, Mild cognitive impairment, Immediate word recall task, Delayed word recall task, Memory clinic
(Nippon Ronen Igakkai Zasshi 2007; 44: 490-496)

Department of Geriatrics, Medicine in Growth and Aging, Program in Health and Community Medicine, Nagoya University
Graduate School of Medicine
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Clinical and experimental features of MuSK antibody positive MG in Japan
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Keywords: We investigated the presence of antibodies (Abs) ageinst muscle-specific tyrosine
clinical features, domain,  kinase (MuSK) in Japanese myasthenia gravis (MG) patients. MuSK Abs were found
IgG subclass, muscle in 23 (27%) of 85 generalized seronegative MG (SNMG) patients but not in any of the
specific tyrosine kinase, ocular MG patients. MuSK Ab-positive patients were characterized as having female
MuSK antibody, dominance (M:F, 5:18), age range at onset 18 to 72 (median 45) years old, and

myasthenia gravis,
seronegative myasthenia
gravis

prominent oculobulbar symptoms (100%) with neck (57%) or respiratory (35%)
muscle weakness. Limb muscle weakness was comparatively less severe (52%),
thymoma absent. Most patients had good responses to simple plasma exchange and
steroid therapy, MuSK IgG from all 18 patients was exclusively the IgG 4 subclass and
bound mainly with the MuSK Ig 1-2 domain. Serial studies of 12 individuals showed a
close correlation between the variation in MuSK Ab titers and MG clinical severity
(P = 0.01 by Kruskal-Wallis). MuSK Ab titers were sharply decreased in patients
who had a good response to early steroid therapy or simple plasma exchange, but
thers was no change, or a rapid increase on exacerbation after thymectomy. Meas-
urement of MuSK. Ab titers aids in the diagnosis of MG and the monitoring of clinical
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courses after treatment.

Intreduction

Muscular weakness in most patients with myasthenia
gravis (MG) is caused by an antibody (Ab)-mediated
autoimmune response to muscle picotinic acetylcholine
receptors (AChRs), but there is no correlation between
the AChR Ab level and degree of muscle weakness.
This may be because of AChR Abs heterogeneity and
epitope specificity or the presence of Abs against other
functionally important muscle antigens, Fifteen percent
of patients with generalized MG who have no detect-
able circulating Abs to AChR are termed seronegative
MG (SNMG). Autoantibodies against muscle-specific
tyrosine kinase (MuSK) have been identified in that
population [1]. The positivity for MuSK Ab in SNMG
patients varied from 3.8% to 71% by studies [1-11],
which may be due to geographical or ethnic differences.
Immunoglobulin allotypes in Caucasian and Chinese
MG patients differ from those in Japanese patients [12].
We performed a MuSK Ab survey of a large number of
Japanese MG patients and characterized the clinical
features of those who were MuSK Ab positive. Fur-
thermore, we investigated the correlation betwesn
MuSK Ab titer and disease severity, epitope specificity,
and the IgG subclass of MuSK IgG.

Correspondence: Mitsuhiro Obta, Department of Medical Biochem-
istry, Kobe Pharmaceutical University, Motoyamakita, Higashinada-
ku, Kobe 658-8558, Japan (tal.: + 81 78 441 7357; fax: +81 78 441
7559; e-mail: mobta@kobepharma-u.ac.jp).
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Patients and methods

Patients

We studied 85 patients (27 men, 58 women, mean age
56 years old, range 18-76 years) who had generalized
SNMG and were consistently negative for serum
ACHhR Abs, as well as 272 AChR Ab-positive MG
(SPM@G) patients (87 men, 185 women, mean age
$4 years old; age range 32-74 years); 50 with and 222
without thymoma. The control populations comprised
70 healthy participants (29 men, 41 women; mean age
50 years old, range 27-74 years) and 91 patients (37
men, 54 women; mean age 50 years old, range
32-74 years) with other neurological or immunological
diseases (five Lambert-Eaton myasthenic syndrome,
six polymyositis, 10 muscular dystrophy, 15 thyroidi-
tis, 10 type | diabetes mellitus, five rheumatoid
arthritis, 10 multiple sclerosis, five spinal progressive
muscular atrophy, five chronic inflammatory demyeli-
nating polyneuropathy, 10 amyotrophic lateral
sclerosis, and 10 epilepsy). The study was approved by
the ethics committee of Utano National Hospital. All
persons gave their informed consent prior to their
inclusion in the study.

Preparation of recombinant human MuSK protein

To produce his-tag human MuSK protein, the entire
extracellular domain (MuSK 1-4; nucleotides 107-1526,

1029



1030 K. Ohta e al.

GenBank/EMBL accession number AF006464) of
human MuSK, and MuSK fragments comprnised of the
first half bearing two Ig-domains (MuSK 1-2;
nucleotides 107-700) were linked to the PCRA3.1/
Myc-His vector (Invitrogen Corporation, Carlsbad,
CA, USA) [13], Membrane-proximal extracellular
domains, including Ig-domains 3 and 4 (MuSK 3-4;
nucleotides 701-1526), were linked to the pSecTag-His
vector (Invitrogen) carrying the ER signal sequence of
the mouse Igx geme. All constructs were transiently
transfected to COS7 cells [14], The recombinant his-tag
MuSK secreted was purified in 2 histidine-affinity col-
umn (Clonetech Laboratories, Palo Alto, CA, USA).
Recombinant protein purity was determined by SDS-
PAGE with silver staining. Recombinant protein con-
centrations were obtained with a BCA Protein assay kit
(Pierce, Biotechnology, Inc., Rockfold, IL, USA) with
bovine serum albumin as the standard. The MuSK
extracellular domain and MuSK fragments then were
labeled with 11 [15].

Detection of MuSK Ab by radicimmuneprecipitation
assay

All the sera underwent a radioimmunoassay (RIA) to
determine the presence of MuSK Ab. In brief, 5 ul of
each sample was incubated overnight at 4°C with 50
of '**I.his-tag MuSK (40 000 cpm), after which S0 ul of
anti-human IgG was added, and the sample incubated
for another 2 h at room temperature. Radioactivity was
counted after two washes of the pellets with saline. All
positive sera were titrated, and results expressed as
nanomoles of '*I-MuSK precipitated per liter of
serum.

Epitope mapping

Muscle-specific tyrosine kinase Ab-positive sera were
tested by an RIA for the presence of IgG Abs to MuSK
1-2 or MuSK 3-4. In brief, 5 yl of each sample was
incubated overnight at 4°C with '*I-his-tag MuSK
(40 000 cpm), '*T-his-tag MuSK 1-2 (30 000 cpm), or
125 his-tag MuSK 3-4 (30 000 cpm), after which 50 ul
of anti-human IgG was added. The samples then were
incubated for another 2h at room temperature.
Radioactivity was counted after two washes of the
pellets with saline.

1gG subclasses of MuSK Ab

Microtiter plates (Breakapart plate, Nunk-Immuno
Module, Roskilde, Denmark) were coated with 100 ul
of 10 ug/ml of each Ab to IgG subclasses (sheep poly-
clonal anti-human IgG1, 2, 3 and 4; Binding Site, Bir-

mingham, UK) diluted with 10 mM sodium carbonate-
bicarbonate buffer, pH 9.3 and kept for 1 h at room
temperature. Nonspecific binding sites were saturated
with 200 pl PBS contamning 5% skimmed milk and 10%
Blockace (Dainippon Seiyaku, Osaka, Japan) for 2 b at
room temperature. A serum sample (20 pl), first incu-
bated for 2 h at room temperature with '“I-MuSK
(30 000 cpm), was added to a plate, and the whole
incubated for 2h at room temperature. After four
washes, '*I was counted in each well.

Statistical analysis

Statistical analysis was performed by regression analy-
sis, Kruskal-Wallis, one-way analysis of variance, and
Student t test. A P-value of <0.05 was considered
significant.

Results

MuSK Abs

The cut-off value (0.01 nM) was caleulated from the
mean + 38D of the healthy subjects’ values obtained
by an RIA constructed with '*I-MuSK extracellular
domains. MuSK. Ab was present in 23 (27%) of the BS
SNMG patients but not in any of the 272 SPMG pa-
tients, healthy subjects and patients with other neuro-
logical or immunological diseases (Fig. 1). Ab-positive
samples were confirmed by senal dilution tests, and
titers shown as nanomoles of '**I-MuSK precipitated
per liter of serum. MuSK Ab titers ranged from 8.4 to
240 oM (median, 57 nM). All the positive serum sam-
ples had extremely high titers on '**-human MuSK
immunoprecipitation.

Clinical features of patients with MuSK Abs

Table 1 shows the clinical features of 23 MuSK Ab-
positive patients, MuSK Ab in generalized SNMG
showed female predominance (five men, 18 women) but
not in ocular MG. Age at onset ranged from 18 1o
72 years old (median 45 years). Clinical features of
MuSK Ab-positive patients were confined to ocular
[ptosis, 13/23 (57%) and double vision, 18/23 (78%)];
bulbar [dysphagia: 23/23 (100%), dysarthria; 19/23
(83%)]; neck extensor, 13/23 (57%); respiratory §/23
(35%) muscle weaknesses. Prevailing weaknesses
affected the oculobulbar and respiratory muscles of
MuSK Ab-pesitive patients. About 48% (11/23) had no
limb weakness. No thymomas were detected by CT, Six
(26%) of the 23 MuSK Ab-positive patients who were
thymectomized, had histological abnormalities inclu-
ding small hyperplastic features.

© 2007 EFNS Eurcpean Journal of Neurpiogy 14, 1028-1034
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Figure 1 RIA-detected MuSK Ab titers of 85 patients with
SNMG, 272 patients with SPMG, 91 patients with other neuro-
logical or immunological diseases, and 70 healthy participants.
Broken line, the cutoff (0.01 M) for MuSK Abs.

Table 1 Clinical features of MuSK Ab-positive paticats

MuSK Ab positivity im SNMG 23/85 (27%)
MuSK Ab titers 8.4-239 (median 57 oM)
FM 18:5
Age at onset 18-72 years (median 45 years)
Distribution of weakness
Ptosis 1323 (57%)
Ocular motor dysfunction 18/23 (78%)
Bulbar 13/23 (100%)
Neck 13/23 (57°%)
Respiratory (crises) 823 (35%)
Limb 1223 (52%)
Thymus
Thymoma 0/23 (0%)
Hyperplasia 6/23 (26%)

Serial studias of clinical status and MuSK Abs

We measured MuSK Ab tter senally during the
disease’s course. Table 2 shows anti-MuSK Ab titers in
relation to disease severity and duration, and immuno-
suppressive treatment (A), plasma exchange (B), or
thymectomy (C), Disease severity was graded according
to the Myasthenia Gravis Foundation of America
(MGFA) classification [16] at the onset of myasthenic
symptoms, in the maximally deteriorated state, and at

© 2007 EFNS European Joumnal of Neurciogy 14, 1028-1034
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Table 2 Changes in MuSK Ab titers and in clinical status in MuSK
Ab-positive patients

(A) Early steroid therapy

Ageat
onset Duration MuSK MGFA
Case Gender (vears) (days) Ab (M) classification trestment

P-l F 18 0 93 b
56 B0 Pred
82 402 Pred
138 80 Pred
175 EET U Pred
3 330 PR Pred
577 210 Pred
P2 F 2 0 130 Vb Pred
141 17.0 Pred
261 150 b Pred
409 16.0 Pred
P3 F 43 0 800 IVh Pred
46 280 Pred
101 50 Pred
1,641 42 PR Pred
P-4 F 5 0 68 Ib
4 o Pred
97 152 Pred
1 100 0Ob Pred
PS5 F 2 0 2400 V Pred
49 570 Pred
77 29 Pred
101 84 Pred
129 LT ) Pred
P§ F 76 0 30 I Pred
83 0.5 Pred
118 02 PR Pred
(B) Simple plasma exchange (PE)
P71 M 53 0 44 Vv
a 59.0
52 470
PE ——mou
62 2®5 b
FE
67 172
125 160 Pred
132 115 Pred
138 90 b Pred
Ps M 7 0 1139 Ivb
| ) - —
i 2.1
45 320 Pred
219 30 Pred
616 80 I Pred
P9 F 66 0 300 M
45 40.5
361 320
PR
174 14.0 b
379 212
389 298
403 15§ I Pred, Cyclo
441 250 Pred, Cyclo
476 205 b Pred, Cyclo




