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70 healthy participants in RIA using a AP-MuSK protein.
The mean+3SD of AP-MuSK titers for SNMG and other
diseases was 0.0031+0.0061 nM, and 0.0026+0.0070 nM,
respectively. AP Ab was detected in 9% (two men, twenty
women) of the 249 SPMG patients (70 men and 179 women)
but not in the 70 patients with SNMG (19 with, 51 without
MuSK Ab). No Ab was detected in the non-MG patients or
healthy participants (Fig. 1). In this population (n=22), AP
Ab-positive MG patients showed significant female pre-
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Fig. 2. Antibody specificity detected in 4 SPMG and 4 SNMG sera by the
1251 AP-MuSK assay. Inhibition studies of sera co-incubated with an excess
of unlabeled AP. (A) '*5I-AP-MuSK precipitation assay. (B) '*’I-AP
precipitation assay (C) '**I-His-MuSK precipitation assay. 5 uL of SPMG

sera were used for assay (A) and 5 pL of a 1:300 dilution of SNMG sera
were used for assay (C). AP Abs were present in SPMG but not in SNMG.
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Fig. 3. Immunostaining pattcrns of AP Ab-negative SPMG (a and b) and AP
Ab-positive SPMG (c-h) sera. Six AP Ab-positive scra recognized a single
AP band which disappeared when the samples were preabsorbed with AP
protein (Fig. 3h+AP). No band was detected in scra from the AP Ab-
negative SPMG patients or the healthy controls.

dominance by Fisher’s exact test (p<0.05) as compared
with those with AP Ab-negative SPMG. The mean AP Ab
value for SPMG was 0.265 nM (n=22; 0.017 to 0.8 nM).

All AP-MuSK Ab-positive patients were tested in the
inhibition assay, in the 125.AP RIA, and '%’1-His-MuSK
RIA. As shown in Fig. 2A, AP-MuSK Ab-positive sera was
found in both SPMG and SNMG by the '*’I-AP-MuSK
assays. AP-MuSK Ab was detected in 22 of the 249 SPMG
patients as shown in Fig. 1. SNMG sera had extremely high
Ab titers, whereas SPMG sera had relatively low ones. The
specificity of the assay system was determined by AP
inhibition experiments with all AP-MuSK Ab-positive sera.
Co-incubation of SPMG sera with an excess of unlabeled AP
(27 pg) decreased 21 precipitation to the control levels in all
sera tested, whereas co-incubation of SNMG sera with AP
did not alter precipitation (Fig. 2A). '*’I-AP precipitation
assays also detected AP Abs in all SPMG patients with AP-
MuSK Ab, but not in SNMG sera. Co-incubation of positive
sera with unlabeled AP decreased '*°I precipitation to the
control levels in all sera tested (Fig. 2B). His-MuSK
precipitation assays detected MuSK Abs in the SNMG but
not the SPMG sera (Fig. 2C). Thus AP Abs were present in
SPMG but not in SNMG.

We also performed the immunoblot analysis on sera from
patients with high AP Ab titers, and tested in the inhibition assay.
Western blotting was used on sera from 2 AP Ab-negative
(Fig. 3a, b) and 6 AP Ab-positive (Fig. 3c—h) SPMG patients,
and from 4 healthy participants. Immunostaining pattems of
these sera are shown in Fig. 3. Molecular weights of the proteins
reactive with those in the sera were calibrated with standard
proteins. Coomassie brilliant blue staining showed transblotted
purified AP protein of approximately 70 kD. Six AP Ab-positive
sera recognized a single 70 kD band which disappeared when
the sera were preabsorbed with the AP protein (Fig. 3h+AP).
No band was present in sera from the healthy controls or AP Ab-
negative SPMG patients.

We evaluated the relationship between AP Ab and AChR
Ab antibodies in 18 AP Ab-positive patients. There was no
correlation between AChR and AP Ab titers (Fig. 4), and no
cross-reactivity was found between AChR and AP on the
addition of AP to the AChR assay system (data not shown).
The relationships between variations in AP Ab and AChR
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Ab in individuals, were determined by measuring both
antibody titers in serial samples of serum taken from seven
participants who had antibodies against both AChR and AP.
In some cases, there were temporary discrepancies between
the changes in both titers, but there also was a broad
correlation between AChR and AP Ab titer fluctuations in
certain patients (data not shown). Those patients showed less
improvement after undergoing various therapies and had
consistently high antibody titers for 5 to 24 years after dis-
ease onset.

The clinical features of the AP Ab-positive among the 99
SPMG patients (27 men, 72 women) (Table 1) were
characterized. Ten (10%) had AP Abs (mean+SD: 0.241+
0.235 nM). All were women, and there was significant
female predominance in the AP Ab-positive group by
Fisher’s exact test (p<0.05). Although the mean age of AP
Ab-positive patients was older compared to AP Ab-negative
patients, the statistical analysis did not show significant
difference among Ab positive and negative patients even
excluding ocular type MG patients. There was no difference
in the disease duration between the AP Ab-positive and
-negative patients. Fifteen participants with AChR Ab-
positive ocular MG (MGFA class I) had no AP Ab. The
MGFA clinical classification at maximum severity was
significantly more severe in the AP Ab-positive than AP Ab-
negative group, including patients with and without ocular
MG (p<0.05 by the Mann—Whitney U test). The frequency
of intubation requiring mechanical ventilation, defined as
MGFA class V, was increased in the AP Ab-positive group
(5/10, 50%) but did not differ statistically from that in the AP
Ab-negative generalized MG group (18/74, 24%). Nor did
the frequency of thymoma differ between the groups. The
mean AChR Ab titer was higher but did not differ
significantly in patients with AP Ab. There was no sig-
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Fig. 4. There is no significant correlation between the AP Ab and AChR Ab
titers.

Table |

Baseline clinical characteristics of SPMG patients with and without AP Ab

Characteristic AP Ab-positive AP Ab-negative

patients (n=10) patients (n=89)

Age: mean+SD 49.3+£13.9 (24-67) 38.0+20.8 (1-85)
(range)

Men/women* 0/10 27/62

Mean disease duration 21.5 (3-35) 18.2 (1-51)
(year)

MGFA at max severity'

I 0 15

1 0 20

i 4 29

v 1 7

v 5 18

Thymoma (%) 2 (20%) 27 (30%)

Thymectomy 10 79

Prednisolone or 8 74
immunosuppressants

Anti-AChR Ab: 209+285 (0.4-1750)  25.3£30.1
mean+SD (nM) (range) (0.2-400)

Anti-AP Ab: 0.24+0.21
mean+SD (nM) (range)  (0.011-0.80)

x: p<0.05 by Fisher’s exact test. T: p<0.05 by the Mann—Whitney U test.

nificant correlation between the AP and AChR Abs titers for
either Ab-positive patient group.

Most patients in both groups had lessened MG symptoms
after prednisolone treatment with or without other immuno-
suppressants. Only a few in each group showed improve-
ment after receiving anti-cholinesterase medication without
immunosuppressants.

4. Discussion

AP Ab was detected exclusively in 9% of SPMG patients
tested, similar to the value given in our earlier report [S]. In
contrast, no AP Ab was detected in the SNMG and non-MG
patients, or in the healthy participants [5]. We confirmed
immunologically by western blot analysis the presence of
antibodies against AP in SPMG patients and showed there
was no cross-reactivity or correlation between AChR and
AP. The other aim of this study was clarification of the
clinical characteristics of AP Ab-positive SPMG patients as
compared to those who had AP Ab-negative SPMG. Clinical
characteristics found for the AP Ab-positive patients are
female predominance, absence of ocular MG, as well as a
severe clinical course trend that included myasthenic crisis
requiring artificial ventilation. Female predominance also
has been reported in MuSK Ab-positive SNMG [2,4,6,7],
but the reason for it is not clear. Whether AP Ab has a
modifying effect on the clinical symptoms of SPMG and
whether it represents a useful clinical indicator of SPMG
requires further study.

Our findings indicate that AP Ab is a novel autoantibody
found only in SPMG patients and that its presence may result
in a more severe form of generalized MG as compared to
patients with AP Ab-negative SPMG. The location of AP in the
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cell and cell membrane with relevance to its antigenicity must
be clarified to notice how AP antibody concemns pathophys-
iology of SPMG.
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Abstract

We compared B cells and germinal centers in thymus from myasthenia gravis (MG) patients either with anti-acetylcholine receptor (AChR)
autoantibodies or with neither anti-muscle-specific tyrosine kinase (MuSK) nor anti-AChR (seronegative MG: SN-MG). The numbers and
frequencies of total and germinal center B cells varied in the SN-MG thymi, some of which were normal/atrophic. Others were clearly
hyperplastic, their B cell parameters overlapping with those in AChR-positive MG, which implicates the thymus in pathogenesis. Indeed, some
SN-MG patients apparently benefited from thymectomy, which should be considered a management option.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Approximately 80—90% of patients with generalized myas-
thenia gravis (MG) have circulating autoantibodies against the
muscle acetylcholine receptor (AChR) (Lindstrom, 2000;
Vincent, 2002). These AChR antibody-positive MG (AChR-
MG) patients frequently have thymic alterations, which are
characterized by expanded perivascular spaces containing
lymphoid infiltrates and B cell follicles with germinal centers
(Willcox, 1993; Levinson and Wheatley, 1996). B lymphocytes
isolated from these thymi can spontaneously produce anti-
ACHR antibodies in vitro (Vincent et al., 1978; Scadding et al.,
1981; Fujii et al., 1984), and many of their thymic germinal
centers appear to be AChR-specific (Sims et al., 2001; Shiono
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et al.,, 2003). These findings suggest that the thymus plays
pathogenetic roles in AChR-MG patients, consistently with the
suspected benefits of thymectomy (Gronseth and Barohn,
2000).

In contrast, some AChR antibody-‘seronegative’ patients
were reported to have autoantibodies against the muscle-specific
tyrosine kinase (MuSK) (Hoch et al., 2001). The frequency of
MuSK antibody-positive MG (MuSK-MG) patients varies
(Scuderi et al., 2002; Evoli et al., 2003; Sanders et al., 2003),
but is low in Asia (Yeh et al., 2004; Shiraishi et al., 2005). In
addition, in all countries, some patients are negative for both
autoantibodies: AChR/MuSK-‘seronegative’ MG (SN-MG).
Two recent reports compared the pathological features of
thymi from MuSK-MG, AChR-MG and SN-MG patients
(Lauriola et al., 2005; Leite et al., 2005); they both emphasized
that mild abnormalities were common (30—60%) in SN-MG, but
were much rarer in MuSK-MG than AChR-MG.

In the present study, we quantitated thymic changes in SN-
MG patients using flow cytometric and histological analyses,
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Table 1
Patient characteristics
AChR-MG SN-MG
(n=13) (n=10)
Sex ratio F:M 12:1 8:2

283 (16-50) 32.5 (5-40)
30.5 (17-55) 36.0 (19-52)
42.0 (4-173)

MG onset-age, yr, mean (range)
Age at thymectomy, yr, mean (range)
MG duration at thymectomy, mo, mean (range) 25.3 (4-58)
MGFA clinical classification
Class [
Class Ha
IIb
Class Illa
I
Class IVa
Vb
Class V
Histological diagnosis, number (%)
Hyperplasia
Normal thymus
Involution

SOON NN — —
—_—— = NN = N D

4(30.8)
5(38.4)
4(30.8)

5 (50.0)
3(30.0)
2 (20.0)

AChR-MG = acetylcholine receptor antibody-positive myasthenia gravis.
SN-MG = AChR/muscle-specific tyrosine kinase antibody seronegative
myasthenia gravis.

MGFA = myasthenia gravis foundation of America (Jaretzki ct al., 2000).

focusing on the thymic germinal centers. As an independent
index of the pathogenetic role of the thymus, we assessed the
outcome of thymectomy.

Patient 1: AChR-MG

7

Patient 2: SN-MG

2. Methods
2.1. Patients

One hundred and seven patients were diagnosed with
generalized MG by clinical and electromyographic criteria,
and underwent extended thymectomy at Osaka University
Hospital from 1982 to 2001; of these, 14 were seronegative
for anti-AChR antibodies. Here anti-AChR antibodies were
measured with the radioimmunoassay kit (RSR Limited,
Avenue Park, Pentwyn, Cardiff, U.K.) at Shionogi Labora-
tory (Osaka, Japan). Briefly, sera were incubated overnight at
4 °C with '*’la-bungarotoxin-labeled fetal+adult AChR.
Then goat anti-human IgG was added to precipitate the IgG
in each sample. The radioactivity (cpm) in each (washed)
pellet was converted into a titer (in nMol/liter) of anti-AChR
antibody in serum. With informed consent and Ethical
Committee approval, we enrolled 10 SN-MG whose thymi
were available for flow cytometric analysis, and a random 13
AChR-MG patients whose thymi were available for both
surface markers and intracellular Bcl-2 expression. We
excluded patients already taking steroid treatment before
thymectomy. Using a sensitive radioimmunoprecipitation
assay with recombinant human MuSK protein (Ohta et al.,
2004), all AChR seronegative patients were shown to be
negative for anti-MuSK antibodies. The clinical character-
istics are shown in Table 1.

Patient 3: SN-MG

CD 38 PE
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Fig. 1. Hematoxylin and eosin staining of thymus specimens (A—C) and flow cytometric analyses of thymic lymphocytes (D-F) from 3 representative patients with
myasthenia gravis (MG). Patient I was a 19-year-old female, anti-AChR positive MG (A, D). Patients 2 (B, E) and 3 (C, F) were 20- and 19-year-old SN-MG females;
both were negative for both anti-AChR- and anti-MuSK-antibodies (SN-MG). Arrowheads indicate germinal centers in the thymic medulla. The thymus from patient
2 (SN-MG, B) showed lympho-follicular hyperplasia with as many germinal centers as in patient | (AChR-MG, A), whereas patient 3 (SN-MG) showed fatty
replacement with almost no germinal centers (C). Bars=300 ym. Two-color flow cytometric analyses of CD19 and CD38 expression in thymic lymphocytes are shown
below the individual sections (D-F). The percentages of germinal center B cells (CD19*CD38") and extra-follicular B cells (CD19"CD387) are indicated. None of the

patients had received corticosteroids before thymectomy.
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Fig. 2. Quantitation of thymic germinal centers in MG subgroups. (A) Maximum number of germinal centers per low power field (x40). (B) Percentage area of thymic
tissue occupied by germinal centers. Bars indicate the average values. Numbers beside the labels indicate the patients noted in Fig. 1 (1 to 3) and 2 SN-MG patients
(4 and 5), whose specimens were used to examine the expression of Bcl-2 in Fig. 5. Patient 4 was a 46-year-old female and patient 5 a male aged 51.

2.2. Histological analysis

Hematoxylin and eosin stained sections of the thymi were
prepared from paraffin blocks, coded and then microscopically
examined by a single blinded observer under low magnification
(x40) for classification into hyperplasia, normal and involuted
thymus. We also counted the maximum number of germinal centers
per low-power field (x40) in all sections from each thymus (average:
3.7 slides for each case). The same field images were captured using
a digital camera, and then the percentage area of germinal centers in
the total thymic tissue was calculated by counting the total pixels of
the traced area using Mac SCOPE version 2.6.

2.3. Immunologic analysis

Removed thymic tissues were weighed and disrupted mechan-
ically; washed cell suspensions were enriched on a Ficoll-Hypaque
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(Lymphoprep, Nycomed, Norway) before staining for surface
markers, as described previously (Okumura et al., 2003). Briefly,
lymphocytes were labeled with fluorescein isothiocyanate (FITC)-
conjugated anti-human CD19 (DAKO, Denmark) and phycoery-
thrin (PE)-conjugated anti-human CD38 (Becton Dickinson, CA).
CD19" cells and CD19"CD38" cells corresponded to total and
germinal center B cells, respectively.

We also analyzed Bcl-2 expression by germinal center
B cells, using a method previously reported (Shiono et al., 1997).
In brief, viable cells were stained with biotin-conjugated anti-
CD19 (HD37, DAKO, Glostrup, Denmark) and PE-conjugated
anti-CD38, and then a hamster anti-human Bcl-2 antibody (6C8,
Pharmingen, CA) was used after fixation and permeabilization.
After adding a secondary FITC-conjugated anti-hamster IgG
antibody (mixed clone, Pharmingen, CA) and RED670-labeled
streptavidin (Gibco BRL, Gaithersburg, MD), we performed
three-color flow cytometric analysis. Cells from tonsils obtained
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Fig. 3. Percentage of thymic B cell populations by flow cytometric analysis. Panel A shows the percentage of CD19" cells in total thymic lymphocytes, i.¢. total thymic
B cells, while panel B shows CD19"38" germinal center B cells. There was no significant difference between the 2 groups. Numbers beside the labels indicate the

patients noted in Figs. | and S.
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Fig. 4. Absolute numbers of thymic lymphocytes and B cells. The scales are logarithmic and show the numbers of total lymphocytes, CD19™ B cells and
CD19°CD38"germinal center B cells per gram of excised thymus tissue. The differences between the 2 groups were not significant for any of the cell types. Numbers

beside the labels indicate the same patients in Figs. 1 and 5.

during routine tonsillectomy from 8 patients without any clinical
signs of immunological disorder were used as a control.

2.4. Statistical analyses

We used Mann-Whitney’s U test in comparing two
subgroups. The outcome of MG was compared using x° with
Yates® correction. The threshold for significance of p-values
was p<0.05. Statistical analyses were done with the Stat View
software (StatView-5 J, SAS Institute Inc.).

3. Results
3.1. Clinical features of SN-MG patients

Table 1 shows the clinical characteristics of the SN-MG
patients. No anti-MuSK antibodies were detected in the 13
AChR-MG and 10 AChR seronegative patients. Further, there
were no differences between the AChR-MG and SN-MG
subgroups in onset-age, duration, or severity of their MG, or in
age at thymectomy.

3.2. Thymic features

The morphology of the thymus, summarized in Table 1, was
not significantly different between the AChR-MG and SN-MG
subgroups. Notably, 5 of the 10 SN-MG thymi showed typical
hyperplasia as illustrated in Fig. 1B, where the germinal center
count was 5. In half of the SN-MG thymi, these counts
overlapped those in AChR-MG, but they were close to zero in
the other half (Fig. 2), whose thymi were normal or even
atrophic (Fig. 1C), accounting for the significantly lower
germinal center numbers and areas in the SN-MG group as a
whole (Fig. 2A, 3.5+2.1 versus 1.5+1.8, p<0.05; Fig. 2B,
3.3+2.5% versus 0.7+ 1.0, p<0.005).

3.3. Immunologic analysis by flow cytometry

As expected from the morphological results, flow cyto-
metric analyses showed that the percentages of total CD19”
cells and CD197CD38" germinal center B cells overlapped
with those in AChR-MG, and the differences were not
significant. Even in the atrophic SN-MG thymi, B cells were
usually still at least 5% of the total (Figs. 3 and 4). By contrast, in
the thymus of a 5-year-old child who underwent cardiac surgery,
CD19" cells and CD19"CD38" cells constituted 1.9% and 0.5%
of thymic lymphocytes, respectively (data not shown).
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Fig. 5. Bcl-2 expression in germinal center B cells from myasthenic thymus and
control tonsil specimens. The percentage of Bcl-2 protein positive cells in
CD19"CD38" cells is shown. The mean value (bars) for anti-AChR positive MG
(AChR-MG) was significantly higher than in the tonsils. Bcl-2 was expressed in
germinal center B cells from 2 AChR/MuSK scronegative MG (SN-MG)
patients as highly as in the AChR-MG patients.
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Table 2
Outcome of myasthenia gravis symptom
AChR-MG SN-MG
MGFA post-intervention status (n=13) {hyperplastic] (n=10) [hyperplastic}
Complete stable remission 3[2] 3[3]
Pharmacological remission 0 0
Minimal manifestations
MM-0 1[0) 0
MM-1 0 0
MM-2 1 {0] 0
MM-3 0 0
Improved 4[2] 4(2)
Unchanged 31[0] 21[0]
Worse 1[0] 1[0}

3.4. Failure of Bcl-2 down-regulation in germinal center B
cells in SN-MG

As previously reported (Shiono et al., 1997), the percentage of
Bcl-2* germinal center B cells (CD197CD38™) in the AChR-MG
patients was significantly higher than in the control tonsil cells, in
which Bcl-2 was normally down-regulated among this subset
(Fig. 5, 52.7£16.9% versus 20.5£8.5, p<0.001). We also
examined the expression of Bcl-2 in 2 SN-MG patients, whose
B cell frequencies were above average (Fig. 5, 69.1% and 58.9%).
Evidently, down-regulation of Bcl-2 protein had failed in these
patients’ germinal center B cells just as it does in AChR-MG
patients (Shiono et al., 1997). As expected, it was also expressed
in a high proportion of the extra-follicular B cells (data not shown,
Shiono et al., 1997).

3.5. Clinical course in SN-MG patients

Patient 1 (AChR-MG) and patient 2 (SN-MG), whose thymi
were hyperplastic, both showed large numbers of total and
germinal center B cells (Fig. 1), and were in complete remission
without any additional use of steroids at the time of writing. In
contrast, patient 3 (SN-MG) showed an involuted thymus and
very few germinal center B cells (Fig. 1C, F), and required
steroid treatment after thymectomy. The status of all patients is
shown in Table 2. Seven (70%) of the 10 SN-MG patients were
improved and 3 (30%) in complete stable remission without any
steroid treatment at the time of this report. The frequencies of
complete remission and improvement were not significantly
different between the SN-MG and AChR-MG subgroups
(p=0.968). Table 2 also shows how many of the SN-MGs
who improved after thymectomy had hyperplastic thymi.

4. Discussion

Our main novel finding here is the variability in SN-MG thymi
and their germinal center B cells; in some patients, the B cell
parameters overlap with those in AChR-MG, but, in others, with
the controls. Together with the many similarities inclinical picture
(Evoli et al., 2003), our results imply that some SN-MG patients
might benefit from similar therapies — including thymectomy — an
important possibility that demands further studies.

The frequency of MuSK positive patients among seroneg-
ative MG reported in Asian studies seem to be lower than in
Caucasian patients (Yeh et al., 2004; Shiraishi et al., 2005). Yeh
et al. found autoantibodies to MuSK in only 1 of 26 patients in
Taiwan who lacked anti-AChR. There appear to be racial
differences in the subgroups of MG (rarity of childhood MG in
western countries) as well as clinical aspects. Therefore, it was
not surprising that no MuSK positive patients were found in our
small AChR seronegative series.

We have previously reported alterations of the thymus in
AChR-MG patients, especially in their germinal center B cells
(defined as CD197CD38" cells by flow cytometric analysis).
First, we found that, in MG thymi, this subset failed to show the
normal down-regulation of Bcl-2, suggesting that autoreactive
B cells that normally undergo apoptosis in germinal centers may
aberrantly survive in MG (Shiono et al,, 1997). We then
reported that reductions in anti-AChR antibody titers 1 year
after thymectomy correlated significantly with the number of
thymic CD19" and CD19"CD38" cells (Okumura et al., 2003).
Those findings suggested that one of the biological roles of
thymectomy as treatment for MG is removing thymic germinal
centers and interruption of the concomitant antibody diversifi-
cation. The advantage of this type of flow cytometric analysis is
that it examines the entire thymus (regardless of any fatty
replacement and surrounding fat tissues).

In the present study, histological findings and germinal
center numbers varied among the SN-MG patients, so the
average values were lower than in the AChR-MG patients.
However, several of the SN-MG patients (e.g. patient 2) showed
thymic hyperplasia strikingly similar to that in AChR-MG,
whereas others showed atrophy. In addition, Bcl-2 protein in
thymic CD197CD38" cells from 2 SN-MG patients was as
highly expressed as in AChR-MG thymi. We propose that
autoreactive B cells in these patients’ thymi may have escaped
the negative selection normally seen in the germinal centers in
secondary lymphoid follicles in tonsils.

We show here that several SN-MG patients had very similar
thymic hyperplasia to that in AChR-MG; it apparently correlated
with improvements in their MG after thymectomy, but that
demands confirmation in a larger series. By contrast, hyperplasia
was much less obvious in MuSK-MG, where the thymus was
usually normal or atrophic (Evoli et al., 2003). Presently, surgery
is considered unsuitable for the treatment of MuSK-MG, where
the thymus shows few abnormalities (Lauriola et al., 2005; Leite
etal.,, 2005). By contrast, if the thymus is hyperplastic in SN-MG
(as in patient 2), its removal may be beneficial. Although further
studies are required, physicians and surgeons should be aware
that this subgroup includes individuals who may benefit.
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Fig. 1 Manifestation of muscle weakness after injection of purified MuSK proteins in experimental

animals (a paretic rabbit).
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Fig. 2 Pathogenic mechanisms of the antibodies are com-
posed of multiple events by the stall of MuSK functions as
a multifunctional platform regulating synapse formation
and maintenance. These reflect the complexity of clinical
features ranging from a typical MG to the variants.
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Abstract

Pathogenic mechanisms of myasthenia gravis induced by antibodies against muscle-specific kinase

Naoki Maruyama, M.D."” and Kazuhiro Shigemoto, M.D.?
Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan

Antibodies to acetylcholine receptor (AChR) are major cause of the human autoimmune disease, myasthenia
gravis (MG). Additionally, autoantibodies against Muscle-specific kinase (MuSK) were found in a proportion of pa-
tients with generalized MG. After the identification of MuSK antibodies in MG patients, laboratory test for meas-
uring antibodies to MuSK is now required to confirm the diagnosis of MG and the clinical treatment as well as
AChHR antibodies. MuSK is critical to the clustering of AChR and plays multiple roles at neuromuscular junctions
(NM]J). However, it has been dispute concerning the pathogenicity of MuSK antibodies in muscle weakness of MG,
as the experimental autoimmune MG caused by MuSK antibodies was absent. Here we describe the recent pro-
gress to understand the pathogenic roles of MuSK antibodies in muscle weakness of experimental animals in-
duced by MuSK protein.

(Clin Neurol, 47: 842—844, 2007)

Key words: myasthenia gravis, muscle-specific kinase, neuromuscular junction, autoantibodies
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fhiEhLE (MG) @ 40~70% =, VimtERNFos > *+—
¥ (muscle specific tyrosine kinase, MuSK) fiifkAsikii & h
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