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Myasthenia gravis is an organ-specific autoimmune
disorder generally thought to be caused by an anti-
body-mediated attack against the skeletal muscle nico-
tinic acetylcholine (Ach) receptor (AchR) at the neuro-
muscular junction. Extraocular muscle weakness and
double vision are present in about 90% of patients with
myasthenia gravis and are the predominant com-
plaints in about 20% of patients, when the condition is
called ocular myasthenia gravis (OMG). While serum
antibodies against the AchR are detected in most pa-
tients with generalized myasthenia gravis (GMG), they
are not found in about one-third of patients with the
ocular variety, and epidemiological, clinical, and sero-
logical studies suggest that OMG and GMG are two
separate diseases. Both forms of myasthenia gravis are
sometimes associated with thyroid autoimmunity or
thyroid-associated ophthalmopathy (TAO). We have
therefore tested the sera of patients with GMG and
OMG by Western blotting for antibodies against por-
cine eye muscle membrane proteins ia general, and by
enzyme-linked immunosorbent assays (ELISA) spe-
cifically for reaction with two skeletal muscle antigens
which are prominent marker antigens for TAO,
namely, the calcium-binding protein calsequestrin
and the so-called “64-kDa protein.” The 64-kDa protein
has recently been identified as the flavoprotein sub-
unit of mitochondrial succinate dehydrogenase. Pa-
tients with ophthalmopathy and myasthenia were ex-
cluded. Nine of the patients had associated Graves’ hy-
perthyroidism without evident ophthalmopathy and
one had Hashimoto’s thyroiditis. Antibodies against
porcine eye muscle membrane antigens of M, 15-110
kDa were detected in patients with GMG or OMG, one
or more antibodies being detected in 100% of patients
with GMG and in B8% of those with OMG. The most
frequently found antibodies were those targeting eye
muscle membrane proteins of 13,67, and 110 kDa. Anti-
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bodies reactive with purified calsequestrin {63 kDa)
were detected in 21% of patients with OMG but in no
patient with GMG. Antibodies recogpizing purified
succinate dehydrogenase (67 kDa) were found in 42%
of patients with OMG, in 100% (5 of 3) of patients with
GMG, and in 48% of all patients with myasthenia gravis
not associated with Graves’ hyperthyroidism. There
was no close correlation between any eve muscle-reac-
tive antibody and antibodies against the AchR in ei-
ther group of myasthenic patients. The findings sup-
port the notion that immunoreactivity against skeletal
muscle proteins other than the AchR may play a role
in the development of the muscle weakness in AchR
antibody-negative patients with OMG and GMG, al-
though it is unlikely that any of the antibodies demon-
strated in this study are directly implicated. Similarly,
while the demonstration of antibodies reactive with
eye muscle antigens associated with TAO in patients
with OMG raises the possibility that the link between
the ocular lesions of myasthenia gravis and Graves’
disease may be autoimmunity against a common anti-
gen(s), it is more likely that both disorders are medi-
ated by cytotoxic T cells recognizing another cell mem-
brane antigen, such as the novel thyroid and eye mus-
cle shared protein G2s, and that serum antibodies
reactive with succinate dehydrogenase Fp subunit and
calsequestrin are markers of an immune-mediated eye
muscle reaction. © 1998 Academic Press
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INTRODUCTION

Myasthenia gravis is an organ-:pecinc autoimmune
disorder generally thought to be caused by an antubody-
mediated attack against the skeleral muscle nicotinic
acetylchaline (Ach) receptor (AchR - at the neuromuscu-
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lar junction (1-3). Loss of functional receptors with
impairment of the neuromuscular signal transmission
results in weakness and fatigability in selected skeletal
muscles (2). There is also evidence of skeletal muscle
inflammation (4) and production of serum antibodies
reactive against a variety of muscle antigens (5, 6).
Extraocular muscle weakness and double vision are
present in about 90% of patients with myasthenia gra-
vis and are the initial complaints in about 20% of cases.
This latter condition is called ocular myasthenia gravis
(OMG). Epidemiologic, clinical, and serologic studies
have supported the notion that OMG and generalized
myasthemia gravis (GMG) are different diseases (7-9).
That serum antibedies against the AchR are detected
in 90% of patients with GMG but in only 65% with the
ocular variety (10, 11) suggests that other antibodies
may play a role in the development of eye muscle weak-
ness in OMG.

Myasthenia gravis is linked with autoimmune thy-
roid disease in that approximately 5% of the patients
also have Graves’ hyperthyroidism or Hashimoto's thy-
roiditis (12, 13). Thyroid-associated ophthalmopathy
(TAQO) is an autoimmune disorder of the extraoccular
(eye) muscle and orbital connective tissue closely asso-
cated with Graves' hyperthyroidism (reviewed in 14).
OMG and TAO share some clinical features and may
occur in the same patient. In a recent study, Marino
¢t al. (15) showed that when myvasthenia gravis was
associated with thyroid autoimmunity, it tended to
have a milder clinical expression with preferential ocu-
lar involvement and lower frequencies of thymic dis-
ease and AchR antibodies. This association was partic-
ularly strong in patients with ophthalmopathy and thy-
roid autoimmunity (15). We bave thus studied patients
with GMG and OMG for serum autoantibodies reactive
with eye muscle antigens, including two recently iden-
tified as being associated with TAQO, namely, the Fp
subunit of mitochondrial succinate dehydrogenase (the
“64 kDa protein”) (16) and calsequestrin, a 63-kDa cal-
cium-binding protein localized in the sarcoplasmic re-
ticulum of the skeletal muscle fiber (17). We demon-
strated antibodies against one or more eye muscle pro-
teins of M, 15-110 kDa in 100 of patients with OMG
and 88% of patients with GMG, and against succinate
dehydrogenase Fp in 42% of parients with OMG and
100% with GMG.

CLINICAL SUBJECTS AND METHODS

Clinical Subjects
The studies concerned patients with the following:

(1) Generalized mvasthenia gravis (CMG). Five
mates and two females, of whom two had associated
(iraves’ hyperthyroidism. were srudied. The diagnosis
wis made from the typical history and clinical exami-
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nation, including ophthalmologic assessment, and con-
firmed by the tensilon test. Only one patient had detect-
able serum antibedies against the AchR.

(tt) Ocular myasthenia gravis fOMG). Sixteen
males and 17 females, of whom 7 had associated
Graves' hyperthyroidism and 1 had Hashimoto’s thy-
roiditis, were also studied. The diagnosis was made
from the typical history and clinical examination, in-
cluding ophthalmologic assessment and confirmed by
the tensilon test. Eighteen of the patients had detect-
able serum antibodies against the AchR.

Patients with ophthalmopathy and myasthenia were
excluded from the study.

(iit) Normal subjects, Twenty-one males and 33 fe-
males, aged-matched with myvasthenic patients, with
no personal or family history of myasthenia gravis, thy-
roid disease, ophthalmopathy, or cther autoimmune
disease, were recruited from ancillary hospital and lab-
oratory staff,

The study was IRB approved and informed written
consent was obtained from all patients and normal sub-
jects studied.

SDS-PAGE and Western Blotting

Antibodies reactive with porcine eye muscle mem-
brane proteins and purified beef heart succinate dehy-
drogenase Fp subunit were detected following standard
Laemmli SDS-PAGE (18) using an 8.5% separating
gel and a 4% stacking gel in a minigel apparatus, as
reported previously (19, 20). Primary aotibodies were
patients’ sera diluted 1/0 and a rabbit anti-fiavoprotein
subunit antiserum diluted 12000. and secondary anti-
body was an alkaline phosphatase-conjugated anti-hu-
man [gG (y chain specific) antserum diluted /2600,
for patients’ sera, or anti-rabbit IgG (whole molecule)
antiserum diluted 1/2009, for the anti-Fp antiserum.
Tests were read by two observers and results were ex-
pressed as band density. A band density of + or greater
was taken as a positive test.

Isolation of Purified Beef Heart Muscie Succinate
Dehydrogenase

Succinate dehydrogenase conraining the Fp and Ip
(iron-sulfur protein) subunits was solubilized by per-
chlorate treatment (21} of succinate:ccenzyme Q oxado-
reductase (complex I of the respiratory chain), which
had been isolated from beef heart mitochondria by the
method of Baginsky and Hatefi 22) The enzyme prepa-
ration was >90% pure bazed on gel analysis and con-
tent of covalently bound flavin adenine dinucleotide.
Pure enzyme was excised from SDS-polvacrylamide
gels according to the method of Merii et al. (23) and
used as antigen in Western blotting and ELISA.
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Isolation of Purified Porcine Eye Muscle
Calsequestrin

Pig eye muscle was homogenized in a prechilled
blender and centrifuged at 13,000g for 30 min. Ammo-
nium sulfate was added to the supernatant to a final
concentration of 92% and the pH was adjusted to 4.7
with phosphoric acid. The precipitate from this step
was collected by centrifugation at 13,000g for 30 min,
dissolved in Tris-phosphate buffer, and dialyzed
against the same buffer. The sample was then applied
to a DEAE-Sephacel column and preequilibrated with
buffer A (0.1 M potassium phosphate, pH 7.1, 1 mM
EGTA, 50 mM NaCl). Buffer B (0.1 M potassium phos-
phate, pH 7.1, 1 mM EGTA, 700 mM NaCl) was then
applied and 3-m! fractions were colliected, monitoring
absorbance at 280 nM. Two-hundred-microliter ali-
quaots were taken from every third fraction and sub-
jected to Western blot analysis to check reactivity with
an anti-calsequestrin monoclonal antibedy in order to
identify those tubes containing calsequestrin. Purified
calsequestrin was used as antigen in ELISA.

Enzyme-Linked Immunosorbent Assay

The method has been described in previous publica-
tions from this laboratory (24, 25). The optimal antigen
concentration was found to be 1 wpg/ml for both
calsequestrin and succinate dehydrogenase and the op-
timal serum dilution was 1/25. The secoud antibody is
an alkaline phosphatase-labeled goat anti-human IgG
(/1500 dilution). Results are expressed as optical den-
sity (OD) at 410 nm and positive reactivity against test
antigen is taken as mean + 2 SD for normal subjects
tested concurrently.,

Statistical Analysis

Differences in mean (+SE) values between patient
groups and normals in ELISA was assessed statisti-
cally using the Student ¢ test. Differences in preva-
lences of serum autoantibodies reactive with eye mus-
cle membrane antigens in immunoblotting, and with
Fp and calsequestrin in ELISA, between patient and
control groups, were assessed using x° tests.

RESULTS

We tested sera from 7 patients with GMG, 33 pa-
tents with OMG, and 54 normal subjects, as controls,
for antibodies against porcine eye muscle membrane
antigens utilizing SDS-PAGE and Western blotting,
and against succinate dehydrogenase Fp and calse-
questrin in ELISA. Patients with OMG were further
classified as anti-AchR antibody positive ' 18 patients:
group 1) or anti-AchR antibody negative 115 patients;
group I} Seven patients with OMG had associated
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Graves’ hyperthyroidism but no ophthalmopathy, Pa-
tients with GMG, of whom only one was anti-AchR
antibody positive and two had assocated Graves’ hy.
perthyroidism, were studied as a single group (7 pa-
tients; group III). The results are surnmanzed in Fig,
1 and Table 1. One or more serum antibodies againgt
porcine eye muscle membrane proteins of M, 15-110
kDa were detected in 100% of patients with GMG and
in 88% with OMG (Table 1). Next, we tested for serum
antibodies against purified Fp and calsequestrin in
ELISAs. Anti-Fp antibedy levels in the three groups of
patients and the normals are depicted in Fig. 1. Only
29 of the sera were available for Fp antibody testing,
Results are expressed as OD at 410 nm. Mean (=SE)
values were 0.327 (=0.068) for pauents of group I,
which was significantly greater than ithat for normals
(0.1468 = 0.018, ¢ test, P « 0.05), 0.2530 /=0.062} for
group II (P = NS) and 0.584 (£0.129 for patients of
group III (P < 0.001). Taking an OD of 0.2835 {mean +
2 8D for normals) as the upper limir of normal, tests
were positive in 6 of 12 (50%) patientsz of group I tested,
4 of 12 (33%) of group II, and 5 of 5 *100%) patients of
group I1II, but in none of 18 normal subjects. Taking an
OD of 0.49 (mean + 2 SD for normzis' as the upper
limit of normal, antibedies against caisequestrin were
detected in 6 of 18 patients of group I :33%1. 1 of 15
patients of group Il (7%), in no patiznr of group III
(0%), and in 2 of 54 {4%) normal sub’ects results not
shown). Mean (=SE) values for patieat groups were
significantly different compared to ncrmais only for pa-
tients of group I (P < 0.05). Overall. aztbodies against
calsequestrin were demonstrated in 21¢%. and against
succinate dehydrogenase Fp in 42%. or zll patients with
OMG, and antibodies against succinate dehvdrogenase
Fp subunit were demonstrated in 457 of all patients
with OMG or GMG not associated w1z~ Graves hyper-
thyroidism. There was no significan: correlation be-
tween any eye muscle antibody and 12 past or present
Graves' hyperthyroidism or (b) antibodies against the
AchR, in either group of myasthenic patents.

DISCUSSION

We studied patients with GMG and OMG for serum
autoantibodies reactive with porcine eve muscle mem-
brane antigens, including two antigeas closely associ-
ated with TAO, namely, the succinare dehydrogenase
Fp subunit, which is incorrectly referred to in the liter-
ature as the 64-kDa protein, and calsequestnn, a 63-
kDa calcium-binding protein. To summanze the main
results, antibodies reactive with nat:ve ca:sequestrin
were detected in 21% of patients wirh OMG burt in no
patient with GMG, while antibodies re:2zmizing succi-
nate dehydrogenase Fp, the 84-kDa pr--¢in. were dem-
onstrated in 42% of patients with OMG and 100% of
patients with GMG, Because patient: with thyroid au-
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F1G. 1. Serum a-iubodies against purified flavoprotein subunit of succinawe dehydrogenase in patients with myasthenia gravie and
normal subjects derermined using an enzyme-linked immunosorbent assay (ELISA). Results are expressed as oplical density (OD) at 410
nm. The broken horzontal line, at 0.285 nm, is the upper limit of normal, defined as mean ~ 2 SD for normal subiccts, Mean (=SE) values
are indicated for eacz group. Group I, patients with ocular myasthema gravis (OMGand detectable serum antibodies against the acetylchsr
iine recepior ' AchP . zroup I, patients with OMG negative for anui-AchR antuibodies; group I11, pauents with generalized myasthenia g}gm_

toimmunity and overt ophthalmopathy were excluded
from the study. 11 seems haghly likely that the antibod-
ies were associated with myasthenia rather than TAO.

The pathogenesis of myasthenia gravis is unclear al-

Prevalences of Antibodies against Porcine Eye Muscle Membrane Antigens in Patients with Generalized

TABLE 1

or Ocular Myasthema Gravis by Immunoblotting

though antibodies reactive with the AchR play an im-
portant role (1,. While myasthenia gravis is usually a
generalized dizease, the skeletal muscle autoimmune
reaction and resulting weakness and fatigability may

Antigen

Group 15 kDa" 30 kDa 45 kDa 67 kDu 110 kDa

AchR-Ab® pos. OMG  group [} (n = 18) 8 (50%)" 11(6%) B (44%) 7(39%, 5(28%)
P < 0.06° NS NS P <005 NS

AchR-Ab neg. OMG igroup [[] (n = 15} 7 (47%) 9 (60%) 4 127%) 7 (474, 8 (53%)
P <005 P < 0.05 NS P <0405 NS

GMG group i) 1n = T) 3{43%) 2133%; 2 {29%) & (86%, 5(71%.

NS NS NS P < 0.00] P < (.05

Normals (n = 38 4 (10%) 10 (26% ) 12 132%) 4 {10%, 11 (29%,

“ M, of rarget antigzen.

* AchR-Ab, acetvicholine receptor antibodies.

“ OMG, ocular mvasthema gravis.

91 (%) reactive wits the antigen in SDS-PAGE of portine eye muscle membranes and Western blotting with patients’ serum.

* Staustical analvses refer to differences compared with normals determined using the »* test. NS, not significant.

"GMG, generalized myasthenia gravis.
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evidence that GMG a2 O\]G are separate disorders
with different pathu:e a1 mech.’xmsms (12, 13). Sev-

components have beer. \.r:-mbed in myasthenia gravis
ncluding those reactive with the ryanidine receptor
[the calcium (Ca”" ' chzmnel] (3) and various muscle
proteins idenufied by immunaoblotting (4), hemaggluti-
nation (5). ELISA 4 . z=2 immunofluorescence (4, 5).
Since AchR anuibodie: are not detected in all patients
with myasthema gravis. there may be a subgroup, es-
pecially among those wazh the ocular variety, in whom
another antibodyties: vch as those detected in the
present study or, more likelv, antibodies not yet identi-
fied, may be implicated in the development of the mus-
cle weakness.

Both myasthenic svndromes occur in association
with autoimmune thiroid disease and TAO. Indeed,
OMG and TAO share some clinical features and may
occur in the samc pauent. While T lymphocyte reactiv-
ity against eye muscle and orbital connective tissue
antigens is likely to be the primary event in the devel-
opment of ophthalmopathy. the role of circulating auto-
antibodies reactive with orbital antigens has been more
extensively studied freviewed in 26). Of these, a protein
with a reported M, of 6+ kDa is recognized as an im-
portant autoantigen ic TAO, the corresponding serum
autoantibodies being good markers of the eye disorder
(19, 20, 27. 28 and predicrors of its development in
patients with thyroid anrcimmunity, especially Graves’
hyperthyroidism (29. 30 . The 64-kDa protein has re-
cently been parfiallv sequenced and identified as the
Fp subumt of mitochondrial succinate dehydrogenase
{16). The recalculated M. of the 64-kDa protein is 67
kDa. In a recent study. antibodies against purified suc-
cinate dehydrogenase were detected in 67% of patients
with active TAQ, in 30% with stable TAO and in 30%
of patients with Graves hyperthyroidism without oph-
thalmopathy, but in only 7% of age- and sex-matched
normal subjects, by immunoblotting (16). Another pro-
tein associated with TAO is calsequestrin, a 63-kDa
calcium-binding protein which is localized in the sarco-
plasmic reticujum of the muscle fiber (17). Calseques-
trin is known to share an epitope with heat shock pro-
tein 60 (31). Antibodies against calsequestrin were
found in 40% of patients with active TAO, but in only
4% of those with stable. “burnt out,” eye disease, and
in 5% of normal subjectz, by immunoblotting (Gunji et
al., submitted;. In conclusion, while antibodies against
eye muscle anrigens associated with TAQ are found in
the majority of patientz with myasthemia grawvis, it is
iikely that the muscle damage of myasthenia is medi-
ated by CD8 (cytotoxic) T lymphocytes targeting an-
other, cell membrane. antigen, such as the recently
cloned thyroid and eyve muscle shared protein G2s (32),
and that the antibodies measured in this study are
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damage in both disorders.
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