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Double Seronegative Myasthenia Gravis with Anti-LRP4
Antibodies Presenting with Dropped Head
and Acute Respiratory Insufficiency
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Abstract

We herein report the case of a 72-year-old man demonstrating myasthenia gravis (MG) with a dropped

head and acute respiratory insufficiency. There was no ocular, bulbar, or limb involvement. The patient was

seronegative for anti-acetylcholine receptor (AChR) antibodies and anti-muscle-specific tyrosine kinase
(MuSK) antibodies. Subsequent tests showed seropositivity for anti-low-density lipoprotein receptor-related
protein 4 (LRP4) antibodies. The addition of steroid pulse therapy resulted in a full remission of his respira-
tory symptoms. This presentation suggests that LRP4-positive MG should be considered in the differential di-
agnosis of patients presenting with acute respiratory insufficiency without either cranial or limb involvement.

Key words: myasthenia gravis, anti-LRP4 antibodies, acute respiratory insufficiency, dropped head, steroid

pulse therapy

(Intern Med 55: 3361-3363, 2016)
(DOI: 10.2169/internalmedicine.55.7030)

Introduction

Myasthenia gravis (MG) is an autoimmune syndrome
caused by a failure of neuromuscular transmission, which
results in variable muscle weakness and is exacerbated by
exercise (1). Autoantibodies against the muscle nicotinic
acetylcholine receptor (AChR) can be detected in approxi-
mately 80-85% of all patients with generalized MG (2, 3)
and in approximately 40% of anti-AChR seronegative MG
patients who have antibodies against muscle-specific kinase
(MuSK) (3, 4). Recently, the novel antigen, the low-density
lipoprotein receptor-related protein 4 (LRP4), has been iden-
tified as a target for the autoantibodies in MG (5), and anti-
LRP4 antibodies were detected in the serum of approxi-
mately 2-46% of double seronegative MG (dsMG) pa-
tients (3, 5-7). In this report, we present a case of undiag-
nosed MG with an acute onset of respiratory insufficiency
without either ocular or limb involvement. The patient
turned anti-LRP4 seropositive and responded positively to

steroid therapy. Our study highlights the fact that making an
early diagnosis of such cases can be very difficult.

Case Report

A 72-year-old Japanese man was admitted to our depart-
ment presenting with an 18-month history of dropped head.
His symptoms did not fluctuate over the next few days. A
neurological examination revealed mild neck extensor weak-
ness (MMT 4/5), but there were no signs of weakness in the
ocular, tongue, facial or limb muscles. His deep tendon re-
flexes were preserved with no signs of pyramidal involve-
ment. The results of routine blood tests, including those for
thyroid function and muscle enzymes, were normal. SpO,
was 96% on room air.

Seven days after admission, he presented with general fa-
tigue and dyspnea. An arterial blood gas analysis of room
air was PaCO, 55.9 mmHg and %VC (vital capacity) was
63.7% in spirometry, and he needed noninvasive positive-
pressure ventilation (NPPV). A chest computer tomography
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Figure. The patient’s clinical course is shown.

(CT) scan showed no definite evidence of either pneumonia
or pulmonary thromboembolism. Chest CT also showed no
sign of thymoma. No abnormalities were observed on mag-
netic resonance imaging (MRI) of the brain and cervical
spine and cerebrospinal fluid examination. Repetitive nerve
stimulation (RNS) studies of the trapezius muscle showed
about a 20% decrease in his compound muscle action poten-
tial, although RNS studies in the orbicularis oculi and ab-
ductor digiti minimi muscles were normal. Nerve conduction
studies performed on his right upper and lower limbs were
normal. Needle electromyography of the sternocleidomastoid
and cervical paraspinal muscles showed a mild, low ampli-
tude of the motor unit potentials. A muscle biopsy from the
left biceps brachii muscles showed no significant lesions.
The serum anti-AChR antibodies and anti-MuSK antibodies
were negative. A subsequent luciferase immunoprecipitation
system test revealed seropositivity to anti-LRP4 antibodies.

The administration of an oral cholinesterase inhibitor
(pyridostigmine bromide, 60 mg three times daily) or an in-
travenous immunoglobulin (IVIG, 400 mg/kg x5 days) did
not alleviate his respiratory symptoms. Two months after ad-
mission, steroid pulse therapy (methyl prednisolone 1,000
mg x3 days) was started, and his respiratory and neck
symptoms and hypercapnia thereafter markedly improved
(Figure). We performed the steroid pulse therapy every week
for three times, which allowed him to gradually withdraw
from the NPPV. Subsequently, he was administered
tacrolimus (3.0 mg/day), and he has since remained
symptom-free for over 8 months.

Discussion

We present the case of a dsMG patient with anti-LRP4
antibodies without a common phenotype. To the best of our

knowledge, this is the first clinical report of MG with sero-
positivity for only anti-LRP4 antibodies showing predomi-
nantly respiratory symptoms.

Several reports have described the clinical features of MG
patients with anti-LRP4 antibodies. Zouvelou et al. reported
two cases of dsMG with anti-LRP4 antibodies. One patient
presented with isolated neck extensor weakness and the
other showed ocular, bulbar and cervical symptoms. Both
patients presented with mild symptoms and responded
promptly to cholinesterase inhibitor (8). Tsivgoulis et al. re-
ported the clinical presentation of three dsMG patients with
anti-LRP4 antibodies who showed isolated ocular symptoms
and a good response to treatment with cholinesterase inhibi-
tor and/or corticosteroids (9). Tsivgoulis et al. also described
a case of MG presenting with bulbar symptoms and double
seropositivity for anti-AChR and anti-LRP4 antibodies; this
patient responded to cholinesterase inhibitor and corticoste-
roids (7). All of these reported cases showed mild symptoms
and a good response to the conventional treatments of MG.
However, the typical clinical symptoms of MG patients with
anti-LRP4 antibodies remain unclear because the number of
detailed clinical reports is too small. Our case suggests that
MG patients with anti-LRP4 antibodies could show a
dropped head as an initial symptom at presentation.

Zisimopoulou et al. studied the clinical data of over 800
MG patients and reported that the majority of dsMG pa-
tients with anti-LRP4 antibodies presented with ocular or
mild generalized symptoms. They showed a positive re-
sponse to cholinesterase inhibitors or corticosteroids, which
was similar to the clinical features of MG patients with anti-
AChR antibodies (10). It was also reported that 6.6% of MG
patients with anti-LRP4 antibodies demonstrated myasthenic
crisis, and that double seropositive MG patients (especially
anti-MuSK and anti-LRP4 antibodies) had more severe
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symptoms, such as myasthenic crisis (10). However, no de-
tailed clinical data from each of these patients was reported.
Our case suggests that seropositivity for anti-LRP4 antibod-
ies alone (without anti-AChR and/or anti-MuSK antibodies)
can induce respiratory symptoms.

In our case, corticosteroid therapy elicited a good re-
sponse, which was similar to that of the previously reported
cases (7, 9). On the other hand, cholinesterase inhibitor ther-
apy was ineffective. As Zisimopoulou et al. indicated, 9.6%
of MG patients with anti-LRP4 antibodies did not respond
to treatment with cholinesterase inhibitors (10). Moreover, in
our case, IVIG was ineffective, whereas tacrolimus was ef-
fective and prevented the recurrence of myasthenic symp-
toms. Zisimopoulou et al. showed that 10 out of 32 MG pa-
tients with anti-LRP4 antibodies were treated with IVIG,
and 12 out of 28 patients were treated with azathioprine;
however, the outcome of these therapies was not described
in the paper (10). Further accumulation of clinical data is
therefore necessary to understand the effect of IVIG and im-
munosuppressants on MG patients with anti-LRP4 antibod-
ies.

LRP4 is a member of the low-density lipoprotein receptor
family and is known to bind directly to neural agrin (11),
which is necessary for the NMJ (neuromuscular junction)
formation and neural agrin-induced activation of MuSK and
AChR clustering (11-13). Higuchi et al. showed that anti-
LRP4 sera from MG inhibited the interaction between LRP4
and neural agrin (5). Shen et al. reported that anti-LRP4
sera decreased cell surface LRP4 levels and inhibited both
agrin-induced MuSK activation and AChR clustering (14).
They also demonstrated that immunization with the extracel-
lular domain of LRP4 causes muscle weakness in mice (14).
Moreover, recent studies in mice show that the loss of mus-
cle LRP4 alone is sufficient to cause myasthenic symp-
toms (15). On the other hand, because it has been also re-
cently reported that anti-LRP4 antibodies are present in the
serum and cerebrospinal fluid of patients with amyotrophic
lateral sclerosis (ALS) (16), the specificity of the anti-LRP4
antibodies for MG remains controversial (17).

Acute neuromuscular respiratory failure is caused not
only by MG, but also by other diseases, such as Guillain-
Barré syndrome, myopathies and ALS (18). It is often chal-
lenging to diagnose MG at an early phase because it rarely
presents as isolated respiratory muscle weakness (19). This
presentation suggests that neurologists should consider MG
with anti-LRP4 antibodies in the differential diagnosis of pa-
tients presenting with unexplained dyspnea.
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