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Novel LG1 Mutations in Agrin Causing Congenital
Myasthenia Syndrome
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Abstract:

The patient had suffered from both proximal and distal limb weakness since her early childhood, without
the involvement of ocular or respiratory muscles. Repetitive nerve stimulation (RNS) at 3 Hz showed signifi-
cant decrement in the area and amplitude of the compound muscle action potential (CMAP) on the right ab-
ductor digiti minimi (26%) and trapezius (17%). Whole-exon sequencing revealed two novel heterozygous
mutations (p.Q1406Rfs*29 and p.R1521H) in the LG1 domain of agrin, which were deemed likely patho-
genic for congenital myasthenic syndromes (CMS) according to a bioinformatics analysis. The patient
showed remarkable improvement after treatment with salbutamol. This case expanded the mutation spectrum

of AGRN.
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Introduction

Congenital myasthenic syndromes (CMS) are a group of
inherited disorders caused by mutations in genes encoding
proteins maintaining the integrity of the
neuromuscular junction (NMJ) transmission (1, 2). Typical
manifestations of CMS include fatigable ocular, facial and
limb weakness presenting in the neonatal period or early
childhood. Respiratory and bulbar muscles are involved in a
small minority of patients (2, 3).

The treatment strategy is case-based and mainly depends
on the subtype of CMS but usually consists of acetyl-
cholinesterase (AChEI), 3,4-diaminopyridine (3,4-DAP),
ephedrine, albuterol or a combine of these (4, 5). Mutations
in at least 30 genes have been linked to CMS (6), including
DOK7, RAPSN, lipoprotein receptor-related protein 4 (LRP
4), muscle-specific tyrosine kinase (MuSK) and AGRN (2).
Agrin, encoded by AGRN, is a heparan sulfate proteoglycan
secreted by nerve terminals that stabilizes the structure and
function of the NMIJ by activating the postsynaptic agrin-
LRP4-MuSK-Dok-7 complex (7). Among genes, an AGRN
mutation is one of the rarest causes of CMS (2, 6).

functional

We herein report a case of CMS with new compound het-
erozygous mutations in ARGN. Written informed consent
was obtained from the patient. This study was approved by
the Research Ethics Committees of Sir Run Run Shaw Hos-
pital, Zhejiang University.

Case Report

A 15-year-old girl was admitted to our department. Dur-
ing early childhood she had shown difficulty keeping up
with her peers in physical activities and experienced fre-
quent falls. She also had difficulty lifting her arms. She re-
ported no disturbance of ptosis, sensation, breathing or swal-
lowing. The weakness of limbs showed no fluctuation and
progressed gradually. The patient was born in a non-
consanguineous family, and she denied any family history of
movement disorders.

A neurological examination showed that the cranial and
axial muscles were spared. Atrophy of her arms and legs
was not obvious. The power of the bilateral upper and lower
limbs was Medical Research Council (MRC) grade 4-/5
proximally and 4+/5 distally. Tendon reflexes, muscle tone
and sensation examination were entirely normal. The Babin-
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Figure 1.
T1-weighted image. (B) STIR image.

ski sign was negative. Laboratory tests showed that the lev-
els of creatine kinase and lactic dehydrogenase were normal.
Complete blood count (CBC), erythrocyte sedimentation rate
(ESR), electrolyte, thyroid function, antinuclear antibodies,
anti-acetylcholine receptor (AChR) and anti-MuSK antibod-
ies were normal. Electromyography (EMG) presented no
spontaneous potentials such as positive sharp waves and fib-
rillations. Motor unit potential (MUP) revealed decreased
time courses and amplitudes, which pointed to a myogenic
disorder. The conduction velocities of both sensory and mo-
tor nerves were normal. The amplitudes of compound mus-
cle action potential (CMAP) and sensory nerve action poten-
tial (SNAP) were also within normal ranges. Repetitive
nerve stimulation (RNS) at 3 Hz revealed decrement in the
area and amplitude of the fourth CMAP compared to the
first CMAP on the right abductor digiti minimi (26%) and
trapezius (17%), without increment at 30-Hz stimulation.
Post-exercise facilitation was absent. A stimulated jitter
analysis was performed on the right extensor digitorum
communis. Twenty single-muscle fiber action potentials
(ASFAPs) were recorded with a mean consecutive difference
(MCD) of 87 us (normal <50 ps). Eleven (55%) ASFAPs
showed increased jitter, and 3 (15%) were blocked. Electro-
cardiography and an echocardiogram showed normal results.
Magnetic resonance imaging (MRI) of her legs indicated ex-
tensive muscle atrophy with fatty replacement (Fig. 1).

A blood sample was collected from the patient, and
genomic DNA was extracted from peripheral leukocytes us-

Thigh MR of the patient showed extensive muscle atrophy with fatty replacement. (A)

ing the standard method. Whole-exome sequencing demon-
strated 4 novel heterozygous variants in the AGRN gene
(NM 198576.3) located in exon 24 (c.4217_4218delAG, p.Q
1406Rfs*29), exon 26 (c.4562G>A, p.R1521H), exon 18
(c.3082G>A, p.A1028T) and exon 5 (c.814T>C, p.C272R),
respectively (Fig. 2). All the mutations were verified by
Sanger sequencing. A co-segregate analysis in the family re-
vealed that mutations c¢.4217_4218delAG and c¢.3082G>A
were inherited from the father, and mutations c¢.4562G>A
and c.814T>C were inherited from the mother. Of the muta-
tions inherited from the father, both were absent from the
ExAC, dbSNP, 1000G, and gnomAD databases. The muta-
tion c.4217_4218delAG (p.Q1406Rfs*29) caused a shift in
the normal frame with the generation of a premature stop
codon. In silico analyses of the mutation c.3082G>A (p.A
1028T) revealed that the mutation was not located in a con-
served site and was predicted to be tolerable by most in
silico pathogenicity prediction tools in VarCards, which pro-
vides functional prediction scores on more than 20 different
algorithms (http://varcards.biols.ac.cn). Of the mutations in-
herited from the mother, allele frequency of mutation ¢.4562
G>A in gnomAD databases was 0.0001370 and c.814T>C
was not found in the public normal variant database list
above. Both mutations p.R1521H and p.C272R were highly
conserved (GERP++ scored 4.51 and 4.69, respectively) and
predicted to be deleterious by most in silico tools listed in
VarCards (18/23 and 22/23, respectively).

According to the clinical features and laboratory tests, the
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Figure 2. Genetic results of the patient: Sequence chromatograms of compound heterozygous mu-
tations: c.4217_4218delAG (p.Q1406Rfs*29), ¢.4562G>A (p.R1521H), ¢.3082G>A (p.A1028T), and

¢.814T>C (p.C272R).

patient was diagnosed with CMS. Initially, pyridostigmine
was administered, but the symptoms slightly worsened after
one week. Thus, we changed the treatment to salbutamol (2
mg/time, 3 times daily) and the symptoms markedly im-
proved after 2 weeks. We checked the decrement in RNS
and single-fiber EMG approximately six months after salbu-
tamol treatment. The RNS decrement at 3 Hz showed a sig-
nificant improvement (7.7% on the right abductor digiti
minimi and 10.8% on the trapezius). A stimulated jitter
analysis on the right extensor digitorum communis revealed
that the ASFAPs were all within the normal range and none
were blocked, with a mean MCD of 24.7 ps.

Discussion

The clinical features suggestive for CMS due to AGRN
mutations include fatigable weakness of the limb, ocular, fa-
cial, and/or bulbar muscles (6, 8). However, typical clinical
symptoms did not present in all patients, which points to a
specific CMS syndrome. The typical EMG of CMS caused
by defects in AGRN includes a decremental response to
slow (2-3 Hz) RNS and positive single-fiber EMG (3, 9). A
reduced CMAP at rest and an incremental CMAP following
exercise were found in some cases (8). On clinical manifes-
tation, our patient shared features with previously reported
cases.

Agrin is encoded by AGRN, which induces the aggrega-
tion of postsynaptic proteins at the NMJ and maintenance of
the NMJ in skeletal muscle (10). Agrin binds to laminins via
the N-terminal agrin (NtA) domain and interacts with o-
dystroglycan and LRP4 through its C-terminal (10). Agrin
contains three laminin G-like (LG) domains in its C-
terminal: LG1, LG2, and LG3. The LG domain has a criti-
cal role in the activation of the LRP4-MuSK-Doc 7 com-
plex, which is essential for postsynaptic differentiation and
maintaining the structure of the adult NMJ junction (11).

Eighteen different AGRN mutations have been reported, the
majority of which were located in the NtA, LG2, and LG3
domains (3). Previous studies revealed that the binding of
agrin to o-dystroglycan was regulated by alternative mRNA
splicing at A and B sites within the LG2 and LG3 do-
mains (10, 12, 13). The implication of the LGI domain in
the formation of neuromuscular is not completely under-
stood.

To date, only two mutations (p.R1509W and p.Alal506
Thr) have been described in the LG1 domain as associated
with a phenotype of CMS in two isolated patients (14, 15).
Both patients presented with proximal weakness greater than
distal weakness and scoliosis of the spine. One patient also
showed ptosis of both eyelids, weakness in chewing and
swallowing, and physical retardation. However, only one
missense mutation (p.R1509W) in the LGl domain was
functionally characterized in CMS. It was shown that p.R
1509W had an effect on AChR clustering rather than on
MuSK activation. In addition, the study also revealed that
the LGl domain was essential for anchoring agrin to the
NMIJ by o-dystroglycan or other muscle-specific cell surface
molecules (15). The p.Q1406Rfs*29 and p.R1521H mutant
AGRN reported here are both located in the LG1 domain. A
mutation p.Q1406Rfs*29 causes a premature stop codon,
leading to the loss of partial LG1 and the remaining agrin
protein domains. The mutation p.RI1521H is close to p.R
1509W and may share a similar pathogenicity, which affects
the anchoring of agrin to the NMJ by a-dystroglycan or
other muscle-specific cell surface molecules. We therefore
speculate that the two mutations discovered in the present
study - p.Ql406Rfs*29 and p.R1521H - may damage the
formation and maintenance of the NMJ through the agrin
pathway, leading to CMS. However, further functional stud-
ies are needed to determine the exact functional role of
these two mutations.

Thus far, no missense mutations in the flollistatin domain,
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where p.C272R is located, have been reported. As the p.Q
1406Rfs*29 and p.R1521H mutants were likely pathogenic
variants causing CMS, we did not functionally characterize
the potential effect of p.C272R. Further studies are also re-
quired to explore the functional role of p.C272R.

The present findings broadened the spectrum of ARGN
mutations in CMS and highlighted the need to screen
ARGN in patients suspected of having CMS, which may aid
in the early diagnosis and treatment.
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