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Abstract

Nemaline myopathy is a type of the heterogeneoospyof congenital myopathies. Generalized
hypotonia, weakness and delayed motor developnertha main clinical features of the typical
congenital form. Histopathology shows characteristemaline rods in the muscle biopsy.
Mutations in at least seven genes, including nebgdine NEB) proved to be responsible for this
muscle disease. We present a boy with nemaline athgpype 2 (NEM2) caused by compound
heterozygosity for two novel mutations, a deletemmd a duplication in th&lEB gene. The
deletion was inherited from the father and the agibn from the mother. Testing all family

members supports genetic counseling.
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Introduction
Congenital myopathies are a group of genetic mudiderders with clinical, pathological and
molecular heterogeneify.Nemaline myopathy is a pathologically well-definedbgroup of
congenital myopathies characterized by the presehoed-like structures in the muscle fibérs.
The disease presents a wide range of clinical biditia and severity, although generalized
hypotonia, muscle weakness, feeding difficultiesl atelay of motor milestones are almost
always preserft.All molecularly characterized forms of nemaline apgithy are autosomal, but
inheritance can be recessive or dominant, andedimglcases may arise from de novo dominant
mutations>® To date, seven genes have been linked to thisitammda-tropomyosin TPM3),
nebulin NEB), skeletal muscler-actin (ACTA1), B-tropomyosin TPM2), muscle troponin T1
(TNNTL), cofilin-2 (CFL2) and the recently identifiedBTBD13 gene, whose function is still
unknown?™*

Disease resulting from mutations in tREB gene is classified as nemaline myopathy type
2 (NEM2; OMIM 256030), the most common form of ndima myopathy? NEM2 is a rare
autosomal recessive condition characterized byyeamset muscle weakness, which is most
pronounced in the axial muscles and proximal linrdigs. Weakness in facial and bulbar
muscles commonly results in dysarthti@ihe course of the disease is nonprogressive wiyslo
progressive and life-expectancy depends on therigevef respiratory-muscle weakness.
Mechanical ventilation is necessary for some p&tiand orthopedic complications are freqifent.
Mental development and intelligence are typicallighim the normal rang&.In this report we
present the clinical and histological findings inpatient suffering from NEM2 and describe

compound heterozygosity for two novel mutationtheNEB gene.



Case Report

Clinical Presentation
The patient, a boy was born at term from the fourtaventful pregnancy. Birth weight was 3450
g and Apgar scores were 9 and 10 at 5 and 10 nsintgspectively. Floppiness and weak cry
were noticed in the neonatal period. Generalizgzbtonia, weakness and delayed acquisition of
motor milestones were observed in early childhételbegan to walk with support at the age of
2 years. Deep tendon reflexes were reduced. Thase mo fasciculation in the tongue. He
suffered also from recurrent respiratory tract étiftns. The serum creatine kinase activity was
normal. The optic fundus and brain MRI were alsonrad Tandem mass spectrometry and urine
gas chromatography screening showed no evidencmbwoirn error of metabolism. Nerve
conduction velocity was normal, and electromyogyagid not show any abnormalities. There
was no homozygous deletion in exons 7 and 8 oSl (Survival of Motor Neuron 1) gene.
The possibility of a congenital myopathy emerged mnuscle biopsy was performed at the age of
4 years. Severe respiratory tract infection andupraia led to respiratory failure later requiring
tracheostomy and mechanical ventilation. His caonlitmproved, however he needs ventilatory
support during sleep. Cardiological examination nlad show any abnormalities. The patient’s
cognitive abilities were appropriate for his age.

The patient’s parents and his three siblings (&hleroand two sisters) are asymptomatic.
Informed consent was requested from the parents poi the muscle biopsy and molecular

genetic studies.

Muscle biopsy
The histological work up of the muscle biopsy tes$ollowed standard procedures. The majority

of the muscle fibers were hypoplastic or atrophithwarge variation in fiber size. Fiber necrosis,



regeneration, phagocytosis, or inflammatory cdiltmation were not noted. Gomori’s trichrome
technique detected prominent red-stained inclubmdfies in the fibers with variation in number
and distribution. Gomori trichrome stained sectish®wed rod-shaped particles in the fibers
(Figure 1a). Electronmicroscopy revealed that thésrappeared as electron-dense structures
localized mainly along the thickened Z-lines (Figutb). These rod-shaped particles were
identified as nemaline rods/bodies, and these rigliwere consistent with the diagnosis of

nemaline myopathy.

Genetics
In view of the morphological findings a search wasated in collaboration with the commercial
diagnostic company, Centogene GmbH (Rostock, Geyjném find the molecular genetic
etiology of nemaline myopathy in this child. Tests ACTA1 and TPM3 were negative.
Eventually testing th&lEB gene revealed two previously unreported heterozygoutations: a
deletion (c.24527_24528delCT p.P8176fsX8179; Figka@ in exon 174 and a duplication
(c.24250_24253dupGTCA p.T8085fsX8100; Figure 2bdon 171. These mutations result in a
frameshift and a premature termination codon, m&spdy, presumably leading to truncated
nebulin protein. Further testing of the parenteeded that the father carries the deletion and the
mother has the heterozygous duplication (FiguréOBe of the two sisters of the patient carries
wild type alleles, while another sister and thetlieo are heterozygous for the duplication (Figure
3). Thus, the clinically unaffected family membeesry either wild type alleles or only one of
the mutant alleles; either the duplication or tledetion. The patient however is a compound

heterozygous carrier of both mutations.



Discussion

Nemaline myopathies are a clinically and molecyldneterogeneous group of congenital
myopathies:®> The combination of characteristic clinical and ttymthologic features are
diagnostic for the disorder in most ca$ésThe presence of red inclusions detected with Gbmo
trichrome staining and of rod-shaped particlesoinitline blue stained tissue from the patient
strongly suggest nemaline myopatffy.Ultrastructural studies reveal nemaline bodies as
electron-dense, rod-shaped structures appearititjckened Z-disk$® Muscle imaging by MR
can be helpful to visualize the pattern of selectiwuscle involvement and guide in localizing the
site of the biopsy?®

The work up of a case with nemaline myopathy isthier complicated by its
heterogeneous genetic background: seven known toaisgenes have been linked to this
condition and both autosomal dominant and recedsiveritance has been observédSix of
these genes encode proteins associated with saicatfmi@ filaments’ Recessive mutations in
the NEB gene, located on chromosome 2g22-23 are the masthonly recognized cause of the
diseasé:*. This gene has 182 exons and missense, nonsem$mareshift mutations have been
reported”® Hotspots have not been found and many patientvedrato be compound
heterozygotes for two mutations within the géfieThe nebulin protein has a wide range of
functions, including thin filament length specifiica and regulation of muscle contractibn.

The clinical, histological and molecular genetindings in our patient are consistent with
the typical congenital form of nemaline myopathpey?2, caused by mutations in tNEB genée?
Compound heterozygosity for two novel mutations wésund. A 2-base deletion
(c.24527_24528delCT, p.P8176fsX8179) was inhefiiteh the father and a 4-base duplication

(c.24250 _24253dupGTCA, p.T8085fsX8100) from the et These novel mutations led to a



translational frameshift and a premature termimatiodon in the respective translated sequences
and thus, presumably, to truncated nebulin protein.

Nemaline myopathy is a debilitating condition dadher research is warranted in order
to explore the details of the molecular patholo§yhis disorder. These efforts are complicated
by the heterogenic molecular background of theadiseand the fact that certain genes encode
very large proteins, like nebulin. Molecular diagisohowever becomes available for more and
more patients supporting preimplantation or prdrditaynosis for subsequent pregnanéidis
case report extends the genetic profile of nematnyepathy with two previously unreported

mutations in thé\EB gene.
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Figure legends

Figure 1. Nemaline myopathy. (a)Gomori trichrome staining of plastic-embedded skimi
sections shows numerous rod structures in the mdibers.(b) Electron microscopy reveals that

the rods are electron-dense structures.

Figure 2. Identification of two novel mutations (ore deletion and one duplication) in the
NEB gene.Direct sequencing of DNA isolated from the affecpadient (11/4) reveale@) a two-
base deletion (c.24527_24528delCT) in exon 174hefNEB gene resulting in a premature
termination codon (p.P8176fsX8179) in the translatequence an¢b) a four-base duplication
(c.24250 _24253dupGTCA) in exon 171 of thdEB gene, resulting in frameshift

(p-T8085fsX8100) in the translated sequence.

Figure 3. Genetic screening of the affected family The patient (lI/4) and his clinically
unaffected father (1/1) carry the deletion in hemgous form, while the other unaffected family
members (1/2, 1/1, 11/2, 11/3) carry the wild typallele. The patient (II/4) and his clinically
unaffected mother (I/2), brother (11/2) and siqi#/3) carry the duplication in heterozygous form,
while the other unaffected family members (I/11)Itarry the wild type allele. These results
suggest that the deletion is of paternal origin #edduplication is of maternal origin. The patient

(11/4) is, thus, a compound heterozygote for thggenovel mutations.
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Figure 1.
(a) Zbase (c.24527_24528delCT, (b) 4-base (c.24250_24253dupGTCA,
deletion p.P8176fsX8179) duplication p.T8085fsX8100)
c[cTletTcacTceT 6aAc6 GT CACTCCC GAG ATG
EETEAETEET G A GTCAKBETECAE TEECB.A
Arg His Ser STOP Val Ser His Ser Arg

Heterozygous mutant DNA sequence

Pro Val Thr Pro Glu Val Thr Pro Glu Met
CETEICLCARCECT CETGE A6 GT CACTCCC GAG ATG

o -

Wild type DNA sequence

Figure 2.
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Figure 3.
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Heterozygous carrier of the deletion
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) Heterozygous carrier of the duplication

Heterozygous carrier of both mutations

O Wild type for both mutations
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