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A rare structural myopathy: Nemaline myopathy

Nadir bir yapisal miyopati: Nemalin miyopatisi
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Abstract

Nemaline myopathy, which is characterized by the accumulation
of “rod” bodies in muscle fibers is a very rare inherited muscle
disease. According to the underlying mutation, the disease has
varying severity of clinical outcomes. Patients with severe forms
of the disease die because of hypotonia, feeding difficulties, as-
piration pneumonia, and respiratory failure in the neonatal or
infancy period. Mild forms of the disease present with walking-
swallowing difficulties and respiratory distress in late childhood or
adulthood. A two-and-a-half-month-old boy was monitored in our
Pediatric Intensive Care Unit with hypotonia, pneumonia, and res-
piratory distress. Nemaline myopathy was diagnosed as the result
of a muscle biopsy. An advanced molecular examination revealed
heterozygous mutations in the skeletal muscle a-actin (ACTAL)
gene, which is the second most common cause of this disease.
Nemaline myopathy should be kept in mind in patients of all age
groups with respiratory failure and walking difficulty secondary to
muscle weakness.
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Introduction

Nemaline myopathy (NM) is a rare genetic muscle disor-
der characterized by the accumulation of ‘rod’ bodies in
muscle fibers. It is estimated that NM has an incidence of
1/50 000 and is responsible of 17% of all congenital my-
opathies (1). The disease causes variable clinical progno-
sis according to the underlying mutation. Patients whose
symptoms start from birth are lost in the neonatal period
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Nemalin miyopatisi oldukg¢a nadir goriilen kalitimsal bir kas hastali-
g1 olup kas liflerinde “rod”(nemalin) cisimcigi birikimi ile tanimlan-
maktadir. Hastalik altta yatan mutasyona ve mutasyonun kalitim bi-
cimine gore degisen agirhikta klinik gidise sahiptir. Agir sekillerinde
olgular yutma ve solunum kaslarinin etkilenmesi sonucu beslenme
yetersizligi, aspirasyon pnémonisi ve solunum yetmezligi nedeni ile
yenidogan ya da siit ¢ocuklugu déneminde kaybedilmektedir. Geg
baslangich hafif olgular yasam kalitesini bozan yiiriime-yutma zor-
lugu ve solunum sikintisi ile ge¢ cocukluk ya da eriskin yasta bulgu
verebilmektedir. Hipotoni, pnémoni ve solunum sikintisi ile Cocuk
Yogun Bakim Birimi'nde izlenen iki buguk aylik erkek bebege kas
biyopsisi sonucu nemalin miyopatisi tanisi koyuldu. ileri molekiiler
inceleme sonucu hastaligin ikinci en sik nedeni olan “Skeletal Musc-
le a-Actin” (ACTAl) geninde heterozigot mutasyon saptandi. Yeni-
dogan déneminden eriskin déneme kadar kas giigstizliigiine bagh
solunum yetmezligi ve yutma-yiirime giicliigii varhginda yapisal
miyopatiler icinde nemalin miyopatisi akilda bulundurulmals, stip-
henilen olgulara kas biyopsisi ya/ya da genetik inceleme yapilmalidur.

Anahtar sozciikler: ACTAL geni, hipotoni, kas biyopsisi, nemalin mi-
yopatisi, solunum yetmezligi

or infancy because of severe hypotonia, malnutrition, as-
piration pneumonia, and respiratory failure. Mild cases
with late onset may be manifested in late childhood or
adulthood with walking-swallowing difficulty, which dis-
rupts quality of life, and respiratory distress occuring be-
cause of weakness in the respiratory muscles (1, 2).

In this article, a pediatric patient who was followed up in
the Pediatric Intensive Care Unit (PICU) with hypotonia,
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pneumonia, and respiratory distress, and was diagnosed
as having NM with muscle biopsy and gene mutation
testing, is presented with the objective of drawing atten-
tion to this rare muscle disease.

Case

A two-and-a-half-month-old male baby who had been
hospitalized in the Pediatrics Ward for one month be-
cause of hypotonia, pneumonia, and respiratory distress
was internalized in th PICU with the same symptoms. It
was learned that he was born from the first pregnancy
of a 28-year-old mother in the 38" gestational week by
cesarean section because of polyhydramniosis and non-
progressive labor with a birth weight of 2960 g. There was
no consanguinity between the parents. It was stated that
there was a considerable decrease in the baby’s move-
ments during pregnancy. On physical examination, the
height was found as 59 cm (50* percentile), the weight
was found as 4550 g (3-10" percentile) and the head cir-
cumference was found as 38 cm (10-25" percentile). His
consciousness was open and he was interested in the sur-
roundings. The Glasgow Coma Score (GCS) was found as
15. His body temperature was measured as 37.2°C, apical
heart beat was 145/min, respiratory rate was 62/min, and
blood pressure was found 88/49 mm Hg. Marked hypoto-
nia and dismorphic findings including small chin, long
face, and highly arched palate were found. On exami-
nation of the respiratory system, bilateral crepitant rales
were found. Examination of the other systems was found
to be normal. Biochemical measurements were found to
be normal except for a slight elevation in transaminases
(AST: 82 IUJL, ALT: 84 IU/L) and respiratory acidosis was
found (pH: 7.09, pCO,: 85 mm Hg, HCO,: 24 mmol/L). A
complete bood count was found as normal. Among the
infection markers, C-reactive protein was found as 0.53
mg/dL (0.01-0.5) and procalcitonin was found as 0.48 ng/
mL (<0.5). On lung radiography, diffuse infiltration was
observed in the right lung. The patient was intubated and
mechanical ventilation was initiated. The antibiotics he
was receiving (intravenous ampicillin and cefotaxim) were
switched to intravenous vancomycin and meropenem.

In further investigations, the blood lactate, amino acid,
carnitine, acylcarnitine, very-long-chain fatty acid levels,
and urine organic acids were found as normal. Echocar-
diography, fundoscopic examination, and bone radio-
graphs were found as normal. Mild laryngomalacia was
found on bronchoscopy and a sweat test was within the
normal limits. Upper gastrointestinal endoscopy was
normal. No pathology was found on brain magnetic res-
onance imaging except for a choroid plexus cyst. Chro-
mosomal analysis, spinal muscular atrophy gene exam-
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Figure 1. (a) Difference in diameter between both types of
muscle fibers with modified Gomori-trichrome
staining (more prominent in the type 1 muscle
fibers), increased endomisial connective tissue and
intracytoplasmic dark red-blue tubular structures
(“rods”) with a small diameter located in the
periphery (more intensive and prominent in the
atrophic type 1 muscle fibers) on light microscopic
examination on muscle biopsy. (b) Activity with
NADH-TR histochemical staining in the areas
compatible with the intracytoplasmic dark

red-blue tubular structures (“rods”) with a small
diameter located in the periphery (arrows). (c)
Activity with COX enzyme histochemical staining
in the areas compatible with the intracytoplasmic
dark red-blue tubular structures (“rods”) with a
small diameter located in the periphery (arrows)
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YNM_001100.3:¢.1075A>C(p.I1359L) (heterozygous)
mutation in the ACTA1 gene whole genome
sequencing performed using new-generation
sequence analysis

Figure 2.

ination, and fluoresence in-situ hybridization (FISH),
which was performed in terms of Prader-Willi syndrome,
were found to be normal. In the microscopic examination
of the muscle biopsy, which was performed after all these
results were obtained, a ‘nemaline body’ (rod body) was
observed mostly in the sarcolemmal regions (Fig. la—c). A
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diagnosis of NM was made with these findings and fur-
ther molecular examination was planned. NM_001100.3:
¢.1075A>C (p.I359L) (heterozygous) mutation was found in
skeletal muscle a-actin” (ACTAL) gene whole genome se-
quencing, which was performed with the new-generation
sequence analysis method (Fig. 2). The parents’ genetic
tests directed to the disease were found to be normal.

Tracheostomy was performed on the 23* day of hospi-
talization in the patient who failed extubation prepara-
tion tests because of hypotonia and insufficient respira-
tory effort. Subsequenly, the patient was discharged on
the 45" day of hospitalization, education was given to his
family, and he was followed up with a house ventilator.
Our patient is aged 18 months at the present time, he is
being connected to house ventilator at night and his res-
piration in room air is sufficent in the daytime. He can
walk with assistance, he is being fed with a nasogastric
tube because of swallowing difficulty, and gastrostomy is
being planned. Written informed consent was received
from the parents of this patient for this case presentation.

Discussion

Nemaline myopathy is a genetic myopathy. It was first
described by Shy et al. (3) in 1963. Actin, which is a round
structural protein, constitutes polymerized helix-shaped
actin filaments. It provides mechanical support for cells,
determines the shape of cells, and enables cells to move.
In nemaline myopathy, especially the structure of alpha
actin, is disrupted and intracellular accumulation and
dysfunction occur as a result of disruption in the nuclear
structure of the fine filament in the sarcomere (1).

Autosomal dominant (OD) and autosomal recessive (AR)
types have been reported. Frequently, facial, axial, and
proximal limb muscles are involved (1, 2, 4). It is charac-
terized by muscle weakness, respiratory distress, feeding-
swallowing problems, aspiration pneumonia, hypotonia,
and dismorphc findings including highly arched palate,
retrognatia, and a long and expressionless face (1, 2). It
is divided into six types acccording to the mutation and
inheritance. The severe congenital (newborn) type has a
fatal prognosis generally in the first year because of res-
piratory failure. In typical (mild prognosis) congenital
NM, weakness, hypotonia and feeding problems occur
frequently in the neonatal period or in the first year of
life. In this mild congenital type, muscle weakness and
hypotonia are milder compared with severe and moder-
ate congenital type. Movement against gravity is present
and the respiratory muscles are involved less or the dis-
ease progresses more slowly (1). Polyhydramniosis may
be observed during pregnancies in mothers of affected
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babies, especially in congenital NM types (4). Compatible
with the literature, polyhydramniosis was present in the
mother of our patient whose parents did not have con-
sanguinity, and our patient had a long face and highly
arched palate. Feeding-swallowing problems, which oc-
cured from the age of one and a half months and pro-
gressed slowly, respiratory distress, and ability to move
against gravity suggested the mild congential type of NM
in our patient.

The diagnosis of NM is made with muscle biopsy and
mutation analysis (1-4). The level of creatinine kinase is
normal or slightly elevated. Electromyography (EMG) may
be normal or show nonspecific myopathic characteristics
especially at advanced ages. Most of the time, perform-
ing EMG is technically difficult in the first months (1, 4).
Rod bodies are observed, especially below the sarcolem-
mal region and around the nucleus on light microscopic
examination with the Gomori-trichrome stain. With this
staining, the involved striated muscle fibers are stained
blue-green, and the ‘rod’ bodies are stained red (1-4). The
creatinine kinase level was found to be normal in our pa-
tient and EMG could not be performed because of tech-
nical difficultiies. Muscle biopsy revealed a difference in
diameter between both types of muscle fibers with mod-
ified Gomori-trichrome staining (more prominent in the
type 1 muscle fibers), increased endomisial connective
tissue and intracytoplasmic dark red-blue tubular struc-
tures (“rod”) with a small diameter located in the periph-
ery (more intensive and prominent in the atrophic type 1
muscle fibers) (Fig. 1a). In the areas compatible with the
intracytoplasmic dark red-blue tubular structures (rods)
with a small diameter located in the periphery, activity
was observed with NADH-TR and COX enzyme histo-
chemical stainings (Fig. 1b, c).

Current literature reports that mutations in 10 differ-
ent genes including ACTAl, NEB, TPM3, TPM2, TNNT],
CFL2,KBTBD13, KLHL40, KLH141 and LMOD3 cause NM
disease. Among these mutations, the most common mu-
tation is NEB mutation and the second most common
mutation is ACTAL mutation (1, 5). It is difficult to predict
the phenotype according to genotype because clinical
findings in different types of the disease are frequently
similar to each other and it is not possible to perform
mutation analysis in all subjects (1). In our patient, we
found the ACTAI mutation, which is the second most
common mutation in NM, described by Ilkowski et al. (6)
for the first time (Fig. 2). ACTAI, which can be inherited
both autosomal dominantly and autosomal recessively, is
found in 15-25% of patients with NM. It is the cause in
50% of severe and fatal cases and may also be responsi-
ble for childhood- and adult-onset mild forms (1, 7). Our
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case was evaluated to be quite likely compatible with the
OD form because a heterozygous mutation was observed
in our patient and there was no consanguinity between
the parents. Absence of mutation in the parents on ge-
netic analysis suggested that this mutation occured de
novo. De novo mutations are common mechanisms in
diseases that show OD inheritance (8). The absence of a
second mutation in our patient and emergence of clinical
manifestations when the mutation was sporadic and het-
erozygous, suggested that it was an OD mutation. There
was also a possibility that a de novo mutation occured
in the second allele with a second mutation that had
deep intronic location inherited from one of the parents
or that we could not find in the regulator regions. The
fact that the ACTA] mutations are observed with a rate of
25% among all mutations (a prevalence of aproximately
0,5/100,000) in nemaline myopathy shows that this possi-
bility is very low (1, 8).

Muscle weakness and respiratory insufficiency did not
progress on clinical follow-up at the age of 18 months in
our patient, who we thought was compatible with mild
congenital NM. He is using a house ventilator only at
night, he does not need oxygen support in the daytime,
and his own respiratory effort is sufficient. Levesque et al.
(9) reported that the clinical picture was relieved at the end
of a 6-month follow-up period in a female patient who was
found to have an ACTAl mutation and who was diagnosed
in infancy with the same cinical findings as our patient.

In conclusion, muscle biopsy should be considered in the
differential diagnosis of newborns and infants who have
hypotonia, respiratory distress, feeding difficulty, dys-
morphic appearance, and joint anomalies, even if the cre-
atinine kinase levels are found to be normal. Nemaline
myopathy, which was found in our patient, is a rare mus-
cle disease that can be diagnosed by muscle biopsy and/or
genetic analysis, and characterized by varying degrees of
muscle weakness from the neonatal period to adulthood.
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