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X-linked recessive myotubular myopathy (XLMTM) is a severe congenital muscle disorder caused by
mutations inthe MTM7 gene and characterized by severe hypotonia and generalized muscle weakness
in affected males. It is generally a fatal disorder during the neonatal period and early infancy. The
diagnosis is based on typical histopathological findings on muscle biopsy, combined with suggestive
clinical features. We experienced a case of a newborn who required intubation and ventilator care
because of profound hypotonia and respiratory difficulty. The preliminary diagnosis at the time of
request for retrieval was hypoxic ischemic encephalopathy, but the infant was clinically reevaluated
for generalized weakness and muscle atrophy. Muscle biopsies showed variability in fiber size and
centrally located nuclei in nearly all the fibers. We detected an M7M7 gene mutation of ¢.1261-1C>A
in the intron 10 region, and diagnosed the neonate with myotubular myopathy. The same mutation was
detected in his mother.
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Introduction

Myotubular myopathy (MTM) is an X-linked congenital disorder (XLMTM) that is
caused by MTM1 mutation". In this condition, the small muscle fibers present a central
area devoid of myofibrils and mitochondrial aggregates around the centrally located,
often large nuclei”. Compared with other congenital myopathies, patients with XLMTM
have a rather homogeneous clinical presentation”. The onset of clinical signs is typically
at or near birth, and affected infants are areflexic and floppy, exhibiting respiratory
difficulty that usually requires ventilatory support”. Respiratory insufficiency often
complicates the clinical course and causes death among patients”. Most of these patients
die during infancy or early childhood”.

The majority of mutations related to XLMTM have been identified in exons 3, 4, 8, 9,
11, and 12°”. Several cases have been reported since MTM was first described in 1986 in
Korea®. However, only one case was reported with regard to the genetic analysis of MTM
in the Korean population'. Here we report a case of myotubular myopathy in a neonate
with a splice site mutation of MTM1 gene at the intron 10 region.
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Case report

A 2,930 gm male was born at 37 weeks and 5 days gestation
age via emergency cesarean section in a local hospital. He was
the first child of healthy parents. Polyhydramnios and reduced
fetal movements were noted during the antenatal period. During
the therapeutic amniocentesis in response to polyhydramnios,

placental abruption occurred and fetal distress was observed.
His Apgar scores were 1-5-5 at 1, 5, and 10 minutes; he required
resuscitation and intubation due to poor respiration.
Subsequently, he was transferred to Pusan National University
Yangsan Hospital and was placed on ventilator support. His

Fig. 1. On infantogram fractures on both humeri were observed.

Fig. 2. The patient manifesting a frog-like posture, long face, and
undescended testes.
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birth weight (2,930 g, 50th percentile), length (51 cm, 75th to
90th percentile), and head circumference (35 cm, 90th percentile)
were within the normal range. He had no abnormalities based on
the chest radiograph, but findings showed fractures on both his
humerus which were splinted for treatment within one month
(Fig. 1).

The child’s initial features were similar with the effects of
birth asphyxia. His birth condition presented severe hypotonia,
suck-ing impairment, and the absence of spontaneous move-
ments. He then required mechanical ventilation from birth
throughout his confinement at the hospital due to apnea.

However, magnetic resonance imaging of the brain and
electroencephalography showed no evidence of hypoxic ische-
mic encephalopathy. Postnatal blood gas analysis showed
normal levels; echocardiography and screening blood tests for
metabolic disease were also normal.

His generalized hypotonia with absent deep tendon reflexes
continued. No neonatal reflexes could be elicited and his posture
was extremely floppy-frog like characterized by a long face (Fig.
2). Tests for congenital hypotonic disorders, including spinal
muscular atrophy, myotonic dystrophy, Pompe disease, Prader-
Willi syndrome, and chromosomal disease were carried out.
However, all tests yielded negative findings. Muscle biopsy of
the left biceps was performed and myotubular myopathy was
confirmed based on the findings characterized by large centrally
placed nuclei in myofibers (Fig. 3). Peripheral blood samples
for the gene study were obtained from the patient and from his
mother for X-linked myotubular myopathy. A mutation c.1261-
1C>A was identified in the intron 10 of the MTM1 gene in this
case. His mother was also noted to have the same mutation (Fig. 4).

He needed tube feeding for nutritional support and a tracheo-
stomy for ventilator support. He was discharged after six months

Fig. 3. H&E staining (x200) under light microscopy showing centrally
located nuclei in nearly all the fibers, with marked variation in fiber size.



Korean J Pediatr 2013;56(3):139-142

A ATCTTCATCAATTTATTCA GAATAGGTCATGGTGATAAAAACCACACCG

Intron10 Exon11

B ATCTTCATCAATTTATTC GAATAGGTCATGGTGATAAAAACCACACCG

Intron10 Exont1

b

Imron10 Exonﬁ

.
|

J1
AR |

mll'“"wu\% /\mf\w

i

Fig. 4. DNA sequence electropherograms of the patient and his mother, showing the
identified MTM1 mutations in intron 10. (A) Normal DNA sequence, (B) patient’s DNA
sequence showing the ¢.1261-1G>A mutation, and (C) his mother’s DNA sequence

showing a heterozygous mutation of ¢.1261-1G>A.

and was brought home with a mechanical ventilation support.
He later died when he was seven months old due to respiratory
failure.

1. DNA isolation and PCR reaction

Genomic DNA was isolated from peripheral blood using
QuickGene DNA kit (Fujifilm life Science, Tokyo, Japan). To
analyze of MTM1 gene mutation, polymerase chain reaction
(PCR) was performed by use of fourteen sets of primers designed
in intronic flanking region containing all exons referred to
GenBank accession number NT_011726.13. PCR was carried out
30 cycles. After amplification, PCR mixtures were run on 1.2%
agarose gel in the presence of ethidium bromide to verify the size
and purity of PCR products.

2. DNA sequence analysis

After verifying that single specific PCR product was amplified,
DNA sequencing was performed using the same primers used
in PCR, and BigDye Terminatore V3.1 Cycle Sequencing
kit (Applied Biosystems, Foster city, CA, USA) according to
manufacturer’s instructions. Reaction was performed 30 cycles.
Electrophoresis and analysis of the reaction mixtures were done
with ABI 3130x]1 Genetic analyzer.

Discussion

Mutations in the MTM1 gene encoding myotubularin cause
XLMTM, a well-defined subtype of human centronuclear myo-

pathy”. XLMTM is characterized by the early onset and presence
of uniformly small muscle fibers with centrally placed nuclei*”.

Although centrally located nuclei can be found in many myo-
pathies, clinical, genetic, and pathological factors can help
distinguish these myopathies from XLMTM?.

Clinical characterization of XLMTM has been comprehensive
and the disorder has been found to give rise to a severe phenotype
in males. The most notable clinical manifestations of XLMTM are
muscle weakness and associated disabilities. It is present at birth
with marked weakness and hypotonia, external ophthalmoplegia
and respiratory failure due to the weakness of the muscles res-
ponsible for respiration. Signs of antenatal onset include reduc-
ed fetal movements, polyhydramnios and thinning of ribs as
seen on chest radiographs“); However, these manifestations are
rarely observed in other congenital myopathies. Birth asphyxia
may be the presenting feature'”. Many people tend to confuse
XLMTM with birth asphyxia during initial detection.

The diagnosis of XLMTM has traditionally relied upon the
identification of characteristic histopathologic changes in muscle
samples from affected males. Because of the time required for
molecular analysis of MTM1, the clinical diagnosis of XLMTM
continues to rely upon muscle biopsy'”. Hematoxylin and eosin-
stained cross sections of XLMTM muscle show increased variability
in fiber size, but this is generally not as extreme as what is seen
in the dystrophic processes. The myofibers typically appear small
and have a rounded profile. The cardinal histopathologic feature of
XLMTM is the presence of hypotrophic myofibers with relatively
large, centrally placed nuclei”. This case was also confirmed as
XLMTM by muscle biopsy.
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The X-linked nature of this disorder facilitated genetic analy-
sis, with linkage studies assigning the gene to Xq28 in 1990".
Laporte et al.” isolated the MTM1 gene by positional cloning and
named the gene product, ‘myotubularin’ In 1997, de Gouyon et
al."’ and Laporte et al."” carried out a complete gene sequencing of
15 coding exons and flanking intron. In several series, mutations
were detected in 60% to 90% of individuals with XLMTM'*"?, The
majority of mutations were identified in exons 3, 4, 8, 9, 11, and
127,

The first report concerning an XLMTM family with two affect-
ed infants diagnosed by muscle biopsy and gene analysis was
released in Korea®. A non-sense mutation Arg486STOP was iden-
tified in exon 7 of the MTM1 gene in that family. Moreover, we
detected another splice site mutation of MTM1 gene c.1261-1C>A
at the intron 10 region in a present neonate with XLMTM.

Although, the diagnosis is confirmed by muscle biopsy, MTM1
mutation analysis is critical in consulting with the mother about
prenatal family planning and antenatal ge-netic screening. Pre-
natal testing should still be offered to all women who might give
birth to affected male infants”.

There is no known treatment for such disorder'®

. The manage-
ment is essentially supportive and/or rehabilitative, requiring a
multidisciplinary approach™'”. In the majority of cases, the course
is fatal within the initial months of life, but a proportion of affected
males infants may survive into their teens or beyond "'*".

Floppy infants can be misdiagnosed with hypoxic ischemic
encephalopathy at birth. Therefore, physicians who care for the
newborn should consider the possibility that a neuromuscular
disorder might be present in a hypotonic infant. When a floppy
infant is regarded to have hypoxic ischemic encephalopathy
based on a perinatal circumstantial evidence, an accurate diag-
nosis should be established by carrying out appropriate clinical
procedures. If a neuromuscular disorder is suspected, a muscle
biopsy should be done. A gene study of a patient diagnosed with
MTM is essential for genetic counseling.

We report that a neonate initially misdiagnosed with hypoxic
ischemic encephalopathy was diagnosed with a XLMTM with a
splice site mutation of MTM1 gene at the intron 10 region.

Conflict of interest

No potential conflict of interest relevant to this article was
reported.

References

1. Laporte J, Hu LJ, Kretz C, Mandel JL, Kioschis P, Coy JF, et al. A
gene mutated in X-linked myotubular myopathy defines a new

142 http://dx.doi.org/10.3345/kjp.2013.56.3.139

X-linked recessive myotubular myopathy with MTM1 mutations

10.

11.
12.

13.

16.

17.

18.

19.

putative tyrosine phosphatase family conserved in yeast. Nat
Genet 1996;13:175-82.

. Wallgren-Pettersson C, Jungbluth H. Congenital myopathies.

In: Rimoin DL, Connor JM, Pyeritz RE, Korf BR, editors. Emery
and Rimoin’s principles and practice of medical genetics. 5th ed.
London: Churchill Livingstone, 2007:2971-3.

. Pierson CR, Tomczak K, Agrawal P, Moghadaszadeh B, Beggs AH.

X-linked myotubular and centronuclear myopathies. J Neuro-
pathol Exp Neurol 2005;64:555-64.

. Beggs AH, Bohm J, Snead E, Kozlowski M, Maurer M, Minor

K, et al. MTM1 mutation associated with X-linked myotubular
myopathy in Labrador Retrievers. Proc Natl Acad Sci U S A 2010;
107:14697-702.

. McEntagart M, Parsons G, Buj-Bello A, Biancalana V, Fenton

I, Little M, et al. Genotype-phenotype correlations in X-linked
myotubular myopathy. Neuromuscul Disord 2002;12:939-46.

. Tanner SM, Schneider V, Thomas NS, Clarke A, Lazarou L, Liechti-

Gallati S. Characterization of 34 novel and six known MTM1
gene mutations in 47 unrelated X-linked myotubular myopathy
patients. Neuromuscul Disord 1999;9:41-9.

. Laporte J, Biancalana V, Tanner SM, Kress W, Schneider V,

Wallgren-Pettersson C, et al. MTM1 mutations in X-linked myo-
tubular myopathy. Hum Mutat 2000;15:393-409.

. Chi JG. Myotubular myopathy: a case report. Korean J Pathol

1986,20:328-31.

. Hwang H, Kwon HJ, Chai JH, Kim KJ, Hwang YS. Familial myo-

tubular myopathy occurred in a sibling. J Korean Child Neurol
Soc 2001;9:425-9.

Jeon JH, Namgung R, Park MS, Park KI, Lee C, Lee JS, et al. X-
linked myotubular myopathy in a family with two infant siblings:
a case with MTM 1 mutation. Yonsei Med J 2011;52:547-50.
Jungbluth H, Wallgren-Pettersson C, Laporte J. Centronuclear
(myotubular) myopathy. Orphanet J Rare Dis 2008;3:26.

Barth PG, Dubowitz V. X-linked myotubular myopathy: a long-
term follow-up study. Eur J Paediatr Neurol 1998;2:49-56.
Herman GE, Kopacz K, Zhao W, Mills PL, Metzenberg A, Das S.
Characterization of mutations in fifty North American patients
with X-linked myotubular myopathy. Hum Mutat 2002;19:114-
21.

. de Gouyon BM, Zhao W, Laporte J, Mandel JL, Metzenberg A,

Herman GE. Characterization of mutations in the myotubularin
gene in twenty six patients with X-linked myotubular myopathy.
Hum Mol Genet 1997;6:1499-504.

. Laporte J, Guiraud-Chaumeil C, Vincent MC, Mandel JL, Tanner

SM, Liechti-Gallati S, et al. Mutations in the MTM1 gene impli-
cated in X-linked myotubular myopathy. ENMC International
Consortium on Myotubular Myopathy. European Neuro-Muscular
Center. Hum Mol Genet 1997;6:1505-11.

Bijarnia S, Puri RD, Jain M, Kler N, Roy S, Urtizberea JA, et al.
Mutation studies in X-linked myotubular myopathy in three In-
dian families. Indian J Pediatr 2010;77:431-3.

Fujimura-Kiyono C, Racz GZ, Nishino I. Myotubular/centro-
nuclear myopathy and central core disease. Neurol India 2008;56:
325-32.

Herman GE, Finegold M, Zhao W, de Gouyon B, Metzenberg A.
Medical complications in long-term survivors with X-linked
myotubular myopathy. J Pediatr 1999;134:206-14.

Yu S, Manson J, White S, Bourne A, Waddy H, Davis M, et al.
X-linked myotubular myopathy in a family with three adult sur-
vivors. Clin Genet 2003;64:148-52.



