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Titin and centronuclear myopathy
The tip of the iceberg for TTN-ic mutations?

Congenital myopathies are a clinically and genetically
heterogeneous group of disorders that typically present
in infancy with low muscle tone and diffuse muscle
weakness.1 They are defined and subdivided by char-
acteristic features observed on muscle biopsy. Once
thought to be extremely rare, it is now clear that con-
genital myopathies are a commonly encountered clin-
ical entity. One recent study approximates the US
pediatric prevalence to be 1:20,000.2 Despite increased
recognition and improved diagnostics, it is estimated
that nearly 50% of affected individuals do not have a
genetic diagnosis. The lack of genetic resolution is a
major barrier for patients/families, clinicians, and
researchers, hindering prognostics, recurrence coun-
seling, expectant care, and treatment development.
This diagnostic chasm, however, is now being
bridged, owing in large part to the utilization of
new DNA sequencing technologies. The application
of next-generation sequencing has revolutionized
gene discovery,3 and its use for congenital myopathies
has identified novel disease genes4 and has uncovered
mutations in known disease genes in new and unex-
pected clinical contexts.5

In this issue of Neurology®, Ceyhan-Birsoy et al.6

report the results of whole-exome sequencing applied
to genetically unsolved cases of centronuclear myop-
athy (CNM), a condition defined by the appearance
of internally located nuclei in at least 25% of muscle
fibers from a muscle biopsy.7 This study represents a
beautiful merging of next-generation sequencing with
an extensively developed and characterized clinical
cohort that shares an overarching histopathologic
diagnosis. This cohort, assembled by Dr. Alan Beggs
through collaborative contributions from multiple
clinicians throughout the world, represents an ideal
starting point for rare disease gene discovery. The
major finding from this study is the identification of
recessive mutations in titin (TTN) in 5 of 29 individ-
uals with CNM. The important messages from this
study are that 1) TTNmutations are a common cause
of muscle disease, 2) identifying pathogenic TTN
mutations is tricky and likely requires confirmatory
experimentation, and 3) whole-exome sequencing is
still only scratching the surface for gene discovery.

Titin, as its name would suggest, is a massive gene.
It is composed of 363 exons and is subject to exten-
sive differential splicing, making it one of the largest
and most complex genes in the genome. The full-
length titin protein is 3.8 million Da, and serves mul-
tiple functions, including key roles in establishing
muscle elasticity and determining passive muscle
force.8 Given its large size and critical functions, it
is not surprising that mutations of TTN cause muscle
disease. In fact, TTN mutations have been identified
in several rare myopathies: adult-onset tibial muscular
dystrophy/limb-girdle muscular dystrophy 2J,9 hered-
itary myopathy with early respiratory failure,10,11 and
early-onset myopathy with fatal cardiomyopathy.12

Titin mutations are also a common cause of dilated
cardiomyopathy.13 Now, with the addition of muta-
tions in patients with CNM, it seems clear that TTN
mutations are associated with a very broad range of
muscle conditions.

Adding the present study to the existing cases of
TTNmutations yields a diverse clinical picture. There
are both pediatric and adult-onset cases, and cases
with predominantly proximal muscle weakness vs
those with a distinctively distal pattern. Mutations
can be de novo/dominant or recessive, and include
missense, nonsense, and splice site changes. No
consistent histopathologic pattern unites the cases,
though multiple internal nuclei are mentioned for
several, and the observation of some type of disorga-
nized myofibrillar material appears common. There-
fore, TTN mutations need to be considered as
potential culprits in myriad clinical and histopatho-
logic settings. Furthermore, a high index of suspicion
is needed for TTN mutations because of the known
association with cardiomyopathy and progressive
respiratory failure, potentially fatal complications of
disease.

The study by Ceyhan-Birsoy et al. introduces sev-
eral other important issues. One is the importance of
validation studies for sequence variants identified by
next-generation sequencing. All 5 identified patients
had some type of confirmatory study performed to
establish the pathogenicity of the TTN sequence
variants. Analysis included studies to evaluate RNA

From the Division of Pediatric Neurology, University of Michigan Medical Center, Ann Arbor.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the author, if any, are provided at the end of the editorial.

© 2013 American Academy of Neurology 1189

mailto:jamedowl@umich.edu
http://neurology.org/


splicing abnormalities (including mini-splicing as-
says) and immunofluorescence with multiple anti-
bodies to determine protein expression. The issue of
validation experimentation is a critical one to consider
as next-generation sequencing reaches the clinical
arena. For example, how does one interpret a novel
variant in TTN discovered through clinical exome
sequencing or through a next-generation sequencing
panel? Should it be considered causative or, instead, a
variant of uncertain significance? This question is par-
ticularly troublesome for genes like TTN and RYR1,
which are likely to be both common causes of muscle
disease and frequent sources of non-disease-causing
variants. Future development of clinically applicable
and available validation techniques is thus necessary
as genetic diagnostic evaluations increasingly utilize
next-generation sequencing.

A final note concerns the current success rate of
whole exome–based gene discovery projects. The cur-
rent study found TTN mutations in 5/29 individuals,
leaving the majority of the cohort without a known
cause. While it is certain that mutations in additional
genes will ultimately be identified in this cohort, the
results of the present analysis emphasize that 1) 1 or 2
genes are unlikely to account for the majority of cases in
any cohort of undiagnosed patients, regardless of the
level of uniformity of the cases, and 2) next-generation
sequencing is not yet the ultimate solution for gene
discovery. These facts reflect the immense complexity
of our genetic material as well as our still relatively
primitive ability to analyze the gene variant data derived
from next-generation sequencing in a meaningful way.
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