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Abstract

Desmin is a type lll intermediate filament protein specifically expressed in muscle cells, which is
encoded by the DES gene. Defects in the desmin protein and cytoskeletal instability may interfere
with cardiac muscle conduction signals, a fundamental mechanism for arrhythmias in patients with
desmin-related myopathy. This current case report presents a female patient in her early 20s who
presented with early-onset complete atrioventricular block and complete left bundle branch
block over the previous decade. More recently, she had developed ventricular tachycardia,
ventricular fibrillation, atrial fibrillation and other arrhythmias. Echocardiography revealed non-
compaction of the ventricular myocardium and pulmonary hypertension. Whole-exome sequenc-
ing analysis identified a heterozygous missense mutation in the DES gene: c.1216C>T
(p-Arg406Trp). She was eventually diagnosed with arrhythmias due to desmin-related myopathy.
A literature review of international databases was undertaken to summarise the clinical charac-
teristics of the cardiac involvement associated with this DES gene mutation.
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Introduction

Desmin (OMIM: *125660) is a type III
intermediate filament protein specifically
expressed in muscle cells, which is encoded
by the DES gene located on chromosome
2q35. Desmin is widely distributed in the
atrioventricular node primordium, atrio-
ventricular bundle, bundle branches and
throughout the ventricular trabeculae,
shortly after heart differentiation during
embryonic development.! Desmin forms
intracellular and intercellular networks by
connecting the cytoskeletal structures
(such as desmosomes and Z-discs) and
organelles (such as mitochondria and
nuclei) to buffer mechanical stress applied
to cardiac muscle cells. It also binds to var-
ious proteins within myocardial cells and
regulates related signalling pathways to
maintain myocardial cell function.” Mutant
desmin protein disrupts the normal assembly
of intermediate filaments, increasing the fra-
gility of myofibrils and causing a significant
increase in cytoplasmic Ca’" concentration,
leading to myocardial cell excitability.’
Defects in the desmin protein and cytoskel-
etal instability may interfere with conduction
signals, a fundamental mechanism for
arrhythmias in patients with desmin-related
myopathy (DRM).* A meta-analysis of over
40 DES gene mutations revealed that more
than 50% of carriers exhibited cardiomyop-
athy; and over 60% exhibited arrhythmia,
with heart block being a significant pheno-
type.” Additionally, DRM can manifest as
dilated cardiomyopathy (DCM), restrictive
cardiomyopathy (RCM), arrhythmogenic
cardiomyopathy (ACM) and hypertrophic
cardiomyopathy (HCM).%*7 Mutations in
different functional domains of the DES
gene can induce different clinical pheno-
types. This current case report presents a
female patient experiencing various types of
arrhythmias, non-compaction of ventricular
myocardium (NVM) and pulmonary hyper-
tension (PH) who eventually underwent

a heart transplant. Whole-exome sequencing
identified a heterozygous missense mutation
in the DES gene: c.1216C>T (p.Argd06Trp).

Case report

In May 2023, a female patient in her early
20s who had syncope episodes 13 years pre-
viously experienced a recurrence 4 hours
prior to admission to the Department of
Cardiology, The Second Hospital of Hebei
Medical University, Shijiazhuang, Hebei
Province, China. Thirteen years previously,
the patient experienced syncope with a
heart rate at 30 beats per minute (bpm).
Echocardiography undertaken at that time
indicated that the heart’s structure and
function were normal. She was diagnosed
with intermittent complete atrioventricular
block (CAVB) and complete left bundle
branch block (LBBB), for which she under-
went permanent cardiac pacemaker implan-
tation (Medtronic RELIA REDROI)
with a DDD pacing mode (Figure 1(a)).
Postoperatively, she reported no recurrent
syncope episodes.

Three years ago, she was admitted to the
Department of Cardiology, The Second
Hospital of Hebei Medical University,
Shijiazhuang again due to battery depletion of
the pacemaker. An electrocardiogram showed
pacing rhythm with atrial sensing-ventricular
pacing mode and a ventricular rate of 65bpm
(Figure 1(b)). Echocardiography indicated
the following changes: the left atrium was
enlarged at 46 mm; the left ventricular end
diastolic diameter was 49 mm; the left ven-
tricular ejection fraction was 59.3%; and the
pulmonary artery systolic pressure was
67mmHg. The left ventricular apex showed
a rich trabecular structure, with a ratio of
non-compacted to compacted myocardium
of approximately 15:3. Brain natriuretic pep-
tide (BNP) and troponin levels were normal.
She received a dual-chamber rate-responsive
pacemaker pulse generator replacement
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Figure |. Electrocardiograms of a female patient in her early 20 s who had syncope episodes |3 years

previously with a heart rate of 30 beats per minute (bpm) and had then experienced a recurrence 4 hours
prior to the current admission: (a) electrocardiogram taken |3 years previously before the implantation of a
pacemaker showed sinus rhythm, left bundle branch block and premature atrial contractions and (b) elec-
trocardiogram taken 3 years prior to the current admission showed pacing rhythm (atrial sensing-ventricular

pacing mode) and a ventricular rate of 65bpm.

(Medtronic Sensia SENSL1). Postoperative
programming showed no abnormalities.
Four hours prior to the current admis-
sion, the patient experienced syncope with-
out any apparent cause. On the day of
admission, her blood pressure was mea-
sured at 108/69 mmHg. Blood gas analysis,
complete blood count, coagulation profile,
liver function, kidney function and thyroid
function were all within normal limits. This
patient was diagnosed with NYHA classifi-
cation of cardiac function II at the time of
this current admission. BNP was mildly
elevated as 722 pg/ml. Echocardiography

indicated the following: the left ventricular
ejection fraction was 59.3%; and the pul-
monary artery systolic pressure was
57mmHg. Pacemaker programming indi-
cated that the pacing and sensing functions
were satisfactory, with intermittent episodes
of ventricular tachycardia (VT), atrial
fibrillation and premature ventricular com-
plex observed. During a syncope episode,
intracardiac electrography suggested an epi-
sode of ventricular fibrillation (VF). Given
that the patient is a young female with a slen-
der build (body mass index: 16.5kg/m?), a
subcutaneous  implantable  cardioverter
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defibrillator (S-ICD; A209 EMBLEM™)
was implanted while retaining the previous
dual-chamber pacemaker.

Considering the patient’s complex dis-
ease progression, genetic testing was per-
formed with the consent of the patient
and her family. Whole-exome sequencing
results revealed that the patient carries
a pathogenic heterozygous mutation at
exon 6 of the DES gene: c.1216C>T
(p-Argd06Trp). Sanger sequencing con-
firmed the mutation of nucleotide 1216 in
the DES gene coding region from cytosine
to thymine, resulting in the substitution of
arginine by tryptophan at position 406.
Public database searches indicate that
DES gene mutations can cause type | myo-
fibrillar myopathy (OMIM: #601419)
and type 1I DCM (OMIM: #604765)
(Figure 2). The patient’s father died young
from sudden cardiac death, but other rela-

which has made it difficult to determine
whether this mutation is a de novo occur-
rence. During this current hospital stay,
the patient’s serum creatine kinase levels
were mildly elevated at 384 U/l (normal
range, 40-200U/I). However, no skeletal
muscle activity disorders or abnormalities
in muscle strength or tone were observed.
The patient refused muscle biopsy and
electromyography.

The patient was discharged 1 week post-
surgery. During a 6-month follow-up
period, the patient received 71.25 mg meto-
prolol succinate sustained-release tablets oral
once a day, 10mg dapagliflozin oral once a
day, 20 mg spironolactone oral twice a day
and 10mg furosemide oral once a day. All
of these medications were taken continuously
after hospital discharge. She experienced no
further syncope episodes and the S-ICD
system was functioning normally. Nine

tives have not undergone genetic screening, =~ months  after  surgery, the S-ICD
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Figure 2. Whole-exome sequencing analysis of a female patient in her early 20 s who had syncope episodes
I3 years previously with a heart rate of 30 beats per minute (bpm) and had then experienced a recurrence 4
hours prior to the current admission revealed a heterozygous missense mutation in the desmin (DES) gene
c.1216C>T(p.Arg406Trp): (a) Sanger sequencing DNA chromatograms of DES indicating the missense
variant c.1216C>T (p.Arg406Trp). The red arrow indicates the mutation site and (b) the patient’s main
genetic test result. Arg, arginine; Trp, tryptophan; AD, autosomal dominant inheritance. The colour version

of this figure is available at: http://imr.sagepub.com.
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programming indicated a total of five epi-
sodes of VT/VF, all of which were converted
to sinus rhythm after defibrillation and were
consistent with the time of the presyncope
(Figure 3). One year after surgery, the S-
ICD discharged more frequently and led to
patient’s extreme anxiety with a significant
increase in BNP, thus she underwent a
heart transplant. Pathological examination
of the removed heart revealed NVM (Figure
4). The patient was ultimately diagnosed with
DRM, with ventricular tachycardia, ventric-
ular fibrillation, atrial fibrillation, NVM and
PH as phenotypic expressions.

Written informed consent was obtained
from the patient for treatment and publica-
tion of this case report. All patient details
have been de-identified. The reporting of
this case report conforms to the CARE
guidelines.®

Discussion

Desmin is composed of a central a-helical
coiled-coil rod domain flanked by

non-helical amino-terminal and carboxy-
terminal domains. Mutations located in
the a-helical 2B structural domain or the
carboxy-terminal of desmin are often associ-
ated with arrhythmias and cardiomyopa-
thies, specifically between amino acids 350—
406.° A previous study observed a reduction
in the transverse structures of the intercalat-
ed discs in the sinoatrial nodal pacing com-
plex in ACM mouse models with DES gene
knockout (DES—/-).'® Compared with wild-
type mice, DES—/— mice exhibited increased
sympathetic nerve activity, prolonged atrial
conduction time and a significant increase in
ventricular and supraventricular ectopic
beats, potentially related to the elevated
pacemaker potential due to upregulation
of T-type voltage-gated Ca2+ channels
and downregulation of hyperpolarization-
activated cyclic nucleotide-gated channels.'®
Another study found that desmin immunos-
taining in the pacing and conduction system,
pulmonary vein and non-pulmonary vein
myocardial sleeves was significantly stronger
than in  ventricular  cardiomyocytes,
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Figure 3. Programming indicated ventricular tachycardia/ventricular tachycardia was terminated by one
shock from the subcutaneous implantable cardioverter defibrillator and it took |8 seconds from automatic
diagnosis, charging to discharge and the treatment was successful in a female patient in her early 20 s who
had recurrent syncope episodes. The colour version of this figure is available at: http://imr.sagepub.com.
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Figure 4. Pathological examination of the heart that was removed from in a female patient in her early 20s
who had recurrent syncope episodes and subsequently had a heart transplant revealed non-compaction of
the ventricular myocardium. Representative photomicrographs showing: (a) the ratio of loose to compact
layers of the left ventricular myocardium was approximately 2:1.; (b) the thickened vessel walls exhibited
fibrous tissue proliferation with mucinous degeneration and hyaline degeneration; (c) cardiomyocyte
hypertrophy and vacuolar degeneration. Nuclei were enlarged and hyperchromatic with a box-shaped
appearance; (d) myocardium interstitial fibrosis; (e) endocardial hyaline degeneration; (f) mucinous degen-
eration; (g) infiltration of adipose tissue in the myocardium; (h) flattened and fragmented elastic fibres.
Haematoxylin and eosin staining. Scale bars: 5000 um for (a), 625sum for (b) and 100spm for (c) to (h). The
colour version of this figure is available at: http://imr.sagepub.com.

indicating that desmin is not only distributed
in the pacing regions and conduction system
but also concentrated in the supraventricular
regions that may trigger atrial arrhyth-
mias.'" In the current case, a heterozygous
missense variant of the DES gene led to
DRM with various types of arrhythmias,
NVM and PH. The mutation residue

p-Argd06Trp is located at the carboxyl ter-
minus of the a-helical 2B structural domain
within the core structure of desmin, a region
that is absolutely conserved and contains a
consensus sequence for intermediate fila-
ment formation.

A search of databases including
PubMed , EMBASE, Web of Science,
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CNKI, Chinese Medical Journal Network
and Wanfang Medical Network for rele-
vant literature from their inception to
May 2024 identified 13 articles that
reported the mutation p.Argd06Trp.'>>*
These articles detailed 17 cases of patients
with cardiac involvement (duplicate cases
were excluded). Most patients developed
symptoms during adolescence and 10 were
females (Table 1). Apart from an early
report that described a family with RCM
and atrioventricular block (AVB)," two
additional cases involved fathers confirmed
to have DES germline mosaicism, the
remaining cases were new mutations.'>!*
Among the 10 patients with skeletal
muscle involvement, common initial symp-
toms included fatigue and distal limb weak-
ness, with severe cases presenting
swallowing difficulties and respiratory
muscle involvement. Patients with early
skeletal muscle involvement had poorer
prognoses, often losing the ability to per-
form daily activities. Among these 17
patients, 10 had cardiomyopathy (i.ec.
DCM, RCM, ACM, HCM), 15 had heart
block (i.e. AVB, right bundle branch block,
LBBB) and 13 had cardiovascular implant-
able electronic devices. The majority of
patients were diagnosed with skeletal
muscle involvement in their 20s and some
cases with cardiac involvement were as
early as the first decade of life.

In the current case, the heterozygous
missense variant of the DES gene led to
DRM with multiple arrhythmias, NVM
and PH. Previous research on the
Argd06Trp mutation have revealed charac-
teristic D ES-positive protein aggregates and
disruptions at cell junctions.'” These dis-
ruptions include the loss of desmin and
vimentin, as well as an irregular, patchy dis-
tribution of N-cadherin and desmoplakin,
which affect the attachment of desmin to
desmosomes and destabilize the intercalat-
ed disc."” These findings have been validat-
ed in genetic replacement animal models

and explain the mechanisms related to
early-onset conduction block and malig-
nant arrhythmias.!” The ¢.1216C>T muta-
tion reported in this current case has
previously been associated with DCM,
RCM, ACM and HCM as shown in
Table 1. However, in the current case, the
myocardial involvement in this patient was
characterized by NVM. NVM is a rare
structural abnormality of the left ventricu-
lar myocardium, also known as left ventric-
ular non-compaction (LVNC). Its actiology
remains unknown and the molecular mech-
anisms are yet to be elucidated. This condi-
tion is marked by left ventricular
hypertrophy and hypokinetic segments
with numerous prominent trabeculations
and deep intertrabecular recesses. It is
potentially associated with life-threatening
arrhythmias and early-onset heart failure;
and it shares some overlapping morpholog-
ical features with other structural cardiomy-
opathies. Over the past few years, the
association between mutations in some
loci of the DES gene and NVM has been
investigated. For example, DES gene mis-
sense mutations of unknown significance
were described in NVM cases and involved
a patient who underwent heart transplanta-
tion at the age of 10 years.”>*® A report
from 2019, described a three-generation
Russian family with NVM and skeletal
myopathy, which led to heart transplanta-
tion and cardiogenic sudden death.?’
Genetic analysis revealed a novel small in-
frame deletion within the DES gene,
¢.336_344del, affecting the a-helical rod
domain.?” It can be suggested that NVM
due to DES gene mutations is associated
with complex arrhythmias, heart failure
and a severe disease course. Therefore, the
DES gene should be included in the genetic
screening of patients with LVNC in the
future.

Interestingly, the current case has helped
to broaden the clinician’s ability to choose
the best treatment in other similar cases. A
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previous report described a young male
with the DES gene mutation c.1216C>T
(p.Argd406Trp).'” He underwent pacemaker
and implantable cardioverter defibrillator
(ICD) implantation for RCM, intermittent
CAVB and VT.!” Ultimately, he received a
heart transplant due to the progression of
heart failure.!” This previous case supports
early pacemaker or ICD implantation to
prevent sudden cardiac death.'” Another
study described an 8-year-old girl who was
successfully resuscitated from a sudden loss
of consciousness and diagnosed with HCM
with CAVB.?® She was implanted with a
transvenous ICD to prevent malignant ven-
tricular arrhythmic events.”® No malignant
ventricular arrhythmias were observed
during follow-up.?® Currently, there are no
definitive pharmacological or other inter-
ventional measures for arrhythmias caused
by DES gene mutation-associated myopa-
thies. Considering that DRM-induced car-
diac  involvement often  necessitates
pacemaker implantation due to high-
degree AVB, a significant proportion of
right ventricular endocardial pacing can
lead to intraventricular and interventricular
dyssynchrony, resulting in impaired cardiac
function. Physiological pacing is expected
to maintain ventricular contraction syn-
chrony. For patients with heart failure com-
bined with complete LBBB, left bundle
branch pacing optimized-cardiac resynch-
ronization therapy and His-optimized car-
diac resynchronization therapy probably
achieve a good therapeutic effect.
Upcoming extravenous ICDs and the
fourth-generation S-ICDs will offer both
bradycardia pacing and anti-tachycardia
pacing functions, expanding their applica-
bility and meeting both pacing and defibril-
lation needs of patients potentially with
DRM.

In conclusion, the cardiac phenotype
resulting from the DES c.1216C>T
(p.Argd06Trp) mutation exhibits heteroge-
neity, as seen in this current case and

previous reports. Patients with one or
more manifestations of AVB, cardiomyop-
athy with or without skeletal muscle
involvement, early onset and a family his-
tory of sudden cardiac death should be
identified.  Patients  with  early-onset
arrhythmias should undergo timely dynam-
ic electrocardiography monitoring, cardiac
function evaluation and whole-genome
sequencing, with annual cardiac examina-
tions during follow-up. Relatives of patients
who may carry the DES gene mutation,
even without muscular involvement,
should also undergo similar evaluations.
For patients who have developed arrhyth-
mias, in addition to pharmacological treat-
ment, the prophylactic implantation of
pacemakers or ICDs should be considered
to prevent severe heart failure or sudden
death.
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