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Familial cardiomyopathy caused by a novel
heterozygous mutation in the gene LMNA
(c.1434dupG): a cardiac MRI-augmented

segregation study

MASHAEL ALFARIH! 23, PETROS SYRRIS?, ELOISA ARBUSTINI*, JoA0 B. AUGUSTO' 2, ALUN HUGHES??,
Guy Lroyp'?, Luis R. LoPEs! 2, JAMES C. MooN' 2, SATDI MOHIDDIN' AND GABRIELLA CAPTUR! 236

! Barts Heart Center, The Cardiovascular Magnetic Resonance Imaging Unit, St Bartholomew’s Hospital, West Smithfield, London,
UK; ? Institute of Cardiovascular Science, University College London, Gower Street, London, UK * Department of Cardiac
Technology, College of Applied Medial Sciences, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia; * Center for
Inherited Cardiovascular Diseases, Foundation IRCCS Policlinico San Matteo, University of Pavia, Italy; > UCL MRC Unit for
Lifelong Health and Ageing, 33 Bedford Place, London, UK; ° Cardiology Department, Royal Free Hospital NHS Trust, Pond St,
Hampstead, London, UK

In a five-generation family carrying a novel frameshift LMNA
variant (c.1434dupG, p.Leu479AlafsX72), imaging-augmented
segregation analysis supports its association with lamin heart
disease. Affected members exhibit conduction abnormalities,
supraventricular and ventricular arrythmias, dilated car-
diomyopathy with non-infarct pattern midwall septal fibrosis,
heart failure and thromboembolic complications.

Key words: familial dilated cardiomyopathy, lamin A/C, cardiola-
minopathies

Introduction

Lamin A/C are structural intermediate filaments
encoded by the LMNA gene. LMNA gene mutations are
responsible for various multi-system laminopathies in-
cluding lamin heart disease (LHD) which is characterized
by cardiac conduction system disease (CCD), dilated car-
diomyopathy (DCM), heart failure, malignant ventricular
arrythmias (VA) and sudden cardiac death (1). Given the
high arrhythmogenic risk, early recognition and interven-
tion by implantable cardioverter defibrillator (ICD) can
be life-saving.

Defining pathogenicity of novel LMNA variants re-
mains a challenge, but long-term surveillance of muta-
tion-positive families permits segregation studies that are

essential contributors to the validation of pathogenic mu-
tations. Advanced tissue characterisation by cardiovascu-
lar magnetic resonance (CMR) may help clinicians better
understand the potential pathogenicity of variants, espe-
cially when segregation studies include family members
with borderline/subclinical phenotypes by other imaging
modalities.

Here we describe the deep clinical phenotypes as-
sociated with a previously unreported LMNA variant:
¢.1434dupG.

Case presentation

We report a family in which all affected members
with cardiomyopathy (Fig. 1, left panel) carry the het-
erozygous LMNA variant, c.1434dupG (Tab. 1). The vari-
ant is predicted to disrupt protein reading frame creating
a premature termination codon confirmed by Alamut®
software. As variant pathogenicity was unknown we per-
formed an imaging-assisted segregation study, demon-
strating a link between variant and LHD.

Within this five-generation family, four members
are confirmed carriers of the variant by DNA testing,
expressing a clinical phenotype that includes DCM,
myocardial septal fibrosis [anecdotally found in 88% of
LMNA gene mutation carriers (2)], supraventricular and
ventricular arrhythmias, CCD, heart failure and throm-

Address for correspondence: Gabriella Captur, Institute of Cardiovascular Science, University College London, Gower Street, London
WC1E 6BT, UK. Tel. + 44 7809621264. E-mail: gabriella.captur@ucl.ac.uk
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Figure 1. CMR-assisted segregation study for a family with novel LMNA frameshift variant c.1434dupG,
p.Leud79AlafsX72 [Classification by ClinVar “not provided”; ACMG: “pathogenic (la)”’; gnomAD: “absent”].

Table 1. Novel LMNA genetic variant summary.

Variant €.1434dupG, p.Leud79AlafsX72
Mutation status Autosomal dominant, heterozygous
Variant type Frameshift (truncation predicting mutation)

Molecular consequence

NM_170707: ¢.1434dupG: loss-of-function variant

Genomic location

Chr 1: 156,114,707-156,140,089

Variant location

Exon 8: Single nucleotide duplication, premature termination codon;
downstream of the nuclear localization signal (NLS, exon 7) but upstream
of the C-terminal tail’

* Recent data suggests that there is an association between more ad-
verse cardiac phenotype and LMNA mutations upstream of the NLS or up-
stream of the tail (Captur et al., 2018. Doi: 10.1136/openhrt-2018-000915).

Phenotypic group

Dilated cardiomyopathy-conduction disease (DCM-CD)

GnomAD database

Absent

ClinVar clinical significance

Not reported

ACMG assertion of pathogenicity

Pathogenic (la)

Using American College of Medical Genetics and Genomics/Association
for Molecular Pathology (ACMG/AMP) criteria: the variant fulfills PVS1, PP1,
PM2 and PP4 (1 x very strong, 1x moderate and 2 x supporting) implying
pathogenicity.

Type of analysis

Direct fluorescent DNA sequencing for exon 8

boembolic complications (Tab. 2). There was a history =~ LHD (3)]: proband II-10 died suddenly in his 40s likely
of sudden death in seven members, interestingly all ~ from paternal inheritance of the variant as his father (I-
males [male gender is an adverse prognostic marker in 1) died abruptly in his 50s (no genetic data available for
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Table 2. Family study-disease progression and results of electrocardiogram, 24-hour Holter and CMR.

Adverse events ECG/holter CMR
Family Genetic PAC/
code | Sex | status | mVA | SCD | CHF | CVA | DCM |Brady | SVT | AVB | A.Fib/F | PVC LGE
I-1 M NK(?) +
[1-1 M NK(?) +
[1-5 M NK(?) +
[1-6 M NK(?) +
-8 M NK(?) +
[I-10 M | LMNA+ +
-3 F | LMNA- - - - - - - - - - - -
-4 M | LMNA- - - - - - - - - - - -
-7 F | LMNA- - - - - - - - - - - -
I11-8 M | LMNA+ + + + +
V-4 M | LMNA+ + + + + + +
IV-6 M | LMNA+ + + + + +
IV-8 F | LMNA- - - - - - - - - - -

+/- Indicates presence/absence of the trait; blanks represent missing data. Abbreviations: A.Fib/F: atrial fibrillation/flutter; AVB: Atrio-
ventricular block; Brady: bradyarrhythmia; CHF: congestive heart failure; CMR: cardiovascular magnetic resonance; DCM: dilated car-
diomyopathy; ECG: electrocardiogram; F: female; LGE: late gadolinium enhancement; M: male; NK(?): Not known (genetic testing not
done); PAC: Premature atrial contraction; PVC: premature ventricular contraction; SCD: sudden cardiac death; SVT: supraventricular
tachycardia; mVA: malignant ventricular arrhythmia; LMNA+: LMNA gene mutation present; LMNA-: negative for LMNA gene mutation.

the latter). Members I-1, II-1, II-5, II-6 and II-8 died
young and unexpectedly (no genetic data available).
Patient I1I-8 carries the variant and expresses an overt
DCM phenotype together with atrial fibrillation (AF).
Two of his children were also found to be carriers: IV-4
expressed DCM with heart failure, advanced CCD and
ventricular arrhythmias that required an ICD. A DCM-
pattern of extensive myocardial midwall septal fibrosis
was noted by cardiovascular magnetic resonance (CMR)
imaging. His brother IV-6, exhibited isolated right ven-
tricular enlargement and biatrial dilatation in the con-
text of AF, supraventricular arrhythmias and progressive
CCD. Following multidisciplinary team (MDT) meeting
discussion family member IV-6 received a primary pre-
vention dual chamber ICD given his two risk factors for
sudden cardiac death [male gender and non-missense
LMNA mutation (4)]. His CMR similarly revealed mid-
wall septal fibrosis matched by elevated native myocar-
dial T, times (Fig. 1, right panel). On follow-up, post-
ICD, we detected a self-terminating ten-beat salvo of
non-sustained ventricular tachycardia (VT).

DNA testing in their sister [V-8 with normal CMR,
excluded the presence of an LMNA mutation but iden-
tified a variant of uncertain significance (VUS) in the
Obscurin gene (OBSCN, ¢.21011C > G, p.Ser7004Cys).
Although a few OBSCN mutations have been reported
in the context of DCM and hypertrophic cardiomyopa-
thy (5), their occurrence in heterozygous states in indi-
viduals from the general population argue against their
pathogenicity.

Discussion

Our report describes a family in which the proband
and affected family member harbour a novel potentially
pathogenic mutation in LMNA gene (c.1434dupG). The
mutation was not previously described in the literature,
however the clinical course and ominous outcomes re-
semble those reported in cardiolaminopathy. In this fam-
ily there were seven premature sudden deaths (6). In a
multicentre study of 269 LMNA mutation carriers male
gender, non-missense mutation, left ventricular ejection
fraction < 45% and presence of non-sustained VT were
found to be independent predictors of malignant VA (4).
In this regard, member IV-4 with ICD satisfies all four
risk factors whilst member IV-6 with progressive CCD
and ICD scored positive for two risk factors (male, non-
missense mutation).

Pharmacological therapy in our LMNA gene mutation
carriers with heart failure consisted of usual heart failure
medications although in patients with bradyarrythmias,
beta blockers were reserved till after device implantation
or else discussed in a dedicated cardiomyopathy MDT
meeting. Arrthythmias were managed according to stand-
ard clinical practice, and all decisions related to device
implantation were reached after considering SCD risk
factors and broader MDT discussion.

This pedigree analysis highlights the added value
of CMR in segregation studies of LHD. For example,
CMR potentially enables clinicians to better: 1) differ-
entiate LMNA-DCM from other phenotypic mimics such
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as arrhythmogenic cardiomyopathy; 2) exclude ischemic
DCM using quantitative perfusion mapping approaches;
3) monitor LHD progression over time; 4) detect sub-
clinical phenotypes otherwise missed by other imaging
modalities; 5) plan optimal timing of device implantation
in patients with borderline phenotypes as part of a multi-
disciplinary team meeting discussion.

Previous CMR work reported that non-ischaemic
(midwall) scar in patients with LHD and VA predomi-
nantly involved the basal septum, basal inferior wall, and
sub-aortic mitral continuity (7), which tallies with our
current data. Member IV-6 had non-infarct pattern mid-
wall LGE in the basal-to-mid septum matched by high
myocardial T1 but normal T2 times, suggesting true myo-
cardial septal fibrosis. Indeed he had QRS fragmentation
on ECG (Fig. 1, right panel).

Limitations include that other genomic changes in
this family cannot be definitively excluded, CMR was not
performed on all family members, and genetic data una-
vailable for the five family members in generations I/II
with premature sudden deaths.

Conclusions

LMNA frameshift variant (c.1434dupG) seems to be
causative of lamin heart disease on the basis of this CMR-
augmented segregation analysis however further studies
are necessary to confirm our hypothesis.
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Phenotypic and genetic spectrum
of patients with limb-girdle muscular
dystrophy type 2A from Serbia

ST0IAN PERIC!, JELENA STEVANOVIC!, KATHERINE JOHNSON?, ANA KOSAc?, MARINA PERICY, MARIIA
BrANKOVIC!, ANA MARJANOVIC', MILENA JANKOVIC!, BOJAN BANKO’, SANJA MILENKOVICS, MILICA
Durpic’, Ivo Bozovic'!, JELENA NIKODINOVIC GLUMAC?, DRAGANA LAVRNIC?, RUzicA MAKSIMOVIC?,
VEDRANA MILIC-RASIC? AND VIDOSAVA RAKOCEVIC-STOJANOVIC!

! Neurology Clinic, Clinical Center of Serbia, School of Medicine, University of Belgrade, Serbia; * The John Walton Muscular
Dystrophy Research Centre, Institute of Genetic Medicine, Newcastle University, Newcastle upon Tyne, UK, * Clinic for Neurology
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* These two authors equally contributed to the paper

Limb-girdle muscular dystrophy (LGMD) type 2A (calpain-
opathy) is an autosomal recessive disease caused by mutation in
the CAPN3 gene. The aim of this study was to examine genetic
and phenotypic features of Serbian patients with calpainopathy.
The study comprised 19 patients with genetically confirmed cal-
painopathy diagnosed at the Neurology Clinic, Clinical Center
of Serbia and the Clinic for Neurology and Psychiatry for Chil-
dren and Youth in Belgrade, Serbia during a ten-year period.
Eighteen patients in this cohort had c.550delA mutation, with
nine of them being homozygous. In majority of the patients,
disease started in childhood or early adulthood. The disease af-
fected shoulder girdle — upper arm and pelvic girdle — thigh
muscles with similar frequency, with muscles of lower extremi-
ties being more severely impaired. Facial and bulbar muscles
were spared. All patients in this cohort, except two, remained
ambulant. None of the patients had cardiomyopathy, while
21% showed mild conduction defects. Respiratory function was
mildly impaired in 21% of patients. Standard muscle histopa-
thology showed myopathic and dystrophic pattern. In conclu-
sion, the majority of Serbian LGMD2A patients have the same
mutation and similar phenotype.

Key words: calpainopathy, c¢.550delA mutation, muscle magnetic
resonance imaging, muscle histopathology

Abbreviations

AS: asymmetry in muscle strength, CK: creatine ki-
nase, Cont.: contractures, EE: elbow extensors, DF: dor-

sal flexors, DTF: dorsal toe flexors, ECG: electrocardiog-
raphy, EF: elbow flexors, EMR: electromyography, FVC:
forced vital capacity, H.Abd: hip abductors, H.Add: hip
adductors, HE: hip extensors, HF: hip flexors, KE: knee
extensors, KF: knee flexors, LGMD: limb girdle muscu-
lar dystrophy, MRC: Medical Research Council Muscle
Grading Scale, MRI: magnetic resonance imaging, PF:
plantar flexors, PTF: plantar toe flexors, RBBB: right
bundle branch block, S.Abd: shoulder abductor, S.Add:
shoulder adductor

Introduction

Limb-girdle muscular dystrophy (LGMD) type 2A
(calpainopathy) is an autosomal recessive disease caused
by mutation in the CAPN3 gene (1). Calpain 3 is a skel-
etal muscle-specific isoform of the Ca?*-dependent non-
lysosomal calpain cysteine protease, essential for normal
muscle function (1). It plays a role in numerous functions
in muscle cells, such as muscle regeneration, sarcolem-
mal repair, cytoskeleton regulation and calcium homeo-
stasis (2-5). Calpainopathy is the most common form of
LGMD in majority of countries worldwide (6, 7).

Based on the distribution of muscle weakness and
age at onset, three main phenotypes of LGMD2A have
been identified: 1) pelvi-femoral phenotype is the most
common one, with muscle wasting and weakness starting

Address for correspondence: Vidosava Rakocevic-Stojanovic, Neurology Clinic, Clinical Center of Serbia, School of Medicine, University
of Belgrade 6, Dr. Subotic Street, 11 000 Belgrade, Serbia. Tel. +381 64 2228779. Fax +381 11 2684577. E-mail: vidosava_r@yahoo.co.uk
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in pelvic girdle, later affecting shoulder girdle; 2) scap-
ulo-humeral phenotype with affection of the shoulder
girdle from the beginning; and 3) hyperCKemia, which
may be considered as a presymptomatic stage of calpain-
opathy, most commonly exhibited in children and young
adults (8-10).

Aim of this research was to analyze genetic and phe-
notypic features of Serbian patients with calpainopathy.

Methods

The study was approved by the Ethical Board of the
Neurology Clinic, Clinical Center of Serbia. It comprises
patients that have been genetically diagnosed with LG-
MD2A at the Neurology Clinic, Clinical Center of Serbia
and the Clinic for Neurology and Psychiatry for Children
and Youth in Belgrade, Serbia during a ten-year period
from 2008-2017. These are the two largest neuromus-
cular centers diagnosing patients with LGMD from the
whole country and the region. Genetic analysis was per-
formed through the whole exome sequencing in 15 sub-
jects (confirmed with Sanger), sequencing of the whole
CAPN3 gene in one patient and analysis of four (exons
4, 6, 10 and 13) out of 24 coding exons in three subjects.
Selection of these four exons was based on the previous
genetic results of LGMD patients in the region and was
done in order to lower the financial costs (11). Sequence
variants were numbered according to the reference se-
quence NM_000070.3/ NP_000061.1.

Follow-up visits were regularly scheduled once or
twice per year for all patients. Clinical assessment in-
cluded a detailed medical and family history and neuro-
logical examination, performed by an experienced neu-
rologist. First degree relatives of patients were assessed
where possible. Muscle strength was scored using the
Medical Research Council (MRC) scale (12). Electro-
myography (EMG) and nerve conduction studies were
performed in 11 patients. Serum creatine kinase levels
were measured in all patients at multiple time points
during the course of the disease. Respiratory function
was assessed by spirometry annually, while regular car-
diac examinations included ECG each year and echocar-
diogram every second year. Muscle biopsies, usually of
deltoid muscle, were performed in nine patients. Cal-
pain 3 immunohistochemistry and immunoblot were not
performed.

Muscle magnetic resonance imaging (MRI) was per-
formed in four patients in axial and coronal planes of the
lower limbs using the following sequences: T1-weighted
(T1w), T2-weighted (T2w), proton-density weighted
(PDw), and 3-point Dixon (13, 14). Images were assessed
on an individual muscle basis and graded according to the
five-point scale published by Mercuri et al. (15).

Methods of descriptive statistics were used: mean,
standard deviation, median. Chi-square test, Mann-Whit-
ney U test and Student t test were used for comparisons
between two groups, as appropriate. Level of statistical
significance was 0.05.

Results

We identified 19 LGMD2A patients from 18 fami-
lies. This accounts for approximately 30% of all LGMD
patients diagnosed in our two centers in observed period.
Eighteen (95%) patients in this cohort had c.550delA
(p-Thr184ArgfsTer36) mutation on at least one allele,
with 9 (47%) patients being homozygous for this muta-
tion (Tab. 1). Clinical presentation did not differ between
¢.550delA homozygous and heterozygous patients.

Majority of our patients were sporadic. Three of
them had positive family history for LGMD2A (patients
#06, #7 and #18). LGMD2A was diagnosed in patient #7
at the age of 12. Thus, his one-year older brother (#6)
went through the full clinical examination — CK level was
elevated with symptomatology showing mild wasting of
the muscles in scapular region, contractures of the ankles,
and inability to walk on heels.

We observed equal distribution regarding gender
with eight (42%) patients being male (Tab. 2). The age
at disease onset ranged between 7 to 40 years old (mean
16.4 £ 7.6, median 14.5 years). In one patient (#10) the
disease started at the age of 40, while all of the others had
disease onset between the age of 7 and 22. Almost half of
the patients (42%) had multiple symptoms at the disease
onset. In majority (74%) of the patients, the first symptom
was proximal muscle weakness in lower limbs. Another
common initial symptom was gait on tiptoes observed in
26% of patients. In two (11%) patients the disease started
with proximal arm weakness. Two patients were asymp-
tomatic, and they were accidentally diagnosed with hy-
perCKemia at age 9 and 11. Although patient #10 had late
symptom onset, the disease showed more rapid progres-
sion, and the patient started to use a cane only after two
years from the disease onset.

Average age at the last examination was 25.4 + 10.4
years (median 26) (Tab. 2). Mean duration of disease
was 11.6 = 4.3 years (median 11.5). The facial and bul-
bar muscles still were not affected. Muscle atrophy and
weakness was observed in pelvic girdle and thighs in
84% patients and the same number had shoulder girdle
and proximal arm muscle wasting. Lower leg muscles
were affected in 79% of patients and only one patient had
distal muscle weakness in arms. Pseudohypertrophy of
muscles was detected in ten (53%) patients, with seven of
them exhibiting hypertrophy in calves, two in proximal
muscles of lower limbs, and one in lower arms.
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Table 1. Genetic findings in CAPN3 gene in investigated patients with LGMD2A.

Phenotypic and genetic spectrum of patients with limb-girdle muscular dystrophy type 2A from Serbia

# Mutation in one allele Mutation in another allele Genetic method
01 p.Thr184ArgfsTer36 p.Glu566Lys Gene sequencing
02 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Targeted exons sequencing
03 |p.Thr184ArgfsTer36 p.Arg440Trp Whole exome sequencing
04 | p.Thr184ArgfsTer36 c.1194-9A > G Whole exome sequencing
05 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
06 | p.Thr184ArgfsTer36 c.1746-20C > G Whole exome sequencing
07 | p.Thr184ArgfsTer36 c.1746-20C > G Whole exome sequencing
08 |p.Thr184ArgfsTer36 c.2380+1G > A Whole exome sequencing
09 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
10 p.Thr184ArgfsTer36 p.Thr417Met Whole exome sequencing
11 p.Thr184ArgfsTer36 p.Asp295L eufsTer57 Whole exome sequencing
12 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
13 Deletion of 10362 kb (genomic p.Gly441ValfsTer22 Whole exome sequencing
coordinates 15:42676429-42686791)2
14 | p.Thr184ArgfsTer36 p.Asn434LysfsTer37 Whole exome sequencing
15 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
16 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
17 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Whole exome sequencing
18 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Targeted exons sequencing
19 | p.Thr184ArgfsTer36 p.Thr184ArgfsTer36 Targeted exons sequencing

aGenomic variants are based on build37/hg19.

Table 2. Sociodemographic, clinical and laboratory features of our patients with LGMD2A.

# Sex | Age at | Symptoms at onset Creatin | Age at the | Ambulant
onset kinase last visit | at the last
increase visit
01 M 20 Difficulties climbing stairs and rising up from squatting 10x 30 Yes
02 F 9 Increased CK 10-50x 9 Yes
03 M 19 Difficulties climbing stairs 10x 37 Yes
04 M 11 Gait on tiptoes 10-50x 21 Yes
05 F 11 Gait on tiptoes, difficulties climbing stairs and rising up 50x 16 Yes
from squatting
06 M 14 Proximal arm weakness > 50x 14 Yes
o7 M 12 Gait on tiptoes, elbow contractures 50x 15 Yes
08 M 22 Difficulties climbing stairs and walking uphill > bx 35 Yes
09 F 14 Gait on tiptoes, difficulties climbing stairs 10x 26 Yes
10 F 40 Wasting of proximal leg muscles, muscle pain > 50x 51 Yes
11 M 7 Weakness of proximal leg muscles > 50x 20 no (from
age 19)
12 M NA* |Increased CK > 50x 11 Yes
13 F 14 Weakness of proximal leg muscles, difficulties walking 10x 29 no (from
on heels age 27)
14 F 13 Gait on tiptoes, difficulties rising up from squatting 10x 29 Yes
15 F 18 Difficulties climbing stairs 10-50x 26 Yes
16 F 15 Proximal arm and leg weakness < bx 34 Yes
17 M 20 Difficulties climbing stairs 10x 33 Yes
18 F 10 Difficulties climbing stairs 10-50x 21 Yes
19 F 16 Difficulties climbing stairs 10-50x 25 Yes
M: male; F: female; NA: not applicable
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Muscle strength was most severely reduced in the
lower limbs, especially proximally with hip flexors and
adductors being the most affected, and knee extensors
relatively spared (Tab. 3). Dorsal flexors of foot and toes
were significantly more affected than plantar ones. Shoul-
der abductors and adductors and elbow flexors were the
most impaired upper limb muscle, with distal arm muscle
strength being preserved in almost all patients. Scapular
winging was present in 16 (84%) patients. Contractures
of the ankles were present in all patients, with two of
them as a result of surgery to prevent foot drop. Three
(16%) patients had elbow contractures. All patients, ex-
cept two, remained ambulant at the last examination. One
patient started to use a wheelchair at the age of 19 after
12 years of disease duration, and another one at age of 27
after 13 years of having the disease. In the group of am-
bulant patients, two of them were using assisting walking
device — one cane, and the other one four-wheel walker.

Serum CK levels during the course of the disease
were elevated in all of the patients and were 4-80 times
higher than upper border of reference values (normal
value < 150IU/1). EMG was performed in 11/19 patients
and it showed myopathic pattern in all patients with no
spontaneous activity at rest. As for cardiology findings,
none of the patients had cardiomyopathy. Electrocardi-
ography showed incomplete right bundle branch block
(RBBB) in one patient at age 11 when he was diagnosed

with calpainopathy. Three other patients had mildly pro-
longed PQ interval observed at regular cardiologic check-
ups between age 25 and 30. Neither of them had any car-
diac complaints. Respiratory function was impaired in 4
(21%) patients who had restriction (FVC < 90%) with the
lowest FVC being 72% in patient who had a long disease
duration of 19 years. It is of interest that patient #2 had
signs of mild restriction (FVC 85%) from the beginning
of the disease.

Seven patients underwent biopsy of the deltoid mus-
cle. One of them (#7) showed no pathological changes
at age 15, three years after disease started. In all other
patients, dystrophic pattern was observed, including fiber
size variations (6/6), necrosis (4/6), and connective and/
or fat tissue infiltration (6/6). Some patients had addition-
al myopathic signs: split fibers (3/6) and internal nuclei
(3/6). In four out of six patients, inflammation was ob-
served: two of them had rare T lymphocytes and hystio-
cytes, one rare eosinophiles and macrophages, and one
significant eosinophilic infiltration (Fig. 1). Patient with
significant eosinophilic infiltration was at age 12 at the
time of the biopsy.

Muscle MRI of thighs and legs was performed in
eight patients (Fig. 2). Uniform pattern of affection of the
thigh was observed with gluteal muscles, posterior thigh
compartment, hip adductors and iliopsoas muscles being
severely affected. Adductors, semitendinosus and semi-

Figure 1. Histopathological findings in patients with calpainopathy.

A: normal muscle architecture in patient #7; B: fiber size variation, necrotic fiber with macrophage infiltration and split
fiber (arrow) in patient #3; C,D: fiber size variation, internal nuclei, necrotic fibers with macrophage infiltration in patient
#16; E: significant eosinophilic infiltrate in patient #12; F: connective and fat tissue infiltration in patient #15
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Figure 2. Muscle MRI findings in patients with calpainopathy.
Columns from left to right: normal MRI findings in healthy person, patient #10, #3, #14; rows from top to bottom: upper
thighs, lower thighs, legs; more description is given in the text

membranosus muscles were more affected then biceps
femoris. It seems that sartorius (from the anterior com-
partment) and gracilis (from the medial compartment)
were the most spared muscles of the thighs. In all patients
the most commonly affected muscles of lower legs were
of the posterior compartment, with medial head of the
gastrocnemius and soleus being more affected than lateral
head of the gastrocnemius. Anterior and especially deep
posterior compartments were long preserved.

Discussion

Calpainopathy was diagnosed in one third of Ser-
bian patients with LGMD and c¢.550delA was the most
common mutation found in 95% of subjects (in half of
them in homozygous state). Depending on the geographic
region, LGMD2A represents approximately 30% of all
LGMD (16, 17). The ¢.550delA mutation accounts for up
to 75% of LGMD2A patients in Slavic countries, Turkey,
Italy and Germany (18-23). It was marked as the Eastern
Mediterranean founder mutation (18). One in 133 pa-
tients from Croatian general population carries c¢.550del A
mutation (11).

In our patients, disease usually started from child-
hood to early adulthood (median 14.5 years) which is
in accordance with previous data (18). First symptoms
in our group were proximal muscle weakness in lower
limbs, walking on tiptoes, and in some cases proxi-
mal arm weakness which is in line with the literature
data (18). Due to the presence of proximal arm atrophy
and weakness and scapular winging these patients may
be misdiagnosed as facioscapulohumeral muscular dys-
trophy although the second disease can be differentiated
because of the facial muscle weakness and asymmetric
atrophy and weakness in upper limbs.

Two of our patients were diagnosed with LGMD2A
due to incidentally discovered hyperCKemia. Asympto-
matic hyperCKemia is usually seen in children or young
adults with calpainopathy and it may persist for dec-
ades (18). Serum CK levels during the course of the dis-
ease were 4-80 times elevated in all of our patients and
this is the most common and unvarying feature of the LG-
MD2A from early infancy (19, 24).

During the disease course, pelvic girdle/thighs and
shoulder girdle/proximal arms were clinically affected
with similar frequency although muscle weakness was
more severe in lower limbs. MRI results in proximal leg
muscles were in accordance with the clinical findings: hip
extensors and adductors and knee flexors were the most
affected, while knee extensors were relatively spared.
This was clinically described even in the first papers on
calpainopathy (25, 26). Similarly, Straub and colleagues
described prominent involvement of the gluteal and pos-
terior compartment of the thigh in LGMD2A (27). Ac-
cording to them, pathology seems to start in the adductor
magnus muscle and spreads to the semitendinosus and
thereafter to all the hamstring muscles which is similar to
our findings. This typical and selective pattern may be of
diagnostic significance (18).

Lower leg muscles were affected in around 80% of
patients during the course of the illness. Dorsal flexors of
foot and toes were clinically more affected than plantar.
On the contrary, MRI results showed that the most com-
monly affected muscles of lower legs were of the poste-
rior compartment which is in accordance with previous
reports (27). Sparing of the tibialis posterior muscle was
observed in our cohort and previously reported in the lit-
erature (27, 28).

Muscle pseudohypertrophy was detected in half of
our patients, usually in calves. This has been previously
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reported only as an occasional sign in LGMD2A, al-
though 86% of Brazilian LGMD?2A patients had this find-
ing (18, 29). This may be of diagnostic importance since
male patients with hyperCKemia and calf pseudohyper-
trophy may be misdiagnosed with dystrophinopathy. It
was reported that up to 20% of LGMD patients and 7% of
LGMD?2A actually have dystrophinopathy (30, 31). An-
kle contractures were present in all of the patients in our
cohort, and three had elbow contractures. Literature data
suggest that joint contractures are typical for LGMD2A
and may be common even in early disease stages (18, 28).

After ten or more years of disease duration some of
our patients became non-ambulant. Loss of ambulation
in LGMD2A occurs about 10-30 years after the disease
onset (32). Cardiomyopathy was not observed, and only
minor cardiac conduction impairments were found in our
cohort. Heart involvement is generally rare in LGMD2A,
but there are some cases that had cardiomyopathy and
cardiac arrest (33-37). Mild respiratory restriction was
diagnosed in 21% of our LGMD2A patients, and in one
patient it was present from the beginning of the disease.
Reduced forced vital capacity is frequently reported in
LGMD2A (38, 39) due to the diaphragm weakness, but
usually after longer disease duration.

Standard muscle histopathology in our patients was
nonspecific, showing a dystrophic (and myopathic) pat-
tern. Nevertheless, biopsy may be of importance to ex-
clude myofibrillar myopathies and myositis (18). Due to
the progress in genetic methods, the American Academy
of Neurology suggest muscle biopsy only if genetic test-
ing is inconclusive (40). Some of our patients had inflam-
mation in muscle samples, one of them had significant
eosinophilic infiltration. This was previously described
in young patients with LGMD2A (41-43). Some of these
patients were previously treated with steroids for years
without any effect (44). Krahn and colleagues reported
that eosinophilic myositis is an early and transient feature
of the calpainopathy since it was not found in older pa-
tients with LGMD2A (42, 43).

Conclusions

Almost all Serbian patients with calpainopathy had
¢.550del A mutation. In most of the patients, disease start-
ed in the childhood or early adulthood. The disease af-
fected both shoulder girdle — upper arm and pelvic girdle
— thigh muscles with similar frequency, although muscles
of lower limbs are more severely impaired. None of the
patients had cardiomyopathy, while 21% showed mild
conduction defects. Respiratory function was slightly im-
paired in 21% of patients.
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Current and emerging therapies in Becker
muscular dystrophy (BMD)

CORRADO ANGELINI, ROBERTA MAROZZO AND VALENTINA PEGORARO

Neuromuscular Center, IRCCS San Camillo Hospital, Venice, Italy

Becker muscular dystrophy (BMD) has onset usually in child-
hood, frequently by 11 years. BMD can present in several ways
such as waddling gait, exercise related cramps with or with-
out myoglobinuria. Rarely cardiomyopathy might be the pre-
senting feature. The evolution is variable. BMD is caused by
dystrophin deficiency due to inframe deletions, mutations or
duplications in dystrophin gene (Xp21.2) We review here the
evolution and current therapy presenting a personal series of
cases followed for over two decades, with multifactorial treat-
ment regimen. Early treatment includes steroid treatment that
has been analized and personalized for each case. Early treat-
ment of cardiomyopathy with ACE inhibitors is recommended
and referral for cardiac transplantation is appropriate in severe
cases. Management includes multidisciplinary care with physi-
otherapy to reduce joint contractures and prolong walking.
BMD is slowly progressive with phenotypic variability. Despite
childhood onset, independent walking is never lost before the
third decade. Personalized medicine is required to tailor treat-
ment to individual cases.

Key words: Becker muscular dystrophy, BMD, steroids

Introduction

After the description by Becker and Kiener in 1955
in affected families, the discovery by Monaco et al. (1)
of the dystrophin gene (DMD) and the diagnostic use of
dystrophin protein testing led to a drastic re-consideration
of clinical phenotypes associated with deletion or dupli-
cation of the dystrophin gene: several different clinical
entities were described associated with different progno-
sis according to the localization of mutation and residual
amount of dystrophin protein (2, 3). Among these pheno-
types, there are patients with cramps and myalgia, myo-
globinuria, mild myopathy, quadriceps myopathy, late-
onset myopathy, X-linked dilated cardiomyopathy (2, 3).
It is not uncommon to find in diagnostic procedures pa-

tients with a deletion in the dystrophin gene that have nor-
mal muscle strength and endurance, but present high CK,
and so far their follow-up and treatment recommenda-
tions are still a matter of debate. Patients with early cardi-
omyopathy are also a possible variant of BMD (4, 5) and
may be susceptible either to specific drug therapy and/or
to cardiac transplantation (6-8). Here we cover emerging
therapies considering follow-up, and exemplifying some
phenotypes and treatments by a few study cases.

Pathophysiology and rationale of
therapeutic targets

All patients with dystrophin of abnormal quantity or
size have clinical manifestations compatible with BMD
range of phenotypes and their diagnostic traits have been
identified (9). In addition to classical BMD cases, on the
basis of DMD gene mutations or dystrophin protein ab-
normality it is possible to diagnose a number of “preclini-
cal” or “asymptomatic” cases.

Following them for decades as atypical cases, most
“asymptomatic” BMD patients show less ability in term
to run or perform Gowers’ maneuver, episodes of myo-
globinuria or fatigability. This progression is mainly to be
attributed to two patho-mechanism factors:
¢ inflammatory cytokines and TNF-alpha-induced

microRNAs control dystrophin expression (10). In-

flammatory cells could play a role in microRNAs
induction and cross talk, and likely the microRNA
pattern could not only be a signaling of NF-kB path-
way but also play a role in promoting myogenesis,

differentiation and muscle regeneration (11);

* oxidative stress refers to an imbalance between the
generation of free radicals- chemical species with a
high reactivity and instability of oxygen (Reactive
Oxygen Species, ROS) and nitrogen (Reactive Nitro-
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gen Species, RNS), and the activity of the antioxidant
defense systems (12). Among the ROS that are main-
ly generated during the mitochondrial electron trans-
port chain, the superoxide anion, the hydrogen per-
oxide, and the hydroxyl radicals are the most studied.
The nitric oxide (NO) and the peroxynitrite are the
most known among the RNS. The NO, a low reactive
molecule that can become toxic forming peroxynitrite
in the presence of superoxide anion, is synthesized by
the enzyme NO synthase (NOS), among which isoforms
there is the neuronal NOS (nNOS), localized in the sarco-
lemma of muscle fibers and deemed to be the main pro-
ducer of RNS (12). Increasing levels of both ROS and
RNS can damage different intracellular macromolecules,
such as lipids, proteins, and nucleic acids (13). In particu-
lar, lipids of the sarcolemma are frequently attacked in a

Steroid therapy in BMD

process called lipid peroxidation (14) and, for this reason,
the products of lipid peroxidation are often used as bio-
markers of oxidative stress (12).

Among therapeutic targets of metabolic pathways
involved in muscle plasticity, there are increasing utro-
phin (15), NO (16), and inhibiting ROS and RNS (17, 18).

Case reports (Tab. 1)

Case 1

This 15-year-old boy presented with muscle weak-
ness, high CK levels, recurrent myoglobinuric episodes,
scoliosis, calf hypertrophy, waddling gait, pes cavus,
and thigh hypertrophy. He was found to carry a novel
missense variant p.Thr160Pro in exon 6 of DMD gene,

Table 1. Clinical and molecular features in the present BMD patient series.

Clinical feature Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Dystrophin 427 kDa, 600 kDa, n.d. n.d. 427 kDa, 370 kDa, 380 kDa,

protein 10% 100% 5% 30% 60%

Dystrophin gene Missense | Dupl. ex.14-| Del. ex.48- | Del. ex.47- Point Del. del.

mutation p.T160P 42 49 49 5-UTR ex.45-47 ex.45-49

Age at onset 15 4 9 Childhood 16 5 17

(yrs)

Cramps/myalgia No Yes No No Yes No No

Myoglobinuria Yes No No No Yes No No

Fatigability Yes No Yes No No Yes No

Calf hypertrophy Yes Yes No Yes No Yes Yes

Pes cavus Yes No No No No No Yes

Joint No No Yes No No Yes Yes

contractures

Cardiac +++ +/- + +/++ +++ ++/+ +

involvement

Left ventricular n.r. n.r. 54-55% 50-51% 34% 45-55% 55%

ejection fraction

Cardiac At 25 yrs No No No at 32 yrs No No

transplantation

CK levels (U/L) 2930-3479 | 1400-8630 | 1003-3600 656-919 488-1700 1106-2794 459

Forced vital n.d. n.d. 89% n.d. n.d. Normal 76%

capacity

Mental/ Yes No Yes No No No Yes

behavioral

changes

Steroid treatment | Prednisone | Prednisone No No No Deflazacort | Deflazacort

Duration of 10 years 5 months - - - 26 years 20 years

steroid treatment

Effects of steroid |Initial benefit| No benefit - - - Functional Initial

treatment stabilization benefit,

on long-term| functional

stabilization
on long-term

N.d.: not determined; N.r.: not reported
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dystrophin protein was of normal molecular weight but
reduced to 10% of controls. CK levels ranged between
2930-3479 U/L. He developed an early and severe form
of dilated cardiomyopathy, which required cardiac trans-
plantation at age 25 years (Fig. 1A). He was then closely
followed both by cardiologist and neurologist. Since the
heart transplant, he has been treated with 160 mg cyclo-
sporin, 75 mg azathioprine, 20 mg prednisone daily, and
has been followed once a year. He first presented some
gait improvement and followed aerobic rehabilitation at
home, as well as in a rehabilitative hospital. At age 35 he
was able to perform a 6-meter walking test (6MWT): at
two minutes he walked 50 m, and at 6 minutes 160 m. He
had some behavioral problems, but was still able to work
as a telephone operator. At last examination, he could
stand, but walked only few steps; he was referred by fam-
ily relatives to present rage tempers, but then he started
coping with disease limitations and required drugs.

Case 2

At 4 years of age this child had onset of calf myal-
gia with cramps and CK levels ranging between 1400-
8630 U/L. He was treated for 5 months with 50 mg pred-
nisone without a clear benefit during his early teens. A
muscle biopsy performed at 10 years of age showed ac-
tive degeneration and regeneration foci, and a few inflam-
matory cells. By immunohistochemistry, there were many
fetal myosin positive fibers (regenerating fibers). Immu-
noblot analysis showed normal quantity of an abnormally
large dystrophin (600 kDa) as compared to normal size
(427 kDa), originated by a duplication in the DMD gene
involving exons 14-42 (19). Clinical severity was mild.
In the subsequent follow-ups, he discontinued prednisone
treatment, was able to walk, but presented a definite de-
terioration, was apparently weak with persistent cramps
and walking difficulty. He presented also ECG changes,
such as right bundle branch block, increased R/S ratio and
T-wave abnormalities. This case is interesting because it
demonstrates that an enlarged dystrophin molecule is on-
ly partially functional and causes progressive weakness.

Case 3

This patient was an hyperactive child. He started
walking at 14 months of age. He suffered from stuttering
and headache and was seen as “lazy* respect to peers. A
muscle biopsy showed abnormal dystrophin, due to a de-
letion of exons 48-49 in the DMD gene. He then present-
ed restrictive ventilatory dysfunction and elevated CK
(3600 U/L), and had to leave elementary school for his
poor performance. At 9 years he was able to raise from
floor with one hand. At age 19 he was still reported as
“nervous” and presented joint contractures, normal limb

Figure 1. The patient (Case 1) after cardiac transplanta-
tion uses the handrail in descending stairs. Note hypotro-
phy of quadriceps muscle.

strength and grip, but weakness of extrarotator upper limb
muscles and curved shoulders. On spirometry, forced
vital capacity was 89%. He presented easy fatigability
during cycling and elevated CK levels (1003 U/L). On
echocardiography, left ventricular ejection fraction was
54-55%. This pauci-symptomatic patient did not follow
any drug treatment.

Case 4

This child had high CK but presented normal mus-
cle strength, and had only slight scapular winging and
calf hypertrophy. A muscle biopsy showed few hyper-
contracted fibers. Genetic analysis showed a deletion
of exons 47-49 in DMD gene. At last examination, CK
levels were moderately increased (656-919 U/L), and he
could perform normal sporting ability and occasionally
mountain climbing. Echocardiography showed altered
diastolic relaxation and left ventricular ejection fraction
was 50-51%.

Case 5

This 16-years-old boy (with a brother affected with
severe cardiomyopathy who had died two years after car-
diac transplantation) suffered from myalgia, recurrent
myoglobinuric episodes, CK = 1700 U/L, and dilated
cardiomyopathy. At age 32 years he had no muscle weak-
ness and muscle biopsy showed dystrophin of normal

174



molecular weight but severely reduced amount (5% of
controls) caused by a splicing mutation in 5’-UTR region
of DMD gene (20). The severity of cardiomyopathy pro-
gressed and he required a cardiac transplantation. This is
a rare case of X-linked dilated cardiomyopathy caused
by a mutation in the 5’-end of the DMD gene, leading to
the absence of the muscle-promoter and the first exon of
DMD gene, resulting in no dystrophin transcript in the
cardiac muscle alone, whereas two alternative promoters
were active in skeletal muscle (brain and Purkinje-cells
promoters) and expressed sufficient dystrophin to prevent
muscle symptoms (21).

Case 6

Since age 5 years this boy presented difficulty running
and at age 11 years he had difficulty walking. Spirometry
and echocardiography were normal. At age 14 he had a
waddling gait, proximal lower limbs hypotrophy, Achilles
tendon retractions, and calf pseudo-hypertrophy. CK lev-
el was 1106 U/L (n.v. 10-80), EMG was myogenic. Mus-
cle biopsy showed dystrophin protein of 370 kDa, 30% of
controls, due to a deletion in exons 45-47 of DMD gene.

Since age 16 years he presented difficulty climbing
stairs and since age 18 years he had difficulty perform-
ing aerobic exercises. He was then started on deflazacort
30 mg/10 days/month, that at age 28 was increased to
60 mg/10 days/month and associated to diphosphonate
for bone osteoporosis.

At 28 years of age he was found to have a left ven-
tricular enlargement, with ejection fraction 45%. He was
started on ACE-inhibitors (2.5 mg Triatec) and 3-blockers
(Congestor 1.25 mg): after 15 years of this drug regimen,
his left ventricular ejection fraction improved to 55%, and
CK was 2794 U/L. At age 39 years, echocardiography
showed left ventricle hypokinesia with dyastolic dysfunc-
tion (altered relaxation).

At age 44 years (after 26 years of steroid treatment),
he presented calf pseudo-hypertrophy, was able to rise
from floor putting hands on the table, he had proximal
muscle weakness in iliopsoas, semitendinosus, semi-
membranosus 3/5, quadriceps 4/5, triceps 4/5, biceps
3+/5 (MRC), his overall muscle functions were stable,
walking ability was preserved but waddling. Muscle MRI
demonstrated fibro-fatty replacement of posterior thigh
and calf muscles.

Case 7

At 17 years of age he started having difficulty walk-
ing, had pes cavus and was first mis-diagnosed as affected
with spinal muscular atrophy (Kugelberg-Welander syn-
drome). A muscle biopsy showed myopathic changes,
dystrophin protein of 380 kDa, 60% of controls, due to

Steroid therapy in BMD

a deletion in exons 45-49 of DMD gene. Since age 18
he was put on deflazacort (60 mg/alternate day) with
improvement for about 7 years. Since age 25 he has dif-
ficulty climbing stairs requiring the use of handrail. At
age 28 years he underwent cataract surgery. At age 24
echocardiography showed hypokinesia of left ventricle,
with ejection fraction 55%.

Spirometry showed respiratory insufficiency, with
FVC = 76%, compatible with slight restrictive ventila-
tory dysfunction. At age 33 years he had waddling gait,
calf hypertrophy, weakness in ileopsoas, quadriceps and
extrarotator muscles. CK was 459 U/L.

At age 37 he complained of limb pain: a spine MRI
evidenced disc compression at L3-L4 and L4-L5 roots.
The patient had also panic attacks and was treated with
benzodiazepines, but continued alternate-day deflazacort
with strength stabilization.

At age 38 years (after 20 years steroid treatment) he
had waddling gait with lordotic posture, was able to raise
from a chair using one hand, was able to raise from floor
in 5-8 secs, muscle strength of ileopsoas and quadriceps
was 4/5.

Genotype-phenotype correlations
and prognostic features

The cases above reported show that there is a wide
clinical variability for BMD, ranging from asymptomatic
hyperCKemia with cramps/myalgia syndrome and myo-
globinuria to proximal myopathy with cardiomyopathy.

Mutations in the DMD gene that do not alter the read-
ing-frame (in-frame deletions/duplications) are usually as-
sociated with BMD phenotypes (22). In general, mutations
in the proximal region of the dystrophin gene (exons 2-10)
are associated with early-onset and severe phenotype,
while those in the proximal region of central rod domain
(exons 11-43) are associated with mild or asymptomatic
phenotype, and those in the distal region of central rod
domain (exons 44-55) are associated with the classical
phenotype (23); we also observed a possible relationship
between the presence of dilated cardiomyopathy and mu-
tations in particular regions (exons 48-49, 5'-region) (4-6,
20). Dystrophin immunoblot is the most important bio-
chemical tool to diagnose patients even in the preclinical
stage of the disease; this analysis is able to demonstrate the
abnormality of dystrophin quantity and molecular weight,
usually due to in-frame deletion/duplications in the DMD
gene. For example, in young patients with high CK, a good
prognosis can be entertained by dystrophin protein quan-
tity over 70%. The clinician should not restrict the research
to DNA genetic analysis, but prognostic assessment might
need a muscle biopsy. Severe cases usually have less than
20% dystrophin protein amount, while mild cases with
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over 70% dystrophin would be late-onset ambulatory or
even asymptomatic (2, 3).

Management of clinical
manifestations

Cardiac involvement

Heart failure from dilated cardiomyopathy is a com-
mon cause of morbidity and the most common cause of
death in BMD patients. Early diagnosis and treatment of
cardiomyopathy is important for improving quality of life
and maximizing patients’ survival.

ENMC (European Neuro Muscular Center) recom-
mendations include a yearly monitoring by ECG and
echocardiography starting soon after diagnosis. The im-
portance of a frequent cardiac surveillance also in BMD
patients without or with minor muscle symptoms has
been highlighted by the observation that a subclinical car-
diac involvement is very frequent in such patients (5, 6),
who may later develop an overt dilated cardiomyopathy
requiring proper treatment.

The frequency of cardiac monitoring should be in-
creased as directed by the cardiologist, with the onset of
heart failure symptoms. Treatment of cardiac involvement
in dystrophinopathy patients was pioneered by Nigro (24,
25) and described by Melacini (4).

The consensus guidelines recommend initiation of
angiotensin converting enzyme (ACE) inhibitors therapy
with or without beta-blockers. Most cardiologists start
treatment when the left ventricular ejection fraction drops
below 55%. The possible preventive efficacy of ACE in-
hibitors was evaluated in a randomized trial of 57 chil-
dren with BMD (mean age 10.7 years) who had a mean
left ventricular ejection fraction of 65% (26): the children
were assigned to perindopril or placebo and treated up
others. Survival for the perindopril and placebo groups
was 93 and 66%, respectively.

The use of eplerenone in a combined cardioprotec-
tive therapy, was able to attenuate the progressive decline
of left ventricular systolic function in Duchenne pa-
tients (27), and, due to the absence of important contrain-
dications, it has been suggested as a new drug to be used
in future trials also in BMD patients, aimed at investigate
its possible benefit as a cardiomyopathy treatment (28,
29).

When dilated cardiomyopathy evolves towards the
stage of heart failure, this rapidly becomes intractable
and cardiac transplantation is the only life-saving option.
Heart transplant has so far only been reserved to BMD
patients with both severe dilated cardiomyopathy and
limited evidence of skeletal muscle disease (7). Long-

term follow-up of transplanted patients suggested that
this procedure is able to consistently prolong life expec-
tancy (8), provided that the exact modulation of immuno-
suppressive dosage to avoid worsening of myopathy and
the adoption of proper respiratory and muscle functional
rehabilitation are pursued.

In the present series of cases, cardiac involvement
was present in Cases 1, 3, 4, 5, 6 and it appeared as a
prominent clinical feature in Cases 1 and 5, who success-
fully underwent cardiac transplantation.

Intellectual disability

Mental retardation (IQ < 75) has been rarely reported
in BMD patients (30), possibly related to deletion muta-
tions removing the Dp140 regulatory region of the DMD
gene. However, some patients may present behavioral
problems, panic attacks, language problem, hyperactivity
and sometimes difficulty on fining adequate jobs (as in
the present Cases 1, 3 and 7). Some of these difficulties
might be attributed to social problems (31), but the study
of central nervous system involvement in BMD would
need a large cooperative study.

Rehabilitative therapy

A relevant aspect to consider when advising physical
exercise in BMD patients is related their muscle metabo-
lism. As known, the muscle fibers can be distinguished
into two main categories (17): type I fibers (slow), which
predominantly use an oxidative metabolism and are pre-
disposed for an aerobic work; and type II fibers (fast),
which have a glycolytic metabolism and therefore are
predisposed for an anaerobic work. There are also the
type Ila fibers, that have intermediate characteristics be-
tween the oxidative fibers and the glycolytic fibers.

Furthermore, a characteristic of the muscle fiber is
that it is endowed with plasticity, i.e. the ability to modify
metabolism and physiological properties depending on
external stimuli, especially exercise and drugs (18). The
transition from the fast fibers to the slow fibers of healthy
muscles is not complete, and intermediate fibers charac-
teristics predominate.

This transition may have crucial implications from
a therapeutic perspective, since it has been demonstrated
that the slow muscle fibers are more resistant to necrosis
and, therefore, seem to be more spared in muscular dys-
trophies (17).

Several researches are underway to identify which
properties make the slow fibers more resistant to the dys-
trophic process. To date, it is known that these fibers: a)
are characterized by an increase in the expression of utro-
phin, a protein with a structure similar to dystrophin and
that can partially compensate for its deficiency (15); b)
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releases less ROS; c) are more resistant to fatigue and,
consequently, can be more resistant to the injury caused
by extreme contractions; d) have a higher expression
of the adenosine monophosphate activated protein ki-
nase (AMPK), which protects the cells through differ-
ent mechanisms, including the reduction of fibrosis by
increasing the number of mitochondria. Overall, a better
understanding of how the transition of fast fibers to slow
fibers changes the metabolism and physiological proper-
ties of muscle will play an important role in the develop-
ment of new treatment options for muscular dystrophies.

A better understanding of the disease process and
progression, including comorbidities and complications,
is mandatory for a comprehensive and individually-tai-
lored planning and monitoring of rehabilitative activities.
This will also shed lights on the intrinsic properties of the
dystrophic muscle to respond to different interventions,
possibly involving the enhancement of the residual mo-
tor activities and adaptive plastic changes in response to
fiber loss. Interestingly, multimodal integrated interven-
tions targeting both perception abilities and motor skills
have been shown to be effective also in other clinical
contexts (32). In particular, it has been demonstrated that
motor learning and memory mediated mechanisms of
plasticity might underlie the improvement of hand mo-
tor coordination, speed-accuracy, and fine motor perfor-
mance in some neurological disorders.

The loss of nNOS may cause functional ischemia
contributing to skeletal and cardiac muscle cell injury.
The effects of NO is augmented (by inhibiting degrada-
tion of cGMD) by the use of sildenafil and tadanafil. Al-
though promising results have been observed using these
drugs in dystrophinopathy animal models, the effects in
Duchenne and Becker patients have been disappointing,
with minor effects on upper limb performance and none
on ambulation (16).

Endurance training has been demonstrated to be a
safe method to increase exercise performance and daily
function in BMD patients (33), suggesting the usefulness
of an active approach to rehabilitation (34, 35).

Prevention of other secondary complications

To avoid respiratory complications, pneumococcal
and influenza annual immunization, as well as annual
spirometry is recommended. In patients presenting a de-
cline of forced vital capacity leading to respiratory insuf-
ficiency, supportive respiratory aids should be offered
when necessary.

Other complications in BMD are joint contractures
(pes cavus was reported in 15-70% of cases, and it was
present in Cases 1 and 7), which can be prevented by
physical therapy to promote mobility and reduce cramps
and muscle fatigue.

Steroid therapy in BMD

A proper control of dietary intake is necessary to
avoid obesity and reduce the risk of bone fractures (diet
rich in vitamin D and calcium).

Current and future therapies

Medical treatments

Anti-inflammatory steroid therapy have been so far
adopted in BMD patients, since steroids improve mus-
cle strength and function. Steroids are the most relevant
available treatment, and we present our experience in this
patients series.

Long-term treatment with deflazacort on intermit-
tent schedule has been used in two patients in the pre-
sent series (Cases 6 and 7), in whom we have been able
to obtain an initial improvement, followed by stabiliza-
tion of the patient condition, with preservation of muscle
function and prolongation of walking ability. Further-
more, this therapy is expected to maintain upper limb
muscle strength, and delay the decline of respiratory and
cardiac function, although this field needs further inves-
tigations. Prednisone was less successful, since both pa-
tients (Cases 1 and 2) had muscle strength deterioration,
although other comorbidities such as cardiomyopathy
were relevant clinical features. The two drugs had dif-
ferent cardiological and side effects. Steroid treatment
may be continued on a long-term basis if side effects
(weight gain, increased risk of bone fractures, cataract,
behavioral changes) are not severe, and the schedule and
dosage of treatment should be changed and personalized
if necessary.

Givinostat, anti-fibrotic agent, is under trial with a
morphological outcome.

Emerging molecular therapies: personalized medicine
and future directions

The field of dystrophinopathies has seen an un-
precedented advancement in the field of new molecular
therapies in the last two decades. Most of them aim to
the molecular correction of dystrophin deficiency in se-
lected series of patients with specific mutations. A series
of antisense oligonucleotides (AON), such as eteplirsen,
have been demonstrated to be able to induce specific ex-
on skipping during splicing, to correct the open-reading-
frame, and to restore dystrophin production (36). This
potential of this therapy has been so far investigated in
Duchenne muscular dystrophy patients, showing benefi-
cial results (37), but not in BMD patients. Unfortunately,
most of the molecular defects in BMD concern the quan-
tity and quality of dystrophin and are not amenable to
correction.
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The CRISP/Cas9 technique, which has been shown
to partially restore dystrophin expression in cardiac and
skeletal muscle in dystrophinopathy mouse model by
removing the noncoding introns that flank the mutation-
containing exon (38), could be applied in BMD patients,
especially in those bearing a gene duplication.

Conclusions

The clinical heterogeneity of BMD is extreme, with
patients presenting only with cramps/myalgia syndrome
and high CK, other recurrent myoglobinuric episodes,
while loss of strength is usually seen in the typical cases.
A good term to define this heterogeneous group of disor-
ders/phenotypes is mild dystrophinopathy.

Since some cases have a predominant heart pheno-
type, their cardiac prognosis is crucially determined by an
adequate treatment aimed to prevent cardiac failure and
death. In selected patients, cardiac transplantation may be
offered as a life-saving therapy, which is able to consider-
ably prolong life expectancy.

Although new molecular therapies are emerging as
a future way to systemically treat dystrophin deficiency,
at the moment no curative treatments are available, and
we can only treat symptoms, such as muscle functional
impairment with steroids, heart failure with specific
drugs and transplantation, joint contractures with physi-
cal therapy.

However, to obtain a long survival, it is of crucial im-
portance that patients with BMD stay in shape and con-
tinue to use their muscles. This can include physical ther-
apy treatment and aerobic exercise, which are directed to
maximize muscle function.
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The first Portuguese family with NEFL-related
Charcot-Marie-Tooth type 2 disease
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CMT disease caused by NEFL gene mutations is rare. The
mode of inheritance can be dominant or recessive and nerve
conduction velocities can be normal, reduced (demyelinating)
or presenting intermediate values. Two Portuguese adult re-
lated members in two successive generations were affected by
peripheral neuropathy, one with a chronic ataxic peripheral
neuropathy and the other with a classical Charcot-Marie-Tooth
phenotype. An axonal sensorimotor peripheral neuropathy was
described at neurophysiology. A missense heterozygous muta-
tion, ¢.794A > G (p.Tyr265Cys), in the NEFL gene was found in
both patients. This is the first Portuguese family reported with
NEFL-related CMT type 2.

Key words: CMT type 2E, Neurofilament light gene mutation, NE-
FL gene, NEFL Tyr265Cys mutation

Introduction

The neurofilament light-chain polypeptide (NEFL)
is a constituent of neurofilaments, the major intermediate
filament of neurons and axons, playing a pivotal role in
the maintenance of the cytoskeleton (1). Mutations in the
neurofilament light-chain polypeptide gene (NEFL) are
responsible for 2% of all cases of CMT (2). Dominant ax-
onal (CMT 2E) (3) and demyelinating phenotypes (CMT
1F) (2), and rarely recessive axonal CMT (4), caused by
NEFL gene mutations have been described. CMT caused
by NEFL gene mutations is clinical and electrophysiolog-
ical heterogenous (2, 3, 5, 6).

Herein, we report the clinical, neurophysiologic and
molecular findings of the first Portuguese kindred with
CMT type 2E, caused by a missense heterozygous mu-
tation, variant ¢.794A > G (p.Tyr265Cys), in the NEFL
gene.

Clinical cases
Patient 1

The patient is a 68-year-old woman, born of a sec-
ond-degree consanguineous marriage. Her mother and
one maternal aunt were suspected of having a similar
neuromuscular condition, but were not available to exam-
ination (Fig. 1). She had a normal motor and intellectual
childhood development and experienced an active profes-
sional life until retirement.

At the age of 42, she reported the beginning of gait
difficulties and numbness in her feet. A few years later,
the gait difficulties became worse with occasional falls
and she began experiencing pain in the feet with sporadic
exacerbations.

Neurological examination at the age of 66, revealed a
wide-based ataxic gait, needing support in turns. Walking
on heels and tiptoes was difficult, mainly due to ataxia.
The Romberg sign was positive. Manual muscle exami-
nation did not reveal distal or proximal muscle weakness
in the upper and lower limbs. Myotatic reflexes were
abolished in the lower limbs and reduced distally in the
upper limbs. There was a stocking and glove pattern of
diminished tactile and pain sensation, with absent vibra-
tory sensation in the feet and reduced in the upper limbs
(10 seconds). Pseudo-athetosis was absent. No cerebellar
signs were noted and cranial nerves evaluation was un-
remarkable. Serum vitamin B12 values were normal and
there was no megaloblastic anemia.

Patient 2

The patient is a 47-year-old woman, the single off-
spring of a non-consanguineous marriage, daughter of
Patient 1 (see Figure 1). She presented a normal motor
and intellectual development in childhood. At the age of

Address for correspondence: Luis Negrao, Coimbra University and Hospital Centre, Department of Neurology, Praceta Professor Mota
Pinto 3000-075, Coimbra, Portugal. E-mail: luisnegraoster@gmail.com
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Figure 1. Pedigree of family 1.

33, she reported increasing gait difficulties, without any
sensory or balance complaints. At 43 years of age, she
underwent bilateral corrective orthopedic surgery of pes
cavus.

At the age of 46, neurologic examination revealed
bilateral pes cavus, hammer toes deformity on the left
foot and an inverted champagne appearance of the legs.
She walked with a steppage gait and walking on tiptoes
was possible. In the lower limbs the extensor muscles of
the feet were weak bilaterally (3-/5 MRC). No muscle
weakness was present in the upper limbs. Myotatic re-
flexes were abolished throughout. Tactile and pain sensa-
tions were apparently normal and vibratory sensation was
slightly reduced distally in the lower limbs (10 seconds).
No cerebellar signs were observed and cranial nerves
evaluation was unremarkable.

Neurophysiological assessment

In Patient 1, motor and sensory nerve conduction
studies disclosed a length-dependent axonal sensorimotor
neuropathy, with bilateral absent sural and peroneal mo-
tor responses (recorded in the feet). Median motor nerve
conduction velocity and distal motor amplitude values
were of 50 m/s and 4.6 mV, respectively. Somatosensory
evoked potentials after median and tibial nerves stimu-
lation did not show sensory responses at peripheral and
central levels, which was interpreted as a result of pro-
found peripheral nerve sensory involvement. In Patient 2,

Portuguese NEFL-related Charcot-Marie-Tooth type 2 disease

the values of median motor nerve conduction velocity and
distal motor amplitude were of 56 m/s and 4 mV, respec-
tively. Needle examination of the tibial anterior muscle
showed signs of chronic denervation, with a mild reduced
muscle recruitment pattern in Patient 1 and severe in Pa-
tient 2.

Molecular study

The next generation sequencing (NGS) panel for
hereditary peripheral neuropathies, including CMT, was
performed through a custom targeted NGS panel. En-
richment was performed by hybrid capture (exons and
flanking intronic regions of the 74 target genes) and, af-
ter library preparation, the DNA library was subjected to
NGS.

A missense heterozygous variant, c.794A > G
(p.Tyr265Cys), was detected in the NEFL gene in both
patients (Fig. 2).

This NEFL gene sequence variant was not registered
in the Single Nucleotide Polymorphism (dbSNP) or the
Genome Aggregation Database (gnomAD), but it is re-
ported as a likely pathogenic variant in ClinVar database
(Acession: RCV0001438101). This residue is highly
conserved and bioinformatic analysis suggests that this
variant is deleterious. Additionally, it has been previously
reported in another family (5).

Figure 2. Electropherogram: Molecular study de-
tected a missense heterozygous variant, c.794A > G
(p.Tyr265Cys), in the NEFL gene in both patients (black
arrow).
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Discussion

Charcot-Marie-Tooth disease (CMT) is the most
common inherited motor and sensory neuropathy and is
divided into demyelinating (CMT1) and axonal (CMT?2)
forms using electrophysiological and pathological crite-
ria. CMT1 is characterized by demyelination and slow
nerve conduction velocities (NCVs), whereas CMT?2 is
characterized by signs of axonal regeneration and normal
or slightly reduced NCVs.

To date, mutations in as many as 14 different genes
have been implicated in CMT2 (9), including KIF1B
(CMT2A1), MFN2 (CMT2A2), RAB7 (CMT2B),
TRPV4 (CMT2C), GARS (CMT2D), NEFL (CMT2E),
HSPB1 (CMT2F), MPZ (CMT21/J), GDAP1 (CMT2K),
HSPB8 (CMT2L), DNM2 (CMT2M), AARS (CMT2N),
LAMIN A (AR-CMT2A) and MED25 (AR-CMT2B).
Among them, mutations in MFN2 have been found in ap-
proximately 11-24.2% of CMT?2 patients, whereas AARS
and TRPV4 mutations were only recently identified in
limited CMT2 families, and mutations in other genes
were found in only a few patients.

Mutations in the neurofilament light chain polypep-
tide (NEFL) gene are present in CMT2E and CMTI1F
neuropathies, with variable clinical and pathological ex-
pressions. Codon 22 is one of the mutational hot spots
in the NEFL gene. Three types of Pro22 mutations have
been previously reported: Pro22Ser in CMT2E with giant
axons, Pro22Thr in CMT1F and Pro22Arg in a Korean
CMT1 family, associated with demyelinating neuropathy
features in CMT1F. Histopathological findings showed
onion bulb formations but no giant axons (10-15). Pro22
mutations may influence not only the Thr-Pro phospho-
rylation site by proline-directed protein kinases but also
impact the structure of the NEFL protein in a different
way.

We report the first Portuguese family with CMT type
2E. The identified mutation, already described in an Aus-
tralian family (5), promotes an amino acid exchange of
tyrosine by cysteine (Tyr265Cys) and occurs in a highly
conserved residue of the NEFL gene. Two related affected
subjects in two generations carried the mutation. Moreo-
ver, it is probable that two more family members were
clinically affected by this mutation (Patient 1’s mother
and maternal aunt).

It has long been recognized that NEFL gene muta-
tions are associated with intra-familial phenotypic vari-
ability (5, 6), which is present in this Portuguese fam-
ily, with the oldest patient presenting an ataxic sensory
peripheral neuropathy and the youngest one a classical
CMT phenotype.

Significant inter-familial phenotypic variability re-
garding onset, clinical presentation and severity of the

disease has already been described (3, 7, 8) and it is obvi-
ous when comparing the Australian and Portuguese fam-
ilies with the same NEFL gene mutation. The proband
of the Australian family presented a more complex and
severe neurological involvement, combining central and
peripheral nervous system symptomatology with signifi-
cant clinical disability. In the Australian and Portuguese
families, the mode of inheritance was dominant and the
peripheral nerve involvement was of the axonal type.
Cases of peripheral nerve involvement of the demyeli-
nating type (CMTIF) (2), as well as of the intermediate
type (6), have been described, and the mode of inherit-
ance is dominant in the majority of cases, but recessive
inheritance has already been reported (4).

Some components of the peripheral nervous system
can be clinically more severely affected than others and
some patients present central nervous system involve-
ment, with compromise of the pyramidal tract (5) or of
the brainstem and cerebellum (6). NEFL-associated CMT
nerve pathology is primarily of the axonal type, with fo-
cal accumulations of neurofilaments, axonal swellings
and significant secondary demyelination (9) and electro-
physiology can present axonal, demyelinating and inter-
mediate nerve conductions values, to which correspond
CMT type 2E, CMT type 1F and Intermediate NEFL-
associated CMT, respectively.
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Acute sensorimotor polyneuropathy
as an early sign of polyarteritis nodosa.
A case report
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We examined a patient aged 31 who had a sudden burning par-
aesthesia, pain and numbness in the lower legs together with
an increased temperature of 39°C. Clinical examination showed
asymmetrical sensory polyneuropathy more clearly seen in the
lower legs and the left wrist, with high ESR (up to 44 mm/h),
leukocytosis, slight anemia and proteinuria. CSF was normal.
After three weeks the temperature suddenly increased again
up to 39°C and severe flaccid distal tetraparesis was seen more
clearly with foot drop in the left lower leg and dense oedema in
the left wrist, purple cyanosis and haemorrhagic foci appeared
on the skin of the toes, feet, lower legs and left wrist. ESP in-
creased up to 65 mm/h, CK was 200 IU (normal < 190 IU) and
hypergammaglobulinaemia developed. An EMG study showed
sensorimotor, mainly axonal, polyneuropathy with different
degrees of involvement of some nerves and with conduction
block in the left ulnar nerve. Muscle biopsy revealed findings
of inflammatory vasculitis that resembled polyartheritis nodosa
with secondary denervation atrophy and non-specific myositis.
The patient was treated with high doses of prednisolone, dexa-
methasone and cyclophosphamide with plasmapheresis. Motor
disturbances and pain decreased and the patient began walking
with a stick. However, the necrosis of the toes gradually pro-
gressed to dry gangrene and amputations of the toes were car-
ried out three months after the disease began. At that time the
patient had the clinical features of multisystem disease with pro-
gressive heart, lung, liver and kidney failure. The patient died
suddenly of pulmonary artery thrombo-embolism a year after
the onset of the disease. An autopsy confirmed the diagnosis of
polyarteritis nodosa (PN). Thus, in this patient the asymmetri-
cal sensory polyneuropathy progressed rapidly in symmetrical
sensorimotor peripheral polyneuropathy which preceded the
clinical multisystem involvement in polyarteritis nodosa.

Key words: asymmetrical sensory polyneuropathy, burning paraes-
thesia, necrosis of the toes, progressive heart, lung, liver and kidney,
polyarteritis nodosa

Note. This article was presented as Abstract under name “ Neu-
rological complication on periarteritis nodosa” 1999,pp.117-119 in
Russian medical Collection “Questions of clinical neurology” ed.
By Prof. N.M. Zulev (Moscow) and as Abstract under the name
“Acute sensorimotor polyneuropathy as an early sign of polyarteri-
tis nodosa” in the Collection valled “XXIVTH Oxford Symposium
on Muscle Disease”, Oxford 1999, p. 24.

Introduction

Polyarteritis nodosa (PN) is one of the systemic ne-
crotic vasculitis. The characteristic pathological feature
is inflammation and necrosis of vascular walls of small
and middle sizes arteries. These changes are the basis for
the infarction and ischemia which can be seen in different
tissues and organs. Lesion of the nervous system occurs
in 50% of cases with PN (1) The classical example of a
peripheral nervous system lesion in PN is mononeuritis
multiplex or asymmetrical peripheral motorsensory poly-
neuropathy. Often neurological signs appear after polyor-
ganic pathology in PN patients, but in some cases lesions
of peripheral or central nervous systems may be the first
sign of the disease (2-4).

Case report

A male patient aged 31 was admitted to the Neuro-
logical Department complaining of burning pains and
numbness of the distal parts of the legs, and difficulty in
walking due to severe pain. His temperature rose to 39°C
and symptoms of nasal congestion appeared. Four days
after the onset he was hospitalized with the diagnosis of
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Guillain-Barre Syndrome. However two weeks after ad-
mission his general conditions deteriorated with increas-
ing neurological abnormalities. His temperature suddenly
increased again to 39°C. Pain burning and numbness in-
creased in the legs and the same symptoms appeared in
the hands. He complained of asymmetrical weakness of
the distal parts of the legs and small hand muscles, worse
on the left. Marked oedema of feet and toes appeared
which spread over the lower legs. There was a change of
skin of feet toes and lower legs.

The pulse was 96, the blood pressure increased to
160/90 mmHg. The patient was normally orientated in
place and time. Cranial nerves were normal. Chest and
abdomen were normal. The flexors of the neck were
spared. All the small muscles of the hand were severely
atrophied and a moderate atrophy of the distal part of
forearms was seen. Muscular strength was measured by
MRC scale (grade 1-5): shoulder girdle, deltoid, upper
arms and extensors of the wrists, grade 5; extensors digi-
torum communis and flexors of the wrists, grade 3; in-
terossei volaris and dorsalis and lumbricales, grade 1-2,
with both side involved, more clearly on the left. Muscle
tone in the upper limbs was decreased. Deep reflexes of
the arms were reduced. Abdominal reflexes were absent.
There was a moderate atrophy of the thigh and a severe
atrophy of shin muscles. Proximal muscle power includ-
ing hip and knee flexion and extension was normal. There
was no movement of the ankle and toes on the left, and
power was reduced to 1-2 grades on the right. Muscle
tone and knee reflexes were reduced. The ankle jerks and
plantar responses were absent on both sides.

There was dysesthesia, hyperpathia and hyperesthe-
sia of all kinds of sensation in the toes, feet and lower
third of the lower legs. Lasegue sign was positive. Palpa-
tion of ulnar, radial and especially peroneal communis,
tibial and dorsal pedis nerves was painful. Palpation of
arm and leg muscles was painless. Dense oedema of the
lower legs and feet worsen on the left. Purple cyanosis
and hemorrhagic foci were seen on the skin of the feet,
lower legs, back of the hands and distal part of the left
arm. There were necrotic changes of the distal phalanges
of the first and third toes of the left foot.

Blood analysis showed a decrease of Hb (to 117 g/L)
and erythrocytes (to 3.5 x 10/1), moderate leukocytosis
up to 9.3 x 10/1. ESV increased to 69 mm/h. The blood
levels of sugar, bilirubin, creatine, urea, cholesterol, se-
rum protein, potassium, calcium and phosphorus were
within the normal limits; alpha-1 and alpha-2 globulins
were increased up the normal levels. Blood levels of ALT
and AST were increased up to 97 U/I (normal, less than
43 U/M) and 156 U/l (normal, less than 34 U); CK was
greatly increased up to 2190 U/I (normal below 190 U/I).
There was proteinuria 0.39 g/L.

ECG showed a sinus tachycardia of 110 per min.
Fibrogastroscopy was normal. Repeated chest X-ray ra-
diographies showed signs of slight oedema of the lungs
and possible pericarditis. Ultrasonography showed slight
hepatosplenomegaly.

Needle EMG (gastrocnemius, tibialis anterior, ex-
tensor digitorum communis and abductor pollicis brevis
muscles) showed many fibrillation and single/moderate
fasciculation potentials, with positive sharp waves at rest.
Many long duration and increased amplitude of MUPs
appeared on minimal voluntary contraction. On maxi-
mum contraction a discrete pattern was evident. 25-33%
of the action potentials were polyphasic, suggesting a
neurogenic process.

On electric stimulation of the saphenous and afferent
fibres of median nerves the motor responses were absent.
Sensory right ulnar nerve conduction velocities were
greatly decreased in distal and mildly slowed in proximal
parts (14 and 44 m/sec, respectively). Terminal latency
was markedly increased up to 7.9 msec.

Motor nerve conduction velocities in the distal parts
of right and left ulnar nerves were mildly slowed (44 and
38 m/sec, respectively), but in the proximal parts of ulnar
and in the distal and proximal parts of the median nerves
were within normal limits. The terminal latencies were
increased (in median nerves 6.6 and 4.3 m/sec, and in
the ulnar nerves 3/7 and 4 m/sec). The compound muscle
action potentials (CMAPs) were markedly decreased in
amplitude on stimulation of the ulnar (1 and 0.1 mV) and
median (0.5 and 1.2 mV) nerves. On stimulation of the
right peroneal nerve the very lower amplitude (0.7 mV)
response was seen only in the tibial anterior muscle. Mo-
tor conduction velocity was greatly decreased to 24 m/sec
(below fibular head-popliteal fossa).

Left motor ulnar nerve conduction showed partial
conduction block between the elbow and wrist. The am-
plitude of the CMAPs was reduced by 79% and the area
by 88%. The criterion for partial conduction block was
a 50% or greater reduction in amplitude and a 40% or
greater reduction in negative peak area of surface-record-
ed CMAPs obtained with proximal compared with distal
stimulation of ulnar nerve, in the absence of increased du-
ration of CMAPs more than 20%, according (3).

These ENMG findings showed mainly axonal senso-
rimotor polyneuropathy with different degrees of affec-
tion of some nerves, more clearly seen in the lower limbs
with partial motor conduction block in the left ulnar nerve
(see Tables 1-2).

The biopsy (stain H.E. and Van Gieson) performed at
the right gastrocnemius muscle showed various changes
of the majority of epimysial, perimysial and endomysial
arteries of medium and small sizes. Simultaneous atro-
phy of almost all muscle fibres with knots and chains of
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Table 1. Electrophysiological data in the affected motor nerves.

Amplitude Duration Ccv Terminal latency Are
Nerve (mV) (ms) m/s (ms) mV ms
Ulnar R. 1.0 9.5 44/69 4.0 5.0
Ulnar L. 0.1 3.8 38/55 3.7 0.2
Median R. 0.5 8.4 56/68 4.3 1.5
Median L. 1.2 17.6 54/64 6.6 10.5
Peroneal R. 0.7 18.6 24 2.9 -
(below fibular
head-popleteal
fossa)
Table 2. Site and value of the conduction block and electrophysiological data in the left ulnar nerve.
Level Amplitude R1 Area R2 Duration cv Terminal
(mV) (mV ms) (ms) m/s latency
(ms)
Prox. Distal Prox. Distal Prox. Distal
Below elbow| 0.13 0.60 0.2 0.23 2.08 0.1 3.76.5 38/55 3.7
(79%) (88%)

dark sarcolemmal striations were invisible and sarcolem-
mal nuclei disoriented. In the transverse section, in some
regions uniform small fibers with degenerative changes,
dark cluster nuclei and mononuclear infiltration were also
seen. In other regions of the sections increased variation
of the diameter of muscle fibres, loss of few fibers, focal
necrosis of some muscles with phagocytosis, increased of
connection tissue in the endomysium and cellular infiltra-
tion were evident. The skin biopsy from right lower leg, at
the site of muscle biopsy, showed smoothing of the pap-
illar layer and oedema with inflammatory mononuclear
infiltration in the arterial and venous walls (Figs. 1-6).

Cross section of biopsy of right gastrocnemius mus-
cle (formol-calcium, Van Gieson stain) (Figs. 1-6).

Figure 2. Thickening and inflammatory cellular infiltra-
tion in the arterial walls with trombosis of a small muscle
artetia. X 200

Figure 1. Thickening in the arterial walls with mononu-
clear cellular infiltration in the arterial walls and around
arteries with stenosis of their lumens. Cellular infiltration
of the muscle is seen, as well. X 80

Figure 3. The same section. Foci of fibrinoid necrosis
with inflammatory infiltration and with marked thickening
of the arterial walls with marked stenosis of the lumen of
arteries. X 400
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Figure 4. The same section. Almost full occlusion of the
small muscle artery with trombosis. Foci of fibrinoid ne-
crosis with mononuclear cellular infiltration is seen. X 400

Figure 5. Two small foci of infarction with necrosis and
hyalinosis of muscle fibres and phagocytosis. X 200

Figure 6. The skin biopsy (Van Gieson stain). The
smooth papillar layer and oedema of dermis with inflam-
matory cellular infiltration in the vascular walls.

The muscle biopsy findings were compatible with
productive inflammatory vasculitis that resembled pol-

yarteriitis nodosa with secondary neural muscular atro-
phy and nonspecific myositis.

The patient was treated with intravenous infusions of
dexamethasone 150 mg daily for 5 days, then predniso-
lone — 500 mg daily — for 5 days and later with predni-
solone, 90 mg/day per os in association with intravenous
infusion of cyclophosphamide, 200 mg/day for 15 days,
followed by cyclophosphamide, 150 mg/day per os, and
plasmapharesis.

Sensory and motor disturbances decreased and the
patient began walking with a cane. The skin swelling
decreased, ESR and leucocytosis fell, but a pronounced
trophic and vegetative vascular disorders persisted in
toes. The necrosis of the toes gradually progressed to dry
gangrene. The patient was transferred to a surgical de-
partment; further he developed a progressive heart, lung,
liver and kidney insufficiency, despite a moderate regres-
sion of the neurological symptoms. The patient suddenly
died of thromboembolism of the pulmonary artery one
year after the onset of the disease. The autopsy confirmed
the diagnosis of polyarteritis nodosa.

Discussion

The first symptoms of the disease indicated a pe-
ripheral nervous system involvement, namely, an asym-
metrical sensory neuropathy, without signs of systemic or
polyorganic involvement. Furthermore, positive sensory
disorders (pain, paresthesia, hyperpathia,hyperalgesia) in
legs were the main clinical signs in the early stages of the
disease, before the appearance of motor disorders. The
asymmetrical sensory polyneuropathy rapidly progressed
to a symmetrical sensorimotor peripheral polyneuropathy
which anticipated the multisystemic manifestastions.

The ENMG and needle EMG findings confirmed the
typical manifestation of sensorimotor peripheral poly-
neuropathy showing the characteristic axonal nerve le-
sions. However, one of the peculiarities of the ischemic
neuropathy in our patient was the signs of partial conduc-
tion block in the left ulnar nerve (3, 4). At our knowledge,
there are only a few descriptions of the appearances of
conduction block in ischemic peripheral nerve lesion in
medical literature (1).

The unusual feature of the severe trophic disorder
of the distal parts of the legs not responding to specific
therapy and leading to dry gangrene of the toes, remains
unexplained.
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NEWS FROM AROUND THE WORLD

AIM

The XIX Congress of the Italian Association of
Myology (AIM) was held in Bergamo from 5 to 8 June
2019; the event saw eighty speakers alternate on stage
in front of a group of 189 participants.

The congress was preceded by a satellite Sympo-
sium the 5 June, organized by Prof. DAntona of the
“Voghera Sports Medicine Center” of the University
of Pavia, Italy, and by Dr. Angela Berardinelli, of the
“Neurological Institute Casimiro Mondino” of Pavia,
Italy. The Symposium entitled: “Physical exercise: pros
and cons of taking care of myopathic patients’; saw the
presence of more than 100 participants, who attended
the reports held by international experts of the highest
level, including Prof. Vissing, (President of the upcom-
ing 24" International Annual Congress of the World
Muscle Society in Copenhagen), who illustrated data
from basic research and clinical experience, pros and
against physical activity as part of the process of tak-
ing care of patients with neuromuscular disease.

Immediately after the Symposium, work contin-
ued in Bergamo, “Citta Alta’ where, in the scenic “Au-
la Magna” of the University of Bergamo, Prof. Carlo
Minetti — President of AIM — and Dr. Angela Berar-
dinelli — President of the Congress — opened the AIM
Conference. On the same day of June 5, a round table
was also held open to Patient Associations.

The second day the Congress moved to the Social
Theatre, with a rich program of contributions. Also this
year various aspects of hereditary and acquired diseas-
es of muscles and of neuromuscular junction were dis-
cussed, in line with the most recent and updated data
of the scientific literature. In particular, Prof. Bjarne
Udd from Helsinki reported on “Titin Role in NMDs:
overview and new phenotypes” In the third day of the
Congress Prof. Toscano reported on the results of the
“Neuromuscular Days 20197 held in last March; Dr.
Adele DAmico (AIM) and Dr. Anna Ambrosini for
Telethon Foundation, Italy. Prof. Gabriele Siciliano
and Prof. Alessandra Ferlini reported on ERNs of
interest for neuromuscular field. A prominent guest
from Copenhagen, Prof. John Vissing, spoke about
“MRI in muscle disorders”

The last day was an occasion to celebrate the Priz-

es for the best contributions and the farewell to Ma-
tera site of the next XX National Congress. Young re-
searchers were honoured for their contributions. The
“Giovanni Nigro” award was assigned to dr. A. Genaz-
zani from Vercelli, while the AIM award was con-
ferred to Dr. M. Sframeli from Messina. Doctors M.S.
Falzarano from Ferrara and S. Baratto from Genoa
were the winners of the Poster prizes. In conclusion,
the exciting “passing the bell” between Dr. Angela Be-
rardinelli, President of the Congress of Bergamo and
Dr. Pietro Masciandaro, President of the next AIM
National Congress to be held in Matera in June 2020.
(Information from the Association’s Secretariat)

MSM

The 14™ Meeting of the Mediterranean Society of
Myology (MSM) will probably be held in 2020 in Sic-
ily, organised by prof. Antonio Toscano.

WMS

The 24" annual congress of the World Muscle Soci-
ety will be held in Copenhagen from 1* to 5" October,
in the old Tivoli Garden Concert Hall and adjoining
buildings. Join WMS for the networking reception to
be held on Tuesday 1% October in the theatre, Det Ny
Teater, located a 5-minute walk from Tivoli gardens.
This will follow the long tradition of WMS to facilitate
networking and catch up on the latest developments in
myology around the world during this 4-day meeting.

As usual, the meeting will be preceded by a teach-
ing course, which will be held in Copenhagen on Sep-
tember 30" and October 1% 2019.

The Copenhagen Neuromuscular Center at the
National Hospital, Rigshospitalet, led by John Vissing,
will host and organise this meeting. The main thematic
topics that will be addressed in the plenary sessions
will be:

1. Metabolic disturbances in neuromuscular dis-
eases

2. Extra-muscular manifestations in neuromuscu-
lar diseases

3. Advances in the treatment of neuromuscular
disorders
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FORTHCOMING MEETINGS

2019
August 30 — September 2

National LGMD Conference 2019,

Chicago, USA. Information: hitps://
nationallimbgirdlemusculardystrophyconference.com
August 31- September 4

ESC Congress 2019 together with World Congress of
Cardiology. Paris, France. Information: website: https://
escardio.org

September 2-5

9" UK Nuclear Envelope and Chromatin Organization
Meeting - 3“ International Meeting on Laminopathies.
London, UK. Information: website: hitps://www.
laminopathiesmeeting2017.com

September 13-14

The Myotonic Dystrophy Foundation Annual Conference,
Philadelphia, PA, USA. Information: https://www.
myotonic.org>2019-myotonic-annual-conference
September 20-22

Muscle Study Group Annual Scientific Meeting,
Snowbird, UT, USA. Information: website: https://
musclestudygroup.org_

September 23-25

2" Annual NMD Summit 2019 | Neuromuscular Drug
Development, Boston, MA, USA. Information: website:
https://nmd-summit.com

October 1-5

24" Congress of World Muscle Society. Copenhagen,
Denmark. Information: website: https://www.
worldmusclesociety.org

October 12-15

50" Congress of Italian Society of Neurology, Bologna,
Italy. Information: website: http://www.neuro.it
October 15-19

2919 ASHG Annual Meeting. Houston, TX, USA.
Information: website: www.ashg.org

October 16-19

American Association of Neuromuscular &
Electrodiagnostic Medicine, Austin, TX, USA.
Information: website: https://www.aanem.org
October 24-27

Asia Pacific Heart Rhythm Society (APHRS). Centara
Grand & Bangkok Convention Centre at CentralWorld.
Bangkok, Thailand. Information: website: https://www.
aphrs.org

October 28-30

20" ltalian Telethon Convention. Riva del Garda, Italy.
Information: website: https://www.telethon.it

October 29-30

TREAT-NMD SMA Expert Masterclass. London, UK.
Information: website: https://treat-nmd.org
November 13-15

34 International Conference on Genomic Medicine
(GeneMed-2019), Baltimore, USA.

Information: website: http://unitedscientificgroup.com/
conferences/genemed

November 15-16

The Action Duchenne International 2019 conference,
Hinckley Island, Birmingham, UK. Information: website:
https://www.actionduchenne.org

November 28 - November 30

XLIV National Congress of Pediatric Neurology Naples,
Italy. Information: website: www.neurologiapediatrica.it
November 29

Metabolic Myopathies. Meeting in Memory of Stefano
di Donato. Milan, Italy. Information: First Class S.r.l.
Meetings and Conferences; elettra.marchegiani @
fclassevents.com

December 9-11

6" TREAT-NMD International Conference. Leiden, The
Netherlands. Information: website: www.treat-nmd-
cnference.org

2020

February 5-7

2 International Scientific & Clinical Congress

on Spinal Muscular Atrophy. SMA Europe - Evry,
France. Information: website: https://evry2020.sma-
europe.eu

March 11-14

8" Dysferlin conference, Jain Foundation. Orlando,
Florida, USA. Information: website:
https://www.jain-foundation.org

March 16-17

International Conference on Orphan Drugs & Rare
Diseases. Berlin, Germany. Information: website:
https://lwww.meetingsint.com/conferences/orphandrugs-
raredisease

April 25 - May 1
72" Annual Meeting American Academy of Neurology,

Toronto, Ontario, Canada. Information: website: https://
www.aan.com

June 3-6

XX Congresso Nazionale AIM Giugno 2020. Matera, Italy.
Information: website: https://www.miologia.org
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June 6-9

The European Human Genetics Conference. Berlin,
Germany. Information: website: https:// www.eshg.org
July 6-9

New directions in Biology and Disease of Skeletal Muscle
Conference, New York, NY, USA.

Information: website: https://myology.institute.ufledu/
conferences/new-directions

September 25-29

Muscle Study Group Annual Scientific Meeting,
Washington, USA. Information: website: hitps://
musclestudygroup.org/events/2020-annual-meeting
September 30 - October 4

25" Congress of World Muscle Society. Halifax, Toronto,
Canada. Information: website: www.worldmusclesociety.org

Forthcoming meetings

October 27-31

ASHG Annual Meeting. San Diego, CA, USA. Information:
website: www.ashg.org

2021
June 12-15

The European Human Genetics Conference. Glasgow,
United Kingdom. Information: website: hitps:// www.eshg.org

September 21-25

26™ Congress of World Muscle Society. Prague, Czech
Republic. Information: website: www.worldmusclesociety.org

October 19-23

ASHG Annual Meeting. Montreal, Canada. Information:
website: www.ashg.org
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