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Abstract.

Introduction: Nuclear envelopathies occur due to structural and/or functional defects in various nuclear envelope proteins
such as lamin A/C and lamin related proteins. This study is the first report on the phenotype-genotype patterns of nuclear
envelopathy-related muscular dystrophies from India.

Methods: In this retrospective study, we have described patients with genetically confirmed muscular dystrophy associated
with nuclear envelopathy. Data on clinical, laboratory findings and muscle MRI were collected.

Results: Sixteen patients were included with median age at onset of 3 years (range: 1 month — 17 years). Three genes
were involved: LMNA (11, 68.75%), EMD (4, 25%) and SYNEI (1, 6.25%). The 11 patients with LMNA variants were
Congenital muscular dystrophy (MDCL)=4, Limb Girdle Muscular Dystrophy (LGMD1B)=4 and Emery-Dreifuss Muscular
Dystrophy (EDMD2)=3. On muscle biopsy, one patient from each laminopathy phenotype (n = 3) revealed focal perivascular
inflammatory infiltrate. Other notable features were ophthalmoparesis in one and facial weakness in one. None had cardiac
involvement. Patients with EDMD1 had both upper (UL) and lower limb (LL) proximo-distal weakness. Cardiac rhythm
disturbances such as sick sinus syndrome and atrial arrhythmias were noted in two patients with EDMD1. Only one patient with
variant c.654_658dup (EMD) lost ambulation in the 3rd decade, 18 years after disease onset. Two had finger contractures with
EMD and SYNE] variants respectively. All patients with LMNA and SYNE] variants were ambulant at the time of evaluation.
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Mean duration of illness (years) was 11.6 == 13 (MDCL), 3.2 £+ 1.0 (EDMD2), 10.4 + 12.8 (LGMD1B), 11.8 £ 8.4 (EDMD1)
and 3 (EDMD4). One patient had a novel SYNEI mutation (c.22472dupA, exon 123) and presented with UL phenotype and

prominent finger and wrist contractures.

Conclusion: The salient features included ophthalmoparesis and facial weakness in LMNA, prominent finger
contractures in EMD and SYNEI and upper limb phenotype with the novel pathogenic variant in SYNE].

Keywords: Nuclear envelopathy, emery-dreifuss muscular dystrophy, lamin A/C, Emerin, Nesprin-1, MDCL, LGMDI1B

INTRODUCTION

Nuclear envelopathies are a heterogenous group
of disorders due to defects in the protein coding
genes of nuclear envelope which most commonly
include Lamin A/C and Emerin [1]. There are varied
neuromuscular manifestations such as muscular dys-
trophy, cardiomyopathy and inherited neuropathies.
The skeletal muscle involvement has a wide spectrum
of clinical manifestations ranging from congeni-
tal muscular dystrophies to adult onset phenotypes.
Emery-Dreifuss Muscular Dystrophy (EDMD) is a
genetically heterogenous group of hereditary mus-
cular dystrophies. It is a rare disorder with an
estimated incidence of 3 in 100,0000 population
[2]. The classical triad of EDMD includes joint
contractures, progressive muscle weakness with
wasting and cardiac involvement. The most com-
mon pattern of weakness is the humero-peroneal
form involving biceps, triceps and peroneal mus-
cles with scapular winging and sparing of facial
muscles [3]. EDMD is further classified as Emerin
(EDMD1 — OMIM 310300), Lamin A/C (EDMD?2 —
OMIM 181350/EDMD3 — OMIM 616516), Nesprin-
1 (EDMD4 — OMIM 612998) [4]. Other phenotypes
described in laminopathies include congenital mus-
cular dystrophy (MDCL - OMIM 613205) and
proximal limb-girdle pattern (LGMDI1B - OMIM
159001) [5]. There are no previous studies on the
clinical and genetic findings of nuclear envelopathies
related muscular dystrophies from India. Thus, this
study aims to describe the phenotype-genotype het-
erogeneity of an Indian cohort.

METHODS

This is a retrospective descriptive study done on
genetically confirmed nuclear envelopathy patients
with muscular dystrophies from a quaternary neu-
rology referral centre in southern India. Detailed
clinical features including onset of symptoms, pat-
tern of muscle involvement, progression, family

history, laboratory features such as serum crea-
tine kinase (CK) levels; muscle magnetic resonance
imaging (MRI) graded for fatty infiltration using
modified Mercuri grading [6] and muscle biopsy
findings on light microscopy histopathology (eosin
and hematoxylin) and myosin ATPase staining was
obtained. Genetic analysis was done by next genera-
tion sequencing in all patients as previously described
[7] (Supplementary Table 1). Identified variants were
classified as pathogenic/likely pathogenic as per
American College of Medical Genetics (ACMG)
criteria using Franklin variant classification tool
(https://franklin.genoox.com/clinical-db/home) [8].
Institutional ethics committee approval was obtained
[TIEC no: NIMH/DO/(BS&NS) 2022]. Informed con-
sent was obtained from all the patients for publication
of clinical data and images. Descriptive statistics such
as mean, median and range were used to describe the
data.

RESULTS

Sixteen patients were included with a median age
at onset of 3 years (range: 1month — 17 years). The
median duration of illness was 4 years (range: 1-
31years). The male to female ratio was 4.6:1. Three
genes were involved including LMNA (11, 68.8%),
EMD (4, 25%) and SYNEI (1, 6.3%). Other genes
associated with EDMD such as SYNE2, TMEM43 and
FHLI were not detected in our cohort.

(Phenotype and genotype details of cohort in
Table 1)

EMERIN (EMD)

There were 4 patients with EMD pathogenic vari-
ants with phenotypic presentation of EDMDI. The
median age at onset of symptoms was 3 years (range:
1 — 8 years) with varying duration of presenta-
tion ranging from 4 to 20 years. All patients were
males. Consanguinity and positive family history of
sudden cardiac death in first cousin was noted in



Table 1
Clinico-genetic details of the patients

Patient Sex  Ageat Age at Upper limb  Lower Truncal Bulbar Joint Cardiac Clinical ~ Gene Exon/intron  Variant Reported / Zygosity Inheri- ACMG  Serum
number onset presen-  weakness  limb weakness weakness ~ contractures involvement pheno- involved Novel tance classi- Creatine
(months) tation (Proximal ~ weakness (Involved type pattern  fication kinase
(years) /Distal) (Proximal joint) (IU/L)
/Distal)
1 F 12 32 +/- +/- - - - No MDCL LMNA Exon 1 ¢.305T>C Clinvar He AD LP 835
(p.Leul02Pro)  ID: 520647
2 M 1 8 +/- ++ - - - No MDCL  LMNA Exon 1 c.115A>C Ishiyamaetal He AD LP 2603
(p.Asn39His) 2018 [32]
3 F 24 4 +/- +/+ Scapular - +(ankle, No EDMD2 LMNA Exon 7 c.1357C>T Bonne et al He AD P 1666
winging knee, hip) (p-Argd53Trp) 1999 [18]
4 M 30 10 -/- -1+ - - - No LGMDIB LMNA Exon 6 c.1129C>T Astejadaetal  He AD LP 476
(p.Arg377Cys) 2007 [14]
5 M 36 7 +/- ++ Scapular Facial +(elbow, No EDMD2 LMNA Exon 7 c.1357C>T Bonne et al He AD P 673
winging, weakness  neck) (p.Argd53Trp) 1999 [18]
kyphoscoliosis
6 M 12 6 +- +- Hyperlordosis - - No MDCL LMNA Exon 4 c.746 G>A Di Barlettaet  He AD LP 444
(p.Arg249GIn)  al 2000 [19]
7 M 12 4 +/- +- - Ophthal- - No MDCL  LMNA Exon 3 ¢.590T>C Nishiuchi etal He AD LP 947
moparesis (p.Leul97Pro) 2017 [33]
8 M 42 7 -/- ++ - - +(elbow, No EDMD2 LMNA Exon 6 c.1072G>A Bonne et al He AD P 1050
ankle, knee, (p.Glu358Lys) 2000 [3]
hip)
9 M 108 12 +- ++ +, Scapular - +(ankle) No LGMDI1B LMNA Exon 9 c.1583C>A Di Barlettaet He AD LP 885
winging (p.Thr528Lys) al 2000 [19]
10 M 36 4 +/- +/+ Hyperlordosis - +(ankle) No LGMDIB LMNA Exon 1 c.94A>G Sframelietal  He AD LP 1319
(p.Lys32Glu) 2017 [34]
11 F 204 46 -/- +/- Hyperlordosis  — - No LGMDIB LMNA Exon 10 ¢.1527dup Scharneretal  He AD LP 134
(p.Thr510Tyr 2011 [35]
fsTer42)
12 M 96 28 +/- ++ + - +(ankle) Sick sinus EDMD1 EMD Exon 6 ¢.654_658dup Novel Hemi XLR LP 1371
syndrome and left (p.Asp220A
ventricular lafsTer19)
hypertrophy with
implanted
pacemaker
13 M 12 19 +/+ +/- - - +(elbow, Atrial arrthymias EDMDI EMD Exon 6 ¢.599 G>A Brown et al Hemi XLR LP 180
ankle, hip, (p.Trp200Ter) 2011 [17]
fingers)
14 M 36 7 +- ++ - - +(ankle, neck, No EDMD1 EMD Exon 6 c.618del Astejada et al ~ Hemi XLR LP 1180
spine) (p.Arg207 2007 [14]
GlyfsTer30)
15 M 36 8 +- ++ Hyperlordosis  — +(ankle) No EDMD1 EMD Exon 4 ¢.350del(p. Novel Hemi XLR LP 608
Val117Alafs
Ter5)
16 M 180 18 +/+ -/- - - +(wrist, No EDMD4  SYNE! Exon 123 ¢.22472dup Novel Ho AR LP 945
fingers) (p.Leu7491
PhefsTer27)

Footnotes: AD — Autosomal Dominant, AR — Autosomal Recessive, EMD, Emerin, EDMD — Emery Dreifuss Muscular dystrophy, F- Female, He — Heterozygous, Ho — Homozygous, Hemi —
Hemizygous, LMNA — Lamin A/C, LP — Likely Pathogenic, LGMDI1B — Limb girdle muscular dystrophy 1B, M- male, MDCL — Congenital muscular dystrophy — Lamin related, P — Pathogenic,
SYNEI1 — Spectrin Repeat Containing Nuclear Envelope Protein-1/Nesprin-1, XLR — X-linked Recessive.
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P14. Both upper (UL) and lower limb (LL) weak-
ness were noted in all patients. Truncal weakness
was noted in only one. Only one patient (P12) lost
ambulation and required wheel chair assistance at
26 years of age (18 years after disease onset). Car-
diac involvement was noted in two patients—P12:
sick sinus syndrome and left ventricular hypertrophy
with implanted pacemaker and P13: atrial arryth-
mias. Talipes equino-varus deformity was noted in
two patients (P12, P13) and lumbar lordosis in one
(P15). All had ankle contractures with additional
elbow, hip and finger contractures in P13 and pos-
terior cervical contractures in P14. However, patients
P12 (onset at 8 years) and P15 (onset at 3years)
had atypical pattern with only ankle contractures at
presentation. The median CK level was 894 U/L
(range: 180-1371 U/L). Muscle biopsy was done in
only one patient (P13) showing neurogenic changes
with fibre type II grouping (Fig. 1F). All four males
had X-linked recessive disorders with truncating
hemizygous variations identified in EMD gene with
exon 6 involved in three out of four. While two
(P13, P14) have previously reported nonsense and
frameshift variations respectively, P12 and P15 have
frameshift variations identified for the first time in this
study (Table 1). Notably both had novel pathogenic
variants of ¢.654_.658dup (P12) and c.350del
(P15).

LAMIN-A/C (LMNA)

Of the 11 patients with LMNA pathogenic variants,
4 (P1, P2, P6, P7) had MDCL, 4 (P4, P9, P10, P11)
had LGMD1B and 3 (P3, P5, P8) had EDMD?2 pheno-
types. Positive family history was noted in one (P11)
and consanguinity in one (P4).

All patients with MDCL phenotype had onset of
weakness at 1 year of age except P2 who had at

1 month of age. Developmental delay followed by
limb girdle weakness was noted in all MDCL patients
with associated distal LL. weakness in P2. None of
these patients had contractures at presentation. Other
notable features were ophthalmoparesis in P7 and
hyperlordosis in P6. Muscle biopsy done in P6 and
P7 showed myopathic pattern with focal perivascular
inflammation in P7 (Fig. 1).

Patients with LGMD1B phenotype had a median
age at onset of 6 years (range: 2.5—17years). The pat-
tern of weakness was proximal UL and LL (P9, P10),
proximal LL (P11) and distal LL (P4). Other features
such as hyperlordosis (P10, P11) and scapular wing-
ing (P9) were also noted. Contractures at ankles was
seen in only two subjects (P9, P10). Muscle biopsy
was done in P9 and showed myopathic changes with
perivascular inflammation (Fig. 1).

The age at onset in EDMD?2 ranged from 2 — 3.5
years. Except P8, all had proximal UL with proxi-
mal and distal LL. weakness. Facial weakness (P5),
scapular winging (P3, P5) and kyphoscoliosis (P5)
were other features. Muscle biopsy done in two cases
(P3, P8) showed myopathic features with myonecro-
sis and perivascular inflammation in PS.

Mean duration of illness (years) are 11.6+13
(MDCL), 32+1.0 (EDMD2), 10441238
(LGMDI1B). All patients were ambulant at the
time of evaluation. Median serum CK level was 860
U/L (range: 134-2603). None had cardiac symptoms
and electrocardiogram and 2D echocardiography
were normal in all probands. Muscle MRI done in
two showed global fatty infiltration of thigh (P1,
P11) and leg muscles (P11). All patients except P11
were sporadic and were found to have heterozygous
variations in LMNA, with the most common varia-
tions being missense involving exon 1 (n=3). One
duplication variant at exon 10 causing frameshift
(c.1527dup, p.Thr510TyrfsTer42) was noted in P11
(Table 1).

Fig. 1. Muscle Biopsy Histopathology. A1 — A4 (P7 — LMNA, 4 years): Microphotograph showing muscle tissue with myopathic changes
with scattered regenerating fibres (Arrows), endomyseal fibrosis and focal perivascular inflammation (asterix). (X 200 Al, A4 - H&E; A2
— Masson’s Trichrome stain, A3 — MGT stain). B1 — B3 (P8 — LMNA, 7 years): Microphotograph showing muscle tissue with myopathic
changes with myophagocytosis (asterix), endomyseal fibrosis and perivascular inflammation (arrow). Note the myonecrosis in B 3 (asterix)
(X200 B1 — H&E;, B2 — Masson’s Trichrome stain; B3 — MGT stain). C1 — C4 (P9 — LMNA, 12 years): Microphotograph showing muscle
tissue with myopathic changes with myophagocytosis (asterix), endomyseal fibrosis and perivascular inflammation (arrow). Variation in
fibre size, nuclear clumps and adipocytic infiltration. (X 200 C1, C2 — H&E; C3, C4 — MGT stain). D1, D2, D3 (P3 — LMNA, 4 years):
Microphotograph showing muscle tissue with myopathic changes with myonecrosis (asterix), endomyseal fibrosis and regenerating fibres
(arrow). Variation in fibre size, nuclear clumps and adipocytic infiltration. (X 200 D1,D2 — H&E; D3 — MGT stain). E1, E2 (P6 — LMNA, 6
years): Microphotograph showing Muscle tissue with variation in fibre size, endomyseal fibrosis and adipocytic infiltration. (X200 E1, E2
— H&E; E2 — MGT stain). F1, F2 (P13 — EMD, 19 years): Microphotograph showing muscle tissue with neurogenic changes comprising of
angulated atrophic fibres and type II fibre grouping (based on SDH stain, F1; X200, F2 — MGT stain).
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Fig. 1. (Continued)
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NESPRIN-1/SPECTRIN REPEAT
CONTAINING NUCLEAR ENVELOPE
PROTEIN-1/(SYNEI)

Patient P16 had onset of symptoms at 15 years of
age and presented at 18 years. The proband had atypi-
cal phenotype with proximal and distal UL weakness
without LL. weakness. Prominent finger and wrist
flexion contractures were noted. There were no car-
diac symptoms, truncal or bulbar weakness. Elevated
serum CK of 945 U/L was present. P16 had a novel
homozygous frameshift variation affecting exon 123
of SYNE1 (Table 1).

DISCUSSION

Here we have described in detail the pheno-
type — genotype characteristics of 16 patients with
envelopathies which result from structural and/or
functional defects in the various nuclear envelope
proteins.

Emery-Dreifuss muscular dystrophy

EDMD due to emerin and lamin A/C defects
contribute to 40% of EDMD cases. Lamin A/C
encoded by LMNA gene is the major component
of nuclear membrane localised to the inner nuclear
membrane and nucleoplasm [9]. Pathogenic variants
in LMNA have a broad spectrum of heterogenous
manifestations including congenital muscular dys-
trophy, autosomal dominant dilated cardiomyopathy
with conduction defect, familial partial lipodystrophy
and autosomal recessive Charcot Marie Tooth dis-
ease and progeria [10]. Lamin A/C binds with other
proteins such as emerin (EMD), lamin- A-associated
polypeptide (LAP) and MANI [11]. It plays a major
role in chromatin organisation, replication, cell cycle
regulation and structural stability to mechanical stress
especially in tissues such as skeletal and cardiac mus-
cles [12]. The estimated prevalence of all types of
EDMD is about 1.3:100,000 — 2:100,000 [13]. There
is significant inter- and intrafamilial variability in
age of onset, progression and severity of muscle
and cardiac manifestations. The variability in clin-
ical features ranges from severe childhood onset to
late onset slowly progressive disease. Astejada et al.,
have described in a large series of EDMD patients
with a mean age at onset being 10.1 and 3.3 years in
pathogenic variants in EMD and LMNA respectively
[14]. However, in the present study the median age at

onset was much earlier (early 1st decade) in patients
with variants in both EMD and LMNA genes. Gener-
ally joint contractures occur during the first decade
followed by muscle weakness which is typically
described in EDMD1. However, in EDMD?2 contrac-
tures may appear after onset of muscle weakness [13].
The most common sites include elbow, ankle and pos-
terior cervical muscles [3]. In the present study all
patients with EMD had ankle contracture, while in
LMNA, the ankle, elbow, knee and hip joints were
equally involved. Neck contractures occurred in only
one patient each with LMNA and EMD pathogenic
variants. In a study done on LMNA related muscular
dystrophies in Chinese cohort by Fan et al, con-
tractures were noted in 75% of EDMD2 with ankle
being the first joint involved followed by elbow joint
[15]. Prominent finger contractures similar to col-
lagenopathies was noted in two patients, one each
with EMD and SYNE] variants, which has not been
reported previously. Serum CK level ranges from nor-
mal to moderately elevated [3]. A similar trend was
noted in our patients.

EDMD1: Typically, symptoms begin in the first
decade with ankle followed by elbow contractures.
The major cardiac manifestations include rhythm dis-
turbances such as sinus bradycardia, supraventricular
extrasystolic beats, atrioventricular blocks (AVB),
paroxysmal atrial fibrillation or flutter with gradual
development of cardiomyopathy [2]. Skeletal muscle
weakness usually precedes cardiac symptoms with
onset in the second decade with predominant lower
limb involvement and rarely affecting ambulation [2].
Similar cardiac manifestations and muscle weakness
patterns were noted in our cohort. One patient lost
independent ambulation in the 3rd decade of life.
Muscle biopsy was done in one patient with (P13)
which showed neurogenic changes. This might be
possibly due to the site of muscle sampling in a
particular muscle (near NMJ), evolving disease or
nonspecific secondary changes [16]. The majority
of cases are known to occur due to nonsense vari-
ations and frame shifting small insertion/deletions.
Exons 1 and 2 bear recurrent variations especially
in codons 1 or 34 [17]. In contrast, in the present
cohort exon 6 was most commonly involved with
deletions.

EDMD2: The major LMNA related muscular dys-
trophy phenotypes are autosomal dominant EDMD,
LGMDI1B and MDCL. Lamin A/C related EDMD are
EDMD2 (autosomal dominant) and EDMD?3 (autoso-
mal recessive) [18, 19]. Most of the patients present
with typical scapula-peroneal weakness along with
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pelvic girdle weakness. In contrast to previous studies
[5, 15], all patients had contractures most commonly
in elbow, proximal and distal LL joints with pos-
terior cervical region in one patient. Fan Y et al,,
reported cardiac arrthymias in 43.8% of EDMD2
patients in their cohort [15]. However, in the current
study none had cardiac manifestations. Except two
patients, all our patients with LMNA variants pre-
sented in their first decade or early second decade
after the onset of skeletal muscle symptoms. Car-
diac involvement in EDMD?2 is often reported later,
usually after the second decade following skele-
tal muscle involvement [3, 15]. Hence, our patients
might require further follow up to ascertain car-
diac involvement. None had loss of ambulation, thus
reflecting an overall milder phenotype. EDMD2 is
most commonly caused by missense heterozygous
variations with dominant negative effect followed by
deletions/duplications/nonsense variations resulting
in loss of function variation [20]. Similarly, in the
present study all patients had missense variations with
autosomal dominant inheritance.

EDMD4: Nesprins (encoded by SYNE! and
SYNE?2) and Transmembrane protein 43 (TMEM43)
and are other nuclear envelop proteins which co-
localise to lamins [21]. Nesprins are expressed mainly
in skeletal muscle and cerebellum and plays a key
role in anchorage of nuclei [22]. There is a wide
spectrum of phenotypes associated with SYNE! such
as EDMDA4, spinocerebellar ataxia 8, myogenic type
of arthrogryposis congenita with EDMD features
and spastic paraplegia with intellectual disability and
axonal neuropathy [23-25]. There are only few cases
of EDMD4 described in literature characterized by
slowly progressive muscle atrophy with contractures
without cardiac abnormalities [24, 26-28]. Attali et
al., reported two patients with congenital hypotonia
with foot deformities and loss of ambulation in the
early second decade [24]. Fanin et al., and Chen et
al., reported three cases and one case with child-
hood onset of lower limb weakness with deformities
respectively [27, 28]. Patient P16 in the present study
had novel features of onset of symptoms in the middle
of second decade with predominant proximal and dis-
tal upper limb weakness with severe finger and wrist
contractures which has not been reported previously.
The insertion variation c.22472dupA is also a novel
variant. The previously reported EDMD4 variants
were mostly heterozygous single nucleotide variants
[26, 28].

Comparison with previous studies is summarized
in Table 2.

OTHER LAMINOPATHY RELATED
MUSCULAR DYSTROPHIES

MDCL: The most common initial manifestation
in MDCL is decreased fetal movements followed by
delayed motor milestones [29]. MDCL were clas-
sified into two groups by Quijano-Roy et al., as
severe congenital muscular dystrophy and dropped
head syndrome respectively [29]. All MDCL patients
in the current study presented with developmental
delay as described previously followed by proximal
limb weakness without cervico-axial involvement.
In-contrast to studies in the Italian [5] and Chinese
cohorts [15] which showed contractures in 88.9% and
51.2% of MDCL patients, none of our patients had
contractures at presentation depicting a milder phe-
notype of our cohort. Ophthalmoparesis in MDCL
and facial weakness in EDMD2 noted were similar
to the cohort reported by Maggi et al., [S]. MDCL
has only minimal cardiac involvement as noted in
previous studies [15, 29]. A recent study by Ben
Yaou R et al., on 151 MDCL patients showed car-
diac involvement in 48.3% with median age at first
cardiac abnormality being 9.3 years (range: 0.2 — 34
years) [30]. The lack of cardiac involvement in the
current study may be because of the young age of the
patients and hence continued follow-up for cardiac
dysfunction is required.

LGMDI1B: Previous studies have shown mild
pelvic girdle weakness in LGMDI1B with rare car-
diac involvement [5, 15]. Our study also showed
pelvic and shoulder girdle weakness without cardiac
involvement. Comparable to the Italian cohort, con-
tractures were noted in 50% of LGMDIB at ankle
joint only [5].

Muscle biopsy done in EDMD2, MDCL and
LGMDI1B showed most frequently the features of
myopathy followed by focal perivascular infiltrates
in all these three phenotypes. Studies by Komaki et
al., [31] and Quijano-Roy et al., [29] have shown
that inflammatory infiltrates were noted commonly
in MDCL especially in the perimysial connective tis-
sue. However, Fan et al., [15] have shown that 50% of
MDCL and 33.3% of EDMD?2 patients in their cohort
showed inflammatory infiltrates in the entire mus-
cle biopsy specimen including necrotic/non-necrotic
fibres, endomysium and perivascular region of the
perimysium. To ascertain the diagnostic importance
in laminopathies related muscular dystrophies of this
finding similar to other conditions such as facioscapu-
lohumeral dystrophy and dysferlinopathy requires
further dedicated studies. All pathogenic variants in



Table 2
Comparison with previous studies on EDMD
Author/year/ Age at onset Pattern of weakness Cardiac Respiratory Inheritance Variants
ethnicity (years) features insufficiency
Emerinopathy
Astejada et al, 10.1£9.5 Humeroperoneal and Conduction - XL c.31delG, p.(Glul1SerfsTer2); c.82 +5 G>C,
2007, Japan (mean + SD) limb-girdle with joint defects and ¢.83-2A>G, c.123 C>G, p.(Tyr41Ter); c.144dupC,
(n=20) [14] contractures DCM (90%) p-(Serd49LeufsTer12); ¢.251-55del TCTAC;
¢.359-62delCAGT, c.400-2A>G; c.677 G>A,
p.(Trp226Ter); ¢.619delC; ¢.650_50dup
Ellis et al, 2000, 2 Limb girdle weakness with - - XL Mutations in residue 236 and starting at residue 247 in
UK (n=2) [36] neck stiffness the C-terminal tail
Our study (n=4) 3 [range: 1-8] Limb-girdle and Sick sinus - XL ¢.654_658dup (p.Asp220AlafsTer19), c.599 G>A
(median) humeroperoneal with joint syndrome (1), (p-Trp200Ter), c.618del (p.Arg207GlyfsTer30),
contractures, prominent atrial ¢.350del(p.Vall17AlafsTer5).
finger contractures in one arrthymias (1).
patient,
Laminopathy
Astejada et al, 334+29 Proximal LL weakness with Conduction - AD ¢.73 G>C (p.Glu25Gln ), ¢.306 C>A (p.Alal02=),
2007, Japan contractures defects (63%) ¢.374 G>C (p.Gly125Ala), c.746 G>A (p.Arg249GlIn),
(n=27)[14] ¢.931A>G (p.Lys311Glu), c.1058A>G (p.GIn353Arg),
¢.1063 C>T (p.GIn355Ter), c.1129 C>T (p.Arg377Cys),
¢.1357 C>T (p.Arg453Trp), ¢.1366A>C(p.Asn456His),
c.1412 G>A (p.Argd71His), ¢.1540T>C(p.Trp514Arg),
¢.1580 G>C (p.Arg527Pro), ¢.1583 C>A(p.Thr528Lys),
c.1622 G>A (p.Arg541His).
Bendetti et al, 2410305 Limb girdle syndrome with - - AD ¢.992 G>A (p.Arg331Gln), ¢.992 G>C (p.Arg331Pro),

2007, Italy [20]

contractures

¢.1039 G>A (p.Glu347Lys), c.1130 G>A(p.Arg377His),
¢.1072 G>A(p.Glu358Lys)
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Our study (n=11) MDCL -1, MDCL - developmental - - AD ¢.305T>C (p.Leul02Pro), c.115A>C (p.Asn39His),
MDCL (4), LGMDIB -6 delay and limb-girdle ¢.1357 C>T (p.Arg453Trp), c.1129 C>T (p.Arg377Cys),
LGMDI1B (4), EDMD?2 - 2. weakness, ophthaloparesis in ¢.1357 C>T (p.Arg453Trp), ¢.746 G>A (p.Arg249GIn),
EDMD2 (3). -3.5 one. ¢.590T>C (p.Leul97Pro), c¢.1072 G>A (p.Glu358Lys),
LGMDI1B - limb-girdle ¢.94A>G (p.Lys32Glu), ¢.1527dup
weakness with only ankle (p-Thr510TyrfsTer42).
contractures in two.
EDMD?2 — humeroperoneal
weakness with multiple joint
contractures.
Nesprinopathy
Chen Z et al, 24 LL proximal with neck and - - AD ¢.6910A>G (p.Ala2304Pro)
2017, China [28] elbow contractures
Fanin M et al, 1-6-7 Proximal weakness with foot - - AD ¢.323 C>T p.(Ser108Leu)
2015, n=3 Italy II — childhood and elbow joint contractures
[27] -3 IIT — additional spine
contractures.
15 Proximal and distal UL - - AR ¢.22472dup (p.Leu7491PhefsTer27)

Our study (n=1)

weakness with prominent
finger and wrist contractures

Footnotes: AD — Autosomal Dominant, AR — Autosomal Recessive, EDMD — Emery Dreifuss Muscular dystrophy, LGMD1B — Limb girdle muscular dystrophy 1B, MDCL — Congenital muscular
dystrophy — Lamin related, XLR — X-linked Recessive.
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both MDCL and LGMD1B are missense heterozy-
gous variants except for one patient with LGMD1B.

CONCLUSION

This study on muscular dystrophies associated
with nuclear envelopathies shows phenotype and
genotype variability. The salient features include oph-
thalmoparesis and facial weakness in LMNA (in one
patient each) and upper limb phenotype with novel
variation in SYNE].

The occurrence of finger contractures in EMD and
SYNE]I is a novel finding which may aid in specific
genetic diagnosis.
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