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Abstract: Mandibuloacral dysplasia (MAD) is a rare autosomal recessive disorder characterized by mandibular and 
clavicular hypoplasia, acroosteolysis, delayed closure of the cranial suture and joint contractures. Mutations in Lamin 
A/C have been reported in patients with MAD.  Laminopathesies refer to many disorders caused by defects in the 
nuclear lamina associated proteins. Lamins are integral structural components of the nuclear lamina hypothesized to be 
involved in numerous cellular processes.  LMNA gene maps to chromosome 1q21.2 and encodes lamin A and lamin C 
through alternative splicing. We investigated three consanguineous Egyptian families having severe MAD disorder. 
Subsequently, direct sequencing of the coding region of the LMNA gene in patients and their parents revealed the 
identification of two homozygous missense mutations that replace a conserved residue: Arginine 527, a novel R527L 
mutation in one patient and R527C mutation in the other two patients.   
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1. Introduction 

A-type lamins (lamins A and C), encoded by the 
LMNA gene, are major protein constituents of the 
mammalian nuclear lamina, a complex structure that 
acts as a scaffold for protein complexes that regulate 
nuclear structure and functions (Andrés and 
González, 2009). LMNA, which maps to chromosome 
1q21.2 and encodes lamin A and lamin C through 
alternative splicing of LMNA is responsible for many 
unrelated diseases with different affected organ 
systems attributed to lamin A/C mutations. These 
include Charcot-Marie-Tooth disease type 2B (De 
Sandre-Giovannoli et al., 2002), forms of dilated 
cardiomyopathy (Fatkin et al., 1999), both autosomal 
dominant and autosomal recessive forms of Emery-
Dreifuss muscular dystrophy (Raffaele Di Barletta et 
al., 2000), limb girdle muscular dystrophy type 1B 
(Muchir et al., 2000), Dunnigan-type familial partial 
lipodystrophy (Speckman et al., 2000) and 
Hutchinson-Gilford progeria (Prabhavathi et al., 
2011).  

Patients with MAD type A (partial) lipodystrophy 
have mutations in lamin A/C gene. Mutation in the zinc 
metalloproteinase (ZMPSTE24), also involved in the 
proteolytic cleavage of pre lamin A to form mature 
lamin A, have been noted in patients with MAD and 
type B (generalized) lipodystrophy (Agarwal et al., 
2003).  

Mandibuloacral dysplasia (MAD; MIM 248370) 
is a rare autosomal recessive disorder combining a 
characteristic facial appearance with acro-osteolysis 
and lipodystrophy. In the majority of MAD patients, 

Symptoms appear around the age of four years, mostly 
in the form of mandibular hypoplasia with subsequent 
teeth crowding, delayed cranial suture closure, 
dysplastic clavicles, acroosteolysis, and typical facial 
changes. Patients may also suffer; lipodystrophy and 
clinical features of metabolic syndromes as insulin 
resistance diabetes mellitus and hypertriglyceridemia 
(Agarwal et al., 2008).  MAD is considered a 
progeroid disorder, so far one mutation in LMNA has 
been associated with the disease, R527H (Simha et al., 
2003). A homozygous missense mutation (R527H) in 
LMNA gene was first reported in nine Italian MAD 
patients with type A pattern of lipodystrophy belonging 
to five consanguineous pedigrees (Novelli et al., 2002). 
The R527 amino acid is located in the C-terminal 
domain common to lamin A and lamin C, which has an 
immunoglobulin-like three-dimensional structure. 
R527 is localized at the external surface of the domain, 
and thus R527H substitution would disrupt the surface 
structure of the protein, altering binding fundamental 
sites (Dhe-Paganon et al., 2002). However, we report 
a fully expressed phenotype of MAD Egyptian patient 
with a novel homozygous mutation R527L in LMNA 
gene in addition to the previously reported R257C. 
 
 2. Patients and Methods 

Four Egyptian patients descending from three 
families were included in our study. A written 
informed consent was obtained from the patients’ 
parents. Genomic DNA was extracted from peripheral 
mononuclear cells of patients and their parents by 
QIAamp blood kits (Qiagen, Hilden, Germany). Direct 
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sequencing of the entire coding region and the 
surrounding intron-exon boundaries of the LMNA gene 
was conducted for the probands and their parents from 
each pedigree. Primers of all twelve coding exons were 
amplified according to the published sequence 
information (De Sandre-Giovannoli et al., 2002). 
PCR reaction was carried out in a total volume of 50ml 
containing 150ng DNA using the following condition 
950C for 5 min followed by 35 cycles of 950C for 50 
sec, annealing for 50 sec, 720C for 50 sec and 
extension of 720C for 7 min. The PCR products were 
purified with a QIA quick PCR purification Kit 
(Qiagen). Cycle sequencing reactions were performed 

on column-purified PCR product using Big Dye 
terminator cycle sequencing Kit (Applied Biosystem, 
Foster City, CA). Both strands of each exon were 
sequenced and analyzed on ABI Prism 310 automated 
sequencer (Applied Biosystem).  
 
3. Results: 

Four Egyptian patients descending from three 
unrelated families, fulfilling the diagnostic criteria of 
MAD through full clinical, dental examination as well 
as molecular findings (Table1), were included in our 
study. Patients No. 3 & 4 are two sibs. 
 

 
Table1: Molecular findings with full clinical and dental examination. 

Patient No. 1 2 3 4 
Sex Male Female Female Male 
Age of onset in months 9 18 7 8 
Consanguinity +ve +ve +ve 
Progeroid facies. Fig.1 + + + + 
Hypoplastic mandible + + + + 
Hypoplastic clavicle + + + + 
Acroosteolysis Fig. 2 + + + + 
Stature -3.5 SD -3.66 SD -2.42 SD -2.7 SD 
Oro-Dental findings Both mandibular and maxillary hypoplasia with subsequent teeth crowding, 

microstomia, limitation of mouth opening and gingivitis. Radiographic examination 
showed hypoplastic condyle and accentuated antigonial angle of the mandible (Fig. 

1&3) 
Metabolic disorders - - - - 
Molecular diagnosis Arginine527leucine Arginine527cysteine 

 
Direct sequencing of the LMNA gene of the 

first patient revealed a novel missense mutation R257L 
resulting in substitution of Argenine by leucine (Fig. 
4). A transition of G to T at the second base of codon 
527 resulted in a missense mutation. While sequencing 
of the other three patients revealed a substitution of the 

first base (C > T) at codon 527 leading to the 
transversion of Arginine to cysteine R257C. All 
detected mutations were present in a homozygous state 
in our studied patients and in a heterozygous state in 
their parents (Fig.4). 

 
 

 
 

Fig. (1): Progeroid facies Fig. (2): Acro-osteolysis 
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Fig.(3): Panoramic radiograph showing teeth crowding, hypoplastic condyle and accentuated antigonial angle 

 

 
 

 

      Fig.4   DNA sequence chromatograms of LMNA gene in 3 patients with MAD. 
              Figure (A) showing patient 1 with transition of G>T (R 527 L). 
 Figure (B) showing patient 2 and 3 with transition of C>T (R 527 C). 
 Figure(C) showing the normal sequence.   

 
4. Discussion: 

Laminopathies refers to different disorders with 
phenotypic variability caused by defects in the nuclear 
lamina associated proteins. We report the first study for 
four Egyptian patients with MAD syndrome. A novel 
homozygous mutation in codon 527, in which the 
Arginine is converted to Lucien in one patient in 
addition to the previously reported, Arg 527 cys, in 
three patients (Agarwal et al., 2008). It is highly likely 
that the Arg257leu missense mutation causes 
inactivation of LMNA protein; since the other 
previously reported mutation R257H is affecting the 
same amino acid in many MAD patients (Novelli et al., 
2002), suggesting that this amino acid plays a key role 
in the structure and function of the LMNA protein. 
Presumably, the substitution of a basic amino acid 

(Argenine) with a non- polar amino acid (cysteine) at 
codon 527 may alter the polarity of the protein, leading 
to conformational modifications of the protein. 

So far, approximately 28 MAD patients have 
been reported to harbor homozygous or compound 
heterozygous missense mutations in the C-terminal of 
lamin A/C (Novelli et al., 2002; Cao and Hegele, 
2003; Simha et al., 2003; Plasilova et al.,  2004; Garg 
et al.,  2005; Van Esch et al., 2006; Kosho et al., 
2007; Lombardi et al.,  2007; Agarwal et al.,  2008; 
Zirn et al., 2008; Garavelli et al., 2009; Madej-
Pilarczyk et al.,  2009). Nearly all of them have type A 
pattern of partial lipodystrophy. Our studied patients 
have a homozygous mutation in codon 527 and they all 
suffer manifestations of partial lipodystrophy together 
with all other clinical manifestations of MAD. 

(B) 

(C) 

(A) 

(C) 
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However, the age of onset among our studied patients 
was considerably younger than previous reports 
(Agarwal et al., 2008). Only 6 MAD patients have 
been reported with either compound heterozygous or 
homozygous mutations in ZMPSTE24 (Agarwal et al., 
2003; Shackleton et al., 2005; Agarwal et al., 2006; 
Denecke et al., 2006; Miyoshi et al., 2008). 

Mutations in LMNA gene have been reported in 
23 patients with MAD, which include homozygous 
Arg527His mutation in six Italian and two Hispanic 
pedigrees, homozygous Ala529Val mutation in two 
Turkish pedigrees, homozygous Ala529Thr mutation in 
a Japanese woman, homozygous Lys542Asn mutation 
in an Indian pedigree, and compound heterozygous 
Arg471Cys/Arg527Cys and Arg527His/Val440Met 
mutations in two Caucasian pedigrees (Fatkin et al., 
1999; Muchir et al., 2000; Raffaele Di Barletta et al., 
2000; Speckman et al., 2000; De Sandre-Giovannoli 
et al., 2002; Agarwal et al., 2003;Cao and Hegele, 
2003; Agarwal et al., 2008; Andrés and González, 
2009 ; Prabhavathi et al., 2011). 

Our finding of a homozygous missense mutation, 
Arg527Cys LMNA mutation was firstly reported in a 
7-yr-old girl German-Irish MAD patient descending 
from a consanguineous pedigree (Agarwal et al., 
2008). Subsequent subjects have been described with 
homozygous LMNA mutations causing R527C or 
A529V amino-acid substitutions (Garg et al., 2005; 
Agarwal et al., 2008). Lombardi et al., 2007, also 
reported a compound heterozygous subject for the 
LMNA R527H and a V440M mutation with some 
features of mandibuloacral dysplasia, lack of muscle 
strength, and decreased muscle tone. 

 Interestingly, Lloyd et al., 2002, have identified 
a binding site of lamin A for the adipocyte 
differentiation factor sterol-response element–binding 
protein 1 (SREBP1) between residues 227 and 487. 
This confirms the possibility that fat loss observed in 
FPLD and MAD, may be caused by reduced binding of 
the adipocyte-differentiation factor SREB to lamina 
(Novelli et al., 2002). The polypeptide amino acids 
from 470 to 545 has been crystallized and shown to 
assume an Ig domain. The substitution of Arg to His at 
position 527 showed disruption of the salt bridge 
between Arg 527 and Glu at position 537. Similarly, 
the substitution of Arg 527 to Cys causes salt bridge 
disruption (Agarwal et al., 2008). Simha et al., 2003, 
have confirmed that only type A MAD is caused by the 
R527H mutation in LMNA and no mutations were 
detected in four families with type B MAD. 
Conclusion: 

In a first study of Egyptian MAD patients, we 
concluded that Egyptian mutation spectrum would 
belong to the LMNA gene (527 locus type) & not to 
ZMPSTE24. We also report a novel mutation (not 
previously reported according to our date search). We 

also concluded an earlier age of onset of the disease 
among Egyptian patients. 
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