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Context: Mandibuloacral dysplasia (MAD) is a rare autosomal recessive progeroid syndrome due
to mutations in genes encoding nuclear lamina proteins, lamins A/C (LMNA) or prelamin A pro-
cessing enzyme, and zinc metalloproteinase (ZMPSTE24).

Objective: The aim of the study was to investigate the underlying genetic and molecular basis of
the phenotype of a 7-yr-old girl with MAD belonging to a consanguineous pedigree and with
severe progeroid features and lipodystrophy.

Design and Patient: The patient developed mandibular hypoplasia during infancy and joint stiff-
ness, skin thinning, and mottled hyperpigmentation at 15 months. Progressive clavicular hypopla-
sia, acroosteolysis, and severe loss of hair from the temporal and occipital areas were noticed at 3
yr. At 5 yr, cranial sutures were still open and lipodystrophy of the limbs was prominent. GH therapy
fromtheagesof3–7yrdidnot improvetheshortstature.Severejointcontracturesresultedinabnormal
posture and decreased mobility. We studied her skin fibroblasts for nuclear morphology and immu-
noblottinganddeterminedthe invitroeffectsofvariouspharmacological interventionsonfibroblasts.

Results: LMNA gene sequencing revealed a homozygous missense mutation, c.1579C�T,
p.Arg527Cys. Immunoblotting of skin fibroblast lysate with lamin A/C antibody revealed no pre-
lamin A accumulation. Immunofluorescence staining of the nuclei for lamin A/C in fibroblasts
revealed marked nuclear morphological abnormalities. This abnormal phenotype could not be
rescued with inhibitors of farnesyl transferase, geranylgeranyl transferase, or histone deacetylase.

Conclusion: Severe progeroid features in MAD could result from LMNA mutation, which does not lead
to accumulation of prenylated lamin A or prelamin A. (J Clin Endocrinol Metab 93: 4617–4623, 2008)

Mandibuloacral dysplasia (MAD), a rare autosomal reces-
sive disorder, is characterized by progressive skeletal

abnormalities such as delayed closure of cranial sutures, man-
dibular and clavicular hypoplasia, acroosteolysis of the distal
phalanges, and joint contracture. Some patients show progeroid
features such as bird-like facies, high-pitched voice, and ecto-
dermal defects, such as skin atrophy, alopecia, and nail dysplasia
(1–6). With the progression of time, the severity of these features
increases. In addition, patients may develop two patterns of li-
podystrophy—type A, characterized by partial loss of fat from

extremities with excessive deposition in the face and neck; and
type B, characterized by generalized loss of sc fat (1). Some pa-
tients develop hyperinsulinemia, insulin resistance, impaired glu-
cose tolerance, diabetes mellitus and hyperlipidemia (1). Growth
retardation and short adult height are commonly associated with
the syndrome.

Recently, aided by careful characterization of the pheno-
type of lipodystrophy in MAD patients (1) and candidate gene
approach, two loci have been discovered (3, 7). The first ge-
netic locus was found to be LMNA gene, which by alternative
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splicing encodes for nuclear lamina proteins, lamin A and C
(3). The second locus is zinc metalloproteinase (ZMPSTE24)
gene, which encodes for a protease involved in posttransla-
tional proteolytic processing of prelamin A to its mature form,
lamin A (7).

Thus far, 23 MAD patients have been reported to have LMNA
mutations (2–6, 8, 9), but only four MAD patients have been re-
ported with ZMPSTE24 mutations (7, 10–12). MAD patients
with LMNA mutations usually have normal development during
the first 4 yr of life, whereas patients with ZMPSTE24 mutations
appear to have a more severe phenotype including early onset
of skeletal defects such as acroosteolysis, more progeroid ap-
pearance including development of sc calcified nodules on the
phalanges, and progressive glomerulopathy (10). We report
an unusually severe phenotype of MAD and progeroid fea-
tures in a 7-yr-old girl with a novel homozygous mutation in
LMNA gene.

Patient and Methods

The studies were approved by the Institutional Review Boards of the
University of Texas Southwestern Medical Center at Dallas, and all sub-
jects gave a written informed consent for the studies.

Patient description
The 7-yr-old girl (MAD 2200.3) belongs to a consanguineous pedi-

gree of German-Irish origin (Fig. 1) who developed mandibular hyp-
oplasia during infancy resulting in crowded teeth, difficulty in swallow-
ing and breathing, and failure to thrive. She was born full term with a
birth weight of 2.55 kg (2 SD below the mean value, or �2 SD) and a length
of 49 cm (�1 SD). A small and pointed nose with telangiectasia was
noticed at birth. She had poor growth and weight gain. Failure to thrive
was apparent by the age of 1 yr. Swallowing difficulties with frequent
choking and severe snoring with obstructive apnea were frequently ob-

served. Her dentition was normal apart from two extra lower incisors,
which had to be removed. Joint stiffness, skin thinning, and mottled
hyperpigmentation developed at the age of 15 months. At 2 yr of age, she
developed a bird-like face with beaked nose, bulbous cheeks, and very
small mouth with limited ability to open. At the initial visit at the age of
2 yr 10 months, her weight was 9.7 kg (�3 percentile), and her height was
81 cm (0.8 percentile; �3.16 SD), whereas her target height was 157.5 cm
(18.3 percentile; �0.33 SD).

She was started on GH (0.4 mg/kg�wk), and her height improved to
�1.48 SD within 2 yr, but she eventually developed resistance to GH
secondary to GH antibody at the age of 5 yr and 2 months. Growth
velocity decreased significantly thereafter, despite a higher dose of GH
(0.5 mg/kg/wk). At 7 yr and 5 months of age, her height was 110 cm
(�0.33 percentile, �2.72 SD), and her weight was 16.8 kg (�5th per-
centile). Before receiving GH therapy, her IGF-I and IGF binding pro-
tein 3 (IGFBP3) levels were 67 ng/ml (normal range, 56 –144 ng/ml)
and 1.7 mg/liter (normal range, 0.9 –3.0 mg/liter), respectively. Dur-
ing GH therapy, her IGF-I levels ranged from 156 to 598 ng/ml (mean
values for normal girls age 4 – 6 yr, 138 –172 ng/ml), and IGFBP3
levels ranged from 3.0 to 6.0 mg/liter (mean values for normal girls age
4 – 6 yr, 2.1 to 3.0 mg/liter).

She had a senile appearance, with sparse scalp hair, thin hyper-
pigmented skin, paucity of body fat, and joint stiffness. Cardiac eval-
uation, including echocardiography, was normal. Progressive clavic-
ular hypoplasia, acroosteolysis, and severe loss of hair from the
temporal and occipital areas were noticed at 3 yr. Radiographs of the
skull revealed open cranial sutures and anterior and posterior fonta-
nelles. She had no cataracts. Her teeth were severely crowded, and
several of them had already been removed. She had lipodystrophy of
the gluteal region, extremities, and palmar and plantar areas (Fig. 2).
Severe contractures at the joints had resulted in abnormal posture and
decreased mobility. Recently, she had a rib fracture from an unnoticed
trauma. Her mental development was normal. She had a high-pitched
nasal voice and myopia. The skin over her entire body and extremities
was thin, with easily visible veins and hyperpigmentation on the lower
abdomen and buttocks. Her gait was waddling. Serum leptin level was
1.6 ng/ml (normal values from 5th to 95th percentile, 1.2 to 6.6
ng/ml), and insulin level was 1.1 �U/ml (normal value, 0 –13 �U/ml).

Anthropometry
The patient’s weight and height were mea-

sured by standard procedures. Skinfold thickness
measurements were carried out using Lange skin-
fold caliper (Cambridge Scientific Industries,
Cambridge, MD) thrice on each site, and the
mean value was calculated. The skinfold thick-
ness measurements were done at the following
12 sites: chin and on the right side of body at the
chest, midaxillary, abdominal, subscapular, su-
prailiac, biceps, triceps, forearm, hip, thigh,
and calf.

Mutational analysis of the LMNA and
ZMPSTE24 genes

Genomic DNA was isolated from blood by us-
ing a King Fisher (Thermo Labsystems, Waltham,
MA) kit according to the manufacturer’s protocol.
Direct sequencing of the entire coding region and
the surrounding intron-exon boundaries of the
LMNA and ZMPSTE24 genes were conducted in
the proband as reported earlier (2, 7). Primers that
would amplify each exon of the LMNA gene from
genomic DNA templates were designed from pub-
lished sequence information (13). PCR was con-
ducted as described earlier (2). For segregation
analysis, only a few exons were sequenced in the
parents. The PCR product was purified to re-

FIG. 1. MAD pedigree, LMNA mutation, and immunoblot from the patient’s fibroblasts. A, Pedigree of the
MAD family. The proband with homozygous Arg527Cys LMNA mutation is shown as filled symbol, and the
parents, heterozygous for the Arg527Cys mutation, are shown as half-filled symbols. Square symbols
indicate males, and circles indicate females. Double horizontal lines indicate consanguinity. B, Sequence
electropherogram for mutation in exon 9 of LMNA. Identified mutation c.1579C�T is marked by an arrow,
and wild-type sequence is shown below for comparison. C, Immunoblot analysis of cell lysates. Shown is a
representative immunoblot of cell lysates obtained from the fibroblasts of the affected patient (MAD
2200.3) probed with amino-terminal-specific antilamin A/C antibody, N-18, showing lamin C and mature
lamin A. In the affected patient, no prelamin A was identified. Patient MAD 3300.3 with ZMPSTE24
deficiency and AG06917 with HGPS (with LMNA G608G heterozygous mutation) were included as positive
controls to show prelamin A and progerin band, respectively. Normal control subject showed lamins A and
C band as well.

.
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move primers and deoxyribonucleotide triphosphates and sequenced
using ABI Prism 3100 (Perkin-Elmer Applied Biosystems, Foster City,
CA).

Immunofluorescence microscopy
Immunofluorescence staining for lamin A/C was performed as de-

scribed before (14). Briefly, fibroblasts (passage 2) were grown on cover
slips, fixed for 20 min in methanol at �20 C, and permeabilized in 0.1%
Triton X-100. The cells were incubated with antibody for lamin A, which
recognizes both forms, lamin A and C (antibody H-110; Santa Cruz
Biotechnology, Santa Cruz, CA) for 60 min at 37 C. The cells were
washed with PBS and incubated with the secondary antibody conjugated
with Alexa flour 488, green fluorescent. The DNA was stained with 4�,
6-diamidino-2-phenylindole, dihydrochloride (DAPI; Molecular Probes,
Eugene, OR). After washing, the cover slips were mounted using com-
mercial mounting medium for fluorescent microscopy, Aqua Poly/
Mount (Polysciences, Inc., Warrington, PA), and images were captured
using the Zeiss Axiovert 100M microscope.

Effects of pharmacological agents on nuclear
morphology of fibroblasts

Preliminary experiments were performed with skin fibroblasts of
healthy subjects to determine the optimum concentration of farnesyl

transferase inhibitors (FTI-277 and FTI-III), geranylgeranyl transferase
inhibitor (GGT-297), or a histone deacetylase inhibitor, trichostatin A
(TSA), at which no toxicity was observed for the duration of the exper-
iment. All inhibitors were from EMD Biosciences, Inc. (Gibbstown, NJ;
www.vwr.com). For the studies, 10-mM stock solutions were made in di-
methylsulfoxide except for FTI-III, which was dissolved in water. In our
culture conditions, most cells survived for 48 h at 10-�M concentration for
each of these inhibitors. All experiments were performed by incubating
fibroblasts with 10-�M inhibitors for 48 h. Cells were processed for immu-
nofluorescence microscopy as described above.

Immunoblotting
The patient’s fibroblasts were lysed in lysis buffer consisting of 9 M

urea, 2% Triton X-100, and protease inhibitor cocktail from Roche
Diagnostic, Indianapolis, IN. The lysate was cleared by low-speed cen-
trifugation, and the supernatant was used to determine the protein con-
centration by Bradford method (Bio-Rad Laboratories, Hercules, CA). A
total of 100 �g of protein was resolved on 7.5% SDS-PAGE. A low-
range SDS-PAGE standard was run simultaneously to determine the
molecular weight of the protein (Bio-Rad Laboratories). After elec-
trophoresis, the proteins were transferred to polyvinylidene fluoride
membrane (Millipore, Billerica, MA) and blocked overnight at 4 C in
10 mM Tris buffer (pH 8.0) containing 5% nonfat milk and 0.05%

FIG. 2. Photographs of the patient at the age of 5 yr and growth chart. A, Frontal view of the total body; B, posterior view of the body; C, anterior view of the lower
part of face; D, posterior view of the left hand; and E, anterior view of the abdomen. Note the characteristic faces, marked loss of scalp hair from the frontal and
occipital region, mandibular hypoplasia, severe crowding of the maxillary and mandibular teeth, prominent vasculature on the tip of the nose with beaking of the nose,
lipodystrophy (especially the loss of sc fat from the gluteal region), skin atrophy with mottled hyperpigmentation over the abdomen, drooping shoulders due to
clavicular hypoplasia, contractures of the proximal and distal interphalangeal joints with marked acroosteolysis and finger tip rounding. F, Growth chart reveals her
weight to be below the 95th percentile but an increase in linear growth with GH therapy after 3 yr of age (initial height indicated by the symbol X).
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Tween-20. The blots were washed with PBS-Tween 20 and incubated
with antibody to lamin A/C (N-18) at a dilution of 1:5000 for 90 min at
room temperature (sc-6215; Santa Cruz Biotechnology), followed by in-
cubation with secondary antibody donkey antigoat IgG-horseradish per-
oxidase at a dilution of 1:10,000 (sc-2033, Santa Cruz Biotechnology). The
blots were washed and developed with chemiluminescent horseradish per-
oxidase substrate from Millipore to visualize the immunoreactive protein.
Images were captured using Alpha Innotech imaging system (Alpha Inno-
tech Corp., San Leandro, CA). Cell lysates from two positive control sub-
jects, one with ZMPSTE24 deficiency (showing prelamin A) and another
with Hutchinson-Gilford progeria syndrome (HGPS; showing progerin),
and from a normal control subject were also run simultaneously on the gel.

Biochemical analyses
Plasma insulin and leptin levels were determined by RIAs using com-

mercial kits (Linco Research, Inc., St. Charles, MO). Serum lipoproteins,
glucose, and chemistry were measured by the Beckman CX9ALX chem-
istry analyzer (Beckman Instruments, Fullerton, CA).

Results

The skinfold thickness measurements confirmed the presence of
type A or partial lipodystrophy noted on physical examination.
Her skinfold thickness at the peripheral sites, such as the triceps,
thigh, and calf, was below the 10th percentile value of the
matched controls (Fig. 3). Even some truncal skinfolds, such as
the axillary, subscapular, and suprailiac, were below the 10th
percentile; however, the chest and abdominal skinfold thick-
nesses were close to 50th percentile. Metabolic assessment re-
vealed normal fasting glucose (79 mg/dl) concentration. Serum
total cholesterol and low-density lipoprotein cholesterol were in
the normal range. At the age of 2 yr and 10 months, her serum

triglyceride concentration was 127 mg/dl, and high-density li-
poprotein cholesterol was 37 mg/dl.

The mutational analysis of the coding region and the adjacent
splice sites of the LMNA gene revealed a homozygous
p.Arg527Cys (c.1579 C�T) mutation in exon 9 in the patient
(Fig. 1B). No mutations were noted in the ZMPSTE24 gene. We
determined haplotypes associated with the c.1579 C�T LMNA
mutation using intragenic single nucleotide polymorphisms
(SNPs) extending 2.5 kb around the site of mutation. Theaffected
subject from our pedigree was homozygous for all the intragenic
SNPs. The haplotype was CC-TT-CC-AA-TT-CC-CC for the fol-
lowing SNPs: 51C�T, 861 T�C, IVS5-7 C�G, IVS6 � 16G�A,
1338T�C, IVS8 � 44C�T, and 1698C�T. This haplotype was
different than those reported earlier (2, 3).

Both parents were heterozygous for the p.Arg527Cys LMNA
mutation and were healthy, without any skeletal anomalies or
progeroid features. The mother, who was 27 yr old, had no
diabetes, hypertriglyceridemia, or hypertension. She had normal
skinfold thickness, and her serum chemistry including lipid pro-
file was normal. The father was 33 yr old and had hyperlipid-
emia, hypertension, and a renal infarct at age 32. He had mildly
elevated low-density lipoprotein cholesterol of 4.32 mmol/liter
but had normal high-density lipoprotein cholesterol of 1.05
mmol/liter and triglyceride levels of 1.50 mmol/liter. He also had
impaired fasting glucose with levels of 6.61 mmol/liter.

Immunoblots from the fibroblasts of our patient and the nor-
mal control subject showed the presence of lamins A and C with-
out any additional higher molecular weight band, which corre-
sponds to prelamin A or an intermediate molecular weight band
corresponding to progerin (Fig. 1C).

FIG. 3. Skinfold thickness at various anatomic sites of our patient. Data from our patient are shown as filled circles. The shaded bars represent the median, 10th and
90th percentile values of skinfold thickness for normal 4- to 10-yr-old girls. [The data were collected on 106 females. The mean body mass index was 19.1 kg/m2

(range, 12.8 to 34 kg/m2). There were 49 White girls from Vermont and 19 White and 38 Black girls from Alabama (27). Courtesy of M. I. Goran.] Clearly, her thigh,
calf, triceps, suprailiac, and subscapular skinfold thickness was well below the 10th percentile of normal girls, suggestive of partial lipodystrophy.
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Microscopic examination of nuclei from skin fibroblasts of
the affected subject showed one or two misshapen nuclei in a field
of 10–12 nuclei, such as bilobed nuclei or nuclear blebs, which
were not seen in fibroblasts from the normal control (Fig. 4).
These nuclear abnormalities did not affect the localization of lamin
A. Incubation of these cells with FTI-277, FTI-III, or GGT-297
could not rescue these nuclear abnormalities. Interestingly, both in
control fibroblastsandthose fromthepatient,FTIs resulted insome
aggregation of lamin A/C staining. Finally, addition of TSA also did
not improve nuclear morphological abnormalities. However, with
TSA, no lamin A/C aggregates were observed.

Discussion

We report a young girl with a severe phenotype of MAD and
progeria associated with a novel homozygous LMNA mis-
sense mutation. So far, 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, ho-
mozygous Ala529Thr mutation in a Japanese woman, homozy-
gous Lys542Asn mutation in an Indian pedigree, and compound
heterozygous Arg471Cys/Arg527Cys and Arg527His/Val440Met
mutations in two Caucasian patients (1–6, 8, 9, 15). The pheno-
type of our patient is more severe than those reported previously
in MAD patients with homozygous Arg527His, Ala529Val, or
Ala529Thr LMNA mutations (2, 3, 6, 8). The onset of acroos-
teolysis occurred in patients with Arg527His or Ala529Val
LMNA mutations at about 4 yr of age. Alopecia has not been
reported previously in patients with MAD at such a young age as
3 yr. We also did not observe hair loss in three female (ages 16,
20, and 21 yr) and two male (ages 12 and 18 yr) patients with
Arg527His or Ala529Val mutations who were reported earlier
(1, 2, 5). Novelli et al. (3) did report subtotal alopecia of scalp but
only in male patients with Arg527His mutation; the age of onset
of alopecia, however, was not reported. Furthermore, lipodys-
trophy in MAD patients has been reported with onset at the time
of puberty. Our patient had onset of lipodystrophy much earlier.

She had poor linear growth and also developed severe contrac-
tures of the joints resulting in reduced mobility. All these clinical
features suggest an unusually severe phenotype associated with
Arg527Cys homozygous mutation. Interestingly, heterozygous
Arg527Cys mutation has also been associated with MAD phe-
notype, although in association with heterozygous Arg471Cys
mutation (15). However, only limited clinical information is
available about this patient from the Coriell repository. The pa-
tient was a 28-yr-old female with severe osteoporosis and mul-
tiple fractures who had normal sexual development with onset of
acroosteolysis at the age of 2 yr. She was reported to have de-
veloped alopecia at the age of 28 yr.

Previously, affected patients from an Indian pedigree were re-
ported to have severe progeria features suggestive of HGPS (alope-
cia, lack of eyebrows and eyelashes, and absent or impaired sexual
maturation) in association with a homozygous Lys542Asn muta-
tion(4).Two of them died at ages 10 and 16 yr. However, because
all affected patients had mandibular and clavicular hypoplasia
and acroosteolysis and because the pattern of inheritance was
autosomal recessive, we think that they had MAD. Severity of
clinical features of our patient does compare to those observed in
affected subjects from the Indian pedigree.

Recently, an in-depth phenotypic evaluation of 15 children
with HGPS with G608G LMNA mutation has helped to clarify
differences in clinical features between MAD and HGPS (16).
Alopecia and generalized lipodystrophy were seen in all patients
with HGPS. Although acroosteolysis, clavicular resorption, and
coxa valga were also seen in all patients with HGPS, compared
with patients with MAD, they had only mild acroosteolysis (16).
The mean age of death in HGPS patients is 12.6 yr, usually due
to myocardial infarction, intracranial bleeding, or stroke (17).
These vascular complications so far have not been reported in
patients with MAD. Circumoral cyanosis also seems to be a
peculiar feature in HGPS patients (16). Both types of patients
have sclerodermatous skin, joint contractures, hypo- and hyper-
pigmented skin lesions, and short stature.

Our patient developed severe short stature (�3.1 SD) by the
age of 21⁄2 yr. Delayed bone age and low levels of serum IGF-I and

FIG. 4. Nuclear morphology of skin fibroblasts and response to various pharmacological agents. Indirect immunofluorescence microscopy using lamin A/C antibody (H-
110) in fibroblasts obtained from a control subject and the patient, MAD 2200.3. A and B, Control cells in culture medium without and with dimethylsulfoxide (DMSO).
C—F, Morphology after incubation of the cells for 48 h with 10 �M FTI-277 or FTI-III, GGT-297, or a histone deacetylase inhibitor, TSA, respectively. G and H,
Fibroblasts from patient MAD 2200.3 showed misshapen nuclei with bilobed nuclei or nuclear blebs. These nuclear abnormalities did not affect the localization of lamin
A to the periphery of the nucleus. I—L, Incubation of the cells with FTI-277, FTI-III, GGT-297 or TSA, respectively, did not correct these nuclear abnormalities. Note the
aggregation of lamin A/C in the fibroblast nuclei from both the control and the patient incubated with FTIs (panels C, I).

J Clin Endocrinol Metab, December 2008, 93(12):4617–4623 jcem.endojournals.org 4621

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/93/12/4617/2627268 by guest on 24 April 2024



IGFBP3 were suggestive of GH deficiency, although the decrease
in IGF-I did not correlate with the severity of growth retardation.
Because a GH stimulation test was not done, it is impossible to
conclude whether her early growth retardation was the result of
the severity of the expressed MAD syndrome or a coincident GH
deficiency. She responded well to exogenous GH therapy ini-
tially. However, growth velocity decreased significantly after she
developed GH antibody, despite receiving a higher dose of GH.
Thus, it remains unclear whether GH therapy should be consid-
ered to increase linear growth in such patients with MAD.

The lamin A/C polypeptide from amino acids 470 to 545 has
been crystallized and shown to assume an Ig domain (18). We
have previously modeled the substitution of Arg 527 to His,
which showed disruption of the salt bridge between Arg 527 and
Glu at position 537 (5). Similar salt bridge disruption was also
observed when Arg 527 was substituted with Cys. Thus it re-
mains unclear why substitution of Arg 527 with His is associated
with a milder phenotype than its substitution with cysteine. The
molecular mechanisms explaining wide differences in the phe-
notypic manifestations in patients with MAD associated with
different LMNA mutations remain to be elucidated.

Our patient’s skin fibroblasts revealed more marked nuclear
morphological abnormalities than reported previously in pa-
tients with either homozygous Arg527His or Ala529Val muta-
tions (3, 5, 19). However, the immunoblot analysis of fibroblast
cell lysates showed no evidence of accumulation of prelamin A.
This is in contrast to previous reports (19, 20) where accumu-
lation of prelamin A in fibroblast cell lysates from patients with
MAD was observed.

Although we were unable to detect any prelamin A in the
fibroblast cell lysates, we wished to study the effects of FTIs on
nuclear morphology because of the possibility that the levels of
abnormal prelamin A in our patient may be so low that it is
undetectable on our immunoblot. Another possibility is that if
the mutant lamin A cannot undergo farnesylation, it may be
geranylgeranylated by geranylgeranyl transferase (21). There-
fore, we also incubated the cells with inhibitors of geranylgeranyl
transferase to explore that possibility. Our results do not reveal
any significant effects of FTIs or GGTI on rescuing the abnor-
malities in nuclear morphology in our patient’s fibroblast cells.
The rationale for TSA treatment, a histone deacetylase inhibitor,
was that the mutation Arg527Cys might disrupt the assembly of
nucleosomes that are dependent on histone deacetylation. Ex-
posing fibroblasts to TSA again failed to show any measurable
improvements in the nuclear morphology. Whether various
combinations of FTIs, GGTIs, and TSA will improve nuclear
function in patients with MAD remains to be determined.

These results are in contrast to the allelic progeroid disorder,
HGPS, in which progerin (a truncated form of farnesylated pre-
lamin A) accumulates, where FTIs have been shown to improve
nuclear morphological abnormalities, but only in about 50% of
the cells (22, 23). FTIs and TSA have also been reported to rescue
nuclear heterochromatin organization in fibroblasts from HGPS
patients (24). However, we did not study the nuclear hetero-
chromatin organization in our patient’s fibroblasts. Nonethe-
less, our data suggest that progeroid features in our patient with
MAD may not be related to the accumulation of farnesylated

prelamin A or other mutant lamin A forms, but they could be due
to other biochemical mechanisms.

The cellular senescence occurs via a variety of molecular pro-
cesses. Accumulation of prenylated prelamin A is one of them.
Nevertheless, other mechanisms may also operate at the cellular
level that may result in less severe phenotype. More recent ob-
servations have led to the hypothesis that lamins are involved in
membrane support, nuclear pore arrangement, nuclear envelope
assembly, and chromatin organization and may thus control di-
verse functions such as DNA synthesis, gene expression, and
apoptosis (20, 25, 26). It is likely that in our patient, abnormal
mutant lamin A may directly disrupt these vital processes, re-
sulting in cellular toxicity.
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