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What is already known on this topic?
Mandibuloacral dysplasia (MAD) is associated with mutations in the LMNA gene, which plays a crucial role in maintainis
Previous research has documented various phenotypic manifestations of MAD, but the relationship between specifi
variability remains poorly understood, particularly in diverse populations.

‘What this study adds?

This study identifies a common founder variant in the LMNA gene within a Turkish cohort and highlights 5

variability observed among affected individuals. By correlating genetic findings with clinical presen @
g p

Abstract

understanding of the genotype-phenotype relationship in MAD, paving the way for more personalize
Objective: Mandibuloacral dysplasia (MAD) is a rare genetic disorder characterized by dis ive skeletal abRormalities, metabolic issues,
and skin changes, often linked to pathogenic variants in the LMNA gene, which encodg B

Methods: We conducted a comprehensive analysis involving genetic testing for v
evaluations documented a wide range of phenotypic features, including facial 1St al anomalies, and metabolic abnormalities.
We also collected family histories to assess inheritance patterns and potenti i tences.

Results: Our findings identified a common founder mutation in the LM

while others showed atypical manifestations, such as additional el i variable severity of skeletal anomalies. This
variability underscores the complexity of the genotype-phenotype Telationshi
Conclusion: This study highlights the significance of the fo
results contribute to the understanding of how genetic mutdfions can lead to a spectrum of clinical presentations, emphasizing the necessity
for personalized clinical approaches in managing this con research is warranted to elucidate the underlying mechanisms of

phenotypic variability and to improve diagnostic an
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INTRODUCTION
Mandibuloacral g
and clavicular
atrophy, alopec
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es mellitus, and hypertriglyceridemia (4 6). While MAD type A (MADA) is rarely associated Wlth hepatomegaly or hepatic
a few cases have been reported (1,4,8). To date, there are approximately 40 patients reported for MADA and 20 patients reported
(9). There are 8 patients reported in the literature for the recently described MDPS (10). Information regarding genotype-
henotype correlations and the natural progression of MAD subtypes remains limited. Additionally, most existing literature focuses on
ildren and young adults, resulting in a paucity of data on clinical manifestations and metabolic complications in older adults.

In this context, we present a comprehensive characterization of four newly identified MADA patients from Tiirkiye, including a 61-year-old
female, all carrying the same homozygous pathogenic variant in the LMNA gene.

PATIENTS AND METHODS

Patient 1 (P1): A 9-year-old female of Turkish descent presented with dysmorphic facial features, skeletal dysplasia of the hands, and a
preliminary diagnosis of scleroderma. She was the second child born to healthy consanguineous parents. Her developmental milestones were
reported as normal, and her older sister was healthy.

Anthropometric measurements revealed a weight of 36 kg (78th percentile), a height of 140 cm (77th percentile), and an head circumference
of 52 cm (72nd percentile). She exhibited increased fat deposition in the periumbilical region and around the neck, with reduced
subcutaneous fat in both upper and lower extremities. Additional features included microretrognathia, a bird-like nose, a bifid jaw, acral
osteolysis, and increased radiolucency of the distal clavicle on chest X-ray (Figure 1,2). Skinfold thickness measurements using a Holtain
Skinfold Caliper were as follows: biceps, 3.2 mm; triceps, 4.4 mm; subscapularis, 7 mm; and suprailiac, 3.2 mm.




Liver enzymes were elevated, and there was evidence of mild hypertriglyceridemia alongside low levels of HDL cholesterol. Fasting blood
glucose levels were elevated, although glycated hemoglobin (HbA1c) remained within the normal range. Fasting serum insulin levels were
notably high. A bone density assessment by dual-energy X-ray absorptiometry (DXA) revealed decreased bone density (Figure 1).

An abdominal ultrasound showed grade 1 hepatic steatosis (Table 1).

At the most recent follow-up of the patient who has been under surveillance for eight years, and taking metformin 2000 mg/day, omega-3,
vitamin E 400 IU/day, and vitamin D 600 1U/day, had a chronological age of 17 years, a height of 158 cm (-0.8 SDS), a weight of 51 kg (-
1.2 SDS), a BMI of 20.2 kg/m? (-0.7 SDS), and hirsutism was detected with a Ferriman-Gallwey score of 16. Laboratory tests revealed mild
transaminase elevation [alanine aminotransferase, 67 U/L (0-55); aspartate aminotransferase, 37 U/L (0-34)], high insulin [77.50 pU/mL (2—
25)], high triglyceride [267 mg/dL (<150) ], low HDL [ 22 mg/dL (>40)], and hyperandrogenism [total testosterone, 200 ng/dL (0-50), free
androgen index 25 (<5)]. Pelvic ultrasonography findings were consistent with polycystic ovary syndrome, with right and left ovarian
volumes measuring 14 and 15 ml, respectively.

Patient 2(P2): This 13-year-old male of Turkish origin, the second child of healthy consanguineous parents (first cousins), was a dizyge
twin. He presented with an intellectual disability, skeletal dysplasia, and dysmorphic facial features. His birth weight was 2300 g and
physical appearance was unremarkable at birth. On the second day of life, he developed physiological jaundice, necessitating phototh

had spoken his first word at 18 months; however, he was unable to form complete sentences. Bladder and bowel control
three years of age. Due to intellectual disability, he required special education. His pubertal development corresponded.to
At 13 years of age, his physical examination revealed a height of 136 cm (< 3rd percentile) and a head circumfe: @

weighed 75 kg, whereas his unaffected sister measured 170 cm in height and weighed 80 kg.
The patient exhibited dysmorphic features similar to those of P1, but additionally presented with de
mottled pigmentation on the trunk, and kyphosis. Cardiological assessments revealed grade 1 mitral

: c (325 U/Li@tormal range: 125-243 U/L).
Serum transaminase and glucose levels were also elevated though hpld and lipoprotein were within normal limits (Table 1).
Abdominal ultrasonography demonstrated a thickened (5 mm) and trabeculated bladd oll\as hepatic steatosis. Bone density

(5 mg daily), digoxin (0.25 mg daily),
and furosemide (40 mg every other day). Electromyography (EMG) findings ¢ was no evidence of muscle weakness.
His karyotype was 46,XY, and an array comparative genomic hybridizatio: i d normal results.

At 13 years of age, the patient developed cardiac symptoms and subseq den death.

Patient 3(P3): This 25-year-old male, the older brother of Patient 2, i wth retardation. His dysmorphic features
included bird-like facial features, full cheeks, prominent eyes, a pi joi iffhess, acroosteolysis of the distal phalanges, rounded

fingertips, mottled pigmentation, skin atrophy, and partial lipodystrophy acterized by loss of subcutaneous fat from the extremities with
increased fat deposition around the trunk and neck.
Radiographic studies confirmed acral osteolysis; however e clavicles appeared normal (Figure 1,2). Despite these phenotypic
abnormalities, his metabolic parameters remained within bdominal ultrasonography revealed grade 2 hepatic steatosis (Table
1). Bone density assessment by dual-energy X-ray ) identified osteoporosis in the lumbar spine and osteopenia in the
left hip (Figure 1). He did not exhibit cardiomyo;
At 20 years of age, he was diagnosed with pol,
years old, he developed nephrolithiasis. At 22
Patient 4(P4): This 61-year-old female
weighed 33 kg, measured 134 cm in heig ‘ mass index (BMI) of 18.4 kg/m>.
She exhibited dysmorphic features ose observed in affected individuals (Figure 1), including joint stiffness in the hands, knees,
cSha ad*previously been misdiagnosed with theumatoid arthritis. She had marked irregularity
wicle on chest X-ray (Figure 2). Bone density assessment via DXA revealed osteoporosis in the

ever, JAK2 analyses was performed and the result was negative. At 21
nt surgical excision of a pleomorphic adenoma of the parotid gland.

he use of genetic information for research purposes was obtained from patients or their legal guardians who
din Adnan Menderes University. Since this is a retrospective study ethical approval was obtained from the
ersity Faculty of Medicine Non-Interventional Clinical Research Evaluation Committee (Protocol No: 2025/96;

extracted from the peripheral blood leukocytes of the probands. Sanger sequencing of the LMNA gene was performed on
been clinically diagnosed with MADA. The entire coding region, along with the highly conserved exon—intron
amplified by polymerase chain reaction (PCR) and sequenced in both directions. The amplicons were analyzed via direct
ing using the ABI Genetic Analyse 3500 (Life Technologies, Waltham, Massachusetts, USA). Results were interpreted using
urveyor software (Softgenetics, USA).

hole body MRIs of 3 patients were performed with T1- and T2-weighted sequences using PHILIPS Achieva 1.5T, Milwaukee, USA.
istical Analysis:

Descriptive statistics were used to summarize clinical and laboratory findings across the four patients. For continuous variables such as age,
height, BMI, insulin, triglyceride, HDL cholesterol, and liver enzyme levels, minimum, maximum, and mean values were calculated. Raw
data were obtained from Table 1, and mean values were computed by summing individual patient data and dividing by the total number of
patients (n=4). These calculations were performed manually to demonstrate phenotypic variability and to illustrate the range and average
severity of metabolic and clinical findings within the cohort.

RESULTS

Among the four patients with MADA harboring the homozygous LMNA p.Ala529Val variant, clinical and metabolic parameters
demonstrated notable variability. At diagnosis, ages ranged from 9 to 61 years (mean: 27 years), while heights varied between 134 cm and
163 cm (mean: 143.25 cm), and BMIs ranged from 18.37 to 27.8 kg/m? (mean: 21.82 kg/m?).



All affected patients were found to harbor the same homozygous variant on chromosome1:156137210 (GRCh38.p12) C>T; ¢.1586C>T;
which is predicted to result in the substitution of alanine at position 529 with valine (p.Ala529Val) in LMNA. (Clinvar variation ID: 14513,
dbSNP: 1s60580541)

Whole-body MRI imaging revealed mandibular hypoplasia, acroosteolysis in the carpal bones, and regional fat accumulation in the gluteal
and abdominal side walls in Patient 1. In Patient 3, acroosteolysis in the carpal bones, and focal fat accumulation in the submandibular
region, chest, and abdominal side walls were observed. Patient 4 had mandibular hypoplasia, acroosteolysis of the carpal bones, focal fat
accumulation in the bilateral submandibular region and gluteal regions, soft tissue calcifications, significant osteoporosis, and decreased
corpus heights of the vertebrae. (Figure 2, Figure 3)

DISCUSSION

Several biallelic missense variants in LMNA have been reported in patients with mandibuloacral dysplasia type A. Among these, the most
common variant is p.R527H, frequently identified in Italian patients in a homozygous state (11). This prevalence is attributed to a founder
effect and the high rate of consanguinity among the parents. Similarly, four patients from Tiirkiye have previously been reported to harb
homozygous p.A529V variant, suggesting a similar founder effect (3,12).
In this context, it is important to discuss the four patients presented in this report and their families. These individuals belong to a Turkm

practices (13). According to the patients and their families, these cultural practices support the hypothesis of a founder effecy
mutation, as marriages have traditionally occurred exclusively within the community. This observation further reinforces t

same pathogenic variant.

This study also provides an opportunity to compare the physical and metabolic profiles of patients from Tiirkiye j#1 3

carrying the homozygous p.R527H variant. Turkish patients exhibited similar skeletal manifestations but have 1
BLIT) O

ated td
affected brother does not exhibit this phenotype. However, the absence of cardiomyopathy in the brd
connection, as cases of MADA with cardiomyopathy have been documented in the literature (14). Fu: ights into this question may
emerge as additional MADA cases are reported and our understanding of the LMNA gene continues to advangce.
Intellectual 1mpa1rment has not been previously reported in MADA cases associated with 4 variants. Thi®observation suggests that the
t g genetic variant. Unfortunately, further

none developed diabetes mellitus, and hypertriglyceridemia was observed in only one patient.
The occurrence of cardiomyopathy in the proband of pedigree P2 is noteworthy and appears to be

investigations could not be conducted due to the patient's demise.

When reviewing reports of patients diagnosed with MADA and found to have bi |
has not been reported to exhibit micrognathia or mandibular hypoplasia (15). d not present signs of micrognathia,
mandibular hypoplasia was also not observed in radiographic examination: i ay be attributed to phenotypic expressivity.
The etiology of polycythemia vera in P3 also remains unclear. Addition: i
in these patients.
Finally, P4, the oldest MADA patient to date, offers valuable insi complications of MADA due to the p.A529V
variant. Despite her advanced age, she has not developed diabetes; dysli ia, abnormal liver function tests, coronary heart disease, or
cardiomyopathy. The absence of metabolic complications d e patient'§ladvanced age may be attributed to her nutritional habits and
environmental factors.

To date, two studies from Turkey have reported cases of
These earlier cases presented with the classic skelet: aneous foatures consistent with those observed in our cohort. However, certain
findings observed in our patients, such as cardio:
in association with this specific variant. Additi
one of our patients, further illustrating phenoty’
female patients, suggesting that this ma;

poplasia is considered a hallmark of MADA; however, it was absent in
evious studies have consistently noted the absence of breast development in

The clinical phenotype associated with{the Val variant appears to represent a distinct, potentially milder form of MADA compared
Arg471Cys Arg527Leu Thr528Met Ala529Thr Met5401le and Met54OThr (11). Whlle core

i®age of 61, marking the latest reported onset among MADA cases to date. The presence of intellectual
ra, which have not previously been described in association with LMNA related MADA, may suggest novel,

or represent coincidental comorbidities. Overall, these findings suggest that the p.Ala529Val variant may contribute to a
trant, and clinically atypical subgroup within the broader MADA spectrum.

veral limitations. Firstly, the sample size is small, as MADA is an extremely rare disorder, limiting the generalizability of
ings. Secondly, functional studies were not conducted to further investigate the molecular mechanisms of the LMNA p.A529V
irdly, due to the retrospective nature of the study, some clinical and metabolic parameters were not consistently available across all

This study enhances the clinical and molecular understanding of MADA caused by the homozygous p.A529V variant in LMNA. The
identification of a founder effect within the patients’s community underscores the significance of cultural and genetic factors in the
epidemiology of rare diseases. The reported cohort provides unique insights into the metabolic, skeletal, and other atypical complications of
MADA, including the first description of intellectual disability associated with LMNA mutations. These findings highlight the necessity for
comprehensive and multidisciplinary approaches to improve diagnosis, management, and genetic counseling for affected patients.
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Patients at the Age of Diagnosis

Patient 2 Patient 3 Patient 4
Age (year) 13 25 61
Welght (kg) 42 75 33
N -0,08 - -
140 136 163 134
0,67 -1,84 - -
18,37 22,71 27,8 18,4
0,58 1,02 - -
81 94 81 88
42,2 25,1 22,9 8,5
5 5,6 5,6 52
190 70 40 12
134 47 31 24
207 176 200 214
206 108 63 133
cholesterol (mg/dL) 27,8 41,1 46,2 53,8
LDL cholesterol (mg/dL) 138 113 141 134
Creatine kinase (U/L) 72 1118 - 87
Abdominal USG grade 1 hepatic grade 1 hepatic grade 2 hepatic normal
steatosis steatosis steatosis
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Figure 2. a) Patient 1; skull X-ray demonstrating mandibular hypoplasia. b) Patient 1; increased radiolucency of the distal clavicle.
c) Patient 3; lateral skull X-ray demonstrating the absence of mandibular hypoplasia. d) Patient 3; normal clavicle. ¢) Patient 4;
mandibular hypoplasia, soft tissue calcifications, marked irregularity and increased radiolucency of the distal clavicle, advanced
degeneration of joint-facing bone surfaces, osteoporosis in bone structures, and vertebral height loss.



Patient 3; focal fat accumulation in the submandibular region, chest, and abdominal side walls. atient 4; focal fat accumulation

Figure 3. Whole body MRI of the patients. a) Patient 1; regional fat accumulation in the glu%bdominal side walls. b)
in the bilateral submandibular region and gluteal region.
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