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Summary

Proteinuric renal disease is prevalent in congenital or acquired forms of generalized lipodystrophy. In contrast, 

an association between familial partial lipodystrophy (FPLD) and renal disease has been documented in very few 

cases. A 22-year-old female patient presented with impaired glucose tolerance, hyperinsulinemia, hirsutism and 

oligomenorrhea. On examination, there was partial loss of subcutaneous adipose tissue in the face, upper and lower 

limbs, bird-like facies with micrognathia and low set ears and mild acanthosis nigricans. Laboratory investigations 

revealed hyperandrogenism, hyperlipidemia, elevated serum creatine kinase and mild proteinuria. A clinical diagnosis 

of FPLD of the non-Dunnigan variety was made; genetic testing revealed a heterozygous c.1045C > T mutation in exon 6 

of the LMNA gene, predicted to result in an abnormal LMNA protein (p.R349W). Electromyography and muscle biopsy 

were suggestive of non-specific myopathy. Treatment with metformin and later with pioglitazone was initiated. Due to 

worsening proteinuria, a renal biopsy was performed; histological findings were consistent with mild focal glomerular 

mesangioproliferative changes, and the patient was started on angiotensin-converting enzyme inhibitor therapy. This 

is the fourth report of FPLD associated with the c.1045C > T missense LMNA mutation and the second with co-existent 

proteinuric renal disease. Patients carrying this specific mutation may exhibit a phenotype that includes partial 

lipodystrophy, proteinuric nephropathy, cardiomyopathy and atypical myopathy.
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Learning points:

•	 Lipodystrophy is a rare disorder characterized by the complete or partial loss of subcutaneous adipose tissue, 

insulin resistance, diabetes mellitus and hyperlipidemia.

•	 Proteinuric renal disease is a prevalent feature of generalized lipodystrophy but rare in familial partial 

lipodystrophy.

•	 Patients carrying the c.1045C > T missense LMNA mutation (p.R349W) may present with familial partial 

lipodystrophy, proteinuric nephropathy, cardiomyopathy and atypical myopathy.

Background

Lipodystrophy is a rare group of clinically heterogeneous 
disorders characterized by the complete or partial loss of 
subcutaneous adipose tissue (1, 2). This condition is often 

accompanied by metabolic complications such as insulin 
resistance, impaired glucose tolerance or diabetes mellitus, 
dyslipidemia and hepatic steatosis or steatohepatitis. 
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The severity of these metabolic derangements is dependent 
on the extent of fat loss (3, 4).

Patients with congenital or acquired generalized 
lipodystrophy have a high prevalence of proteinuric 
renal disease that may take several forms, especially 
focal segmental glomerulosclerosis (FSGS) and 
membranoproliferative glomerulonephritis (MPGN) 
(5). On the other hand, an association between familial 
partial lipodystrophy (FPLD) and renal disease has been 
documented in very few cases (6, 7, 8, 9).

We describe the case of a patient with FPLD, atypical 
myopathy and proteinuric renal disease.

Case presentation

A 22-year-old female patient was referred to our 
department due to impaired glucose tolerance (IGT) 
and hyperinsulinemia. She had previously been 
investigated at the age of 13 years in a pediatric 
hospital for myalgias, and she was found to have 
elevated liver transaminases, creatine kinase (CK) and 
fasting insulin levels. A 75 g oral glucose tolerance test 
(OGTT) revealed IGT and hyperinsulinemia. At that 
time, further investigation including a muscle biopsy 
was advised but the patient was lost to follow-up. There 
was no other past medical history of note apart from 
oligomenorrhea (8 menstrual cycles per year) with 
menarche at the age of 12 years.

The patient’s father had a history of cardiomyopathy, 
proteinuric renal disease and atypical myopathy and died 
suddenly at the age of 43 years. According to his medical 
records, he had features of partial lipodystrophy with 
loss of subcutaneous adipose tissue in the extremities 
and face but genetic analysis had never been performed. 
The patient’s mother was 55 years old, with no signs of 
lipodystrophy and had a history of arterial hypertension, 
hypothyroidism due to Hashimoto’s thyroiditis and 
hyperlipidemia.

On clinical examination, the patient’s blood pressure 
was 120/80 mmHg, pulse rate 76/min regular and her 
body mass index was 20 kg/m2 (height 158 cm and body 
weight 50 kg) with partial loss of subcutaneous adipose 
tissue in the face and both upper and lower limbs. Bird like 
facies with micrognathia and low set ears, mild acanthosis 
nigricans in the axillae, hirsutism (Ferriman–Gallwey 
score: 8) and scoliosis were also noted. Neurological 
examination showed no evidence of muscle weakness, 
atrophy or contractures.

Investigation

Laboratory investigations showed elevated liver 
transaminases, CK, aldolase, lactate dehydrogenase (LDH) 
and fasting insulin levels, low levels of serum adiponectin, 
hyperlipidemia, hyperandrogenism and autoimmune 
thyroiditis with normal serum thyroid hormone levels 
(Table  1). Additional testing included a 75 g OGTT that 
revealed IGT with marked hyperinsulinemia (Table  2) 
and a 24-h urine collection that showed mild proteinuria 
(urine protein (UPR): 180 mg/24 h, normal values: 

Table 1 Patient’s initial biochemical and hormonal 

characteristics.

Parameters Patient’s values Normal values

Glucose (mg/dL) 79 70–100
Insulin (μIU/mL) 50.6 1.9–23
HbA1c (%) 5.5 4.3–5.6
HOMA-IR 9.87  
Total cholesterol (mg/dL) 226 110–200
HDL cholesterol (mg/dL) 46 35–70
LDL cholesterol (mg/dL) 151 60–130
Triglycerides (mg/dL) 146 40–175
Leptin (μg/L) 26.1 2.4–24.4
Adiponectin (mg/L) 2.3 4.5–17.7
Urea (mg/dL) 34 11–54
Creatinine (mg/dL) 0.6 0.6–1.2
Albumin (g/dL) 4.2 3.5–5
AST (IU/L) 40 10–35
ALT (IU/L) 51 10–35
Alp (IU/L) 45 30–125
γGT (IU/L) 15 6–32
Total bilirubin (mg/dL) 0.4 0.1–1
LDH (U/L) 234 115–230
CK (IU/L) 894 25–160
Aldolase (IU/L) 10.4 0–7.6
TSH (μIU/mL) 1.17 0.34–5.6
Free T4 (ng/dL) 0.8 0.6–1.37
T3 (ng/mL) 1.24 0.56–1.56
Anti-TPO (IU/mL) 938 <35
Anti-TG (IU/mL) 1181 <40
FSH (IU/L) 5.7 3.85–8.8
LH (IU/L) 7.3 2.1–10.9
Estradiol (pmol/L) 190 88–418
Testosterone (ng/mL) 0.7 <0.75
Calculated free testosterone 

(pg/mL)
18.6 0.8–7.4

SHBG (nmol/L) 15.7 18.2–135.5
DHEAS (μg/dL) 422 18–391

γGT, gamma-glutamyl transferase; Alp, Alkaline phosphatase; 
ALT, alanine aminotransferase; anti-TG, antibody against thyroglobulin; 
anti-TPO, antibody against thyroid peroxidase; AST, aspartate 
aminotransferase; CK, creatine kinase; DHEAS, dehydroepiandrosterone 
sulfate; HDL, high density lipoprotein; HOMA-IR, homeostatic model 
assessment for insulin resistance; LDH, lactate dehydrogenase; LDL, low 
density lipoprotein; SHBG, sex hormone binding globulin.
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<150 mg/24 h). An abdominal ultrasound was consistent 
with fatty liver disease, whereas dual-energy X-ray 
absorptiometry revealed low bone mineral density (BMD) 
at the femoral neck (Z-score: −3).

In view of the consistently raised serum CK, aldolase 
and LDH levels, the patient underwent electromyography, 
which revealed non-specific myopathic patterns. Antibody 
testing for autoimmune disorders (anti-nuclear, anti-
mitochondrial, anti-smooth muscle and anti-neutrophil 
cytoplasmic antibodies as well as antibodies against 
extractable nuclear antigens) was negative and a muscle 
biopsy was suggestive of non-specific myopathy.

On the basis of the clinical and laboratory findings 
outlined above as well as the patient’s family history, a 
working diagnosis of FPLD of the non-Dunnigan variety 
was made and genetic testing was performed. Patient’s 
DNA was extracted from peripheral blood leukocytes, 
and fluorescent sequencing analysis (Mutation Surveyor, 
SoftGenetics, LLC) revealed the presence of a heterozygous 
c.1045C > T mutation in exon 6 of the LMNA gene, which 
is predicted to result in an abnormal LMNA protein, 
(p.R349W). The alleles were present in equal proportions 
and gave no indication of being mosaic.

In view of the fact that this specific LMNA mutation 
has been associated with dilated cardiomyopathy (10), 
the patient underwent a transthoracic echocardiography 
and electrocardiography, which did not reveal any 
pathological findings.

The patient was initially treated with metformin 
and later with pioglitazone and atorvastatin and 
follow-up was arranged. One year later, plasma 
glucose, serum cholesterol, free testosterone and 
dehydroepiandrosterone sulfate levels returned 
to normal, and the patient reported no menstrual 
irregularities. In addition, abdominal ultrasound 

revealed improvement of her previously noted hepatic 
steatosis and BMD of femoral neck was slightly improved  
(Z-score: −2.4). Echocardiography was normal. 
Hyperinsulinemia persisted during OGTT (Table  3) but 
improved compared to basal levels and serum CK was 
515 IU/L. She was clinically well and again, no signs of 
muscle weakness, atrophy or contractures were noted.

The patient’s condition remained stable over a five-
year period; gradual deterioration of the proteinuria was 
however observed over a 12-month period (UPR: 2.2 g/24 h). 
Renal function and serum albumin levels remained 
normal (urea: 27 mg/dL, serum creatinine: 0.67 mg/dL,  
eGFR: 118 mL/min/1.73 m2, albumin: 4.2 g/dL).  
Ultrasonography revealed normal sized kidneys with 
no abnormal findings. Autoimmune screen (anti-
nuclear, anti-neutrophil cytoplasmic antibodies, serum 
immunoglobulins, complement levels) was once again 
negative and serum and urine protein electrophoresis 
were normal.

A renal biopsy was performed, which was consistent 
with mild focal glomerular mesangioproliferative 
changes (Fig.  1), although the interpretation of the 
histopathologic findings was limited by the small tissue 
sample and the absence of tissue for ultrastructural 
examination by electron microscopy. Examination 
by immunofluorescence (scale intensity 0–4+) in 3 
glomeruli showed no significant granular or linear stain 
for immunoglobulins (IgG, IgA and IgM), κ and λ light 
chains and complement component C3 in glomeruli. 
A granular pattern for C1q (1–2+) was observed in 
the mesangium.

Table 2 75 g oral glucose tolerance test at diagnosis.

 Time (min)

 0 30 60 90 120

Glucose (mg/dL) 79 150 157 188 172
Insulin (μIU/mL) 50.6 >300 >300 >300 >300

Table 3 75 g oral glucose tolerance test one year after 

pioglitazone initiation.

 Time (min)

 0 30 60 90 120

Glucose (mg/dL) 80 104 119 120 103
Insulin (μIU/mL) 11.8 64.6 94.4 103.1 92.5

Figure 1
Ten glomeruli were identified in serial sections, one globally sclerosed. 
The rest of the glomeruli showed focal mild mesangial matrix expansion 
in association with mild mesangial cell proliferation (Η&Ε ×400).
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Outcome and follow-up

In view of the progressive proteinuria, low-dose 
angiotensin-converting-enzyme inhibitor treatment was 
initiated. Six months after initiation of treatment, the 
patient had preserved renal function (serum creatinine: 
0.68 mg/dL, eGFR: 117 mL/min/1.73 m2), while proteinuria 
persisted but improved (UPR: 1.1 g/24 h).

Discussion

We describe the case of a patient with a c.1045C > T 
missense LMNA mutation (p.R349W) presenting with 
FPLD of the non-Dunnigan variety associated with 
atypical myopathy and proteinuric nephropathy.

Lipodystrophies are grossly categorized based 
on etiology (genetic or acquired) and distribution of 
adipose tissue loss (generalized or partial) (11). However, 
genetic lipodystrophies can be further subdivided on 
the basis of their clinical phenotype, complications and 
genetic etiology. The most prevalent form of FPLD is the 
autosomal dominant type 2, also called as Dunnigan 
variety, caused by mutation in the LMNA gene (12). These 
patients are characterized by gradual loss of adipose tissue 
from the extremities and trunk, although phenotypic 
heterogeneity in the pattern of body fat loss can be 
observed (13, 14).

LMNA is mapped to chromosome 1q21–22 and 
contains 12 exons (15). This gene produces two major 
protein isoforms, lamin A and lamin C, through 
alternative splicing, that polymerize with type B lamins 
to form the nuclear lamina, a complex meshwork of 
proteins underlying the inner nuclear membrane (6). 
The physiological role of these proteins involves several 
cellular processes. LMNA mutations are responsible for 
a group of genetic disorders described under the term 
‘laminopathies’, including lipodystrophies, diseases 

affecting muscle tissue and axonal neurons, as well as 
progeroid syndromes (16).

Laminopathies are most frequently characterized by 
skeletal muscle involvement with three main phenotypes 
being reported so far: limb-girdle muscular dystrophy 
type 1B, autosomal dominant Emery-Dreifuss muscular 
dystrophy and a form of congenital muscular dystrophy 
(16). Atypical cases, sharing only parts of the above 
phenotypes, have also been described (17, 18).

On the other hand, cardiac involvement, especially 
dilated cardiomyopathy and cardiac conduction defects, is 
another common feature of laminopathies and can be life 
threatening. Patients may die suddenly due to malignant 
ventricular tachyarrhythmias, even in the absence of 
dilated cardiomyopathy (19). The prevalence of cardiac 
involvement in LMNA mutation carriers, increases with 
age, so that almost all patients with laminopathy after the 
age of 60 years, have cardiac disease (14).

Generalized forms of lipodystrophy (congenital or 
acquired) are associated with FSGS and MPGN. In addition, 
a connection between acquired partial lipodystrophy and 
MPGN is recognized (20). The underlying mechanisms 
are unclear, but hypocomplementemia and elevated C3 
nephritic factor, an IgG autoantibody that causes C3 
consumption and possibly adipocyte lysis, have been 
hypothesized as contributing factors (21, 22, 23). However, 
the presence of proteinuric nephropathy in patients with 
congenital lipodystrophy due to LMNA mutations has 
very rarely been reported (6, 7, 8, 9). All patients suffered 
from FPLD (of the Dunnigan and non-Dunnigan varieties) 
due to LMNA missense mutations c.1930C > T (p.R644C), 
c.1444C > T (p.R482W), c.1445G > A (p.R482Q) and 
c.1045C > T (p.R349W). A possible connection between 
LMNA mutations and FSGS through transforming growth 
factor-beta1 (TGF-β1) has been proposed (13). Lamin 
A/C controls the gene activity downstream of TGF-β1, 
whereas the overexpression of this profibrotic cytokine 

Table 4 Published cases of laminopathies due to an heterozygous c.1045C > T missense LMNA mutation (p.R349W).

Reference Sex FPLD type Cardiac disease Renal disease Myopathy

Thong et al. (9) Female Non-Dunnigan variety No Yes ND
Thong et al. (9) Female Non-Dunnigan variety No Yes ND
Thong et al. (9) Male Non-Dunnigan variety Yes Yes ND
Thong et al. (9) Female Non-Dunnigan variety Yes Yes ND
Mory et al. (14) Male Atypical (loss of subcutaneous 

fat in limbs including dorsal 
and palmar aspects of hand 
and feet)

No ND Yes

van Tintelen et al. (26) Female Dunnigan variety Yes ND Yes
Present case Female Non-Dunnigan variety No Yes Yes

FPLD, familiar partial lipodystrophy; ND, not determined.
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in transgenic mice leads to glomerulosclerosis and a 
lipodystrophy-like syndrome (24, 25).

To our knowledge, this is the fourth report of FPLD 
associated with the c.1045C > T missense LMNA mutation 
(p.R349W) and the second with co-existent proteinuric 
renal disease (Table  4). FPLD in the affected patients is 
mainly of the non-Dunnigan variety and proteinuric 
nephropathy as well as cardiac involvement are common 
features. Micrognathia has been reported in one patient, 
apart from ours. Interestingly, elevated serum CK levels 
were found in three out of seven patients (including ours), 
although no signs of muscular dystrophy were noted. CK 
levels were not determined in the other four patients.

In conclusion, this case adds to the accumulating 
evidence of a possible genetic link between the c.1045C > T 
missense LMNA mutation and FPLD with proteinuric 
nephropathy.
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