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New PPARG mutation leads to lipodystrophy and loss of
protein function that is partially restored by a synthetic ligand
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Purpose: Familial partial lipodystrophy caused by mutations in
the PPARG gene is characterised by altered distribution of
subcutaneous fat, muscular hypertrophy and symptoms of
metabolic syndrome. PPARG encodes peroxisome proliferator-
activated receptor (PPAR)c, a nuclear hormone receptor
playing a crucial role in lipid and glucose metabolism and in
several other cellular regulatory processes.
Methods: PPARG was screened for mutations by direct
sequencing in two patients with lipodystrophy, one unaffected
family member and 124 controls. Body composition was
examined in affected patients, and they were investigated for
abnormalities in laboratory results. Functional analysis of the
mutant protein was assessed by determining transcriptional
activity and possible interference with the wild-type protein.
Results: In two patients with familial partial lipodystrophy, we
identified a nucleotide substitution in the PPARG gene. This
mutation results in the substitution of aspartate by asparagine at
residue 424 (D424N) in the ligand-binding domain of PPARc.
The unaffected family member and all 124 controls did not
carry this mutation. D424N PPARc had a significantly lower
ability than wild-type PPARc to activate a PPARc-stimulated
reporter gene, but did not exert a negative effect on the wild-
type protein. Partial activation of D424N PPARc was achieved
in the presence of the agonist rosiglitazone.
Conclusion: We report a new PPARG mutation, D424N, which
is located in the ligand-binding domain of the protein and leads
to familial partial lipodystrophy. D424N PPARc exhibited a loss
of function, which was partially restored by adding the PPARc
agonist rosiglitazone, suggesting possible treatment potential of
this agent.

A
utosomal dominant familial partial lipodystrophy is a
rare disease, characterised by loss of subcutaneous fat,
mainly from the extremities, and accumulation of

subcutaneous fat in the face and neck area. Affected people
also have insulin resistance, diabetes mellitus, hypertriglycer-
idaemia, hepatic steatosis, and arterial hypertension.1–3

Mutations in two different genes cause familial partial
lipodystrophy. Mutations in the LMNA gene, encoding A-type
nuclear lamins, cause Dunnigan familial partial lipodystrophy
(OMIM 151660).4–6 The other gene is PPARG, encoding the
peroxisome proliferator-activated receptor (PPAR)c. Familial
partial lipodystrophy (OMIM 604367) caused by PPARG
mutations is phenotypically similar to Dunnigan familial partial
lipodystrophy.7–15

PPARc belongs to the superfamily of nuclear hormone
receptors and is involved in glucose metabolism, adipocyte
differentiation, inflammation, and carcinogenesis.16 17 By form-
ing heterodimers with retinoid X receptor a and binding to
PPAR-responsive elements, PPARc regulates transcription of
numerous PPAR-responsive genes.18 PPARc contains a ligand-

binding domain (LBD), a DNA-binding domain (DBD) and an
A/B domain.19 Alternative PPARG promoters and differential
RNA splicing generate four different PPARc isoforms. PPARc1
and PPARc3 are widely expressed in most differentiated
cells,20 21 whereas little is known about PPARc4 except for its
presence in adipose tissue.22 PPARc2 is expressed in adipose
tissue only, emphasising its important role in adipocyte
metabolism.23 Several mutations in PPARG cause lipodystrophic
phenotypes or metabolic symptoms.7–15

We report a novel PPARG mutation, leading to partial
lipodystrophy and loss of PPARc transcriptional activity. The
functionally abnormal protein can be stimulated by rosiglitazone.

METHODS
Patients and clinical evaluations
Informed consent was obtained from all participants or their
legal guardian. The study was approved by the ethics committee
of the Charité Hospital, Berlin, Germany.

The index patient was referred to the Charité Hospital by her
general practitioner. Her mother and half-sister were also
available for examination. In all affected patients, body weight
and height were obtained to calculate body mass index. Body
composition was evaluated by measuring skinfold thickness
with a Lange caliper (Cambridge Scientific Industries,
Cambridge, MD). Laboratory results were obtained from the
clinical laboratory facility at the Charité Hospital.

Mutational analysis
DNA was isolated from blood samples containing ethylenedia-
minetetraacetic acid. LMNA was directly sequenced as pre-
viously described.24 For amplification of PPARG, primers
flanking each exon were designed and the products were
amplified by PCR, purified and sequenced by cycle sequencing
with fluorescent dye terminators on an automatic sequencer
(ABI 310; Applied Biosystems, Darmstadt, Germany). The
mutation within PPARG was confirmed by restriction fragment
length polymorphism analysis using MnII.

Plasmid constructions
Constructs expressing wild-type PPARc and D424N PPARc
were cloned into the plasmid pSVK3 (GE Healthcare Bio-
Sciences Corp., Piscataway, New Jersey, USA) as described
previously.15 To generate constructs encoding the protein fused
to an epitope tag, wild-type and D424N PPARc cDNAs were
cloned into the vector pSVF, which is identical to pSVK3 except
for a FLAG tag coding sequence inserted in the multiple cloning
site.

Abbreviations: DBD, DNA-binding domain; HOMA, Homeostasis Model
Assessment; LBD, ligand-binding domain; OMIM, Online Mendelian
Inheritance in Man; PPAR, peroxisome proliferator-activated receptor

1 of 5

www.jmedgenet.com



Reporter gene assays
293T cells were cultured in Dulbecco modified Eagle medium
containing 10% fetal bovine serum (both Invitrogen, Carlsbad,
California, USA) and transfected in 6-well plates
(Lipofectamine 2000; Invitrogen). Luciferase assay and normal-
isation after cotransfection with pSV-b-galactosidase plasmid
(Promega, Madison, Wisconsin, USA) were performed as
previously described.15 Assays were performed in the presence
and absence of the PPARc agonist rosiglitazone (Cayman
Chemical, Ann Arbor, Michigan, USA), and interference of the
mutant with the wild-type receptor activity and the dose
response to rosiglitazone were assessed. Results were compared
using Student t test with significance set at p,0.05.

Immunoblot analysis
Cos7 cells were cultured in Dulbecco modified Eagle medium
containing 10% fetal bovine serum. Cells were transiently
transfected with pSVF or pSVF containing wild-type or D424N
PPARc cDNA in frame with a FLAG epitope coding sequence.
Transfection with Lipofectamine 2000 and immunoblot analy-
sis were performed as described previously.15

RESULTS
Patients
The family’s pedigree is shown in figure 1, and demographic
and laboratory data of the affected family members are given in
table 1. The index patient (II.1, fig 1B), a 14 year-old Caucasian
girl, was referred to the Charité Hospital for hypertriglycer-
idaemia. Laboratory analysis showed raised serum triglyceride
and cholesterol levels and raised aminotransferase and c-
glutamyl transpeptidase activities. Abdominal ultrasound
showed increased echogenecity, consistent with hepatic stea-
tosis. Fasting glucose was normal, but a Homeostasis Model
Assessment (HOMA) Index of 2.7, determined using the
HOMA2 calculator (http://www.dtu.ox.ac.uk/), indicated insu-
lin resistance. Physical examination found loss of subcutaneous
fat and muscular hypertrophy, predominantly on the legs.

Triceps skinfold thickness was ,5th centile compared with a
normal population,25 indicating loss of subcutaneous fat from
the arms. Accumulation of subcutaneous fat was present in
face, chin, trunk and abdomen. Skinfold thickness at the mid-
abdomen was 3.4 cm, indicating the presence of subcutaneous
fat. Pronounced acanthosis nigricans was observed at the neck,
axillae and inguinal region. Arterial hypertension had been
diagnosed at 12 years of age and menstrual cycles were
irregular.

The index subject’s mother (I.2, fig 1C) was 36 years old and
presented with an abnormal distribution of subcutaneous fat
similar to her daughter, showing loss from the legs and
accumulation in face, chin, trunk, and abdomen, with a mid-
abdominal skinfold thickness of 4.1 cm. Triceps skinfold
thickness was ,5th centile. Muscular hypertrophy was
observed on the legs. Slight acanthosis nigricans was present
on the neck, axillae and inguinal folds. Laboratory results
revealed raised serum triglyceride concentration, normal total
serum cholesterol concentration, low serum high-density
lipoprotein cholesterol concentration, and raised c-glutamyl
transpeptidase activity. HOMA index and fasting glucose were
normal. Arterial hypertension was diagnosed at 21 years of age.
A left ovarian cyst had been found during a routine
gynaecological examination. This subject had experienced one
episode of acute pancreatitis in the past.

The index patient’s father (I.1) had died at the age of
31 years from unknown cause. Her 4-year-old half-sister (II.2),
who has a different biological father (I.3) was healthy and did
not show clinical signs of partial lipodystrophy.

Identification of the PPARG D424N mutation
Because the index patient presented with signs and symptoms
of partial lipodystrophy, we sequenced the candidate genes
LMNA and PPARG. Patient II.1 had a heterozygous guanine to
adenine transversion at nucleotide 1270 in exon 5 of PPARG,
leading to the replacement of aspartate by asparagine at residue
424 (D424N) in the encoded protein (amino acid nomenclature

Figure 1 Pedigree and photographs of
members of a family with partial
lipodystrophy. (A) Pedigree of the family.
The index patient is marked with an arrow.
Filled symbols, affected members; unfilled
symbols, unaffected patients; symbol with a
diagonal line, deceased member. (B) Index
patient (II.1), showing loss of fat and
muscular hypertrophy especially of the legs,
and accumulation of subcutaneous fat on the
trunk and in the face. (C) The index patient’s
mother (I.1) shows similar clinical features.
Parental/guardian informed consent was
obtained for publication of this figure.
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refers to PPARc isoform 2). This patient’s affected mother had
the same heterozygous mutation, whereas the half-sister did
not. The mutation created an MnII endonuclease site. The
absence of the PPARG D424N mutation from 248 control
chromosomes of the same ethnic background and from 25
people with partial lipodystrophy due to LMNA mutations was
confirmed using restriction fragment length polymorphism
analysis (data not shown).

D424N PPARc has decreased transcriptional activity
The ability of D424N PPARc to activate transcription was
investigated by measurement of reporter gene activity in
transfected 293T cells. In the absence of rosiglitazone, mean
(SD) reporter gene activity in cells expressing D424N PPARc
was 18.4 (1.9)% of that in cells expressing wild-type PPARc.
Rosiglitazone enhanced the transcriptional activity of wild-type
PPARc and of D424N PPARc, so that the difference between
wild-type and mutant PPARc was no longer statistically
significant (fig 2A). This indicates a partial loss of function of
D424N PPARc and shows that stimulation of the mutant
receptor with a synthetic agonist is possible. Mixing experi-
ments with equal concentrations of plasmids encoding wild-
type and mutant PPARc in the absence and presence of
rosiglitazone led to a reporter gene activity that was similar to
the activity of wild-type PPARc alone (fig 2A).

To confirm this observation, cells were transfected with
plasmid encoding wild-type PPARc and equal amounts of
empty vector, or wild-type or D424N PPARc cDNA constructs.
Compared with the activity of cells transfected with wild-type
PPARc cDNA, transcriptional activity did not decrease when
D424N PPARc cDNA was added. Thus, the mutant protein did
not interfere with the wild-type receptor activity (fig 2B).

The rosiglitazone dose-response curve showed that transcrip-
tional activity of D424N PPARc could be stimulated by rosiglita-
zone. With concentrations of 1–100 nmol/l rosiglitazone, the
maximum transcriptional activity of D424N PPARc was signifi-
cantly reduced compared with wild-type PPARc. When 1 mmol/l or
10 mmol/l of the agonist were added, the difference between wild-
type and mutant PPARc was no longer significant (fig 2C).

To show that D424N PPARc was expressed in the reporter gene
assays, cells were transfected with plasmids encoding D424N and
wild-type PPARc fused to a FLAG epitope. Immunoblot analysis
verified that D424N and wild-type PPARc were expressed
(fig 2D). Reporter gene assays were also performed with

constructs encoding the protein fused to the FLAG tag; the
results did not differ from those performed with constructs
encoding proteins without FLAG tag (data not shown).

DISCUSSION
We have identified an amino acid substitution in the LBD of
PPARc in two related people with familial partial lipodystrophy.
Both had maldistribution of subcutaneous fat with a prominent
accumulation of fat in the region of the abdomen, which was
confirmed by caliper measurement of the mid-abdominal
skinfold thickness. The abdominal accumulation of subcutaneous
fat has previously been reported to be different between patients
with familial partial lipodystrophy due to PPARG and LMNA
mutations, with patients with LMNA mutations having less
accumulation of subcutaneous fat in the abdomen.26 Our results
further support this observation, although intra-abdominal fat
content was not measured and additional patients have to be
carefully evaluated to confirm this hypothesis. Other symptoms
of familial partial lipodystrophy in our two patients were
muscular hypertrophy, arterial hypertension and metabolic
symptoms. The index patient was more severely affected than
her mother, who presented with hypertriglyceridaemia but not
insulin resistance. The different severity of symptoms might be
due to modifier genes present in II.1 but not in I.2, which could
enhance the development of metabolic dysfunction.

Functional analyses of D424N PPARc showed a significantly
reduced transcriptional activity compared with wild-type PPARc.
We did not detect any negative effect of D424N PPARc on the
activity of the wild-type protein. This confirms previous observa-
tions that haploinsufficiency with a reduction of the abnormal
protein’s transcriptional activity >50% is sufficient to cause
partial lipodystrophy.9 12 14 Treatment with 1 mmol/l or 10 mmol/l
of the PPARc agonist rosiglitazone led to an almost normal
transcriptional activation of D424N PPARc compared with wild-
type PPARc. This suggests that loss of function of the abnormal
protein can be corrected. Treatment with PPARc agonists could
therefore be promising in patients with familial partial lipody-
strophy due to this or similar mutations.

Since the first description of a PPARG mutation in 1999,7

several other mutations in the LBD and the DBD of PPARc have
been reported to cause familial partial lipodystrophy. The
pathophysiological mechanism of these mutations is either
haploinsufficiency or interference with the wild-type protein.
Of the seven mutations in the LBD, four have been shown to
exert a negative effect on the activity of the wild-type protein7 11

and one, R425C, has not been functionally evaluated.8 In the
DBD, three of six mutations were shown to interfere with the
wild-type protein. In cases without negative interference with
wild-type PPARc, loss of function of only one allele seems to be
sufficient to cause the disease.11 14 15 A frameshift mutation,
leading to a truncation of both DBD and LBD, was not
functionally assessed but is suspected to cause partial lipody-
strophy due to haploinsufficiency.13 Mutations in the DBD and
the LBD affect all PPARc isoforms, whereas a mutation in the
promoter region of PPARG encoding PPARc4 leads to a selective
deficiency of isoform 4 but also to partial lipodystrophy.10

Another mutation in PPARG has been reported to cause a
lipodystrophic phenotype only if patients are heterozygous for a
second mutation in another gene.27 Hence, mutations or
polymorphisms in PPARG in combination with certain genetic
backgrounds might predispose individuals to the development
of the metabolic syndrome and could also explain different
forms and degrees of obesity in the broad population. This
hypothesis remains to be confirmed.
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Table 1 Demographic and laboratory data of the family
members with the PPARG D424N mutation

Subject II.1 Subject I.2

Age 14 36
BMI (kg/m2) 28.7 29.7
HbA1c (%) 5.2 5.4
Plasma glucose (mmol/l) 4.4 4.4
Insulin (pmol/l) 154.9 84.7
HOMA 2.7 1.5
Total cholesterol (mmol/l) 9.73 4.05
HDL cholesterol (mmol/l) 0.62 0.57
Triglycerides (mmol/l) 28.91 8.45
ALT (U/l) 82 19
GGT (U/l) 150 43

ALT, alanine aminotransferase; BMI, body mass index; GGT, c-glutamyl
transpeptidase; HDL, high-density lipoprotein; HOMA, Homeostasis Model
Assessment.
Blood samples were obtained after a 10-hour fasting period.
Reference ranges: ALT (females) ,34 U/l; GGT (females) ,38 U/l;
haemoglobin A1c ,6.2%; HDL cholesterol .1.2 mmol/l; HOMA age
,25 years: ,2.0, age 25–35 years: ,3.0, age .35 years: ,4.0; insulin
,173 pmol/l; plasma glucose ,5.5 mmol/l; total cholesterol ,5.2 mmol/
l; triglycerides ,2.0 mmol/l.
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