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Abstract Familial partial lipodystrophy type 2 (FPLD2) is a rare disorder associated with LMNA gene mutations. It is usually
marked by loss of subcutaneous fat on the limbs and trunk and severe insulin resistance. Scattered reports have indicated that
Roux-en-Y bypass helps to control the diabetes mellitus in these patients. We present here a very unusual patient with FPLD2
who had life-threatening retroperitoneal and renal fat accumulation accompanied by bilateral renal cancers. Following cryother-
apy of one renal cancer and a contralateral nephrectomy with debulking of the retroperitoneal fat, Roux-en-Y gastric bypass
(RYGB) has successfully controlled the disease for 3 years. The clinical presentations and causes of FPLD are reviewed and the
role of RYGB is discussed.
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Introduction

Familial lipodystrophies are a heterogeneous group of genetic
disorders associatedwith abnormal subcutaneous and visceral fat
distribution accompanied by severe insulin resistance, diabetes,
hyperlipidemia, early cardiovascular disease, and a variety of
other manifestations such as pancreatitis, hepatic steatosis,
acanthosis nigricans, and hypertension. Lipodystrophy can be
generalized with a total loss of subcutaneous fat, or partial, af-
fecting only some regions of the body. At present, six types of

familial partial lipodystrophy (FPLD) have been defined
(Table 1).1,2 The phenotypic abnormalities are more easily diag-
nosed and the metabolic effects appear more severe in women
than in men. The most common type, familial partial
lipodystrophy type 2 (FPLD2), was described by Dunnigan in
1974 in four women with absent subcutaneous fat in the limbs
and trunk, normal or excessive adipose tissue on the face and
neck, hyperlipoproteinemia, and diabetes mellitus.3 In 1975,
Köbberling reported a similar syndrome in three women with
limb involvement, but normal facial and truncal fat.4 These two
syndromes were later called Types 1 and 2 BKöbberling-
Dunnigan syndrome;^ however, Köbberling and Dunnigan cau-
tioned that the two syndromes were probably genetically
separate.5 Indeed, Köbberling’s syndrome is now called
FPLD1, and its genetic basis still has not been elucidated.
FPLD2 results from missense mutations in the lamin A/C gene
(LMNA).1,6 Symptoms usually start in late childhood or at pu-
berty with gradual loss of subcutaneous fat in the extremities,
anterior chest, and abdomen; accumulation of fat in the face,
chin, neck, and vulva; and muscular hypertrophy of the calves.
A variety of metabolic derangements related to severe insulin
resistance can be seen, including diabetes, hypertriglyceridemia,
pancreatitis, steatosis, and premature atherosclerotic cardiovas-
cular disease.7 Female patients may exhibit increased skeletal
muscle volume, hirsutism, menstrual abnormalities, and poly-
cystic ovary syndrome.8 Therapeutic approaches include
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cosmetic removal of excess fat, dietary management, and hypo-
glycemic and lipid-lowing agents. Thiazolidinedione therapy has
been tried, but does not reverse fat loss.9 Leptin replacement
improves insulin resistance and triglyceride levels, but does not
improve glycosylated hemoglobin levels.10

Case Report

A 60-year-old woman with a 30-year history of poorly
controlled diabetes despite several oral hypoglycemic
agents and multiple daily insulin injections (total daily
dose ∼100 units) was referred for early satiety, abdominal
pain, and an abdominal mass. She had been diagnosed
with Dunnigan’s syndrome at age 50 and had hypertri-
glyceridemia, hypertension, and microalbuminuria. In ad-
dition, she had recently undergone cryoablation of a 2.5-
cm left renal carcinoma. On renal flow scan, the right
kidney was non-functional, and her left renal function
was normal. Her past surgical history included bilateral
oophorectomy for cysts and multiple procedures to re-
move fatty deposits around the neck, hips, and vulva.
Her family history was significant for abnormal fat distri-
bution in her paternal grandfather and father, a paternal
aunt, one brother, and one sister. Her daughter had type 2
diabetes mellitus with severe insulin resistance, polycystic
ovaries, and multiple hepatic adenomas (possibly due to
oral contraceptives).

On examination, she was noted to have acromegaloid
features in the face and digits; accumulation of fat around
the neck, vulva, lateral thighs, and buttocks; a paucity of

subcutaneous fat on the chest and lower extremities,
prominent leg veins, and well-defined lower extremity
musculature (Fig. 1a); and an enormously protuberant

Table 1 Known types of lipodystrophy

Lipodystrophy type Inheritance Presentation Affected subcutaneous fat Gene Chromosome

Generalized AR Congenital All AGPAT2 9q34
Generalized AR Congenital All BSCL2 11q3
FPLD 1 (Köbberling) AD Adult or late childhood Limbs

Normal trunk and neck
Unknown Unknown

FPLD 2 (Dunnigan) AD Adult or late childhood Limbs and trunk
Excess on the face, the neck, the labia,

and muscle hypertrophy

LMNA 1q21-22

FPLD 3 AD Adult or late childhood Limbs, gluteal
Normal or mildly reduced facial fat

PPARG 3p25

FPLD 4 AD Childhood or young adult Lower limbs PLIN1, AKT2 15q26
19q13.1

FPLD 5 AR Childhood Type A. Limbs
Type B. All
Mandibuloacral dysplasia

LMNA
ZMPTSE24
CIDEC

1q22
1p34.2
3p25.3

FPLD 6 AR Adult Lower limbs, trunk
Excess on the neck, axillae, and labia

LIPE 19q13

AR autosomal recessive, AD autosomal dominant, AGPAT2 1-acylglycerol-3phosphate O-acyl-transferase, BCLS2 Berardinelli-Seip congenital
lipodystrophy type 2, LMNA lamin A/C, PPARG peroxisome proliferator-activated gamma, PLIN1 perilipin 1, AKT2 murine thymoma oncogene
homolog 2, ZMPTSE24 zinc metalloprotease, CIDEC cell death-inducing DNA fragmentation factor a-like effector c, LIPE hormone-sensitive lipase
gene

Fig. 1 a Operative photograph showing the lower extremities with little
subcutaneous tissue, prominent veins, and well-defined musculature. b
Operative photograph showing the enormously protuberant abdomen,
fatty deposits around the chin and pelvic girdle, and atrophy of fat on
the chest wall (arrows)
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abdomen (Fig. 1b). An abdominal CT scan showed exten-
sive retroperitoneal fat displacing the liver and infiltrating
both kidneys, abnormal fat distribution in the pelvic gir-
dle, cholelithiasis, atherosclerotic changes in the aorta,
and severe stretching of her mesenteric vessels
(Fig. 2a, b). Given her symptoms and the risk of mesen-
teric occlusion/thrombosis from external compression, we
recommended resection of the mass, right nephrectomy,
and cholecystectomy.

At operation, a normal-appearing liver, ascending co-
lon, and small bowel were displaced to the left of the
midline by a 12-kg retroperitoneal lipomatous mass mea-
suring at least 30 × 25 × 15 cm. The mass was not encap-
sulated and was inseparable from the right kidney. After a
cholecystectomy was performed, the mass was dissected
away from the overlying bowel and removed together

with the right kidney and adrenal gland. A similar mass
in the left retroperitoneum was not resected since this
would have necessitated sacrificing her remaining renal
function. She had an uneventful recovery and was
discharged home. Final pathology revealed mature adi-
pose tissue with infiltration into the right kidney. The
right kidney also contained an 8-mm papillary renal cell
carcinoma and multiple cortical papillary adenomas.
There was no amplification of the MDM2 gene, ruling
out well-differentiated liposarcoma.

Genetic testing revealed a heterozygous R482W LMNA
mutation in exon 8 defined as c.1444C→T, predicted to
result in the amino acid substitution of arginine (CGG) to
tryptophan (TGG). This mutation has been previously de-
scribed in FPLD2.7 In addition, she had two other hetero-
zygous mutations thought to be non-pathogenic, an
intronic c.514-32 C→T in exon 3, and c.1698 C→T pre-
dicted to resul t in the amino acid subst i tu t ion
p.His566His. The latter mutation has been found in indi-
viduals without PFLD. PTEN gene testing was negative.

Eight months later, an abdominal MRI showed contin-
ued enlargement of the left retroperitoneal mass.
Encouraged by a few case reports of short-term improve-
ment in metabol ic paramete rs a f te r RYGB for
lipodystrophy patients (Table 2), she was referred for lap-
aroscopic RYGB which was successfully performed. A
liver biopsy showed no evidence of hepatic steatosis or
fibrosis. Surveillance MRI 6 months after RYGB showed
an interval decrease in retroperitoneal fat proliferation,
and subsequent imaging at 9, 12, 15, and 24 months
showed no further growth. The subcutaneous deposits
around her hips were noticeably smaller. Her blood pres-
sure has declined from 165/75 to 124/73. Her weight de-
clined from 79.5 to 60.3 kg at 24 months, and her BMI
improved from 30.0 to 24.3. At 36 months, her BMI is
24.5. She remains off subcutaneous insulin therapy, and
her diabetes is maintained with glimepiride 0.5 mg daily
and metformin 1 g twice daily. Her hemoglobin A1C was
10.3 % prior to her bypass, declined to 6.9 % 3 months
after her bypass, and was 7.7 % at 36 months. She recent-
ly underwent a successful coronary artery bypass graft
procedure.

Fig. 2 a CT imaging shows the liver (white arrow) displaced out of the
abdominal cavity by the extensive retroperitoneal fat. b The right kidney
is completely replaced by fatty tissue (white arrow)

Table 2 Prior reports of FPLD patients treated by Roux-en-Y gastric
bypass

Author FPLD type Metabolic
improvement

Follow-up
(months)

McGrath and Krishna
200611

Type 1? Yes 18

Utzschneider and Trence
200612

Unknown Yes 16

Ciudin et al. 201113 Type 2 (R482W) Yes 3
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Discussion

The lamin A/C gene codes for several spliced proteins, includ-
ing lamin A and lamin C, that polymerize with type B lamins
to form the nuclear lamina beneath the inner nuclear
membrane.14 Lamin A is derived from its precursor, prelamin
A. Efficient processingmakes prelaminA almost undetectable
in normal cells, but it accumulates under conditions of stress,
aging, and differentiation of some cell types.14 The nuclear
lamina provides structural scaffolding for the cell nucleus
and is important in the control of chromatin conformational
changes, connection between the nucleus and cytoplasm, gene
transcription, andmitosis.7,14 The exact mechanisms bywhich
LMNAmutations cause PFLD2 are unclear, but they probably
relate to accumulation of prelamin A and disorders in nuclear
function producing apoptosis, cellular toxicity, premature ad-
ipocyte aging, and cell death.15 Mutated lamin A has been
shown to down-regulate adipocyte gene expression in fatty
tissue from the thigh but not the abdomen in patients with
FPLD2,16 suggesting that the precursor adipocytes in these
region differ from one another. Not surprisingly, mutations
affecting lamins are associated with a wide variety of other
diseases, including muscular dystrophies, cardiomyopathy,
neuropathies, and progeroid syndromes.14 Other PFLD syn-
dromes (Table 1) are associated with abnormalities in adipo-
cyte differentiation (PFLD3), lipid droplet formation
(PFLD4), downstream insulin signaling (PFLD4), conversion
of prelamin A to lamin A (PFLD5), and hormone-sensitive
lipase (PFLD6).

To our knowledge, this is the first report of a patient with
PFLD2 with such profound retroperitoneal and renal adipose
tissue deposition. Haque et al. reported significant retroperito-
neal and omental fat at autopsy of a woman with an R482Q
mutation (CGG→CAG) resulting in substitution of arginine
by glutamine.17 As in our patient, the lower limbs lacked
subcutaneous fat and there was excess fat in the face, neck,
and axillae, but she did not have the fat accumulation around
the pelvic girdle or such significant renal involvement.
Hepatic steatosis was absent. The association of PFLD2 with
renal cancer has not been previously emphasized, but it should
be noted that one of Dunnigan’s four patients died of renal
cancer3 and our patient harbored bilateral renal cancers.

The differential diagnoses of such a fatty mass include
benign and malignant fatty tumors such as lipomas and
liposarcomas which may arise from the retroperitoneum or
the small bowel mesentery. Another possible source of confu-
sion is sclerosing mesenterit is, sometimes called
lipodystrophy, which is characterized by a mass at the root
of the mesentery with a hazy appearance on CT. These condi-
tions are not associated with insulin-resistant diabetes or ab-
normal fat distribution elsewhere in the body.

The medical treatment of the metabolic abnormalities of
FPLD includes diet modification, exercise, and medications

to lower lipid and blood glucose levels. Response may differ
according to the genetic mutation, but insulin resistance re-
mains a hallmark. There have been three prior reports of
improvement in insulin resistance in patients with FPLD
treated by Roux-en-Y gastric bypass (RYGB) surgery.
McGrath et al. reported a woman with clinical signs of
FPLD, but negative genetic testing.11 Eighteen months after
surgery, her BMI decreased from 29 to 24.7 and her HbA1c
fell from 11.7 to 7.6 % off all therapies. RYGB also helped
lower her blood cholesterol and triglyceride levels and re-
stored normal menstrual cycles. Similarly, Utzschneider
et al. reported a female patient clinically diagnosed with
FPLD who underwent laparoscopic RYGB for severe gas-
troesophageal reflux and gastroparesis.12 The patient experi-
enced a 30 % weight loss, improvement of blood pressure,
and marked improvement of HbA1c, fasting insulin, and
blood triglyceride levels while off all medications at
16 months after surgery. Ciudin et al. reported a female
patient with an LMNA gene mutation (R482W), who
underwent RYGB due to progressive metabolic effects and
premature heart disease.13 Fasting insulin, HDL cholesterol,
triglycerides, and free fatty acids normalized and the patient
was off all medications 3 months after surgery. DEXA scan
showed a reversal of fat distribution from an android to a
gynoid pattern with reduction of total and truncal body fat.

Our case is the fourth report of RYGB successfully improv-
ing the metabolic effects of PFLD. Three years after gastric
bypass surgery, our patient remains off insulin, and her diabe-
tes is well controlled with metformin and glimepiride. She
also achieved a 25 % weight loss and 16 % reduction in
BMI. We have yet to find another report of such dramatic,
life-threatening renal and retroperitoneal fat deposition. The
adipose tissue burden was successfully debulked with surgery,
and further progression of the disease was ameliorated with
RYGB. We are encouraged that the retroperitoneal fat has
stabilized and that the peripheral fat deposits around the pelvic
girdle appear to have decreased. She is cancer free 42 months
after her left renal cancer was ablated. These four cases sug-
gest that RYGB is an effective treatment for PFLD with
insulin-resistant diabetes and is superior to medical treatment
alone. A thorough review of the mechanisms by which RYGB
may improve diabetic control is beyond the scope of this arti-
cle. The current theories attribute the improvement to (1) du-
odenal exclusion, (2) the effects of rapid entry and absorption
of nutrients in the distal small bowel with increase in the
hormone GLP-1, and (3) the role of increased bile acids on
the regulation of hepatic glucose metabolism by the nuclear
receptor farnesoid X receptor and its effect on the intestinal
biota.18 The latter is particularly interesting since farnesylation
is necessary for production of mature lamin A. We hope that
the improvement seen in our patient will persist. Reports of
lasting beneficial effects of gastric bypass for morbid obesity
are encouraging in this regard.19
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Conclusion

This is the first report of a case of type 2 familial partial
lipodystrophy with severe hypertrophy of retroperitoneal and
renal fat requiring surgical debulking. This is also the second
report of Dunnigan syndrome and renal carcinoma, although
this association has to be confirmed. RYGB was previously
shown to have short-term success in treating insulin resistance
in FPLD. Our case shows that RYGB not only markedly im-
proves the control of diabetes but it also appears to prevent
progression of disease with prolonged beneficial metabolic
effects.
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