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Abstract

The LIPE gene encodes hormone-sensitive lipase, also
known as cholesteryl ester hydrolase that converts
chlesteryl esters to free cholesterol to generate fatty acid
and monglyceride. The enzyme is expressed in adipose
tissues and functions to mobilize fats for use as energy.
Mutation of LIPE has been shown to be involved in the
development of lipodystrophies. Herein, we report a
novel mutation of LIPE resulting in a lipodystrophy
phenotype and the first report of an association with,
non-alcoholic fatty liver disease (NAFLD) and a pancreatic
neuroendocrine tumor (PNET). An understanding of this
mutation may shed light on the role of this gene in the
development of NAFLD and PNET and therefore deserves
further study.
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Case Report
A 54 year old man with a history of type 2 diabetes mellitus

and hypertriglyceridemia initially presented for evaluation of a
pancreatic neuroendocrine tumor (PNET) that was diagnosed
after recurrent episodes of pancreatitis. On exam, he was
noted to have lipodystrophy with excess fat distribution in the
neck, upper back, and upper thorax. These findings in
conjunction with his recently diagnosed PNET raised concern
for a possible underlying genetic syndrome. Whole exome
sequencing was performed, which was negative for multiple
endocrine neoplasia type 1 (MEN-1) but notable for two
variants in the LIPE gene on chromosome 19 (RefSeq

NM_005357.2: c.1491A>T and c.436C>T) responsible for
encoding hormone-sensitive lipase (HSL). Analysis of these
mutations revealed an association with autosomal recessive
familial partial lipodystrophy type 6. The patient subsequently
underwent ultrasound elastography (Fibroscan®), which was
notable for non-alcoholic fatty liver disease (NAFLD) and mild
to moderate liver fibrosis with a MetaVir score of F2-F3.
Follow-up magnetic resonance imaging and elastography of
the abdomen revealed severe fatty liver with a fat fraction of
35%, but no evidence of fibrosis (Figure 1a and b). This case is
notable for a newly described association between a mutation
in the LIPE gene and the presence of both lipodystrophy and a
pancreatic neuroendocrine tumor.

Discussion
Adipose tissue plays a critical role in regulating fatty acid

storage and metabolism. Disorders in this process are a
prominent feature of lipodystrophies, rare syndromes
characterized by abnormal fat tissue distribution that are also
associated with obesity, dyslipidemia, insulin resistance, and
an increased risk of type 2 diabetes mellitus [1]. Lipodystrophy
can be congenital or acquired, with one subset of congenital
lipodystrophies being the familial partial lipodystrophies (Table
1). These lipodystrophies are phenotypically characterized by
the above described metabolic derangements, as well as
reduced subcutaneous fat in the arms and legs, and in some
individuals, excess subcutaneous fat deposition in the neck,
face, and intra-abdominal regions.

Type 6 familial partial lipodystrophy has previously been
described by Carboni et al. in a sister and brother pair born of
consanguineous Italian parents [2]. The siblings developed
accumulation of fat in the abdomen and axillae with reduced
subcutaneous fat in the legs. The sister also had biopsy-proven
muscular dystrophy, hepatic steatosis, and elevated levels of
triglycerides and cholesterol. Farhan et. al performed whole
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genome exome sequencing in this sibling pair and identified a
frameshift mutation in the LIPE gene encoding hormone-
sensitive lipase (HSL) on chromosome 19 that segregated with
disease in the family [3].

HSL is an intracellular lipase with many lipid substrates, and
is thought to be the primary enzyme responsible for the
hydrolysis of stored triglycerides and the subsequent release
of free fatty acids in adipose tissue [4]. Albert et al. previously
described the effects of a deletion in the LIPE gene encoding
HSL in a cohort of Amish participants [5]. They sequenced 12
lipolytic-pathway genes in 24 Old Order Amish individuals
whose fasting serum triglyceride levels were at the extremes
of the distribution and detected a 19-bp frameshift deletion in
the LIPE gene in one study participant. Genotyping this
deletion in 2,738 participants in the Amish Complex Disease
Research Program identified 1 individual homozygous for the
deletion (DD genotype), 140 heterozygotes (ID genotype), and
2597 non-carriers (II genotype). Recruitment of family
members of the proband with the homozygous genotype
identified three additional DD homozygous siblings. All four
had been diagnosed with type 2 diabetes before age 50 and
had higher liver fat percentage when compared to their
heterozygous or wild type siblings. Analysis of the remainder
of the study participants revealed that heterozygous carriers of
the deletion (ID) had higher hepatic fat content compared to
non-carriers (II).

Our patient’s lipodystrophic phenotype and hepatic
steatosis is consistent with these previously described findings
and further illustrates the clinical significance of HSL and the
metabolic sequlae of impaired lipolysis. HSL’s association with
fatty liver is clinically significant given the potential for NAFLD
to lead to cirrhosis. HSL likely maintains hepatic lipid
homeostasis by mobilizing triglycerides from the liver and
releasing free fatty acids into the circulation. This association
between HSL and fatty liver allow us to hypothesize that
patient’s diagnosed with NAFLD at a young age or normal body
mass index may possess genetic polymorphisms in HSL or
other lipid-storage regulatory genes that predisposes them to
the development of hepatic steatosis. There are also
therapeutic implications to HSL as current therapy for NAFLD
focuses on addressing its associated metabolic conditions of
insulin resistance and dyslipidemia. For example, the
thiazolidinedione class of medications improve insulin
sensitivity by activating peroxisome proliferator-activated
receptor gamma (PPAR-y), another regulator of fatty acid
metabolism that is affected in type 3 familial partial
lipodystrophy [6,7]. Furthermore, Reid et al. previously
demonstrated that adenoviral overexpression of HSL in mice
reduced liver triglycerides by 40-60% and had the potential to
ameliorate hepatic steatosis [8,9]. Thus, activation of HSL may
have a role in the treatment and reversal of NAFLD in future
patients. Overall, our patient’s case demonstrates the
physiologic significance of HSL and provides additional insight
into the pathophysiology of hepatic steatosis. Furthermore,
our case represents the first case of an associated PNET
occurring in a patient with a lipodystrophy.

Table 1: Subdivisions of familial partial lipodystrophy.

Type Inheritance Chromosome
Location

Gene/
Locus

1 (Kobberling type)
Likely
autosomal
dominant

N/A N/A

2 (Dunnigan type) Autosomal
dominant 1q22 LMNA

3 Autosomal
dominant 3p25.2 PPARG

4 Autosomal
dominant 15q26.1 PLN1

5 Autosomal
recessive 3p25.3 CIDEC

6 Autosomal
recessive 19q13.2 LIPE

Figure 1: T1-weighted magnetic resonance imaging and
elastography of the abdomen revealing signal intensity loss
between in-phase (a) and opposed-phase (b) images,
suggesting the presence of fatty liver [9]. The signal
intensity of normal liver parenchyma is similar on in-phase
and opposed-phase images. The degree of hepatic fat can
be quantified by assessing the degree of signal intensity
loss.
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