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A case of generalized lipodystrophy-associated
progeroid syndrome treated by leptin replacement with
short and long-term monitoring of the metabolic and
endocrine profiles
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Abstract. We herein report a case of a 28-year-old man with generalized lipodystrophy-associated progeroid syndrome
treated by leptin replacement. He showed symptoms of generalized lipodystrophy around onset of puberty. His body mass
index was 11.9 kg/m?, and he had a short stature, birdlike facies, dental crowding due to micrognathia, partial graying and loss
of hair, and a high-pitched voice, all of which are typical features of the progeroid syndrome. Laboratory examinations and
abdominal ultrasonography revealed diabetes mellitus, insulin-resistance, dyslipidemia, decreased serum leptin levels (2.2 ng/
mL), elevated serum hepatobiliary enzyme levels and fatty liver. Whole exome sequencing revealed de novo heterozygous
LMNA p.T101 mutation, indicating generalized lipodystrophy-associated progeroid syndrome, which is a newly identified
subtype of atypical progeroid syndrome characterized by severe metabolic abnormalities. Daily injection of metreleptin [1.2
mg (0.04 mg/kg)/day] was started. Metreleptin treatment significantly improved his diabetes from HbAlc 11.0% to 5.4% in
six months. It also elevated serum testosterone levels. Elevated serum testosterone levels persisted even | year after the
initiation of metreleptin treatment. To the best of our knowledge, this is the first Japanese case report of generalized
lipodystrophy-associated progeroid syndrome. Furthermore, we cvaluated short and long-term effectiveness of leptin
replacement on generalized lipodystrophy by monitoring metabolic and endocrine profiles.
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LIPODYSTROPHY is a rare disease, its prevalence
being estimated to be approximately 1.3—4.7 cases/

million [1]. These patients show either near complete or
partial lack of adipose tissue. There are four types of
lipodystrophy; congenital generalized lipodystrophy
(CGL), familial partial lipodystrophy (FPLD), acquired
generalized lipodystrophy (AGL) and acquired partial
lipodystrophy (APL) [2]. The inheritance of CGL is
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autosomal recessive while FPLD is autosomal dominant,
and AGL and APL are more common among females.
Patients with generalized lipodystrophy have leptin defi-
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ciency secondary to a near total loss of adipose tissue,
which is associated with a severe form of metabolic dis-
orders characterized by dyslipidemia, fatty liver, insulin
resistance and diabetes.

Mutations in the lamin A/C (LMNA) gene cause pro-
geroid syndromes, which often accompany generalized
lipodystrophy. They are known as autosomal dominant
Hutchinson-Gilford progeria syndrome (HGPS) [3],
atypical progeroid syndrome (APS) including atypical
Werner syndrome [4] and autosomal recessive mandibu-
loacral dysplasia [5]. The prevalence is extremely low,
and there is no apparent sex difference.

Recently, Hussain ef al. reported some APS cases with
de novo heterozygous LMNA ¢.29C>T; p.T10I mutation.
These patients had clinical features distinct from other
types of APS that include severe metabolic disorders
such as diabetes mellitus, dyslipidemia and non-
alcoholic fatty liver disease. They therefore named this
novel syndrome as a generalized lipodystrophy-associated
progeroid syndrome (GLPS) [6].

Metreleptin ~ replacement  therapy  dramatically
improves insulin resistance and dyslipidemia in patients
with generalized lipodystrophy [7, 8]. However, the
effects of metreleptin on testosterone as well as its effect
on skeletal muscle mass remain unclear. We herein report
a case of GLPS with metabolic abnormalities and
describe the changes in appetite, hormones and body
composition right after (shortly after, two weeks after,
etc) and also one year after the initiation of metreleptin
treatment.

low body weight (—2SD)

low height (-1SD)

Case Report

A 28-year-old Japanese man was admitted to our hos-
pital because of lipodystrophy. He had normal height
(51.5 em) and weight (3,296 g) at birth. Moderate physi-
cal growth retardation was seen as early as one month of
age, but no apparent mental or hormonal disorders were
seen at that point in time (Figs. 1, 2). The generalized
lipodystrophy became overt around onset of puberty, but
a medical examination when he was around 20 years of
age showed no metabolic abnormalities. From 25 years
of age, he developed increased thirst, polydipsia and pol-
yuria and visited the general internal medicine clinic at
the age of 28. Subsequent examinations revealed that he
had already developed hyperglycemia and dyslipidemia
(HbAlc: 9.7-10.1%, HOMA-IR: 5.64, TG: 281-783 mg/
dL). Up till that point, he had no significant past medical
history, no known family history, and no consanguinity
in his relatives (Fig. 3). His height, body weight and
body mass index were 153.6 cm, 28.3 kg and 11.9 kg/m?,
respectively. He had a short stature, birdlike facies with a
beaked nose, dental crowding due to micrognathia, par-
tial graying and loss of hair, and a high-pitched voice, all
of which are typical features of the APS. There were no
significant skin abnormalities and joint contractures.
Table 1 shows the laboratory data on admission (fasting).
His glycated hemoglobin (HbAlc) was 11.0%. Serum
aspartate transaminase (AST), alanine aminotransferase
(ALT) and y-glutamyltransferase (y-GTP) levels were 40,
81 and 65 TU/L, respectively, indicating moderate liver

hyperphagia

thirst, polydipsia and polyuria

| HbAlc: 11.0%

<

gradual lipodystrophy |
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Fig. 1

Time course of growth and clinical findings of the present case.
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Cross-sectional Growth Chart for Boys (0-18 yrs)
(The 2000 National Growth Survey on Preschool Children & School Health Statistics Research)
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Fig.2 Patient’s growth chart from birth to 18 years of age. Closed red circles indicate height (top panel) and closed red squares indicate

body weight (bottom panel).

dysfunction. Serum triglyceride (TG) levels were 158
mg/dL. He had decreased serum leptin levels (2.2
ng/mL, normal: 2.4-25.0) and decreased serum total tes-
tosterone levels (1.90 ng/mL). His secondary sexual
characteristics were normal. Lack of pubic or axillary
hair, decreased libido and dysfunction of erection or
ejaculation were not present. Abdominal ultrasonography
showed a fatty liver, and magnetic resonance imaging
showed the absence of both subcutaneous and visceral
body fat (Fig. 4). Chest X-ray showed scoliosis. Whole
exome sequencing revealed a de novo heterozygous
LMNA p.T10I mutation (Fig. 5), indicating that he had
GLPS. Whole exome sequencing of his parents was also
performed and no mutation was detected. Electrocardio-
gram and ultracardiography were performed because

patients with GLPS often suffer from cardiovascular dis-
eases, but neither examination revealed any cardiac
abnormality. Appropriate diet therapy after hospitaliza-
tion immediately improved his blood glucose signifi-
cantly, but it seemed difficult to continue diet therapy
outside the hospital due to hyperphagia. Daily injection
of metreleptin [1.2 mg (0.04 mg/kg)/day] was started.
Shortly after metreleptin replacement, he felt decreased
hunger sensations before meals and improved satiety
sensation after. On the 13" day of treatment, significant
improvement in diurnal variation of serum glucose, tri-
glyceride, insulin and plasma glucagon levels were seen
(Fig. 6). Furthermore, elevated serum testosterone levels
were seen (4.15 ng/mL). On the other hand, serum lute-
inizing hormone (LH) levels were slightly increased,
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161 cm/ 73 kg 156 cm/ 64 kg
present case
163 cm/ 61 kg 167 cm/ 5S kg
Fig.3 Family pedigree of the present case.
Table 1 Laboratory data on admission (fasting)
Complete blood count Urianalysis Hormonal analysis
White blood cells 10,100/pL Protein (1+) GH 4.68 ng/mL
Red blood cells 485 x 10%puL Glucose =) IGF-1 189 ng/mL
Hemoglobin 13.7 g/dL Ketone =) LH 1.5 mIU/mL
Hematocrit 39.1% CPIR 141 pg/day FSH 5.7 mIU/mL
Platelet 17.2 x 10%pL Testosterone 1.9 ng/mL
ACTH 17.4 pg/mL
Blood chemistry Cortisol 7.3 pg/dL

Albumin 4.1 g/dL T-chol 138 mg/dL PRL 13.5 ng/mL
BUN 7 mg/dL TG 158 mg/dL TSH 0.75 plU/mL
Cre 0.22 mg/dL HDL-chol 22 mg/dL FT4 1.09 ng/dL
Na 143 mEq/L LDL-chol 87 mg/dL Leptin 2.2 ng/mL
K 3.4 mEq/L Glu 108 mg/dL Adiponectin <0.5 pg/mL
Cl 106 mEq/L HbAlc 11.0% CPIR 1.6 ng/mL
Ca 9.5 mg/dL GAD-Ab ) IRI 8.4 plU/mL
AST 401UL TPO-Ab =) IRG 111 pg/mL
ALT 811U/L Tg-Ab -)
¥-GTP 65 IU/L HIV-Ab “-)

BUN, blood urea nitrogen; Cre, creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyltransferase;
CPIR, C-peptide immunoreactivity; T-chol, total cholesterol; TG, triglyceride; HDL-chol, high-density lipoprotein cholesterol; LDL-chol,
low-density lipoprotein cholesterol: Glu, glucose; HbAlc, hemoglobin Alc. GAD-Ab, anti-glutamic acid decarboxylase antibody; TPO-
Ab, anti-thyroid gland peroxisome antibody; Tg-Ab, anti-thyroglobulin antibody; HIV-Ab, anti-human immunodeficiency virus antibody;
IR, immunoreactive insulin; IRG, immunoreactive glucagon
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Fig.4 T-1 weighted magnetic resonance imaging indicating the
absence of both subcutaneous and visceral fat.

from 1.5 mlU/mL to 1.6 mIU/mL. After 1 year of
metreleptin injection monotherapy, his HbAlc was 5.3%,
serum TG levels were 86 mg/dL, serum AST levels were
20 TU/L and serum ALT levels were 12 IU/L, which indi-
cated that his metabolic profiles had been improved by
leptin monotherapy. Serum testosterone level (3.73
ng/mL) remained elevated, and LH levels increased (2.7
mIU/mL) after 1 year of metreleptin treatment. Further-
more, a slight increase in skeletal muscle index, from
3.42 to 3.45 kg/m*, was seen according to dual-energy
X-ray absorptiometry (skeletal muscle index; ASM/
height?, normal: >6.87. ASM; appendicular skeletal
muscle mass, the sum of muscle masses of the four
limbs).

Discussion

Generalized lipodystrophy is associated with various
kinds of metabolic abnormalities such as diabetes
mellitus, dyslipidemia and non-alcoholic fatty liver dis-
ease. These metabolic disorders occur as a result of
impaired leptin secretion, which results from a near com-
plete lack of adipose tissue [1]. First-line treatment for
such metabolic disorders is sufficient diet and exercise
therapy, and should this fail to reach efficacy, metreleptin
replacement should be considered [2]. The present case
demonstrated various metabolic disorders in addition to
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Fig.5 Exome analyses of the patient and his parents were
performed on HiSeq 2500 platform (Illu-mina, CA) and
SureSelectXT Human All  Exon V6  (Agilent
Technologies, Santa Clara, CA). The sequencing reads
were aligned to the reference human genome sequence
(GRCh37) using Burrows Wheeler Transform. Duplicate
reads were then removed using Picard. Local realignment
around the indels, base quality score recalibration, and
variant calling were performed using the Genome
Analysis  Toolkit. Non-synonymous coding variants,
nonsense coding variants, splice acceptor, donor and
predicted site variants and inframe and frameshift coding
indels were filtered against dbSNPI137, the 1,000
Genomes Project, ESP6500, ExAC, the Integrative
Japanese Genome Variation Database and the Human
Genetic Variation Browser. The exome data from the
patient and his parents were filtered for candidate
mutations using DeNovo Check. In this algorithm,
variants that were not identified in either parent with more
than 3% variation reads were considered to be candidate
de novo mutations. After this filtering process with default
parameters, a de novo frameshift mutation in exon 1 of
LMNA, that is, ¢.29C>T, p.T10I remained as the only
variant in the coding region.

physical features of APS. Therefore, we examined
whether he had any gene mutation that could explain
both his lipodystrophy and associated metabolic disor-
ders. Whole exome sequencing revealed a de novo heter-
ozygous mutation of LMNA p.T10I, which indicated that
he had GLPS, a recently proposed novel subtype of APS
[6]. On the other hand, the LMNA mutation also causes
other types of lipodystrophy, which should be distin-
guished from GLPS. Werner syndrome is one of the
major progeroid syndromes with metabolic abnormalities
[4], but he did not show cataracts or calcification in the
Achilles tendon. HGPS is a progeroid syndrome with
lipodystrophy caused by LMNA mutation [3], but he did
not show baldness, hydrocephalus-like feature and pro-
geria from infancy. Mandibuloacral dysplasia-associated
lipodystrophy is known as another type of lipodystrophy
caused by LMNA mutation [5], but he did not show
clavicle dysplasia, osteolysis in the distal phalanx and
joint contractures. Whole exome sequencing did not
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Fig. 6 Diurnal variations of (A) glucose, (B) insulin, (C) glucagon and (D) triglyceride levels immediately before and 12 days after the
initiation of metreleptin treatment. E: Area under the curve of glucose, insulin, glucagon and triglyceride levels.

reveal mutations related to these differential diagnoses.

Eleven patients with GLPS has been reported thus far
[6]. Ten out of eleven had a de novo heterozygous muta-
tion of LNMA ¢.29C>T; p.T10I, the type of mutation
seen in the present case. The one case inherited this type
of mutation from her father. In most GLPS patients,
onset of generalized lipodystrophy occurs in their child-
hood, and most of them are diagnosed with GLPS
between 10 and 20 years of age. Importantly, metabolic
parameters are worse in these patients compared to other
types of progeroid syndromes and a major cause of mor-
bidity is cardiopathy including coronary artery disease.
Considering the high incidence of severe and even fatal
metabolic abnormalities and cardiopathy among patients
with GLPS, early diagnosis and treatment are important.

Although the present case had presented with physical
growth retardation since infancy, symptoms of general-
ized lipodystrophy appeared around onset of puberty and
diabetes seemed to have developed in his adulthcod,
which indicated that progression of the disease in the
present case was relatively slow compared to previous
cases. The reason for this difference is unclear, but ethnic
difference may have affected the clinical course. How-
ever, only limited cases of GLPS have been reported
from Asia including Japan.

GLPS causes severe insulin resistance due to leptin
deficiency secondary to a near total loss of adipose tis-

sue. Administration of metreleptin reportedly improved
diabetes and other metabolic abnormalities in most
GLPS patients [6]. In the present case, we monitored
short-term effects of metreleptin on metabolic parame-
ters such as serum glucose, TG and insulin levels (Fig.
6). The short-term metabolic effects were reportedly
reversed by treatment suspension, indicating that long
term administration of metreleptin was necessary to
maintain improved metabolic phenotypes [9]. Consistent
with our study, previous reports showed that long-term
metreleptin injection markedly improved diabetes melli-
tus, hypertriglycemia and liver steatosis [7-9]. Given the
decreased postprandial serum glucose levels and
increased postprandial insulin levels after metreleptin
treatment (Fig. 6), the improvement in insulin secretion
might play an important role in these favorable effects.
Previous reports showed that pancreatic fat deposition
was increased in FPLD and it was inversely related to
cell function [10]. In the present case, the fatty liver was
improved by metreleptin treatment. It might also have
ameliorated ectopic fat in the pancreas caused by leptin
deficiency, leading to an improvement in insulin secre-
tion. In addition, plasma glucagon levels were decreased
by metreleptin treatment, which might also contribute to
improved glycemic control in the present case. Addition-
ally, plasma glucagon levels have been reported to be
suppressed in leptin-overexpressing and leptin-treated
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mice [11, 12].

Moreover, serum testosterone levels were elevated 12
days after the initiation of metreleptin treatment and
these remained elevated 1 year after the initiation of
treatment. Additionally, serum testosterone levels have
been reported to be elevated in leptin-overexpressing and
leptin-treated mice [13, 14]. This elevation was accom-
panied by a slight increase in skeletal muscle index one
year after the initiation of metreleptin treatment. These
findings indicate that long-term metreleptin treatment
exerts secondary effects in addition to short-term effects,
thus increasing skeletal muscle mass in GLPS patients.
Generally, diet therapy is essential for diabetes, but there
have been concerns on concomitant loss of skeletal mus-
cle especially among patients with lipodystrophy. On the
other hand, long-term testosterone therapy in men with
hypogonadism increases muscle mass [15]. Therefore,
elevation of serum testosterone levels by metreleptin
treatment may benefit male patients by increasing skele-
tal muscle mass and subsequently improving metabolic
profiles. Other than decreased skeletal muscle mass, our
patient showed scoliosis as one form of musculoskeletal
complication. Many GLPS patients show scoliosis and
joint contractures [6] and one case report presented a
GLPS patient with juvenile dermatomyositis [16]. There
might be some involvement of the musculoskeletal sys-
tem in the pathophysiology of GLPS and further investi-
gation is thus warranted.

We confirmed the long-term increase in serum LH lev-
els after leptin replacement in the present case. Previous
reports showed that leptin could stimulate LH secretion
not only in rodents but also in humans [17, 18] and leptin
replacement rescued infertility of diabetic mice with an
increase in serum LH and testosterone levels [19]. More-
over, low serum leptin levels are associated with hypo-
thalamic amenorrhea and leptin replacement could
rescue it with an increase in serum LH levels [20].
Therefore, the long-term elevation of serum testosterone
levels in the present case might also be due to the effect
of leptin replacement on the hypothalamic-pituitary-
gonadal (HPG) axis, which leads to an improvement in
gonadal function. Unfortunately, we failed to assess
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whether hypogonadism in our patient was primary or
secondary because he did not complain about gonadal
function. We speculate that his hypogonadism was sec-
ondary because serum LH levels were low at the begin-
ning of metreleptin replacement, and further investigation
is necessary to reveal the effectiveness of leptin replace-
ment in hypogonadism associated with lipodystrophy.
The effect of leptin on the HPG axis is believed to be
mostly via actions on the hypothalamus because the lep-
tin receptor is abundantly expressed in hypothalamic
neurons, but direct effects on the anterior pituitary gland
or Leydig cells cannot be ruled out [21, 22]. Further
investigation is necessary to reveal the detailed relation-
ship between leptin and the HPG axis.

In conclusion, we herein reported the first Japanese
case of GLPS with a de novo heterozygous LMNA
p.T10I mutation. In addition, we evaluated short and
long-term effectiveness of leptin replacement on general-
ized lipodystrophy by monitoring changes in serum
testosterone levels along with the improvement in meta-
bolic profiles. These findings indicate that testosterone
might be involved in the metabolic effects of metreleptin
and suggest that testosterone plays an important role in
improving metabolic conditions of lipodystrophy patients.
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