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A B S T R A C T

Aims: The present report aimed to clarify the clinical characteristics in a girl at the age of 12

and her mother with partial lipodystrophy and Type A insulin resistance syndrome.

Methods: We examined fat distribution in the patients using dual-energy X-ray absorptiom-

etry, magnetic resonance imaging, and computed tomography. We performed genetic anal-

ysis to examine the causal gene for lipodystrophy and insulin resistance.

Results: Both patients had partial lipodystrophy and a novel heterozygous missense muta-

tion (Asn1137 ? Lys1137) in the insulin receptor gene. Because Asn1137 in the catalytic loop is

conserved in all protein kinases, this mutation was thought to impair insulin receptor func-

tion. By whole-exome sequencing, we found the proband had neither mutations in candi-

date genes known to be associated with familial partial lipodystrophy nor novel likely

candidate causal genes. Taken together, we thought that fat loss in these two patients

might be caused by insulin receptor dysfunction. The proband had amenorrhea due to

polycystic ovary syndrome. Her menstruation improved, as fat loss was restored during

adolescence. This might be caused by improving insulin resistance due to increased levels

of leptin and fat mass.

Conclusions: This case might help to understand the mechanisms insulin receptor dysfunc-

tion that cause lipodystrophy.
� 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Severe insulin resistance syndromes (SIRS) are a complex

group of disorders with impaired cellular responsiveness to

insulin signaling. SIRS are grouped into three categories,

involving lipodystrophy, primary insulin signaling defect

(e.g. insulin receptor mutation), and complex syndromes

associated with insulin resistance (e.g. POLD1 mutation) [1].

Type A insulin resistance syndrome (IRS) is a rare form of

SIRS that is frequently caused by insulin receptor dysfunc-

tion, which is due to mutations in the insulin receptor gene

[2,3]. Type A IRS is characterized by insulin-resistant glucose

intolerance, acanthosis nigricans, and hyperandrogenism.

Female patients with Type A IRS often have hirsutism and

oligomenorrhea with polycystic ovaries, which result from

hyperandrogenism due to severe insulin resistance. Various

mutations in the insulin receptor have been identified in

Type A IRS. Patients with Donohue syndrome, or Rabson–

Mendenhall syndrome, with homozygous or compound

heterozygous mutations in the a-subunit have more severe

insulin resistance and are sometimes lipodystrophic [4,5].

In contrast, it has been reported that patients with heterozy-

gous loss-of-function in the insulin receptor are not com-

monly lipodystrophic [4,6]. It has been also reported that

adipocyte-specific insulin receptor knockout mice showed

lipodystrophy in an animal model [7]. Taken together, as it

was conceivable that insulin receptor function plays an

important role in adipocyte differentiation, the lipodystro-

phy in Type A IRS may be caused by insulin receptor dys-

function. However, to the best of our knowledge, there are

no reports examining the precise fat distribution in patients

with Type A IRS due to a heterozygous missense mutation in

the insulin receptor gene.

In this paper, we present a case of a 12-year-old diabetic

girl and her mother with partial lipodystrophy and Type A

IRS due to a novel heterozygous missense mutation

(Asn1137 ? Lys1137) in the insulin receptor gene.

2. Subjects and methods

2.1. Study subjects

The proband (Subject 1) was a 12-year-old girl with severe

insulin resistance, and her mother (Subject 2) was a 44-year-

old woman with relatively severe insulin resistance. Her

father (Subject 3) was a 41-year-old man with type 2 diabetes.

A control group (Control 1) with 41 healthy female volunteers

between 40 and 47 years of age was recruited from the

employees of Tanita, Inc. Another control group (Control 2)

with 36 healthy male volunteers between 40 and 49 years of

age was also recruited from among the employees of Tanita.

Inc. A third control group (Control 3) with 64 girls aged

11 years old was recruited from among healthy elementary

school children. The mean body mass index (BMI) in Control

groups 1, 2, and 3 was 22.5, 24.5, and 17.8 kg/m2, respectively.

We evaluated the body composition as determined by dual-

energy X-ray absorptiometry (DEXA) in Subject 1, Subject 2,

and Subject 3 using Control 3, Control 1, and Control 2,

respectively.
This study (approved on 2 September 2016, approval num-

ber: 2016090203), including whole-exome sequencing

(approved on 12 December 2016, approval number:

2016120206) was approved by the ethics committee of Kusatsu

General Hospital. The subjects agreed to participate in the

study and provided their verbal informed consent for the pub-

lication of this report.

2.2. Methods

2.2.1. Blood samples and biochemical analyses
Bloodwas collected after a 12-h overnight fast for the analysis

of glucose, insulin, leptin, and adiponectin. Plasma glucose,

hemoglobin A1c (HbA1c), serum insulin level, serum leptin

level, and serum adiponectin level were measured as reported

previously [8,9].

2.2.2. Oral glucose tolerance test
A standard oral glucose tolerance test (OGTT) with 75 g of

glucose was performed after a 12-h overnight fast. Venous

blood was collected for the determination of glucose and

insulin concentrations immediately before glucose

administration and at 30-minute intervals thereafter for

120 min.

2.2.3. Hyperinsulinemic-euglycemic glucose clamp technique
Insulin action on glucose uptake in peripheral tissues was

evaluated using the hyperinsulinemic-euglycemic glucose

clamp technique [10].

2.2.4. Dual-energy X-ray absorptiometry
Whole-body DEXA was performed with a multiple detector

fan-beam Hologic QDR-4500W densitometer (Hologic, Marl-

borough, USA) in the subject group and with a multiple detec-

tor fan-beam GE Lunar DPXL densitometer (General Electric,

Fairfield, USA) in the control groups.

2.2.5. Magnetic resonance imaging
Magnetic resonance imaging (MRI) was performed using a 3.0

Tesla imaging device (Sigma Horizon; General Electric). Fat

was easily identified on MRI because of its short T1 relaxation

time and its relatively high signal intensity on images com-

pared with other tissues such as muscle.

2.2.6. Evaluation and measurement of fat distribution by
computed tomography scanning
Fat was easily identified on computed tomography (CT) scans

because of its relatively low signal intensity on images com-

pared with other tissues such as muscle. Subcutaneous and

visceral fat areas were measured using a �150 to 50– Houns-

field unit areawith a modified CTmethod (Light Speed Plus-R;

General Electric), as described by Tokunaga et al., at the

umbilical level [11].

2.2.7. Genetic analysis
We obtained written informed consent for genetic analyses

from the patients for the genetic analyses. The 22 exons of

the insulin receptor gene and its intron–exon junctions were

amplified by PCR using 21 pairs of primers [12]. Then, the
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PCR products were sequenced. We performed whole-exome

sequencing for the proband as reported previously [8,9].

2.2.8. Three-dimensional model structure of insulin receptor
The three-dimensional (3D) model structure of insulin recep-

tor tyrosine kinase was prepared by PyMOL [13].

3. Results

3.1. Case report

Family tree, biochemical data, and OGTT in the family are

shown in Fig. 1A, Table 1, and Table S1. We presented the

results of OGTT in healthy young Japanese women and men

in Table S1 [14]. Body composition as determined by DEXA

scan in the family is shown in Table 2. The patient was a

12-year-old girl. She was seen by a pediatrician at Kusatsu

General Hospital because her urine glucose was positive in

an annual health check. Her HbA1c, fasting glucose

level, and fasting insulin level were 7.1%, 76 mg/dL, and

83.8 lU/mL, respectively. She was admitted to our hospital

because of the evaluation of diabetes with severe insulin

resistance. Her height was 153.0 cm, and she weighed

39.0 kg with a BMI of 16.7 kg/m2. She had acanthosis nigricans

at the axilla and hirsutism on her back. A 75 g OGTT showed

that her blood glucose pattern had impaired glucose toler-

ance, whereas her serum insulin levels at fasting and at 2 h

after OGTT were 83.8 lU/mL and 1149 lU/mL, respectively,

suggesting severe insulin resistance. Neither anti-insulin

nor anti-insulin receptor antibodies were detected. Her serum

leptin level was 3.9 ng/mL, whereas her serum adiponectin

level was 17.3 lg/mL. As shown in Table 2, the percentages
Fig. 1 – A: Clinical features in this family and family pedigree o

mother, Subject 3: her father B: The 22 exons of the insulin recep

using 21 pairs of primers [12]. Then, the PCR products were seq

c.3492C > A (p.N1164K). This location (1164) corresponded to the
(%fat) in the total body fat, upper limbs, trunk, and lower

limbs were 12.8%, 15.9%, 6.8%, and 19.0%, respectively. The

total body fat, upper limbs, trunk, and lower limbs fat masses

were 4.6, 0.6, 1.2, and 2.3 kg, respectively. The DEXA study

showed that the ratio of truncal fat to whole body fat was

26.0%. As shown in Table S2, Kubo et al. reported the evalua-

tion of partial body composition in 64 healthy 11-year-old

girls, who had a mean BMI of 17.8 kg/m2, using a bioelectrical

impedance analysis method [15]. The approximate mean

value of total percentages of body fat (%fat), upper limbs,

trunk, and lower limbs were 20.5%, 18.0%, 17.0%, and 26.0%,

respectively. An approximately mean values of total body

fat, upper limbs, trunk, and lower limbs fat mass were 8.5,

0.6, 4.0, and 4.0 kg, respectively. The approximately mean

ratio of truncal fat to whole body fat in the 64 girls was 47%.

Therefore, compared with body composition in the 64 healthy

control subjects, these body composition data in the proband

suggested she had the decreased fat mass in her trunk and

lower limbs, whereas the fat mass in the upper limbs seemed

to be well preserved. As shown Fig. 2A 2 and 3 and Fig. 2B 1,

subcutaneous fat in the thorax of the proband, indicated by

yellow arrows, was as sparse as that in a control aged 13 years

old and a BMI of 19.0 kg/m2, indicated by blue arrows. How-

ever, this could not rule out that the proband did not have

subcutaneous fat loss due to impairment of adipocyte differ-

entiation in the thorax. As shown in Fig. 2A 4, 5, and 6 and

Fig. 2B 2, 3, and 4, the proband had decreased subcutaneous

fat in the abdomen, indicated by yellow arrows, compared

with a control subject, indicate by blue arrows. In contrast,

as shown Fig. 2A 7, 8, 9, and 10, the subcutaneous fat in the

upper limbs and lower limbs seemed to be well preserved.

However, as shown in Tables 2 and S2, the DEXA study
f the proband are shown. Subject 1: proband, Subject 2: her

tor gene and its intron–exon junctionswere amplified by PCR

uenced. The patient was heterozygous for a novel mutation,

number of amino acid 1137 in the report by Seino et al. [12].
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showed that the proband had decreased fat mass in her lower

limbs, whereas she had similar fat mass in the upper limbs

compared with the control subjects. Therefore, we considered

that she had decreased subcutaneous fat in her lower limbs.

Abdominal CT scans of the proband showed that the subcuta-

neous fat area and visceral fat area in the umbilical portion

were 37.7 cm2 and 35.1 cm2, respectively, suggesting

decreased subcutaneous fat and visceral fat in her abdomen

(data not shown). Taken together, we considered that she

had subcutaneous fat loss in her abdomen and lower limbs,

possible subcutaneous fat loss in her thorax, and preserved

fat mass in her upper limbs, suggesting that she had partial

lipodystrophy. After we found that the patient had partial

lipodystrophy with insulin resistance at Kusatsu General

Hospital, she was transferred to Kyoto University Hospital

for further examinations. She was admitted to Kyoto Univer-

sity Hospital for monitoring at the ages of 12, 14, and 16 years.

Peripheral insulin sensitivity indices were evaluated via

euglycemic-hyperinsulinemic clamp, and her glucose infu-

sion rate (GIR) at the ages of 12, 14, and 16 years was 4.93,

4.89, and 3.45 mg/kg/min, respectively, which suggested that

she had severe insulin resistance. At the age of 14 years, her

serum follicular stimulating hormone (FSH), serum luteiniz-

ing hormone (LH), and testosterone levels were 2.5, 10.9,

and 117.2 ng/dL, respectively. The normal ranges in the levels

of serum FSH, serum LH, and serum testosterone are 2.0–19.3,

3.9–57.3, and 10–86 ng/dL, respectively; therefore, her serum

testosterone level was high and her serum LH and FSH levels

were within the normal ranges, although the ratio of LH to

FSH was >1.0. An MRI study of the pelvis revealed that her

ovaries were enlarged and polycystic. Thus, she was diag-

nosed with polycystic ovary syndrome.

The proband’s mother was a 44-year-old woman. Her

height was 162.0 cm, and she weighed 48.0 kg with a BMI of

18.3 kg/m2. She also had acanthosis nigricans at the axilla

and hirsutism on her back. Her HbA1c was 5.4%. OGTT

showed that her blood glucose pattern was normal glucose

tolerance, whereas her serum insulin levels at fasting and

at 2 h after OGTTwere 20.3 lU/mL and 151.2 lU/mL, respec-

tively, suggesting relatively severe insulin resistance. Neither

anti-insulin nor anti-insulin receptor antibodies were

detected. Her serum leptin level was 4.7 ng/mL, whereas her

serum adiponectin level was 15.5 lg/mL. As shown in Table 2,

the percentages (%fat) in her total body fat, upper limbs,

trunk, and lower limbs were 24.5%, 22.5%, 15.6%, and 37.1%,

respectively. Her total body fat, upper limbs, trunk, lower

limbs fat masses were 11.5, 1.1, 3.2, and 6.6 kg, respectively.

The DEXA study showed that her ratio of truncal fat to whole

body fat was 27.8%. In contrast, the percentage (%fat) of total

body fat, upper limbs, trunk, lower limbs in 41 control

women, mean age 43.9 years and BMI 22.5 kg/m2, was 30.0%,

26.6%, 27.8%, and 33.1%, respectively. The total body fat,

upper limbs, trunk, lower limbs fat masses of the controls

were 16.6, 1.4, 6.9, and 7.0 kg, respectively. The DEXA study

showed that their ratio of truncal fat to whole body fat was

40.4%. Therefore, compared with the 41 control women, the

mother had decreased fat mass in the trunk, whereas the

fat mass in the upper limbs and lower limbs seemed to be

well preserved. As shown respectively in Figs. S1A–C and

S1D–F, thoracic and abdominal CT scans showed that com-



Table 2 – Body composition as determined using DEXA scans in this family.

Subject 1 Subject 2 Subject 3 Control 1 (n = 41) Control 2 (n = 36)
Sex Female Female Male Female Male

Height (cm) 153.0 162.0 182.0 156.8 ± 4.7 168.2 ± 5.3
Body weight (kg) 39.0 48.0 96.0 55.1 ± 6.3 69.3 ± 9.0
BMI (kg/m2) 16.7 18.3 29.0 22.5 ± 3.0 24.5 ± 2.9
Age (y) 12 44 41 43.9 ± 2.1 44.9 ± 2.7

(1) Fat (%)
Total %fat 12.8 24.5 27.2 30.0 ± 5.8 20.8 ± 5.3
Upper limbs %fat 15.9 22.5 26.4 26.6 ± 6.8 16.0 ± 4.7
Trunk %fat 6.8 15.6 33.1 27.8 ± 7.6 22.9 ± 6.4
Lower limbs %fat 19.0 37.1 19.7 33.1 ± 5.2 19.7 ± 4.7

(2) Fat mass (kg)
Total fat mass 4.6 11.5 25.0 16.6 ± 4.7 14.6 ± 4.9
Upper Limbs fat mass 0.6 1.1 2.4 1.4 ± 0.5 1.0 ± 0.2
Trunk fat mass 1.2 3.2 15.6 6.9 ± 2.8 7.3 ± 2.8
Lower limbs fat mass 2.3 6.6 5.6 7.0 ± 1.6 5.3 ± 0.9

(3) Lean mass (kg)
Total lean mass 30.0 33.3 64.3 35.5 ± 3.1 51.3 ± 5.4
Upper limbs lean mass 3.0 3.4 6.3 3.4 ± 0.4 5.1 ± 0.3
Trunk lean mass 15.4 16.8 31.0 16.4 ± 1.4 22.9 ± 2.6
Lower limbs lean mass 9.1 10.5 21.7 13.2 ± 1.8 19.8 ± 1.4

(4) Trunk fat mass/
Total fat mass (%) 26.0 27.8 62.4 40.4 ± 7.1 49.2 ± 4.6

Subject 1: proband, Subject 2: mother, Subject 3: father.

Normal values in Control 1 were obtained from 41 healthy women between the ages of 40 and 47 years.

Normal values in Control 2 were obtained from 36 healthy men between the ages of 40 and 49 years.

Values in Control 1 and Control 2 were expressed as mean ± SD.
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pared with subcutaneous fat in the abdomen in a control

woman aged 40 years old and with a BMI of 19.1 kg/m2, the

mother had a decreased subcutaneous fat in the thorax and

abdomen. Abdominal CT scans also showed that the subcuta-

neous and visceral fat areas in the umbilical portion were

69.9 cm2 and 8.0 cm2, respectively (data not shown), suggest-

ing decreased subcutaneous fat and visceral fat in the abdo-

men. Taken together, these data suggested that the mother

had truncal fat loss. She had a regular menstruation.

The proband’s father was a 41-year-old man. His

height was 182.0 cm, and he weighed 96.0 kg with a BMI of

29.0 kg/m2. His HbA1c level was 6.3%. OGTT showed that his

blood glucose pattern was diabetic without hyperinsulinemia

during OGTT. His serum leptin level was 10.6 ng/mL, whereas

his serum adiponectin level was 4.2 lg/mL. As shown Table 2,

compared with control men with a mean age of 44.9 years

and BMI of 24.5 kg/m2, the DEXA study showed that he did

not have decreased truncal fat mass.

3.2. Genetic analysis in two patients

Using sequence analysis of amplified genomic DNA, we

demonstrated that the proband was heterozygous for a novel

mutation, c.3492C > A (p.N1164K) in the insulin receptor gene,

as shown in Fig. 1B. This location (1164) corresponds to amino

acid 1137 in the report by Seino et al. [12]. In this report, we

used the amino acid numbering established by Seino et al.

Her mother also had the same novel mutation, c.3492C > A,

(p.N1137K) in the insulin receptor gene (data not shown).

Because the proband had partial lipodystrophy and genetic
inheritance was thought to be autosomal dominant, we per-

formed whole-exome sequencing to examine whether or

not she had mutations in candidate genes known to be asso-

ciated with familial partial lipodystrophy (FPLD), including

LMNA, PPARG, PLIN1, CIDEC, LIPE, ADRA2, and AKT2 [8,9].

We found that she had neither mutations in candidate genes

known to be associated with FPLD nor novel likely candidate

causal genes except for the insulin receptor mutation.

3.3. Changes in fat distribution, glucose intolerance, and
menstrual function in two patients

The HbA1c levels of the proband had been within the normal

range since she received dietary therapy at the age of 12,

except for approximately 3 months, in which it increased to

8.1%, when her body weight increased to 55.0 kg from

50.0 kg at the age of 20. Therefore, she always been mindful

to maintain her body weight at 50 kg. At the age of 22, she

was transferred to Kusatsu General Hospital again and has

been visiting an outpatient clinic regularly. The changes in

fat and lean mass determined using DEXA, serum leptin,

and serum adiponectin levels are shown in Table 3. The trun-

cal fat in the proband increased at the ages of 16 and 23 years,

compared with her truncal fat at the ages of 12 and 14 years.

Her lower limb fat also had increased during adolescence.

Thus, her truncal fat and lower limbs fat increased as she

grew up. As the truncal fat in the patient increased, the ratio

of truncal fat to whole body fat and the levels of serum leptin

increased at an age of 23 years. The levels of serum testos-

terone (normal range: 0.11–0.47 ng/mL) at the ages of 22, 23,
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Fig. 2 – A: MRI scans in body portions of the patient are

shown in 1–10. MRI scans at the level of the cervical region

(1), chest (2, 3), upper abdomen (4), abdominal umbilical

region (5), gluteus (6), thigh (7), calf (8), arm (9), and forearm

(10) revealed fat distribution in the body and extremities.

The MRI scans showed decreased subcutaneous fat in the

anterior cervical region, chest, abdomen, and gluteus,

indicated by yellow arrows, whereas subcutaneous fat in

the upper limbs and lower limbs seemed to be well

preserved. B: CT scans at the level of the lower thorax (1),

upper abdomen (2), abdominal umbilical region (3), and

gluteus (4) revealed fat distribution in the body in a control

subject. The (healthy) control subject was a 13-year-old girl

(height 155.3 cm; weight 45.6 kg; BMI 19.0 kg/m2). As shown

in Figure A 2, 3, and Figure B 1, subcutaneous fat in thorax in

the proband, indicated by yellow arrows, was as sparse as

that in a control girl aged 13 years old and a BMI of 19.0 kg/

m2, indicated by blue arrows. As shown in Figure A 4, 5, 6,

and Figure B 2, 3, 4, the proband had decreased

subcutaneous fat in abdomen, indicated by yellow arrows,

compared with the subcutaneous fat in abdomen in a

control subject, indicated by blue arrows. (For interpretation

of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

Table 3 – Changes in fat and lean mass in the patient
determined using DEXA, serum leptin, and serum adipo-
nectin levels.

Age (y) 12 14 16 23
Height (cm) 153.0 155.0 158.2 158.0
Body weight (kg) 39.0 42.0 49.1 52.3
BMI (kg/m2) 16.7 17.5 19.7 21.0

(1) Fat (%)
Total %fat 12.8 19.1 20.0 34.3
Upper limbs %fat 15.9 28.0 22.4 41.1
Trunk %fat 6.8 7.4 12.5 29.3
Lower limbs %fat 19.0 33.0 27.7 42.9

(2) Fat mass (kg)
Total fat mass 4.6 7.9 9.9 18.0
Upper limbs fat mass 0.6 1.2 1.1 2.1
Trunk fat mass 1.2 1.4 2.5 7.4
Lower limbs fat mass 2.3 4.6 5.1 7.6

(3) Lean mass (kg)
Total lean mass 30.0 31.7 37.7 32.2
Upper limbs lean mass 3.0 2.9 3.5 2.7
Trunk lean mass 15.4 17.0 17.3 17.2
Lower limbs lean mass 9.1 8.9 12.8 9.5

(4) Trunk fat mass/
Total fat mass (%) 26 18 26 43.3

(5) Leptin (ng/mL) 3.9 15.4

(6) Adiponectin (lg/mL) 17.3 14.4
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24, and 25 years were 0.53, 0.53, 0.45, and 0.37, respectively.

Thus, the levels of serum testosterone at an age of 24 years

decreased to the normal range. Her menstruation gradually

became more regular without any specific treatment after

the age of 20.

4. Discussion

We present two rare case of a patient and her mother with

partial lipodystrophy and heterozygous mutation in the insu-

lin receptor in this report. Lipodystrophy is a condition char-

acterized by regional or total selective loss or absence of

subcutaneous fat in the absence of nutritional deprivation

or catabolic state. The core finding for the diagnosis of

lipodystrophy is the loss or absence of subcutaneous fat in a

partial or generalized fashion. We showed the proband at

the age of 12 had fat loss in the trunk and lower limbs,
whereas her mother had fat loss in the trunk using DEXA

and MRI evaluations, compared with control subjects. Thus,

we diagnosed lipodystrophy in accordance with guidelines

on the definitive criteria for the diagnosis of lipodystrophy

[16,17]. Fat loss in the trunk and lower limbs in the proband

recovered during adolescence, whereas her mother continued

to have fat loss in the trunk from the age of 44 to her current

age of 56. The proband’s father did not have lipodystrophy,

severe insulin resistance, or suppressed serum adiponectin

level, andwe considered that glucose intolerance in the father

was due to type 2 diabetes. The proband and her mother had

loss of subcutaneous fat in the trunk and loss of visceral fat in

the abdomen. This fat distribution is atypical for FPLD,

because it was reported that decreased subcutaneous fat in

the lower limbs, lower limbs, and buttocks, or in the lower

limbs, buttocks, and forearms, is characteristic of patients

with FPLD [8,9,16]. Because the patient had partial lipodystro-

phy and the genetic inheritance was possibly thought to be

autosomal dominant, she had a possibility that she had FPLD.

Therefore, we performed whole-exome sequencing in the

patient to examine whether or not she had mutations in can-

didate genes known to be associated with FPLD, including

LMNA, PPARG, PLIN1, CIDEC, LIPE, ADRA2, and AKT2. We

found that she had neither mutations in these genes nor

novel likely candidate causal genes except for the insulin

receptor mutation. This result suggested partial lipodystro-

phy in these two patients might be caused by insulin receptor

dysfunction, because it is conceivable that the insulin recep-

tor plays an important role in adipocyte differentiation [4,5,7].

Insulin receptor dysfunction in the liver results in a

decrease in insulin-stimulated hepatic lipogenesis [18].

Therefore, patients with insulin receptor mutations exhibit
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an absence of fatty liver, normal serum triglyceride, and nor-

mal high-density lipoprotein (HDL) cholesterol. In contrast,

patients with FPLD, including AKT2, often exhibit femorog-

luteal lipodystrophy with fatty liver, hypertriglyceridemia

through enhanced insulin-stimulated hepatic lipogenesis.

and suppressed serum adiponectin. The levels of serum lep-

tin were low in the patient and her mother, whereas the levels

of serum adiponectin were high. The levels of serum leptin

and adiponectin are usually low in patients with FPLD [19],

although the levels of serum leptin are not low in some

patients with FPLD1 [8,9]. It has been reported that the levels

of serum adiponectin are high in patient with insulin recep-

toropathies, including insulin receptor mutation and type B

insulin resistance [20].

In 2013, mutations in PIK3R1 were demonstrated to cause

SHORT syndrome, denoting short stature, joint hyperextensi-

bility, ocular depression, Rieger anomaly (a developmental

defect in the iris), and teething delay [21–23]. There are com-

mon states between patients with insulin receptor mutation

and those with PI-3 kinase subunit P85 mutation. They could

have both generalized fat loss and partial fat loss. They have

absence of fatty liver and normolipidemia but not suppressed

plasma adiponectin. Therefore, if the patient has severe insu-

lin resistance without fatty liver and with normal serum

triglyceride level and preserved or elevated serum adiponec-

tin level, a proximal insulin signaling defect, such as an insu-

lin receptor mutation or P85 mutation, might be indicated.

Because both the insulin receptor and P85 are located

upstream of insulin signaling, these common states might

be associated with genetic disorders of early steps in insulin

signaling. On the other hand, patients with FPLD and those

with AKT2 mutation often exhibit femorogluteal lipodystro-

phy with fatty liver, hypertriglyceridemia, and suppressed

serum adiponectin. The difference of these states in insulin

receptor mutation or P85 mutation and AKT2 mutation might

be due to the phenotype of lipodystrophy, such as femorog-

luteal lipodystrophy in patients with AKT2 mutation. In addi-

tion, it was also considered that this might be due to a

difference between upstream defects and downstream

defects in insulin signaling. As shown in Table 1, serum

triglyceride and serum HDL cholesterol levels in the proband

and her mother were normal, whereas abdominal echocar-

diogram and CT scans showed an absence of fatty liver. Based

on the results of DEXA, MRI, and CT, the amount of subcuta-

neous fat and visceral fat in the two patients were strikingly

sparse in the thorax and abdomen. In contrast, based on

the results of DEXA, the amount of subcutaneous fat in the

buttocks and lower limbs in the proband at the age of 12 years

seemed to be sparse, although the results of MRI and CT

showed that the amount of subcutaneous fat in her buttocks

and lower limbs seemed to be well preserved. Recently, it was

reported that the amount of subcutaneous fat and visceral fat

in one patient with SHORT syndrome (P85 mutation: p. Arg

649 Trp) was strikingly sparse in the lower thorax and upper

abdomen, whereas the amount of subcutaneous fat in the

buttocks and thighs seemed to be slightly sparse [21]. Thus,

this fat distribution seemed to be similar to that in the pro-

band at the age of 12 years. Therefore, we might speculate

that insulin receptor mutation and P85 mutation, which lead

to disorders in an early steps in insulin signaling, might cause
lipodystrophy through an unknown common mechanism in

the impairment of adipocyte differentiation and this might

be also associated with an absence of suppressed serum adi-

ponectin levels.

As she grew up, the proband’s body weight increased, as

shown in Table 3. At the age of 16 years, her body weight

increased to 49.1 kg, and the fat mass in her trunk and lower

limbs increased. At the age of 23 years, her fat mass in the

trunk, upper limbs, and lower limbs increased and trunk,

and %fat also increased to within the normal range. Thus,

this may suggest that attenuated adipocyte differentiation

was restored in both subcutaneous and visceral fat in her

trunk during adolescence. It was reported previously that

pioglitazone increased less fat mass in lipodystrophic areas

of patients with FPLD1 and FPLD2 than in non-

lipodystrophic areas [16,24], suggesting that preadipocytes

differentiated to mature adipocyte less efficiently due to a

genetic defect in adipocyte differentiation in the lipodys-

trophic area. Of note, this was contrary to our observation

that truncal fat and lower limbs fat in the proband was

restored during adolescence. Actually, a recent paper reported

that the proliferation of preadipocytes and rapid regeneration

of white adipocytes were observed over 10–13 days after loss

of the insulin receptor in mice using a tamoxifen-inducible

method [25]. This observation suggested the presence of

homeostatic mechanisms to restore white adipocytes after

loss due to insulin receptor gene inactivation. Therefore, we

can speculate that increased preadipocyte levels may lead

to increases in mature adipocyte, accelerating adipocyte dif-

ferentiation in the trunk and lower limbs.

The menstruation pattern in the patient gradually became

regular without any specific treatment after the age of

20 years. This was in agreement with an interview with her

mother, who also experienced gradually more regular men-

struation without any specific treatment after the age of

20 years. As shown in Table 3, the fat mass in all portions,

including the trunk, increased during adolescence, suggesting

that subcutaneous fat increased in all areas. The levels of

serum leptin in the patient increased from 3.9 ng/mL at the

age of 12 years to 15.4 ng/mL at the age of 23 years. Her testos-

terone level had decreased to 0.53 ng/mL at the age of 22 years

and reached the normal range at the age of 24 years. Recom-

binant methionyl human leptin (Metreleptin) administration

has been shown to improve insulin sensitivity, resulting in

decreasing levels of serum testosterone in lipodystrophic

patients with low levels of serum leptin [26,27]. Therefore, it

was conceivable that increased levels of serum leptin in the

patient caused a decrease in the levels of serum testosterone

through improvement in insulin sensitivity. Metreleptin

administration also caused improvements in menstruation

through improvement of LH secretion in lipodystrophic

patients with low levels of serum leptin [27]. Metreleptin

treatment for 12 months improved levels of serum HbA1c in

patients with insulin receptor mutations [28]. Taken together,

we could speculate that the increased levels of leptin and sub-

cutaneous fat might be linked to her restoration of regular

menstruation through decreased testosterone levels due to

amelioration of insulin resistance and improvement in LH

secretion. We considered that the increased subcutaneous

fat was protecting against insulin resistance by increasing
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the storage capacity of fat in this case, although it was

reported that high visceral and low abdominal subcutaneous

fat in young obese subjects were determinants for the severity

of insulin resistance during adolescence [29]. Based on insulin

levels, insulin resistance in themother was milder than in the

patient. The levels of serum testosterone were within normal

range, although fat loss in the trunk was not restored, and the

levels of serum leptin remained low. Therefore, although it is

conceivable that it was easier for the mother to achieve

improved menstruation than the patient, we could speculate

that the increased fat mass might contribute to the restora-

tion of menstruation, because the menstruation in the

mother also improved gradually without treatments after

the age of 20 years.

The patient and her mother were heterozygous for a novel

mutation p.N1137K. As shown in Fig. S2A, B, Asn1137 is located

in the catalytic loop in the tyrosine kinase domain and was

close to tyrosine residues Tyr1158, Tyr1162, and Tyr1163 [30],

which are located in the activation loop. Based on homology

with the amino acids sequences of the catalytic loop in cyclic

AMP -dependent protein kinase, the catalytic loop was

thought to serve two functions: catalyzing the phosphor

transfer reaction and providing specificity in substrate bind-

ing [30–32]. In addition, it was thought the two invariant

amino acid residues, Asp1132 and Asn1137, interact with each

other, stabilizing the formation of the loop [30]. Tyrosine

kinase activity of the insulin receptor is thought to be

enhanced after tyrosine residues Tyr1158, Tyr1162 and Tyr1163

were autophosphorylated by tyrosine kinase [13]. Asn1137 is

the last amino acid in the highly conserved motif (Arg-Asp-

Leu-X-X-X-Asn) in all protein kinases, including serine/thre-

onine kinase and tyrosine kinase [30,31]. In silico structural

analysis revealed that this mutation was predicted to be dam-

aging (0). In addition, as shown in Fig. S3, structure analysis of

the 3D model suggested this mutation was predicted to pro-

duce localized destabilization and severely impair tyrosine

kinase activity. Taken together, it was conceivable that this

mutation might impair tyrosine kinase activity. Two cases,

including Arg1131 ? Gln1131 and Ala1135 ? Glu1135 mutations

[30,32] in the catalytic loop of the insulin receptor were

reported previously. These two mutations were demonstrated

to be associated with impaired tyrosine kinase activity. It has

been reported that a mutation in the insulin receptor b sub-

unit also causes impairment of tyrosine kinase activity,

abnormality in post-translational processing, inhibition of

insulin-stimulated receptor endocytosis, accelerated degrada-

tion of the insulin receptor, and destabilization of the insulin

receptor at the cell surface [30,33,34].

This report has a few limitations. Firstly, as we performed

regional measurements of body composition in control sub-

jects and patients using two different DEXA scanners, it could

be conceivable that there were some differences in data

obtained by these scanners. Secondly, we could not select

control subjects of same age and could not the same appara-

tus, when we compared regional measurements of body com-

position between a proband at the age of 12 and 64 healthy

girls at the age of 11. Therefore, the accuracy of comparison

of the two data among them might be slightly impaired.
Thirdly, we have not yet demonstrated by genetic engineering

either how this mutation causes dysfunction of the insulin

receptor or whether this mutation causes partial lipodystro-

phy. Supporting this, there is the possibility that other factors

except for insulin receptor dysfunction might be the cause of

lipodystrophy.

In conclusion, to the best of our knowledge, this is the first

report describing the clinical characteristics in patients with

lipodystrophy and Type A IRS due to a heterozygous missense

mutation in the insulin receptor gene. This case may also help

to understand the mechanism of how insulin receptor dys-

function due to insulin receptor mutation causes

lipodystrophy.
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