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Combined with PLIN1 Gene Mutation: A Case Report’
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Type 2 diabetes (T2DM) is a common metabolic
disorder associated with environmental and genetic
factors characterized by both insulin resistance and
relative insufficiency of insulin secretion. T2DM has a
high genetic predisposition. It is reported that 40%
of first-degree relatives of patients with T2DM may
develop diabetes; however, the incidence rate is
only 6% in the general populationm. Hyperlipidemia
is occasionally accompanied by diabetes, and
although patients with type 2 diabetes and
hyperlipidemia are not rare, cases of type 2 diabetes
and hyperlipidemia caused by gene mutation are
rarely reported. The increasing use of gene
sequencing increases the accuracy of clinical
diagnosis in clinical practice.

The perilipin gene (PLIN1, also known as
perinatal lipoprotein 1) is primarily expressed in
adipocytes, playing an important role in lipid droplet
formation  and regulation  of  triglyceride
metabolism'”. The mutation of this gene is
associated with familial partial lipodystrophy type 4
(FPLD4)™, severe insulin resistance, type 2 diabetes,
extreme hypertriglyceridemia, and nonalcoholic fatty
liver disease'. Additionally, Serine/Threonine Protein
Kinase 2 (AKT2) mediates the physiological effects of
insulin®. It has been previously reported that the
mutation of AKT2 is correlated with various
disorders of insulin action, including severe insulin
resistance, hypoinsulinemia, hypoketosis, and
hypolipemia['w]. In this study, we presented a unique
case of two distinct heterozygous mutations in the
AKT2 and PLIN1 genes that together caused insulin
resistance, diabetes, and dyslipidemia in the patient.

An  unreported missense  mutation of
heterozygous PLIN1 and AKT2 genes was observed in
the patient's genetic testing results. To date, insulin
resistance, diabetes, and hyperlipidemia caused by
the AKT2 (c.1202A>G) gene mutation combined with
the PLIN1 (c.1565G>A) gene mutation have not been
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reported. This is the first case of diabetes and
hyperlipidemia caused by the AKT2 gene mutation
combined with the PLINI gene mutation.

A 24-year-old Chinese female patient with
hyperglycemia and increased blood ketone was
admitted to the Department of Endocrinology and
Metabolism of the Second Affiliated Hospital of
Chongging Medical University. She had nausea and
vomited once daily prior to admission. She had been
diagnosed with polydipsia (> 3 L/d), polyuria with
high blood glucose (over 33.3 mmol/L by capsular
blood sugar), and ketonuria at 14 years of age at a
local hospital. She had been treated with insulin and
metformin for years. She had experienced three
episodes of diabetic ketoacidosis prior to admission.
She had a  history of hypertriglyceridemia
(triglyceride, 10-30 mmol/L) and acute pancreatitis
at 19 years of age. Menarche occurred at 12 years of
age and had been regular since then. She had no
history of high blood pressure. Her father had
diabetes.

On admission, her body mass index (weight,
calculated in kg, divided by the square of her height,
calculated in m) was 22.8 kg/m’. No significant
muscle appearance, lipopenia, acanthosis nigricans,
and hirsutism were observed in the clinical
examination.

Laboratory evaluation revealed that fasting
blood glucose was 16.26 mmol/L, glycosylated
hemoglobin Alc increased by 11.8%, serum J-
hydroxybutyric acid increased by 2.27 mmol/L
(reference range, 0.02-0.27 mmol/L), and arterial pH
7.34. Total cholesterol increased by 10.12 mmol/L
(reference range, 0.00-5.18 mmol/L); triglyceride
level was 32.35 mmol/L (reference range, 0.00-
1.70  mmol/L); low-density lipoprotein  was
5.29 mmol/L (reference range, 0.00-3.37 mmol/L);
the free fatty acid level was 1.06 mmol/L (reference
range, 0.10-0.45 mmol/L); apolipoprotein Al level
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was 0.64 g/L (reference range, 1.00-1.60 g/L);
apolipoprotein B level was 1.82 g/L (reference range,
0.60-1.10 g/L); apolipoprotein E level was 86.1 mg/L
(reference range, 27.0-49.0 mg/L); the patient’s
pancreatic enzyme levels were normal. The glutamic
acid  decarboxylase  antibody and insulin
autoantibody were normal. Her albumin was
53.3 g/L in the normal range, creatinine level was
60.8 umol/L in the normal range, aspartate
aminotransferase was 36 U/L (reference range,
13-35 U/L) higher, urinary microalbumin was
27.6 mg/L (reference range, 0-15 mg/L), and urinary

albumin/creatinine ratio was 6.33 mg/mmol
(reference  range, 0-3 mg/mmol). Diabetic
complication screening  confirmed diabetic

retinopathy, diabetic peripheral neuropathy, and
diabetic nephropathy after being cured of diabetic
ketoacidosis. Her visceral fat area was 57 cm’, and
her subcutaneous fat area was 108 cm’. The
abdominal color ultrasound depicted fatty liver, and
the plasma cortisol and serum adrenocorticotropic
hormone levels were normal. Carotid artery
ultrasound exhibited no obvious abnormality, no
arterial plaque, and vessel stenosis.

Considering the early onset of metabolic
abnormalities, whole exome sequencing (WES015
GenCap® V6.0) was performed to detect mutations
in the blood sample of the patient. She had a
heterozygous mutation on exon 9 (c.1565G>A) of the
PLIN1 gene (Figure 1), which predicted an incorrect
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Figure 1. (A) The sequence of AKT2 gene. (B)
The sequence of PLIN1 gene.

translation causing the synthesis of an abnormal
amino acid at position 522 (p. Ser522Asn). She also
had a heterozygous mutation on exon 12
(c.1202A>G) of the AKT2 gene (Figure 1), which
predicted an incorrect translation causing the
synthesis of 401 anomalous amino acids (p.
Lys401Arg).

On admission, we provided a saline replacement,
regular insulin to lower the blood glucose, and
glucose together with insulin to the patient to inhibit
lipolysis. Further, on day 2 of admission, her serum
B-hydroxybutyric acid returned to normal.
Afterward, we administered continuous
subcutaneous insulin infusion to the patient for
further 3 days. An oral glucose tolerance test was
performed to evaluate the beta cell function when
the fasting blood glucose was < 8 mmol/L. The
results are presented in Figure 2.

Based on the beta cell function of the patient,
the continuous subcutaneous insulin infusion was
changed to insulin detemir before bedtime,
combined with 30 mg pioglitazone once daily, 1.5 g
metformin once a day, 100 mg canagliflozin once a
day, 50 mg acarbose thrice a day to control blood
glucose, and 200 mg fenofibrate once a day to treat
hypertriglyceridemia. During dismission, her fasting
blood glucose fluctuated at 6-7 mmol/L, plasma
triglyceride decreased but still exceeded the normal
level (i.e. 8.79 mmol/L), and total cholesterol
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Figure 2. (A) The patient’s oral glucose

tolerance test results of 75 g glucose. (B) The
patient’s C-peptide reaction test result.
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diabetes diabetes

insulin-resistant diabetes

Family history

Lipoatrophy,
muscular
hypertrophy,

Severe hypertension,

Proteinuria,
hypertriglyceridemia,
nonalcoholic steatohepatitis,

Insulin-resistant diabetes
with extensive acanthosis
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High blood glucose,

acanthosis nigricans,
hypertriglyceridemia, insulin

Severe insulin

insulin resistance,
hypertension, diabetes and

blood ketone, severe

Acanthosis
nigricans, Severe

resistance,
hyperglycemia,

nigricans, severe
hypertriglyceridemia,
steatohepatitis, cushingoid

insulin resistance,
and hyperlipidemia,

resistance, diabetes,

Characteristics

insulin-resistant diabetes,

liver steatosis, lipoatrophy,

acromegaloid facial
appearance , muscular

fatigue;
Hypertension,

lipodystrophy

polycystic ovaries,
acanthosis nigricans

muscular hypertrophy,

nausea, vomiting

appearance

hypertrophy

acanthosis nigricans

permanent
diabetes

decreased to the normal level i.e. 4.75 mmol/L.

We demonstrated a rare case of diabetes at a
young age, characterized by repeated ketosis, insulin
resistance, and severe hyperlipidemia. Further
genetic sequencing revealed that the patient had a
heterozygous missense mutation in both the AKT2
(c.1202A>G) gene and PLIN1 (c.1565G>A) gene. The
pathogenesis of this mutation remains elusive;
however, considering the patient's morbidity
characteristics, family history of diabetes, negative
glutamic acid decarboxylase antibody, and insulin
autoantibody, we conclude that PLIN1 and AKT2
gene mutations caused insulin resistance, diabetes,
and severe hyperlipidemia.

PLIN1 is the most abundant phosphoprotein in
adipocytes that binds confirmative to the
phospholipid surface monolith of lipid droplets and
regulates lipases, such as adipose tissue triglyceride
lipase and hormone-sensitive Iipase[‘”. It has
bidirectional regulation of lipolysis and plays an
important role in the dynamic regulation of lipolysis.
PLIN1 phosphorylation was low under basic
conditions, which reduced TG hydrolysis. In the low
phosphorylation state, PLINI acts as a valve,
preventing lipase from entering the neutral lipid
droplet. In contrast, PLIN1 actively promotes lipase
activity following phosphorylationm. The PLINI
mutation was first identified in patients with FPLD4
(familial partial lipodystrophy type 4), and the main
characteristics of those patients included a lack of
peripheral fat pool, severe insulin resistance, and
extreme hypertriglyceridemiam. Mutations in the
PLIN1 gene (P. Val398fs) or (p. Leud04fs) are also
associated with severe insulin resistance and
extreme hypertriglyceridemia[gl. Renal involvement
in the patient with first type 4 FPLD is related to the
(p. Y401Lfs) mutation of the PLINI gene[m]. The
mutation of the PLINI (c.1565G>A) gene has not
been reported. Combined with the characteristics of
patients, we speculated that PLIN1 (c.1565G>A) may
be pathogenic.

AKT2 is a serine/threonine protein kinase that is
involved in the downstream of insulin receptors and
mediates the physiological effects of insulin. AKT2
plays key roles not only in insulin action but also in
blood lipid metabolism and regulation. Post-receptor
insulin resistance caused by AKT2 mutations not only
increases the fasting blood glucose but also
increases the very low-density lipid cholesterol/total
cholesterol ratio, decreases high-density lipid
cholesterol level, and increases low-density lipid
cholesterol®. The AKT2 gene mutation has been
reported in familial insulin resistance and diabetes. It
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has been reported that the R274H mutation of AKT2
causes severe insulin resistance, significant
hyperinsulinemia, and diabetes®™ whereas the
Glul7Lys mutations of AKT2 cause hypoglycemia,
and c.49G3A (p.E17K) mutations of AKT2 cause
hypoinsulinemia, hypoketosis, and
hypolipidaemia®™”' (Table 1). In this case study, the
phenotypes were severe insulin resistance, diabetes,
and hyperlipidemia. Meanwhile, the genetic test
revealed mutations in two genes, AKT2 (c.1202A>G)
and PLIN1 (c.1565G>A). We speculated that it may
be owing to the combined effect of these two genes;
however, considering the greater influence of the
PLIN1 gene on insulin resistance and blood lipid
metabolism and regulation, it may also be caused by
the heterozygous mutation of PLIN1. Unfortunately,
the patient’s parents do not stay with her, and we
could not obtain additional information from them.

Type 2 diabetes combined with hyperlipidemia is
a common metabolic disorder; however, there have
been few reported cases of genetic factors involved
in this disorder. In this study, we reported the first
case of a young female patient with diabetes and
hyperlipidemia caused by heterozygous missense
mutations of both PLIN1 and AKT2. PLIN1, AKT2, and
other related gene tests should be performed in
young patients with diabetes complicated with
severe hyperlipidemia and genetic predisposition to
further clarify the pathogenicity and guide future
treatment.
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