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A novel genetic mutation in a Turkish family with GCK-MODY
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Abstract Glucokinase-maturity-onset diabetes of the young
(GCK-MODY) is an autosomal dominantly inherited disease
caused by heterozygous inactivating mutations in the glucoki-
nase gene. It usually presents with mild fasting hyperglycemia.
Here, we present an obese patient and her family with GCK-
MODY caused by a novel heterozygous p.E51*(c.151.G>T)
mutation in the GCK gene.
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Abbreviations
GCK-MODY Glucokinase-maturity-onset diabetes of the

young
GCK Glucokinase
BMI Body mass index
OGTT Oral glucose tolerance test
T2D Type 2 diabetes mellitus
FPG Fasting plasma glucose

Introduction

Glucokinase-maturity-onset diabetes of the young (GCK-
MODY, also known as MODY 2) accounts for 2–5% of
all diabetes cases [1]. Glucokinase, a key enzyme in glycol-
ysis, is a glucose sensor that maintains glucose homeostasis
in pancreatic beta cells [2]. The GCK gene (7p15.3–p15.1)
consists of 12 exons and encodes a 465-amino acid protein
[3]. GCK-MODY is caused by heterozygous inactivating
GCK mutations, which are usually associated with mild
hyperglycemia [4]. It is treated only with diet, and compli-
cations are extremely rare [5]. Here, we report a novel het-
erozygous p.E51 mutation encoded by GCK exon 2, which
results in the typical GCK-MODY phenotype.

Patient report

A 17-year-old girl was admitted to our department for eval-
uation of obesity and hyperglycemia. Despite her obesity
(body mass index (BMI), 30.2 kg/m 2), her physical exam-
ination had no acanthosis nigricans or other abnormalities.
Pubertal assessment revealed Tanner stage V. Blood glu-
cose levels were repeatedly checked and showed mild
fasting hyperglycemia as well as an elevated HbA1c level.
Standard oral glucose tolerance test with 75 g of glucose
was performed showing a fasting glucose of 131 mg/dl,
120-min glucose of 159 mg/dl and normal insulin levels.
Serum autoantibodies against glutamic acid decarboxylase,
islet cell antibodies, and anti-insulin autoantibodies were
negative. Family history revealed that her father, grand-
mother, and uncle were diagnosed with diabetes (Fig. 1).
Considering the clinical features and family history, muta-
tion analysis of the GCK gene was performed. Complete
sequencing of coding exons and intron-exon boundaries of
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the GCK gene identified a heterozygous mutation
(c.151.G>T) leading to a stop codon (p.E51*) in the GCK
gene.

The father was diagnosed with diabetes at age 30 but he
did not go to the doctor visits regularly. The blood glucose
levels of both sisters were never tested and the sisters had
impaired fasting glucose levels. The patient’s father and two
sisters had the same mutation.We performed a 75-g 2-h oral
glucose tolerance test (OGTT) (after 12 h of fasting) to
assess glycemic/insulin fluctuations in response to a glu-
cose challenge. Clinical and laboratory findings of the pa-
tients are given in Tables 1 and 2. The grandmother refused
to undergo genetic testing. Unfortunately, we could not de-
scribe other family members better as they are living out-
side the city for a long time.

Patients were treated with appropriate diet and exercise.
All patients were screened for diabetes-related microvascular

complications. We did not find any diabetes-related compli-
cations. Nephropathy was evaluated using microalbuminuria,
and retinopathy was assessed by fundoscopic examination.
Lipid levels and 24-h urinary albumin excretion rates were
normal. None of the patients had diabetic retinopathy.

Mutational analysis

GCK gene sequence analysis was performed by using
MiSeq next generation sequencing (NGS) platform, a
FDA approved diagnostic system (Illumina, San Diego,
CA, USA). Genomic DNA was extracted according to the
manufacturer’s standard procedure using the QIAamp
DNA Blood Midi Kit (Qiagen, Hilden, Germany). All cod-
ing exons of the GCK gene and their flanking splice site
junctions were amplified using PCR primers, designed with

Fig. 1 Family tree of the patient

Table 1 Laboratory
characterization of patients with
GCK-MODY

Proband Sister 1 Sister 2 Father

Age (year) 167/12 79/12 148/12 40

BMI 28.3 (>95 p) 18.1 (75–85 P) 21.1 (50–75 P) 22

Fasting Glucose (mg/dl) 130 129 135 161

Fasting Insulin (μIU/ml) 10.2 3.6 14

C-peptide (ng/ml) 2.4 0.9 2 –

HbA1c (%) 6.6 6.4 6.4 6.9

Cholesterol (mg/dl) 165 155 145 179

LDL (mg/dl) 103 96 110 109

Triglyceride(mg/dl) 126 132 115 140

Diabetes antibodies Negative Negative Negative Negative

Urinary albumin excretion (mg/day) 10 9 6 12

Abdominal ultrasound Normal Normal Normal Normal

Fundoscopy Normal Normal Normal Normal
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PRIMER©—Primer Designer v.2.0 (Scientific & Educational
Software programme) software. PCRs were validated by
using agarose gel electrophoresis. After PCR amplification,
the libraries were prepared with the NexteraXT kit
(Illumina Inc.), according to the manufacturer’s instruc-
tions. Next-gene sequencing was carried on MiSeq
(Illumina Inc.). Sequences were aligned to the hg19 genome
within MiSeq Reporter software (I l lumina Inc.) .
Visualization of the data was performed with IGV 2.3
(Broad Institute) software.

In silico analysis was done with Mutation taster soft-
ware, and it was predicted that variant as a disease causing
variant with the probability score 1. As this variant causes a
premature stop codon, it causes a truncated non-functional
protein.

Discussion

In our patient, a novel heterozygous mutation of c.151.G>T
leading to premature stop codon p. E51* was identified in
exon 2 of the GCK gene. Glucokinase plays a crucial role in
the regulation of insulin secretion and acts as a glucose sensor
in pancreatic beta cells. Heterozygous inactivating mutations
of GCK cause GCK-MODY characterized by mild fasting
hyperglycemia, which is present at birth but often only detect-
ed later in life while screening for other reasons [5]. As the
result of a change in the required glucose concentration thresh-
old to stimulate insulin secretion, fasting plasma glucose
(FPG) ranges between 100 to 153 mg/dl in a majority of pa-
tients. Significant worsening of glycemic control occurs with
increasing age [6, 7]. In our case, the father’s FPG and HbA1c
levels were slightly higher than the children.

Our proband was obese. At the first examination, Type2
diabetes mellitus (T2D) was considered an obese patient
with hyperglycemia. But she did not have acanthosis
nigricans and metabolic syndrome findings also OGTT
showed insulinopenia. Absence of clinical signs such as
obesity and the metabolic syndrome in patients with
early-onset diabetes favors a diagnosis of MODY [8].

The prevalence of obesity in patients with MODY is as
same as normal population. People with GCK-MODY are
usually less obese than people with T2D [9]. However, the
coexistence of obesity and MODY are more frequently
reported because it is likely that obesity is epidemic among
teenagers and young adults [8]. The father and other sib-
lings were not obese. We think that our patient’s obesity
may have been coincidental. Moreover, a study performed
with pediatric-age MODY sufferers observed acanthosis
nigricans in 40% of molecularly confirmed cases [10].
Patients with GCK-MODY are also less hyperglycemic
than patients with young-onset T2D. The rise of blood
sugar level in T2D patients during OGTT is typically
above 54 mg/dl [9]. One of the characteristic features of
GCK-MODY is a modest increase in the postprandial glu-
cose levels, with a 75-g oral glucose tolerance test incre-
ment (120 min glucose minus 0 min glucose) of less than
54 mg/dl in 70% and 83 mg/dl in 95% of patients [11]. We
also observed a small increase in glucose levels during
OGTT in our patients.

We did not find any diabetes-related complications.
Microvascular complications are very rare in individuals
with GCK-MODY, because the hyperglycemia is mild,
and there is no marked progression [12, 13]. A study
consisting of 42 families with GCK-MODY reported that
proliferative retinopathy was seen in less than 4% of the
patients more than 5 years after initial diagnosis, while
peripheral neuropathy and proteinuria rates were 5 and
6%, respectively. Dyslipidemia and hypertension were also
reported to have low prevalence [5]. Another study report-
ed a few cases of retinopathy and macrovascular disease
[14].

MODY also should be kept in mind in obese patients
with mild hyperglycemia, non-obese first degree rela-
tives with early-onset diabetes, and especially lack of
insulin resistance, and metabolic syndrome findings.
Identification of GCK gene mutations is important for
the correct and definitive diagnosis of GCK-MODY and
helps the physician predict disease course and initiate
appropriate therapy.

Table 2 Glucose and insulin concentrations during a standard oral glucose tolerance test with 75 g glucose equivalent

Time (min) Proband Sister 1 Sister 2

Glucose (mg/dl) Insulin (μIU/ml) Glucose (mg/dl) Insulin (μIU/ml) Glucose (mg/dl) Insulin (μIU/ml)

0 130 6.9 121 3 122 11

30 153 20 187 16 139 24

60 178 20 201 28 179 51

90 176 29 170 20 159 40

120 159 27 146 18 150 31
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