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A family with novel homozygous deletion mutation
(c.1255delT; p.Phe419Serfs*12) in the glucokinase
gene, which is a rare cause of permanent neonatal

diabetes mellitus

Kalic1 neonatal diabetes mellitusun nadir bir nedeni olan glukokinaz geninde yeni
homozigot delesyon mutasyonu saptanan aile (c.1255delT; p.Phe419Serfs * 12)
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The known about this topic

Mutations with loss of heterozygous function in the glucokinase gene cause GCK-MODY with mild fasting hyperglycemia. However, homozy-
gous inactivating mutations in the GCK gene have been demonstrated to be an infrequent cause of permanent neonatal diabetes mellitus

(PNDM) with an autosomal recessive inheritance.

Contribution of the study

Homozygous inactivating mutations in the GCK gene should be considered as a cause of PNDM in families with consanguineous marriage

and a history of diabetes.

Abstract

Heterozygous inactivating mutations in the glucokinase gene cause the
mildest form of maturity-onset diabetes of the adolescents. However,
homozygous or compound heterozygous mutations in the glucokinase
gene are a rare cause of permanent neonatal diabetes mellitus. Herein,
we present the case of a male child with permanent neonatal diabetes
mellitus whose mutational analysis revealed a novel homozygous dele-
tion mutation in the glucokinase gene. The male proband of Turkish an-
cestry from consanguineous parents was born at 37 weeks gestation with
a birth weight of 1870 g (<3" percentile). Hyperglycemia developed dur-
ing the first postnatal day and diabetes-related autoantibodies were neg-
ative. He was put on insulin on the first day of life. Insulin has never been
discontinued since then. The mother was aged 35 years and had gesta-
tional diabetes. The father and the two brothers had impaired fasting
glucose. Both parents and brothers were heterozygous for this mutation.

Keywords: GCK-MODY, glucokinase gene mutation, permanent neona-
tal diabetes mellitus

Oz

Glukokinaz genindeki heterozigot inaktive edici mutasyonlar, genclik-
te ortaya cikan erigkin tip diyabetin en hafif formuna neden olur. Bu-
nunla birlikte, glukokinaz genindeki homozigot veya bilesik heterozi-
got mutasyonlarin kalic1 neonatal diabetes mellitusun nadir bir nedeni
oldugu gésterilmistir. Burada, mutasyon analizi glukokinaz geninde
yeni bir homozigot silme mutasyonunu ortaya koyan kalic1 neonatal
diabetes mellituslu bir erkek ¢ocuk olgusunu sunuyoruz. Aralarinda
akrabalik olan Tiirk anne- babanin erkek ¢cocugu 37. gebelik haftasinda
1870 gr (<3 persentil) olarak dogdu. Postnatal 1. giin hiperglisemi ge-
listi ve diyabet ile iligkili otoantikorlar negatifti. Yagsamin ilk giiniinde
insiilin baglandx. Insiilin 0 zamandan beri hig kesilmedi. Annesi 35 ya-
sindayd: ve gebelik diyabeti vardi. Babas: ve iki kardesi de bozulmus
aclik glukozuna sahipti. Ebeveynler ve kardesler bu mutasyon i¢in he-
terozigottu.

Anahtar sézciikler: GCK-MODY, glukokinaz gen mutasyonu, kalici neo-
natal diabetes mellitus
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Introduction

Neonatal diabetes mellitus (NDM) is a rare form of dia-
betes characterized by hyperglycemia, dehydration, and
ketoacidosis, which begins in the first six months of life
(1). Its incidence was reported to range from 1/90 000 to
215 000 live births in previous studies (2, 3). Neonatal dia-
betes mellitus is classified as transient neonatal diabetes
mellitus (TNDM) and permanent neonatal diabetes mel-
litus (PNDM). Although TNDM, which is responsible for
50-60% of cases with neonatal diabetes, enters remission
within three months after diagnosis, PNDM is a lifelong
disease without remission. Permanent neonatal diabetes
mellitus is a genetically heterogeneous disease and caus-
ative mutations have been identified in 20 different genes
to date. These genes are KCNJ1l, ABCCS, INS, FOXP3,
GCK, PDXI, PTFIA, EIF2AK3, SLC2A2, GATA6, SLCI9A2,
WEFS1, NEURODI1, NEUROG3, RFXé, WFSl, NKX2-2,
MNXI, IER3IPI], and GLIS3 (4). In European and Japanese
populations, mutations in the KCNJ11 and ABCC8 genes
encoding for Kir6.2 and SURI subunit proteins of the pan-
creatic adenosine triphosphate (ATP)-sensitive potassium
channel (K-ATP) are the most prevalent cause of PNDM.
On the other hand, in populations where the frequency
of consanguineous marriages are high, rare genetic caus-
es of PNDM such as homozygous or compound hetero-
zygous mutations in the EIFZAK3, INS, and GCK genes
constitute a large part of the cases (5). Here, we report a
rare case of PNDM caused by a novel homozygous inac-
tivating mutation in the GCK gene.

Case

The male proband of Turkish ancestry from consanguin-
eous parents was born at 37 weeks gestation by cesarean
section because of poor fetal growth, with a birth weight of
1870 g (<3" percentile). Due to hyperglycemia and respira-
tory distress that developed during the first postnatal day,

Table 1. Clinical parameters of family members
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the infant was followed up in the neonatal intensive care
unit. The mother was aged 35 years and had gestational
diabetes. The serum glucose measured at the 13* hour of
the newborn was 362 mg/dL, the concurrent serum insulin
level was 0.20 mIU/mL, and the C-peptide value was <0.10
ng/mL. Intravenous insulin therapy was initiated at a dos-
age of 0.03 U/kg/hour in the patient who had no ketoaci-
dosis, and diabetes-related autoantibodies were negative. A
physical examination revealed moderate dehydration with
tachycardia but no dysmorphologic findings were found.
The insulin requirement, which was 0.02 U/kg/day in the
first month, increased to 0.8 U/kg/day when the patient was
aged 2 months. In the following period, insulin pump ther-
apy was started and insulin requirement was determined as
0.6 U/kg/day. The patient is now aged 3 years and receives
0.53 U/kg/day insulin with an insulin pump. The glycated
hemoglobin (HbAlc) value of the patient is 7.5% at this time.
Mental-motor development is normal and he is within the
50-75% percentiles for both weight and height.

The postpartum fasting blood glucose of the mother who
used insulin treatment during pregnancy was 116 mg/dL;
the postprandial blood glucose was 185 mg/dL and the
HbAIC value was 5.8% (6.5 before the insulin treatment).
The proband had two brothers, one of whom was aged
14 years and the other was aged 11 years. Another brother
died in the first days after birth, no definite knowledge
of why he died was determined, but no abnormality was
detected in the glucose values. According to the results of
the blood values, it was established that the father and the
two brothers who also had glucose intolerance. Data on
the glucose levels of family members are shared in Table 1.

The proband was diagnosed as having PNDM,; the coexis-
tence of parental consanguinity and the family history of
mild hyperglycemia directed us to seek for mutations in
the GCK gene. After obtaining written informed consent

Age FPGL PGL at 120" min OGTT HbA1C Mutation
(mg/dL) (mg/dL)

Proband’s mother 35 116 185 IGT 5.8 c.1255delT
heterozygous

Proband’s father 36 124 137 Normal 6.6 c.1255delT
heterozygous

Proband’s brother 14 127 157 IGT 6.4 c.1255delT
heterozygous

Proband’s brother 2 1 119 148 IGT 6.2 c.1255delT
heterozygous

FPGL: Fasting plasma glucose level; PGL: Plasma glucose level; OGTT: Oral glucose tolerance test; IGT: Impaired glucose tolerance
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Figure 1. Family pedigree and nucleotide sequence of
the GCK gene showing a homozygous deletion

mutation (c.1255delT; p.Phe419Serfs*12)

from the parents of the patient, peripheral blood samples
were collected in tubes containing EDTA for DNA iso-
lation from all family members. All of the coding exons
and intron-exon boundaries of the GCK gene were ampli-
fied using polymerase chain reaction (PCR) with specific
primers, and then Sanger sequencing was performed to
all the coding regions and exon-intron boundaries of the
GCK gene of the proband. The proband was found to be
homozygous for a novel deletion mutation (c.1255delT;
p-Phe419Serfs*12) in the GCK gene. In other family mem-
bers with mild hyperglycemia, GCK gene analysis was
performed and both parents and brothers were deter-
mined to be heterozygous for this mutation (Fig. 1). In-
formed consent was obtained from patients’ parents who
participated in this study.

Discussion
Here, we describe a patient born to consanguineous par-
ents who developed PNDM associated with a homozygous
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inactivating mutation in the GCK gene. The proband’s
mother had gestational diabetes. His father and the two
brothers also had impaired fasting glucose. Both parents
and brothers were detected as having a heterozygous in-
activating mutation in the GCK gene. Mutations with loss
of heterozygous function in the glucokinase gene leads
to GCK-MODY, the clinical feature of which is mild fast-
ing hyperglycemia. These patients do not usually require
medical therapy except for during pregnancy. However,
homozygous or compound heterozygous mutations in the
GCK gene are a rare cause of PNDM with an autosomal
recessive inheritance (6). Patients with PNDM caused by
homozygous inactivating mutation in the GCK gene re-
quire life-long insulin therapy because GCK is a key factor
in insulin expression with glucose stimulation. The absence
of total GCK in infants with this mutation causes severe
hyperglycemia and sometimes ketoacidosis in the first
days of life. Subcutaneous insulin injections are frequent-
ly administered in the treatment of PNDM. However, the
absorption of the injected insulin can be unpredictable in
newborns with little subcutaneous fat tissue and hypogly-
cemia is encountered as a serious problem. Insulin pump
therapy provides more stable glucose levels by delivering
very low and variable amounts of insulin in patients with
NDM with variable oral intake. In the current case, hyper-
glycemia developed within the first day of life. Following
intravenous insulin infusion, treatment with neutral prota-
mine Hagedorn (NPH) insulin was introduced. Due to wide
fluctuations in blood glucose levels despite strict follow-up,
his insulin regimen was switched from subcutaneous insu-
lin injections to continuous subcutaneous insulin infusion
in the 3 month of life. This treatment method reduced the
fluctuations in blood glucose. As the daily insulin require-
ment of the infant was low, infusion set occlusions occurred
in the first three months of treatment, but this problem re-
solved with increasing insulin doses over time and good
glycemic control was achieved.

Mutations in the KCNJ11 and ABCC8 genes are responsi-
ble for most cases of PNDM, and homozygous inactivat-
ing mutations of the glucokinase gene are only detected in
low percentages. McCarthy et al. (7) demonstrated that the
GCK gene was responsible for 3% of PNDM. In other work
performed for the genetic etiology of Arab and British co-
horts, it was shown that the GCK gene was responsible
for 57% of PNDM in Arabic patients and 1.3% in British
patients (8). In a cohort of 22 patients with NDM in Tur-
key, six patients with a homozygous GCK mutation were
detected and they found the annual incidence of PNDM
as one in 48 000 live births (9). According to the results
of the study, GCK-PNDM constitutes more than 25% of
NDM cases in Turkey and this was the highest reported
rate for GCK-PNDM to date. The study was conducted in
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the southeastern Anatolia region where consanguineous
marriage is common. Interestingly, in a recent study con-
ducted in Saudi Arabia, where there is a high degree of
consanguineous marriage, GCK-PNDM was not detected
(10). Accordingly, we can say that from all these data, the
frequency of the genes causing neonatal diabetes varies
according to populations. Different gene panels can be
designed according to etiology in different populations or
the priority order of the genes to be run may vary.

In conclusion, when the GCK mutation is detected, other
family members also need to be screened. Homozygous
inactivating mutations in the GCK-gene should be consid-
ered as a cause of PNDM in families with consanguineous
marriage and a history of diabetes. Insulin pump ther-
apy may be preferable for infants with NDM because it
is more physiologic than subcutaneous insulin injections
and provides more stable glucose levels.
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