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Abstract

Developmental delay, Epilepsy and Neonatal Diabetes (DEND) syndrome is the most severe form of Permanent
Neonatal Diabetes with KCNJ11 gene mutation which accounts for most of the cases. We report the first DEND
syndrome in Malaysia with heterozygous missense mutation Q52R at KCNJ11 (Kir6.2) gene with delayed presentation
beyond 6 months of age and failure to transition to glibenclamide. This report signifies the phenotypical variability
among patients with the same genetic mutation and the different response to treatment.
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INTRODUCTION

Permanent Neonatal Diabetes Mellitus (PNDM) is
defined as insulin-dependent diabetes with the onset of
presentation in infant less than 6 months of age.'? There is
a wide spectrum of neonatal diabetes with developmental
delay, epilepsy and neonatal diabetes (DEND) syndrome
being the most severe form within the spectrum. DEND
syndrome is caused by gain of function mutation of either
one of the proteins that made up the ATP-sensitive K+
(K+ATP) channel, the pore-forming subunit (Kir6.2) or
sulfonylurea receptor protein (SUR1).?> The Kir6.2 protein
is encoded by KCNJ11 gene located at chromosome
11p15.1.* The K+ATP channel is present in pancreatic
B-cell, brain synapses and muscles. To date, there are at
least 32 KCNJ11 gene mutations that can cause permanent
neonatal diabetes.> Most of these mutations occurred
sporadically and involved single amino acid substitution
due to missense or nonsense mutation.>* Among all, Q52R
mutation has the most severe phenotype.?

In normal physiology, the K+ATP channel will close in
the presence of ATP. However, in DEND syndrome, the
K+ channel is persistently activated and remains open
despite the presence of ATP.! Sulfonylurea can bind to
sulfonylurea receptor and inhibit the ATP-sensitive K+
channel leading to its closure. This will trigger membrane
depolarization that leads to the release of insulin.*”
Due to this, sulfonylurea has been widely used in the
management of patient with congenital diabetes to replace
insulin. Patient with DEND syndrome that responded
well to sulfonylurea showed improvement in the neuro-
developmental outcome.®®
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Here, we report the first case of DEND Syndrome in
Malaysia due to Q52R single amino acid substitution
mutation of KCNJ11 gene with late diagnosis beyond
6 months of age and failed transition from insulin
to glibenclamide.

CASE

ZH is a Malay boy, the first child from non-consanguineous
marriage. He was born at 41 weeks gestation via
spontaneous vaginal delivery with birth weight 2500g
(below 10™ percentile), head circumference of 31cm (below
3rd percentile) and length of 50cm (at 50™ percentile).
The antenatal period was uneventful. There was no
maternal diabetes or hypertension, no polyhydramnios,
reduced fetal movement or risk of sepsis throughout the
pregnancy. Postnatally, he was well and was discharged
home on the same day.

At 8-month old, ZH was referred to our hospital for severe
Diabetic Ketoacidosis. He had hyperglycaemia with
blood glucose level of 21 mmol/L and severe metabolic
acidosis with blood pH 6.9 and serum bicarbonate (HCO3)
level of 4.7 mmol/L. He was ventilated for 48 hours for
airway protection. The ketonemia and acidosis resolved
after 24 hours of insulin infusion and hydration therapy.
Insulin infusion was then converted to subcutaneous
NPH human insulin 1 u every 12 hours. The boy had two
other past hospital admissions not related to diabetes.
The first admission was for abdominal distention at
the age of 3 months in which he was suspected to have
possible Hirschsprung disease; while the second admission
was at the age of 6 months for acute gastroenteritis.
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Initial investigation of diabetes revealed negative anti-
insulin, anti-islet cells, anti-glutamic acid decarboxylase
(anti-GAD) and anti-Islet Antigen 2 (anti-IA2) antibody
with low C-peptide level. HbAlc was high at 16.5%.
Karyotyping was 46XY. Clinically, patient showed some
facial dysmorphism with low set ears, micrognatia,
short neck, and triangular mouth with thin lips. Other
systemic examinations were unremarkable. The boy
presented with global developmental delay: he had limited
head control, he was not reaching for objects, he only
smiled responsively, and just started vocalizing. With
the clinical history, negative diabetes autoantibody, early
onset of DM and the associated developmental delay, the
boy was suspected to have DEND syndrome.

Since diagnosis, his development was globally arrested
at around 4-6 months. Currently, at 5-years old, he has
good head control but is still unable to roll over. His fine
motor skills were significantly delayed since he is only
able to reach for objects and bang 2 cubes. He is able to
smile and laugh spontaneously, turn to loud sound and
babble but does not respond to name-calling. There is no
meaningful word except for monosyllables. On top of the
developmental arrest, ZH also has poor linear growth.
His latest height and head circumference were below
the third percentile for age while his weight is at third
percentile for age (Figure 1). He never had any seizure
episodes. Electroencephalography (EEG) showed slowing
of background wave with no epileptic discharges. The
MRI brain showed normal brain structure. DNA sequence
analysis to confirm the specific mutation causing the
neonatal diabetes was sent to Exeter Clinical Laboratory
when the child was two-and-a-half years old.

Heterozygous missense mutation Q52R was found at
KCNJ11 (Kir6.2) gene at Exon 1 DNA. This missense
mutation caused single amino acid substitution,
Glutamine to Arginine at position 52 (p.GIn52Arg) of the
protein. The genetic mutation together with severe global
developmental delay and neonatal diabetes confirmed
the diagnosis of DEND.

Switching of treatment from insulin to sulfonylurea was
attempted at 3 years and 7 months old once the genetic
diagnosis confirmed. The ‘Inpatient Protocol for the
Transfer of Patients with Kir6.2 and SURI Mutations
from Insulin to Sulfonylurea in Patients with PNDM’
developed by Prof Andrew Hattersley and team from
University of Exeter was used as reference.” In-patient
low dose oral glibenclamide at 0.1 mg/kg/day was given
in twice daily divided dose. Insulin was gradually
weaned off whilst the glibenclamide dose was slowly
escalated daily throughout 10 days to the maximum dose
of 2 mg/kg/day. Regular 4 hourly post prandial capillary
blood glucose monitoring was continued throughout
his hospital stay. The blood sugar remained high despite
an increasing dose of glibenclamide. At the dose of 2
mg/kg/day, the patient developed diarrhea and became
lethargic while the blood glucose level remained above
20 mmol/L. Insulin was restarted and glibenclamide
was then withheld. The side effects wore off. The repeat
HbAlc was also increased compared to baseline during
the trial period. At present, patient still has marked global
developmental delay with HbAlc of 7.1% and is on
maintenance basal and prandial insulin.
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Figure 1. Weight, length and head circumference of
ZH. There was a poor linear growth noted from birth
as plotted on WHO growth chart for weight, length and
head circumference for age.

DISCUSSION

Based on our literature search up to this date, this is the
first reported case of DEND Syndrome in Malaysia.
Among all the mutations of the KCNJ11 gene that
cause DEND syndrome, Q52R mutation has the worst
clinical outcome.'? This particular mutation involves the
substitution of amino acid Glutamine with Arginine at
position 52 of the Kir6.2 protein. This leads to reduction
in sensitivity of the channel to ATP without affecting its
affinity.'” To date, there are 4 reported cases of patient with
Q52R mutation. Among them, only 1 patient successfully
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switched from insulin to sulfonylurea, 1 patient partially
responded to sulfonylurea but is still insulin dependent,
while 1 patient died at infancy. All these patients first
presented and were diagnosed under 6 months old
(ranges 2 days to 4 months old) and all except for 1 had
developmental delay and seizure at initial presentation.
ZH was diagnosed with diabetes mellitus at the age of 8
months when he presented with DKA. No hyperglycemia
was noted during the two earlier admissions. There are
a few reported cases of patient with genetic mutation on
either the Kir6.2 or the SUR1 protein who were diagnosed
after 6 months of age.*"! However, the reason for the
delayed presentation remains unexplained.?

Patients with this particular genetic mutation are known
for sulfonylurea resistance and insulin dependency.'
Sulfonylurea works synergistically with ATP to close the
K channel. The former inhibitory action can only exert
its full effect if the Kir6.2 protein sensitivity to ATP is
intact. Therefore, in patients with Q52R mutation, the
substitution of Glutamine by Arginine at distal position of
the protein alters the structure of the pore of the protein
leads to insensitivity of the channel to ATP binding.® This
partially explains the failure to respond to sulfonylurea
therapy in this patient. Even though there are reported
cases of successful sulfonylurea therapy in patients with
Q52R mutation, this phenomenon is to date not fully
explained and might represent the variability of expression
within the same genetic mutation.?

Other factors leading to failure of insulin replacement
include low birth weight and delay in introduction of
sulfonylurea.”” In this case, ZH had birth weight below
10" percentile and sulfonylurea was introduced rather
late at the age of 3 years and 7 months old due to the
delay in the confirmation of genetic mutation. In a case
report, Greeley et al, 2016 reported that the number of
B-cells in a 2-year-old female with KCNJ11 mutation
was significantly less compared to normal age-matched
children.” Over time, there is a reduction in 3-cell numbers
in the pancreas of patients with KCNJ11 mutation DEND
syndrome that might explain the inverse proportion of
successful transition with age and the need for a higher
dose of sulfonylurea.® The only patient successfully
treated with glibenclamide monotherapy was given
glibenclamide 2.6 mg/kg/day in 4-8 divided doses.
However, since glibenclamide has a half-life between
12 to 24 hours with peak concentration achieved in 2 to
4 hours post ingestion, giving 12 hourly of high dose
glibenclamide should exert optimal effect.* In our
case, increasing frequency of glibenclamide dosing may
be beneficial. However, since our patient was unable
to tolerate the high dose of glibenclamide, this is not
an option.

CONCLUSION

In conclusion, this case report describes the variability of
presentation in patients with the same genetic mutation
and the challenges in managing DEND syndrome patients
with severe genetic mutation such as Q52R mutation.
Prompt genetic analysis is vital to avoid delay in diagnosis
and trial of glibenclamide therapy. The transition to
sulfonylurea from insulin should be the main aim in the
treatment of patients with DEND syndrome as it may
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reverse neurodevelopmental delay and seizure. Since
patients with KCNJ11 mutation require high doses of
glibenclamide, newer drugs with similar modes of action
but with better side effect profiles may be alternative
therapy for this population of patient. However, more
studies are required to prove this hypothesis.
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