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Methylation defects at chromosome 6q24 are the most common cause of Transient Neonatal
Diabetes (TNDM), accounting for 70% of all cases [1, 2]. Those affected have impaired
insulin secretion as shown by very low birth weights (median <1st centile) and a diagnosis of
diabetes usually at, or shortly after birth, (range 0–4 weeks) [1–3]. In the majority of patients
the diabetes remits by a median age of 13 weeks, although for many there is a relapse later
in life [3]. Loss of methylation at the chromosome 6q24 locus results from one of three
mechanisms 1) paternal uniparental disomy (UPD) (~40% of cases) 2) a paternal duplication
(~32%) or 3) loss of methylation without a structural chromosome defect (~28%) (reviewed
in [2]). The TNDM critical region on chromosome 6q24 encompasses PLAGL1, a tumour
suppressor gene, and HYMAI, a non-coding RNA of unknown function [2]. The underlying
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mechanism(s) by which loss of methylation, and hence over expression, of PLAGL1 and/or
HYMAI cause TNDM is not known.

We report the novel clinical observation of hypoglycaemia following diabetes remission in
6/43 (14%) patients with 6q24 TNDM. This is in keeping with the prevalence of extra-
pancreatic features of patients with 6q24 TNDM such as macroglossia (35%) and umbilical
hernia (14%) [2]. Five of the patients have paternal UPD and one patient has a paternal
duplication [4]. No differences in diabetes was observed between patients with and without
hypoglycaemia as shown by the age at diagnosis (1 week vs 4 days, p= 0.87) and age at
remission (14 vs 21 weeks, p= 0.41). The median birth weight was however higher in the 6
patients with hypoglycaemia compared to the 37 patients where hypoglycaemia had not
been reported (−1.83 vs −3.14 SDS, p = 0.026) which is in keeping with increased insulin
secretion in utero. Inactivating ABCC8 and KCNJ11 gene mutations, the most common
cause of HH were excluded by sequence analysis [5].

Hypoglycaemia (blood glucose <2.6 mmol/L) was diagnosed at a median age of 33.5 weeks
which was within 2–22 weeks of remission. The clinical characteristics are provided in table
1. Presentation of hypoglycaemia was variable; in 3 cases (patients 1, 5 and 6)
hypoglycaemia was noted on blood measurement following hospital admissions for self
limiting viral illnesses. Three cases (patients 2, 3 and 4) were symptomatic with lethargy and
shakiness that improved with feeding.

All 6 patients required treatment for hypoglycaemia and only one did not require long term
treatment (table 1). In 4 patients, diazoxide was given (5–15mg/kg/day) with 3 continuing to
require treatment 1, 2 and 4 years later. One patient requires overnight bolus feeds to prevent
hypoglycaemia 2 years after diagnosis and has only recently started diazoxide therapy.

The hypoglycaemia may result from excess insulin secretion. In 5 of the 6 patients serum
insulin was measured at the time of hypoglycaemia: in 3 cases insulin was found to be
inappropriately high. In the remaining two patients insulin was below the assay limit of
detection on a single measurement but blood ketones were inappropriately suppressed
(<0.2nmol/L) at the time of hypoglycaemia suggestive of an insulin mediated action. In 4
patients growth hormone and cortisol levels were assessed and deficiency of these hormones
was ruled out as a cause of hypoglycaemia. Further investigations are required to confirm
that hyperinsulinism is the mechanism of hypoglycaemia in these patients.

The high prevalence of hypoglycaemia in our cohort (14%) when compared to an incidence
of hyperinsulinaemic hypoglycaemia (HH) of 0.002% means that it is very likely that the
hypoglycaemia is a direct consequence of the chromosome 6q24 abnormality [6]. The
mechanism for the hypoglycaemia is currently not understood.

In order to investigate the possibility of a recessively acting mutation unmasked by UPD, we
undertook exome sequencing in 3 patients (patients 1, 2 and 3). We analysed all genomic
regions corresponding to the NCBI Consensus Coding Sequence database captured by the
Agilent’s SureSelect Human All Exon Kit (v1). Paired-end sequencing was performed on an
Illumina GAII and all variants identified in the minimum shared region of UPD (29.9kb as
defined by Affymetrix SNP6.0 analysis, flanking SNPs rs13220827 and rs6931065) were
called using GATK. No genes harbouring a novel non-synonymous variant were identified
in more than one individual. This excludes coding mutations in the captured exons but does
not exclude a causal mutation in a non-coding or regulatory region. The presence of a
paternal duplication in one patient suggests that the hypoglycaemia is more likely to be a
direct consequence of the methylation defect rather than the chromosome abnormality
causing it. However, it is noteworthy that the 5 patients with UPD had a more severe
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phenotype as demonstrated by the long term requirement of diazoxide or overnight bolus
feeds when compared to the patient with the duplication who had episodic hypoglycaemia.
Studies on larger numbers of patients are required to determine whether this observation
reflects a genotype/phenotype relationship.

The reason for the remission of diabetes in patients with 6q24 TNDM is not known. Studies
in mice with paternal inheritance of a transgene show an increase in the number of
pancreatic beta cells prior to diabetes remission [7] and it is possible that in the patients
there is an ‘overshoot’ of this process and consequently beta cell hyperplasia. This however
on its own cannot explain why the beta cells inappropriately secrete insulin despite
hypoglycaemia. Whilst it is known that mutations in ABCC8, KCNJ11 and HNF4A can
cause transient congenital HH and later onset diabetes, there have not been any reports
where HH develops following diabetes remission [5, 8]. Further studies are required to
establish the cause of the severe defect in the regulation of insulin secretion in these patients.

In conclusion, the identification of hypoglycaemia in 14% of patients with 6q24 TNDM
provides further evidence for the key role of the chromosome 6q24 locus in the regulation of
insulin secretion and glucose homeostasis. It is important to be aware of the increased risk of
hypoglycaemia in the months following remission of diabetes in patients with a
chromosome 6q24 methylation defect.
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