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Short Communication

Chromosome 6¢g24 methylation defects are uncommon
in childhood-onset non-autoimmune diabetes mellitus
patients born appropriate- or large-for-gestational age
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Introduction

Methylation defects in the imprinting
locus at chromosome 6q24 result in transient
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neonatal diabetes and small-for-gestational age
(SGA) births (1). These phenotypes are primarily
ascribed to the overexpression of PLAGLI,
a paternally expressed gene on 6q24 that
regulates cell cycle and apoptosis (2). Paternal
uniparental disomy involving 6q24, as well as
copy-number gains of paternal PLAGL1 alleles
and epimutations in maternal alleles, have been
identified as the causes of hypomethylation at
the differentially methylated region (DMR) of
PLAGLI (3, 4).

Recently, Yorifuji et al. reported the
identification of 6q24 uniparental disomy in three
patients with childhood-onset non-autoimmune
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diabetes mellitus (5). The three patients were
identified through methylation-specific PCR
analysis of the PLAGLI1 DMR of 113 patients
clinically suspected of having maturity-onset
diabetes of the young (MODY). These results
expanded the phenotypic consequences of 6q24
methylation defects to include MODY-like
manifestations without a history of neonatal
diabetes. However, the frequency of 6q24
methylation defects among patients with
childhood-onset non-autoimmune diabetes
remained unknown.

Subjects and Methods

This study was approved by the Institutional
Review Board Committee at the National
Center for Child Health and Development, and
performed in accordance with the Declaration
of Helsinki. The study was carried out after
obtaining written informed consent from the
patients or their parents and from control
individuals.

The study population consisted of 58
unrelated Japanese patients with childhood-
onset non-autoimmune diabetes who required
continuous insulin therapy (22 males and 36
females). The patients were registered with the
Japanese Study Group of Insulin Therapy for
Childhood and Adolescent Diabetes between
March and December 2008. No patients had a
history of neonatal diabetes. All patients were
assessed as being born appropriate- or large-for-
gestational age (birth weight and length > —2.0
SD for gestational age), based on the Japanese
neonatal growth charts (6). Birth weight ranged
from 2,020 to 4,274 g (mean, 3,100 g). Age at
the time of diagnosis ranged from 9 mo to 15 yr
(mean, 6 yr) and body mass index SDS ranged
from —3.1 to 2.5 (mean, —0.9). Seven patients
had a family history of diabetes. As negative
controls, we analyzed DNA samples obtained
from 49 healthy Japanese volunteers. These
samples were purchased from the Human Science
Research Resources Bank, Tokyo, Japan (present
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distributor, National Institute of Biomedical
Innovation, Osaka, Japan). To examine the
accuracy of our methods, we analyzed samples
obtained from three previously reported patients
with 6q24 uniparental disomy (5).

Genomic DNA samples were isolated
from the peripheral leukocytes of the patients.
The samples were treated with bisulfite. The
methylation levels of seven cytosines at the
CpG dinucleotides in the DMR (Fig. 1A) were
analyzed by pyrosequencing.

Results and Discussion

The methylation statuses of the patients with
childhood-onset non-autoimmune diabetes were
comparable to those of the control individuals
(Fig. 1B). In the present study, we employed
pyrosequencing, which is more sensitive than
the methylation-specific PCR used by Yorifuji et
al. (5, 7). Three previously reported patients with
6924 uniparental disomy exhibited apparent
hypomethylation at all CpG sites examined,
confirming the accuracy of our methods. Our
findings suggest that 6q24 methylation defects
are uncommon among childhood-onset non-
autoimmune diabetes patients.

The differences in the results between
the prior and present studies likely reflect the
differences in the inclusion criteria. The study
population reported on by Yorifuji et al. consisted
of 113 patients with MODY-like phenotypes
including 11 SGA cases (5), whereas none of
our 58 patients were born SGA. Notably, all
three patients with 6q24 uniparental disomy
identified by Yorifuji et al. had a history of SGA
(5). This 1is consistent with the observation that
overexpression of paternally expressed genes
usually results in prenatal and postnatal growth
failure (1, 2). Our data imply that a history of
SGA appears is an essential marker for diabetes
due to 6q24 methylation defects. Since molecular
diagnoses of methylation defects likely serve to
improve the clinical management of the patients
(5), methylation analyses should be considered



July 2016 6924 methylation and type 1 diabetes 101
A PLAGLT
CpG sites Exon 1 Exon 2 Exon 3 Exon 4

—iHiH—————

F primer

GGGCAGCCGTGCTCACAGCTCAGC:AG%P%?GGGCCTTGGQGQGQGGGGQGCTTCCCC

Seq primer

C3C4C5 Cc6

GGGT%?CCGTCATGGCCGCGGAGGTGGCACGCCCGAGCGGCCTCGCCTGAGCTCCGG

GGGTCCTCGCCCCGCAGGGTAGGTGTTTGGG
b R primer

o

100
X 80
3
£ 60
=
[}
g ol ‘* ........... "*' .......... | o **“"‘ .
2
g 20
0 2% 208 ] asa 222 L] 220
Cl C2 Cc3 Ca C5 c6 c7
Fig. 1. Methylation analysis of 58 patients with childhood-onset non-autoimmune diabetes.

A: Genomic structure of PLAGLI1 and its flanking CpG sites. C1-7 represent
cytosines at the CpG sites in the differentially methylated region. Forward (F)
and reverse (R) primers were used for PCR amplification and the Seq primer
was used for pyrosequencing. B: Results of the methylation analysis. Black dots
represent the methylation statuses of the 58 patients. Gray shaded areas indicate
the reference range obtained from 49 control individuals. The red dots depict the
results of three previously reported patients with 6q24 uniparental disomy (5).

for childhood-onset non-autoimmune diabetes
patients with a history of SGA. Further studies
are necessary to clarify the precise frequency
and phenotypic spectrum of diabetes due to 6q24
methylation defects.
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