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Two cases of neonatal hyperglycemia caused
by a homozygous COQ9 stop-gain variant
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ABSTRACT

Neonatal diabetes mellitus (NDM) is a monogenic condition diagnosed <6 months of age
with >40 genetic causes. International guidelines recommend referral for genetic testing
immediately after diagnosis since the genetic result guides clinical management. We used
next-generation sequencing to identify a homozygous pathogenic variant, p.(Arg244*), in
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C0OQ9 in 2 individuals referred for NDM testing. Both had insulin-treated hyperglycemia,
severe structural brain defects, dysmorphic features, and lactic acidosis. Recessive loss-
of-function variants in COQ9 cause Coenzyme Q10 deficiency-5, a multi-system
mitochondrial disease, with 7 cases reported. Neonatal hyperglycemia has not been

reported in any of these cases but has been described for two other Coenzyme Q10
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disorders caused by variants in COQ2 and COQ4. Our report shows that individuals with

COQ9-related disease can present with neonatal hyperglycemia, expanding the clinical

doi: 10.1111/jdi.70022

spectrum of this disorder. We recommend the inclusion of COQ9, as well as COQ2 and

COQ4, to gene panels used for NDM testing.

INTRODUCTION

Neonatal diabetes mellitus (NDM) is a monogenic condition
diagnosed in the first 6 months of life. Over 40 different
genetic aetiologies have been described in individuals with
NDM!, explaining >85% of cases’.

A genetic diagnosis guides clinical management in individ-
uals with NDM and determines which treatment is most
appropriate (for example, sulphonylureas in individuals with
activating variants in the potassium channel genes KCNJII**
and ABCC8>®), and whether the diabetes occurs in isolation
(isolated NDM) or is one of the first manifestations of a multi-
organ disease (syndromic NDM). The genes involved in the
pathogenesis of syndromic NDM have essential roles in biologi-
cal pathways; for example, GATA6, crucial in organ
development’, and EIF2AK3, crucial for the endoplasmic reticu-
lum stress response”®.

Recent findings have highlighted mitochondrial dysfunction
as another mechanism leading to NDM with the identification
of novel NDM aetiological genes, such as NARS2’ and
TARS2'", both encoding proteins essential for mitochondrial
protein translation. The importance of mitochondrial function
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to beta cells is further supported by previous studies identifying
recessive variants in CYCI, which encodes a subunit of Com-
plex III of the mitochondrial respiratory chain'"'* and mito-
chondrial DNA deletions causing Pearson syndrome in 3 and 6
individuals with NDM, respectively'”. Furthermore, the
m.3243A>G variant of the mitochondrial DNA is a cause of
later onset diabetes in individuals affected by Maternally inher-
ited diabetes and deafness (MIDD)'.

International consensus guidelines recommend that all
infants diagnosed with diabetes in the first 6 months of life be
immediately referred for genetic testing'”. Targeted sequencing
analysis of a panel including all the known NDM genes'® is the
most common approach.

Here, we describe two individuals who were referred for
NDM genetic testing following presentation with neonatal
hyperglycemia and extra-pancreatic features. In both individ-
uals, a homozygous stop-gain variant was detected in COQ9, a
gene essential for mitochondrial function, which is not rou-
tinely included on NDM gene testing panels.

MATERIALS AND METHODS
Probands 1 and 2 had hyperglycaemia detected on the first and
third days of life, respectively, which required insulin treatment.
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Additional clinical details are summarized in Table 1 and in
the Appendix S1.

DNA samples from both probands and the parents of pro-
band 1 were sent to the Exeter genomics laboratory for NDM
genetic testing. Samples from proband 2’s parents and deceased
sibling were not available for testing. All known genetic causes
of NDM were tested in both probands using a combination of
Sanger sequencing, targeted next generation sequencing
(INGS'®) and methylation-specific PCR to assess the imprinted
chr6q24 transient neonatal diabetes region. Nine years after the
original referral, whole exome sequencing (WES) was per-
formed on the samples from proband 1 and her parents to
identify potential novel genetic causes of NDM. The study
complied with the Declaration of Helsinki, with informed con-
sent obtained from the parents.

Exome sequencing and targeted next-generation sequencing
were performed as previously described”'®. An in-house script
was used to prioritize rare (allele frequency in GnomADv4'”
<0.001%) de novo, homozygous, and compound heterozygous
coding variants. De novo variants were considered only if the
ratio between the reads supporting each allele was >0.2. Variant
classification was carried out using the ACMG guidelines'®.

After the identification of a likely genetic cause in Proband
1, replication studies were undertaken to search for additional
cases. RNA baits targeting the 9 coding exons and intron/exon
boundaries of the COQ9 gene (NM_020312.3) were added to
our custom-designed tNGS panel'®. Details of the RNA baits
are available upon request. The replication cohort consisted of
168 individuals with genetically unsolved NDM, which included
proband 2. Due to privacy concerns, the research data support-
ing this publication are not publicly available.

RESULTS

Exome sequencing data in Proband 1 identified only 1 variant
which matched all the filtering criteria: the homozygous
c.730C>T, p.(Arg244*) stop-gain variant in COQ9. Both unaf-
fected parents were heterozygous for the variant. Replication
studies performed on 168 individuals with genetically unsolved
NDM identified the same homozygous p.(Arg244*) variant in
the sample from proband 2. Both probands were reported to
be of Pakistani origin but were not known to be related. No
further disease-causing variants in COQ9 were identified in the
remaining 167 individuals.

The COQ9 gene encodes Coenzyme Q9, a mitochondrial
protein involved in the biosynthesis of Coenzyme Q10
(CoQ10), a critical component of the electron transport chain
in the synthesis of ATP. Biallelic loss-of-function variants in
COQ9 cause Primary Coenzyme Q10 deficiency 5 (COQ10D5;
OMIM: 614654), a multiorgan condition with features includ-
ing intrauterine growth retardation (IUGR), microcephaly, neu-
rological and cardiovascular disease, and metabolic lactic
acidosis.

The p.(Arg244*) variant identified in the two probands in
this study was classified as pathogenic according to the ACMG

http://wileyonlinelibrary.com/journal/jdi

guidelines. This variant results in the insertion of a premature
stop codon in exon 7 of 9 of the COQ9 gene, and it is there-
fore predicted to cause loss of the COQ9 protein through
nonsense-mediated decay of the mRNA transcript. The
p-(Arg244*) variant has been previously reported in 1 individ-
ual with COQ10D5" and it is listed in ClinVar as ‘Pathogenic’
(Varjation ID: 431, 3 submissions). Furthermore, studies per-
formed on an open muscle biopsy and cultured fibroblasts
from a previously reported individual with the same homozy-
gous p.(Arg244*) COQ9 variant showed a strong quantitative
deficit of CoQl0 and significantly reduced CoQl10
biosynthesis'®. This result confirmed a diagnosis of COQ10D5
in Probands 1 and 2.

DISCUSSION

We report the identification of a homozygous p.(Arg244*) loss-
of-function variant in COQ9 in two individuals referred for
NDM genetic testing, following presentation with hyperglyce-
mia in the first 3 days of life. Both probands had severe struc-
tural brain defects, IUGR, and arthrogryposis. The clinical
features observed in both individuals were consistent with the
genetic diagnosis of COQ10D5.

Our results expand the phenotypic spectrum caused by
recessive COQ9 variants. Hyperglycemia has not been previ-
ously reported in any of the 7 (3 probands and 4 siblings)
individuals with COQ10D5 caused by biallelic loss-of-function
COQ9 variants described in the literature (Table 1). Probands
1 and 2 in our study had hyperglycaemia on the first and third
day of life, respectively, which required insulin treatment. In
proband 2, the hyperglycaemia was transient, requiring insulin
treatment until the age of 5 weeks. This individual was off
insulin for 1 week before their death at 6 weeks. In proband 1,
the hyperglycaemia persisted until their death at the age of
3 weeks. Since both individuals died in the neonatal period, we
do not know whether the difference in insulin requirement
reflects a genuine variability in the phenotype between these
two patients, or whether Proband I's insulin requirement
might have also diminished with age. It is not known whether
hyperglycaemia was measured in the 7 previously reported
patients with COQ9 variants, nor is it known if the one surviv-
ing individual who was 3 years of age at the time of reporting
had hyperglycaemia.

Neonatal hyperglycaemia has been reported as a feature in 7
individuals with COQI10D resulting from COQ2 (n =5) or
COQ4 (n = 2) pathogenic variants® >, In all these cases, neo-
natal hyperglycemia was a presenting feature of the disorder
detected before the age of 6 months (mean age of diagnosis:
63.9 days, range 1-150 days). A transgenic mouse model har-
boring a homozygous Coq9 truncating variant showed signifi-
cant loss of ATP and respiratory complex I activity in neuronal
cells leading to encephalomyopathy”*, which is consistent with
the phenotype observed in COQ10D5 patients. No functional
studies have been performed to assess the effect of pathogenic
variants in COQ2, COQ4, or COQ9 in pancreatic [3-cells.
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An early genetic diagnosis of COQ10D is crucially important
as CoQjo replacement therapy may be beneficial in some
patients™. The genetic cause of NDM had remained undeter-
mined in our two patients following routine testing, as COQ9
was not included on the tNGS gene panel, resulting in a delay
in their genetic diagnosis. Many laboratories are now adopting
whole exome and whole genome sequencing as first-line genetic
tests for conditions such as NDM, and rapid genome sequenc-
ing has proven particularly beneficial for individuals with mito-
chondrial disorders®®. These approaches will benefit patients
such as those reported in this study as they will allow compre-
hensive testing of a wider panel of genes such as COQ9.

In conclusion, we report neonatal hyperglycaemia as a pre-
senting feature of COQ10D5 in two individuals with a homo-
zygous loss-of-function variant in COQ9. We recommend that
analysis of the CoQ;o genes previously associated with NDM,
COQ2, COQ4, and now COQY, is included in genetic testing
panels for NDM.
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