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ABSTRACT
Introduction  Loss-of-function mutations in tRNA 
methyltransferase 10 homologue A (TRMT10A), a 
tRNA methyltransferase, have recently been described 
as a monogenic cause of early-onset diabetes with 
microcephaly, epilepsy and intellectual disability.
Research design and methods  We report a Chinese 
young patient who was diagnosed with diabetes mellitus 
as a result of a TRMT10A mutation.
Results  A homozygous mutation c.496–1G>A in 
TRMT10A was identified using targeted next-generation 
sequencing and confirmed by PCR/Sanger sequencing. In 
addition to being diagnosed with diabetes, the patient also 
has microcephaly and intellectual deficiency. The diabetes 
was due to marked insulin resistance and responded very 
well to metformin treatment.
Conclusion  Our case is the first report in the Asian 
population. It adds to current knowledge of TRMT10A 
related with young-onset non-insulin-dependent diabetes 
and confirms the a single previous report of insulin 
resistance in this syndrome. Genomic testing should 
be considered in children with non-insulin-dependent 
diabetes with intellectual disability and microcephaly. A 
clear genetic diagnosis is helpful for early detection and 
treatment addressing insulin resistance.

INTRODUCTION
Recently, recessive mutation of tRNA meth-
yltransferase 10 homologue A (TRMT10A) 
was reported in some families as the cause 
of a novel syndrome of abnormal glucose 
homeostasis with microcephaly, epilepsy and 
intellectual disability. In the present paper, we 
report a Chinese young patient with diabetes, 
intellectual deficiency and microcephaly as 
a result of a homozygous mutation in the 
TRMT10A gene.

Case report
The patient had been found to have hypergly-
cemia for a week. The random blood glucose 
was 13.3 mmol/L, and the patient had no 
polyphagia, polydipsia, polyuria, weight loss 
or other abnormal symptom. The patient was 

the first child born to non-consanguineous 
parents. The pregnancy was uneventful and 
the child was born by a full-term cesarean 
section due to amniotic fluid turbidity. The 
child’s birth weight was 2800 g, but the birth 
length and head circumference were not 
recorded. The developmental milestones 
were abnormal and the child gradually began 
to show mild intellectual disability. The child 
had a fever and convulsion and was diag-
nosed with a febrile seizure once in preschool 
period. The child’s head circumference was 
46 cm (−2.5 SD) in preschool period, while 
the height was 100 cm (−1.5 SD). At the time 
of diagnosis, the head circumference was 
50 cm; the height was 143 cm (−3 SD); and 
the body mass index (BMI) was 15.65 kg/
m2. There was no special appearance and 
acanthosis nigricans was absent. Glycated 

Significance of this study

What is already known about this subject?
►► Loss-of-function mutations in tRNA methyltrans-
ferase 10 homologue A (TRMT10A), a tRNA meth-
yltransferase, have recently been described as a 
monogenic cause of early-onset diabetes with mi-
crocephaly, epilepsy and intellectual disability.

What are the new findings?
►► Our case is the first report in the Asian population. It 
adds to current knowledge of TRMT10A related with 
young-onset non-insulin-dependent diabetes and 
confirms the single previous report of insulin resis-
tance in this syndrome.

How might these results change the focus of 
research or clinical practice?

►► It broadens the spectrum of TRMT10 A mutation and 
its role in genetic disorders, and it also shows that 
genomic testing should be considered in children 
with non-insulin-dependent diabetes with intellectu-
al disability and microcephaly.
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hemoglobin (HbA1c) was 14.4%, and all five pancreatic 
autoantibodies were negative. Oral glucose tolerance test 
(OGTT) showed a plasma glucose of 9 mmol/L at 0 min, 
and 23 mmol/L at 120 min, which confirmed the diag-
nosis of diabetes. Insulin and C-peptide levels indicated 
that the pancreatic β-cell function was well preserved 
(figure 1). No other abnormality was found in laboratory 
tests or imaging tests, including liver and kidney func-
tions, thyroid function, electroencephalogram (EEG) 
and head MRI. In addition, intelligence testing indicated 
intellectual deficiency, with an IQ of 47.

The patient’s parents had normal heights, head 
circumferences and BMI, no epilepsy, no intellectual 
disability, no diabetes or pre-diabetes (normal OGTT 
results) and negative pancreatic autoantibodies, as well 
as the patient’s sibling, with normal birth history, normal 
growth and development history.

Genetic studies
Since the patient’s only manifestation is isolated and mild 
hyperglycemia, which does not meet the criteria for either 
type 1 diabetes or type 2 diabetes, it was suspected that 
the patient had monogenic diabetes. Exome sequencing, 

focusing on known diabetes genes, found a homozygous 
G to A transition in intron 5 of TRMT10A (NM_152292.4: 
c.496–1G>A), verified by Sanger sequencing. It was 
homozygous in the proband and heterozygous in both 
the patient’s parents and sibling (figure 2). Mutations of 
other monogenic diabetes genes were not detected.

Continuous glucose monitoring (CGM)
In the subsequent visit 3 months after diagnosis, the 
patient’s HbA1c decreased to 6.8% with the treatment of 
metformin, and the patient received the CGM for nearly 
72 hours (figure  3). Since hypoglycemia has also been 
reported in this syndrome, we examined the patient’s 
daily glucose profile by CGM, which showed that the 
blood glucose was maintained at a stable level, with 
only one blood glucose value of less than 3.9 mmol/L. 
The average percent time on target (3.9–7.8 mmol/L) 
(figure 4) was 47%.

DISCUSSION
TRMT10A is the orthologue most closely related to yeast 
TRM10, a protein that has tRNA m1G9 methyltransferase 

Figure 1  Results of OGTT. OGTT, oral glucose tolerance test.

Figure 2  Genetic studies of the family.
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activity.1 It is a nuclear protein that can be expressed in 
several tissues (liver, kidney, spleen, lung, and fat), but 
enriched in islets and the brain, the two main tissues 
affected in patients.2 A syndrome caused by homozygous 
nonsense mutations in TRMT10A in a consanguineous 
patient of Moroccan origin was first described by Igoillo-
Esteve et al in 2013, including diabetes, microcephaly, 
and intellectual deficiency.3 A total of 11 cases were 
subsequently reported.4–7 Our case is the 12th one and 
also the first report in the Asian population.

Abnormal glucose homeostasis was an common feature 
caused by TRMT10A mutations, except the two individ-
uals reported by Narayanan et al, with no documented 
hypoglycemia or hyperglycemia. The glucose metabo-
lism disturbances associated with mutation in TRM10A 
include diabetes with or without ketosis, hyperinsulin-
emic hypoglycemia and postprandial hyperglycemia. 
Most individuals presented with diabetes, which was diag-
nosed between the ages of 9 and 28 years, while the two 
individuals described by Gillis et al7 had no diabetes but 
hyperinsulinemia nd hypoglycemia. Our patient was diag-
nosed with diabetes at a young age, without ketoacidosis, 
but accompanied by spontaneous mild hypoglycemia 
(recorded by CGM). According to the OGTT results, 
insulin resistance appeared to be the dominant patho-
physiological mechanism in our patient, which confirms 
insulin resistance as the cause of diabetes, described 
in the case of Yew et al.5 This was further confirmed by 
response to a subsequent treatment with metformin, with 
which the HbA1c decreased significantly. The mecha-
nism by which the mutation causes insulin resistance still 

remains to be elucidated. In the previous cases reported 
by Igoillo-Esteve et al and Zung et al,3 4 the patients had 
well-preserved insulin secretion, suggesting that insulin 
resistance may be the primary event in mutations of 
TRMT10A. It has been experimentally shown that 
TRMT10A knockdown induces oxidative stress and trig-
gers the intrinsic pathway of apoptosis in β cells.2 This 
may explain the diabetes that appears as the disease 
progresses, but it cannot explain the hyperinsulinism 
and insulin resistance, which suggests a more complex 
β-cell dysfunction. Whether the insulin resistance, clearly 
demonstrated in our case and in Yew et al,5 is secondary 
to the chronic hyperinsulinemia or primary remains to 
be seen. The absence of obesity would indicate a primary 
defect.

In all the reported cases, microcephaly was a feature 
in common, but the degree of severity appeared to vary. 
Among them, eight cases were reported to have mild to 
severe microcephaly in the birth history,4–7 and the case 
reported by Zung et al4 had persistent microcephaly. Our 
patient’s head circumference at birth was not recorded 
but became obvious as our patient grew, as reported by 
Igoillo-Esteve et al.3

All the individuals had intellectual disability, including 
language development and motor development. In addi-
tion, epilepsy was common except the individual reported 
by Zung et al.4 The two individuals reported by Narayanan 
et al6 had abnormal EEG that showed as symmetric, bilat-
eral, frontally dominant polyspike and wave discharges, 
consistent with generalized epilepsy, with abnormal 
brain MRI that showed mild Fluid attenuated inversion 

Figure 3  Continuous glucose monitoring of the patient for nearly 72 hours.

Figure 4  Percent time on target of the patient for nearly 72 hours.
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recovery (FLAIR)/T2 hyperintensities in the periatrial 
white matter, although the EEG and brain imaging of 
other individuals are normal (or not reported).

As for our patient, who was diagnosed with febrile 
seizures in preschool period, had normal EEG and brain 
imaging results and had no seizures since then. Besides, 
it is worth mentioning that our patient had a short stature 
without delayed puberty as the previously reported cases, 
except the individual reported by Yew et al.5 TRMT10A 
microcephaly is likely related to the loss of brain volume 
due to increased apoptosis, which is in contrast to primary 
microcephaly linked to centrosome and spindle function 
during mitosis.8 Since studies suggest that TRMT10A 
deficiency increases the amount of beta cell apoptosis, 
it can also increase neuronal cell apoptosis presumably.

CONCLUSION
In summary, TRMT10A protein is ubiquitously present 
but more abundant in human brain and pancreatic 
islets. This was consistent with the selective involvement 
of brain (microcephaly and intellectual disability) and 
pancreatic islets (hyperglycemia and diabetes) in our 
patient. Insulin resistance as the cause of diabetes in our 
patient and in Yew et al5 remains to be determined. Our 
report provides independent confirmation of the role of 
TRMT10A mutations in this newly described syndromic 
form of monogenic diabetes and also expands its pheno-
typical description. Those children or adults who have 
diabetes accompanied by intellectual disability, micro-
cephaly and epilepsy, but in the absence of obesity and 
autoimmunity, should be suspected of TRMT10A muta-
tions and need to undergo genetic testing. Clear genetic 
diagnosis is conducive to early accurate treatment and 
follow-up of related complications from an early age.
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