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The term “maturity onset diabetes of the young” (MODY) describes a heterogeneous group of monogenic
diabetes of which hepatic nuclear factor-1 alpha (HNF-1c) MODY is the most common. Patients with
HNF-Ta mutations typically present after puberty, and oral sulfonylureas (SU) have been shown to be
effective in adults with this condition. A 7-year-old boy presented with asymptomatic hyperglycemia
ranging between 6.2 and 10.1 mmol/L and glycosuria for nearly a year. The child’s initial HbA, was
6.9% and the pancreatic Islet cell autoantibodies were negative. His response to the oral glucose toler-
ance test (OGTT) showed a large increment of glucose from basal level of 7.7 to 21.1 mmol/L in 120 min.
The mild presentation, family history, and negative autoantibodies were suggestive of HNF-1To MODY,
which was confirmed by mutation analysis. Initial management with diet alone was not sufficient, but he
responded well to 20 mg oral gliclazide once a day with an improvement of HbA,  from 7.2% to 6.5%
within 3 months of treatment. The case is an illustration of the clinical utility of molecular genetic tests in

the management of childhood diabetes.

aturity onset diabetes of the young
M(MODY) is a clinically heterogeneous au-
tosomal dominant non-insulin-dependent
diabetes mellitus that often presents before 25 years
of age. A recent UK survey showed that MODY is
the most common form of monogenic diabetes and
accounts for 10% of non-type 1 diabetes in children.!
‘The condition is caused by defects in genes that control
beta cell function. At present, mutations in seven genes,
which encode for the glucose sensor enzyme glucoki-
nase (GCK) and six transcription factors (hepatocyte
nuclear factor (HNF)-10, HNF-40, HNF-1p, insu-
lin promoter factor-1 (IPF-1), neurogenic differentia-
tion-1 (NEUROD-1) and carboxyl-ester lipase (CEL),
have been associated with different MODY phenotypes
ranging from mild hyperglycemia to more aggressive
forms that are associated with diabetes-related compli-
cations.?
Mutations in the gene encoding for the HNF-1a
are associated with MODY type 3, which is the most
common form of MODY in the white population.®*

More than 350 mutations have been identified in the
HNF-10. gene leading to variable clinical expression
and age of presentation.’ HNF-1a. is a protein that
binds to promoter regions of other genes and activates
the transcription to mRNA. By doing so, it controls the
function of genes involved in the insulin synthesis and
pancreatic development as well as glucose transport and
metabolism in the pancreatic alpha cell?

Individuals with HNF-1a0 MODY typically pres-
ent after puberty with non-ketotic hyperglycemia and/
or glycosuria at relatively normal blood glucose levels.
They may have a family history of diabetes in two or
three generations or at least a diabetic parent even if he
or she was labeled as having type 1 or type 2 diabetes.
The condition is progressive in nature and, if untreated,
can lead to early microvascular complications.® Patients
can be initially treated with diet, but the majority will
eventually need glucose-lowering agents.” Low-dose
oral sulfonylureas (SU) have been shown to be at least
as effective as insulin in adults with HNF-a MODY.%?
However, experience with their use in children is lim-
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ited. We report a child with HNF-1a MODY who pre-
sented unusually during the pre-pubertal period and
responded well to oral gliclazide as an initial therapy.

CASE

A 7-year-old white male was referred to Hull Royal
Infirmary, UK, with a history of intermittent hypergly-
cemia for nearly a year. His serial blood glucose mea-
surements taken by his father’s home blood glucose
monitor showed variable fasting readings ranging be-
tween 6.2 and 10.1 mmol/L with random ones of more
than 13 mmol/L. His urine often had traces of glucose
with no ketones. He was otherwise fit and healthy with
no history of polyurea, polydipsia, weight loss, or bed
wetting. He was born at term with a birth weight of 3.3
kg and had no neonatal hyperglycemia. He was previ-
ously well and healthy and not treated with any medi-
cations. He was the eldest of two children to his unre-
lated parents and his younger brother had no evidence
of diabetes. The 39-year-old father was diagnosed with
type 1 diabetes at the age of 30 years with evidence of

advanced retinopathy at the time of diagnosis. He had
been on insulin since then with poor glycemic control
and needed multiple laser treatments for diabetic reti-
nopathy. The father was an adopted child and neither
his parents nor his sibling were known to be diabetic.
The mother was healthy and none of her family had
diabetes.

On examination, he was well and non-dysmorphic.
At the age of 7.3 years, his weight and height were both
on the 75th percentiles and he had no acanthosis ni-
gricans. The remaining examination was unremarkable,
A random blood glucose in the clinic was 6.3 mmol/
L, but his urine showed glycosuria and his HbAk was
6.9% (normal range, 4.5%-6.2%). Further investigation
revealed normal liver function, lipid profile, and abdom-
inal ultrasound. Islet cells cytoplasmic autoantibodies
(ICA) were negative as tested by indirect immunofluo-
rescence and his glutamic acid decarboxylase autoanti-
bodies (GADA), which was measured by radioimmu-
noassay, were also negative,

The patient was given dietary advice with a follow-
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Figure 1. Chromatogram of the ¢.526+1G>A mutation taken from the Mutation Surveyor sequencing analysis software provided by
Soft Genetics. The upper sequence is the normal control and the lower sequence is the patient. The mutation is indicated by the peak
in the comparison trace at the bottom (arrowed). The top frame contains the reference nucleotide and amino acid sequences.
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up appointment in the diabetes clinic. Two months later
he was admitted to the hospital with a viral illness and
his blood glucose rose to >20 mmol/L with no ketonu-
ria. His blood glucose improved without insulin, but
his HbA | _rose to 7.8%. An oral glucose tolerance test
(GTT) using 1.75 g/kg glucose showed a blood glu-
cose of 7.7, 15.7, 18.7, 20.6, and 21.7 mmol/L at 0,
30, 60, 90, and 120 minutes, respectively. Direct DNA
sequencing of all exons and intron-exon bounders of
the HNF-1a gene was done at Peninsula University,
Exeter. The analysis showed that the child was hetero-
zygous for a known GT-AT mutation (c.526+1G>A)
of the splice donor site in intron 2 of the HNF-1a gene.
A chromatogram of this mutation is shown in Figure 1.
This confirmed the diagnosis of HNF1A-MODY, also
known as MODY 3. The father was not keen to be test-
ed as he was depressed at the time and the rest of the
family were not screened as they were asymptomatic
and the mutation had already been described in pa-
tients with MODY 3. After discussion with the fam-
ily, he was placed on oral gliclazide 20 mg once daily.
He was followed up at the clinic on an every 3 month
basis. His home blood glucose profile showed no sig-
nificant hyperglycemia and he reported no symptoms
of hypoglycemia. His HbA . was reduced from 7.2%
to 6.5% within 3 months of starting gliclazide and this
improvement in HbA . was maintained for the follow-
ing 18 months (Figure 2).

DISCUSSION

Young children presenting with diabetes are often di-
agnosed as having type 1 diabetes and treated with
insulin, based on age. Although our case resembles an
early phase of type 1 diabetes, the combination of long-
standing non-ketotic hyperglycemia, glycosuria, at a rel-
atively normal fasting glucose, and negative pancreatic
auto-antibodies in a child with a diabetic father raised
the possibility of MODY. The presence of retinopathy
at diagnosis in the father was unusual for type 1 dia-
betes, suggesting that the father may also have a pro-
gressive form of MODY that was mislabeled as type 1
diabetes. Obesity-related type 2 diabetes is emerging in
children, but this child was lean and had no acanthosis
nigricans.

The next step was to identify which MODY sub-
type this child had as this would have a major impact
on management. For example, if he had a glucokinase
(GCK) mutation (MODY 2) then no treatment would
be needed as the condition is usually stable and not as-
sociated with microvascular complications, but if he
had one of the common transcription factor MODY
(HNF-1a, HNF-1a, HNF-4a) then treatment would
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Figure 2. Serial changes in HbA, _over 18 month period after
starting oral gliclazide 20 mg/day.

be required because of the risk of diabetes-related com-
plications.®!* The age of presentation was more sugges-
tive of GCK MODY, as other MODY subtypes often
present in adolescence and young adulthood; however,
this condition did not explain the early retinopathy in
his father from whom he inherited the diabetes. The
absence of renal cysts and other extrapancreatic fea-
tures ruled out the possibility of HNF-1a MODY.!'?

Both MODY 1 (HNF-4a) and MODY 3 (HNE-
1a) have similar phenotype, as HNF-4a regulates the
expression of HNF-1a, but the latter is more common
and is associated with a low renal threshold for glucose
resulting in glycosuria at a relatively low blood glucose
concentration,"'* which was detected in our patient.
We performed OGTT as the response to this test can
differentiate between HNF-1a and GCK MODY."
Patients with GCK MODY usually have a higher
fasting glucose than those with HNF-1a MODY, but
the blood glucose increment at 120 minutes does not
often exceed 5.5 mmol/L. In our patient, the base-
line fasting glucose was not high and the increment
at 120 minutes was >5.5 mmol/L as typically seen in
HNEF-1a MODY. Therefore, on clinical grounds, our
case was more typical of MODY? except for the age
of presentation.

As tests for MODY mutations are still not widely
available and can be expensive, it is recommended that
these tests be performed when they are likely to be pos-
itive and alter the management.” We used the clinical
phenotype and biochemical tests to guide the mutation
analysis, which confirmed the diagnosis of HNF-1a
MODY.

Because the child was asymptomatic and at lower
risk of developing ketoacidosis, it was important to
discuss the treatment options with the family, particu-
larly with the absence of data on the use of SU in pre-
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pubertal children with HNF-1a MODY and the risk
of SU-associated hypoglycemia. Because of the rise of
the HbA _ despite the dietary management alone and
the progressive nature of the condition with the history
of early retinopathy in the father, it was felt that a trial
of low-dose SU was justified. The decision to use oral
gliclazide was based on the fact that it has a lower hy-
poglycemic risk than other SUs and its eflicacy has been
tested in adults with HNF-1la MODY in a random-
ized, crossover controlled trial.'® In that trial adults with
HNF-1a MODY showed a 5.2-fold better response to
gliclazide than to metformin and a 4-times greater fall in
fasting glucose to gliclazide than in BMI-matched type 2
diabetes patients. There are few reports of using SU in
the pediatric age group with HNF-1a;'7"* however, these
children were all significantly older than our patient and
they were treated with other SU agents than gliclazide.
We started with a small dose (20 mg once daily) and the

families were educated on the recognition and manage-

ment of hypoglycemia. Our patient showed an excellent
response, on the same dose, without any side effects.

It has been suggested that individuals with HNF-1a
MODY usually present late, if they inherited the condi-
tion from the father® and eatlier if they were exposed to
intrauterine hyperglycemia.*» However, this was not the
case with our patient. We cannot explain the exact rea-
son for the early presentation in our patient; however, it is
possible that this may be the result of variable expression,
which is a feature of autosomal dominant conditions or
it may be an example of the relationship between the
genotype and the age of presentation as shown recently
in some mutations.’

To the best of our knowledge, this is the youngest pa-
tient with HNF-1a MODY to receive gliclazide as initial
treatment. As the mutation analysis allowed for selection
of the most appropriate treatment, the case is another il-
lustration of the clinical utility of molecular genetic tests
in the care of patients with diabetes.
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