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Abstract

Maturity-onset diabetes of the young (MODY) is a genetically and clinically heterogeneous group of disorders
characterised by early onset, lean, non-autoimmunity mediated, non-insulin-dependent diabetes often with autosomal-
dominant inheritance and specific pharmaco-genetic response. We describe two siblings with HNF1A-MODY
(MODY3) due to a novel germline variant p.(His126Asp) which segregates with diabetes in the family. However,
contrary to anticipated therapeutic response, blood glucose in this sib-pair did not respond to sulphonylureas (both low
and high dose), dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors), and glucagon-like peptide-1 receptor agonists
(GLP-1RA), also known as incretin mimetics. The unexpected limited pharmaco-therapeutic response could potentially
be unique to this specific variant and/or progressive pancreatic -cell failure associated with long-standing disease
duration, higher BMI and glucose-toxicity. Therefore, we report a novel-variant MODY3 sib-pair with atypical
pharmaco-therapeutic response i.e. resistant to multiple anti-diabetes agents namely sulphonylurea, DPP-4 inhibitors
and GLP-1RA treatment.

Introduction hyperglycaemia [1]. The typical onset of MODY is between
6 months and 35 years of age [2]. Fourteen genes have been

Maturity-onset diabetes of the young (MODY) [OMIM: associated with MODY as listed in the Online Mendelian

606391] is a rare non-autoimmune forms of diabetes mel-
litus that share clinical similarities with classic form of type
1 and 2 diabetes mellitus (T2DM). Also known as mono-
genic diabetes, MODY is distinguished by causal variants
within a single gene critical in pancreatic fB-cell insulin
secretory function. Clinically, it is characterised by young
age of onset, lean, autosomal-dominant inheritance and
usually non-insulin  dependent, non-ketotic  prone

Supplementary information The online version of this article (https://
doi.org/10.1038/s41431-019-0561-8) contains supplementary
material, which is available to authorised users.

>< Su Chi Lim
lim.su.chi @ktph.com.sg

Clinical Research Unit, Khoo Teck Puat Hospital,
Singapore, Singapore

General Medicine, Khoo Teck Puat Hospital,
Singapore, Singapore

Saw Swee Hock School of Public Health, National University of
Singapore, Singapore, Singapore

SPRINGER NATURE

Inheritance in Man (OMIM) database [3].

Establishing a genetic diagnosis of MODY may be
clinically actionable. For instance, patients with HNF1A-
MODY and HNF4A-MODY are extremely sensitive to
sulfonylureas (SUs) while GCK-MODY patients do not
require anti-diabetic treatment and are well-managed by
diet alone [4]. Misdiagnosis of MODY as type 1 diabetes
mellitus (T1DM) or young-onset T2DM is common due
to their over-lapping features which consequently led to
misguided pharmacological intervention (i.e. insulin
therapy).

In this report, we describe a sib-pair with HNFI1A-
MODY associated with a novel variant. However, their
glycemic response to multiple recommended non-insulin
pharmaco-therapeutics was suboptimal, thereby high-
lighting the possible existence of MODY3 with atypical
therapeutic response.

Materials (Subjects) and methods

Refer to Supplementary Material.
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Results

DNA sequencing revealed a novel non-synonymous variant
[NM_000545.6 (HNF1A): c.376C>G p.(His126Asp)] in
both patients that was not found in population databases
(Genome Aggregation Database (gnomAD), Exome
Aggregation Consortium (ExAC)) (Supplementary Fig. 2).
The variant is found in exon 2 of the HNFIA (hepatocyte
nuclear factor la) gene (RefSeqGene NG_011731.2) and
resides in the DNA-binding domain, which may affect
transcription activity of the protein. Computational tools
(SIFT, PolyPhen-2 and Mutation Taster) predicted the
variant to be functionally deleterious. Taken together, the
variant is interpreted to be likely pathogenic for MODY3.

Sulphonylurea therapy was initiated in both patients
upon genetic diagnosis of HNFIA-MODY. Low dose gli-
pizide (5 mg TDS) was given together with NPH insulin
(isophane insulin) or insulin glargine in patient III.2 and
II1.3, respectively (Supplementary Fig. 3A, B). Patient
II1.2 showed some early response to low dose glipizide but
was non-durable. Conversion to gliclazide was followed
after ~4-5 months and further titrated up to supra-
therapeutic dose of 280 and 400 mg/day, respectively, in
both patients. Nonetheless, responsiveness to low or high
dose sulphonylureas was suboptimal (HbAlc remained
above 7%) in both patients. Reports have shown that
incretin-based intervention, including dipeptidyl-peptidase-
4 inhibitors (DPP-4 inhibitors) and glucagon-like peptide-1
receptor agonists (GLP-1RA) are effective glucose-
lowering agents with lower risk of hypoglycemia in
patients with MODY3 (ref. [5, 6]). Hence, both patients
were tried on 50mg of sitagliptin, an oral anti-
hyperglycemic of the DPP-4 inhibitor class, in addition to
gliclazide and basal insulin. Response to sitagliptin was
short-lived (about three months) with better improvement in
glucose control for Patient II1.2 (close to 1% decrease in
HbAIc). On the other hand, increasing dosage of sitagliptin
to 100mg OM in Patient III.3 did not improve her gly-
caemic control.

Partly motivated for the desire for weight control, dula-
glutide (1.5 mg weekly) was initiated in Patient II1.3 (Sup-
plementary Fig. 3C) with very limited glycemic and weight
benefit. Therefore, liraglutide (1.2 mg/day) was substituted
but glycaemic control remained suboptimal (HbAlc above
8%). Consequently, both patients were converted back to
insulin hormone replacement therapy in additional to oral
hypoglycaemia agents.

Discussion

We present a pair of siblings with MODY3 due to a novel p.
(His126Asp) variant in HNF1A which co-segregates in the

family. HNFIA encodes a transcription factor that is
essential for B-cell differentiation and function. Specifically,
it regulates insulin secretion and glucose homoeostasis,
pancreas development in the liver and kidney as well as
oxidative stress among other functions [7, 8]. Therefore,
affected cases have progressive P-cell defects. Genetic
alterations in HNFIA may produce the MODY phenotype
via a reduced function of the protein (missense variants),
haploinsufficiency due to nonsense-mediated RNA decay
(nonsense variants) or a dominant-negative mutational
mechanism [9]. Variant in the DNA-binding site as in p.
(His126Asp), could result in a reduced function of the
protein, producing the MODY phenotype. There have been
evidences of micro- and macro-vascular complications in
MODY3 patients, highlighting the need to control blood
glucose levels in these patients [10].

Existing literature suggested that patients with HNF1A-
MODY are highly sensitive to the hypoglycaemia effects of
sulphonylurea although the mechanism is unclear [11, 12].
Unexpectedly, the two patients presented here were found
to be unresponsive to low or high doses of sulphonylurea.
An extensive literature search suggested that our experience
is not unique. For instance, Demol et al. described a similar
case whereby a family with a novel [NM_000545.3
(HNF1A):c.618G>A p.(Trp206Ter)] termination variant are
also non-responsive to glibenclamide treatment, whose
severe phenotype is due to the loss of the DNA-binding
domain as the variant is predicted to cause early truncation
of the protein, rendering it non-functional [8]. Separately, a
recent landmark study assessed the pharmacological
response to sulphonylurea in a group of Mexican indivi-
duals carrying the low-frequency ethnic-specific HNFIA
variant [NM_000545.6 (HNF1A):c.1522G>A p.(Glu508-
Lys)] and found that carriers of the variant have a reduced
insulin response rather than increased sensitivity to sul-
phonylureas compared to non-carriers [13]. The variant,
located in the transactivation domain, is rare or absent in
non-Native American populations and was reported to be
associated with a fivefold increased risk for development of
diabetes. Carriers of the variant were expected to respond to
sulphonylurea due to the partial loss of transcriptional
activity conferred by the missense variant, although not as
severe as other MODY3-causing variants. The unexpected
non-responsiveness to sulphonylurea in carriers with dia-
betes compared with non-carriers may be due to a more
aggressive disease progression that accelerates p-cell failure
when compared with common type 2 diabetes, rendering
sulphonylurea less effective in variant carriers. Another
recent large observational study described that HNF1A-
MODY patients, who achieved good glycaemic control
upon change of treatment to sulphonylurea, had shorter
diabetes duration, lower BMI and lower HbAlc at genetic
diagnosis compared with those who did not achieve good
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control [14]. In concordant, existing literature suggested
that about 50% of MODY3 patients with progressive dis-
ease require insulin therapy [15].

Despite reports of successful treatment with incretin-
based agents (DPP-4 inhibitors and GLP-1RA) in MODY3
patients presenting with loss-of-function variants in
HNFIA, both siblings failed to achieve optimal glycaemic
control with adjunct therapy of sitagliptin, dulaglutide and
liraglutide. Consequently, exogenous insulin replacement is
still necessary to manage the hyperglycaemia. We
acknowledge that similar therapeutic evaluations in two
other family members (IL.2 and IIl.1) who also carry the
same variant will provide additional insights in under-
standing the physiological responses in carriers of HNFIA
p-(His126Asp). However, information on the clinical man-
agement of the two family members is not available as they
are under the care of a separate institution. Moreover,
through the probands, we have been informed that these two
family members had significant diabetic kidney disease, so
much so that one of them has been receiving long-term
renal replacement therapy (RRT). RRT is an absolute (or
relative) contraindication for anti-diabetic therapy like GLP-
IRA and certain DPP-4 inhibitors (e.g. Sitagliptin). There-
fore, it will not be feasible to conduct similar glycemic
pharmaco-genetic evaluation in the other two family
members receiving care from the other institution. Taken
together, systemic-studies on different variant types and
pharmacogenomic evaluations over a long period are
required to understand the therapeutic responses in patients
carrying HNFIA variants.

In conclusion, we report a sib-pair genetically diagnosed
with MODY3 caused by a novel HNFIA variant p.
(His126Asp) but are non-responsive to sulphonylurea, DPP-
4 inhibitors and GLP-1RA therapy, possibly due to their
progressive pancreatic f-cell failure associated with long-
standing disease duration (>20 years), higher BMI and
glucose-toxicity. Our report suggests that variant-type and
clinical features (i.e. duration of diabetes, glucose levels and
BMI) should be taken into consideration when counselling
glucose-lowering therapy for patients with MODY3.
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