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Abstract

Background: We describe a maturity-onset diabetes of the young (MODY) family with a novel variant in the hepatocyte nuclear factor 1-alpha 
(HNF1A).
Case Presentation: A female non obese patient was diagnosed with diabetes at age 13, without insulinopenia evidence. She has been treated with 
non-insulin antidiabetic drugs since the diagnosis and has good glycemic control.
Her mother and maternal relatives had diabetes diagnosed at a young age. 
The genetic screening identified the novel variant c.335C>G (p.Pro112Arg) in heterozygosity in the exon 2 of the HNF1A gene in both mother and 
daughter.
Conclusion: In silico prediction indicated that the variant identified is probably pathogenic. Furthermore the family clinical features are in accor-
dance with the MODY 3 phenotype associated to HNF1A mutations.
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Resumo

Introdução: Descreve-se uma família com diabetes tipo maturity-onset diabetes of the young (MODY), com uma nova variante no fator nuclear 
1-alfa do hepatócito (HNF1A).
Caso Clínico: Mulher, não obesa, com diagnóstico de diabetes aos 13 anos sem evidência de insulinopenia e medicada com anti-diabéticos não 
insulínicos desde o diagnóstico, com bom controlo glicémico. 
A sua mãe e familiares maternos haviam sido diagnosticados com diabetes em idade jovem.
O teste genético identificou a nova variante c.335C>G (p.Pro112Arg) em heterozigotia no exão 2 do gene HNF1A em mãe e filha.
Conclusão: A predição in silico indica que a variante identificada é provavelmente patogénica. A apresentação clínica desta família está de acordo 
com o fenótipo de MODY3 associado a mutações no gene HNF1A. 
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> BACKGROUND

Maturity-Onset Diabetes of the Young (MODY) (MIM 
#606391) is a genetically and clinically heterogeneous 
group of disorders characterized by early onset of no-
ninsulin-dependent diabetes (childhood, adolescence 
or young adulthood under 25 years) and autosomal do-
minant inheritance with high penetrance. (1,2,3,4,5) To date, 
there are mutations in at least thirteen different genes 
that result in the MODY phenotype. (6)
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The Relatives

The patient’s mother of 65 years-old was diagnosed wi-
th diabetes at age 16 and was treated with non-insulin 
antidiabetic drugs until she was 53 years-old, when she 
started insulin. She was pregnant twice at age 21 and 26 
and even during pregnancies and the breastfeeding pe-
riods insulin was not prescribed. After the second preg-
nancy she left the consultation during 14 years. At the 
time of diagnosis, the mother was not overweight (wei-
ght 52.6 Kg, height 1.55m, BMI 21.9 Kg/m2). At age 54, 
she was submitted to laser photocoagulation for proli-
ferative retinopathy. She has diabetic nephropathy with 
macroscopic proteinuria (the creatinine clearance is still 
within the normal values), arterial peripheral disease 
and cerebrovascular disease. Nowadays she is treated 
with an insulin analogue containing both a rapid-acting 
and an intermediate-acting insulin in the ratio of 30/70 
(insulin aspart + insulin NPH) three times a day and has 
an HbA1C of 7.7% (61 mmol/mol). The abdominal ultra-
sound did not reveal liver adenomas.
The patient’s maternal grandparents, uncles and cousins 
have also been diagnosed with diabetes at an early age. 
The two sons of the patient (13 and 7 years-old respecti-
vely), the patient’s sister (44 years-old) and her sister’s 
son are all healthy.
Considering the whole family phenotype, with diabetes 
mellitus that follows an autosomal dominant inheritan-
ce pattern, diagnosed at an early age, without risk fac-
tors and without insulin need over a long period of time, 
we investigated the family for the presence of monoge-
nic diabetes.

Investigation

The molecular analysis of the glucokinase (GCK) gene/
MODY2 in the daughter by denaturing high-performan-
ce liquid chromatography did not identify any mutation. 
The molecular analysis of the HNF1A/MODY3 gene by 
denaturing high-performance liquid chromatography 
and sequencing of exons 1–10 and flanking regions 
identified a novel variant c.335C>G (p.Pro112Arg) in he-
terozygosity in the exon 2 of the HNF1A gene in the 
daughter. Segregation analysis confirmed the presence 
of the variant in the proband’s mother.
The novel c.335C>G caused a replacement of an amino 
acid conserved across mammalian species. Using 
PolyPhen-2, SNPs&GO, SNPeffect, SIFTBlink, Mutation-
Taster and UMD-Predictor software for predicting the 
potential pathogenic effect, the variant was likely to be 
the disease-causing mutation.

MODY type 3 (MODY3) is characterized by a severe in-
sulin secretion defect, a retained sensitivity to sulfonylu-
reas, a decreased renal threshold for glucose reabsorp-
tion, and, in rare families, by liver adenomatosis. It is 
caused by a mutation in the hepatocyte nuclear fac-
tor-1-alpha (HNF1A) gene, which maps to chromosome 
12q24.2. (1,2,3,5,7) More than 200 mutations in this gene 
have been identified in persons of all racial ethnic ba-
ckgrounds and are the most common causes of MODY 
in northern Europe and a frequent cause of MODY in 
many other populations. (4,5,8) The penetrance of diabe-
tes in patients with HNF1A mutations is 63% by age 25, 
93.6% by age 50 and 98.7% by age 75. (9)

We describe a novel mutation in the HNF1A gene de-
tected in a Portuguese family.

> CASE PRESENTATION

The Proband

39-year-old woman, referred to the Endocrinology ou-
tpatient department due to diabetes mellitus diagnosed 
at age 13. The previous medical history was negative.
The diagnosis of diabetes mellitus was made in labora-
tory tests of a “routine” checkup. At diagnosis, there 
was no diabetes ketoacidosis and the patient did not 
complain of polydipsia and polyuria. On physical exa-
mination she was not overweight (weight 55 Kg, height 
1.56m, body mass index – BMI – 22.6 Kg/m2) and the 
blood pressure was normal (123/56 mmHg). The fasting 
blood glucose (FBG) was 142 mg/dL, microalbuminuria 
was negative (1.9 mg/dL) and the lipid profile (total 
cholesterol 149 mg/dL, high density lipoprotein – HDL 
– 56 mg/dL, low density lipoprotein – LDL – 84 mg/dL, 
triglycerides 28 mg/dL), renal function (creatinine 
0.6mg/dL), sodium (136 mmol/L) and potassium (4.7 
mmol/L) were within the laboratory reference ranges. 
During the first four years of disease, pharmacotherapy 
was not needed and since then the patient has been trea-
ted with non-insulin antidiabetic drugs (metformin and/
or sulphonylureas), with good glycemic control (HbA1C 
between 5 and 7.2% – 31 and 5 mmol/mol). The only ex-
ceptions were the two pregnancies and breastfeeding 
periods, during which the patient was treated with NPH 
insulin. None of the newborns was macrosomic (3.155 kg 
and 3.665 kg, at week 40 and 39, respectively). 
Nowadays, the patient is treated with metformin 850 
mg three times a day, with good glycemic control – 
HbA1C 6.5% (48 mmol/mol) – and she has no microvas-
cular or macrovascular complications of diabetes.
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ther left the consultation during 14 years, what can ex-
plain the multiple complications of diabetes she has. 
Our patient has already been referred for a Genetic con-
sultation, so that all the relatives at risk can be screened 
and properly followed when indicated. <
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Outcome and Follow-Up

The daughter and the mother have already been obser-
ved in genetic consultation, where the genetic counse-
ling has been done. Segregation analysis of other family 
members is ongoing. 

> DISCUSSION

We describe a family with clinical diagnosis of MODY3 
and a novel variant in the HNF1A/MODY3 gene: 
c.335C>G (p.Pro112Arg) in exon 2 of the gene. It is a mis-
sense variant in the DNA-binding-domain and it is loca-
ted in an exon transcribed in the three HNF1A isoforms. 
This is highly likely to be a disease-causing mutation: in 
silico prediction indicated that the variant identified is 
probably pathogenic, and a previously established pa-
thogenic variant at the same codon has been reported, 
suggesting that the amino-acid residue involved is 
functionally relevant. Moreover, assuming that this 
mutation is the etiology of MODY3 in this Portuguese 
family, it is in accordance to their disease phenotype, 
with an early age of diagnosis of diabetes in both the 
mother and the daughter (16 and 13 years-old respec-
tively). It is known that the clinical expression of MO-
DY3 is highly variable from one family to another or 
even within the same family, that the severity and the 
course of insulin secretion defect also varies and that 
molecular characteristics of the HNF1A mutation may 
play a role in the severity of the disease. (4) HNF1A is 
composed of three functional domains (dimerization 
domain, DNA-binding domain and transactivation do-
main), and three isoforms are generated by alternative 
splicing, with different transcriptional properties and 
tissue expression patterns. (4,9,10) Diabetes is diagnosed 
earlier (in a study with 356 patients it was revealed 10 
years earlier) in patients carrying missense mutations 
located in the dimerization/DNA-binding domains 
than in those with a missense mutation in the transac-
tivation domain, (8) as it was the case of the mutation 
identified in our family. 
The case report also reassures the importance of genetic 
testing in patients with diabetes phenotype suggestive 
of MODY, as identification of gene mutation may lead to 
early diagnosis, treatment, regular surveillance and bet-
ter prognosis. (1,2,3) Specifically in MODY3, patients may 
have the full spectrum of complications of diabetes and 
microvascular complications. Particularly those invol-
ving the retina or kidneys, are as common in patients 
with type 1 or type 2 diabetes, probably determined by 
the degree of glycemic control. (1,3) The patient’s mo-
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