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Abstract

Background Maturity-Onset Diabetes of the Young (MODY) is an autosomal dominant condition and represents
1-5% of all cases of diabetes mellitus. MODY is often misdiagnosed as type 1 or type 2 diabetes. The rare subtype 5
(HNF1B-MODY) is due to hepatocyte nuclear factor 1 (HNF1B) molecular alteration and is remarkable for its multisys-
temic phenotypes characterized by a broad spectrum of pancreatic and extra-pancreatic clinical manifestations.

Methods Retrospective study of patients with HNF1B-MODY diagnosis followed in the Centro Hospitalar Universi-
tario Lisboa Central (Lisbon, Portugal). Demographic data, medical history, clinical and laboratory data, follow-up and
treatment procedures were obtained from electronic medical records.

Results We found 10 patients with HNF1B variants (7 index cases). The median age at diabetes diagnosis was 28 (IQR
24) years and the median age at HNF1B-MODY diagnosis was 40.5 (IQR 23) years. Six patients were initially misclassi-
fied as type 1 and 4 as type 2 diabetes. The average time between diabetes diagnosis and the diagnosis of HNF1B-
MODY was 16.5 years. Diabetes was the first manifestation in half of the cases. The other half presented with kidney
malformations and chronic kidney disease at pediatric age as the first manifestation. All these patients were submit-
ted to kidney transplantation. Long-term diabetes complications included retinopathy (4/10), peripheral neuropathy
(2/10) and ischemic cardiomyopathy (1/10). Other extra-pancreatic manifestations included liver test alterations (4/10)
and congenital malformation of the female reproductive tract (1/6). History of a first-degree relative with diabetes
and/or nephropathy diagnosed at a young age was present in 5 of the 7 index cases.

Conclusions Despite being a rare disease, HNF1B-MODY is underdiagnosed and often misclassified. It should be
suspected in patients with diabetes and CKD, especially when diabetes appears at a young age, a family history is pre-
sent, and nephropathy appears before/shortly after the diagnosis of diabetes. Presence of unexplained liver disease
increases the degree of suspicion for HNF1B-MODY. Early diagnosis is important to minimize complications and to
allow familial screening and pre-conception genetic counseling.

Trial registration not applicable due to the retrospective nature of the study, non-interventional.
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Introduction

Maturity-Onset Diabetes of The Young (MODY) is the
most common type of monogenic diabetes. It is a het-
erogeneous group of diseases, with autosomal dominant
inheritance, caused by gene variants that result in pancre-
atic beta-cell dysfunction [1]. Although MODY accounts
for only 1-5% of all diabetes cases it has significant impli-
cations [2]. There are now at least 14 different known
MODY subtypes corresponding to pathogenic variants
in the same number of genes (HNF4a, GCK, HNFIa,
PDX1, HNFI1B, NEUROI, KLF11, CEL, PAX4, INS, BLK,
ABCC8, KCNJ11 and APPLI). The different MODY sub-
types vary with respect to age of onset, response to treat-
ment and the presence of extra-pancreatic manifestations
[3].

The subtype 5 (HNF1B-MODY) is a rare form of the
disease caused by HNFIB gene variants or whole gene
deletions [4] and it accounts for 2—5% of all MODY sub-
types [5]. De novo genetic variants account for 50-60% of
all reported cases [5].

HNF1B is a transcription factor of the homeodomain-
containing transcription factor superfamily and is found
in a wide range of tissues such as liver, intestine, stomach,
lung, and pancreas. It is expressed in the early stage of
embryonic development, being vital for the development
of the nephron and the pancreas [6]. HNFIB contains
9 exons and is located on chromosome 17q12 [7]. Het-
erozygous genetic variations comprise base substitutions
leading to missense, nonsense, small deletions or inser-
tions, frameshift and splicing mutations; in some cases,
complete gene deletions have been described. Most are
localized in the first four exons of the gene, with exons
2, 4, and the intron 2 splice site being hotspots. In 50%
of cases, HNF1B-MODY results from a 17q12 deletion
encompassing 15 genes, including HNFIB [8, 9].

The HNFI1B gene plays a critical role on the transcrip-
tional factors network that manage the process of differ-
entiation of pancreatic multipotent cells to endocrine,
ductal and acinar cells [10]. HNF1B defects could lead
to distinct alterations in pancreas morphology ranging
from complete or partial pancreatic agenesis to diffuse
pancreatic atrophy [11]. Pancreatic exocrine deficit has
been described with a prevalence of 20-75%. It is usually
asymptomatic and can be documented by reduced fecal
elastase [12, 13, 18]. Diabetes results from a combination
of B-cell dysfunction and insulin resistance. Typically, the
onset of diabetes is during early life, with a mean age of
presentation of around 25 years of age [14]. Due to the
progressive nature of 3-cell dysfunction and to renal fail-
ure, most affected individuals progressively require insu-
lin. The development of diabetes-related complications
depends on its evolution time [15].
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HNFIB also plays an important role in the growth of
collecting ducts, renal pelvis and ureter, and differentia-
tion of the metanephric mesenchyme, which are all key
elements for the development of the nephron and col-
lecting system. Variants in the HNFI1B gene are the most
frequent cause of monogenic congenital anomalies of the
kidney and urinary tract and remain one of the major
causes of chronic kidney disease (CKD) in the prena-
tal and childhood period [7, 16]. Liver dysfunction is
also prevalent in HNF1B-MODY patients. Histological
studies show bile ductopenia, steatosis, and periportal
fibrosis, which could lead to cases of neonatal or adult
cholestatic hepatopathy [7]. Congenital malformations of
the female reproductive tract are also described in these
patients and include bicornuate uterus, uterus didelphys,
rudimentary uterus and vaginal atresia [14]. In addition,
hyperuricemia with gout of early onset, hypokalemia and
hypomagnesemia can also be present. At least, intellec-
tual disability has been reported in up to 10% of patients.

HNF1B-MODY express variable multisystemic phe-
notypes with a wide spectrum of pancreatic and extra-
pancreatic clinical manifestations, ranging from isolated
diabetes or kidney disease to multiorgan disorders [13].

Due to HNF1B-MODY variable multisystemic pheno-
types, in this study the authors aim to describe and char-
acterize the different clinical presentations of this disease.

Methods

The authors conducted an observational study, descrip-
tive and retrospective. Written informed consent was
obtained from all individuals involved after full explana-
tion of the purpose and nature of the study. The study
was approved by the Ethics Committee of the Centro
Hospitalar Universitdrio Lisboa Central (CA 350/2022).

Study population

The study sample consisted of 10 patients with HNF1B
molecular defects followed from January 2013 to Decem-
ber 2021 in the Department of Endocrinology, Diabe-
tes and Metabolism—Centro Hospitalar Universitario
Lisboa Central, in Lisbon. Demographic data, medical
history, clinical and laboratory data, follow-up and treat-
ment procedures were obtained from electronic medical
records. Data are shown as medians and inter-quartile
ranges (IQRs) or as numbers and percentages.

Genetic analyses

Blood was collected and DNA extracted. Promoter
region, coding sequences and adjacent intronic regions of
GCK (NM_000162.3), HNF1A (NM_000545.6), HNF1B
(NM_000458.3) and HNF4A (NM_000457.4) were
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amplified and Sanger sequenced employing a cascade
screening strategy. Large rearrangements studies were
conducted with MLPA. In silico analysis was performed
and variants classified according to the American College
of Medical Genetics (ACGM) recommendations.

Results

The authors found 10 patients (6 females and 4 males)
with HNFIB molecular defects (7 index cases and 3
relatives). The median follow-up time was 6 years. The
median age at HNF1B-MODY diagnosis was 40.5 (IQR
23) years. Clinical and laboratory data are summarized in
Table 1. At last follow-up, median age of the patients was
46.5 (IQR 18) years.

The average time between diagnosis of diabetes and
HNF1B-MODY diagnosis was 16.5 years. The median
age at diabetes diagnosis was 28 (IQR 24) years. Six
patients were initially misclassified as type 1 diabetes
and four patients as type 2 diabetes. The clinical pres-
entation at diabetes onset was variable. Most patients
(6/10) reported polyuria and/or weight loss. Ketoacido-
sis occurred in 2 patients (patients 7 and 8). At diabetes
onset, 6 patients began treatment with insulin. During
follow-up, 3 more patients started insulin therapy; both
patients 1 and 9 started insulin therapy 5 years after
diabetes diagnosis and patient 4 started insulin therapy
25 years after diagnosis. Patient 5 was treated only with
oral hypoglycemic agents (metformin 2 g/day and gli-
clazide 30 mg/day). The three related patients were
reclassified as HNF1B-MODY after familial screening
and had a previous diagnosis of type 2 diabetes. The aver-
age diabetes duration was 20 years. Long-term diabetes
complications were present in 5 patients (5/10)—retin-
opathy (4/10), peripheral neuropathy (2/10) and ischemic
cardiomyopathy (1/10). At last follow-up, islet cell (ICA),
glutamic acid decarboxylase (GAD) and insulin-associ-
ated (IA-2) autoantibodies were negative in all patients
except for patient 7 with anti-GAD 1,4 U/mL. Mean
C-peptide plasma concentration at fasting was 0.48 ng/
mL (reference range=0.9-7.1 ng/mL). C-peptide plasma
concentration at the time of diabetes diagnosis was not
available. Median HbA1lc on the last appointment was
7.8% (61.7 mmol/mol).

CKD was present in 8 patients. The diagnosis of CKD
preceded the diagnosis of diabetes in 5 patients (on aver-
age, 12 years before). These patients were diagnosed in
pediatric age and 4 of them had renal malformations:
unilateral kidney hypoplasia (2/4), bilateral kidney hypo-
plasia (1/4) and solitary kidney (1/4). Five patients were
submitted to kidney transplantation (kidney alone (2/5),
combined kidney and pancreas (2/5), and combined
kidney and liver (1/5); currently, all have a functioning
kidney graft. At the time of transplantation, the median
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recipient age was 31 years (IQR 13.5). The average kid-
ney graft survival was 10.2 years. Both patients submitted
to pancreatic transplantation lost their graft. In patient 8,
post-operative vascular complications (arterial thrombo-
sis) occurred, resulting in complete pancreatic graft fail-
ure three days after transplantation. Patient 10 decreased
insulin requirements in the first 14 days after transplan-
tation (total daily dosage between 10 and 14 Ul/day with
plasma C-peptide at fasting ranging from 2.1 to 20 ng/
mL), but the endogenous insulin secretion was never
restored. During the transplant surgery an incidental
discovery of an appendiceal well-differentiated neuroen-
docrine tumor (pT3 Nx Mx) was discovered and lymph
node, peritoneal and colic metastasis developed during
the follow-up. Regarding the five patients not submitted
to kidney transplantation, the median eGER at last obser-
vation was 30 mL/min/1.73m? (IQR 63) and no albumi-
nuria was observed (3/3). One patient (patient 3) is on
hemodialysis awaiting kidney transplant surgery.

The other main extra-pancreatic manifestations (ele-
vated liver enzymes, hypomagnesemia and hyperurice-
mia) were sought in all patients. The liver enzymes were
elevated in 4 patients, hypomagnesemia was found in 1
patient and hyperuricemia in 5 patients. No patient has a
history of gout crisis. All women had transvaginal ultra-
sound and a reproductive tract malformation (bicornuate
uterus) was found 1 patient (1/6). Hypertension on last
follow-up was present in 9/10 patients. During follow-
up all the patients had at least one abdominal CT and no
pancreatic malformations were reported. Pancreas exo-
crine functional test was performed in one patient with-
out evidence of dysfunction. No patient had a complete
neurocognitive assessment during follow-up. Antide-
pressant drugs were prescribed in 7/10 patients, anxio-
lytic in 5/10 patients and antipsychotic in 3/10 patients.

History of a first-degree relative with diabetes and/or
nephropathy diagnosed at a young age (before 40 years-
old) was present in 5 of the 7 index cases.

Table 2 describes genotypes and phenotypes. Patients
1 and 2 are siblings; patients 3 and 4 are daughter and
mother, respectively; and patients 7 and 8 are son and
mother, respectively.

Discussion
The diagnosis of HNF1B-MODY is challenging in view of
its heterogeneous phenotype. In this observational study,
the authors describe 10 patients with several HNFIB
molecular defects inducing different clinical presenta-
tions with a significant delay (16.5 years) between the
diagnosis of diabetes and that of HNF1B-MODY.

All the patients had diabetes. The clinical presenta-
tion of diabetes did not stay in line with the usual milder
forms of the disease, typical for other types of MODY,
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Table 2 Genotype and phenotype of HNF1B-MODY patients

Patient HNF1B variant Type ACMG classification  Novel/Known Phenotype

1 827G >A p.(Arg276GIn)  Missense  Pathogenic Known Diabetes, CKD (kidney tx?), cholestatic liver disease

2 c827G> A p.(Arg276GIn)  Missense  Pathogenic Known Diabetes, CKD (kidney and liver tx), cholestatic liver disease
3 c1-?_1674+ ?del Deletion  Pathogenic Known Diabetes, CKD, cholestatic liver disease

4 c.1-?_1674 4+ 7del Deletion  Pathogenic Known Diabetes

5 c.1147C>T (p.GIn383%) Nonsense  Likely pathogenic Novel Diabetes, CKD (kidney tx), uterine malformation

6 c988C>T p. (Leu330Phe) Missense  Uncertain significance  Novel Diabetes

7 494G > A (p.(Arg165His)  Missense  Likely pathogenic Known Diabetes, CKD

8 €526C>T p.(GIn176%) Nonsense  Pathogenic Known Diabetes, CKD (kidney and pancreas tx)

9 €526C>T p.(GIn176%) Nonsense  Pathogenic Known Diabetes, CKD, cholestatic liver disease

10 Cc493C>T p.(Arg165Cys)  Missense  Pathogenic Known Diabetes, CKD (kidney and pancreas tx)

? tx transplantation

as previously described [17]. There are some subtypes
of MODY that have little or no insulin therapy require-
ment for years. However, in HNF1B-MODY there is
a combination of insulin deficiency and hepatic insu-
lin resistance, explaining why they often require insulin
therapy in the first years after diabetes diagnosis [17].
The median age at diabetes diagnosis was 28 (IQR 24)
years and 60% of patients needed insulin at diagnosis
which is in line with literature [14]. In this study diabetic
ketoacidosis occurred in 2 patients. MODY is character-
ized by the absence of islet autoantibodies and by detect-
able serum C-peptide. Interestingly, patient 7 presented
not only with diabetic ketoacidosis at 9 years-old but
also with anti-GAD autoantibodies. The antibody titer
was described as positive at diabetes diagnosis, but the
exact value was not available in clinical files. The patient
had an initial diagnosis of type 1 diabetes. After almost
20 years, the presence of CKD before diabetes onset and
the presence of detectable C-peptide (0.9 ng/mL) led to
the suspicion of another type of diabetes. On last follow-
up anti-GAD titer was 1.4 U/mL (negative<1.0 U/mL).
In this context one could suspect a hybrid diabetes (type
1 diabetes and HNF1B-MODY). However the detect-
able C-peptide after 20 years of diabetes duration would
exclude the possibility of a type 1 diabetes. Moreover,
although the absence of the pancreatic anti-GAD and/
or IA2 has been shown to discriminate Type 1 diabetes
from MODY with a sensitivity of 99% and specificity of
84%, positive pancreatic antibodies have been reported
in few patients (<1%) with MODY [19, 20]. Only one
patient was medicated with oral agents. This patient has
the shorter duration of diabetes. She was first diagnosed
with gestational diabetes in the first trimester of preg-
nancy. The history of CKD in childhood and the presence
of bicornuate uterus led to a suspicion of HNF1B-MODY
that was confirmed by genetic testing. On last observa-
tion she was medicated with metformin 2 g/day and

gliclazide 30 mg/day with good glycemic control. Regard-
ing the patients treated with insulin, 6 patients started
insulin at diabetes onset, 2 patients started insulin 5 years
after diabetes diagnosis and one patient 25 years after. All
these patients follow a regimen of multiple daily injec-
tions of basal/bolus insulin. The mean 22.1-years diabetes
duration in these patients probably explains the need for
multiple daily injections scheme compared with the only
patient medicated with oral agents with a 2-years diabe-
tes duration. No other differences were found between
the patients treated with insulin vs. oral agents at diabe-
tes diagnosis namely the presence of CKD, renal malfor-
mations, or elevated liver enzymes.

Five patients had transplantation. The management
of post-transplant diabetes was different among the
patients depending on the presence or not of a previ-
ous diabetes diagnosis and the kind of transplantation.
The patients submitted to a sole kidney transplantation
and kidney/liver transplantation were managed with
neutral protamine Hagedorn (NPH) insulin given in the
morning. Prandial fast acting insulin was added when
needed. The patient submitted to pancreas and kidney
transplantation that had early pancreas graft loss main-
tained intensive insulin therapy with higher needs of
total daily dose of insulin secondary to corticosteroids
and immunosuppressants. The other patient needed
a total daily dosage of insulin NPH between 10 and
14 Ul/day in the first 2 weeks. This hyperglycemia after
transplantation was initially interpreted secondary
to methylprednisolone pulses according to the trans-
plantation protocol. However during follow-up there
was a progressive C-peptide reduction and the need of
higher doses of insulin. A pancreatic graft failure was
admitted.

Long-term diabetes complications were present in
the patients with the longest diabetes duration (median
21 years) with a median HbAlc 9.3%. As reported in
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literature, the rate of cardiovascular and microvascular
complications among the patients with HNF1B-MODY
is similar to that of patients with type 1 and type 2 dia-
betes (15). In our study the longer diabetes duration
and poorer control were associated with the long-term
complications.

Kidney disease is a major feature of HNF1B-MODY.
Most patients in this sample had the diagnosis of CKD
before the diagnosis of diabetes or shortly after. This
is a critical aspect to consider the diagnosis of HNF1B-
MODY. Kidney malformations were present in half of
the patients, which is in agreement with the literature
[3, 7, 14] and unilateral kidney hypoplasia was the domi-
nant kidney morphological abnormality. HNF1B-MODY
has often been referred to as Renal Cysts and Diabetes
(RCAD) syndrome [21], with a prevalence of cysts in 75%
of patients in a previous study [22]. The renal ultrasound
reports before transplantation were not available. In the
patients without renal transplantation, kidney cysts were
found in 2 (2/5). The finding of renal cysts in this sample
was less frequent than expected, but it could be explained
by the lack of information from transplant patients. The
high prevalence (50%) of kidney transplantation observed
in this series confirms the poor renal prognosis of
HNF1B-MODY patients.

Regarding extra-pancreatic manifestations, the num-
ber of patients that presented with elevated liver enzymes
(40%), hyperuricemia (50%) and hypomagnesemia (10%)
is smaller than what is described in literature and other
series [7, 22]. At last follow-up high blood pressure was
present in 9 patients (9/10). All the patients with renal
malformation had a diagnosis of hypertension in child-
hood. After renal transplantation one patient left the
antihypertensive drugs with well controlled blood pres-
sure (patient 5). All the other patients developed high
blood pressure later in life. The authors did not find any
association between the development of high blood pres-
sure and genetic variant. Patient 8 and 9 (HNF1B variant
¢.526C>T p.(GIn176*)) developed hypertension in child-
hood and adulthood, respectively. The main difference
was the presence of renal malformation in patient 8 and
this seems to be the main factor for the development of
arterial hypertension at a young age.

As intellectual disability has been reported in up to 10%
of patients, it would be interesting to explore this point in
this study. However no patient had a complete neurocog-
nitive assessment during follow-up. The authors can only
conclude about the patient’s usual medication—antide-
pressant drugs (70%), anxiolytic (50%) and antipsychotic
(30%).

Additionally, the authors did not find any correlation
between phenotype and genotype, in contrast with what
previously described in larger series patients with HNFIB
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molecular alterations in which a more severe kidney dis-
ease was observed in patients with pathogenic variants
compared to patients with whole gene deletion [22]. The
clinical picture of the same variant varies significantly
between patients, even within the same family. Patient
3 and 4, daughter and mother respectively, have distinct
phenotypes despite having the same genotype. Patient 3
presented with CKD in childhood and diabetes 10 years
later and presented also with altered liver tests; patient 4
(her mother) had the diagnosis of diabetes by the age of
42 with no CKD or liver disease. Diagnosis of type 2 dia-
betes was assumed until genetic study revealed that she
carried the same HNFIB variant than her daughter. The
same event was observed in patients 7 and 8: patient 7
(son) presented with CKD, renal malformations and dia-
betes in childhood while his mother (patient 8) had the
diagnosis of diabetes at 40 years old and developed CKD
19 years later, probably as a diabetes long-term compli-
cation. The reason for this variability in the phenotype
is not completely understood. It has been suggested that
microenvironment modifiers, stochastic variation in
temporal HNFIB gene expression and other genes may
influence this phenotypic diversity [22].

To the best of our knowledge, this is the first study on
HNF1B-MODY from a nationally representative cohort
of patients. The main strength of this research is the evi-
dence that the same variant could be associated with dif-
ferent phenotypes which is not frequently described in
literature. Two novel variants were reported—a likely-
pathogenic variant (patient 5) and a variant of unknown
significance (patient 6). This last variant identified in het-
erozygosity was found in the population database gno-
mAD with an allele frequency of 1:251188 in the general
population. Predictive computational methods (Poly-
phen-2 and MutationTaster) are in agreement regarding
the likely functional impact of this variant and therefore
it was designated as a variant of uncertain significance
[23]. However it requires further testing of the fam-
ily members for a better understanding of the potential
pathogenicity. Other limitations of this research include
the relatively small sample size compared with other
similar studies. This study was based on a single-center
observational cohort and lacked a uniform prospective
intervention; not all clinical features were systematically
assessed which limits our conclusions. Given this limita-
tion, a protocol will be implemented in our center regard-
ing the approach to extra-pancreatic manifestations in
these patients. The present findings should be further
explored in a prospective study.
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Conclusion

To the best of our knowledge, this is the largest national
series of patients with HNF1B-MODY at a single center.
Despite being a rare disease, HNF1B-MODY is under-
diagnosed and often classified as another type of diabe-
tes. It should be considered in patients with diabetes and
CKD especially when occurring at a young age, if family
history is suggestive and nephropathy appears before/
shortly after the diagnosis of diabetes. Presence of liver
disease and genitourinary malformations increase the
degree of suspicion. Early diagnosis allows timely inter-
ventions to minimize the risk of complications and it is
critical to carry out familial genetic screening and pre-
conception genetic counseling. A coordinated care plan
should be implemented for these patients.
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