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Pancreatic developmental defect evaluated by celiac artery
angiography in a patient with MODY5
Naoko Iwasaki1,2,3, Masashi Tsurumi4, Kuniya Asai4, Wataru Shimuzu4, Atsushi Watanabe5, Makiko Ogata1, Miho Takizawa1, Risa Ide1,
Toshiyuki Yamamoto2,3 and Kayoko Saito2,3

The hepatocyte nuclear factor 1β gene (HNF1B) is responsible for maturity-onset diabetes of the young type 5 (MODY5), which is
characterized by early-onset diabetes mellitus and urogenital malformations. HNF1B is expressed during visceral endoderm
formation. We identified a disruption of the great pancreatic artery in a patient with MODY5 with no pancreatic body or tail.
Our finding supports the significance of HNF1B in the development of the pancreas.

Human Genome Variation (2016) 3, 16022; doi:10.1038/hgv.2016.22; published online 14 July 2016

Maturity-onset diabetes of the young (MODY; MIM#606391) was
first reported by Fajans in 1960, as an early-onset form of mild
diabetes with autosomal dominant inheritance.1 The minimum
prevalence of MODY is estimated to be 108/1,000,000 in the
general population in the UK.2 In Germany, MODY affects ~ 1% of
patients with diabetes mellitus diagnosed before 20 years of age,
indicating that the prevalence of MODY is not rare among patients
with diabetes mellitus.3 Pathogenic mutations have been detected
in 416 genes, the majority of which code transcription factors.4

The most common causes of MODY are mutations in HNF1A
(hepatocyte nuclear factor-1α; MODY 3, MIM#600496), which
encodes a transcription factor, and the second most commonly
mutated gene is GCK (glucokinase; MODY2, MIM#125851), which
encodes a glycolytic enzyme. Additional mutations are found in
HNF4A (hepatocyte nuclear factor-4α; MODY1, MIM#600496) and
HNF1B (MODY5, #MIM189907). MODY5 is frequently associated
with renal cysts and/or other urogenital manifestations.5

Moreover, some cases with MODY5 develop associated with
ketoacidosis, like type 1 diabetes mellitus.5 The prevalence of
MODY5 among all clinically diagnosed MODY is reported to be
2–6%.6,7 More than 50 types of mutations are reported,
comprising base substitutions, small insertion–deletions and
whole-gene deletions. The majority of mutations occur in first
four exons of the gene. Exons 2, 4 and the intron 2 splice site are
mutation site hotspots.8

We identified a 24-year-old female patient with a 17q12
hemizygous deletion including HNF1B. She had a sudden onset
of diabetes mellitus. On admission, the patient had a normal level
of consciousness, with temperature 36.8 °C, regular heart rate at
102 per minute, and blood pressure of 126/66 mm Hg. Anthropo-
metric data were height 148 cm, body weight 43 kg and body
mass index 19.6. No diabetic retinopathy was observed in either
eye. Plasma glucose was 385 mg/dl, HbA1c was 16.7%. Antibodies
to glutamic acid decarboxylase (GAD-Ab), insulin (IAA), and
IA-2 were negative. Liver dysfunction was observed (aspartate
aminotransferase 30 IU/l, alanine aminotransferase 39 IU/l, lactose
dehydrogenase 155 IU/l, alkaline phosphatase 283 IU/l and γ-GTP

252 IU/l), but no renal dysfunction was detected (blood urea
nitrogen 8.0 mg/dl, creatinine 0.36 mg/dl, negative for urinary
protein). Markers for β-cell function (immunoreactive insulin
3.3 μU/ml (5–30 μU/ml), urinary-C-peptide immunoreactivity
12 μg/day (16–120 μg per day)) indicated severely decreased
insulin secreting capacity. Although the initial presentation was
acute onset, the diagnosis of type 1 diabetes mellitus was not
likely. Younger age of onset without obesity, and a family history
of diabetes mellitus through three generations were consistent
with a clinical diagnosis of MODY (Figure 1a). She had renal
cysts and lacked a pancreatic body and tail (Figure 2a). These
manifestations strongly suggested a diagnosis of MODY5 and
genetic testing was performed.
The study was approved by the Ethics Committee of Tokyo

Women’s Medical University and performed in accordance with
the principles of the Declaration of Helsinki. Informed consent was
obtained from the subject before participation.
Genomic DNA was derived from peripheral blood monocytes

and used for routine PCR-based direct sequencing for HNF1B,
using ABI 3100 (Applied Biosystems by Life Technologies,
Carlsbad, CA, USA). The nine exons, flanking introns and minimal
promoter region of HNF1B were screened in both directions. None
of the part of fluorescence electrophoresis was heterozygous,
implying that she had only one allele in the entire HNF1B. Then
genomic copy-number aberrations were examined by microarray-
based comparative hybridization analysis using Human Genome
CGH 244A 243504 probes, 6.4-kb interval (Agilent Technologies,
Santa Clara, CA, USA) as described.9 Subsequently, a hemizygous
deletion at chromosome 17q12 spanning 1.3 Mb, arr 17q12
(34,815,184–36,241,526) × 1 (bild19), the region including entire
HNF1B (Figure 1b) was found. There is a family history of diabetes
in an autosomal dominant trait, and her mother (II-7) and
grandmother (I-4) were suspected as having the same deletion
(Figure 1a). However, the mother and grandmother declined
genotyping despite careful genetic counseling.
The first case of MODY5 was reported in 1997.10 Three affected

family members who carried the mutation on exon 2 (R177X) in
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HNF1B had early onset and an insulin-deficient type of diabetes
mellitus. These three cases also had renal cysts and various
degrees of renal dysfunction. Later, it was clearly demonstrated,
based on a Xenopus embryo model, that renal malformation,
including renal cysts, are caused by gain-of-function or loss-of-
function mutations in HNF1B in humans.11 Additional urogenital
manifestations, such as dysplastic kidney, including horse-shoe
kidney, duplex kidneys and single kidney, bicornuate uterus, and
agenesis of the vas deferens have been reported.12,13 HNF1B is
also involved in the development of the ureters, which may
explain stenosis of the ureter responsible for hydronephrosis.13,14

Moreover, HNF1B is also responsible for renal cysts and diabetes
syndrome (MIM#137920), which does not require diabetes
mellitus as a diagnostic criterion. This region is also responsible
for 17q12 deletion syndrome (MIM#614527) and 17q12 duplica-
tion syndrome (MIM# 614526). These syndromes are characterized
by autism spectrum disorder and schizophrenia, and are
independent from diabetes mellitus. Thus, HNF1B-related pheno-
types are heterogeneous, and are considered a multi-system
disorder.13 Moreover, some phenotypes are similar between cases
with mutations in HNF1B and copy-number variations in 17q12
spanning 1.3 Mb, including HNF1B, suggesting a gene dosage
effect as a molecular mechanism in combination with other genes

in this region. The precise signaling pathways, however, are not
fully elucidated.13 Clinical manifestations related to mutations in
HNF1B have been intensively reviewed, especially urogenital
tract malformations, but there are few reports of pancreatic
manifestations.
The proband underwent magnetic resonance cholangiopan-

creatography (MRCP), which showed disruption of the main
pancreatic duct. Interestingly, celiac artery angiography demon-
strated aplasia of the great pancreatic artery and the transverse
pancreatic artery (Figure 2b,c).
HNF1B and HNF1A are homeobox transcription factor family

members with a highly conserved N-terminal DNA-binding
domain and a more divergent C-terminal transactivation domain.
Those two genes developed by duplication of an ancestral gene
and HNF1B functions as a homodimer or a heterodimer with
HNF1A.15 In mice, vHnf1 (mice HNF1B) expression is uniquely
detected in the primitive and visceral endoderm from embryonic
days 4.5 to 7.5, and in the liver, pancreas and ureter buds at
embryonic days 9.5–11. Expression of vHnf1 is also detected
during neural tube formation, and in the developing lungs and
genital tract. A vHnf1 deficiency in mouse embryos is lethal due to
defects in visceral endoderm formation.15 Haumaitre et al.16

reported that a lack of vHnf1 results in pancreas agenesis by
embryonic day 13.5. In earlier stages, the dorsal bud rudiment
forms only transiently and lacks key transcription factors for
proper development of the pancreas. In another study, Haumaitre
et al. proposed that the absence of vHnf1 results in decreased
Ptf1a expression, which leads to defects in the development of the
ventral pancreas and a reduced dorsal pancreas.17 Partial loss of
hnf1ba function in zebrafish also causes pancreas defects, and
normal hnf1ab function is distinctly required for pancreas
specification. Haumaitre et al. also suggested a common genetic
program in relation with hnf1ba, with a narrow developmental
time window, that specifies progenitors of the liver, ventral
pancreas, gall bladder and associated ducts.17 The pancreatic
head develops by fusion of the dorsal and ventral bud, and the
pancreatic body and tail develop only from dorsal bud. Atrophy of
the pancreas was detected by abdominal computed tomography
in five of six cases with MODY5, but it was not clear whether these
cases were due to atrophy or agenesis.5 To our knowledge, celiac
angiography and MRCP of a patient with MODY 5 associated with
pancreatic abnormality has not been reported previously. This
observation implies that the absence of a pancreatic body and tail
are due to a developmental defect rather than to atrophy after
development of the pancreas. The liver dysfunction observed in
this patient is a typical feature of MODY5.5,13,18

In conclusion, systematic evaluation of the pancreas including
MRCP and celiac artery angiography in a patient with MODY5
associated with 17q12 hemizygous deletion provided important
clues to the molecular mechanism of HNF1B in development of
the pancreas in humans.

HGV DATABASE
The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.
figshare.hgv.842.
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Figure 1. Pedigrees and the results of microarray-based comparative
hybridization analysis. (a) The proband was diagnosed with diabetes
at 24 years of age. Her mother and maternal grandmother were also
diagnosed with diabetes mellitus, but their ages at the time of the
diagnosis are not known. (b) A chromosomal aberration at 17q12 is
detected by Chromosome View (left) using Agilent Genomic
Workbench v6.5 (Agilent Technologies). The identified aberration
with a 1.3 Mb in size is expanded in Gene View (right), in which
HNF1B is included (highlighted by a red circle). There are segmental
duplications at both ends of the aberration (there are no probes
owing to repeated sequences). AMI, acute myocardial infarction;
GB Ca, gall bladder cancer.
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