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Abstract

Hepatocyte nuclear factor 1-p (HNF1B) defects cause
renal cysts and diabetes syndrome (RCAD), or HNF1B-
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maturity-onset diabetes of the young. However, the
hepatic phenotype of HNF1B variants is not well
studied. We present a female neonate born small
for her gestational age [birth weight 2360 g; -2.02
standard deviations (SD) and birth length 45 cm;
-2.40 SD at the 38" gestational week]. She developed
neonatal cholestasis due to biliary atresia and required
surgical intervention (portoenterostomy) when 32-d
old. Following the operation, icterus resolved, but
laboratory signs of liver dysfunction persisted. She had
hyperechogenic kidneys prenatally with bilateral renal
cysts and pancreatic hypoplasia postnatally that led to
the diagnosis of an ANVF1B deletion. This represents the
most severe hepatic phenotype of an ANVF1B variant
recognized thus far. A review of 12 published cases with
hepatic phenotypes of HNF1B defects allowed us to
distinguish three severity levels, ranging from neonatal
cholestasis through adult-onset cholestasis to non-
cholestatic liver impairment, all of these are associated
with congenital renal cysts and mostly with diabetes
later in life. We conclude that to detect #NF1B5 variants,
neonates with cholestasis should be checked for the
presence of renal cysts, with special focus on those who
are born small for their gestational age. Additionally,
patients with diabetes and renal cysts at any age
who develop cholestasis and/or exocrine pancreatic
insufficiency should be tested for H#VF1B variants as the
true etiological factor of all disease components. Further
observations are needed to confirm the potential
reversibility of cholestasis in infancy in #VF1B mutation/
deletion carriers.

Key words: Hepatocyte nuclear factor 1-B; Renal cysts
and diabetes syndrome; Maturity-onset diabetes of the
young; Biliary atresia; Portoenterostomy
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cause renal cysts and diabetes syndrome (renal cysts
and diabetes; HNF1B-maturity-onset diabetes of the
young), but little is known on liver in these patients.
We succeeded to detect the most severe hepatic
phenotype of an #NFi1B gene deletion in a female
neonate with cholestasis due to biliary atresia. She
required portoenterostomy when 32-d old. She had
bilateral renal cysts and pancreatic hypoplasia. A review
of 12 published cases allows distinguishing three
severity levels of liver impairment in #NVF1B defects,
ranging from neonatal cholestasis through adult-onset
cholestasis to non-cholestatic liver disease. All have
renal cysts and later-onset diabetes.

Kotalova R, Dusatkova P, Cinek O, Dusatkova L, Dedic T,
Seeman T, Lebl J, Pruhova S. Hepatic phenotypes of HNF'1B gene
mutations: A case of neonatal cholestasis requiring portoenterostomy
and literature review. World J Gastroenterol 2015; 21(8): 2550-2557
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
18/2550.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2550

INTRODUCTION

The hepatocyte nuclear factors (HNFs) are key
transcriptional regulators of embryonic and fetal
liver development and differentiation of the biliary
system. Their life-long expression in human hepa-
tocytes (HNF4A and HNF6) and in biliary epithelial
cells (HNF1B, HNF3A and HNF3B) suggests that they
have a role in postnatal cell survival, function and
regeneration!’!, Of these, the hepatocyte nuclear
factor 1-p (HNF1B), encoded by the HNF1B gene, is
involved in transcriptional and functional regulation
not only of the liver and biliary system but also of the
kidneys, urogenital tract and pancreatic p-cells. Defi-
ciency of this gene due to HNF1B point mutations or
whole gene deletions was first recognized in a small
subgroup of patients with maturity-onset diabetes
of the young (MODY) and was originally designated
as MODY5®, It has been demonstrated that HNF1B
is involved in regulating the B-cell transcription fac-
tor network. Due to the frequent co-occurrence of
MODY5 diabetes with renal cysts and/or other inborn
urogenital abnormalities, the syndrome associated
with HNF1B defects is now referred to as RCAD (renal
cysts and diabetes). In a recent single centre study,
9% of adult patients with chronic renal failure carried
a pathogenic HNF1B variant'™. Most of the HNF1B
variants are de novo whole gene deletions'?. How-
ever, the hepatic and biliary phenotype of HNF1B de-
fects has been recognized only in single patients up
to this point.

In mice, HNF1B is expressed in the embryonic gall
bladder, liver and intrahepatic bile ducts™. Further-
more, it is expressed in the adult liver. It has been
shown to co-regulate morphogenesis of the biliary
system™. HNF1B knockout mice suffer from severe
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neonatal cholestasis and jaundice due to the abnor-
mally developed gall bladder and dysfunctional in-
trahepatic bile ducts. In addition, HNF1B and HNF1A
control genes that affect bile acid transport and me-
tabolism!***,

Kitanaka et a/'*® first described a patient with
neonatal cholestasis, liver dysfunction and hyper-
cholesterolemia caused by a heterozygous mutation,
H153N, in HNF1B. The patient later developed non-
autoimmune diabetes and was diagnosed with bilat-
eral renal cysts. Two of his paternal ancestors died
from hepatic cancer and liver cirrhosis, and multiple
family members suffered from chronic renal insuffi-
ciency and/or liver disease. Unfortunately, a detailed
phenotypic characterization and genotyping of his
family members was unavailable.

Additionally, two patients with severe hepatic and
biliary phenotype due to monoallelic HNF1B muta-
tions/deletions were described by Beckers et al*”! and
by Raile et al'®, Both patients presented with severe
neonatal jaundice, a paucity of intrahepatic bile ducts
at liver biopsy and a tendency toward improvement
in cholestasis in the late stages of the first year of life.
Recently, another patient with a de novo HNF1B mu-
tation, S148L, and renal and hepatic dysfunction di-
agnosed at 3 mo of age was reported in Turkey when
he was investigated for failure to thrive!*®. However,
he had no signs of cholestasis.

Adult-onset cholestasis due to HNF1B mutations
developed in three patients with known diabetes; the
first signs of cholestasis were noted at ages 33, 53
and 30 years™. The authors found normal anatomy
of the intra- and extrahepatic bile ducts, but the pa-
tients were lacking primary cilia on their cholangio-
cytes. The authors proposed that HNF1B mutations
might be classified as ciliopathy.

CASE REPORT

The female patient reported here is the offspring of
healthy unrelated parents of Czech origin. There was
no family history of known diabetes, hepatic or renal
disease. She was born from a first pregnancy in the
38™ gestational week with a birth weight of 2360 g
[-2.02 standard deviation (SD)] and birth length of 45
cm (-2.40 SD; according to normative data™®"). Fetal
hypotrophy and hyperechogenic kidneys were recog-
nized by ultrasound at the 30" gestational week.

Since the first day of life, she had apparently
acholic stools and gradually developed jaundice. At
day 4, her total bilirubin was 104 umol/L and her
conjugated bilirubin was 32 umol/L. Her level of
y-glutamyltransferase was markedly increased (23.3
pkat/L), but her levels of alkaline phosphatase (2.3
pkat/L) and alanine-aminotransferase (0.42 pkat/L)
were normal. Her aspartate-aminotransferase level
was mildly elevated (1.27 pkat/L) (Table 1).

Abdominal ultrasound revealed bilateral renal
cysts with diameters up to 5 mm. Her liver had nor-
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Table 1 Laboratory data before and after portoenterostomy sec. Kasai that was performed at age 32 d

Age Total bilirubin, Conjugated AST, ALT, GGT, ALP, Urea, Creatinine, Cholesterol, Albumin, INR Mg,
umol/L bilirubin, umol/L  pkat/L  pkat/L  pkat/L  pkat/L  mmol/L umol/L mmol/L g/L mmol/L
4d 104 32 1.27 0.42 23.3 2.3 47 81 27 36.0 0.91 NA
27d 145 100 1.57 0.92 10.2 7.2 2.2 29 3.7 36.8 1.05 NA
5 mo 135 110 2.59 224 6.8 8.1 5.2 22 9.5 42.0 0.84 NA
19 mo 30 25 3.15 3.09 7.5 114 5.3 18 6.7 427 0.95 0.90
2yr 33 28 3.10 3.13 6.4 10.7 5.5 21 6.7 439 0.92 0.66

NA: Not available; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: y-glutamyl transferase; ALP: Alkaline phosphatase; INR:

International normalized ratio.

Figure 1 Magnetic resonance cholangiopancreaticography provided at
age 2 years revealing in total seven cysts dispersed in the left hepatic
lobe (sized 2-7 mm), three of them being displayed at this slice (arrows).

mal echogenicity and echotexture; however, her gall-
bladder was small. Her pancreas was hypoplastic with
absent body and tail, the spleen was normal, and no
additional abnormalities were found. Her kidney func-
tion was normal. An infectious, metabolic or immuno-
logical basis for neonatal cholestasis was not found.

Due to progressive conjugated hyperbilirubinemia
and acholic stools, endoscopic retrograde cholangio-
pancreatography (ERCP) was performed at 30 d of
age. Normal pancreatic ducts were observed, but ex-
trahepatic bile ducts were unrecognizable, which led
to the indication for explorative surgery that was then
provided at 32 d. Surgery revealed an atrophic gall-
bladder. Her choledochus and proximal extrahepatic
bile ducts were completely atretic and had been re-
placed by connective tissue. The surgeon performed
portoenterostomy sec. Kasai. Liver histology from a
preoperatively obtained wedge biopsy showed cho-
lestasis without signs of gigantocellular hepatocyte
transformation or bile duct proliferation. Portal fields
were dilated with connective tissue, having thin or
atretic bile ducts. Close to the porta hepatis, the con-
figuration of bile ducts resembled the findings typical
of biliary atresia.

Following surgery, the color of her stools normal-
ized, and both the bilirubin and y-glutamyltransferase
levels declined to mildly elevated values. Post-opera-
tive ultrasound follow-up revealed abnormal echotex-
ture of her left hepatic lobe that was suspicious of a
cystic malformation. A magnetic resonance cholan-
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giopancreatography (MRCP) identified multiple cystic
dysplasia of the left hepatic lobe at 2 years of age.
Seven cysts were found with diameters ranging from
2 to 7 mm (Figure 1). By the current age of 2 years,
she is growing along the 3™ centile and her PELD
score is “1"”. She has normal blood glucose, fecal elas-
tase activity and renal function. Mild hypomagnese-
mia was observed (0.66 mmol/L).

Following the parents’ written consent, the child
was included into a study to investigate genetic
causes of primary biliary atresia. The study was pre-
viously approved by the institutional ethical commit-
tee of the University Hospital Prague-Motol. Genetic
testing was initiated by direct sequencing of the JAG1
gene, mutations in which are recognized as a major
cause of Alagille syndrome and some additional cases
of severe biliary atresia™®!. The findings were nega-
tive. The investigations continued with testing for
HNF1B using Multiple Ligation Probe-dependent Am-
plification (MLPA) and subsequent array Comparative
Genomic Hybridization methods. She was found to
carry an entire HNF1B gene deletion spanning 1698
kb, which was previously reported as causative in a
patient with MODY diabetes™®!, None of her parents
carry an HNF1B gene deletion, indicating that the
mutation has arisen de novo in the proband.

Review of published cases with hepatic involvement
Most of the published cases with HNF1B variants
were assessed for the presence of diabetes and/or
renal impairment, mostly renal cysts. To the best of
our knowledge, five detailed published reports have
focused on the hepatic phenotype in HNF1B muta-
tion/whole gene deletion carriers. From these reports,
and with the addition of our own observations, we
managed to collect clinical and laboratory data on
liver disease in 12 subjects, which are summarized in
Table 2.

DISCUSSION

Interestingly, the detailed hepatic phenotypes avail-
able for the 12 patients with pathogenic HNF1B vari-
ants tend to cluster into three severity degrees of
liver dysfunction, ranging from neonatal cholestasis
through late-onset cholestasis to the mildest form
and non-cholestatic liver impairment.
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cysts in one case), and those who already reached
in their second decade of life began proceeding to
chronic renal insufficiency. Typically, they have pan-
creatic hypoplasia (with documented progressive pan-
creatic atrophy in one case) and impaired pancreatic
exocrine function. Overt diabetes typically manifests
within the first two decades of life and requires insulin
therapy. Their intellectual development is variable.

The intermediate hepatic phenotype - late-onset
cholestasis - was reported in three patients®®. Their
cholestasis first manifested at 29-44 years of age
with accordingly milder bioptic findings, presumably
minor sinusoidal dilatation. All of them had concomi-
tant renal involvement with renal cysts. However,
their chronic renal insufficiency tended to occur later
than in the former subgroup and was recognized
when they were middle-aged adults. Their pancreas
is atrophic, but data on their exocrine function are not
available. Diabetes manifested between 14 and 51
years of life. Similar to the previous group, the intel-
lectual development is variable.

The mildest hepatic phenotype relative to the
other phenotypes includes five patients with non-cho-
lestatic liver impairment™®*?l, They had a tendency
toward intrauterine growth restriction and a vari-
able first clinical presentation, ranging from failure to
thrive or renal failure in infancy up to diabetic symp-
toms in the second decade of life. Renal cysts were
present in most of these patients, but chronic renal
insufficiency developed only in three of the five by the
second decade of life. Their liver enzymes were clear-
ly elevated; however, histological findings from the
liver biopsies were milder than those from the previ-
ous subgroups. Diabetes manifested in all subjects
within their first or second decade of life and required
insulin administration in all cases. This less severe
hepatic phenotype was also more frequently linked
with normal pancreas morphology, normal exocrine
function and, with one exception, normal intellectual
development.

A similar phenotype was described in a family with
four affected subjects*".

Regarding genetic findings, there was no apparent
phenotypic difference between subjects with single
base mutations or whole gene deletions.

Our analysis of the available clinical observations
of the hepatic phenotype in HNF1B mutation/dele-
tion carriers raises the following clinical implications
for neonates, children and adults with cholestasis:
(1) neonates with severe cholestasis should undergo
renal ultrasound focusing on renal cortical cysts and
additional renal developmental abnormalities. A con-
currence of neonatal cholestasis with renal cysts is
suspicious for an HNF1B defect; (2) in patients with
neonatal cholestasis, a history of an intrauterine
growth restriction is supportive of an HNF1B defect
because the majority of other children with neonatal
cholestasis have normal birth weight and birth length
(unpublished observations of 96 neonates with biliary
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atresia). Interestingly, in HNF1B mutation/deletion
carriers without a hepatic and/or biliary phenotype,
IUGR is rare® !, suggesting that the co-occurrence
of abnormal HNF1B and biliary atresia predisposes
individuals to diminished intrauterine growth and
weight gain; (3) as demonstrated by other cases in
which neonatal cholestasis due to an HNF1B defect
spontaneously resolved within the first year of life,
further clinical evidence is needed to develop recom-
mendations on the optimal management for affected
children; (4) patients of any age with known diabetes
who develop pancreatic exocrine insufficiency and/or
cholestasis should be investigated for renal cysts; and
(5) if positive, they are highly likely to have an HNF1B
defect. In these patients, the etiological genetic diag-
nosis may clarify the origin of the hepatic and/or exo-
crine pancreatic disease, which is not a complication
of diabetes but rather an additional component of the
primary disease. Hypomagnesaemia may be a strong
supportive finding in favor of an HNF1B testing as it
was demonstrated to occur in about half of subjects
with HNF1B defects™®, We propose to incorporate
these clinical observations into an update of the gen-
eral selection criteria for HNF1B gene analysis'*’’.

In conclusion, the hepatic phenotype in HNF1B
mutation/deletion carriers clusters into three different
levels of severity, ranging from severe neonatal cho-
lestasis through late-onset cholestasis in middle-aged
adults up to a mild hepatic phenotype on the back-
ground of other, more pronounced symptoms and
signs, such as diabetes and renal disease. However, a
correct etiological diagnosis is undoubtedly beneficial
for all three subgroups of patients, allowing not only a
clear understanding of the underlying cause but also
a prediction of the risks of additional disease com-
ponents, including diabetes and exocrine pancreatic
dysfunction, which are highly likely to develop within
the subsequent years or decades of life.

COMMENTS

Case characteristics

A female neonate who was born small for her gestational age had apparently
acholic stools since the first day of life, and gradually developed jaundice.
Clinical diagnosis

The clinical diagnosis was suggestive of neonatal cholestasis due to biliary
atresia.

Differential diagnosis

Most children with neonatal cholestasis have isolated biliary atresia; however,
some of them may have a syndromic condition.

Laboratory diagnosis

Laboratory findings at day 4 confirmed cholestatic jaundice with elevated
levels of total (104 pmol/L) and conjugated bilirubin (32 umol/L) and markedly
increased level of gamma-glutamyltransferase (23.3 pkat/L).

Imaging diagnosis

Abdominal ultrasound revealed bilateral renal cysts, liver with normal
echogenicity and echotexture, a small gallbladder and hypoplastic pancreas;
endoscopic retrograde cholangiopancreatography showed normal pancreatic
ducts, but extrahepatic bile ducts were unrecognizable.

Pathological diagnosis

Molecular genetic testing using Multiple Ligation Probe-dependent Amplification
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(MLPA) lead to recognition of a de novo HNF1B gene deletion spanning
1698 kb, which was previously reported as causative in a patient with MODY
diabetes.

Treatment

Explorative surgery provided at age 32 d revealed an atrophic gallbladder
and completely atretic choledochus and proximal extrahepatic bile ducts; the
surgeon performed portoenterostomy sec. Kasai.

Related reports

Most of the published cases with HNF1B variants were assessed for the
presence of diabetes and/or renal impairment, mostly renal cysts; only five
reports have focused on the hepatic phenotype which was always milder than
that observed in the patient.

Term explanation

MLPA is a method of genetic testing directed towards recognition of whole gene
deletions.

Experiences and lessons

This observation represents the most severe hepatic phenotype of an HNF1B
variant recognized thus far.

Peer-review

The manuscript is really attractive and worthy, and the content is prospective,
which is relevant and well presented for publication.
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