CASE REPORT

Liver Transplantation and Development of Diabetes in an
Adolescent Male With HNF1B Disease
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Abstract: Mutations in the hepatocyte nuclear factor-1-beta (HNF'1B) gene
cause a variety of diseases in different organ systems. Mutations have been
described as causing neonatal cholestasis, maturity-onset diabetes of the
young (type 5), cortical renal cysts, urogenital abnormalities, liver dysfunc-
tion, and atrophy of the pancreas. We describe a male patient who presented
with cholestatic liver disease in infancy which progressed by age 14 to end-
stage liver disease due to HNF1B disease. He subsequently underwent liver
transplantation at age 15 and then developed diabetes requiring insulin which
did not resolve after cessation of corticosteroids. To our knowledge, this is
the first case reported of liver transplantation for decompensated cirrhosis
secondary to HNF1B disease.
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utations of the transcription factor gene hepatocyte nuclear

factor-1-beta (HNF1B) on chromosome 17q were originally
associated with maturity-onset diabetes of the young type 5 (MODY
type 5) and with pancreas hypoplasia. Hepatic and biliary associa-
tions in HNF1B disease have also been described. The patient dis-
cussed herein presented with cholestatic liver disease in infancy and
ultimately underwent liver transplantation at age 15 followed by post-
transplant development of diabetes requiring insulin.
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CASE REPORT

The patient presented to an outside facility with jaundice at
4 weeks of age. At 6 weeks of age, liver biopsy showed a paucity of
interlobular bile ducts and zone 3 canalicular cholestasis with no sig-
nificant portal fibrosis. A presumptive diagnosis of Alagille syndrome
was established at a second facility based on clinical criteria. There
were neither butterfly vertebrae nor cardiac anomalies; however, pos-
terior embryotoxon was reportedly present on ophthalmologic exam-
ination. Genetic testing for JAGI mutation was performed and was
negative. During childhood, his cholestasis persisted. Bilateral sim-
ple renal cysts were identified. From age 1 to 5 years, he developed
multiple long bone fractures from severe metabolic bone disease
attributed to vitamin D deficiency and cholestasis, despite treatment
with calcitriol and both oral and intramuscular ergocalciferol.

At age 12, genetic testing for Alagille syndrome (JAG! and
NOTCH?2) was again negative. He was subsequently found to have a
¢.884G>A (p.R295H) mutation in the HNFIB gene. At that time, he
had neither endocrine nor exocrine pancreatic insufficiency but did
have renal cysts. Renal function was normal.

At age 14, he developed decompensated cirrhosis with jaun-
dice and coagulopathy, peripheral edema, hepatic encephalopathy,
and refractory hypovitaminosis D. He was noted on imaging to have
an atrophic appearing pancreas yet had normal hemoglobin Alc and
serum glucose levels. He was treated for symptoms of the end-stage
liver disease up until transplant. He underwent a deceased donor
whole organ liver transplant at age 15 with initial immunosuppres-
sion of prednisone, tacrolimus, and mycophenolate mofetil as per our
standard protocol. The goal level of tacrolimus was set at 8—10ng/
mL rather than our standard of 10-12ng/mL in hopes of avoiding
nephrotoxicity. The liver explant (see Fig. 1) histology was negative
for hepatocellular carcinoma (HCC) and showed chronic biliary-type
disease with loss of intrahepatic bile ducts in approximately 90% of
the portal tracts.

Two weeks post-transplant, the patient was noted to have
serum glucose of 658 mg/dL, HbAlc of 4.1%, random insulin 0f 29.9
mclU/mL (reference range 2.6-24.9 mclU/mL) while bicarbonate
was 15 mmol/L (reference range 21-29 mmol/L), and beta-hydroxy-
butyrate was 0.1 mmol/L. He was receiving 15 mg prednisone daily
(equivalent to 86 mg/m?/day using BSA of 1.85 m?), mycophenolate
mofetil 750mg every 12h, and tacrolimus 7.5mg every 12h. Tacro-
limus level was slightly above the goal range of 8-10ng/mL at the
time and dosing was adjusted accordingly. He was started on insulin
aspart at mealtimes and insulin glargine daily. At the time of dis-
charge, he was on a total insulin dose of 0.88 units/kg/day.

Type 1 diabetes mellitus associated auto-antibodies [insuli-
noma-associated protein 2 (IA-2), glutamic acid decarboxylase 65
(GADG65), insulin antibodies, and zinc transporter ZnT8 (ZnT8)]
were negative. Steroids and mycophenolate mofetil were discontin-
ued by 4 months and 6 months, respectively, after transplant while he
continued on tacrolimus. At 12 months post-transplant, the patient
continues to be insulin-dependent though insulin requirements have
decreased to the equivalent of 0.3 units/kg/day. Insulin was discon-
tinued for 2 weeks at one time but was resumed due to rising blood
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FIGURE 1. Liver explant photograph.

glucose following an increase in the dose of tacrolimus. The trans-
planted liver is functioning well.

DISCUSSION

Hepatic nuclear factor 1-beta (encoded by the HNF'IB gene)
is involved in the transcription and regulation of the liver, biliary
system, kidneys, urogenital tract, and pancreas. HNF1B disease
manifests in a variety of organ systems with onset varying from
the neonatal period to adulthood. The term renal cysts and diabe-
tes syndrome has been used to describe the syndrome associated
with defects in HNF1B although manifestations in other organ
systems are increasingly recognized. Neonatal cholestasis has
been reported along with paucity of intrahepatic bile ducts, HCC,
cortical renal cysts, and atrophy of the pancreas (1-3). Children
can present with neurologic/behavioral symptoms (due to larger
microdeletions in chromosome 17q), biliary system defects, or
diabetes (4). Waller et al. describe a 14-year-old boy with HNF1B
mutation who developed severe hyperglycemia after renal trans-
plantation (5).

HNF1B variants manifest in a range of severity of phenotype.
Before transplant, our patient had liver disease and renal cysts with-
out other extrahepatic manifestations of HNFIB disease. Kidney

function was normal. Imaging of the urogenital system showed only
small cysts in the right kidney with otherwise normal kidneys and
bladder. Despite his pancreas appearing atrophic on imaging pre-
transplant, he had no evidence of either endocrine or exocrine pan-
creatic insufficiency (normal fasting glucose and normal HbAlc).
His pancreatic elastase was normal and he had excellent linear
growth. Parathyroid hormone levels were normal for several years
before transplant.

Insulin-dependent diabetes mellitus developed post-transplant
while on prednisone, tacrolimus, and mycophenolate mofetil. The
estimated incidence of diabetes after liver transplantation is 14%—
44% and 1is likely due to dysfunction of the islets of Langerhans
present in patients with cirrhosis as an effect of immunosuppressive
agents, particularly calcineurin inhibitors like tacrolimus (6). Tacroli-
mus can decrease insulin secretion, cause pancreatic 3-cell necrosis,
and increase insulin resistance in a dose-dependent manner (7). We
speculate that our patient’s underlying predisposition to diabetes was
exacerbated by tacrolimus.

To date, there is only one report of a pediatric patient undergo-
ing liver transplant with HNF 1B disease and that patient had HCC (8).
Importantly, our patient is the first case report of a pediatric patient
who underwent liver transplantation for decompensated cirrhosis due
to HNF1B disease. In addition, he developed diabetes requiring insu-
lin management after liver transplantation.
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