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alloimmune mechanism of NH; therefore, the efficacy
of this treatment supports the hypothesis.

At birth, our patient showed signs of liver failure,
including cholestasis, hypoglycemia and thrombocyto-
penia, suggesting that the onset of disease was antenatal.
NH is one well-known cause of antenatal liver failure.®
One of the most important diagnostic criteria for NH is
the demonstration of extrahepatic iron deposition.’
However, the mechanism underlying iron deposition
remains unclear. Recent findings have shown that iron
overload does not result from an inborn error of iron
metabolism but from fetal liver injury.>*°

Whitington et al. proposed an alloimmune mecha-
nism of NH."! A maternal immunoglobulin G alloanti-
body against an alloantigen expressed by fetal
hepatocytes may pass through the placenta, with the
subsequent antigen-antibody reaction activating the
classical complement pathway in fetuses. This, in turn,
produces the membrane attack complex (C5b-9
immune complex), which causes hepatocyte injury.
Immunohistochemical staining with antibody against
the C5b-9 immune complex is strongly positive in the
hepatocytes of patients with NH, indicating that con-
genital alloimmune hepatitis is the etiology in most or
all patients with NH.?

In our patient, neither MRI nor lip biopsy demon-
strated extrahepatic tissue siderosis. The MRI and lip
biopsy each have approximately 60% sensitivity for
detecting extrahepatic siderosis and negative tests do not
exclude NH.* However histopathology of liver showed
only weak iron deposition in hepatocytes, atypical in
patients with NH. In contrast, the finding of the C5b-9
complex in hepatocytes strongly indicates that an
alloimmune disease process was the cause of liver
failure. Debra et al. reported a similar case of neonatal
liver cirrhosis.’ This case showed no iron deposition in
both liver and extrahepatic tissue, C5b-9 was strongly
positive in hepatocytes. C5b-9 complex was initially
demonstrated as a specific histological marker of NH
and proposed the gestational alloimmune mechanism
of its pathogenesis.” Therefore, these cases without extra-
hepatic iron deposition suggested that siderosis of the
liver or extrahepatic tissue may be a phenotypic differ-
ence within the same spectrum of gestational
alloimmune liver diseases.

Whitington et al. suggested a term “gestational
alloimmune liver disease” (GALD) for liver injury due to
this alloimmune mechanism and the term “gestational
alloimmune liver injury” should replace the term “neo-
natal hemochromatosis”.*'? Our case also demonstrated
that GALD can occur even in cases of neonatal liver
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failure without extrahepatic iron deposition. The iron
deposition in extrahepatic tissue is just a phenotypic
difference of GALD and those who show strong iron
deposition in the extra hepatic tissue may have been
diagnosed with NH among GALD cases. Therefore, as
Whitington et al. pointed out, NH is a phenotype-based
terminology and neonatal liver injury due to a gesta-
tional alloimmune mechanism is to be comprehen-
sively called GALD.

In patients who present with antenatal liver failure
but who do not meet the criteria for NH, gestational
alloimmune liver disease should be differentiated as a
cause of liver failure. C5b-9 staining of liver tissue is
helpful for diagnosis but often difficult because of
coagulopathy. Treatment should be initiated concur-
rently with diagnosis and exchange transfusion or
immunoglobulin  is  theoretically effective for
alloimmune diseases.”® Our patient did not respond
well to exchange transfusion or immunoglo-
bulin therapy but was successfully treated with liver
transplantation.

In conclusion, gestational alloimmune liver disease
should be suspected in neonates with antenatal liver
disease, even in the absence of obvious iron deposition.
Liver transplantation is indicated in a patient refractory
to exchange transfusion and immunoglobulin therapy.
Additional studies are needed to understand how fetal
hepatocytes are recognized as an antigen in the maternal
immune system and to identify the causes of phenotypi-
cal clinical differences.
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Complications Related to Bile Duct or Pancreatic Duct
After Congenital Choledochal Cyst Excision

Hiroaki Fukuzawa, Jyunkichi Takemoto, Akihiko Tamaki, Keiichi Morita, Tamaki Iwade,
Yuichi Okata, Kosuke Endo, Yuko Bitoh, Akiko Yokoi, and Kosaku Maeda

Department of Pediatric Surgery, Kobe Children’s Hospital

Recently, some complications involving the bile duct
or pancreatic duct have been reported in patients with
choledochal cyst. In this series, complications involving the
bile duct or pancreatic duct in patients with choledochal
cyst treated in our institution from April 1995 to December
2013 were investigated. Moreover, the shapes of the bile
duct or pancreatic duct in these patients were evaluated.
Five cases of bile duct complications and 3 cases of pancre-
atic duct complications were identified. Three cases of bile
duct complications were associated with intrahepatic bile

Key words: choledochal cyst, pancreaticobiliary maljunc-
tion, stone, pancreatitis, complication

Corvespondence to: Hivoaki Fukuzawa, Depariment of Pediatric Surgesy,
Kobe Children's Hospstal, 1-1-1, Takakuradai, Stma-ku, Kobe, Hyogo,
654-0081 JAPAN

duct stones. In these 3 cases, intrahepatic bile duct dilation
and intrahepatic bile duct stricture were found during a
definitive operation. In 2 cases of pancreatic duct complica-
tions, a protein plug was identified in a common channel in
the patients who pancreatitis after a definitive operation.
Regarding the shape of the connection of their bile duct
and pancreatic duct examined during a definitive operation,
a very narrow distal bile duct was connected to a dilated
common channel, and a protein plug was observed in that
common channel. Another case of pancreatic duct compli-
cation was caused by incomplete pancreas divisum, and
endoscopic sphincterotomy of the minor duodenal papiila
was performed. Patients having a dilated common channel
containing a protein plug detected during the definitive
operation may have a risk of pancreatitis after operation and
should be monitored closely.

—311—



il 26

doi: 10.1111/hepr.12561

Hepatology Research 2016; 36: 192-200

Original Article

Successful treatment with 4-phenylbutyrate in a patient with
benign recurrent intrahepatic cholestasis type 2 refractory to
biliary drainage and bilirubin absorption

Hisamitsu Hayashi, '* Sotaro Naoi, '* Yu Hirose,'* Yusuke Matsuzaka Ken Tanikawa,?
Koji lgarashl Hironori Nagasaka Masayoshi Kage,? Ayano Inui,” and Hiroyuki Kusuhara

"Laboratory of Molecular Pharmacokinetics, Graduate School of Pharmaceutical Sciences, The University of Tokyo,
Tokyo, *Department of Diagnostic Pathology, Kurume University Hospital, Kurume, 3B:osczence Division, Reagent
Development Department, TOSOH, Ayase, ‘Department of Pediatrics, Takarazuka City Hospital, Takarazuka,
and *Department of Pediatric Hepatology and Gastroenterology, Saiseikai Yokohamashi Tobu Hospital,

Yokohama, Japan

Aim: Benign recurrent intrahepatic cholestasis type 2 (BRIC2) is
caused by mutations in ABCB11, a gene encoding the bile salt
export pump (BSEP) that mediates biliary bile salt secretion,
and presents with repeated intermittent cholestasis with refrac-
tory itching. Currently, no effective medical therapy has been
established. We previously provided experimental and clinical
evidence suggesting the therapeutic potential of 4
phenylbutyrate {(4PB) for the cholestatic attacks of BRIC2.

Methods: After examining the potential therapeutic use of 4PB
treatment by in vitro studies, a patient with BRIC2 was treated p.
0. with 4PB at gradually increasing doses (200, 350, and
500 mg/kg per day} for 4 months. Biochemical, histological and
clinical data were collected.

Results: The patient was diagnosed with BRIC2 because he had
non-synonymous mutations (c.1211A>G [p.D404G] and 1331T>C
[p.V444A]) in ABCB11, reduced hepatocanalicular expression of

BSEP and low biliary bile salt concentrations. In vitro analysis
showed that 4PB treatment partially restored the decreased ex-
pression of BSEP caused by p.D404G mutation. During the first
2 months of 4PB therapy at 200 and 350 mg/kg per day, the patient
had no relief from his symptoms. No beneficial effect was ob-
served after additional treatment with bilirubin absorption and en-
doscopic nasobiliary drainage. However, after starting treatment
at a dose of 500 mg/kg per day, the patient’s liver function tests
and intractable itching were markedly improved. No apparent
side-effects were ohserved during or after 4PB therapy. The symp-
toms relapsed within 1.5 months after cessation of 4PB therapy.

Conclusion: 4PB therapy would have a therapeutic effect on
the cholestatic attacks of BRIC2.

Key words: benign recurrent intrahepatic cholestasis, bile salt
export pump, intrahepatic cholestasis, 4-phenylbutyrate

INTRODUCTION

AMILIAL CHOLESTATIC LIVER disease comprises a
variety of clinically and genetically heterogeneous
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disorders. Benign recurrent intrahepatic cholestasis (BRIC),
a rare inherited autosomal recessive liver disease, is charac-
terized by intermittent episodes of intrahepatic cholestasis
with normal serum y-glutamyltransferase (y-GT) activity,
refractory pruritus and jaundice.'~® In contrast to progres-
sive familial intrahepatic cholestasis (PFIC), which pro-
gresses to severe cholestasis with sustained intractable
itching, jaundice, diarrhea and failure to thrive, leading to
liver failure in the first year of life,' in most cases of BRIC,
the symptoms last from weeks to months, but resolve
spontaneously without progressing to liver failure.” How-
ever, a reduction in the number and duration of the attacks
is highly desirable, because intractable itching accompa-
nied by cholestasis disrupts patients’ activities of daily liv-
ing and their ability to sleep, making the patients
disabled and depressed, and consequently decreases their
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quality of life and that of their families. There are case
studies of medical therapy for cholestatic attacks in BRIC
patients with rifampicin, cholestyramine and corticoste-
roids, and of invasive therapy with nasobiliary drainage
(NBD).*? However, all of these treatments are symptom-
atic therapy only, because of the lack of understanding of
the molecular mechanism underlying intrahepatic chole-
stasis in BRIC, and inconsistent results have been reported
for each treatment.”™

Benign recurrent intrahepatic cholestasis is subdivided
into BRIC type 1 (BRIC1) and BRIC type 2 (BRIC2) based
on the causal genes. BRIC1 and BRIC2 are caused by muta-
tions in ATP8BT and ABCB1 1, respectively, which encodea
member of the P4 subfamily of P-type adenosine
triphosphatases and the bile salt export pump (BSEP).'*'
BSEP is an adenosine triphosphate (ATP)-binding cassette
transmembrane transporter located on the canalicular
membrane (CM) of hepatocytes, which mediates the bili-
ary excretion of monovalent bile salts.'>~' Therefore, al-
though no direct evidence has been provided, it is
suspected that during the cholestatic episodes in BRIC2 pa-
tients, biliary bile salt secretion and the resultant bile flow
formation are impaired because of the decreased function
of BSEP, leading to accumulation in the body of bile con-
stituents, probably including pruritogens.

We have published experimental evidence that
4-phenylbutyrate (4PB), a drug used to treat ornithine
transcarbamylase deficiency (OTCD), has an additional
newly identified pharmacological effect that increases the
hepatocanalicular expression of BSEP and the capacity
for biliary excretion of bile salts by hepatocytes.'®™'® Fur-
thermore, our group and Gonzales et al. reported recently
that 4PB therapy restored decreased BSEP expression, im-
proved liver functions and relieved intractable pruritus in
patients with PFIC2, a subtype of PFIC caused by muta-
tions in ABCB11."7?° These results indicate the possibility
that 4PB therapy may also be effective for the cholestatic
attacks in a majority of BRIC2 patients, because all
BRIC2-type mutations studied so far reduce the cell surface
expression of BSEP, but not the transport activity of BSEP
per se.2"*?

The present study provides the first direct clinical evi-
dence that a patient with BRIC2 actually presented with
impaired bile salt secretion into bile during a cholestatic
attack because of lessened expression of BSEP at the CM
of hepatocytes. To test the therapeutic potency of the 4PB
therapy, the patient was treated p.o. with 4PB at gradually
increasing doses (200, 350 and 500 mg/kg per day) for
4 months and then followed for 8 months after the ther-
apy. We collected and analyzed data on serum liver tests,
histology and the dinical course for this patient. This is
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the first report to investigate the therapeutic effect of the
4PB treatment on cholestatic attack in a patient with
BRIC2.

METHODS

E OBTAINED APPROVAL for the study from the in-

stitutional ethics review boards. Informed consent
was provided by the patient’s parents before assessment
because the patient was under 18 years of age. All materials
and methods used standard techniques and commercially
available reagents. A detailed description of the materials
and methods is presented in the online supporting
information.

Case report

he patient, a Japanese boy who is currently aged

16 years old, was bom normally to healthy parents
with no clinically documented consanguinity. He had no
cholestatic episode in the newbomn period, was entirely
healthy and developed normally. He experienced the first
cholestatic episode with jaundice and intractable itching
at the age of 9 months, which was preceded by the appear-
ance of cutaneous pruritus. No apparent symptomatic re-
lief was provided by treatment with ursodeoxycholic acid
(UDCA), cholestyramine, phencbarbital and fat-soluble
vitamins. Parameters of liver function tests were elevated
except for normal y-GT activity. Those values 6 months af-
ter onset of the cholestatic attack were 110 U/L aspartate
aminotransferase (AST), 71 U/L alanine aminotransferase
(ALT), 49.6 pM total bilirubin (T-Bil), 37.6 uM direct bili-
rubin (D-Bil), 20 U/L y-GT, and 164.8 uM total bile acids.
The cholestatic episode lasted for 8 months, then gradually
improved and liver function tests were normalized
completely. Percutaneous liver biopsy was performed after
the relief of cholestasis. Histological analysis showed intact
hepatic lobular architecture, no lobular inflammation and
near absence of cholestasis (data not shown). Immunohis-
tochemical analysis showed reduced immunosignal of
BSEP at the CM of hepatocytes (Fig. 1b). At age 15 years,
his second cholestatic episode occurred. Blood tests on ad-
mission showed 74 U/fL AST, 83 U/L ALT, 265.1 uM T-Bil,
188.1 uM D-Bil, 16 TU/L y-GT and 426.1 pM total bile
acids. The clinical course in this patient is similar to that
in previously reported cases, who experienced more than
two cholestatic episodes and initially no signs of liver
damage."’

Genomic sequencing analysis of all encoding exons and
flanking areas of ABCB11 was performed and identified a
heterozygous ¢.1211A>G (p.D404G) mutation and ho-
mozygous ¢.1331T>C (p.V444A) mutation in ABCB11

© 2015 The Japan Society of Hepatology

—3183—



194 H. Hayashi et al.

A.

St O 1}
S Y S Y

CCATCATTGACTGCATGTC

<
pm——_

¢.1211A>G (D404G) hetero

\

¢.13

BSEP

MRP2

BRIC2

Control

{Fig. 1a). No disease-associated mutation was found in
any encoding exons or flanking areas of ATP8B1, a causal
gene of PFIC1 and BRICI; these have similar clinical
symptoms to PFIC2 and BRIC2, respectively. The mutation
c.1331T>C (p.V444A) in ABCBI11 is a polymorphism
associated with reduced hepatic expression of BSEP.>* In
vitro analysis using HEK293T cells and McA-RH7777 cells,
a rat hepatoma cell line that develops CM through the
formation of couplets as hepatocytes, ectopically ex-
pressing HA-BSEP™" and HA-BSEP”***C, showed that
the ¢1211A>G (p.D404G) mutation markedly de-
creased cell surface expression of BSEP without affecting
its mRNA expression (Fig.2a,b). In immunofluorescence
analysis of HEK293T cells, HA-BSEPP***¢ showed an
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Figure 1 Diagnosis of BRIC2 in a patient
who developed episodic intrahepatic cho-
lestasis with normal y-GT activity. (a) Ge-
netic sequencing analysis. The compound
heterozygous ¢.1211A>G (p.D404G) and
homozygous ¢.1331T>C (p.V444A) mu-
tations in ABCB!1 identified are shown
by the arrowheads. (b) Immunohisto-
chemistry. Liver sections prepared from
the liver biopsy specimens of the BRIC2
patient after relief of the first cholestatic
attack and of control subjects were sub-
jected to immunohistochemistiy as de-
scribed in Methods. A typical image
under each condition is shown (original
magnification, x400). v-GT, V-
glutamyltransferase; BRIC2, benign recur-
rent intrahepatic cholestasis type 2; BSEP,
bile salt export pump.

endoplasmic reticulum (ER)-like distribution (Fig. 2¢,
top), suggesting that, as has been reported for cystic
fibrosis transmembrane conductance regulator {CFTR)
AF508,% this mutation induces incomplete folding of
BSEP molecules that are retained in the ER followed
by proteasomal degradation, resulting in a decrease in
the cell surface expression of HA-BSEPP*%*¢. In McA-
RH7777 cells, HA-BSEPP*%*% was expressed just beneath
the CM marker, MRP2, but was not colocalized with
MRP2 (Fig.2¢, bottom). These results, combined with
the repeated cholestatic episodes with normal y-GT ac-
tivity and with reduced immunosignal of BSEP at the
CM of hepatocytes (Fig. 1b), were the basis of the diag-
nosis of BRIC2.
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Figure2 Characterization of ¢.1211A>G (p.D404G) mutation in ABCB11. {a,b) Determination of mRNA and protein expression levels
of BSEPP%4G By, HA-BSEPYT or HA-BSEPP*%C HEK293T cells were subjected to (a) quantitative polymerase chain reaction and (b)
cell surface biotinylation, and then analyzed as described in Methods. (¢} Cellular localization of BSEP™4C HEK293T cells (top)
and McA-RH7777 cells (bottom) expressing HA-BSEP™" (left) or HA-BSEP™*™ (1ight) were fixed and stained with the plasma mem-
brane markers and analyzed by confocal immunofluorescence microscopy as described in Methods (scale bar, 10 pm). (d,e) BSEP™#*¢.
mediated uptake of [*H]-TC. Membrane vesicles (30 pg in [d] and 10 pg in [e]) prepared from EV, HA-BSEP™" and HA-BSEPP**4¢
HEK293T cells were subjected to (d) immunoblotting and (e) an uptake assay. In (d), Image Gauge software was used to quantify
the ratio of band intensities of HA-BSEPY" and HA-BSEP™**€ relative to that of NaK. For the uptake assay, membrane vesicles were
incubated at 37°C with [> H}-TC (1 gM) for 5 min in the presence of 5 mmol/L ATP or AMP, The uptake of ligand was obtained by
subtracting the value in the absence of ATP from that in its presence. A representative result of two or three independent experiments
is shown. Bars represent the mean + SEM of each experiment in triplicate. *P< 0.05 vs EV; ***P < 0.001 vs EV; and P < 0,001 vs
WT. [PH]TC, [PH]-taurocholate; AMP, adenosine monophosphate; ATP, adenosine triphosphate; A.U., arbitrary units; BSEP, bile salt
export pump; EV, empty vector; IB, immunoblotting NaK, Na*, K*—~ATPase o1 subunit; N.D., not detected because of low expression
levels; SEM, standard error of the mean; WT, wild type.
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