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Abstract

Benign recurrent intrahepatic cholestasis (BRIC) is a group of genetically heterogeneous au-
tosomal recessive liver disorders characterized by recurrent episodes of jaundice and pruritus.
BRIC is divided into two groups, BRIC type 1 (BRIC1) and BRIC type 2 (BRIC2), caused by mu-
tations in the ATP8BT and ABCBT11 genes. We show that novel nonsense mutations in ATP8B1
(c.2989G>A, c.1547T>A) are the cause of BRIC1. A 16-year-old girl presented with severe jaun-
dice. Acute and chronic liver diseases with infectious (hepatitis virus), metabolic, and autoim-
mune etiologies were excluded. Imaging revealed normal intra- and extra-hepatic bile ducts.
Liver biopsy revealed severe intrahepatic bile stasis with bile plugs. She had similar symptoms
at the age of 0 years. The BRIC criteria were satisfied, and ATP8BT and ABCB11 gene analyses
performed. Surprisingly, novel nonsense variants of the ATP8BT1 gene (c.2989G>A and
c.1547T>A) in heterozygosis were found, which were identified in each of her parents. Therefore,
the compound heterozygote was thought to cause BRIC1 in these patients. Genetic mutations
that differ from those already known may help diagnose patients with BRIC.
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Introduction

Benign recurrent intrahepatic cholestasis (BRIC) is a group of genetically heterogeneous
autosomal recessive diseases, characterized by recurrent episodes of cholestatic jaundice
that resolves spontaneously within a few weeks to a few months. The first case of BRIC was
described by Summerskill and Walshe in 1956 [1]. The disease can occur at any age and is
associated with recurrent episodes of pruritus and increase in serum bilirubin and bile acid
(BA) without elevation of serum gamma-glutamyltransferase (GGT). BRIC1 is associated with
mutations in the ATP8B1 gene (chromosome 18q21-22), which encodes a protein called
familial intrahepatic cholestasis 1 (FIC1). In this study, we report a case of BRIC1 in a young
woman who was diagnosed based on the clinical history, biochemical and histological
features; diagnosis was confirmed by genetic analyses, which we have at the best of knowledge,
first provided the evidence of compound heterozygous and novel mutations in the ATP8B1
gene (c.2989G>A, c.1547T>A).

Case Report

A 6-month-old girl presented at a general hospital on account of diarrhea followed by
jaundice and pruritus of several days duration. Laboratory investigations showed total bili-
rubin (T-Bil) levels of 17.3 mg/dL (conjugated fraction: 13.5 mg/dL), serum BA levels of
304 umol/L, and mildly elevated alkaline phosphatase; aspartate aminotransferase, alanine
aminotransferase and GGT were within normal limits (Table 1). Abdominal ultrasonog-
raphy and computed tomography revealed neither enlargement of the liver nor mass in the
liver. The intra- and extra-hepatic biliary tree and pancreatic ductal system showed no
obstruction or dilation. Hepatobiliary scintigraphy showed excretion of bile through the
ducts, although it was slightly delayed. Liver biopsy showed severe intrahepatic bile stasis
with bile plugs; no damage to the hepatocytes and bile ducts was observed. Because genetic
cholestasis was suspected, administration of urusodeoxycholic acid, colestyramine, and
phenobarbital led to an improvement in symptoms. Since then, she had no episodes of

Table 1. Laboratory findings on

Hematology Biochemistry
admission at 0 years and 6 months

WBC 9,000/uL AST 501U/L
RBC 396 x 104/uL ALT 47 1U/L
Hb 10.9 g/dL LDH 214 1U/L
PLT 43.0 x 104/pL ALP 1740 IU/L

Biochemistry GGT 1710/L
TP 5.2 g/dL BUN 9 mg/dL
Alb 3.3g/dL Cr 0.3 mg/dL
T-Bil 17.3 mg/dL BA 304 umol/L
D-Bil 13.5 mg/dL

WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Plt,
platelet; TP, total protein; Alb, albumin; T-Bil, total bilirubin; D-Bil, direct
bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase; GGT, gamma
glutamyl transpeptidase; BUN, blood urea nitrogen; Cr, creatinine;
BA, bile acid.
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Table 2. Laboratory findings on

Hematology Biochemistry
admission at 16 years
WBC 6.34/uL TP 6.7 g/dL
Neut 73.10% Alb 3.2g/dL
RBC 434 x 104 /uL T-Bil 1.3 mg/dL
Hb 11.9 g/dL AST 47 10/L
PLT 51.3 x 104/uL ALT 56 1U/L
LDH 326 IU/L

Coagulation ALP 1319 IU/L
PT 92% GGT 2710/L
PT-INR 1.01 BUN 12.7 mg/dL
APTT 299s Cr 0.71 mg/dL
Fib 448 ng/dL NH;3 14 pmol/L
D-dimer 1.5 pg/mL BA 390 pumol/L

Neut, neutrophil; ALP, alkaline phosphatase; AST, aspartate amino-
transferase; ALT, alanine aminotransferasePT, prothrombin time; INR,
international normalized ratio; APTT, activated partial thromboplastin
time; Fib, fibrinogen.

jaundice or pruritus until the age of 16. At the age of 16 years and 6 months, jaundice
recurred, and the T-Bil value was 3.6 mg/dL at the time of presentation but rapidly increased
to 21.2 mg/dL, 3 days later. Twelve days after presentation, she was referred to our hospital,
where laboratory investigations showed T-Bil level of 35.7 mg/dL (conjugated fraction:
24.6 mg/dL), BA of 390 pmol/L, alkaline phosphatase of 1,319 U/L; aspartate aminotrans-
ferase, alanine aminotransferase, and GGT were within normal limits (Table 2). Serological
investigations excluded infectious (hepatitis virus infection), metabolic, and autoimmune
causes of acute and chronic liver disease. Computed tomography and magnetic resonance
cholangiopancreatography showed normal intra- and extra-hepatic biliary trees. Liver
biopsy showed severe intrahepatic bile stasis with bile plugs, and no findings suggestive of
chronic hepatitis or cirrhosis. Since jaundice had recurred and no other findings suggested
hepatitis, BRIC was suspected, and ATP8B1 and ABCB11 gene analysis was performed after
obtaining informed consent. Target next-generation sequencing (NGS) using the hybrid
capture method was performed on the genes extracted from the blood of the patient. Genome
sequences were analyzed for exons in the protein-coding region and 10 nucleotides in the
intronsin the border region. The sequences obtained were compared with publicly available
human genome reference sequences (GRCh38/hg38) to discover rare sequences, deletion,
or insertion of short nucleotide sequences. No variant of ABCB11 was found, but seven
variants of ATP8B1 were found, five of which are considered genetic polymorphisms in the
Japanese population because they had been reported in ToMMo (Tohoku Medical Megabank
Organization [jJGVD_8.3kjpn; https://jmorp.megabank.tohoku.ac.jp/ijgvd/]); the remaining
two heterozygous missense variants (p.Val997Met and p.lle516Asn) have never been
reported (Table 3). These two variants could be pathological because BRIC is considered an
autosomal recessive disorder. For the trio analysis, NGS for the two variants was performed
on the parents. As a result, the variant p.Val997Met was confirmed to be of paternal origin
and p.lle516Asn of maternal origin (Fig. 1), and the diagnosis of BRIC1 owing to a compound
heterozygous mutation in the ATP8B1 gene was confirmed. The patient was treated with
daily dose of urusodeoxycholic acid (300 mg) and cholestyramine (4 g). T-Bil levels dropped
to 1.1 mg/dL after 294 days of admission (Fig. 2).
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Table 3. Genetic analysis of the patient

No  Gene Genotype Annotation HGVS.c HGVS.p ToMMo
1 ATP8B1 Heterozygous Synonymous variant c.3744C>A p.-Thr1248= 0.0555
2 ATP8B1 Heterozygous Synonymous variant c.3477C>T p.Pro1159= 0.00554
3 ATP8B1 Heterozygous Missense variant €.2989G>A p.Val997Met No date
4 ATP8B1 Heterozygous Missense variant c.2021T>C p-Met674Thr 0.0544
5 ATP8B1 Heterozygous Missense variant c.1729A>G p.lle577Val 0.0544
6 ATP8B1 Heterozygous Missense variant c.1547T>A p.lle516Asn No date
7 ATP8B1 Heterozygous Missense variant c.234C>G p.His78GIn 0.0054

There were no variants of ABCB11, but seven variants of ATP8B1 were found. Nos. 1 and 2 are synonymous
variants, and therefore they could not be a factor in the disease. Nos. 4, 5, and 7 were considered genetic
polymorphisms in the Japanese population. Cases 3 and 6 have not been reported previously.
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Fig. 1. Pedigree of the ATP8B1 variants (c.Ile516Asn and c.Val997Met) identified in the family of the patient
with BRIC1. No one else in her family has developed BRIC1. Patient’s father has the heterozygous muta-
tion c.lle516Asn and mother has the heterozygous mutation c.Val997Met. The compound heterozygous
mutation is the cause of BRIC1 in this patient. Genetic analysis was not performed on her sister because
she declined consent.

Discussion

BRIC has been reported several times since it was first reported by Summerskill and
Walshe [1], as a disease in which jaundice is recurrent. The widely known and most common
diagnostic criteria for BRIC, which are based on clinical symptoms, have been proposed by
Luketic and Shiffman [2]. These include the following: at least two episodes of jaundice
separated by a symptom-free interval lasting several months to years; laboratory values
consistent with intrahepatic cholestasis; normal or minimally elevated GGT; severe pruritus
secondary to cholestasis; liver histology demonstrating centrilobular cholestasis; normal
intra- and extra-hepatic bile ducts by cholangiography (endoscopic retrograde cholangio-
pancreatography, magnetic resonance cholangiography); and absence of factors known to
be associated with cholestasis (i.e., drugs, pregnancy) [2]. Gene identification is not essential
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Fig. 2. Clinical course. Cholestyramine was discontinued owing to poor improvement in itching symptoms.
At 294 days after the first admission, itching was relieved, and jaundice was reduced.

for diagnosis, but pathological mutation in ATP8B1 has been reported. For instance, Klomp
et al. [3] performed a genetic analysis of BRIC families and reported that 1661T was iden-
tified as a typical mutation. ATP8B1 deficiency causes two forms of familial intrahepatic
cholestasis: progressive familial intrahepatic cholestasis type 1 (PFIC1) and BRIC1 (the type
found in this case) [4]. PFIC develops in infancy and presents with chronic intrahepatic bile
stasis, running a progressive and fatal course. Mutations that cause BRIC1 are thought to have
only a partial effect on protein function and expression compared to mutations in PFIC1 [3].
However, several cases of BRIC that subsequently transitioned to a persistent progressive
form have been reported. Thus, it is theorized that BRIC and PFIC seem to represent a
continuous spectrum of phenotypes of one disease [5, 6]. These differences result from the
difference in the importance of the proteins expressing genetic abnormalities; this has been
proven by in vitro and mouse experiments [7]. Therefore, the identification of pathological
variants is considered important.

This case met the diagnostic criteria for BRIC and this diagnosis was made. However,
since the patient is young (16 years), it may be possible to estimate the severity of the
disease (by comparing it with past cases), the risk of the disease developing in her sister
and children when she gives birth. To evaluate the risk of developing the disease, a trio
analysis should be conducted in consultation with patients and their families. Therefore,
it is considered that the two novel nonsense mutations (p.Val997Met and p.lle516Asn)
have high diagnostic value because they have a recessive inheritance pattern. With the
development of NGS, genetic analysis has become more common, and the number of case
reports of genetic analysis is increasing. BRIC is a rare disease, with many unknowns,
including prognosis, and no treatments have been established. It is important to report
cases (such as this case) in which variants can be identified, and their course of treatment.
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