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Abstract

BACKGROUND

Benign recurrent intrahepatic cholestasis is a genetic disorder with recurrent
cholestatic jaundice due to ATPS8B1 and ABCB11 gene mutations encoding for
hepato-canalicular transporters. Herein, we firstly provide the evidence that a
nonsense variant of ATP8B1 gene (c.1558 A>T) in heterozygous form is involved
in BRIC pathogenesis.

CASE SUMMARY

A 29-year-old male showed severe jaundice and laboratory tests consistent with
intrahepatic cholestasis despite normal gamma-glutamyltranspeptidase. Acute
and chronic liver diseases with viral, metabolic and autoimmune etiology were
excluded. Normal intra/extra-hepatic bile ducts were demonstrated by magnetic
resonance. Liver biopsy showed: Cholestasis in the centrilobular and
intermediate zones with bile plugs and intra-hepatocyte pigment, Kupffer’s cell
activation/hyperplasia and preserved biliary ducts. Being satisfied benign
recurrent intrahepatic cholestasis diagnostic criteria, ATP8B1 and ABCB11 gene
analysis was performed. Surprisingly, we found a novel nonsense variant of
ATPSBI1 gene (c.1558A>T) in heterozygosis. The variant was confirmed by Sanger
sequencing following a standard protocol and tested for familial segregation,
showing a maternal inheritance. Immunohistochemistry confirmed a significant
reduction of mutated gene related protein (familial intrahepatic cholestasis 1).
The patient was treated with ursodeoxycholic acid 15 mg/kg per day and
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colestyramine 8 g daily with total bilirubin decrease and normalization at the 6
and 12" mo.

CONCLUSION

A genetic abnormality, different from those already known, could be involved in
familial intrahepatic cholestatic disorders and/or pro-cholestatic genetic
predisposition, thus encouraging further mutation detection in this field.

Key words: Benign recurrent intrahepatic cholestasis; ATP8B1/ABCBI1 genes; Jaundice;
Heterozygous variant of ATPSBI gene (c.1558A>T); Familial inheritance; Case report
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Core tip: Benign recurrent intrahepatic cholestasis is a rare genetic disorder characterized
by recurrent jaundice due to the mutation of the ATP8B1/ABCBI1 genes encoding for
hepato-canalicular transporters. The original finding, which characterizes the case we
observed, is the association of a novel nonsense variant of ATP8BI gene (c.1558A>T) in
a heterozygous condition with hepato-canalicular transporter protein deficiency. Indeed,
the disorder has been described until now as an autosomal recessive one, whereas, in this
case, the patient expressed the disease despite having only one mutated allele of ATP8B1
gene.
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INTRODUCTION

Benign recurrent intrahepatic cholestasis (BRIC) is a rare genetic disorder
characterized by recurrent episodes of cholestatic jaundice that undergo spontaneous
resolution within a period lasting from few weeks to some months without an
evolution towards chronic liver diseasel'l. The first case of BRIC was described by
Summerskill et al” in 1956. Its exact prevalence remains unknown, but estimated
incidence is approximately 1 in 50000 to 100000 people worldwide. BRIC is an
autosomal recessive disorder. Two subtypes have been described according to
associated gene mutations. BRIC-1 is associated with a mutation in the ATP8B1 gene
(chromosome 18q21-22) that encodes a protein called familial intrahepatic cholestasis
1 (FIC1)Pl. BRIC-2 is caused by a mutation in the ABCB11 gene (chromosome 2q24)
encoding bile salt export pump protein®l. Consequent impaired function of these
hepato-canalicular transporters, responsible for the secretion of bile components,
induces an intrahepatic cholestasis. Mutations in ATP8B1 and ABCB11 genes are also
present in progressive familial intrahepatic cholestasis (PFIC - type 1 and 2,
respectively). Despite both are due to mutations in the same gene, phenotypes of
BRIC and PFIC differ, since PFIC is characterized by a progressive liver damage up to
end-stage liver diseasel’.

BRIC diagnostic criteria have been proposed by Luketic et al''l; at the moment, they
represent the basics in the diagnosis of the disorder. They include: (1) At least two
episodes of jaundice separated by a symptom-free interval lasting several months to
years; (2) Laboratory values consistent with intrahepatic cholestasis; (3) Gamma-
glutamyltranspeptidase (GGT) either normal or only minimally elevated; (4) Severe
pruritus secondary to cholestasis; (5) Liver histology demonstrating centrilobular
cholestasis; (6) Normal intra- and extra-hepatic bile ducts by cholangiography
(endoscopic retrograde cholangiopancreatography, magnetic resonance
cholangiography); and (7) Absence of factors known to be associated with cholestasis
(i.e., drugs, pregnancy)!.

On these bases, we believe of interest to report the case of a young adult patient
with clinical, biochemical and histological features of BRIC, where we have, at the
best of our knowledge, firstly provided the evidence of a heterozygous pathogenic
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nonsense variant in the ATPSB1 gene (c.1558A>T).

CASE PRESENTATION

Chief complaints
A 29-year-old male was admitted into our Gastroenterology Unit for jaundice, severe
pruritus, dark colored urine, clay colored stool and weight loss.

History of present illness

Patient symptoms started one month before the admission in our Unit. He had
undergone two previous hospitalizations without clinical benefit. No infections or
fever were reported.

History of past illness
The patient had a free previous medical history. In the past, he had never suffered
from jaundice.

Personal and family history

There was no history of drug exposure, blood transfusions or alcohol intake. Family
history was negative for similar complaints. Mother had never reported intrahepatic
cholestasis of pregnancy during his two pregnancies.

Physical examination upon admission

On physical examination, the patient showed an evident jaundice, widespread scratch
marks over the whole body, hepatomegaly (1 cm below the right costal margin)
without clinical signs of liver failure (ascites, edema, encephalopathy).

Laboratory examinations

Laboratory investigations showed low hemoglobin (10 g/dL) and mean corpuscular
volume (78.1 fl) with normal white blood cell (6330/microL) and platelet
(295000/microL) count. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were normal. Markers of cholestasis showed normal GGT,
alkaline phosphatase (ALP) 2.9 times upper normal limit and total bilirubin value of
32.70 mg/dL (conjugated fraction: 28.59 mg/dL). Markers of hepatic parenchymal
activity showed hypoalbuminemia (1.9 g/dL) with normal values of international
normalized ratio of prothrombin time (0.94), Partial thromboplastin time (ratio: 1.03;
normal: < 1.20), coagulation factor V, ammonium, cholinesterase, blood sugar and
cholesterol levels. Other altered biochemical tests were: low vitamin D level (14
ng/mL; normal: 30-100 ng/mL), mild elevation of amylase and lipase (1.1 times and
1.4 times upper normal limit, respectively), reduced renal function test (estimated
Glomerular filtration rate - eGFR 67 mL/min), reduced serum potassium (3.1
mmol/L).

Serological investigations excluded viral, metabolic and autoimmune causes of
acute and chronic liver diseases. Negative results were found for the following
parameters: IgM antibodies to hepatitis A virus, hepatitis B surface antigen, hepatitis
B virus DNA, hepatitis C virus RNA, antibodies to hepatitis C virus, serum levels of
iron, transferrin, and ferritin, serum copper and ceruloplasmin levels, alpha;-
antitrypsin, anti-nuclear, anti-smooth muscle, anti-liver kidney microsomal anti-
mitochondrial antibodies, serum protein electrophoresis and immunoglobulins (IgG,
IgA, IgM).

Imaging examinations

Ultrasonographic abdominal investigation revealed mild hepatomegaly with normal
echogenicity. Magnetic resonance cholangiopancreatography showed normal intra-
and extra-hepatic biliary tree and pancreatic ductal system.

Histological examination

Liver biopsy showed: severe cholestasis in the centrilobular hepatocytes, involvement
of intermediate zone with evidence of bile plugs as well as intra-hepatocyte bile
pigment (Figure 1A), activation and hyperplasia of Kupffer’s cells (Figure 1B) and
preserved biliary ducts in portal areas (Figure 1C).

Genetic analyses

Being satisfied BRIC diagnostic criteria, ATP8B1 and ABCB11 gene analysis was
performed. After obtaining the informed consent for the genetic analyses, targeted
enrichment and panel parallel sequencing were performed on genomic DNA
extracted from circulating leukocytes of the affected subject. Patient library
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Figure 1 Histological pictures of liver biopsy and immunohistochemical analysis of ATP8B1 gene encoded protein in liver biopsy. A: Severe cholestasis in
zone 3 (centrilobular area) with evidence of bile plugs (black arrow) as well as intra-hepatocyte bile pigment [hematoxylin and eosin (HE), 200 x]; B: Activation and
hyperplasia of Kupffer's cells, which are stained red by periodic acid schiff (PAS) reaction (black arrow) and counterstained blue by haematoxylin (PAS, 100 x); C:
Portal area showing preserved biliary duct and few inflammatory cells (HE, 200 x); D: Canalicular immunoreactivity (diaminobenzidine chromogen and hematoxylin
counterstain) for ATP8B1 gene encoded protein showing mild (black arrow) or absent staining in our benign recurrent intrahepatic cholestasis patient (400 x); E:
Normal immunohistochemical ATP8B1 gene encoded protein (black arrow) staining in a healthy control (200 x). Scale bars with length expressed as microns are
reported.

preparation and targeted re-sequencing were performed by using the
NimbleGenSeqCap Target Enrichment kit (Roche, Pleasanton, CA, United States) on a
NextSeq550 (Illumina Inc, San Diego, CA, United States) platform, according to the
manufacture’s protocol. The BaseSpace pipeline (Illumina, https://basespace.illu-
mina.com/) and the TGex software LifeMap Sciences (http://tgex.genecards.org/)
were used for the variant calling and annotating variants, respectively. Sequencing
data have been aligned to the hgl9 human reference genome. The variants were
analyzed in silico by using Scale-Invariant Feature Transform and Polymorphism
Phenotyping v2 (http://genetics.bwh.harvard.edu/pph2) for the prediction of
deleterious non-synonymous SNVs for human diseases. Based on the guidelines of
the American College of Medical Genetics and Genomics!”, a minimum mean depth
coverage of 30 x was considered suitable for analysis. Variants were examined for
coverage and Qscore (minimum threshold of 30), and visualized by the Integrative
Genome Viewer. Clinical investigations and genetic analyses were approved by the
institutional scientific board of the institutes involved, and were conducted in
accordance with the Helsinki Declaration.

FINAL DIAGNOSIS

Sequencing analysis identified a heterozygous nonsense variant, c.1558 A>T, in exon14
of ATP8B1 gene (NM_005603). This variant has never been described before, and is
not present in dbSNP, Exome Variant Server, or ExAC databases. The finding was
confirmed by Sanger sequencing following a standard protocol (BigDye Terminator
v3.1 Cycle Sequencing Kit, Applied Biosystems by Life Technologies) and tested for
familial segregation, showing a maternal inheritance. According to the American
College of Medical Genetics and Genomics criteria, the ¢.1558 A>T (p.Lys520Ter)
variant can be classified as likely pathogenic. Figure 2 reports pedigrees and
electropherograms of ATP8B1 c.1558 A>T variant, which were identified in the patient
family.

To confirm the pathogenetic role of observed mutation, immunohistochemical
study was performed with anti-ATP8B1 Antibody (rabbit polyclonal antibody -
HPAO018674, 1:20 working dilution, Atlas Antibodies, Stockholm, Sweden). This
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Figure 2 Pedigree and electropherograms of ATP8B1 c.1558A>T variant identified in the family of the BRIC
patient.

antibody has a specific affinity for the protein codified by ATP8B1 gene
(https:/ /www.atlasantibodies.com/ products/antibodies/ primary-antibodies/ triple-
a-polyclonals/atp8bl-antibody-hpa018674/). The protein expression in the liver of the
patient with c. 1558 A>T mutation was significantly reduced (Figure 1D) as compared
to that of a healthy control (Figure 1E).

TREATMENT

The patient was treated with ursodeoxycholic acid 300 mg thrice daily (15 mg/kg per
day) and colestyramine 4 g twice daily with a clinical improvement. After 15 d, total
bilirubin decreased to 12.38 mg/dL which was near to normal values after 2 mo of
therapy (1.99 mg/dL) with a complete normalization at the 6™ and 12" mon.

OUTCOME AND FOLLOW-UP

A 24-mo follow up did not develop any further episode of jaundice; laboratory
investigations showed normal values of hemoglobin (13 g/dL), AST, ALT, GGT, ALP
and total bilirubin (1.32 mg/dL) at this time. Figure 3 summarizes the course of most
significant laboratory tests and a trend chart with the therapeutic process.

DISCUSSION

BRIC is a self-limiting disorder. There is no progression to cirrhosis: liver histology
remains normal during remission. Therefore, it does not cause chronic liver disease.
The knowledge of this entity is crucial as an early recognition can suggest the optimal
prognostic and therapeutic approach.

Review of the literature: general overview

The first report of BRIC dates back to 1956. Its estimated incidence is approximately 1
in 50000 to 100000 people worldwidel'l. It is due to an autosomal recessive disorder
even if two subtypes are known according to respective associated gene mutations,
i.e., BRIC-1 (mutation in the ATP8B1 gene)l! and BRIC-2 (mutation in the ABCB11
gene)l’l. These mutations induce an impaired function of hepato-canalicular
transporters for the secretion of bile components with a consequent intrahepatic
cholestasis. Mutations in ATP8B1 and ABCB11 genes are also involved in a PFIC -
type 1 and 2 characterized by a liver damage up to end-stage liver diseasel”.. BRIC
diagnostic criteria proposed by Luketic and Shiffman represent the basics in the
diagnosis of the disorder!l. Indeed, rare cases of BRIC that subsequently transitioned
to a persistent progressive form of the disease (PFIC) have been described, thus
suggesting the possibility of a clinical continuum among the different phenotypic
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Figure 3 Course of most significant laboratory tests and trend chart with the therapeutic process. A: Total and conjugated bilirubin values, expressed as
mg/dL; B: Aspartate aminotransferase, alanine aminotransferase and gamma-glutamyltranspeptidase, expressed as U/L. n.v.: Normal values; GGT: Gamma-
glutamyltranspeptidase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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expressions due to gene defect!”). Since both diseases (BRIC and PFIC) are referred to
ATP8B1 and ABCB11 deficiency, as described by van der Woerd et al, the central role
of genetic abnormalities is evident and molecular analysis may be useful both to
predict the disease phenotype and determine a tailored treatment strategy.

Our case in the context of recent advances about genetic scenario

BRIC clinical, biochemical and histological pattern of our patient fully agreed with the
criteria of Luketic and Shiffman!l. The finding of the nonsense variant (c.1558A>T), in
exonl4 of ATPSB1 gene, associated with immunohistochemical demonstration of FIC1
deficiency, confirmed our diagnostic hypothesis. At the best of our knowledge, the
mutation we found (c.1558 A>T) has not been described in the scientific literature and
international databases (ClinVar, Human Gene Mutation Database, Leiden Open
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Variation Database). Indeed, even if BRIC is an autosomal recessive disease, a single
heterozygous variant in the ATP8B1 gene has been found in a single case of this
disorder!®. This unexpected finding has induced to hypothesize that a counter allele
could be present but not detected, since some mutations (such as large deletions) may
be undetectable by common methods or involve not analyzed regions (untranslated
regions, upstream regulatory sequences, introns)?. On the other hand, the state of art
demonstrates that the most common ATP8B1 mutation identified in European BRIC
patients (I661T) shows an incomplete penetrance in homozygous form, while its
compound heterozygous form has been even associated to a case of PFIC-1V. In
addition, mutation type or location correlate with disease severity!l.

In this multifaceted setting of hepato-canalicular transporter genetic disorders, an
apparently autosomal dominant transmission in a family with BRIC has been recently
reported!"’l. These data suggest the likehood of an additional unmapped locus for
autosomal recessive BRIC and PFIC!". To support this possibility, biallelic MYO5B
mutations has been recently reported in patients with isolated low-GGT cholestasis!'”.
This finding suggests that patients lacking mutations in both ATP8B1 and ABCB11
genes should be screened for additional gene mutations involved in bile secretion and
transport pathways!"”l. Indeed, at this regard, a recent systematic review highlighted
the “expanded PFIC disorders” thus suggesting the possible involvement of genes
other than already known ones, such as those related to T/P2, NR1H4 (FXR protein),
MYO5B, USP53 and LSR defects, being these genes are all involved in bile transport
physiology!.

Differently from the other sequence variants of ATP8B1 gene found in
heterozygous form, we observed a “nonsense” mutation able to induce the insertion
of a premature stop codon (p.Lys520Ter) and impair the production of FICT.
Additionally, this variant has never been described at the best of our knowledge,
being not present in dbSNP, Exome Variant Server, or ExAC databases. Finally, a
mechanistic study of its biological effect was performed by immunohistochemistry for
gene codified protein deficiency and unquestionably confirmed that FIC1 level was
severely lacking!'"”l.

In this context, the mutation found in our patient perfectly fits with what known
about the complex genetic scenario. Additionally, the nonsense variant was confirmed
by Sanger sequencing and tested for familial segregation, showing a maternal
inheritance, thus supporting the known familiarity of the disorder.

CONCLUSION

FIC refers to a heterogeneous group of autosomal recessive liver disorders, which
occur worldwide. In all cases of FIC, a wide range of variations in clinical phenotypes
has been observed, possibly due to the variability of the mutations and type of
segregation, which have even been sporadically found as compound heterozygosity.
Molecular analysis is mandatory for a correct and complete diagnosis and our case
provides the novelty that the finding of a single nonsense heterozygous mutation
does not exclude an inherited disorder. In this case, however, immunostaining for the
corresponding encoded protein is recommended to confirm a cause-effect
relationship. Therefore, the genetic heterogeneity and the complexity of the
mechanisms related to the biliary flow suggest that inherited abnormalities other than
those already known, could be not only at the basis of the spectrum of familial
intrahepatic cholestatic disorders, but also of specific pro-cholestatic genetic
predisposition, thus encouraging further investigations in this field.
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