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Benign recurrent intrahepatic cholestasis is a rare clinical entity that is
caused by mutations in the canalicular transport genes. The present
report describes two individuals from the same family whose symptoms
were typical of the clinical characteristics of type 2 benign recurrent
intrahepatic cholestasis. Sequencing of the ABCBII gene revealed
two previously unreported mutations that predict the absence of
expression of the protein. The clinical presentation of the current
cases are discussed, as are the differential diagnosis and genetic charac-
teristics of the hereditary cholestatic disorders, overemphasizing the
possibility of making a definite genetic diagnosis.
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La description de deux nouvelles mutations
ABCBI11 responsables d’une cholestase
intrahépatique bénigne de type 2 dans une famille
canadienne-francaise

La cholestase intrahépatique récurrente bénigne est une entité clinique
rare causée par des mutations des génes de transport canaliculaires. Le
présent rapport décrit le cas de deux personnes d’'une méme famille
dont les symptdmes sont représentatifs des avec les caractéristiques
cliniques de la cholestase intrahépatique récurrente bénigne de type 2.
Le séquengage du gene ABCBI1 a révélé deux mutations jamais sig-
nalées auparavant, lesquelles prédisaient 'absence d’expression de la
protéine. La présentation clinique de ces cas est exposée, de méme que
le diagnostic différentiel et les caractéristiques génétiques des troubles
cholestatiques héréditaires. On insiste sur la possibilité de poser un
diagnostic génétique précis.

enign recurrent intrahepatic cholestasis (BRIC) is a rare cause of

hereditary cholestatic liver disorders, and is sometimes difficult to
differentiate from progressive familial intrahepatic cholestasis (PFIC).
The main difference between BRIC and PFIC is their clinical and
biochemical evolution. BRIC is characterized by a benign course, with
recurrent episodes of cholestasis and complete normalization of liver
biochemistry between each episode (1). PFIC is characterized by the
progressive appearance of pruritis, growth failure, coagulopathy and,
eventually, liver failure at a relatively young age (2-4). However, the
boundary between these two entities can sometimes overlap, which
makes precise, early diagnosis difficult (5). Therefore, they are often
considered as a phenotypic continuum with variable course. In recent
years, several proteins involved in biliary physiology, such as hepato-
canalicular transporters, have been found to harbour mutations that
were later associated with BRIC and PFIC syndromes. Therefore,
based on these findings, redefinition of these disorders is currently
underway.

Bile formation is the result of the concerted action of membrane
transporters in hepatocytes, and is mainly driven by the secretion of bile
acids. Indeed, the canalicular membrane is equipped with transporters
belonging to the ATP binding cassette (ABC) superfamily — the hepa-
tocanalicular transporters. Bile constituents such as bile salts, phos-
phatidylcholine and cholesterol are actively secreted by ABCBI1 (bile
salt export pump [BSEP]), ABCB4 (MDR3) and ABCG5/8 respectively.
In addition, ATPBI (FIC1), which is a P-type ATPase (ATP-dependent
aminophospholipid translocase), is involved in maintaining the integ-
rity of the canalicular membrane (6,7). Therefore, it is not surprising
that mutations of these transporters are associated with inherited liver
diseases, albeit in an autosomal recessive pattern (8) (Table 1).

CASE PRESENTATION
The present report describes the discovery of two previously unreported
mutations in the ABCBII gene identified in two Caucasian sisters
previously diagnosed with BRIC. The history of the clinical develop-
ment of their syndromes is described.

Both sisters were diagnosed in early childhood — one in the neo-
natal period and the second at nine months of age. Intractable inter-
mittent pruritis and jaundice were the dominant clinical features.
Ursodeoxycholic acid was prescribed soon after diagnosis. Pruritus
was controlled with rifampicin and/or cholestyramine. During the
20 to 25 years of follow-up, neither patient exhibited signs or com-
plications of chronic liver failure; in fact, the liver always appeared
normal when examined by ultrasound. Therefore, liver enlargement
and splenomegaly were never detected. Of note, one of the two sisters
developed acute pancreatitis at a young age, which was judged to be
secondary to biliary sludge without, however, any evidence of chole-
lithiasis. This same patient was also diagnosed with unilateral deafness
of unexplained etiology at a very young age.

In the course of the evolution of their disease, these patients
developed two to three episodes of clinically significant jaundice of
approximately six months to 1.5 years duration each. Interestingly, the
duration and severity of each occurrence appeared to be longer and
more severe. Moderate hepatocyte injury was observed each time, and
was characterized by a two- to eightfold increase in the upper limit of
normal (ULN) levels of serum aspartate aminotransferase and alanine
aminotransferase, three times the ULN for alkaline phosphatase levels,
and bilirubin levels reaching more than 200 pmol/L. However, gamma-
glutamyl transpeptidase activity always remained normal. Both patients
experienced high blood levels of low-density lipoprotein and low levels
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TABLE 1
Canalicular transporter and related mutations

Gene involved Chromosome Canalicular transport defect Clinical impact

Histopathology

ATP8B1 18921-922 Aminophospholipid flippase Cholestasis, intractable pruritis and extrahepatic symptoms Bland cholestasis
BRIC-I (pancreatitis, deafness) Portal-track fibrosis
PFEIC-| Diarrhea
Coagulopathy (PFIC-I)
Progression to liver failure (PFIC-I)
ABCBI11 20g24-31 Bile salt export pump Cholestasis, intractable pruritis Bland cholestasis
BRIC-II Lithiasis Portal-track fibrosis
PFIC-II Coagulopathy (PFIC-II) Bile duct proliferation
ICP Progression to liver failure (PFIC-II) Portal inflammation and
Increased risk for hepatocarcinoma giant-cell hepatitis
Severe itching during the third trimester of pregnancy (ICP)
Premature delivery and stillbirth (ICP)
ABCB4 7921 Phosphatidylcholine floppase  Mild pruritis Bland cholestasis
PFIC-HI Microlithiasis, cholesterol stones, sludge Marked bile duct
Progressive cholestasis proliferation
High gamma-glutamyl transpeptidase levels
Biliary cirrhosis
ABCC2 Dubin-Johnson syndrome Mild icterus Black liver, pigment
MRP-2 Vague abdominal pain contained in lysosomes
Weakness (black or blue)
Hepatosplenomegaly
ABCG5/8 Sitosterolemia Anemia, premature atherosclerosis

Cholesterol floppase

BRIC Benign recurrent intrahepatic cholestasis; ICP Intrahepatic cholestasis of pregnancy; MRP-2 Multidrug resistance protein-2; PFIC Progressive familial

intrahepatic cholestasis

of high-density lipoprotein cholesterol in the blood during the epi-
sodes as well (total cholesterol 7.68 mmoL/L and 5.68 mmol/L; low-
density lipoprotein cholesterol 6.3 mmol/L and 4.0 mmol/L; and
high-density lipoprotein cholesterol 0.34 mmol/L and 0.66 mmol/L).
These episodes were most often triggered by mild upper respiratory tract
infections; however, some occurred without a clear triggering factor. Of
note, on one occasion, cholestasis appeared in the first two weeks fol-
lowing the introduction of minimal doses of oral contraceptives, sug-
gesting that both events were linked. Neither of the sisters have
become pregnant. Overall, these two patients were subjected to mul-
tiple liver biopsies during their childhood. Results showed evidence of
canalicular cholestasis, mainly located in the centrilobular area, with-
out any signs of biliary duct damage, proliferation or fibrosis. In
between episodes, both sisters reported chronic mild pruritus.

To assess the genetic transmission of their syndrome, the pheno-
type of the parents of the two sisters was investigated and a family
pedigree was created. Both parents were of French-Canadian descent
and had been living in a small area (100 km?) of the Lanaudiere
region (Quebec) for at least the past four generations, but they were
not related. They had another unaffected 28-year-old female child.

The mother (55 years of age) had no history of jaundice, cholest-
atic complications during her pregnancies or mutations in the hemo-
chromatosis HFE gene. Her liver biochemistry was completely normal.
She was only diagnosed with osteoporosis. On the other hand, nine of
her 11 brothers and sisters underwent gallbladder surgery in the past.

The father (57 years of age) was diagnosed with hereditary hemo-
chromatosis 20 years previously; four of his eight brothers and sisters
were also diagnosed with the disease. The condition is currently well
controlled biochemically with phlebotomy treatment. A physical
examination showed mild joint deformities without darkening of the
skin or liver enlargement. His liver biochemistry was normal, except
for a slightly elevated total bilirubin level (less than two times ULN).
Genetic screening revealed that he was homozygous for the C282Y
mutation in the hemochromatosis HFE gene. Noteworthy, the father
had no history of jaundice, pruritis or pancreatitis. However, he under-
went cholecystectomy at 47 years of age for symptomatic gallstones.
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Finally, he suffers from partial hereditary deafness, which required sta-
pes prosthetic replacement. Four of his eight brothers have the same
disorder.

Mutations in the ABCBII gene were investigated by direct
sequencing of polymerase chain reaction products generated from
genomic DNA extracts of peripheral blood cells drawn from one of the
two sisters. A splice mutation (390 G—T [G130G]) was found on one
allele, while a missense sequence variant (830 C—A [A277E]) was
found on the other allele. Mutation nomenclature is based on the
recommendation of the American College of Medical Genetics desig-
nating the initial ATG start codon as +1 using the reference sequences
NT_005403 and NM_003742. The genetic codons in which these
mutations are localized are well conserved in mammals according to
DNA alignment software. The splice mutation is located at a well-
identified splice site that is translated in the canalicular domain of the
protein (9). Therefore, splice modifications are likely to lead to signifi-
cant changes in the protein. The missense mutation is located in the
second intracellular domain of the protein. Without detailed mutagen-
esis studies, however, it is difficult to predict the impact of this muta-
tion on the protein. Similar missense mutations have been reported in
this region of the protein (9). The other sister was found to harbour
the exact two same mutations. Sequencing of ABCB4 and ATPSBI
genes was also performed for one of the two sisters, with no mutations
identified. Therefore, it was decided that these cases be classified as
type 2 BRIC (BRIC-II) (Table 1).

Finally, to evaluate the genetic phase transmission of these muta-
tions, the ABCBI1 gene in both parents was sequenced. The mother
was found to have the 390 G—T (G130G) mutation, while the father
harboured the 830 C—A (A277E) mutation. Therefore, the daugh-
ters’ genotype was transmitted from both parents.

DISCUSSION
Synthesized and recycled bile acids are transported from hepatocytes
across canalicular membranes against a concentration gradient driven
by an ATP-dependent pump. This ATP-dependent transporter is
encoded by the gene ABCBI1 1, which is also known as the BSEP. The
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BSEP is expressed primarily in the liver, but is also expressed at lower
levels in other organs such as human testis (10), brain cortex (11),
placenta (12), small and large intestines (13), and kidneys (14). The
functional role of this protein in nonhepatic tissues is not completely
clear. Autosomal recessive mutations in this gene are responsible for
rare hereditary forms of cholestatic liver disorders known as BRIC-11/
PFIC-II. To date, approximately 150 mutations in the ABCBI1 gene
have been identified (9,15-19). These mutations include insertions,
deletions, splice or nonsense mutations of the gene leading to reduced
expression of the protein in hepatocytes, thus reducing or completely
inhibiting its activity. Among the two most common mutations in
individuals of European descent are the E297G and D482G mutations,
which collectively account for approximately 58% of all cases (9).

In the present report, we described two young sisters who shared two
previously unreported mutations in ABCBI1; however, even if these
mutations are expected to inactivate the product of this gene, it would
require protein expression studies to confirm it. The sisters inherited
these genes from their parents in a genetic trans phase because each of
the two parents is heterozygous for one of the identified mutations. As
previously mentioned, BRIC is inherited in an autosomal recessive
pattern, and parents of a proband are generally obligate carriers of the
disease-causing mutation. Interestingly, the probability of observing, as
was the case in the present study, two sisters with the same mutation in
an autosomal recessive pattern is only 6%.

Clinically, both sisters presented with bouts of jaundice that lasted
approximately six months to 1.5 years, and were characterized by a
mixed pattern of hepatocellular injury with normal levels of gamma-
glutamyl transpeptidase. As documented previously, minor viral infec-
tions have been responsible for these acute episodes. Interestingly,
each new exacerbation seems to be more severe in intensity and in
duration over time. However, neither of the sisters have shown evi-
dence of liver failure to date, with serum albumin and coagulogram
levels remaining close to normal. For the moment, this benign evolu-
tion seems to be consistent with the diagnosis of BRIC-II.

A strong penetrance for cholelithiasis seems to be present in this
family, especially for the splice mutation variant G130G. Several
mutations have been shown to increase the risk of cholelithiasis in
cases of nonfamilial BRIC. Our observation is based only on a family
review and not on genetic sequencing; therefore, the results should be
interpreted with caution. Previous reports (20) have linked mutations
in ABCBII and ABCB4, along with ABCGS8 of the canalicular
ABCG5/ABCGS cholesterol transporter with gallstone disease. This
can be easily understood considering that these transporters carry
compounds that have all been implicated in the formation of gall-
stones. Furthermore, a coding variant in ABCG8 has been documented
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