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Abstract

Background/Aim  Genetic defects of FICI
and BSEP have recently been found to cause
progressive familia intrahepatic cholestasis
(PFIC). Mutations in both genes have not
been reported in Asian children, and the roles
of these genetic disorders in non-familial
infantile cholestasis are unclear. This study is
to eucidate the role of FIC1 and BSEP
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mutations in children with infantile onset
chronic cholestasisin Taiwan.

Methods and Resultss We examed 301
children admitted for intrahepatic cholestasis
during 1980 to 1999 in Taiwan. Fifty-two
had chronic intrahepatic  cholestass,
including 18 with Alagille syndrome, 2 with
neonatal Dubin-Johnson syndrome, 1 with
tyrosinemia, and 31 of unknown etiology.
These 31 patients were sub-grouped
according to g-glutamyltranspeptidase (GGT)
levels. low GGT (18 cases), high GGT (8
cases), and unknown GGT levels (5 cases).
Inborn errors of bile acid synthesis were
identified in four patients by serum bile acid
anaysis. In the low GGT patients, two
distinct phenotypes could be defined: group 1
(5 patients) was characterized by bland
cholestasis and group 2 (8 patients) by giant
cell transformations. Group 2 patients were
associated with higher transaminase levels,
o -fetoprotein levels, and early mortality
(p=0.02). Reverse transcription-polymerase
chain reaction and cDNA sequencing were
performed in 7 infants with low GGT levels
for mutation anayses of FIC1 and BSEP
genes. F/IC1 mutations were found in al 4
patients in group 1 but none in the 3 patients
in group 2. Whereas BSEP mutations were
found in 2 of the 3 patients in group 2. The
FIC1 mutations comprised of two deletions
and three missense mutations. The BSEP
mutations included two missense mutations
and 1 deletion. All the mutations were novel.
Conclusion: FIC1, BSEP mutations and
inborn errors of bile acid synthesis are
important etiologies in infants with non-
familial chronic intrahepatic cholestasis in
Taiwan. Combination of serum GGT, AFP
levels and histology is useful in
differentiating patients of F/C1 from BSEP



mutation, and the phenotype strongly
correlated with genetic diagnosis and
prognosis.
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Backgaround

Intrahepatic cholestasis of infancy consists of
adiversity of diseases of different etiologies,
including genetic syndromes, inborn errors of
metabolism, infection, and toxic insults.
Evauation of these patients is a great
challenge for pediatric gastroenterologist.
Recent advances in molecular biology have
elucidated the genetic basis for progressive
familial intrahepatic cholestasis (PFIC) that
was originally reported in Amish kindred.
Patients were characterized to have early
onset cholestasis, progressive liver cirrhosis
and hepatic failure in the first or second
decade. Three genes causing PFIC have been
cloned. Genetic defects in F/C1, that mapps
to chromosome 18921 encodes a P-type
ATPase, are mutated in patients of PFIC-1
(Byler's disease) and benign recurrent
intrahepatic cholesatsis (BRIC). The bile salt
export pump (BSEP) gene that maps to
chromosome 2g24 is mutated in patients with

PFIC-2. PFIC-1, 2 and BRIC ae
characteristic in  low serum vy -
glutamyltranspeptidase  ~ (GGT) levels.

Mutations in  multidrug-resistant 3
(MDR3/PGY3) gene are responsible for a
distinct type of PFIC with high serum GGT
levels.

FIC1 and BSEP mutations have been
identified in Amish, European, and Arabian
patients that were mapped to either
chromosome 18g21 or 2924. However, the
frequencies of FIC1 and BSEP mutations in
al the patients with PFIC is not clear. In a
group of European patients with PFIC
phenotype, BSEP mutations were found in 10
of 19 patients. It is aso unknown whether
these genes cause diseases other than PFIC
and BRIC.

Genetic defects of F/C1 and BSEP have not

been reported in Asian children. Infantile
cholestatic disease is common in Children in
Taiwan and Asia. Our previous observations
showed that 16% of the patients with
neonatal hepatitis had a poor outcome
resembling the course of PFIC. The etiologies
remained cryptogenic. To elucidate the role
FIC1 and BSEP in our patients, we studied
the genetic alterations in a group of patients
with low GGT levels, a characteristic feature
for PFIC patients with F/C1 or BSEP defects.
We found novel mutations in the F/C1 and
BSEPin 86% of the seven cases examined.

Results

Phenotype characterization

A total of 52 children with chronic
cholestasis were identified among the 301
patients of infantile intrahepatic cholestasis.
Eighteen patients had Alagille syndrome, two
had Dubin-Johnson syndrome with neonatal
onset. Their clinical and pathological pictures
had been reported. One patient had
tyrosinemia. The remaining 31 patients were
originally diagnosed as idiopathic chronic
intrahepatic cholestasis. Four were diagnosed
to have inborn errors of bile acid synthesis
according to low serum bile acid levels.

Fourteen patients with low GGT levels
were anadyzed. Two phenotypes were
identified. Group 1 included six patients
with histology of bland cholestasis with
minimal lobular disarray. Porta fibrosis was
minimal to mild Bile ducts were normal or
dlightly reduced in number. Group 2 patients
included eight patients with evident lobular
disarray, marked giant cell transformation, or
confluent cell necrosis accompanied by
pericellular fibrosis. Group 1 patients had
chronic or intermittent cholestasis and
pruritus, with mild elevation of transaminase
and hbilirubin levels. The associated
extrahepatic manifestations included diarrhea,
rickets, and failure to thrive. Transmission
electron microscopic examination was done
in three patients. "Byler bile" was identified
in two of them.

Group 2 patients had marked elevations
of transaminase and bilirubin levels. Peak



bilirubin aspartate aminotransferase and
alanine aminotransferase levels were higher
than those in group 1 patients, p=0.02,
=0.001, and p=0.001, respectively. Pruritus
and failure to thrive were frequent. One
patient had chronic diarrhea. The disease
progression was rapid. Five of the eight
patients (62%) died before the age of 2 years.

Corréation of AFP levels with histology
and survival. Serum AFP levels of the 14
patients correlated with their histological
diagnosis. Patients with high AFP levels had
significantly shorter survival time than those
with normal AFP levels (p=0.01, log-rank
test).

Genotype characterization

Analyses for FIC1 gene. Eight patients
had frozen liver tissues available for analyses
of FICI1 gene alterations. These included 5
patients in group 1 (bland cholestasis) and 3
patients in group 2 (giant cell transformation).
Four of the 5 group 1 patients had mutations
in FIC1 gene. Two patients showed
homozygous missense mutations, one 886 C
- T mutation (R296C) in case 2 and the
other 2081 T — A mutation (I694N) in case 3.
Both represented putative cytoplasmic
domains of P-type ATPase. Case 1 showed
heterozygous 73-bp deletion at nucleotide
position 556~628 and a heterozygous
nonsense mutation 3391 C- T (Q1131X).
The deletions resulted in frameshift and
protein truncation following codon 185, and
an addition of 27 novel amino acids. A
heterozygous 98-bp deletion at nucleotide
position 185~282 was found in case 6,
resulting in protein truncation at codon 62
(Fig.6).

Analyses for BSEP gene CcDNA
sequencing was performed in 3 patients. A
homozygous 850G - C(V284L), and a
heterozygous 1-bp deletion at position 1145
was found in patient 15. The deletion
resulted in frameshift after codon 382
followed by 15 novel amino acids and
protein truncation. A homozygous missense
mutation 3137 G - A (G1004D) was found in
case 14.

All the above 6 patients who carried
mutated F/IC1 or BSEP were Chinese

descents. There were two aborigine patients
of Polynesian ethnicity in group 2, but liver
specimens were not available for genetic
analysis.

Discussion

In our study, genetic cholestasis disease was
found in 86% (6/7) infantile onset chronic
intrahepatic cholestasis with low GGT levels.
And al the mutations were different from
that reported from the Amish, European, or
Arabic descents. It is a significant finding
since the frequency of genetic diseases can
vary greatly in people of different ethnic
background. For example, alpha-1-antitrypsin
deficiency, tyrosinemia, and cystic fibrosis
were rarely seen in Asian children whereas
Alagille syndrome is frequent in our children.
The finding prompt a specific direction of
clinical awareness and research effort toward
Asian patients of infantile cholestasis in the
future. In the nomenclature, the diagnosis of
specific genetic defect is preferred, since
PFIC is often confusing in these patients
without afamily history.

We found that the phenotypic diagnosis,
based on clinical, serologic, and histologic
features, correlated very well with genetic
changes in chronic cholestatic patients with
serum low-GGT levels. Two groups of
patients were identified. Group 1 was
characterized by normal AFP level and bland
cholestasis in histology, and high frequency
of FIC1 mutation (4 of 4 patients examined).
In contrast, group 2 was characterized by
high AFP level, giant cell transformation
with lobular disarray, and high frequency of
BSEP mutations (2 of 3 patients examined).
Our results support the observations by Bull
et al who had suggested different clinical and
histological features in PFIC patients mapped
to 18921 and elsewhere. The former had
bland intracandicular  cholestasis and
coarsely granular bile. The latter, proved to
be patients mapped to 2924, had moderately
to markedly elevated transaminase levels
with cholestasis and background of "neonatal
hepatitis® in histology. We suggest that
phenotypic characterization is a simple
method to identify non-familial patients
suspected to have F/C1 and BSEP mutations.
Subsequent cDNA sequencing is useful to



confirm the genetic diagnosis, and serve as a

newer therapeutic approaches to

these

basis for genetic counseling or future gene children. The above findings have been

therapy.
Furthermore, the phenotypic

classification has a prognostic significance.
Group 2 patients, with giant cdl
transformation and high AFP levels, had a
shorter survival time than group 1 patients.
AFP is elevated in a variety of liver diseases
in infancy and correlates with the severity of
giant cell transformation.

The five mutations in F/C1 detected from
four patients and 3 BSEP mutations detected
from two patients in our study were al novel.
Two F/C1 missense mutations (case 2 and 3),
R296C and 1694N, that occurred in the
cytoplasmic domain, were similar to those of
common Amish mutation G308V and
common I661T mutation in patients from
Faeroe Islands. No common mutations were
shared among our patients, indicating that
these mutations did not come from a
common origin. This finding limit the
development of rapid diagnostic methods in
our patients.

In conclusion, genetic cholestatic disease
is an important but under-recognized clinical
entity in Asian countries. In non- familia
cases of chronic cholestasis, combination of
GGT and AFP provide clues for early
diagnosis of F/C1 and BSEP defects and may
have prognostic significance. A clinical
awareness and more aggressive treatment for
these patients such as ursodeoxycholic acid,
biliary diversion surgery, or preparation for
liver transplantation will benefit these
patients.

The origina aim of this study is well
accomplished. Our results elucidate that
genetic defects are important causes in
childhood chronic cholestatic liver diseases
that were previously idiopathic. And this is
the first reports of Asian children with BSEP
and F/C1 mutations. This finding provide
great information in pediatricians to diagnose
and treat our patients in this very difficult
field, because previously many patients were
diagnosed to be idiopathic. The diagnosis and
further researches on the pathophysiology of
these cholestatic liver disease may provide
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