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Abstract

Genotyping is conclusive for the diagnosis of progres-
sive familial intrahepatic cholestasis type 3 (PFIC3).
Here we report a Chinese patient of PFIC3 with com-
pound mutations in the ABCB4 gene. Liver biopsy
was performed on a 17-year-old male patient with
intrahepatic cholestasis of unknown etiology. Liver
histology findings are indicative of intrahepatic
cholestasis with extensive fibrosis. Genotyping revealed
€.175C>T (p.L59L) mutation in exon 4, c.504C>T
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(p-N168N) mutation in exon 6, c.711A>T (p.I237I) mu-
tation in exon 8, ¢c.874A>T (p.K292X) in exon 9 and
a novel mutation, ¢.1804G>T (p.G602W) in exon 15.
Based on these findings, the patient was diagnosed
with PFIC3. The novel mutation p.G602W in exon 15
was predicted as probably damaging by PolyPhen-2
with a score of 0.986 (sensitivity: 0.54; specificity: 0.94)
and was predicted to affect protein function with a SIFT
score of 0.01.

Key words: Liver disease; Cholestasis; Progressive
familial intrahepatic cholestasis; ABCB4; Gene mutation
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Core tip: This study described a 17-year-old Chinese
male patient with a 2 years history of intrahepatic
cholestasis of unknown etiology who was later
diagnosed with progressive familial intrahepatic
cholestasis type 3 through clinical findings and gene
analysis which revealed multiple mutations in the
ABCB4 gene. One novel mutation of the ABC54 gene
p.G602W has also been identified. The novel mutation
p.G602W in exon 15 was predicted as probably
damaging by PolyPhen-2, with a score of 0.986, and
was predicted to affect protein function with a SIFT
score of 0.01.
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INTRODUCTION

Progressive familial intrahepatic cholestasis (PFIC)
refers to a heterogeneous group of autosomal recessive
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Table 1 Results of ABCB4 gene analysis

Exon Result SNP No.
Exon 4 ¢.175 C>T (p.L59L) (heterozygous) 152302387
Exon 6 ¢.504 C>T (p.N168N) (heterozygous) 151202283
Exon 8 c.711 A>T (p.12371) (heterozygous) 152109505
Exon 9 c.874 A>T (p.K292X) (heterozygous) CM072813
Exon 15 ¢.1804 G>T (p.G602W) (heterozygous)

SNP: Single nucleotide polymorphism.

liver disorders in childhood that disrupt bile formation
and present with cholestasis of hepatocellular originm.
There are three types of PFIC, each caused by mutations
in different hepatocellular transport system genes
involved in bile formation. PFIC type 1 (PFIC1) is due
to mutations in the ATPEBT gene; PFIC type 2 (PFIC2)
is due to mutations in the ABCB77 gene; and PFIC type
3 (PFIC3) is due to mutations in the 4ABCB4 gene [also
designated multidrug resistant 3 (MDR3)] " The non-
specific clinical signs and pathological findings of this
disease make the diagnosis of PFIC difficult without the
use of gene analysis.

In the present report, we desctibe a 17-year-old Chinese
male patient with a 2 years history of intrahepatic
cholestasis of unknown etiology who was later diagnosed
with PFIC3 through clinical findings and gene analysis
which revealed multiple mutations in the 4ABCB4 gene
consistent with the disease.

CASE REPORT

A 17-year-old Chinese male presented with a history of
pruritus and abnormal liver function for 2 years with
unknown etiology by the time of admission to our
hospital. No fever, weight loss, abdominal pain, rash, or
joint pain was documented. The patient denies a history
of hepatitis or use of any hepatotoxic drugs. He does not
smoke, consume alcohol and denies any family history of
hereditary or infectious disease.

On physical examination, the patient was notable for
jaundice. No palmar erythema or spider angioma was
noted. There was no enlargement of his superficial lymph
nodes. His respiratory system and cardiac examination
were normal. Abdominal examination revealed hepato-
splenomegaly. Shifting dullness was absent. Examination
of the musculoskeletal system was within normal limits.
Lower extremity edema was negative.

Results of laboratory tests done during the time of
admission were as follows: total bilirubin: 63.6 umol/L,
conjugated bilirubin: 47.9 pmol/L, total protein: 61
g/L, albumin: 34 g/L, alanine aminotransferase: 330
U/L, aspartate aminotransferase: 220 U/L, alkaline
phosphatase: 495 U/L, gamma-glutamyltransferase
(GGT): 388 U/L, total bile acid: 198.2 pmol/L, lactate
dehydrogenase: 250 U/L. Hepatitis A, hepatitis B,
hepatitis C and hepatitis E viral markers: negative. An
autoantibody panel (including antinuclear antibodies,
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anti-smooth muscle antibodies, anti-mitochondrial
antibody, anti-mitochondrial antibody M2 subtype, anti-
centromere antibody, anti-histone antibodies, anti-JO-1
antibody, anti-nucleosome antibodies, anti-ribosomal P
protein antibodies, anti-proliferating cell nuclear antigen
(anti-PCNA) antibody, anti-polymyositis-scleroderma
(anti-PM-Scl) antibody, anti-ribonucleo protein (anti-RNP)
antibodies, anti-topoisomerase [ (anti-SCL-70) antibodies,
anti-Sm antibodies, anti-Sjogren’s syndrome antigen A
(anti-SS-A) antibody, anti-Sjogren’s syndrome antigen B
(anti-SS-B) antibody, neutrophil cytoplasmic antibody,
anti-double-stranded DNA antibodies, anti-glomerular
basement membrane antibodies, anti-kidney microsomal
antibody type I, anti-soluble liver/liver pancreas antigen-
antibody) was negative. The ceruloplasmin and tumor
marker panels were within normal limits. Abdominal
magnetic resonance imaging and magnetic resonance
cholangiopancreatography revealed nodules in segment
VI and segment VIl of the liver, highly suspicious of
focal nodular hyperplasia. There was also evidence of
hepatosplenomegaly and portal hypertension. Liver
histology obtained from a biopsy exhibited disorganized
lobular structure and evidence of cholestasis, marked
dilation of bile canaliculi and in some ductules containing
bile plugs. Signs of chronic inflammation and fibrosis
were found in the portal area. Immunohistochemical
analysis with cytokeratin (CK) 7 and CK19 revealed
ductular proliferation in the portal area. Reticular stain
showed extensive portal fibrosis and the formation
of pscudolobules. These findings are indicative of
intrahepatic cholestasis with extensive fibrosis (stage 3).
Genomic DNA was purified from peripheral blood. All
of the 27 coding exons of ABCB4 together with at least
100 bp of the adjacent intronic sequence were amplified
by polymerase chain reaction and directly sequenced.
Based on the results of ABCB4 gene analysis (Table 1), a
diagnosis of PFIC3 was made.

DISCUSSION

In this study, we present a 17-year-old Chinese male
patient with a novel mutation in ABCB4, who expe-
rienced a two years history of intrahepatic cholesta-

sis of unknown etiology. Liver histology findings were
indicative of intrahepatic cholestasis with extensive
fibrosis (stage 3). We excluded other causes of cholestasis
such as primary biliary cirrhosis, sclerosing cholangitis,
drug induced liver injury, alpha-1 antitrypsin deficiency,
cystic fibrosis, ez. At this point, there was a high index
of suspicion of PFIC. Patients with PFIC1 and PFIC2
have normal serum GGT activity, while patients with
PFIC3 have high serum GGT activity. PFIC3 patients
can also be distinguished from patients with PFIC types
1-2 in that they rarely present with cholestatic jaundice
in the neonatal period, but do so later on in infancy,
childhood or young adulthood instead”. The patient’
s clinical features (present symptomatically at a later
age), biochemical results (markedly elevated GGT) and
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Figure 1 Location of the mutations relative to the respective domains in the multidrug resistant 3 protein sequence. NBD: Nucleotide binding domain.

histological findings (presence of ductular proliferation)
indicated the suspected diagnosis of PFIC3 and lead to
the genetic analysis of the ABCB4 gene accordingly. Liver
immunostaining of MDR3 was not considered in this
patient because patients with 4ABCB4 mutations exhibit
variable MDR3 canalicular immunostaining!”. Normal
liver immunostaining does not preclude a gene defect,
as a mutation may induce loss of function, but indicates
normal synthesis and expression”. Furthermore, it is
reported that MDR3 immunostaining on frozen liver
biopsy samples is not a sensitive diagnostic tool for
the detection of heterozygous MDR3/ABCB4 gene
mutations'”. Results of the gene analysis showed that
the patient is a compound heterozygote for multiple
mutations reported in literature predicted to impair
MDR3 function. Combined with his clinical features and
laboratory findings, the diagnosis of PFIC3 was reached.

PFIC3 is caused by a genetic defect in the .ABCB4
gene located on chromosome 7°. MDR3 in humans
are phospholipid translocators involved in biliary phos-
phatidylcholine excretion and are predominantly, if not
exclusively, expressed in the canalicular membrane of
the hepatocyte'. Cholestasis results from the toxicity
of bile in which detergent bile salts are not inactivated
by phospholipids, leading to bile canaliculi and biliary
epithelium injuries. The mechanism of liver damage in
PFIC3 patients is most likely related to the absence of
biliary phospholipids. Injury to bile canaliculi and biliary
epithelium is probably due to continuous exposure to
hydrophobic bile salts, the detergent effects of which
are no longer being countered by phospholipids, thereby
leading to cholangitis. In addition, the stability of
mixed micelles in bile is determined by a three-phase
system in which the proper proportion of bile salts and
phospholipids is necessary for maintaining solubility of
cholesterol. The absence of phospholipids in bile would
be expected to destabilize micelles and promote bile
lithogenicity through crystallization of cholesterol, which
might favor small bile duct obstruction.

According to the Human Genome Mutation Database
(http:/ /www.hgmd.org/)", there are over 150 disease
associated mutations in the 4BCB4 gene identified, 50
of them associated with PFIC3. These include missense
mutations, nonsense mutations, splice site mutations,
insertions and deletions. Among them, patients with
nonsense mutations and deletions of the ABCB4 gene
are associated with a more severe clinical course of the
disease!”.

As reported in the sequence annotations of Uniprot
database for ABCB4, accession P21439, the domains
essential for organic molecule efflux are arranged along
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the ABCB4 protein sequence in the amino acid ranges
57-359 (1" ABC transmembrane transporter), 394-630
(1" ABC transporter), 711-999 (2™ ABC transmembrane
transporter) and 1034-1279 (2™ ABC transporter). In
our patient, three heterozygous silent mutations p.L59L,
pN168N and p.I12371 were observed, all of which have
been previously reported™”. Additionally, one heter-
ozygous nonsense mutation p.KK292X and a novel heter-
ozygous missense mutation pG602W were also found.
Location of the mutations relative to their location to the
respective domains in the protein sequence can be found
in Figure 1.

In some patients with a PFIC3 phenotype, only
one mutated allele or no mutation is identified". This
situation may be explained by mutations that map to the
regulatory sequences of the gene. It is also possible that
other unidentified genes involved in bile formation may
be responsible for the PFIC1-3 phenotypes™”. Modifier
genes and environmental influences could also play a
role in the expression of PFICY. Another interesting
possibility are heterozygous statuses, where a mutated
protein may have a dominant negative effect on MDR3
expression or function'.

To evaluate the functional significance of the novel
mutation p.G602W, PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph/) and SIFT (http://sift.jcvi.org/) were
used. PolyPhen-2 uses the Natve Bayes classifier, trained
using supervised machine-learning to predict the impact
of an allele replacement from its individual features
and mutations are appraised qualitatively, as benign,
possibly damaging, or probably damaging""”. Using the
HumVar model which distinguishes mutations with
drastic effects from all the remaining human variations
with a score range between 0 to 1 (values close to 0 are
benign, whereas those near 1 are probably damaging),
the novel mutation p.G602W was predicted as probably
damaging by PolyPhen-2 with a score of 0.986 (sensitivity:
0.54; specificity: 0.94). Furthermore, multiple sequence
alignment of sequences, derived from PolyPhen-2
and edited with the help of Jalview"'", showed that
the novel mutation p.G602W is at a location which is
physicochemically conserved in most mammals (Figure
2). Among the sequences aligned, none of them included
a tryptophan at the position corresponding to glycine
602 of MDR3. All other sequences mostly harbored a
glycine at the corresponding position depicting a highly
conserved amino acid.

SIFT is a sequence homology-based tool that sorts
intolerant from tolerant amino acid substitutions and
predicts whether an amino acid substitution in a protein
will have a phenotypic effect. SIFT is based on the
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H. sapiens/1-1286 L F LVNM
O. cuniculus/1-1280 L A L LVTM
R. norvegicus/1-1278 L A B LVNM
A. melanoleuca/1-1279 L A B LVNM
Cricetulus/1-1280 L A F LVNM
L. africana/1-1280 L A F LVNM
N. leucogenys/1-1232 L A F LVYKM
M. mulatta/1-1214 L A F LVNM
M. musculus/1-1276 L A K LVNM
C lupus/1-1280 L A F LYNM
i
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Figure 2 Multiple sequence alignment derived from PolyPhen-2 and edited by Jalview. Amino acids with similar physicochemical properties have the same
color. Aliphatic/hydrophobic residues (1, V, L, A, M) are colored pink, aromatic residues (F, W, Y) orange, positive charged residues (K, R, H) blue, negative charged
residues (D, E) red, hydrophilic residues (S, T, N, Q) green, conformationally special (P, G) magenta. I: Isoleucine; V: Valine; L: Leucine; A: Alanine; M: Methionine; F:
Phenylalanine; W: Tryptophan; Y: Tyrosine; K: Lysine; R: Arginine; H: Histidine; D: Aspartate; E: Glutamate; S: Serine; T: Threonine; N: Asparagine; Q: Glutamine; P:

Proline; G: Glycine.

premise that protein evolution is cotrelated with protein
function. Positions important for function should be
conserved in an alighment of the protein family, whereas
unimportant positions should appear diverse in an
alignment. SIFT predicts substitutions with scores less
than 0.05 as deleterious"”. Results from SIFT showed
that the novel mutation p.G602W was predicted to affect
protein function with a SIFT score of 0.01.

The patient does not have any family history and
neither parent is symptomatic. With regard to clinical
features, a family history for diseases associated with
ABCB4 deficiency was observed in two thirds of patients
harboring ABCB4 mutations. Patients with mild geno-
types, including single heterozygous mutations, have
variable expression of liver disease that may be influenced
by comorbidity or triggering factors and modulated by
still unknown genetic modifiers"”.

In conclusion, a diagnosis of PFIC should be sus-
pected in patients with a clinical history of cholestasis of
unknown origin after exclusion of other common causes
of cholestasis. Genetic analysis remains an important
tool for a conclusive diagnosis of PFIC3 when combined
with clinical, biochemical, radiological and histological
studies. From our in silico analysis of the novel mutation
p.G602W in exon 15, the highly conserved glycine 602
of human MDR3 is predicted to be essential for proper
MDR3 function. This finding will be useful in future
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studies to further elucidate the pathogenic mechanisms
of 4BCB4 mutations at the molecular level.

COMMENTS

Case characteristics

A 17-year-old Chinese male presented with a history of pruritus and jaundice
for 2 years.

Clinical diagnosis

Abdominal examination revealed hepatosplenomegaly.

Differential diagnosis

The authors excluded other causes of cholestasis such as primary biliary
cirrhosis, sclerosing cholangitis, drug induced liver injury, alpha-1 antitrypsin
deficiency, cystic fibrosis, efc.

Laboratory diagnosis

Total bilirubin: 63.6 umol/L, conjugated bilirubin: 47.9 umol/L, total protein:
61 g/L, albumin: 34 g/L, alanine aminotransferase: 330 U/L, aspartate
aminotransferase: 220 U/L, alkaline phosphatase: 495 U/L, gamma-glutamyl-
transferase: 388 UIL, total bile acid: 198.2 umoliL, lactate dehydrogenase: 250
UIL. hepatitis viral markers and autoantibody panel were all negative.
Imaging diagnosis

Abdominal magnetic resonance imaging and magnetic resonance cholan-
giopancreatography revealed focal nodular hyperplasia in segment VI and
segment VI of the liver, hepatosplenomegaly and portal hypertension.
Pathological diagnosis

Liver histology obtained from biopsy revealed ductular proliferation and portal
fibrosis.

Treatment
The patient was treated with ursodeoxycholic acid.
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Experiences and lessons

This case report a novel mutation in a Chinese patient with progressive familial
intrahepatic cholestasis type 3 (PFIC3); the novel mutation p.G602W in exon
15 was predicted as probably damaging by PolyPhen-2 with a score of 0.986
and was predicted to affect protein function with a SIFT score of 0.01.

Peer review

The discovery and recording of a novel mutation in a Chinese patient with
PFIC3 is of high clinical importance and can contribute to the recording of
mutations.
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