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ABSTRACT
Background. Extrahepatic biliary atresia (EHBA) causes a rare
obstructive cholestasis in infants. Kasai portoenterostomy if
done before the third month of life may relieve obstruction.
Genetic predisposition has been implicated in EHBA
etiopathogenesis with rs17095355 polymorphism having the
strongest association. We determined the association between
rs17095355 and EHBA susceptibility of Filipino children, and
described the outcome in each genotype among timely
operated patients.
Methods. Thirty-four histologically diagnosed EHBA patients and
thirty-three age- and sex-matched controls were recruited.
Genomic DNA was extracted from peripheral blood and
subjected to PCR and direct sequencing. Success of surgery
among patients operated before 90 days of life was assessed by
jaundice clearance six months post-surgery and native liver
survival two and five years post-surgery.
Results. There was no significant difference among individuals
carrying T and C alleles in developing EHBA (OR:1.36;
95%CI:0.65–2.86). Jaundice persisted post-operatively in 75%,
33% and 27% of Kasai-operated homozygous T (T/T),
homozygous C (C/C) and heterozygous (C/T) patients,
respectively. Fifty percent of Kasai-operated C/C and C/T patients
retained their native liver whereas all Kasai-operated T/T patients
required liver transplantation two years post-surgery.
Conclusion. There is insufficient evidence to associate
rs17095355 in EHBA development among Filipinos. Further
investigation is warranted to elucidate genetic mechanisms in
EHBA etiopathogenesis.
Key Words: biliary atresia, single nucleotide polymorphism, hepatic
portoenterostomy
Introduction
Extrahepatic biliary atresia (EHBA) is an infantile
disorder characterized by progressive inflammatory
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obliteration and obstruction of the biliary systems
resulting in disruption of bile flow ultimately leading to
cirrhosis and liver failure. EHBA is considered the most
serious liver disease affecting infants and is the most
prevalent and important neonatal hepatobiliary disorder.
The incidence of EHBA ranges from 1 in 5,000 to 1 in 19,000
live births in different populations, with the highest
incidence occurring in Asia and the Pacific region.1 In the
Philippine General Hospital (PGH), 10 to 15 new
cases are diagnosed yearly.
Currently, the only available treatment for EHBA is
Kasai portoenterostomy. However, 65% to 80% of operated
patients on or before their third month of life still develop
cirrhosis and progressive fibrosis.2 Liver transplantation is
then consequently needed. EHBA represents the most
frequent indication for pediatric liver transplantation
worldwide. Different prognostic factors such as the
patient’s age at operation, histological features at diagnosis
and duct remnant length at porta hepatis are predictors for
the clinical outcome. Researches linking genetic factors and
the outcome of Kasai operation in EHBA patients have not
been conducted.
The etiopathogenesis of EHBA remains unclear. Recent
studies implicated genetic predisposition and immunologic
dysfunction as potential causes of EHBA. Polymorphisms in
genes with vital roles in initiation and propagation of
various
inflammatory
responses
(e.g.
cluster
of
differentiation 14,3 macrophage migration inhibitory factor,4
intercellular adhesion molecule-1,5 vascular endothelial
growth factor6 and tumor necrosis-alpha7) were investigated
for possible links to EHBA susceptibility. Transcriptome
profiling likewise suggest deregulated gene expression
related to immunity and inflammatory responses.8 A
genome-wide association study (GWAS) performed by
Garcia-Barcelo et al in 2010 identified the putative EHBA
susceptibility locus in band 24 on the long arm of
single nucleotide
chromosome
10
(10q24).9 The
polymorphism (SNP) with the strongest overall association
to EHBA was found for rs17095355 on this locus. Association
studies between gene polymorphisms and development of
EHBA in Filipino infants have not yet been explored.
This case-control study aimed to determine the
association between the rs17095355 SNP and the
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susceptibility of Filipino infants in developing EHBA and to
describe the outcome of patients who underwent Kasai
portoenterostomy before their third month of life in each
genotype.
Methods
Study Participants
The study protocol was approved by the Research and
Ethics Board of the College of Medicine, University of the
Philippines Manila. All study participants, parents, legal
guardians were fully informed regarding the study
protocol and its procedures prior to participating in the
study. Written informed consents were obtained from the
parents and/or legal guardians of all study participants and
oral assents from patients aged 8 to 10 years old were
obtained.
Cases
Thirty-four Filipino children histologically diagnosed to
have perinatal EHBA between January 2000 and December
2010 at the Section of Pediatric Gastroenterology Hepatology
and Nutrition of the University of the Philippines –
Philippine General Hospital were recruited. The patients
were diagnosed with the disease between 0 to 12 months of
age but were recruited only at the time of the study. None of
these patients had associated congenital anomalies.
Patients who have undergone Kasai portoenterostomy
before three months of life between January 2000 and
December 2005 were identified. Successful operation was
based on the disappearance of jaundice (total bilirubin <20
µmol/L) after six months of the operation. The survival of
the patient’s native liver 2 and 5 years after the surgery was
also assessed. In all patients who had a Kasai
portoenterostomy operation, the surgery was done by
experienced pediatric surgeons of the institution.
Controls
Thirty-three age- and sex-matched patients with no
known liver disease were recruited as controls from the Outpatient Department (OPD) of the Philippine General
Hospital between April 2011 and February 2012.
Polymorphism Analysis
Genomic DNA was extracted from 4 mL peripheral
blood of all study participants (cases and controls) using the
QIAGEN DNA Midi Kit (QIAGEN, Valencia, CA, USA).
The 340-bp region containing rs17095355 was
amplified using the forward primer (5’-AAG AAT GGG
GAA GAA CAA GT-3’) and the reverse primer (5’-TCA
GTA ATT CCA GGG GCT A-3’). The reaction mixture was
composed of 100 ng DNA template, 0.5 mM of each primer,
1.25X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, PCRgrade water and 2.5 units of DNA polymerase. PCR was
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carried out in an ABI Thermal Cycler using the following
thermal cycling conditions: initial denaturation at 94 oC for
5 min, 35 amplification cycles each consisting of
denaturation at 94oC for 1 min, annealing at 58 oC for 1 min
and extension at 72oC for 1 min, and a final extension at
72oC for 10 min.
PCR products were analyzed by electrophoresis on 2%
agarose gels stained with 0.5x GelRed Nucleic Acid Stain
(Biotium Inc., Hayward, CA, USA). Purified PCR products
were subsequently sequenced using the ABI capillary system
(Macrogen Research, Seoul, Korea). Sequences were compared
using BLAST (http://www.ncbi.nlm.nih.gov/BLAST/).
Statistical Analysis
Student’s t-test was employed to compare the
demographic
characteristics
of
both
cases
and
controls. Allelic and genotypic frequencies were compared
through the x2 test. Using 2x2 or 2x3 contingency tables,
odds ratio together with 95% confidence interval were
computed. All statistical analysis was performed using
Epi InfoTM 3.5.1. A p-value of less than 0.05 was considered
statistically significant.
Results
Sixty-seven participants, 34 EHBA cases and 33
controls, were recruited in the study. Mean age of case and
controls were 4.9 and 5.0 years, respectively, with male-tofemale ratio of approximately 1:2 (Table 1). Among the
EHBA patients recruited, 25 (73.5%) of them underwent
Kasai portoenterostomy before their third month of life.
Table 1. Demographic characteristics of the study groups
Age in years (mean± SD)
Sex (Male:Female)

EHBA (n=34)
4.90 ± 3.21
22:12

Control (n=33)
5.04 ± 3.11
24:9

p-value
0.85
0.50

Allelic frequencies for C and T alleles for the control
group were 0.59 and 0.41, respectively, and 0.51 and 0.49 for
EHBA group. There was no significant difference among
individuals carrying the T allele (OR: 1.36; 95% CI: 0.65 to
2.86) and those carrying the C allele in the likelihood of
developing EHBA (Table 2).
Table 2. Distribution of rs17095355 allele and genotype
among extrahepatic biliary atresia patients and control
group
rs17095355
polymorphism
Genotype
C/C
C/T
T/T
Allele
C
T

Study Group, n (%)
EHBA
Control
(n=34)
(n=33)

Odds Ratio
(95% CI)

p-value

7 (20.59)
21 (61.76)
6 (17.65)

9 (27.27)
21 (63.64)
3 (9.09)

2.14 (0.41 to 14.35)

0.25

35 (51.47)
33 (48.53)

39 (59.09)
27 (40.91)

1.36 (0.65 to 2.86)

0.38
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Of the 25 EHBA cases who had portoenterostomy
operation before three months, genotypic distribution
according to jaundice clearance within six months after
operation showed that three of four (75%) Kasai-operated
patients with T/T genotype had persistent jaundice as
compared to two of six (33%) with C/C and four of 15 with
C/T (26.67%) genotypes (Table 3). The remaining nine EHBA
patients did not undergo Kasai due to late diagnosis (i.e.
after 90 days of life) but were advised liver transplantation.
Six of them underwent liver transplantation while the
remaining three died from the complications of EHBA. Their
genotypes are as follows: 1 C/C, 6 C/T and 2 T/T.
Table 3. Distribution of Kasai-operated extrahepatic biliary
atresia patients according to rs17095355 genotype and
outcome of operation after 6 months
rs17095355 genotype
C/C
C/T
T/T

Kasai-operated EHBA patient (n=25), n (%)
Jaundice Clearance
Persistent Jaundice
4 (66.67)
2 (33.33)
11 (73.33)
4 (26.67)
1 (25)
3 (75)

With regards the condition of the native liver after Kasai
portoenterostomy, all operated EHBA cases with the T/T
genotype required liver transplantation two years after
surgery while only 53% and 50% of C/T and C/C EHBA
patients, respectively, needed transplantation (Table 4). This
proportion of EHBA cases requiring liver transplantation
after Kasai increases (60%) among C/T while unchanged (still
50%) among C/C EHBA patients five years after surgery.
Table 4. Distribution of Kasai-operated extrahepatic biliary
atresia patients according to rs17095355 genotype and
condition of native liver after 2 and 5 years the surgery
rs17095355 genotype
C/C
C/T
T/T

Kasai-operated EHBA patient (n=25), n (%)
Native liver
Liver transplant
After 2yrs
After 5yrs
After 2yrs
After 5yrs
3 (50)
3 (50)
3 (50)
3 (50)
7 (46.67)
6 (40)
8 (53.33)
9 (60)
0 (0)
0 (0)
4 (100)
4 (100)

Discussion
Rs17095355 polymorphism and EHBA development
The rs17095355 polymorphism located at band 24
on the long arm of chromosome 10 was identified as the SNP
most associated with the development of EHBA in a GWAS.9
This association was verified among Chinese,10-11 Thai12 and
Caucasian13 populations. A recent meta-analysis of these
studies reported that the T allele predisposes an individual
in developing EHBA with a pooled OR of 1.72.14 Rs17095355
is positioned between two genes, ADD3 and XPNPEP1,
which encode substances relevant to liver functions.
ADD3 encodes for adducin 3, a membrane skeletal
protein that has been shown to play major roles in the
assembly
of the
spectrin-actin
network
of
cell
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membranes.15 Bile flow is controlled by the bile canalicular
membrane-associated filaments (BCMF), particularly actin
and myosin. Impairment of these interactions was
demonstrated to cause severe cholestasis.16 In fact, BCMF
depositions around bile canaliculi have been reported in
EHBA patients who did not exhibit bile flow after Kasai
operation.17
On the other hand, XPNPEP1 encodes the soluble Xprolyl aminopeptidase 1 that catalyzes the cleavage of the Nterminal amino acid adjacent to a proline residue.18 It was
reported that this aminopeptidase is expressed in both adult
and fetal hepatobiliary epithelial cells and is responsible for
the sequential degradation and regulation of the
inflammatory mediators, bradykinin and substance
P.19,20 Spivak et al in separate studies showed that substance
P is able to change the level of bile secretion and chemical
composition and affect various enzyme systems in the
hepatocyte.21 Increased levels of SP in cholestasis,22 liver
cirrhosis23 and chronic liver disease24 were also reported.
These evidences substantiate the role of ADD3 and/or
XPNPEP1 in EHBA development, probably by disrupting
the regulatory systems involved in inflammatory processes.
Recently, however, it was demonstrated that knockdown of
ADD3 but not XPNPEP1 gene led to intrahepatic defects and
decreased biliary function in zebrafish.25
In this study, however, association between rs17095355
polymorphism and EHBA among Filipinos was not
demonstrated. True association between the SNP and
disease may not have been observed due to the small sample
size, which could affect the statistical power of the study.26
In contrast to Chinese and Thai EHBA patients, the lack of
association of EHBA to rs17095355 SNP in Filipino children
in this study could also be attributed to genetic differences
contributed by ethnicity. Several meta-analyses reported that
particular SNPs may be correlated to a disease in a specific
population but not in others as in chronic hepatitis B
infections27 and drug-induced hepatic toxicity.28 Further
investigations are needed to identify genetic factors in EHBA
development among Filipinos.
Rs17095355 polymorphism and outcome of Kasai operation
Current protocols in the surgical management of EHBA
indicate performing the operation on or before the third
month of patient’s life. However, about 60% of operated
patients still developed severe complications like
cholangitis, portal hypertension and gastrointestinal
bleeding which would eventually require them to undergo
liver transplantation.29
Many parameters were suggested as prognosticating
factors in the success of hepatic portoenterostomy. This
includes age at Kasai,30 levels of liver function tests
(aspartate and alanine aminotransferase; total, direct and
indirect bilirubin),31 presence of associated anomaly,32 bile
duct remnants at the porta hepatis,33 signs of fibrosis and/or
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cirrhosis34 in histologic analysis as well as the experience of
the surgeon and the center.35
To our knowledge, this study is the first to describe the
outcome of Kasai according to a genetic factor. All patients
who had Kasai portoenterostomy were operated before three
months and the surgery was done only in one institution.
Although other prognostic factors were not controlled, the
results of this study suggest that individuals carrying the T
allele may have poorer outcome after surgery even when the
procedure was done before their third month of life. Recent
evidence indicates that perioperative risks and outcomes
may be significantly influenced by the individual’s
genotype.36 After controlling possible confounding factors,
surgical patients carrying the G-572C allele and in patients
homozygous for the G-174C allele in the interleukin-6 (IL-6)
gene were found to have elevated pro-inflammatory
cytokines after cardiopulmonary bypass.37 Site specific
mutations in the coding region of the tumor necrosis factoralpha (TNF- ) gene were associated with increased levels of
TNF- .38 These evidences point to increased risk of adverse
perioperative outcomes due to allotypic variation leading to
perturbations in the pro-inflammatory and antiinflammatory cytokine balance.36
Conclusion
Our study showed no significant association between
rs17095355 and EHBA development in Filipino children.
Further investigation is warranted to ascertain genetic
mechanism in EHBA etiopathogenesis.
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