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ABSTRACT

Aim: To characterize cholesterol regulation in the liver of patients with Alagille syndrome (AGS).

Methods: Serum total cholesterol (TC) and total bile acid (TBA) levels were measured in 23 AGS patients, The
expressions of genes involved in cholesterol regulation, including low-density lipoprotein receptor (LDLR), scav-
enger receptor class B type I (SR-BI), 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR), cholesterol
7a-hydroxylase (CYP7A1), ATP-binding cassette transporter (ABC) A1, and ABCG1/5/8, were measured in liver tis-
sues from five of these patients. Expression of regulators for these genes, including farnesoid X receptor/small
heterodimer partner (SHP), liver X receptor o (LXRar) and mature Sterol regulatory element-binding protein 2
(SREBP2) was measured. The expression of mature SREBP2 protein was also examined.

Results: Serum TC and TBA levels were correlated in the AGS patients. Liver cholesterol was also increased com-
pared with controls, and correlated with bile acid contents. LDLR, SR-BI, HMGCR, and ABCGs mRNA expression
were upregulated, while CYP7A1 mRNA expression was downregulated in AGS livers. SHP and LXRoe mRNA
expression was also increased, but maturation of SREBP2 was not suppressed in the patients.

Conclusions: The major upregulators of liver cholesterol might be increased in AGS patients, indicating an im-

paired negative feedback mechanism and accelerated liver cholesterol accumulation.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cholestatic disorders often accompany profound hypercholesterol-
emia [1-4]. Such distinct lipid abnormalities may unfavorably affect de-
velopment and nutrition in childhood. Hypercholesterolemia generally
predisposes patients to cardiovascular diseases, particularly atheroscle-
rosis. It has been hypothesized that advanced liver damage leads to a
considerable decrease in high-density lipoprotein (HDL), which is pro-
tective against atherogenesis. Decreased HDL in the face of hypercholes-
terolemia will likely engender atherosclerosis. Therefore, the adverse
effects of increased plasma cholesterol have been extensively studied
in patients with cholestatic disorders [5-7]. However, uniform results
have not been obtained.

Abbreviations: AGS, Alagille syndrome; BA, biliary atresia; TC, total cholesterol; TBA,
total bile acids; LDLR, low-density lipoprotein receptor; HDL, high-density lipoprotein;
SR-BI, scavenger receptor class B type I; HMGCR, 3-hydroxy-3-methylglutaryl coenzyme A
reductase; FXR, farnesoid X receptor; LXRa, liver X receptor a; CYP7A1, cholesterol 7a-
hydroxylase; SHP, small heterodimer partner; SREBP2, sterol regulatory element-binding
protein 2.

* Corresponding author. Tel.: +81 6 6879 3932.
E-mail address: kondou@ped.med.osaka-u.ac.jp (H. Kondou).

http://dx.doi.org/10.1016/j.cca.2014.10.034
0009-8981/© 2014 Elsevier B.V. All rights reserved.

Alagille syndrome (AGS) is a rare hereditary cholestatic disorder pri-
marily caused by mutations in JAGGED1 (JAG1), a ligand of the Notch
signaling pathway [8-13]. The cholestasis is thought to result from
intrahepatic bile duct paucity. This disorder also presents various extra-
hepatic manifestations such as peripheral pulmonary stenosis, butterfly-
like vertebrae, peculiar face, and ocular posterior embryotoxon [11-13].
In addition, children with AGS presenting cholestasis usually exhibit
profound hypercholesterolemia and present with failure to thrive [14,
15]. However, limited information is available on the liver cholesterol
regulatory system in this disease [3].

This study aimed to characterize cholesterol regulation in the liver
of AGS patients by examining mRNA expression of major liver choles-
terol regulatory proteins such as low-density lipoprotein receptor
(LDLR), 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR),
and scavenger receptor class B type I (SR-BI). Concurrent expression of
liver nuclear receptors such as farnesoid X receptor (FXR, NR1H4) and
liver X receptor a (LXRa, NR1H3), which control liver cholesterol regu-
latory proteins, was also examined (Fig. 1) [16-19]. Furthermore, as a
translational regulator of HMGCR and LDLR, mature sterol regulatory
element-binding protein 2 (SREBP2) was examined [20-22]. Our results
demonstrate a one-way positive feedback of cholesterol regulation in
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Hepatocyte

Acetyl-CoA

Fig 1. The cholesterol regulatory system in hepatocyte. LDLR, low-density lipoprotein receptor; SR-BI, scavenger receptor class B type I; HMGCR, 3-hydroxy-3-methylglutaryl coenzyme A
reductase; CYP7A1, cholesterol 7a-hydroxylase; FXR, farnesoid X receptor; SHP, small heterodimer partner; LXRa, Liver X receptor «; ABCA1, ATP-binding cassette transporters Al;
ABCG1, ATP-binding cassette transporters G1; ABCG5/8, ATP-binding cassette transporters G5/8, SREBP2(mature); cleaved form of sterol regulatory element-binding protein 2.

cholestatic AGS livers, which results in higher liver cholesterol content
and leads to profound hypercholesterolemia.

2. Patients and methods

2.1, Patients enrolled in the preliminary study to evaluate the impact of
cholestasis on plasma cholesterol

Twenty-three AGS patients who had been followed at Osaka Univer-
sity Hospital, Osaka Medical Center and Research Institute for Maternal
and Child Health, and Jichi Medical University (female/male, 10/13; age,
5 months-20 years) were enrolled in the preliminary study to explore
the correlation between their serum total bile acid (TBA) and serum
total cholesterol (TC) levels and evaluate the influence of cholestasis
on serum cholesterol. Biochemical data were retrospectively collected
from the patients’ medical records.

AGS was diagnosed by the presence of cholestasis with specific
liver histology demonstrating a paucity of interlobular bile ducts and
the fulfillment of at least 3 of the following diagnostic criteria: cholesta-
sis, heart disease, peculiar face, butterfly-like vertebrae, and posterior
embryotoxon [11,12]. Genotyping of JAGI gene was performed to fur-
ther confirm the diagnosis by direct sequencing of all exons.

2.2. AGS patients enrolled in the study of liver cholesterol regulation

Among the 23 AGS patients, five underwent living related liver
transplantation because of liver failure and severe pruritus. Liver tissues
were harvested from these patients at the time of liver transplantation,
snap frozen in liquid nitrogen, and stored at — 80 °C until analysis.

Six control liver tissues without cholestasis and dyslipidemia were
also obtained from two patients with hemangioma, three patients
with hepatoblastoma and a patient with ornithine transcarbamylase
deficiency. Non-tumorous tissues away from the tumors were isolated
from the liver obtained at the time of liver transplantation or lobectomy,
and all of the isolated tissue showed normal histology. The back-
ground and biochemical data of each control patient were shown in
Supplementary Tables 1 and 2. This study was approved by the relevant

institutional medical ethics review boards. Informed consent was ob-
tained from the parents of the enrolled children before study initiation.

2.3. Correlation between serum TC and TBA in AGS patients

To evaluate the influence of cholestasis on serum cholesterol levels,
we examined the correlation between serum TC and serum TBA levels
in the 23 AGS children.

Lipid and bile acids were extracted from the liver tissue according to
the method described by Folch et al. [23] and Beher WT et al. [24]. TCand
TBA levels were measured using the LabAssay cholesterol assay kit
(Cayman Chemical, Ann Arbor, MI, USA) and the total bile acids assay
kit (Diazyme Laboratories, Poway, CA, USA), respectively, according to
the manufacturer's protocol.

2.4. Quantitative real-time polymerase chain reaction (qRT-PCR)

We examined the mRNA expression of proteins/enzymes and liver
nuclear receptors involved in the liver cholesterol regulatory system
(Fig. 1) [16-19]. Total hepatic RNA was isolated from frozen liver tissue
using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer's protocol.

One microgram of total RNA was reverse transcribed using the
ReverTra Ace® qRT-PCR Kit (TOYOBO LIFE SCIENCE, Osaka, Japan). For
the quantification of CYP7A1 mRNA, we used Tagman® real-time
quantitive PCR (Applied Biosystems, Foster City, CA, USA), and for
other genes, we used SYBR® Green real-time quantitative PCR (Applied
Biosystems, Foster City, CA, USA). All PCR procedures were performed
using the ABI 7900 Fast Real-Time PCR system (Applied Biosystems,
Foster City, CA, USA). The relative mRNA levels were normalized to
GAPDH expression, and the fold changes were determined using the
27 AA¢ method. We performed melting curve analysis and confirmed
that single amplicon with an expected melting temperature was gener-
ated in each reaction (supplementary figure). The primer sets used in
gRT-PCR are listed in Table 3.

We evaluated the mRNA expression of lipoprotein receptors, includ-
ing LDLR and scavenger receptor class B type I (SR-BI), which promote
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Table 1
Backgrounds of the 5 patients, their liver histologies, and Child-Pugh classifications at liver transplantation.
Patients Age atOLT  Gender  Phenotypic anomalies Xanthoma POD  Mutations in JAGGEDT gene Treatment  Indication  Child-Pugh
Cardiac  Face Vertebrae Eye forLT dclassification
1 1y2m F + + + - + + Not Detected LT FIT C
2 1y10m M + + + + + + €177_178insG p.A60G fsx13 LT FTT B
3 1y2m F + + + - + + ¢.1486delT p.C496VfsX2 Kasai, LT FIT C
4 1y5m M + + - - + + ¢.G233A p.C78Y Kasai, LT FIT B
5 2y7m M + + + - + + ¢.695_755del p.A232Gfsx160  Kasai, LT Pruritus B

LT, liver transplantation; FTT, failure to thrive; POD, paucity of interlobular bile duct.

liver LDL and HDL uptake. The mRNA expression of HMGCR as a limiting
enzyme in the cholesterol biosynthetic pathway was also examined.
Simultaneously, we determined the expression of sterol regulatory
element-binding protein 2 (SREBP2), which plays a central role in
the enhancement of HMGCR and LDLR expression [21,22,25]. The
expression of SREBP cleavage-activating protein (SCAP) and insulin-
induced genes 1 and 2 (INSIG-1 and 2), which regulate the maturity of
SREBP2 [21,22] was also examined. The expression of cholesterol 7c-
hydroxylase (CYP7A1), a rate-limiting enzyme in bile acid synthesis
from cholesterol was examined. Among the cholesterol transporters,
the expression of ATP-binding cassette transporter (ABC) Al and
ABCG1, which excrete cholesterol from hepatocytes into the circulation,
and ABCG5 and ABCG8, which excrete cholesterol from hepatocytes into
the bile canaliculi, was examined (Fig. 1) [16-18].

Among the liver nuclear receptors, mRNA expression of FXR and
small heterodimer partner (SHP, NROB2), which are known to down-
regulate CYP7A1 and SR-BI expression, and LXRa, which is an oxysterol
receptor and upregulates ABCA1 and ABCG1/5/8, was evaluated (Fig. 1)
[16-1926,27).

2.5. Western blotting

Frozen liver tissues were homogenized in lysis buffer containing
a mixture of 500 mM Tris-HCl (pH, 7.4), 1% Nonidet P-40, 0.25%
deoxycholic acid-Na, 150 mM NaCl, 1 mM ethylene diamine tetra ace-
tate, and a protease inhibitor cocktail (Roche Diagnostics, Mannheim,
Germany). Homogenates were centrifuged at 12,000 g for 20 min, and
the supernatants were collected as protein samples. Protein levels
were determined using the DC protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA). Equal amounts of protein were separated by 10% so-
dium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to nitrocellulose membranes. Membranes were blocked
in 5% bovine serum albmin in Tris-buffered saline (TBS). The mem-
branes were then immunoblotted with anti-SREBP2 (1:800; Abcam,
Cambridge, MA, USA) or anti-B-actin (1:4,000; Sigma Chemical, St
Louis, MO, USA) and developed with horseradish peroxide-conjugated
secondary antibody (Promega, Madison, W1, USA), followed by en-
hancement with SuperSignal West Dura extended duration substrate
antibodies (Pierce, Rockford, IL, USA). The protein bands were digitally
imaged for densitometry using Image] (National Institutes of Health,
Bethesda, MD, USA).

2.6. Statistical analysis

All results are presented as mean 4 SEM. The correlation between
serum TC and TBA levels was estimated using Pearson’s test. Differences
between groups were calculated using two-tailed Student's t-test using
Prism software (GraphPad Software, Inc., La Jolla, CA). A p-value of
<0.05 was considered statistically significant.

3. Results
3.1. Relationship between serum TBA and TC levels

Serum TC levels showed a significant correlation with serum TBA
levels in AGS patients (p < 0.001; Fig. 2).

3.2. Liver cholesterol and bile acid contents

The liver is the primary organ contributing to cholesterol homeosta-
sis; therefore, to explore the potential mechanisms underlying the con-
stant TC to TBA ratio in serum of AGS patients, we measured cholesterol
and bile acid contents in the liver tissue from the 5 AGS patients who
underwent liver transplantation. As shown in Tables 1 and 2, all of the
5 patients fulfilled the diagnostic criteria of AGS (11-13), and showed
prominent hypercholesterolemia along with cholestasis and jaundice.
Cholesterol and bile acid levels in the livers from the AGS patients
were significantly increased by approximately two-fold compared
with those in the normal control (p < 0.05 for both; Table 4). The liver
cholesterol content significantly correlated with the bile acid content
in the AGS group (p < 0.05).

3.3. mRNA expression of cholesterol regulatory proteins in the liver

Because cholesterol accumulates in the livers of AGS patients with
hypercholesterolemia, we examined hepatic mRNA expression of cho-
lesterol regulatory proteins in AGS livers.

mRNA expressions of HMGCR, LDLR, and SR-BI were significantly in-
creased by 2.3-, 2.5-, and 4.9-fold, respectively, in the AGS group com-
pared to the control group (p < 0.05; Fig. 3a).

With regard to bile acid metabolism, mRNA expression of CYP7A1,
a rate-limiting key enzyme for bile acid synthesis, was decreased signif-
icantly in the AGS group (p < 0.05).

Table 2
Serum liver function tests at liver transplantation.
Patient ~ T-Cho (mg/dl)  LDL-C(mg/dl)  HDL-C(mg/dl)  TB(mg/dl)  DB(mg/dl)  TBA(pmol/l)  AST(UA)  ALT(U/)  Albumin (g/dl)  PTINR
1 1600 1267 19 9.0 589 153 173 25 1.36
2 1354 ND ND 176 12.91 734 215 148 4.1 1.01
3 1245 1168 47 84 624 348 212 19 1.65
4 692 540 20 121 241 247 91 29 1.2
5 638 ND ND 10.2 6.53 301 157 145 38 0.98
normal  107-190 55-110 34-80 0.3-14 0.0-0.5 2-10 <40 <40 3.8-49 0.80-1.20

T-Cho, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TB, total bilirubin; DB, direct bilirubin; TBA, total bile acids; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; PT-INR, international normalized ratio of prothrombin time; ND, not determine. LDL-C and HDL-C were measured using
the Cholestest® LDL and the Cholestest®N HDL (SEKISUI MEDICAL, Tokyo, JAPAN), respectively.
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Table 3 Table 4

Primer sets for RT-PCR. Hepatic cholesterol and bile acids concentrations in the livers,
Genes  Forward (5’-3") Reverse (5'-3') Control liver AGS liver
HMGCR ATA GGA GGC TAC AAC GCCCAT ~ TTC TGT GCT GCA TCC TGT CC Total cholesterol (mg/g liver) 1.27 4 046 2.91 + 049*
SREBP2  CAG CTG CAC ATC ACA GGG AA GTA CAT CGG AAC AGG CGG AT Total bile acids (pmol/g liver) 0.10 + 0.05 0.39 -+ 0.05%

SCAP GGG AACTICTGG CAG AAT GACT  CTG GTG GAT GGT CCCAAT G

INSIGT  ATCTITTCCTCCGCCTGGT GGG GTA CAG TAG GCC AAC AA
INSIG2  TTCCTCTAT GTT CGTTCTTGG TT  TTT CTG CGA TAA CTT TAC ATT CGT
LDIR CAATGT CTCACC AAG CTCT TCT GTCTCG AGG GGTAGCT
SRBI1 TCT ACC CAC CCA ACG AAG GCT CCT GAA TGG CCT CCT TAT CCT
XRa  AAG CCCTGC ATG CCTACG T TGCAGA CGCAGT GCAAACA
FXR CTC ATT GAA CAT TCC CAT TTA GGA CCT GCCACT TGTTCT GTT A
CCT ACC
SHp CCATCCTCT TCAACCCCG A CGG AAT GGACTT GAG GGT G
ABCA1  TCG ACA TGG TGA AAA ACC AG AAT GGT GAC ACA AAG CGA TTC
ABCG!  TCA GGG ACCTTT CCT ATT CG TTC CTT TCA GGA GGG TCT TGT
ABCG5  TCT CTTGGC CCCCCACTTA CTA TAT TTG GAT TTT GGA CGA
TACCA
ABCG8  GACAGCTTCACAGCCCACAA GCCTGA AGATGT CAG AGC GA
GAPDH  GAA GGT GAA GGT CGG AGT C GAA GAT GGT GAT GGG ATT TC

HMGCR, 3-hydroxy-3-methylglutaryl coenzyme A; SREBP2, sterol regulatory element-
binding protein 2.

SCAP, SREBP cleavage-activating protein; INSIGT, insulin-induced genes 1; INSIG2, insulin-
induced genes 2.

LDLR, low-density lipoprotein receptor; SR-BI, scavenger receptor class B type I; IXRa Liver
X receptor a.

FXR, farnesoid X receptor; SHP, small heterodimer partner; ABCA1, ATP-binding cassette
transporters Al.

ABCG1, ATP-binding cassette transporters G1; ABCG5, ATP-binding cassette transporters
G5.

ABCG8, ATP-binding cassette transporters G8; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.

Among the cholesterol transporters, mRNA expression of ABCG5 and
ABCG8 was increased in the AGS group by 6.7- (p < 0.01) and 3.4-fold
(p < 0.01), compared to the control group, respectively. mRNA expres-
sion of ABCG1 was also significantly increased, while ABCA1 mRNA
remained unchanged.

3.4. mRNA expression of liver nuclear receptors controlling cholesterol
regulatory proteins

In the AGS group, SHP mRNA expression, but not FXR mRNA expres-
sion, was significantly increased (p < 0.05; Fig. 3b). AGS livers also
showed high LXRa mRNA expression, which was 5.7-fold compared to
that in the control livers (p < 0.01).

3.5. Expression of intracellular cholesterol regulatory proteins

The above data suggested dysregulation of the negative feedback
loop in cholesterol homeostasis in AGS livers. Therefore, we examined
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Fig. 2. Scatter plot of serum total cholesterol (TC) against serum total bile acid (TBA) levels.

Means 4 SEMs are given.
The liver cholesterol content was significantly correlated with the bile acid content in AGS
group (p < 0.05).

* p < .05, significantly different from control livers,

fpe<.ot, significantly different from control livers.

the expression of the key elements of intracellular cholesterol regula-
tion [20]. Despite cholesterol accumulation in the liver, mRNA expres-
sion of SREBP2, SCAP, and INSIG-2 was not decreased, while that of
INSIG-1 was significantly increased (Fig. 4a). The expression of mature
SREBP2 protein was not suppressed in AGS livers (Fig. 4b).

4. Discussion

In this study, we performed comprehensive analyses to clarify the
liver cholesterol regulatory system in AGS children with profound hy-
percholesterolemia. Many previous studies have demonstrated that
liver nuclear receptors such as FXR, SHP, and LXR are activated by bile
acids or oxysterols and change the respective downstream bile acid or
cholesterol regulatory pathways [16-19,25-28]. However, analyses of
the cholesterol regulatory system in human livers with cholestasis are
scarce [3,29]. The plasma lipoprotein profiles in AGS have been docu-
mented in many earlier reports [1,3,4,6], but information on cholesterol
regulators in the liver that control hepatic and serum cholesterol levels
is limited. Therefore, the results of this study may lead to a better under-
standing of liver cholesterol regulation under cholestasis.

This study confirmed that serum TC and TBA levels were strongly
correlated and that liver cholesterol and bile acid contents were consid-
erably increased, with a significant correlation, in AGS children.

Enjoji et al. documented that mRNA expression of LDLR was de-
creased in livers with primary biliary cirrhosis, which was also charac-
terized by cholestasis and hypercholesterolemia [29]. Furthermore,
Nagasaka et al. documented that SR-BI protein expression is decreased
in AGS livers with rather mild cholestasis [3]. These studies used liver
tissues from patients in early stages that showed mild liver damage.
In this context, we speculated that the expression of the major
upregulators of liver cholesterol may decrease because of a negative
feedback loop. However, the study provided contradicting results;
increased liver expression of HMGCR, LDLR, and SR-BI may further
enhance hepatic cholesterol accumulation in AGS children. Several
experiments using animal models have shown that severe cholestasis
induces high HMGCR expression in the liver, thus contributing to hyper-
cholesterolemia [4,30]. The expression and activity of liver cholesterol
regulators may differ with the severity of cholestasis.

HMGCR and LDLR expression are regulated by the SREBP2 transcrip-
tion factor [21,22,25]. SREBP2 mRNA is transcriptionally suppressed by
LXRa, and the protein is processed into a mature form by SCAP and
INSIG-1and 2 in response to a decrease in cellular cholesterol levels
[16-18,25,. In this study, LXRa mRNA was considerably increased in
AGS livers (Fig. 3b). However, SREBP2 mRNA expression was not sup-
pressed (Fig. 4a). Furthermore, the expression of mature SREBP2 was
also not suppressed in AGS livers despite increased liver cholesterol
content and INSIG-1 mRNA expression (Fig. 4b). These results indicated
that negative feedback for liver cholesterol content was abrogated in
AGS children. An explanation for this dysregulation in SREBP2 expres-
sion and maturation remains elusive.

In contrast to elevated HMGCR, LDLR, and SR-BI expression, the liver
expression of CYP7AT as a limiting enzyme of bile acid synthesis was de-
creased in AGS children. Therefore, it is likely that a decrease in the con-
version from cholesterol to bile acid also contributes, at least to some
extent, to the high cholesterol content in the liver of AGS children.
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Fig. 3. Liver mRNA expression of cholesterol regulators and nuclear receptors in five patients with Alagille syndrome (AGS; gray bar) and five controls without cholestasis and hyper-
lipidernia (white bar). The expression of each gene is represented as a fold-change as compared to that in the controf livers after normalization to GAPDH. n = 6 samples for control

group; n = 5 samples for AGS group. *p < 0.05; 'p < 0.01 between groups.

Among the nuclear receptors controlling liver cholesterol regulators,
LXRa and SHP mRNA expression was increased (Fig. 4b). We could infer
that the enhancement of the FXR-SHP pathway led to the suppression of
CYP7A1 expression and that an increase in LXRa expression led to the
upregulation of SR-BT and AB(Gs 1, 5, and 8 (Fig. 1) [16-19,26-28]. How-
ever, ABCA1 expression, which should also be upregulated by LXRc,
remained unchanged [16-18]. Therefore, changes in liver cholesterol
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Fig. 4. Expression and maturation of the key elements of intracellular cholesterol regula-
tion. A: mRNA expression of sterol regulatory element-binding protein 2 (SREBP2),
SREBP cleavage-activating protein (SCAP), and insulin-induced genes 1 and 2 (INSIG-1
and 2). The expression of each gene is represented as a fold-change as compared to that
in the control livers after normalization to GAPDH. n = 6 samples for control group;
n = 5 samples for AGS group. *p < 0.05 between groups. B: Protein expression of mature
SREBP2. The signal intensity of the SREBP2 protein in the truncated form (55 kDa) relative
to that of B-actin is shown in the panel. AGS, Alagille syndrome.

regulators were not exclusively regulated by changes in the expression
of known liver nuclear factors.

Taken together, this study demonstrated that the negative feedback
regulation of liver cholesterol levels was impaired in children with AGS.
Despite the upregulation of hepatic LDLR and SR-BI, both of which re-
move lipoproteins from the circulation, AGS children exhibit profound
hypercholesterolemia. Increased expression of HMGCR may greatly
contribute to the profound hypercholesterolemia. Alternatively, under
intrahepatic bile duct paucity, increased amounts of cholesterol in bile
canaliculi possibly resulting from increased ABCG5/8 expression, may
enter the circulation via the paracellular route and form lipoprotein X
(LpX) [31,32].

Hypercholesterolemia is almost always regarded as the major culprit
for the development and progression of atherosclerosis. However, ath-
erogenesis of hypercholesterolemia in patients with cholestatic disorders,
such as primary biliary cirrhosis, remains a controversial subject [5-7].
Nagasaka et al. reported that the intimal-medial thickness of the cervical
artery and the water stiffness in AGS children exhibiting profound hyper-
cholesterolemia together with mild or less hyperbilirubinemia were
similar to those in healthy age-matched children [6]. They postulated
that a considerable increase in HDL may prevent the development of
atherosclerosis. Nevertheless, considerable liver damage causing sup-
pressed HDL together with moderate or more hyperbilirubinemia as
was seen in our patients may engender atherosclerosis [1,6]. In this con-
text, the establishment and achievement of optimal plasma lipoprotein
levels are necessary.

In this study, we performed comprehensive analyses for expressions
of genes involved in liver cholesterol regulation in AGS. However,
the obtained information is still limited. Quantitative and functional
analyses for proteins/enzymes encoded by each gene examined in this
study will give us a better understanding of the liver cholesterol metab-
olism in AGS.

In conclusion, the results of this study in children with AGS sug-
gested that the negative feedback loop mediated by SREBP2 expression
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and maturation was impaired, and the major regulators of liver cho-
lesterol, including HMGCR, LDLR, and SR-BI, were considerably upregu-
lated, resulting in accelerated liver cholesterol accumulation,

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.cca.2014.10.034.
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Background & Aims: Although liver fibrosis is an important pre-
dictor of outcomes for biliary atresia (BA), postsurgical native
liver histology has not been well reported. Here, we retrospec-
tively evaluated postsurgical native liver histology, and devel-
oped and assessed a novel scoring system - the BA liver fibrosis
(BALF) score for non-invasively predicting liver fibrosis grades.
Methods: We identified 259 native liver specimens from 91 BA
patients. Of these, 180 specimens, obtained from 62 patients aged
>1 year at examination, were used to develop the BALF scoring
system. The BALF score equation was determined according to
the prediction of histological fibrosis grades by multivariate
ordered logistic regression analysis. The diagnostic powers of
the BALF score and several non-invasive markers were assessed
by area under the receiver operating characteristic curve
(AUROC) analyses.

Results: Natural logarithms of the serum total bilirubin, y-glut-
amyltransferase, and albumin levels, and age were selected as
significantly independent variables for the BALF score equation.
The BALF score had a good diagnostic power (AUROCs = 0.86-
0.94, p <0.001) and good diagnostic accuracy (79.4-93.3%) for
each fibrosis grade. The BALF score revealed a strong correlation
with fibrosis grade (r=0.77, p<0.001), and was the preferable
non-invasive marker for diagnosing fibrosis grades >F2. In a
serial liver histology subgroup analysis, 7/15 patients exhibited
liver fibrosis improvement with BALF scores being equivalent to
histological fibrosis grades of FO-1.

Keywords: Biliary atresia; Hepatoportoenterostomy; Liver fibrosis; Liver biopsy;
Non-invasive fibrosis marker.
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Conclusions: In postsurgical BA patients aged >1 year, the BALF
score is a potential non-invasive marker of native liver fibrosis.
© 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Biliary atresia (BA) is a destructive, inflammatory, obliterative
cholangiopathy that develops in 1/5,000 to 1/19,000 newborns
[1]. The disease affects varying lengths of both the extra- and
intra-hepatic bile ducts, and is classified according to the level
of the most proximal part of the extra-hepatic biliary obstruction:
atresia of the common bile duct (type 1), hepatic duct (type 2), or
porta hepatis (type 3) {1,2]. To establish initial bile drainage, an
anastomosis between the bile duct and the gastrointestinal tract
can be created in certain cases (“correctable” BA, mostly type 1),
but hepatoportoenterostomy is more often performed
(“non-correctable” BA, mostly type 3) in such cases {2].

Hepatoportoenterostomy, first described by Kasai [3], can
achieve initial bile drainage in 50-60% of cases | 1]. However, liver
fibrosis progresses rapidly before the bile drainage operation, and
is an important predictor of outcome [4]. Even after successfully
achieving bile drainage by portoenterostomy, progression of liver
fibrosis may continue, leading to portal hypertension and cirrho-
sis [4]. Liver transplantation {LT) is performed when bile drainage
is not achieved, or when complications of biliary cirrhosis occur
[5]. Because of the progressive liver disease, long-term native
liver survival is only achieved in approximately 20% of BA
patients [4,5]. Thus, BA is the most common indication for LT in
children; moreover, portoenterostomy is believed to be palliative,
not curative {1].

Because of the severe shortage of organs from deceased
donors in Japan [6], determination of the optimal time for living
donor LT (LDLT) is important for BA patients. To investigate the
postsurgical state of the native liver, we have performed percuta-
neous liver biopsies as part of the patient’s routine follow-up.
Because native liver fibrosis in postsurgical BA patients has not
been well reported, we retrospectively analyzed the histology
findings from 259 native liver specimens, and their associated
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data, in 91 BA patients. From this, we developed a novel scoring
system ~ the BA liver fibrosis (BALF) score ~ which is a non-inva-
sive, practical, and easily accessible potential marker of liver
fibrosis that is based on standard liver tests; its accuracy was also
evaluated by comparing with the pediatric end-stage liver dis-
ease (PELD) score, which is widely used for liver allocation deter-
minations 7], and the levels of several non-invasive fibrosis
markers. Furthermore, we evaluated serial native liver histology
in a subgroup of 15 patients.

Patients and methods
Study population and ethical considerations

We retrospectively identified 91 BA patients from whom native liver specimens
had been obtained between March 1993 and February 2013 at Keio (Japan) Uni-
versity School of Medicine. The patients had either visited our institution for an
initial operation, were referred to us for follow-up after an initial operation (42
patients), or had been referred to us due the presence of LT indicators (49
patients) after an initial operation for bile drainage. From the 91 patients, 259
liver specimens were collected by wedge biopsy during laparotomy (34 speci-
mens), percutaneous needle biopsy (161 specimens), or were obtained from
explanted livers during LT (64 specimens). From these specimens, we excluded
1 explanted liver because of a hepatitis C virus infection, and 18 specimens
because of liver histology findings (described below).

Development of the BALF score was conducted from 180 histology examina-
tions obtained from 62 patients aged 1 year, because liver biochemistry results
were likely elevated before surgery, and for a certain period after surgery, regard-
less of the liver fibrosis grade. Of the 180 specimens, the median number of spec-
imens obtained from individual patients was 1 (range, 1-11). Of the 62 patients,
28 (45.2%) were male and 34 (54.8%) were female. Type 1 BA was diagnosed in 9
patients (14.5%), type 2 in 2 (3.2%), and type 3 in 45 (72.6%); the diagnosis was
unknown in 6 (9.7%). The initial surgery for bile drainage was hepaticoenteros-
tomy in 6 patients (9.7%), hepatoportoenterostomy in 54 (87.1%), and an
unknown procedure in 2 (3.2%); the median age at the time of the initial surgery
was 64 days (range, 17-151 days). Selection of the study population is summa-
rized in Fig. 1. This study conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki, and was approved by the ethical committee at Keio University
School of Medicine (2012-173).

[ 91 biliary atresia patients

l 15 patients were studied
for serial histology

259 native liver specimens
Wedge biopsy, n = 34
Needle biopsy, n = 161
Explanted liver, n = 64

Hepatitis C virus infection, n = 1
Inadequate sample, n=5
-Unique !i\/er'histology‘*, n=13

<1 year of age at examination, n = 60

Exclusion (n = 79)

Fig. 1. Selection of the study population. "Obtained from 62 patients. *"One
patient revealed unique liver histology findings, indicating ductopenia, accom-
panied by little evidence of fibrosis in 13 serial percutaneous biopsies.
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Data collection

The patients' clinical courses, documented pathological findings, and laboratory
results around the time of liver specimen collection were collected from the
patients’ medical records. Collected standard biochemical test results included
serum levels of total bilirubin (TB), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyltransferase (GGT), albumin, and cholinester-
ase (ChE). Collected hematological test results included prothrombin time-
international normalized ratios (PT-INR) and platelet counts. These standard
biochemical and hematological test results were obtained for all corresponding
histological examinations. The PELD score [7] was calculated using the following
equation:

PELD score = {0.463 x (age < 1year’) - 0.687 x Log, [albumin (g/dl)]
+ 0.480 x Log, [TB (mg/dl)] + 1.857 x Log, (PT-INR)
+ 0.667 = (growth failure < -2 standard deviation™)} x 10

*Age was coded as 1 for children under 1 year; in other cases, it was coded as
0.

““Growth failure was coded as 1 for children, with height or weight <-2
standard deviations below age-specific normal values; in other cases, it was
coded as 0.

As a non-invasive fibrosis marker, the AST to platelet ratio index (APRI) {8}
was also calculated; a serum AST level of 35 IU/L was used as the upper normal
fimit:

APRI = {(AST/upper normal limit)/[platelet counts (IOQ/L)]) x 100

The APRIs in patients having a history of splenectomy, partial splenic embo-
lization, or with biliary atresia splenic malformation syndrome were excluded
from further analyses. Direct serum fibrosis markers, including serum levels of
hyaluronic acid, type IV collagen 7S domain, and procollagen type 1l amino-ter-
minal peptide (PIIINP) [9], were collected for most of the corresponding histolog-
ical examinations. The normal ranges are <50.0 ng/ml for hyaluronic acid,
6.0 ng/ml for type IV collagen 7S domain, and 0.30-0.80 U/ml for PIINP.

Evaluation of liver histology

Wedge biopsy specimens, >5 mm in size, were obtained by surgical resection
from the edge of the liver during laparotomy. Percutaneous liver biopsies,
>1.0 cm in length, were performed with an 18-gauge suction needle under ultr-
asonographic guidance. All of the biopsies and operations were performed after
obtaining written informed consent. The biopsy specimens and explanted livers
were fixed in formalin, embedded in paraffin, sectioned, and stained with hema-
toxylin-eosin, Azan-Mallory, and Elastica van Gieson stains. Liver fibrosis was
evaluated based on the documented pathological findings that had been reported
at the time of examination by experienced pathologists, according to the META-
VIR scoring system [ 10] or the new Inuyama classification {11] as follows: F0, no
portal fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare
septa; F3, numerous septa or lobular distortion without cirrhosis; and F4, cirrho-
sis. Five specimens, containing no or few portal tracts, were indeterminate for
fibrosis grade. One patient revealed unique liver histology findings, indicating
ductopenia, accompanied by little evidence of fibrosis in 13 serial percutaneous
biopsies. When compared to the other subjects, the blood test results for this
patient did not correspond to the histological fibrosis grade; therefore, these 13
specimens were excluded from the analysis.

Development of the BALF score by ordered logistic regression analysis

To predict the histological fibrosis grade, ordered logistic regression analyses
were performed, using the histological fibrosis grades as ordinal data (FO, F1,
F2, F3, and F4) for the dependent variable; the independent variables included
logarithmic transformations of the collected standard biochemical and hemato-
logical test results, and age at the time of the corresponding histological exami-
nation. For multivariate logistic regression analysis, independent variables
showing strong correlations {|r| >0.7) to each other were avoided because of mul-
ticollinearity concerns. The equation comprising the BALF score was developed by
adding a minus sign to the regression equation for the logit of FO probability in
the multivariate analysis.
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Table 1. Baseline data, stratified by histological fibrosis grade, for the development of the biliary atresia liver fibrosis (BALF) score.

Fo F1 F2 F3 F4

(n = 15) (n = 53) (n = 44) (n = 34) (n = 34)
TB (mg/dl) 0.5 (0.2-0.9) 0.7 (0.3-10.1) 0.8 (0.3-11.5) 1.9 (0.4-24.5) 7.2 (0.3-30.1)
AST (IU/L) 33 (25-83) 36 (18-550) 75 (22-251) 108 (35-1065) 181 (94-472)
ALT (IU/L) 22 (14-79) 35 (9-676) 64 (13-457) 86 (21-411) 133 (37-587)
GGT (IU/L) 44 (10-102) 68 (7-1108) 142 (8-1384) 204 (66-1456) 317 (32-1817)
Albumin (g/dl) 4.4 (3747) 4.1(3.1-5.1) 4.0 (3.0-5.1) 3.7 (2.4-4.6) 3.2 (1.5-4.5)
ChE (iU/L) 326 (220-598) 342 (97-567) 278 (122-581) 185 (46-335) 141 (43-323)
PT-IINR 1.07 (1.00-1.21) 1.07 (0.91-1.47) 1.03 (0.86-1.25) 1.04 (0.86-2.01) 1.14 (0.89-1.48)
Platelet count (x 10°%L) 141 (70-356) 165 (52-372) 127 (45-392) 113 (56-446) 152 (42-524)
Age (yr) 9.7 (1.1-18.8) 7.0 (1.2-19.9) 5.3 (1.2-19.2) 7.4 (1.1-25.4) 2.4 (1.0-33.6)

Data are presented as median (range).

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.

Assessment of the BALF score

After developing the BALF score equation, the score at the time of each histolog-
ical examination was calculated. The BALF score and other non-invasive markers
were assessed in the same population that was used for development of the BALF
score equation. We also calculated and evaluated the BALF score results in
patients aged <1 year before and after bile drainage surgery.

Analysis of serial liver histology and the BALF score in each patient

Among the 91 patients involved in this study, 31 underwent histological examin-
ations at the time of their initial operation during the study period. Of these, 15
had repeated histological examinations when they were aged >2 years and these
patients were individually analyzed to obtain serial data. Among the other 16
patients, 4 underwent primary LDLT; 1 died suddenly at 11 months of age; 5
underwent LDLT before 2 years of age; 5 were <2 years of age at the time of this
analysis; and 1 patient, who had undergone hepaticoenterostomy for type 2 BA,
did not undergo a histological examination after reaching 2 years of age.

Statistical analysis

The categorical data are presented as frequencies (%), and the continuous data are
presented as medians (ranges). Correlations between the ordinal andfor continu-
ous data were assessed by Spearman's correlation coefficient (r). For logistic

Table 2. Ordered logistic regression analyses for liver fibrosis grades, FO-F4.

regression analyses, the p value of each independent variable was determined
by the Wald chi-square value (Wald), which was calculated by squaring the ratio
of the regression coefficient divided by its standard error. The diagnostic powers
of the BALF score and the other fibrosis markers were assessed by area under the
receiver operating characteristic curve (AUROC) analyses; an AUROC of 1.0 indi-
cates a test of perfect diagnostic power, and that of 0.5 indicates a test without
diagnostic power. The cut-off values were determined by maximizing the sum
of the sensitivity and specificity on Youden's index | 12}. p values <0.05 were con-
sidered statistically significant. Statistical analyses were performed using SPSS
20.0 software (IBM SPSS, Chicago, IL, USA).

Results
Development of the BALF score by ordered logistic regression analysis

Baseline data corresponding to the 180 histology examinations
for the development of the BALF score, stratified by histological
fibrosis grade, are summarized in Table 1; the results of the
ordered logistic regression analyses are shown in Table 2. In
the univariate analyses, natural logarithms of the serum TB levels
provided the most significant coefficients (Wald =89.240,
p <0.001). In the multivariate analysis, natural logarithms of the

Variable Coefficient (95% CI) Standard error Wald p value

Univariate analysis
Log, [TB (mg/dl)] 1.854 (1.470-2.239) 0.196 89.240 <0.001
Log, [AST (IU/L)] 1.926 (1.493-2.358) 0.221 76.107 <0.001
Log, [ALT (IU/L)] 1.218 (0.886-1.550) 0.169 51.737 <0.001
Loge [GGT (IU/L)] 0.858 (0.617-1.100) 0.123 48.448 <0.001
Log, [albumin (g/dI)] -8.017 (-10.139--5.896) 1.082 54.871 <0.001
Log, [ChE (IU/L)] -3.218 (-3.948--2.487) 0.373 74.527 <0.001
Log, [PT-INR] 2.627 (0.342-4.913) 1.166 5.078 0.02
Log, [platelet count (x 10°%/L)] -0.299 (-0.799-0.202) 0.255 1.370 0.24
Log, [age (years)] -0.438 (-0.742--0.134) 0.155 7.994 0.005

Multivariate analysis
Log, [TB (mg/di)] 1.438 (0.974-1.903) 0.237 36.861 <0.001
Log, [GGT (IU/L)] 0.434 (0.159-0.710) 0.140 9.557 0.002
Log, [albumin (g/dl)] -3.491 (-5.805--1.177) 1.181 8.745 0.003
Log, [age (years)] -0.670 (-1.031--0.308) 0.184 13.196 <0.001

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.
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Table 3. Diagnostic accuracy of the biliary atresia liver fibrosis (BALF) score in predicting histological fibrosis grade,

AUROC 95% Cl Cut-off Sensitivity Specificity Accuracy
2F1 0.91* 0.86-0.96 1.96 77.6% 100% 79.4%
2F2 0.86” 0.81-0.92 2.42 86.6% 73.5% 81.7%
2F3 0.91* 0.87-0.95 412 83.8% 81.3% 82.2%
=F4 0.94* 0.90-0.99 5.64 94.1% 93.2% 93.3%
*p <0.001.
AUROC, area under the receiver operating characteristic curve.
serum TB, GGT, and albumin [evels, and age at examination were N BALF scori ‘PELD score
selected as significant independent variables. Based on the multi~ 104 r=077 20r=068 o ©
variate analysis, the BALF score equation was developed: 8- ° o 104 ° Z
BALF score = 7.196 + 1.438 x Log, [TB (mg/dl)] + 0.434 6- il T o o o
% Log, [GGT (IU/L)] — 3.491 x Log, [albumin (g/dl)] 4] = b4
- 0.670 x Log, [age (years)] 2d o o  -107 é % é .
01 ? T T 1] T 204 T T T 1 T
Diagnostic accuracy of the BALF score FO F1 F2 F3 F4 FO F1 F2 F3 F4
=15 63 44 34 34 n= 156 563 44 34 34
Table 3 shows the AUROC, cut-off value, and diagnostic accuracy APRI Hyaluronic acid (ng/mi)
of the BALF score for each fibrosis grade. The BALF score had good 2045 = 0.60" 100041 =0 ’ég_
diagnostic power for predicting each fibrosis grade (AUR- ’ ° ’ °
OCs = 0.86-0.94, p <0.001), and the cut-off values were calculated 15 ° o 8004
as 1.96 for a fibrosis grade >F1, 2.42 for =F2, 4.12 for >F3, and T 600
5.64 for F4; the score provided good diagnostic accuracy in diag- 10+ ° o 4004
nosing each fibrosis grade (79.4-93.3%). 5 Z H
; . i £ 200+ é
Comparisons of the BALF score, PELD score, and other non-invasive 0+ él‘ : : 0+ ‘?‘ ‘% % -
fibrosis markers FO F1 F2 F3 F4 FO F1 F2 F3 F4
n=15 49 39 31 28 n=11 47 37 30 24
Fig. 2 shows the boxplots for the BALF score, PELD score, APRI,
and levels of serum hyaluronic acid, type IV collagen 7S domain, Type IV collagen 7S domain (ng/mi) PHINP (U/ml)
and PIIINP vs, the histological fibrosis grade. Of these, the BALF r=0.63" o 10-r=0.24"" o
score was most strongly correlated with the histological fibrosis 30 ° 8-
grade (r=0.77, p <0.001). The BALF score was equally distributed 2 ® 6
[~}

from FO to F4. The diagnostic powers of the BALF score and the
other markers for diagnosing fibrosis grades >F2 and F4,
assessed by AUROC analyses, are shown in Fig. 3. For diagnosing
fibrosis grades >F2, the BALF score had the highest diagnostic
power (AUROC = 0.86, p <0.001), followed by the PELD score
and the APRI (AUROC=0.80, p <0.001), but the direct serum
markers showed relatively low or no significant diagnostic
power. The PELD score, hyaluronic acid levels, and type IV colla-
gen 7S domain levels, as well as the BALF score, showed excellent
diagnostic powers for diagnosing an F4 fibrosis grade (AUROC
>0.90, p <0.001).

Changes in the BALF score before and after bile drainage surgery

The BALF scores for patients aged <1 year, before and after initial
surgery (n=31 and n =29, respectively), compared to patients
aged 1-2 years, after surgery (n=28), are shown in Fig. 4. The
BALF scores were apparently high before surgery, regardless of
the fibrosis grades. Even after bile drainage surgery, patients aged
<1 year showed high score values. The BALF scores in the patients
aged 1-2 years were comparable with those for all patients aged
>1year.

10

Hh® o

8 41 s
2 g é?

s & &7 5o e &
0- T T | T 01
FO F1 F2 F3 F4
n=11 47 36 30 25

1 | T I
FO F1 F2 F3 F4

n=10 48 36 31 25

=

Fig. 2. Comparisons of the biliary atresia liver fibrosis (BALF) score, the
pediatric end-stage liver disease (PELD) score, and several non-invasive
fibrosis markers. Boxplots show the median values with the interquartile ranges,
and error bars indicate the smallest and the largest values within 1.5 box-lengths
of the upper and the lower quartiles. Outliers represent the individual points by
circles. Correlations between the scores/markers and the histological fibrosis
grades were evaluated by Spearman's correlation coefficient (r); "p <0.001,
**p=0.009. APRI, aspartate aminotransferase to platelet ratio index; PIIINP,
procollagen type Il amino-terminal peptide,

Serial liver histology and BALF score in each patient

The status of the initial operations and the most recent histolog-
ical examinations for 15 patients are shown in Table 4. Cases 1-7
showed some liver fibrosis relief with BALF scores being equiva-
lent to FO-1; these 7 patients achieved good physical growth and
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Fig. 3. The diagnostic powers of the biliary atresia liver fibrosis (BALF) score,
pediatric end-stage liver disease (PELD) score, and non-invasive markers for
liver fibrosis. The diagnostic power of each score/marker was assessed by
calculating the area under the receiver operating characteristic curve (AUROC);
solid lines, for diagnosing >F2; dashed lines, for diagnosing F4; gray lines,
reference lines; circles, cut-off points (with cut-off values); *p <0.001. APRI,
aspartate aminotransferase to platelet ratio index; PIINP, procollagen type Il
amino-terminal peptide.

social activity. Cases 8-12 showed the same grade of fibrosis in
the initial and latest histological examinations; 3 of them had
shown initial transient relief of liver fibrosis followed by worsen-
ing fibrosis, associated with repetitive cholangitis (Cases 10 and
11) or hepatopulmonary syndrome (Case 12). Cases 13-15
showed worsening liver fibrosis and relatively high BALF scores.
Only Case 12 underwent LT during the study period; Cases 13-
15 seemed likely to require LT in the near future due the presence
of severe portal hypertension.

Discussion

Although hepatoportoenterostomy can achieve complete jaun-
dice resolution in up to 60% of children with BA, liver fibrosis -
a prominent feature of BA - may continue to progress [1,4,5].
Although LT in children with failed bile drainage surgery is

<1 year of age
Before surgery

o
_ = _
10 s 5 % 10

After surgery

8 A 8
6 6
4 - 4
2 4 24
0 04
| 1 ] T T T | T
F1 F2 F3 F4 F1 F2 F3 F4
n=5 11 11 4 n=5 4 5 15

1-2 years of age
After surgery

=

| 1 T
FO F1 F2 F3 F4
n=2 7 3 3 13

Fig. 4. Changes in the BALF score, before and after bile drainage surgery.
Boxplots show the median values with the interquartile ranges, and error bars
indicate the smallest and the largest values within 1.5 box-lengths of the upper
and the lower quartiles. Outliers represent the individual points by circles.

certain, the timing of LT after successful bile drainage is debat-
able [13]. In Japan, grafts for LT rely almost entirely on living
donors, especiaily from the parents of affected children [6]. Due
to the increasing parental age and the required graft volume
against the physical growth of the recipients, LDLT may not be
possible, in some cases. Moreover, one large Japanese study indi-
cated poor outcomes of adult-to-adult LDLT for postoperative BA
patients, and the authors encouraged proactive consideration of
LDLT at the earliest possible stage [ 14]. At our institution, hepato-
portoenterostomy and LT for BA patients have been performed by
the same team since the introduction of LDLT in 1995. To assess
the native liver status more precisely, we introduced liver biop-
sies as the gold standard method for assessing liver fibrosis, with
endoscopic screening of postsurgical BA patients. At first, liver
fibrosis was supposed to progress in most BA patients, suggesting
the future need for LT; only stable disease was believed to pro-
vide the patients and their parents with some relief. Thereafter,
we noticed that certain patients demonstrated fibrosis improve-
ment. Concerns about biopsy sampling errors were alleviated
by serial liver histology, thus providing more substantial relief.
The BALF regression equation suggests that long-term native
liver fibrosis in BA is influenced by the patient’s bile drainage sta-
tus, represented by the levels of serum TB and GGT. Some
patients, especially older children or adults, develop decreasing
liver synthetic capacity despite relatively small elevations in
serum TB levels (data not shown). Thus, serum albumin levels
represent a significant negative coefficient in the multivariate
ordered logistic regression analysis. Additionally, the age at
examination also showed a significant negative coefficient, sug-
gesting that liver fibrosis could be improved over time, even in
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Table 4. The status of 15 patients individually examined by serial liver histology.
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Case Disease type - ~Initial operation ~ Recent histological examination
No. Age (days) Procedure ~ Fibrosis grade Age (years) _ Fibrosis grade  BALF score
1 Type 1 17 Hepaticoenterostomy F2 2.5 FO 1.26
2 Type 1 24 Hepaticoenterostomy F3 12.5 F1 1.17
3 Type 1 31 Portoenterostomy F2 6.4 F1 1.50
4 Type 1 55 Portoenterostomy F2 11.0 FO 1.26
5 Type 3 78 Portoenterostomy F3 3.3 F1 212
6 Type 3 74 Portoenterostomy F3 18.3 F1 0.84
7 Type 3 74 Portoenterostomy F2 18.8 FO 1.19
8 Type 3 47 Portoenterostomy F2 7.1 F2 2.44
9 Type 3 47 Portoenterostomy F1 14.8 F1 2.34
10 Type 3 105 Portoenterostomy F2 7.8 F2 2.20
11 Type 3 51 Portoenterostomy F3 8.1 F3 3.24
12 Type 3 105 Portoenterostomy F3 9.3 F3 4.84
13 Type 3 56 Portoenterostomy F1 9.3 F2 3.94
14 Type 3 56 Portoenterostomy F1 7.1 F3 4.68
15 Type 3 57 Portoenterostomy F2 3.5 F3 6.26

BALF, biliary atresia liver fibrosis.

BA patients. Recently, liver fibrosis has been indicated to be
reversible in a number of liver diseases, but data for BA are lim-
ited [4]. A few serial liver histology reports from the 1960s to
1980s documented fibrosis relief in some cases [15~18]. Thereaf-
ter, only a few studies have involved postsurgical liver histology
[19.20]; however, serial data have not been presented. In a sub-
population of the current study, 7 of the 15 patients who
achieved long-term native liver survival revealed some liver
fibrosis relief during the study period.

The BALF score is the first non-invasive fibrosis marker devel-
oped for postsurgical BA patients based on liver histology find-
ings, including the findings of percutaneous needle biopsy
examinations obtained from patients with good postoperative
courses. However, the PELD score was developed based on poor
outcomes, such as patient death or movement to an intensive
care unit, in children awaiting LT [7,21]. Although the BALF and
PELD scores share the same independent variables (natural loga-
rithms of serum TB and albumin levels), the BALF score results
were more spread out than the PELD score results in the low
fibrosis grade groups (FO-F3); moreover, the PELD score results
were more spread out among the patients with cirrhosis (F4)
than were the BALF score results (Fig. 1). Thus, the BALF score
appears to be suitable for all patients (FO-4), but the PELD score
seems best suited for severely affected patients, such as those
with cirrhosis (F4), reflecting the methods used for the develop-
ment of each score. The APRI consists of only two variables, is
much simpler to calculate, and has been investigated in relation
to prognosis [22], portal venous pressure |23}, and fibrosis grade
[24] at the time of Kasai hepatoportoenterostomy. Moreover, the
APRI was used as a surrogate fibrosis marker in a prospective
study examining steroid therapy in BA patients [25].

Although the current study contains one of the largest series
of native liver histologies reported for BA patients, several
limitations remain. First, the current study used liver histology
findings, obtained from liver biopsies or explanted liver examin-
ations, as reference parameters. Since biopsies are limited by
sampling errors [26] and observer variability [27], the histologi-
cal results are subject to omissions and false-positive results. In
addition, segmental bile drainage, often observed in postsurgical
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BA patients [28] or small biopsy samples, may have resulted in an
increased level of sampling error [26). Second, this study had a
relatively small sample size and a heterogeneous study popula-
tion. Not all of the patients were evaluated by serial liver
histology, after surgery, and the number of examinations in the
same patient also differed; we analyzed the data from the same
patient as independent data. We could not provide a validation
group for the newly developed BALF scoring system because of
the small and heterogeneous study population.

In the present study, we developed a potential fibrosis marker
for postsurgical BA patients that is non-invasive, practical, and
easily accessible. Because of a lack of validation, the BALF score
should be further investigated with regard to its relationship with
several parameters, such as long-term outcomes, postsurgical
complications, and liver fibrosis. However, we believe that the
BALF score will be a useful surrogate fibrosis marker in a future
interventional trial.
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