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ABSTRACT
Biliary atresia (BA) remains one of the most intractable liver diseases in pediatric population.
In this project, we conducted 3 studies regarding its pathophysiology. In study 1, serum levels
of IL-12, IL-18, and IFN-gamma were determined from 46 BA patients and 19 normal
controls. We found that serum IL-18 and IFN-gamma levels were increased in BA. The
elevated serum IL-18 in BA patients was associated with worse clinical outcome. These
suggest that IL-18 and IFN-gamma play roles in the pathophysiology of BA. In study 2,
survivin and caspase-3 expression was determined using immunohistochemistry from liver
biopsies of 49 BA patients, and 29 non-BA pediatric patients. We demonstrated that survivin
expression of biliary ductular epithelia was related to BA. These suggest that actions of
survivin proteins involve in the biliary pathology of BA. In study 3, ninety-four BA patients
between 2001 and 2009 were reviewed. Serum total bilirubin (TB) was determined at 7th day
after surgery. The data shown by evaluation of serum TB at 7th day after surgery showed a
prognostic power to predict a short-term surgical outcome at 6th month.

UNAnaLo

TsamadwhaaumaiuTsaduludniinanuguiseiigalsani Tasamsiseiilszneu
aldromsfnenise o Gog lumsaneii o Ao ldhmsdaszAudsuves IL-12, IL-18,

= (%

] =) %’ = =) (%] 1
1ag IFN-gamma Tugihema@uinaaudu ¢b au nfSeuieunungquaiuny o8 au
' H 9y v
WUNTZAUFTUV0A IL-18, 1Az IFN-gamma gaN1INQUAIUAN HAZTZAUNFIIUUDIFTY
Y] v Jo aa $ [} 3}, 4 1 1
IL-18 HANUFUNUTAUDINMINIAAUN LGRS NIWUATILII IL-18 11ag IFN-gamma ¥
o ~ Aaa a %} == Y] = d' Y v KR
unumaay i a3inensineved lsamaaninaauay lumsanen o GI90ANEINS
¥ 4 1 a %} a A U
LEAIDDNUDA survivin L1AZ caspase-3 MMHUBIEHDADVOIRTIEMUALINARUAUY €& AU
) ' @ =~ ' ..
nFeuiieununguaiua e au givouaasliruniimsuansoonveelsau survivin
Jd a A A 1 o ] o Aa
@z Tueadymeaning #9019MN1eAIMI1 ASTIUUD survivin NEITEINUNOT
a % 2 = = Yo Yo o ) 9
anmvesmaauialulsall Tunmsdnui o gi9e ldhmanusiusdeyadile

=

a %J QU 1 % Q'J a a a
MIAUNARUAY & 518 (WA, b &dd N b&&lo) WU ds0l9szaudiudaagiv

(%} { %) 1 %) % d (%} 1 ¥ %) { %) 1 QU
TUUN o HaIMIHAAT I WUATHUITHAMISIEIN b AOUNAIHIAA 18



Executive Summary

1. Elevated serum IL-18 and interferon-gamma in medium-term survivors of biliary

atresia

Biliary atresia (BA) is a fatal disease in children. Its main pathological feature is progressive immune-mediated
cholangiopathy. Interleukin (IL)-12, IL-18, and interferon-gamma (IFN-gamma) play important roles in various
immunological diseases. The objective was to investigate whether these serum markers were associated with clinical
outcome in BA.

Methods: Serum levels of IL-12, IL-18, and IFN-gamma were determined using enzyme-linked immunosorbent assay from
46 BA patients (median age of 9 years) and 19 normal controls. The BA patients were then categorized into three groups
according to their outcome: jaundice-free (29 cases), mild to moderate jaundice (10 cases), and marked jaundice (7 cases).
The comparisons of serum IL-12, IL-18, and IFN-gamma levels among groups of the patients were performed using one-
way analysis of variance with post-hoc tests. Data are expressed as mean + standard deviation.

Results: Serum IL-18 and IFN-gamma in BA patients were higher than the normal controls (IL-18: 113.3 + 82.6 vs. 80.5 +
9.9 pg/mL, p=10.011 and [FN-gamma: 41.7 + 5.1 vs. 38.0 + 1.9 pg/mL, p < 0.001). There was no difference in serum IL-12
between BA and controls. Further analysis demonstrated that, in BA patients, only serum IL-18 levels significantly increased
with the degree of jaundice (test for trend, p = 0.004).

Conclusions: Serum IL-18 and IFN-gamma levels were increased in medium-term survivors of BA. The elevated serum IL-
18 in BA patients was associated with worse clinical outcome. These results suggest that IL-18 and IFN-gamma play roles in
the pathophysiology of BA. Additionally, IL-18 is likely to be involved in the disease progression.

2. Hepatic expression of survivin and caspase-3 in biliary atresia

Biliary epithelia undergo early activation of apoptosis in a mouse model of biliary atresia (BA). Survivin is an inhibitor of
apoptosis by impeding caspase activation. Our objective was to investigate hepatic expression of survivin and caspase-3 in
BA.

Methods: Survivin and caspase-3 expression was determined using immunohistochemistry from liver biopsies of 49 BA
patients (M:F=23:26) during laparotomy, and those of 29 non-BA pediatric patients (M:F=14:15) whose liver tissues were
needed in the treatment process. At 12 months after Kasai operation, the BA patients were categorized into good (jaundice-
free) and poor outcome (persistent jaundice). Survivin and caspase-3 expression from hepatocyte areas was assessed based
on percentage of stained area. Biliary epithelia at portal triad were evaluated as positive or negative staining. Unpaired t-tests
and Fisher’s exact tests were used. Data are expressed as mean+SD.

Results: There was no difference in survivin or caspase-3 expression of hepatocyte areas between BA and non-BA patients
(79.0+14.4 vs. 79.4+16.3%, P=0.92 and 29.9+22.5 vs. 34.5+23.0%, P=0.39 for survivin and caspase-3, respectively). The
proportion of BA patients having survivin expression of biliary epithelial cells was significantly higher than that of non-BA
patients (40/49 vs. 9/29, P<0.0001). Only 25.0% (2/8) of hepatitis and 33.3% (7/21) of non-cholestatic patients had survivin
expression in ductular epithelia.

At 12 months post-Kasai, there was no difference in hepatic survivin or caspase-3 expression at the time of surgery between
BA patients with good outcome and those with poor outcome in terms of staining areas or expression in biliary ductular
epithelia.

Conclusions: Survivin expression of biliary ductular epithelia was related to BA. These suggest that actions of survivin
proteins involve in the biliary pathology of BA, probably via anti-apoptotic process. Its expression may be helpful in the
diagnosis but cannot be used as a prognostic marker.

3. Serum bilirubin as a simple marker to predict early outcome in biliary atresia

Biliary atresia (BA) is a seriously progressive inflammation of neonatal liver and ongoing obliterative process of the bile
ducts with currently no predictable course nor certain prognosis. The study aimed to investigate the role of post-op serum
total bilirubin (TB) as an early predictor for surgical outcome in BA.

Method: BA patients between 2001 and 2009 were reviewed. Serum levels of TB were determined at 7th day after Kasai
operation. The patients were categorized into two groups, good outcome (serum TB below 2 mg%) and poor outcome
(serum TB above 2 mg%) at 6th month following surgery based on jaundice status. The data of serum TB were then
analyzed to evaluate its predictive value for clinical outcome using descriptive study and Fisher’s exact tests.

Results: Ninety-four BA patients underwent Kasai operation. Median age at the operation was 80.5 days. Ascending
cholangitis occurred in 40 (46%) patients. The outcome at 6th month could be assessed in 86 patients. Nevertheless, data of
both serum TB and clinical outcome were able to be analyzed in only 80 patients (good: poor = 48:32). Fifty-four percent
(26/48) of jaundice-free patients had a decrease in post-op serum TB levels at 7th day compared with only 25% (8/32) of
those who remained jaundice. The drop of more than 20% in serum TB levels at 7th day was significantly associated with
good outcome at 6th month (p = 0.012) showing predictive value of 76.5%. Further analysis revealed reduction in post-op
serum TB at 7th day more than 50%, occurring in 6% (5/80), were all jaundice-free at 6th month.

Conclusions: The data shown by evaluation of serum TB at 7th day after surgery showed a prognostic power to predict a
short-term surgical outcome at 6th month. This early prediction using post-op TB concentration may be helpful as an adjunct
in planning further management in these patients.



Study 1: Elevated serum IL-18 and interferon-gamma in medium-term survivors of

biliary atresia

Introduction

Biliary atresia (BA) remains one of the most intractable liver diseases in pediatric
population. It is a disease characterized by an obliterative, inflammatory, and immune-
mediated cholangiopathy leading to obstruction of bile flow in neonates and infants [1]. The
cause and pathophysiology of this disease are still unclear. Without proper treatment, the
consequence is the development of progressive liver fibrosis, indicated by direct
hyperbilirubinemia and acholic stools, leading to biliary cirrhosis within a few months and
mortality within 2 to 3 years [2,3]. When patients with BA are left without any surgical
correction, the majority will die from hepatic decompensation, esophageal variceal bleeding
or infection [4,5].

Although there have been a number of studies on serum and tissue markers regarding
the pathophysiology of progressive liver fibrosis in BA including various cytokines [6-9],
growth factors [10,11], nitric oxide [12,13], and the apoptosis of bile duct cells [14-16], the
exact mechanism is still unclear. Our previous studies demonstrated an evidence of the
association between serum inflammatory markers, including ICAM-1, IL-8, nitric oxide and
selectin [7,9,12,13,17], and clinical outcome in BA. However, the information regarding the
association between serum IL-12, IL-18, and IFN-gamma with clinical outcome in BA has not
been explored.

Interferon-gamma (IFN-gamma) is a soluble inflammatory cytokine. This interferon
was originally called macrophage-activating factor. It has been shown that IFN-gamma can
prevent liver fibrosis by inhibiting the activation and proliferation of stellate cells, resulting in

reduced expression of procollagen without affecting transforming growth factor-betal



expression in pig serum-induced rat liver fibrosis in vivo [18]. In addition, interleukin-12 (IL-
12) and IL-18 are both critical to the induction of IFN-gamma. Various roles for IL-12 and
IL-18 in control of inflammation in an IFN-gamma dependent manner have been
demonstrated [19]. Both IL-12 and IL-18 have been characterized as effective IFN-gamma-
inducing cytokines. Concomitant treatment with IL-12 and IL-18 has been shown to
synergistically induce IFN-gamma synthesis and may be an effective therapy for treating
immune-mediated diseases, and infectious diseases [20]. It has been also suggested that IL-18
contributes to infection through the induction of IFN-gamma production by NK cells, but not
through the development of Th1 cells, under the condition in which IL-12 synthesis is
deficient [21]. Hence, evidences mentioned above indicate that IL-12, IL-18, and IFN-gamma
are closely related to each other.

The information of serum levels of IL-12, IL-18, and IFN-gamma, IL-12 in BA
patients may improve our understanding of its pathophysiology regarding the inflammatory
nature of this disease. Therefore, the objective of this study was to explore possible roles of
serum IL-12, IL-18, and IFN-gamma levels in medium-term survivors of BA patients. It is
postulated that serum IFN-gamma, IL-12 and IL-18 can be used as prognostic markers for

post-operative BA patients.



Materials and Methods

Patients

BA patients and their parents were informed and recruited for the study during the
annual follow-up. The age- and gender-comparable control group comprised of healthy
children participating in the vaccination program during the same period. Briefly, peripheral
venous whole blood was drawn with a sterile syringe, transferred to a centrifuge tube, allowed

to clot and then centrifuged at 4°C. The sera were stored at -70°C until they could be assayed.

Measurement of serum IL-12, IL-18, and IFN-gamma levels

Serum levels of IL-12, IL-18, and IFN-gamma were measured using available
commercial ELISA kits according to company’s protocols (catalogue number D1200 for IL-
12, R&D Systems, Minneapolis, USA; code number 7620 for IL-18, MBL International,
Ilinois, USA; and catalogue number DIF50 for IFN-gamma, R&D Systems, Minneapolis,
USA). This assay employs the quantitative sandwich enzyme immunoassay technique. A
monoclonal antibodies specific for [L-12, IL-18 or [FN-gamma were pre-coated onto a
microplate. Standards and samples were pipetted into the wells and any IL-12, IL-18, or IFN-
gamma present was bound by the immobilized antibody. After washing away any unbound
substances, an enzyme-linked polyclonal antibodies specific for IL-12, IL-18, or [FN-gamma
were added to the wells. Following a wash to remove any unbound antibody-enzyme reagent,
a substrate solution was added to the wells and color develops in proportion to the amount of
IL-12, IL-18, or IFN-gamma bound in the initial step. The color development was then

stopped and the intensity of the color was measured.



In addition, liver function tests (LFT) including serum albumin, total bilirubin (TB),
direct bilirubin (DB), and alanine aminotransferase (ALT), were performed using an

automated chemical analyser (Hitachi 911) at the central laboratory of the hospital.

Categorization of the BA patients
In order to compare different clinical outcome among BA patients, they were divided
into 3 groups according to the status of jaundice:
Group A; patients without jaundice (serum total bilirubin or TB <2.0 mg%)
Group B; patients with mild to moderate jaundice (serum TB total =2-10 mg%).
Group C; patients with marked jaundice (serum TB >10 mg%)
Further analysis between BA patients based on the status of jaundice and the levels of

serum IL-12, IL-18, and IFN-gamma, were carried out.

Statistical analyses

Demographic and clinical data between groups were compared by chi-square tests and
unpaired t-tests. The mean and standard deviation were calculated for each variable. The
comparisons of these variables between BA patients and controls were performed using
parametric tests. The comparisons of serum IL-12, IL-18 and IFN-gamma levels among
groups of the patients were performed using one-way ANOV A with post-hoc tests for linear
trend. Data are expressed as mean+SD. All statistical analyses were carried out using SPSS

Statistics 17.0 and Prism version 5.0.



Results

Serum levels of IL-12, IL-18, and IFN-gamma were determined using ELISA from 46

BA patients (median age of 9 years) and 19 normal controls. The BA patients were then

categorized into three groups according to their outcome:

Group A
Group B

Group C

The demographic and clinical data are shown in Table 1.

jaundice-free (29 cases)

marked jaundice (7 cases)

mild to moderate jaundice (10 cases), and

Group A Group B Group C P-value
Number of cases 29 10 7 -
Age (years) 10.3+5.2 8.3+6.5 5.7+3.1 0.37
Serum albumin (g/dL) 4.4+0.4 3.8+0.5 3.4+04 <0.001
Serum total bilirubin (mg%) 0.9+0.5 4.5+2.6 24.8+13.9 <0.001
ALT (IU/L) 125.8+174.3  191.9+120.8 168.3+95.6 0.48
Serum IL-12 (pg/mL) 12.8+2.1 12.7+1.9 13.1+1.5 0.94
Serum IL-18 (pg/mL) 93.1+30.4 118.6+33.6 189.8+190.8 0.017
Serum IFN-gamma (pg/mL) 41.9+5.7 40.7+4.4 42.1+4.0 0.81

Table 1: Demographic and clinical data of BA patients based on the status of jaundice. Data

are shown as mean+SD and one-way ANOVA was used.

Serum IL-18 and IFN-gamma in BA patients were higher than the normal controls

(IL-18: 113.3+82.6 vs. 80.5+9.9 pg/ml, P=0.011 and IFN-gamma: 41.7+5.1 vs. 38.0+1.9



pg/ml, P<0.001). There was no difference in serum IL-12 between BA and controls (12.8+1.9
vs. 12.9+1.8 pg/ml, P=0.92). Further analysis demonstrated that, in BA patients, only serum

IL-18 levels significantly increased with the degree of jaundice (test for linear trend,

P=0.004), as shown in Figure 1. In addition, there was no correlation between serum IL-18

and serum IFN-gamma in BA patients.

Serum IL-12 Serum IL-18 Serum IFN-gamma

Akl
1l

¥ @
Clinical outcome Clinical outcome

A =Jaundice-free (29 cases), B = Mild to moderate jaundice (10 cases), C = Marked jaundice (7cases)

Test for trend, P =0.004

Clinical outcome

Figure 1: The comparisons of serum IL-12, serum IL-18, and serum IFN-gamma among the

three groups of BA patients
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Discussion

At present, the knowledge of BA has been better understood and its pathophysiology
has been widely investigated since the introduction of Kasai operation [1]. It has been
suggested that the role of inflammatory signaling pathways in progressive liver fibrosis is
critical to the liver pathology [22]. Although there have been several reports regarding the
association between inflammatory markers and BA as mentioned above in the introduction,
the study of possible roles of serum levels of IL-12, IL-18, and IFN-gamma in BA receives
not much attention.

Based on the role of IL-12 as a key proinflammatory cytokine, it is likely that IL-12 is
involved in the pathophysiology of BA. Recent studies showed that loss of IL-12 modified
the pro-inflammatory response but did not prevent duct obstruction in experimental BA in
animals [23]. However, the role of IL-12 in the pathogenesis of biliary obstruction is not fully
understood.

IL-18 levels were demonstrated to correlate with IL-12 and IFN-gamma levels
through T helper 1 cytokine production [24]. Mack et al. [25] revealed that there were
increases in T cells and Kupffer cells in the portal tracts of BA. Analysis of liver tissue from
BA patients showed a Th1-type cytokine profile with significant expression of IFN-gamma
and IL-12.

The present study clearly showed that serum levels of IL-18 and IFN-gamma were
significantly elevated in medium-term survivors of BA compared to healthy children. The
results are consistent with previous studies conducted in adult patients demonstrating that
serum IL-18 levels were higher in cirrhotic patients including primary biliary cirrhosis and
chronic hepatitis C than those of healthy adults [26,27]. Our findings on the correlation of
elevated serum IL-18 levels and the severity of jaundice in BA are also agreeable with

Urushihara et al. [28]. Since IL-18 is a potent pro-inflammatory cytokine inducing IFN-
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gamma production from activated T cells, elevated serum IL-18 levels found in BA patients
may be responsible for the elevation of serum IFN-gamma in BA found in this study.
Nonetheless, we found no correlation between serum IL-18 and serum IFN-gamma in BA
patients. This may be due to the small sample size or the complex pathways involved in the
interaction between IL-18 and IFN-gamma. Investigation of these cytokine levels in the liver
tissue will elucidate possible roles of IL-18 and IFN-gamma in BA more precisely.

Interestingly, we demonstrated that there was no change in serum IL-12 levels
between BA patients and normal controls. An important biologic activity associated with IL-
12 is to promote the differentiation of naive T cells into T-helper cells capable of producing
IFN-gamma. Stimulation of IFN-gamma production by IL-12 can be synergistically enhanced
by the presence of other pro-inflammatory cytokines such as TNF, IL-1, and IL-2 [19].
Therefore, it is likely that IL-12 is not directly involved in the pathophysiology of BA and the
elevation of serum IFN-gamma found in BA patients is not passed through IL-12 signaling
pathway but rather via IL-18 pathway in some extent.

As always, this kind of study regarding serum markers does inevitably have some
limitations. Firstly, the serum levels of cytokines did not necessarily reflect the action of their
signaling pathways within the disease organs. However, with the supported evidence from
other studies on the real association between their serum levels and the process of liver
fibrosis, it is likely that the elevated serum levels of IL-18 and IFN-gamma found in BA play
roles in its pathophysiology. Secondly, there are inflammatory cytokines or markers other
than IL-12, IL-18, and IFN-gamma that are involved in the pathophysiology of progressive
inflammatory liver injury, for example, IL-8 [7], ICAM-1 [17], selectin [9] and nitric oxide
[13]. Therefore, there are other influential factors outside the boundaries of this study needed
to be taken into account. What we attempted to do here is to assemble some small pieces

from the big picture of complex pathways.
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In conclusions, serum IL-18 and IFN-gamma levels were increased in medium-term
survivors of BA. The elevated serum IL-18 in BA patients was associated with worse clinical
outcome. These results suggest that IL-18 and IFN-gamma play roles in the pathophysiology
of BA. Additionally, IL-18 is likely to be involved in the disease progression. Serum IL-18

may be used as a prognostic marker in BA.
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Study 2: Hepatic expression of survivin and caspase-3 in biliary atresia

Introduction

Biliary atresia (BA) is one of the most devastating liver diseases in infants. For
decades, numerous investigations of its pathophysiology and its cause have been reported.
The main pathological features of BA include inflammatory process of the liver and biliary
ductular proliferation [1-3]. Our previous studies demonstrated that several inflammatory
markers are associated with the pathology of BA [4-7]. Although histopathologic features of
BA have been extensively studied from liver biopsies of infants with BA undergoing hepatic
portoenterostomy (Kasai operation), the pathogenesis of the disorder remains poorly
understood. Furthermore, there are still other aspects regarding its pathophysiology need to
be further explored.

Recently, it has been illustrated that cholangiocytes undergo early activation of
apoptosis (programmed cell death) in a mouse model of BA. The synergistic role of [FN-
gamma in activating caspase-3 in biliary ductular cells was demonstrated. In addition, the
inhibition of caspase activity resulted in decreased apoptosis of biliary cells in an animal
model of BA [8]. In another study, up-regulation of genes involved in apoptosis of the
infective murine model for BA has been demonstrated. Our previous studies also reported an
observation of elevated serum IFN-gamma levels in medium-term survivors of BA [6]. This
information supports possible roles of apoptosis in the pathogenesis of BA both
experimentally and clinically.

Caspase-3 is a member of the cysteine-aspartic acid protease (caspase) family.
Sequential activation of caspases plays a central role in the execution-phase of cell apoptosis.
Caspases exist as inactive proenzymes that undergo proteolytic process to form the active

enzyme. Immunohistochemical expression of caspase-3 has been used as a marker for
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apoptosis in various organs [9,10]. Survivin is a protein of the inhibitor of apoptosis family.
Its function is to inhibit caspase activation leading to negative regulation of cellular apoptosis
[11,12]. Survivin is dramatically expressed in a cell cycle-dependent manner during liver
regeneration and plays a critical role in the regulation of cell proliferation and differentiation
[11]. At present, the molecular mechanisms of survivin regulation are still not well
understood.

Although there is an evidence of the involvement of apoptotic process in BA, the
association between apoptosis and BA patients receives little attention [13]. In addition, no
information regarding hepatic survivin and caspase-3 expression in BA patients has been
reported. Our objective is this study was to study hepatic expression of survivin and caspase-
3, important markers for apoptosis, in BA. We hypothesize that apoptosis plays an active role

regarding the liver pathology of BA.
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Methods
Liver tissues and patients

The study was approved by the Ethical committee. Liver samples of BA patients
undergoing Kasai operation and non-BA patients undergoing liver biopsies between January
2006 and February 2010 were retrospectively studied. All patients were operated by one team
of surgeons (PV and SC). The non-BA patients were served as controls. All non-BA patients
underwent exploratory laparotomy as the therapeutic means for their diseases. Liver biopsies

in this group of patients were an additional procedure and were indicated for medical reasons.

Immunohistochemistry of liver tissues for survivin and caspase-3

Liver samples were fixed in formalin for 24 hours and kept in paraffin embedded
blocks using standard procedure. New sections of 4 pm thickness were cut from the formalin-
fixed paraffin embedded blocks and mounted on glass slides coated by
aminopropyltriethoxysilane (APES; Sigma Chemical Co., St Louise, MO, USA). Sections
were deparaffinized and rehydrated. Endogenous peroxidase activity was blocked with 10-
minute incubation in 3% hydrogen peroxide. Antigen retrieval was done by heating the
sections in a microwave at approximately 850 W for 5 minutes and 300 W for 10 minutes in
10mM citrate buffer pH 6.0. After washing with 0.1% Tween 20 (MERCK-Schuchardt,
Hohanbrunn, Germany) in phosphate buffered saline (PBS), the sections were treated with
5% bovine serum albumin (Sigma Chemical Co.) in PBS for 30 minutes and then treated with
primary antibodies for two hours at room temperature. The primary antibodies used in this
study were against survivin (R&D Systems, Inc., Minneapolis, USA; AF886) diluted at 1:200
and caspase-3 (R&D Systems, Inc.; AF835) diluted at 1:100. Both antibodies were diluted in
PBS. After thorough washing in 0.1% Tween 20 in PBS, labeled polymer (Dako Envision

System, Dako Corporation, Carpinteria, CA, USA) was applied to the sections for 30 minutes
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and followed by three washes of 0.1% Tween 20 in PBS. Color was developed in freshly
made diaminobenzidine (Sigma Chemical Co). Sections were washed briefly in running tap
water and lightly stained with Mayer’s hematoxylin.

Sections of hepatocellular carcinoma known to have cytoplasmic staining for survivin
and caspase-3, were stained at the same run as positive controls. For each specimen, a
negative control was done by replacing the primary antibody with non-immune rabbit serum
with the same dilution to the relevant primary antibodies. All sections were processed under

the same conditions.

Evaluation of hepatic survivin and caspase-3 expression

Immuno-stained sections were evaluated independently by 2 investigators who were
unaware of the diagnosis or clinical outcome of the patients. Semi-quantitative methods were
used, based on the extent of the antibody stain. Areas of hepatic lobules excluding portal
triads and central veins were evaluated, based on Ruifrok and Johnston's method [14,15],
using ImageJ software version 1.410 [16].

Areas of immuno-stained liver histology from each patient were pictured and saved as
JPEG format. The parameters of the camera set in all cases were identical. The stained areas
of survivin and caspase-3 expression was evaluated using the Histogram mode from ImageJ
software version 1.410 [16] with color deconvolution plugin [17,18]. By using this option,
the blue color of hematoxylin and brown color of diaminobenzidine (DAB) can be separated.
With this computerized method, the intensity in DAB channel of a pixel in the selected area
is scored into 256 arbitrary levels (from white to dark brown; 255->0).

Our preliminary study showed that the average intensity level of the background area
(no staining) of DAB channel was 160. Therefore, intensity levels between 160 and 255 were

considered as negative staining levels. For the quantification of immuno-staining from
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hepatocyte areas, five randomly selected areas of hepatocytes excluding portal triads and
central veins were selected as regions of interest. Then, percentage of stained areas was
averaged.

In addition, biliary ductular epithelial cells at the portal triad areas were assessed by 2
investigators (PV and SP) as positive or negative staining. Any disagreement between the two
investigators would be finalized by discussion. Then, relations between the ratio of patients
with positive staining of biliary ductular cells and different diseases were analyzed using

Fisher’s exact tests.

Categorization of the BA patients

In order to associate the expression of caspase-3 and survivin with clinical outcome at
12 months post-op among BA patients, they were divided into 2 groups according to the
status of jaundice (TB <2 mg/dL; good outcome vs. TB >2 mg/dL; poor outcome). Subgroup
analysis of hepatic expression of either survivin or caspase-3 based on their clinical outcome

at 12 months post-op was carried out.

Statistical analyses

Demographic and clinical data between groups were compared by Fisher’s exact tests
and unpaired t-tests where appropriate. The mean and standard deviation were calculated for
each variable. The comparisons of survivin and caspase-3 expression among the two groups
(BA and non-BA patients) were performed unpaired t-tests. Association between outcome of
BA patients at 12 months post-op and hepatic of survivin and caspase-3 expression was

analyzed using univariate analysis.
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Significant differences were established at P<0.05. For all statistical analyses, either
GraphPad Prism version 5.0 (GraphPad Software Inc., California, USA) or SPSS software

version 17.0 (SPSS Inc., Chicago, IL) was used. Data are expressed as mean and SD.
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Results

During the studied period, there were 49 BA patients (M:F=23:26), and 29 non-BA
pediatric patients (M:F=14:15). The non-BA pediatric patients included 21 non-cholestatic
patients (11 choledochal cysts, 5 thalassemias, 2 neuroblastomas, 1 adrenal xanthogranuloma,

1 portal vein thrombosis, and 1 hepatoblastoma) and 8 hepatitis patients.

BA vs. hepatitis vs. non-cholestatic patients

There was no difference in survivin or caspase-3 expression of hepatocyte areas
between BA and non-BA patients (79.0+14.4 vs. 79.4+16.3%, P=0.92 and 29.9+22.5 vs.
34.5+23.0%, P=0.39 for survivin and caspase-3, respectively). The proportion of BA patients
having survivin expression of biliary epithelial cells was significantly higher than that of non-
BA patients (40/49 vs. 9/29, P<0.0001). Only 25.0% (2/8) of hepatitis and 33.3% (7/21) of

non-cholestatic patients had survivin expression in ductular epithelia, as shown in Table 1.

24



Table 1: Expression of survivin and capase-3 of biliary ductular cells at the portal triad. All

P-values are related to BA using Fisher’s exact tests.

Survivin Caspase-3
Diseases Positive | Negative | P-value Positive | Negative | P-value
BA 40 9 20 29
Non-cholestasis 7 14 0.0002 5 16 0.2761
Hepatitis 2 6 0.0028 3 5 1.0

The histological features of portal triad of survivin expression between BA and non-BA are

shown in Figure 1.

Figure 1: Hepatic survivin expression of biliary ductular epithelial cells between BA (positive

staining) and Non-BA (negative staining)

BA patients with good outcome and BA patients with poor outcome

At 12 months post-Kasai, there were 25 BA patients with good outcome and 19 BA

patients with poor outcome. There was no difference in hepatic survivin or caspase-3

expression at the time of surgery between BA patients with good outcome and those with
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poor outcome in terms of staining areas (good outcome vs. poor outcome: 78.81+15.91 vs.
78.81+13.70%, P=0.99 and 30.20+22.86 vs. 24.86+17.72%, P=0.40, for survivin and
caspase-3 respectively) or ratio of BA patients with positive expression in biliary ductular

epithelia (survivin, P=0.71 and caspase-3, P=0.34).
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Discussion

At present, the knowledge of BA has been better understood and its pathophysiology
has been widely investigated since the introduction of Kasai operation [2]. For decades, it has
been suggested that the role of inflammatory signaling pathways in progressive liver fibrosis
is critical to the liver pathology [1,4,5,7]. However, roles of apoptotic process in BA have not
been explored.

In this study, immunohistochemistry (IHC) was used to investigate the hepatic
survivin and caspase-3 expression. The increased use of IHC in both clinical and basic
research settings has led to the development of various computerized techniques for acquiring
quantitative information from immunostaining levels. Quantitative IHC techniques have often
yielded important information regarding patient diagnosis, prognosis, or both. Our previous
study demonstrated that immunostaining quantification obtained by a digital computer-
assisted method (ImageJ software with color deconvolution plugin) is concordant with a
standard semi-quantitative analysis [5]. Moreover, digital measurement is more objective and
could resolve either researcher’s bias or disagreement between observers.

Our results clearly demonstrated that there is an association between the survivin
expression of biliary ductular epithelial cells and BA. This observation suggested that anti-
apoptotic process occurred in biliary ductular cells of BA. This may be responsible for biliary
ductular proliferation which is a pathognomonic feature for BA in early stage [19]. Since our
study showed that there was no biliary survivin expression in cholestatic hepatitis and
choledochal cyst, we postulated that biliary survivin expression in BA is not associated with
cholestasis or biliary obstruction. In addition, this study demonstrated that caspase-3
expression in biliary cells was not different that of other diseases. It is therefore likely that
apoptosis, via caspase-3 pathway activation, is not directly involved in biliary cells of BA but

rather anti-apoptotic process via survivin pathways.
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Interestingly, survivin and caspase-3 expression found in the areas of hepatocytes in
BA was not different from those of other diseases. Hence, apoptosis process seems to not
significantly involve in the pathological process of hepatocytes in BA. Subsequent analysis
among BA patients revealed that survivin and caspase-3 expression of hepatocytes at the time
of Kasai operation was not associated with early clinical outcome in BA at 12 months post-op.
Taken all together, hepatic survivin and caspase-3 expression cannot be used as prognostic
markers for predicting the early outcome in BA.

Nonetheless, we are aware of some limitations in this study. Firstly, we do not know
whether biliary expression of survivin found in BA patients is a primary or secondary effect
to the disease pathology. If it is primary, biliary survivin expression will decrease over time
in BA patients with good outcome. Secondly, there was no ideal control (normal liver tissues)
in this study. However, to obtain normal liver in infants is unethical. In this study, non-
cholestatic patients were used as controls. Finally, the sample size of BA patients was
probably too small in terms of statistical analysis. However, due to the rarity of BA, the
number of 44 BA patients cannot be overlooked.

In conclusions, survivin expression of biliary ductular epithelia was significantly
observed in liver tissues of BA. These suggest that actions of survivin proteins involve in the
biliary pathology of BA, probably via anti-apoptotic process. Its expression may be helpful in
the diagnosis but cannot be used as a prognostic marker. More studies on this aspect are

needed to better understand the precise role of survivin towards biliary ductular cells in BA.
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Study 3: Serum bilirubin as a simple marker to predict early outcome in biliary atresia

Introduction

Biliary atresia (BA) is a serious neonatal hepatobiliary disorder of unknown cause
with progressive inflammation of liver and ongoing obliterative process of the bile ducts.
Untreated patients ultimately die of end-stage liver decompensation. The renown hepatic
portojejunostomy procedure by Morio Kasai restoring extrahepatic biliary drainage can
rescue 20-30% of BA patients [1, 2]. The remaining or the majority of children will
eventually suffer from biliary cirrhosis and being listed for liver transplantation.

The post-op course of the disorder, however, is currently not predictable and uncertain,
even after a successful Kasai operation. A number of prognostic markers of post-op success
after the operation have been investigated [3-7]. As liver function test, particularly total
bilirubin (TB) concentration is routinely used to evaluate post-op icteric status, the implement
of this factor as an early predictor is very simple and save. In addition, the use of serum TB to
predict a surgical outcome is rarely reported in the literature [8-10]. The present study was to
investigate the prognostic value of post-op serum TB at 7" day, focusing on the short-term

results at 6™ month after operation.
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Methods

The ethical approval was granted by the International Review Board of the Faculty of
Medicine, Chulalongkorn University. A total of 94 consecutive BA patients who underwent
Kasai operation at King Chulalongkorn Memorial Hospital between 2001 and 2009 were
retrospectively reviewed. The diagnosis of all BA patients following ultrasonography and
liver scintigraphy was confirmed by coeliotomy with intraoperative cholangiography and
when the diagnosis was made the original hepatic portoenterostomy was carried out. The
operation techniques, roughly including liver mobilization, magnification using a surgical
loupe, lateral dissection of the fibrous portal mass, liver biopsy, and Roux-en-Y
portojejunostomy as described in the literature previously, was performed by one team of
surgeons. Postoperatively, all BA patients received intravenous antibiotics followed by long-
term oral cotrimoxazole, ursodeoxycholic acid, vitamin A, D, E, and K, and short-term high-
dose prednisolone.

In order to investigate the prognostic role of post-op serum TB, the specimens of
peripheral venous blood postoperatively collected at 7" day (+ 2 days) were determined for
serum TB concentration using an automated chemical analyzer (Hitachi 911) at our central
laboratory. The patients were then classified into two groups depending on their icteric status
at 6™ month after surgery; good (serum TB below 2 mg%) and poor outcome (serum TB
above 2 mg%). The correlations between serum TB levels and surgical outcomes at that
period of time were analyzed using descriptive study and Fisher’s exact test. Demographic
data including age, gender, complications, and other hepatic enzymes were also analyzed.
The statistical calculation was performed using Statistical Package of the Social Science
software version 10.0 (SPSS Inc., Chicago, IL, USA). A significant difference was defined as

p value of <0.05.
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Results

Male to female ratio was about 1.2:1. The median age of infants at the time of surgery
was 80.5 days (range, 21 to 209 days). Approximately 85.1% in the series underwent Kasai
operation beyond 60 days of life. The age and gender, however, were not significantly
different between those with jaundice and those who were jaundice-free at 6™ month.
Ascending cholangitis was the most common post-op complication, accounting for 46% of
cases in the study. There was no peri- and post-op mortality.

Mean pre-op TB concentration of 11.82 + 3.44 mg% slightly declined to 10.90 & 4.46
mg% at post-op day 7. At sixth month, the icteric status could be assessed in 86 patients.
Nevertheless, data of both serum TB levels at 7" day and 6™ month were able to be analyzed
in only 80 patients. Forty-eight patients (60%) were jaundice-free (classified as good
outcome), whereas the remaining 32 patients remained jaundice (poor outcome).

Fifty-four percent (26/48) of jaundice-free patients had a decrease in post-op serum
TB levels at 7" day compared with only 25% (8/32) of those who were in poor outcome. The
20% or more drop of serum TB levels at 7" day was significantly associated with good
outcome at 6™ month (p = 0.012). And also, the predictive value where the decrease in post-
op serum TB at 7" day was used as a predictor for good outcome was 76.5%. Further analysis
revealed reduction in post-op serum TB at 7" day more than 50%, which found in 6% (5/80)
of all patients, were all jaundice-free at 6™ month. Although none in poor outcome obtained
half drop in post-op serum TB at 7" day, the difference between the half concentration
reduction and outcome was not statistically significant (p = 0.08).

Twenty percent drop in post-op serum glutamic pyruvic transaminase (SGPT) and
glutamic oxaloacetic transaminase (SGOT) at day 7 accounted for 37.8% and 46.4% of
patients in good outcome, respectively. However, both SGPT and SGOT were found no

strong correlation between post-op levels and surgical outcome as serum TB.
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Discussion

It has been accepted that the standard treatment of BA involves early diagnosis,
successful Kasai operation, and prompt aggressive prevention and treatment of post-op
ascending cholangitis. With this sequential therapy, approximately half of BA patients at our
institution are jaundice-free at one year follow-up [11]. However, the post-op course of this
disorder is exactly unpredictable and uncertain, thus providing not all post-op improvement
will achieve long-term survival. Apart from the unsuccessful operation, some patients with
post-op jaundice-free still insidiously develop biliary cirrhosis and eventually suffer end-
stage liver decompensation. As a result, only about one-third of BA patients after surgery can
reach the cure [1,2].

Several prognostic features, including histoimmunological findings of the liver and
fibrous portal mass, portal pressure index and hepatobiliary imaging, that determined at the
time of surgery have been proposed to predict the ultimate outcome after surgery [5,12-15].
Although the authors had found correlation between them and the surgical outcome, all these
characteristics are subjective or depend upon the experience and skill of the persons who are
responsible for the measurement. Thus, to obtain more objective value, it would rather that
the prognostic parameters are measured by means of serum biochemistry.

Since some trace elements such as copper and zinc are involved in several hepatic
metabolism and stored in a significant amount in hepatic parenchyma [16,17], they were
included in a calculation of BA prognostic index [18]. The interpretation showed that the
serum copper to zinc ratio was the most reliable parameter among other liver function
variables, including TB, cholinesterase, and gamma-glutamyl transpeptidase, in predicting
the severity of liver deterioration in BA. Nevertheless, these trace elements do not directly

reflect the status of liver function. Although the serum cholinesterase levels might correspond
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more sensitively with the improvement of synthetic liver function, its value in predicting the
prognosis after surgery was not demonstrated [19].

A predictive value of the serum TB levels has been proposed and determined as an
indication for liver transplantion [10,20,21]. The earliest prediction of ultimate outcome was
three months post-surgery [10]. Some authors estimate the post-op prognosis by serum TB
clearance or measurement [22] of TB excretion from direct limb of portoenterostomy [23].
All studies were conducted for the purpose that providing unsuccessfully patients an early
referral to liver transplantation. Although the present study determine the outcome at 6™
month that too early to interpret the success of Kasai operation, the prediction time at 1 week
after surgery will serve an early advice to the parents or provision of a great concern to
aggressively treat BA patients whose results are suspected to be unsuccessful. As we have
shown, the 20% or more decrease in serum TB levels at 7" day was significantly associated
with good outcome at 6™ month. According to our knowledge, this relationship was found at
the earliest time following surgery. The further analysis that more than half TB concentration
reductions were all jaundice-free would reflect the satisfying bile drainage from the wide
range of the liver. Unfortunately, such patients accounted for a minority of our cases.

We can conclude from our findings that the drop in post-op serum TB at one week
showed a strong prognostic power to predict our patients’ short-term outcome. Although this
early prediction cannot be used as a parameter of long-term survival or, in the long run, an
indication for liver transplantation, at least, our findings will help in planning further

management in these patients.
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Abstract Introduction  Biliary atresia (BA) is a fatal disease in children. Its main pathological
feature is progressive immune-mediated cholangiopathy. Interleukin (IL}-12, IL-18, and
interferon-gamma (IFN-gamma) play important roles in variows immunological dis-
eases. The objective was to investigate whether these serum markers were associated
with clinical outcome in BA
Methods Serum levels of IL-12, IL-18, and IFN-gamma were determined using enzyme-
linked immunosorbent assay from 46 BA patients {median age of 9 years) and 19 normal
controls. The BA patients were then categorized into three groups according to their
outcome: jaundice-free (29 cases), mild to moderate jaundice (10 cases), and marked
jaundice {7 cases). The comparisons of serum 11-12, IL-18, and IFN-gamma levels among
groups of the patients were performed using cne-way analysis of variance with post-hoc
tests. Data are expressed as mean + standard deviation.

Results Serum IL-18 and IFN-gamma in BA patients were higher than the normal
controls (I1-13: 113.3 + 82.6 vs. 805 + 9.9 pgjmlL, p=0.011 and IFN-gamma:
41.7 + 5.1 vs. 38.0 + 1.9 pg/mL, p < 0.001). There was no difference in serum 11-12
between BA and controls. Further analysis demonstrated that, in BA patients, only
serum IL-18 levels significantly increased with the degree of jaundice (test for trend,

p = 0.004).
Keywords Condusions Serum I-18 and IFN-gamma levels were increased in medium-term
= biliary atresia survivors of BA. The elevated serum IL-18 in BA patients was associated with worse
=~ interleukin-12 clinical outcome. These results suggest that 11-18 and IFN-gamma play roles in the
= interleukin-18 pathophysiclogy of BA. Additionally, IL-18 is likely to be involved in the disease
= interferon-gamma progression.
Introduction by an obliterative, inflammatory, and immune-mediated

cholangiopathy leading to the obstruction of bile flow in
Eiliary atresia (BA) remains one of the most intractable liver  neonates and infants.’ The cause and pathophysiology of
diseases in pediatric population. It is a disease characterized  this disease are still unsolved. Without proper treatment,

received Cogyright © 2012 by Thieme Medical D00 hitp:fjdx.doiong|
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the consequence is the development of progressive liver
fibrosis, indicated by direct hyperbilirubinemia and acholic
stools, leading to biliary drrhosis within a few months and
mortality within 2 to 3 years.>? When patients with BA are
left without any surgical correction, the majority will die from
hepatic decompensation, esophageal variceal bleeding, or
infection. 5

Although there were several studies on serum and tissue
markers regarding the pathophysiology of progressive liver
fibrosis in BA induding various cytokines,®® growth fac-
tors."®"" nitric mxide.'>"* and the apoptosis of bile duct
cells,"**"® the exact mechanism is still unclear. Our previous
studies demonstrated an evidence of the association between
serum inflammatory markers, including intercellular adhe-
sion molecule 1 {ICAM-1), interleukin (IL}-8. nitric oxide, and
selectin,” 121317 ang dinical outcome in BA. However, the
information regarding the association between serum IL-12,
IL-18, and interferon-gamma (IFMN-gamma) with clinical out-
come in BA has been lacking.

IFM-gamma is a soluble inflammatory cytokine. This inter-
feron was originally called macrophage-activating factor. It
has been shown that IFN-gamma can prevent liver fibrosis by
inhibiting the activation and proliferation of stellate cells,
resulting in reduced expression of procollagen without af-
fecting transforming growth factor-f1 expression in pig
serum-induced rat liver fibrosis in vive.'® In addition, IL-12
and IL-18 are both critical to the induction of IFN-gamma.
Various robes for IL-12 and IL-18 in control of inflammation in
an IFN-gamma-dependent manner have been demonstrat-
ed.'® Both IL-12 and IL-18 have been characterized as effec-
tive IFN-gamma-inducing cytokines. Concomitant treatment
with IL-12 and IL-18 has been shown to synergistically induce
IFM-gamma synthesis. This was postulated to be an effective
therapy for treating immune-mediated diseases and infec
tious diseases.?® It has also been suggested that [L-18 con-
tributes to infection through the induction of IFN-gamma
production by MK cells, but not through the development of T
helper 1 {Th1} cells, under the condition in which [L-12
synthesis is deficient.?’ Hence, evidences as menticned above
indicate that IL-12, IL-18, and IFN-gamma are dosely related
to each other.

The information of serum levels of [L-12, IL-18, and IFN-
gamma in BA patients may improve our understanding of its
pathophysiology regarding the inflammatory nature of this
disease. Therefore, the objective of this study was to explore
possible roles of serum [L-12, IL-18, and IFN-gamma levels in
medium-term survivors of BA patients. We hypothesized that
serum |FN-gamma, IL-12, and [1-18 can be used as prognostic
markers for postoperative BA patients.

Materials and Methods

Patients

The study was approved by the ethical committee. BA patients
and their parents were informed and recruited for the study
during the annual follow-up. The age- and gender-compara-
ble control group comprised healthy children participating in
the vaccination program during the same period. Briefly,
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peripheral vemous whole blood was drawn with a sterile
syringe, transferred to a centrifuge tube, allowed to dot, and
then centrifuged at 4°C. The sera were stored at —707C until
they could be assayed.

Measurement of Serum IL-12, IL-18, and

IFN-Gamma Lewels

Serum levels of [L-12, IL-18, and IFN-gamma were measured
using available commerdaal enzyme-linked immunosorbent
assay (ELISA) kits according to company’s protocols (catalog
number 01200 for IL-12, R&D Systems, Minneapolis, MN,
USA; code number 7620 for [L-18, MEBL International, Chicago,
IL, USA; and catalog number DIF50 for IFM-gamma, R&D
Systems). This assay employs the quantitative sandwich
enzyme immunoassay techniguwe. A monoclonal antibodies
specific for IL-12, IL-18, or IFN-gamma were precoated onto a
microplate. Standards and samples were pipetted into the
wells and any [L-12, IL-18, or IFN-gamma present was bound
by the immaobilized antibody. After washing away any un-
bound substances, an enzyme-linked polyclonal antibodies
specific for [L-12, IL-18, or IFN-gamma were added to the
wells. Following a wash to remove any unbound antibody-
enzyme reagent, a substrate solution was added tw the
wells and color develops in proportion to the amount of
IL-12, [L-18, or IFN-gamma bound in the initial step. The color
development was then stopped and the intensity of the color
was measured.

In addition, liver function tests, induding serum albumin,
total bilirubin [TB), direct bilirubin, and alanine aminotrans-
ferase, were performed using an automated chemical analy-
ser (Hitachi 911, Hitachi, Tokyo, Japan) at the central
laboratory of the hospital.

Sample Size Calculation

Comparisons of serum 1L-18 between BA and normal controls
were selected as the primary outcome. From our pilot data,
standard deviation {SD) of serum IL-18 from normal controls
was 20 pg/ml. The true difference of means between two
groups was proposed at 15 pg/ml. By using StatMate 2.00
{GraphPad Software Inc, San Diego, CA, USA), it revealed that
sample size of 25 in each group has a 80% power to detect a
difference between means of 15 with a significance level {o)
of 0U05 {two-tailed). Further adjustment caloulation of sample
size in ratio of 1:2.5, with the same power, suggested that
sample size of BA group is 44 and sample size of control group
is 18 (http://www stattools. netfSSizunequal _Pgm_php).

Categorization of the BA Patients

To compare different clinical outcome among BA patients,
they were divided into three groups according to the status of
jaundice:

Group A; patients without jaundice (serum TE <20
mgiE]

Group B; patients with mild to moderate jaundice {serum
TB total = 2 to 10 mgk).

Group C; patients with marked jaundice (serum TB =
10 mgk].
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Table 1 Demographic and Clinical Data of BA Patients Based on the Stabus of aundice. Data are Shown as Mean + 50 and One-Way

Analysis of Variance was Used

Group A Group B Group C p value
Mumber of cases ] 10 7 -
Age (years) M3 +52 B3 +65 BE7+131 037
Serum alburmin (gfdL) dd + 0.4 38+ 05 34+ 04 <0101
Serum TE (mgfe) 09 + 05 45+ 26 248 + 139 <0101
ALT {IufL) 1258 + 1743 191.9 + 120.8 168.3 + 95.6 048
Serum IL-12 (pg/miL} 128 + 21 127 +18 131 +15 094
Serum [L-18 (pafmL) 931 + 304 1186 + 336 189.8 + 190.8 0.017
Serum IFN-gamma (pg/mlL) 419 +5.7 40.7 + 4.4 421 + 4.0 081

BA, biliary atresia; S0, standand deviation; T8, total bilrubin; ALT, alanine aminotransferase; IL, interleukin; IFN-gamma, inte rferon-gamma.

Further analysis between BA patients based on the status
of jaundice and the lewvels of serum IL-12, [L-18, and IFN-
gamma were performed

Statistical Analyses

Demographic and clinical data between groups were com-
pared by chi-square tests and unpaired ¢ tests. The mean and
5D were caloulated for each variable. The comparisons of
these variables between BA patients and controls were
performed using parametric tests. The comparisons of serum
IL-12, IL-18, and IFN-gamma levels among groups of the
patients were performed using one-way analysis of variance
with post-hoc tests for linear trend.

All data are expressed as mean + S0 All statistical analy-
ses were performed using SPSS Statistics 17.0 (SPS, Inc,
Chicago, IL, USA) and Prism version 5.0 (Graphpad software,
Inc., San Diegn, CA, USA)

Results

Serum levels of IL-12, I1-18, and [FN-gamma were deter-
mined using ELISA from 46 BA patients (median age of 9 years)
and 19 normal controls. Serum IL-18 and [FM-gamma in BA
patients were higher than normal controls (IL-18: 1133 +
826 ws. BOS + 99 pgml, p=0011 and [FN-gamma:
41.7 + 5.1 vs. 38.0 + 19 pg/ml, p < 0.001} However, there

Serum L2

iU
wl.ﬂ‘

L & [ L
Chnical oubzema

Serwm IL-18

was no difference in serum IL-12 between BA and controls
{128 + 19vs 129 + 1.8 pg/ml, p= 042}

The BA patients were then categorized into three groups
according to their outcome: Group A—jaundice-free {29
cases), Group B—mild to moderate jaundice {10 cases), and
Group C—marked jaundice (7 cases). The demographic and
clinical data of BA patients are shown in = Table 1.

Further analysis demonstrated that, in BA patients, only
serum IL-18 levels significantly increased with the degree of
jaundice (test for linear trend. p=0004), as shown
in =Fig. 1. In addition, there was no correlation between
serum |L-18 and serum IFN-gamma in BA patients.

Discussion

At present, the knowledge of BA has been better understood
and its pathophysiology has been widely investigated.? It has
been suggested that the role of inflammatory signaling path-
wiays in progressive liver fbrosis is critical to the liver
pathalogy®® Although there were several reports regarding
the association between inflammatory markers and BA, the
study of possible roles of serum levels of IL-12, [L-18, and [FN-
gamma in BA receives not much attention.

Based on the role of [L-12 as a key proinflammatory
cytokine, it is likely that IL-12 is involved in the pathophysi-
ology of BA. Recent studies showed that the loss of IL-12

Serum I[PN-gamma

® ot

A = Jaundice-free (29 cazes), B = Mild to moderate foundice [10 cases ), € = Marked Jaundlce [7eases)

Figure 1 The comparisons of serum il-12, serum IL-18, and serum IFN-gamma among the three groups of BA patients.

Eurigsan jourmal of Pediatric Ssgery Vol 27 M 1[2012

N

47



32 Medium-term Survivors of Biliary Atresia

modified the proinflammatory response but did not prevent
duct obstruction in experimental BA in animals** Further-
more, [L-18 levels were demonstrated to correlate with IL-12
and IFN-gamma levels through Thi cytokine production ®*
Mack et al*3 revealed that there were increases in T cells and
Kupffer cells in the portal tracts of BA. Analysis of liver tissue
from BA patients showed a Thi-type cytokine profile with
significant expression of IFN-gamma and IL-12.

The present study clearly showed that serum levels of
IL-18 and [FM-gamma were significantly elevated in medium-
term survivors of BA compared with healthy children. The
results are consistent with previous studies conducted in
adult patients demonstrating that serum [L-18 lewvels
were higher in cirrhotic patients including primary biliary
cirrhosis and chronic hepatitis C than those of healthy
adults ***7 Our findings on the correlation of elevated serum
IL-18 levels and the severity of jaundice im BA are also
agreeable with Urushihara et al.* Since IL-18 is a potent
proinflammatory cytokine-inducng IAN-gamma production
from activated T cells, elevated serum [L-18 levels found in
BA patients may be responsible for the elevation of serum
IFM-gamma in BA found in this study. Nonetheless, we found
no correlation berween serum IL-18 and serum [FN-gamma
in BA patients. This may be due to the small sample size
or the complex pathways involved in the interaction
between IL-18 and IFN-gamma. Investigation of these
cytokine levels in the liver tissue will elucidate possible roles
of IL-18 and IFN-gamma in BA more precisely.

Interestingly, we demonstrated that there was no differ-
ence in serum IL-12 levels between BA patients and normal
controls. An important biologic activity associated with IL-12
is to promote the differentiation of naive T cells into T-helper
cells capable of producing IFN-gamma. Stimulation of IFN-
gamma production by IL-12 can be synergistically enhanced
by the presence of other proinflammatory cytokines such as
tumor necrosis factor, IL-1, and 1-2."® Therefore, it is likely
that IL-12 & not directly involved in the pathophysiology of
BA and the elevation of serum IFMN-gamma found in BA
patients is not passed through IL-12 signaling pathway but
rather via IL-18 pathway in some extent. Additionally, since
there is no difference in serum IL-12 among BA patients with
different jaundice status, it is likely that the association
between serum [L-18 and jaundice status found in this study
is not due to poor liver function.

As ahways, this kind of study regarding serum markers
does inevitably have some limitations. First, the serum levels
of cytokines did not necessarily reflect the action of their
signaling pathways within the disease organs. However, with
the supported evidence from other studies on the real
association between their serum levels and the process of
liver fibrosis, it is likely that the elevated serum levels of [L-18
and IFM-gamma found in BA play roles in its pathophysiology.
Second, there are inflammatory cytokines or markers other
than IL-12, IL-18, and IFM-gamma that are imvolved in the
pathophysiology of progressive inflammatory liver injury, for
example, [L-8,7 ICAM-1,"7 selectin® and nitric ccide."* Third,
we would like to emphasize that the results are weak due to
very small patient numbers and more data are needed to
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confirm our findings. Therefore, there are other influential
factors outside the boundaries of this study needed to be
taken into account. VWhat we attempted to do here is to
assemble some small pieces from the big picture of complex
pathways.

In conclusions, serum IL-18 and IFN-gamma levels were
increased in medium-term survivors of BA The elevated
serum |L-18 in BA patients was associated with worse
clinical outcome. These results suggest that IL-18 and
[FM-gamma play roles in the pathophysiology of BAL
Additionally, IL-18 is likely to be imvolved in the disease
progression. Serum IL-18 may be used as a prognostic
marker in BA.

Conflict of Interest
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SURVIVORS OF BILIARY ATRESIA

Paisarn Vejehapipal’, Varanush Chongsrisawal?, Sopee Paomsawat?, Sitisak Honsawek®, Yooy Pacvaraan®.
1, Dapartment of Surgary, Facully of Madicine, Chulaiongkon Universily, Bangkok, Thailand: 2, Department
of Picitrics, Facully of Madicing, Chutalangkorm Unfversity, Bangkok, Thailand: 3, Department of Oral

and Masifofacil Pathology, Facully of Dentistry, Mafidel University, Sangkok Thaiking: 4, Degartment of
Blochemisiry, Facully of Medicine, Chulalangkom University, Bangkok, Thaitand
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KF. Thiee messires of oubcome were used: charance of jaundice (1o <20 umoliL); actuarial rative lver survival and the
devebapment af varices requiring endoscopic imervention. Nan-paramelric statistical comparison was wsed. Surdval
CLirviss were compared using log-rank test. Data are quated &s median (range). P = 0.05 was regarded as significant.
Results: 263 infants undenwent KP at a median age of 58 days {14-209). Median APRi was 0,62 (0.11 - 10.8). There
Wi a significant difterence betwean those wh became aniclenc {t=134 (52%]) and thase with persistent jauntice
{p=0.0004). Thare was a significant difference in ralive liver survival (P=0.009) when the group was divided inta four
orlps on this basis of initial APRA 42/240 (17%) chibdren developed varices reguiring endoscopic intervention. There
s o difterence between their initial APRI and controts (0.83 0.1 = 3) vs 0,68 [0.11 = 10) {P=0.6).

Conclusion: APRi is a simple variable and the first which appears to have reasonable prognostic value i determining
some elements of auteams in BA post-Kasal portoenterastarny.

ELEVATED SERUM IL-18 AND INTERFERON-GAMMA IN MEDIUM-TERM SURVIVORS OF BILIARY
ATRESIA

Paizarn Vejchapipal’, Voranush Chongsrisawal®, Sopee Poomsawat®, Sittisak Honsawek”, Yong Poovarawan®.

1, Dapartmant of Surgery, Facufty of Madicine, Chulalongkom Universily, Bangkok, Thailand: 2, Department of
Pediatrics, Facully of Madicine, Chulaiongkorn Universily, Bangkok, Thalland: 3, Department of Oral and Maxillofacial
Fathology, Facully of Dentisiry, Mahidol University, Bangkok, Thailand: 4, Department of Biochemistry, Facully of
Rims: Biliary atresia (BA) is a fatal disease in children. Its main pathological feature i progressive immune-mediated
cholangiopathy. Interieukin-12 {L-12), IL-18, and interferon-gamma (IFN-gamma) plays important rolas in various
immunological diseases. The objective was lo imvestigate whether these serem markers were associated with cinical
oulcoms n BA.

Methods: Serum levels of IL-12, IL-18 and IFN-gamma were delermined using ELISA from 46 BA patients (median
age of 3 years) and 19 normal contrals. The BA patiants wene then calegorized into thiee groups actording 1o their
outcome: jaundice-free (29 cases), mild jaundice (10 cases). and severe jaundice (7 cases). The comparisons of serum
IL-12, IL-18 and IFN-garmma levels among groups of the patierts wene performad using one-way ANOVA with post-hot
tests. Data ane axpressed as mean+ S0,

Results: Serurn IL-18 and IFN-gamma in BA patients were higher than the mormal controks (IL-18: 113.3+82.6 va.
B0.5+8.9 pg/mi, P=0.011 and FN-gamma- 41.7+5.1 vs. 38.0+1.9 pg/ml, P=0.001). These was no ditference in serum
IL=12 batween BA and contrals. Further analysis demonstrated thal, in BA patients, only sarum IL-18 levels significantly
increased with the degree of jaundice (test for rend, P=0.004).

Conclusion: Serum IL-18 and IFN-gamma |levals wene increased in madiom-term survivors of BA. The slevated serum
IL-18 in BA patients was associated with worse clinical cutcome. These results sugpgest that IL-18 and IFN-gamma play
rolas in the pathophysiclogy of BA. Additionally, IL-18 is likely to be involved in the desease progression.

POST- KASAI CHOLANGITIS IN CHILDREN WITH BILIARY ATRESIA

Auvgusto Zani, Mark Davenparl. Kings College Mospital, Londan, Uniled Kingdorm

Aims: The incidence of cholangitis in patients with biiary afresia (BA) trealed with Kasai porfoanterasiomy (KP) is
controversial and had ranged from 30-60%. The aim of the present study was to establish the sk of devedoping
cholangitis aftes KP in a current serigs.

Mithods: Retrospactive review of all infants with BA who undenwent a KP over a recent 5 vear pariod (lan 2006 - Dec
20100 Prophylactic antibiotics were used for 1 month post-kP. Definition: suspected chalangites (SCl=pyrexa (=38°C)
requiring antibiotics with no increase in serum bilirubin; true cholangitis (TC)=pyrexda (>38°C-ecluding olher sources
of mleclion) and increase in biliruban level. Time period analysed was between the KP and either the dale of Bver
transplant or the kst clinic or date of death. Data is quoted as median {10 range) and compared wsing non-parametric
tests. P <005 was regarded a5 signaficant.

Results: Of 121 patients; 25 (21 %) developed TC, 29 (24 %) had SC, with 67 (55 %] having no evidence of sepsis. TG
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Elevated serum IL-
in medivm-term su

P Ve apan 89 PO LW e, VorsTs Lo onqunae e
Pozworasan

Lrpanem of Surgery ond Jepacimest of Prdama

Introduction

Generally, IL-12 and IL-18 are both strong
inducers of IFN-gamma production

Dbjective: To investigate serum levels of IL-
12, IL-18, and IFN-gamma in medium-term
survivors of BA

Introduction

Biliary atresia (BA} is a devastating liver
disease in pediatric population

Its pathophysiology involves immune-
mediated inflammatory dysrequlation

Recent evidence suggested that interferon
(IFN}-gamma play a key role in animal model
of BA

Methods

Serum IL-12, IL-18 and IFM-gamma were
determined using ELISA

46 BA patients (median age =g yearsjand 1g
normal controls

Comparisons of these 3 serum cytokines
between BA and controls were carried out

Methods

The BA patients were divided into three
groups according to thelr jaundice status

&  lbendicesfree wxmghdL 19
B Mild to Moderate a=1omigidl. an
C  Marked jaundice w10 mgidL 7

Methods

The comparisans of these serum cytokines
among three groups of patients were
performed wsing one-way ANOVA with post-
hoc tests

Diata are expressad as mean+50
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Results

Serum IL-1z (Control vs. B

There was no difference in serum IL-12 levels
between controls and BA

Results
IL-1 IFM-gamma (

Serum IL-18 and IFN-gamima in BA patients
were higher than the controls

(=1

Results: IL-18

Im B patients, onby serum IL-2B levels significanthy
ircressed with the degres of jsundice

SETurn L
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B M 1 il et L1 s}
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There was no difference in serum IL-12 and
IFM-gamma amaong 3 groups of BA patients
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Conclusions

Serum IL-18 and IFN-gamma levels were
increased in medium-term survivors of BA

The elevated serum IL-18 in BA patients was
associated with worse clinical outcome.

IL-18 and IFN-gamma are likely to play roles
in the pathophysiology of BA

The Thailand Research Fund

Travelling grant, Chulalongkorn University
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d Survivin

Introduction

Biliary atresia (BA) is a devastating liver
disease in pediatric population

Its pathephysiclogy involves immune-
mediated inflammatory process

Disclosures

Introduction

Recent evidence suggested that apoptosis
also plays roles in animal model of BA

Biliary epithelia undergo early activation of
apoptosis in a mouse model of BA

Erickson N, of al. Hepatology 200847255777

Apoptosis is a complex process

Caspase-3 is one of the key executioners of
apoptosis

Expression of active caspase-3 is associated
with apoptosis process

Survivin

Sunvivin is an inhibitor of apoptosis
Sunvivin is highly expressed during fetal

development and cancer cell malignancy

By binding and inhibiting caspase-3, survivin
controls the cell cycle by inhibiting apoptosis
and prometing cell division
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Objective ‘_ €l y Methods

k : : E Caspase-3 and Survivin expression was
To Imeestippte hepa_ltg: o ok determined using immunohistochemistry fram
caspase-3 and survivin in BA liver biopsies

45 BA patients ve. 24 non-BA pediatric patients

Camparisans of these 2 proteins between BA
and non-BA were carried out

Mon-BA patients Methods
The non-BA pediatric patients include

B hepatitis Caspase-3 and survivin expression from

21 non-chalestatic patients hepatocyte areas was assessed based on
Choledechal eysts 11 percentage of immuno-stained areas
Thalossemis
Mewroblasiamas 3 Caspase-3 and survivin expression of biliary
Adriengd kanthogransinma 1 epithelia at portal triad were evaluated as
Fortal wein thrombasis 1 positive o negative staining
Hepatahlestama §

Methods

; : There was no difference in caspase-3 or
TI‘EE(H‘I‘IPEHSFI!S of the 2 proteins he‘t.wem 2 survivin expression of hepatocyte areas
groups of patients were performed using between BA and non-BA patients

unpaired t-tests or Fisher's exact tests

Data are expressed as mean+50




Results: Casp

Biliary cells {

There was no difference in caspase-3
expression of biliary epithelial cells between
BA and non-BA patients

The proportion of BA patients haeing survivin

of biliary epithelial cefis was significanthy
higher than that of non-BA patients
B2.6% (yolyg) of BA patsents had +ve staining of
5L‘l\'ih“l1‘t:l.- ary ductular epithelisl cells

i' T :i“-\-"mﬁ

Barvrean pantien &0 ®
SanTen negive a =
Pzo.oo0n

Resul
Biliary

Omlly 25.0% (2/8) of hepatitis and 33.3% (7/x1) of
non-cholestatic patients showed +ve survivin
expression in biliary ductular epithelia

Limitations of the study @

¢ ——rL

Small sample size
Ages between BA & non-BA are unequal
Mo normal controls

Muare studies are needed

Conclusions

Survivin expression of biliary ductular
epithelia was related to BA

Actions of sunvivin (via anti-apoptosis) may
involve in biliary pathology of BA

Its exgpression may be helpful in the diagnosis
of BA
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March 18, 2012

Dr. Palsarmn Vejchapipat

Associate Professor of Surgery/ Head of Pediatric Surgery Unit
Chulalongkom University & King Chulalongkorn Memorial Hospital
Thailand

Dear Dr. Vejchapipat,

On behalf of the Organizing Committee of AAPS 2012, it Is our great honor to invite you as an invited speaker
in the 23™ Congress of the Asian Association of Pediatric Surgeons [AAPS 2012), which will be held on October
8-10, 2012 at the EunMyeong Auditorium, Severance Hospital, Seoul, Korea_

The congress is alming at ‘Current Pediatric Surgery in Asia” by presenting In-depth discussions for medical
professionals in the field of pediatric surgery. The congress covers & panel discussion categories — Urology,
Congenital billary tract anomaly, Hirschsprung's disease, Anorectal anomalies, Managements of diaphragmatic
hernia and Minimal invasive surgery.

We respectfully ask you be a panel speaker of "Congenital Billary Tract Anomaly”.

It is expected that there will be approximately 300 attendees at the congress — surgeons and trainees. This
congress will be a cheerful one to share personal and institutional experence, knowledge, kdeas and
controwerskes in the management of pediatric surgeries through the sclentific programs.

For details of AAPS 2012, please refer to the speaker manual, brochure and the congress website,
www.aslan-aaps2012 org.

The AAPS 2012 looks forward to seeing you in Secul, Korea!

Cordially yours,

/S

Seung Hoon Chod, M.D.

President

Organizing Committee

23rd Congress of the Asian Association of Pedsatric Surgeans

Secretariat

Address: Eulhak Bldg, 3rd Floor, 448-13 Seogyo-dong, Mapo-gu, Seoul, Korea
Tel:#B2-2-6T11-6742  Fax: +82-2-325-7095  Email: secretariati@asian-aaps2012.0rg
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Biliary atresia: an experience at one institution

Paisarn Vejchapipat®, Soottiporn Chittmittrapap, Bidya Chandrakamol, Yong Poovorawan,
Voranush Chongsrisawat, Prapapan Rajatapiti, Katawaetee Decharun, Somboon
Reukviboonsri, Dusit Viravaidya

Pediatric Surgery Unit, Department of Surgery, Faculty of Medicine, Chulalongkorn
University & King Chulalongkorn Memorial Hospital, Bangkok, Thailand. E-mail:
paisarnv(@gmail.com

Biliary atresia (BA) is one of the most fatal liver diseases in children. Its main pathological
feature is progressive inflammatory cholangiopathy. We describe our experience in the
management of BA at King Chulalongkorn Memorial Hospital, Bangkok, Thailand.

Over 26 years, between 1986 and 2011, there were 320 BA patients treated with Kasai
operation. We can divide our patients into 4 periods based on our published articles; 1986-
1995 (115 cases), 1996-2001 (92 cases), 2002-2005 (53 cases), and 2006-2011 (60 cases).
Our surgical outcome improved over times. The good outcome (clearance of jaundice within
6 months following surgery) was achieved from 38% of cases during 1986-1995 period to
58.3% of cases during 2006-2011 period.

At present, the pre-operative diagnosis of BA at our institution is based on clinical
presentation, liver function tests, ultrasonography and, occasionally, hepatobiliary
scintigraphy. Post-operative high-dose steroids were implemented in our treatment protocol
since 2003. Serum total bilirubin (TB) at 7t day post-op is helpful in predicting the outcome
only when the drop of serum TB is beyond 50%. One of our problems in the management of
BA is that the majority of the patients were referred to our hospital quite late. Median age at
Kasai operation over the last 8 years was 80.5 days.

Conclusions: BA still remains a significant problem in Thailand. Our short-term result of
Kasai operation is acceptable according to international standard. At least 40% of our patients
eventually need liver transplantation. A solution for the enhancement of earlier referral and
treatment is urgently required in Thailand.

Acknowledgement: Thailand Research Fund (RMU-5380028), Ratchadapisek Sompoth
Fund, and Faculty of Medicine, Chulalongkorn University.
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SERUM TOTAL BILIRUBIN AND ALANINE
AMINOTRANSFERASE AS SIMPLE MARKERS TO

PREDICT EARLY OUTCOME IN BILIARY ATRESIA

Paiboon Sookpotarom, Paisarn Vejchapipat®, Kanokan Tepmalai
Rojjana Passakonnirin, Soottiporn Chittmittrapap, Yong Poovorawan
Division of Pediatric Surgery, Department of Surgery,

Faculty of Medicine, Chulalongkorn University,

Bangkok, Thailand 10330. *E-mail: parsarnv@gmail.com

Biliary atresia (BA) is a serious liver disease with uncertain prognosis. We investigate whether
serum total bilirubin (TB) at 7th day post-Kasai to pre-op TB ratio (TB7/TBO) and serum
alanine aminotransferase (ALT) at 7th day post-Kasai to pre-op ALT ratio (ALT7/ALTO) are
associated with early outcome.

Methods: BA patients undergoing Kasai operation between 2001
and 2011 were reviewed. Serum TB7/TBO and ALT7/ALTO were
calculated for each patient. The patients were categorized into two
groups at 6™ month post-op based on jaundice status; good outcome
(serum TB <2 mg%) and poor outcome (TB »2 mg%). Fisher's exact
tests were performed. Binary logistic regression was used to

Bilary st N ® < identify possible prognostic markers.

Results: 110 BA patients (M:F=58:52) underwent Total of 110 BA pts

Kasai operation. Median age at Kasai operation was o R R
82 days. Clinical outcome at 6'™ month could be : : :

assessed in 100 patients (good: poor = 57:43). 100 BA pts with known early autcome

However, data of both serum TB and clinical cutcome
were available for analysis in 94 patients (good: poor
= 55:39). TB7/TBO of <0.8 and ALT7/ALTO of <0.8
can predict good outcome in 72.5% (29/40, p=0.021),
and 51.3% (19/37, p=0.275), respectively. Further
analysis revealed that TB7/TBO of <0.5 occurred in
only 7.4% (7/94) and they all had good outcome. 55 BA ptswith | 39 BA pts with

good outcome | poor outcome

Logistic regression analysis showed that gender, age at

BARRRCIN EELE Et Ao operation, cholangitis, and ALT7/ALTO ratio were not

Sot olome s iikes S 20 o significant factors impacting on early outcome (p>0.05).
Lot IR B Only TB7/TBO ratio of <0.8 was an independent factor for
G A ) good outcome (odds ratio =2.8, p=0.02).

BA patients <08 >08 Total ) )
Goodoutcame. 19 32 51 Conclusions: TB7/TBO ratio of <0.8 may be used as a good
i prognostic marker for BA. However, ALT7/ALTO ratio of

Poor outcome 18 18 : v R g
T i e <0.8 is not a good marker in predicting good outcome.
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