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agﬂda (Executive Summary)

Study 1: Elevated hepatic expression of hepatocyte growth factor and C-met receptor in biliary atresia

Hepatic HGF and C-met expression were studied from liver biopsies of 41 BA patients at the time of Kasai operation,
and 17 non-cholestatic pediatric patients. The HGF and C-met expression of hepatocyte areas was scored as per its
intensity and percentage of stained area. Results: Hepatic HGF and C-met staining scores of BA patients were higher
than those of non-cholestatic patients (P<0.0001). Analysis of BA patients at 6 months post-Kasai revealed that there was
no difference in either hepatic HGF or C-met expression at the time of surgery between the patients with good outcome
and those with poor outcome. Conclusions: Strong expression of hepatic HGF and its receptor in BA patients was
demonstrated. However, the expression was not associated with the early therapeutic outcome. These suggest that
resultant actions of HGF involve in the liver pathology of BA but its expression cannot be used as a predictor for

therapeutic outcome.

Study 2: Can serum total bilirubin at 7th day post Kasai operation predict good 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

predi.ction using post-op TB concentration may be helpful as an adjunct in planning further management in these patients.



a

ti' o = d‘ )
Hadu %ﬂﬂ‘nﬂusauﬂﬂwmm
lrl Yo = av A PN ¢ o o X o 2 A o o
ANINITANEIIVY LUAST T NVIUUNUTRAVUIOY (Full manuscript) V4TU 2 1599091
1. Elevated hepatic Expression of hepatocyte growth factor and C-met receptor in biliary
atresia
2. Can serum total bilirubin at 7th day post Kasai operation predict good outcome in

biliary atresia?

Study 1: Elevated hepatic expression of hepatocyte growth factor and C-met receptor in

biliary atresia

Introduction

Biliary atresia (BA) is a devastating cholestatic disease in pediatric patients.
Progressive liver fibrosis will lead to death within 2 years if left untreated [1, 2]. The patients
who are left untreated will die from hepatic decompensation, esophageal variceal bleeding or
infection [3]. Hepatic portoenterostomy or Kasai operation at the early age is indispensable to
the successful management of infants with BA.

For years, extensive research on liver fibrosis in BA has been advocated in order to
find the way to the improvement of long-term outcome. Several investigations regarding its
pathophysiology have been explored. Although there have been a number of studies on
pathophysiology of BA, including serum levels of various inflammatory markers [4-8], serum
growth factors [9, 10], and the apoptosis of bile duct cells [11], the exact mechanism is still
unclear.

Hepatocyte growth factor (HGF) has been shown to induce hepatocyte proliferation.
HGEF is a paracrine cellular growth factor. It is secreted by mesenchymal cells and targets and
acts primarily upon epithelial cells and endothelial cells, but also acts on haemopoietic

progenitor cells. It has been shown to have a major role in embryonic organ development, in



adult organ regeneration and in wound healing [12]. HGF regulates cell growth, cell motility,
and morphogenesis by activating a tyrosine kinase signaling cascade after binding to the C-
Met receptor. Its ability to stimulate mitogenesis, cell motility, and matrix invasion gives it a
central role in angiogenesis, tumorogenesis, and tissue regeneration [13].

In addition, our previous results showed that there was an elevation in serum HGF in
BA patients was associated with the poor therapeutic outcome [10]. However, there is little
information available regarding the role of HGF/C-met in BA. Since progressive liver
fibrosis is an important development in BA together with the possible role of HGF/C-met
pathway in liver reparative process, it is of our interest to study the links between the
expression of hepatic HGF/C-met and BA.

Therefore, the aims of this study were to investigate the expression of hepatic HGF
and its receptor, C-met, in BA and to associate HGF and C-met expression with early

therapeutic outcome using immunohistochemistry (IHC) technique.

Methods
Liver tissues and patients

Liver samples of BA patients undergoing Kasai operation and non-BA patients
undergoing liver biopsies between July 2005 and July 2008 were retrospectively investigated.
All patients were operated by one team of surgeons (PV and SC). The non-BA patients, who
had no clinical jaundice, 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 HGF

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% H,0O,. Antigen retrieval was done by immersing the
sections in 0.4% pepsin (Sigma Chemical Co., St Louise, MO, USA) in 0.01 M HCL at 37°C,
one hour. 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
(BSA; Sigma Chemical Co., St Louise, MO, USA) 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 HGF (Santa Cruz, USA) diluted at 1:20. The primary 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 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.

A negative control omitting the primary antibody was included for each specimen. In
addition, negative controls of some sections were incubated with non-immune rabbit serum.
Furthermore, sections of liver cancer, known to have strong cytoplasmic staining were

stained at the same run as positive controls.

Immunohistochemistry of liver tissues for C-met

Sections were deparaffinized and rehydrated. Endogenous peroxidase activity was
blocked with 10-minute incubation in 3% H,0,. Antigen retrieval was done by immersing the
sections in 0.4% pepsin (Sigma Chemical Co., St Louise, MO, USA) in 0.01 M HCL at 37°C,
one hour. 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



(BSA; Sigma Chemical Co., St Louise, MO, USA) 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 C-met (Santa Cruz, USA) diluted at 1:100. The primary 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 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.

A negative control omitting the primary antibody was included for each specimen. In
addition, negative controls of some sections were incubated with non-immune rabbit serum.

Furthermore, sections of normal intestine were stained at the same run as positive controls.

Evaluation of hepatic HGF and C-met expression

Immunostained sections were evaluated independently by 2 investigators who were
unaware of the diagnosis or clinical outcome of the patients. Two quantitative methods were
used, based on the extent and intensity of the antibody stain. Areas of hepatic lobules

excluding portal triads and central veins were evaluated using visual scoring method.

Visual scores for HGF and C-met expression were assessed based on its intensity and
percentage of staining areas. Expression of HGF and C-met intensity was categorized into 3
levels as weak (intensity score =1), moderate (intensity score =2), and strong (intensity score
=3). In addition, the percentage of staining areas of hepatocytes was graded into 4 levels
(Grade 1; 0-25% of hepatocyte areas was stained; Grade 2: 26-50% of hepatocyte areas was
stained; Grade 3: 51-75% of hepatocyte areas was stained; and Grade 4: 76-100% of

hepatocyte areas was stained). Any differences in scores were resolved by a conference. Total



scores of hepatic HGF and C-met expression, were calculated as intensity score times

staining grade.

Categorization of the BA patients

In order to associate hepatic HGF and C-met expression with clinical outcome at 6
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 HGF/C-met expression based on early clinical outcome in BA patients

was carried out.

Statistical analyses

The comparisons of HGF and C-met expression among the two groups (BA and non-
BA patients) were performed using Mann-Whitney U tests (visual score). Spearman
correlation analysis of HGF with C-met was performed. Association between outcome of BA
patients at 6 months post-op and hepatic HGF and C-met expression was analyzed using
univariate analysis.

Significant differences were established at P<0.05. For all statistical analyses, either
GraphPad Prism version 3.02 (GraphPad Software Inc., California, USA) or SPSS software

version 10.0 (SPSS Inc., Chicago, IL) was used. Data are expressed as median and range.

Results

Hepatic HGF and C-met expression was determined using immunohistochemistry
from liver biopsies of 41 BA patients at the time of Kasai operation, and 17 non-cholestatic
pediatric patients whose liver tissues were needed in the treatment process. All non-BA

patients had no clinical jaundice. The diagnosis of non-BA patients were as follows: 6



choledochal cysts, 5 thalassemias, 3 neuroblastomas, 2 portal vein thromboses, and 1
hepatoblastoma.

Hepatic HGF and C-met staining scores of BA patients were significantly higher than
those of non-cholestatic patients (HGF; 9 2, 12] versus 2 [1, 12], C-met; 8 [1, 12] versus 1 [1,
6], both P<0.0001), as shown in Figure 1. There was a correlation between HGF and C-met
(spearman r = 0.77, P<0.0001).

Regarding the clinical outcome at 6 months post-Kasai among BA patients, there
were 24 patients with good outcome (serum TB < 2.0 mg/dL) and 17 patients with poor
outcome (serum TB >2.0 mg/dL). Subgroup analysis showed that there was no association

between either hepatic HGF or C-met expression and early clinical outcome in BA patients.

Discussion

Biliary atresia (BA) is a rare disease characterized by progressive sclerosing fibrous
obliteration of the intra- and extra-hepatic biliary systems. Without hepatic portoenterostomy
or Kasai operation, the resultant cholestasis leads to hepatic fibrosis and death within a few
years [1, 14].

Our results clearly demonstrated that there is an overexpression of hepatic HGF and
C-met in BA patients compared to other non-BA patients. Overexpression of hepatic HGF
and C-met found in BA patients suggested that HGF and C-met production by the liver in BA
is increased. This is consistent with our previous studies in post-operative BA patients
illustrating that there is an elevation of serum HGF compared to normal children. In addition,
this study demonstrated that most of the HGF stained within the liver tissues was from the
area of hepatocytes. It is therefore likely that hepatocytes, not cholangiocytes or endothelial

cells or inflammatory cells, are the major source of hepatic HGF production in BA patients.



Strong expression HGF and C-met in BA patients reflected the high activity of HGF/C-met
pathway.

Subsequent analysis among BA patients revealed that either hepatic HGF or C-met
expression at the time of Kasai operation was not associated with early clinical outcome in
BA at 6 months post-Kasai. Therefore, the levels of hepatic HGF/C-met expression cannot be
used as a prognostic marker for predicting the early outcome at 6 months post-op.

We are also aware of some limitations in this study. Firstly, we do not know whether
the overexpression of HGF/C-met found in BA patients is a cause or is an effect to the
disease pathology caused by cholestasis. If it is an effect, their expression will decrease in BA
patients with good outcome. The study of hepatic HGF/C-met expression in post-Kasai
patients with different clinical outcomes will be able to answer this research question.
Secondly, overexpression of hepatic HGF/C-met may be just the non-specific findings of
cholestasis. More studies on non-BA infants with cholestasis will solve this concern. Thirdly,
the sample size of BA patients was probably too small in terms of statistical analysis.
However, with the rarity of this disease, the results of a study of liver tissues from 41 BA
patients cannot be underestimated.

In conclusion, strong expression of hepatic HGF and C-met receptor in BA patients
was demonstrated. However, the expression was not associated with the early therapeutic
outcome. These suggest that resultant actions of HGF involve in the liver pathology of BA

but its expression cannot be used as a predictor for therapeutic outcome.
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Figure 1: Representative immunohistochemical features of the livers from a BA patient and a
non-BA patient. Note the strong expression of HGF and C-met stained on hepatocytes in BA

patients
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Study 2: Can serum total bilirubin at 7th day post Kasai operation predict good 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.

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
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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.

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.
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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.

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
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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
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
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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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