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Improving therapy for patients with cholangiocarcinoma (CCA) presents a significant
challenge. This is made more difficult by a lack of a clear understanding of potential
molecular targets, such as deregulated kinases. In this work, we profiled the activated
kinases in CCA in order to apply them as the targets for CCA therapy.

The present study, human phospho- receptor tyrosine kinases (RTKs) and phospho-
kinase array analyses revealed that multiple kinases are activated in both CCA cell lines and
human CCA tissues that included cell growth, apoptosis, cell to cell interaction, movement
and angiogenesis RTKs. Predominately the kinases activated downstream were those in the
PI3K/Akt, Ras/MAPK, JAK/STAT and Wnt/ B—catenin signaling pathways. Western blot analysis
confirms that Erk1/2 and Akt activation were increased in CCA tissues when compared to
their normal adjacent tissue. The inhibition of kinase activation using multitargeted kinase
inhibitors, sorafenib and sunitinib led to significant cell growth inhibition and apoptosis
induction via suppression of Erk1/2 and Akt activation while drugs with specificity to a single
kinase showed less potency.

Additionally, we also determined the expression levels of several key components of
PI3K signaling and evaluated whether NVP-BEZ235, a novel dual PI3K/mTOR inhibitor could
inhibit CCA cell growth. Immunohistochemistry for p85Q, p110d, AKT, p-AKT (T308), mTOR,
p-mTOR (52448), GSK—SB, p—GSK—3B (S9), PTEN and p-PTEN (5380, T382/383) was performed
in 30 CCA patients. Western blotting was used to analyze PTEN and p-PTEN expression in the
cell lines. The effects of NVP-BEZ235 on CCA cells were evaluated using a growth inhibition
assay, flow cytometer, migration assay. Increased activation of PI3K/AKT signaling was
reproducibly observed in the CCA tissues. The expression of p85Q, mMTOR and GSK—3B was
significantly correlated with metastasis. Interestingly, PTEN suppression by loss of expression
or inactivation by phosphorylation was observed in the majority of patients. Furthermore,
NVP-BEZ235 effectively inhibited CCA cell growth and migration through reduced AKT and
MTOR phosphorylation and significantly induced G1 arrest without apoptosis induction,

although, increase autophagy response was observed.
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Furthermore, the quantitative real time RT-PCR demonstrated that Wnt3a, Wnt5a and
Wnt7b mRNA were significantly higher in CCA tissues than adjacent non-tumor tissues and
normal liver tissues, whereas Wnt3 was significantly lower in human CCA tissues.
Immunohistocemical staining revealed that Wnt3a, Wntba and Wnt7b were positive in 92.5%,
77.5% and 100% of CCA tissues studied. Additionally, Wnt3 expression was mainly found in
inflammatory cells, whereas cancer cells showed 40% positive staining. Furthermore, the
expression of Wntba related to poor survival of CCA patients (P=0.007). Reduced membrane
expression of B—catenin was observed in tumor area and 72.5% of CCA cases showed
cytoplasmic B—catenin expression. Moreover, to test whether inflammation conditions
involved in CCA development at least in part by activating Wnt/B—catenin signaling pathway,
we investigated the expression of Wnt3 in macrophage cell line upon LPS stimulation. The
result showed that LPS can induce the expression of Wnt3 both mRNA and protein levels in
macrophage cell line. Moreover, conditioned media from LPS-induced activated macrophage
can promote B—catenin accumulation in CCA cell lines. Furthermore transiently suppression
of B—catenin by siRNA significantly induced growth inhibition of CCA cells, with an associated
decrease in cyclin D1 expression. In conclusion, the present study reports the abundant
expression of Wnt protein family and B—catenin in CCA as well as the role of inflammatory
condition in Wnt/B—catenin activation in CCA cell lines. Importantly, abrogation of ﬁ—catenin
expression caused significant CCA cell growth inhibition. Thus, Wnt/B—catenin signaling
pathway may contributes to CCA cell proliferation and might be able to serve as a potential
target for inhibiting CCA cell growth.

Taken together, the data demonstrate that multiple protein kinases are activated
which lead to stimulation of several signaling cascades in CCA. Therefore, targeting protein

kinases is a promising strategy to improve CCA therapy.

Keywords : cholangiocarcinoma, protein kinases, targeted therapy, PI3K/Akt, Wnt/B—catenin
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INTRODUCTION

Cholangiocarcinoma (CCA), a malignant tumor arising from the bile duct epithelium,
worldwide shows the highest recorded incidence in Northeastern Thailand [1]. CCA initially
progresses slowly, but the prognosis is very poor because it is difficult to diagnose until the
tumor is in an advanced and more aggressive stage. The current treatment for advanced CCA
is maximal surgical resection, chemotherapy and radiation therapy [2]. However, most of the
patients are unsuitable for surgery and apparent complete resection is often followed by
metastasis or local recurrence [3]. Moreover, chemotherapy and radiation therapy does not
improve the patient’s survival rate [4]. In this study, we sought to identify the kinase
reculated pathways that might be the basis for better understanding and eventually
improving CCA therapy.

We have previously demonstrated that a regulatory subunit 1 alpha of protein kinase A
type | (PRKAR1A) was overexpressed in the liver fluke-induced hamster and human CCA,
indicating an association of PRKAR1A with CCA. We have also shown that inhibition of
PRKAR1A by using siRNA resulted in growth inhibition and apoptosis induction of CCA cell
lines. Moreover, using cAMP analogues or PKA inhibitors have shown significantly reduced
CCA cell growth, suggesting PRKARLA as a possible target for CCA treatment [5, 6]. These
results lead us to focus more on the roles of protein kinases in CCA.

Protein kinases are enzymes that catalyze the transfer of phosphate from ATP to
serine/ threonine or tyrosine residues of target proteins, and are key mediators of cancer
related signaling cascades, such as those involved in cell proliferation, differentiation,
apoptosis and metabolism [7]. However, overexpression and/ or mutations in kinases can
lead to abnormal constitutive activation of cellular signaling cascades that contribute to
carcinogenesis and tumor progression [8-10]. Kinase inhibitors are one of the most successful
classes of anticancer drugs [11-13]. Therefore, for this study our goal is to profile the
activated protein kinases in CCA and provide evidence that might support the use of certain

protein kinases as the potential targets for CCA treatment.

OBJECTIVES

To profile the activated kinases in CCA in order to apply them as the targets for CCA
therapy.

0
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Part I: Survey of activated kinase proteins reveals potential targets for

cholangiocarcinoma treatment

METHODS
Human CCA tissue specimens

Twenty pairs of fresh frozen human liver tissues including CCA and their adjacent
tissues were obtained from CCA patients who admitted at a surgical ward of Srinagarind
Hospital, Khon Kaen University. The informed consent was obtained from each subject
before surgery. The protocol of specimen collection and study were approved by the Ethic
Committee for Human Research, Khon Kaen University (#HE521209). Tissue samples were
collected according to CCA gross types including 10 cases of mass forming type and 10 cases
of mixed mass forming with periductal infiltrating type.
Cell lines and cell culture

Four human CCA cell lines including M156, M214, OCA17 and KKU100 were cultured in
Ham’s F-12 medium (Gibco®; Invitrogen, Carlsbad CA, USA) supplemented with 2 mg/ml
sodium bicarbonate, 10% inactivated fetal bovine serum (Gibco®; Invitrogen, Carlsbad CA,
USA), 100 U/mL penicillin, and 100 pg/ mL streptomycin. All cell lines were incubated at
370C in a humidified atmosphere containing 5% CO,.
Antibodies and small molecule kinase inhibitors

Antibodies were as follows: phospho- Akt, Akt, phospho- p44/42 mitogen activated
protein kinase (p-MAPK; p-Erk1/2 Thr202/Tyr204) and pdd/42 MAPK (Erk1/2) (Cell signaling
Technology, Danvers, MA, USA) and GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA).

Small molecule kinase inhibitors were as follows: Gefitinib and Vanditinib (AstraZeneca,
UK), Erotinib (Genentech Inc., CA, USA), Imatinib (Novartis, NY, USA), Sunitinib and PDGFRA
inhibitor (Pfizer, NY, USA), Sorafenib (Nexavar®, Bayer, Germany), PD173074, SU5402, SU4984,
SU11274 (Calbiochem, CA, USA)
Phospho- RTKs and phospho- kinase arrays

Profiling of receptor tyrosine kinases, downstream kinases and their protein substrates
were analyzed using human phospho- RTKs and phospho- kinase arrays (ARY- 001 and
ARY- 003, R&D systems, Minnepolis, MN, USA) according to the manufacturer’s instructions.
Briefly, human CCA tissues and human CCA cell lines were lysed with human phospho- RTKs
lysis buffer containing proteinase cocktail inhibitors (Roche, Branford, CT). The suspension
was then pipetted up and down on ice to complete cell lysis for 30 min, followed by
centrifugation at 14,000xg, 4°C for 5 min. Protein lysates were collected and protein
concentration was determined by Bradford method. After that, protein lysates (1,500 Mg for
pools of human CCA tissues or 750 Mg for CCA cell lines) were incubated overnight with
antibody array membranes containing 42 phospho- RTKs and 46 phospho- kinases printed in

duplication. The membranes were then incubated with cocktail- detection antibody

N
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conjugated with streptavidin- horse- radish peroxidase. The signals were detected by ECL
Prime Western Blotting Detection System (GE Healthcare, UK) and quantified using Image
QuantTM Imager (GE Healthcare, UK).
Western blot analysis

A protein extract (50 Mg) was solubilized in SDS buffer and boiled for 5 min at 95°C.
Samples were electrophoresed on 10% polyacrylamide gels and transferred to
polyvinylidene difluoride membranes. Membranes were blocked with 5% skimmed milk in
Tris- buffered saline (TBS) for 1 h and incubated with primary antibody at 40C overnight. After
rinsing TBS containing 0.1% polyoxyethylene sorbitan monolaurate (Tween-20 or TBS-T),
membranes were then incubated with horseradish peroxidase- conjugated secondary
antibody at room temperature for 1h. After rinsing with TBS-T, membranes were exposed to
the ECL Prime Western Blotting Detection System (GE Healthcare, UK). Human GAPDH was
used as a loading control.
Cell proliferation assay

Cell proliferation was examined by the aLarmarBtue® assay (Invitrogen, Carlbad, CA,
USA). In brief, 5x10” cells/ml were seeded in black clear bottom 96 wells- plates (BD
FalconTM, CA, USA) and incubated overnight. Then 20 MU of 1x alarmarBlue” was added and
the volume in each well was made up to 200 MU with culture media containing a designed
concentration of each kinase inhibitors. After 72 h of incubation, fluorescence was measured
on a Perkin Elmer Wallac 1420 Multilable counter (Perkin Elmer, Turku, Finland) with a 540
nm excitation filter and a 590 nm emission filter. An experiment was done in triplicate.
Apoptosis assay

Apoptosis study was determined using the caspase- Glo® 3/7 assay (Promega, USA)
according to manufacturer’s instructions. Briefly, cells 5x10” cells/ml was plated in 100 ML of
media and incubated overnight. Then, a range concentration of each drug was added. After
incubated for 24 h, caspase- Glo” 3/7 reagent (50MU) was added and mixed to each well
then incubated 1 h at room temperature. Luminescence was measured on a Victor3
multiwell plate reader (Perkin Elmer). Experiments were performed twice in three replicates
per experiment.
Statistical analysis

Statistical analysis was performed using GraphPad Prism 5 software. Results from cell
proliferation and apoptosis experiments were represented as mean + SD and the significance
of differences was addressed by Two-way ANOVA test. A P-value < 0.05 was considered

statistically significant.
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RESULTS
Activation of multiple RTKs in cholangiocarcinoma

To identify the activated RTKs in CCA, pool protein lysates of twenty human CCA
tissues (10 cases of mass forming and 10 cases of mixed mass forming with periductal
infiltrating type) and four CCA cell lines (M156, M214, OCA-17 and KKU-100) were incubated
with human phospho- RTKs antibody arrays which can detect relative phosphorylation levels
of 42 RTKs simultaneously. The results demonstrated that multiple RTKs are activated in
human CCA tissues and CCA cell lines as shown in Fig.1a, 1b and Table 1, respectively. The
activated RTKs pattern in CCA tissues and cell lines are somewhat different; the activated
RTKs in CCA tissues were p-EGFR, p-ErbB4, p-FGFR1, 2, 3, p-ISR, p-MSPR, p-Dtk, p-Mer, p-
MCSFR, p-c-RET, p-ROR1, p-ROR2, p-Tiel, p-Tie2, p-VEGFR3, p-Musk, p-EphA3, p-EphA6, p-
EphB1, p-EphB2, p-EphB4 and p-EphB6, respectively while the activated RTKs identified in 4
CCA cell lines were p-EGFR, p-ErbB3, p-IGFR, p-Axl, p-HGFR, p-MSPR, p-ROR2, p-EphA2, p-
EphA4, p-EphA7 and p- EphB2. Only ROR2 receptor activation was commonly found in CCA

tissues and cell lines.
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Fig. 1 Profiling of activated receptor tyrosine kinases and downstream kinases in CCA.
Antibody kinase array detects phophorylated RTKs in human CCA tissues (a) and CCA cell
lines (b). The lower panels are the profiles created by quantifying the mean spot pixel
density which normalized by subtracted from the density of negative controls. Array signal

. ™
were analyzed using Image Quant  Imager.
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Co- activation of non- receptor kinases in cholangiocarcinoma

To assess of the phosphorylation status of the cytoplasmic non-receptors in CCA, we
used human phospho- kinase antibody array that allowed simultaneous detection of 46
phospho- kinases. As demonstrated in Fig.2a and 2b, the co- activation of several non-
receptor kinases determined in human CCA tissues and cell lines were appeared as a similar
pattern. The result revealed that pathways including PI3K/Akt, Ras/MAPK, JAK/STAT and
Wnt/B—catenin signaling were activated in both human CCA tissues and cell lines (Table 1).
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19. p-AMPKu2(T172) 20. p-STAT2(Y689) 21. p-STAT3(Y705) 22. p-STAT6(Y641) 23. p-GSK-30/B(S21/S9) 24. p-Akt(S473)

25. p-p-catenin 26. p-STAT5a(Y699) 27. p-STAT5b(Y699) 28. p-STAT5a/b(Y699) 29. p-Akt(T308) 30. p-p-70 S6 kinase(T421/S424
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35. p-p53(S15) 36. p-p-53(S392) 37. p-RSK1/2/3(S380) 38. p-RSK1/2(S221) 39. p-STATA(Y693) 40. p-p-27(T198) 41. p-p-27(T151
42. p-c-Jun(S63) 43. p-eNOS(S1177) 44. p-Paxillin(Y118) 45. p-PLCy(Y783) 46. p-Pyk2(Y402)

Fig. 2 The downstream kinases phosphorylation detects in human CCA tissues (a) and CCA cell
lines (b). The lower panels are the profiles created by quantifying the mean spot pixel density

which normalized by subtracted from the density of negative controls. Array signal were
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Table 1 Activated RTKs and downstream kinases in CCA

Downstream kinases

Sample types | RTKs PI3K/ Akt pathway RAS/MAPK pathway JAK/ STAT pathway | Wnt/ B-catenin
pathway
CCA cell lines EGFR, ErbB3, IGFR, | p53 , AKT, mTOR, | p38 alpha, ERK1/2, JNK | STAT1, STAT2, B—Catennin
Ax\, HGFR, MSPR, | HSP27, P27, Chk-2, | pan, MEK1/2, MSK1/2, | STAT3, STATA4,
ROR2, EphA2, | eNOS AMPKOI1,AMPKQL2, STATb5a, STA5D,
EphA4, EphAT, CREB, Paxillin, Src, Lyn, | STAT6
EphB2 Yes, Fer, Hck, RSK1/2/3,
RSK1/2, c-JUN,
PLCY-1
CCA tissues EGFR, ErbB4, | p53 , AKT, mTOR, | p38 alpha, ERK1/2, JNK | STATL, STAT2, B—catennin
FGFR1,2,3, ISR, | HSP27, P27, Chk-2, | pan, MEK1/2, MSK1/2, | STAT3, STATA4,
MSPR,  Dtk, Mer, | eNOS, p70 S6 kiase, | AMPKO1,AMPKQO2, STATb5a, STA5b,
MCSFR, c-RET, ROR1, | GSK-3 G/B CREB, Paxillin, Src, Lyn, | STAT6
Tiel, Tie2, VEGFR3, Yes, Fer, Hck,
Musk, EphA3, EphAS6, RSK1/2/3, RSK1/2,
Ephb1,EphB2, c-JUN, PLCY-1

EphB4, EphB6
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Verification of kinase activation in CCA by western blot analysis

Among those of kinase array results, we verified the activation level of Akt and Erk1/2
which are respective key molecules in PI3K/Akt and MAPK signaling pathways using western

analysis. The result showed that activated Akt and Erk1/2 were strongly detected in CCA

tissues when compared to their non- tumorous adjacent tissues (Fig. 3).
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phospho-Erk1/2

Total Erk1/2

Phospho-Akt

Total Akt
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Fig. 3 An increasing of kinases activation in CCA.  Representative western blot analysis
confirmed the increase in the phosphorylation status of Erk1/2 (T202/Y204) and Akt (S473) in

human CCA tissues compared to their normal adjacent tissues.
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Targeting kinases using small molecule kinase inhibitors

As several kinases were activated in CCA, we then examined whether kinase inhibitors
would affect CCA cell growth. Four CCA cell lines, M156, M214, OCA-17 and KKU-100, were
treated with small molecule kinase inhibitors with a range of concentrations and cell
proliferation were determined by the alarmarBlue”® assay. Incubation with small molecule
kinase inhibitors for 72 h led to CCA cell growth inhibition as shown in Table2. Among
those small molecule kinase inhibitors, it was demonstrated that sorafenib and sunitinib
(multi- kinases inhibitors) were the most potent inhibitors that suppressed CCA cell growth
with the lowest ICs, values (M156 = 3.7210.69 MM and 10.37£3.55 UM, M214 = 1.6410.04
MM and 5.1243.37 UM, OCA-17 = 3.12%1.15 M and 6.8110.33 MM, KKU-100 = 6.2412.80
MM and 12.8413.91 M, respectively) when compared with other compounds (Table 2).

Apoptotic induction of sorafenib and sunitinib in CCA cells

From the above result, we next evaluated effect of sorafenib and sunitinib on CCA cell
growth and apoptosis. Four CCA cell lines; M156, M214, OCA-17 and KKU-100 were
incubated with the designed concentrations of sorafenib and sunitinib (0.01uM, 0.1uM, 1uM,
10 pM and 100uM) then cell growth and apoptosis were determined. The results
demonstrated that sorafenib and sunitinib significantly inhibited CCA cell proliferation in a
dose- dependent manner (Fig. 4a). Sorafenib (10MM and 100 M) and sunitinib (10 M)
significantly induced caspase3/7 activity at the concurrent concentration of growth inhibition
in CCA cells as shown in Fig.4b. We also determined the effect of those inhibitors
suppressing CCA cell growth on the function of Erk1/2 and Akt. After treatment of CCA cells
with 10 MM of sorafenib and sunitinib for 24 h, western blot analysis showed that sorafenib

and sunitinib markedly inhibited the phosphorylation of Erk1/2 and Akt as shown in Fig. 4c.
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Table 2 Growth inhibitory activities of protein kinase inhibitors on CCA cell lines.

ICso (MM)
Protein kinases | Targets M156 M214 OCA-17 KKU-100
inhibitors
Gefitinib EGFR 15.93 (£2.87) 23.13(£3.95) 24.63 (14.85) 45.59(%0.72)
Vandetinib EGFR, VEGFR, RET 19.23 (£5.96) 9.06 (£1.60) 23.72 (14.16) 17.85 (£0.19)
Erotinib EGFR >100 ND >100 ND
Gleevec PDGFR, c-KIT, ABL 68.72 (£12.98) 35.74(%1.95) 37.34 (£13.97) >100
Sorafenib PDGFR, VEGFR, c-KIT, | 3.72 (£0.69) 1.64(£0.04) 3.12 (£1.15) 6.24 (12.80)
c-Raf-1, b-Raf
Sunitinib PDGFR, VEGFR, c-KIT, | 10.37 (£3.55) 5.12(£3.37) 6.81 (0.33) 12.84 (+3.91)
FLT3, CSF-1R, RET
PD173074 FGFR, VEGFR 16.20 (£2.52) 3.89(£3.95) 12.52 (+3.90) 56.32 (£2.95)
SU5402 FGFR >100 ND >100 ND
su4984 FGFR >100 ND >100 ND
SU11274 c-MET 11.87 (£6.34) 5.99(10.18) 6.45 (15.17) 21.05 (2.49)
PDGFR inhibitor PDGFRA 3.41 (+1.45) 7.45(£0.58) 6.23 (10.08) 44.44 =+4.31)
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Fig.4 Effects of sorafenib and sunitinib on CCA cell growth and apoptosis. (@) CCA
cell’s proliferation was reduced when treatment with the indicated concentration of
sorafenib and sunitinib and cell proliferation was detected with alamarBlue® assay.
(b) Sorafenib and sunitinib enhance CCA cell apoptosis which was detected by
caspase3/7 activity assay. (c) Western blot analysis showed the decrease Erk1/2
(T202/Y204) and Akt (5473) phosphorylation in CCA cell lines after treatment with 10
UM of sorafenib and sunitinib. Data of cell proliferation and apoptosis are
represented as mean + SD of three independent experiments. *P- value < 0.05

compared to untreated cells and **P- value <0.001compared to untreated cells.
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DISCUSSION

Activation of kinase signaling pathways is involved in the stimulation of multiple
cellular processes, while abnormal regulation of kinases is implicated in neoplastic
transformation and tumor growth in many types of cancers including CCA. Loilome
and coworkers have reported the altered gene expression pattern in the
carcinogenesis model of liver fluke- associated CCA [6] Among those upregulated
genes, signal transduction genes including protein kinase A regulatory subunit 1 alpha
(PRKAR1A) and myristoylated alanine- rich protein kinase C substrate (MARCKS) were
detected in CCA tissues. PRKAR1A is a regulatory subunit of PKA type | by which its

activation is prominently found in many cancers [14-18].

Increasing of PRKARIA expression in both mRNA and protein levels also
observed for human CCA tissues and cell lines. Silencing PRKARLA expression and
targeting PRKAR1A by specific PKA inhibitors lead to growth inhibition and apoptotic
induction of CCA cells. These evidences support an important role of PRKARIA in
control of CCA cell growth [19]. In addition, MARCKS (a substrate of PKC) implicating
in cell adhesion, secretion, and motility via the regulation of actin cytoskeletal
structure was found to be overexpressed in both the carcinogenesis model of liver
fluke- associated CCA and patients’ CCA tissues. Moreover, stimulation of CCA cells
with a PKC activator, TPA, induced phosphorylation of MARKS and promoted CCA cell
migration suggesting the role of MARCKS on CCA cell motility and potentially
regulated the metastasis of biliary cancer cells [20]. The results from these studies
convince us to study other kinases in CCA in order to identify new drug targets for
CCA therapy.

In our study, we surveyed the activated kinase proteins status in CCA using
phospho- RTKs and phospho- kinase arrays. We profiled the activated receptor
kinases in CCA cells and human CCA tissues. Activated receptor kinases included
EGFR, MSPR and EphB2 were found in both CCA cells and tissues. EGFR can be
activated by various ligands such as EGF and TNF-O leading to the activation of
several downstream target molecules including Ras-Raf-MEK-ERK1/2, STAT3 and
STAT5 which involve in regulating cancer cell proliferation and differentiation. In
addition, the activation of PI3K-Akt-mTOR cascade contributes in pro- survival
pathway of cancers [21, 22]. MSPR or RON receptor can be stimulated by the
macrophage stimulating protein (MSP) and hepatocyte growth factor (HGF) which can
mediate cell growth, survival and movement via the activation of PI3K/Akt cascade,
C-Src/MAPK and FAK [23]. EphB2 is a member of Eph RTKs family which binds with
ephrin A5 ligand and can interact with Src, Abl and Arg that are implicated with cell
growth stimulation [24]. The above data imply the crucial roles of these RTKs on

controlling of growth, survival and movement of CCA.
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Interestingly, activated receptor kinases including FGFR family (FGFR1, 2, 3),
VEGFR 3, Tiel, Tie2 and Ephrin family (EphA3, EphA6, EphB1, EphB4, EphB6) which
implicate in cell growth, survival, tissue microenvironment and angiogenesis via the
stimulation of several signaling cascades are only detected in human CCA bulk tissue
[24-28]. The result indicates the interaction between tumor and its microenvironment
via these molecules may involve in the CCA progression.

We also profiled the non-receptor kinase phosphorylation in CCA. The multiple
kinases observed included those in the PI3K/Akt, Ras/MAPK, JAK/STAT and Wnt/B—
catenin pathways (summarized in Tablel). Basically, the non-receptor kinases are the
downstream kinase signaling cascades that are triggered via RTKs residing at the cell
membrane. Our results indicate that the activation of non-receptor kinases is related
with the activation of RTKs. Moreover, we have confirmed the existence of activated
kinases in kinase arrays using western blot analysis and found that activated Erk1/2
and Akt were highly expressed in CCA tissues when compared to their normal
adjacent tissue (Fig. 3). These results reveal the crucial roles that kinases play in CCA
whereby receptor kinases act as the primary mediators of the cellular responses by
linking ligand binding to downstream signaling cascades and result in mediation of
CCA carcinogenesis and progression.  In addition, our previous study  [19]
demonstrated that abrogate PRKAR1A protein expression resulting in growth
inhibition of CCA cells which is correlated with a decrease in several signaling
cascade’ s phosphorylation including MAPK , PI3K/Akt ,JAK/STAT and Wnt/B—catenin
pathways, suggesting that CCA required the activation of the multiple kinase signaling
pathways to mediate growth and development. Taken together, the involvement of
kinases and their exact roles in CCA should be further identified in order to evaluate
them as drug targets for CCA treatment.

Recently, the mode of activation of kinases in CCA has been elucidated. Ong
and coworkers [27] have recently reported the analyses of whole genome exome
sequencing of Ov-associated tumors and their normal adjacent tissues. They have
revealed that several somatic mutated genes were detected in liver fluke-associated
CCA including Tp53, KRAS, SMAD4, MLL3, ROBO2, RNF43, PEG3 and GNAS which are
implicated in histone modification, genomic instability and G protein signaling
pathways. However, there were no reports about somatic mutation of kinase genes.
In addition, our preliminary data of kinase microarrays analysis revealed the
upregulation of EphrinA2 and ErbB3 genes in liver fluke-associated human CCA
tissues and IHC staining demonstrated the expression of ErbB3 around 50% (positive
10 in 20 cases) in the corresponding CCA tissues studied (unpublished data). This
information suggests that overexpression of kinase genes may be a common
mechanism involved in the pathological activation of kinases signaling pathways in
CCA.
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We also investigated whether targeting kinases using small molecule kinase
inhibitors would inhibit CCA cell growth and induce apoptosis. Upon treatment of
CCA cells with various types of small molecule kinases inhibitor, it was shown that
multi- targeted kinase inhibitors, sorafenib and sunitinib, had higher potency on CCA
cell growth inhibition than other single target inhibitors (Table 2). Less potency of
single target kinase inhibitors on CCA cell growth inhibition might be resulted from
the resistant mechanisms of CCA cells which use growth signaling from the alternate
pathways consistent with phospho- kinase array data that demonstrated the
activated of multiple kinases signaling pathway in CCA. The above information
suggests that targeting multiple kinases should be more effective than targeting the
single kinase. We therefore evaluated if sorafenib and sunitinib could inhibit CCA cell
growth as well as induce apoptosis.

The growth of CCA cell lines was significantly decreased after treatment with
the indicated concentration of sorafenib and sunitinb in a dose dependent manner.
In addition, high concentration of sorafenib (10M and 100 M) and sunitinib (10
MM) could markedly enhance caspase dependent apoptosis in CCA cells.

Sorafenib is a small molecule inhibitor of several kinases including PDGFR,
VEGFR, cKIT, c-Raf-1 and b-Raf-1 which have been approved by the FDA to use for
advance renal cancer [29] and hepatocellular carcinoma treatment [30] while
sunitinib is an oral multi- kinase inhibitor which block the activation of PDGFR, VEGFR,
c-KIT, FLT3, CSF1R, RET and are now used for treatment of pancreatic cancer [31],
renal and gastrointestinal stromal cancer [32]. In CCA, pre-clinical study has been
reported the potential of sorafenib on growth suppression and apoptosis
enhancement both in vitro and in vivo by inhibiting STAT3 activation via the
induction of SHP2 phosphatase enzyme [33]. Nowadays, the usefulness of sorafenib
for bile duct cancer treatment has been investigated in a phase I clinical study. This
study reveals that a single dose of sorafenib has low activity in CCA patients.
Nevertheless, patients having a good performance status show good progression of
free survival and mild side effect. Therefore, combination of sorafenib with cytotoxic
drugs remains further investigation [34].

Boonjaraspinyo and co- workers [35] have found the overexpression of PDGFR
in hamster CCA carcinogenesis model. They also confirmed and reported the
upregulation and point mutation of PDGFR in human CCA tissues. In addition, they
demonstrated that suppressed PDGFRA gene by sunitinib malate resulting in
decreasing of PDGFB, Akt, PDPK1 and STAT3 mRNA expression as well as CCA cell
growth inhibition [36]. Recently, a phase Il clinical study of sunitinib as second line
treatment for metastatic biliary tract cancer has been reported. Patients with
advanced biliary tract cancer who failed from the first line chemotherapy were

administered with a daily dose of sunitinib (37.5 mg). The results showed acceptable
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outcome with manageable toxicity [37]. Moreover, our results also demonstrated
that sorafenib and sunitinib can suppress MAPK and Akt signaling in CCA cells. Taken
together, this information indicates that protein kinases are involved in CCA

development and can be used as therapeutic targets for CCA treatment.

Part II: Increased activation of PI3K/AKT signaling pathway is associated with
cholangiocarcinoma metastasis and PI3K/mTOR inhibition presents a possible

therapeutic strategy

METHODS
Human CCA specimens

The 30 paraffin-embedded tissues collected from primary tumors of CCA
patients were obtained from the specimen bank of the Liver Fluke and
Cholangiocarcinoma Research Center, Faculty of Medicine, Khon Kaen University,
Thailand. Informed consent was obtained from each patient prior to surgery and the
Ethics Committee for Human Research at Khon Kaen University approved the
research protocols (#HE561035).
Cell lines and cell culture

Human CCA cell lines including KKU-OCA17, KKU-100, KKU-M055, KKU-M139,
KKU-M156, KKU-M213 and KKU-M214 were obtained from CCA patient, which were
established at Khon Kaen University Liver Fluke and Cholangiocarcinoma Research
Center. All cell lines were cultured in Ham’s F-12 medium (Gibco/BRL, Grand Island,
NY, USA) supplemented with 44 mM NaHCOs, penicillin (100 units/ml), streptomycin
(100 mg/ml) and 10% fetal bovine serum in a humidified atmosphere containing 5%
CO,.
Antibodies and inhibitor

Antibodies used for this study were as follows: anti-PI3K (p85Q), PI3K (p110Q1),
AKT, p-AKT(S473), p-AKT (T308), mTOR, p-mTOR (S2448), GSK—BB, p—GSK—3B (S9),
PTEN were purchased from Cell Signaling Technology (Cell Signaling Technology,
Danvers, MA, USA.), p-PTEN (5380, T382/383) and LC3B were purchased from Abcam
(Abcam, Cambridge, UK) and anti—B—actin antibody was purchased from Sigma (Sigma-
Aldrich, St. Louis, MO, USA). The dual PI3K/mTOR inhibitor, NVP-BEZ235 was kindly
supplied by Novartis Pharma AG (Basel, Switzerland). The inhibitor was dissolved in
dimethylsulfoxide (DMSO) (Amresco, Solon, OH, USA) at a stock concentration of 10

mM and stored at -20°C until used.
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Immunohistochemistry staining and scoring

Paraffin-embedded tissues were sectioned for immunohistochemistry (IHC)
staining according to standard methods. Briefly, the sections of CCA tissues were
deparaffinized and rehydrated through a graded series of aqueous ethanol solutions.
Next, microwave antigen retrieval was performed with sodium citrate buffer for 10
min. Then, endogenous peroxidase activity was blocked with 0.3% hydrogen
peroxide in phosphate buffered saline (PBS) for 30 min and non-specific binding was
blocked by 10% skim milk in PBS for 1 h. The tissue sections were incubated
overnight with the primary antibody against designed target proteins at 4°c. After
that, sections were incubated with peroxidase-conjugated Envision " secondary
antibody (DAKO, Denmark) for 1 h. After washing, peroxidase-labeled polymer, 0.1%
diaminobenzidinetetrahydrochloride (DAB) solution was used for the signal
development and then counterstained with Mayer’s hematoxylin. The stained
sections were observed under a light microscope by using the high magnification
power x200 and x400 (Axioscope Al, Carl Zeiss, Jena, Germany).

The IHC scoring system was used for quantitation of results. Grading of
staining depended upon the intensity and frequency of staining in tumor area.
Intensity of protein expression was classified into four groups: 0, negative; +1, weak
expression; +2, moderate expression; +3, strong expression, respectively. The
frequency of staining was divided into four groups: 0, negative; +1, 1-25%; +2, 26—
50%; +3, >50%, respectively. Staining score were calculated by multiplying -
intensities and frequencies in each case which are classified into two groups: low
expression levels are < 4 and high expression levels are > 4 [38, 39].

Growth inhibition assay

CCA cells (5 x 10°) in 100 MU media were seeded in 96 well plates (Costar,
Corning, NY, USA) and incubated overnight. Then, the cells were treated with
different concentrations of NVP-BEZ235 ranging from 1 to 10° nM. After 48 hours of
incubation, cell numbers were estimated using the  sulforhodamine
B (SRB) assay (Sigma-Aldrich, St. Louis, MO, USA). The optical densities were read
using a microtiter plate reader (Sunrise, TECAN Trading, Switzerland) at 540 nm.
The experiments were performed in triplicate. The percentage of growth inhibition
(%Gl) was calculated by using the equation: %Gl = (1 — (Nt/Nc) x 100, where Nt and
Nc represent the absorbance in treated and control cultures respectively. ICso, the
drug concentration causing cells Gl of 50% was determined by interpolation from
dose response curves, as previously described [40].

Flow cytometry analysis

CCA cells were seeded at 1.5x10° cells in 6 well plates, cultured overnight

and then cells were treated with 10, 100 and 1000 nM of NVP-BEZ235 or control

medium for 48 hours. After that, the cell cycle distribution was detected by staining
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DNA with propidium iodide (Invitrogen, Paisley, U.K.) while apoptosis and necrosis was
detected by using Annexin-V-FLUOS staining kit (Roche, Penzberg, Germany),
respectively. The cell cycle distribution and apoptosis were determined by flow
cytometry (BD FACSCanto™ I, BD Biosciences, CA, USA) and analyzed by
BDFACSDiva™ software (BD Biosciences, CA, USA).
Western blot analysis

Cells were treated with NVP-BEZ235 at a concentration as 10, 100 and 1000
nM or control medium for 48 hours, respectively. Cell lysates were electrophoresed
and transferred to polyvinylidenedifluoride membranes (Millipore, Bedford, USA).
Membranes were blocked with 5% skim milk in Tris-buffered saline (TBS) at room
temperature for 1 h and incubated with primary antibody at 4OC overnight. After
rinsing with TBS containing 0.1% polyoxyethylenesorbitanmonolaurate (Tween-20)
(TBST), membranes were incubated with horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology, CA, USA) at room temperature for 1
h. After rinsing with TBST, membranes were exposed to the ECL Prime Western
Blotting Detection System (GE Healthcare Bio-Science, UK). The immunoblot and
intensity were analyzed by the ImageQuantTM analysis system (GE HealthcareBio-
Science, UK). Human B—actin was used as a loading control.
Wound healing assay

CCA cells were seeded and grown to confluence in the fibronectin-coated 12
well plates (Costar, Corning, NY, USA). The in vitro wound healing assay was made by
scraping the middle of the cell monolayer using a sterile micropipette tip. Floating
cells were removed by extensive washing with sterile PBS. After that, cells were
cultured with control medium (1% of DMSO) and 10 nM of NVP-BEZ235 in culture
medium. The experiments were performed in duplicate well for both conditions.
Photographs were taken using a phase-contrast microscope with a digital camera
(Axiovert 40, Carl Zeiss, Germany) at 0, 12 and 24 hours after wounding. Degrees of
cell spreading between groups were observed.
Statistical analysis

Statistical analyses were performed by SPSS software version 17 (IBM

Corporation, NY, USA). The correlation between IHC scores of each protein in CCA
tissues was calculated using the Pearson’s correlation coefficient. The association of
protein expression in CCA tissues and patients’ clinico-pathological factors were
assessed by Fisher’s exact test. Results of cell growth inhibition were presented as
mean + SEM of a representative experiment. The cell cycle analysis was represented
as mean =+ SD, and the significance of differences was addressed by student’s t-test.

A P-value <0.05 was considered statistically significant.
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RESULTS
Altered expression and association of PI3K/AKT signaling pathway molecules
with CCA clinicopathological characteristics

A total of 30 CCA tissues were studied, 70% were male and 30% were
female. The age of patients ranged from 37 to 71 years old (median=58 years old).
The patients were at an advanced stage with 50% presenting with metastasis. In this
study, the histological types were classified as papillary type CCA (47%) and non-
papillary type CCA (53%). The results of immunohistochemical staining revealed no
or very weak positive staining of all proteins investigated in normal bile duct epithelia
while the increased expression was observed in pre-cancerous and cancer cells,
respectively. The percent expression of p85d, p110d, AKT, p-AKT (T308), mTOR, p-
mTOR (52448), GSK—SB and p—GSK—3B (S9) in CCA tissues is 27%, 90%, 50%, 57%,
67%, 20%, 40% and 27%, respectively (Fig. 5a, Table 3). Moreover, expression levels
of the p110d; catalytic subunit of PI3K has a significant correlation with its regulatory
subunit; p85Q and its downstream targets as shown in Table 4. Interestingly, the
expression of p850, mMTOR and GSK—3B was significantly correlated with metastasis
(P=0.035, P=0.008 and P=0.025, respectively) (Table 5 and 6). Additionally, elevated
expression of AKT, p-AKT and GSK—3B were significantly correlated with non-papillary
type of CCA (P=0.028, P=0.030 and P=0.007, respectively) (Table 5 and 6).
Furthermore, there was a trend towards significance between p-AKT expression and
metastasis status of patients (P=0.065). In addition, the expression levels of p1100
also showed a trend associated with non-papillary (P=0.073), with 67% of these cases
are metastatic CCA. Interestingly, we found loss of PTEN expression in the majority of
CCA patients (70%) as shown in Table 3. Furthermore, we observed that within 89%
of the PTEN positive cases, their PTEN were inactivated by phosphorylation. In
addition, western blot analysis revealed the PTEN inactivation by phosphorylation in
all CCA cell lines studied (Fig. 5b). Therefore, loss of PTEN expression as well as
inactivation by phosphorylation seems to be the major cause of PI3K/AKT

overactivation in this series of CCA.
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Fig. 5 Expression of several key components of PI3K/AKT signaling pathway. (@) The
expression of p85Q, p110Q, AKT, p-AKT (T308), mTOR, p-mTOR (52448), GSK-3, p—GSK—3B
(S9), PTEN and p-PTEN (S380, T382/383) in normal adjacent bile duct and human CCA tissues
by immunohistochemistry staining. Original magnification is x400. (b) Western blot analysis of

the expression of PTEN and p-PTEN in a panel of CCA cell lines.
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Table 3 Summary of the PI3K/AKT signaling pathway components expression in human
CCA tissues.
Results
Molecul Total Positi
olecules cases ositive Negative
High | Low | Total (%) (%)
1. p850 30 3 5 8 (27%) 22 (73%)
2. pliod 30 18 9 27 (90%) 3 (10%)
3. Total AKT 30 6 9 15 (50%) 15 (50%)
4. p-AKT (T308) 30 5 12 17 (57%) 13 (43%)
5. Total-mTOR 30 8 12 20 (67%) 10 (33%)
6. p-mTOR (52448) 30 1 5 6 (20%) 24 (80%)
7. Total-GSK3 30 6 6 12(40%) 18 (60%)
8. p-GSK3 (S9) 30 3 5 8 (27%) 22 (73%)
9. Total-PTEN 30 a4 5 9 (30%) 21 (70%)
10. p-PTEN (5380, T382/383) 9 5 3 8 (89%) 1(11%)
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Table 4 Correlation coefficients between immunohistochemistry scores of the PI3K/AKT signaling pathway components in human CCA

tissues.
p1100 |AKT p-AKT |mTOR |p-mTOR [GSK-3 |p-GSK-38 |[PTEN  |p-PTEN

Pa5QL Correlation coefficient 0.535 .593 0.619 10.619 0.667 0.597 0.564 0.621 0.283
0.002 0001 [0.000 [0.000 [0.000  [0.000 0.001° 0.000 |0.460
P11001 Correlation coefficient 0.465 0.528 [0.464 0.351 0.452 0.282 0.332 0.473
0.010 0.003 10.010 0.057 0.012 0.132 0.073 0.199
AKT Correlation coefficient 0.580 [0.681 0.270 0.835 0.681 0.678 0.200
P 0.001 10.000 0.148 0.000 0.000* 0.000* 0.606
AKT Correlation coefficient 0.715 0.323 0.564 0.770 0.728 0.228
P 0.000 |0.082 0.001° 0.000 0.000 |0.555
TOR Correlation coefficient 0.478 0.686 0.664 0.828 0.807
m * * * * *
0.008 0.000 0.000 0.000 0.009
Correlation coefficient 0.083 0.234 0.439 0.452

p-mTOR »
0.665 0.213 0.015 0.222
Correlation coefficient 0.637 0.625 0.326

GSK-33 . .
0.000 0.000 0.392
p-GSK- Correlation coefficient 0.751 0.369
3B P 0.000 |0.328
Correlation coefficient 0.754
PTEN .
0.019
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Table 5 Correlation between PI3K subunits, AKT and their active form expression in CCA tissues and clinicopathological findings.

No. of

¢ patient
actors s /Llow High P - + P - + P - + p
Age (years)
< 58 14 6 8 0.765 10 1.000 5 9 0.143 7 7 0.491
> 58 16 10 12 10 10
Gender
Female 9 5 1.000 7 1.000 5 a4 1.000 3 6 0.691
Male 21 13 15 10 11 10 11
Histological types
Non-paillary 16 12 0.073 10 12 0.266 5 11 0.028 4 12 0.030*
Papillary 14 6 6 2 10 4 * 5
Metastasis
Non-metastasis 15 7 0.136 14 0.035 9 6 0.273 6 0.065
Metastasis 15 11 8 7 * 11
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Table 6 Correlation between mTOR and their active form and GSK—3B and their inactive form expression in human CCA tissues and

clinicopathological findings.

No. of
Clinicopathologic ] mTOR p-mTOR Gsk-3f3 p-GSK-3[3
. patient
actors s - + P - + P - + P - + P
Age (years)
< 58 14 3 8 0.105 12 2 0.657 7 7 0.296 11 11 0.689
> 58 16 11 8 12 a4 11 5 3 5
Gender
Female 9 3 8 0.419 7 2 1.000 5 4 1.000 5 q 0.195
Male 21 11 8 17 a4 13 8 17
Histological types
Non-paillary 16 4 12 0.156 13 3 1.000 6 10 0.007 10 6 0.22
Papillary 14 7 7 11 3 12 2 * 12 2 6
Metastasis
Non-metastasis 15 9 6 0.008* 13 2 0.651 12 3 0.025 12 3 0.682
Metastasis 15 2 13 11 a4 6 9 * 10
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NVP-BEZ235 inhibits CCA cell growth through blocking the PI3K/mTOR activity

We examined further if NVP-BEZ235, a dual PI3K/mTOR inhibitor, could inhibit
CCA cell proliferation. Seven CCA cell lines (OCA17, KKU100, M055, M139, M156,
M213, and M214) were treated with a range of concentration of the small molecule
and cell proliferation was assessed by SRB assay. The results showed that NVP-
BEZ235 effectively suppressed CCA cell growth at one nanomolar (nM) and in a
dose-dependent manner (Fig. 6a). The ICsq values (mean+SD) of NVP-BEZ235 in seven
CCA cell lines; OCA17, KKU100, M055, M139, M156, M213, and M214 were 48+19,
15+4, 5+2, 135+48, 2+1, 30+5 and 4515, respectively. Additionally, western blot
analysis revealed that NVP-BEZ235 was able to inhibit the phosphorylation of S473
AKT and 52448 mTOR in two representative cell lines in a dose-dependent response
(Fig. 6b), suggesting that NVP-BEZ235 blocks the PI3K/AKT pathway resulting in
inhibition of CCA cell proliferation. Moreover, flow cytometry analysis demonstrated
that NVP-BEZ235 induced significantly G1 arrest as well as reduced S phase
progression of CCA cell lines, for M139 at 1000 nM and M214 at 100 and 1000 nM
(Fig. 60).
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Fig.6 NVP-BEZ235 inhibits CCA cell proliferation. (a) Seven CCA cell lines were treated
with NVP-BEZ235 with the indicated concentration for 48 hours and cell proliferation
was assessed using SRB assay. Data are shown as mean + SEM of one representative
experiment. Each culture was done in three independent experiments. (b) Effects of
NVP-BEZ235 on reducing of AKT and mTOR phosphorylation in CCA cells. Cells were
treated with NVP-BEZ235 as indicated concentration for 48 hours. Cell extracts were
subjected to immunoblotting analysis for AKT, p-AKT, mTOR and p-mTOR,
respectiviely. (c) NVP-BEZ235 causes cell cycle arrest at G1 phase. Cells were treated
with NVP-BEZ235 for 48 hours and subjected to propidium iodide staining analysis.
The results were shown as the mean + SD from three independent experiments.”,

P<0.05 compared with control cells.
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NVP-BEZ235 induces autophagy without remarkable effect on apoptosis in CCA
cells

To test if NVP-BEZ235 inhibited cell growth, at least in part by inducing
apoptosis, we performed flow cytometry using Annexin-V-FLUQOS staining. The results
indicated that NVP-BEZ235 has no remarkable effect on apoptosis induction (Fig. 7a).
Although, NVP-BEZ235 decreased phosphorylation of AKT and mTOR which function
as a key negative regulator for autophagy, the type-ll programmed cell death. We
therefore examined the effect of NVP-BEZ235 on autophagy induction. The results
revealed that NVP-BEZ235 induces LC3B (LC3-ll) protein, a hallmark of cells
undergoing autophagy in a dose- and time-dependent manner in treated CCA cell
lines (Fig. 7b).

Fig. 7 NVP-BEZ235 induces autophagy without remarkable effect on apoptosis in CCA
cells. (a) Cells were treated with NVP-BEZ235 as indicated concentration for 48 hours,
then apoptosis cells were analyzed by using Annexin-V-FLUQOS staining kit and flow
cytometry. (b) NVP-BEZ235 induces autophagy in CCA cell lines. Cells were treated
with NVP-BEZ235 for 24 and 48 hours, respectively. Protein extracts were analyzed by
western blot with specific antibodies against LC3B (LC3-Il), an autophagic marker. The

apparent intensity of bands on the membranes was estimated using densitometry.

37

Page3 1



NVP-BEZ235 inhibited migration of CCA cells

The above IHC data indicated the association of several key components of
PI3K pathway with the metastasis status of the CCA patients studied. Therefore, we
sought to determine if NVP-BEZ235 could inhibit CCA cell migration, an important
step in the metastatic process. We performed an in vitro wound healing assay in
conditioned culture medium with or without NVP-BEZ235. The results showed that
the migration of the M139 and M214 cells was reduced by treating cells with 10 nM
of NVP-BEZ235, a concentration which has no effect on cell proliferation (Fig. 8).

Fig. 8 NVP-BEZ235 reduced CCA cell migration. The effect of NVP-BEZ235 on the
migration of CCA cell lines was determined by in vitro wound healing assay. The
extent of wound closure was observed and photographed using a phase-contrast

microscope with a digital camera at 0, 12 and 24 hours incubation.
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DISCUSSION

Although, an increased activation of PI3K/AKT pathway along with PTEN loss
[41, 42] has been reported in CCA, until now there has been no comprehensive
study of PI3K, AKT, p-AKT, mTOR, p-mTOR GSK-3[3, p-GSK-3[3 together with PTEN and
its inactive form, p-PTEN in human CCA tissues. A previous study revealed that
altered expression of p110Q, the catalytic subunit of class IA PI3K, by amplification,
overexpression or somatic mutation has been found in various human tumors [43]. In
this current work, we report the overexpression of p110d in human CCA tissues.
Moreover, our results demonstrated the significant positive correlation between
expression levels of p110A with its regulatory subunit, p85d, and its downstream
targets. However, expression of p85Q showed fewer positive cases than pl110Q.
Although, p110d could be directly activated by RAS proteins [44] which are usually
altered in CCA. A high frequency of KRAS proto-oncogene mutation was found in 4-
60% among Japanese and Thai CCA patients [45-48] and 100% of English patients
[49]. Moreover, there are studies that indicate elevated expression of mutated KRAS
have been correlated with a more aggressive phenotype of CCA [50-52]. Furthermore,
our data revealed that the expression of p85Q was significantly associated with
metastasis. Phosphorylation at T308 by PDK1 and S473 by mTORC2 is essential for
maximal activation of AKT. Although, phosphorylation of T308 in AKT is essential and
necessary for the cell transforming activity and for signaling [53], possibility as a result
of changing in conformation that allows substrate binding and phosphorylation [54].
However, several studies focused on S473 rather than T308 phosphorylation,
probably caused by relatively effective of S473 antibodies, particularly in
immunohistochemistry resulting in analyzing p-AKT (T308) in few studies. Thus, this
study aimed to reveal the expression of p-AKT (T308) in CCA. Previous studies
demonstrated an activation of the PI3K/AKT pathway in human CCA tissues which
more than 50% of cases expressed p-AKT and correlated with poor prognosis [41, 42,
55-58]These data consistent with our results as shown that 57% of the cases were
positive for p-AKT (T308) and correlated with poor prognosis. Our results showed a
few cases, 20% positive for p-mTOR with no correlation to any clinical data. Chung
and coworkers reported that p-mTOR expression was elevated in 83.7% in
extrahepatic CCA tissues [41]. Additionally, the altered expression of GSK—3B which
was previously reported to be a tumor suppressor in various types of cancer [59-61].
There is a single study that demonstrated the increased levels of p—GSK—3B (S9), an
inactive form in a mouse model of CCA carcinogenesis [42]. In this study, we report
the expression of GSK—BB and its inactive form, p—GSK—BB (S9) in human CCA tissues.
Our [HC results revealed the strong positive staining intensity in tumors when

compared with adjacent normal bile ducts. We found that about 40% of cases
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expressed GSK—BB, which correlated with metastasis and histological type of the
poor prognosis. Our finding was supported by growing evidence which indicated that
GSK—3B can positively regulate cell survival and proliferation [62], as well as promote
tumor development and progression. Moreover, inhibition of GSK—3B can sensitize
tumor cells to chemotherapeutic drug as shown in pancreatic cancer [63]. In
addition, we found only 8 of 30 cases were positive for p—GSK—3B, an inactive form of
GSK—SB. Furthermore, the expression of PTEN which defined as a tumor suppressor
and major negative regulator of PI3K/AKT signaling was investigated. We found loss
PTEN expression in the majority of CCA patients (70%) and consistent with the study
of Chung and coworkers, which showed the absence of PTEN expression in
extrahepatic cholangiocarcinoma patients [41]. Moreover, we found that among PTEN
positive cases, their PTEN was inactivated through phosphorylation. The results are
consistent with the study of Xu and coworkers [42].

We analyzed for the first time in CCA the therapeutic potential of a
PI3K/mTOR inhibitor, NVP-BEZ235, an imidazo[4,5-c]quinoline derivative that inhibits
activity by binding to the kinase ATP-binding cleft. This compound equally
targets wild-type, mutated p110 and mTOR [64] as well as in cells with loss of PTEN
expression [65]. We tested the growth inhibition effect of NVP-BEZ235 on a panel of
CCA cell lines, which showed PTEN inactivated by phosphorylation. We found that
NVP-BEZ235 could suppress CCA cell growth in the one nanomolar range of ICs,
values in a dose-dependent manner. Moreover, the agent exerted its anti-cancer
activity by reducing AKT and mTOR phosphorylation. Furthermore, flow cytometric
analysis demonstrated that NVP-BEZ235 was capable of inducing G1 cell cycle arrest
while lacking significant apoptosis induction. On the other hand, NVP-BEZ235
activates the CCA cells undergoing autophagy, a type-Il cell death which indicated by
increased LC3-Il, an autophagic marker level, in a dose and time dependent manner.
In many cancers NVP-BEZ235 had no apparent apoptosis induction [65-69]. Liu and
coworker demonstrated previously the cell growth inhibition as well as autophagy
induction of NVP-BEZ235 in human glioma cells [68]. This is not surprising because
NVP-BEZ235 target is mTORC1, an autophagic blocker resulting in autophagy
induction. Although, many studies demonstrate the proapoptotic properties of NVP-
BEZ235, in breast cancer [64], waldenstrom macroglobulinemia [70] and
hepatocellular carcinoma [71]. Additionally, it is known that autophagy is a cellular
response to stress conditions, which is implicated in both pro-survival and pro-
death processes in normal cells, as well as in cancer. It is also defined as a
mechanism that may enable tumor cells to survive antineoplastic therapy. In
addition, there are several lines of evidence demonstrating that many anti-cancer

agents can also induce autophagy [72-75]. There are studies suggesting that NVP-
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BEZ235 alone was not sufficient to induce apoptosis; hence this compound should
be combined with other therapeutic approaches, such as MEK inhibitor [76] or
radiotherapy [66, 67]. Furthermore, there are some studies mentioned that combined
NVP-BEZ235 with autophagy inhibition can enhance its anti-cancer efficacy by driving
the cancer cells to undergo apoptosis [77, 78]. Since our IHC analysis demonstrated
the expression of several key components in PI3K/AKT pathway is correlated with
metastasis in CCA patients, we tested if NVP-BEZ235 could inhibit CCA cell migration.
As shown in Figure 4, treated CCA cells with 10 nM of NVP-BEZ235 resulting in
reduced CCA cell migration. This result suggests that this pathway plays a role in
metastasis of CCA. This is supported by the study of Menakongka and colleagues
who reported that hepatocyte growth factor (HGF) promotes CCA cell invasiveness
through PI3K pathway [79]. Furthermore, there are several reports that
are consistent with our finding that NVP-BEZ235 can inhibit cancer cell migration [66,
69]. Moreover, Manara and co-workers also reported that NVP-BEZ235 suppressed
cell metastasis of Ewing sarcoma xenografts in vivo mouse models [69]. Therefore,
the PI3K pathway may be used as a potential target for treatment or prevention of
metastasis in CCA.

Taken together, we demonstrated the constitutive activation of PI3K/AKT
pathway in CCA patients as well as CCA cell lines. The possible mechanisms are PI3K
overexpression as well as PTEN inactivation by both loss of expression and
phosphorylation resulting in poor prognosis in human CCA studied. Therefore, this
particular pathway represents a possible useful target for CCA treatment. This work
also indicates that inhibition of PI3K and mTOR activity by a novel inhibitor, NVP-
BEZ235 has anti-proliferation as well as migration inhibition effects on CCA cells.
However, this small inhibitor failed to induce apoptosis of CCA cells while autophagy
induction could be observed. Based on these findings, NVP-BEZ235
might be applied in a therapeutic strategy for CCA, however, using this particular drug

in combination with other therapy should be considered.
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Part lll: Activated macrophages promote Wnt/B—catenin signaling pathway in

cholangiocarcinoma cells

METHODS
Human CCA specimens

The 40 paraffin-embedded and 48 frozen intrahepatic CCA tissues were
selected from the specimen bank of the Liver Fluke and Cholangiocarcinoma
Research Center, Faculty of Medicine, Khon Kaen University, Thailand. The informed
consentwas obtained from each subject before surgery and Human Research Ethics
Committee, Khon Kaen University has approved the research protocol (#HE43201,
#HE471214 and #HE521209).
Human CCA Cell lines

Five respective CCA cell lines, KKU-M055, KKU-M139, KKU-M156, KKU-M213
and KKU-M214 were developed from primary tumor of patients, who were admitted
to Srinagarind Hospital with the primary diagnosisof CCA. CCA cell lines were
established by Associate Professor Dr. Banchob Sripa; Liver Fluke and
Cholangiocarcinoma Research Center, Faculty of Medicine, Khon Kaen University.

All cell lines were cultured in HAM-F12 (Gibco/BRL, Grand Island, NY)
supplemented with 10% inactivated fetal bovine serum, 2 mg/ml sodium

bicarbonate and 1% antibiotic-antimycotic solution (Life Technologies, Inc.,

Gaithersburg, MD). All cultured cell lines were incubated at 37°C in a humidified
incubator maintained with an atmosphere of 5% CO,. Subculture was done when the
cell reached the confluent stage and the media were changed once every two to
three days.
U937 human macrophage cells

Human promonocytic leukemia U937 cells were purchased from the
American Type Culture Collection (ATCC). U937 cells were maintained in suspension
culture in RPMI-1640 supplemented with 10%(v/v) heat-inactivated fetal bovine
serum in a humidified atmosphere containing 5% CO,.
Antibodies
Antibodies used for this study were as follows: Rabbit anti-Wnt3 polyclonal antibody,
Rabbit anti-Wnt3a polyclonal antibody, Rabbit anti-Wnt5a polyclonal antibody, and
Rabbit anti-Wnt7b polyclonal antibody were purchased from Abcam Company
(Abcam, USA), while Mouse anti—B—catenin polyclonal antibody was from BD

Biosciences (USA).
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Total RNA extraction and cDNA synthesis

Total RNA was isolated from liver tissues and cell lines using TRIZOL® Reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s protocol. A 5ug aliquot
was reverse transcribed using RevertAid M-MuLV reverse transcriptase (Fermentas,

Burlington, CA) and random hexamer (Promega, Madison, WI) as a primer which were

mixed together and then heated at 70°C for 5 min. After that, reaction mixture
containing the first-stranded cDNA synthesis buffer (1x; 75 mM KCl, 50mMTris-Cl pH
8.3, 3mM MgCl,), 0.5 mM each dNTPs and 200 units reverse transcriptase (Fermentas,
Burlington, CA) was added. Reverse transcription was carried on using a DNA

thermocycler (GeneAmp PCR system 2400, Applied Biosystems, CA). The thermal

conditions were at 25 °C for 10 min, 42°C for 1 h, and 70°C for 10 min, respectively.
Quantitative real-time polymerase chain reaction (gqPCR)
gPCR of Wnts and glyceraldehydes-3-phosphate dehydrogenase (GAPDH) was

performed using a Tagman gene expression assay kit and the ABI 7500 real time PCR
system (Applied Biosystems, Foster City, CA). The TaqMan® Probes were labeled

with quencher and reporter dyes. The reporter dye of targeted TagMan® Probes in
this experiment was labeled with FAM dye whereas GAPDH probe was labeled with
VIC dye. PCR reactions were performed using FastStart Universal Probe Master Mix
(Roche, Switzerland) following the manufacturer’s protocol in duplication for each
sample. Briefly, each 20 ul/reaction contained 10 pl of 2X Tagman master mix, 1 pl
of Tagman probe and 9 pl of 1:6 diluted cDNA. After that the PCR reaction was

performed in 2 stages PCR reaction including (i) stage 1 at 95°C for 10 min for
beginning the hot start DNA polymerase, and (i) stage 2 at 95°C for 10 sec for

denaturing DNA to single strand and unfolding secondary form to the primary

structure of DNA then the temperature was down to 60°C for 1 min for annealing of
primer and DNA as well as DNA polymerase chain reaction; this stage was performed
for 50 cycles. Furthermore, during DNA polymerase chain reaction the specific probe
was digested then released of quencher dyes resulting of activation of reporter dye
and then the fluorescence signal was detected from the activated reported dye. The
relative quantification of the gene expressions was done using the comparative cycle
threshold (C) method and GAPDH expression as the endogenous control. C+ was
calculated from the reporter dye florescence signal in the middle log phase of the

signal chromatogram. The calculation formula is as below.

-Act
Relative Expression Quantification (REQ) = 2

Where;
AC; = Average C; (target) — Average Cr (endogenous)
And, Target =interesting genes, Endogenous = GAPDH
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Immunohistochemistry

Wnts and B-catenin were detected on the formalin-fixed, paraffin-embedded
sections using standard immunohistochemistry protocols. The paraffin sections were
deparaffinized then hydrated by submerging respectively in xylene and ethanol with
stepwise decreasing concentration. The sections were treated with 3% H,0O, in PBS to
block the endogenous peroxidase. After blocking with 5% skimmed milk, the sections
were incubated with 1:500 rabbit anti-Wnt3 antibody (Abcam, MA, USA) at 4°C
overnight, 1:200rabbit anti-Wnt3a antibody (Abcam, MA, USA) at 4°C overnight, 1:50
rabbit anti-Wnt5a antibody (Abcam, MA, USA) at 4°C overnight, 1:100 rabbit anti-
Wnt7b antibody (Abcam, MA, USA) at 4°C overnight, 150 mouse anti-|>-catenin
antibody (BD Biosciences, USA) at 4°C overnight. After that, sections were incubated
with  peroxidase-conjugated Envision secondary antibody (DAKO, Glostrup,
Denmark). Peroxidase activity was observed using DAB as the substrate. The sections
were counterstained with hematoxylin, dehydrated with stepwise increasing
concentration of ethanol, cleared with xylene and mounted with permount. The
staining frequency of proteinwas semiquantitatively scored on the basis of the
percentage of positive cells as: 0% = negative; 1% to 25% = +1; 26-50% = +2; and
>50% = +3. The intensity of protein staining was scored as weak = 1, moderate = 2
and strong = 3. For determination of biliary epithelial hyperplasia and dysplasia,
hyperplastic duct was defined as bile duct with increasing cell numbers, enlargement
of duct size and pseudopapillary projection, while dysplastic duct was defined as bile
duct composed of cells with multilayer nuclei, increasing nuclear-cytoplasm ratio
and containing micropapillary projection.
Stimulation of U937 cells with LPS

U937 macrophage cells were cultured in a 6-well plate 1.5x10° cells/well
overnight. Then, cells were treated withl or 2 pg/ml LPS for 12, 24 and 48 h.
Phosphate buffered saline (PBS)-treated cells were used as negative controls. After
stimulation, cells were processed for gRT-PCR.
Production of conditioned media

U937 macrophage cells were plated in 6-well culture plates 1x10° cells/well
overnight and were left unstimulated or stimulated with 2 pyg/ml LPS for 48 h. After
treatment, conditioned media were collected under sterile conditions, centrifuged
(2000rpm, 5minutes, 4°C) to remove cell debris, and stored at -80°C. The supernatant
from the LPS-treated U937 macrophages was designated as activated macrophage-
conditioned media (AMCM) and that from the untreated control cells as non-

activated macrophage-conditioned media (NAMCM).
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Stimulation of CCA cells with conditioned media from macrophages

Three CCA cells, M139, M213 and M214 were cultured in a 6-well plate 1><1O5
cells/well overnight. Then, cells were treated with NAMCM for 24 h and AMCM for 12
and 24 h. Untreated-CCA cells were used as controls. After stimulation, cells were
subjected to western blot analysis.
Transient knockdown of ﬁ-catenin using siRNA

High endogenous B—catenin expression, M214 CCA cells (2x10” cells)

were seeded into a 6-well plate for 24 h before transfection. Cells were transfected
either with siRNA specific for human B—catenin mMRNA (siRNA ID: s438; Ambion, Foster
City, CA, USA) or validated non-targeting siRNAs (scramble controls) (Ambion, Foster
City, CA, USA) or no siRNA sequence at all, using Lipofectamine Transfection Reagent
(Invitrogen, Carlsbad, CA), according to the manufacturer’s instruction. Specifically, 5
ul of lipofectamine was diluted in Opti-MEM | reduced serum media then incubate
for 5 min at room temperature. siRNA was added to diluted lipofectamine to get a
total volume of 500 pl. Then the solution was mixed gently and incubated for 20
min at room temperature. Then 500 pl of siRNA/lipofectamine complex was added

to each well containing 2.5 ml Opti-MEM | reduced serum medium and mix gently by

rocking the plate back and forth. Then, cells were incubated at 37°C in 5% CO,
incubator. After 24 h of incubation, the medium was replaced with 2.5 ml of
complete medium and further incubated for 24 h. After that cells were subjected for
further analysis.
Protein extraction and determination

Cells were washed with PBS and then lysed with radioimmuno-precipitation
assay (RIPA) buffer containing Protease K inhibitor cocktail, 0.5 MNaF, 0.2 M NaVO,,
IM Tris-HCL pH 7.5, 0.5 M EDTA, 2.5 MNaCl, 10% NP-40, 10% SDS and deionized
water. Cell lysate was then centrifuged at 13,000 xg¢ for 10 min at 4°C. The
supernatant was transferred to a new tube and determined for protein content using
the Pierce BCA™ Protein Assay Kit (Pierce Biotechnology, Rockford, IL). Twenty-five ul
of each cell lysate was mixed with 200 pl of BCA working reagent, and then
incubated at 37°C for 30 min. The absorbance was read at 540 nm against the blank.
The concentration of protein in the sample was estimated from a standard curve
that was constructed by using serial dilution starting from 2 meg/ml of standard
bovine serum albumin.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
and western blot analysis

Proteins were separated by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). Proteins extract from the cell lysates were solubilized in

ax SDS buffer containing DTT and boiled at 95°C for 10 min, then cooled down
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withice. Fifty Mg of protein extract was electrophoresed by 10% SDS-PAGE. Then,
proteins in electrophoresed polyacrylamide g¢el were transferred onto a
polyvinylidenedifluoride (PVDF) membrane (Bio-Rad, Hercules, CA). Prior to
transferring, PVDF membrane was soaked and agitated in 100% methanol for 15 sec
then soaked in the transferring buffer at room temperature for at least 5 min with
gentle agitating. The electrotransferring of proteins onto a PVDF membrane was
performed at 41mAmp for 1.5 h and incubated overnight with 5% non-fat dry milk.
The blots were then probed with primary antibodies including 1:1000 mouse anti—B—
catenin antibody (BD Biosciences, USA), 1:1000 mouse anti-cyclin D1 (Cell signaling,
MA, USA), 1:200 mouse anti-CDK4 (Cell signaling, MA, USA), and 1:20000 mouse anti-
B—actin (Sigma-Aldrich, St. Louis, MO, USA) as an internal control. The membranes

were incubated with primary antibodies at 4°C for 1 h. or overnight and secondary
antibodies at room temperature for 1 h. Proteins were detected by the Enhanced
Chemiluminescence Plus solution (GE Healthcare, UK). The apparent density of the
bands on the membranes was captured by ImageQuant Imager and analysed using
ImageQuant analysis software (GE Healthcare, UK).
Statistical analysis

Wnt mRNA levels in human CCA tissues and normal liver tissues were
reported as mean + SD. Difference expression between groups was examined using

Mann-Whitney U-test and Wilcoxon signed rank test. Clinico-pathological

characteristics and protein staining were compared using the XZ or Fisher’s exact
probability test. The Kaplan-Meier method was used to calculate the survival curves,
and the log-rank test was performed to compare differences in the survival rates of
patients who were subjected to curative surgery. All analyses were done using SPSS

software (version 15.0). A P < 0.05 was considered as significance.

RESULTS
Patient characteristics

Of the 48 intrahepatic CCA patients examined, 33 (70.2%) were males and
14 (29.8%) were females. A ratio between male to female is 2.3:1. The mean age
was 57+9.1 years (rang, 37-74 years). Most of the patients were in an advanced
stage, with 44.7% metastasis. In this series, the histological type was classified as
poorly differentiated- (6.4%), moderately differentiated- (19.1%), well
differentiated- (46.8%) and papillary (27.7%) —type CCA.

40

Page4‘ O



Wnt mRNAexpression profiles in human CCA tissues

The mRNA expression level of 9 Wnt genes which the altered expression has
been previously reported in various types of cancer including Wntl, Wnt2, Wnt3,
Wnt3a, Wntba, Wnt7a, Wnt7b, Wnt8b, and Wnt10b, respectively was investigated in
47 human CCA as well as in adjacent non-tumorous tissues of the same patient and
normal liver of 9 cadaveric donors. The relative Wnt mRNAs expression level
determined using real-time RT-PCR is shown in Figure 9. Our data demonstrated that
there was no differential expression of Wntl among the studied groups, whereas the
expression of Wnt2 and Wnt7a were significantly increased in adjacent non-tumor
and tumor tissues when compared with cadaveric donor. In addition, Wnt3a, Wnt5a
and Wnt7b expression was significantly increased in tumor tissues when compared
with adjacent tissues and liver tissues from a cadaveric donor, respectively.
Conversely, Wnt3 expression is significantly decreased in tumor tissues when
compare with cadaveric donors and adjacent tissues. The Wnt8b mRNA level in the
tumor was significantly increased compared to adjacent tissues. Furthermore, the
expression of Wnt10b in adjacent tissues was significantly increased when compared
with liver tissues from a cadaveric donor. However, there was no correlation between

Wnts mRNA expression and clinic-pathological as well as survival data.
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Fig. 9 The relative Wnt mRNAs expression level in human CCA tissues determined using real-
time RT-PCR
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Immunohistological analysis of Wnt protein and B-catenin in human CCA
tissues and their significant correlations

For a better understanding of Wnt/B—catenin signaling pathway activation in
CCA, immunohistochemistry analysis was performed to determine the expression and
localization of Wnt proteins and B—catenin in human CCA tissues. Based on the real
time RT-PCR result, we have chosen Wnt3 which down-regulated in CCA and three
Wnts including Wnt3a, Wntba and Wnt7b which significantly increased in tumor
tissues when compared with adjacent tissues and liver tissues from a cadaveric
donor, respectively (Fig. 10a and Fig. 10b).

The normal bile duct from cadaveric donors showed negative staining of
Wnt3. All normal bile duct epithelia residing in an adjacent tissue of tumor sections
and hepatocytes were no staining. For 40 intrahepatic CCA patients examined, 24
(60%) were negative stained for Wnt3 protein whereas 16 (40%) were weakly to
moderately positive for tumor cells. Wnt3 staining was also found in the hyperplastic
bile duct. Interestingly, Wnt3 strongly positive staining was seen in kupffer cells and
inflammatory cells residing in tumor and adjacent non-tumor tissues. We further
investigated the specific cell type of inflammatory cells which expressed Wnt3 in CCA
tissues. Double immunofluorescence analysis was performed to co-localized Wnt3
and MAC387 which is macrophage marker. Double immunostaining showed a part of
Wnt3-positive cells expressed MAC387. This result suggested that some of
inflammatory cells which expressed Wnt3 are the macrophages. However, no statistic
significant correlation was noted between Wnt3 expression in tumor cells and
inflammatory cells with clinico-pathological findings.

Additionally, the immunohistochemical staining demonstrated that Wnt3a
proteins were positive in cytoplasm of tumor cells in 37 of 40 CCA cases (92.5%)
whereas only 3 of 40 cases (7.5%) showed negative staining. Strongly positive of
Wnt3a was found in bile duct with hyperplasia as well as cancer cells. Normal bile
duct in non-tumor area showed low expression of Wnt3a, while hepatocytes, kupffer
cells and inflammatory cell showed negative staining (Fig. 10a). No significant
correlation was observed between Wnt3a expression and clinico-pathological
findings.

Furthermore, the normal bile duct from a cadaveric donor showed barely
positive staining of Wnt5a. Of the 40 intrahepatic CCA patients explored, 9 (22.5%)
were negative stained for Wnt5a and 31 (77.5%) were weakly to strongly positive for
tumor cells. Normal bile duct epithelia showed a weak cytoplasm staining for Wnt5a,
whereas hepatocytes and inflammatory cells were no staining (Fig. 10a). No

correlation was observed between Wnt5a expression and clinico-pathological findings
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of CCA patients. Cumulative survival was compared between CCA patients. The log-
rank analysis indicated that CCA patients with Wnt5a positive had significantly lower
survival than those with Wnt5a negative (P = 0.007) as demonstrated in Fig. 10c.

In addition, all of CCA patients exhibited Wnt7b positive staining in cytoplasm
of tumor cells. Low and high cytoplasmic Wnt7b expression were observed in 25
(65.8%) and 13 cases (34.2%) of CCA patients, respectively. Moreover, nuclear staining
was mostly found in bile duct with hyperplasia as well as tumor cells. In addition,
Wnt7b staining was also seen in the cytoplasm of hepatocytes and some infiltrating
cells (Fig. 10a). No significant correlation was observed between Wnt7b expression
and clinico-pathological findings or survival data.

Moreover, B—catenin expression in CCA is presented in Fig. 10b. Membrane
expression of B—catenin was observed in hepatocytes, normal bile duct epithelium in
non-tumor area as well as hyperplastic ducts. B—catenin expression was not found in
inflammatory and stromal cells. In tumor area, immunohistochemical analysis
revealed the reduced membranous expression of B—catenin. The remaining 29
(72.5%) tumors had a cytoplasmic B—catenin expression. Moreover, aberrant nuclear
expression for B—catenin was observed in cholangiocarcinoma cells. Correlation
between the expression of B—catenin with clinico-pathological factors and Wnt
proteins expression was investigated. No significant correlation was observed
between B—catenin expression and clinico-pathological findings. In addition,
cumulative survival was compared between CCA patients with negative and positive
for cytoplasmic B—catenin. The log-rank analysis indicated that there was a trend
toward a correlation of cytoplasmic B—catenin expression and poor survival rate of
CCA patients but no statistically significant association of the survival curves (P =
0.100) (Fig. 100).

Moreover, significantly, B—catenin expression was correlated with Wnt3,
Wnt5a and Wnt7b expression (P = 0.041, 0.016 and 0.005, respectively), indicating the

upstream regulatory molecules of B—catenin in CCA (Table. 7).
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Fig. 10 Immunohistochemical staining of (a) Wnt3, Wnt3a, Wnt5a and Wnt7b as well
as (b) B—catenin in human cholangiocarcinoma tissues. (c) The log-rank analysis

demonstrated a correlation between wnt5a and B—catenin with a survival of patients.
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Table 1 Correlation of B—catenin expression and clinico-pathological data of CCA

patients
No. of B-catenin score
Variable patients Low High P value

Age (Year)

<56 21 16 5 0.186

> 56 19 10 9 -
Gender

Female 11 9 2 0.270

Male 29 17 12 -
Histological grading

Papillary 8 6 2 0.689

Non-papillary 32 20 12 -
Metastasis stage

Negative 20 12 8 0.741

Positive 20 14 6 -
Wnt3 expression

Negative 24 19 5 0.041*

Positive 16 7 9 -
Wnt3a expression

Negative 3 3 0 0.539

Positive 37 23 14 -
Wntba expression

Negative 9 9 0 0.016*

Positive 31 17 14
Wnt7b expression

Low expression 25 20 5 0.005%*

High expression 13 4
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Lipopolysacharide (LPS) induced Wnt3 expression in human macrophage cell
line

As demonstrated by immunohistochemistry staining that Wnt3 s
predominantly expressed in kupffer cells and inflammatory cells residing in tumor
and adjacent non-tumor tissues. We therefore hypothesized those inflammatory cells
as well as inflammation reaction could mediate B—catenin activation. To prove this
hypothesis, we investigated the expression of Wnt3 in macrophage cell line upon
lipopolysaccharide (LPS) stimulation. Then, quantitative real time RT-PCR and
western blot analysis were performed to determine mRNA and protein levels of
Wnt3 in U937 human macrophage cell line. For real time RT-PCR assay, cells were
treated with 1 and 2 pg/ml of LPS for 12, 24 and 48 h, respectively. Wnt3 mRNA
level in LPS-induced cells were found to be increased when compared to their
corresponding untreated cells and reached the highest expression level at 48 h of
induction with 2 pg/ml of LPS as shown in Fig. 11a. For western blot analysis,
cells were treated with 2 pg/ml LPS for 48 h and were harvested for Wnt3 protein
analysis. The result showed that the protein expression of Wnt3 in LPS induced-cells

was elevated when compared to non-treated control cells (Fig. 11b).

Fig. 11 Wnt3 mRNA and protein expression in LPS treated-macrophage cell line. (A)
Relative real time RT-PCR was performed to detect Wnt3 mRNA level upon being
treated with LPS. The data were represented the results of two independent
experiments. Each bar represents the mean+S.D. (B) Western blot analysis showed

the increased of Wnt3 protein level in LPS-induced U937 cells. Apparent intensity of

bands on the membranes was analyzed by ImageQuant analysis software.
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Activated macrophage conditioned media (AMCM) induced B-catenin activation
in CCA cell lines

In order to confirm that factors which secreted from activated macrophage
could promote B—catenin activation in CCA cell lines, U937 human macrophage cells
were untreated or treated with 2 pg/ml of LPS for 48 h to become activated
macrophages. Then, conditioned media from both non-activated macrophages
(NAMCM) and conditioned media from activated macrophages (AMCM) were
collected. After that, CCA cell lines (M139, M213 and M214) were treated with RPMI
(negative control), 2 pg/ml of LPS, NAMCM and AMCM for 12 and 24 h, respectively.
After that, western blot analysis was performed to investigate the protein level of B—
catenin in CCA cell lines as shown in Fig. 12a. The results presented that treatment
with AMCM resulted in increasing of B—catenin proteins levels at 24 h in both M139
and M213 compared to their controls, respectively. In M214 cells, AMCM treatment
led to increasing of B—catenin at 12 and 24 h after treatment. In contrast, no change
of B—catenin expression was observed in all CCA cells after LPS or NAMCM
treatment. Moreover, cytosolic and nuclear B—catenin in M214 were detected by
western analysis (Fig. 12b). The result revealed that treatment of M214 with AMCM
for 24 h resulted in elevation of B—catenin level in the nucleus of cell. This change
correlated with decreasing in cytosolic B—catenin. This result indicated that factors
which secreted from activated macrophage can promote B—catenin activation in
CCA cell lines.
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Fig. 12 B—catenin activation in CCA cell lines after treatment with AMCM. Three
CCA cell lines (M139, M213 and M214) were treated with 2 pg/ml LPS,
conditioned media from untreated macrophage (NAMCM), LPS-activated
macrophages (AMCM) or left untreated (control) at the indicated time. Western
blot analysis was performed to determine the protein levels of B—catenin from
whole cell lysates of three CCA cell lines (a). Cytosolic and nuclear B—catenin
were investigated in M214 cells (b). B -actin was used to check for equal loading
of the gel. AMCM = activated macrophage conditioned media, NAMCM = non-

activated macrophage condition media.
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Knocking down of ﬁ-catenin by siRNA reduced CCA cell growth

We then further evaluated whether B-catenin is involved in CCA cell growth.
M214 CCA cell line was transiently transfected either with B—catenin siRNA to suppress
B—catenin protein translation or with the scrambled siRNA as a control. After 48 h of
transfection, the western blot analysis revealed 90% suppression of B—catenin protein
by siRNA (Fig. 13a). The effect of B—catenin knockdown on cell viability was determined
by trypan blue counting. The result showed that B—catenin suppression causes
significantly decreased the growth rate of M214 cell when compared with scramble
SIRNA treated-cells (P = 0.02, Fig. 13b).

We also evaluated whether the decrease in B—catenin protein in M214
cells following siRNA treatment could affect the transcriptional regulatory
function of B—catenin. Western blot analysis was then performed to
determine the effect of down-regulation of B—catenin on its targets, cyclin D1 and
regulatory partners, cdkd in M214 cells. Our results showed that siRNA-mediated
down-regulation of B—catenin expression caused decreased of cyclin D1, but not

effected cdkd expression (Fig. 13a).
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Fig. 13 Effect of siRNA-mediated knockdown of B—catenin in M214 CCA cell line.
Western blot analysis showed a markedly decreased of B—catenin protein level

after 48 h of transfection (a). B—Catenin siRNA transfection was significantly

inhibited CCA cell proliferation (b). *P < 0.05. Scramble = cells treated with
non-specific siRNA,; siB—catenin = cells treated with siRNA specific to B—
catenin
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DISCUSSION

Accumulated evidences have indicated that Wnt/B—catenin signaling pathway
is associated with many tumor types [80]. In humans, the Wnt family is composed of
19 structurally related molecules. The members exhibit unique expression patterns
and distinct functions in development [81]. There are several studies which have
shown aberrant expression of Wnt molecules in various types of human cancers [82-
84]. The present study is the first observation of Wnt expression profile in CCA.
Profiling Wnt genes by real time RT-PCR indicated that 5 Wnt genes including Wnt2,
Wnt3a, Wnt5a, Wnt7a and Wnt7b were significantly overexpressed in CCA patients,
compared with cadaveric donor tissues whereas Wnt3 expression was down-
regulated in cancer tissues. In CCA cell lines, most of them showed a high level of
expression of Wnt7a and Wnt7b, respectively. Our findings indicated that aberrant
expression of the Wnt gene family was found in CCA.

We then further investigated the expression and localization of 4 Wnt
proteins in CCA patients. In the 40 cases of human CCA examined in the present
study, most of them showed the positive staining of Wnt3a, Wnt5a and Wnt7b in
tumor cells. In contrast, Wnt3 was predominantly expressed in kupffer cells as well
as inflammatory cells while only 40% of cancer cells showed positive Wnt3 staining.
Moreover, the cumulative survival analysis demonstrated that CCA patients with
Wntba positive expression had a significantly shorter survival time than those with
Wnt5a negative expression. A similar finding was reported in ovarian cancer. This
indicates that Wnt5a in tumor cells might be able to serve as a prognostic marker for
CCA. However, no correlation was observed in the Wnt proteins expression and other
clinico-pathological features.

B—catenin is a key mediators of Wnt/B—catenin pathway. In normal state, B—
catenin is primarily located in the membrane and the cytoplasm of cells and the
expression is kept at low levels [85]. The role of free cytoplasmic B—catenin has
been revealed to be the co-activator for a family of transcription factors, TCF/LEF,
which results in activating expression of TCF/LEF-regulated target genes [86]. The
present study revealed the immunolocalization of B—catenin in CCA
patients. Our results showed that loss of membranous B—catenin was observed in
tumor. Moreover, most of CCA patients (72.5%) had a cytoplasmic B—catenin
expression and nuclear translocation of B—catenin was also found in cancer cells.
These results support the other studies which have been reported the accumulation
of cytoplasmic and nuclear B—catenin in CCA [87, 88]. Sugimashi and coworkers
demonstrated that reduced membranous expression of B—catenin is associated with
non-papillary intrahepatic CCA which have a more malignant behavior and that

nuclear translocation of B—catenin results in oncogenicevents. These results
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suggested that the aberrant cytoplasm and nuclear expression of B—Catenin might be
involved in the carcinogenesis and progression of CCA. In addition, we also found a
significant correlation of abnormal B—catenin expression with Wnt3, Wntba and
Wnt7b expression. Our findings suggested that Wnt3, Wnt5a and Wnt7b might be the
key upstream molecules that activate Wnt/ B—catenin signaling pathway in CCA.

Additionally, a number of studies have established that inflammation
contributes to many types of malignancies, including CCA. Consistently, previous
study in CCA demonstrated that the presence of O. viverrini antigen was associated
with heavy inflammatory cell infiltration, particularly with mononuclear cells [89]. In
the present work, our immunohistochemistry result presented that inflammatory
cells surrounding tumor cells showed strongly Wnt3 expression. Therefore, we
postulated that inflammatory conditions could modulate B—catenin activation in
CCA. In this study, we used the human U937 macrophage cell line to evaluate
whether LPS can induce Wnt3 expression. The result showed that treatment with 2
ug/ml of LPS for 48 h stimulated Wnt3 mRNA and protein expression in macrophage
cell line. Therefore, this information revealed that inflammation condition induced
by LPS could induce Wnt3 expression in macrophage.

We then further studied whether LPS induced Wnt3 expression in
macrophage could mediate B—catenin activation in CCA cells. There are many
studied demonstrated that the crosstalk between the tumor cells and macrophages
was mediated by soluble factors [90]. Therefore, in this work CCA cells were exposed
to conditioned media from LPS induced macrophages then B—catenin activation was
investigated by western blot analysis. We could demonstrate that conditioned media
from LPS induced macrophages was able to increase B—Catenin protein level of CCA
cells, whereas conditioned media from non-activated macrophages did not,
suggesting that factors secreted by activated macrophages were responsible for B—
catenin activation in CCA cells. These observations can be supported by our earlier
study showing that activated macrophages showed increasing of Wnt3 expression. It
implies that Wnt3 could be one factor which secrete from activated macrophages
and mediate cross-talking between carcinoma cells and stromal cells resulting in B
catenin activation in CCA cells. Unfortunately, we could not detect Wnt3 protein in
conditioned media of LPS activated macrophage which probably due to the very low
level of protein.

Furthermore, the increased levels of B—catenin frequency found in both
premalignant and malignant cells are associated with increased rates of cellular
proliferation [91, 92]. In this study, we demonstrated that B—catenin is involved in
regulating of CCA cell proliferation. M214 CCA cell line transfected with siRNA

targeting B—catenin showed less cell viability. Moreover, our current data revealed
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that siRNA-mediated down-regulation of B—catenin can inhibit the expression of
growth-related-gene, cyclin D1, which is a specific target gene of B-catenin. Our
results are consistent with the previous studies that suppressed B—catenin by siRNA
could successfully induce growth inhibition in a variety of cancers both in vitro and in
vivo ([93, 94]. However, our results demonstrated that suppression of B—catenin had
reduced about 20% on CCA cell growth which implies that inhibition only B—catenin
may not be enough for inhibiting CCA cells growth. This was consistent with the
previous study which indicated that other signaling pathways participate in
controlling of CCA cell growth [19]. Therefore, blocking only B—catenin may result in
activation of an alternative pathway giving rise to some advantage to cell growth so
blocking two or more pathway would be more effective therapeutic approach to
treatment of CCA.

CONCLUSIONS AND PERSPECTIVES

Our data demonstrate that multiple protein kinases are activated which lead
to stimulation of several signaling cascades in CCA. We also illustrate an increasing of
kinase activation including Erk1/2 and Akt in CCA tissues compared with their non-
tumorous adjacent tissues. These results indicate the involvement and important
role of kinases in CCA that potentially contribute to the CCA progression. Importantly,
we depict that the abrogation of kinase inhibitors leads to suppression of CCA cell
growth. In addition, multi-targeted kinase inhibitors, sorafenib and sunitinib show the
best potential on CCA cell growth inhibition as well as apoptosis induction by
suppressing Erk1/2 and Akt activation. These results indicate that certain protein
kinases are promising as drug targets for CCA treatment and targeting multi- kinases
should be further investigated as an approach to improve CCA therapy.

In addition, we demonstrated the constitutive activation of PI3K/AKT pathway
in CCA patients as well as CCA cell lines. The possible mechanisms are PI3K
overexpression as well as PTEN inactivation by both loss of expression and
phosphorylation resulting in poor prognosis in human CCA studied. Therefore, this
particular pathway represents a possible useful target for CCA treatment. This work
also indicates that inhibition of PI3K and mTOR activity by a novel inhibitor, NVP-
BEZ235 has anti-proliferation as well as migration inhibition effects on CCA cells.
However, this small inhibitor failed to induce apoptosis of CCA cells while autophagy
induction could be observed. Based on these findings, NVP-BEZ235
might be applied in a therapeutic strategy for CCA, however, using this particular drug
in combination with other therapy should be considered.

Moreover, our results also indicate that many Wnt genes were abundant

expressed in CCA. The expression can also be found in inflammatory cells and LPS
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can induce Wnt up-regulation in macrophages. It implies that Wnt/B—catenin pathway
may involve in inflammatory-associated CCA. In addition, abrogation of B—catenin
expression induced growth inhibition of CCA cells. Therefore, suppression of Wnt/

B—catenin signaling could be a potential target for inhibiting CCA cell growth.

Based on the above information, we are now investigating the expression and
also the role(s) of the remain kinases which got from kinase array data including
JAK/STAT and Ephrin signaling pathway in order to find the best target for CCA
treatment. Furthermore, the efficiency of various kinase inhibitors as well as those
natural extracted compounds is now testing both in vitro and in vivo to find the new

strategy for CCA prevention and treatment.
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