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CHAPTER I

INTRODUCTION

1.1 BACKGROUND AND RATIONALE

Cholangiocarcinoma (CCA) is a heterogeneous malignancy that originates in
the bile ducts. CCA has the highest incidence in Thailand especially in North East and
the incidence rate is progressively increased worldwide (1,2). CCA is an aggressive
cancer with high mortality rate, high recurrence rate and poor prognosis, therefore
CCA becomes a major health problem. To date, there are no effective therapeutic
strategies for CCA, although surgery is considered to be the best approach. However,
CCA is usually diagnosed when the disease has progressed into an advanced stage in
which only therapeutic option is chemotherapy without the possibility of curative
surgery (3). However, there are no effective chemotherapeutic regimens for CCA
because of high chemoresistance in this disease (3). The 5-year survival rate of CCA
patients especially with advanced stages are lower than 5-10% (4). Therefore, more
effective treatment strategies are urgently needed for a better CCA treatment and
prognosis. Apart from surgery and chemotherapy, there are three more major
therapeutic strategies for cancer treatment including radiation therapy, targeted
therapy, and immunotherapy. Combination treatments of chemotherapy or targeted
therapy with immunotherapy or other treatment strategies that have dual benefits to
target cancer cell death and enhance anti-tumor immunity could conceivably be
promising therapeutic strategies for more efficient cancer treatment, reducing cancer
relapse, increasing survival rate and finally possible cancer cures (5,6).

Chronic inflammation has been generally considered to play important roles in
the development of CCA following primary sclerosing cholangitis, liver fluke,
hepatitis B and C infection, which suggested the immune related etiology of CCA and
therefore, immune modulation therapy could possibly result in better prognosis of
patients with CCA. In addition, cancer immunotherapy for CCA is being evaluated in

clinical trials (1). Polyinosinic-polycytidylic acid (poly I:C), a synthetic analog of



double-stranded RNAs which activates toll-like receptor 3 (TLR3) signaling, an
endosomal pattern recognition receptor (PRR), has been used as a potent vaccine
adjuvant in cancer immunotherapy to enhance its anti-tumor activity (7,8). In
addition, in vivo studies have demonstrated the connection between TLR3 treatments
and anti-tumor activity (9). It has been reported that poly(l:C) as an adjuvant in cancer
immunotherapy acts on both cancer and immune cells that leads to tumor regression.
In immune cells, the binding of poly (I:C) to TLR3 receptor leads to the activation of
nuclear factor kappa B (NF-«kB), mitogen-activated protein kinase (MAPK), and
interferon regulatory factor (IRF3) inflammatory signaling pathways, thereby
resulting in inflammatory cytokine production and immune response activation such
as dendritic cell maturation (10). Interestingly, poly (I:C) has been shown to directly
induce apoptosis both in vitro and in vivo in various types of cancers such as breast
cancer, melanoma, renal cell carcinoma, prostate cancer, nasopharyngeal carcinoma,
multiple myeloma, head and neck squamous cell carcinoma (HNSCC), hepatocellular
carcinoma, neuroblastoma and non-small cell lung cancer (8,9,18-23,10-17).
Poly(I:C)-induced apoptosis has been proposed to be mediated through the
formation of TIR-domain-containing adapter-inducing interferon-p (TRIF), Fas-
associated protein with death domain (FADD) and receptor interacting protein Kinase
1 (RIPK1), thereby leading to the activation of caspase-8, an extrinsic apoptosis
pathway (24). However, negative regulators of poly(l:C)-induced apoptosis has been
reported in a subset of cancers. Cellular inhibitor of apoptosis protein 1 and 2 (clAP1
and clAP2), two of nuclear factor kB (NF-xB) target genes, have been shown to be
the negative regulators of TLR3 signaling-induced cancer cell apoptosis (25).
Overexpression of clAP1 and clAP2 has been reported in various cancers that
facilitates cancer cell survival by inhibiting apoptosis and therefore contributes to
anti-tumor therapy failure (26). Therefore, targeting clAP1 and clAP2 proteins are
considered as attractive targets for therapeutic intervention in cancers both as a single
treatment or the combination treatment with other anti-cancer drugs (27). Several
small molecules targeting IAP proteins have been developed called Smac mimetics.
Smac mimetics function as endogenous IAP antagonists which target clAPs for

proteasomal degradation (28,29). The combination treatment of TLR3 ligand and



Smac mimetic has been studied as an alternative anti-tumor treatment in other
cancers, however there is no study in CCA.

Damage-associated molecular patterns (DAMPs) that are released from
damaged or dying cells in tumor microenvironment and pathogen-associated
molecular patterns (PAMPSs) are two of factors that induce chronic inflammation in
tumor microenvironment (30,31). Both DAMPs and PAMPs have been shown to
activate and induce the expression of pattern recognition receptors (PRRs) including
TLR3, suggesting that TLR3 ligand could be used for treatment of CCA which is
associated with chronic inflammation through the induction of cancer cell apoptosis.
In addition, dysregulated expression and activation of NF-kB proteins have been
observed in CCA cells that might limit TLR3 ligands-induced apoptosis (32,33). We
therefore asked if clAP1 and clAP2 were overexpressed in CCA cells and contributed
to the resistance to TLR3 ligands-induced apoptosis. As discussed above, we
therefore hypothesized that clAP1 and clAP2 were overexpressed in CCA cells and
targeting clAP1 and clAP2 for proteasomal degradation could sensitize CCA cells to
TLR3 agonist-induced apoptosis. This led us to ask the research question if the
combination treatment by targeting clAP1 and clAP2 for proteasomal degradation
using Smac mimetic and targeting TLR3 by TLR3 ligand or poly(l:C) treatment
synergistically induced apoptosis in CCA cells.

In this study, we investigated the expression of clAP1, clAP2, and TLR3
proteins in CCA cell lines. The single treatment of poly(l:C) or Smac mimetic and the
combination treatment of poly(l:C) and Smac mimetic to induce apoptosis in CCA
cells were investigated. Finally, the role of RIPK1, a proposed key mediator of Smac
mimetic/TLR3-induced apoptosis was investigated through two different approaches
including a pharmacological inhibitor and CRISPR/cas9-mediated deletion of RIPK1
gene. Because TLR3 ligand, poly(l:C) is in clinical use and is entered clinical trials
for cancer immunotherapy and Smac mimetics are currently in clinical trials as anti-
cancer agents for treatment of some cancers, the data obtained from our in vitro
studies using the combination treatment of poly(l:C) and Smac mimetic-induced CCA
apoptosis could be translated into the promising treatment strategy for CCA patients.
In addition, since poly(l:C) is an adjuvant used in cancer vaccine immunotherapy and

Smac mimetic has been shown to enhance anti-tumor immunity, a synergistic



combination of Smac mimetic and poly (I:C)-induced apoptosis could be considered
as an immunogenic cell death (ICD) which can also activate anti-tumor immunity
(34,35). This combination treatment strategy could be more effective therapy for CCA
and will lead to increase survival rate of CCA patients.

1.2 RESEARCH QUESTION
Does Smac mimetic and poly(l:C) have a synergistic effect on apoptosis of

cholangiocarcinoma cells?

1.3 HYPOTHESIS
clAP1 and clAP2 were overexpressed in CCA cells and contributed to the resistance
to TLR3 ligand-induced apoptosis, therefore targeting clAP1 and clAP2 for
proteasomal degradation using Smac mimetic could synergize poly (I:C)-induced
CCA cell apoptosis.

1.4 OBJECTIVES (AIMS)

1.4.1 To examine the expression of clAP1, clAP2 and TLR3 proteins in CCA cell
lines

1.4.2 To induce the degradation of clAP1 and clAP2 by Smac mimetic

1.43 To examine apoptosis induction by Smac mimetic or poly(l:C) single
treatments or the combination of Smac mimetic and poly(l:C) treatment

1.4.4 To determine the role of RIPK1 as a mediator of Smac mimetic and poly
(I:C)-induced CCA cell apoptosis



1.5 CONCEPTUAL FRAMEWORK

CCA iz an aggressive cancer with high mortality rate

¥

CCA iz resistant to conventional therapy such as chemotherapy

]

Novel efficient treatment strategies are urgently needed
¥

CCA iz an inflammation-associated cancer and the presence of abundant host immune reaction

|

Targeting CCA cell death and immunemeodulation therapy as 2 novel treatment

L] v

Poly (I:C), TLE3 agonist

induced CCA cell apoptosis as Drysregulated expression and activation of NF-«B in CCA (increased cIAP1&2 expression)

a novel treatment ¥

Smac mimetic as an endogenous [AP antagonist

¥ "

Single treatments of Smac mimetic or poly(l:C) or the combination treatment of pely (I:C) and Smac mimetic-induced apoptosis

!

Cell model selection: § CCA cell lines + non-tumor cholangiocyte cell line

¥ ¥
TLE3 expression by Western blot analysis clAP 1&2 expression by Western blot analysis
¥
cIAP 1&2 degradation by Smac mimetic at 0.3, 1, 2 and 4 hours
¥ ¥

Two representati&'eICC_‘—‘a cell lnes
¥

Optimization of apoptosis induction by single freatments or combination treatment by MTT aszay
(Poly (I:C): 2.5, 10, 25 and 50 pg/ml and Smac mimetic: 1, 3, 10, 25 and 30 nl)

1’ L J

BIPK1 as a mediator of TLE.3-induced apoptosis

Apoptosis confirmation

I '

- Generation of RIPK1 knockout CCA cells by CRISPR/Cas®
- AnV/PI staiming by flow cytometry
- Caspase-§, caspase-3 and PARP1 by Westermn blot l
analyvals
- Apoptosis mhibitor, pan-caspase inhibitor (zVAD-fink) Apoptosis detection by AnV/PI staming
¥ ¥
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1.6 SCOPE OF RESEARCH

In this research, in vitro cell model was used to investigate the synergistic
effect of Smac mimetic and poly(1:C)-induced apoptosis. We examined the expression
of clAP1, clAP2 and TLR3 in 6 different CCA cell lines and a non-tumor
cholangiocyte. A bivalent Smac mimetic called SM-164 was used to induce the
degradation of clAP1 and clAP2 in representative CCA cell lines and a non-tumor
cholangiocyte. Apoptosis induction in CCA was triggered by single treatments of
Smac mimetic (SM-164) or a synthetic TLR3 ligand, poly(l:C) or the combination
treatment of Smac mimetic (SM-164) and poly (I:C). Cell death was screened by
MTT assay. Apoptosis was further determined by more specific markers including
AnV/PI staining followed by flow cytometer analysis, caspase-8, caspase-3 activation
and PARP-1 cleavage by Western blot analysis. In addition, inhibitor of apoptosis, a
pan-caspases inhibitor (zZVAD-fmk) was used to determine if the combination
treatment induced apoptosis. Finally, the role of RIPK1 as a proposed mediator of
TLR3 ligand and Smac mimetic was explored using a pharmacological inhibitor and a
genetic deletion of RIPK1 gene by CRISPR/cas9-mediated gene deletion.

1.7 BENEFIT AND APPLICATION

Lack of effective therapy is major contribution of low 5-year survival rate and high
mortality rate of CCA patients. This is the first study demonstrating the combination
treatment of poly(l:C) and Smac mimetic and their synergistic effect to induce
apoptosis of CCA cells. Since Poly(l:C) is being used in clinics as well as a vaccine
adjuvant for immunotherapy nowadays and small molecules targeting clAP1 and
clAP2 for degradation (i.e. Smac mimetics) are being evaluated in clinical trials for
treatment of some cancers, the in vitro studies from the current study could be
translated into the promising treatment strategy for the development of a novel anti-
cancer therapy for CCA patients. Moreover, both poly(l:C) and Smac mimetic have
been shown to enhance anti-tumor immunity. The combination treatment strategy of
poly(I:C) and Smac mimetic-induced apoptosis could be considered as an
immunogenic cell death which can also activate anti-tumor immunity. This
combination treatment strategy could be more effective therapy for CCA patients and
will lead to increase survival rate of CCA patients.



CHAPTER Il

LITERATURE REVIEW

2.1 CHOLANGIOCARCINOMA

Cholangiocarcinoma (CCA) is a form of cancer that originates in the
bile ducts. CCAs can be classified as intrahepatic cholangiocarcinoma (iCCA),
perihilar cholangiocarcinoma (pCCA) and distal cholangiocarcinoma (dCCA) due to
their anatomical location. Intrahepatic cholangiocarcinoma (iCCA) originates above
the second-order bile ducts, whereas perihilar cholangiocarcinoma (pCCA) and distal
cholangiocarcinoma (dCCA) can be separated by the cystic duct (36). CCA has the
highest incidence in Thailand especially in North East in which it has overall
incidence of 85/100,000 while it has been shown that its incidence keeps rising
globally (Figure 1) (2). CCA is a heterogeneous bile duct cancer that host-specific
background and geographical distribution contribute as risk factors of CCA. However,
the risk factors of CCA are unclear. Primary Sclerosing cholangitis (PSC) is an
autoimmune disease that affects bile ducts. It leads to chronic inflammation,
production of bile mutagens and proliferation of biliary epithelium that promote CCA
development (37). Viral hepatitis including Hepatitis B (HBV) and Hepatitis C (HCV)
has been shown to be associated with CCA. The presence of cirrhosis affected from
viral hepatitis as well as chronic inflammation leads to CCA development (38,39).
One of well-established risk factors is liver fluke (Opisthorchis viverrini) infection
which has been classified as type | carcinogen and a strong risk factor of CCA. It is
normally found in Eastern Asia, especially in Thailand, where the great majority of
CCAs are caused by this parasitic infection. Chronic inflammation and cholangitis are
the consequences of this parasite infection that may contribute to CCA development
(40,41).
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Figure 1 : Worldwide incidence of CCA

Countries with lower incidence (< 6 per 100,000 cases, rare cancer) represent
in green color, whereas pink color identifies countries in which CCA is not considered
a rare cancer (> 6 per 100,000 cases). North East of Thailand has highest incidence in
which overall incidence reaches 85/100,000 people (case per 100,000 people)(2).

2.2 CURRENT CHOLANGIOCARCINOMA THERAPY

CCA is an aggressive cancer. In early stage, it is normally
asymptomatic, and it is usually diagnosed at an advanced stage. It also has high
mortality due to its aggressiveness. For CCA treatment, surgery is considered to be
the treatment option for all types of CCA, but most CCA patients are presented with
the advanced stage where surgical resection cannot be performed(1). The available
treatments are not effective enough for CCA patients with unresectable or advanced-
stage CCA. The overall median survival is less than 1 year with the current
chemotherapy regimen such as gemcitabine or cisplatin (42). Therefore, more
effective treatment strategies are urgently needed for a better CCA treatment.
Immunotherapy is now a promising therapy for cancer treatments. It can reactivate the
natural body’s immune response to recognize and kill the cancer cells. Since chronic
inflammation has been linked to liver fluke and primary sclerosing cholangitis
associated-CCA tumorigenesis highlighting the immune etiology of CCA and thus

cancer immunotherapy could be proposed as an alternative strategy for treatment of



CCA. Cancer immunotherapy alone or in combination with other treatments for CCA

is being evaluated in clinical trials (1).

2.3 CANCER THERAPY AND CANCER IMMUNOTHERAPY

There are many types of cancer treatment such as surgery, radiation
therapy, chemotherapy, targeted therapy and immunotherapy (43). Surgery is the best
way to remove cancer from the body but most cancers with poor prognosis are usually
diagnosed at an advanced stage so that surgery cannot be performed. The next
common option is radiotherapy and chemotherapy, but some cancers do not respond
well to chemotherapeutic drugs due to its chemoresistance property (3). There are
several mechanisms of chemoresistance that help CCA cells to confer resistance to
chemotherapy (44). One of major mechanisms driving chemoresistance is resisting
apoptosis cell death either through the mutation of proapoptotic protein such as p53
gene or overexpression of anti-apoptotic proteins such as Bcl-XI, Bcl-2, Mcl-1 (45).
Mcl-1 overexpression through the regulation of 1L-6-induced Stat3 signaling has been
observed in CCA (46). Radiotherapy and chemotherapy cannot kill all cancer cells,
some population of cancer cells are still alive that lead to cancer recurrence. Besides,
these treatments also have side effects on normal cells. Now, people are focusing on
targeted therapy which is targeting the specific genes or molecular pathways. In order
to apply targeted therapy for cancer treatment, it requires the well-known molecular
mechanisms being dysregulated in cancer cells which always are heterogeneous.
Another promising cancer treatment, is immunotherapy that can reactivate the
immune system to recognize and fight against cancer (5). Immunotherapy has been
validated in the clinical uses as an effective cancer treatment for various cancers. One
of risk factors for cancers is chronic inflammation. Chronic inflammation can lead to
tumor initiation. Malignant transformation frequently takes place and the immune
system can also recognize and destroy the malignant transformed cells. They undergo
the process of cancer immunoediting which consists of three phrases: elimination,
equilibrium and escape. During these phases, there is a crosstalk among cancer cells,
immune cells and inflammation. Innate and adaptive immune cells recognize and
destroy cancer cells in the elimination phase. Then, cancer cells are exposed to

immunoselective pressure and the immunosuppressive activity is conferred by cancer-
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associated inflammation to the tumor microenvironment (TME). That leads to
immune evasion of cancer cells in this equilibrium phase. In escape phase, cancer-
associated inflammation is responsible for angiogenesis, invasion and also epithelial-
to-mesenchymal transition (EMT). Some cancer treatments can reeducate the TME to
fight cancer cells by the activation of dendritic cells. Immunogenic cell death (ICD)
can be elicited in cancer cells to activate dendritic cell-mediated antitumor T cell
responses (47). Targeting TME or immune cells to fight cancer could be a promising
approach to sensitize cancer cells to immunotherapy. Moreover, combination of
conventional therapy (radiotherapy, chemotherapy and targeted therapy) with
immunotherapy is suggested to be an efficient cancer treatment which can kill cancer
cells and also reactivate the immune response (5). The cancer recurrence can be

prevented, and cancer treatment can be more effective.

2.4 TOLL-LIKE RECEPTOR 3 (TLR3) SIGNALING AND TLR3 AGONIST,
POLY (I:C)

Toll-like receptor 3 (TLR3) is a member of an immune recognition
receptor family that is essential for innate immunity. Basically, there are 10 TLRs
(TLR1-10) in human which are different in their ligand specificity and their
subcellular localization (48). They are class | transmembrane glycoproteins and are
divided by their extracellular domains which contain different number of leucine-rich-
repeat (LRR) motifs (49). Protein-protein interaction and ligands recognition of TLRs
are dependent on their LRR motifs (48). TLR3 consists of a N terminal ectodomain
(ECD), which is formed by 23 LRRs, and a C terminal TIR domain (50,51). Poly
(I:C) (polyriboinosinic:polyribocytidylic acid), a synthetic analogs of double stranded
RNAs, is now used as a potent vaccine adjuvant in cancer immunotherapy. It has been
used to mimic the response to RNA virus infection recognized by TLR3 signaling
which is then activated by ligand-induced dimerization of TLR3 receptors. The
Toll/interleukin-1 (IL-1) receptor (TIR) domain of TLR3 engages TIR domain-
containing adaptor protein inducing IFNB (TRIF) and TRIF-related adaptor molecule
(TRAM) (Figure 2). TRIF is recruited to TLR3. This step is considered to dictate
downstream signaling processes. TRIF signaling activates the serine/threonine kinase

TANK-binding kinase-1 (TBK-1), that phosphorylates the transcription factor
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interferon (IFN) regulating factor 3 (IRF3) (52). Phosphorylated IRF3 translocates to
the nucleus and activates specific proinflammatory target genes, one of the most
significant gene is type | IFNs (52). In addition to activating IRF3, TLR3 signaling
via TRIF also activates NF-kB (53,54). The TLR3-induced NF-«B signaling is
activated by two different pathways of TRIF-dependent recruitment. First it is
mediated by RIPK1 and the second is TRAF6. Both of which converge on
Transforming growth factor beta-activated kinase 1 (TAK1) and the IkB kinase (IKK)
complex. IKKa and IKK is phosphorylated by TAK1, which in turn phosphorylates
IxB, the NF-«xB inhibitor, resulting in IkB degradation and the nuclear translocation of
NF-kB. The outcomes of TLR3 signaling are proinflammatory cytokines, chemokines
production and type | IFNs response. Poly (I:C) has been used to promote an
antitumor immune response. TLR3 has been reported to be expressed by various types
of cells both immune and non-immune origins such as B cells, dendritic cells,
hepatocytes, endothelial cells and epithelial cells from various origins. Interestingly,
TLR3 expression has been observed in many cancer cells such as breast cancer and
melanoma (11,55). TLR3 expressed on cancer cells might be activated by pathogen-
associated molecular patterns (PAMPS) derived from microbes and damage-
associated molecular patterns (DAMPS) derived from damaged and dying cells in the
tumor microenvironment. Moreover, the release of nucleic acids from necrotic cancer
cells and damaged normal epithelial cells in the tumor microenvironment can act as a
DAMPs and activate TLR3 expression in both cancer cells (56) and immune cells
(57).
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Inflammatory Cytokines IFN-B

Figure 2 : Toll-like receptor 3 signaling.
Double-stranded RNA is recognized by TLR3 on endosomal membrane,

which results in the recruitment of TRIF and the activation of Type | IFN and NF-xB

signaling (modified from https://www.invivogen.com/review-viral-dsrna-signaling)

In addition to drive innate immune response, TLR3 activation has been
shown to directly induce apoptosis in selected cancer cells. In addition, several studies
have demonstrated that the combination treatment of TLR3 ligand and other agents
such as chemotherapeutic drugs and Smac mimetic synergistically induce apoptosis
(13,58-60). TLR3-induced apoptosis has been shown to be mediated through caspase-
8 activation suggesting that TLR3 induces the extrinsic apoptotic pathway (Figure 3)
(13,24). In contrast to a classical extrinsic apoptosis signaling, TLR3 induces caspase-
8 activation through binding to TRIF which contains RIP Homotypic Interaction
Motif (RHIM) at its C-terminus. The interaction between TLR3 and TRIF recruits
RHIM-containing motif, RIPK1 that in turn recruits FADD (by interacting with dead
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domain, DD, of RIPK1 and caspase-8 (by interacting with death effector domain,
DED, of FADD) to form TRIF/RIPK1/FADD/caspase-8 signaling complex and
mediating apoptosis (Figure 3). TLR3-induced apoptosis is negatively regulated by
ClAP1/clAP2 as well as FLIP.. Therefore, poly (I:C) targeting TLR3 to induce

apoptosis in cancer cells could be an efficient cancer treatment.
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Figure 3 : Hypothetical model of TLR3-triggered apoptosis and negative
regulators
(@ TLR3 activation by dsRNA induces the formation of caspase-

8/FADD/RIPK1/TRIF complex. (b) Negative regulatory mechanism of caspase-8
activation and recruitment by TLR3. The adaptor protein TRIF recruits TRADD,
TRAF2 and clAP1/clAP2 which add the ubiquitin to RIPK1. This results in the
inhibition of RIPK1 recruitment to caspase-8 complex which leads to apoptosis
suppression. Apoptosis resistance can be overcome by targeting clAP1/clAP2 for
auto-ubiquitination and proteasomal degradation by small molecules such as smac-
mimetics. The formation of caspase-8 signaling complex can also be regulated by
FLIPL that will bind to caspase-8 resulting in the formation of caspase-8/FLIPL
complex (61).
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2.5 APOPTOSIS SIGNALING PATHWAYS

Apoptosis is the best studied mode of programmed cell death.
Apoptotic cell death results from the disintegration of the cells by the sequential
activation of cysteine proteases, called caspases that cleave numerous proteins in the
cells. There are two major pathways of apoptosis: the extrinsic pathway and the
intrinsic pathway (Figure 4). The extrinsic pathway also called the death receptor
pathway is triggered by the ligation of members of the tumor necrosis factor (TNF)
superfamily to the cell surface death receptor of TNFR superfamily including TNFRI,
CD95/Fas, and TRAILR. Ligation of death receptor initiates the assembling of the
multiprotein death-inducing signaling complex (DISC) containing FADD and
Caspase-8. In certain cell types and conditions, DISC also contains RIPK1. The
catalytic activation of caspase-8 in the DISC leads to the cleavage of an effector
caspase, caspase-3. The intrinsic pathway also called the mitochondrial pathway, in
contrast to the death receptor pathway; caspase-9 plays a central role in this pathway.
The mitochondrial pathway is initiated by many stimuli including increased in
intracellular reactive oxygen species, genotoxic stress (DNA damage), the unfolded
protein response, and the deprivation of growth factors. These initiators promote the
permeability of mitochondrial membrane, thereby promoting the release of
cytochrome ¢ from mitochondria into the cytosol. Once cytochrome c is in the
cytosol, it binds to Apoptotic protease activating factor-1 (Apaf-1) and ATP, which
then bind to procaspase-9 to form a death complex known as apoptosome. Caspase-9
is activated in the apoptosome complex which then activates an effector caspase,
caspase-3. Active caspase-3 generated by the death receptor or the mitochondrial
pathways will cleave numerous proteins in the cells; finally result in apoptosis (62).

In the death receptor (extrinsic) pathway observed in some cell types, ligation
of death receptors such as TNF-stimulated TNF receptor 1 (TNFR1) complexes has
been more complicated. Intracellular domain of TNFRL1 recruits associated proteins to
form a complex I. Complex | consists of TRADD, TRAF2, clAP1/2 and RIPK1.
RIPK1 is usually ubiquitinated by clAP1/2 and ubiquitin ligases in this complex,
which leads to the activation of NF-xB signaling and the upregulation of gene

expressions that are related to cell survival and inflammation. When complex 1 is



15

blocked by Smac mimetic, targeting clAP1/2 for proteasomal degradation, RIPK1 is
de-ubiquitinated and leads to the formation of a new complex called complex Ila
which consists of RIPK1, FADD and caspase-8. The activation of caspase-8 in
complex Ila subsequently activates the executioner caspase, or caspase-3, which leads

to apoptosis cell death (Figure 3) (63).
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Figure 4 : Extrinsic and intrinsic apoptosis signaling pathways.

Two major types of apoptosis signaling: (1) an extrinsic pathway which is
mediated through caspas-8 activation, an extrinsic initiator caspase and (2) an intrinsic
pathway which is activated through cytochrome c release from mitochondria
intermembrane space and then the formation of apoptosome complex which leads to
the activation of caspase-9, an intrinsic initiator caspase. Both active caspase-8 and
caspase-9 are then converted at executioner caspases which are caspase-3 and
caspase-7. The activation of both caspase-3 and caspase-7 by initiator caspases results
in the cleavage of several substrates.

(adapted from https://biologydictionary.net/apoptosis/)
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2.6 CELLULAR INHIBITOR OF APOPTOSIS PROTEIN (CIAP1/2) AND
SMAC MIMETIC AS AN ANTICANCER AGENT

The Inhibitor of apoptosis proteins (IAPs) consist of a family of anti-apoptotic
proteins that serve as endogenous inhibitors of apoptosis by binding to second
mitochondria-derived activator of caspase (SMAC, also known as DIABLO) which is
released from the mitochondria during intrinsic apoptosis thereby interfering with the
activation of caspases (Figure 5). There are eight IAP proteins in humans. The
common feature of all IAPs is the presence of baculoviral IAP repeat (BIR) domain
and some IAP proteins such as clAP1, clAP2, XIAP and ML-IAP also contain a
carboxy-terminal RING domain (Figure 5). These RING domain-containing IAP
proteins function as E3 ubiquitin ligases that play a role in survival and signaling
pathways including NF-«B signaling (64). Focusing on TNF-a-induced NF-xB
signaling, IAP proteins (i.e. clAP1 and clAP2) serve as E3 ubiquitin ligases that add
ubiquitin to RIPK1 resulting in the promotion of cell survival and inflammation
through the activation of NF-xB target genes and inhibition of RIPK1-mediated
apoptosis (65). The expression of IAP proteins are deregulated in various human
cancers due to their genetic aberrations such as an increased protein expression and
the loss of endogenous inhibitors such as SMAC. Overexpression of IAPs in various
cancer cells has been liked to tumor progression, poor prognosis and treatment failure
(27). Therefore, 1AP proteins are one of potential targets for cancer therapeutic

intervention.
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Figure 5 : Functional domains of clAPs and binding of Smac/Diablo to dimer of
ClAP protein.
clAPs are consisting of several functional domains as indicated (in the middle)

that are present in the cytosol of the cells as inactive monomers (on top).
Smac/Diablo (on left) induces dimerization of clAPs and binds to the dimer of clAP
through its N-terminal AVPI (Ala-Val-Pro-lle) binding motif (orange color) (66).

The most widely strategy that has been used to remove IAP proteins
particularly, clAP1 and clAP2 is based on mimicking the IAP-binding motif of
SMAC, which specifically counters the anti-apoptotic activity of IAP proteins.
Therefore, small molecules targeting IAP proteins have been developed called Smac
mimetic, which function as an endogenous IAP antagonist (Figure 6) (27). Smac
mimetic removes clAP1 and clAP2 through auto-ubiquitination of 1APs, thereby
targeting IAPs to proteasomal degradation (28). Surprisingly, through screening a
panel of 50 human non-small-cell lung cancer cell lines, it has been demonstrated that
Smac mimetic induces autocrine secretion of TNF-a, therefore renders cancer cell
apoptosis through the formation of RIPK1-dependent activation of caspase-8 (28,29)
Smac mimetics are now in the clinical trials as an anticancer agent. Moreover, T-cell
antitumor immunity can be enhanced by smac-mimetics in a cancer vaccine mouse

model (67). It suggests that Smac mimetics are beneficial for cancer treatment.
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Figure 6 : Binding of Smac mimetic to dimeric assemblies of clAPL.
X-Ray structure of dimerization of clAP1-BIR3 dimer (cartoon in blue and

pale blue) in complex with Smac mimetic (green sticks) leads to rapid auto-
ubiquitination of clAPs, thereby their degradation. (68)

2.7 RECEPTOR-INTERACTING SERINE/THREONINE-PROTEIN KINASE
1 (RIPK1)

RIPK1, a serine/threonine kinase is a multifunctional protein that
regulates signaling pathways leading to opposing outcomes including inflammation
and cell death both in the form of apoptosis and necroptosis (69). RIPK1 consists of a
C-terminal death domain (DD) motif, a RIP homotypic interaction motif (RHIM), an
intermediate domain and an N-terminal kinase domain (70). The intermediate domain
of RIPK1 contains a site, K63-linked ubiquitination (K377), which is recognized by
many of the ubiquitin binding proteins involved in NF-«xB signaling (71). The RHIM
domain of RIPK1 can interact with RHIM domain of other proteins such as TRIF and
RIPKS3. The death domain of RIPK1, a six helical bundle shape, can be found in FAS,
TNFR1, FAS-associated death domain protein (FADD) and TNFR1-associated death
domain protein (TRADD) (72). RIPK1 regulates signaling pathway through either
kinase-dependent or kinase-independent manner, for example, in response to TNF-a

and TLR ligands. Moreover, RIPK1 has been shown to be involved cell death
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pathways. RIPK1 is well-studied for its canonical role in TNF-a signaling. Upon
ligand binding to TNFR1 or TRAIL, these receptors trimerize and recruit a
membrane-associated complex or complex I which contains TRADD, RIPK1 and
several E3 ubiquitin ligases including clAP1 and clAP2 (70). The recruitment of the
ubiquitin ligases to the complex resulting in RIPK1 polyubiquitination at Lys377 (70).
This event leads to the pro-inflammatory response by recruiting TAK1 and activating
NF-xB signaling or contributing to the IkB kinase (IKK)/mitogen-activated protein
kinase (MAPK)-dependent NF-xB activation that drives inflammatory cytokine
production (73,74). On the other hand, when RIPK1 is not ubiquitinated, it will form a
second complex mediated by the recruitment of FADD. Then, it will lead to a
formation of complex Ila by the recruitment of caspase 8 resulting in apoptosis or the
recruitment of RIPK3 resulting in the formation of complex Ilb and necroptosis
activation. In addition to TNF-a signaling, RIPK1 has been revealed to be necessary
for TLR3-mediated NF-kB activation (75) and cell death (71) as well. The
physiological roles of RIPK1 and its regulation in TLR3 signaling remains unknown.
Therefore, RIPK1 might play pivotal roles in TLR3-ligand-induced signaling
especially in TLR3 ligand-induced apoptosis.
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CHAPTER 11

MATERIALS AND METHODS

3.1 MATERIALS
3.1.1 Reagents
3.1.1.1 Reagents for Annexin V/PI staining and MTT assay
- Annexin V-FITC apoptosis detection kit (ImmunoTools, Friesoythe,
Germany)
- Propidium iodide (Invitrogen; Thermo Fisher Scientific, Inc.,
California, USA)
- 10X PBS (HyClone Laboratories, Logan, Utah, USA)
- MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) (AppliChem GmbH, Darmstadt, Germany)
- Dimethyl sulfoxide (DMSO), analytical grade (RCI labscan limited,
Gillman SA, Australia)
- IsoFlow Sheath Fluid (1x10L) (Beckman Coulter, Inc, Atlanta,
Georgia, USA)

3.1.1.2 Reagents for Western blot analysis
- Complete mini EDTA-free protease cocktail inhibitor (Roche,
Mannheim, Germany)
- RIPA lysis buffer (Merck Millipore, Darmstadt, Germany)
- Bradford dye reagent (Bio-Rad, Hercules, California, USA)
- Standard bovine serum albumin (BSA) (AppliChem GmbH,
Darmstadt, Germany)
- Tween-20 (AppliChem GmbH, Darmstadt, Germany)
- 30% Acrylamide/Bis Solution 29:1 (Bio-Rad, Hercules, California,
USA)
- Ammonium Persulfate (APS) (AppliChem GmbH, Darmstadt,

Germany)
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- B-mercaptoethanol (AppliChem GmbH, Darmstadt, Germany)

- Tetramethylenediamine (TEMED) (AppliChem GmbH, Darmstadt,
Germany)

- Polyvinylidene Fluoride (PVDF) membrane 0.45 uM (Amersham,
GE Healthcare, Buckinghamshire, United Kingdom)

- Precision Plus Protein™ Prestained Standards Ladder (Bio-Rad,
Hercules, California, USA)

- Blotting-Grade Blocker (Bio-Rad, Hercules, California, USA)

- Clarity™ Western Enhanced chemiluminescence (ECL) substrate
(Bio-Rad, Hercules, California, USA)

- UltraCruz® Autoradiography Film (Santa Cruz Biotechnology, Inc.,
Dallas, Texas, USA)

- GBX Developer (KODAK, Rochester, New York, USA)

- GBX Fixer (KODAK, Rochester, New York, USA)

3.1.1.3 Antibodies for Western blot analysis
- Rabbit anti-human TLR3 monoclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#6961 clone D10F10, molecular
weight 115-130 kDa, Dilution 1:1000
- Rabbit anti-human clAP1 monoclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#7065 clone D5G9, molecular
weight 62 kDa, Dilution 1:1000
- Rabbit anti-human clAP2 monoclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#3130 clone 58C7, molecular
weight 70 kDa, Dilution 1:1000
- Rabbit anti-human PARP-1 monoclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#9532 clone 46D11, molecular
weight 116, 89 kDa, Dilution 1:5000
- Rabbit anti-human caspase-3 polyclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#9662, molecular weight 17, 19,
35 kDa, Dilution 1:2500
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- Rabbit anti-human actin polyclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#4970 clone 13E5, molecular
weight 42 kDa, Dilution 1:5000

- Mouse anti-human caspase-8 monoclonal antibody (Cell signaling,
Danvers, Massachusetts, USA) catalog#9746 clone 1C12, molecular
weight 18, 43, 57 kDa, Dilution 1:1000

- Mouse anti-human RIPK1 monoclonal antibody (BD Biosciences,
San Jose, California, USA); catalog#610459 clone 38/RIP, molecular
weight 74 kDa, Dilution 1:2500

- Anti-mouse 1gG, Horse radish peroxidase (HRP)-linked secondary
antibody; catalog#7076

- Anti-rabbit 19gG, Horse radish peroxidase (HRP)-linked secondary
antibody; catalog#7074

3.1.1.4 Reagents for cell culture
- Ham’s Nutrient Mixture F12 medium (HyClone Laboratories, Logan,
Utah, USA)
- Dulbecco's Modified Eagles Medium (DMEM) (HyClone
Laboratories, Logan, Utah, USA)
- Penicillin/Streptomycin (HyClone Laboratories, Logan, Utah, USA)
- Fetal bovine serum (FBS) (Sigma, St Louis, Missouri, USA)
- Trypsin/0.25%EDTA (HyClone Laboratories, Logan, Utah, USA)
- Trypan blue (Gibco-Invitrogen; Thermo Fisher Scientific, Inc.,
California, USA)

3.1.1.5 Reagents for cell treatment
- Dimethyl sulfoxide (DMSO), cell culture grade (Sigma, St Louis,
Missouri, USA)
- ZVAD-fmk, Benzyloxycarbonyl-valine-alanine-aspartate-
fluoromethyl ketone (Calbiochem, Merck Millipore, Darmstadt,
Germany)
- Poly(I:C) HMW (InvivoGen, San Diego, California, USA).
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- Necrostatin-1 (Sigma, St Louis, Missouri, USA)
- Smac mimetic, SM-164 (a gift from Dr. Shaomeng Wang,
University of Michigan, Ann Arbor, Michigan, USA).

3.1.1.6 Lentiviral and CRISPR system and reagents
- pPCMV-dr8.2-dvpr (packaging plasmid) (Addgene#8455)
- pPCMV-VSV-G (envelope plasmid) (Addgene#8454)
- LentiCRISPR V2 (Addgene#52961)
- Opti-MEM | (Gibco-Invitrogen; Thermo Fisher Scientific, Inc.,
California, USA).
- TurboFect transfection reagent (Invitrogen; Thermo Fisher Scientific,
Inc., California, USA).
- Sterile filter membrane (0.45 pM) (Merck Millipore, Darmstadt,
Germany)
- Polybrene transfection reagent (Merck Millipore, Darmstadt,
Germany)

- Puromycin (Merck Millipore, Darmstadt, Germany)
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Figure 7 : LentiCRISPR V2 plasmid map
(Addgene#52961) (https://www.addgene.org/52961/)

3.1.2 Equipment and Instruments
- Steri-Cycle CO2 Forma 371 Incubator, CO; incubator (Thermo Fisher
Scientific, Inc., California, USA)
- Laminar flow biosafety cabinet class Il (Haier Biomedical, Qingdao, China)
- Inverted microscope (Olympus Optical, Tokyo, Japan)
- Water bath (Memmert GmbH, Schwabach, Germany)
- Liquid Nitrogen Tank (Taylor-Wharton, Osaka, Japan)
- Hemacytometer (Hausser scientific, Horsham, Pennsylvania, USA)
- Flow cytometer; Navios (Beckman Coulter, Inc, Atlanta, Georgia, USA)
- BioTek Synergy Mx microplate reader (BioTek, inc., Winooski, Vermont,
USA)
- Mini-Protein Tetra Vertical Electrophoresis Cell and Module (Bio-Rad,
Hercules, California, USA)
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- Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad, Hercules,
California, USA)

- PowerPac™ HC high-current power supply ((Bio-Rad, Hercules, California,
USA)

- Block heater (Wealtec Corp., Way Sparks, Nevada, USA)

- Vortex Genie 2 (Scientific Industries, Bohemia, New York, USA)

- Refrigerated microcentrifuge (Hitachi, Tokyo, Japan)

- Tissue cell culture plates (96 wells/ 24 wells /12 wells/ 6 wells) and dishes
(3.5 cm?/ 6 cm?/ 10 cm?) (Corning, Inc., New York, USA)

- Centrifuge tubes (15 mL/50 mL) and microcentrifuge tube (1.5 mL) (Wuxi
NEST Biotechnology Co., Ltd, Jiangsu, China)

- Cryovial tube 2.0 mL (Wuxi NEST Biotechnology Co., Ltd, Jiangsu, China)
- Round-bottom polystyrene tube 5 ml, 12x75 mm (BD Falcon Biosciences,
San Jose, California, USA)

- Pipette tips (10 pl/200 pl/ 1000 pl) (Wuxi NEST Biotechnology Co., Ltd,
Jiangsu, China)

- Serological pipettes (5 mL/10 mL/25 mL) (Wuxi NEST Biotechnology Co.,
Ltd, Jiangsu, China)

3.2 METHODS
3.2.1 Selection of in vitro cell model

Research plan: To study the effect of Smac mimetic and poly(l:C)
combination treatment on apoptosis of CCA cells, representative in vitro CCA
cell lines were selected according to three criteria. First, TLR3 receptor
expression, a receptor for poly(l:C) stimulation. Second, clAP1 and clAP2
expression, negative regulator of poly(l:C)-induced apoptosis and targets of
Smac mimetic. Last, the sensitivity to poly(l:C) and Smac mimetic treatment-
induced cell death. Therefore, the expression of TLR3, clAP1, and clAP2
were determined by Western blot analysis in 6 CCA cell lines and an
immortalized non-tumor cholangiocyte cell line. Cell death was determined by
MTT assay.
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3.2.1.1 Cell culture

Six CCA cell lines which are KKU100, KKU213, KKU214, RMCCA-
1, KKU-MO055 and HUCCT-1 were included in this research (3,33). MMNK1 cell line,
an immortalized non-tumor cholangiocyte with SV-40 and hTERT transduction, was
used as a comparative non-tumor cholangiocyte control (76). KKU213, KKU100,
KKU214, KKU-MO055, HUCCT-1, and MMNK1 were obtained from the Japanese
Collection of Research Bioresources (JCRB) Cell Bank, Osaka, Japan. RMCCA-1
cells were developed from Thai patients with CCA (77). Human transformed
keratinocyte HaCaT cells were used as a positive control for TLR3 expression.
Human MDA-MB231, a breast cancer cell line and human HT-29, a colon cancer cell
line were used as a positive control and comparative expression of clAP1 and clAP2.
HaCaT, MDA-MB231, and HT-29 were obtained from the American Type Culture
Collection (ATCC).

All CCA cell lines and non-tumor cholangiocytes were cultured in
Ham’s F12 with 10% fetal bovine serum and 1% Penicillin/Streptomycin. HaCaT,
MDA-MB231, HT-29 cell lines were maintained in DMEM containing 10% FBS and
100 U/mL penicillin/100 pg/mL streptomycin. All cell lines were maintained at 37 °C
in a 5% CO; humidified atmosphere. All cell lines were tested for mycoplasma

contamination and were mycoplasma free.

3.2.1.2 Western blot analysis

We hypothesized that clAP1 and clAP2 are overexpressed in CCA
cells, therefore the expression of clAP1, clAP2 and TLR3 were detected in six CCA
cell lines and non-tumor cholangiocyte cell line using Western blot analysis. First,
cultured medium was discarded from cells growing in 3.5 cm? dish, and cells were
washed with 1 mL of 1X ice-cold PBS for 3 times. Ice-cold 1X RIPA buffer
containing protease inhibitor cocktails was added in the amount of 50-60 uL. Cells
were scraped and collected into a new 1.5 mL microcentrifuge tube which was left on
ice for 30 minutes. Then, cell lysates were centrifuged at 12,000 rpm for 10 minutes,
4°C. Supernatant was collected and protein concentration was measured by Bradford
assay. Five concentrations of standard bovine serum albumin (BSA) (0.5, 0.25, 0.125,
0.06, 0.03 pg/uL) were used to generate standard curve and RIPA lysis buffer was
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used as a blank. Protein samples and RIPA lysis buffer (blank) were diluted with
water in a ratio of 1:15. Protein standards or protein samples were added into each
well of 96-well plate in the amount of 10 pL. Bradford reagent was diluted 1:5 with
water from a stock reagent and 200 uL of Bradford reagent was added each well.
After that, the absorbance was measured at 595 nm with a microplate reader. Protein
samples were prepared with 4X loading dye containing beta-mercaptoethanol and
then denatured at 95 °C for 10 minutes. Total 25 pg of protein was separated by SDS-
PAGE. The 6% stacking gel was run at 70 volts for 30 minutes and 10% separating
gel was run at 100-120 volts for 60-90 minutes. Then, proteins were transferred to
Polyvinylidene Fluoride (PVDF) membrane with 100 volts for 1 hour. Membrane was
activated with methanol for a minute prior using in this step. After transferring, the
membrane was blocked with 5% blocking grade non-fat dry milk for 1 hour. The
membrane was further incubated with primary antibodies specific for rabbit anti-
TLR3 (dilution 1:1000), rabbit anti-clAP1 (dilution 1:1000), rabbit anti-clAP2
(dilution 1:1000) for overnight. Rabbit anti-beta actin (dilution 1:5000) was used as a
loading/internal control. The membrane was washed with 0.5% TBST three times for
10 minutes each. The membrane was incubated with rabbit horseradish peroxidase-
conjugated secondary antibody for 1 hour and then was washed with 0.5% TBST for
three times, 10 minutes each. The membrane was developed using Enhanced
Chemiluminescense system. The image was acquired using X-ray film developing.
Each of experiments were performed in three independent experiments. HaCaT cells
were used as a positive control for TLR3 expression and MDA-MB231 and HT-29
cells were used as positive control and comparative expression of clAP1 and clAP2

expression.

3.2.1.3 A pilot study: screening for cell death sensitivity and treatment
conditions
Poly(l:C), a synthetic analog of double-stranded RNA (dsRNA), has
been reported to directly induce apoptosis in some cancer cells and Smac mimetics
are now in the clinical trials as an anticancer agent. In order to neutralize the anti-
apoptotic activity of clAP1 and clAP2, a small molecule or Smac mimetics called
SM-164 that has been developed previously by Sun et al. was used in this experiment



28

(41). SM-164 is a kind gift from Dr. Shaomeng Wang (University of Michigan, Ann
Arbor, Michigan, USA). The sensitivity of CCA cells to poly (I:C) or Smac mimetic
single treatments, or the combination treatment of poly (I:C) and Smac mimetic were
examined. CCA cells and MMNK1 cells were seeded at 5,000 cells/100 ul culture
medium into 96-well plate.

Treatment with poly(l:C) were carried out through two different
approaches. First, by direct adding of poly(l:C) at 2.5, 12.5, 25, 50 pug/mL into cell
culture medium. Treatment with water alone was used as a vehicle control. Second,
since TLR3 receptor is mostly presented on endosomal membrane in several cells,
transfection of poly(l:C) with transfection reagent, TurboFect (cationic polymer
formula) at 2.5 (low concentration) and 12.5 (high concentration) pug/mL were used to
deliver poly (I:C) and the sensitivity was compared to direct adding into cell culture
medium. Treatment with transfection reagent alone was used as a vehicle control. The
volume of TurboFect was varied based on amount in pg of poly(l:C). Poly (I:C) was
diluted in Opti-MEM and TurboFect was then added and mixed well [poly (I:C) 2.5
pg/mL (0.25 pg): TurboFect 0.25 pL; poly (I:C) 12.5 pg/mL (1.25 ug): TurboFect
1.25 pL]. After that the complex was incubated at RT for 15-20 minutes. The
TurboFect/poly(l:C) complexes were added (drop-wise) in each well of 96-well plate
and incubated in 5% CO> at 37 °C, in incubator for 24 and 48 hours. Smac mimetic
was used at 10 nM, the optimal dose used in most studies (78). Treatment with
DMSO alone was used as a vehicle control of Smac mimetic. For the combination
treatment of poly (I:C) and Smac mimetic, the cells were pretreated with Smac
mimetic for 30 minutes followed by transfection with 2.5 pg/mL of poly (I:C) for 24
and 48 hours. The cell morphological changes were observed under microscope and
cell death was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. In addition, treatment with 10 ng/mL of TNF-o in the
combination with 10 nM Smac mimetic was included as a positive control for
apoptosis.

3.2.1.4 MTT assay

MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide]

assay is a colorimetric assay for measuring the cell metabolic activity due to NADPH

flux in the cells. Mitochondrial reductase reduces tetrazole (yellow) into formazan
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crystals (blue-purple) in the living cells. The MTT was added to the culture medium
to the final concentration of 0.25 mg/mL and the plate was incubated in 5% CO at 37
°C for 2-3 hours. Then, the culture medium was removed and 100 uL of DMSO was
added to solubilize the formazan crystals. The absorbance of each sample was
measured at 550 nm in a microplate reader and was calculated into the percentage of
cell viability normalized to vehicle control.

Throughout 3 different criteria: TLR3- and clIAP1 and CclAP2-
expressing CCA cells and the sensitive to the combination treatment of poly(l:C) and

Smac mimetic were selected as two representatives in vitro CCA cell models.

3.2.2 Time optimization of Smac mimetic pretreatment and validation of clAP1
and clAP2 degradation
Research plan: To find an optimal time for targeting clAP1 and clAP2
for proteasomal degradation by Smac mimetic, time courses were varied from 0.5, 1,
2, and 4 hours and clAP1 and clAP2 degradation were determined by Western blot
analysis
Smac mimetic has been shown to neutralize the anti-apoptotic activity
of clAP1 and clAP2 through targeting clAP1 and clAP2 for proteasomal degradation.
In order to find an optimal time for pretreatment and to validate the activity of Smac
mimetic on the removal of clAP1 and clAP2 expression, CCA cell lines and a non-
tumor cholangiocyte were cultured in 3.5 cm? dish. The next day, the cells were
treated with Smac mimetic at high (50 nM) and low (5 nM) doses depending on cell
types for 0.5, 1, 2 and 4 hours. The cells were washed with 1X PBS for three times and
were collected with 50-60 uL of RIPA lysis buffer and subjected to Western blot
analysis using specific primary antibodies to detect clAP1 and clAP2 expression

following Smac mimetic treatment. Beta-actin was used as a loading/internal control.

3.2.3 Concentration optimization of poly(l:C) and Smac mimetic-induced cell
death and calculation of synergistic combination index (CI)
Research plan: To find an optimal concentration of Smac mimetic and

poly(l:C) that gives the high synergistic effect, different concentrations of both Smac
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mimetic and poly(l:C) were varied. Cell death was determined by MTT assay and the
synergistic effect was analyzed by combination index (CI) calculation.

3.2.3.1 Smac mimetic and poly(l:C) optimization

To study the synergistic effect of Smac mimetic and poly(l:C)

on apoptosis, the concentration of both Smac mimetic and poly(1:C) were optimized.
Non-tumor cholangiocyte and two CCA cell lines were seeded at 5,000 cells/100 pl
culture medium into 96-well plate. The cells were transfected with 1, 2.5, 5 and 12.5
ug/mL of poly(l:C) using TurboFect alone or 1, 5 and 10 nM of Smac mimetic alone
in KKU213, MMNKZ1 or 10, 25, 50 nM in KKU100, MMNK1 for 24 and 48 hours.
For the combination of poly(l:C) and Smac mimetic, the cells were pretreated with
Smac mimetic for 2 hours followed by poly (1:C) for 24 and 48 hours. Treatment with
10 ng/mL of TNF-a in the combination with 10 nM Smac mimetic was included as a
positive control for apoptosis. Cell death was determined using MTT assay. Each
experiment was performed in triplicate.

3.2.3.2 Calculation of synergistic combination index (CI)

Drug interactions were analyzed by the Combination Index (ClI)
method based on Chou-Talalay method using CalcuSyn software (Biosoft,
Cambridge, UK). CI < 0.9 indicates synergism, 0.9-1.1 additivity and > 1.1
antagonism (79). The concentration of poly(l:C) and Smac mimetic with the lowest
Cl (CI < 0.9, synergism) indicating the highest synergistic manner was selected for

further experiments.

3.2.4 Cell death detection

Research plan: To further confirm whether Smac mimetic and
poly(1:C) specifically induced apoptosis of CCA cells, different approaches were used
1) pretreatment with inhibitor of apoptosis, a broad-spectrum caspases inhibitor
(zVAD-fmk) 2) Annexin V/PI staining by flow cytometer analysis and 3) Caspase-8
and caspase-3 activation and PARP-1 cleavage by Western blot analysis

3.2.4.1 Inhibition of caspase activation by caspase inhibitor

Caspase activation is crucial for apoptosis induction, therefore
inhibition of caspase activity using caspase inhibitor could be used to determine if the
combination treatment of poly(l:C) and Smac mimetic-induced apoptosis. A broad-
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spectrum caspases inhibitor (zZVAD-fmk) that are able to inhibit the activity of all
caspases for example caspase-8, caspase-9, and caspase-3/-7 were used in this study.
Cells were seeded at 70,00 cells/T mL in 12 well plate. The next day, cells were
pretreated with 20 uM zVAD-fmk and Smac mimetic (5 nM KKU213, 50 nM
KKU100) for 2 hours. After that cells were transfected with 2.5 pug/mL poly(l:C)
using TurboFect for 24 hours. Cells were collected, and apoptosis was determined by
annexin V/PI staining by flow cytometer analysis.
3.2.4.2 Annexin V/PI staining by flow cytometer analysis

An increase in cell death and a decrease in cell proliferation cannot be
discriminated by the MTT assay. The combination treatment of poly(l:C) and Smac
mimetic-induced cell death as evaluated by MTT assay was further confirmed with a
more specific cell death assay by annexin V and propidium iodide (PI) staining.
During cells undergo apoptosis, phosphatidylserine (PS) which normally localizes in
the inner leaflet of plasma membrane is externalized to the outer leaflet of plasma
membrane and that is able to be detected by recombinant protein annexin V-FITC in
the presence of calcium ion. In contrast to apoptotic cell death, when cells undergo
necrosis, the plasma membrane is disrupted resulting in the cell impermeable dye,
propidium iodide (PI) can enter the cells and binds to DNA.

After treatment with the combination of poly(l:C) and Smac mimetic,
first, supernatant was collected and put into a new 1.5 mL microcentrifuge tube and
centrifuged at 1,000 rpm for 5 minutes. Supernatant was then discarded. The
remaining cells in the plate were washed with cold 1X PBS and collected into the
same microcentrifuge tube. Next, 200 ul of trypsin-EDTA was added into each well
to detach cells. After 5 minutes, cells were collected into the same microcentrifuge
tube and centrifuged at 1,000 rpm for 5 minutes and washed once with cold 1X PBS.
Cell pellets were stained with 1.5 puL of FITC-conjugated annexin V and 1.5 ul of Pl
(50 pg/ml) in 50 pL annexin V staining buffer. The cells were collected and
quantitated by flow cytometry. Viable cells were negative for both annexin V and PI.
The early apoptotic cells are positive for annexin V and negative for PI, while late
apoptotic/ necrotic cells are positive for both annexin V and PI staining. The viable

and dead cells were collected and quantitated by flow cytometry.
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3.2.4.2 Caspase-8 and caspase-3 activation and PARP-1 cleavage by
Western blot analysis

To further confirm the induction of apoptosis, the more specific
markers of apoptosis were used. Cleaved caspase-8, caspase-3 activation and PARP1
cleavage were investigated using Western blot analysis after stimulation with Smac
mimetic or poly(l:C) alone or the combination treatment.

Since poly(l:C) and Smac mimetic have been shown to activate
extrinsic apoptosis pathway, 1) cleaved caspase-8, an initiator caspase of extrinsic
pathway 2) caspase-3 activation, an executioner of caspase activation, and 3) PARP1
cleavage, a substrate of caspase-3 were all explored in this experiment. Extrinsic
induction of apoptosis leads to the activation of caspase-8 through the cleavage of
pro-caspase-8 (55/53 kDa) to the active form of caspase-8 (cleaved caspase-8 p43/p4l
and p18). Cleaved caspase-8 activates downstream of executioner caspases such as
caspase-3. Caspase-3 activation then cleaves many important proteins for cell survival
including Poly (ADP-Ribose) Polymerase 1 (PARP1), a DNA repair enzyme, into two
smaller fragments (89 and 27 kDa) in which un-cleaved PARP-1 (116 kDa) and
cleaved 89 kDa fragment can only be detected by PARP-1 antibody used in this study.

The cells were seeded at 500,000 cells/3 mL in 6 cm? dish. The
following day, the cells were treated with 2.5 pg/mL of poly(I:C) or Smac mimetic (5
nM KKU213, 50 nM KKU100) alone or the combination of poly(l:C) and Smac
mimetic for 6 and 12 hours. Treatment with TNF-a and Smac mimetic for 6 hours
were used as a positive control for caspase-8 and caspase-3 activation. The cells were
collected and lysed in 60-70 uL of RIPA buffer and subjected to Western blot analysis
using specific antibodies for mouse anti-caspase-8 (1;1000), rabbit anti-caspase-3
(1;2500), rabbit anti-PARP1 (1:5000). Beta-actin were used as a loading control.

3.2.5 The role of RIPK1 in poly(l:C) and Smac mimetic-induced apoptosis
Research plan: To study the role of RIPK1 in the combination
treatment of poly(l:C) and Smac mimetic-induced apoptosis in CCA cells, both
pharmacological inhibitor of RIPK1 kinase and genetic deletion of RIPK1 gene by
CRISPR/cas9 technology were used to explore the role of RIPKL.
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3.2.5.1 Pharmacological inhibitor
An inhibitor of RIPK1, necrostatin-1 (Nec-1) that inhibits kinase

domain of RIPK1 was used to investigate the role of RIPK1 as a proposed key
mediator of poly(l:C) and Smac mimetic-induced apoptosis (80). Cells were seeded at
70,000 cells/1 mL in 12 well plate. The following day, cells were pretreated with 60
MM of necrostatin-1 (Nec-1), Smac mimetic (5 nM KKU213, 50 nM KKU100) for 2
hours and poly (I:C) was transfected into the cells using TurboFect for 24 hours.
Vehicle control for this experiment was DMSO, since both necrostatin-1 (Nec-1) and
Smac mimetic was dissolved in DMSO. In addition, TNF-a and Smac mimetic
treatment with or without 60 puM of necrostatin-1 (Nec-1) was served as a positive and
comparative control. Cells were collected and stained with annexin V/PI followed by
flow cytometer analysis.

3.2.5.2 Functional genetic deletion of RIPK1 gene by CRISPR/cas9-

mediated genome editing

Concerning the stability and specificity in the cells of necrostatin-1

(Nec-1), and also the role of RIPK1 in this pathway could be through both kinase-
dependent or kinase-independent (scaffold function), therefore the more permanent
and efficient approach was used to explore the role of RIPK1 in this process. Our
laboratory has been observed that disrupting RIPK1 at mRNA level using sSiRNA or
shRNA resulted in low knockdown efficiency (lower than 50% knockdown
efficiency). Therefore, a novel technology, CRISPR/cas9 that is used to delete gene of
interest through cas9 nuclease and non-homologous end joining (NHEJ) DNA repair
was used to delete RIPK1 gene and generate RIPK1 knockout cells.

3.2.5.2.1 RIPK1 CRISPR construction
Lentiviral CRISPR plasmid targeting human RIPK1 gene
(NM_003804) has been generated previously from the laboratory of Dr. Zheng-Gang
Liu as research collaboration at National Cancer Institute, National Institutes of
Health, USA (81). The CRISPR backbone was obtained from Addgene version
lentiCRISPR V2 (plasmid #52961) (Figure 7) in which cas9 nuclease and trans-

activating RNA scaffold are identified from Streptococcus pyogenes. Both cas9
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nuclease and trans-activating RNA scaffold fused with guide RNA (sgRNA) are
combined in the same vector backbone. The expression of cas9 nuclease are under
control of EFS promoter, while guide RNA (sgRNA) and trans-activating RNA
scaffold are under control of U6 promoter. Puromycin resistance in the presence of
Puromycin is used to select infected cells. The construction of CRISPR plasmid is
according to Zhang’s protocol (82). RIPK1-CRISPR plasmid was verified by DNA
sequencing.
The sequence for CRISPR-RIPK1 was 5’-CACCGGATGCACGTGCTGAAAGCCG-
3.
3.2.5.2.2 Generation of RIPK1 knockout CCA cell lines and
validation of knockout cells by Western blot analysis

The lentiviral system consisting of pCMV-dr8.2-dvpr
(packaging plasmid) and pCMV-VSV-G (envelope plasmid) was used to produce
viral particles in HEK293T cells. The lentiviral system was provided by the
laboratory of Dr. Zheng-Gang Liu at NIH, USA as research collaboration. HEK293T
cells that were obtained from the American Type Culture Collection (ATCC) was
cultured in DMEM with 10% fetal bovine serum and 1% Penicillin/Streptomycin and
was incubated in 5% CO> at 37 °C. HEK293T cells were seeded at 200,000 cells/1.5
mL in 6 well plate. HEK293T cells were co-transfected with 1 pg of pCMV-dr8.2-
dvpr (packaging plasmid) and 0.125 pg of pCMV-VSV-G (envelope plasmid) and
either 1 pg of empty vector control CRISPR (lentiCRISPRV2) or CRISPR-RIPK1
plasmids using TurboFect transfection reagent. After 24 hours of transfection, culture
and transfection media were removed and replaced with 1.5 mL of fresh DMEM
containing 10% FBS without Penicillin/Streptomycin and incubated for further 24
hours. Supernatants containing viral particles were collected and centrifuged at 2,000
rpm for 5 minutes to remove cells and all debris. After that, viral particles were
filtered with 0.45 pm syringe-sterile filter membrane. Lentiviral preparations (1 mL)
were mixed with Polybrene at a final concentration of 8 pg/mL that was used to
facilitate the viral infection efficiency. After that the viral particles were used to infect
CCA cells. After 24 hours of infection, infected CCA cells were selected with 2
ug/mL of puromycin both in KKU213 and KKU100 for a further 48 hours. Around 5-
10 days after Puromycin selection, the expression of RIPK1 in CRISPR-RIPK1
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knockout cells (pooled cells) and CRISPR-V2 control cells (pooled cells) were
examined by Western blot analysis using mouse anti-RIPK1 specific antibody
(1:1000). The CRISPR RIPK1 knockout cells were used for further studies.

3.2.5.2.3 Apoptosis induction in RIPK1 knockout cells
KKU213 and KKU100 RIPK1 knockout CCA cells (CRISPR-
RIPK1) and CRISPR control cells (CRISPR-V2) were seeded at 70,000 cells/1 mL in
12 well plate. The next day, cells were pretreated with Smac mimetic (5 nM KKU213,
50 nM KKU100) for 2 hours following by transfetction with 2.5 pg/mL of poly(l:C)
for 24 hours. Treatment with 10 ng/mL of TNF-a in the combination with 5 nM Smac
mimetic was included as a positive and comparative control. Cells were collected, and

apoptosis was determined by annexin V/PI staining by flow cytometer analysis.

3.3 Statistics and data analysis

All experiments were carried out in three independent experiments. In
addition, MTT assay was performed in triplicate. The results were expressed as mean
+ S.D. Student’s t test was used to evaluate the statistical significance, and differences
between mean values were considered significant when p-value is less than 0.05
(p<0.05).
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CHAPTER IV

RESULTS

4.1 Selection of in vitro CCA cell models
Cholangiocarcinoma (CCA) patients have high mortality rate and poor

prognosis with 5-year survival rate is low as of 5-10%, especially with advance stage
diagnosis, mainly due to lack of effective therapy (2). Therefore, development of
novel therapeutic strategies is urgently needed. It has been reported previously and
also our preliminary studies in CCA patients showing that CCA tumor
microenvironment is associated with chronic inflammation with the recruitment of
immune cells. Damage-associated molecular patterns (DAMPs) that are released from
damaged or dying cells in tumor microenvironment and pathogen-associated
molecular patterns (PAMPSs) are two of factors that induce chronic inflammation in
tumor microenvironment (30,31). Both DAMPs and PAMPs have been shown to
activate and induce the expression of pattern recognition receptors (PRRs) including
TLR3, suggesting that TLR3 ligand could be used for treatment of CCA patients
through the induction of cancer cell apoptosis. We therefore hypothesized that TLR3
was expressed in CCA cells and stimulation of TLR3 with TLR3 ligand, a synthetic
analog of double-stranded RNA (dsRNA) could be developed as a novel potential
therapeutic strategy for improvement of efficient therapy for CCA patients. In some
of cancers, negative regulators of TLR3 signaling have been reported. First, cellular
inhibitor of apoptosis proteins (clAPs) including clAP1 and clAP2 represent a major
negative regulator of TLR3-induced apoptosis (59). Later, cellular FLICE-like

inhibitory protein (c-FLIP), a strong negative regulator of caspase-8-mediated
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apoptosis has recently been reported as a negative regulator of TLR3-induced

apoptosis (23).

4.1.1 TLR3 expression in CCA cell lines

Firstly, we examined TLR3 expression in a panel of CCA cell lines including
KKU100, KKU213, KKU214, RMCCA-1, KKU-MO055, HuCCT-1, and an
immortalized non-tumor cholangiocytes, MMNKZ1, by Western blot analysis. We also
included an immortalized keratinocyte cell line, HaCaT, as a positive control for
TLR3 expression. We found that TLR3 was expressed in all CCA cell lines. However,
TLR3 was differentially expressed in CCA cell lines in which HUCCT-1 and KKU100
exhibited higher expression when compared to other cell lines. Moreover, TLR3
expression was not detected in non-tumor cholangiocytes (Figure 8). Since, TLR3
expression has been shown to be induced by the stimulation with poly(l:C) through
Type | IFN signaling (83), we therefore investigated whether stimulation of poly(l:C)
upregulated the expression of TLR3. As shown in figure 9, stimulation with 2.5
ug/mL of poly(I:C) at 8 and 24 hours induced the expression of TLR3 in KKU100,
KKU213, and HUCCT-1, but not in MMNKZ1. TLR3 expression was upregulated at 8
hours of treatment in both KKU100 and HUCCT-1, while its expression was increased
later at 24 hours in KKU213, probably because of lower basal level of TLR3 in
KKU213 when compared to KKU100 and HUCCT-1.

Altogether, this result demonstrated that TLR3 was differentially expressed in
all CCA cell lines but not detected in non-tumor cholangiocytes. This finding from
our study is the first time to reveal the existence and TLR3 expression in CCA cell
lines. Therefore, targeting TLR3 signaling using poly(l:C) could probably be used as

a novel potential therapeutic target for CCA patients.
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Figure 8 : Expression of TLR3 in 6 CCA cell lines (KKU100, KKU213, KKU214,
RMCCA-1, KKU-M055 and HuCCT-1) and a non-tumor cholangiocyte

(MMNKZ).
HaCaT cells were used as a positive control for TLR3 expression. TLR3

expression was determined by Western blot analysis. p-actin was served as loading
control.
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Figure 9 : Stimulation of TLR3 expression by poly(l:C) in CCA cell lines

(KKU100, KKU213, HUCCT-1) and a non-tumor cholangiocytes (MMNK1).

Cells were transfected with 2.5 pg/mL Poly(l:C) at 8 and 24 hours. The
expression of TLR3 was determined by Western blot analysis. B-actin was served as

loading control.
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4.1.2 clAP1 and clAP2 expression in CCA cell lines.

We hypothesized that clAP1 and clAP2 were overexpressed in CCA
cells that might suppress poly(l:C)-induced CCA apoptosis. We therefore investigated
the expression of clAP1 and clAP2 in all CCA cell lines and a non-tumor
cholangiocyte cell line. We included a breast cancer cell line, MDA-MB-231 and a
colon cancer cell line, HT-29 in this experiment as positive and comparative control
for clAP1 and clAP2 expression. These two cell lines have been reported to
overexpress both clAP1 and clAP2 (84,85). Our Western blot analysis revealed that
both clAP1 and clAP2 were expressed in both CCA cell lines and a non-tumor
cholangiocyte (Figre 10). clAP1 was higher expressed in all CCA cell lines except
KKU100 which exhibited the lowest expression and a non-tumor cholangiocyte,
MMNKT1. clAP2 was higher expressed in KKU100, KKU-MO055, and HUCCT-1 than
MMNK1, KKU213, KKU214, and RMCCA-1. In order to compare if CCA cells
expressed high level of clAP1 and clAP2, MDA-MB-231 and HT-29 cell lines which
have previously reported to express high level of both clAP1 and clAP2 and
contribute to therapy resistance were used as comparative cell lines and a positive
expression of both clAP1 and clAP2. Two representative CCA cell lines including
KKU213 and RMCCA-1 which expressed similar level of clAP1 and expressed low
level of clAP2 were selected as two representative cell lines. As seen in figure 11, the
expression of clAP1 in CCA cell lines including KKU213 and RMCCA-1 was similar
to both MDA-MB-231 and HT-29. In contrast, although both KKU213 and RMCCA-
1 exhibited the lowest expression of clAP2 among CCA cell lines tested, this low
level was still much higher when compared to the expression of clAP2 in both MDA-
MB-231 and HT-29 (Figure 11). These results suggested that both clAP1 and clAP2
were overexpressed in both a non-tumor cholangiocyte cell line and CCA cell lines
that might limit the sensitivity of poly(l:C)-induced apoptosis. In addition, another
negative regulator of poly(l:C)-induced apoptosis which was cFLIP was also
investigated in the same cell lines. As shown in figure 12A, cFLIP with a long
isoform was differentially expressed in MMNK1 and CCA cell lines. In addition, the
level of cFLIP was normalized to -actin and presented as fold increase relative to
MMNK1 with its mean set to 1, as shown in figure 12B, HUCCT-1 exhibited the

highest expression of cFLIP when compared to other cell lines suggesting that in
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addition to high expression of both clAP1 and clAP2, the high expression of cFLIP
might contribute to poly(l:C)-induced apoptosis in HUCCT-1.
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Figure 10 : Expression of clAP1 and clAP2 in 6 CCA cell lines (KKU100,
KKU213, KKU214, RMCCA-1, HuCCT-1, KKU-M055) and a non-tumor
cholangiocyte (MMNK1).

clAP1 and clAP2 expression was determined by Western blot analysis. B-actin

was served as loading control.
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Figure 11 : clAP1 and clAP2 expression in CCA, breast cancer, and colon

cancer cell lines.
The expression of clAP1 and clAP2 in KKU213 and RMCCA-1 as well as

MDA-MB-231 and HT-29 cell lines were analyzed by Western blot analysis. 3-actin

was used as loading control.



A IRCe
A MW @‘Q 0 q,\ﬁ’ N> oCF @Q C&'\
(kDa) 8 qﬁ‘
so— e ¢ CFLIP, (55kDa)
50—
— ——— ———  |q Actin (42 kDa)
37
(B)
S 3 - CFLIP, .
$ 25 A
o
a2
[
S 15 -
e
a 11
(5}
SINEREN
8
& 0 T T T T T . T
SN O
D> O O \3® \}Q
& ¢S &

42

Figure 12 : cFLIP expression in 6 CCA cell lines (KKU100, KKU213, KKU214,
RMCCA-1, HuCCT-1, KKU-MO055) and a non-tumor cholangiocyte (MMNK1).

(A) cFLIP expression was determined by Western blot analysis. p-actin was

served as loading control. (B) cFLIP was normalized to actin protein expression and

presented as fold increase relative to MMNKZ1 with its mean set to 1.
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4.1.3 Screening for the sensitivity of poly(l:C)-induced cell death in CCA cell
lines

Since TLR3, clAP1 and clAP2 were differentially expressed in all
CCA cell lines. Therefore, we conducted a pilot study to test the sensitivity of TLR3
stimulation by poly(l:C)-induced cell death as a single agent as stimulation of TLR3
by poly(l:C) has been showed to induce apoptosis in some cancers. We initially tested
the sensitivity to poly(l:C) by direct adding of poly(l:C) at 2.5, 12.5, 25, 50 pg/mL
into cell culture medium for 48 hours. After treatment with different concentration of
poly(l:C), by observing the cell morphological changes under microscope, we
observed no significant cell death up to 48 hours treatment. Although, % survival was
slightly lower with high concentration of poly(l:C) at 25 and 50 pg/mL treatment in
KKU213, KKU214, RMCCA-1, this effect was mainly due to decrease in cell
proliferation rather than cell death (Figure 13).

Since TLR3 receptor has been previously reported to express mainly in
an endosomal cell membrane inside the cells in some cancer cells, we therefore
hypothesized that transfection of poly(l:C), a form of dsRNA could help to deliver
poly(l:C) to its target site. We therefore did transfection of poly(l:C) at 2.5 (low
concentration) and 12.5 (high concentration) pg/mL with a transfection reagent, a
cationic polymer formula called TurboFect. However, as seen in figure 13, all CCA
cell lines and a non-tumor cholangiocyte remained resistance to poly(l:C) treatment.
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Figure 13 : Effect of poly(l:C) on cell survival by direct adding into culture

medium.
Six CCA cells and a non-tumor cholangiocyte, MMNKZ1 were treated with

different concentrations of poly(l:C) at indicated for 48 hours. Cell viability was
measured by MTT assay and % survival was calculated by normalizing poly(l:C)
treatment to vehicle control (H.O). Data from two independent experiments was

presented as mean + S.D.
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Figure 14 : Effect of poly(l:C) on cell survival by transfection.
Six CCA cells and a non-tumor cholangiocyte, MMNK1 were transfected with

two different concentrations of poly(l:C) at 2.5 and 12.5 ug/mL for 48 hours. Cell
viability was measured by MTT assay and % survival was calculated by normalizing
poly(l:C) treatment to vehicle control (transfection reagent). Data from two

independent experiments was presented as mean + S.D.

We therefore hypothesized that the expression of clAP1 and clAP2
might contribute to the resistance to poly(l:C)-induced apoptosis in CCA cell lines.
Since, a small molecule which functions to remove clAP1 and clAP2 called Smac
mimetic was developed as an anti-cancer agent. We therefore tested the sensitivity of
CCA cells to poly(I:C) in combination with Smac mimetic. Poly(I:C) at 2.5 ug/mL
was used for transfection approach, while poly(l:C) at 25 ug/mL was used for direct
adding, the most common dose used in several studies. Smac mimetic (SM-164) at 10
nM, the most common dose used in several studies was selected for a pilot study.
Cells were pretreated with 10 nM Smac mimetic, after that the cells were treated with
poly(I:C). TNF-a at 10 ng/mL and Smac mimetic at 10 nM (TS), a well-known

inducer of apoptosis was included as a positive control Morphological changes
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associated with cell death was observed under microscope and cell death was
determined by MTT assay at 48 hours. Single treatment of Smac mimetic at 10 nM
induced cell death at different degree in different cell lines as observed by
morphological changes that were similar to apoptotic morphology (Figure 14).
KKKU213, KKU214, and RMCCA-1 cells were more sensitive to Smac mimetic-
induced cell death than other cell lines including MMNK-1, KKU100, KKU-M055,
and HuCCT-1. Our results are consistent with other studies showing that Smac
mimetics by itself can induce apoptosis through autocrine TNF-o secretion in
sensitive cells (29). Interestingly, when poly(l:C) was combined with Smac mimetic,
the combination treatment significantly induced cell death in KKU100 and KKU213
followed by KKU214 and RMCCA-1, while KKU-M055, HUCCT-1, and MMNK-1
were remained resistance to the combination treatment as a number of cell death in
the combination treatment was similar to a single treatment with Smac mimetic
(Figure 15). However, all cell lines used in this study, except HUCCT-1 were sensitive
to TNF-a and Smac mimetic treatment. Different methods in the delivery of poly(I:C)
into the cells resulted in different sensitivity to the combination treatment as
transfection of poly(l:C) into the cells exhibited a more pronounced effect on cell
death when compared to direct addition of poly(l:C) into the cells indicating that
TLR3 might express in endosome in CCA cells which necessitates further
investigation (Figure 15,16). To this end, we therefore delivered poly(l:C) by
transfection for further experiment. All of our results including basal level of TLR3
expression, TLR3 expression in response to poly(l:C) stimulation, clAP1 and clAP2
expression, and the most important which is sensitivity to the combination treatment
of poly(I:C) and Smac mimetic, we therefore selected KKU100 and KKU213 as two
representative cell models for further experiments. In addition, MMNKZ1 was included

as a non-tumor cholangiocyte control.
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Figure 15 : The effect of Smac mimetic and direct stimulation of poly (1:C) on

cell death in CCA cell lines.
Six different CCA cell lines and a non-tumor cholangiocyte (MMNK1) were

pretreated with 10 nM Smac mimetic (SM-164) for 2 hours and were directly treated
with 25 pg/mL poly(l:C) for 48 hours. TNF-a at 10 ng/mL and Smac mimetic at 5 nM

(TS) were included as a positive control. Cell viability was determined by MTT assay.
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Figure 16 : The effect of Smac mimetic and transfection of poly(l:C) on cell

death in CCA cell lines.

Six different CCA cell lines and a non-tumor cholangiocyte (MMNK1) were

pretreated with 10 nM Smac mimetic (SM-164) for 2 hours and were transfected with

25 pg/mL of poly(l:C) for 48 hours. TNF-a at 10 ng/mL and Smac mimetic at 10 nM

(TS) were included as a positive control. Cell viability was determined by MTT assay.
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4.2 Validation of Smac mimetic-induced clAP1 and clAP2 degradation

Both clAP1 and clAP2 have been reported to be target of Smac mimetic that
functions by binding to clAP1 and clAP2 and targets these proteins for proteasomal
degradation. In addition, both clAP1 and clAP2 were highly expressed in CCA cell
lines, we therefore investigated whether Smac mimetic specifically induced clAP1
and clAP2 degradation. To this end, we treated MMNK1 (50 nM), KKUZ100 (50 nM),
and KKU213 (5 nM) with Smac mimetic at indicated concentration in different cells
and in order to identify pretreatment time course for Smac mimetic treatment when it
was combined with poly(l:C), time course analysis of Smac mimetic-induced the
degradation of clAP1 and clAP2 was also evaluated in this study. Smac mimetic at
high concentration at 50 nM rapidly induced clAP1 and clAP2 degradation as early as
30 minutes treatment in MMNK1 and KKU100, while in KKU213, clAP1 and clAP2
degradation was dramatically reduced after 2 hours treatment with low concentration
of Smac mimetic at 5 nM and was degraded early after 30 minutes with high
concentration fo Smac mimetic at 50 nM (Figure 17). From these results, we therefore
selected 2 hours pretreatment with Smac mimetic for the combination treatment with
poly(I:C) in which low dose of Smac mimetic with less effect on cell death induction
was used for the combination treatment. These results indicated that Smac mimetic
specifically induced both clAP1 and clAP2 degradation in MMNK1, KKU100, and
KKU213.
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Figure 17 : Degradation of clAP1 and clAP2 by Smac mimetic, SM-164.
MMNK1, KKU100, and KKU213 cells were treated with Smac mimetic at

indicated concentrations and time points. The expression of clAP1 and clAP2 was

determined by Western blot analysis. 3-actin was served as loading control.
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4.3 Optimization of poly(l:C) and Smac mimetic-induced cell death and
calculation of combination index (CI)

We next further examined for the optimal concentration of both Smac mimetic
and poly(l:C) by treating KKU100, KKU213 and MMNK1 with varying
concentrations of poly(l:C) (0, 1, 2,5, 5 and 12.5 pg/mL) or Smac mimetic, SM-164,
(1, 5 and 10 nM for KKU213 and 10, 25 and 50 nM for KKU100 and MMNKZ1) or
the combination of poly(l:C) and Smac mimetic and cell death was determined by
MTT assay. The combination index was calculated to indicate the synergistic effect of
the combination treatment and the concentration of both poly(l:C) and Smac mimetic
that gave the highest synergistic effect was chosen for further experiments (79). We
found that treatment with Poly(l:C) alone had a minimal effect on cell death, whereas
treatment with Smac mimetic gradually induced cell death at high concentration
(Figure 18). However, when poly(l:C) was combined with Smac mimetic, the
combination treatment synergistically induced cell death in KKU100 (poly(I:C) at 2.5
pg/ml, Smac mimetic at 25-50 nM) (Figure 18.) and KKU213 (poly(I:C) at 2.5 pg/ml,
Smac mimetic at 5 nM) (Figure 18.). In contrast, MMNKZ1, a non-tumor
cholangiocyte was completely resistant to the combination treatment, but still
sensitive to TNF-a and Smac mimetic-induced cell death (Figure 18.). Altogether,
these results suggested that poly(I:C) and Smac mimetic synergistically induced cell
death in CCA cells, but not in non-tumor cholangiocytes.
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Figure 18 : The optimization of poly(l:C) and Smac mimetic combination

treatment and calculation of combination index (ClI).

MMNK1, KKU100, and KKU213 were pretreated with indicated
concentration of Smac mimetic and were transfected with different concentrations of
poly(l:C) (1, 2.5, 5, and 12.5 pg/mL) for 48 hours. Cell viability was determined by

MTT assay. The Chou-Talalay method was used to calculate combination index (CI)

where C > 1 antagonism, Cl = 0.9-1 additive, and CI < 0.9 synergism.
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4.4 Poly(1:C) and Smac mimetic induced apoptosis in CCA cells
4.4.1 Inhibition of caspases (zZVAD-fmkK) inhibited poly(l:C) and Smac
mimetic-induced apoptosis in CCA cells

To investigate whether poly(l:C) and Smac mimetic specifically
triggered apoptosis, a pan-capase inhibitors (zVAD-fmk) which is a broad spectrum
of caspase inhibition was used to examined whether this inhibitor inhibited poly(l:C)
and Smac mimetic-induced cell death. = KKU100, KKU213 and MMNK1 were
pretreated with zVAD-fmk and Smac mimetic (KKU100 50 nM, KKU213 5 nM,
MMNK1 50 nM) for 2 hours followed by transfection with 2.5 pg/mL of poly(I:C) for
24 hours. Annexin V/PI staining, a more specific method to evaluate cell death when
compared to MTT assay which is unable to discriminate between cell death and a
decrease in proliferation was used in this experiment. The representative flow
cytometry analysis and cell morphology of control cells (vehicle control) and the
combination treatment of poly(l:C) and Smac mimetic were shown in figure 19 and
figure 20. Similar to cell viability assay as evaluated by MTT assay, transfection of
poly(I:C) single treatment did not induce cell death, whereas Smac mimetic slightly
induced cell death in both KKU100 and KKU213 which was determined by Annexin
V/PI staining (Figure 21). Interestingly, when poly(l:C) was combined with Smac
mimetic, combined Annexin V+/PI- and Annexin V+/P1+ population, the cell death
was dramatically increased to 42.2 % and 48.2 % in KKU100 and KKU213,
respectively (Figure 21.) In contrast, MMNKZ1 cells were remained completely
resistant to poly(l:C) and Smac mimetic treatment, while they were sensitive to TNF-
a and Smac mimetic-induced cell death (Figure 21). The pan-caspase inhibitor,
zVAD-fmk completely protected cell death in KKU100 from 42.2% to 13.8% in the
presence of zZVAD-fmk, while partially inhibited cell death in KKU213 from 48.2% to
23.6% with zZVAD-fmk (Figure 21). The effect of zZVAD-fmk in the protection of
TNF-0 and Smac mimetic-induced cell death was similar to poly(l:C) and Smac
mimetic treatment. These results suggested that poly(l:C) and Smac mimetic
treatment induced capase-dependent apoptosis in CCA cells but not in non-tumor

cholangiocyte cells.
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Figure 19 : Representative of flow cytometry analysis upon treatment with
poly(I:C)/Smac mimetic in CCA cell lines (KKU100 and KKU213) and a non-
tumor cholangiocyte, MMNK1
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Representative of cell morphology upon treatment with

poly(1:C)/Smac mimetic in CCA cell lines (KKU100 and KKU213) and a non-
tumor cholangiocyte, MMNK1
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Figure 21 : Poly(1:C) and Smac mimetic induced caspase-dependent apoptosis in
CCA cell lines.

MMNK1, KKU100, and KKU213 cells were pretreated with Smac mimetic
(50 nM MMNK1 and KKU100, and 5 nM KKU213) (Smac) or 20 uM zVAD-fmk
(zVAD) for 2 hours. After that the cells were transfected with 2.5 pg/mL poly(1:C)
(PS, PSZ) for 24 hours. TNF-a.at 10 ng/mL and Smac mimetic or zZVAD-fmk at the
same concentration as with poly(l:C) (TS, TSZ) were used as a positive control. Cell
death was determined by Annexin V and propidium iodide staining followed by flow
cytometry. Data from three independent experiments was presented as mean + S.D.; *
p <0.05, **p <0.01, *** p <0.001

4.4.2 Poly(I:C) and Smac mimetic induced an extrinsic caspase-8 activation in
CCA cells.

Since it has been previously shown that poly(l:C) activates an extrinsic
apoptosis pathway which is dependent on caspase-8 activation, an initiator of extrinsic
apoptosis pathway. We therefore investigated whether poly(l:C) and Smac mimetic
induced capase-8 activation. In addition, caspase-3 activation, an executioner caspase
of apoptosis pathway and PARP-1 cleavage were also detected in this study which
were used as specific markers of apoptosis. KKU100 and KKU213 were transfected
with poly(l:C) alone, treated with Smac mimetic alone or treated with both poly(l:C)
and Smac mimetic for 6 hours and 12 hours. Treatment with TNF-a and Smac
mimetic was included as a positive control for apoptosis and caspase activation. The

results showed that upon the combination treatment with poly(l:C) and Smac mimetic,
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the smaller fragments of cleaved caspase-8 were generated which were started with
the cleavage of pro-caspase-8 (p55/p53) to generate p43/p41 fragments, followed by
the generation of p18 fragment in both KKU100 and KKU213 after 6 and 12 hours in
which the activation of capase-8 was observed early at 6 hours when compared to
KKU213 which was significantly observed after 12 hours treatment (Figure 22 ).
Caspase-3, a downstream caspase activation was cleaved later by active caspase-8.
The results revealed that pro-caspase-3 (35 kDa) was significantly decreased after 12
hours treatment in both KKU100 and KKU213. In consistent with caspase-3
activation, a substrate of caspase-3 which is PARP1 cleavage was observed after 12
hours treatment in both cell lines (Figure 22). Altogether, these results suggested that

poly(I:C) and Smac mimetic activated caspase-8 in CCA cells.
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Figure 22 : Poly(l:C) and Smac mimetic induced caspase activation and
apoptosis in CCA cell lines.
KKU100 and KKU213 cells were treated as in figure 21 for 6 hours and 12 hours.

TNF-a and Smac mimetic was included as a positive control for apoptosis and
caspase activation. Cell lysates were collected, after that activation of caspase-8 and

caspase-3 and cleavage of PARP-1 were analyzed by Western blot analysis. p-actin
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was served as loading control. Data shown was a representative of two independent

experiments.

4.5 Poly(1:C) and Smac mimetic-induced apoptosis through RIPK1 Kinase-
dependent in CCA cells.

Receptor-interacting protein kinase 1 (RIPK1) has previously been proposed
as a key mediator of TLR3-induced cell death (59). Mechanistically, RIPK1 recruits
TLR3/TRIF to FADD/caspase-8 death complex which leads to apoptosis (59). We
therefore hypothesized that RIPK1 might play an important role as a central mediator
of poly(l:C) and Smac mimetic-induced apoptosis (PS) in CCA cells. Since a
pharmacological inhibitor of RIPK1, necrostatin-1 (Nec-1) was developed which
binds to RIPK1 and inhibits its Kinase activity. To explore the involvement of RIPK1
in this pathway, we initially started with a RIPK1 inhibitor (Nec-1) to investigate
whether necrostatin-1 inhibited poly(l:C) and Smac mimetic-induced apoptosis in
KKU100 and KKU213. KUU100 and KKU213 cells were pretreated with 60 uM
Nec-1 and Smac mimetic for 2 hours, followed by transfection with poly(l:C) for 24
hours and cell death was analyzed by Annexin V/PI staining. The results showed that
Nec-1 partially reduced poly(l:C)-induced apoptosis from around 48.2% to 26.6% in
KKU100 and 42.2% to 17.6% in KKU213 (Figure 23). These results suggested that

poly(I:C) and Smac mimetic induced apoptosis in RIPK1 kinase-dependent manner.
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Figure 23 : The effect of a RIPKL1 inhibitor, Necrostatin-1 (Nec-1) on poly(l:C)-
induced apoptosis in KKU100 and KKU213 cell lines.
KKU100 and KKU213 were pretreated with 60 pM of Nec-1 and Smac

mimetic (50 nM in KKU100 and 5 nM in KKU213) for 2 hours followed by
transfection with 2.5 pg/mL poly(l:C) for 24 hours. TNF-a and Smac mimetic was
included as a positive control. Cell death was determined by Annexin V/PI staining
followed by flow cytometry. Data from three independent experiments was presented
as mean + S.D.; * p <0.05, **p <0.01, *** p < 0.001.

Moreover, the more efficient for functional inhibition of RIPK1 was used
which is a genetic disruption of RIPK1 gene, we therefore constructed a genetic
deletion of RIPK1 in CCA cells using CRISPR/cas9 system. Western blot analysis
results showed that the expression of RIPK1 was completely absent both in RIPK1
knockout KKU100 and KKU213 cells (Figure 24). Then, we investigated the
protective effect of RIPK1-knockout CCA cells against poly(l:C) and Smac mimetic-
induced apoptosis. The results showed that RIPK1 deletion by CRISPR/cas9
significantly reduced poly(l:C) and Smac mimetic-induced apoptosis from 42.7% to
13.3% and 42.7% to 10.5% in KKU100 and KKU213, respectively (Figure 24).
Throughout two different approaches of RIPK1 inhibition, these results suggested that
poly(I:C) and Smac mimetic induced CCA cells apoptosis in a RIPK1 kinase-

dependent manner.
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Figure 24 : The effect of RIPK1 gene deletion by CRISPR/cas9 on poly(l:C)-
induced apoptosis in KKU100 and KKU213 cell lines.
CRISPR-V2 and CRISPR-RIPK1 KKU100 and KKU213 were pretreated with

Smac mimetic (50 nM in KKU100 and 5 nM in KKU213) for 2 hours followed by
transfection with 2.5 pg/mL poly(l:C) for 24 hours. TNF-a and Smac mimetic was
included as a positive control. Cell death was determined Annexin V/PI staining
followed by flow cytometry. Data from three independent experiments was presented
as mean + S.D.; * p <0.05, **p <0.01, *** p < 0.001.
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CHAPTERV

DISCUSSION AND CONCLUSION

Cholangiocarcinoma (CCA), a heterogeneous malignancy of biliary tract
which is the second most common of liver cancers. Because of late diagnosis, high
aggressiveness, and heterogeneous mixed population of CCA cells, CCA patients
have high mortality rate and poor prognosis with 5-year survival rate is low as of 5-
10%, particularly with advanced stage diagnosis, mainly due to lack of effective
therapy (2). Most of patients are diagnosed with an advanced stage, because of lack of
early diagnosis tools and biomarkers. Therefore, surgery which is only a curative
treatment cannot be operated. Chemotherapy and radiotherapy become two of
palliative treatments for CCA patients. However, the efficacy of both treatments are
limited, one of major hindrances for therapeutic success is chemoresistance and
severe side effects (86). Therefore, in the present study our final goal was to
development a novel treatment with more efficient in order to improve quality of life
and increase survival rate of CCA patients.

Development of therapeutic treatments targeting molecules-associated with or
specific-to cancer cells are a key for therapeutic success with high efficient and more
specific treatments, so less side effects. As tumor microenvironment of CCA is
associated with chronic inflammation which are amplified by damage-associated
molecular patterns (DAMPs) releasing from damaged or dying cells in tumor
microenvironment and pathogen-associated molecular patterns (PAMPS) (our
unpublished data,(30)). Since both DAMPs and PAMPs have been shown to activate
and induce the expression of pattern recognition receptors (PRRs) including Toll-like
receptor 3 (TLR3), a novel therapeutic target for cancer therapy with
immunomodulation. In this study, we therefore hypothesized that TLR3 was
expressed in CCA cells and could be developed as a novel target for treatment of
CCA patients. To this end, we investigated the expression of TLR3 in CCA cell lines
to raise the possibility of using TLR3 ligand that activates TLR3 signaling, as a novel
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therapeutic strategy for CCA patients to receive more efficient cancer treatment. We
demonstrated that 6 different human CCA cell lines differentially expressed TLR3
protein but not detected in non-tumor cholangiocytes which suggested for further
therapeutic development targeting TLR3 signaling.

As being an important and a novel target for cancer treatment particularly on
cancer immunotherapy, several TLR3 agonists which mimic double-stranded RNA
(dsRNA) have been developed in several forms such as polyinosinic acid:
polycytidylic acid [poly(l:C)]. Some of them are wused in clinics for
immunomodulation and others are entered clinical trials for cancer immunotherapy
such as Ampligene (87), Hiltonol or Oncovior (88-90), and BO-112 (91) that would
make the possibility for clinical translations. In addition, stimulation with TLR3
ligand, poly(l:C) enhanced TLR3 expression in CCA cell lines, but it was restricted in
non-tumor cholangiocytes. TLR3 ligand stimulation has been reported to enhance
TLR3 expression (12,55) and the possible mechanism might be through type | IFNs
(83). It suggested that non-tumor cholangiocytes might not be responsive to TLR3
ligand stimulation. Moreover, TLR3 expression and activation were occurred only in
tumor cells so that it could emphasize the possibility and the more safety of using
therapy targeting TLR3 signaling.

Although several studies have reported that a single treatment of TLR3
agonist or poly(l:C) directly induce apoptosis in some cancer cells (13,58-60), our
resulted demonstrated that treatment with poly(1:C) alone by two different approaches
including direct addition of poly(l:C) into cell culture medium and transfection using
transfection reagent had no effect on cell death in 6 CCA lines. We therefore
hypothesized that negative regulators of poly(l:C)-induced apoptosis could be one of
factors that lead to resistance to poly(l:C)-induced cell death. As both clAP1 and
clAP2 and cFLIP have been reported to be key negative regulators of poly(l:C)-
induced cell death (23,59), we therefore investigated the expression of those three
proteins in CCA cell lines. In comparison to known clAP1 and clAP2 overexpressed
cell lines including MDA-MB-231, a breast cancer cell line and HT-29, a colon
cancer cell line, all CCA cell lines except KKU100 expressed similar level of clAP1
when compared to both MDA-MB-231 and HT-29 cell lines, while the expression of
ClAP2 in KKU213, KKU214, and RMCCA-1 was higher than MDA-MB-231 and
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HT-29 cell lines. In addition, clAP2 expression in KKU100, KKU-MO055, and
HUCCT-1 was much higher than in MDA-MB-231 and HT-29 cell lines. Another
negative regulator which is cFLIP was expressed highest in HUCCT-1. Altogether,
these results suggested that CCA cell lines expressed high level of negative regulator
particular on clAP1 and clAP2 that might contribute to resistance to poly(l:C)-
induced apoptosis.

Since TLR3 ligand stimulation has been reported to induce cell death with or
without the sensitizers in several cancers. In consistence with the high expression of
clAP1 and clAP2 in CCA cell lines, our results did demonstrate for the first time that
poly(l:C) could induce CCA cell death in the combination with Smac mimetic, an
IAPs antagonist which are entered clinical trials as anti-cancer treatment (92). The
over-expression of clAP1 and clAP2 in CCA cells plays an important role in
suppression of poly(l:C)-induced CCA death as critical negative regulators. Smac
mimetic specifically induced the degradation of clAP1 and clAP2, thereby removal
key negative regulators of poly(l:C)-induced apoptosis in CCA cells. We found that a
single treatment with Smac mimetic can also induce CCA apoptosis with high
concentration in which KKU213, KKU214, and RMCCA-1 were more sensitive to
Smac mimetic-induced apoptosis. The proposed mechanism of Smac mimetic-
induced apoptosis in sensitive cell lines is an autocrine TNF-a production through a
non-canonical NF-«B signaling pathway (29). In contrast, KKU100, KKU-MO055, and
HUCCT-1 were less sensitive which required higher dose of Smac mimetic-induced
clAP1 and clAP2 degradation and cell death. Therefore, the correlation of CCA cell
apoptosis and Smac mimetic is probably dependent on the higher relative expression
of clAP2 in which KKU100, KKU-MO055, and HUCCT-1 were expressed high level of
clAP2 when compared to other cell lines. It has been reported the binding affinity of
SM-164 to clAP1 and clAP2 using fluorescence-polarization based assays. SM-164
has higher K; (the inhibitor constant) values to clAP2 than clAP1, it means that higher
concentration of SM-164 is needed to inhibit clAP2 when compared to clAP1 (93).
Therefore, it would suggest that the responsiveness of CCA cells to Smac mimetic
was dependent on clAP2 expression. There have been reported that clAP2, but not
ClAP1 expression is a contributing factor to TNF-a-induced apoptosis (94) and 5-

Fluorouracil resistance and poor prognosis in squamous cell cacinoma (95). The
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combination treatment of poly(I:C) and Smac mimetic significantly triggered
apoptosis with high synergism. Concerning a non-tumor cholangiocyte, MMNKZ1,
Smac mimetic significantly removed both clAP1 and clAP2 in this cell line, however
they were not responsive to the combination treatment of poly(l:C) and Smac
mimetic, yet they were highly sensitive to TNF-o and Smac mimetic treatment, a
well-known  caspas-8-dependent  apoptosis  inducer, suggesting that the
unresponsiveness to poly(l:C) and Smac mimetic treatment is not due to a defective in
apoptosis signaling pathway. We therefore hypothesized that TLR3 expression might
contribute to apoptosis response in MMNKZ1 which necessitates further investigation.
Among CCA cell lines investigated in this study, HUCCT-1 expressed the highest
level of TLR3 and Smac mimetic with high concentration completely removed both
clAP1 and clAP2 expression, however this particular cell line was less responsive to
both poly(l:C) and TNF-a in the combination with Smac mimetic-induced apoptosis.
According to our screening of known negative regulators of caspase-8-dependent
apoptosis, high expression of cFLIP in this cell line might contribute to less
responsiveness to apoptosis (23).

Moreover, in the presence of z-VAD-fmk, a pan-caspase inhibitor, CCA cell
death could not be completely protected in KKU213 cell line, while zVAD-fmk
almost completely inhibited apoptosis in KKU100 cell line. Since TLR3 agonist-
mediated cell death has been reported not only through apoptosis but also a recently
identified novel cell death called necroptosis in RIPK3-expressing cells (96). Our
study that was not included in this thesis demonstrated that KKU213 expressed
RIPK3, while KKU100 exhibited no RIPK3 expression. Therefore, it suggested that
the combination treatment of poly(l:C) and Smac mimetic could switch cell death
mode from apoptosis to necroptosis in KKU213, a RIPK3-expressing cell in the
presence of ZVAD-fmk. Of particular interested, since necroptosis is proposed to be a
promising novel therapeutic treatment in cancer through dual therapeutic benefits
including direct cell killing and anti-tumor immunity activation, therefore further
studies in CCA cells-expressing RIPK3 could lead to more efficient therapy (97—99).

We found that treatment of CCA cells using poly(l:C) with transfection
method exhibited more potent CCA cell death compared to direct adding method.

Therefore, it suggested that the sensitivity of poly(l:C) on CCA cell death was
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dependent on TLR3 localization. TLR3 localization can be found at cell surface and
intracellular compartments mainly on an endosomal membrane depending on cell
types (21,100,101). Our preliminary studies revealed that TLR3 mainly
immunolocalized in cytoplasm of human CCA tissues, therefore it was not surprised
that the more sensitivity of CCA cell lines to poly(l:C) treatment was towards the
delivery of poly(l:C) by transfection. These results also pointed to the importance of
further development of poly(1:C) delivery method into cancer cells.

RIPK1 has been reported to regulate cell fate both inflammation and cell death
signaling (71). Our results revealed that RIPK1 was indispensable for poly(l:C) and
Smac mimetic-induced apoptosis in a Kinase-dependent manner. In addition, the
deletion of RIPK1 using CRISPR/Cas9 almost completely protected apoptosis,
however Nec-1, a RIPK1 kinase-domain inhibitor, only partially inhibited apoptosis
while in parallel experiments, the same inhibitor almost completely inhibited TNF-a-
induced necroptosis which is known that kinase domain of RIPK1 is a major mediator
of necroptosis suggesting the effectiveness of this inhibitor (102). Therefore, in
addition to its kinase activity, RIPK1 could also serve as a scaffold, in addition to
kinase-dependent manner in poly(l:C) and Smac mimetic-induced apoptosis.

Altogether, all of these results provided the possibility to develop a novel
potential therapeutic approach targeting TLR3 in combination with Smac mimetic in
which apoptosis is dependent on RIPK1 expression. Although, RIPK1 was expressed
in similar level in all CCA cell lines and a non-tumor cholangiocytes (data not
shown), the investigation of RIPK1 expression in CCA tissue patents is of great
importance for development of personalized therapy targeting TLR3 in combination
with Smac mimetic which mainly depends on RIPK1 status.

TLR3 ligand-induced cancer cell death is a promising anti-cancer therapy. As
mentioned above, TLR3 ligands e.g. poly(l:C) are now being evaluated in clinical
trials as adjuvants for cancer immunotherapy. Interestingly, intratumoral injection of a
nanoplexed poly(l:C) is undergoing phase I/11 clinical trials in melanoma. It has been
reported that BO-112, a conjugation of poly(l:C) to polyethylenimine (PEI) induced
immunogenic cell death and exerted potent anti-tumor immunity (91). On the other
hand, Smac mimetics, for example LCL-161, are also currently in clinical trials as

anti-cancer agents for treatment of some cancers (103). Moreover, it has been
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revealed that Smac mimetic did not induce cell death in immune cells such as T-cells
and dendritic cells but not in monocytes (104). T-cell anti-tumor immunity can be
enhanced by Smac mimetic in a cancer vaccine mouse model (34,35). Collectively, it
suggested that the combination treatment of TLR3 ligand, poly(l:C) and Smac
mimetic, while with further development could be translated into clinical uses and has
significant clinical implications through dual beneficial therapeutic effects on both
direct cancer cell killing and reactivating anti-tumor immunity.

In conclusion, this is the first study demonstrated that using TLR3 ligand,
poly(1:C) which activates TLR3 signaling in the combination with Smac mimetic, an
IAPs antagonist induced apoptosis in CCA cells but restricted to non-tumor
cholangiocytes. Therefore, therapy targeting TLR3 in combination with Smac
mimetic could provide a novel therapeutic concept with more effective for CCA
patients. Finally, we suggested that further studies such as 1) investigation of
poly(l:C) and Smac mimetic on tumor growth in vivo, 2) investigation of poly(l:C)
and Smac mimetic in anti-tumor immunity, 3) investigation of TLR3 and RIPK1
expression in the patients and 4) development of delivery system should be examined

that could benefit greatly as a targeted and personalized therapy.
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Appendix A : Poly(l:C) Quality Control

(A) Stock solution (5 mg/mL) of poly(l:C) was diluted to 1:10 and subjected
to NanoDrop Spectrophotometer for poly(l:C) quantitation. (B) Quality of poly(l:C)
was determined by gel electrophoresis. High molecular weight (HMW) poly(l:C):
average size of 1.5-8 kb was used in this study. Lane 1 indicated DNA marker, while
lane 2 and lane 3 were loaded with 25 and 50 pg of poly(I:C), respectively.



Appendix B : Western Blot Reagents

10X inhibitor
tablet (Boetringer Mannheim Com. 1697498,

1X RIPA Lysis buffer

10x RIPA buffer 1mL
MilliQ 9mL
Add 1 tablet protease inhibitor cocktail

Aliquot 1 mL into each tube

5X laemmli buffer

0.5M Tris-HCL pH6.8 1.75
Glcerol(Glycrin) 4.5
SDS (0.25g dissolved in 1ml Tris-HCL) 2
0.5¢ total 0.25% Bromophenol blue (25mg in 10 mL H20) 0.5
B-mercaptoethanol 1.25
Total 10

1M Tris-HCI pH 6.8 (MW = 121.14)
121.14 g in 1000 mL dH20

2M Tris-HCI pH 8.8 (MW = 121.14)
242 .28 ¢ in 1000 mL dH20

1.5M Tris-HCI pH 8.8 (MW =121.14)
181.71 g in 1000 mL dH20

20% SDS

SDS20g

MilliQ 100 mL

10X TBS pH7.4
500 mM Tris-HCI (MW-=121 4
15 M NaCl MW-=58.44)

Add 6057 g Tris
87.66 g NaCl
adjust pH to 7.4 and add dH»O to 1000 mL

mL
mL
mL
mL
mL

mL
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1X TBS (0.05% Tween 20y

10X TBS 100 mL 50 mM

dH20 900 mL 150 mM

Tween 05mL 0.05%

10X Running buffer (Tris-Glycing) 10X

Add 303 g Tris MW-=1214) 025 M
1441 g Glycine MW-=75.07) 19 M

adjust pH to 8.3 and add dH.0 to 1000 mL

1X Running buffer (Tris-Glycine-SDS)
10X Running buffer 100 mL

dH20 900 mL

20%SDS 5mL ©.1%)

1X Wet Transfer buffer
100 mL 10X Running buffer
700 mL dH20

200 mL Methanol (20%)

1X
25 mM
190 mM
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