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Abstract

Cholangiocarcinoma (CCA) is a rare cancer with a poor prognosis. Much of medical
research has focused on investigating cancers with a higher incidence and little focus

has been devoted to this disease.

The aim of this thesis was to perform a protein analysis of CCA and cholangiocyte cell
lines. Differences between immortalised cancer and normal cells were sought in

order to identify potential therapeutic targets and/or diagnostic tools.

A variety of CCA cell lines were used, reflecting both intra and extrahepatic disease.
The different subtypes of CCA through the developed and developing world are also
represented so differences were also sought between them. Proteomic analysis was
performed using DIGE with subsequent spot selection. Identified spots were

extracted and processed using mass spectrometry.

In addition, available chemotherapy agents were tested in vitro against the same cell
lines to check for their action and how this could be enhanced. A benzodiazepine
receptor antagonist (PK11195) was used to demonstrate apoptosis promotion in the
presence of established cytotoxic agents (gemcitabine, etoposide, 5 fluorouracil and
cisplatin). Cytotoxic assays were carried out using the SRB (Sulphorhodamine B)
assay. Cell lines were tested for benzodiazepine receptor status using gRTPCR and

response was correlated.
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1 General Introduction

1.1 Cholangiocarcinoma

Cholangiocarcinoma (CCA) is a rare hepatobiliary tumour that arises from biliary
epithelium. The word’s etymology comes from Greek for bile (yoAn, chole) duct
(ayyeiov, angion) and cancer (kapkivwua, carcinoma). The disease was first
described in 1911 where it was distinguished from hepatomas (hepatocellular
carcinomas) on the basis of its cellular derivation (Goldzieher and von Bokay, 1911).
Although infrequent, it represents the second most common primary hepatobiliary

malignancy.

1.1.1 Incidence and epidemiology

In the western world the annual incidence of cholangiocarcinoma is typically 1 to 2
cases per 100,000 population (Renard et al., 1987, Landis et al., 1998). This translates
to roughly 1,000 cases per year in the United Kingdom and 9,000 cases per year in
the United States. However, the incidence varies considerably around the world and
can be much higher in developing countries, especially in the Far East, often
reflecting the disease’s different aetiologies. In Thailand for example, annual
incidence has been calculated to be in excess of 100 cases per 100,000 population

translating to about 60,000 cases per year (Green et al., 1991).

Data reveal that over the past few decades the incidence of CCA has been on the
increase both in the west and in the Far East (West et al., 2006, Khan et al., 2002b).

In the United States, intrahepatic CCA saw a rise in incidence of 165% between the
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periods 1975-1979 and 1995-1999 (Shaib et al., 2004). The cause of this rise is
unknown and does not appear to be explained simply by changes in coding practice

or by improvements in diagnosis (Khan et al., 2002a).

CCA accounts for less than 2% of all cancer diagnoses worldwide (Chamberlain and
Blumgart, 2000), however, it accounts for approximately 10 to 15% of all primary
hepatobiliary malignancies making it the second most common in this group

(Chapman, 1999, Ries LAG, 2005).

1.1.2 Classification and histology

Cholangiocarcinomas can develop anywhere along the biliary tree from the ampulla
of Vater to the intrahepatic biliary radicals. The term “cholangiocarcinoma” was
originally used to refer exclusively to primary tumours of the intrahepatic bile ducts.
It was not used in reference to extrahepatic bile duct tumours, however, the term is
nowadays regarded as inclusive of intrahepatic, perihilar, and distal extrahepatic

tumours of the bile ducts (Albores-Saavedra et al., 1991).

CCAs are usually categorised according to their anatomic location:

intrahepatic bile ducts (intrahepatic CCA is also sometimes referred to as

‘peripheral’), which represent 20-25% of the total

extrahepatic bile ducts (extrahepatic CCA), which also represent 20-25%

hilar CCAs, representing 50-60% of all cases of cholangiocarcinoma. Tumours that

involve the bifurcation of the ducts are often referred to as Klatskin tumours and

13



General Introduction

are sub categorised using the Bismuth classification (Bismuth and Castaing,

1994).

(@)

Type | - tumours found below the confluence of the right and left hepatic

ducts;

0 Type Il - tumours reaching the confluence but not involving the right or left

hepatic ducts;

0 Type lll - tumours occluding the common hepatic duct and either the right

(lna) or left (lllb) hepatic duct;

0 Type IV - tumours that are multicentric or they involve the confluence and

both the right and left hepatic ducts.

Hilar CCAs have often been grouped with either intra or extrahepatic CCAs. Examples
include death certification, where Klatskin tumours have been recorded as
intrahepatic (Khan et al., 2002a) whilst in other instances they have been classified

as extrahepatic (Chamberlain and Blumgart, 2000).

A method for the macroscopic classification of CCAs has yet to be universally agreed
on, on an international base at least. Several, mostly regional, classifications have
been used in the past and present, which often creates difficulties and confusion
particularly when comparing data. A commonly used classification system is the one
proposed by The Liver Cancer Study Group of Japan which characterises them as
mass forming, periductal infiltrating or intraductal (Lim and Park, 2004). Of these

morphological types, intraductal cholangiocarcinomas are the least common, but

14
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have a more favourable prognosis than either the mass-forming or periductular

infiltrating types.

Histologically cholangiocarcinomas are most commonly found to be well-
differentiated adenocarcinomas (95%) (Patel, 2006). The other 5% can be squamous
cell carcinomas, mucoepidermal carcinomas, rhabdomyosarcomas,
leiomyosarcomas, cystadenocarcinoma, granular cell carcinoma, lymphomas or

carcinoid tumours (Chapman, 1999).

1.1.3 Staging
There are currently three staging systems for CCA: the AJCC/UICC (American Joint
Cancer Committee/Union for International Cancer Control) TNM staging system, the
LCSGJ (Liver Cancer Study Group of Japan) (Yamasaki, 2003) and the NCCJ (National
Cancer Center of Japan) (Okabayashi et al., 2001). Intra, perihilar and extra hepatic
CCAs are staged according to different criteria. The 7™ and most recent edition of
the TNM classification of malignant tumours was published in 2009 and Table 1
illustrates the staging of intrahepatic CCA (Sobin et al., 2010). A subsequent
validation study demonstrated that it was accurate in correlating increasing stage

with poor patient survival (Ribero et al., 2011).

Table 2 illustrates the TNM staging for perihilar CCA and Table 3 that of extra hepatic

CCA.
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T1 Solitary tumour without vascular invasion
T2a Solitary tumour with vascular invasion
T2b Multiple tumours, with or without vascular invasion
T3 Tumour(s) perforating the visceral peritoneum or involving the local extra
hepatic structures by direct invasion
T4 Tumour with periductal invasion
NO no regional lymph node metastases
N1 regional lymph node metastases
MO No distant metastases
M1 Distant metastases present
Stage
I T1 NO MO
I T2 NO MO
" T3 NO MO
IVa T4 NO MO, Any T N1 Mo
IVb Any T, Any N, M1

Table 1 TNM classification and staging of intra hepatic CCA
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Tx Primary tumour cannot be assessed
Tis Carcinoma in situ
T1 Tumour confined to the bile duct, with extension up to the muscle layer
or fibrous tissue
T2A Tumour invades beyond the wall of the bile duct to surrounding adipose
tissue
T2B Tumour invades adjacent hepatic parenchyma
T3 Tumour invades unilateral branches of the portal vein or hepatic artery
T4 Tumour invades main portal vein or its branches bilaterally; or the
common hepatic artery; or the second-order biliary radical bilaterally; or
unilateral second order biliary radicals with contralateral portal vein or
hepatic artery involvement
NO No regional lymph node metastases
N1 Regional lymph node metastases present (including nodes along the
cystic duct, common bile duct, hepatic artery, and portal vein)
N2 Metastases to periaortic, pericaval, superior mesenteric artery, and/or
celiac artery lymph nodes
MO No distant metastases
M1 Distant metastases present
Stage
0 Tis NO MO
I T1 NO MO
I T2A-B NO MO
Ila T3 NO MO
b T1-3 N1 MO
IVa T4 NO-1 MO
IVb Any T N2 MO
Any T Any N M1

Table 2 TNM classification and staging of perihilar CCA
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TX Primary tumour cannot be assessed

TO No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour confined to the bile duct histologically

T2 Tumour invades beyond the wall of the bile duct

T3 Tumour invades the gallbladder, pancreas, duodenum, or other adjacent
organs without involvement of the celiac axis, or the superior mesenteric
artery

T4 Tumour involves the celiac axis, or the superior mesenteric artery

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastases

N1 Regional lymph node metastases present

MO No distant metastases

M1 Distant metastases present

Stage

0 Tis NO MO

IA T1 NO MO

IB T2 NO MO

1A T3 NO MO

11B T1 N1 MO
T2 N1 MO
T3 N1 MO

1] T4 Any N MO

% Any T Any N M1

Table 3 TNM classification and staging of extra hepatic CCA

1.1.4 Clinical presentation

Patients with extrahepatic or hilar cholangiocarcinoma almost invariably present

with symptoms of obstructive jaundice (90-98%). Weight loss is present in 29% of

patients, whilst 20% have abdominal pain and 9% have fever (Chamberlain and

Blumgart, 2000).

Patients with intrahepatic lesions often present with malaise, abdominal pain or just

weight loss. Some are identified incidentally as mass lesions on imaging studies

performed during investigation of other symptoms or pathologies. On clinical

presentation alone, it is often difficult to distinguish intrahepatic cholangiocarcinoma

from hepatic metastases from other malignancies (Patel, 2006).
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1.1.5 Risk factors and aetiology

At presentation, most patients are at an advanced age with 65% of patients being
over 65 years old. The overall average age of presentation is 50 years. Males have a

higher incidence with a 3:1 ratio to females (Chapman, 1999).

The strongest association of cholangiocarcinoma development is with diseases that
cause chronic inflammation of the biliary tract. Not surprisingly, primary sclerosing
cholangitis (PSC) is the commonest known predisposing factor for
cholangiocarcinoma in the UK with a calculated lifetime risk of 5-15% for the PSC
patient. This association persists irrespective of the presence of ulcerative colitis, a

disease closely linked to PSC.

Other risk factors include:

Chronic intraductal gall stones.

Bile duct adenoma and biliary papillomatosis.

Caroli’s disease (an inherited condition characterised by cystic dilatation of

intrahepatic bile ducts giving a lifetime risk for CCA of 7%).

Choledochal cysts (about 5% will transform, risk increases with age).

Cirrhosis of any aetiology (Welzel et al., 2007).

Smoking (increased risk in association with PSC).
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Thorotrast, a radiological contrast medium with a half life of approximately
400 years. It is no longer licensed for clinical use and was withdrawn from the
market in the 1950s. After exposure, the relative risk for all hepatobiliary
malignancies has been reported between 39.2 and 47 and lasts for several
decades as Thorotrast is retained in the reticuloendothelial system and

continues to produce ionising radiation (Zhu et al., 2004).

Some risk factors such as Hepatitis C (especially with intrahepatic
cholangiocarcinoma) and heavy alcohol consumption have been associated with
cholangiocarcinoma but their role could not be independently evaluated from

cirrhosis (Shaib et al., 2007).

In South East Asia, where the tumour has a higher incidence, the additional

associated risk factors are:

Liver flukes (Opisthorchis viverrini and Clonorchis sinensis), especially in Thailand,
Laos and northern Malaysia (Sripa and Pairojkul, 2008). This association was first
recognised in the literature approximately 60 years ago (Viranuvatti et al., 1955).
It has been suggested that the association of O. viverrini and CCA is the strongest

between any parasite and a cancer (Sripa et al., 2012).

Chronic typhoid carrier status (which causes a six fold increased risk of all

hepatobiliary malignancies) (Welton et al., 1979).
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1.1.6 Molecular pathogenesis

The malignant transformation of cholangiocytes, a process often referred to as
‘cholangiocarcinogenesis’ is still not fully understood. Current evidence implicates
conditions leading to an environment of chronic inflammation of the liver. Other
factors such as injury to the bile duct epithelium and alteration to bile flow,
especially obstruction, are usually linked to this chronic inflammation (Wise et al.,
2008). DNA damage as a result of the above conditions promotes tissue
proliferation, in a local environment that becomes rich in growth factors and
cytokines. Cells are therefore in a position to develop autonomous proliferation
through activation of pro-proliferative intracellular signalling pathways and

enhanced production of mitogenic factors.
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Figure 1-1 Proposed mechanisms leading to transformation of normal biliary cells into
malignant cholangiocytes.

Cholangiocarcinoma cells express altered molecular mechanisms, which enhance cell
proliferation, decrease apoptosis, and increase the capacity of tissue invasion, stromal
proliferation, and angiogenesis (Fava and Lorenzini, 2012).

Cytokines released by cholangiocytes and that have been implicated in
cholangiocarcinogenesis include: interleukin 6 (IL-6), transforming growth factor-p
(TGF-B), IL-8, tumour necrosis factor-a (TNF-a) and platelet—derived growth factor
(PDGF). These can act in both an autocrine and paracrine fashion (Fava and
Lorenzini, 2012). They stimulate several intracellular pathways involved in growth

and survival of malignant cholangiocytes.

IL-6 for instance activates the pro-survival p38 mitogen activated protein kinase and

up-regulates Mcl-1, an anti-apoptotic protein in the Bcl-2 family of apoptotic
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proteins (Kobayashi et al., 2005). This tips the balance in the pro and anti-apoptotic

equilibrium thereby shifting affected cells towards cell survival.

Mcl-1 up regulation in cholangiocytes also increases cancer cell resistance to TRAIL

(tumour necrosis factor related apoptosis inducing ligand) promoting cell survival.

The cytokine TGF-B along with its signalling pathway are associated with several cell
functions such as growth, survival, apoptosis, differentiation and immunity. In the
presence of cholestasis, cholangiocytes express TGF-B, however CCA cell mutations
to the receptors of TGF-B induce a resistance to the cytokine’s effect. The
impediment in TGF-f signalling also accounts for the enhanced deposition of fibrotic

(stromal) tissue, a characteristic feature of CCA (Yazumi et al., 2000).

Nitric oxide is an agent with recognised mutagenic properties. Cytokines released in
response to inflammation activate iNOS (inducible nitric oxide synthase) which in
turn generates nitric oxide. Nitric oxide in turn can directly or through the formation
of peroxynitrite species lead to the deamination of guanine and DNA adduct
formation thereby promoting DNA mutations (Jaiswal et al., 2000, Jaiswal et al.,
2001). iNOS has also been shown to promote the up-regulation of COX-2 in in-vitro
studies of immortalized mouse cholangiocytes suggesting that COX-2 and COX-2
derived prostanoids could have a key role in cholangiocarcinogenesis. COX-2 also up
regulated the expression of Notch-1, a trans membrane receptor involved in cell

proliferation, which has been implicated in other cancers (Ishimura et al., 2005).
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1.1.7 Current treatment of cholangiocarcinoma

1.1.7.1 Surgery

1.1.7.1.1 Resection

Patients are usually assessed for surgery before being considered for other
treatments. Surgical resection for CCA gained favour in the early 1970s (Okaro et al.,
2002). It remains a major undertaking with relatively high morbidity and mortality
rates, however, it is the only treatment modality that can offer potential for cure.
Morbidity figures range for 31 to 85% and perioperative mortality from 5 to 10%

(Meza-Junco et al., 2010).

Less than 25% of patients with CCA are amenable to surgical resection at the time of
presentation. When RO resection is achieved, reported five-year survival rates range

from 30% to 41% for hilar CCA, 31% to 63% for intrahepatic tumours and 27% to 37%
for extrahepatic tumours. This rate has not appreciably improved over recent years

(Meza-Junco et al., 2010, Wade et al., 1997).

1.1.7.1.2 Liver transplantation

More recently, liver transplantation has been championed as an alternative surgical
option for peripheral CCA with potential curative outcomes. Early attempts of its use
were fraught with high recurrence rates (Robles et al., 2004). However, the latest
outcomes presented by the Mayo Clinic Rochester, where an aggressive neo-
adjuvant regime is employed, claim a 5 year survival rate (in 90 transplanted

patients) in excess of 70% (Rosen et al., 2008). These figures compare favourably to
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surgical resection. Very importantly however, is that they also compare well to
survival figures in patients that receive liver transplants for other diagnoses. This
justifies the argument of using donor livers for this purpose at least on a clinical trial
stage. To date however, the evidence as illustrated above comes from non-
randomised case series and has not been widely replicated in other parts of the

world.

1.1.7.2 Palliative treatment

The remaining 75% of patients, who are not candidates for surgical resection, can be
considered for palliative treatment. There are various supportive treatment regimes
and the algorithm of treatment can be complex (see Figure 1-2). Factors that can

affect treatment decisions include:

Anatomical location of primary and/or metastatic disease

Symptoms (eg jaundice)

Patient’s current state of fithess

Other co-morbidities

Patient wishes

Local availability of technology and expertise

Loco regional involvement and recruitment in clinical trials

Palliative surgical options can be tailored to clinical needs. Various bypass

procedures can be employed to circumvent or drain the biliary system, an effective
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treatment for the jaundiced patient. Less invasive options such as endoscopic

or

percutaneous biliary stenting can also be used with either plastic or metal devices.

Stenting with drug eluting covered metal stents is still at an experimental stage.

Chemotherapy has had limited success on this disease. It was not until 2010 that t

he

first phase Ill chemotherapy based treatment showed any survival benefit. The ABC-

02 (Advanced Biliary Cancer) was a multi centre UK study that demonstrated
overall survival benefit using gemcitabine and cisplatin when compared
gemcitabine alone (Valle et al., 2010b). It currently represents the chemothera

treatment standard for unresectable CCA.

The ABC-02 trial became an extension of the ABC-01, a phase Il trial that used the
same treatment regime (Valle et al., 2009). Prior to this study, gemcitabine
monotherapy had been one of the most commonly used agents in CCA (Gebbia et
al., 2001). The ABC-02 trial recruited 410 adult patients with unresectable and
histopathology or cytology proven CCA from 37 centres. Patients were randomised
to either of the above two regimes. The study demonstrated that the combination
regime (gemcitabine with cisplatin) improved median overall survival (OS) by 3.6
months (11.7 vs. 8.1 months respectively) when compared to monotherapy with
gemcitabine. The group receiving combination therapy also had improved
progression free survival (PFS) by 3 months (8.0 vs. 5.0 months respectively). The
same investigators have launched two further phase Il trials (ABC-03 and ABC-04)
that are investigating the effect of tyrosine kinase inhibitors on patients with

advanced CCA.

an

to

Py
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The following table (Table 4) summarises all the phase Il and phase Ill trials published
in the literature to date involving patients with CCA. Table 5 that follows,

summarises the current ongoing phase Il trials on patients with CCA.
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Study Year of Publication Treatment Type Outcome
no of patients Phase
(Harvey et al., 1984) 1984 5-FU Palliative PR 31%
17 mitomycin Phase Il SD 41%
doxorubicin
(Falkson et al., 1984) 1984 5-FU streptozotocin | Palliative OR 8%
34 Methyl-CCNU Phase Il
(Ellis et al., 1995) 1995 5-FU epirubicin Palliative RR 40%
25 cisplatin Phase
(Polyzos et al., 1996) 1996 5-FU Palliative RR 23%
13 mitomycin-C Phase Il MS 22 w
folinic acid
(Jones et al., 1996) 1996 paclitaxel Palliative CR 0%
15 Phase Il PR 0%
(Patt et al., 1996) 1996 5-FU Palliative MS 12m
35 rIFN alpha-2b Phase Il PR 34%
(Eckel et al., 2000) 2000 5-FU Palliative MS7.3m
30 Leucovorin Phase I
cyclophosphamide
(Park et al., 2005) 2005 epirubicin, cisplatin, | Palliative PR 22.5%
40 uracil/tegafur, and Phase Il MS 34w
leucovorin MTTP: 16w
(Ducreux et al., 2005) 2005 5-FU Palliative CR 0-4%
58 folinic acid cisplatin | Phase PR 7-15%
OR 7-9%

DS 44-46%
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Study Year of Publication Treatment Type Outcome
no of patients Phase
(Park et al., 2006) 2006 epirubicin, cisplatin | Palliative PR 40%
43 capecitabine Phase MS 8m
SD 23%
(Kim et al., 2006) 2006 gemcitabine Palliative PR 34.5%
29 cisplatin Phase Il OR 34.5%
SD 13.8%
PD 44.8%
MS 11m
(Hong et al., 2007) 2007 capecitabine Palliative PR 41%
32 cisplatin Phase Il CR 0%
SD 9.4%
MTTP 3.5m
MS12.4m
PD 34.4%
(Ciuleanu et al., 2007) | 2007 0OSI-7904L Palliative SD 0-36%
22 5-FU Phase Il MTTP 7.4-18w
leucovorin (Randomised) MS 23.7-29.4w
(Riechelmann et al., 2007 gemcitabine Palliative OR 29%
2007) 75 capecitabine Phase Il CR 4%
PR 25%
MS 12.7m
SD 49%
MTTP 6.2m
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Study Year of Publication Treatment Type Outcome
no of patients Phase
(Kim et al., 2008) 2008 Cisplatin Palliative OR 30%
51 S-1 (=tegafur Phase Il CR 4%
gimeracil PR 26%
oteracil K) SD 42%
PD 18%
MTTP 4.8m
MS 8.7%
(Lee et al., 2008) 2008 gemcitabine Palliative PR 17.1%
39 cisplatin Phase Il SD 28.6%
PD 45.7%
MS 8.6m
MTTP 3.2m
(Meyerhardt et al., 2008 gemcitabine Palliative PR 21%
2008) 33 cisplatin Phase Il SD 36%
PFS 6.3m
MS 9.7m
0YS 39%
(Yu et al., 2008) 2008 gemcitabine Palliative PR 30.1%
41 capecitabine Phase Il SD 30.1%
MS 10m
MTTP ém
OYS 40%
(Takezako et al., 2008) | 2008 Cisplatin Palliative PR 10%
39 epirubicin Phase Il MS 9.1m
5-fluorouracil PFS5.1m
0YS 21%

30



General Introduction

Study Year of Publication Treatment Type Outcome
no of patients Phase
(Oh et al., 2008) 2008 S-1 Palliative PR 6.7%
15 oxaliplatin Phase Il SD 26.7%
MTTP 1.4m
MOS 3.1m
(Jang et al., 2010) 2010 Gemcitabine Palliative OR 18.9%
53 oxaliplatin Phase Il CR 2%
SD 50.9%
DC 69.8%
PFS 4.8m
MOQOS 8.3m
(Sasaki et al., 2010) 2010 Gemcitabine Palliative OR 34.3%
35 S-1 Phase Il DC 82.9%
MQOS 11.6m
MTTP 5.9m
(Bengala et al., 2010) 2010 Sorafenib Palliative OR 2%
46 Phase Il DC32.6%
PFS 2.3m
MOS 4.4m
(Lubner et al., 2010) 2010 Bevacizumab Palliative PR 12%
53 erlotinib Phase Il SD 51%
MOS 9.9m
TTP 4.4m
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Study Year of Publication Treatment Type Outcome
no of patients Phase
(Williams et al., 2010) 2010 Gemcitabine with Palliative OR 31.1%.
48 carboplatin Phase MPFS7.8
0S510.6
6MS 85.4%
(Gruenberger et al., 2010 Cetuximab, Palliative OR 63%
2010) 30 gemcitabine Phase Il CR 10%
oxaliplatin PR 53%
DC 80%
SD 17%
PD 20%
PFS 8.8m
MOS 15.2m
(Karachaliou et al., 2010 irinotecan Palliative OR 17.9%
2010) 28 oxaliplatin Phase Il MOS 9.2m
MPFS 2.7m
(Lassen et al., 2011) 2011 Emcitabine Palliative OR 34%
41 oxaliplatin Phase Il SD 51%
capecitabine DC 85%
MOS 12.5m
MPFS 6.9 m
(Glimelius et al., 1996) | 1996 5FU, Palliative 36% I QALY
90, (37 biliary) etoposide Phase lll MS 6m
leucovorin
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Study Year of Publication Treatment Type Outcome
no of patients Phase
(Rao et al., 2005) 2005 5FU, Palliative MS 9.02-12.03m
54 etoposide Phase Il RR 15-19.2%
leucovorin
cisplatin
(Takada et al., 2002) 2002 5FU Adjuvant No benefit in
139 mitomycin-C Phase Il treatment arm of
CCAs
(valle et al., 2010a) 2010 Gemcitabine +/- Palliative Combination arm
410 cisplatin Phase Il MMOS by 3.6m
and TMPFS by 3m

Abbreviations:

DS: Disease Stabilisation, CR: Complete Response, OR: Overall Response, PR: Partial Response, MS: Median
Survival, RR: Response Rate, SD: Stable Disease, m: months, w: weeks, QALY: Quality of life index, MTTP: Median
Time to Progression, PD: Progressive Disease; OYS: One Year Survival; DC: Disease Control; 6MS: 6 month survival,
CR Complete Response

Notes: Some trials do not separate CCA from GB cancers

Table 4 Published clinical trials on chemotherapy for biliary tract tumours
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Study Started/No of Treatment Type
Patients

NCT00262769" May 2005 Gemcitabine +/- Palliative
400 Cisplatin

NCT00363584 March 2006 Capecitabine or Adjuvant
360 Observation

NCT00658593 March 2008 Gemcitabine +/- Palliative
320 Capecitabine

NCT00939848 April 2011 Cisplatin/Gemcitabine Palliative
136 +/- Cediranib

NCT01149122 January 2009 Gemcitabine/Oxaliplatin | Palliative
180 +/- Erlotinib

NCT01313377 July 2009 Gemcitabine/Oxaliplatin | Adjuvant
190 or Observation

Table 5 Ongoing Phase Il studies for patients for biliary tract tumours

" NCT denotes a unique clinical trial registry number (identifier) at clinicaltrials.gov
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Suspect cholangiocarcinoma
(clinical picture, LFTs, tumour markers)

1

Obstruction
Tumour sites 3-7
or partial obstruction site 2

Y
MRCP + MRA*

'

Infection?

Yes/ No

Decompression
-ERCP/PTC
-plastic stent

Dilated hiliW US scan wgtuﬁon

No obstruction
Tumour sites 1, 2

Specialist surgical opinion

v

3. Staging investigations

1. Histological diagnosis**
2. Exclude primary from other site

Resectable

v

Surgery

v

.t—”‘/f\"‘ht

Non-resectable

A

Consider novel treatment:

in setting of clinical trials,

for example,

® Chemo/radio/brachy-therapy
(adjuvant)

® Gene therapy

® Ablation therapy

Palliative treatment,

for example,

1. Metal stent

2. Symptom relief;
pruritus, pain

3. Nutrition

4. Palliative care team

Figure 1-2 Management algorithm for cholangiocarcinoma.

*Where magnetic resonance imaging/MRCP is not possible, patients should have contrast

enhanced spiral/helical computed tomography. **Fine needle biopsy or biopsy is ideally avoided

until resectability has been assessed by a specialist surgeon (Khan et al., 2002a).
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1.1.7.3 Experimental therapies

Photodynamic therapy is gaining favour as a candidate treatment for patients
with non resectable CCA. Photodynamic therapy relies on the favourable
accumulation of photosensitizers, such as porphyrins, in neoplastic or
dysplastic cells. Following local or systemic administration the photosensitizer
is activated by application of nonthermal laser light of an appropriate
wavelength. The photochemical process generates oxygen radicals resulting
destruction of the tissue. Two recent phase |l randomised controlled trials
(RCTs) showed that photodynamic therapy improved survival, jaundice and
quality of life, and was well tolerated (Zoepf et al., 2005, Ortner et al., 2003).
Currently there are two phase Ill trials looking to validate this [NCT01439685,
NCT00869635]". Although photodynamic therapy can be considered an
alternative to chemotherapy, it remains a treatment confined to large

specialised centres with a particular interest and expertise (Ortner, 2011).

Another recent and novel approach to treating obstructing biliary tumours
has been the use of drug eluting stents. Paclitaxel has been used with some
reports of success but at an experimental level (Lee, 2009). At least two
phase Il trials are investigating the clinical outcomes of this technology

[NCT01413386, NCT00453076].

Trans-arterial chemoembolization (TACE) with or without drug eluting beads

are another approach championed for their loco regional targeting

" NCT denotes a unique clinical trial registry number (identifier) at clinicaltrials.gov
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properties. A few small pilot studies have recently reported their results but

no phase Il trials are currently underway (Kuhlmann et al., 2012).

1.1.8 Cholangiocytes

1.1.8.1 Anatomy

Cholangiocytes are epithelial cells that make up 3-5% of total liver mass. In the adult
human liver they have an estimated total length of approximately 2 km (ANDREWS,

1955).

The biliary tree is formed by a network of ducts that channel bile in one direction of
flow. One way flow is achieved synergistically through simple mechanical pressure

and a constant concentration gradient of bile along the biliary tree.

The most peripheral and smallest ducts are the bile ductules (which have a diameter
of less than 15 um) that drain into the canals of Herring. Bile ducts then build up in
size ending in the extrahepatic ducts and finally the common bile duct (which is
roughly 5mm in diameter) that drains into the duodenum. Ducts below the order of
the canals of Herring are lined partly by cholangiocytes and partly by hepatocytes.
Ducts that are larger than these are lined only by cholangiocytes. In the human
biliary tree, the smallest orders of bile ducts have a circumference of 4 to 5 cells

while the larger ducts may be lined by up to 40 cholangiocytes.

The microscopic appearance of cholangiocytes differs depending on their anatomical

position. The lower order (more peripheral cholangiocytes) lining the narrower ducts
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are smaller in size and flatter in shape. The cholangiocytes lining the bigger ducts

become larger in size and more columnar in appearance.

Cholangiocytes possess a luminal (apical) and a basolateral surface. They are also
inter-connected by gap junctions that allow the exchange of ions and small
molecules between neighbouring cells (Bode et al., 2002). The apical surface area is
increased fivefold through the presence of microvilli within the bile duct lumen. As
such, cholangiocyte morphology is considered typical of an epithelial cell with

secretory and absorptive properties.

1.1.8.2 Physiology

Apart from morphological heterogeneity cholangiocytes also display physiological
differences according to their anatomical location. This is commonly seen in other
organs too such as the kidney and the small intestine. Transporters, receptors,
enzymes, exchangers, and channels are expressed in different amounts (both on the
apical and basolateral membranes) in fitting with how far down the biliary tree a cell
is located. For instance, animal studies show that the ABAT transporter (the apical
Na*-dependent bile acid transporter which allows internalization of bile acids in
cholangiocytes and which responds to bile acids with changes in cholangiocyte
secretory processes) is expressed in large bile ducts but not in small ones (Alpini et

al., 1997).

The different protein expression of proteins in cholangiocytes serves in regulating
the transepithelial movement of ions, solute, and water. The involvement of

transporters, exchangers and channels in this process results in the formation of bile,
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suitable for secretion into the gut lumen. These are regulated by heterogeneity in
receptor expression which is acted upon by hormones, regulatory peptides,

neurotransmitters, and by bile-borne regulatory factors (Johnson, 2006).

1.1.9 Selective (targeted) drug delivery

In vivo targeted drug therapy confers two potential benefits:

1. ltresults in the delivery of higher concentrations of drug to an intended target
maximising its effect and in doing so reducing the total amount needed to

administer.

2. It minimises the impact of these drugs on areas other than the intended
destination (non-target sites). Many of the challenges facing current anticancer
therapies are related to the toxic side effects of the drugs employed.
Gastrointestinal disturbances, nausea, myelosuppression and neuropathy for
instance arecommon and serious problematic side effect of many cytotoxic drugs
used in the treatment of solid tumours. If the physical presence of these drugs in
non cancerous tissues could be reduced then the potential side effects could be

minimised.

Attempts to achieve selective drug delivery have been pursued through the use of

various means.

If the target is a solid tumour, agents can be delivered to a particular anatomical
location. One way this can be achieved is by the injection of a drug directly into an

identifiable tumour, if necessary under image guidance.
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Another anatomical strategy is capitalising on tumour blood supply. An example that
is already in practice is the use of TACE (trans arterial chemo embolisation) to treat
hepatomas. Hepatomas derive the majority of their blood supply from branches of
the hepatic artery. The feeding vessels can be identified and accessed radiologically

where agents can be delivered.

1.2 Experimental models to study the effect of chemotherapy in CCA

1.2.1 Invitro preclinical models

Experimental model systems have been central to providing basic and preclinical
insights into many cancers. The usual starting point in assessing efficacy of
chemotherapy agents is by investigating the effects of the agents under investigation
on cultured cell lines in an in vitro setting. In vitro models are the first step in rational
drug discovery and development but serve only the purpose of selecting compounds
for secondary, more comprehensive, in vivo testing. This approach is employed by
the largest preclinical screening scheme to date, the NCI-60 project (the US National
Cancer Institute (NCI) 60 human tumour cell line anticancer drug screen)
(Shoemaker, 2006). This project which started in the 1980s and is still running uses a
panel of 60 cell lines derived from the most common tumours (leukaemia,
melanoma, non small cell lung, central nervous system, colorectal, ovarian, renal
prostate and breast cancer). To date, these cell lines have been exposed to over

100,000 different agents using a standardised automated high throughput protocol.

Cell culture studies have several advantages that have established them as a starting

point in cytotoxicity testing. They are relatively inexpensive; they are straightforward
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and can be performed relatively quickly. They are carried out in a controlled

environment and can easily be standardised and reproduced.

Critics argue that they fail to take into account the microenvironment of malignant
cells, as they cannot mimic the complexities of drug delivery, metabolism and
excretion found in a complete organism. Furthermore they can have a substantially

different genome to the disease they are used to represent.

The low incidence of CCA is reflected in the number of cell lines developed for this
disease. There are currently only a handful of CCA and immortalised biliary
epithelium cell lines available, most of which were developed at academic
institutions. Some major cell line collections such as the European Collection of Cell
Cultures (ECACC) and the American Type Culture Collection (ATCC) do not have CCA

or cholangiocyte cell lines available (ECACC, 2012, ATCC, 2012).

1.2.2 Invivo preclinical animal models

A reliable orthotopic animal model for CCA has not been developed yet. Several
approaches have been employed. Early attempts used animal exposure to a
combination of parasitic infection and systemic carcinogenic agents. More recent
approaches have been to use local or systemic administration of toxins to induce
CCA development (Yeh et al., 2004). Another approach has been the direct injection

of CCA cell lines into the liver (Sirica et al., 2008).

Farazi et al, described a murine model where p53 mutant mice were subjected to
chronic exposure to intermittent intra-peritoneally instilled toxin (carbon

tetrachloride (CCly)) (Farazi et al., 2006). The exposure induced a state of chronic
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inflammation in the biliary tree and the mice eventually developed intrahepatic CCA.
However, their model had a long latency time (4 months of treatment with some
mice developing CCA a few weeks after the end of exposure). In addition many mice
developed cirrhosis and a variety of other tumours including sarcomas, lymphomas,

and hepatocellular cancers. Most mice succumbed to the other tumours.

Sirica et al, presented an orthotopic animal model claimed to be more “patient like”.
Rats were inoculated with a rat CCA cell line (BDEneu or BDEsp) by direct injection of
cultured cells into the biliary tree or liver (Sirica et al., 2008). They reported a 100%
success rate within 20 days post inoculation with BDEneu in the liver injected rats.
Bile duct injected rats were less successful in growing CCA with a success rate of 56%
when the BDEsp cell line was used. This model also involved suture ligation of the
bile duct, to emulate the cholestasis experienced by human patients and some rats
developed extrahepatic metastatic disease, whilst establishing the model takes 3 to
4 weeks. However, despite this model’s apparent advantages, the only publications
come from the research group that developed it (last date of PubMed search:

February 2012).

42



General Introduction

1.3 Research aims

This study set out to:

1. Toinvestigate the effect of various chemotherapeutic agents either alone or

in combination in the treatment of cultured cholangiocarcinoma cells.

2. Toinvestigate the effect of adding PK11195 as a sensitising agent to enhance
the action of various chemotherapeutic agents in cultured

cholangiocarcinoma cells.

3. To analyse the proteome of a panel of cholangiocarcinoma cell lines and to

assess the presence of potential biomarkers and therapeutic targets.
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2 Verification of cell lines by immunohistochemistry

2.1 Introduction

In vitro cell line testing is a convenient first step for cytotoxic drug evaluation;
however, this experimental method comes with several limitations (see chapter
1.2.1). A well-recognised problem in cell line use is their misidentification or
contamination with other cell types. Numerous studies have estimated that up to
36% of cell lines used in research are of a different origin or species to that claimed

(Nature, 2009, Masters et al., 2001).

Immunostaining is a technique often employed in clinical practice to determine the
origin of tissue specimens. The histopathological diagnosis of cancers can often pose
a clinical challenge especially for metastatic disease of unknown origin. In addition,
diagnostic dilemmas can arise where adjacent structures can be similar. Acommon
diagnostic problem particular to HPB malignancies is the differentiation of
cholangiocarcinoma from hepatocellular cancer. Immunohistochemistry is a valuable
tool in such settings as it can help identify the tissue of origin which in turn can assist
in guiding what form of treatment a patient should receive, especially when

optimising chemotherapy (Bateman and Hubscher, 2010).

Immunostaining was therefore performed to the cell lines used in this study, in an
attempt to prove their epithelial origin but also to ensure that they expressed a
profile consistent with tissue of biliary origin. Cells were stained for cytokeratin 7,

cytokeratin 19 and epithelial membrane antigen.
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Cytokeratins are proteins of keratin-containing intermediate filaments found in the
cytoskeleton of cells with epithelial tissue origin and form the bedrock of the

immunohistochemical evaluation of tumours (Jain et al., 2010).

Cytokeratin 7 (CK7) is a basic type Il cytokeratin found on many glandular and
transitional epithelia. It is encoded by the KRT7 gene and is usually present in
adenocarcinomas of the lung, breast, ovary, serous and endometrial tumours,
uterine cervical tumours, transitional cell carcinoma of the bladder, biliary
epithelium and cholangiocarcinoma. It is not found on hepatocytes and
hepatocellular carcinoma and it is hence used to differentiate HCC from CCA (Dennis

et al., 2005).

Cytokeratin 19 (CK19) is a type | keratin protein that in humans is encoded by the
KRT19 gene. It is expressed in most epithelial cells and many tumours such as
prostate (Pu et al., 2007) and breast cancer (Sakaguchi et al., 2003). Cholangiocytes
and CCA cells usually express CK19, unlike hepatocytes and HCC so it is used in
conjunction with CK7 to differentiate between the two (Bateman and Hubscher,

2010).

Epithelial membrane antigen (EMA) also referred to as Mucin 1, cell surface
associated (MUC1) and polymorphic epithelial mucin (PEM) is expressed by most
epithelial cancers (Davidson et al., 1988). In contrast to hepatocellular cancer, it is
often expressed by cholangiocarcinoma cells (Bonetti et al., 1983, Haratake and

Hashimoto, 1995).
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2.2 Methods

2.2.1 Immunostaining with CK7, CK19 and EMA

Cells were grown to sufficient quantities in tissue culture flasks as described
elsewhere (see chapter 3.2.1). Cells were then lifted with trypsin and placed on an 8
well glass chamber slide (LabTek, Cat no 177402). Four replicates of the same cell
passage were used for each cell line. Cells were allowed to culture in medium
overnight in order to adhere to the chamber slide surface (for relevant medium and

recipe, see section 3.2.1).

On removal from the incubator, one slide was set aside for haematoxylin and eosin
(H&E) staining. Three slides were exposed to cold (4°C) paraformaldehyde (4%
concentration) for 10 minutes to ensure fixation. The paraformaldehyde was
removed and cells were exposed to a few drops of blocking agent for 10 minutes
(Power Block™ Universal Blocking, cat no HK085-5K, Biogenex). Slides were then
washed with PBS twice. Two drops of antibody (CK7, CK19 and EMA) were added to
the slides which were then allowed to stand overnight at 4°C. The silicon chamber
separators were dissected using a sharp surgical scalpel on the following day. Slides
were then exposed to pre prepared secondary anti mouse antibody (1:300 dilution)
(Cy3 conjugated Affinipure F(ab’)2 Fragment donkey Antimouse IgG, cat no. 715-166-
150, Jackson immunoresearch labs, West Grove, PA) and left for 45 minutes in a
horizontal position in a dark cupboard. Slides were then placed in a slide rack and
washed twice by submersion in PBS with DAPI. Slide covers were attached using

water based glue.
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2.2.2 Staining with haematoxylin and eosin (H&E)

One slide for each cell line was reserved for H&E staining. Following fixation, slides
were washed with water and covered with haematoxylin for 5 minutes. They were
then washed again with water and covered with eosin for 3 minutes. After washing

in water again, a cover-slip was attached using aqueous glue.

2.3 Results

Slides were viewed and images were captured at X 20 and X 40 magnification using

an inverted fluorescence microscope (Olympus IX-71).
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Figure 2-1 H69 cells stained with H&E (x40 maghnification)
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Figure 2-2 H69 cells stained with EMA (x40 magnification)

Figure 2-3 H69 cells stained with CK7 (x40 magnification)
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Figure 2-4 H69 cells stained with CK19 (x40 magnification)
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Figure 2-5 HUCC-T1 cells stained with Haematoxylin and Eosin (x20 maghnification)

Figure 2-6 HUCC cells stained with EMA (x40 maghnification)
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Figure 2-7 HUCC-T1 cells stained with CK7 (x40 magnification)

Figure 2-8 HUCC cells stained with Ck19 (x40 magpnification)
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2.3.3 SkChA1l

e

Figure 2-9 SkChA-1 cells stained with Haematoxylin and Eosin (x40 magnification)

Figure 2-10 SkChA-1 cells stained with EMA (x40)
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Figure 2-11 SkChA1 cells stained with CK7 (x40 magnification)

Figure 2-12 SkChA1 cells stained with CK19 (x40 magnification)
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Figure 2-13 M213 cells stained with H&E (x20 magnification)

Figure 2-14 M213 cells stained with EMA
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Figure 2-15 M213 cells stained with CK7 (x40 magnification)

Figure 2-16 M213 cells stained with CK19 (x40 magpnification)
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2.4 Discussion

The objective of this section of the study was to establish whether or not the panel
of cell lines to be used was consistent with having originated from the biliary tree. All
cell lines tested positive to CK7, CK19 and EMA which suggests that this is true. They
were therefore deemed relevant to the subject of study. These results are consistent
with previously published data on these cell lines (Harnois et al., 1997, Yoshikawa et

al., 2009).
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3 Cell line cytotoxicity assays

3.1 Introduction

3.1.1 Cytotoxicity testing

Cytotoxicity testing is based on one or more mammalian cell lines cultured under
conditions where they are actively growing and dividing. Cells are grown in a
microtitre plate (such as a 96 well plate) and the rate of multiplication and growth is
quantified indirectly by formation of a colour, the intensity of which is directly
proportional to the cell volume present. A variety of experiments can be employed
but a commonly used method is to compare the rate of proliferation of a cancer cell
line in the presence and absence of the test substance, usually after a specified time.
Ideally several different cancer cell lines should be used to assess selectivity
(Houghton et al., 2007). The two most established cytotoxicity assays are the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and the
Sulforhodamine B (SRB) assay. The MTT assay was developed in 1986 and relies on
mitochondrial reduction of the MTT (which has a yellow colour) to a formazan (deep
purple). The formazan can be then quantified through spectrophotometry

measurement in an automated plate reader.

The MTT assay’s main limitation arises from its dependence on mitochondrial
function. Factors affecting their activity can influence the assay outcome. Examples
such as variations in cellular levels of NADH and glucose can mimic the effect of

cytotoxics.
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The SRB assay on the other hand does not rely on mitochondrial function. It is more
sensitive, simple, reproducible and more rapid than the MTT assay and gives better
linearity, a good signal-to-noise ratio and has a stable end-point that does not

require a time-sensitive measurement (Keepers et al., 1991). A detailed explanation

of the SRB assay is described further down (see section 3.2.4).

Assessment of cytotoxicity to CCA cell lines was performed in vitro using the SRB
assay. Three separate cell lines, each representing a different form of CCA, were
exposed to agents either alone or in combination. The same cytotoxic agents were

also tested in the presence and absence of PK11195.

3.1.2 Cytotoxic agents

3.1.2.1 Gemcitabine

Gemcitabine (20-20 difluorodeoxycytidine) is a water soluble intravenously
administered chemotherapeutic agent developed in the late 1980s. It is a nucleoside
analog that functions as a pyrimidine antimetabolite by imitating the structure of the
natural nucleoside deoxycytidine. It is incorporated into the end of the elongating
DNA strand instead of deoxycytidine and works as a masked chain terminator in DNA

synthesis. Damaged DNA then triggers an apoptotic pathway (Plunkett et al., 1995).

In the UK, it is currently licensed for the treatment of several solid cancers and is
marketed under the brand name of Gemzar. Gemcitabine is licensed to be used
alone or in combination with other agents in the treatment of metastatic pancreatic
cancer, locally advanced or metastatic non-small cell lung cancer, advanced bladder

cancer and metastatic breast cancer (BNF, 2012). In the US, gemcitabine has further
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approval in the treatment of advanced ovarian cancer (FDA, 2012). In the European
Union, Elli Lilly held the patent on gemcitabine until March 2009 after which it

became available in its generic form by non-proprietary manufacturers.

Gemcitabine, in combination with cisplatin has recently been shown to be effective
in the treatment of patients with cholangiocarcinoma and represents the current

treatment of choice (see section 1.1.7.2) (Valle et al., 2010b).

Gemcitabine is generally well tolerated. The most common side effects are mild
gastro-intestinal disturbances, musculoskeletal pain, influenza-like symptoms and
rashes. Less frequently patients can suffer from renal impairment and pulmonary

toxicity.

3.1.2.2 Cisplatin

Cisplatin (also referred to as cisplatinum, or cis-diamminedichloroplatinum(ll) (CDDP)
chemical formula: Cl,HgN,Pt) is a widely used, intravenously administered, platinum-

based chemotherapy agent. It has a molar mass of 300g/mol.

Although as a compound it was first described in 1845, its biological activity was not
recognised until 1965 (Rosenberg et al., 1965). It received its first FDA licence for
human use in 1978. Today, it is used either alone or in combination with other
agents to treat patients with a variety of cancers, including sarcomas, lymphomas,
germ cell tumours and certain carcinomas (such as small cell lung and bladder
cancer). It was the first member of the platinum based class of anti-cancer drugs

which now also includes carboplatin and oxaliplatin.
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Cisplatin works by crosslinking DNA in several different ways, interfering with mitotic
cell division. DNA that has been damaged then triggers DNA repair mechanisms,

which in turn force the cell to an apoptotic pathway.

Cisplatin is toxic, and can cause nephrotoxicity, ototoxicity, peripheral neuropathy,

hypomagnesaemia and myelosuppression.

Cisplatin, in combination with gemcitabine has recently been shown to be effective
in the treatment of patients with cholangiocarcinoma (see section 1.1.7.2) (Valle et

al., 2010b).

3.1.2.3 Etoposide

Etoposide was first synthesised in 1966, and was first granted FDA approval in 1983
(Hande, 1998). It is a chemotherapeutic agent that can be administered orally or by
slow intravenous infusion. It is used either alone or in combination with other agents
and is licensed for use in small cell carcinoma of the bronchus, the lymphomas and

testicular cancer (BNF, 2012).

Etoposide’s mechanism of action is by inhibiting type Il topoisomerase, an enzyme
responsible for unwinding DNA. This inhibition results in breakage of DNA strands.

Damaged DNA then triggers apoptosis.

Toxic effects of etoposide include alopecia, myelosuppression, nausea, and vomiting.
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3.1.2.4 Fluorouracil

Like gemcitabine, fluorouracil (commonly referred to as 5-FU), belongs to a class of
chemotherapeutic agents called antimetabolites. Antimetabolites are incorporated

into newly manufactured DNA activating apoptotic pathways.

5-FU was first synthesised in 1957 and it is an intravenously administered drug.
However, it is also available as capecitabine, an oral prodrug that is converted to 5-
FU in the tissues (Shirasaka, 2009). It is licenced for use in the treatment of a number
of solid tumours, including gastro-intestinal tract cancers and breast cancer (BNF,

2012).

Toxicity is unusual, but may include myelosuppression, mucositis, and rarely a
cerebellar syndrome. On prolonged infusion, a desquamative hand—foot syndrome

may occur.

3.1.2.5PK11195

PK11195 (or 52028 RP; 1-(2-chlorophenyl)-N-methyl-N-(1-methylpropyl)-3-
isoquinoline carboxamide) is a peripheral benzodiazepine receptor ligand. Itis a
synthetic molecule that binds to the mitochondrial benzodiazepine receptor. It can
antagonize both Bcl-2 proper and Bcl-XL function thereby stopping the inhibition of
apoptosis (Hirsch et al., 1997). Bcl-2 proper and Bcl-XL belong to the Bcl-2 family of

proteins.

Addition of PK11195 to CCA cell lines (Egi-1 and Tfk-1) reduced the threshold for

ultraviolet, radiation and chemotherapy (etoposide and 5FU) induced apoptosis
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(both in vivo and in vitro) (Okaro et al., 2002). Furthermore, in some cell types,
PK11195 alone is able to induce apoptosis (Santidrian et al., 2007). PK11195 has not
been tested before with the CCA cell lines used in this experiment. Furthermore, its

potentiating effects have not been tested in combination therapies.

Oral and intravenous administration of incremental doses of PK11195 to healthy

volunteers was well tolerated without any significant side effects (Ferry et al., 1989).

3.2 Materials and methods

3.2.1 Celllines

Several human derived CCA cell lines were used, each representing a subtype of the
disease. All cell lines were of the adherent type. Acquisition of cell lines proved to be
a challenge due to the scarce availability of CCA cell lines. Most can only be acquired
through non commercial sources. Indicative of this is that the European Collection of
Cell Cultures (ECACC), the largest of its kind in Europe and possessing more than
1,100 cell lines, does not have offer a CCA cell line. The American Type Culture
Collection (ATCC), an equivalent organisation in the United States does not have any

CCA cell lines in its collection either.

3.2.1.1 HUCCT1

HUCC-T1 is derived from the ascitic fluid of a 56 year old male patient from Japan
(Miyagiwa et al., 1989). The patient died 2 months after the cell line was established
from an intra hepatic CCA. HUCC-T1 cells, kindly provided by Dr. Giles Smith

(University College London) were routinely cultured in RPMI 1640 (Sigma-Aldrich,
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Dorset, UK), supplemented with 10% (volume to volume) heat inactivated foetal calf
serum (FCS), 2 mM L-Glutamine (Gibco-Invitrogen, Paisley, UK) streptomycin and

penicillin.

3.2.1.2 SK-ChA-1

SkChA1 is derived from the ascitic fluid of a 47 year old female patient in Germany
(Knuth et al., 1985). The patient died one month after the cell line was established of
an extra hepatic CCA. Sk-ChA-1 cells were also provided by Dr. Giles Smith and were

cultured in the same fashion and medium as HUCC-T1 cells.

3.2.1.35G231

SG231 is a cholangiocarcinoma cell line, however, its original anatomical location has
not been made clear by the authors (Storto et al., 1990). SG231 were also provided
by Giles Smith and were cultured in Dulbecco’s Modified Eagle Medium (DMEM -
Gibco 21969) supplemented with 10% heat inactivated FCS. To a 500 ml bottle of
DMEM the following were added: 5 ml of L-Glutamine, 5 ml of NEAA (x100, Gibco

11140) and 0.5 ml of gentamicin (Sigma G1272).

S$G231 cells were sub-cultured using 0.5% trypsin/EDTA (Sigma-Aldrich).

3.2.1.4 KKU-M213

KKU-M213 is an intrahepatic adenosquamous cholangiocarcinoma cell line derived
from a 58 year old male patient from Thailand. The cells were kindly donated by Dr

Temduang Limpaiboon and Ruethairat Sriraksa from the Liver Fluke and
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Cholangiocarcinoma Research Center, Faculty of Medicine, Khon Kaen University,

Thailand.

KKU-M213 cells were cultured in the same medium as HUCC-T1 cells.

3.2.1.5H69

H69 cells are a cell line derived from normal human intrahepatic cholangiocytes and
were produced using retroviral transduction of SV40 and were also provided by Dr.

Giles Smith (Grubman et al., 1994).

H69 cells were cultured in medium, the recipe for which was kindly provided by Dr.
Sharon DeMorrow from the Texas A&M Health Science Center. The medium was
made up with the following: DMEM with high glucose (Invitrogen, Cat No.
11095098), DMEM/F-12, (Invitrogen, Cat No. 11330057), 50ml Foetal bovine serum
(Invitrogen, Cat No. 16000044), Penicillin/Streptomycin (Invitrogen, Cat No.
15140155), Adenine (Sigma, Cat No. A2786), Insulin (Sigma, Cat No. 12643),
Epinephrine (Sigma, Cat No. E4250), 3,3 Triiodo-I-thyronine (Sigma, Cat No. T6397),
Epidermal Growth Factor (Millipore, Cat No. 01-102), Hydrocortisone (Sigma, Cat No.

HO0888).

Since the H69 cell line represents an immortalised normal cholangiocyte, it was not
used in chemotherapy experiments. It was used in experiments described later (see

section 4.2.2) as a reference for comparison.
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3.2.2 Cell storage and culture

All cell lines were stored in liquid nitrogen tanks (-196°C), at a volume of roughly 1
million cells aliquot per cryovial. Cells were suspended in 1mL of the appropriate

medium containing 20% heat inactivated FCS and 10% DMSO prior to freezing.

Revival of cells from liquid nitrogen storage was performed by quick thawing in a
37°C water bath. Thawed cells were washed in 10 ml of medium, harvested by
centrifugation for 5 minutes at 1000 g and were then transferred to 25 cm? culture

flasks containing fresh culture medium.

Cell culture was carried out in Class 2 laminar flow cabinets (Scanlaf Mars) and all
materials were sterile and disposable. All cell lines were adherent and were grown as
monolayers in plastic tissue culture flasks incubated in a humidified atmosphere of
5% CO, at 37°C. Cells were regularly checked and once they had covered the surface
available for growth (to approximately 80% confluence) were sub-cultured in a 1:3
split. The smallest culture flasks used were 25cm? whilst large volumes were cultured
in triple layer flasks providing 500cm? of surface area for growth. Exhausted media,
due to cell metabolism and natural degradation of ingredients was changed

periodically as required, to ensure optimal growing conditions.

3.2.3 Cell counting

Cell numbers and concentrations were calculated using an improved Neubauer
haemocytometer visualised through an inverted microscope. The chamber was
loaded with a 10ul volume of medium containing suspended cells mixed with equal

volume of trypan blue and covered with a disposable glass cover slip. Trypan blue is
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a stain that selectively transverses cell membranes of dead cells. It hence allows

identification of viable cells via dye exclusion.

3.2.4 The sulforhodamine B assay

Growth characteristics and sensitivity of CCA cell lines to chemotherapy agents were
measured by using the SRB assay as described in 1990 by Skehan et al (Skehan et al.,
1990). The SRB assay remains one of the most commonly used methods for in vitro

cytotoxicity screening.

Sulforhodamine B is a bright pink protein dye. The assay relies on the ability of SRB
to bind to the basic amino acid residues of cells fixed with TCA, in an electrostatic
and pH dependent manner. In mildly acidic conditions, SRB binds to basic amino
acids and in mild basic conditions it dissociates. This property can be exploited by
extracting SRB and then solubilising it for colorimetric measurement. Quantification
of the dye directly relates to the amount of protein present, which is linearly
proportional to the number of cells present. As such SRB acts as a surrogate

endpoint for cell mass at the end of the cell growth experiment.

The assay has several advantages: it is practical, it is not destructive, treated culture
plates remain indefinitely stable at several steps and it is relatively low cost. As such
it is considered an appropriate and sensitive assay to measure drug-induced
cytotoxicity even at large-scale application. It is worth mentioning that the SRB assay
is the method of choice for the NCI-60 project - a high-flux anticancer drug screening

program that has tested the activity of several hundred thousand compounds on a
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panel of 60 cancer cell lines (Monks et al., 1991). None of these cell lines are CCAs

(Sharma et al., 2010).

Cells suspended in 100l of growth medium per well, were added at the relevant
inoculation densities (see section 3.2.5) to 96 well microtitre plates and left to
adhere for 24 hours. At this stage the medium was aspirated and replaced with the
agent(s) under investigation at the relevant concentration, diluted in 200ul of fresh
growth medium and left to incubate for two cell cycles. Each agent was routinely
prepared and tested at five to six concentrations ranging from 1x10™ to

1x10°M with 10-fold dilutions in between. Each concentration was replicated three
to four times on the same plate. Experiments were replicated identically on three
separate 96 well plates, carried out on different days thus givng a total of at least 9

replicates for each experiment.

Date: 18/06/2010 Experiment/Plate #: Cisplatin/Gemcitabine vs SkChA1 p23

Cisplatin Gemcitabine Combination

al ar a3 ad am anr a1 Al

1x10-4
] 2 ] M ] o1 o1 Btz

1x10-3
Tl 2 ny A R ©n i inl

1x10-6
D1 D2 =) 7] =] co o DIz

1x10-7
k1 F 4 i - X1 L3k} kI

1x10-8
r T s i) 3 rio 1 T

1x10-9
= = o i 7] ] 3 =

control
" 2 1B " o 0 et Iz

empty

Figure 3-1 Typical 96 well plate layout for cytotoxicity testing
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The plates were read on a Tecan SPECTRAFLUOR plus plate reader which gave the
optical densitometry (OD) of each well. The automatic plate reader had the following
parameters set: a 10 second orbital shake, followed by four random location

absorbance readings per well, at a wavelength of 492nm.

Cell survival was calculated using the mean optical density (OD) of treated cells as a

percentage of the mean OD of controls, using the following equation:

®x 100

j treatea Ce

Cell survival (%) = ——

Dose response curves were generated using commercially available statistical
software (Graphpad Prism 5.0). Two-way analysis of variance (ANOVA) with
Bonferoni post hoc tests were used to compare different concentrations and
regimes. The methodology for statistical analysis was discussed with a medical

statistician (Dr Nicos Middleton, PhD, Harvard School of Public Health).
3.2.5 Growth characteristics

The SRB assay should ideally be performed after cells have been exposed to a
cytotoxic for about 2 cell cycles (Skehan et al., 1990). For practical reasons,
inoculation densities that would produce a cell cycle of about 48 hours were sought.
To establish the ideal inoculation densities which would achieve these parameters, a
separate experiment was carried out. Incremental numbers of cells, ranging from
1,000 cells per well to 80,000 cells per well, were added to 96 well plates and
incubated for up to 5 days. Every 24 hours one plate was sacrificed, and the SRB

assay was performed. As optical density is directly proportional to the number of
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cells present, the results were plotted on a graph and the cell doubling time was

determined for each inoculation density.

3.2.6 Cytotoxicity assays

Cytotoxicity assays were carried out using the SRB protocol as described in

paragraph 3.2.4.

3.2.6.1 Preparation of cytotoxic agents

Although the risks of occupational low level exposure to cytotoxic agents has not
been determined, all agents were treated as hazardous materials. All cytotoxics were
prepared in a safety laminar flow cell culture cabinet to ensure maximum sterility

and surfaces were wiped with 70% alcohol afterwards.

3.2.6.1.1 Gemcitabine preparation

Gemcitabine has a molar mass of 263.198 g/mol. It was acquired as a stock liquid
solution with a concentration of 38mg/ml from the Hammersmith Hospital pharmacy
and stored at -80°C until use (Humbert et al., 2010). It was diluted to concentration

of 1x10™ to 1x10”° mM with cell culture medium prior to in vitro use.

NH,
N
HO O-..FN O
OH F

Figure 3-2 Structure of gemcitabine
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3.2.6.1.2 Cisplatin preparation

Cisplatin comes in an off-white to orange powder form and must be solubilised prior
to experimental use in cell culture (Enzo Life Sciences (UK) LTD, Exeter, Product code:
ALX-400-040-MO050). It is sparingly soluble in water and insoluble in ethanol.
Although readily soluble in DMSO, a commonly used solvent, DMSO substitutes the
chloride ligands resulting in a variety of different compounds (Kerrison and Sadler,

1977). This reduces the effect of cisplatin (Gebel and Koenig, 1999).

Hence, cisplatin was solubilised in NNDMF (dimethyl formamide) as suggested by the
product distributor. Ten milligrams of cisplatin were added to 1.333ml| of NNDMF,
resulting in @ 25mM concentration. Solutions were then made up for 1x10™ to 1x10™

mM with cell culture medium.

Cly,, Pt\\\\NHB
CI”  NH,

Figure 3-3 Cisplatin Structure

3.2.6.1.3 Etoposide preparation

Etoposide has a molar mass of 588.557 g/mol and comes as a white powder (Sigma
Aldrich, UK, Prod code: E1383). Ten milligrams of etoposide were solubilised in 0.34
ml of DMSO to create a stock solution. DMSO was used as a solvent in accordance
with the product literature and previous publications (Olmos et al., 2004, Joel et al.,

1995). No evidence was found to suggest that DMSO affects the potency of
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etoposide in a similar manner to cisplatin. Solutions were then made up for 1x10™ to

1x10”° mM with cell culture medium.

P

Figure 3-4 Structure of etoposide

3.2.6.1.4 5 FU preparation

5-Flurouracil has a molar mass of 130.077 g/mol (Sigma Aldrich, Prod Code:F6627). It

is water soluble so it was made up to concentrations of 1x10™ to 1x10° mM with cell

culture medium (Krishnaiah et al., 2002).

H
O N O

HN/F

Figure 3-5 Structure of 5-FU
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3.2.6.1.5 PK11195 preparation

PK11195 has a molar mass of 352.856 g/mol (Sigma Aldrich UK, Prod Code: C0424). It
was solubilised in DMSO and then diluted to 1x10™ to 1x10”° mM with cell culture
medium (Ryu et al., 2005). No published evidence was found to suggest that DMSO
affects PK11195 in a similar manner to cisplatin. DMSO, a colourless liquid is
generally considered safe and non toxic (Brown et al., 1963). DMSO is used as a
topical analgesic and anti inflammatory and is championed as a ‘natural healer’, to
the extent that several ‘self-help’ books in popular culture have been published
(Walker, 1993, Walters, 1993). However, at high concentrations above 10%, DMSO

can be cytotoxic in cell culture (Da Violante et al., 2002).

Cl

Figure 3-6 Structure of PK11195
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3.2.6.2 Combination chemotherapy

Cells were exposed to monotherapy and all different permutations of combination
chemotherapy. The agents used in combination chemotherapy were used

simultaneously reflecting usual clinical practice:

Gemcitabine and cisplatin

Gemcitabine and etoposide

Gemcitabine and fluorouracil

Cisplatin and etoposide

Cisplatin and fluorouracil

Etoposide and fluorouracil

3.2.6.3 Chemotherapy in combination with PK11195

To determine whether or not PK11195 affected the sensitivity of cell lines to
chemotherapy agents, each single chemotherapeutic agent was assessed in
combination with PK11195. Cell lines were exposed to a chemotherapy regime
alone, PK11195 alone or a combination of PK11195 plus agent at the same
concentrations. Furthermore combination chemotherapy regimes were also tested

in the presence and absence of PK11195.

The concentrations ranged from 1x10™ to 1x10™° M. Four wells of each concentration
were used and experiments were replicated 3 times, giving a total of at least 12

replicates per experiment. More details on the protocol are given in chapter 3.2.4.
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3.2.7 BCL-2 expression

3.2.7.1 RNA extraction

Cells (H69p35, M213p36, SkChA1p58 and HUCCp99) were grown to sufficient
guantities as described previously (section 3.2.1). Cells were lifted and washed in
PBS and pellets were stored at -80°C. RNA extraction and purification was performed
using the RNeasy Mini Kit (Qiagen, Cat No. 74104). The protocol used was the HCSG

modification to the published protocol by Qiagen, as outlined below:

A cell pellet was added to 600 pl of RLT buffer and passed through a QIA shredder
column (Qiagen, Cat No. 79654) by centrifuging for 2 minutes at full speed. The flow-
through was kept and 600ul of 100% EtOH was added and mixed by pipetting. The
mixture was transferred to an RNeasy spin column in a 2 ml tube at 700ul at a time
and centrifuged at maximum speed for 15 seconds (>8,000g). The flow through was
discarded, 500ul of RPE buffer was added and centrifuged again at maximum speed
for 15 seconds. The flow through was discarded and a 700l of RWI buffer was
applied to the column and centrifuged for 15 seconds at maximum speed. The flow
through was again discarded and 500pl of RPE buffer was applied and centrifuged
again for 15 seconds at maximum speed. The flow through was discarded and 500ul
of RPE buffer was applied and centrifuged again for 2 minutes at 8,000g. The flow
through was discarded and the columns were spun for 1 minute at full speed to
collect any remaining buffer, which was then discarded. The samples were collected
by applying two successive aliquots of 50ul of water and spun for 1 minute. The flow

through was collected and the columns discarded.
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3.2.7.2 RNA quantification

RNA was quantified using a Nanodrop ND 1000 spectrophotometer and samples

were stored in 50l aliquots at -80°C.

3.2.7.3 cDNA conversion

cDNA conversion was carried out using the ‘High Capacity cDNA Reverse
Transcription Kit’ (Invitrogen, Applied Biosystems, Cat No. 4368814). A mastermix
was made up in advance using the following recipe: 10X Reverse Transcription Buffer
2ul per reaction, 25X dNTPs 0.8l per reaction, 10X random primers 2l per reaction
and MultiScribe™ Reverse Transcriptase 1 ul per reaction making a total of 5.8ul of

mastermix per reaction.

Each mastermix aliquot of 5.8l was added to 14.2ul of RNA and added to a well on
the reaction plate. RNA was diluted if necessary in advance using H,0, to achieve the
recommended range by the manufacturer between 0.002 and 0.2 pg/uL. The plate
was covered, briefly centrifuged and placed on the thermal cycler. The settings used
for the reaction were as follows: 10 minutes at 25°C, 120 minutes at 37°C, 5 minutes
at 85°C and then at 4°C until discontinuation. The plate was stored at -4°C until the

grt-PCR reaction.

3.2.7.4 TagMan Assay

BCL-2 expression was assessed using a TagMan Gene Expression Assay (Applied
Biosystems, Assay ID: Hs00236329_m1). B- actin (Applied Biosystems) was selected

to act as an endogenous control. Each reaction was performed in duplicate.
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The reaction mixture was made up according to the following recipe: 20 X TagMan
Gene Expression Assay 1pl, 2 X TagMan Gene Expression Master Mix 10ul, cDNA
template 4.0 ul and RNase-free water 5.0 ul per reaction. A MicroAmp 96 well
reaction plate was used (Applied Biosystems, Cat No. 4306737) and each reaction
was loaded into a separate well. The plate was covered, briefly centrifuged and
loaded into the thermal cycler (Applied Biosystems 7900HT Fast Real-Time PCR
System). The conditions were set as follows: 10 minutes at 95°C followed by 40

cycles at 95°C for 15 seconds and 60°C for 1 minute.

3.2.7.5 Analysis

Data analysis was performed using SDS 2.4, supplied by Applied Biosystems on CD-

ROM as part of the TagMan Assay kit.
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3.3 Results

3.3.1 Growth characteristics

The mean values of the absorbance for each cell line at incremental inoculation

densities are depicted in the figures below.

3.3.1.1 SkChA1

The target of a 48 hour doubling time was best served by an inoculation density of

20,000 cells per well (calculated by non-linear regression as 50.60 hours).
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Figure 3-7 SkChA1 growth characteristics




Cell line cytotoxicity assays

3.3.1.2HUCCT1

The target of a 48 hour doubling time was best served by an inoculation density of

20,000 cells per well (calculated by non-linear regression as 45.71 to 53.97 hours).

HUCC Growth characteristics
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Figure 3-8 HUCC growth characteristics
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3.3.1.3 KKU M213

The target of a 48 hour doubling time was best served by an inoculation density of

10,000 cells per well (Calculated by non-linear regression as 41.80 to 57.22 hours).
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Figure 3-9 Growth Characteristics KKU M213 cells
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A summary of the inoculation densities used in CCA cell lines throughout cytotoxicity

testing in 96 well plates are shown in Table 6.

Cell Line Inoculation density (per well)

HUCC-T1 | 20,000

SkChA-1 20,000

M213 10,000

Table 6 Inoculation densities used in CCA cell lines

3.3.2 Cytotoxicity assays

3.3.2.1 Preliminary experiments

To ensure experimental validity, a series of quality control experiments were carried

out to optimise the methodology.

Cell lines were exposed to DMSO in the absence of cytotoxic agents to ensure that
this solvent was not contributing to cell death at the concentrations used. Although
previously shown not to affect cell studies at the concentrations used in these
experiments, DMSO has not been tested with the particular cell lines used in these

experiments (see section 3.2.6.1.5).

The method of adding chemotherapy agents to growing cells varied from reviewing
published protocols (Houghton et al., 2007, Vichai and Kirtikara, 2006). Once cells
were added to a 96 well plate suspended in 100puL of culture medium, they were

allowed 24 hours to adhere before addition of the agent under scrutiny. One option
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was to remove the original medium and replacing it with 200puL of fresh medium
containing the agent at the appropriate concentration. The other option was to
leave the 100pL of medium in the 96WP and just add another 100puL of agent
suspended in medium at double the intended final concentration. Preliminary
experiments were performed to check whether there would be a difference in these

two methods.

3.3.2.1.1 Exposure to DMSO

The graphs below illustrate the effect of DMSO on CCA cell lines. Increasing

concentration of DMSO has not altered cell culture growth pattern.

DMSO effect on SKChAT1 cell line
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Figure 3-10 DMSO effect on SkChA1
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DMSO effect on HUCC cell line
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Figure 3-11 DMSO effect on HUCC

3.3.2.1.2 Removal vs non removal of medium prior to addition of cytotoxic agent

The graphs below represent a series of experiments to check the effect of removal of
medium prior to the addition of cytotoxic agent as compared to addition of further

medium with double concentration of the cytotoxic agent.

-=- medium not changed
4 -=- medium changed

Fraction of OD

Gemcitabine Concentration

Figure 3-12 SkChAL1 cell line exposed to Gemcitabine (comparison between two methodologies)
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-=- Medium not changed
-=- medium changed

Fraction of OD
N
[

Gemcitabine Concentration
Figure 3-13 HUCC cell line exposed to Gemcitabine (comparison between two methodologies)

Complete renewal increases the amount of culture medium available and removes
waste products of metabolism. On the other hand by removing the medium from the
96WHP, there is a risk of aspirating adherent cells, and this could be done
disproportionately between wells. The extra step also adds extra risk of
contamination, either by introducing an infection or by cross contaminating wells
with the wrong cells. Finally there is a risk of dilution discrepancies, as aspirating
100% of the 100pL is technically challenging. There was no significant difference
observed between the two methodologies above. As such the method of ‘no

medium change’ was used thereafter in all cytotoxic experiments.
3.3.2.2Single agent testing

3.3.2.2.1 Cisplatin

The dose response curves of the selected cell lines to cisplatin monotherapy are

shown below.
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Fraction of OD
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Figure 3-14 Cisplatin effect on HUCC Cells

Cisplatin effect on SKChAL1 cells

Cisplatin Concentration

Figure 3-15 Cisplatin effect on SkChA1 cells
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Figure 3-16 Cisplatin effect on KKU M213 cells

3.3.2.2.2 Cisplatin in combination with PK11195

The dose response curves of cell lines exposed to cisplatin monotherapy in the
presence or absence of PK11195 are shown below. Visual inspection of the graphs
shows that PK11195 enhanced the effect of cisplatin in all cell lines at varying
degrees. However, when examined using 2 way ANOVA, this enhancement was not
always statistically significant. If statistically significant, the greatest percentage
enhancement is given in the text following each graph along with the concentration

of cytotoxic agent at which this occurred.
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Figure 3-17 Effect of PK11195 addition to cisplatin on KKU M213 cells

The addition of PK11195 to cisplatin therapy in KKU M213 cells resulted in a
significant enhancement of cytotoxic effect. The largest effect was seen at a
concentration of 1x10°® mM as indicated by the graph above (Figure 3-17). At this

concentration PK11195 enhanced the action of cisplatin by 73.10% (95% Cl: 49.44-

96.83%, P<0.001).
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Figure 3-18 Effect of PK11195 addition to cisplatin on SkChA1 cells

The addition of PK11195 to cisplatin therapy in SkChA1 cells did not have a
significant effect in any concentration. The only concentration that it had a minimal

effect was at 1x10® M, an enhancement of 20%, but this was not statistically

significant (P>0.05).
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Figure 3-19 Effect of PK11195 addition to cisplatin on HUCC cells

The addition of PK11195 to cisplatin therapy in HUCC cells did not have a significant
effect in any concentration. The only concentration that it had a minimal effect was

at 1x10”° M, an enhancement of 0.2%, which was not statistically significant (P>0.05).
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3.3.2.2.3 Gemcitabine

The dose response curves of the cell lines to gemcitabine monotherapy are displayed

below.

Fraction of OD

Fraction of OD

Gemcitabine Concentration

Figure 3-20 Gemcitabine effect on SkChA1 cells
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Figure 3-21 Gemcitabine effect on HUCC cells
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Figure 3-22 Gemcitabine effect on KKU M213 cells
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3.3.2.2.4 Gemcitabine in combination with PK11195
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Figure 3-23 Effect of PK11195 addition to gemcitabine on SkChA1 cells

The addition of PK11195 to gemcitabine in SkChA1 cells resulted in a significant

enhancement of cytotoxic effect. The largest effect was seen at a concentration of

1x10® mM as indicated by the graph above (Figure 3-23). At this concentration

PK11195 enhanced the action of gemcitabine by a mean of 30.24% (95% Cl: 4.67% to

55.78%, P<0.001).
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Figure 3-24 Effect of PK11195 addition to gemcitabine on HUCC cells

The addition of PK11195 to gemcitabine in HUCC cells resulted in a significant
enhancement of cytotoxic effect. The largest effect was seen at a concentration of
1x10”° mM as indicated by the graph above (Figure 3-24). At this concentration

PK11195 enhanced the action of gemcitabine by a mean of 23.31% (95% Cl: 40.91%

to 5.80%, P<0.001).
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Figure 3-25 Effect of PK11195 addition to gemcitabine on KKU M213 cells

The addition of PK11195 to gemcitabine in KKU M213 cells resulted in a significant
enhancement of cytotoxic effect. The largest effect was seen at a concentration of
1x10”° mM as indicated by the graph above (Figure 3-25Figure 3-24). At this
concentration PK11195 enhanced the action of gemcitabine by a mean of 14.0