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Abstract

Pancreatic cancer hasvary poor prognosis, it is the fourthostcommon cancer
worldwide in termsof mortality, and it is expected to libe second most common
within a decade. Mospatients with pancreatic canceare either resistd@ to
chemotherapy or become so, thus surgery is the only choiceawgtinsiderable
chance of tumour regrowth. Therefore amlternative treatment is urgently sought.
The Nuclear Factor Kappa BNFkB) cascade is comprised of two interdependent
pathways, recognized as the classpathwayor canonicaNFkB pathway which is
IKK b dependentand IKK a-dependenhon-canonicalor alternative NkB pathway
Studies have linkedthe hyperactivation of both pathways to pancreatic
tumorigenesisiKK b inhibitorsas aclass ofpotentialdrugs for anticancer treatment
have been accompanied Byhumberof issuesregarding toxicity IKKa has been
implicated in anumber of biological processes includingancer development
therefoe targeting IKKa is a new approactof the development of pancreatic cancer

therapiesand is examined in this thesis.

In chaper three,both NFKB pathwayswere characterisedsing different agonists;

LTalb2, TNFRand FCSL U1 b2 i mul atadleplea d ki omo rc a |

pat hway, inducing phosphoryl ation of p1lO0O!
activation of pb52 formataamd waGS bwe we ewi
ef fatNFand ULB2t i mul at ed t kBe pcaatnhowaiyo ad n dNFt
together these studies indcaaboedcahepart by

In chapter four, a numberf novel | Kgknerated niouse, were alse

examined against both the nroanonical and canonical KB pathways. Three
differentefe ct s wer e observed; yeJUE261 SWMAL, i nhi b
SU1349, SU1433, SU1438 and 1434bby |l nhi bi
(SU1087, SU1432, SU1499 and SU1436) and no inhibitioreithfer pathway

(SU1392). Te effect of selective IKK inhibitors on cell cycle and growtivere

also examined andonfirmed that IKKa has a role inproliferation of pancreatic

cancer cells.
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In chapter five, the expression of IKK dependentarget genesvas investigated
using the agonist that activates theKikdependenhon-canonicalNFkB pathway,
LTaibo. The finding confirmed that the expression of genes (BBC3, EZH2,
TNFAIP3, VCAM, MAP3K14 and SERPINB6) wdikely to beregulated through
this pathway. This was confirmed usilkiK a selective inhibitorswhich resulted in

the expression dll gene subsets were reduced

Taken togetherthese datandicatethatlKK a plays a key rolein theregulation ofthe
noncanonical NKB pathwayin pancreatic cancer cells atitht selectivenhibition

IKK a may be a newtrategy for developing antancer drug
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Chapter One

Introduction



1.1 Introduction

Cancer is defined as the uncontrolled proliferation of cells which can occur in any
organ of the body. In this condition, differentiation is compromised atdymwth

takes over resulting itumour famation, which in @rn leads tospreadto other
organs (metastasigHanahan and Weinberg011) Cancer can spread to different
parts & the body by two main pathwayte lymphatic system or ¢hbloodstream.
Today cancer is considered to be the biggest health prafitgrally (Hanahan and
Weinberg, 2011jith around 12.8 million people affected by different cancers each

year itcaused 3% of all deaths worlgide.

1.1.1 External factors linked to cancers

There are about two hundred types of cancer identifieere are many organs in the
body which can be affected by canaedit is hard to determine the causative agent
of cancer(Sasco et al., 2004However, there are many studies which have identified
external factors, called carcinogenassociaté with certain types of cancer
Classification of these factorbave identified three mairgroups; biological

carcinogens, physical carcinogens and chemical carcing¢gasso et al., 2004)

There are many infectious agents including parasites, viruses, and bacteria which
have potential to promote cancer development. One noted example is Kaposi
Sarcoma which is a skin cancer associated gutaneous lesions caused by Kajgosi
Sarcoma Herpes Virus (KSHV{Schulz, 200Q) Many studies have shown a
correlation between some species of bacteria and cancer development, for example,
Chlamydiae pneumonigith lung tumairs, Bartonella speciewith vascular tumours
andStreptococcus bovisas been shown to be implicated in colon cafgémerich

et al., 200, Marshall and Windsor, 2005, Littman et al., 2005, Dehio, 2005)



Physical carcinogens are defined as environmental factors which can help to cause
tumour formation, for exaple, exposureof the foetusto high levels ofionising
radiationhas been linked to increasing the ridkdeveloping childhood leukaemia
(Stewart et al., 1958)Another example is kraviolet (UV) radiation UV is an
electromagnetic radiation with a range of wavelengths between 1866nm and is

a component of sunlight and electric produc&udies have shown thai% of skin
cancerdmelanomas) are associated with long termosxre taJV (Andrade et al.,

2012)

Finally, chemical carcinogens encompassg/ chemical agent which causes cancer,
for instance, water contaminants (arsenic) or tobacco smoke components. There are
about fourthousand chemicals in tobacco smoke, 93% of all lung tumours have been
demonstrated to be related to smoki{i&asco et al.,, 2004, Villeneuve and Mao,
1994) Another example ian Aflatoxin B toxin, this toxin produced biwvo specific

fungi, calledAspergillusflavus and Aspergillus parasiticusThis toxin is linked to
hepatocellular tumours in AfricéAlpert et al., 1968) Bennett and Klich found
increased levels of this toxin induceomour development in animal modéBennett

and Klich, 2003)Another example is formaldehyde, a chemical used in industry and
also found in sme types of fruits or other foods. Formaldehyde is associated with a
number of human cancers, for example leukaemand nasopharyngeal cancer,
hematopoietic and lung cans€Rager, et al 2011). Research needs to continue to
study chemical carcinogenesis ialikely to have an increasing influence ocancer

development.



1.1.2Cellular factors related to cancer development

Whilst a number of external factors are linked to cancer development the
predominant focus is on cellular factors, particularly hormsprgrowth factors,
intracellular pathways and the resultant effect upon cellular proliferatibrhis

point it should be noted that the risk factors outlimethe paragraphs above results

in either direct or indirdagenetic mutations within the cell, aadl somatic mutations

that leado cancer.

A number of studies have suggested the involvement of hormeamgsgrowth
factorsin the development of cancers, as at the cellular level they play a role in the
regulationof cell growth cell proliferation and apoptosi®\ number of cancers such

as breast, uterine, cervical and prostate cancer, are driven by levels of estrogen,
androgen and progesterofieikanova and Kaaks, 200%jurthermore, in the past 30
years, hormones have been considered a risk factor for cancer development through
their induction of cell proliferation. Many studies have demonstrated that increasing
the level of estrogen and progesterone, such as via hormone replacement therapy
(HRT) increases the risk of breast cancer. A study found that more than 160,000
women, who used HRT, were diagnosed with breast cancer and it was linked with
duration of HRT intak, the risk increased 2.3% each year of use (Lancet, 1997).
Another example is the hormone androgen, Chuu andockers reported that
approximately 80% of prostate cancer proliferation was due to the hyper production
of androgen, therefore, they suggesteducing the production of androgen as a

potential therapeutic strategy for treatment of prostate c§@bewu et al., 2011)

Insulin-Like Growth Factor 1 (IGH) has an antapoptotic role irmany types of cell

(Yu and Rohan, 2000Excess concentrations of I&GFcan lead to the reductiaf



some preapoptotic proteins which have a role in tumour formation inpttostate
and breast(Kaaks and Lukanova, 20Q1l1Elevating the concertation of insulin
increases binding to IGE receptors and leads to the activation of sigmglli
pathways which enhance cancer developn{&ore et al., 1998)In addition,
insulin has also been implicated in metabolism and synthesis of sorcarmerous
hormones including the androgefBairfield et al., 2002, Kaaks and Lukanova,

2001)

1.1.3. Genetic mutatios related tocancer development

A number of cancers can be the result ofitations passed down through
generations.Kastrinos and cavorkers found a number of germline mismatch repair
gene mutations rated to colon cancer includinylLH1, MSH1, MSH6 and PMS2
(Kastrinos, et al, 2011). In addition hereditary +pmlyposis colorectal cancer

( HNPCC) al so called Lynchdés syndr ome,
responsible for approximately% of all colorectal cancaerases (Rjander, et al
2010). Some of the sangenes plus others, have been shown to be involsech
asMSH2, MSH6, MLH1, MLH3, PMS2, PMS1 and TGFBR2 (Fishel, et al 1993,
Worthley, et al, 2005, Papadopoulos, et al 1994, Miyaki, et al 1997 Nicolaides, et al,

1994,Lu, et al 1998, Ou, et al 2009).

There are a number of hereditary mutations thate been linked to familial
pancreatic cancer such as PRSS1 and CUBMddition Whitcomb and cavorkers
found these mutations to lessociated with hereditary disordeaf the pancreas
(Howes et al., 2004, Whitcomb at., 1996) A previous study found thatround
10% of pancreatic cancers were rethto BRCA2 germline mutations as opposed to

mutations in BRCAXGoldgar, et al, 1995Both these mutations are associatgith



ovarian and breast tumour$riedman et al.,, 1994)Other examples incluge
mutations in KRAS2 and /RAS genes which are associated with lung, pancreatic
and colorectal tumour@~utreal et al., 2004)Furthermore, Chen and -@eorkers

have found mutations within the PTEN gene in 70% of patients with prostate cancer
(Chen et al., 20059nd thg gene mutation is related tmany types of tumours such

as uterus, thyroid and bredBilarski and Eng, 2004)

In some cases the mutated gene can be both inheritable and the result of somatic
mutation due to exposure to risk factors, again the BRCA1 gene is an example.
Overall, reduced »posure to both internal and external factors can decrease
development of tumours irrespective of whether a person already carries mutation or

not.

There are two types of genesich are found in normal cellshich influence the
potential of developmentfaumours (see Table 1.1)The first type are proto
oncogenes; these genesgpress proteins whichre responsible for many functions
within the cellwhich are usually critical to growth and proliferatiand includeabl,
K-samandras genegDoolittle et al., 1983) The second type of mutations is linked
to tumoursuppressogenesthat have the ability to regulate cell division and cell
death, for example, p53, BRCA1 and BRCARutations in these gesavhether
inherited or acquiredead to tumour development instead of working to regulate cell

growth under normal conditier{Todd and Wong, 1999)



Table 11 Common oncogenes and suppresser genes invobfén human cancers.

From(Weinberg, 1996)

Oncogenes

KRAS Involved in ovarian, lung, pancreatic and colon cance
This gene has an intracellular function in ERKAP
signalling.

MDM2 Involved in sarcoma and other cancer, this gene co
negative regulator of tumour suppresser protein (p53

BLC2 Involved in Dllicular B cell lymphoma, codes for
proteins that prevestell suicide.

CTNB1 Involved in the liver cancer, cosléor beta catenin.

NRAS Involved in leukaemia, has a roletime regulating otell
division.

EGFR Involved in breast and brain cancer, encadtieseceptor
for epidermal growth factor.

PRAD1 Involved in neck, breast and pancreatic cancer.
named CCNDA, encodes cyclin D1

L-MYC Involve in lung cancer, This gene has intracelly

function in ERKMAP signalling. This gene cosldor
multi nuclear phosphoproteins (De Greve, et al 1988)

Tumour suppressor
genes.

BRCA1 and BRCA2

Involved in breast cancehave a role in DNA repair
damage.

RB1 Involved in bladder, bone, breast, retinobdasa and
small cell lung cancer.

APC Involved in stomach and colon cancers, encodes
APC protein which play a role in many cellu
processes

MTS1 Involved in many cancers, codes for p16 protein liaalt

arole in the cell cycle.

Development signalling

pathway
GLI1 Involved in pancreatic cancer, has a roléhie hedgehog
SOX3 signalling pathway.
CREBBP
p21 Involved in pancreatic cancer, has a role in cell death
TCF4 crosstalk with the NEB signalling pathway.
MYC Involved in pancreatic cancer, hasoée in Wnt
WNTOA signalling pathway.




1.2 Tumorigenesis

There are multiple routes that promote the transformation of a normal cell to a cancer
cell, depending on the nature of mutation, this process is called tumorigenesis or
carcinogenesis Tumorigenisis inlkeides three stages; initiation, promotion and
progression (see Figure 1.(Bitot, 1993, Barrett, 1993, Frank, 2007, Lapidot et al.,
1994) These stages are ithemselves underpinned by an irreversible genetic
mutation which occurs in DNABarrett, 1993)which leads to the DNA replication
error during the synthetic phase of the cell cycle or changes in cellular metabolism,
such as the release of free radicals and reactive oxygen sf@bas et al., 2007,
Pray, 2008) Some of the environmental factors outlined previously clearly have the
potential to initiate mutations in DNA, for example, UV radiationR®ys and
smoking. Expeure to these factors creates covalent bonds within DNA segments,
called DNA adducts, and this process can lead to mutation if not eliminated though
the DNA repair system prior to replication. Direct DNA damage is classified into
four different groups degmding on the error that appears within the DNA;
substitution, loss or addition of bases, modification in chemical structure of DNA

itself and breaks in the DNA backbofitot, 1993, Barrett, 1993, Frank, 2007)

In the promotion stage, cellular function maybe compromised resulting in an increase
in the average rate of cell growth and division that increases the production of
daughter cells and errors at the cell cycle cheickpoAt this stage the cancer
promoters are not binding directly with DNA as in the initiation phase, but rather are
linked to proliferation through activation of cell signalling pathwéygot et al.,

1981) For example, the enhanced production of growth factors which bind to

specific receptors on the target cell membrane can promote gene expression via



activation of cell signalling pathways, or indeed mutation of the intracellular
pathways themselves which in turn promotes changes in gene expression without the

need for activation a receptg®itot et al., 1981, Troll and Wiesner, 1985)

The final stage includes the ability of cells to foreoplastic cells or masses, which
includes more spontaneous DNA damage, mutation or epigenetic change. Cells in
this stage have a high rate of proliferation with a greater potential to metastasise,
through the processes of migration and matrbxegpilation. These three stages can
take a long time thus giving the opportunities for interventions to delay or prevent

cancer progressigffPitot, 1993, Barrett, 1993, Frank, 2007)

UV irradiation, X-ray
and other carcinogens

Preneoplastic cells Neoplastic cells

A
£ i
A

Initiated cell 1
promotion Progression Wi

Figure 1.1 Three major steps in the carcinogenesis process; initiation, promotion and
progression

(Barrett, 1993, Pray, 2008, Surh, 2003)



1.3 Cellular modifications related to cancer development

Under normal conditionsellular functiors are tightly regulated,and the rates of
cellular division and death are well balanced. At a cellular level there are numerous
changes which affect this overall balance and are related to all three stages described
above.According toHanahan and Weinbeigianahan and Weinberg, 2011ihere

area numbembiological modifications in cancer that causes transformation of normal
cells to tumar cells. These modifications have been expanded to give a

comprehensive view of the cancer process and are indicafegline 12.
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Figurel. 2 Hallmarks of cancer

Adapted from(Hanahan, and Weinberg, 2011).
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1.3.1Sustained proliferative signdling

In normal cells the growth process is reguldtedugh signallingoy hormones and
growth factorshowever, cancer cells havhe ability to produce these signals
through a number oflifferent ways For example by producing growth factors
themselves, calledautocrine signding, or altering intracellular proteins that
independently mediate cell growth in the absence of an external @itarathan and
Weinberg, 2011) This is encapsulated in the second stage of the carcinogenesis
process and is associated with oncogenic mutations leading to enhanced growth
factor production, ncreased growth factor receptor expression and hyperactive
intracellular signalling pathways such &xtracellular Signategulated Kinase
(ERK) and PhosphoinositideBnase (P13 KinasefHanahan and Weinberg, 2011,

Evan and Vousden, 2001)

1.3.2 The evaion of growth suppressors

There are a group of genes called turrswppressor genes that regule¢d division

by regulating the entry of cells into specific stages of the cell cyglesnsuring
genetic competendMcClatchey and Yap, 201ZJyumaur cells undergo mutation in
these genes which allow continual unregulated growth. Furttermmormal cells

are able to sense when the available space is filled and contact inhibition occurs
stopping proliferation. In cancer these sensors are missing and cells grow and divide

continuously over each oth@icClatchey and Yap, 2012)

1.3.3 Resistanceo cell death processes

Normal cells are programmed to die in cases where the cell becomes infected or

damaged. This characteristic is absent in dumcells, these cells have direct

12



alterations in the mechanisms that induce apoptasisaergo changes in signalling
pathways or proteins that have a role in the apoptotic profm@sexample p52, a
check point kinasgElmore, 2007) These and other components also link to
replication immortality(Hanahan and Weinberg, 201There is a specifisegment

at the end othromosomes, called telomer@hese telomeres become shorter each
time the cell divides, after a specific numbers of divisions this segment becomes so
short that thecell is unable to divide again. However, cancer cells have specific
enzymes that make the telomeres length longer,athmsing continuous cell growth

(Hanahan and Weinberg, 2011, Kawai et al., 2007, Hansel et al., 2006)

1.3.4. Induction of Angiogenesis

There area number otomponets that relateo the environment supporting tumour
growth and metastatic spreathgiogenesis, the formation of new blood vessisls

an essential process in embryo development and wound hedtege capillary
formation provides a source of oxygen andrieants to the cells nearbySince
tumour cells aren continuous growth they need to develop additional sources of
oxygen and nutrients to allow surviv@ergers and Benjamin, 2003Jhis is when

the angiogenic process is activated to suppwoplastic growth and expansion.
There are a number of mediators released by tumour cells which mediate
angiogenesis through binding to specific receptors on the surface of endothelial cells.
One of these proteins is vascular endothelial growth factoG@§JEencoded by the
VEGF gene. Overexpression of VEGF by oncogenic transformation or by hypoxia
gives cancer cells the ability ppomote the growth afew blood vessels. In addition

there are other proteins which alter duritigg development of canceo induce

13



angiogenesis, such as, thrombospondin type 1-{M%Perrara, 2009, Mac Gabhann

and Popel, 2008)

1.3.6 Activation of invasion and metastasis

Cancer cells have the ability to make changes in their shape, attach to each other or
bind to the extracellular matrix (ECOMMichel et al., 201Q)which hdps them to

invade local issuespacs or metastasize to other tissues or orgderx and van

Roy, 2009) One of the most effective proteins that restricts mesenchymal transition,
E-cadherin, is misgg in cancer cell€&-cadherin is an adhesion molecule which has

a key role inthe formation of the junctiorbetwea adjacent epithelial celland is
thought to help the cells form tissue sheets and retain the cells within the tissue.
Many studies have indicated that overexpression-cadherin in cells functiasito
antagonise invasion and metastasis of tum{Besx and van Roy, 2009, Cavallaro

and Christofori, 2004)

1.3.7 Genome instability and mutation

Recently, the molecular genetic analysis of the main types of cancer cell genomes
have shown such a wide range of mutations suggesting that genomic instability is
enhanced during tumouwtevelopment. In their study, Korkola and Gary used a
genetic analysis method called comparative genomic hybtinizéCGH) and they
found bothincreases and decreases in gene éopsell genomes of a numbers of
tumours In the same study they conclud#tht there is failure in the control of
genomic integrity in cancer cells; this disordering of genomic maintenance reflects
defects in DNA repair systems and is thought to be a key component ofirtum

progresgKorkola and Gray, 2010)
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1.3.8 Tumour promoting inflammation

More recent evidence has shown that inflammation has a role in cancer progression;
it has beerdemongtated that inflammation iactive inthe earliest stage of cancer
developmentQian and Pollard, 2010furthermore, Grivennikov and -eeorkers

found that during the inflammation there are several chemical mediators released
near the tumor cells, which supports the proliferation of the cells themselves and
promotes the invasion of specific immune cells or progenitor cells which aid tumour

growth, this can also include endothelial cell progeni¢Grévennikov et al., 2010)

1.3.9 Deregulating cellular energetics

In normal cells there are two ways to produce the energy that is required for cell
activity. In the presence of oxygen cells progluenergy through conversion of
glucose to pyruvate within the cytosol and. Then inside the mitochondria carbon
oxide is produced. However, in the absence of oxygen, cells use glycolysis to release
the pyruvate. In cancer, cells have ability to use glgislprocess even in in the
presence of oxygen which is called aerobic glycoly#éarburg, 1956a, Warburg,
1956b) thus the tumour cells produce energy that supports their development via this

mechanism.

Cancer cell classification depends on the energyegdion pathway, the first group
uses lactose to produce energy, whilst in the second group, cells use lactose produced
by neighboring cells to produce ener@lennedy and Dewhirst, 2010, Feron, 2009,

Semenza, 2008)
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1.3.10 Avoiding theimmune system

In the normal body, cells and tissues are continuously monitored by the immune
system, abnormal cells or early initiated tumor cells are routinely destroyed.
Increasingly, tumour cells have the ability to avoid the detection process through one
arm of theimmune system where expression of cell surface proteins, which the
immune system can normally recognise, are altered. There are a number of cancers
which can develop following a breakdown in the immune system
(immunocompromised individuals) indicating tkey regulatory role of this system

(Teng et al., 2008, Kim et al., 2007)

1.4. The pancreas and pancreatic cancer

The pancreas is a large gland found in all vertebrates which includes two types of
gland cells; endocrine cells which form islets of Langertart represent only 2%

of the cell massand the second type is the exocrine cell that forms acini. The
pancreas is responsible for production of various hormones such as glucagon, amylin
and insulin, and also productw digestive enzymedrypsin, lipaseand amylase.

Cancer can arise from batypes of cells, but is commonékocrine in origin

Pancreatic cancer (PC) is linked with a poor prognosis and is ranked as the fourth
cancer worldwide in terms of death ra(8gegel et al.2015) Generally, resection is

the only effective treatment but only 20% of PC patients are usually suitable for
surgery, dependent on the stage of cancer, with an 80% possibility of the tumour
returning(Sohn et al., 2000) One of reasons that make PC a fatal cancer is that the
diagnosis is usually only made during the later stages because no symptoms or signs

are apparent earlier. In addition, there is no clear guidance for checking people who

16



have a high risk of PC su@s those with a family history or pancreas diseases such
as diabete§Sohn et al., 2000, Von Hoff et al., 2013pPnly5% of patients diagnosed

with pancreatic cancer survive ®years(Jemal et al., 2008, Li et al., 2004nd

there are approximately 50,000 new causes of PC annually in the United States
(Saluja et al., 2016)During 2010 there were 43,140 people diagnosed with
pancreatic cancer and 36,800 deatlomfirmingthe high mortality ratgJemal et al.,

2010) In astudy over three years in Eastern Spain, which included 185 samples
from patients diagnosed with paaatic cancer, the results demonstrateat 6% of

these cases involved the tail of the pangr&8% in the body and 62% the head of

pancreawhilst the rest of cases were not specifiedrta et al., 2005)

1.4.1.Risk factors

As with many other cancers, the factors that cause pancreatic cancer remain
unknown. However, there are many studies which have ident#igdimber of
factors related to the development of pancreatic cancer. One research study, which
included a number of different countries from Europe, the United States and others
worldwide, showed pancreatic cancer to be more common in men than woman, with
the risk being 30% greater in mal@Serlay et al., 2010, AndreBandberg et al.,
1999) The reason for this difference maybe because of gender differences in
lifestyle, for example smoking and alcohotake is more prevalent in mal@synch

et al., 2009) Furthermoe, the risk increases with advancing age in both men and
women(Ferlay et al., 2010)in addition, ethitity is considered a risk factor for PC.

Silverman and cavorkers found that in the US the highest percentage of pancreatic

17



cancer is in African Americans followed by white Americans, whilst Asian

Americans have the lowest percentégdverman et al., 2003)

Furthermorethere are mangnodifiablefactors which have lem linked to pancreatic
cancer, the most important one is smoking. Many studies suggest smoking to be
causative agent in 280% of PC case@arkin et al., 2011, Parkin, 2011&he risk
increasedetweer?.5 to 3.6 times in comparison to nsmokers, and increases with

the number of cigarettes and exposure time to smbkessan et lg 2007)
According to Parkinstudy foundabout 29% of pancreatic cancerasesn the UK

werethought to be related t@obacco us€Parkin, 201b).

Another modifiable factor related to PC cancer is vitamin D, and there are three
different aspects to consider. Many studies suggest that Vitanmtake through the

diet or synthesis during exposure to the sun, may have a role as a protettivenfa

PC (Grant, 2007, Mohr et al., 2010, Baoadt, 2010a, Giovannucci, 2009ndeed,

one study has also shown that low levels/itdmin D can increase the risk of PC
(Stolzenbergsolomon et al., 2009)n contrast, another study from the same group
suggests that there is no relationship between low levels of vitamin D and PC, but
observed that high levels of vitamin D doubled the risk of ®GlzenbergSolomon

et al., 2010)Clearly more studies are required to resolve this issue.

There is no clear evidence regarding the role of alcohol intake as a risk factor in PC.
One study has showed that consuming about 30g or more @dakinger et al.,
2009)or consuming three or more drinks of alcohol increased the risk of pancreatic
cancer(Tramacere et al., 201.0However, another study noted that there was no

correlation between alcohol and pancreaticcea even for a person consuming 60g
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or more each dagMichaud et al., 2010)These finding suggest the role of alcohol

intake in development of pancreatic cancer still requires further investigation.

There arealso very limited studies rgarding the relationship between other
modifiablefactors, such as aspirin use and intake of coffee and the development of
pancreatic cancédfStreicler et al., 2014, Dong et al., 201However thereis much

more evidence linkingpancreas diseases to the development of can8ewveral
studies demonstrate an increase in diseesgression if the patient has a history of
chronic pancreatitis, diabeteprevious incidence of gastric ulsgrobesity and
intestinal cancers(Batty et al., 2009Landi, 2009, Lowenfels and Maisonneuve,

2006, Genkinger et al., 2009, Bao et al., 2010b, Aune et al., 2012, Shen et al., 2006)

Whilst the majority of pancreatic cancers involve somatic mutationsalagtérnal
factors, about 5% to 10% of pancreatic cancers are hereditary. The risk increases
three time in people who have a family history of pancreatic cancer (first degree
relative) and 57 times in cases where there are four or more relatives who have
pancreatic cancefHidalgo, 2010, Shi et al., 20Q9any studies suggest there are
numbers ofgerm line mutations related to increased risk of pancreatic cancer in
families who have history of the disease, for example, BRCA2, STK11, PRSS1 and
P16 (and others see section 1.1.3). Nevertheless, these genes are responsible for
developing pancreatic cancer in only a small portion of patients with a familial
susceptibility, the genetics underpinning pancreatic cancer development remain
largely unknown(Shi et al., 2009, Giardiello et al., 2000, Goldstein et al., 1995,

Lowenfels et al., 1993Nhitcomb et al., 1996)
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Interestingly, one nomodifiable genetic factor linked to pancreatic cancer is blood
group. A peson who has blood type O has the lowest rate of PC compared with the
other three main blood groups B and AB(Wolpin et al., 2009, Pelzer et a@2013)
Overall the large number of studies outlined abandicates a complex array of

factorswhichresult in the development of pancreatic cancer.

1.4.2.Symptoms

The most commorsymptoms of pancreatic cancer are; abdominal pain, anorexia
nortlogical weight loss,back pain vomiting, diarrhoea, jaundicegnd asthenia.
Studiesdemonstrate correlation between the location and size of tumathin the
pancreas and the symptorii$ie jaundice, weight loss and steatorrhea wetmd to

be closely related with head tumours, but did not occur with tail tum@iocsiolell

et al., 1999, Kalser et al., 1985, Bakkevold et al., 199?yta and cavorkers
showed that 600 % of tumours are at the head of the pancreas, whil5%20are
localised within the body and tail. In a study involving 18&ncreatic cancer
patientsthey found that 71% of these patients suffered from epigastric pain and 79%
of patients had abdominal pafjRorta et al., 2005)Furthermore, it has been found
that PC caused death in approximately 90% of those diagmoethe disease, 70%

of patieris died because of spread to other organs, the remaining 30% died with
limited metastases at the time of death, however most patients had bulky primary

tumours(lacobuzo-Donahue et al., 2009)

1.4.3. Types of pancreatic cancer cellumour

Since the pancreas contains two types of secretory cdedss tare two types of

pancreatic cancewhich can developEndocrine amour cells are formed from
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endocrine cells (cells producing hormones) and exoctneur cellsare derived

from exocrine cells (cells producing enzymes). Endocrine tumours are also referred
to as neuroendocringumourswhich have the potential to be malignasind are
considered to be the less common type of pancreatic cancer. The second group,
which are called exocrine tumours, are further subdivided into tyoes
adenocarcinomas and mucinous.Tumours derocarcinomas areonsidered the

most prevalent typ of exocrine pancreatic tumoand havea poor prognosis with a

high level ofmalignangy. Mucinous tumours have a slightly better prognosis when

compared with adenocarcinom@oodman et al., 2012)

1.44. Stages of pancreatic cancer

According to the Tumour Node Metastasis system from Almeerican Joint
Committee on CancerfAJCC), pancreatic cancer is staged and the main
distinguishing features used for staging the pancreatic cancer is resectability of the
tumour and whether or not it has metastasised. There are four main stages of
pancreatic cancer with subdivisions; in stage | and Il the tumours are classified as
resectatd, stage Il tumour are classified as unresectable and locally advanced
tumouss, while the tumour in stagelV exhibit distart metastasegEdge and

Compton, 2010jsee table 1.2).
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Table 12 Stagesof pancreatic cancer.

*M indicates distant ofnetastasis** N for lymph nodes(Bilimoria et al., 2007, Hidalgo,
2010)

Stage characteristics Distant Nodal Median
metastases * | status ** survival
(Months)

I A Tumour is limited MO NO 24.1
to pancreas and
the size of
tumour <2cm

IB Tumour is limited MO NO 20.6
to pancreas and
thesize of
tumour >2cm

A Tumour spread MO NO 15.4
beyond the
pancreas

11=] Different size of MO N1 12.7
tumour

1" Thetumour MO NO or N1 10.6
involvesthe
celiac axis or
superior
mesenteric artery

\Y Distance M1 NO or N1 4.5
metastasisvith
anyziseof
tumour

Over recent years the genetic analysis of pancreatic cancer has been developed by
many research groups and has the potential to guide future personalised and more
effective treatment. Studies analysing 456 pancreatic caatients samples, using
integrated genomic analysis, showed 32 gene mutations implicated in ten cellular
pathways and related processes including; KRAS, transforming growth factor beta

(TGFb), NOTCH, ROBO/SLIT, WNT signalling, chromatin modification,
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SWTd/surose noirermentable (SWI/SNRventlinked to G/S phase of the cell

cycle, DNA repair and RNA processi(Bailey et al., 2016)

Further expression analysis has determined four key subtypes of tumours. Firstly
squamous tumours, the most common genes mutations in these tumours, include
genes imolved in hypoxia response, inflammation and metabolic reprogramming
(Hoadley et al., 2014)The second subtgpcalled a pancreatic progenitor tumour,
involves upregulate of genes that are involved in early pancreatic cancer
development, for example, FOXA2/3, MNXI and PDXale et al., 2005)A third
subtypes called Aberrantly Differentiated Endocrine Exocrine (ADEX), includes
genes involved in KRAS activation, exocrine differetia and endocrine
differentiation (von Figura et al., 2014)An immunogenic tumour is the fourth
subtype, featuring upregulation of genes and their downstream products required for

suppression of the immune syst@Rooney et al., 2015)

1.4.5. Treatment of pancreatic cancer

As implicated above surgery is considered the main treatment for pancreatic cancer,
patients withrecectabletumours have an increased probability@tovery(Jones et

al., 2008) The surgery used is dependent on the location of the tumour, for a tumour
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in the head of the pancreas the typical procedure parareaticodoudenectomy
whilst the common treatment ofracetablegumour in the tail of pancreas is a distal
pancreatectomyYokoyama et al., 2009)Only stage | and Il tumours will be
considered amenable for gery, however even at these early stages survival after

five years is only 30%.

Therefore, because of the limitations in using surgery to treat pancreatic cancer other
approaches such as chemotherapy are ne@dees et al., 2008, Li et al., 2004)
Chemotherapy is used primarily as an adjuvant after surgery. The European Study
Group of Pancreatic Cancer 1 ESC-1) found that there was a relationship
between the survival rates of patients who had surgery followed by chemotherapy or
radiotherapy treatment. The five year survival rate was 21% in the group who had
taken chemotherapy after resection compared \8#h in the group without
chemotherapy, the average survival time was 20.1 months in the chemotherapy group
compared to 15.5 months without chemotherapy. Interestingly, the study also found
that for the group of patients who used a combination of chemaadiathrerapy, in

addition, to surgery, their general health became wdiseptolemos et al., 2004)

For treatnent of the advanced local (Ill) or metastatic (IV) stages of pancreatic
cancer, chemotherapy or radiation is the only option available and is only useful in
reducing the symptoms of the disease. Burris andiaers studied the effect of
chemotherapy ansurvival rate of PC patients, the data suggested that gemcitabine is
the optimum option. Gemcitabine reduced the symptoms such as pain in about 23.8%
of patients compared with 5% withFBuorouracil. Additionally, the study found that

the survival averagwasincreasd to 5.7 months compared teFHuorouracil which
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was 4.4 monthg$Burris et al., 1997)However, this study did not compare either of

drugs with untreated control patients.

More recent studies have exploited the potential of targeting different cellular
pathways for exampleusingErlotinib which is an inhibitor of the epidermal growth
factor receptor. In a study conducted by the National Cancer Institute of Canada
Clinical Trials Group using new targeted therapies such as Erlotinib and other
tyrosine kinase inhibitors, they found there was a significant increase in survival
rates in stage lll patients compared with thosemggemcitabine alone (Kelley, et al

2008)(seeTablel.3).

Table 13 Chemotherapy agents that use as treatment of pancreatic cancer

TDrug pharmacological | Mechanism of action | Common adverse
class effect
Erlotinib Tyrosine kinase Inhibition phosphorylationn Anorexia,
effect of numbers tyrosine vomiting, rash,
kinase diarrhoea and
fatigue
Gemcitabine | Antimetabolite There are two action; Anemia,nsusea

pyrimidine analogue

diphosphate and
triphosphate, and inhibit
the ribonucleotide
reductase that inbition of
DNA synthesigrocess.

myelosuppression
and vomiting

5-fluorouracil

Antimetabolite
pyrimidine analogue

Inhibit the thymidylate
synthase, therefore

inhibition DNA synthesis

Anemia,nsusea
myelosuppression
and vomiting

1.5. Signalling pathways in pancreatic cancer

The studies outlined above demonstrate the limitation of current therapeutic
approaches for the treatment of pancreatic cancer. A better understanding of the role
of different signalling pathways in the devetoent of pancreatic cancer may allow

better targeting of the disease and lead to the development of a new treatment. The
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next section outlines a number of signalling pathways linked to pancreatic cancer
which include; Nuclear Factor Activated -€ell (NFAT), Nuclear Factor like
(NRF2), Wnt, ERK and the Nuclear Factor Kappa B KR} pathway (Martin,
2003).The reader is directed to a number of excellent reviews of this general topic

(Arlt et al, 2012, Karanikas, et al., 2016).

1.5.1 Extracellular sigral-regulated kinases ERK

Over 30 years ago, four similar signalling pathways were identified as Mitogen
activated protein kinases (MAPKs) each containing a different cascade of kinase
signalling. These are known as the: ERK, th&un amineterminal kinass (JNK),

p38 and ERK5 pathways. Usually, the JNK, p38 and ERK5 pathways are activated
by growth factors or stress, whilst the ERK pathway is activated by growth factors
through cell surface recepto(Benson et al., 2006)There are two predominant
isoforms of ERK, ERK1 (44 kDa) and ERK2 (42kDa) which show a 70% similarity
in the amino acid sequence of ithehemical structure. Phosphorylation of both
threonine and tyrosine residues of ERK leads to its activgbonvnward, 2003)

One activated, ERK dissociates from MEK and is translocated hetmdcleus and
through activation of transcription factors regulates a variety of genes. For example,
increased expression of cyclin D1 and Myc, which have a role in cell progression,
inhibits the preapoptotic process by induced overexpression of -Bsiciated
death promoter (BAD) and Bgliike protein 11 (Bim). In addition, this increases the
expression of Bcl2 and Bl expression which promotes the aapioptotic process
(Neuzillet et al., 2014)Furthermore, activation of ERK kinases promotes regulation

of many biological processes such as, cell survival, proliferation, migration and
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angiogenesis through praring phosphorylation of a number of transcription factor

and cytoskeletal proteir{¥oon and Seger,@6).

Unsurprisingly, activation of ERK kinases are implicated in cancer development
through driving a number of signalling pathways and through the regulation of gene
expressior{Yoon and Seger, 2006) herefore, targeting ERK has become the aim of
many studies. The ERK pathway can be mediated through MEK inhibitors such as
PD184352, PD0325901 andz6244 which have been developed as potential
therapeutic strategy for cancer treatmépun et al., 1993, Sebdleopold et al.,
1999) Some of these inhibitors are under current examination hclinieal and
clinical studies(McCubrey et al., 2010, Zhao and Adjei, 2014hilst some have
shown promisingesult with survival benefits in a clinical settiifglaherty et al.,

2012)

Interestingly, KRAS mutations have been found in 95% of pancreatic cancers
(Bryant et al., 2014pand many studies haveported that the KRAS mutation is
essential for pancreatic cancer developn{@uix et al., 2014, Stephen et al., 2014)
However, a recent study concluded that MEK inhibitors are inactive or have limited
effect on cancers that have KRAS mutations and this attributed to the loss of
feedback inhibition and reactideERK pathways through REK compensatory
mchanismgSamatar and Poulikakos, 2014herefore, other proteins downstream

of KRAS have been investigated in a number of studies as potential therapeutic
strategy for cancer treatmefachagani et al., 2011, Maier et al., 2013, Ling et al.,

2012, Chiao and Ling, 2011, Pak and Miyamoto, 2G&8) Figure 1.3.
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Figure 1.3 The Major interaction of KRAS pathway

Proteins downstream &fRAS signaling which could be promising therapeutic targets for
pancreatic cancer treatment in patients with KRAS mutatidapred fron(de Castro
Carpeno and Beldmiesta, 2013)

1.5.2 The Nuclear Factor Activated T-cell (NFAT) pathway

The NFAT family consists of a group of calcineurgsponsive transcription factors,
which play key role in the regulation of cellular apoptosis and growth, particularly in
the context of T lymphocyte activatigiKonig et al., 2010, Baumgart et al., 2013)

There are four isoforms; NFATcl (NFAT2/NFATc), NFATc2 (NFAT1/NFATp),
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NFAT3 (NFAT4/NFATX) andNFATc4 (NFAT3)andactivation is under control of

the C&" / calcineurin signalling pathwa@Mancini and Toker, 2009)At rest NFAT

is located within the cytoplasind ishighly phosphordted on a number of serine
residues. Stimulation leads to the dephoshorylation by calcineurin, entry of NFAT2

into the nucleus and subsequent regulation of gene transciiNtgak et al., 2009)

Many reports have shown that the NFAA/NFAT2 and NFATc2/MFAT1 pathways
play a role in chemgesistance and carcinogenesis in different stages of pancreatic
cancer (Baumgart et al., 2013, Baumgart et al., 2012, Shibastlkal., 2002)
Additionally, others have documented that NFAT plays a role in the regulation of
growth and development of pancreatic tumours, however, there is very limited data
about the appropriateness of NFAT as a molecular téogéherapiegMancini and

Toker, 2009, Medyouf and Ghysdael, 2Q08)

NFkB and NFATbothbelong to the superfamily of transcription factors and have the
sameDNA binding site(Serfling et al., 2004)Additionally, the regulation of CO®
expressiondepends on the balance between bb#NFkB and NFAT pathway
(Hai et al., 2011, Cai et al., 2018 role for COX2 has been demonstratedthe
chemeo resistance of pancreatic tumour sellendrossek, 2013, Li et al., 2008)

however, how these pathways interact in pancreatic cancer is still not understood.

1.5.3 The Nuclear Factor like-2 Nrf2 pathway

Nrf2 is a transcription factpalso known as nuclear factor (erythoderived}ike 2
or NFE2L2,is part of the cap'n’ collar basic leucine zipper protein faamig plays
a key role in cellular defee to oxidation(Moi et al., 1994, Gold et al., 2012,

Nguyen et al.,, 2009, MartiMontalvo et al., 2011)In normal conditions, Nfr2 is
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located within the cytoplasm of cells, anchored to kdilkah ECH-associated protein
1 (Keap) (Martin-Montalvo et al., 2011, Nguyen et al., 2008)f2 can be activated
by many cellular conditions or oxitiee stressand theinteraction of both Nrf2 and
cysteine residues ¢feapl results in the translocation of Nrf2 into the nud{@ian

et al., 2012)

DeNicola and cavorkers proposed a critical role for Nrf2 the oncogenesis of
pancreatic turaurs(DeNicola et al., 2011)}urthermore, another study demonstrated
up-regulation of cytoplasmic Nrf2 either ipancreatic cancecell lines orfrom
pati ent {lssterettalm @dl)eEren in the absence of mutations in mediators
which activate this pathway an additional study noted that increasing Nrf2 through
cellular stimulation or over expression of Nrf2 gveancreatic cancer cells

resistance against apoptotic stim(idiong et al., 2010)

Most of the research whidas studiedhe interaction betweethe NFKB and NRF2
pathways concentratemn the activation of NRF2 througbxidative stress which
enhancedNFkB signalling andin turn causesthe inhibition of NRF2 through an
unknown mechanisr(Li et al., 2008) Arlt and ceworkers found that NRF2 hathe
ability to facilitatethe releaseof NFkB from kB [[Arlt et al., 2009) However, there
is a study which demonstrated that the65 NFkB subunit of NKB could interact

with Keap 1to modulate thactivity of NRF2(Yu et al., 2011)

1.5.4. Wnt signalling pathway

The Wnt signalling pathway plays an essential role in growth and differentiation of

cells during development and is strongly implicated in cancer. This pathway can be
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activated through bindingf ligands to theA/nt receptor orthe cell membrane and
activation ofb-catenin. In cells at redi-Catenin is inactivaté through binding to
GSK3b kinase Phosphorylation of this complex triggers the releasé-Gfatenin,

accumulation within the cytosaindtranslocation into the nuclewghere subsequent

expression of target genescurs (Zeng et al., 2006, Pasca di Magliano et al., 2007)

Many studies have linked activity of this pathwaypancreaticcancer development
where increasetévels of b-Catenin was noted in pancreatic cangatientsamples
but not in normal pancregRasca di Magliano et aR007, Zeng et al., 2006).owy
and coeworkersfound there was a higlevel of b-Catenin expressioonly in the
early stage of pancreatic can¢eowy et al., 2003)In addition, it was demonstrated
that blocking the expression dafCatenin resulted in decreased proliferation of
pancreatic cancecells (Pasca di Magliano et al., 2007)hese findingsprovide
strong evidence that the Wnt pathway has involvement in pancreatic cancer

development.

1.55. The Nuclear factor kappa B pathway NFKB)

In 1986, NKB was identified as a transcription factor in B cells by Sen and
Baltimore (Sen and Baltimore, 1986Joday the NKB pathway isrecognsed as a
key signallingmechanisnfound in many types of cell and pEagn importantole in

a diverse range of cellular processas|uding: inflammation and immune function,
growth and apoptosis, cell division and fetal developni@rand et al., 1997, Brand

et al., 1996, Oeckinghaus and Ghosh, 2009)
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There are two main NdB pathways within the cell, the classical or canonical
pathway and the necanonical (described in more detail later in this section). These
two pathways comprise of three maiomponents; the NWB transcription factor, a
regulatory inhibitory protein called Inhibitory kappa BKB) and thirdly a key
regulatory kinase called inhibitory kappa kinase B (IKK). A common mechanism of
activation exists where, at rest, the K- transciption factor resides within the
cytosol bound or partially bound to akB. Following cellular activation this
complex dissociates due to the activity of thB kinase and the transcription factor
translocates to the nucleus, where it bindpromotorregions of different genes.
Variations exist within each pathway although the molecular structures of each of the

components share similar features which are outlined b@amble et al., 2012a)

1.6 Genes regulated by NkB

There are many cellular functions in whidirkB plays a key role, such as apoptosis,
growth, survival, deelopment and differentiationAs outlined above this is
dependent upon transcriptional regulation of a nunabedFkB-depenént genes
following binding of heterodimers or homodimers to specific DNA binding motifs.
The core sequence for specific DNbinding has been identified for p65/p%3 5-
GGGRNYYYCG3 (where R=A or G; Y=C or T; W=T or A; V=A, C or GChen
and Ghosh, 1999, Chen et al., 199B)rough this basic binding motif, many genes
are regulated, for exampleascular cell adhesion protein((CAM-1), COX-2 and
intercellular adhesion moleculle (ICAM-1)(Denk et al., 2001) Additionally,
p65RelA is also responsible for regulatioh antiapoptotic genes such as cellular

inhibitor of apoptosis protein {AP) and Xlinked inhibitor of apoptosis protein
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(XIAP) (Chu et al., 1997, Stehlik et al998) Furthermore, RelA is responsible for
the regulation of other genes that influence cell proliferation and survival, called pro

survival factors, for exampl&CL-1 and 2(Catz and Johnson, 2001)

Genes which mediate immune cell trafficking, angiogenesis and lymphoid
development areegulated by Rel B. The sequertbat Rel B binds to within DNA
hasalso been identified ab6GGGRVWTTYY-30 (Britanova et al., 2008)In
2002 it was found thaeveral chemokines)cluding: B lymphocyte chemoattractant
(BLC), secondary lymphoid tissue chemokine (SLC), stromai delived factorl U
(SDF1U) and EBH1 ligand chemokindactorsthat areresponsible fothe regulation

of lymphoid organogenesis, wemregulated by Rel B subuni{Bejardin et al., 2002)
Another study conducted by Wharry and colleaguaggstigated pancreatic ductal
adenocarcinoma (PDAC), and identified that some genes, for example, cytokine B
cell activation factor (BAFF) and chemokine-XGC motif ligands CXCL12,
CXCL13 and GC motif ligands CCL19 and CCL12 are -tggulated through
activation of RelB in tis tumourtype. The development of lymphoid malignancies
and solidtumoursarealsostronglylinked to the expression &feveral of these genes

(Wharry et al., 2009)

1.7 Structure and function of NFkB

In normal cells NKB proteins ardound as heterodimer or homodimer complexes
formed from five proteins located in the cytoplas(figure 1.4) which include
p52/p100, eRel, RelB,p65/RelA and p50/pl05.p65/RelAis also known as p65

NFkB while p50 is also named KB1, the molecular weight of ése two proteins

are 65 kDa and 50 kDa respectivelyNFkB isoforms including p50 and p@SFkB
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shuttle from the cytoplasm to the nucleuiere theybind to the consensuBNA
sequenceThese sites are calldB sitesand hrough this bindingtranscriptional
activity is regulatedZabel et al., 1991, Kawakami et al., 1988, Ghosh et al., 1990,

Sen and Baltimore, 1986)

Structurally, allNFkB subunits have an f&rminal Rel homology domain termed
(RHD) which is highly conserved, this site is not only responsible for DNA binding
but also nuclear translocation, protein dirssion and interaction with specific R
proteirs (Hayden and Ghosh, 2004}urthermore, NEKB is further classified
depending on the presence of €rminal transactivation regions. ClassNEkB
isoforms do not have a-@erminal transactivation regipthese subunits, p50/p105

and pl100/p52 instead havedransrepressiordomain(Brown et al., 1994, Kang et

al., 1992, Lernbecher et al., 1993, Plaksin et al., 1993, Schmitz and Baeuerle, 1991)
In contrast, class RFkB subunits have &terminal transactivation regions and these

include RelA, eRel and RelB subunit®obrzanski et al., 1993)

1.7.1 1kB structure

There are a number okB U pr ot ei ns NFKBiisoformsr vétignuthea t e
cytosol. The family includekB U kB b(Thompson et al., 1995)kB o(Inoue et al.,
1992)1kB ULi and Nabel, 1997)and p100/p10%Mercurio et al., 1993, Perkins et

al., 1992) The first time kB was identified as an inhibitor fodFkB, by Baeuerle

and his ceworkers, they demonstrated that binding retaing8kB subunits within

the cytoplasm of cell¢§Baeuerle and Baltimore, 1988)
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The binding site forkB is located in the RHD within the RélfFkB dimerrequires

an ankyrin repegiCervantes et al., 2009, Henkel et al., 1992) according to many
studies eachkB protein is specific for each RHIFKB protein. For example, Rl

only binds to p100/p108Dobrzanski et a).1995) whilst kB U akB @& biandd t o
strongly inhibitthe RelA/p52 dime(Baeuerle and Baltimore, 1989, Beg et al., 1992,

Thompson et al., 1995)
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Figure 14 NFaB/ 1 aB subunits.

The structures of various subunits of NFaB
di splay next to each NFaB and | aB members.

domain, Rel homology domain, PEST region, polypeptide sequence enriched in proline (P),
glutamic acid (E), serine (S) and threonine (T) region, GRR, glytheregion, DD, death
domainadapted fronfBeinke and Ley, 2004)

1.7.2 Regulation of kB U

In 1990 Zabel and Baeuertiiscovered that there wetwo mainisoforms of kB in
resting cellsghat associaté with NFkB; these two isoforms are named kBBb and
IkBU. Sever al st kBdbuertlkB bhdsarc impoant troke antthe |

canonicalNFkB pathway When celé are at resand theNFkB pathwayis not

activated, kBU wor ks as an i nNFkBb(p65/ub0) tobpseveri i ndi n
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translocation into the nucleydaffray et al., 1995)The affinity of kKBU f or each
NFkB isoform has enabledassification into three groups; highest affinity whba

IkBU binds to the heterodi mkBU (bpi6nstiépnsg0 )t, o
p65 NFkB homodiner and the lowest affinity folkBU bi ndi ng t o t

homodimenMalek et al., 1998) Ganchiand ceworkers showed that the site where

IkBU bi nd SNFkB also gostdinsthe Nuclear localization sequend@ILS)

because when there is a mutatatrthissite the binding of p6%B U isrsipted. i

There are two sitefor IkB U b i wittin thegp65 NFkB homodimer; aa50-500

and aal51-312. Mutation within these regions leads to dissociation of the kB

complex but does nalisruptDNA binding (Ganchi et al., 1992)

Following cellular activation,KB U phasphorylated atesine residues 32 and 36

within the Nterminus. This has been shown to occur followingnstation by

agents, such as TNF, i onomyci n -nynsdted d3acetatd (PMA) 1 2
(Brockman et al., 1995, Brown et al., 199Bhe kBU phosphoryl ati on
initiate ubiquitination and targets the protein for proteasomal degradation which

leads to liberation of thBFkB subunits. Theibiquitinatonof kBU i s consi der
be an important and fundamental step before degradatikBdi(Li et al., 1995)

Lysine residues 22 and 21 have bedentified to be the primary site for signal

induced ubiquitination of kBU , when mut ations occur [
phosphorylation of B U by KK tompleX persists (see belowowever,

ubiquitination and degradation is inhibitaddas a consequend¢FkB remains in
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the cytoplasm because it cannot be separated k&1{Scherer et al., 1995, Chen

et al., 1996)

1.7.3 NFKB2 (p100/p52)

NFkB2 (p100/p52) was originally called p98 because the molecular weight of this
protein is 98 kDaThe activatio of this subunit is unique when comparedthe

other NFkB subunits but p100 can function as &B Ifamily member(Mercurio et

al., 1992, Mercurio et al., 1993Both p100 and p105 amilarto kBU i n t hat
thesesubunits have ankyrin repeats within thet€minal region, and thé-terminal

domains of both p105 and p100 function to retairkBlfin the cytoplasn{Rice et

al., 1992, Mercurio et al., 1993The formation of NkB is mediate via proteasomal

medided degradation of the-@rminusof both p105 and p100; in this process both

pl00 and pl05 arspilt in half forming the two NFKB subunits p50 and p52

respectively(Fan and Maniatis, 1991, Siebenlist et al., 1994)

1.7.4.Inhibitory Kappa B kinases

As indicated previously an essential step in the activation N6kB is
phosphorylationof 1kB U . C h e nworkensdliscaveved a complex ith a

molecular weight of approximately00-900 kDa that wasresponsible for KB
phosphorylationChen et al., 1996)and calledt IkB kinase (IKK). Therole of the

complex was confirmed by studiearried outn HT-29 cellsvhereT N Fwas use to

stimulate theactivation of the IKK complex and thisledttkBU phosphor vyl a
and degradation. Overexpression of IKK also increasekBN\&etivation(DiDonato

et al., 1997)
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It is now understood thahé IKK

which are catalytically activ&inases a n d

compl ex

i s

compri K& of

IwKi¢h ds inactive Woroniczet al

found similarity in protein structurgvithin | KK b

and

| KKU:

bet h prc

terminal helixloop-helix (HLH) domain, éuciné zipper motif and Nkterminal

kinase domair(see Figure 1.4)Woronicz et al., 1997)Significantly, it was found

that there was a diversification inthEkBp at hway s ;

KKb

regul at

pat hway whi | st ndnkakddicaiNEkB pathwaty(eas etialh 201Q)

IKKa

Kinase domain

LZ

HLH

NBD

IKKB

Kinase domain

LZ

HLH

NBD

IKKy

CcC

cC

LZ[ ZH

Figure 1.5 Structures of IKKa, IKKba n d

I KKo.

Abbreviations; LZ :leucine zipper motif, HLH: hellmop-helix domain, NBD: MEMG
binding domain and CC: coilembli regionadapted fronfPham and Tenoever, 2010)

1.8 Cellular regulation of the canonical pathway

The structural modules described for eadRkB cascade and theaontrol by two

distinct molecules implicates distinctiveness at the cellular regulatory lkvétrms

of physiological responsethe canonicaNFkB pathway is activategrincipally by

cytokine s

f or ex ampl keHoweVeN Fotthisapatdwayhi particular

the range of stimuli is quite diverse and includes multiple activatorBobflike
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Receptors (TLRs) such as: UV light, reactive oxygen species and neurotransmitters

(Hayden and Ghosh, 2008)

Irrespective of the stimuli a key integration point of this pathway is the activation of

IKK b, which in turn mediates phosphorylation kB promoting ubiquitination and
degradation However there are a number of key intermediates that link the IKK
complex to the cognate receptor, for example aNfimulates receptor (TNFR1)

which viaT NF U r easseciptedofactor 2 (TRAF2) leads to activationthas

pathway (Plotnikov et al., 2011)Another independent study supportée above
interactionby showing there was increased p8bkB binding to DNA during the
overexpression of TRAFZDevin et al., 2001)Tr ansf or mi ng {§r owt h
activated kinase (TAKL), which is amember of the mitogeactivated protein/FRK

kinase 3 family MAP3K), plays arole in the phosphorylation and activation of the

IKK complex. The association between TAK and | KKU, | KKb and

i nduced (TakaesT &t &.[P00Bee Figure 1.5).

In contrast activation of the classicdFkB pathway bylL-1 occurs after TRAF6
engagemerdandnot TRAF2.After stimulation by Il-:1 (see Fjure 1.6), the response
to this agenis mediated bythe recruitment off AB2 which functionsasan adaptor
protein. TAB2 translocatse from the plasmamembrane tahe cytosol, linkng to
TAK-1 and TRAF6(Takaesu et al.,@0) Kishida and his cavorkers found that
TAK-1 facilitated e ubiquitination of TRAF6 duringtimulation of cells with IE1
(Kishida et al., 2005)TAB3 and TAB2 binding to TRAF6 was mediated through the

zinc finger (ZnF) domain (Kanayama et al., 2004here mutatiors in this domain
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mace TAB2 and T3 undle to bind to TRAF6 and letb the failure of TAK1

activation ofthe IKK complex(Kanayama et al., 2004)

cytoplasm

\ phosphorylation
ubiquitination and

jon kBa. P R/
o0 pso " P65

Nuclear translocation

M{W

Gene transcription

Nucleus

Figure 1.6 The classicalNFkB pathway.

A simplified model diagram of the canonical R pathway where, following activation via

a membrane receptor, IKKinduces degradation ofkBa and allow to p65NFkB
phosphorylates then p65 translocation to the nucleus and promoting expression of target
genes. Adapted fronfda Silva et al., 2013)
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1.9 The regulation of thenon-canonicalNFkB pathway

A number of studies have demonstrated
the non-canonicalNFkB pathway (see FigureZX.) (Claudio et al., 2002, Dejardin et
al., 2002, Liang et al., 2006, Senftleben et al., 2001). Activation afagheanonical
NFkB pathway requirephosphorylation of the p100 subunit which is regulated by
| K K Bhosphorylation and processing of p100 isciaiufor formation of the
RelB/p52 complex and translocation of p52 into the nucleus to initiate gene
transcription (Luftig et al., 2004, Muller and Siebenlist, 200@)ere have been
studies in mice which conclude that this pathway has an important ok i
lymphocyte function and lymphoid organogeng8senftleben et al., 2001, Bonizzi
and Karin, 2004)however, the role of this pathway in inflammation remains unclear

(Bonizzi and Karin, 2004, Lawrence and Bebien, 2007)

The TNFRsuperfamily includingCD40 (Coope et al., 2002B cell-activationfactor
receptor (BAFFR)Claudio et al., 2002, Kayagaki et al., 2002ceptoractivator for
nuclearfa ¢ t o hgand (RANKL) (Novack et al., 2003) | ymphot oxi n
( L T aDejardin et al., 2002and TNFR2(Rauert et al., 2010have allbeen shown

to couple inthe noncanmical NFkB pathway. Furthermore, this pathway also can
be activatedby the cognate ligands for each recepfor,example, stimulation by
RANK in osteoclast precursors lesatb processing of p100 to pgRlovack et al.,

2003)

Following receptor activation,héere are a series of events that occur prior to

phosphorylation of p1Q0Both TRAF3 and TRAF2 are degradedvhich leads to
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elevated expression and activation MFkB-inducing Kinase NIK). This in turn
activatess KK U wh i c hhe plé@puoceasingiao et al., 2001a)Ling and
co-workers found that phosphorylation of Ilkat residue 176 was under the control
of NIK, they confirmed thighrough mutating residue 176 of IkkKwhich prevented

IKK a phosphorylation.

In addition, the failure of IKla phosphorylatiorblocked TNF and IL-1 activation

of the noncanonical NkB pathway(Ling et al., 1998) Another study showed that
NIK has the ability to regulate processing of p100 through a region named NIK
respnsive domain (NRD), a mutation in NIK led to decreased processing of p52 in
alymphoplasia micéXiao et al., 2001b)It seems that IKKK and NIK both have an
essential role in the activation of the rmanonical NkKB pathway(Razani et al.,

2010)and both of them could be potential targets for the inhibition this pathway.
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KKo

Nucleus

Gene transcription

Figure 1.7 The non-canonicalNFkB pathway.

A model diagram of noganonical NKB pathway. This activation leads to the
phosphorylation of IKia which induces procession p100 to p52 and formation RelB/ p52
dimer. The dimer then translocate to the nucleus which promote the transcription of target
genes. Adapted froifBeinke and Ley, 2004)

44



1.10 Nuclear Factor kappa B pathways in cancer

An increasingly large body of evidence suggebkat NFkB could contribute to a
number of cellular processes related to cancer development such as proliferation and
cell survival(Valentine et al., 2010, Gilmore, 199%) 2010 Tysnes highlighted two
cellular processethat linkedNFkB activity and tumour developmentThese were,
increased expression of survival gemdsich made cells resistanto apoptosis and

synthesis otell cycle genes such as cyclin D1 and cyclin(Dgsnes, 2010)

Cellular actvity of NFkB in cancethas been demomated tocorrelate with clinical
outcomes. For exampl&lFkB has been shown to laetive in 95% of cancers such
as pancreatic, colorectal and lung canf@ar et al., 2004, Lu and Stark, 2004,
Senegas et al., 2015jurthermorehigh-levels of NFkB were observed in primary
breast cancer tissue and mammary carcinoma cell linageddrom both human and
rodens (Cogswell et al., 2000High levels ofNFkB have also been measured in
melanomathe most aggressive typdf skin cancer(KashaniSabet et al., 2004)
Karin and ceworkers fouml a strong link betweerNFkB activity and the
development of melanomaetastatisas well as leukemia and lymphon(i&arin,
2006) In addition a high level nuclear p6BIFkB, indicative of activationwas
found to beassociated with head and neck cancer. This rdieoisghtto be related

to a loss irepitheliatmesenchymakansition(Arun et al., 2009)

More recently studies have sought to examine the role of the IKKs themselves in
cancer developmentLee and Hung, 2008)Corstitutive activation of the IKK
complexhas been observed anumber of cancer ddines such as brea@Romieu

Mourez, 2001,)prostatgGasparian et al., 2002nd colorecta{Charalambous et al.,
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2003) However, there is limited evidence regarding somatic or inheritabldionga

in IKK genes that may lead to hyperactivity of IKKs; to date only mutations in genes
for intermediates of the neranonical NKkB pathway have been observed, for
example in myelomé&eats et al., 2007Nevertheless, a reduction in the activity of
IKKb has been linked with impaired development of myelofi¥ang, 2010)
Moreover, pretreatment witRS1145an IKK b inhibitor which blocks theclassical
NFKB activity resulted inthe death of myelomaancercells (Castro et al., 2003,
Hideshima et al., 2002).ee and caworkers alsademonstratethat hyperactivityof

IKK b leads to cancermprogression and increasé angiogenesii the breast(Lee et

al., 2007) another a study have invrstigated the role of IKK/NFKB signalling

pathway in metastasis of breast car(€ersella et al., 2017)

Many studies have observed a potential role fordKik a number of cancers such

as breast, prostate, lung, colorectal and pancreatic cancer through the impact on cell
cycle progression and apoptogiernandeaMajada et al., 2007b, Park et al., 2005,
Hirata et al., 2006, Luo et al., 2007%tudies show that IK& can regulate cyclin D1
independetly of NFkB activationand can promote oestrogen receptorERa)
phosphorylation and activation that leads to increased expression of cyclin D1 in
breast cancgiPark et al., 2005Furthermore, it hebeen demonstrated in Hela cells
that silencing of IKKa results inthe accumulatiorof cellsin the G./M phaseof the

cell cycle produced bythe effects upon cyclibl, PLK1 and phosphorylation of
Aurora (Prajapati et al., 2006 Koch and Radtke havmdicated arole for non
cannonical NFKB signalling in a prostate cancer mouse metastatic model, through

inhibition of the expression of tumour suppressor genes such as M&smh and
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Radtke, 2007) Several other studies have implicated Kk the regulation and
phosphorylation ofnumber of proteins which enhance cell proliferaiioulifferent
cancer models including again cyclin D1, but also Amplified in breast cancer 1
(AIB1), b-catenin and other¢Pui, 2009, Zardawi et al., 2010, Qi et al., 2003,
Cantarini et al., @06). These and a host of additional studies stiypmgplicate a

role for NFKB signalling andincreases inthe noncannonical cascade in the
regulation of multipleprocesseshat lead to cancer developmeghee and Hung,

2008, Fernandeklajada et al., 2007a, Luo et al., 2007)

Margalef and ceworks investigated the role of both IkKKisoform in patient tissue
samples, animal and cell lines from colorectal cancers. They reported that bath IKK
isoforms p84 and p54 were located within the cytoplasm of tumour cells as well as
normal cells. However, p45 IK& isoform was overexpressed with both
cytoplasmic and nuclear fractions of tumour cells compared with normal cells and
they linked the translocation of the p52 isoform to increased cellular the malignancy
(Margalef et al., 2012)These results were confirmed in other study by the same
research grougMargalef et al., 2015)In considering issues related with siRNA
knockdown the potential of the existence of twdeatént isoform of IKKa may be

relevant factor.

1.10.1Nuclear Factor kappa B pathways in pancreatic cancer

There have been a growing number of studies investigating the role ki3 iF
pancreatic cancer from both a clinical perspective and from wsamkiucted in cell

lines. Groups from the Anderson CanCGantrewere the first to report an increase in
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NFkB signalling in the activation phase of pancreatic cancer through testing of 11
human pancreatic cancer cell line samples and 20 pancreatic adarwoas: The
results of this study showed that i@t of 11 cell linesand 14out of 20 tumour
samplesNFkB was activatedWang et al., 1999)The same group demonstrated
suppression of metastasis and tumour malignancy following infection witkBat |
mutant (Fujioka et al., 2003a, Fujioka et al., 2003b)imalachandran and €o
workers also examined the nuclear distribution of pG%B in pancreatic cancer
cells; in 96% of benign duct cel[5RelA was detectedn the cytoplasnand in
26% it was found in the nucleusvhilst in pancreatic cancer cehsiclearp65RelA
was detected in 57%f cells (Vimalachandran et al., 2003 xpression op65RelA
was studied in 82 samples of pancreatic adenocarcinoma¥Védighert ard
colleagues, they observed high expressiop6&RelA in the nucleus of 37 samples
and in the cytoplasm @tfurther 42(Weichert et al., 2007)This suggests association

between the&uclear translocation @t5/RelAand cancer development.

Pancreatic cancer is similar to other tumour types in that the activatikkd is
not linked with genetic mutation. However, it is influenced pyoinflamantory
cytokines operating within paracrine loops between cancells and tumour
infiltrating immune cells(Grivennikov et al., 2010)The inflammatory cytokines
which most notably affect the tumour environment ard |Ib  a il d{Dimatello,
1996, Apte et al., 2006Niu and ceworkers noted that activation of activator protein
1 (AP1) induced autocrine secretion of1LU , | enhathcedctivity of NFKB in

metasatic pancreatic cancer cells but not in fmatastatic cell§Niu et al., 2004)
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Although, evidence supports a role for the classicakBipathway in pancreatic
cancer, there are very few studies examining the potesardtibution of the non
canonical NKB pathway in pancreatic cancer development. For example, Doppler
and ceworkers showed that the high level of B activity is undepinned
activation by the nowanonical cascade in pancreatic cancer. A high level ef th
p52/RelB complex was due to the overexpression of NIK in both -Pased
MiaPaCa2 cells (pancreatic cancer cell lines). They found that degradation of
TRAF2 led to increased levels of NIK and eventually activation of thecaoonical
NFkB pathway, whib drives the anchoragedependent growth and proliferation of

pancreatic cell§Doppler et al., 2013)

A recent studyave showed that treated pancreatic cancer cell lines with the NEMO
banding domain peptide (NBDP) which is a K inhibitor promoted increased
PARP and caspase 3 cleavage and suppressed growth of these cells, in addition
treated xenograft mouse model with NBDP combined with gemcitabine was resulted
in significantly reduced NEB activity and induced apoptosis pathw@huang et

al., 2017). Taken togetheNFkB is a promising target for pancreatic cancer

treatment.

1.11development a IKKa inhibitors

As described above, there is body of evidence that sigpporble for NKkB
pathways in the development and progressiopavicreatic cancer as well as other
cancers. A number of NKB inhibitorshavebeen developed and their potential effect

as anticancer treatment in different cancers including pancreatic cancer investigated.
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TPCA-1 (Cataldi et al., 2015NDRG1(Hosoi et al., 2009)IMD-0354(Ochiai et al.,

2008) and Apigenin(Wu et al., 14) are NKB inhibitors, which have been
examined in pancreatic cancer cells lines, however these inhibitors have either a wide
range of actions within cells or lose their selectively through inhibition of other
kinases. As outlined above, Ikkhas a crucial role in the expression of a number of
genes that regulate cellular processes linked with cancer development such as,
invasion, metastasis, proliferation and resistance to the chemoth&mmandez
Majada et al., 2007a, Hirata et al., 2006, Park et al., 2005, Doppler et al., 2013)
Today there are a number IKKKK b or selective IKK inhibitors, however, these
inhibitors have a number of issueshiosh preclude clinical effectiveness. For
example, the reduction in the expression of a number ofapoptotic genes in
normal cells as well as tumour ce{Shariot, 2009, Li et al., 1999, Gamble et al.,
2012b, Shukla etla 2015) In addition, targeting IKi& resulted in inhibition of the
nortcanonical pathway which is IK&dependent, activation of this pathway leads to

a slow and maintained MB signal in comparison with IKK dependent pathway
(canonical NkB pathway), whichis a rapidly generated response. This difference

may allowfor thegeneration of selective IK&Kinhibitors(Sun, 2012)
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1.12 Aims of study

Pancreatic cancer has a very poor prognosis, with suogergntly beingthe only
solutionfor prolonged survival (maximum 5 yeard)eacausenost patients are either
resistamto chemotherapy or become so over time. Many stuthgs demonstrated
thatthe NFkB pathway plag a role intheresistance to chemotherapy and fotimak

a better responsis achieved when standard treatments are combined NAKB
inhibitors In addition, recent studiebave soughto investigate tesepathwayg as a
new strategy for developing new anéincer drugs. IKK hasa key role inthe
activation ofthe non-canonicalNFkB pathway, furthermore its implicated in the
regulationof growth, invasion and metastasis, and theretargeting IKka may be

a promisingoute to thedevelopmenof newantipancreatic cancer drag
The aims of this studgreto:

1- characterisgéhe noncanonical and canonical KB pathways in pancreatic
caner cell lines.

2- Investigate the pharmacological effect of firgt-class selective KK
inhibitors through examining their selectivity within both the foamonical
and canonicaNFkB pathways and their effect on IKkKdependent cellular
processes.

3- Assess th regulation ofKK a-dependent genes in Pahcells and the effect

of pharmacological IKl& inhibitors on the expression of these genes
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Chapter Two

Materials and Methods
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2.1 Materials

2.1.1 General reagents

All reagents and materials used were supghg&igmaAldrich Chemical Company

Ltd. (Pool,DorestUK) or other highrank companies unless otherwise stated.

Thermo Fisher Scientific UK Ltd (Leicestershire, UK)

Bovine Serum Albumin (BSA)

L7 GlutamineGi b c o E P-8tnegtomycin | i n

Gi bcoE Fetal Bovine Serum

Dul beccobés Modi fied Eagle Medium ( DMEM)
Cell culture plates and dishes

60mm NunclonE Delta Surface plates

Bio-Rad Laboratories (Hertfordshire, UK)
Bio-Rad DCM Protein Assay Dye Reagent Concentrate
PrestainedSDSPAGE molecular weight markers.

Insight Biotechnology Limited (Wembley, UK)
Recombinant Human Tumour Necrosis Faetipha (TNFU )

GE Healthcare (Buckinghamshire, UK)

Amersham Hybond ECL Nitrocellul® Membrane
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Carl Roth GmbH + CO. KG (Karlsruhe, Germany)
Rotiphorese® Gel 30 (37.5:1) acrylamide
Whatmann (Kent, UK)

Nitrocellulose Membrane, 3MMlotting paper

Corning B.V (Buckingghamshire, UK)

All tissue culture flasks, dishes, graduated pipettegrauiti-well plates.

Sarstedt AG & Co LTD (Leicester, UK)
Serological pipette 5SndndSerological pipette 10ml
Thermo Fisher Scientific Inc (Surrey, UK)

Multidish 6 wellsandMultidish 12 wells

3.1.2 Antibodies

Santa Cruz Biotechnology Inc (California, USA)

Rabbit polyclonabntiNFkB. p65 (G20)

Rabbit polyclonabnt-rNFkB-inducingkinase NIK (H248)

Rabbt polyclonal anti TRAF2 (HLO)

Abcam (Cambridge, UK)

Rabbitpolyclonalant-NFkB-inducingkinase NIK (ab7204)

Rabbit monoclonantiIKKb ap32135)
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Cell signalling Technologylnc (Hertfordshire, UK)
Rabbit polyclonal afTRAF3 (4729s)

Rabbit polyclonal aiTrRAF2 (4724s)

Rabbit monoclonal antp-NF-kappa B2 p100 (4810L)
Rabbit polyclonahntip-NF-kappaB2 p65 (3031L)
Rabbit monoclonal atkBU ( 9242 4 L)
Rabbit monoclonal an)-IkBU(SAS)

Rabbit monoclonal anf-p105 (5933)

Rabbit monoclonaanttGAPDH (14C10)

Millipore (U.K.) Limited (Watford, UK)

Anti-N F 8 B -(§2533

Mouse monocloal antilIKKa ( 14 A231) .

Calbiochem (Nottingham, UK)

Mouse monoclonal antKK a (14A231)

Jackson ImmunoResearch_aboratories Inc (PA, USA)

Horseradish Peroxidase (HR&)njugate goat aniRabbit IgG (111:035-144)

Horseralish peroxidase (HRPgonjugate sheep antmouse 1gG
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SU compounds (University of Strathclyde)

SU1261 SU1087 SU1432 SU1434 SU1436 SU1438, SU1411, S1B92,SU1499,

SU1433, SU1399, SU1497, SU1489 and SU1394
NIK inhibitor s

CW15337 CW15420 and CW15407

2.2 Cell Culture

All cells werecultured in 75 crhflasks and all cell culture work was performed

using aseptic techniques in a Class Il Safdyv Hood.

2.2.2 Panel and Mia-Paca2 cell lines

All pancreatic cancer cell linesere supplied by Prof. Andrew Biankin (Wolfson
Wohl CancerResearchCentre,University of Glasgow, Glasgow). MiaPaQacells
are an epithelioid carcinoma cell lirderived from the pancreatic cells of 85-year

old man,with tumous presenthe body and the tail of thgancreasPanel cellsare
alsoepithelioid carcinoman organbut these cells werderived froma 56-yearold
malewith tumouronly in the head othe pancreasThese two pancreatic cancer cell
lines were used in this study supplietheTnormal medium for these cell lines was
DMEM medum supplementedvith 10% (v/v) bovine calf serum 1% v/v)
penicillin/streptomycinand 1%v/v) L-glutamine.Cells were incubated at 37°C in

presence of a mixture of 95% air, 5% £0
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2.2.2 Subculturing Panc-1 and Mia-Paca?2 by Trypsinisation

When thecells reached approximately 90%anflurncythen they were subultured.
Firstly the media was removed and the cells washed with a sterile solution of 0.5%
(w/v) trypsin, 0.2% (w/v) EDTA in phosphate buffered saline (PBS). Afigrsin

was removed, thedbk was placed in the incubator at'@7at5% CQ for 2-4 min.

Once the cells displayed wund morphology which indicated they could be
detached from the surface of flaskedia was used gently tdetachthe cells
completely from the surface tifie flask. Removed cells wenagsed for seeding the
cells into fresh flask (75 cnf) or multi-well culture plates (12 well or 6 welBs
required The cells were placed in the incubator atG37and the media changed
every two days, until the growth reached 909 #ren cells were starved for 24 h

before any stimulation using free FSC media

2.3 WesternBlotting

2.3.1 Preparation of whole cell extracts

Cells grown on 6 or 12 well plates were exposed to suitable agonists for specific
periods of time, plates placed on icetéominatethe reaction, and then the media
aspirated. Cells were washed twice with 280cold PBS, and 150250 m of
Laemml i éluffes(&3mp TrisHCI, (pH 6.8), 2mM NadP207, 5mM EDTA,

10% (v/v) glycerol, 2% (w/v) SDS, 50mM DTT, 0.007% (w/v) bromophenol blue).
The cells were scraped and the chromosomal DNA sheared by repeatedly passing
through a 21 gauge needle. Cell extractsevimansferred into Eppendorf tubes, then

boiled for five minutes and stored -&0 °C until use.
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2.3.2Amidoblack protein assay

To assay unknown protein samplestandardcurve was prepared usiregglgm/mi
stockof BSA (in H:0), in a seres of 1:1dilutions in samplduffer. An aliquot 6n)

of each BSA dilution andampleswas spottedonto a strip of cellulose acetatnd
then samplesallowed to dry. Te strips were bathed iAmido black stain
(0.25%Amido black, 45%Methanol, 45% H->O, 10% glaciakcid) for 10 min with
shaking at room temperatureashed usingnidoblack de-stain buffer (45% (v/v)
Methanol, 45%((v/v) dH20, 10% (v/v) glacial acid) then left to dry at room
temperature. An aliquobf each sample was placed in 1.58ppendofs and
incubated inb00M dissolving solution §0ml formic acid, 10ml glacial acid and 1ml
100% TCA at 60°C for 30 min 2501 from each sample was addedd® well plate

and nmeasuredit 620nm.

2.3.3 SDSPolyacrylamide Gel Electrophoresis (SDSAGE)

An analytic method was used to measure chang in proteins levels imxtrects
from both cell lines. Western blot was used thetemine the change in the
intermediates of the canonical and noenanonical of NKB pathway following
exposue of pancreatic céllines to specific agonists with or without treatment with

IKK a inhibitors (SU compounds) or siRNA transfection.

The gel plates were washed with 7Q9v) ethanol before assembiRistilled water
was added to the assembled plates3f@rmin to check thglass plates were not

leakingor flush. The resolving gels were prepared by mixing a suitadlige (10%
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or 7.5% (v/v)) of acrylamidd acr y| a mi de m&hylébhebisabdrylamided
0.8% (37.5: 1)0.375M Tris base (pH8.8), 0.1% (w/v), SDS, ammonium piatsu
(APS) 10% (w/v) and TEME[ddedto initiate the polynerisation processThe
solution was poured between theo glass plates assembled in vertical slab
configuration according to the manufacture's instruction-fd) and 18@i of 1%

(v/v) SDS was overlaid onto the gsblution When the gels were polymszd, the

layer of SDS was removed, during this time stacking gels were pred@%d(v/v)
acrylamide 30% (37.5:1), 0.125M Tris base (pH 6.8), 0.1% (w/v) SDS and 10%
(w/v) ammonium persudite (APS) and 0.05% (v/v) TEMED) and directly added
abo\e the resolving geland wallcombs inserted immediately into the stacking gel
solution. After the polymerization of the gel, the combs were removed and the gel
assembled in a Bi®ed MinFPROTEAN IITM electrophoresis tankAliquots of
samples (1030 ¢ 1) were then | oaded into the
prestained SDAGE molecular weight marker of known molecular weights was
run concurrently in order to identify the polypepsdef interest. @mples were
electrophoresed at a constant voltage of 130V, untilbtteenophoenoldye had

reached the bottom of the gel

2.3.4 Electrophoretic transfer of proteins tonitrocellulose membrane

Gels were transferre thenitrocellulose membrane by the methof Towbin and
co-workers (1979). The gels were firmly pressed against a sheet of nitrocellulose and
assembled in a transfer cassette sandwiched between two pieces of paper (Whatman
3MM) and two pieces of sponge. The cassette sudmnersedn transfer bifer

(19mM glycine, 25M Tris and 20% (v/v) methanol) in a #ad mini TransBlot™
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tank and aonstantcurrent of 300mA was applied for 10&in. During this time the
tank was cooled by inclusion of an ice reservdine presence of SDS in the
resolving @l confers a negative charge on the pratem the cassette was oriented

with the nitrocellulose towards the anode.

2.3.5 Immunological detection of proteins

Following the transfer of proteins titrocellulosemembrans, the membrarsewere
removed and the proteingere blocked by incubation in a solution of 2% or 5%
(w/v) BSA in NATT buffer (20 mMTris , 150 mM NaCl ( pH 7.4) , 022 (v/v)
Tween20) for 2h ona rotaryshaker at roontemperatire Blocking buffer waghen
removed and the mendes incubated with specific antibodgr the target protein

in 0.2 % (w/v) BSA in NATT overnight. The following day the membmanere
washed in NATT every@minutes3-4 timeswith gentke shaking Following this the
membrans were incubated for two hoursvith secondary horseradish peroxidase
conjugated IgG directed against the first immunoglobulin diluted to approximately
1:10000 in NATT buffer containing 0.2% (w/v) BSAlhe membrane was then
washed in NATT every @ minutes for3-4 timesandthe bands ofmmunereactive
protein were detected by incubationeinhanced chemiluminescence (ECL) reagents
(reagents 1+2) for 3 min witgentke shaking The membranes were th@hacedin
photographicassette and covered with cling film, then exposed-tay<{ilm for the
required time under darkroom conditions and developed @Sty ®MAT processr

(KODAK M35-M X-OMAT).
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2.3.6 Reprobing andstripping of nitrocellulose membrane

To reprobthe nitrocellulosemembraneor additional proteinghe membranes were
stripped.The nitrocellulose was incubated in 15ml of stripping buf@0%M Tris
HCI, 2%(v/iv)SDS, a n d -mercaptbethanbl)his stage included incubation
of the membraneat 60°C for 1 h with shaking. The stripping buffer waliscarded
and the membrane wash8dimes every 15 min in NATT to remove the residual
stripping buffer. After the last wash the membrane was incubattd primary
antibodyovernightwith 0.2% (w/v)BSA in NATT. The blots at this stage were then

ready forthe immunological detection protocol as explained previously.

2.4.1 Preparation of nuclear extracts

To preparing nuclear extractglls were grown in 6 well plate80% cells confluen

were rendered thecells quiescenfollowed cells were exposed to appropriated
agonists over a specific time course. The reaction was terminated by washing on ice
with 1ml of cold PBS, the cells scraped into 0.5 ml PBS and transferred into
Eppendorf tubes. The tubes weentrifugedat 4C for 13,0@ rpm for 3 min. 4064

of buffer 1(10mM Hepes pH 7.9, containing 10mM KCI, 0.1mM EDTA, 0.1mM
EGTA, I1mM DTT, 0. 5mM PMSF, 10eg/ ml apr
10eg/ ml pepst adachpe)et, andadlowiagiresesgensiomcubated

for 15 min.Following the addition of 28 of 10% (w/v) NR40 the samples were
vortexed forl0 sec. at full speed. The nuclear fraction was separated after spinning
the samples at 13,000 rpm for 1 min and discarding the supernatant. The pellet was

resuspended in 5@ of buffer 2 Q0OmM Hepes (pH 7.9), 25% (v/v) glycerol, 0.4M
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NacCl , 1mM EGTA, I1mM DTT, O.5mM PMSF,
l eupepti n and witshakihgnidr 15pne atsAt'Gr The sainples were
sonicatedtwice for 30s, and the nuclear extaaollected after centrifugation at
13,000rmp for 15 min. Supernatants (the soluble nuclear extracts), were stored at

80 °C untilfurtheruse.

2.4.2.Determination of proteins concentration in the nuclear
extracts

The concentration of protein in nucleaxtracts was detection by using the HRad

DCE protein assay dye r eagemngeostnddarche Br a
wereprepared using different concentrations2(2 gy of BSA. The dilutions of the
standards and the nucleaxtractssamples wer made up in sterile @@ (790795

m) and mixed with 200 Inof dye agentThe samples then were transferred into a
cuvette and thecolour development quantified at 595nm on an Ultrospec®2000
UV/visible spectrophotometer. The protein concentration of esample was

calculated from the standard curve.

2.5 siRNA transfection of IKK a and IKK b in pancreatic cancer

Small interfering RNA (siRNA) is a molecular biology method tisaisedto study
the functions and role of different proteins in cellular proegss cells. It is a
doublestranded of RNA consisig of (2025 pairs base) siRNAs are
complementary nucleotide sequences of target gbaéead tothe switching off of
expression of these genes (Elbashir et al., R@adr examination of the knockdn

of IKKa and IKKb in Panel cells, cells were transfected with siRNA against (KK

and IKKb in comparison to notargetsiRNA (NT), the siRNAwaspurchased from
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Thermo Fisher Scientifft (Thermo Fisher Scientific, Surrey, UK), the target

sequences ahownin table 21.

A 20nM stock ofeach of siRNAsvasprepared througBuspension ofthe siRNA n
RNase free 1X siRNA buffer(Dharmacon, Buckinghamshire, UK500m of 1X
siRNA buffer were added to 10nmol of siRNA then mixed by pipettind the
suspesionwas placed on an orbital mixer at room temperature for 30 min, and then
aliquoted and stored a20°C. Pand cells were seeded in 12 or 6 wells plaed
cultureduntil reacked approximately 5860% confluenceprior to transfection. Two
Eppendortubeswere prepared for each well thaastransfeced with sSiRNA. Tube

A contaired the siRNA mixture, value of siRNA was required to prepared the
specific concertation of sSiRNA then completed the vatueibe Ato 100 by added
Optimem (ife Technologies,Paisley, UK) Tube B wasto be content5n of
Lipofectamine RNAIMAX® ( InvitrogerP, Paisley, UK) and it was diluted into 1915

of Optimem.Tube A was subsequently added ftube B and mixed gently. Tubes
were left for20-25 minutes to allow complex formation. Full media wasnoved
from the cellsand replaced with 80 of Optimum andtransfection mixture was
added to the appropriate wells dropwise. Plates were incufmatéBh at 37°C at
5% CQ, after which thdransfecton mixture was aspirated off and replaeath full
DMEM media Cells werethenincubated for 72h a87°C at 5% CQ@ Thereafter
whole cells extracts were prepared as outlineSeiction 2.3.1. WesterBlotting was
used to determine levels of expressioliK#Kand IKKb or relatedNFkB pathways

markers
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Table 21 siRNA transfection agents, target gene, siRNA origin and target sequence

Target Gene | On-tatget plus siRNA Target sequence
IKKa (CHUK) | Human CHUK Cat. NO: -J GCGUGAAACUGGAAUAAU
00347309

IKKb(IKBKB) | Human IKBKB (3551), Cat| GAGCUGUACAGGAGAUAA
No: J00350313

Non-target Non-target, Cat No: B001810 | UGGUUUACAUGUCGACUA
(NT) 01-20 A

2.6 Cell Cycle Analysis

Cells were grown taround 70% confluenctr routine experiments. Plates were
media aspirated and trypsinizedcells and thenthe contents transferred 15 ml

tubes and centrifuged @500 pm for 10min Following aspiration of the supernatant,

on ice cold, 1mlof 70% (v/v)ethanolwas adde@nd stored at20 °C unti analysis.

On the day of analysissamples were centrifuged at 3000 rpm formii@, and then
supernatantliscardedand 250m of cold PBSwas added. Materials wetensferred

into FACS tubeand 51 of RNase A solutior{100ug/ml)was added and incubated
37°Cand 5% CQfor 30-60 min.13.5m of Propidium lodide(PI) and the cell cycle
analysis was carried out using a FACScan (Becton Dickinson Systems, Cowley,

UK).

2.7 Clonogenic assay

Cells weregrown to around 70% confluence, the media was removedhrencells
were washed witl2ml trypsin. Cells were detached usifignl of trypsin (0.05%)
then the cells were collected in 15ml tube &#Oml of mediawas added.Cell
number was determined usingpaemocytometesind theappropriate number of cells
(150 cells) seeded ont®0 mm petri dishesin 3mls of median triplicate for each

treatmentAfter 24 h,cells were treated with different concentragoof compounds
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for 24h and the medieemovedand 5nh of growing mediaadded.Following 714
days of incubatiojthe media was removed and the coloniesshed with 3ml of cold
BPS and the cellixed with 100% methanol for 15minThe cells were stained with
3ml of Giemsa forl5 min thenwashed wih tap wate and dried. ie number of
colonies were accoued manually. Plating efficiency (PE) and survival fraction (SF)
were calculated from the following equations:

AOAQAR Ki T @01 1T £IEGIOA A

0 ~ ya i~ ~ ~ ra
0 % I H EAARRA T O

38 AOCAOAR Ki 1 | EEQIBEBGBOQAAOI AT O
1B &AARARAGTOO O AMA BIG00

2.8 Polymerase chain reaction (PCR) amplification

2.8.1.Harvesting Cell of total RNA preparation

Cells were exposed to suitable agonist or treatment, then cell lysis were prepared
through mixed a equal values of both lysis buffer and 70% (v/v) ethaiilY
supplementedvith b-mercaptoethanolb¢(ME).The suspension was transferred to
RNeasy Mini spin column (2ml collection tube) and centrifydéskt the membrane

was washed usin850mM of Membrane dsalting buffer (MEM). DNaseéligestion

buffer (90" of DNase RDB, plus 1tM of DNasefree waterwas added directly to

the centre of membrane and incubated for 1Bmat room temperatureThe
membranes were washed three timeswash bufferl (RW21)and wash buffer2

(RW2). Next, collection tubes was placed into a nucletise 1.5 ml tube and &0
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of RNase free water was added directly onto centre of membrane, total RNA was

stored at80 until use.

2.8.2.RNA concentration

RNA concentratiorof prepared sapleswas measured using NanoDrop (RDO0OC,
Thermo Scientific) (22450 nm). 21 of RNasefree water was used as blankhe
sampling platform washen cleared prior to addng 2m from eachRNA sample to
measure the concentration. ThenoDrop is aprogramdisplaceds the sample
absorption curve the RNA concentration and the ratios 2dam/Acsonm;
Azeonm/Azzonm). The ratio of Asonm/Azgonm should be around 2dd absorbed was
indicated purity RNAwhilst A2sonm/Aczonm around 2.0 indicates for level of tsal

contamination.

2.8.3 cDNASaynthesis usingReverse Transcription (RT)

To quantify themRNA transcripts of genes under investigation, RNA was reverse
transcribed to complementary DNADNA) using Tetro cDNA synthesis kit (
Bioline, USA), as described inhte manuf acturer 6s wmechnual
contaired 1ng mRNA from each samplevas added in tube and tvelume was
adjusted tol2m by addng RNA-free water followed by i of oligo (dt) as first

strand synthesis primerpilof 10mM dNTP mixture, 41 of 5x RT buffer, In of
RiboSafe RNase Inhibitor and i of Tetro Reverse Transcriptase (20@y/ The
reaction wheravas mixed gently by pipettingnd incubated at 45°C for 30 mamd

the reaction was terminated by incubating at 85°C for 5 8aimplesthenstored at -

20 °C untilprocessedor quantitativereakttime PCR for gene expression analysis.
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2.8.4. Primers for SYBR select Master mix assay

Primers for PCR werdesignedo bind to selected target gena@ndto avoid primer
dimers and nowspecific ppducts inthe SYBR® assayseeTable2.2. Using the gne
Runner functioras described vithe NationalCentre for Biotechnology Information

(NCBI) Genome Browsdrttps://blast.ncbi.nlm.nih.gov/Blast.cgn

Table 22 Nucleotide sequences of the primers used for the analysis of gene expression
by gPCR

Primer namégene Sequence
target
IL-6 Forward:5 @ CCTCTTTGCTGCTTTCACA3 6
Reverse5 ACCCCAATAAATAGGACTGA-3 6
VCAM-1 For wa-CoCTGEGGCAACATTGACAS 6
Rever £LEAGCGT&®EDBACCCCCTTGAE3 6
EZH2 For wa-CAAAGTECACTGGTCACCGAAS 6
Rever SETGGCEHAAGCGTGTAAAA3 6
GAPDH For wa-AAATGABGCCCAGCCTTCTG3 6
Reverse:5 & TCAAGGCTGAGAACGGGAA3 0
NCL For wa-AAGTGTHOGTCGCATCTCGCT3 6
Rever ARGCGTTEGAACTCACTGGT3 6
MAP3K14 For wa-GACACACAGCATGGCCAAAG3 6
Rever £AAAGCTEACAACGTGCTCG3 6
18S For wa-CiGCCTHOCTTGGATGTGGT3 6
Rever £LEATTCGBACGTCTACCTA-3 6
TNFAIP3 For wa-CACCCTHBGAAGCACCATGT3 6
Rever 9eTGGTT6@GATGCTGACAGC3 6
SERPINB5 For wa-CAGTCBCATCGTAGAGCTGA3 6
Rever 9eCACCTETRCTGTCACTTGE3 6
BBC3 For wa-CAACAAADBCTGGCAGGGGAG3 6
Rever ARTTTGGEATGGGGTCTGCE3 6

67


https://blast.ncbi.nlm.nih.gov/Blast.cgi

2.8.5. Quantitative RealTime Polymerase Chain Reaction amplification
(QRT-PCR)

The gRFPCR assayvascarried outin triplicate by placing the samples esterile

PCR Cycle plate (AppliedhermoFisher). Each 3l PCR reaction contained; ab

SYBR select Mastemix (Applied Biosystems), 0 of 1 pmolii of both reverse

and forwardprimes 3m of the cDNA template and 11ndl of DEPGtreated water,
triplicate were generated for each sample. The thermal cycling and detection was
carried out orstepOre Plus reatime PCR system. The thermal cycle consisted of an
initial uracil-DNA glycosylase activation of 5 min at 50°To control PCR product
carryover contamination the DNA polymerase activation of 10 min at 95°C, followed

by 40 cycles 15 sec at 9&, 1min at 60°C

2.8.6.Quantification method (the relative quantification (pgpCt ) met hod

The quantification method selected to confirm the FROR result washe relative
quantification(qpppCt ) ithivak ama &chmittgen, 2001). This method compares

Ct values between the target gene and endogenous reference gene to examine the
changes in genes expression between untreated and treated samples. To compare
expression levels in samples using this method, the following equations were

followed:

1- Calculating tle qpCbetween the target gene and reference gene for both
treated and untreated samples
P G Cttargeti Ct reference gene

2- Calculating thegp p etween the target gene and reference gene for both

treated and untreated samples
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P P E Created sampleg Quntreated sample
3- Fold change in gene expression in treated sample

Fold change ="2*®°¢

2.8 Data Analysis

All data shown were expressed as mean + S.E.M and were representative of at least
three separate experiments. Statistical analysis was performed waptyP@d Prism

version 5.0 (GraphPad SoftwareCalifornia). The statistical significance of
differences between mean values from control and treated groups were determined
by oneway anal ysis of var i anc etest((pNB Wak) wi t
considered significant). For calculating thed@®r SU compounds, GraphPad Prism
version 5.0 (GraphPad Software California) was uXedalues were the logarithms

of compounds concentrations and Y values were the reading of concentrations. Non
linear regression analysis was used to determine the concentration response curve

and calculatiorof the 1Go.
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Chapter Three

Characterisationofnon-Canoni c al
pathway in Panc1 cells
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3.1 Introduction

As previously mentioned isection 1.5.3, NKB hasan important role in several
cellular functions such as growth and apoptosis (Brand et al., 1997, Brand et al.,
1996, Oeckinghaus and Ghosh, 2009). In additiorkB\NElso plays a key role in
many processethat leads taumour progression, for example, proliferation, anti
apoptotic responses, cellular motility, angiogenesis, metastasis and resistance to
anticancer drugs (Hoesel and Schmid, 20¥8)ilst the vast majority of such studies
are linked to the awenical pathway, activation of the alternative or 4wanonical
pathways is becoming a more prominent feature. Stimulation of theamamical
NFkB pathway by different stimuli, for example, lymphotoxinLTaib2) leads to
phosphorylation of IKk and sitsequent phosphorylation of plQfrocessing to
p52 then formation of p52RelB heterodimersThese dimerdranslocate into the
nucleus and bintb specific sits within DNA to activae thetranscription process for

a number of gena®levant to cancgiOeckinghaus and Ghosh, 2009 particular,
IKK a is thought to have amportantrole in the regulation of a number of genes that
are related toangiogenesis, Birbrair and eworkers found that IKl& mediated
regulation of gene products such as Matrix MetBitotienase® (MMP-9),
Interleukin8 (IL-8) and VEGF (Birbrair et al., 2015)In addtion, another study &=
demonstated that exposure of fibrosarcomamours to lymphotoxin leads to
enhanced release of CXC chemokines and macrophdianmatory protein 2
(MIP-2) in a xeograft model (Hehlgans et al.,, 2002)Furthermore it was
demonstated that IKKa activation increased, by over 3 fold, the expression of

number of genes such as, ChemokineC(@otif) ligand 19 (CCL19), CCL21 and
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CXCL12 in a pancreatic cancer cell line (BxBells) (Wharry et al., 2009Many
studies have implicate8lFkB in the pathogenesis of different types of cancers
including pancreaticcancer (FernandefMajada et al., 2007a, Shiah et al., 2006,
Govindarajan et al., 2016frvidence indicates thaFkB pathwaysare more active

in cell lines and specimens derived from pancreatic cancer patients, compared to
normal cell types (Pan et al., 2008, Chandler et al., 2004, Wang et al., 1999).
Furthermore, these findings are correlated with increased resistance toheramypt

in pancreatic cancer patienfisong et al., 2011) However,to datethere has been
relatively little charactesation of the status of theon-canonicalNFkB pathway in a
pancreatic cancer setting, or any potential contribution to disease progression.
Therefore,the aim of this chapter was tonterrogate omponents of the nen
canonicalNFkB pathwayin pancreatic cancer cell lines and study the role of IKKs in

regulation ofNFkB pathways in pancreatic cell lines.

3.2 Characterisation the non-canonical ofNFKB pathway

The aim of the initial stagof this study was texamine the kineticef activation of

the noncanonical and canonicAlFkB pathwa. This was examined using three
agoni st sipam@S,adldi@i onally TNFU which can
noncanonicalNFkB pathways(Oeckinghaus and Ghosh, 2009) our laboratory,

these three agonists have the ability to actif&B pathways in othecancercell

lines for example, U20San osteosarcoma cell line arllC3M and LNCaP cells

both prostate cancer cell lines.
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3.3Characterisation of the noncanonical of NFKB pathway using
LT aib2

3.3.1 thosphorylation of p100 inpancreatic cancer cell lines

As mentioned in Chapter One, the key marker for activation of thecawoonical

NFkB pathway is phosphorylation of p100 KB2. Panel cells were exposetb

L T.0, over a 24 htime course, as shown in Figurel3After a delay of2h
phosphorylation of plOthcreasedreaching a peak ath4(fold increase;14.44 +

0.12, Hgure 31B), and renaining elevated for up to 24h at approximatelyfdlfl of

basal values. Wlst not shown here the same outcome was observed in another
pancreatic cell line, MiaPaca (Figure 3.1C) Thi s i ndi cégt@ms t hat

activate thenon-canonicaNFkB pathway inpancreaticell lines.
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Figure 3.1L T {B-induced phosphorylation of p100 inpancreatic cancer cell lines

Paneloe | | s wer e abx(@5mgnd)dor theotimds ihdicated. Whole cell extracts
were prepared and separated by SIXSE and assessed forp0O0 (100kDa) and p65
NFkB (65kDa) which was useaksa loading controlin panel B lots were assessed by semi
quantitative densitometry and results expressed as foldlation relative to controlEach
blot is representative three experiments. Each value in panel B represantsathee SEM

of three experiments. **P< 0.001, **P< 0.01 compatedccontrol. In panel C MiaPaca
cel | s wer e eabs @%ng/ml)dfor the timesTindicated. Whole cell extracts were
prepared and separated by SBSGE and assessed foipp00 (100kDa)and p65NFkB
(65kDa) which was used adoading control, the blot represents two experiments.
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3.3.2Characterisation of p10Gp52 processing in whole cell extracts

After the optimal time for phosphorylation of p100 in pancreatic cancer cell lines

was determined, the next step wadind the optimal time for processing of KB2

(p100) toform p52 using the same agoniBanel cel | s wer e ibncubat e
over atime course between 30 min to 24fhe results ofandysis by Western blot
demonstrated a gificant increase in the levels of p52 in whole cell extracts,

foll owi ng 4h ibgwhicl cntimued tarise up td 24h, the longest time

point studied43.46 + 1.48 fold), (Figure 3.2B). Furthermore, another effect which

was observed f ol |impwasa gigniicanpincease ie thet level of T U
expression of p100, the results show that after 4h of stimulation the level of p100

was significanly increased and again rose further, continually increasing up to the

24h time point (5.94 + 0.42 fold, Figure 3.2C). When f&2nation wascompared

to the increase in p100 expression during exposute Tab: (Fig 3.2D), this ratio

increased over the alltime points suggesting that possibility that p52 and p100
formation are | i nk elwmedatdsibsth psocegsmeaf p1O0 t hat

and itsexpresionin Panel cells.
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Figure 32 L T {B,-induced formation of p52 in Panc1 cells.

Panecl cel |l s wer e 1be(k5png/sie fdrthd times indicatédl (h), whole cell
lysates were prepared asdparatedhy SDSPAGE, anl then blotted for p52 (52 kDa)65

NFkB (65 kDa) was useds a loading contrglBlots were assessed by seguoiantitative
densitometry and results expressed as fold stimulation relative to clamtpd2 (panel B),

p100 (panel Candp52:p100 (panel D). Each blot is representative three experiments. Each
value represents the mean + SBMhree independent experiments. ***P< 0.001, **P< 0.01
and *P< 0.05comparedo control
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In order to investigate the effect of longerm exposure td. Tibz Panel cells
wereexposed o ibsToUtime points between 4h to 88h. The 4h time point was
chosen to be the earliest point of degradation of p100 to p52 was first observed
(Figure 3.2B). The results in figure 3.3 indicate that a significaneas& in the

levels of p52 formation was observed after 4h of stimulation and increase over time,
reaching it i s eexpdsurd (2396 + A80fdid). Affertthesrtimel T U
point the level of stimulation began to decrease however, p52 levedgnezirhigh
after 72 and 8 8w (Fdre 363R)p lo additiorg the levelsLofTptlo0
expression also increased over time reaching a peak after 40h of stimulation (2.16 *
0.34 fold, fgure 3.6C). A expected, the ratio between p52 formatiod pt00

expression increased over the time period (Figure 3.3D).
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Figure 3.3Pr o | o n gie-thduted fdrmation of p52 in Panel cells.

Cells wer e e xbp(@sgm) fot tie times mdicatdd ONhole cell extracts were
prepared and separated by SBSGE and assessed forpp00 (100kDa) and p6BIFkB
(65kDa). Blots were assessed by seguniantitative densitometry and results expressed as
fold stimulation relativeto controlfor p52 (panel B), p100 (panel @nd ratio p52:p100
panel D, Each value ipanet B-D represents the mean + SEM three independent
experiments. ***p< 0.001, **P< 0.01 and *P< 0.05 compaiedontrol.
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3. 3. 3bind@iced nuclear translocation of p52 in Pand and
MiaPaCa-2 cells

The results obtained in Figure 3.2 and 3.3 demonstrate that exposur@ i

induced the formation of p52 in whole cell extracts from-Pawlls. In order to
investigate if the. T 16, inducedp52 translocated to the nucleus of Ranand also
MiaPaG2 cells as a comparison, nuclear extracten cells treated withl T 10,

were prepared as outlined in Sectibdl. The results in Figure 3.4 showed that 4h

after L T10; stimulation, a sigificant increase in the level of nuclear p52 was
observed. In addition nuclear p52 was increased further at later time points, the
highest nuclear accumulation of p52 was observed after 24h of stimulation, the
longest time pimt studied (27.5+222foldfhese resul t ssBosamngge st

mediate the processing ofpd00 to p52 and translocation to the nucleus.

MiaPaCa2 cells were compared with Pamccells and the results shown in Figure
3.5 werevery similar to Pand cells. Again there was a delay in the response to
L T 16, before nuclear p52 levels startedrise to amaximum by 24h (22.9+ 3.7

fold).
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Figure 3.4 L T {B.-induced nuclear translocation of p52 in Pandcells

Panel cellswer e e x p o &e(@ngtmb forlinErdasing time periods (h), nuclear
lysates prepared, separated by SEXSSE, then blotted for p52 (52 kDd)ucleolin was
used asa loading control(100 kDa).In panel B lots were assessed by sequiantitative
densibmetry and results expressed as fold stimulation relative to cdmtneb2.Each value
represents the mean + SEM threeindependenexperiments. ***p< 0.001, and **p< 0.05

compared with control.
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Figure 3.5L T {B,-induced nuclear translocation of p52 in MiaPaCa cells

MiaPaCa2c el | s wer e

compared with control.

1B X1pngy/mi fdr intremsing fimé periods (h), nuclear
lysates prepared, separated by SEXSGE, then blotted for p52 (52 kDa). Nucleolin was
used asa loading control(100 kDa).In panel Bots were assessed by segquiantitative
densitometry and results expsed as fold stimulation relative to contfot p52.Each value
represents the mean + SEM threeindependenexperiments. **p< 0.001, and **p< 0.05
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Next, t he ef fibedimulatioh timesowagssessedtaiel cells were

sti mul at abdover88h startihgditt the 4h time point. The results, shown

in Figure 3.6 demonstrate that increased nuclear p52 levels were observed between

24h and 48h, f ol | oilwand thepeskofinnciedragdumutaion b y
of p52 was at 24h@ld stim6.54 + 0.2), after which p52 levels declined and returned
to thebasl level after 88h. The fold stimulation observed in these experiments was
largely similar to those obtained in previceperimentswhich examined respoes

over 24h.

In addition, MiaPaC®& cells were also studied; cells wengosedo L Tib; over a
similar time course to Pasi cells (Figure 3.7). The results showed that as with
Panel cells, there waanincrease irthe accumulation of nuclear p52 stag at 4h

and reaching a maximum betweent2fold stim 18.28 + 3.67) and 4B (fold stim
19.56 * 4.29) compared with control, then graduedtyrning back to the basal level
after 88h. The results of previous experiments for both cell lines stimulated with
L T8> showed a similar optimal time for phosphorylation of p100, formation p52
andtranslocationp52 to thenucleus These data suggest that adiiva of the non

canonical oiNFkB pathway is a feature of pancreatic cancer cell lines.
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Figure 36P r o | o n gie-thduted tiiclear translocation of p52 in Pand cells

Panclcel | s wer e ¢x(@5mgnd)dfor inaveasingrtlihe periods (h), nuclear
lysates prepared, separated by SESSE, then blotted for p52 (52 kDa). Nucleolin was
used asa loading contro(100 kDa).In panel B lots were assessed by sequiantitative
densitometry and results exgsed as fold stimulation relative to confmlp52. Each value
represents the mean + SEM threeindependenexperiments. ***p< 0.001compared with

control.

83



. + + + + + + + + | LTayB, (15ng/ml)

- 4 6 8 | 24 | 40 | 48 | 72 | 88 | Time (h)

B &3 p52 Tk
25+

204
154

104

Fold Increase

- + + + + + + + + | LTayB;, (15ng/ml)

- 4 6 8 | 24 | 40 | 48 | 72 | 88 | Time (h)

Figure 3.7 Prolonged LT Gbz-induced nucleartranslocation of p52 in MiaPaCa?2 cells

MiaPaCa2c el | s wer e ibX1png/migfdr intremsing fimé periods (h), nuclear
lysates prepared, separated by SEXSGE, then blotted for p52 (52 kDa). Nucleolin was
used as doading control(100 kDa).In panel B lots were assessed by semuiantitative
densitometry and results expressed as fold stimulation relative to dontp&l2.Each value
represents the mean + SEM threeindependenexperiments. ***p< 0.001, and **p< 0.05
compared with control.
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3.3.4Characterisation of RelB formation in Panc-1 inwhole cells extracts
in panc-1 cells

I n order to i nwubeisfoimgtiant otRelB il Ranct cells ®an¢lT U
cells were fxbptwesre3D min and R4h @nd RelB formation were
assessed by Western blot. Increaseanation of RelB was observed at B of
stimulation andncreasd in a timedependat manner, reaching its peak at 24fold

stim 23.9 £ 3.9) compared with unstimulatezhtrol (Figure 3.8).
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Figure 38 L T {b,-induced formation of RelB in Panc1 cells

Panecl cel | s wer e 1bgbsmgns)da time mdicatéd TH), whole cell lysates
were prepared angeparatedy SDSPAGE, and then blotted for RelB (68 kDa) and p65
NFkB (65 kDg was usedas a loading control In panel B liots were assessed by semi
quantitative densitometry and results expressed as fold stimulation relative to éontrol
RelB. Each value remsents the mean + SEBf threeindependent experiments. ***p<
0.001, **p< 0.01 and *p< 0.05 compared with control.
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3.3.5 TRAF2 and TRAF3 degradation in pancreatic cancer cell lines

TNF receptorassociatedfactors (TRAFs) are damily of proteins with multi-
functions These proteins havihe ability to bind to theintracellular surface of
membraneaeceptordo form proteins complexeswhich have a role in activation of a
number ofsignallingpathwayssuch asNFkB pathway(Chung et al., 2002)Studies
havereportedvariable levels of TRAF2 and TRAF3 in pancreatic cancer cell lines,
which are degraded following cellular activati{doppler et al., 2013)Therefore,
Panel and MiaPaca2 cells wereexposed td. Tib, (15ng/ml) between 0.24 h

and then whole cell extracts was prepared.

In Panel cells it was found thahere was a partialegradation of TRAF2vhich
occurred betweeB-4 h of exposure td. T 10 but this was not complete by the end

of the time periodin factlevelsrecovered between34 h of exposuréFigure 3.9)

In contrast,TRAF3 levels increased &4h of stimulation However, as shown in
Figure 3.10, when MiaPacacells were compared with Pamacells, it was found
that degradation of TRAF2 only occurred at 24h of stimulabanh levels were
generallyvery low. When the blotwas re-probed for TRAF3, an increase in the
levels of expression was observedvad time points, following exposure th T 10,

for 1 and 2h of stimulation. Levels theretunedto basal level over the remainder of
time courseThi s s u g g at» toss havha the potenfialtegulate the non
canonical NkB pathway via the degradation of TRAF2 and 3 but the results were
inconsistent and in contrast to the closely matched effects upon pl00

phosphorylation and other parameters.
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Figure 3.9 TRAF2 and TRAF3 degradation in Panel cells

Cell s wer e ®xIpry/mifdrthe tomedinbitated. Whole cell extracts were
prepared, andnalysedy Western blot for expression of TRAF2 (53 kDa), TRAF3 (62
kDa) andp65 (65 kDa) which was used as adiog control Each blot is representative of
two independent experiments.
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e —— o == = | €— TRAF3
— e = = — < pes
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Figure 3. 10 TRAF2 and TRAF3 degradation in MiaPaC-1 cells

Cell s wer e oIpry/msifdrthe timedindithted. Whole cell extracts were
prepared, andnalysedy Western blot for expression of TRAF2 (53 kDa), TRAF3 (62
kDa) and p69NFkB (65kDa) which was used as a loading control. Each blot is
representative of two experiments.
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3.3.6NIK expression in Panel cells

Many previous studies have demonstrated that following cellular stimulklikiris

induced inPanel cells, asmentionedin Section 1.6.2 chapter one, increhdK
levelslead to subsequent activation of the alternai¥B pathway (Doppler et al.,
2013) . Therefore, f o l1d> @Sng/miyvhoke tcall extrdcta t i o n
were preparednd blotted for NIKFor apositive contral a separate stock of Pahc

cells wee infected with NIK adenovirus (Adv. NIK), resulting in theerexpression

of NIK protein. Figure 3.11 shows that endogenous levels of NIK were low in Panc

1 cells, compared with the positive control and not induced lazlhoTover the time

period studied

_ - — e <€— p65

- - + + + + + + - | LTayB, (15ng/ml)
- (05] 1 2 4 6 8 | 24 - | Time (h)

- - - - - - - | +ve

Figure 311 NIK expressions in Panel cells

Panel cells were exposed to T10, (15ng/ml) for the times indicated, whole cell extracts
were prepared, and analyzed by Western blot for expression of NIKkQ&0 A sample
from Adv. NIK infected Pand cells was used as a positive control, whilst pE&B was
includedasa loading controlThe blot is representative of two independent experiments.
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3.3.7 Characterisation of IKKa in Panc-1 cells

As levels of pl00ncreased in response to &b stimulation, the levels of cellular
IKK a and IKKb in Panel cells were investigated. Cells were exposed .0, for
the same time points used in previous experiments.all@kd IKKb levels were
assessed by Western blot. THesults showea@s hypothesisio change in the levels

of both IKKa and IKKb over alltime points (Figure 3.12A).

A
T ——— = <€— |KKa
— — — — — — — — | g IKKB
- - + + + + + + LTa,8, (15ng/ml)
- 0.5 1 2 4 6 8 24 | Time (h)

Figure 3.12Ef f e c t 1b,@r expreSsidrof IKK a and IKK b in Panc-1 cells

Panecl cel | s wer eib;él5npg/misfer the times indiatéd, whole cell extracts
were prepared and analyzed by Western blot for expression of KB4 KDa),
IKKb ( &DB®) and then stripped and assessed for WBEB (65kDa) whichwasused asa
loading control. The blot is represetita two independenexperiments
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3.4 Characterisation of the norcanonical NFKB pathway using FCS

A number ofexperimentsin our lab demonstrated that FCS has the ability to activate
the noncanonical of NKB pathway in many cells line such as U20S and HUVECs
cells. Therefore, the effect of FCS in both Panand MiaPa& cells were
investigated, through measurement of p100 phosphorylation, formation of p52 and
translocation of p52 to theucleus. Panel cells were exposed to FCS 10% (v/v) over
time course between 30 min and 24 h and assessed by Western blot. FCS stimulation
showed a slight increase in levels of p52 and phosphorylation of p100 between 4 and
24h (Figure 3.13 A)Similarly, FCS stimulated only earginal increase of p52 in
nuclear extracts following 6 h of stimulation compared to untreated cells (Figure
3.13B). Next the effect of FCS in translocated p52 intontideus was investigated

in MiaPaC1 cellsas a comparisowith Panel cells. There was a high level of p52
noted attwo-time points, 4h and 8h compared with untreated sample (figure 3.13C)
but in general stimulation was weak and inconsistent. This suggests that FCS is
unable to mediate the activation of the yww@monical NkB pathway in pncreatic
cancer cell lines. Further preliminary results indicated that FCS was unable to
activate the canonical pathway (see section 3.6.2) and was not used in further

experiments.
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Figure 3.13 The effect of FCS on norcanonical NFKB signalling in Panc1 and
MiaPaCa-2 cells.

Panel cells (panel A), cells were exposed to 10%v) FCS forthe times indicated (h).

Whole cell extracts were prepared and then blotted §ot(Q®, p52 ang65 NFkB which

usedasa loadingcontrol In panel B Panel cells were exposed to 1084/v) FCSfor the

times indicated (h). Nuclear extracts were prepared, and then blotted for p52 (52 kDa) and
nucleolin (100 kDa)which usedas a loading controlIn panel CMiaPaCa2 cells were

stimulatd with10% (v/v) FSCfor the times indicated (h)he nuclear extracts were prepared
andbottedfor p52 (p52 kDa) and nucleolin (100kDa) which @ssa loading controlOne

sample was wused from the same B ébng/mlilas ne st
positive control for p52n panel B and CEach blot is representative two experiments in

panel A and B and one experiment in penal C.
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3.5 Characterisation thr role of TNFa in NFKB pathways activation
In pancreatic cancer celldines

3.5.1. TNFa activation of the classicalNFkB pathway in pancreatic
cancer cell lines

The next part of the study examined the activation of the cladsiddB pathway.

This was achieved by measuring tlegradation ofkB Uandphosphorylation of p65

NFkB NFkB in both Pan€l and MiaPaca2 cells. In thePlevinl abor at or vy, T
has been shown to activate the classical pathway i c#iklines, for example

LNCaP, PC3M, HUVECs andJ20S cells. Initially, Panel cell lines were
stimulated with TméFcourscoanekBU arde §r abdat i on
phosphorylation of p6SNFKB measured B U de gr a d eapid stamtingw a s
between 5 and 15 min and reachingiaximum after 30 ming2.2%6 + 1.92 of basal
expression) compared with untreated sampkfpre returning gradllg to basal
levelsafter 8 h (Figure 3.15B) Furtrermore TN F U s t ialsoa rapid irciitase

in p65 phosphorylation in Paticcells which was maximal between 5 miBl(2 +

2.47fold) and 15 min16.38 * 1.160ld) compared with basal valu@sgure 3.15C).

A similar response was observed in MiaPa€ells (Figure 3.16 AC).

93



-—— - —— — — <— IxBa
— — Sy a— (— p-pes
- - + + + + + + TNFa (10ng/ml)
- 5 15 30 60 120 | 240 | 360 | Time (min)
B IkBa
= 160
o
‘»
7
s
%100-
)
=
om
™
— 604
O]
n
] ]
Q ]
== 0- ]
+ +

TNFa (10ng/ml)

360 | Time (min)

Jedkk

Fold Increase

| e

- 5 15

Figure 3.14T N F-idduced degradation of kB U

Panc1l celk

Cells were exposed

30

+

60

120 | 240 | 3

t o

and

assessed for-p65 (65kDa), and then 4@robed for kB U

comparedwith contiol.

94

+

60

TNFa (10ng/ml)
Time (min)

phosphoNFkBlinat i on

Wiole Well éxira@ta yerenprepared, s
(37kDa)
(65kDa) Blots were assessed by segniantitative densitometry and results expressed as
fold stimulation relative to contrdbr IkBa (panel B) and p65 NEB (panel C)Each value
represents the mean + SEM threeindependenexperiments. *** p<0.00land** p<0.01

of

nc

al so



<— IkBa

—_— . <« p-p65

.-’-----" <— P65

+ + + + + + | TNFa (10ng/ml)
5 15 30 60 | 120 | 240 | 360 | Time (min)

B B3 xBa
150

1004

% basal IkBo. expression
(4]
o
1

o
1

TNFo (10ng/ml)
5 | 15 | 30 | 60 | 120 | 240 | 360 | Time (min)

C B8 p-p65
15-

*kk

Fold Increase

+

360

TNFa. (10ng/ml)
Time (min)

+

120

+

240

Figure 3.15T N F-idduced degradationof kBU and phosphoNFkBlinati on of
MiaPaCa-2 cells.

Cells were exposed to TNFU (10ng/ml) as indi
assessed for-p65 NFKB (65kDa), then reprobed fokB U ( 37 kDa) MFkBI al so
(65kDa) which was used as a loading contiibts were assessed by sejoantitative
densitometry and results expressed as fold stimulation relative to contrkBi(ppanel B

and p65 NKB (parel C). Each value represents the mean + S&Mhreeindependent
experiments. *** p<0.00hAnd * p<0.01 compared with control.

95



3.5.2 Role of TNFa in activation of the non-canonical ofNFkB pathway

In the next set oeéxperments the effect of TNB on the activation of neranonical
NFkB pathway was examined. In contrastLtol 102, TNFa was unable to induce an
increase in p52 levels in whole Pahcell extracts following 024 h exposureA
minor increase (not significant) in levels of p52 was observed following 24h stimulation
(figure 3.14A). Furthermore, TNFwas unable to induce an increase in the levels of
nuclear p52 compared to wells treated Witf 10, (Figure 3.14B). A similar resutvas
obtained inMiaPaCaz2 cells(Figure 3.14¢. Taken together these experiments show that
TNFa was unable to activate the alternatNékB pathway in pancreatic cancer cell

lines in contrast with U20S and HUVECSs cell lines.
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Figure 3.16 The effect of TNFa on the noncanonical of NFKkB pathway in Panc1l cells.

Parels A-C cells wereexposed taTNFa (10ng/ml) for the times indicated (h). Whole cell
extracts were prepared and then blotted for p52 andNp&B which wasusedasa loading

control In Panel B Pand cells wereexposed tolf NF U

(10ng/ ml) .

Nucl

prepared, then blotting for p52 (52 kDa) and nucleolin (100 kDa) was usadoading
control. Panel CMiaPaCa2 cells wereexposed ta N F (Ong/ml). Nuclear extracts were
prepared, then blat for p52 (52 kDa) and nucleolin (100 kDa) was used deading
control A positive control for p52 was prepared from the same cell line stimulated with
L T 10, (15ng/ml) for 24 hin panel B and CEad blot is representative of two experiments

in panel A and B, and one experiment in panel C
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3.7. The dfect of LT aib2 on activation ofthe canonicalNFkB
pathway

The results in Section 3.3 above demonstrated thailizlhas the ability to activate
the noncanonicalNFkB pathway. Therefore, the effect of &1b2 in activation of
the canonical oNFkB pathway was investigated in Figure B.Panel cells were
exposed to LA@ibz between 5 min to & and the activation of classical NiFkB
pathway was assessed by degradatiorkoB laand phosphorylation of p6NFkB
using Western blotting. Whilst La1b, activated components of the canonis&kB
pathways there was a distinct profile of activation, kimetics where substantially
relative to TNR. Degradation of cellularkl B avas first observed 15 min after
LTaib2 stimulation reaching a maximum 1h after initial exposuie.Bléevels then
recovered to the basal level over the @ sthe stimulation pend (26 h) (Figure
3.19B). A significant phosphorylation of p69NFkB was observed 15 min after
LTaib, stimulation reaching a maximum at 2h (fold stimulation; 46.2 + 4.64, figure
3.19C) Phosphorylation of p@SFkB was remainecelevatedover the remainder of

the time ourse compared with control.

Next the effect of ES exposure on the activation of the classicaN&kB pathway

was examined. Pariccells were exposed to FSC 10% (v/v) for times points between
5 min and 6hOne samplevasexposedo TNFa  (hd/ndl) for 15 min which was
the optimal time for degradatiorkBa and phosphorylation p65IFkB and this
served as positive control for classical MiFkB pathway activation. The results
show that FSC was unable to induce the degi@uditBa and phosphorylation p65

NFkB in Pancl cell (data not shown}urthermore MiaPaG-2 cellswereexposed
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to LTaib2 and FCS and classical markers of canonicblFkB pathways were
assessed and showed similar results to the-Pamdls resultd Taib2 showed the
ability to activae the canonical of NKB pathway through inducing th&Ba and

phosphorylation of p65IFkB, whilst FCSdid not.
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3.7 The effect of silencing cellular IKKa expressionon the non-
canonicalNFKB pathway in Panc1 cells

In order to confirm that phosphorylation of p100 and the formation ®fwese the
result of IKKa activation, experiments using siRNA induced knockdown were

attempted.

3 . BiRNA silencing of IKKa and IKK b in Panc-1 cells

To optimise the knockdown of IKK and IKKb with siRNA, Panel cells were
transfected with increasing concentrations of #&End IKKb siRNA (25100nM),

for 72h whichin preliminary experiments wa®und to be the optimal time for
silencing Western blottingvas used to evaluate the protein expression level of both
IKKa and IKKb Using 3-100nM of nontargeting sequence (NTesulted ina
minimal effect onthe of endogenougxpressionof IKK a, whilst surprisingly, the
lowest concentration (25nM) of siRNA of K&a, effectively reduced the endogenous
of IKKa expressionby greater than 95%see Figure 38). The level of IKKa
expression decreased further as abacentation of siRNA increased Furthermore
treatmenf cellswith SiRNA IKKa ( 2 %M )klbWed nceffect on expression of

IKK b even with the maximum concentration (100nM)

Next, the optimal concentration of siRNKK b for knockdown of IKKb in Panel

cells wasinvesigated Figure 319, shows that there were a sharp decrease in the
expression of IKK, the lowest concentration (25nM) caused a substantial and
significant reduction in the level of IKiKexpression, basal expression was reduce

to 3.52 £ 155% compared with contro(100%) Moreover, inhibition of IKK
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expression was increased to more thar%o9at the maximumIKKb siRNA
concentratior(100nM) without compromisingcellular integrityby examination the
morphology and appearance of callsing microscopethis furthersuggested that

IKK a and IKKb could be knocked down selectively in Pancellk see Figure 3.9.
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Figure 3.18 The effect ofIKK a siRNA on IKK a expression in Panel cells

Cells were transfected withontargetingsiRNA (NT) and IKKa up to 100nM for 72h.
Whole cells extracts were preparadd separated by SDBAGE and then assessed for
IKKa (kB&), IKKb (86 kDa) and p6aINFkB (65kDa) whichwas used asa loading
control In panel B lots were assessed by seguiantitative densitometry and results
expressed as fold stimulation relativectmtrol for IKK a. Each value represents the mean *
S.E.Mof three independent experimeritst p<0.001 compared with control.
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Figure 3.19 The effect of IKKb siRNA on IKK b expression in Panel cells

Cells were transfected withontargetingsiRNA (NT) and IKKa up to 100nM for 72h.
Whole cells extracts were preparesgparated by SDBAGE and then assessed for
IKKb (kBaj, IKKa (84 kDa) and p6SNFkB (65kDa) whichwas used asa loading
control In panel B blotswere assessed by seqiantitative densitometry and results
expressed as fold stimulation relative to confoollKK b. Each value represents the mean *
S.E.Mof three independent experimerits; p<0.001 compared with control.
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3.7.2The dfect of slencingof cellular IKK a expression on the non
canonicalNFkB pathway in Pancl cells

The effect ofIKkKa knockdownon the alternativeNFkB pathway was examined
through assessment of three markers, phosphorylation of p100, expression of p100
and formation of p52.Panel cells were treated with sSiRNA against
IKKa ( 5 0nM3for0r2h and then stimulated withTaibz for 4 h whichis the
optimal time forphosgorylation of p100 in(see Figure 3.1). Figure &hows a

high level of p100 when the cells werexposd to LTaib, alone, he levels of
phosphorylatiorwas decreased and returned to the basal levels otilg ataximum

concentationused 300nM

Next the effect of silencing of IKK on formation of p52 in Pant cells was
investigated using twbigherconcentratios of SiRNA (300 and 500nM). The cells
were transfected with siRNA against of ldKfor 72h and then stimulated with
LTaib, for 24h,the optimal time for formation of p52 (see Figure 3.2). The results
have showed there was an increasep52 levelin response td.Taib> alone, the
level of both p100 expression and of p52 sthtte decreased, but not completely
following by pretreatmentwvith of 300 and 500nM of IKld siRNA (Figure 3.2). In
these experiments a new antibody for iKiWas usedNlilllipore UK) which has the
ability to detect both isoforms of IK&K 84 kDa and 45 kDato study the effect of
SsiRNA against IKKa on both IKKa isoformsthis antibody was used to investigate

the effect on both isoforms
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Figure 3.20 The effect of IKKa siRNA on the phosphorylation of p100 in Panel cells

Panel cells were treated with siRNA for 72h atieen stimulated with L&1b2 (2ng/ml).
Whole cells extracts were prepareshdanalyzed by Western blot for expression of KKK
(84 kDa), IKKb  k@6p-pl00 (100 kDa) and52 (52kDa)which used asa loading
control. The blot is representative thirdepementexperiments.
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Figure 321 The effect oflKK a siRNA on the p100 expression and formation p52 in
Panc1 cells

Panel cells were treated with siRNA for 72h and then stimulated witalbP (2ng/ml).
Whole cells extracts were prepared, and analyzed by Western blot for expressioraof IKK
(84 kDa), IKKb 3)6p52 (52kDa)and GAPDH (37kDa) which used asloading
control. The blot is representative thiedependengxperiments.
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3.73 Effect of silencingcellular IKK b expression orthe canonicalNFkB
pathway in Pancl cells

Having established effective knockdown of IKKoy SiRNA, the next step was
examine the effect of IKK silencing on the classicblFkB pathway. Pand cells
were transfected with 300nM and 500nM siRN#ging IKKb for 72h and then
stimulated with TNR& for 15 min which was the optimal time for degradation of
IkBa and phosphorylation of p65NFkB (see Figure 3.15); rundown of
IKKb induced areduction in the basal levels of degradation &Bd and
phosphorylation of p6BIFkB, however, there was no effect on the basal level of p
IkBa or p-pl® Following exposed toTNFa, partial degradation ofkBa and an
increase irphosgorylation of p-p105,IkBa and p65NFkB was observed, compared
with untreated sample. In addition, surprisingly, treatment with targetingof
siRNA following by stimulation withTNFa inducing an increase in the level of
IkBa to the same leveds that observed in untreateshtrol. Treatment with SIRNA
against IKKb induceda reduction in TNER -induced increases in the level of p
IkBa and phosphorylation of p105 and pR&kB, although there was no effect on
the level of kBa degradtion (see Figure 32). As expectedhe results did confirm
that IKKb has a role in regulation of the canonical MFkB pathway, but need

furtherexperimentation is required to optimise conditions.
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Figure 3.22 The effect ofIKK b siRNA on the canonical oNFkB pathway in Panc1
cells

Panel cells were treated with siRNA of IKKfor 72h and then stimulated witiNFa
(2ng/ml). Whole cells extracts were prepared, and analyzed by Western blot for expression
of IKKb (86 kDa), p-p105 (105 kDap-lkBa  (k3a)y lkBa HkD3a) p-p65 (p65kDajnd

p65 NFkB (65kDa) which used as loading control. The blot is representative two
independenéxperiments.
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3.7.7 Effect of theIKK b and | K #lencing on Pancl cell cycle
progression

In order to investigatéhe role of bottKKa and IKKb in cell cycle distribution in
Panel cells, the cell cyclepopulationwas evaluaté using flow cytometryand
propidium (PI) staining as outlined Bection 2.7 After 48h of transfection of cells
with concentrationsof siRNA between 50 and 300nMrigure 3.3 and 3.2.
indicated that no change in distribution of cells @l cell cycle phasesall
concentrations of SiRNA against [KKand IKKb used Next experiments were
designed for cell cycle using different time wansfection with siRNA for both
IKKa and IKKb, cells were transfected for 72 h which was the optimal time for
transfection in preliminary experiments in Section 3.7.1. Again the results there was
no alteration in percentage of cells in each cell cycls@faata not shown)Further
investigate the regulatory role of IKKs of celloby are required using different time

points or different methods.
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Figure 3.23 Effect of sSiRNA IKK a on cell cycle progression in Pand cells

Cells were transfectedither 300nM of nortargeting (NT),or increasingconcentration of

si RNA | KK3IDONnW)5@ AW, then assessed by flow cytometry using propidium
iodide (PI) for determination of total DNcontent. Thechars demonstratéhe distribution

of cells in the different phases of the cell cycle following treatment. Data shown are
expressed as % of cell coutach value represents the meaB.S.M of three independent

experiments.
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Figure 3.24 Effect of SIRNA IKK b on cell cycle progression in Pand cells

Cells were transfectedither 300nM of nontargeting (NT),increasingconcentration of
siRNA IKKb (50nM-300nM) for 48h, then assessed by flow cytometry using propidium
iodide (PI) for determination of total DNA content. The chad@monstrate the distribution

of cells in the different phases of the cell cycle following treatment. Data shown are
expresed as % of cell counEach value represents the meaB.S.M of three independent

experiments.
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3.74 Effect of theIKK b and | K #l@ncing on Pancl cells
clonogenicity.

Furtherexamin& whether the rundown dkKa and | Kising siRNA haveeffect

on Panel cells survival, cells were transfected with siRNA againstdkds well as
IKKb with (50-300nM), then cells were +@glated and incubated for 7 days, to
investigate the effect in term of cells division and colony formation. In figure 2.25,
rundown IKKa through siRNA against IKka shown thenumber of colonies was
slightly decreased not significant along the all concentrations that used in this
experiment. Furthermore knockdownK Kib Panel cells have showed there was
no significant differenbetween all the concentrations of siRNA against bkikat

the cells treated with and untreated see figure 3.26, silencing both dK#& IKKb in
pancl cells have no effect on cell division and colony formation, future experiment
using different technigueare require for investigating the effect of knockdown of

IKK a and IKKb in cell proliferation of Pand cells.
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Figure 3.5 Effect of siRNA IKK a transfection on Panel cells clonogenic
survival.

Cellsuntreated (A) cellsvere transfected with netargeting (NT 300nM) (B), IKla
50nM (C), IKKa 100nM (D), IKKa 200nM (E)andIKK a 3000nM (F) for 48hand
thenclonogenic survival assay were performed for each treatment.grbadigure
is representative three independent expents
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Figure 3.26 Effect of siRNA IKK b transfection on Panel cells clonogenic
survival.

Untreated cell (A), cells were transfected with s#targeting (NT 300nM) (B), IKK
50nM (C), IKKb 100nM (D), IKKb 200nM (E) and IKKy 3000nM (F) for48h and
then clonogenic survival assay were performed for each treatment group, the figure is

representative three independent experiments
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3.9 Discussion

As has been discussed previously, NFaB
processes thd¢ad to cancer progression (Baud and Karin, 2B@@sel and Schmid,

2013. Pancreatic cancer is diffetefitom many other cancers because of its very

poor prognosis, the chance of survival after five years or more is less than 2 %
(Jemal et al., 2008, lat al., 2004). Recent evidenlagked elevatedN F o diynalling

with pancreatic cancer but very few studies have investigated the involvement of the
noncanoni cal N F @ B chppetthe aciyation df this pathway was

examined in selected pancrieatancer cell lines.

Two pancreatic cancer cell lind2anel and Mid@aCa-2, were chosen for this study,
each cell line was derived from a differex@ncer initiated in a different area of the
human pancrea®ancel cells were isolated from the head bé tpancreas (Liber et

al., 1975), whilst MiaPaca2 cells were obtained from the body and tail of the
pancreas(Yunis et al., 1977). Pant cells havepreviously exhibted metastatic
growthin vivo, whilst according to Deer and -aeorkers,MiaPaCa-2 cells lack this
ability (Deer et al., 2010). Both cell lines have many types of mutation, for example
KRAS (encoding KRAS gene), TP53 (encoding the p53 protein) and CDKN2A/p16

(encodingumoursuppressor gene pl16) (Moore et al., 2001).

Previous studies have show t h a t ibstcduld activatéJth@eon-canonicalNFkB
pathway (Madge et al., 2008, Ganeff et al., 20Th)i s st udy co#f i r med

could induceboth phosphorylation of p100 atige formation of the p52 subunit and

its translocation into the nucleus of Pahand MiaPaG2 cells This suggests that
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irrespective of the status of the cells in terms of mutations the pathways can be
strongly activated in pancreatic cancer cel®ther studies have also shown the
phosphoryation and degradation of p100 in other cell types including HEK 923, and
HelLa cells (Ganeff et al., 2011). However, to date, no equivalent studies have been
performed in pancreatic cancer cell lines and this study is thédfirstestigate p100

processig in this disease model.

There were however a number of interesting features of activation. At 4h
phosphorylation and loss of p100 correlated with p52 formation, whilst over longer
periods of time formation of p52 was associated with an increase infe08tion.

Whilst phosphorylation of p100 was still observed at these later times it is possible

that p52 formation may be partly a result of constitutive p100 degradation. This is
similar to that observed in other cells types such as HUVECs mediatactibyas

TNFa (Ka Ho Hq PhD, thesis)Interestingly whilst TNB stimulated a strong

activation of the classical B pathway in Pand suggesting good receptor
engagement there was no activation of the-cemonical NkB pathway. This

finding is in contrasto gudies in RIF/- MEFs cellswhich, demonstrated stimulation

ofnonc anoni c aignalihgf @B | owi ng exposure to TNFL
Additionally, Lotzer and cavor ker s demonstrated that TN
phosphorylation of p100 in aoremooth muscle cells (Lotzer et al., 2010). This
suggests differences in the coupling of the TNF receptor to intermedfates non

canonicaNFkB pathway in pancreatic cancer cell lines relative to others.
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The findings above may also suggest that the-gamonical NkB pathway in
different cell types is constructed differently. This is further supported by studies
with  FCS which induced a minor stimulation of pl00 phosphorylatiand
processing of p10@h both cellslines This is in contrast to other studigsPlevin
laboratory, which demonstratestrongly activation of p100 phosphorylatioand

degradationp100 to p54n U20S celldpersonal communication)

As expectedTNFU admi ni stin adivatiomof theectassicalNEKB

pathway in Pand cells, by inducing the degradation®BIlU and phosphor vyl
p65 NFKB. This finding is consistent with many other studies which have
demonstrated TNFU a bRKB pathway io manptymeof dele c | a s
line, such as hypopharyngeal cancer cells (Yu et al, 2014), MLE cells
(Schwingshackl et al., 2013) and ASME cells (Seidel et al., 2068estingly,

LTaib2 activates the classical NkB pathwayin Panel and MiaPaC cells, nany

studies found that activation dfie LTb receptor couples tthe canonical NkB
pathway(Drayton et al., 2006, Muller and Siebenlist, 2003, Haybaeck et al., 2009,
Madge et al., 2008) A key feature was the relative delay in degradatiorkBgl

which was maximal at 60 minutes in contrast to stimulation WitFa which

virtually peaked at 5 minutes. This again alludes to differences in coupling
specificity and the overlap in stimulation of both arms of the pathway by a given

agonist.
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The differences in the characteristio§ activation may be related to w@ream
modulation of the pathways by NIK and TRAF 2 and™®viousstudies in Pand

cell lines have shown high levels of NIK and low levels of TRAF2 (Doppler et al.,
2013) overexpression of NIK could induce activation tbe alternative NKB
pathway though inducing phosphorylation of Ik This suggests thah pancreas

the non-canonical NkB pathwayis normally hyperactive, in contrast with other
cancers cell lines, for example colon cancer cells (Mladenova et al., 2013) and

LNCaP cells (Parrondo ek 22010)

Attempts to recapitulate this finding were not successful; NIK levels were low in
Panel and MiaPaC& cells, relative to a virally infected control. One issue may be
the quality of the antibodies used in the study,-specific binding wasstantial

and it was difficult to demonstrate clear binding to endogenous NIK. Attempts to
immunoprecipitate endogenous NIK weaakso not successful. Similarly, we found

no changes in TRAF2 and 3; the data was not good enough to make a clear
conclusion egarding the activation of the pathway. However, it should be noted that
basal activation of the neranonical pathway in Pafic was low with good
stimulation byLTaib> and if the basic model of IKK activation is consistent for
Panel an increase in NIK expression and changes in TRAF may have been
expected. Trauzold and cavorkers (2005), have previously demonstrated that
TRAF2 was overexpressed in Pahcell lines but NIK was not present (Trauzeld

al., 2005)and our findings woultbe more in keeping with this position.
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As mentioned in Chaptebne IKKa and IKKb have been identifiedas the main
activators for the classical amsbnrcanonical NKB pathways, in order to confirm
that in particular IKKa mediated the activation of the noanonical NkB pathway

we used siRNA (RNA interference). Overall the results were disappointing; whilst
there was a significant inhibition of both IkKand IKKb of almost 90% (the results
was assessed by Western bloger arange of concentrations between (BIDnM)

(see Figure 38 and Figure 3.9) therewas no inhibition of either NEB pathway.
There was a possibility that the Western blotting technique underestimated the level
of knockdown, therefore, it was decided to use higher concentrations of SARBIA
inhibition of the pathway possibl&his concentration of SIRNA igeryhigh and it as
unclear why the lower concentration of siRNA could effectively rundown the
endogenous of IKK without effect on activation of NéB pathways.This result
agreed with another study the Boyd laboratory, the resulshowedthat 25100nM
siRNA for both IKKa and IKKb effectively knockdown of IKKs without impact on
activation of NKkB pathways in PC3M cell linékhalid personal communicatian)
There are very few studiexamine theeffect of IKKa siRNA on the norcanonical
NFkB pathway.Li and coworkers demonstrated there wasredue level of p52
formation during knockdownof IKK a in both HelLa cells and macrophage célls

et al., 2010) At present it is unclear if there is some experimental design problem or
alternatelylKKs are not essential to drive the noanonical NkB pathway. Given

the ast range in characteristics outlined above, particularly at late stage in the

pathway, there may be potential for an &KkKxdependent regulation.
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There are a numbeasf geneswhich regulated by IKK via the classical NEB
pathwayactivationsuch asc-MYC, JUNB, cyclin D1 cyclin D2(Lee and Hung,
2008) However the resudtin this study showed themeere no significant changes
accumulation of cells ireach phase following transfection witKKb siRNA.
Similarly, Yemelyanov and cavorkers found that inhibition of IKK using P$1145
inhibitor had no effect on cell cyclgogressionn DU145 cells (prostate cancer cell

line) (Yemelyanov et al2006)

Furthermore, IKK is also thought to bevolved inthe regulation ofa number of

cell cycle genes such as cyclin D1 and AwAréCao, et al, 2001, Demicco, et al,
2005, Prajapati, et al, 2006). Againdlstudy identified that IKK silencing had no
effect on cell cycle progressiom Panel cells. Other studies have found that
knockdown of IKKa did not change the cell cycle stages in different cancer cell
lines such as breast and prostate cancer @Hfato et al., 2011, Merkhofer et al.,
2010) In contrast, other studies have demonstratedinhétition of the activity of
IKK a leads to alteratiasin cell cycledistributionin pancreatic, prostate and breast
cancer cell linegSchneider et al., 2006, Tu et al., 2006, Shukla et al., 20169
suggest that the role of IKKs in reglation ofthe cell cycleis dependent on tumour
and cell type, further examination using different techniques to inhibit the activity of

IKKs are required.

The effect of IKKs on cell growth wasoexaminedusinga clonogenic assay. The

resultsindicated that there was no significant change in survival fraction compared
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with agonist treated controAs Panel cells are differentiated from many other
cancer cell lines such as PC3M and U20S cells, Raoells usually grown as
double layerit is possible thahot all the cells were transfected with siRNA idgr

the experiment preparation.
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Chapter Four

Characterisation of the inhibitory effect of
| KKU selective inhibitor
Non-Canonical and CanonicalN F s fathways
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4.1 Introduction

The transcription factoNFkB has been implicateds a tumour promoer in a
numbers ottancerqPahl, 1999, Hanahan and Weinberg, 201hrreasd levels of
NFkB proteinshave been demonstrated in breast cafCéua et al., 2007)lung
cancer(Tew et al., 2008)leukaemia(Vilimas et al., 2007)lymphoma(Zou et al.,
2007)and in pancreatic cancer cell lin@oppler et al., 2013)Furthermore many
studies havdinked NFkB activation and resistance to chemotherapycancer cell
lines(Chuang et al., 2002 addtion, inhibition of NFKB pathways, or knockout of
NFkB subunits resulted irmpairedtumour cell growth (Li et al., 2005, Meylan et

al., 2009, Baldwin, 200IYamamoto and Gaynor, 2001)

A regulatory protein considered central tokfactivation is IKKa. It has a critical
role in activation of botiNFkB pathways,but particularlyin the non-canorcal
NFkB pathway. Phosphorylation of IKl& through cell stimulation withspecific
agonistdeads to phosphorylation amqutocessig of p100 and as a consequence the
regulation of a number of genélsang d al., 2006, Luftig et al., 2004, Muller and
Siebenlist, 2003)Furthemore IKK a has a role in thehosgorylation of p65NFkB
which is essentiafor activation of the canonicdFkB pathway(Solt et al., 2009)
Many studies suggest that IKkKmay act as a tumowuppressr, Park and co
workers found that a reduction in the expression ofdifomoted the development
of squanous cellcarcinomagqPark et al., 2007)Another study found that IK& has

a role in the prevention of skin canderoughmaintanance of skirhomeostasigLiu

et al., 2008) Several additional studies have implicated HK cancer
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development, for example, dreased levels of IKK are associated with the
developmentof nonmelanoma (Alameda et al., 2011)squamous carcinomas
(MorenoMaldonado et al., 2008)colorectal cancer(FernandeaMajada et al.,
2007b)and cancers of the pancrg&@hiah et al., 2006)prostate(Jain et al., 2012)

and liver(Jiang et al., 2010)

Recenly, many studies have examined the effect of kKikhibitors in pancratic

cancer cell lines. For example, treatmehpancreatic ceiwith TPCA-1, anlKKb

inhibitor, reducedproliferationand resistance to chemotherg@ataldi et al., 2015)

The same effect has been obserwith Apigenin (Wu et al., 2014)Additionally,

Ochia et al demonstated that anothelKK b inhibitor, IMD-0354, suppressed the
proliferation of pancreatic cell lind®chiai et al.,, 2008)However , to dat e,
selective inhibitors have beexamined in snilar studies due to the lack of available

compounds.

A number offirst classIKKa selective inhibitors have beeproduced, bythe
medicinal chemistry group at the University of Strathclyde, Glasgow. Therefore, the
aims of chapter four weito determinethe potency and selectiyiof these novel SU
compoundsas IKKa inhibitors in pancreatic cancer cell line$his was achieved
through the assessment of the major markers of theeaoonicalNFkB pathway

the phosphorylation of p100, the processing of paf@ the formation of p52 and
subsequent translocation to the nucleus. Furthermore, selectivity was tested using
the degradation ofkBa and phosphorylation of p6BIFkB as markers of the

canonical NKB pathway. Experiments in chapter three demonstratsdtie non
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canonicalNFkB pathway could bectivatedusing LTaib2, whilst TNFa havethe
ability to active the canonicdllFkB pathway. The hypothesis of this chapter was
that if SU compounds could be revealed as selectivealktkibitors then their

actionsas inhibitors of cell proliferation could also be examined.
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4.2 Determining the dissociation constant (Kvalue) of the SU

compounds

The effects of a number ofr ot ot ypi ¢ | KKU i nhi

activities were examineth-house byMrs. Louise Youngusingan in vitro kinase

assay using purifietl K K U

reactionutilised a biotinylated pptide substrate containing tiserine 32residue of

| o-B. The extent

a n derivedKidrbh commercial sourceBhe kinase

n avhs agsbéseed by dissgciaterhanczd

lanthanide fliorescent immunoassay (DELFIA).

Table 41 The K; value for SU compounds

bitor

SU compound Ki Value IKKa/IKK b (nM)
SuU1087 3/5
SU1261 10/680
SU1349 21/2445
SU1392 24/7190
SU1399 11.1/1205
SuU1411 54/838
SU1432 23/3100
SuU1433 11/2295
SuU1434 81/5029
SU1436 35/130
SuU1438 4.5/135
SuU1489 3.5/45.7
SU1497 3.6/36
SU1499 0.9/65
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4.3 The effectof SU compounds on nortanonical NFKB pathway in
Pancl cells

43. 1 The effects of the IleKpkebsiomnamhi bi t or
p52 formation in Panc-1 cells

The effecso f S U ¢ o mp o u n-dependemhontananicalNRR phthway

were investigated initially the effecs of these compounds on kIb2 induced
formation of p52in Panel cells were examined Results in Figure 3.2 and 3.4
showed that. T 16 induced @significantincrease in level of p52 formation after 24h

of stimulation It was therefore decided to use this time point to examine the effect of
SU compounds In general compounds were selected as they became available

althought compounds represented different scaffold structures.

Figure 4.1showspretreatment ofPancl cellswith SU1087 (Ki 3/5nrM) and effects
upon p52 formation. The compouméd asmall effect on the basal level of p52
which was not significantompared with untreated samf®old stimulation relative
to control;0.65 + 0.06 n=3). Furthermord, T 10; stimulated a significant increase
in p52 formationas expected, this respong@as not affected by the presence of
DMSO,(f ol d st i mbl=2.88No ©: 1 HJplisLDMBO=2.80 + 0.28
n=3). However,following incubation with increasing concentrations 31087, a
significant concentratiordependentdecrease in p52 formationvas observed
betweenl-30mM (% maximum response at @0 = 0.27 + 0.05n=3 (figure 4.1B).
Furthermore, a reduction in p100 expression was also observed following treatment
with SUL1087, there was an approximate 80% reduction in lee¢l80rM (0.17 +

0.023 relative to control) (Figure 4.1C).rdatmentwith SU1087 had no effect on
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cellular levels of p63NFkB, confirming that the compound had generaleffect on

cellular integrity.

43. 2 The effects of the | KKU inhibitor

Another compound, SU1261 identified to be more selective foalkk 10/6801M)
compared with SU1087, was also tested as showrigard=42. Again L T 16
stimulateda significant increas@.6 £ 0.09 fold this was decreased significantly
andin a concetrationdependent mannéy SU1261 over the low micromolar range
(3-30mM) (Figure 42A). Likewise,over the same concentration rargjd1261 also
significantly reduced p100 levelsaching maximum inhibition at 8 (0.23 + 0.02
relative to control) (gure 42C). Treatment of cells with SU1261 aloeghibited no

change in the basal levels of either p52 or p100
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Figure 41The ef fect o fib-iBddcedpSZformation in Pdoel cells

Panel cells were préreated withincreasingconcentrations of SU1087 or 0.15% DMSO for

1h prior to s tbp@6End/na)tfdr d4h. Windletcdll extracts were prepared
and proteins were analysis by Western blotting and assessed for p100 (100 kDa), p52 (52
kDa) andp65 NFkB (65 kDa) which was used adoading control (A) Blots were assessed

by semiquantitative densitometry and results expressed as fold stimulation relative to
controlfor p&2 (panel B, p100 panelC). Each value represents the mean = S.BfNhree
independent experiments®¥™* p<0.001 compared with agoniststimulated control.
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Figure 42T he ef fect o fib-iBduck®ob b2 formatidn ih Banel cells

Panel cells were préreated withincreasingconcentrations of SU1261 or 0.15% DMSO for
1h prior to s tbh(dBnd/nal)tfdr 24h. Wihdletcéll extracts were prepared
and proteins were analysis by Western blotting and assessed for p100 (10@3D&2

kDa) and GAPDH (37 kDa) wth was used aa loading control panel ABlots were
assessed by semuantitative densitometry and results expressed as fold stimulation relative
to controlfor p52: (panel B, p100 panel Q. Each value represents theean + S.E.Mof

three independent experiments;} p<0.001 compared withagoniststimulated control.
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43. 3 The effects of the I KKU inhibitor

Another compound SU1411 {K4/838 M), which was approximately 5 fold less
potent than SU1261 in the kinase assay, was also tested as shown in Figure 4.3A.
Pretreatment of Bncl cells with 30nM of SU1411 alone had little effect on
unstimulated levels of both p52 and plQBigure 43A). Following LTUib,
stimulation, the formation of p52 was significantly decreased by exposure to
SU1411, but this effect was only observed following treatment with the highest
concentrations, XM and 30rM (Figure 43, panel B). Inaddition expression of

p100 was decesed to 0.49 + 0.37 and 0.39 + 0.04 followtreatment with10nivi

and 30rM respectively, compared withgoniststimulatedcontrol (fold stim 1.05 +

0.045 ( seeFigure4.3, panel C).

43. 4 The effects of the | KKU inhibitor

Another compound SU1432 (Ki 23/31G1) was examined to study the effect of
IKKa inhibitor on the p52 formation. The results has been showed there were
inhibition of formation of p52 and expression of pl&dd it wasobserved the

highest concentratiofi0 and30nM), as shown in Figure.4 (panels B and C).

43. 5 The effects of the | KKU inhibitor

Unlike the effects of SU compounds previously reported, SUIK381/502%M)
induced a significandecreasén the levels of p52 innstimulated cells, compared to
untreated controls. Furthermore, reduction in the expression of p100 was observed,

p52 and pl00 levels were significantly decreased following exposuremid &6d

30mMM SU1434 Figure 45, panels B and C)Taken together, tls® experiments
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showed a consistent pattern of results, &iKhibitors have the ability to block p100
expression and p52 formation in Pahcells as well as MiaPa&acells (data not

shown).
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Figure 43The effect of ff5thedatedplod processirigihBant cells

Panel cells were préreated with treated witlincreasingconcentrations of SU1411 or
0.15% DMSO for 1h pr ibp(t5ng/imt) fos2dh. \Wihole eell extdactsvi t h L
were prepared and then separated by $ID&E and assessed for p100 (100 kDa), p52 (52

kDa) and p65NFkB (65 kDa) which was used asloading controlpanel A.Blots were

assessed by semuantitative densitometry and results expressed as fold stimulatiduerelat

to controlfor pS2 (panel B, p100(panel C). Each value represents the mean + S.|BfM

three independemxperiments** p<0.001 compared witlagoniststimulatedcontrol.
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Figure 44Theef f ect of S UMf-th&latedypp0d procesding in Pant cells

Panel cells were préreated with treated witlincreasingconcentrations of SU1432 or
0.15% DMSO for 1h pr ihbp(t5ngimd) fos2eh. Whole eell extdactsvi t h L
were prepared and then separated by-8BB&E and assessed for p100 (100 kDa), p52 (52

kDa) and p65NFkB (65 kDa) whch was used aa loading control paneR. Blots were

assessed by semuantitative densitometry amdsults expressed as fold stimulation relative

to controlfor p52 (panel B, p100(panel C. Each value represents the mean + S.BfM

three independemxperiments*** p<0.001 compared witlagoniststimulatedcontrol.
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Figure 45T he effect of f5ilediat€ddpl00 paressingin Pant cells

Panel cells were préreated with treated witlincreasingconcentrations of SU1434 or
0.15% DMSO for 1h pr ibp(t5ngind) fos2hiWhale caltertrdctswi t h L
were prepared and then separated by-8BSE and assessed for p100 (100 kDa), p52 (52

kDa) and p65NFkB (65 kDa) which was used asloading controlpanel A. Blots were

assessed by semuantitative densitometry and results exprésaefold stimulation relative

to controlfor pS2 (panel B, p100(panel C). Each value represents the mean + S.BfM

three independemxperiments** p<0.001 compared witlagoniststimulatedcontrol.
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44Ef fect of SU cibompuocadmudlear on L TU
translocation of p52 in Panc-1 cells

The results shown idrigure 41 to 45 demonstrated that SU compounds could

inhibit the formation of p52 in whole cell extracksoweer this does not necessarily

indicate theeffect of exposure to SU compounds g2 mediatedjene expression,
thusnuclear traslocation of p52 was assesgedietermine whether the nuclear form

of p52 would bealsoinhibited. SU1261 and SU1433 were useslarepresentative
compound.The results irFigure 46 demonstrated thatanslocatiorof p52 intothe

nucleus wassubstantially increased following Wb, stimulation for 24 h. This

response wasubstantiallyreduced following exposute 0 3 ¢ M, 10e M and

SUl26land E M3 M &ld d IU1433
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Figure46The effect of SU126binduced traBdlbdattod g52impon L T
Panc1 cells

Panel cells were préreated with SU1261 or 0.158MSO panel A or SU1433 or 0.05%

DMSO panel B for 1h pibi(idmg/mk) for 24ht Nuctearl extractesd wi t
were prepared as outlined in section 2.4. The samples were separated-BAGBESNnd

assessed for p52 (52 kDa) amgicleolin (100 kDa) which was used as loading. The results

are representative two independent experiments.
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4.5 The effect of SU compounds on La1b.-induced phosphorylation
of p100 in Panel cdls

As previously discussed inChapter Thr e e , 1b, taf Ualso indoe the
phosphorylation of p100 iRancl cells(Figure 3.1.). The results iRgures 4.1 to

4.6 demonstrated that SU compounds could inhibit the formation of p52 and nuclear
translocation of p52 in Pa#fic cells. Therefore,the effecs of exposure to SU
compoundson the phosphorylationof p100 were also tested below using a 4h
stimulation period, previously shown to be the maximal resporiseTt,.

451Ef fects of | KKU inhi bi tToaibsind$edl 0 8 7
phosphorylation of p100in Panc-1 cells

The results irFigure 47 and 48 show the effect of both SU1087 and SU1261 on the
phosphorylation of p100L T10, stimulated a marked increase iRpp00 levels
(35.47+ 2.6 foldstim, n=3), which was reduced by approximately 25% following
pretreated withDMSO (28.45 + 2.78 Nevertheless, SU1087 was found to be a
potent inhibitor ofphosphorylatiorp100, as little as OV reduced phosphorylation
levels from 28.45 + 2.78 to 9.4 + 1.78 fold whilst atBDstimulation was reduced
further to 1.7 £+ 0.51 foldapproximately equivalertb 95% inhibition(Figure 47).
Likewise, pretreatment witiSU1261 alsaesultedin a significant inhibition 0100
phosphorylation which was observed at the lowest concentration usetl|. @8er

85% inhibitionwas achieved atM of SU1261 (7.23 + 2.08 fold) (see Figure 4.8).
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30 - - 0.3 1 3 10 30 | SU1087 (uM)

LTa, B, (15ng/ml)

Figure47The ef fect o fib-iBducedphospharytatioh @ 00 in Pand
cells

Panel cells were préreated withincreasing concentrations 8fJ1087 or 0.15% DMSO for

1h prior to s tbi(1Bogimy foi4b. Whaleicell kextrdctS Were prepared and
proteins were separated by SPBGE and assessed foipft00 (100 kDa) and p6HFkB

(65 kDa) whichwas used as a loading control paAel In panel B liots were assessed by
semiquantitative densitometry and results expressed as fold stimulation relative to control
for p- p10Q Each value represents the mean + S.BfMhree independergxperiments,

*** n<0.001 compared witlagoniststimulatedcontrol.
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Figure48The ef f ect o fibriSduce®pbaspharytation df plo0 in Pand

cells

Panel cells were préreated withincreasing concentration &U1261 or 0.15% DMSO for
l1h prior t o s thi(Bogimd for 4b. Wholeicell kxtrdct$ Were prepared and

proteins were separated by SPBGE and assessed foipft00 (100 kDa) and p6NHFkB

(65 kDa) which was used asloading controlpanelA. in panel B lots were assessed by
semiquantitative densitoetry and results expressed as fold stimulation relative to control
for p- p10Q Each value represents the mean + S.BfMhree independergxperiments,

*** n<0.001 compared wittagoniststimulatedcontrol.
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452The effects of tSH1438 brKTKailb.-indumceédi bi t or
phosphorylation of p100 in Panel cells

Fur t her moib-stinulatedPant1Tcells, SU1438Ki 4.5/135nM)exposure
(Figure 49) induced significant inhibition of p100 phosphorylationfro88D & M i n
a concentratiodependent naner, the maximum inhibition observed 30nmM (1.64

* 0.53fold) compared to 33.52 + 2.15 agoniststimulatedcontrol.

142



e <€— p-p100

TN

-_------—_. <€— p65

+ + + + + + + LTa,B, (15ng/ml)
+ - DMSO
30 - - 0.3 1 3 10 30 | SU1438 (uM)
B I r-p100
40+
8 304
2 20
3
[s]
L 104
0_
LTayB; (15ng/ml)
DMSO

30 | SU1438 (uM)

Figure49The ef fect ofib2UlMdwBc eoch plhiTdds phor-¢l at i on
cells

Panel cells were préreated withincreasing concentrations 01438 or 0.15% DMSO for
1h prior t o s tbi(Boglmd fori 4b. Wholeicell bxtrdct$ were prepared and

proteins were separated by SBPBGE and assessed foipft00 (100 kDa) andgb NFkB
(65 kDa) which was used adoading control (A).In panel B lots were assessed by semi
guantitative densitometry and results expressed as fold stimulation relative to tmnjxol
p10Q Each value represents the mean + S.BMhree independengxperiments; **

p<0.001 compared witAgoniststimulatedcontrol.
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453Theeffed s of the | KKU inhibdontors SU134

phosphorylation of p100and p52 formationin Panc1 cells

The results in Figure 4.7 to 4.9 showed there was a significant reduction in level of
phosphorylation of p10from the lowest concentration used (@\). It was decided

to develop a fuller concentrationscurve and to rassess the effects upon p52
formation and p100 levelat the 4h time pointThis was exemplified using SU1349
and SU1433 compoundbat werereadily available.Both Figures 4.10 and 4.11
show that whilst in response tdraib> shorter time sitmulation at 4 h,dfre was
increased levels of-p100 as expected, interestingly there was an increase in p52
formation which was acompanied by a loss in p¥perssion Figure 4.10
demonstrates that increasing concentrations of SU1349106M) significantly
reduced the level of p100 over all concatibns that were used in the experiment
(see Figure 4.10 panel B). Furthermore, formation of p52 was also significantly
inhibited by SU1349and the loss of p100 also reversed. A very similar result was

observed for SU1433 (see Figure 4.11).
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Figure 410The ef f ect o fib-iBdiceBphdpharyiatioh df P00 and
formation of p52 in Pancl cells

Panel cells were préreated withincreasing concentrations addU1349 or 0.05% DMSO
for 1h prior t ob&Sng/mufdrdnt Whole celwexttadtts werg jitepared
and proteins were separated by SESGE and assessed foipf00 (100 kDa) and p52 (52
kDa) panel A Blots were assessed by segoiantitative densitogtry and results expressed
as fold stimulation relative to contrédr p-p100 (panel B) and p52(panel . Each value
represents the mean = S.Edf three independergxperiments** p<0.001 compared
with agoniststimulatedcontrol.
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Figure411The effect ofib2SUlMdBWBc eoch phTdds phor vyl ati on
formation of p52 in Pancl cells

Panel cells were préreated withincreasing concentration ddU1433 or 0.05% DMSO for
1lh prior to s tbi(Boglmd foi 4b. Wholeicell bxtrdct$ were prepared and

proteins were separated by SPEGE and assessed fopp00 (100 kDa) and p52 (52 kDa)
(panel A) Blots were assessed by segumiantitative densitometry and results expressed as

fold stimulation relatte to controlfor p-p100 (panel B) and p52(panel §. Each value
represents the mean = S.Edf three independergxperiments** p<0.001 compared

with agoniststimulatedcontrol.

146



4.6 The effectof SU compounds orthe canonical NFkB pathway in
Pancl cells

461Thed f ects of SU c endupcedikBtls degr aNBUIi or
and phosphorylation of p& NFkB in Panc-1 cells

In order to determinavhetherthe SU compounds were selective for l&Kheir

effects were assessed again§iNFa-stimulated the KB U degradation and
phosphorylation of p6BIFkB as markers ofhe canonicalNFKB pathway SU1087

inhibited both TNFa-stimulated IkB Udegradationand p65 phosphorylation in a
concentratiordependentmanner (Figure 4.12). The levels i BBU degr adat i
retuned ¢ basal leved with increasing concentratiores SU1087 40.58 % + 4.%0,

87.08 £ 7.2, 100 + 1.146 and 101+0.5%%6,f ol | owi ng exposure t
10eM and 30&eM r es pe agonistsemulatedcontolrampahee d wi
phosphorylation of p6BIFkB was also inhibitedféld stim was4.84 + 0.043, 1.75+
0.046, 1.89 N 0.56 and 0.99 N 0.018 foll
30e M respect i v eéNFastimuatedognteol (B4®3 # 003). These
observations suggest that SU1087 could influbth the canonical ambn-canonical

NFkB pathway and are consistent with the lack of selectivity at the level of kinase

activity.
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Figure 412Ef f ect of S Unefidted kbW deNgFrUadati on and
phosphorylation of p65NFkB in Panc-1 cells

Cellswerepré¢ r eat ed with SU1087 and 0.15% DMSO f or
for 15 min. Whole cells extracts were prepared, and then blottedBddl ( 37 k-Da) ( B)
p65NFkB (65 kD3g (C) and p6SNFkB (65 kDa) which was used asoading control Blots

were assessed by sequantitative densitometry and results expressed as fold stimulation
relative to controfor IkB Upatel B) and pp65 NFkB (panel Q. Each value represents the

mean = S.E.Mof three independergxperiments;** p<0.001 compared withagonist
stimulatedcontrol
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A number of other SU compounds were examinexposureof Panel cellsto
SU142 (Figure 413A) and SU148 (Figure 413B) induced partial inhibition of
phosphorylatiorof p65NFkB and kB U d e g rhawbkweet thesemrsponses were
only observed followingpre-treatment with the highest concentratiaisompound

10 M and 30 g M.

The results shown in Figures 4.ldemonstrate that of th&U compounds
investigated, namelgU1349, SU1261SU1433had no effect on eithekB Uoss or

phosphorylation of p6BIFKB confirming their selectivity as IKK inhibitors at this

level.
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Figure 413Theeffecsof SU1436 and Suddiat@d2kBondE&ENFHEdat i on
and phosphorylation of p65NFkB in Panc-1 cells

Cells were prereated with SU1432 (panel A) and SUB4panel B) or 0.15% DMSO for
1h before stimulation with TNFU for 15 min.

blotted for kBU ( 3 7 -p6BNFRB, (65 gDa) andp65NFkB (65 kDa) which was used
asaloading control. Each blot is representative of three experiments.
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Figure 414TheEf f ect s of SU1261, SU-m8dh@edikBidd SU1433
degradation and phosphorylation of p6a9NFkB in Panc-1 cells

Cells were prdreated with SU1261 or 0.15% DMSO (panel A), SU1349 or 0.05% DMSO
(Panel B) and SU1433 or 0.5% DMSO (pangf& 1 h bef ore sti mul ation v

min. Whole cells extracts were prepared, and then blottecBotJl ( 3 7 -pBSINEKB, p

(65 kDa) and p63\NFkB (65 kDa) which was used &sloading control. Each blot is
representative of three experiments
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462Theef f ects of SU ib-induped kBiWl ceng rLaldlat i o
and phosphorylation of p65NFkB in Panc-1 cells

ChapterThr ee de mo n s tib, @duld dctivaté laoth cahchithl ambn-
canonicalNFkB pathways.In order to confirm selectivity further theffects oftwo

SU compounds, SU108andS U1 2 6 1, ibonduced KBRIJU degr adati on
phogphorylation of p65NFkB were examined (Figure 4.A% The results showed

that following SU1087 exposure there was a concentraipendentnhibition of

p65 phosphrylation and reversal of kB U d e g r &owevern, dohowing

treatment with either SU1261, no effect on degradatiokBfd or phosphory
of p65NFkB was obseved in Pan€l cells (Figures 4.15B)This further confirmed

the selectivity profile of SUIRL against. T 10;.
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Figure 415Theef f ect of SU1O0 8 7 :b-anediate®IkB1U2 6dle gaora dlat U o n
and phosphorylation of p65 NFKkB in Panc-1 cells

Cells were prereated with SU1087 (panel A), SU121(ganel B) or 0.136DMSO for 1h
before st i muhb @rtlh. dholewellseRtradtswere prepared, and then blotted

for kBU ( 37 -pBSIN&KB,(65 kDa) and p6INFkB (65 kDa) which was used as
loading control. Each blot is representative twoegkpents
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4.7.1Csovalues for SU compoundsagainstL T iB-induced p52
formation, p100expressionand phosphorylation of p100

Next, 1Gso values for the SU compounds were calculated and directly codhpare
through analysis of the Western hiot) data and fiihg to a sigmoidal concentration
response curve using GraphPad Prism software (versiae®)Jable £. The 1Go

values for p52 formation and p100 expression were determined after stimulation with
L T 16, (15ng/ml)for 24 h (Figure 4.16). Tére are some caveats, on occasions there
were not enough points in the dynamic part of the curve and the range of compound
tested was not alwaysptimal Nevertheless, there were two SU compounds that
showed 1Go for both p52 and p100 less thanmi\; SU1433 and SU1349. All the
other compounds were less poteith betweervaluesl and 1@M. In addition, for

2 compounds (SU1349 and in particular SU1261) there seemed to be some

dissociation between inhibition of p100 and p52, see Figure 4.16.

The 1Gyo values for the inhibition of the phosphorylation of pl00 were also
calculated as outlined previously (Figure 4.1Xypain the curve fitting procedure

was not optimal there were not enough points to cover the full curve and these can
only be estimationsHowever what can be ascertained is that in general the IC
values for pp100 at 4 h wer®f an order of magnitude less than theol€alues
estimated for the inhibition of p52 formationalh. The 1Go of SU1349 and SU1433

for p52 formation at 4 stimuhktion, p100 expression and phosphorylation of p100
were less thanrM in comparison with other SU compounds that suggest these

compounds are mosignifcantcomparedwith other SU compounds.
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Table 42 ICsp values SU compoundsagainstboth non-canonical and canonical NkB
pathwaysintermediates

SU compounds p100 p52 p-p100 p-p65 Reversal of
(at 24 h) (at 24 h) (at4 h) NFkB IkBa (at 30
(at 30 min) min)
SuU1087 5.47 + p522.08+ |>0. 3 0.83 + 0.83+0.03
2.31 h 0.22 h 0. 03 e M
SuU1261 1.22 + 3.08 + 0.75 >30e M >30e M
0.11 ) 0.25 ) 0.25"M
SuU1349 0.29 + 0.48 + 0.24 + > 10 > 10 g WMV
0.0671M 0.151M 0.01Imv
SU1399 Between3-10 | Between 3 | Between | Between 3 | Between 310
eM (N=|10e M 310 €10 eMleM ( N=2
(N=1) N=3 (N=2)
SuU1411 5.09 3.88 + 0.85 + >30e M >30e M
+0.097M) 0.27 h 0.16mM
SuU1432 9.8 + 10.67 £ Between | Between Between 1680
1.13 h 1.01 ~h 310 €/1030 ¢eleM ( N=3
N=2 (N=3)
SuU1433 0.65 + 0.45 + 0.39 + >10e M >10e M
0.151M) 0.11niv 0.081M (N=3) (N=3)
SuUl1434 5.66 519+ Between | > 10 > 10 gWV
1.28 h 0.51 Mh 0.31.0 (N=3)
e M
(N=1)
SuU1436 58.25+15.25 14.25 + 71+0.3 |> 10 &M
2.75 h eM (N
SuU1438 Between 0.3 | Between 0.94 + >10e M | >10e MN=1)
1 ¢M (]031 ¢ MO0.0InM) |(N=1)
(N=1)
SuU1497 Between 3 Between 3 | Between | Between 3 | Between 310
10e M 10e M 310 €10 eMleM (N=1
(N=1) (N=1)
SuU1499 Between 13 | Between 1 | Between | Between Between 0.3
eM (N=|3 M 031 ¢€|033 eMeM (N=3
(N=3) (N=3) (N=3)
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Figure 4.16 The ICso values of SU compoundaganistpl00 expression angh52
formation following LT aib. stimulation of Panc-1 cells

The data obtained from Western blotting of SU compounds. Resultss@fol(p100
expression and p52 formation were s@uantified by densitometric analysis théeita was
fitted to a sigmoidal dose response curizach value represented the mean £ SEM of three
independent experimenfer (A) SU1087, (B) SU1261, (C) SU1349, (D) SU1411, (E)
SU1432, (F) SU1433, (G) SU1434 and (H) SU1436.
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Figure 4.17 The I1Cso values of SU compoundagainstphosphorylation of p100
following LT aib, stimulation of Panc1 cells

The data obtained from Western blotting of SU compounds. Resultsqaifl@-p100 were
semiquantified by densitometric analysis thdeita was fitted t@ sigmoidal dose response
curve. Each value represented the mean + SEM of three independent expeifitngiA)
SuU1261, (B) SU1349, (C) SU1411, (D) SU1488 SU1438
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