THE ROLE OF THE SYSTEMIC INFLAMMATORY
RESPONSE, THE JAK STAT PATHWAY AND THE
MAPK PATHWAY IN THE PROGNOSIS OF

RESECTABLE PANCREATIC CANCER

Simon Denley MBChB MRCS

Submitted in Fulfilment of the Requirements for the

Degree of MD

Division of Cancer Sciences & Molecular Pathology

Faculty of Medicine

University of Glasgow

July 2008



ABSTRACT

Pancreatic cancer is a devastating disease witte géar survival of only 2-3%.
Only 10-15% of patients have resectable diseapeeaentation and the only
potential cure is major surgery with adjuvant chéremapy. The outcomes of
surgery are disappointing with a median survivabialfy15-17 months and
operative mortality and morbidity figures of 5-1G#d 40% respectively. This
abysmal prognosis is likely due to the highly aggree nature of the tumour, its
resistance to adjuvant therapy, its late presemtaind the likely presence of

micro-metastases not detectable at staging or surge

A pre-operative systemic inflammatory responsenfaasured by CRP) is known
to be associated with a poor prognosis in a nurabeancers including pancreatic
cancer. The reasons behind this poor prognosisarnget known. The main
driver of plasma CRP levels is the cytokine IL-Gplwn to be elevated in the
plasma of patients with pancreatic cancer. Thisithieypothesises that
upregulation of two IL-6-dependent pathways, th& BYAT and MAPK
pathways is responsible for the poor prognosisa@ateal with an inflammatory
response in pancreatic cancer. Both of these pgthar@ known to be involved in
cellular growth, differentiation and apoptosis aviten activated they may confer
a growth or survival advantage to tumour cells. &imes of this thesis were to
establish the prognostic role of a systemic inflatory response in resectable
pancreatic cancer in both a retrospective and pais@ cohort and establish
whether increased protein expression in eithed &€ STAT or MAPK pathways

is associated with a poor prognosis in the sanmesgé¢ctive cohort.



A retrospective database of 148 patients who haengone Whipple resection
for either pancreatic cancer (PC) or non-pancrgegticampullary cancer (NPPC)
was created with pre-operative CRP values and&lrdata. The author then
created tissue micro-arrays (TMA’s) with both tumand normal pancreatic duct
tissue from each of the 148 patients in the retospe cohort and carried out
immunohistochemistry on 12 antibodies known to egial in IL-6 signalling (6
in the JAK STAT and 6 in the MAPK pathways). Follog staining the author
scored each of the antibodies using the weightetd$gore to allow analysis of
antigen expression. During the period of resedrehauthor also created a
prospective database of 36 patients who underwegéesy for either PC or
NPPC. Plasma was stored pre-operatively from eatifreqgatients and this was
later thawed and using an ELISA kit another redeéettow (JL) was able to

establish plasma levels of IL-6 in the prospectiwbort.

On univariate analysis a raised pre-operative CR® agsociated with poorer
survival, 374 days versus 618 days (p=0.0001)erré¢trospective PC group only.
On multivariate analysis, only pre-operative CRRired statistical significance
amongst those factors shown to be significant ovaniate analysis (P=0.009). In
the prospective group, patients with low level$Le6 had a median survival of
799 days, against a median survival of 537 daysase with high plasma IL-6
levels (P=0.002) when all 36 patients were analysgdther. On analysis of
protein expression, no significant relationshipaesn increased expression and

poor survival was seen for any of the 12 protemaysed.

The results from this thesis confirm that a prerapee inflammatory response is

associated with poor survival in patients with otable pancreatic cancer. Raised



plasma levels of IL-6 are also associated with gosurvival in similar patients.
However, the poor prognosis appears to be via a3AKT/ MAPK independent
mechanism. Other possible explanations for this poagnosis including the
connection between inflammation and cachexia ahdromportant inflammatory

proteins such as NkB and SOCS are explored in the discussion of b@sis.
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1.0 INTRODUCTION

17



1.1 Pancreatic Cancer

1.1.1 Epidemiology

In the year 2000 pancreatic cancer was the ten#t coonmon cancer in the UK,
accounting for 3% of the total cancer burden withny 7000 registered cases
Over the last thirty years the incidence of panorezncer in UK men appears to
be falling, from just over 12 cases per 100,0009i1 to 10 in 2001. The rate in

women appears to be static at around 7.5 case<)pdio0.

In 2002 pancreatic cancer was the sixth most contaase of cancer death,
behind lung, bowel, breast, prostate and oesophageeer. It is a devastating
disease with figures from 1996-1999 in the UK shaywa 5 year survival of only

2% in men and 3% in women, the worst in both sexes.

The reason for this abysmal prognosis is the legsgmtation of pancreatic cancer,
coupled with the highly aggressive nature of thmadur and its resistance to
extant treatments. The only potential cure is r@dargery combined with
chemotherapy which can only be performed for IsealidiseageFigures from
2003 in the USA show that only 8% of patients pnésg with pancreatic cancer
had localised disease. This compared with 15%, 3%4, 83% and 25% in lung,

bowel, breast, prostate and oesophageal canceecta®ly’.
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1.1.2 Pathology

1.1.2.1 Tumour Types

The terminology surrounding pancreatic cancertsrotonfused and it is
important to establish it correctly early in thiesis. The term pancreatic cancer
means a tumour arising from the pancreatic duissiié and from this point
whenever the term pancreatic cancer is usedéfésring only to tumours arising
from pancreatic ducts. The term peri-ampullary eamncompasses a number of
different tumours that arise at, or near to the Allapof Vater. This term includes
pancreatic cancer (cancer arising from the pancrdatts in the head of the
pancreas only), Ampullary adenocarcinoma (arisrogifthe Ampulla of Vater
itself), distal Cholangiocarcinoma (adenocarcin@msing from the distal bile
duct adjacent to the Ampulla) and duodenal aderowana (tumour arising in
the duodenum adjacent to the Ampulla). It is wordking that the term peri-
ampullary cancer does not include pancreatic caamtging from the neck, body
and tail of the gland, which account for approxieiaB0% of pancreatic cancers
(the other 70% arising within the head of the g)an@inother group of tumours
that can also cause confusion are neuroendocnmetixs arising within the
pancreas. These tumours are out with the scopgesotitesis and are not referred

to again.

Although the anatomical origins of these tumouesaiten only separated by
millimetres it important to differentiate betwedreim as their prevalence and
prognoses differ significantly. Yeo et al looked24® patients who underwent
pancreatico-duodenectomy for peri-ampullary caoeer a 22 year periddOf

the 242 patients identified 62% were pancreaticees) 19% were ampullary
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adenocarcinomas, 12% were cholangiocarcinomas #naete duodenal
tumours. Post-operative 5 year survival varied tyesth tumour type: duodenal
adenocarcinomas 59%; ampullary adenocarcinomas 8®8tgngiocarcinomas
27%; pancreatic tumours 15%. The median survinasi for the different
tumours follows a similar pattern: duodenal tumpatients median survival was
not reached at the time of publication; ampullampours 49 months;

cholangiocarcinomas 22 months; pancreatic can@nmsdhths.

The study by Yeo et al demonstrates the differemoaitcome for patients with
pancreatic cancer (PC) and non-pancreatic peri-tanpeancer (NPPC). The
factors associated with poor survival post-resedtiathis study were poorly
differentiated tumours, tumour within resected lyrmodes and tumour at
resection margins. All of these factors were shtavibe associated more
commonly with pancreatic cancers and may accourthibextremely poor

survival statistics for that sub-group of patients.

1.1.2.2 Pancreatic Cancer

Pancreatic adenocarcinoma is generally thoughtise #om the pancreatic ductal
cells, the first evidence for this being publisiigdCubilla and Fitzgerald in 1976.
This seminal study showed an increased incidenadmdrmal ductal structures

in patients with pancreatic can€e€ubilla and Fitzgerald, examined 227 cases of
pancreatic cancer and 100 autopsies of patienkt®utipancreatic cancer as
controls. In the patients with pancreatic cancey ttound the incidence of ductal
papillary hyperplasia to be 50%, 20% of these \wtirked atypia and 18% with

carcinoma in-situ, neither features were foundantml! cases. It was noted that
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there was a similar spatial distribution of thessidns to malignant tumours
which is consistent with the theory that they aggaloping adenocarcinomas.
These lesions are now named areas of pancreabtedpithelial neoplasia

(PaniIN).

Many invasive cancers have histologically well-defi precursor lesions, most
notably carcinomas of the cervix, breast and coBumeening programs aimed at
discovering and treating these pre-clinical lesionthe cervix and breast have
been in place for a number of years and studies bhown a reduction in
mortality due to these screening prograriifiese tumours are readily accessible
for biopsy purposes, a significant advantage dvemptncreas which is very
difficult to sample and as a result, nearly all gaatic specimens come either
from patients who have undergone a pancreatic tiegear autopsy specimens.
These offer only a snapshot of the histologicalyse and it is virtually

impossible to observe the natural history of th@gecancerous lesions within the
pancreas. A classification of these pre-canceramNPlesions was published in
2001with three basic categories PanIN 1, 2 andti3 RanIN 1 separated further

into A and B.

The detection of pancreatic cancer at an earlyestathe key to treating a disease
which has almost always spread by the time the ritpjof patients present to
their medical practitioner. Current imaging techugg are unable to detect areas
of PanIN and the inaccessibility of the pancreakesat impossible to biopsy as
is done with the cervix looking for precursor lesoWe currently don’t know
what the risks of developing invasive cancer froest lesions are or the time

scale involved, but with further research develophaoé the correct tools, the
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detection of PanIN lesions may offer a method ¢&écking very early and

potentially curable pancreatic cancer.

Currently, only a small proportion of pancreatiocars are resectable, the only
potentially curative option being a pancreaticodzreettomy and a number of
large studies have looked specifically at the fiescteading to a poor outcome
following this resection. These include: poor tumdiiferentiation; large tumour
diameter; positive lymph nodes; positive resecti@rgins; surgery out with a
specialist centfe™® In 2005 a study was published that added anathérator of
poor outcome to this list and forms the basis f thesis, a raised pre-operative

inflammatory respons$& This will be discussed in detail later in thisapter.

1.1.2.3 Cholangiocarcinoma

Tumours of the bile duct or cholangiocarcinomasusm@mmon lesions arising
from the epithelial cells of the biliary tract. Thean arise at any point along the
intra or extra-hepatic biliary tree and have a pealdence in the seventh decade
of life. The exact cause of cholangiocarcinomanknown with most cases
occurring sporadically, but there are a numbersif factors including primary
sclerosing cholangitis, congenital biliary cystspéatolithiasis, biliary infection,
dioxin exposure and dietary nitrosamines. A nundgenetic defects have also
been associated with cholangiocarcinoma includirey-expression of the genes
Bcl-2, K-ras, p53 and p16. All of these genetietions are also associated with
pancreatic cancer and will be discussed in moraildater in section 1.1.3. The
only potential cure comes following a pancreatiatkrectomy for those patients

with localised disease.
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1.1.2.4 Ampullary Adenocarcinoma

Cancers of the ampulla of Vater are the second camest of the peri-ampullary
tumours behind pancreatic cancers, accountingpipraximately 20% of casts
Ampullary tumours have a better prognosis and higesectability rate than
pancreatic cancers. A study by Talamini et al df patients, all of whom had
biopsy proven adenocarcinoma of the ampulla, shavwedectability rate of
88%, a median survival of 46 months and a five geavival of 38% in patients
undergoing resectiofis The reasons for this improved prognosis may beline
advent of endoscopy, allowing visualisation of gaHanges in the area of the
ampulla and the earlier onset of jaundice thouglitet due to increased intra-
luminal growth resulting in patients seeking moremppt medical attention. If
they are resectable, ampullary tumours are rembyegmhncreaticoduodenectomy,
but there has been a recent move to attempt lesattion for very carefully
selected localised ampullary tumours. With theadidndoscopic ultrasound
(EUS), benign lesions smaller than 3cm, small nendocrine tumours and T1

carcinomas have been treated with localised resectivith mixed result®*8

1.1.2.5 Duodenal Adenocarcinomas

Of the four peri-ampullary tumours duodenal tumanesthe rarest, accounting
for less than 109 Cancers of the duodenum account for approximagdy of
all small intestinal cancers, with 20% of them app® in the peri-ampullary
regiort®. Patients with familial adenomatous polyposis ha®0 fold increased
risk of developing duodenal adenocarcinoma, but/#s¢ majority of cases are
sporadié’. Duodenal adenocarcinoma is associated with amh@tbgnosis than
pancreatic cancer and a higher resectability fastudy describing 40 years of

experience with duodenal cancers by Ryder fouresaatability rate of 63%, a
23



median survival overall of 22 months, and a Syeavisal of 33%°. Including
only those patients who underwent resection, aab servival of 43% was
achieved. This same study found the factors adsacveith decreased survival
were large tumours, moderate and poor tumour éifffition and invasion of
surrounding fat. These tumours as with the othargmapullary tumours when

operable are again removed by pancreaticoduodengcto
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1.1.3 Genes and the Development of Pancreatic Cance r

Pancreatic cancer, like many other malignanciegangpto result from the
accumulation of genetic abnormalities in key geswesh as oncogenes and tumour
suppressor genes, this is known as the multi-bivfi*. A number of key genetic
abnormalities occurring with pancreatic cancer hasen identified over recent
years with the advent of modern genetic technigifidise PanIN lesions

described earlier are precursors to invasive adenomma then they should
harbour some, but not all of the genetic alteratiseen in invasive tumours and
the number of these genetic abnormalities wouldxpected to increase with

increasing severity of dysplaéfa

1.1.3.1 K-Ras

K-ras is a proto-oncogene that encodes a proteoivad in cell growth and
differentiatiorf®. K-ras is mutated in over 90% of pancreatic duittalours
leading to its constitutive activation and a crucide in signal transductiéh The
fact that the vast majority of mutations are lirdite one codon means it is
relatively easy to detect and has led to a numbeffarts to create a screening
test for pancreatic cancer. Analysis of pancrgatae®, duodenal fluié® and
stool sample¥ for K-ras mutations have been attempted, but iawe yet been

successful in producing a reliable screening test.
A number of papers over recent years have shovirPraN lesions harbour

mutations in the K-ras gene and that these mutaiimrease in frequency with

increasing levels of atyfia”*® These mutations have been found in specimens
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with minimal atypia and therefore K-ras mutations lelieved to be an early

genetic event in the development of pancreaticeranc

1.1.3.2 HER-2/neu

HER-2/neu is a member of the epidermal growth facoeptor family and is
over expressed in approximately 70% of pancreatitad carcinoma$ . Day et
al examined the expression of HER-2/neu in a sefidsictal lesions and found
there to be increasing over expression with inengaatypia in the pancreatic
ducts®. HER-2/neu over expression is also an early eettie development of

pancreatic cancer.

1.1.3.3 p16 (INK4A)

The p16 tumour suppressor gene is located on cltsome 9p and is inactivated
in up to 95% of pancreatic canc&rs Inactivation of this gene leads to
phosphorylation of a number of growth proteins beadls to loss of cellular
control and unchecked proliferatfdnWilentz et al showed that 30% of flat
ductal lesions, 55% of papillary without signifi¢atypia and 71% of papillary
ductal lesions with significant atypia had loserpression of the p16 gene
product*. Yamano et al found there was loss of heterozygasiop in 13% of
low grade ductal lesions compared with 90% of lggide lesions at the same
locatior?. Although not exclusively, the loss of p16 expres®ccurs in higher
grade ductal lesions and is felt to arise after Fifeu and K-ras abnormalities

in the development of pancreatic cancer.
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1.1.3.4 p53

The p53 gene is a tumour suppressor found on clksome 17p and is crucial to
the way a cell responds to stressful insults ssassential for tumour growth
suppression. The function of p53 is lost in aroG@é of cancers secondary to
mutation and the remaining cancers appear to hefestive p53 signallird.
Under normal non-stressful conditions p53 is keépteay low levels, but when
exposed to DNA damage, hypoxia or other insultsyated p53 induces growth
arrest and/or apoptosis by the induction or repvass specific genes. The p53
gene is inactivated in 50-70% of infiltrating pagatic canceré®® Maitra et al
showed that the p53 gene was abnormal in 57% NP2 lesions’.
Interestingly none of the earlier PanIN lesionsieixéd p53 abnormalities
suggesting that it is an abnormality that occuis ila the development of a

pancreatic tumour.

1.1.3.5 DPCA4 (SMAD4)

The Deleted in Pancreatic Carcinoma 4 (DPCA4) geagumour suppressor
gene located on chromosome 18q and is a membke tfansforming growth

factor (TGFR) family*®. DPC4 is inactivated in approximately 55% of

invasive pancreatic adenocarcinomas by a numbdiffefent mechanisntd A
study by Wilentz et al looked at DPC4 in 188 Palddlons and found expression
to be normal in PanIN 1 and 2 but 31% of PanINsBoles had loss of
expressioff. Maitra et al also found there to be inactivati$DPC4 in 28% of
PanIN 3 lesions and completely intact in lesionthwass atypia (PanIN 1 and
2)*°. These studies both confirm that inactivation & occurs late in the

development of pancreatic cancer.
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1.1.3.6 BRCA2

Those patients with inherited tumour suppressioredgRCA2 mutations are
known to be at an increased risk of developinggiraad ovarian tumours. The
same patients are also at an increased risk ofaj@ag tumours in other areas
such as the prostate, the gallbladder, the stonmaalgnant melanomas and they
have a relative risk of 3.51 (95% CI| 1.87-6.58}efeloping pancreatic canter
Goggins et al found Mutations in BRCA2 occurree let the development of
pancreatic cancer, although this was a very linstedy of only 14 PanIN lesions
with a single mutatiofi. It is possible that BRCA2 loss promotes the nmalig
progression of existing lesions in the pancreasCBRIs necessary for
maintaining genomic stability by regulating the DIX&pair process. The fact that
the mutation occurs late in the tumour developrseggests that it requires other
mutations such as p53 to be present to allow th& Bamage to be tolerated as

BRCAZ loss in normal cells leads to lethal chronmababnormalitie¥.

1.1.3.7 The Pancreatic Cancer Progression Model

Over the past 2-3 decades there have been hugecadvia genetics, one of the
key developments being the proof that cancer isreetic disease Cancer is
mostly caused by somatic mutations as opposedrtolige mutations in other
genetic diseases and generally requires an acctiorutd mutations to develop.
This theory is known as the multi-hit concept améey to understanding the
development of cancgr The incidence of most common human cancers
increases exponentially with age due to the mutcéncept, where human
beings collect genetic abnormalities until enough@esent to cause invasive

cancef®.
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Vogelstein et al published their progression mdadetolorectal cancers
development from colonic adenomas in 1%88 progression model for
pancreatic cancer has more recently been publishéttuban et al (Figure 1.1)
as a result of the improved understanding of geragthormalities involved in
pancreatic cancer (discussed above) and the stagech they appear from

normal epithelium through the PanIN stages to iiweaadenocarcinonta

Figure 1.1: The pancreatic cancer progression model (Hrubaii gt
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The development of the progression model for patireancer paves the way
for further research aimed at identifying lesioad\ebefore the inevitable spread
has occurred. This research may involve the dewsdop of molecular genetic

based screening tests looking at pancreatic orehadluid>%°
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1.1.4 Risk Factors For Pancreatic Cancer

As the vast majority of patients presenting withgaatic cancer have incurable
disease, a lot of research has been directedesisgigprevention and the
identification of risk factors involved with the Wiopment of pancreatic cancer.
These risk factors can be divided into two catezmrihose that are modifiable

and those that are not.

1.1.4.1 Non-modifiable Risk Factors

Pancreatic cancer is a disease of the elderlindidence increasing with afé”
Over 80% of cases are diagnosed in the 60-80 yeage group, the main reason
being the collection of genetic abnormalities désad in section 1.1°%:

In the US it has been noted for a number of ydasthe rate of pancreatic cancer
was higher for African Americans than Caucasiansufber of studies have
examined the reasons for this, but the evidenceappo be conflicting, some
studies claiming that any difference is due contbng environmental factors,

others claiming differing genetic mutation rates &iomarker expressiéh>®

A relatively small proportion of pancreatic cancéfsl0%) appear to be due to an
inherited dispositiof!>* This “familial pancreatic cancer” appears tadistinct
from a number of syndromes associated with an ase@ chance of developing
pancreatic cancer discussed later. A study follgW85 families on the National
Familial Pancreas Tumour Registry found that irséhfamilies where there were
three or more relatives affected, unaffected filestiree relatives were 57 times
more likely to develop pancreatic cancer than megal populatiofi. None of

the families whose members developed pancreatimecdrad a history of
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syndromes associated with aggregation of pancreaticer and this study
appears to highlight a separate group of patidrassaynificantly higher risk of
developing pancreatic cancer, but their geneti&dpaeinds are not yet

understood.

Hereditary pancreatitis (HP) is an autosomal dontidésorder that accounts for
3-6% of all cases of pancreatitis and is causechiation in the cationic
trypsinogen geré. HP is associated with a recognised increasesimisk of
developing pancreatic cancer. A longitudinal sttalipwed 246 patients with a
diagnosis of HP and compared the incidence of aticrcancer with that of the
general population, showing a cumulative risk ofedeping pancreatic cancer of

40% by the age of 70, increasing to 75% with petitransmission of HP'

The autosomal-dominant Peutz-Jeghers syndromehvusizaused by a
LKB1/STK11 mutation and characterised by hamartonsgastrointestinal
polyps and mucocutaneous pigmentation is assoamtbdan increased risk of

developing pancreatic cancer compared with thergépepulatiori®.

Hereditary non-polyposis colorectal cancer (HNP@@aused by a mutations in
the DNA mismatch repair genes and accounts forcequpately 5% of new cases
of colorectal cancer a yéat.ynch first noted the connection between HNPCC

and pancreatic cancer and pancreatic cancer isangidered an integral lesion

in the Lynch syndrome I, with patients being @raater risk of developing

pancreatic cancer when compared with the genemllatorr®.
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Familial adenomatous polyposis (FAP) is a domiryaintherited condition, the
gene for which is carried on the long arm of chreoroe 5. It is responsible for
approximately 1% of colorectal cancers and is attarsed by the formation of
thousands of adenomas in the colon and rectuntetthaintreated will inevitably
progress to colorectal cantef study of 197 FAP pedigrees found a relativk ris

of 4.46 for pancreatic cancer in patients withgiedromé&’.

Familial atypical multiple-mole melanoma (FAMMM) & autosomal

dominantly inherited disorder characterised by ipldtatypical nevi and multiple
cutaneous malignant melanortfa®atients with FAMMM who were p16 tumour
suppressor gene positive were a subgroup at ridewafloping pancreatic cancer

and this subgroup is now termed FAMMM-PC (pancoeagincey"®*

A number of publications, many of them conflictimgwve examined the role that
diabetes mellitus has in pancreatic cafft®r A meta-analysis on the subject
reveals that patients with diabetes do have aeasad risk of developing
pancreatic canc® This study identified 20 case-control and colstutlies
between 1975 and 1994 that included cases withriaidn of diabetes of at least
1 year prior to either pancreatic cancer diagnosdeath. Their results show an
overall relative risk of 2.1 (95% CI 1.6-2.8) foewkloping pancreatic cancer in
patients with diabetes. If all patients who haddias for less than 5 years prior
to their diagnosis of cancer were excluded, thatirad risk was still calculated to
be 2.0 (95% CI 1.2-3.2). As pancreatic cancer ¢h sun aggressive disease, with
a high proportion of patients dead within a yeadiafjnosis, it is highly unlikely
that the relationship between pancreatic cancedaizktes mellitus is due to the

former causing the latter. Interestingly, the dmp studies in this meta-analysis
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that made a distinction between insulin-dependedtreon-insulin-dependent
diabetes both found all cases of pancreatic caarose from the non-insulin-
dependent grodp®’. There are a number of possible explanationshier the

vast majority of patients developing pancreaticcesirare over 70 years of age

and are therefore more likely to have non-insulpehdent diabetes; the pancreas
is exposed to low levels of exogenously administénsulin in insulin-dependent
diabetes, but to high levels of insulin years befand after their diagnosis in non-
insulin-dependent diabetes; the hyperinsulinaessa@ated with non-insulin-
dependent diabetes causes localised increasesad fibw and cell division and
exposure to insulin has been reported to promatetgrin one pancreatic cancer

cell line®®%®

A number of large studies have found an associ&@iween gastric surgery and
pancreatic cancer. Caygill et al found there talbeur-fold risk of developing
pancreatic cancer among 5010 post-gastric resegtitents’. A review article
found a statistically significant increased riskdefveloping pancreatic cancer
after gastric resection for benign peptic diseastdut of 7 suitable papéts

This increased risk is postulated to be causedypgdridity leading to excess

carcinogens such as N-nitroso compounds in ggstce?>.

A number of other conditions are linked with anrgased incidence of pancreatic
cancer including Ataxia Telangiectasia and Pernisidnaemi& "% A persons
height has also been postulated as a risk of dewggancreatic cancer, taller

people having an association with the dis€ase
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1.1.4.2 Modifiable Risk Factors

The most consistently reported modifiable risk da@ssociated with pancreatic
cancer is cigarette smoking, which is named asjarmak factor in multiple
review article&®’®"® A prospective trial by Fuchs et al in the US ledlat
smoking as a risk factor for pancreatic cancerealtihcare professionals and
included over 100,000 individuals followed up oeet2 year peridd. They

found the relative risk of developing pancreatinge to be 2.5 for current
smokers and 1.6 for those people who had ever simeken compared with
people who had never smoked. There was a dose diamtancrease in risk
between those who consumed less than 10 pack yedithose who had
consumed 26-50 pack years. The effect of cessatiemoking was also analysed
and, the relative risk of former smokers decreapnegipitously and approaching
that of never smokers within 10 years of giving bpchs et al estimated that up

to 25% of pancreatic cancers were attributablegarette smoking.

The role of alcohol in the aetiology of pancrea@ncer dates back to the 1960’s
in a retrospective review of chronic alcoholicsBayrch et &°. A number of more
recent studies have shown alcohol to be resporfibbn increased risk of

developing pancreatic cancer when consumed to §x&as

A retrospective cohort study performed in Swedeemdy looked at over
200,000 alcoholics admitted to hospital over a &@ryeriol’. All patients
developing pancreatic cancer within a year of fellep were excluded to avoid
selection bias. Alcoholics were shown have a mod@%i increased chance of
developing pancreatic cancer when compared todheal population (Standard

Incidence Ratio of 1.4 [95% CI of 1.2-1.5]). Thdlars acknowledged that
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information regarding smoking was deficient buthgsilata regarding the rates of
smoking among the different groups of patientswe&en over the time period in
guestion calculated that the increased risk of gatic cancer in those groups
related to alcohol consumption could be entirelglaixed by the confounding of

smoking.

Another large study published by a Canadian groogdd again at the
relationship between pancreatic cancer and alamdrtdumption in 583 confirmed
cases with 4813 contr8fs The results showed that there were varying risks
depending not only on the types and amounts ohalatonsumed, but also
between the sexes. The fact that there are diffegports into the effects of
alcohol on pancreatic cancer and so many confogridsues suggests that further

research is needed including details into the §ipdgpes of alcohol consumed.

Although the connection between pancreatic canegiaécohol consumption
alone is not yet established, alcohol excess @htte pancreatitis. Hereditary
pancreatitis is associated with a significantly@ased lifetime risk of developing
pancreatic cancer, but are other forms of pandieéthronic) associated with a
similar risk? Two large studies have shown an iasee risk of pancreatic cancer
in patients with chronic pancreatitis varying betwe relative risk of 2.04 and
18.5%87 However, both are retrospective, relying on infation gathered from
patient registers and have differing definitionstfte diagnosis of chronic
pancreatitis. A prospective, single centre triadating 373 consecutive patients
with a definite diagnosis of chronic pancreatiéséd on: pancreatic calcifications
on imaging; moderate to marked pancreatic ducsabhs on ERCP (Cambridge

criteria); typical histology on adequate surgicahpreatic specimens; shows a
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connection between chronic pancreatitis and paticreancet®. The results show
a significantly increased risk of developing paatiecancer amongst these
patients with a standardised incidence ration (9f26.7. However, this study
contained only four cases of pancreatic cancersarrdal conclusions about this
relationship can be drawn from this or the previpdsscussed retrospective

studies.

Early evidence indicated that coffee drinkers wasgociated with an increased
relative risk of developing pancreatic cancer,ote recent studies have found

no evidence for thfa8%-9

The ingestion of fatty foods and foods high in estérol is associated with an
increased risk of pancreatic carl@8f°° A high dietary intake of meat,
particularly smoked meat is also associated witlhareased risk of pancreatic
cancef??>% Other high risk foods for the disease includeydpioducts and diets
including high amounts of carbohydrate, salt arghs&®>°’ Food types which
seem to have a protective role in other cancetssalem to be associated with
lower rates of pancreatic cancer, these includednd vegetables and other high

fibre foodg®92:93:95

A large cohort study involving over 150,000 headitecprofessionals found
obesity to be associated with an increased riglantreatic cancer with moderate
physical activity having a protective réteA body mass index (BMI) of 30kg/m
or greater was associated with a relative risldfareloping pancreatic cancer of
1.72 (95% CI 1.19-2.48) when compared with thogeepts with a BMI of

23kg/nt or less. A relative risk of 0.45 (95% CI 0.29-0.W&s observed for those
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undertaking moderate activity when compared toghnghe lowest activity

category.
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1.1.5 The Presentation of Pancreatic Cancer

Pancreatic cancer is associated with a dismal sgnwith only 5-15% of
patients presenting with disease that is amenaldargery, the only potential
cure®. The idea that pancreatic cancer classically ptesgith painless jaundice
does not always hold true and a number of otheipsyms are commonly
associated with the disease. When the literatuegasnined the commonest
presenting symptoms are pain, jaundice, weight krssrexia, early satiety,
nausea, vomiting, diarrhoea, xerostomia and aieceaged with signs such as

jaundice, a palpable liver or gallbladder, ascited thrombophlebitis.

One of the reasons the prognosis for pancreaticectas so poor is because the
symptoms and signs that lead a patient to presemtiedical practitioner are
often only present once the tumour has reached\emnaed stage. A review
article by Brand describes a group of early vagueptoms that include non-
specific abdominal pain, nausea, vomiting, sleepliffgculties, anorexia and
general malaisé These symptoms although troublesome may notdqzatient

to their doctor and even if they do, may not prothptnecessary investigations to
uncover an early pancreatic malignancy. The onfseundice which would
usually lead to investigations of the biliary tratay be a late sign depending on

the location of the growing tumour.

A study by Krech et al looked at the common sym@@xperienced by patients
with pancreatic canc¥’. The commonest symptom described was abdominal
pain with 82% of patients experiencing it, most coomly in the right upper
guadrant. The other symptoms described by more38&#mof the patients were

anorexia (64%), early satiety (62%), xerostomi@gp4sleep problems (54%),
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and weight loss (51%). None of these symptomsyageific to pancreatic disease

which again demonstrates the reasons for late dggn

There are certain signs and symptoms that shooldmirinvestigation, but are
often associated with more advanced disease. Miyr#trombophlebitis
(Trousseau’s sign) has been reported in aroundffateents with pancreatic
cancet®. Diabetes Mellitus is present in around 15% ofquais with pancreatic
cancer and many more have glucose intolerance.dxeet diabetes or a change
in insulin requirements in a stable diabetic mawiges of a pancreatic
malignancy. As mentioned earlier controversy exastaind the role that
pancreatitis plays in pancreatic cancer, whethisrjitst a sign of a developing
tumour, or is itself a risk factor for the diseaBatients presenting with
pancreatitis that have none of the normal riskdisctalcohol excess, gallstones)

for the disease, should have further investigationsile out a malignancy.

Jaundice, a sign that would lead to investigatmirttie biliary tract, can appear
early or at an advanced stage depending on thedoazf the tumour. Kalser et al
looked at the prognosis of 399 patients with paataceancer by examining their
clinical presentatiotf. The patients were grouped according to theiragise
stage, group 1 potentially curative, group 2 localhresectable, and group 3 had
metastatic disease. Group one had the smalleshkeand 90% had a pancreatic
head tumour. In this group painless jaundice wasribst frequent presentation
(52%). Group 2 had 83% of their tumours locatethenhead of the pancreas with
pain present in 80% of cases, jaundice in 62% &34 Having both. In group 3
lesions of the body and tail were 4 and 3 fold tgethan in groups 1 and 2

respectively. Pain was present in 85% of casegaamdlice in only 31%. This
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study suggests that those patients with potentiagctable disease do not tend to

present with pain which is the commonest symptomast other papef¥:103104

From the studies discussed above, pain appeaesdedociated with more
advanced disease and is probably caused by invésimmgh the capsule and into
the coeliac and superior mesenteric plexuses. \Weaaclude that the
commonest symptom for patients presenting with peatic cancer is pain. These
patients are likely to have more advanced diseadereke up the vast majority
of the 85-95% of patients who have inoperable dise@hose with tumours of the
body and tail of the gland are likely to be in thisup. Those patients who have
tumours in close proximity to the bile duct (ieadgumours) are much more
likely to present with obstructive jaundice and ergb relevant investigations
quickly. These are likely to be the patients witligmtially resectable disease and

are unfortunately in the minority.
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1.1.6 The Diagnosis and Staging of Pancreatic Cance r

A patient presenting to either their GP or a hadpiith any of the symptoms
discussed above will need to undergo a numberffgrent investigations before a
diagnosis of pancreatic cancer can be made. Faitpwidetailed history and
examination it is likely the treating doctor wilbgn to request blood tests, the
results of which are likely to lead to a numberafiological investigations. Only
after the relevant investigations have been coraglein the definitive diagnosis

be made and the process of staging the tumouregin.b

1.1.6.1 Blood Tests

Unfortunately laboratory blood tests on patientdhwiancreatic cancer are
generally non-specific. If jaundice is presentplagient will likely have
obstructive liver function tests (LFT’s) with ragsealkaline phosphatase, raised

v glutamyl transferase along with an increased Hilirulf the transaminases are

increased disproportionally, this may be a sigaxdénsive liver metastases.
Along with the abnormal LFT’s, the patients clogtimay be affected due to the
malabsorption of fat soluble vitamin K and hencerdased production of vitamin
K dependent clotting factors. There may be othersmecific abnormalities such
as a low albumin, anaemia and evidence of impahecbse tolerance or frank

diabetes.

There are a number of serological markers ofted tséelp establish a diagnosis
of pancreatic cancer. The most commonly used ib@adrate antigen 19-9
(CA19-9). The efficacy of this marker in detectipgncreatic cancer has been
extensively studied, having a sensitivity of aro@@86 and a specificity of 60-
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709%°31% There are a number of drawbacks with this marffkest, increased
concentrations are normally only found in tumourthwa diameter of more than
3cm, excluding the vast majority of resectable tursoSecond, CA19-9 is not
only raised in other Gl tumours including the stemabile ducts and the colon,
but in some benign conditions such as pancredtitigatitis and cirrhosi¥’.
However, when combined with radiological imagingtsas CT, US or ERCP the
diagnostic accuracy is improved and approaches 150@A 19-9 has also been
correlated with prognosis and tumour recurrencene@aly a higher CA 19-9 pre-
operatively indicates a larger tumour and an insgdahance of unresectability.
When used post-operatively to assess adjuvaniriegds, increasing levels of CA
19-9 generally indicate disease progression orrecoe, whereas stable or
decreasing levels tend to indicate a stable turbataen or absence of

recurrenc”.

Other serological assays have been identified sspal markers for pancreatic
cancer, these include carcinoembryonic antigen (CE#&bohydrate antigen 50
(CA-50) and carbohydrate antigen 242 (CA-242). Hmvenone of these have

been found to be consistently superior to CA 1§-4°

Currently none of the serological markers are &bldetect an early pancreatic
cancer and certainly none are suitable as a sogést which would lead to
potentially improved survival figures due to earbargical treatment. The
developments in molecular and genetic medicinerast likely to lead to the
early detection of pancreatic cancer in the futbhte:,at the moment serological

tests are only used as adjuncts to radiologicagjinta
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1.1.6.2 Diagnostic Imaging

Over the last 20 years there have been huge advancadiological imaging
which have greatly enhanced the ability to diagravs stage pancreatic cancer.
During the process of diagnosing and then stagatgipts with pancreatic cancer
the results of a number of radiological investigas are combined to provide
adequate information on the tumour and enable atestaging. There is

currently no single modality that can accuratefgstthe disease in its own right.

The two aims of imaging in patients who have or maye either PC or NPPC
tumours are:

1/. To confirm the diagnosis.

2/. To assess resectability.

The features that are generally accepted to precudical resection dre*2
1/. Metastatic spread to the liver or peritoneum.

2/. Vascular invasion/ encasement.

3/. Lymph node spread.

4/. Spread to contiguous structures such as tineesto, colon, spleen, or spine.
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1.1.6.2.1 Computed Tomography (CT)

Abdominal CT scanning is currently the method adich for the diagnosis and
staging of pancreatic. Modern multi detector CTneeais (MDCT) mean faster
scanning with thinner slices allowing multi-plandmee dimensional
reconstruction. The use of water as oral contnadttined IV contrast injections
(venous, arterial, pancreatic) enable the visuadisaf the course of blood
vessels and bile ducts in and around the pandtdakas been shown to have
excellent results in the diagnosis of pancreatnceawith a positive predictive
value of 92%, a sensitivity of 96%, a specificifydd% and an accuracy of

88%113,114

CT is excellent for predicting unresectability @ngreatic tumours, helical CT
having accuracies of non-resectability of betwe@m®d 96%"'° However, of
patients with tumours deemed to be resectable eoperative scanning, the
accuracy of helical CT has been shown to be far1€s91%" The
commonest reasons for the under staging of pamcteatours are small liver

metastases, lymph node involvement, peritoneabsipaad vascular

invasiortt3:118:119

CT is an excellent modality for diagnosing PC’s &RPC’s and for identifying
non-resectable tumours but is not good at givirgyeate information on
borderline tumours or identifying small peritonealiver metastases. To try and
identify these non-resectable tumours CT is usemunction with other

radiological modalities described below.
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Figure 1.2: MDCT reconstruction of pancreatic duct showing kip@ncreatic

head cancer (arrow) and a dilated pancreatic duttediately distal to the

obstructiori®®.

Figure 1.3: MDCT paracoronal reconstruction of dilated common hiletd

(arrowhead) and a peri-ampullary tumour projectitig the duodenum (arrow
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1.1.6.2.2 Endoscopic Ultrasonography (EUS)

Endoscopic ultrasonography (EUS) was developedari980’s to try and
overcome the limitations of trans-abdominal US liyimating interference from
overlying bowel gas, improving resolution of thenpgeas and surrounding

structures and also enables tissue sampfing

Midwinter et al compared 48 patients with suspegi@acreatic and ampullary
cancer¥? EUS demonstrated 33 of the 34 tumours compargé teith CT. EUS
was particularly useful in demonstrating small tumsomissed by CT.

Tierney et al found EUS to be more sensitive inideatification of vascular
involvement in 51 patients with non-metastaticjja@npullary malignancies
when compared to helical CT and concluded that BUfarticularly useful when

CT findings were equivockt’

The added advantage of EUS is its ability to tadsue samples. The diagnostic
ability of EUS guided fine needle aspiration (EUSAJ in diagnosing pancreatic
malignancies has been examined in a number ofest?tit?® Sensitivities of 91-

94%, specificities of 67-100% and accuracies of 9&8e achieved.

EUS cannot replace CT as it is unable to inclugenthole of the abdominal

cavity in the staging process. However, EUS isastipular value as an adjunct to
CT scanning, particularly where the diagnosis iskmown, in small tumours and
where resectability is uncertain after CT. EUSI$® @ble to gain tissue diagnoses

from pancreatic lesions or from lymph nodes if spres being questioned.
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1.1.6.2.3 Magnetic Resonance Imaging (MRI)

MRI has always had the advantage of not exposiag#tient to ionising
radiation and the ability of modern MRI scannerpéoform pancreatography
(MRCP) and angiography at one sitting has shownpeawable accuracy in terms

of the diagnosis and staging of pancreatic cahtef

With the current technology MRI is unlikely to repe CT as the Gold-standard
investigation, but may have a role to play in thpagents where CT is
inconclusive or resectability is uncertain. Triale awaited to see if the
administration of secretin prior to MRI scanningldhe resulting increased

secretion of pancreatic juice improves restits’”’

1.1.6.2.4 Ultrasound (US)

Abdominal US is often the initial screening invgation for patients with
pancreatic cancer, particularly those sufferingnfjaundice as it is non-invasive,
cheap and readily available. US can also identifistpnes, liver metastases, the
level of biliary obstruction and the presence al@hinal ascites as well as the
size, site and characteristics of the primary turtfduOverlying bowel gas,
abdominal ascites large amounts of fat and theadgecan all significantly affect
the accuracy of US, particularly when looking a pgancreas due to its
retroperitoneal location. US will never be consatkas a rival to CT, but with the
advent of new technologies such as contrast hagadinnay have a role to play
as an adjunct to CT looking for liver metastasesi@mple, but trials of this new

technology are awaited.
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1.1.6.2.5 Endoscopic-retrograde-cholangiopancreatog  raphy (ERCP)

ERCP allows direct visualisation of the pancredtict, the ability to gain
cytological information with brushings and the dgphent of biliary stents where
necessary. ERCP will never be the mainstay of stggnd its role tends to be in
those patients who present with jaundice and areddo have a dilated common
bile duct (CBD). The finding of an irregular stucg in an otherwise normal
pancreatic duct is a sign of a possible malignamya simultaneous stricture in
the common bile duct, the ‘double-duct sign’ (Fggdr4) is often considered a
specific sign of ductal adenocarcinaiffaHowever, cancers arising in the
pancreatic body or tail rarely present with a deuhict sign and not all head
cancers involve the common bile duct meaning tigis will not be present in a
significant proportion of pancreatic cancers. Desfhis, ERCP has been has
been shown to predict pancreatic adenocarcinonfaangensitivity of 70-92%
and a specificity of 90-9481%° |t should be remembered that ERCP is an
invasive procedure with associated risks such aerpatitis (moderate-severe
1.3%), cholangitis (0.87%), haemorrhage (0.76%)ertbration (0.58%}". The
relief of biliary obstruction in those patients witesectable disease by biliary
stenting is controversial, a meta-analysis showimgtatistical advantage and a

higher post-op complication raté

ERCP will continue to be used commonly in the inigadion of obstructive
jaundice, diagnosing the vast majority of pancoetatmours that present in this
way, however its maiadvantages are therapeutic in both operable and non

operable pancreatic and biliary malignancies.
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Figure 1.4: Double-duct sign on ERCP
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1.1.6.2.6 Positron Emission Tomography (PET)

Positron emission tomography scanning or PET sogpis a newer imaging
technique that works on the basis that an IV adstened radio-labelled glucose
analogue metabolism is increased in malignant ediksn compared to normal
tissue allowing them to be identifiéd A number of studies have compared PET
to CT scanning, but due to its current lack of Elality PET will not replace CT

in the near future. As with a number of imagindht@ques it may add to the
staging information of patients with pancreaticaam particularly in picking up

small hepatic or peritoneal deposits.

Rose et al examined 70 patients who were beingstigaged for either primary
(65) or recurrent (5) pancreatic cancer perforn@igand PET®. PET scanning
suggested changes in the management in 43% ohisasiter CT. In nine
patients who underwent FDG-PET before and afteratgovant chemotherapy,
four had evidence of tumour regression, three siastable tumours and two
showed disease progression, none of these chamgesdentifiable on CT. This
paper shows that FDG-PET not only has a role irdthgnosis and staging of
pancreatic cancer, but may also be useful in etialy&eatment response and

tumour progression.

The latest advances have combined CT (anatomicaling) and PET
(physiological imaging), with promising results.ikiéch et al looked at 59
patients with presumed resectable pancreatic cac@eparing standard staging
(chest x-ray, CT) and combined CT/PETThe CT/PET demonstrated hepatic

metastases in five patients and 2 patients witkelsymous rectal tumours that
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weren’t seen on standard staging. Management wagjel in 16% of cases

(p<0.03) as a result of CT/PET.

This new technology needs to be evaluated in lgngespective trials to see if
these promising results hold true, but until PEdnsers are more available it will

not form part of standard staging for pancreatitcea.
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1.1.6.3 Surgical Staging

A proportion of patients who have been found toehpetentially resectable
tumours following a combination of the previouslgalissed imaging modalities,
will in fact have metastatic disease discoverdth@time of surgery. A large
study in768 patients undergoing laparotomy for peri-ampulancer found 33%
had evidence of metastatic disease at laparotomgaam on pre-operative
stagind>>. Of this 33%, 68% were found to have metastatjodis in the liver or
peritoneum suggesting that a staging laparoscopyditave enabled surgeons to
discover these small metastatic deposits thus angallaparotomy and the

morbidity and mortality it entailed (3.1% and 22&spectively in this study).

Conlon et al performed extended laparoscopy (Mighuse of several ports) on
108 patients felt to have resectable disease follpwadiological investigations

and discovered 41 (36%) had metastatic depgdSits

The addition of laparoscopic US (LUS) was examime@0 patients with
pancreatic cancer by Merchant and CoflbrOf the initial 90, 17 were found to
have non-resectable disease radiologically, lapamswent on to identify a
further 41 (45%) patients with metastatic dised$arteen patients were deemed
to have equivocal findings and underwent additidt#b, which deemed 8 non-
resectable cases. Overall, only one patient deeasettable actually had non-
resectable disease, giving the combined techniquasiive predictive index of

100% and a negative predictive index of 98%.
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The largest study looked at 239 patients with perpullary/pancreatic
malignancy who underwent both CT and LUS for stgginrposes®. Of the 239
patients, 190 were found by CT to have resectabkade, the addition of LUS
identified 23 further patients who had metastgtiead. However, of the 167
patients identified by both CT and LUS as havirggotable disease, 31 (16%)

were found to have metastatic disease at laparotomy

The role of laparoscopy with or without US in thaging of pancreatic cancer
remains controversial. There appears to be sultamtdence in the literature
supporting its use, however the largest study te glaowed that LUS still missed
16% of the cases of metastatic spread. It candneedrthat performing a
laparotomy in the first instance allows the surgeoperform a prophylactic
bypass if a non-resectable tumour is found, budragcopic-gastro-jejunostomy is
now a widely used and safe alternative and mangmatwill have a biliary stent
in placé®. The use of LUS in the staging of pancreatic caigcrot universal and

performed at the discretion of individual investma.
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1.1.7 Treating Pancreatic Cancer

1.1.7.1 Background

Pancreatic cancer has one of the poorest outldaii$ malignancies, with
surgical resection improving the outlook in the 168fatients who are eligible
for the procedure after stagi§®. Following surgery survival is poor and
dependent on a number of factors, firstly the typimour, with pancreatic
cancer having a median survival of 15-17 montlggjiBcantly worse than the

other non-pancreatic peri-ampullary cancers (NP£C)

When the reasons for treatment failure are examioedl spread is the major
culprit with 72-86% of patients succumbing to reeace in the pancreatic bed
and 62-92% to hepatic recurrefité”: These figures suggest microscopic spread
present prior to surgery which is not visible eitlmepre-operative staging, or

during the procedure itself and is an obvious taigeadjuvant therapy.
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1.1.7.2 Factors Associated with Poor Outcome

A number of factors have been shown to have a ivegattfect on survival on
patients with pancreatic cancer on multivariatdymms These factors are: the size
of the tumour (larger tumours doing poorly); pagtresection margin; lymph
node invasion; poor differentiation; surgery peried out-with a specialist ufiit

13 Table 1.1 below displays the factors associati#l poor survival and the

relevant publications.

Table 1.1: Factors associated with poor survival following idfile operation for

pancreatic cancer.

Author Ref. | Patient§ Tumour | +'ve LN Poor| Surgery
Number Size RM | Invasion| Diff | Out with
(>2cm) Specialist

Centre
Sohn TA 9 616 X* X - X -
Yeo CJ 10 650 X* X X X -
Lim JE 11 396 X - X X X
Birkmeyer 12 7229 - - - - X

JD
Sperti C 13 78 X X X X -
* Size >3cm.
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1.1.7.3 Surgical Treatment

Surgery for pancreatic cancer involves a major abdal procedure with retro-
peritoneal dissection and multiple anastamosesltigg in significant morbidity
and mortality. The technique of pancreaticoduodimey (PD) was first
described by Kausch in 1912 but later popularizetiMhipple whose name is
now synonymous with the procedtife Post-operative morbidity and mortality
rates were exceptionally high, 60% and 25% respalgtin early series in the
1960’s. Now, the majority of Whipple operations aggried out in specialist
centres, where mortality rates are reported asthess5%, although morbidity
still remains high at around 4394***® The most common causes of morbidity
are often not life threatening, but amount to iasexl hospital stay and delayed
onset of adjuvant therapy. These include delaysttigemptying, pancreatic

fistula and wound infection.

Despite the advances in surgical techniques, eqnpand peri/post-operative
care, survival rates in the 10% of pancreatic capagents who have disease
amenable to surgery remain poor. Five-year surnforgbatients undergoing a
potentially curative resection, vary greatly depagan the site of origin of the
tumour, the best being duodenal (59%), followecimpullary (39%),

cholangiocarcinoma (27%) and finally ductal (15%jistudy of 242 patienits

The most common technique of a Whipple procedunsists of the en bloc
removal of the distal segment (antrum) of the stdmthe first and second
portions of the duodenum, the head of the panctkag,ommon bile duct, and
the gallbladder. Following removal of the specimamtinuity of the bowel is re-

established along with a pancreaticojejunostomyaahépaticojejunostomy.
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More recently, the pylorus- preserving pancreatioodenectomy (Whipple) has
been described large randomised trial of 214 patients compathgtwo
techniques was published by Seiler et al in 260®n analysis, the only
significant differences between the two groups vegrerating time, blood loss
and blood transfused, all being less in the pylgpmeserving group. There was no
significant difference in mortality and morbiditgdth medical and surgical which
included delayed gastric emptying) and long-terttovo up found no significant
difference between the two groups in terms of di/stavival, tumour recurrence

or quality of life.
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1.1.7.4 Adjuvant Treatment

A number of retrospective studies have suggestdtfjuvant therapy may
improve long-term survival, but until recently adant therapy was not routinely

used following surgery for pancreatic cancers aRPE’s >4

A large, multi-centre randomised trial looking atgery, combined chemo-
radiation and chemotherapy alone was needed an&ditopean Study Group for
Pancreatic Cancer (ESPAC) was set up to dé.thige study used a two-by-two
design where, following resection each patient r@aslomly assigned to receive
chemoradiotherapy or chemotherapy, neither tredtmeiboth treatments, with
70 patients enrolled in to each group, yielding borad data for 140 patients in
each group for the two main treatment comparisohsrfio-radiotherapy vs no
chemo-radiotherapy and chemotherapy vs no chenamtherPatients who
underwent a complete macroscopic resection oftalbgically proven pancreatic

ductal adenocarcinoma underwent randomisation.

Chemo-radiotherapy consisted of a 20-Gy dose toutm@ur given in 10 daily
fractions over a two week period plus IV boluslabfouracil on each of the first
three days of radiotherapy and again after a boéako weeks. Chemotherapy
consisted of an IV bolus of leucovorin, followed &y IV bolus of fluorouracil on
each of five consecutive days every 28 days focgtkes. Combination therapy
was the above regimes starting with chemo-radiafhefollowed by

chemotherapy.
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A total of 289 patients were enrolled from 53 htalgiall over Europe between
February 1994 and June 2000. When the results aveigsed for the two main
areas of comparison, those patients who underwemae-radiation had a median
survival of 15.9 months and estimated five yeavisal of 10% compared with
17.9 months and 20% for those who did not get chead@tion (p=0.05). Those
that had chemotherapy had a median survival of 2@iths and estimated five
year survival of 21% compared to 15.5 months andr8#tose that didn’t receive
chemotherapy (p=0.009). When the four individualugrs were examined their
median survivals were 16.9 months in those thatdhese@rvation alone, 13.9
months in those that had chemo-radiation, 21.6 hsofur those that got
chemotherapy alone and 19.9 months in those theived both chemo-radiation
and chemotherapy. The estimated five year surforadach of these groups was
11%, 7%, 29% and 13% respectively. The explanajieen for the apparent
detrimental effect of chemo-radiation on those tkakeived chemotherapy was
that the chemo-radiation delayed the onset of clieenapy post-operatively. This
study shows that the standard treatment for thasergs with resectable
pancreatic cancer should be curative surgery fatbtw adjuvant systemic

chemotherapy.
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1.1.8 Summary

In summary, pancreatic cancer is a devastatingitondvith only a very small
proportion of patients with potentially curableehse. Current methods of staging
still miss a significant number of patients whouadiy have non-resectable
disease, although there have been improvemengsliological staging over the
last couple of decades. The treatment hasn’t clibsigaificantly for half a
century in those patients lucky enough to havectabée disease, but even after
major surgery and more recently adjuvant chemoghyemedian survival is a
mere 21 montts There are a number of well established pathotbdaztors that
have a negative affect on survival including, |largenours, positive resection
margins, lymph node spread, and poorly differeatiatimours but these rely on
the post-operative specintel. Identifying the patients that do poorly after
surgery and learning more about the genetic anécntdr make-up of these

patients may lead to new therapeutic options armtomed survival.

In 2005 Jamieson et al published a paper lookirgpatatients who underwent
resection for ductal adenocarcinoma of the heabeopancreas. On univariate
analysis, sex (p<0.05), tumour size (p<0.05), viascovasion (p<0.001), pre-
operative CRP (p<0.001) and post-operative CRP.(84() were significantly
associated with survival. On multivariate analydishe significant variables,
tumour size, vascular invasion, pre and post-oper&RP retained independent
significance. In fact the group of patients who dai have a raised pre-op CRP
(<10mg/l) had a median survival of 18.2 months caragd with only 8.3 months

in those with a raised CRP (p<0.001). There wasigwificant difference in the
stage, presence of positive resection margins, yngale metastases or perineural

invasion between the inflammatory and non-inflanmonagroups.
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This paper suggests that a pre-operative inflammaésponse is significantly
associated with a poor post-operative survivalatigmts with resectable
pancreatic cancer. This paper forms the basisigthiesis and in the next section

the relationship between inflammation and cancexgored.
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1.2 Inflammation and Cancer

1.2.1 Introduction

The link between inflammation and cancer has beeognised for many years,
Virchow noting the presence of leukocytes in nesipdaissue in 1863, suggesting
that this reflected the origin of cancer at sitestoonic inflammatiofi*®. A

number of cancers are known to have a relationshipchronic inflammation,
including: squamous cell carcinoma developmenteasite of burned skin
(Marjolins ulcer}®® Barretts metaplasia pre-disposing to oesophageslet™;

the increased chance of colorectal cancer developmatients with
inflammatory bowel disease (IBBY; the development of mesothelioma
following asbestos exposdrd As mentioned above hereditary pancreafiasd
more controversially chronic pancreafifiare associated with an increased risk of
developing pancreatic cancer. There are also a euofltancers associated with
chronic infections leading to chronic inflammatwhich are thought to account
for up to 15% of the worlds cancer burdfénincluding: schistosomiasis and
bladder cancer; liver fluke infection and cholarmgiccinoma; papillomavirus and
cervical cancer; helicobacter pylori and gastricoes; Hepatitis B and C and
hepatocellular tumours. These examples demonshatenk between
inflammation and the development of malignancy,wliat are the mechanisms

behind this transformation?
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1.2.2 Inflammation and the Pathogenesis of Cancer

Chronic inflammation may progress from acute inftaation if the initial cause is
not removed, but can be chronic from the outsetofib inflammation is
characterized by infiltration of damaged tissuecbls such as macrophages,
lymphocytes and plasma cells that attempt repain@fiamaged tissugs
Macrophages are the most important cells in therghrinflammatory reaction
due to their production of multiple inflammatory digtors and products. These
include plasminogen activator, enzymes, plasmapretcomplement
components, coagulation factors, reactive metasobf oxygen, cytokines,
chemokines, growth factors and nitric oxide. A nembf these mediators and
products are thought to be crucial in the trans&drom from inflamed tissue to

cancer.

The pro-inflammatory cytokine tumour necrosis fagiNF) is a key
downstream promoter of inflammation and is knowneigulate a cascade of
cytokines, chemokines and inflammatory medidf8rahe major source of TNF
appears to be macrophages which have infiltratectea of inflamed tissue.
TNF’s actions include both tissue destruction ab agerecovery and whilst it can
destroy a diseased cell at sites of inflammatiaaut also stimulate fibroblast
growth. TNF can also be both pro and anti-angiagdapending on the
surrounding conditions and the amount presentsaeaific site. Chronically
produced TNF, for example in areas of chronic mfiaation, can act as a tumour
promoter aiding the development of the necessapynst tumours require for
growth and spread. It may be that TNF is one ofatags in which inflammation
acts as a tumour promoter. Evidence for this has ldemonstrated using

genetically engineered mice that lack the TNF gé&hese mice were shown to be
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resistant to skin carcinogenesis despite exposutadwn carcinogen¥. TNF

has also been the target for a number of clinre@ktinvolving inflammatory
disorders such as rheumatoid arthritis and Croisesade using licensed TNF
antagonists such as inflixamab, with initial resislhowing symptomatic relfef.
Anti-TNF drugs are licensed for cytokine/chemokimigibition, reduced
angiogenesis and prevention of leucocyte infiltnatiall of which may be useful
in a biological therapy for cancer. In fact there a number of ongoing and
planned studies involving anti-TNF therapies aglsimgents and in combination

with other therapies in the treatment of cancer.

There are many similarities between tumour stronthaaeas of inflammation
and thus similarities between wound healing andotwmstroma formation. In a
review article Dvorak described tumours as ‘wouth@dd do not heal’ and it may
be that a persistent stimulus over a long periaihwé (chronic inflammation)
disrupts the normal balance between key moleculése inflammatory response

leading to tumour promotion, with TNF being onetligse moleculés®

Another key molecule in the inflammatory pathwaghie ubiquitously expressed
transcription factor nuclear factor kappa B (MB). NF«B regulates the
expression of various inflammatory, apoptotic andagenic gené¥’. Activation
of NF-xB occurs by a number of stimuli including IL-1, pem kinase C, reactive
oxygen species, viruses, but is primarily inducgd NF*°%** Once activated at
sites of inflammation NRkB causes increased transcription of 27 differenege
encoding for cytokines, chemokines and receptarsia for neutrophil adhesion
and migration including IL-2, IL-2R, IL-6, IL-8, H12 and TNE® These

cytokines can in turn activate the XB-pathway establishing a positive
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autoregulatory loop that sustains and amplifiesriiammatory response. NiB
also induces nitric oxide synthase (iINOS) and cylggenase-2 (COX 2), two
enzymes vital to the inflammatory response and beagesponsible for the

initiation of oncogenic changes in inflamed tissue.

NF-xB has been shown to exert important effects omleglapoptosis and
proliferation via the activation of anti-apoptogienes including cellular inhibitors
of apoptosis (c-IAP1, c-IAP2, and IXAP) the TNF eptor-associated factors
(TRAF1 and TRAF2), the Bcl-2 homologue A1/Bfl-1,daHEX-IL®2 In

pancreatic cancer, TNF related apoptosis was shoWwa inhibited by the co-
activation of NFkB which in turn activated the anti-apoptotic genentioned
above blocking the activation of caspase-8, amaioit protease, involved at an

early step in stimulating the apoptotic pathway

Although more research is needed, f{B-may well be the key molecule that
connects inflammation and cancer. It is activateshilammatory conditions
going on to regulate many genes coding for keyamfhatory proteins. This
creates an autoregulatory loop that propagatepanongs inflammation in the

exposed tissues, as well as causing inhibitiorpoptosis.

The generation of nitric oxide (NO) by the inflamiory cytokine induction of
nitric oxide synthase (iNOS) is present in inflantisgue and is thought to exert
oncogenic effects via a number of mechanisms. Timetede direct DNA and
protein damage, inhibition of apoptosis, mutatib®BA and cellular repair

functions (e.g. p53) and promotion of angiogert&&ids well as NO production
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by macrophages, the iINOS gene is under transangdtiwontrol of inflammatory

cytokines which are in rich supply in inflamed tiss

Another inducible enzyme that is active within amfled and malignant tissues is
cyclo-oxygenase-2 (COX-2¥. COX or prostaglandin H2 synthase is the key
enzyme in the biosynthesis of prostaglandins miegdjanflammation and other
important physiological processés It has been shown to exist as two isoforms,
COX-1 and COX-2. COX-1 is a housekeeping enzymeexipaessed in nearly all
tissues mediating physiological responses suchasqtion of the stomach,
platelet aggregation and regulation of renal bitsod. COX-2 is expressed in
cells that mediate inflammation such as macrophagdsmonocytes and is
primarily responsible for the synthesis of prosaaglins involved in acute and
chronic inflammatory states and hence may be iratbln malignant change in
inflamed tissues. Many malignancies produce maostpglandins than normal
tissue and this increased production comes fromarargd expression of COX-2.
This increased expression is thought to be dueutations activating signalling

pathways such as the mitogen activated proteirskii®APK) pathway.

There are different mechanisms by which COX-2 autht to enhance
carcinogenesis each of which has evidence to stigpAccumulation of
arachidonic acid favours apoptosis and its depidawours cell survival therefore
increased levels of COX-2 will decrease availalbéehidonic acid giving cells a
survival advantadg&®. The second mechanism which is more widely acdeiste
that prostaglandins formed via COX-2 govern keypsses involved in cell

growth and differentiation such as the suppressfapoptosis and the
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enhancement of angiogenesis, providing an optimal@enment for tumour

growth and spread.

Further evidence for the role of COX-2 in neoplagtiogression comes from
studies examining cancer risks amongst long-terensusf non-steroidal anti-
inflammatory drugs (NSAID’s) which work by inhibityy COX. There is evidence
that 15-20 years of NSAID ingestion can reducerigieof sporadic colorectal
cancer as well as reduce the adenoma load in patietin familial polyposis coli.
Epidemiological evidence also suggests a protectikein stomach and

oesophageal cancers with long term NSAID'¥/se

The mechanisms by which areas of chronic inflamomatindergo malignant
change are far more complex but the above infoonatonnects both

intrinsically. It is likely the change from inflamation to neoplasia is a very
gradual process, with affected tissues being exptwsa range of mutagens over a
long period of time causing a collection of mutatpin other words the multi-hit
concept mentioned earlier when discussing the paticrcancer progression
model. The role that inflammation and the inflamongtresponse has on

established malignancies is explored in the nectise
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1.2.3 Inflammation and the Progression of Cancer

A significant body of evidence exists showing thaystemic inflammatory
response (as measured by C-reactive protein)isdigbor of poor outcome in a
number of cancers including bladtfrlymphoma®®, colorectal’®, renat’, non-
small cell lung cancéf?, and pancreatic can¢érThe mechanisms behind this
poor prognosis are not fully understood. Does shggemic inflammatory
represent the body attempting to mount a respangariour load? Or, does this
inflammatory response represent a pro-inflammatiamyour micro-environment

with cytokines, chemokines and leucocyt&s™

The micro-environment in and around tumours isteit@dy a number of
interlinked mechanisms. It is characterised byptesence of host leucocytes
including macrophages, T-cells and natural kiiK) cells, with mast cells in
smaller number$*. Tumour associated macrophages (TAM) are a major
component of almost all tumours and derive fromudating monocyte precursors
attracted to tumours by chemokih@sTAM can, in the correct conditions
produce growth and angiogenic factors (TNF, TGEtght derived growth factor
and interleukin-6) creating an environment in favotumour growth and
spread. Also activated in these conditions isdBAnentioned above, that itself
induces the up-regulation of many pro-inflammatorgtein genes, creating an

auto-regulatory loop within and around the tumour.

Chemokines, mentioned above, play a central rolearecruitment of leucocytes
to sites of inflammation and tumours and are indumginflammatory cytokines.
Their name is derived from their function, they elnemotactic cyt&kines and aid

the migration of responsive cells. Most tumourgdpice the two major groups of
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chemokines CXC and CC, with CXC chemokines activaeutrophils and
lymphocytes and CC chemokines acting on monocgtesnophils, dendritic
cells and lymphocyté®’. Other than their function, CC and CXC chemokines
differ by having an extra amino-acid separatingfitse two cysteine residues.
Interleukin-8 (IL-8) is a chemokine of the CXC fdynand is known to be
increased in pancreatic cancer. IL-8 is strongtiumble by hypoxia, another

factor initiating an inflammatory response in tunsu

One of the major physiological differences betweermal tissue and tumours is
the presence of hypoxia in the latter. A hypoxigiemment as found in tumours
is known to induce a number of cytokines includiigf, IL-1, IL-6 and various
chemokines such as IL*8. Pancreatic tumours have been shown to have afeas
significant hypoxia with normal tissue oxygen les/gl surrounding unaffected
pancreatic tissue, possibly explaining the reasomfocalised inflammatory
reaction at the site of a tumd(ft The other reason for this rich pro-inflammatory
environment at the sites of tumours is the fadt tin@our cells themselves have
been shown to produce a host of cytokines incluéing, IL-6, TNF, IL-8,

PDGF, TGF amongst othéf§

The pro-inflammatory environment within and surrding tumours influences its
survival, growth and spread via a number of diffiémeechanisms. The action of
reactive oxygen species such as NO has been medtaove for their role in the
pathogenesis of tumours. Evidence suggests thse tempounds are induced at
tumour sites by inflammatory cytokines such as lantl TNF. Further more, in a
study of cholangiocarcinomas the induction of reacbxygen species was shown

to be present in all tumours examined and was resiple for a 70% decrease in
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DNA repair activity'®. Further evidence linking the inflammatory respotes
DNA damage came when an inflammatory cytokine knaemacrophage
migration inhibitory factor (MIF) was identified asnegative regulator of p53
activity'”®. In some tumours there is evidence of p53 inkthitiut without gene
mutation meaning p53 regulation has been alteré¢d.dknown pro-
inflammatory cytokine was shown to overcome p58sagtmeaning the
inflammatory response is responsible in potentialgating genomic instability
and explains why for example, mutations createcebgtive oxygen species may

not be dealt with in the normal way at tumour sites

To survive, proliferate and spread, tumours and gwpporting stroma must

grow and cytokines are crucial for tumour growtb.sUpport the growing tumour
the necessary vascular structures must develof Hrete is an absence of new
blood vessel formation then the tumour will reaghikbrium with the rate of
apoptosis and not have the ability to grow andaghr®ne of the key molecules in
angiogenesis is vascular endothelial growth fa@t&GF) which was first
characterised in the 1980’s as a vascular pernigafaictor?°. It has

subsequently been shown to be absolutely criticalinour angiogenesis which is
essential for tumour development and progressiamreNMecently VEGF has been
shown to have other characteristics crucial to tumpsogression such as anti-
apoptosis activity, lymphangiogenesis, and immuppeession. VEGF is present
in higher concentrations within tumours when coregawrith normal tissue and

its levels are correlated with poor survival indsecancer, ovarian cancer, non-
small cell lung carcinoma, colorectal cancer anacpaatic cancer. VEGF
expression is also correlated with tumour gradpttdef invasion, nodal mets,

and TNM stagin§®. VEGF is a crucial part of tumour growth and itsguction
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is known to be stimulated by the inflammatory itnéite with TNF and IL-6 key

players.

The micro-environment in and around tumours isrtygaro-inflammatory with a
high concentration of cytokines, chemokines an&deytes forming an
environment where growth and angiogenesis canifloukKey factors in this
process include TNF, IL-6, IL-8, VEGF and NB- There is also evidence of
altered DNA repair that along with the abundancgrofvth and angiogenic

factors appear to promote tumour growth and spread.
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1.2.4 Markers of Inflammation

The most commonly used measurements of inflammatidhe inflammatory
response involve measuring acute phase proteismbst widely used indicators
are the erythrocyte sedimentation rate (ESR) aadCtheactive protein (CRP)
mentioned above. The ESR measures the rate thht@rytes fall through
plasma and is largely influenced by the plasma eotmation of fibrinogen (an
acute phase protein). The ESR is therefore andaineasurement of the acute
phase response and is greatly influenced by tlee simpe and quantity of
erythrocytes as well as other plasma constituesisihg to inaccuracits.
Although the ESR has been measured for over 7 yei#ln supporting evidence,
it has now been superseded by CRP. This is duestahility to measure acute
phase proteins (e.g. CRP and fibrinogen) diretily inaccuracies mentioned
above, the fact that the ESR rises with age andh#iglity of the ESR to change

rapidly with a patient’s condition.

CRP is a protein belonging to the pentraxin famihith five identical subunits
forming a ring which conveys very high stabilityttee protein®. CRP was
discovered in the 1930’s and is so named becaus® alfility to react with the
pneumococcal C-polysaccharide in the plasma oéptstiduring the acute phase
of pneumococcal pneumonia. CRP is synthesised priedntly in hepatocytes
under the influence of cytokines. Although a numitiferytokines are capable of
inducing CRP, overwhelmingly the major inducer &fvia hepatocytes is
Interleukin-6 (IL-6)%*% Other sites of CRP production include smooth reusc
cells, macrophages, kidney tubular cells, neurand,lymphocytes, however,
these sites contribute only a small proportiorhef CRP value and plasma CRP

measurements reflect hepatocyte production.
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CRP is able to bind to bacteria, fungi and parasigewell as damaged
membranes in apoptotic or necrotic cells. Once ddarthese molecules CRP
facilitates their removal by phagocytes. This ofgation effect is in addition to
CRP’s ability to activate the classic complemeribhpay therefore aiding innate

immunity.

CRP has been used to help differentiate inflamngetom non-inflammatory
conditions for a number of years. Serial measurésra®e useful in managing
inflammatory conditions (e.g. rheumatoid arthriis)well as sepsis and reflect
the patients response to treatment interventioqmgaasna levels change rapidly.
More recently CRP measurements have been recomuhémdeardiovascular
risk prediction. Studies in apparently healthy dapans reported a relative risk
of 2.3 for major adverse cardiovascular eventeatighest quintile of CRP
levels, but only 1.5 for the highest LDL cholesteyointile, indicating that these
events are more strongly associated with CRP tizindholesterd®’. In a
significant number of patients with normal LDL ceslerol levels, elevated CRP

was shown to be associated with major adversemasicular events.

As discussed earlier, an elevated CRP has alsodteswn to have prognostic

value in a variety of tumours including bladderdotectal, renal, non-small cell

lung cancer, lymphoma and pancreatic cancer.
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1.2.5 Inflammation and Pancreatic Cancer

The inflammatory response and its influence onigsahin patients with
unresectable pancreatic cancer has been explorashbsnber of authors.
Engelken et al looked at a combined prospectiveraindspective cohort of
patients who were found to have non-resectablerpatic cancer over a seven
year period®® The authors looked at a variety of prognostitdicin 325
patients whose overall median survival was 5.7 tmrin 51 patients they had
CRP measurements available, although no informatesgiven as to the timing
of these CRP results. They found a normal CRP (¢jmgs associated with a
three-fold increase in survival compared to thogh wraised CRP (7.29 months
versus 2.23 months, p<0.001). When they performeitivariate analysis on this
subset of 51 patients, CRP was found to be thesialystically significant factor.
It should be noted however that only 10 patienthis study had elevated CRP

levels.

Ueno et al looked at 103 patients who had beetetlesith palliative systemic
chemotherapy for metastatic pancreatic cdficéfhe median survival overall
was just 3.2 months and again CRP was found tafisigntly influence outcome.
On multivariate analysis a raised CRP (>5mg/l)rfglwith performance status
and CA19-9 levels) was an independent predict@oof outcome (p<0.0023). In
this study 17 patients had an elevated CRP whichtalen prior to the start of
chemotherapy in all patients. The authors als@ shett the patients with an
elevated CRP had no other causes such as sepsisegrukelieved the

inflammatory response was caused entirely by thegnmency.
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Falconer et al looked at 102 patients with nong&sgse pancreatic cancet A
number of factors were found to negatively influesarvival. On multivariate
analysis increasing age, disease stage, elevdtechm and a raised CRP
(>10mg/) all retained statistical significance.oBle patients with a normal CRP
had a greater than three-fold survival advantage those with a raised CRP (66

days versus 222 days respectively, p=0.001).

The only paper to look at patients with operatigegreatic cancer was mentioned
in section 1.1.8 and published in 2005 by Jamies@t”. This paper looked at 65
patients who underwent resection for ductal ademouama of the head of the
pancreas and had pre and post (1 month) -opei@RRmeasurements taken. Of
the 65 patients, 51% had a raised CRP (>10mgAppegatively. On univariate
analysis, sex (p<0.05), tumour size (p<0.05), viasdavasion (p<0.001), pre-
operative CRP (p<0.001) and post-operative CRP.(tX() were significantly
associated with survival. On multivariate analydishe significant variables,
tumour size, vascular invasion, pre and post-oper&@RP retained independent
significance. In fact the group of patients who dal have a raised pre-op CRP
had a median survival of 18.2 months compared ol 8.3 months in those
with a raised CRP (p<0.001). There was no sigmfickfference in the stage,
presence of positive resection margins, lymph nodtastases or perineural

invasion between the inflammatory and non-inflanomagroups.
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There is compelling evidence in pancreatic canaéiepts that having a raised
systemic inflammatory response as measured by GRR Bignificant negative
effect on patients survival in both resectable mmo-resectable disease. The
mechanisms behind this poor prognosis are not knavslikely that a raised
CRP is a by-product of another process which imites survival and as the main

driver of plasma CRP, Interleukin-6 (IL-6) is liketio be involved.
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1.2.6 Interleukin-6

Interleukin-6 (IL-6) belongs to a family of cytolda known as IL-6-type
cytokines other members being IL-11, LIF (leukaemiabitory factor, OSM
(oncostatin M), CNTF (ciliary neutrophic factor)T€ (cardiotrophin-1) and

CLC (cardiotrophin-like cytokine). The IL-6-typetokines are part of a larger
group of cytokines characterised by their fatinelix bundle structure, but are
generally grouped together due to their similar anerlapping physiological
actions as a consequence of their use of the comereptor subunit glycoprotein

130 (gp130), a signal transducet:

This family of cytokines are major players in a raenof physiological processes
including haematopoiesis, the developmental diffea¢ion of lymphocytes,
endocrine functions, bone formation, inflammatiacute phase and immune
responses and target genes involved in differeotiasurvival, apoptosis and
proliferation®*% Many cell types respond to IL-6, including, nduhang,
ovarian, endometrial, heart, renal, macrophagesomyes, osteoblasts, mast
cells, fibroblasts, leydig cell precursors, endb#hehepatocytes and prostatic
cells'®®. There are also many inducers of IL-6 includinglILTNF-c, NF«B,
prostaglandins, VEGF along with enterotoxins, glofeictors, hypoxia, ionising
radiation and oxidative stréd$3 With these multiple inducers and the many cell
types sensitive to IL-6, the presence of IL-6 gsties is not an abnormal

occurrence.

The role of IL-6 in the immune and inflammatorypesses to pathogens and
tissue damage is essential in the survival of tst bells, but the protective effect

cytokines have on these cells, by inhibiting apsistand promoting growth, may
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also make them susceptible to neoplastic changé.has been implicated as an
autocrine growth factor in a number of cancersudiclg multiple myeloma,
prostatic, bladder, renal cell, and cervi¢at®” Elevated serum levels of IL-6
have also been found in a number of cancers inojudvarian, renal cell,
cholangiocarcinoma, lymphoma, lung and melanSfid® IL-6 has been shown
in certain types of cancer to inhibit apoptosisisiMias shown by Lauta in

multiple myeloma and by Leu in oesophageal carcaf6hi®

When looking specifically at pancreatic cancerglbas been identified as an
autocrine growth factor, serum levels of IL-6 halso been found to be elevated
and it is thought to lead to activation of anti-pjmdic genes. Miyamoto et al
examined the expression of IL-6 on pancreaticloedks and the effect it had on
ionising radiatioA’. They showed that in certain cell lines IL-6 iritgl

apoptosis by causing up-regulation of Bcl-2 fanpitgteins (known anti-apoptotic
proteins) and concluded that IL-6 is likely proddde an autocrine and/or
paracrine fashion by certain pancreatic cell liidzgber et al found that serum
levels of IL-6 were significantly raised in patisewith advanced pancreatic
cancer when compared to healthy subfétt®kada et al also found serum IL-6
to be increased in patients with advanced pancreaticer, not only when
compared to healthy controls but also patients alittonic pancreatit€®. They
also found that higher levels of IL-6 correspondéith greater weight loss in the
pancreatic cancer group. Ebrahimi et al examinedgénum of 51 patients with
pancreatic cancer and measured cytokine levelsgULISA), comparing results
with healthy controf®®. Not only were IL-6 levels raised significantly

compared to controls, these higher levels wereczstsal with poor performance
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status, increased weight loss and decreased sLi@inanultivariate analysis

raised serum IL-6 was shown to be an independewliqgior of poor survival.

The actions of IL-6 are carried out via two intedlalar pathways that transmit
signals from the plasma membrane to the nucleuss&two pathways are the
Janus Kinase (JAK) and signal transducers andadots of transcription (STAT)

pathway and the mitogen-activated protein kinasaRK) pathway®>

Both of these signalling pathways are known toroeial in the development and
progression of numerous types of cancer. Thers@asevidence that the two
pathways far from being separate are connectedonaigs-talk between the two
of them potentially being crucial in the progressa cancer. Both pathways are

discussed below.
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1.3 The JAK STAT Pathway

1.3.1 Introduction

The Janus kinase-signal transducer and activatwaascription (JAK STAT)
pathway transmits information received from exteditdar polypeptides (e.g. IL-
6) via transmembrane receptors to target geneswitie nucleus. These genes
are responsible for a variety of biological funodncluding, the immune
response, the acute phase reaction, inflammatammhbtopoiesis and achieve this
by regulating cell growth, differentiation, and siwvel*'°. The first stage in this

complex process is the binding of IL-6 to its reoep

1.3.1.1 IL-6 Receptor (IL-6R)

IL-6R is a member of the cytokine class | familyre€eptors which are defined
by the presence of at least one cytokine bindinduteo(CBM). The IL-6R can be
divided into two sub-units, a non-signalling suliii-6Ra) and a signalling

subunit (gp130).

The first stage in the pathway involves the bindihdl_-6 to the receptor subunit
IL-6Ra. Although this is not involved in the intracellukignal transduction
cascade, it is a crucial process as it is only #fie step that the cytokine and
receptor complex can efficiently recruit the sigtrahsducing subunit (gp-130).
Although gp130 is ubiquitously expressed, the esgion of thex-subunit is
much more tightly regulated meaning the numbereti§ cesponding to IL-6 is

restricted by expression of the non-signalling suit}tf.
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The next stage in the pathway involves the recreminof gp130 signalling
molecules to the IL-6-receptor complex. The gpl@tusits have a similar
structure to the IL-6R, but have a considerably larger cytoplasmic paet i

their signal transducing properties. IL-6 (alonghaliL-11) differs from the other
IL-6-type-cytokines as it induces gpl130 homodinadits (other members of the
family cause heterodimerisation) when it bindstsaéceptdr™. Once IL-6

binding has taken place gp130 homodimerisationrs¢céallowed by
phosphorylation on serine, threonine and tyrosisédue$'™. The binding of IL-6

to its receptor leads to internalisation of thaid. Internalisation has been shown
to be entirely dependent on the signal transdusidginit (gp130) of the receptor

and is modulated by the phosphorylation of thengerésidug

1.3.1.2 Janus Kinases (JAK’S)

It wasn’t until 1994 that it was discovered that@itype cytokines utilised
tyrosine kinases of the JAK family (and transcriptof the STAT family) as
mediators of signal transductfdf**4 JAK's are intracellular tyrosine kinases,
with mammalian cells expressing four types, JakaheB Tyk2. Jakl, 2 and Tyk2
are widely expressed but Jak3 expression is cahfim@nly to haemopoietic
cells. JAK’s all have a similar structure with gigal kinase domain and
substitutions of single tyrosine residues withiis thomain have been shown to

eliminate all tyrosine kinase activity.

Receptor dimerisation as described above bringagkeciated JAK'’s into close
proximity with the receptors. JAK’s bind to the merane-proximal region of
cytokine receptors and they transphosophorylate etier becoming

activated™. Once activated, their kinase activity stimulat®K’s go on to
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phosphorylate tyrosine residues on the cytoplagmiton of the receptors and

thus create binding sites for STAT protéifis

IL-6 binding to its receptor has been shown tovaté Jakl, Jak2 and Tyk2 but
Jakl has been shown to be dominant in IL-6 sigaaktuction. In fact Jakl is
essential for IL-6 signalling via the JAK-STAT pathy as Jakl negative cells

have absent signalling in response to fi.2'2

1.3.1.3 Signal Transducers and Activators of Transc  ription (STAT'’S)

In human beings there are seven STAT genes, STATircluding STAT5a and
STATS5b). STAT genes are located in clusters onmmspmes and their
expression is ubiquitous. STAT proteins are knowhe activated by a wide
variety of ligands, probably all known cytokinesdldarge numbers of growth
factors that exhibit tyrosine kinase activity, seashEGF and PDGF. In a given
cell type more than one STAT protein can be aadty a given ligand, but the
identity of the STAT activated depends on the sphieell differentiation and
maturation. This builds a degree of variabilityoit8 TAT activation and hence
increases the panel of genes whose expressiobewtiodulated in different

cellular contextd®,

As described above, ligand binding to the receleiads to JAK binding and their
close proximity to each other on the dimerised pemesubunit (gp130) leads to
JAK transphosphorylation. Once phosphorylatedy tkiease activity enabled,
JAK'’s phosphorylate tyrosine residues on the cysiplic region of the receptor

subunit, thus creating binding sites for STAT prade Once binding has taken
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place the receptor-bound JAK’s activate the STAdtgins by phosphorylating

them at a single tyrosine residtle

Following phosphorylation at the receptor, the\atBd STAT proteins form
stable homo and hetero-dimers in the cytoplasm.chio&ce of whether to bind
with an active receptor or another STAT proteinesgp to be related to the state
of phosphorylation of the STAT in question. Unphuosgylated STAT exhibits a
high affinity for receptor docking sites, but aetied or phosphorylated STAT
have a much higher affinity to other STAT proteiascouraging dimerisation
following tyrosine phosphorylatiéf®. This dimerisation of STAT proteins is
essential for subsequent DNA bindiflg Whether STATs form homo or hetero-
dimers appears to be influenced by the originavatihg ligand, the receptor sub-
unit and the individual STAT protein involved, addifurther variability to the

signalling procesg™.

STAT activation and dimerisation takes place indj®plasm, but to exert their
effect they need to enter the nucleus and bindN@.DIrhe mechanism by which
the STAT dimers are transported to the nucleus irsmanknown, but active
transport is required as their size is greater tharimit of the nuclear pot&.

Once in the nucleus the active dimers go on to titid specific DNA sequences.
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1.3.2 IL-6 Signalling and STAT3

There are seven known STAT proteins, as mentiobhedes but not all are
activated in response to IL-6. IL-6 potently actesaSTAT3 and to a lesser extent
STATL, but STAT3 is widely recognised as the kegypl in IL-6 signalling and
the major activator of acute-phase gene transoripti'®3#?#2% As described
above, STAT3 undergoes tyrosine phosphorylatioreutite influence of Jakl
following its binding to the gp130 receptor subuiithis tyrosine phosphorylation
is crucial for subsequent dimerisation and adequedetivate the protein, in

STATS3 it takes place at tyrosine705 (tyr795§'92%°

There is clear evidence that STAT3 can undergogitmylation at another site in
addition to tyr705 and that it involves serine ghto®rylation at serine727
(ser7275°+2%525 What induces this serine phosphorylation, itsificance in cell
signalling and the biological effects it has besas subject of some interest over
recent years. It is thought that to completelyateé STAT3 that serine
phosphorylation also has to take place and thatthBK pathway may well be
involved in the proced%’?? Further work is required to establish the precise

of serine phosphorylation in STAT3 proteins.
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1.3.3 STAT3 and Cancer

Tumourogenesis is a multi-step process, with ¢edsg their normal ability to
detect and repair DNA damage and adequately regoédit cycle progression and
apoptosis. There is mounting evidence that STATegme, and in particular
STAT3 are heavily involved in cellular apoptosisgengenesis and differentiation
via growth factor signalling and are therefore Ik play key roles in cancer
development, growth and spread. STAT proteinsuttolg STAT3 are
persistently activated in non-malignant processeh as inflammation and their
activation alone is not enough to lead to celltdansformation. However, with
cells collecting crucial genetic mutations in tlevelopment of cancer, in the
appropriate context, STAT3 is likely to be a crlicantributor to the cancerous

phenotype.

Abnormal tyrosine kinase activity and increasecalgwf tyrosine
phosphorylation are common in cancer cells andiswelly caused by
overexpression of growth factor receptors and tleavant ligands, IL-6 for
examplé?®. STAT3 has strong associations with many cancetsding multiple
myeloma, melanoma, lung, breast, renal, prostatenic, gastric, cervical,
ovarian, hepatocellular, head and neck and pancreicet®® The reason for

the association between STAT3 and cancer appeassttte genes it targets once

activated.

A gene profiling study by Croonquist et al using MNhicroarrays determined the
subset of genes activated by IL-6 signalling intiplé myelom&°. Out of 138
identified, 54% were found to be involved in cejtle regulation. The genes

involved in the cell cycle are activated by IL-&dats subsequent activation of
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STATS3, highlighting the importance of the JAK-STA&thway in

tumourogenesis.

A review article published in 2007 looked at thieerof STAT3 and neoplastic
cellular transformation and discussed a 12 geneTSTglgnaturé’. Using mouse
fibroblasts, specific STAT3 target genes were iiiext, a number of which were
known to be co-expressed by primary human tumaismg this approach, the 12
gene STAT3 signature was identified. Closer analgéthese genes shows they
have the ability to regulate almost all of the etisé¢ properties of a tumour cell.
Part of this12 gene set are Egr-1, JunB and Cy&linall genes involved in
promotion of cell cycle progression. Three genasakmto be prominent in the
inhibition of apoptosis, Mcl-1, Bcl-2 and Bcl-x1eaalso part of this 12 gene
signature. The group also contains the genes ltidlBcl-6, both known to be
involved in the inhibition of differentiation anté self-renewal of cells. STAT3
directly regulates matrix metallo-proteinases, emey which are known to be
involved in tumour cell invasion and may suggesila for STAT3 in the
metastatic spread of a tumour. Also crucial togrevth and invasion of a tumour
is its blood supply and one of the 12 signatureeges vascular endothelial

growth factor (VEGF).

Levels of VEGF, a potent angiogenic growth factoboth benign and malignant
tissue, have been shown in a number of trials telaged to IL-6 levef§*%33
Cohen et al showed that IL-6 induces expressiofEdsF, in fact the strength of
this induction is comparable to that exhibited ppdxia in tissues”. IL-6 exerts
this effect via the JAK STAT pathway as activatddh$3 protein levels have

been shown to correlate with the level of VEGF espion®®. Abdelrahim et al
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looked at the effect of NSAID’s on certain tranption factors associated with
vascular endothelial growth factor (VEGF) expressiomicé>. Tolfenamic acid
(an NSAID) was shown to cause degradation of Sp3,&hd Sp4 (transcription
factors involved in VEGF expression) and the resulstatistically significant
decreases in VEGF mRNA, VEGF levels, tumour growtmour weight and

hepatic metastasis.

More relevant to this thesis is the fact that VEGkder the influence of IL-6 and
hence STAT3 appears to have a key role in pancreaticer. In pancreatic cell
lines it has been demonstrated that IL-6 is resptnfor VEGF expression and
the extent of VEGF expression appears to be retatdte extent of IL-6 Receptor
expression on cefl¥ " Weij et al examined the relationship between STARG
VEGF in pancreatic cancer cell lifd% Immunohistochemical analysis
demonstrated that STAT3 was constitutively actigatemore than 80% of
human pancreatic cell lines and this STAT3 actiratiorrelated with expression
levels of VEGF. Blocking STAT3 activation led ts@nificant suppression of
VEGF expression and subsequent decrease in anggigetumour growth and
metastasis in vivo. This study indicates that STAd@Qulates VEGF expression
and is therefore involved in angiogenesis, tumaawmth and metastasis in human

pancreatic cancer.

In addition to the role of STAT3 in VEGF regulatithvere are other publications
describing the relationship between the JAK STAthpay, or more specifically
STAT3 and pancreatic cancer. Greten et al exantimedole of STAT3 in the

regulation of anti-apoptotic genes in mice crosshoedevelop ductal pancreatic

cancer similar to the human form of the disé&¥s&@hey demonstrated increased
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transcription of Bcl-x, the anti-apoptotic geneaésed previously with STAT3
and subsequent down-regulation when it was blockeis. study also noted that
the transcription factor NF-KappaB, first discussedection 1.2.2, had a similar
effect on Bcl-x and that down-regulation of the géook place when either
STAT3 or NF-KappaB was blocked, indicating thattotay be required. If both
transcription factors were blocked together progreu cell death was induced
and the authors highlight this as a possible futwenue for therapeutic
intervention. NF-KappaB is a key transcription éadn inflammation and

carcinogenesis and will be discussed in greateildater in this discussion.

Scholz et al examined the expression and activati@TAT3 in pancreatic
cancer cell lin€€°. They were able to show that activated STAT3 isrov
expressed in ductal cells but not in chronic paatttie cells. Subsequent
inactivation of STAT3 led to decreased proliferatio vitro and tumour growth
in vivo. The authors concluded that STAT3 promateliular proliferation by
accelerating the G(1)/S-phase progression coningptid the malignant

phenotype of pancreatic cancer.

Toyonaga et al examined the significance of JAK 8MAT3 on the malignant
potential of human pancreatic cancer cell [feg heir studies revealed that
STAT3 was constitutively activated in certain paatic cancer cell lines and
went on to use a JAK inhibitor tyrphostinAG490. TIHAK inhibitor led to a
marked inhibition of STAT3 activation and also dnished expression of the
genes cyclin D1, Bcl-x and VEGF, causing arresteavth in pancreatic cancer
cells. The authors in this study again highlightesl JAK-STAT3 signalling

pathway as a potential target for future treatnodépiancreatic cancer.
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A study using RNA-interference (RNAI) technologyiathworks by silencing
specific target genes was employed to look ataleethat STAT3 plays in the
invasion and metastasis of pancreatic c&fitéfhe authors used a metastatic
pancreatic cancer cell line known to highly expr@$&T3 and using this RNAI
technique, observed the effects of reduced STATBemssion in both in-vitro and
in-vivo conditions. They were able to demonstrasggaificant suppression in the
expression of matrix metallo-proteinases-2 (MMP&) ¥ EGF and a resulting
inhibition of invasion and metastasis in-vitro anevivo. The authors make the
conclusion that silencing the STAT3 gene may offee way of controlling

pancreatic cancer invasion and spread.
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1.4 The Mitogen Activated Protein Kinase (MAPK)

Pathway

1.4.1 Introduction

Mitogen-activated protein kinases (MAPK) belongttarger family of serine-
threonine kinases and form major cell-proliferatsignalling pathways from the
cell surface to the nucleus. There are three nsajbfamilies of MAPK: the extra-
cellular-signal-regulated kinases (ERK-MAPK, RasIRAEK/ERK); the c-jun
N-terminal or stress activated protein kinases (#XSAPK): and MAPK1#*
The ERK-MAPK pathway is one of the most importasscades in cell
proliferation and will be the subject of furthesdussion in this report. Signals
transmitted through Ras trigger ERK pathway signgllwhich then activate
Rafl, leading to a cascade involving MEK and ERKe ERK-MAPK cascade is

involved in the control of growth signals and citvival.

1.4.1.1 Ras

There are more than 50 low molecular weight pret@inthe Ras-related
superfamily serving multiple functions in virtualiyl eukaryotic cel€"*. Ras-
related proteins control various cellular signalpathways including cell cycle
entry and mitogenesis. The term Ras actually enessgs a group of proteins
including H-Ras, K-Ras, N-Ras and R-Ras. Ras mall<5TP-binding protein
which is modified with a hydrophobic lipid moietil@aving it to be anchored to
the membrane. This feature allows the protein ttubetional in the transduction
of signals from extra-cellular ligands binding wittembrane receptors. Multiple

extra-cellular growth factors lead to Ras activatita membrane receptors. These
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include EGF, TGB, HGF and importantly IL-6 via the gp-130 receptor
subunit®.

Activation of Ras protein occurs with the convensad inactive GDP-bound Ras
to the active GTP-bound Ras. The first stage ofd#éigation is tyrosine
phosphorylation of one of the Ras subunits termed Bas localisation on the
interior of the plasma membrane leads to rapid emsion of Ras from its GDP
bound (inactive) state to its GTP bound (activa)estK-Ras mutation is one of
the commonest involved in human cancer and inqadaii pancreatic cancer
where it is mutated in 90% of patients with theedise. The K-Ras oncoprotein
differs from the normal protein by a single amimidasubstitution at a critical
position. This substitution leads to constitutiegi\aation of the Ras protein (GTP

bound) and subsequent activation of the downstiRafftMEK/ERK pathwa§**

1.4.1.2 Raf-1

Raf-1 is the most extensively studied of the Ratgins of which there are three
forms, A-Raf, B-Raf and C-Raf (Raff}. Raf-1 is a 72-76 kDa cytoplasmic
protein with intrinsic serine-threonine kinase wtyiand is a direct effector of
Ras. Once bound to active Ras at the cell membRatfel proteins undergo
activation via a complex series of events. Iniidliere is de-phosphorylation of
an inhibitory site (serine 259) followed by the ppborylation of a critical
activating site (serine 338y . Activated Raf-1 then goes on to interact with ®E
further downstream in the pathway. In contrast &s Broteins, Raf-1 mutations

are extremely rare.
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The MEK’s are a family of protein serine/threonkieases that have three
isoforms in mammals- MEK-1a, MEK-1b and MEK*2 Activation of MEK-1/2
involves phosphorylation of two serine residuegaaitions 217 and 221 by
activated Raf-1 protein in the cytoplasm. Oncevattid MEK-1/2 goes on to

activate MAPK again in the cytoplasm.

1.4.1.3 MAPK (ERK)

There are three members of this group of proteiases ERK-1, ERK-2 and an
alternative spliced form of MAPK. ERK-1 and ERK+&agenerally considered
together as they are functionally very similar. Huoéivation of these kinases
requires phosphorylation of both threonine anddiyre residues for full
activation, and the main mechanism for this proecegfosphorylation at both
sites by activated MEK*®, The phosphorylation at both sites has also beewrs
to be the main requirement for the translocatioBRK into the nucleus where it
binds and regulates genes controlling cellular gnpwroliferation, differentiation

and apoptosfé’
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1.4.2 MAPK and Cancer

It has been suggested that to survive and prolderancer cells have to acquire a
number of capabilities: independence of prolifenatsignals, evasion of
apoptosis, insensitivity to anti-growth signalslimited replicative potential, the
ability to invade and metastasise and to attragtsarstain angiogene$is
Abnormalities within the MAPK pathway can give rigemost of these properties
which is why it is such a crucial pathway in theeelepment and propagation of
cancer. In all, 30% of all cancers contain a matato one of the Ras oncogenes.

Table 1.2 demonstrates the frequency of these mnsain various cancers.

Table 1.2: Frequency of Ras mutation in human carféérs

Tumour type Per centage with Ras M utation
Pancreas 90%
Lung adenocarcinoma (non-small c4IB5%
Thyroid (follicular) 55%
Thyroid (papillary) 60%
Seminoma 45%
Melanoma 15%
Bladder 10%
Liver 30%
Kidney 10%
Myelodysplastic syndrome 40%
Acute myeloid leukaemia 30%
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In the MAPK pathway it is the ligand-mediated aation of receptor tyrosine
kinases that leads to the activation of Ras prdqt®DP bound to GTP bound
state) and subsequent recruitment of Raf-1 to ¢lemembrane followed by
activation of the MAPK cascade. As previously slatse of these ligands is IL-

6 which leads to activation of the Ras proteinreeeptor tyrosine kinases, a fact
crucial to this report. The majority of cancer-asated lesions that go on to cause
constitutive activation of the MAPK pathway occarlg in the cascad&’. The

large number of mutations centred around Ras-Rgjest that this is the key
stage in regulation of the pathway, particularlypancreatic cancer with 90% of

these tumours harbouring Ras mutations.

It is not surprising that the MAPK pathway has b#entarget for a number of
potential cancer therapies. Sorafenib targets Rafslkes and was found to be well
tolerated but with little anti-tumour activity inatignant melanomas, the intended
targef>’. A number of MEK inhibitors have been trialledsfly CI-1040 was
found to be well tolerated but with little anti-toor activity, a second MEK 1/2 is
now involved in trials. In fact there have now beeound 25 small molecule
inhibitors aimed at the MAPK pathway that have hesitearly to late stage
clinical trials in many different tumour typ@é This fact alone signifies the

importance of the MAPK pathway in cancer research.

As discussed above, IL-6 is known to be an immpiigand involved in the
activation of receptor tyrosine kinases and subsegactivation of Ras protef.
IL-6 has been shown not only to be increased irpthema of patients with
pancreatic cancer but is produced in an autocriswener by pancreatic cancer

cell%®?%® These two particular facts not only emphasiseptitential importance
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of the MAPK pathway in pancreatic cancer, but dilgoit with the JAK-STAT

pathway.

A number of studies in the published literatureenaliown the MAPK pathway to
influence proliferation, mitosis and apoptosis anpreatic tumours and cell lines.
Tong et al showed that activation of the MAPK padlgjwas crucial for tumour
proliferation in pancreatic cell lin&%. Gysin et al looked at the role of the MAPK
pathway on pancreatic cancer cell line proliferatyy treating cell lines with a
MEK inhibitor®™> They were able to demonstrate that this inhibitex to a
cessation of cellular proliferation and cell cyaleest in all eight cell lines tested
suggesting that the MAPK pathway may have a crywri@iferative role in

pancreatic cancer cells.

AURKA is a gene encoding a kinase crucial in thetad of cellular mitosis.
Using a known MAPK inhibitor and mapping the suhsatgly downregulated
genes, Furukawa et al showed that AURKA is a doweast target of the MAPK
pathway. Its overexpression in pancreatic canciedisced by increased
expression of the MAPK pathway, most likely viagtmnstitutive activation

secondary to KRas mutatioh

Boucher et al looked at pancreatic cancer celklered looked at the role that
ERK 1/2 had in cell surviv&l’. By using a MEK inhibitor and studying the
resulting changes in expression in genes knowmave Anti-apoptotic effects.
They were able to demonstrate that activation eMIAPK pathway protects
pancreatic cancer cells from apoptosis by regudatmcial genes involved in

apoptosis such as Bcl-2, Bcl-x and Mcl-1.
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The transcription factor NkB is of great importance in the inflammatory
response, but increasingly it is being touted ksyaplayer in carcinogenesis. A
number of publications have shown that K-Ras magreeof the factors that is

responsible for the activation of NdB and this will be explored later in this

thesis.
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Figure 1.5: Diagramatic Representation of JAK STAT and MAPKhpeays

(http://www.sigmaaldrich.com/Area_of _Interest/Lifacience/PathFinder.html)
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1.5 Hypothesis and Aims

The link between inflammation and cancer is nowl esiablished. When looking
specifically at pancreatic cancer, an inflammatasponse, as measured by CRP
is associated with a poor outcome in patients tatth operable and non-operable
disease. As the main driver of plasma CRP, ILi#Béslikely cause of this
inflammatory response, but is IL-6 responsibletfas poor prognosis, and if so
how does it exert its effect? The main intra-celtydathway associated with I1L-6
signalling is the JAK-STAT pathway described abawd it is known to induce
cell growth, de-differentiation and inhibit apop®dL-6 is a known activating
ligand in the MAPK pathway also described abovee MAPK pathway is also
known to be involved in the regulation of celluggowth, proliferation,
differentiation and apoptosis and this thesis doresxplore the relationship
between these two intracellular pathways and sahwivpatients with pancreatic

cancer.
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1.5.1 Hypothesis

The presence of a systemic inflammatory responassisciated with a
particularly poor prognosis in pancreatic canceo-iRflammatory cytokines, in
particular IL-6, are known to induce CRP productao also may influence
tumour growth and differentiation through well-delsed cellular pathways.
Upregulation of IL-6 dependent pathways in tumaellscmay explain the poor

prognosis associated with a systemic inflammatesponse.
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1.5.2 Aims

The ultimate aim of this thesis is to disprove @abeve hypothesis. Below are the

ways in which this hypothesis will be tested:

1/. Establish pancreatic cancer patient databatbebasic demographics,

pathological and survival data.

2/. Confirm the connection between a raised CRPsandval in pancreatic
cancer in a larger cohort and establish if thegenslationship between CRP and

non-pancreatic peri-ampullary cancers.

3/. Simultaneously create a prospective databasestablish the connection

between CRP and survival in a prospective cohort.

4/. Create tissue micro-arrays using tissue frognpdncreatic cancer database to
enable the efficient examination of relevant ardibe using standard

immunohistochemical techniques.

5/. Using immunohistochemistry, stain with antibeslfrom the JAK-STAT and

MAPK pathways and establish whether poor survinahese patients with

pancreatic cancer is associated with upregulatidhese pathways.
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2.0 MATERIALS &

METHODS
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2.1 Patients

2.1.1 Retrospective Patients

The author (SD) gained ethical approval from thsttEthics committee and met
the approval of the local Research & Developmepadenent. The author
identified all patients who had undergone resedopancreatic cancer by
interrogating the pathology department databa&dasgow Royal Infirmary with
the assistance of the mortician (AM). A search ingKor the words ‘whipple’ or
‘pancreaticoduodenectomy’ in all pathology repaevés carried out by the author
who went on to carefully examine each individuglaw. Only patients who had
undergone a pancreatic resection for pancreaticetaoholangiocarcinoma,
ampullary adenocarcinoma, duodenal adenocarcinoshéuaours termed by the
pathologist as peri-ampullary adenocarcinoma weskided. This left 148
patients, 90 pancreatic cancers (PC) and 58 nocrgaiic peri-ampullary
tumours (NPPC) made up of 35 ampullary adenocantaiso 15 distal
cholangiocarcinomas, 3 duodenal adenocarcinomas #mat were described as

peri-ampullary adenocarcinomas.

With the pathology data, an anonymised databasekeased by the author for
the 148 patients using their unique pathology nusibe identifiers. Basic patient
demographics, pre-operative CRP values and surdatal were retrieved to
complete the database. All CRP values in this shesre analysed in the
biochemistry department of Glasgow Royal Infirmakyfluorescence
polarisation immunoassay was performed using aroABDX analyser and

Abbott reagents (Abbott Labs, Abbott Park, I, USA)
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2.1.2 Prospective Patients

The author (SD) gained ethical approval from thsttEthics committee and met
the approval of the local Research & Developmepadenent. All patients
undergoing a Whipple resection for either pancesadncer (PC) or non-
pancreatic peri-ampullary cancer at Glasgow Rayi&nhary whom gave written
consent had blood taken pre-operatively by theay®®D) between 30/10/03 to
05/05/05 (collection has continued by JL after thase as the author left the

department).

Blood was anonymously labelled and stored in thEadenent of surgery at -

20°C. An anonymous prospective database was theredreantaining basic
patient demographics, pathology data and surviatd.drhe blood samples for the
first 36 patients were analysed by an additions¢aech fellow in the department
of surgery at Glasgow Royal Infirmary (JL). Circtihg concentrations of I1L-6
were measured by JL using a commercially availablgyme-linked immuno-

sorbent assay (ELISA) (R&D Systems Europe Ltd).
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2.2 Creating Tissue Micro-Array’s (TMA’S)

Prior to undertaking the slide retrieval processdhthor underwent a period of
gastro-intestinal histology revision, with emphasispancreatic and hepato-
biliary histology under the guidance of a consulaathologist (KO) within the
pathology department of Glasgow Royal InfirmaryisTievision included
recognition of normal tissue but also on the redommof pancreatic tumours and

degrees of tumour differentiation.
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2.2.1 Slide Retrieval, Identification of Tumour and Slide
Marking

After the identification of the 148 patients toibeluded in this study, the slide
retrieval process began. As stated in sectiontRelpathology numbers were used
as unique identifiers and the author collectedeti@aematoxylin and eosin
stained slide from the pathology archive that gponded to the pancreatic
resection for each of the 148 patients. This redult approximately 40 slides for
each of the 148 patients. Following the periodistdiogy revision, the author
(SD) looked at every H&E slide collected for theBJghtients under a microscope,
marking areas of tumour and areas of normal pahcréact. Due to the
heterogenous nature of pancreatic cancer, the ranntéidked multiple areas of
each tumour aiming to include areas of differinfedentiation in addition to
normal pancreatic ducts. A consultant patholodi€)(checked a proportion of

the marked slides, agreeing with the selected turaond normal duct marking.
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2.2.2 Planning the TMA'’s

A precise plan of the TMA’s was created by the aut number of factors were
taken into account when planning the TMA'’s: the bemand size of cores (3
tumour and 2 normal ductal cores of 0.6mm for eEdhe 148 patients); control
tissues; the ability to orientate around the TMAMe minimum safe distance

between each core; the size of the recipient waskbl

Three cores of tumour tissue and two cores of nbduetal tissue were planned
for each of the 148 patients making a total of @dfes. Two cores for each of
nine control tissues (breast, testis, pancreatitsgpancreatic acinar tissue,
pancreatic islets, bile duct, duodenum, liver arabfate) on every TMA were
also planned for. The minimum distance betweenscisraccepted at 0.8mm but
the author planned for a minimum of 1mm apart wédpular larger gaps to enable
easy core identification during analysis. A plarswi@n created using a
spreadsheet with all these factors taken into atcdinree TMA’s were
necessary, each being asymmetrical and individuddigtifiable (Figures 2.1-

2.3).

At this stage a practice TMA was also planned daintg 40 cores. This would be

used for the optimisation of antibodies, avoidirgste of the full TMA's.
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Figure2.1: Plan of TMA
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Figure 2.2: Plan of TMA 2
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Figure 2.3: Plan of TMA 3
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2.2.3 Making the TMA'’s

Following marking of the relevant H&E slides, thélzor collected all the
corresponding paraffin embedded tissue blocks ttwrpathology archive of
Glasgow Royal Infirmary. All the formalin fixed paffin embedded tissue blocks
paired with their corresponding pre-marked H & et were transferred to the
pathology department of The Western Infirmary, Géas. The author then
underwent a period of training at the Western indéiry into the manufacturing of
TMA'’s under the guidance of a scientist (AK) withihre department with years of
experience in making TMA'’s. A manual tissue arraigzecher Instrumerits
Micro-array technology, figure 2.4) was used tcateea number of practice lines
of tissue cores. The quality of these practice mere assessed by AK. The
author then went onto create the formal practicepatic TMA. Following this

the three full pancreatic TMA’s were manufacturgdhe author.
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The following procedure was followed for the marutfaing of the TMA'’s

(shown in figure 2.5).

1/. Blank wax block is fixed in position.

2/. A core of wax from a pre-planned position is1oved.

3/. The coring mechanism is flipped on the arrayer.

4/. A core of tissue (identified by the pre-markégIE slide) is removed from the

donor tissue block. The tissue core is slightlgdarthan the space to allow a tight

fit.

5/. The coring mechanism allows this process taoaithout moving the wax

block and the tissue core is placed preciselyénsiiace on the recipient block.

6/. Using the micrometer the coring mechanism iseddor extraction of the

next wax core and the process is repeated untifk is completed.

7/. Only after each core is inserted into the TNAhe pathology number of that

core added to the formal TMA map which is useddamtify cores for later

scoring.
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Figure 2.4: Beecher Instruments Manual Tissue Arrayer

(www.beecherinstruments.com

Figure 2.5: Technique for creating TMAxMww.tissue-array.org
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2.2.4 Preparation of Tissue Sections

The manufacturing of the TMA’s was done entirelytbg author (SD). The
sectioning of the TMA’s was performed by an MLSQhextensive TMA
sectioning experience using the following proto&w#fore sectioning of the
TMA's could take place they were heated t8 & 10 minutes to allow the wax
from the block to bind with the wax in the tissueecto avoid shearing of the
cores during sectioning. Prior to sectioning, tsblocks were cooled to -3
(Tissue Te® cooler). Three micrometer thick sections were therfrom the
blocks using a Lei¢aRM 2135 microtome. These sections were then ftbateo
a waterbath and heated to°@5allowing any tissue folds to flatten out. Followgi
heating the sections were applied to aminoprogytiaxysilane-treated
(sialinised) slides (BDH 1.0mm thick, clear glas®)ese slides were sialinised to

create greater adherence with the tissue usinfpllogving protocol:

1. Slides placed in acetone for 5 minutes, followe®@%ysilane (v/v 8ml in

400ml).
2. Slides then washed in running tap water for 5 n@subefore being bathed
in tap water for a further 20 minutes before baingd overnight in a

fume hood.

Slides were then ready for immunohistochemicahstgi
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2.3 Antibodies and Antibody Specificity

2.3.1 Antibodies

Twelve antibodies were used in this study, six fitbeJAK-STAT pathway and

six from the MAPK pathway. They were:

8.

9.

Interleukin-6 Receptor (IL-6R)- (C20, SC-661, SaGtaz)

Jak-1- (#3332, Cell Signalling Technology, US)
Phosphorylated.Jak-1- (New England Biolabs, UK)

STAT-3- (#9132, Cell Signalling Technology, US)
Phosphorylated. STAT S 7% (#9131, Cell Signalling Technology, US)
Phosphorylated.STAT=8" "2 (#9134, Cell Signalling Technology, US)
K-Ras- (Sigma R3400 Clone 234-4.2)

Raf-1- (E-10, Santa Cruz)

Phosphorylated.Raf?1" 2°? (#9421, Cell Signalling Technology, US)

10. Phosphorylated.Raf?f" **2 (#05-538, Upstate)

11.MAPK (p42/44)- (#9012, Cell Signalling Technolodys)

12.Phosphorylated.MAPK (p42/44)- (#9101, Cell SigmagliTechnology,

us).
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2.3.2 Antibody Specificity

All antibodies except Phospho.JAK-1 were availabléhe laboratory of the
University Department of Surgery, Glasgow Royairinary. All eleven of the
available antibodies had been used successfullyimiihe same laboratory, the
JAK-STAT proteins on prostatic tissue and the MABteins on prostatic and
breast tissue. The specificities of these eleveiba@dies had all been established
by Western Blotting within the same laboratory bgyous students. The JAK-
STAT antibodies (IL-6R, JAK-1, STAT3, Phospho.STAT3
Tyr705,Phospho.STAT3 Ser727) had Western Blotterggomed by an MSc
student (LT), demonstrating specificity in all fivEhe six MAPK antibodies (K-
Ras, RAF-1, Phospho.RAF-1 Ser259, Phospho.RAF-33BeMAPK,
Phospho.MAPK) underwent Western Blotting by a Phiglent (LM) and again

all six had their specificity confirmed.
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2.3.3 Western Blotting for Phospho.JAK-1

The antibody Phospho.JAK-1 was not available ndrihbeen previously used
within the laboratory. The author contacted Cejjrfailing Technology who were
able to supply a free sample of Phospho.JAK-1 ad#ibbut did state that this
had not been used for immunohistochemistry befdespite repeated attempts
using a standard Western Blotting technique usedessfully in the laboratory
for other antibodies, the author was unable to detnate specificity for this
antibody. After consultation with the senior scish(JE) within the department, it
was decided to perform immunohistochemical staimith the Phospho.JAK-1

antibody sample.
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2.4 Immunohistochemistry

Protein expression was determined using immunathstmistry (IHC). This is a
staining technique which relies on the use of dpeantibodies raised against
epitopes of the protein antigens to be analysethi$nstudy a standard indirect
immunoperoxidase technique was used to stain tsscieons. Slides contained
3um sections of tissue, cut from paraffin embeddesie-blocks and required de-
waxing in xylene and progressive rehydration thitoggaded alcohol solutions in
order to remove any remaining paraffin. Some aalgtain endogenous
peroxidase enzymes which can interfere with theofiperoxidase-labelled
antibodies later on during the procedure. Treatmatht hydrogen peroxide (3%)

is therefore required to destroy this pre-exispegoxidase within the tissue.

The next stage is an antigen-retrieval processhwiBicequired to counteract the
effects of formaldehyde fixatives. These fixativeact with basic amino-acids to
form cross-links masking antigen from the antigéime cross-links can be
removed using a variety of methods (incubatingeslicth heated trypsinised
solution or citrate buffer solution) depending be particular antigen in question.
Non-specific binding of antibody to protein candgiace resulting in
background staining. This makes subsequent scdiffigult as differentiating
between specific and background staining is impdssA blocking agent is
therefore required and takes the form of serum¢wis usually derived from

horse.

The addition of the antibody, which may be monoalar polyclonal is next.

Polyclonal antibodies are by definition derivednfrgeveral different clones of
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plasma cells upon inoculation of protein, meanhmgytwill react to different
epitopes on the same antigen and can be used ablosentrations. This also
means that they may also contain non-specific adiés, leading to background
staining. This effect can be minimised by titratthg most appropriate
concentration of antibody. Monoclonal antibodies groduced from a single
clone of B-cells and react with a specific epitopethe antigen and consequently

leading to less background staining.

Primary antibodies are incubated for varying lesgihtime, ranging from 1 hour
at room temperature to overnight &4dependent on the antibody used.
Following this initial incubation period the additi of a secondary antibody is
required as part of an indirect method of immuriastg. This takes place in two
parts, initially using a biotinylated secondaryibotly which links to a peroxide
enzyme-streptavidin conjugate. Streptavidin hasaadotential for non-specific
binding which results in more sensitive stainingd&genous biotin may however
result in non-specific binding of secondary ant¥p@dich may be reduced by the

addition of a biotin block.

The next stage is staining which is achieved byatidition of 3,3-diamino-
benzidine tetrahydrochloride (3,3-DBT). In the gmese of peroxidase at the site
of the antigen DBT polymerises to form a visiblewn reaction product.
Following this, the nuclei are counterstained biik haematoxylin and Scotts
tap water substitute. The final stage involves dedityon of the sections in graded
alcohol solutions before clearing in xylene. FipdlP X resin-coated coverslips

are added and the slides are ready for scoring.

118



All immunohistochemistry was performed by the awthsing a number of
protocols. All protocols involved a number of siarikteps which are described

below. The individual variations between antibodies summarised in Table 2.1.

2.4.1 De-waxing and Rehydration

=

. Xylene (Fisher Laboratories, UK) for 5 mins x2

2. 100% alcohol (Fisher Laboratories, UK) for 5 mins
3. 90% alcohol for 2 mins

4. 70% alcohol for 2 mins

5. Rinse in tap water
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2.4.2 Antigen Retrieval

Formalin fixation causes cross-linking within thezgons, causing alteration of
the tertiary structure of the protein and may tf@eemask the antigenic site in
the protein that the antibody has been raised mtigén retrieval is necessary to
break these bonds and unmask the antigen and es/alprocess with enough
energy to break the disulphide bonds without dgstgpthe intrinsic protein
structure. In this study the author used two methaepending on the antibody
used:

Microwave under pressure:

1. Add 0.55g TRIS (VWR International LTD, UK) and OBEDTA (BDH
Laboratory Supplies, UK) to 1L of distilled water.

2. Microwave under pressure for 5 mins

3. Allow slides to cool for 20 mins

4. Rinse in tap water

Citrate buffer incubation:

1. Incubate in Citrate buffer solution (Epitope RetakSolution x10, K-
5205, Dakocytomation, Denmark) diluted in distilledter (72:8) at &
in a calibrated water bath for 20 mins

2. Allow slides to cool for 20 mins

3. Rinse in tap water
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2.4.3 Block of Endogenous Peroxidase Activity

Many human tissues contain endogenous peroxiddisevelve antibodies
underwent treatment hydrogen peroxidase to irrégrimactivate endogenous
peroxidase. This was done as described below rditfere or after antigen
retrieval depending on the individual antibody piomti:

1. HyO, (VWR International LTD, UK) 0.3% 400mls for 10 nsin

2. Rinse in tap water
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2.4.4 Block of Non-specific Background Staining

Non-specific background staining can cause probldunsg analysis and
requires blocking. In the majority of cases thiswlane using 1.5% v/v normal
horse serum (S-2000, Vector Laboratories Inc. Bgdime CA 94010) in tri-

phosphate buffered saline (TBS). This was donegusia following protocol:

- Block with 15uL horse serum (Vector, US) per ohTTBS for 20 mins, then

blot.

In addition to horse serum some antibodies requirgter blocking using Avidin

and Biotin block as described below:

1. Add Avidin block (Vector Laboratories, US) for 15ma
2. Wash in TBS for 5 mins
3. Add Biotin block (Vector Laboratories, US) for 15ma

4. Wash in TBS for 5 mins

A number of antibody protocols did not use horgerseand instead background,

non-specific staining was blocked using the belostqrol:

- Incubate with ‘Power Block’ — 1xCasein (diluted TBS) for 10 minutes, then

blot.
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2.4.5 Incubation with Primary Antibody

The primary antibody was then added to the sectiemseach antibody a number
of different concentrations were tried on the pcacTMA. The optimum
concentration was chosen as the one that gavedsedmount of background
staining with clear tumour staining. All antibodiesre diluted using DAKO
antibody dilutent (S-0809, Dakocytomation, Denmaidl incubated overnight at
either room temperature of@in a moisture chamber. See Table 1 for

concentrations of each antibody.
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2.4.6 Visualisation Method

Once the antibody has bound to its target proteinsualisation method is needed
to identify the location and intensity of the awiily. In the twelve antibodies used
in this study three different methods were usededdmg on the individual

protocols, each being described below.

Following each of the three visualisation methoésadibed below 3,3-
diaminobenzidine (DAB) solution is added. DAB bindghe peroxidase domain
leaving an insoluble brown stain at the site ofeieg. The addition of DAB is
common to all twelve antibodies using the protatedcribed below and follows

each of methods 1, 2 and 3.

Method 1:
1. Add secondary antibody (K-0690, Dakocytomation, mark). Leave for
15 minutes
2. Wash in TBS for 5 mins x2
3. Add Biotinylated Streptavadin-HRP complex (K-068@&kocytomation,
Denmark). Leave for 15 mins

4. Wash in TBS for 5 mins

Method 2:

1. Add Envision block (Dakocytomation, Denmark) for i@@hutes

2. Wash in TBS for 5 mins
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Method 3:
1. Incubate slides with ‘SuperBlock Reagent’ (HK518<08ioGenex) for
20 mins
2. Wash in TBS for 5 mins x2
3. Incubate slides with ‘Poly-HRP Reagent’ (HK519-0@{oGenex) for 30
mins

4. Wash in TBS for 5 mins x2

DAB protocol (follows each of the above methods)1-3

1. DAB (SK-4100, Vector Laboratories, Burlingame, C4020, US) Kit
contains separate,B,, DAB reagent and buffer (pH 7.5) - 2 drops buffer:
4 drops DAB: 2 drops $D- i, 5mls distilled water.

2. Leave for 2-10 minutes until brown staining evident

3. Rinse in tap water for 10 minutes.
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2.4.7 Counterstaining

Counterstaining is essential to stain areas oséhgon that do not contain the
antibody so that all cells and stroma on the seatan be visualised. All twelve

antibodies underwent the following protocol:

1. Stain in haematoxylin (Thermoshandon) for 90secs

2. Rinse in tap water

3. Add to Scotts Tap water (Magnesium Sulphate 7-hgdrad Na, H+
Carbonate , BDH Laboratory Supplies, UK) until b&iaining

4. Rinse in tap water
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2.4.8 Dehydration and Mounting

Following staining the slides undergo dehydratimotgh increasing
concentrations of alcohol and then xylene beforegomounted on a coverslip to
preserve the tissue and allow examination undeiceostope. All twelve

antibodies underwent the following protocol:

1. 1 min 70% alcohol

2. 1 min 90% alcohol

3. 1 min 100% alcohol x2

4. 1 min xylene x2

5. Mount in DPX (a mixture of distyrene (a polystyrgrteicresyl phosphate
(a plasticizer) and xylene). DPX has the same c¢tfrmindex of glass and

enables visualisation via light microscopy.

The above protocols were based on work done orngteosssue for the JAK-
STAT pathway and breast tissue for the MAPK pathwidney were developed
for pancreatic tissue using the practice TMA ddmtiearlier until adequate
guality of staining was achieved. The new protagas$ then used upon the three
pancreatic TMA'’s. The variables in IHC for eachilaotly are summarised in

Table 2.1.
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Table 2.1: Variations in IHC for each of the twelve antibaglie

Antibody | Antibody | Antigen Blocking of | Blocking of | Incubation | Visualisation
dilution retrieval peroxidase | non-specific | with method
method activity background | primary
(before/after | staining antibody
antigen
retrieval)
IL-6R 1:500 Citrate Before Horse serum °@ 2 antibody
buffer & biotin
Jak-1 1:200 Microwave| After Horse serumRoom 2° antibody
(+avid & temp & biotin
biotin)
pJak-1 1:25 Microwave| After Horse serum Room Envision
temp
STAT-3 | 1:100 Citrate Before Horse serum °@ 2 antibody
buffer & biotin
pSTAT- | 1:50 Microwave| After Horse serum Room 2° antibody
temp & biotin
3Tyr 705
pSTAT- | 1:50 Microwave| After Horse serun Room 2° antibody
temp & biotin
3Ser 727
K-Ras 1:10 Microwave| After Power block ‘@ Super-block
& Poly-HRP
Raf-1 1:80 Citrate After Horse serum %€ Super-block
Buffer & Poly-HRP
pRaf- 1:10 Citrate After Power block| 2C Envision
buffer
1Ser259
pRaf- 1:250 Microwave| After Power block °@ Envision
1Ser338
MAPK 1:200 Citrate After Horse serum °C Envision
buffer
pMAPK | 1:50 Microwave| After Horse serum Room Envision
temp
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2.5 Scoring

Scoring was performed using the weighted histosaieen scoring each
core/slide, the investigator multiplies the proportof cells staining by the
intensity of that staining to give on overall hstore out of 300 for each part of
the cell, the membrane, the cytoplasm and the nsclehe proportion of cells
staining is given as a percentage and the inteissiigsed upon a scale of 0-3,
where 0 is no staining, 1 is weak staining, 2 islerate staining and 3 is strong
staining. The total score out of 300 is achieveadying the following: (0 x
percentage not staining) + (1 x percentage wedklpiag) + (2 x percentage
moderately staining) + (3 x percentage stronglinsig). For example, a section
with 50% of tumour staining with an intensity of25% staining with intensity of

2 and 25% staining with an intensity of 3 would éavtotal histoscore of:

(50x1) + (25x2) + (25x3) = 175

All 12 of the antibodies were double scored (a Hahiple of each antibody) by
the senior scientist (JE) within the departmerdwfyery with years of experience
and scoring consistency was confirmed using thadcdass correlation
coefficient (ICCC). If there was a difference of &0greater for any score then
the two observers looked at the core again and tame agreement about the

appropriate score.
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2.6 Statistical Analysis

All statistical analysis in this thesis was perfedrsing SPSS 11&15 (SPSS Inc,
Chicago, lllinois) by the author (SD) with advigernh a statistician (WA) in the
University Department of Surgery, Glasgow Royairinary The statistics in
Section 3.4.6 (Further Statistical Analysis) weegf@rmed entirely by a
statistician (JP) within the Beatson Oncology CenBartnavel General Hospital,
Glasgow, using his own statistical package andegyreduced in this thesis with

his kind permission.

In section 3.1.2 (Patient Demographics) medianagerange was calculated by
analysing the basic patient demographics and wssgriptive statistics followed
by frequencies. Section 3.1.3 (Clinical and Pathiclal Prognostic Factors)
involved the analysis of a number of factors agasnsvival. The database
contained survival data for all of the 148 patieanrtd survival analysis was
performed using Kaplan Meier curves and the logetast for significance. The
event in the analysis was death and for each ofdhables the patients were split
into groups before the survival analysis was pentat: pancreatic cancer and
NPPC (Section 3.1.3.1); tumours >2cm and <2cm {@e6t1.3.2); NO and N1
tumours (Section 3.1.3.3); tumour differentiati@e¢tion 3.1.3.4); RO and R1

tumours (Section 3.1.3.5).

Section 3.2 dealt with CRP and for the statistiestumours were again separated
into Pancreatic cancer and NPPC. Before survivallyaris, again with Kaplan
Meier curves and the log-rank test, the patient®wléesided into two groups

depending whether their pre-operative CRP wasdas@ot. A CRP of
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>10mg/ml was taken as a raised CRP, again analggiaipst survival with death
being the event. Following univariate analysislbtknical and pathological
prognostic factors, all statistically significaaictors were entered into a Cox’s
regression analysis, again with length of survarad death as the event to

establish significant factors following multivaaanalysis.

The author scored all of the antibody staining &0 of this scoring was
repeated independently by the senior scientistimvitie laboratory (JE) to check
scoring consistency. This consistency was analyset) the ICCC via scale and

then reliability analysis.

The frequency histograms plotted in section 3.Brbiein Expression) were
produced by analysis and descriptive statistigie a visual representation of
the distribution of scoring for each antibody icleaellular compartment and are
displayed in full in Appendix 1 and Appendix 2 (e JAK-STAT and MAPK

pathways respectively).

These frequency histograms demonstrate skewirtgetaght in the vast majority
of cases in both the JAK-STAT and MAPK pathways aftdr consultation with
the unit statistician (WA) it was decided that tdpimum cut-off between what
was considered low and high scoring should be pgpeuquartile. This was used
to again plot Kaplan Meier curves with the log-rdegt to assess significance for

each of the twelve antibodies in each cellular carmpent.
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3.0 RESULTS
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3.1 Patients

3.1.1 The Retrospective Database

Ethical approval was achieved from the trust Etbm®mittee and met the
approval of the local Research & Development depant. Identification of all
patients who had undergone resection for pancreaticer was achieved using
the pathology department database at Glasgow Rafyiathary under the
guidance of Mr Alan Moffat (mortician, Glasgow Rbyafirmary). The start date
for this search was June 1992, when the patholeggartiment database was
created. A search looking for the terms ‘whipple‘mancreaticoduodenectomy’
in all pathology reports was carried out. All oétidentified reports were then
examined on a computer, those patients with Whgpgisease biopsy results
being excluded, leaving only those who had undexgoWhipple operation or
pancreaticoduodenectomy. Each report was thenutigrekamined and only
patients who had resection for either pancreaticea(PC) or non-pancreatic
peri-ampullary cancer (NPPC) were included (neurdeerine tumours were
excluded). This left 148 patients, 90 PC and 58 GlPFhe NPPC group was
made up of 35 ampullary adenocarcinomas, 15 dikt@hngiocarcinomas, 3
duodenal adenocarcinomas and 5 that were desagopdri-ampullary

adenocarcinomas on the pathology report.

Patient demographics were entered onto an anongrdet@base using pathology
and hospital numbers as identifiers along withrtpathological details. Further
information including pre-operative CRP and surli@a was gained from

hospital records and added to the database.
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3.1.2 Patient Demographics

Between June 1992 and July 2004, 148 patients wedé¢ra Whipple procedure
for malignant disease and were included in thidystDuring the first 6 years
(June 1992- June 1998) of this period only 23 rewes were performed by a
single surgeon. The increase in resections ovdatter six years (July 1998- July
2004) reflects the centralisation of pancreativises in the West of Scotland,

with three surgeons performing resections.
Overall median age was 63.5 years (range 38-7Meif?C group 63.5 years
(range 38-77) and in the NPPC group median ageswagars (range 42-77)

(Table 3.1).

Table 3.1: Basic Patient Demographics

Variable Overall group PC group (N=90) NPPC group(N=58)
(N=148)

Median Age 63.5 years (38-77) 63.5 years (38-77) 64 years/{®2-

Male: Female 7771 45:45 32:26

M edian 477 days (7-3851) 374 days (8-2873) 618 days (2885

Survival

Alive: Dead 27:121 11:79 16:32
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3.1.3 Clinical and Pathological Prognostic Factors

There are a number of clinical factors that arevkm¢o influence survival in
resectable pancreatic cancers (see introductidtm®@sd include: histological
tumour type; tumour size; lymph node status; tuntbifierentiation; resection
margin status. As this thesis discusses CRP asgagstic factor, the prognostic

indicators above are discussed individually below.

3.1.3.1 Histological Tumour Type

The histological origin of the tumour is known te trucial to post-operative
survival, PC patients doing poorly when compareN®®C. In this cohort

overall median survival was 477 days (range 7-385th) 27 patients alive at the
end of the study period. When patients were dividealPC and NPPC groups,
using Kaplan Meier curves and the log rank tesstatistical significance the
median survival times were 374 days (range 8-28ii8)618 days (range 7-3851)

respectively (p=0.003) (Figure 3.1).
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Figure 3.1: Kaplan Meier Curve of PC versus NPPC post-op satvi
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3.1.3.2 Tumour Size

In the current TNM classification of pancreatic cars, tumours are separated
into those less than and those greater than 2difféoentiate between T1 and T2
tumours respectively. Tumour size is, as mentiaisale another known
prognostic factor, with larger tumours associatéti woorer survivaf. In the
analysis of tumour size against survival, 2cm (mmaxn diameter) was used as
the cut off before analysis using Kaplan Meier esrand the log rank test for
statistical significance. Analysis revealed a digant difference in survival when
the group was analysed as a whole, but not whearaten in PC and NPPC

groups (Table 3.2).

Table3.2: Survival analysis of tumour size.

Tumour Typd| Size| Median Survival (days) Range | P-Valug
T1 | 655 17-3460

OVERALL |T2 | 381 7-3851 | 0.0088
T1 | 430 79-271(

PC T2 | 345 8-2873 | 0.3469
T1 | 817 17-346(

NPPC T2 | 477 7-3851 | 0.2045
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Figure 3.2: Kaplan Meier curve of tumour size and survivabirerall group.
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3.1.3.3 Lymph Node Status

The presence of tumour within lymph nodes followiagection is associated with
a negative impact on survivalln the current TNM classification NO and N1 are
used to described tumours without and tumours reigiional lymph node

invasion respectively. Using lymph node status frmst-operative resection
specimens, Kaplan Meier curves and the log rartkdestatistical significance
were used to establish if lymph node positivity eadmpact on survival in this

patient cohort.

Following analysis, N1 disease was associated sigghificantly poorer survival
when compared with NO disease when all patientg wealysed together and
when separated into PC and NPPC patients (Tabl& 8dtires 3.3-3.5). In the
PC group the Kaplan Meier curve (figure 3.4) illases the poorer survival with
N1 disease but the median survival is actually ésrigan NO patients. This is due
to half of the patients in both groups dying in finst year, where the two curves
are close. After the first year there is separatibtne two curves as a number of
NO patients are long-term survivors. In the NPP@ugr N1 disease is associated

with significantly poorer survival (P<0.0001) (Figu3.5).
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Table 3.3: Survival Analysis of Lymph Node Status

Tumour Type] Nodal Statug Median Survival (days) Range | P-Valug
NO 1055 7-3851

OVERALL |N1 411 8-2713 | <0.0001
NO 304 9-2873

PC N1 389 8-1461 | 0.04
NO 1659 7-3851

NPPC N1 494 12-2713 <0.0001

Figure 3.3: Kaplan Meier Curve of lymph node status and passurvival in all

patients.
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Figure 3.4: Kaplan Meier Curve of lymph node status and pgssurvival in PC

patients.
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Figure 3.5: Kaplan Meier Curve of lymph node status and pgssurvival in

NPPC patients.
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3.1.3.4 Tumour Differentiation

The differentiation of tumours significantly affsatutcome after curative
resection for pancreatic tumours, poorly differatgd tumours having a
significantly poorer outcome compared to well ordeately differentiated
tumours. Patients were divided into PC and NPPC groupsrbefnalysis using
Kaplan Meier curves and the log rank test for statal significance. When all
patients were analysed together, patients withlpalfferentiated tumours
survived a shorter period (p=0.028) (figure 3.6)tHe PC group, tumour
differentiation was a significant prognostic factpatients with a poorly
differentiated tumour surviving for a shorter peri@p=0.0091) (figure 3.7). There

was no significant difference in the NPPC groupQ([34).

Table 3.4: Survival analysis of tumour differentiation

Tumour Typ¢] Differentiation| Median Survival (days) Range P-valug
Well 589 8-2710

OVERALL | Moderate 552 10-3851] 0.0281
Poor 290 7-2434
Well 589 8-2710

PC Moderate 467 10-2653| 0.0091
Poor 208 10-2434
Well 1301 356-1988

NPPC Moderate 618 17-3851 0.3409
Poor 443 7-1515
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Figure 3.6: Kaplan Meier curve of tumour differentiation anospop survival in
the overall group (p=0.0281).
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Figure 3.7: Kaplan Meier curve of tumour differentiation anospop survival in

the PC group (p=0.0091).
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3.1.3.5 Resection Margin Status

The presence of tumour at the resection margitewolg potentially curative
resection for pancreatic cancer causes a signifrealuction in post-operative
survivaP. As with other clinical parameters, patients wagtt in to PC and

NPPC groups prior to analysis using Kaplan Meigves and the log rank test for

statistical significance.

Following analysis a positive resection marginigngicantly associated with
poor survival when all patients are analysed togreffigure 3.8), but appears to
have no significant affect on survival in PC patisein this cohort (Table 3.5). In
the NPPC group, positive resection margins werecested with significantly

shorter survival than patients with a RO resectiigure 3.9) (p<0.001).

Table 3.5: Survival Analysis of Resection Margin Status

Tumour Typegl Resec.Margin Median Survival (days) Range | P-Valug
RO 655 7-3851

OVERALL |R1 370 10-1460 <0.0001
RO 589 8-2873

PC R1 345 10-2710 0.16
RO 779 7-3851

NPPC R1 379 47-826| 0.001
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Figure 3.8: Kaplan Meier Curve of resection margin status post-op survival

in all patients.
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Figure 3.9: Kaplan Meier Curve of resection margin status post-op survival

in NPPC patients.
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3.2 C-reactive Protein

3.2.1 Retrospective CRP

Overall 118 of the 148 patients had pre-operatiR® @nheasurements available,
83 of these were in the PC group and 35 in the N§®BGp. Of the 83 PC patients
with pre-op CRP available 38 had a raised CRP lexE#mg/l). In the NPPC

groupl5 out of the 35 CRP values available werseth(Table 3.6).

Table 3.6: Available CRP measurements/ proportion of patieuritis raised CRP.

Group Pre-op CRP Available | Pre-op CRP >10mg/I
Overall (No-148) 118/148 53/118
PC (No-90) 83/90 38/83
NPPC (No-58) 35/58 15/35

The two groups (PC and NPPC) were separated amiyaiuanalysis using

Kaplan Meier curves and the log rank test for stiail significance was
performed using a CRP of 10mg/l as the cut off leetwnormal and raised levels.
An elevated pre-operative CRP was associated widin gurvival (p=0.0001)
(Figure 3.10). Those patients in the PC group waitlelevated pre-operative CRP
(>10mg/l) had a median survival of 262 days comghavith 594 days in those
with a normal CRP. In the NPPC group, pre-operd@if® was not significantly

associated with survival (p=0.225).
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Figure 3.10: Kaplan Meier curve of pre-op CRP levels and pgssarvival in the

PC group (p=0.0001).
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3.2.1.1 Multivariate Analysis

All clinical variables found to be statisticallygsificant on univariate analysis in
the PC group (p<0.05) (pre-operative CRP, tumoffierdintiation, nodal status)
were entered into Cox’s regression analysis. Faligvanalysionly pre-

operative CRP retained statistical significance (p=0.009).
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3.2.2 Prospective Cohort

Ethical approval was granted by the trust Ethiagsmmittee meeting the approval
of the local Research & Development departmenafprospective study. All
patients undergoing a Whipple resection for eiffarcreatic cancer (PC) or non-
pancreatic peri-ampullary cancer at Glasgow Rayi&nhary whom gave written
consent had blood taken pre-operatively by theay®®D) between 30/10/03 to
05/05/05 (collection has continued by JL after thase as the author left the

department).

The blood was then anonymously labelled and stioréte department of surgery
at -20C. An anonymous prospective database was theredreantaining basic
patient demographics, pathology data and surviatd.drhe blood samples for the
first 36 patients were analysed by an additions¢aech fellow in the department

of surgery at Glasgow Royal Infirmary (JL).
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3.2.2.1 Patient Demographics

Between 30/10/03 and 05/05/05, 36 patients unddrav&vhipple procedure for
malignant disease and were included in an anonynpoaspective database. Pre-
operative blood samples were collected by the ay®D) and analysed by
another research fellow in the department of syrgHr). The resections were

performed by three consultant surgeons.

Overall median age was 64.5 years (range 41-7@hei?C group 66 years (range
41-76) and in the NPPC group median age was 5% yemige 42-76) (Table

3.7). The patients were split into PC and NPPC gsand survival analysis using
Kaplan Meier curves and the log rank test for stigtl significance was
performed (Figure 3.11). Despite the small numbetkis prospective cohort, a
statistically significant difference in survivalseen between the two groups.
Patients with PC had a median survival of 564.55degnge 163-1013) and those

with NPPC 760 days (range 347-1135) (P=0.03).

Table 3.7: Basic Patient Demographics

Variable Overall group (N=36) | PC group (N=20) NPPC group(N=16)
Median Age 64.5 years (41-76) 66 years (41-76) 59 years (§2-76
Male: Female 19:17 11:9 8:8

Median 637.5 days (163- | 564.5 days (163-1013) 760 days (347-1135
Survival 1135)

Alive: Dead 14:22 4:16 10:6
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Figure 3.11: Kaplan Meier curve of PC and NPPC and survivarwspective

group.
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3.2.2.2 Prospective CRP

All of the 36 patients had pre-operative CRP measents available. A CRP of
>10mg/l was used as the cut-off for an inflammategponse. Of the 36 patients
8 had a raised CRP level (>10mg/l). In the PC gfopt of the 20 CRP values

available were raised compared with 3 out of 1e\NPPC group (Table 3.8).

Table 3.8 : Available CRP measurements/ proportion of patievitls raised CRP.

Group Pre-op CRP >6mg/I
Overall (No-36) 8/36
PC (No-20) 5/20
NPPC (No-16) 3/16

All 36 patients were analysed together before sepay into two groups (PC and
NPPC) and survival analysis using Kaplan Meier earand the log rank test for
statistical significance was performed. No sigmificdifference in survival was
seen between patients with and without an inflaronyatesponse when all 36
were analysed together or when patients were seplardo PC and NPPC groups

(Table-3.9).
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Table 3.9: CRP levels and survival in prospective group

Tumour Typel CRP Level] Median Survival (days) Range (days) P-Value
<10mg/L 127 163-1135

Overall >10mg/L 493 394-922 | 0.739
<10mg/L 589 163-1013

PC Group >10mg/L 493 402-922 | 0.970
<10mg/L 787 347-1135

NPPC Group| >10mg/L 593 394-803 | 0.917
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3.2.2.3 Interleukin-6 and Survival

Using the prospectively collected blood samplessipla levels of IL-6 were
obtained by JL using a commercially available ELISAR & D Systems Europe
Ltd). All 36 patients were analysed together bekeparating into two groups
(PC and NPPC) and survival analysis using KaplareM=irves and the log rank
test for statistical significance was performedevRyus papers using an identical
ELISA kit used an IL-6 level of 4pg/ml as the ciit lmetween normal and raised

levels and this value was employed by the authabl@3.10%>

When all of the 36 patients were analysed togédtiere was a statistically
significant difference in survival between patiewith low levels of plasma IL-6
and those with higher levels (Figure 3.12). Mediarvival in patients with low
levels of IL-6 was 799 days (range 230-1013) comgbavith 537 days (range

163-1135) in those with higher levels (P=0.002).

When patients are separated into PC and NPPC gtbepswas no significant
difference in survival in the PC group. In thi®gp, median survival in those
with lower levels of IL-6 was 902 days (range 233-3) compared with 540 days
(range 163-1002) in those with higher IL-6 levé?s0.104). In the NPPC group
there was a significant difference in survival. $agatients with low IL-6 levels
had a median survival of were 766 days (range 3d&8)land 537 days (range
347-1135) in those without and those with an infizaory response respectively
(P=0.027). As with the prospective CRP resultsnilmabers in this IL-6 analysis
are extremely small, with only 5 patients in theRPgroup actually having high
levels of IL-6. These results represent the inttiahds as data collection

continues.

153



Table 3.10: IL-6 levels and survival in prospective group

Tumour Typ¢] IL-6 Level | Median Survival (days) Range (days) P-Value
Low 799 230-1013

Overall High 540 163-1135| 0.002
Low 902 230-1013

PC Group High 540 163-1002 | 0.104
Low 766 398-1013

NPPC Group| High 537 347-1135 | 0.027

Figure 3.12: Kaplan Meier curve of Normal v Elevated IL-6 anan8val in

Overall Prospective Group.
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3.2.2.4 Correlation Between CRP and IL-6 Levels

If the hypothesis stated in the introductory chapiehis thesis is correct then
there should be a correlation between the plaswasief IL-6 and CRP as the
main driver of plasma CRP is IL-6. To analyse passtorrelations, Spearmans
test for two data sets with non-linear distributwas used (Figure 3.13). This
revealed a statistically significant relationshgiween plasma CRP and plasma

IL-6 (P=0.031).

Figure 3.13: Analysis of correlation between plasma IL-6 and®CR

Correlations

CRP IL-6
Spearman'srho  CRP Correlation Coefficient 1.000 .360(%)
Sig. (2-tailed) . .031
N 36 36
il6elisa  Correlation Coefficient .360(*) 1.000
Sig. (2-tailed) .031 .
N 36 36

* Correlation is significant at the 0.05 level (2-tailed).
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3.3 Tissue Micro-Arrays (TMA'S)

3.3.1 Planning the TMA’s

Before embarking on the creation of TMA’s a peradglanning took place. One
of the key factors when planning the TMA’s was dliance between cores. The
accepted minimum between cores is 0.8mm, beloweth@the wax blocks are
likely to disintegrate during coring. For the TMAisthis thesis 1mm gaps
between cores were chosen. To gain representdtmemareatic tumours, 3 cores
of tumour tissue were taken for each patient aleitly 2 cores of normal
pancreatic ductal tissue, a total of 5 cores fohgmatient. For the 148 patients
this meant a total of 740 cores. A number of cdritssues were also required. A
literature review was carried out by the authosdtect control tissues that have
previously been shown to give positive immunohistauical staining in the
relevant antibodies. Table 3.11 below shows eatheo&ntibodies, tissues they
have previously been shown to stain and the reteed@rences. In addition to
pancreatic ducts, acinar tissue, islet tissue,child tissue and duodenal tissue,

breast, testis, liver and prostate tissue wereiatdoded on the control panel.
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Table 3.11: Selected tissue for positive controls.

ANTIBODY TISSUE REFERENCES
IL-6R Prostate, Liver Tan’, Rosé®™
JAK1 Prostate Taf’
Phospho.JAK1 Prostate, Breast TFamyeh®*
STAT3 Prostate, Liver, Breast Tam Levy ™
Phospho.STAT3 Tyr705] Prostate, Liver TamYang®®
Phospho.STAT3 Ser727]  Prostate, Breast Panmer®
KRas Breast, Prostate, Testis McGI§ftin
Mukhergeé®®
Traynof®’, Yanagihar&®
RAF-1 Breast, Prostate McGlyth
Mukhergeé®®
Phospho.RAF-1 Ser259|  Breast, Prostate McGRmn
Mukhergeé®®
Phospho.RAF-1 Ser338| Breast, Prostate McGRmn
Mukhergeé®®
MAPK Breast, Prostate McGIyAm,
Mukhergeé®®
Phospho.MAPK Breast, Prostate McGI¢tth
Mukhergeé®®

157




Using standard sized wax recipient blocks, it walsudated that 3 TMA’s would
be required for the 740 cores in addition to 18ti@tores on each TMA (2 cores
of each control tissue). The other crucial factbew planning TMA'’s is
orientation. Each of the three TMA'’s had to be ueido allow identification and
to make analysis easy, each TMA was asymmetricadtition to the 1mm gap
between cores, larger gaps were made after 6, 8 ancks in the horizontal
plane and every 4 cores in the vertical plane crg#& sections of cores on each
TMA in addition to the panel of controls. This mamtéentation and subsequent
scoring significantly easier. The constructionted TMA's is described in chapter

2.

For the purpose of antibody optimisation, a pr&clitMA was created with a total

of 40 cores. The cores were made up of a seleofitbmour and normal tissue to

avoid using a significant number of slides from dotual TMA'S.
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3.3.2 TMA Quality

During the manufacturing of TMA’s there is somevitable loss of cores. This
can occur at a number of stages and is the reapmwumber of cores are taken
for each patient. If the donor tissue block is tiien a number of cores will be
required to fill the recipient block, often refedrto as double or triple stacking.
This inevitably creates gaps in the TMA which wilanifest themselves as lost
cores on subsequent sections. During sectioniisgaiso generally accepted that
some cores will be lost, those at the periphergisgomore vulnerable. Another
potential problem that can arise with TMA'’s occhesore manufacturing has
taken place in the selection of tissue. If theioagtissue selection is incorrect
then a good quality TMA will simply show cores afwanted tissue that should

be excluded at the scoring stage.

During the scoring of the 12 antibodies analysetthis thesis a record was kept of

the number of lost or damaged cores and the nuoflzares of inappropriate

tissue that had been stained for both tumour anth@gancreatic tissue.
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3.3.2.1 JAK STAT Lost cores

There were a total of 740 cores that underwenisigifor 6 antibodies
(excluding control cores) making a total of 4440esothat underwent scoring for
the JAK-STAT pathway. Of those 4440, 2664 were tunand the remaining
1776 were normal ductal tissue. The numbers ofdodtincorrect cores are

displayed below (Table 3.12).

Table 3.12: Numbers of cores excluded from JAK-STAT analysis.

Total Coreg Lost/Damaged % Lost| Incorrect Tissue % Incorrect

Overall 4440 74 1.7 812 18.3
Tumour | 2664 32 1.2 174 6.5
Normal 1776 42 2.36 638 35.9
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3.3.2.2 MAPK Lost Cores

As in the JAK-STAT analysis there were a total 44@ cores with 2664 tumour
and 1776 normal ductal cores. The table below @8Hl3) displays the

breakdown of lost cores for the MAPK pathway.

Table 3.13: Numbers of cores excluded from MAPK analysis.

Total Coreg Lost/Damaged % Lost] Incorrect Tissue % Incorrect

Overall 4440 108 2.4 1512 34.1
Tumour | 2664 75 2.8 576 21.6
Normal 1776 33 1.9 936 52.7
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3.4 The JAK STAT Pathway

3.4.1 Antibody Selection

For a detailed literature review of the JAK-STATipaay see section 1.3, a brief
summary follows. The cytokine Interleukin-6 (IL46nds to its cell surface
receptor IL-6R. Ligand binding leads to dimerisataf the gp130 receptor
subunit, followed by receptor phosphorylafibnThis phosphorylation causes
internalisation of the ligand-receptor complex ailog cytoplasmic parts of the

receptor to bind cytoplasmic JAK proteins.

Following receptor phosphorylisation JAK proteinsdito the receptor and auto-
phosphorylate causing JAK activatf6h A number of JAK proteins can be
activated by IL-6, but JAK-1 is dominant in IL-Gsial transductiofi®. The
receptor-bound active JAK-1 proteins then causespiharylisation of tyrosine
residues on the cytoplasmic region of the IL-6Raliigreates binding sites for
STAT proteins. Although a number of STAT proteias de activated in this

process, STAT3 is the dominant protein in IL-6 sifjing™**

Once bound to the IL-6R complex STAT3 proteinsgresphorylated by the
active JAK-1 proteins and these active STAT3 pradorm dimers in the
cytoplasm, before transportation to the nucleusrdgnown mechanisms to bind

with DNA.

The most suitable antibodies (IL-6R, JAK-1, PhospA&-1, STATS3,
Pospho.STAT3 Tyr705, Phospho.STAT3 Ser727) forrtgshe stated hypothesis

were chosen (Table 3.7). Five of these antibodik®(t Phopsho.JAK-1) were
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already available for use, their specificity haviveen established within the
laboratory as described in section 2.3.2. Eachesd five antibodies had all been
successfully used in immunohistochemistry with patestissue in the same
laboratory. Phospho.JAK-1 antibody had not beewmipusly used within this
laboratory nor had it been approved for use in imamistochemistry. A suitable
product was identified (Phospho.JAK-1, New Engl&nalabs), but despite
repeated attempts antibody specificity could noest@blished (described in
section 2.3.3). It was decided that despite thie éh@vidence of specificity, that

optimisation of Phospho.JAK-1 should still takegala

Table 3.14: Antibodies Used in Analysis of JAK STAT Pathway

Antibody Manufacturing Comparly
II-6R Santa Cruz
JAK-1 Cell Signalling

Phospho.JAK-1 Tyr1022/1033New England Biolabs

STAT3 Cell Signalling
Phospho.STAT3 Tyr705 Cell Signalling
Phospho.STAT3 Ser727 Cell Signalling
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3.4.2 Optimisation of Antibodies

As stated in section 3.4.1, five of the antibodiad been previously used for
immunohistochemistry on prostate tissue within Uméversity Department of
Surgery Laboratory, Glasgow Royal Infirmary. TheClidrotocols used for
prostate tissue were taken as the starting poiritfG protocols by the author of
this thesis (SD) and used on the pancreatic TMAtk permission of author LT.
Using a practice TMA described earlier in this thekey variables, primary
antibody dilution, blocking agents and epitopeiestal method were altered until
optimal staining was achieved. Once optimal stginuas achieved on the

practice TMA, the protocol was repeated on theacIivA's.

With every IHC run, a practice TMA slide was inchabthat underwent the same
protocol but without incubation with the primarytdsody as a negative control.
Positive control cores were already incorporateid ¢time TMA'’s as described
earlier. The quality of the staining for each antip was assessed by the author
(SD) and confirmed by the senior scientist withia taboratory (JE).
Representative immunohistochemical staining paiteoneach of the antibodies

are shown in figure 3.14.
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3.4.2.11L-6R

The IL-6R rabbit polyclonal antibody (Santa Cruzsased on the practice TMA
initially with a protocol successfully used on pgads tissue. This protocol used
citrate buffer and an antibody dilution of 1:50@aptimal staining was achieved
on the first run with no staining on the negatieatcol. This was successfully
repeated on the actual TMA'’s. Staining was expertdxbth the cytoplasm and
the membrane cellular compartments according t@tbeuct datasheet, but in

this study staining was seen in all 3 cellular camipents.

3.4.2.2 JAK-1

The rabbit polyclonal JAK-1 antibody (Cell Signatj) was used on the practice
TMA using a previously successful IHC protocol prostate tissue. This
antibody detects total JAK-1 staining. Antigen imtal was with EDTA buffer

and an initial antibody dilution of 1:200 was usé&te initial staining run was
successful and was repeated exactly on the TMAtls avnegative control.
Optimal staining was achieved. Staining was seehdrcytoplasm and to a lesser

degree at the membrane.

3.4.2.3 Phospho.JAK-1 Tyr 1022/1023

As stated earlier the, rabbit polyclonal P.JAK-1ilawdy (Cell Signalling) was
obtained but had not been used for immunohistocsteyrin the past. This
antibody only detects levels of JAK1 when it is pploorylated at Tyrosine
residues 1022 and 1023. As this antibody had net lerked up in the past, the
successful staining protocol for JAK-1 was used atarting point with EDTA

buffer and dilution of 1:200. This resulted in vevgak staining and the protocol
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was repeated with dilutions of 1:100, 1:50 and 12&spite increasing
concentrations of primary antibody, staining waserrely weak. Following
discussion with the senior scientist within thediatory (JE) the blocking agent
was changed from Avidin and Biotin block (Vectomlosatories) to Envision
block (Dakocytomation, Denmark). The protocol wéseowise unchanged and
dilutions of 1:50 and 1:25 were performed on thecpce TMA'’s, again with
negative controls. Optimal staining was achieveith &i25 and this was repeated
successfully on the pancreatic TMA’s. As P.JAK-1 Ina@t been used for IHC the
datasheet did not contain any information on exqekstaining, but staining was

seen in all three cellular compartments on the f@atic TMA'S.

3.4.2.4 STAT3

The starting point for staining was a previouslgdiprotocol used successfully on
prostate tissue with the same antibody. This STAt®ody detects total levels
of STATS3 protein. This protocol used a citrate leufind initial dilution of 1:100
and was followed successfully on the practice peatar TMA. This was then
repeated on the 3 TMA'’s and optimal staining wageaed without staining of

the negative control. The antibody datasheet sh@taeding in the cytoplasm and
nucleus, however on the pancreatic TMA'’s stainirag \seen in the cytoplasm

and at the cell membrane but not in the nucleus.
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3.4.2.5 Phospho.STAT3 Tyr705

The IHC protocol previously used successfully oospate tissue was used on the
practice pancreatic TMA with EDTA buffer and a 1ditution of the rabbit
polyclonal antibody P.STAT3 Tyr705. This antibodyydetects levels of

STAT3 when it is phosphorylated at tyrosine 70%dw@s. This protocol resulted

in excellent staining and was repeated successfualiyhe full pancreatic TMA'’s
without any staining on the negative controls. 18tay was seen in the cytoplasm

and the nucleus.

3.4.2.6 Phospho.STAT3 Ser727

The same protocol used successfully on P.STAT308/kvas used on this rabbit
polyclonal antibody which detects levels of STAT8yowhen phosphorylated at
Serine 727. Good staining was achieved on theipeacin and repeated on the
full pancreatic TMA’s with excellent results and st@aining on the negative

control. Staining was seen in both the cytoplasththe nucleus.
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Figure 3.14: Representative Immunohistochemical Staining of <B\KAT
Proteins (0O=no staining, 1=pale staining, 2=modes&dining, 3=strong staining)
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Phospho.STAT3 Tyr 705 Staining
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3.4.3 Variation in Scoring

The weighted histoscore (discussed in sectionZas)used for all of the
immunohistochemical staining. As discussed eagdittscoring was performed by
the author of this thesis (SD). The senior sciemtighin The University
Department of Surgery, Glasgow Royal Infirmary (He)ependently double-
scored 10% of the cores. The variation in obseseering was calculated by the
interclass correlation coefficient (ICCC). An IC@E0.7 or greater is considered
excellent with an ICCC of 1 indicating identicabses. Table 3.15 below shows

the individual ICCC scores for each of the antilesdi

Table 3.15: ICCC scores for JAK-STAT IHC scoring.

Antibody | CCC score (>0.7 excellent).
IL-6R 0.7284
JAK-1 0.8757
P.JAK-1 0.9377
STAT3 0.8390
P.STAT3 Tyr704 0.9325
P.STAT3 Ser72] 0.7059
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3.4.4 Protein Expression

For the six JAK-STAT proteins examined in this stuelkxpression was seen in all
three cellular compartments in IL-6R, and Phosphi¢.1. Cytoplasmic and
membrane expression only was seen for JAK1 andactimvated STAT3. Both
active forms of STAT 3 (Phospho.STAT3 Tyr705 and$iho.STAT3 Ser727)
had protein expression observed in the cytoplasmicnuclear compartments
only. The distribution of scoring for each of thaibodies in each of the cellular
compartments was then examined. The distributitofing was demonstrated
by plotting frequency histograms (SPSS 15.0, Clurabhese histograms are

shown in full in Appendix 1.

When these histograms are analysed the majorityeske graphs demonstrate
skewing to the right. Before further statisticahbysis took place the continuous
data needed to be dichotomised, splitting the idatia high and low staining
before survival analysis could take place. Follaystatistical advice the upper
guartile was chosen as the cut-off between highl@andcoring. Table 3.16
shows the median and inter-quartile ranges of aatibody in each cellular

compartment and hence the cut-off values usedutmsesjuent survival analysis.
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Table 3.16: Median histoscores and interquartile range

Protein Median Histoscore Interquartilerange
(Lower Quartileto
Upper Quartile)
Cyto 16.67 5.42-30.00
IL-6R Mem 6.67 0.0-20.00
Nuc 6.67 0.0-20.00
Cyto 53.33 26.67-83.33
JAK 1 Mem 0.00 0.0-16.67
Nuc - -
Cyto 83.33 56.67-100.00
P.JAK 1 Mem 60.00 30.00-86.67
Nuc 120.00 83.33-145.00
Cyto 93.33 56.67-123.33
STAT 3 Mem 40.00 17.50-71.67
Nuc - -
Cyto 23.33 6.67-54.58
P.STAT3 Ve - .
Ser 727
Nuc 43.33 23.75-80.00
Cyto 13.33 3.75-26.67
P.STAT3 Nem - .
Tyr705
Nuc 66.67 26.67-126.67
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3.4.5 Protein Expression and Survival

To assess whether expression levels of proteitieidAK-STAT pathway were
associated with poorer survival in pancreatic cgri€aplan-Meier graphs were
plotted for patients expressing low levels (belaw aff)and high levels (above
cut off) of staining in both the PC and NPPC groapd were compared using the
log rank test. Table 3.17 shows survival in pasemth PC for both low and high
levels of staining for each of the tested antibsdlieeach of the cellular
compartments. Table 3.18 shows the correspondilgsdor patients with NPPC

tumours.

At first glance there appear to be statisticalgngicant results in both the PC and
NPPC patients (cytoplasmic STAT3 and nuclear Ph@§FAT3 Tyr 705
respectively). However when multiple testing iselaknto account using
Bonferroni correction, there are no statisticaingicant results in either the

ductal or non-ductal groups at the 5% |é{/el
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Table 3.17: Difference in survival between low and high protekpression in

the PC group.

Median Survival (days)

Protein L ow High P-value
expression expression
Cyto 345 370 0.6988
IL-6R Mem 430 279 0.0549
Nuc 430 304 0.3769
Cyto 405 339 0.6106
JAK 1 Mem 405 345 0.4487
Nuc - - -
Cyto 407 339 0.2498
PJAK 1 Mem 374 345 0.3382
Nuc 407 267 0.0853
Cyto 345 801 0.0286
STAT 3 Mem 370 512 0.5725
Nuc - - -
Cyto 411 304 0.847
P.STAT3 Mem - - -
Ser727
Nuc 430 304 0.1894
Cyto 389 345 0.5874
P.STAT3 Mem - - -
Tyr705
Nuc 407 271 0.2428
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Table 3.18: Difference in survival between low and high protekpression in the

NPPC group.
Median Survival (days)
Protein L ow High P-value
expression expression
Cyto 572 618 0.2931
IL-6R Mem 582 1432 0.2924
Nuc 582 848 0.3263
Cyto 572 811 0.2669
JAK-1 Mem 572 1423 0.0623
Nuc - - -
Cyto 618 811 0.5617
P.JAK-1 Mem 618 1055 0.9913
Nuc 618 582 0.8709
Cyto 477 1423 0.0528
STAT 3 Mem 572 1055 0.1982
Nuc - - -
Cyto 582 618 0.9536
P.STAT3 Mem - - -
Ser727
Nuc 632 618 0.2880
Cyto 572 655 0.1878
P.STAT3 Mem - - -
Tyr705
Nuc 529 848 0.0446
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3.4.6 Further Statistical Analysis

The analysis above was carried out by the authdy {&ning what is continuous
data (a histoscore of between 0 and 300) into pidata by creating cut-off

points to differentiate between high and low levalscoring. Although this is an
accepted method of statistical analysis the autla@rkeen to explore ways in
which the data could be analysed in a continuous Mae raw scoring data from
each of the JAK STAT proteins for the 90 PC patiemas sent to JP a statistician

at the Beatson Oncology unit in Glasgow who pregé#ne following analysis.

The fractional polynomial approach was used inahaysis to establish the best
shape of relationship between the protein measurenasd survival

Fractional polynomials explore a wide range of piale polynomial relationships
between the predictor and outcome in a statisyicalhtrolled manner which
avoids the problems of exploring arbitrarily chosetoff levels. Because of the
large number of variables assessed, the falsewdisgoate has been used to

assess the final level of statistical significite

When the data is analysed in this fashion on ifrgpection there appears to be a

number of significant results (Table 3.19). Howewden taking into account the

number of variables assessed, none are significant.
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Table 3.19: Results of fractional polynomial modelling with Coegression.

95%
Confidence
Protein Hazard Interval for P-value(**)
Ratio(*) (HR) | HR

Cyto 6.3 1.22-32.60 0.037
IL-6R Mem 1.014 0.999-1.029 0.085
Nuc 1.017 1.002-1.033 0.037
Cyto 1.004 0.997-1.011 0.245
JAK-1 Mem 1.004 0.996-1.012 0.321
Nuc 1.001 0.989-1.014 0.827
Cyto 1.004 0.997-1.011 0.246
PJAK-1 Mem 1.002 0.996-1.008 0.477
Nuc 1.003 0.998-1.009 0.217
Cyto 0.995 0.990-1.000 0.035
STAT 3 Mem 1.000 0.994-1.007 0.930

Nuc - - -
Cyto 1.001 0.993-1.009 0.839

P.STAT3 Mem - - -

Ser 727
Nuc 1.003 0.996-1.011 0.361
Cyto 0.997 0.983-1.011 0.676
P.STAT3 Mem 0.995 0.952-1.039 0.807
Tyr705

Nuc 1.002 0.998-1.006 0.352

*- Relative change in hazard for unit change inlibst fitting polynomial.
**~ Adjusting for multiple comparisons none usirgetfalse discovery rate of

these are statistically significant at 5%.
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3.5 The MAPK Pathway

3.5.1 Antibody Selection

For a review of the MAPK pathway see section 1gha@t summary follows.
Inactive Ras protein is anchored to the cellulaminane hence its ability to take
part in cellular signalling. Ras is activated byltiple extra-cellular growth
factors including IL-6. Ras activation occurs vidéeraction with the membrane
bound gp130 receptor subunit with phosphorylattausing Ras to change from
its inactive GDP-bound state to its active GTP-lwbstaté’®. Active Ras then
binds to Raf-1 at the cell membrane and underg@esmplex series of events
leading to Raf-1 activation. The first stage of\ation involves de-
phosphorylation of an inhibitory site (serine258)lowed by phosphorylation at

serine338 which is crucial for Raf-1 activatfon

Activated Raf-1 then interacts with MEK, a protegrine/threonine kinase in the
cytoplasm that has three isoforms (MEK 1a/MEK 1bH/B?**®. Activated
(phosphorylated) Raf-1 goes on to phosphorylate MEXat 2 serine residues.
Activated MEK 1/2 then goes on to interact with MABsometimes known as
ERK). There are three members of this group ofgandtinases, but are generally
considered together as they are functionally simiBAPK activation requires
phosphorylation at threonine and tyrosine residusthis is accomplished by
interaction with activated MEK, again in the cytaght*®. Phosphorylation of
MAPK is the main requirement for its translocattorthe nucleus where it

regulates genes controlling growth, proliferatidifferentiation and apopto$fS.
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The most suitable antibodies to test the hypothesie chosen (KRas, Raf-1,
Phospho.Raf-1 Ser259, Phospho.Raf-1 Ser338, MARBspho.MAPK). These
antibodies were also chosen as they had been useéssfully for
immunohistochemical analysis of the MAPK pathwapiiaast and prostate tissue
within the same laboratory and were all availaBlable 3.20). In addition the
specificity of all of these antibodies was confidneithin the same laboratory by

Western Blotting (see section 2.3.2).

Table 3.20: Antibodies Used in Analysis of MAPK Pathway

Antibody Manufacturing Comparly
K-Ras Sigma
Raf-1 Santa Cruz

Phospho.Raf-1 Ser294Cell Signalling

Phospho.Raf-1 Ser338Jpstate

MAPK Cell Signalling

Phospho.MAPK Cell Signalling
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3.5.2 Optimisation of Antibodies

As stated in section 3.5.1, all six of the antilesdnad been previously used for
immunohistochemistry on breast and prostate tigsten The University
Department of Surgery Laboratory, Glasgow Royaliméry. The IHC protocols
used for breast tissue were taken as the startimg for IHC protocols by the
author of this thesis (SD) and used on the pancréMA’s with permission of

author LM.

Using a practice TMA described earlier in this thegkey variables, primary
antibody dilution, blocking agents and epitopeiestl method were altered until
optimal staining was achieved. Once optimal stginuas achieved on the
practice TMA, the protocol was repeated on theacIMA’s. With every IHC
run, a practice TMA slide was included that underinbe same protocol but
without incubation with the primary antibody asegative control. Positive
control cores were already incorporated onto theéAB\vas described earlier. The
quality of the staining for each antibody was assdsy the author (SD) and
confirmed by the senior scientist within the laltora (JE). Representative
immunohistochemical staining patterns for eachefantibodies is shown in

figure 3.15.
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3.5.2.1 K-Ras

This K-Ras monoclonal mouse antibody (Sigma) hawhlpgeviously used
successfully on breast tissue and this protocolfalésved exactly using the
practice pancreatic TMA. This protocol used EDTAfeuand 1:10 dilution and
gave excellent results and was therefore repeatactlg on the full TMA’s with
no staining seen on the negative control slidenBigwas seen in all three

cellular compartments.

3.5.2.2 Raf-1

The Raf-1 antibody used was a mouse monoclond@iyithat had been used
successfully in the same laboratory on breast anstaite tissue. The author (SD)
used the breast protocol as a starting point vaghpractice TMA. This protocol
involved citrate buffer and 1:40 antibody dilutidrhe staining was extremely
strong and a second identical run took place btit W60 dilution of the primary
antibody. Again the staining was strong and a &rrtlain with 1:80 dilution took
place using the practice TMA. This gave excell¢ainsng and was repeated
using the full pancreatic TMA'’s. Results were geath staining seen in the
cytoplasm and at the membrane and there was mongiaeen on the negative
control slide. The datasheet for the antibody dtétat cytoplasmic and

membrane staining was expected.
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3.5.2.3 Phospho.Raf-1 Ser259

A protocol previously used on breast tissue withaté buffer and a 1:25 dilution
of the monoclonal rabbit Phospho.Raf-1 Ser259 adiibAlthough specific
staining was seen it was extremely weak and a sewonwith 1:10 dilution was
performed. Excellent staining was achieved angtbe&col repeated on the full
TMA’s. Staining was excellent and seen in the cigem only with no staining on

the negative control.

3.5.2.4 Phospho.Raf-1 Ser338

A previously used breast protocol was again usdteastarting point for staining
using Phospho.Raf-1 Ser338 (Upstate), a monoclopake antibody. EDTA
buffer along with antibody dilution of 1:250 wasedson the practice TMA with
excellent results. This protocol was repeated erfulhi TMA'’s but one of the
TMA'’s (TMA 2) showed no staining at all. This wdstight to be a technical
error and was repeated, however on this run thativegcontrol slide showed
evidence of staining. Again this was thought talbe to a technical error and a
repeat run took place without any changes to theopol. Satisfactory staining
was seen in all three cellular compartments andialiy not on the negative

control slide.

3.5.2.5 MAPK

The previously used breast protocol employing @thauffer and a 1:200 dilution
of the monoclonal rabbit MAPK antibody was usedtmpractice TMA. Very

weak staining was seen and therefore the protoasirepeated with a dilution of
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1:100. The staining was still very pale and wassatered very difficult to score
so a repeat run with 1:50 dilution was performed.aDalysis of the 1:50 run
staining was still pale so the author (SD) consulkes senior scientist in the
laboratory (JE) and a change of buffer was usecenW\EDTA buffer was used
with a 1:50 antibody dilution good staining wasrsaad a repeat run on the full
TMA'’s took place. Good staining was seen in alethcellular compartments,
however the datasheet showed expected stainingjyrtlee cytoplasm and the

nucleus. No staining was seen on the negative @aslide.

3.5.2.6 Phospho.MAPK

As a starting point a protocol used on breast ¢isgas again used. Citrate buffer
along with an antibody dilution of 1:200 gave veaje staining and the protocol
was repeated with dilution of 1:100. The strongeitedy gave improved results
but staining was still pale and the dilution waared to 1:50 for a third run.
This third run gave stronger staining but it watcpg and after discussion with
JE a change of buffer was used. When EDTA buffes wsed with a 1:50
antibody dilution good, specific staining was saed the full TMA’s underwent
the same protocol. Although the datasheet showpédated staining in the
cytoplasm and the nucleus, staining was seen thralé cellular compartments

but not on the negative control slide.
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Figure 3.15: Representative Immunohistochemical Staining of RKAProteins
(0O=no staining, 1=pale staining, 2=moderate stgindxstrong staining)
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MAPK Staining
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3.5.3 Variation in Scoring

The weighted histoscore (discussed in sectiongas)used for all of the
immunohistochemical staining. As discussed eadikiscoring was performed by
the author of this thesis (SD). The senior sciemtithin The University
Department of Surgery, Glasgow Royal Infirmary (iHflependently double-
scored 10% of the cores. The variation in obseseering was calculated by the
interclass correlation coefficient (ICCC). An IC@€0.5-0.6 is considered
acceptable, 0.6-0.7 good and >0.7 is considereellext with an ICCC of 1
indicating identical scores. Table 3.21 below shiévesindividual ICCC scores

for each of the antibodies.

Table 3.21: ICCC scores for MAPK IHC scoring.

Antibody ICCC score
K-Ras 0.82
RAF-1 0.637

P.RAF-1 Ser25‘ 0.904

P.RAF-1 Ser33§ 0.809

MAPK 0.532

P.MAPK 0.872
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3.5.4 Protein Expression

For the six MAPK proteins included in this studgistng was seen in all three
compartments in four antibodies (K-Ras, PhosphelRa&r338, MAPK and
Phospho.MAPK). Raf-1 showed staining in the cytsplaand membrane only
and Phospho.Raf-1 Ser259 showed staining onlyarcytoplasm. The
distribution of scoring for each of the antibodie®ach of the cellular
compartments was then examined. The distributisstofing was demonstrated
by plotting frequency histograms (SPSS 15.0, Clugabhese histograms are

shown in full in Appendix 2.

When these histograms are analysed the majorityeske graphs demonstrate
skewing to the right. Before further statisticabbsis took place the continuous
data needed to be dichotomised, splitting the idatia high and low staining
before survival analysis could take place. Follaystatistical advice the upper
guartile was chosen as the cut-off between highl@ndcoring. Table 3.23
shows the median and inter-quartile ranges of aatibody in each cellular

compartment and hence the cut-off values usedutmsesjuent survival analysis.
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Table 3.22: Median histoscores and interquartile range

Protein Median Histoscore Interquartilerange
(Lower Quartileto
Upper Quartile)
Cyto 63.33 30.00-96.667
K-Ras Mem 20.00 6.667-50.00
Nuc 33.33 6.667-76.667
Cyto 100.00 56.667-140.00
Raf-1 Mem 30.00 10.00-60.00
Nuc - -
Cyto 30.00 10.00-56.667
P.Raf-1 NMem - -
Ser259
Nuc - -
Cyto 70.00 43.33-100.00
P.Raf-1 Mem 30.00 15.00-63.33
Ser338
NUC 135.00 86.667-175.00
Cyto 50.00 20.00-85.833
MAPK Mem 40.00 20.00-60.00
Nuc 70.00 40.00-109.167
Cyto 13.33 3.75-30.00
P.MAPK Mem 3.33 0-16.25
Nuc 05.833 50.833-139.167
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3.5.5 Protein Expression and Survival

To assess whether expression levels of proteititeiMAPK pathway were
associated with poorer survival in pancreatic cgri€aplan-Meier graphs were
plotted for patients expressing low levels (belawaff)and high levels (above
cut off) of staining in both the PC and NPPC groapd were compared using the
log rank test. Table 3.23 shows survival in pasemth PC for both low and high
levels of staining for each of the tested antibsdlieeach of the cellular
compartments. Table 3.24 shows the correspondilugsdor patients with

NPPC.

At first glance there appear to be two statisticaignificant results in the patients
with ductal tumours. Differences in cytoplasmic MABNd cytoplasmic
phosphorylated MAPK staining appear to have a Saanit effect on survival
(p=0.0229 and p= 0.0342 respectively). However wheitiple testing is taken
into account using Bonferroni correction, there ravestatistically significant
results in the PC group at the 5% |éVklIn those patients with NPPC there were

no significant effects on survival.
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Table 3.23: Difference in survival between low and high protekpression in

the PC group.

Survival (days)

Protein L ow High P-value
expression expression
Cyto 405 150 0.1340
K-Ras Mem 330 411 0.8597
Nuc 339 389 0.5168
Cyto 389 370 0.9712
Raf-1 Mem 407 374 0.1065
Nuc - - -
Cyto 345 430 0.3245
Raf-1 Mem - - -
Ser 259
Nuc - - -
Cyto 407 339 0.9915
Raf-1 Mem 407 345 0.5337
Ser338
Nuc 444 279 0.2194
Cyto 339 635 0.0229
MAPK Mem 405 312 0.4514
Nuc 407 253 0.0777
Cyto 370 389 0.0342
P.MAPK Mem 370 389 0.4046
Nuc 405 304 0.6661
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Table 3.24: Difference in survival between low and high protekpression in the

NPPC group.
Survival (days)
Protein L ow High P-value
expression expression
Cyto 572 622 0.4099
K-Ras Mem 618 811 0.5926
Nuc 618 632 0.9215
Cyto 618 582 0.6924
Raf-1 Mem 618 398 0.6478
Nuc - - -
Cyto 582 618 0.5205
Raf-1 Mem - - -
Ser 259
Nuc - - -
Cyto 572 811 0.3583
Raf-1 Mem 618 535 0.2800
Ser338
Nuc 618 582 0.6425
Cyto 582 1659 0.3169
MAPK Mem 572 1423 0.4355
Nuc 582 826 0.3885
Cyto 826 529 0.1891
P.MAPK Mem 582 655 0.6657
Nuc 655 494 0.7049
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4.0 DISCUSSION
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HYPOTHESIS

The presence of a systemic inflammatory responassisciated with a
particularly poor prognosis in pancreatic canceo-iRflammatory cytokines, in
particular IL-6, are known to induce CRP productao also may influence
tumour growth and differentiation through well-delsed cellular pathways.
Upregulation of IL-6 dependent pathways in tumaeliscmay explain the poor

prognosis associated with a systemic inflammatesponse.

At the start of this thesis a number of aims vatated to allow testing of the

above hypothesis. These aims included:

1/. Establish pancreatic cancer patient databatbebasic demographics,
pathological and survival data.

2/. Confirm the connection between a raised CRPsandval in pancreatic
cancer in a larger cohort and establish if theeernslationship between CRP and
non-pancreatic peri-ampullary cancers.

3/. Simultaneously create a prospective databasestablish the connection
between CRP and survival in a prospective cohort.

4/. Create tissue micro-arrays using tissue froernpincreatic cancer database to
enable the efficient examination of relevant ardibs using standard
immunohistochemical techniques.

5/. Using immunohistochemistry, stain for antibadie®m the JAK-STAT and
MAPK pathways and establish whether poor survindhese patients with

pancreatic cancer is associated with upregulatidhese pathways.
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4.1 CRP: Results Summary

This thesis has confirmed that pre-operative CRPsignificant prognostic
indicator in resectable pancreatic cancer in thgelst series to date. Multivariate
analysis has revealed that a raised CRP is theppagnostic factor that retains
statistical significance, making it more importambutcome in this cohort of
patients than the traditional, pathological factmssociated with poor survival
discussed in section 1.1.7.2. This is highly sigaiit and raises the issue of
whether patients with a raised pre-operative infteatory response who are
otherwise found to be operable should be offeredtue resections. More
information is needed regarding the pathophysioleglyind this response and the
effects of pharmacologically reducing it howeveérsiconceivable that CRP may

be included in staging of these patients in thergut

This thesis also shows in a prospective grouphiugt levels of plasma IL-6 are
associated with poorer post-operative survival gtmalv a statistically significant
correlation with plasma CRP levels. This adds &libdy of evidence describing

an IL-6 driven inflammatory response.
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4.2 JAK-STAT Pathway: Results Summary

When the results were analysed by creating cupaifits (Kaplan Meier) and
analysing the data in a continuous fashion (fraetigpolynomial approach), there
appears to be no relationship between JAK STAhstgiand survival taking into
account the multiple tests performed. The IHC is thesis demonstrates staining
in the JAK STAT pathway but crucially this stainidges not appear to
significantly influence survival in this patientagip and therefore the author

cannot reject the null hypothesis.

A number of studies looked at STAT3 and its rol@amcreatic cancer. Huang et
al looked at the effects of blocking JAK proteim&lavas able to show a resulting
decrease in phosphorylation of STAT3 in additioa te@duction in tumour
invasion and metasta$é&s Wei et al showed constitutive STAT3 activatioran
resulting increased growth and metastatic potéftidoth of these studies
however were in-vitro studies on pancreatic cane#ilines and the value of their
results is therefore limited. Greten et al wereedbldemonstrate that activation of
STAT3 appeared to inhibit apoptosis, but this watudy on mice and there was
no mention of a resulting effect on survi7al There are no studies in the
published literature that can provide any evidedonceéhe JAK STAT pathway
influencing outcome in pancreatic cancer. The wagbrity of studies that
suggest that the JAK STAT pathway may have a mf@dy in pancreatic cancer
are experimental, often in-vitro or are they ardgrened on animals. No real
conclusions can be drawn about the role that thilsvpay plays in human
pancreatic cancer from these studies and the sesulhis thesis demonstrate that
although there is activity in human pancreatic earmells, it is not responsible for

poor outcome.
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4.3 MAPK Pathway: Results Summary

As with the JAK STAT pathway, there are no sigrafic differences in survival
between low and high levels of staining in anyhef MAPK antibodies stained in
this thesis. Similar to the JAK STAT pathway, thare a multitude of studies that
show that the MAPK pathway may have a role to jpigyancreatic cancer but
these results do not appear to be bourne out lijtses clinical trials on humans.
As described in section 1.4.2, at least 25 potkthteaapies aimed at various
proteins in the MAPK pathway have been trialed aode have yet to show any

significant difference in outcome, supporting thsults described heré
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4.4 Justification of Methods

4.4.1 Tissue Microarrays

The completion of the human genome sequence haglptba colossal amount of
information about human gene structure. To go aletg this explosion in
genetic information cDNA microarrays have been tigwed, allowing
simultaneous expression analysis of thousandsreg® one experimeif.
Performing traditional methods of molecular patlgglin large scale analyses are
in comparison incredibly slow and labour intengiveaning that valuable human
tissue resources are rapidly exhausted. A methadali/ses that preserved
human tissue and allowed large cohorts of patigetisnens to be analysed

quickly was required.

In 1998 Kononen and colleagues developed the tissc®array (TMA) for the

high throughput molecular profiling of tumour sael’. This technique is now

standard and described in detail in section 2.2.
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4.4.2 Advantages of TMA's.

Other than the obvious major advantage of humaneipreservation, there are a
number of other advantages associated with thefuBBIA’s. As all tissue
samples on the TMA are treated at the same timedtesall exposed to identical
conditions during immunohistochemical analysis énglstandardisation of
testing. With conventional techniques sectionseagosed to a multitude of slide
to slide variations including reagent concentratjoncubation times,
temperatures and wash conditions as well as antegaaval. Using TMA'’s
means every tissue sample is treated in an idéntiganer. With the use of
TMA'’s only a small amount of reagent is requiredat@lyze an entire cohort of

samples.

There were initial concerns about the preservatfamtigenicity in samples
preserved over long periods of time in paraffim#mber of studies have looked
at this potential problem. Camp et al showed thetda was no significant
decrease in antibody staining in blocks from paibglarchives up to 68 years

278
d

old“’". Another study by Rhodes again showed no detéiooran antigenicity of

samples dating back to the 1930%
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4.4 .3 Limitations of TMA's

The major potential limitation of TMA'’s is the ladi tissue volume used for
analyses. Sceptics claim that the tiny amountssiug used is too small to be
representative of an entire tumour, particularystntumours that exhibit
heterogeneity. It is not known how much tissue hewes required to be truly
representative of a tumour. This problem is norynatidressed by taking multiple
cores from each tumour block when making up the TWi#ere has to be a trade
off however between taking increasing numbers oé€to be representative of
the whole tumour and enjoying the advantages of Tiethnology. So how many

cores are needed to be representative of a tumour?

There have been a number of studies validatingiskeof TMA’s and suggesting
the optimal number of cores. Hoos et al showedsttirae cores (of 0.6mm
diameter) showed concordance with standard teckaigumore than 90% of
cases when they examined breast tumours stainitigawiumber of antibodi&®.
Camp et al took 38 cases of breast carcinoma amppax@d the staining of three
common antigens on 2-10 microarray discs and th@emissue section from
which they were derivé®’. With one microarray disc only there was over 90%
accuracy for all three antigens. When three disa®wnalyzed, accuracy
increased to over 97% for all three antigens wiempared to the full tissue
section. These studies suggest that althoughdbedtiused in microarrays is
small, it is enough to be representative of thecwnmvhen compared to standard

tissue sections.

199



Other potential drawbacks of using TMA technology eore loss or damage and
a lack of identifiable tumour in the core. This @tur during sectioning if a
section passes through a gap in a core (gaps can ibthe original paraffin

block is thin meaning multiple thin cores are pthoa top of each other to fill the
space in the recipient block) or due to sub-optisegtioning technique. The
impact of these problems can be overcome by inetudiultiple tissue cores and

careful technique.
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4.4.4 TMA’s and Pancreatic Tumours

Pancreatic and biliary tumours are commonly hetamegus and often associated
with a significant surrounding desmoplastic stroneaiction. It is now widely
accepted that pancreatic cancers originate fronduléal cells of the pancreas

and not the more abundant acinar tissue.

Swierczynski et al looked at novel tumour markerpancreatic and biliary
tumour$®L. Prior to the main analysis they used 8 markeosvato be over-
expressed in whole tissue sections of pancreaéin@zhrcinoma and compared
them to their own TMA'’s. The labelling of these ks on the TMA’s was
concordant with the whole tissue sections but dgetewer slides and reagents.
Maitra et al looked at pancreatic intraepitheli@bplastic (PanIN) lesions using
TMA’s whilst analysing the multistep progressiondebfor pancreatic cancer
They found that when compared with previous dataiglied using routine
histology sections, their results on the PanIN spens using TMA’s were
comparable. These studies suggest that analyzimggztic tissue using TMA'’s
gives comparable results to standard histology@estvith all of the advantages

already mentioned above.

201



4.4.5 TMA Quality in this Thesis

There is adequate evidence to justify the use oA’'BNh immunohistochemical
analysis. However, successful use of TMA'’s doesddpn their construction
and more specifically the quality of that constioiet There is an accepted loss of
cores during the manufacturing of TMA'’s that occussially during sectioning
but can less commonly occur as a consequence ofaloutriple stacking
(described earlier). This loss has been descrigedriumber of authors looking at
the validity of TMA use in immunohistochemistry acahcer researéi?*® Both
studies describe a loss of 5-10% of cores duricgmseng when the cores are
0.6mm in diameter (as they are in this thesis)imuscoring of the TMA sections
in this thesis a record was kept of the numberigbimg or damaged cores that
could not be scored. Out of a total of 8880 co& (P%) were missing or

damaged, comparing favourably with accepted losste literature.

Not mentioned in the papers described above howeers the cores that were
included on the TMA'’s that did not contain the regd tissue. If the initial cores
are not taken from the desired tissue then deaphigh quality of construction,
the subsequent analysis will be affected as ingp&i@ tissue cores will have to

be excluded.

During scoring of the TMA's in this study in additi to missing cores, a record of
the number of cores that did not contain the cotissue type and therefore were
not included in analysis was kept. As discussed@bihe number of missing
cores in the TMA'’s used was well within acceptdbtets but no where in the
literature is the mention of the expected lossavés due to incorrect tissue. In

this thesis a total of 2324 cores out of a tota8&80 were excluded from analysis
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due to incorrect tissue type. In the case of tuncoues the reason for exclusion
was the lack of tumour within the cored specimesuélly stroma, pancreatitis or
normal pancreatic tissue). In the cores of normiatal tissue there was a wide
range of other tissues seen leading to exclusicngatissue, pancreatitis,

pancreatic tumour, pancreatic islet tissue, stroma)

When the excluded cores are broken down it is ¢hesirthe majority occur in the
normal ductal cores (750 cores of tumour excludedpared with 1574 of normal
ductal cores). It would appear logical in this sttioat the majority of incorrect
cores would occur in the normal tissue for a nunabeeasons. All the patients
included on the TMA'’s in this thesis had resectitorscancer and therefore the
amount of genuinely normal pancreatic tissue wasmal. In addition, the
amount of normal ductal tissue within the smalbaref normal pancreas was
extremely small making coring of normal pancredticts very difficult. The
technique of TMA manufacture requires the use oBHlides as a guide to
enable coring of a specific area. It must be renegtbthat having identified a
small area on the H&E slide with the aid of a msmape, to accurately core the
exact area on the original tissue block is diffichence the large number of
normal ductal cores that actually contained panicreainar tissue in this study.
The same problem is applicable to the tumour couess all the resections were
for cancer there were larger areas of tumour wivete more easily identified
and therefore with the aid of H&E slides, coreslass likely to contain
inappropriate tissue. As normal pancreatic tissas mot included in the analysis

in this thesis then the loss of cores in this grisuprelevant.
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On further analysis of the excluded cores theeedkear difference in numbers
between the JAK-STAT and MAPK pathways, with artaire cores excluded
from analysis in the latter. There are a numbeea$sons why this may be the
case. Firstly, as the MAPK scoring took place afterJAK-STAT, the author
who performed the scoring may have gained in egpeg and therefore was able
to exclude a number of cores that previously waade been scored. Secondly,
immunohistochemical staining of antibodies from M&PK pathway took place
after staining of JAK-STAT antibodies, using TMActiens from deeper into the
TMA. The H&E slides used as guidance on coringesent the surface of the
original tissue block. The further into the oriditiasue block a core goes, the less
representative the H&E slide becomes and henceegsed sections of the TMA
are cut the less likely the deeper sections ameggmi represent the tissue on the

superficial sections.

These are all established problems with the u§eMA’s as described earlier.
The use of multiple cores (3 tumour and 2 normakfch patient in this study)
not only allows for representation of heterogendauosours but also for the loss
of cores. This means that despite significant wsdeores virtually every patient

will have appropriate tissue scored for analysis.

One criticism that could be levelled at this thesithat the creation of the TMA’s
was done entirely by the author. Before the selacind marking of slides took
place, the author underwent an intensive peridasiblogy training under the
guidance of a consultant pathologist (KO). Aftez tharking of slides took place,

a selection was reviewed by the same consultahbfmagist who agreed with the
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author who went on to manufacture the TMA'’s. Therefthe TMA'’s created for

this thesis were done under the continual guidaheeconsultant pathologist.
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4.4.6 Immunohistochemistry

Antibody specificity was confirmed in 11 of the ag@tibodies used, by scientific
staff within the department using Western Blottidgscribed in section 2.3.2.2.
The Phospho.JAK 1 antibody had not been used fGrhEffore and despite
multiple attempts the author was unable to dematesspecificity but analysed

and included the results for completeness.

The IHC protocols used were initially based on @cots used successfully in
prostate and breast tissue. The author (SD) usse fbrotocols as a starting point
before optimising them on a practice pancreatic Tdd&r a period of months
under the guidance of a scientist within the depant (JE) with years of
experience of IHC. Once satisfactory staining haenbachieved using the

practice pancreatic TMA, staining of the origin&llA’s took place.
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4.4.7 Scoring

All patients in the cohort included in this theked tissue samples prepared in the
same department following the same protocols. Heeafi tissue micro-arrays
(TMA) means the area to be assessed is identicallfpatients. Each patient has
three 0.6mm diameter cores of tumour and two O.@mres of normal pancreatic
tissue included on the TMA'’s, meaning all areatheffive cores could be scored
for each patient. The heterogeneous nature of paticicancer was taken into
account when selecting the areas to be cored fnemriginal paraffin blocks. For
each patient areas of different differentiation everarked meaning the three cores

taken were a representation of the whole tumour.

The weighted histoscore is an immunohistochemimalisg system that enables
qualitative as well as quantitative data to beemétd and has been used
extensively, mainly in the scoring of breast tisdud also in prostate and colonic

tissuedd42%

The author (SD) underwent a period of trainingaarsig tissue and then scored a
sample TMA slide. A scientist in the departmentwyiears of experience using
the weighted histoscore (JE), double-scored theeSEWA slide and an ICCC of
>0.7 (rated as excellent) confirmed consistenayefauthors scoring was
achieved. Only after this training period did thether go on to score the actual
TMA's. All 12 of the antibodies were double scot®dthe same scientist (JE)

and scoring consistency was again confirmed usiad@CC. All 12 antibodies
had an ICCC of >0.5 or higher indicating a minimahsatisfactory scoring

consistency.
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4.4 .8 Statistics

All statistics were calculated using the SPSS<ttadil software package as
described in section 2.6. Statistical analysis pexformed under the guidance of
(WA) a statistician in The University of Glasgow fizetment of Surgery. All
survival analysis was performed using Kaplan Meigres and the log-rank test.
Multivariate analysis was performed using Cox'sresgion analysis on variables

identified as significant on univariate analysis.

Following scoring of antibody staining, frequencgphs were plotted
(appendices 1 and 2) demonstrating the distribudgfatoring for each antibody.
These graphs demonstrate skewing to the rightdichotomise data and allow
Kaplan Meier survival analysis, cut-off points beem what is considered low
and high levels need to be chosen. If it is reqguicetest whether two groups (low
and high scoring groups) differ in some other \addg (survival in this case)
then for a given sample size, the greatest poweetect differences between 2
groups is usually achieved if they are of equad.sihat is why the median is so
often used as a cut-off. However, if the distribatis asymmetrical (skewed) then
a cut-off that separates the long tail of the thstron from the remainder
clustered about the modal value may be best. Hemeedlistribution skewed to
the right (the majority of antibodies in the JAKAITand MAPK pathways in

this thesis), an upper quartile is a more apprépgat-off than the median.

A second statistical analysis was performed ord#ia from JAK-STAT staining
by (JP), a statistician at the Beatson Oncologyt,Biasgow to see if analysing
the data in a continuous fashion gave differentltesThe fractional polynomial

approach was used in the analysis to establishakieshape of relationship
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between the protein measurements and survival.staisstical technique allows
data to be analysed continuously without the needreating arbitrary cut off
points. The results of this second analysis confirensurvival analysis done

using Kaplan Meier curves and the log-rank test.
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4.4 .9 Justification of Methods: Conclusions

The author believes that the scientific methodstanlniques used in this thesis
are justifiable and scientifically sound. The us@®A’s is now commonplace
and backed by a significant body of evidence. Tieatwon of the TMA'’s, done
entirely by the author was supervised throughouwpyyropriately qualified

people with experience in TMA manufacturing. Thalgy of the TMA'’s

matches that described within the literature aredrimunohistochemical
techniques employed by the author were standard@nervised by a scientist
with multiple publications using similar techniquélse of the weighted
histoscore has been published widely in multiptadurs and scoring consistency
(as measured by the ICCC) was in the main graded@dlent, never falling
below satisfactory following double scoring. Thatstics used in this thesis have
been employed in numerous publications and werersiged by statisticians with
extensive experience in medical statistics. The@unaintains that the
techniques used in this thesis and therefore thdtseare reproducible and

confirm that the initial hypothesis stated in secti.5.1 has been disproved.
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4.5 Recently Published Data

During the writing of this thesis there have beemmber of relevant publications

which are summarised below.

Raised CRP levels have been associated with pognpsis in metastatic
prostate cancét. Raised pre-operative CRP predicts poor outconoénable
gastric and oesophageal (squamous cell carcinochadenocarcinoma)
cancer$’?% Hashimoto et al showed that pre-operative ser&R & an
independent and significant predictor of poor oateand early recurrence in

patients with hepato-cellular carcinofifa

The importance of CRP in cancer and more spedifidal ability to predict
outcome in most of the common solid tumours hasddgtie development of a
prognostic scoring system involving CRP. The Glasgoognostic Score (GPS)
is based on the inflammatory response, with ser&®R C>10mg/l signifying a
raised level) and albumin (<35g/I signifying hypgmaininaemia) being measured.
The presence of both a raised CRP and hypoalbumiaagves a GPS of 2, the
presence of either, a score of 1 and neither @swfdd. This scoring system has
been used in advanced colo-rectal cafiéénoperable gastro-oesophageal
cancef®®, inoperable non-small cell lung carcindiffametastatic renal cané&t
and inoperable pancreatic carf¢erin all cases the GPS was shown to be a
significant and independent predictor of survivdlis scoring system has yet to
be applied to operable cancers but based on thediesit may only be a matter

of time before CRP becomes part of pre-operatiagisg in cancer.
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In terms of pancreatic cancer and CRP very litle/ nlata has appeared in the
literature since Jamieson et al in 2005 showedptexbperative CRP was a
significant predictor of outcome in operable duetadénocarcinoma of the

pancrea¥.

The evidence surrounding an inflammatory respom&amncer and more
specifically a pre-operative inflammatory respoimspancreatic cancer has been
discussed in detail in the introduction and supgieetauthors findings in this
thesis. The role of pre-operative CRP in cancerraack specifically pancreatic

cancer now appears to be beyond doubt.

Also discussed in the introduction is the roleleflas the major inducer of
plasma CRP level® '8 CRP is synthesised predominantly in hepatocytegu
the influence of cytokines, with Interleukin-6 (B)-the major inducer of
hepatocyte CRP productiii Other sites of CRP production include smooth
muscle cells, macrophages, kidney tubular cellgtaores, and lymphocytes,
however, these sites contribute only a small pricgoof the CRP value and
plasma CRP measurements reflect hepatocyte produdinere have been a
number of key papers involving IL-6 and cancer mit@d during this thesis and

they will be discussed in detail later in this dission.

212



4.6 What are the Factors Behind Inflammation and Po  or
Prognosis in Pancreatic Cancer?

The role of the inflammatory response in cancerspetifically pancreatic cancer
is now well established and the results of thisieupport this. The results
reported here do not show any evidence for invoksmnof two major signalling
pathways, both shown to be involved in inflammatmal carcinogenesis in
numerous other publications. So what are the egfilams for this poor

prognosis?

There appear to be a number of possibilities tret explain the role of
inflammation and poor prognosis and fit with theulés reported here. One is that
other signalling pathways, maybe multiple signgllpathways or signalling
proteins are responsible for this poor prognosie dther possibility is that the
inflammatory response rather than just being tealt@f another process is itself
responsible for poor outcome. Whether it is thedunor the reaction of the host
to the tumour that induces this response also neduoks addressed. These

possibilities will be explored in the next section.
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4.6.1 The SOCS Gene

When STAT3 is activated in response to cytokinmslus, this activation is rapid
and transient. Even if the cytokine stimulus péssiISTAT3 activation only lasts a
few hourd®.. This suggests a feedback mechanism that in ngshyaiiological
conditions leads to the deactivation of STAT3 euader persistent cytokine
stimulation. One such mechanism that terminatesT3T&ctivity is by the
activation of a group of proteins known as the sapgors of cytokine signalling,

or SOCS family.

SOCS proteins, of which there are currently eigbntified, were first discovered
in 1997 when they were identified as JAK regulagomyteins®. Of the 8 SOCS
proteins, SOCS-1 appears to be involved with théihon of IL-6 signalling.
These proteins bind to JAK's, halting their acimatand the subsequent
activation of STAT3, essentially switching off ci¢tne signalling via the JAK
STAT pathway. A number of cytokines, including ILaée responsible for the
activation of SOCS proteins and there is some ecgel¢hat SOCS genes are
actually among the target genes of STAT proteieatang a negative feedback
loop?®'*% Following the identification of the JAK STAT pathy as having a
role in carcinogenesis and the progression of tusy@itention more recently has
turned to the SOCS family of proteins in their rakenegative regulators of JAK
STAT signalling. As constitutive activation of STAfoteins, in particular
STAT3 has been reported in a number of cancersd @oloe loss of this negative
feedback that is responsible, meaning a potertialin cancer for SOCS

proteins?
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Yoshikawa et al published their work on SOCS-1epdtocellular carcinoma
(HCC) in 200°%. They were able to identify aberrant methylatiéithe SOCS-1
gene in HCC cell lines and subsequent transcrigil@mcing. Following the
restoration of SOCS-1 there was suppression oftiwreeen in the cell lines. They
identified that this growth suppression was causedpoptosis and this apoptosis
was recreated by using the JAK inhibitor AG490. ahéhors also demonstrated
that in 26 HCC tissue samples removed at surgeiis/same methylation of the
SOCS-1 gene was seen in 65%. In non-tumour sarfiplesthe same patients, no
methylation was seen. The authors conclude thatitotive activation of the

JAK STAT pathway as a result of methylation of 8@CS-1 gene and the

subsequent lack of growth suppression is a keyistdpe development of HCC.

Multiple Myeloma (MM) is a malignancy where cytoksmand particularly IL-6
are known to have a crucial role in pathogenesibowing the study of SOCS
proteins in HCC, Galm et al looked at SOCS-1 mettiyh in MM cell lines and
primary MM sample¥?. Aberrant methylation was identified in both IL-6
dependent MM cell lines but not in acute myelowkigemia (AML), chronic
myeloid leukaemia (CML), and lymphoma cell linesy m normal peripheral
blood mono-nuclear cells. This methylation was deervincide with SOCS-1
gene transcription silencing. Reversal of this mylation led to up-regulation of
SOCS-1 transcription. The authors then went oretaahstrate similar
methylation of the SOCS-1 gene in 63% of MM patgarnples. Comparative
assays on samples of various lymphomas identifie@S-1 methylation in only
3% of patients and no methylation in normal periphblood leucocytes or bone
marrow. In their conclusion the authors state thethylation of the SOCS-1 gene

in MM may contribute to cell survival by removinget negative feedback from
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the JAK STAT pathway and increasing cellular seavigjtto cytokines and

particularly IL-6.

As inflammation has been shown to influence suhitv@ancreatic cancer in this
thesis in addition to other publications, may tl@&CS protein have a role to play
in the poor prognosis of patients with an inflamonatresponse? Komazaki et al
examined a number of pancreatic tumours, lookimgrfethylation of the SOCS-1
gené®. They demonstrated methylation of the SOCS-1 geb68% of the

cancers included in the study and resulting sugpef SOCS-1 mRNA.

Fukushima et al also looked at the SOCS-1 genanneatic cancer and went on
to examine if there was any resulting affect onXA& STAT pathway’*. Similar
to the previous studies outlined above the incidasfcSOCS-1 gene methylation
was initially established in both cell lines angktie specimens. Aberrant
methylation was seen in 31% of pancreatic candelimes, which was associated
with loss of gene transcription in 83% of caseseWHB0 pancreatic cancer
specimens were similarly examined, methylation seen in 13 (22%) and in 6%
of the intra-ductal papillary mucinous neoplasn®MN). However methylation
was not seen in normal ductal epithelium, in paatocentra-epithelial neoplasia
(PanIN) or in IPMN'’s without invasive cancer. Tisisidy then went onto show
that methylation of SOCS-1 gene in pancreatic caceklines was associated

with an IL-6 dependent, statistically significantiease in cellular growth.

Although these studies are relatively few in numeeme authors are actually
describing the SOCS-1 gene as a possible tumopresgor gene, as methylation

is a common mechanism by which other establishextw suppression genes are
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affected in cancer. Does this evidence for the yhation of SOCS genes fit with
the results from this thesis? Could it be thatss lof negative regulation rather
than increased activation leads to increased diggalia the JAK STAT
pathway? This is certainly one possibility that webiit with the results reported
in section 3. Those patients with a raised pre-atper CRP and therefore raised
IL-6 may have increased transcription of STAT3 &trgenes via relatively weak
signalling due to the removal of the negative feitof SOCS proteins and may
explain why there was no obvious evidence of ugedgun of the JAK STAT
pathway in this patient cohort. One other possibifi that inflammation and IL-6
negatively effects survival via JAK STAT indepentierechanisms and this will

be explored later in this discussion.
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4.6.2 NF-kB and Cancer

NF-kB is an important protein in both the inflammatoegponse and
tumourogenesis. It is a ubiquitously expressedstiaption factor and regulates
the expression of various inflammatory, apoptotid ancogenic gen&s. The
active form of NF«B is a heterodimer with two sub-units p65 (alsdechRelA)
and p50 which are both members of the Rel familiyariscription factors.
Activation of NF«B occurs by a number of stimuli including IL-1, e kinase
C, reactive oxygen species, viruses, TNF and riadi4?'®* Once activated at
sites of inflammation NRkB causes increased transcription of 27 differenege
encoding for cytokines, chemokines and receptarsial for neutrophil adhesion
and migration including IL-2, IL-2R, IL-6, IL-8, H12 and TNE® These
cytokines can in turn activate the XB-pathway establishing a positive

autoregulatory loop that sustains and amplifiesriiammatory response.

Cancer is a hyper proliferative disorder resulfimgn the inability of cells to
undergo normal programmed cell death or, apopt@sis. of the most potent well
studied inducers of apoptosis in mammalian celtansour necrosis factor
(TNF)*®®. Many members of the TNF superfamily induce apsistdut in
addition, various chemotherapeutic agents andimmnisdiation work by
inducing apoptosis. Most agents that induce apaptos also known to activate
NF-kB. A number of publications have shown that aciorabf NF«B induces
resistance to apoptosis induced by TNF, chemotbketapagents and
radiotherapy’>>%° NF«B induces inhibition of apoptosis by upregulatimgi-a
apoptotic genes including Bcl-2, clAP-1, clAP-2,AR1, TRAF-2 amongst
others®. The ability of NF«B to inhibit apoptosis has been demonstrated in

many different cell types including myeloid celgpatocytes, melanoma cells,
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prostate cancer cells, head and neck squamousaceihoma, and pancreatic

cancer cel$3310-314

In the treatment of cancer, chemotherapeutic agaetmtsadiotherapy are
employed to induce apoptosis in abnormal cancerells, but paradoxically they
both induce activation of NkB which acts as an inhibitor of apoptosis. This
process is thought to be one of the ways that tusnoeicome resistant to chemo

and radiotherapy.

Kim et al examined the effect of inhibiting NdB in human prostate cells,
demonstrating increased sensitivity to radiatioemwh was blocked®. The
authors also were able to show that this increasaditivity was in cells that had

mutated K-Ras, a relationship explored further Welo

In terms of chemoresistance, Wang et al were abiemonstrate increased
chemosensitivity in chemoresistant tumours by iitinipg NF-«<B*'>. They
demonstrated tumour regression in cells with®Bnhibition and this was due

to increased TNF mediated apoptosis.

Pancreatic cancer is resistant to almost all cytotdrugs but Gemcitabine
appears to have activity in some patients withawirg a significant effect on
their survival. Arlt et al looked at the effects@émcitabine on a number of
pancreatic cancer cell lines, some with and sontieowt high basal NikB
activity®*®. They were able to demonstrate that treatment @émmcitabine led to
a dose dependent increase in RB-and that treatment led to a significant

induction of apoptosis in those cell lines withbigh basal NR<B, but not in
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those with high basal activity. They also showeat thhibition of NF«B strongly
diminished the resistance of those cell lines tm@Gtabine treatment. They
conclude that constitutive activation of MB-in pancreatic cancer cell lines leads
to resistance against Gemcitabine by the inhibibibapoptosis and that
modulation of this activity leads to chemo-sendiivThis then begs the question

is there any evidence for upregulation of KiBin pancreatic cancer cells?

Wang et al were able to demonstrate constitutitieaton of NF«B in 67% of
human pancreatic cancer tissue and in 81% of panici@ncer cell lines (there
was no activity in normal pancreatic cells or namaerous pancreatic cell
linesy’'". Interestingly, constitutive activation of N&B was found in 65% of
pancreatic cancer tissue that had a K-Ras mutatidrin 89% of pancreatic
cancer cell lines that contained the K-Ras mutafltms study along with the
study described above by Kim et al suggests a lpledsnk between mutated K-
Ras (present in 90% of pancreatic cancers) andBl&etivation. Kim et al also
published another study looking specifically at thle mutated K-Ras
(constitutively active) had in the activation of /B in prostate tissti&®. They
were able to show that mutated K-Ras lead to thieation of NF«B and
inhibition of K-Ras lead to a corresponding redorctin phosphorylation of NF-

kB.

To summarise, NikkB has been shown to be constitutively active incpeatic
cancer cells and in turn this leads to increasmustription in multiple genes
involved in inflammation including IL-6. These iafhmatory growth factors in
turn lead to further activation of NEB causing a pro-inflammatory

autoregulatory loop. Activated NiB is also known to lead to increased
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transcription in a number of genes involved inititgbition of apoptosis which in
addition to the pro-inflammatory conditions creaesenvironment ideal for
tumour growth. NR¢B, as discussed above appears to aid tumour messta
chemo and radiotherapy by this inhibition of apgmoWith K-Ras being
mutated (constitutively active) in around 90% oh@@atic cancers and known to
activate NF«B, could this pathway be responsible for the paogposis

associated with an inflammatory response in paiwth pancreatic cancer?

K-Ras, as discussed earlier is known to activaaeMAPK pathway. In this thesis
it has been demonstrated that there is no reldtiprsetween poor survival and
upregulation of the MAPK pathway and thereforengé eibove theory is true and
the results in this thesis are to be believed #tas must activate NkB via an
MAPK-independent manner. A number of publicatiohsvg that K-Ras can
activate a number of downstream effector pathwaysof interest is its

activation of the PI3K/Akt pathway.

Chen et al published their findings after lookindhee effects of lidamycin (an
antibiotic) on apoptosis in human pancreatic cane#dines®. They describe
mutant K-Ras leading to activation of the Akt pastywvhich in turn leads to
activation of NFkB. They were able to show that lidamycin treatniedtto a
dose dependent inhibition of Phospho.Akt and«k#along with down-regulation
of K-Ras mRNA and protein expression in both oftiie examined pancreatic
cancer cell lines. Following this a remarkable ioygment in chemo-sensitivity
to mitomycin, adriamycin, taxol and gemcitabine waen in both cell lines. In
those cells treated with lidamycin there was alsdence of growth inhibition,

apoptosis induction and cell cycle arrest. Thiglgtshows that NkeB is not only
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a potential therapeutic target in pancreatic cahaerits activation appears to be
as a result of mutated K-Ras acting via the Akhwaly. K-Ras activating the Akt
pathway is an established process that has beeondénated in a number of other

studieg???!

The above process would lead to a raised CRP anfthsapport the findings in
this thesis, explaining why activation of the JAKAT and MAPK pathways was
not seen. Clearly more research is needed, buhypisthesis needs to be

explored.
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4.6.3 The Systemic Inflammatory Response and Cancer

When a literature review of the systemic inflamnngt@sponse syndrome (SIRS)
or acute phase response (APR) and cancer is cautethere is a huge amount of
research detailing the relationship between inflatiom and weight loss. Cancer-
related weight loss is more commonly referred toaaxer-related cachexia. In
patients with pancreatic cancer the developmenaolexia is a major therapeutic
challenge and along with gastric tumours, panareancer has the highest rate of

cachexia of all cancers at well over fifty per¢ént

Cancer-related cachexia is a syndrome and is diffio define being more
complex than just simple weight loss. It is chagasted by a combination of
some, if not all of the following signs and symp®ranorexia; early satiety;
weight loss; weakness; anaemia; oedema. Feardtoekad at 170 patients with
advanced pancreatic cancer who were losing weagtny tand establish if weight
loss alone or a three factor cachexia profile (Weigss, decreased intake,
inflammatory status) best predicted functional pregnostic outcom&-.
Patients were included if they had lost >5% oftipee-illness weight in the
preceding six months and excluded if they had waler surgery, stenting,
radiotherapy or chemotherapy in the last four we@ksough statistical analysis
the authors were able to demonstrate that in gudicplar patient cohort, weight
loss alone did not separate patients with poortfan@and prognosis sufficiently.
However if the patients had all three of the cachéactors present then there was
a significant negative impact on survival and fimetemphasising that the
negative impact of cancer-related cachexia mayueeta more than just weight
loss. This paper also highlights the involvemenn@immation and cancer-

related cachexia.
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A much referenced paper by Dewys et al publishel®B0 looked specifically at
the prognostic role of weight loss in 3047 patieavsiting chemotherapy for
cancet?* They described the rates of weight loss fronmoasds 31% in non-
Hodgkins lymphoma up to 87% in gastric cancer péielhis study
demonstrates that patients with weight loss hdwbaer median survival, poorer
chemotherapy response rates and poorer overatirp@fce status. This study
did not analyse inflammation but clearly demonssah a large group of patients

that weight loss alone can impact on survival.

O’Gorman et al examined the relationship betweeightdoss, appetite,
performance status and the inflammatory responS@ patients with advanced
Gl malignancies who were losing weitffit Patients were observed for a six week
period and then grouped into those who had losght€>3%), had stable weight
(<3% change) and those who had gained weight (>8%)aseline those patients
who subsequently lost weight had higher CRP an@t@lbumin levels (P<0.05).
During follow up the weight loss group had increh€4RP levels, reduction in
skin-fold thickness and reduction in performanegust (P<0.05). Conversely,
performance status improved in the group that gawneight. This study suggests
that the presence of an inflammatory response sanseeased weight loss and is
associated with deterioration in performance stetymtients with Gl

malignancy. This paper also outlines a relationdlefpveen weight loss,

inflammation and albumin levels.

The role that serum albumin plays in patients wiahcer and the relationship it
has with an inflammatory response has been explmyednumber of authors. In a

review article on serum albumin, Margarson stated hypoalbuminaemia is
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almost inevitable in disease states and is assoceith poorer prognosfé®

They also stated that the systemic inflammatorgarse was in part responsible
for the low serum albumin. The cause of hypoalb@®mia associated with
cancer was investigated by Fearon et al companngagients with pancreatic
cancer and six healthy contris They were able to demonstrate that cancer
patients had a higher serum CRP and a lower sellwman (P<0.01 for both),
but showed that the rate of albumin synthesis wa#as between both groups. A
review article by the same authors looking at peat cancer, the inflammatory
response and cancer cachexia, discusses the fiostibit the APR leads to a
reprioritisation of body protein metabolism whickayrbe significant in the loss of

lean tissue in these patieftts

McMillan et al examined the relationship betwedsuahin, weight loss, body cell
mass ( as measured by total body potassium) aratéisence of an inflammatory
response in 40 male patients with either advandest ulmonary malignancs’.
They demonstrated that lower albumin levels sigaiitly correlated with weight
loss (P<0.01), with total body potassium (P<0.0&xid inversely with CRP levels
(P<0.001). They concluded that the inflammatorpoese is not only associated
with lower serum albumin levels but also with tbed of body cell mass. They
hypothesise that the inflammatory response createscreased demand for
specific amino acids and promotes the degradafitwdy proteins including
albumin. Due to the relatively small pool of alotmmvhen compared to body cell
mass, hypoalbuminaemia is noted before weightidssh is likely due to loss of
skeletal muscle mass. The inverse relationship dxetvan APR (as measured by
CRP) and albumin levels has been used to creategagstic scoring system in

patients with inoperable pancreatic cancer, dismissrlier in section 4.5,
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If the inflammatory response is responsible fordafpuminaemia, loss of body
mass and possibly cancer-related cachexia, camtiteg to abolish this response
potentially reverse weight loss and improve outc@enumber of studies have
attempted to manipulate the inflammatory responskeaagsess whether weight

loss or deteriorating function can be reversed.

Lundholm et al retrospectively analysed 702 pasievith cancer who were losing
weight and had undergone no treatm&nThey compared these patients with 132
undernourished non-cancer patients and were allentmnstrate that at baseline
the cancer patients had a significantly increasstirrg energy expenditure (REE)
(P<0.001). This difference became significantlyueetl by the administration of
indomethacin (anti-inflammatory drug) (P<0.003)eVlalso showed that total
body fat was more preserved in those treated witbmethacin (P<0.005)
although lean body mass was not affected. Thesggelsavere observed in
addition to a significant reduction in the inflamioiy response as measured by
CRP in those patients treated with indomethacir®(B304). Systemic
inflammation and resting energy metabolism predigteight loss in cancer

patients (P<0.0001).

Another study by Wigmore et al examined the efééébuprofen (anti-
inflammatory drug) on REE in patients with irresdate pancreatic cancer who
were losing weight™. Ten patients with pancreatic cancer were gived0i®y of
ibuprofen daily and their REE and CRP compared siilsimilar patients who
were given a placebo over a 7 day period. Pritrei@mment the pancreatic cancer

patients had a significantly higher REE when coragavith 17 healthy controls
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(P<0.02). Following treatment the mean REE of th@rofen group fell
significantly compared with pre-treatment valuesq®2), but no difference was
seen in the placebo group. Serum CRP also fellfgigntly in the ibuprofen

group (P<0.05).

These two studies by Lundholm and Wigmore demotesthat in addition to
causing hypoalbuminaemia and altering protein nwisin, an inflammatory
response also leads to an increase in restingeegpgnditure and that
manipulating this response with simple anti-inflaatary medication can reduce
a catabolic process which will undoubtedly contrébto weight loss and the

cancer-cachexia syndrome.

Both of the aforementioned studies show that arfi&mnmatory drugs can reduce
the abnormally high REE associated with canceeptgiby decreasing the
inflammatory response, but they don’t reveal ifréhis a resultant increase in
weight or improved outcome for these patients. MtzMliet al performed a
prospective randomised trial examining the effe€tgiving patients with Gl
cancer and weight loss a combination of megestretiade (a progesterone
derivative and known appetite enhancer) and ibeprof placebt” The authors
assessed CRP, appetite, performance status, qoility, weight and albumin at
baseline, 6 weeks and 12 weeks comparing bottbth@afen and placebo groups
(38 and 35 patients respectively). Analysis ofrémults revealed no significant
difference between the two groups at baseline.r&ftiweeks there was a weight
gain seen in the ibuprofen group and a weightilo$ise placebo group (P<0.01).
At twelve weeks this difference was highly sigrdint (P<0.001) with a median

weight gain of 2.3kg in the ibuprofen group and raedveight loss of 2.8kg in
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the placebo group. There was also a significantawvgment in the quality of life
score in the ibuprofen group (P<0.05). This studys that reducing an
inflammatory response using anti-inflammatory drogs actually reverse the
weight loss suffered by patients with advanced eaand improve their quality of

life.

These studies demonstrate the link between amnii@ory response and
mechanisms which are likely to contribute to casredated cachexia including
increased resting energy expenditure, altered ipratetabolism and
hypoalbuminaemia. A number of questions are stiinswered. Why do some
patients with cancer get this inflammatory respambkieh is responsible for the
development of a cachexia syndrome? Is it the tuntself or the reaction of the
host to the tumour that leads to cancer cachexath®results reported in this
thesis fit with the theory that an inflammatorypesse causes cachexia in

pancreatic cancer patients leading to a pooremusig?

Falconer et al looked at the APR, REE and cytokineschectic patients with
pancreatic canc& They looked at 21 patients with pancreatic caacer
compared them with 16 age-related healthy conasdessing REE, body
composition, CRP, IL-6 and TNF. In addition thegatlesigned an in vitro
experiment on peripheral blood mononuclear celBE’s) examining their
production of cytokines. Patients with pancreatinaer had a significantly
elevated REE compared to healthy controls (P<0.888)that within the cancer
group those with an inflammatory response (CRP>X)mapresented a subset of
cancer patients who were significantly hypermetiah®<0.04). Serum levels of

IL-6 were detected but there wasn'’t a significaffedence between cancer
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patients with and those without an inflammatorypoese. TNF was not detected
in the serum of any of the cancer patients. Howesmontaneous production of
TNF and IL-6 by PBMC was significantly greater encer patients with an APR
than in those without (P<0.003). The authors caelinat the presence of an
inflammatory response separates a subgroup of cpatients who are markedly
hypermetabolic. They also suggest that as serufiglnot significantly different
in the inflammatory subset but PBMC productionlo®lis significantly raised,
that local rather than systemic cytokine productimay be important in regulating

the APR.

The findings from Falconers paper appear to be @i by O’Riordain et al
who also looked at PBMC, APR and IL-6 in weightitmscancer patient&’.

They were able to demonstrate that PBMC from capagents induced a
significantly higher CRP than healthy controls (F3{®). CRP production in vitro
correlated with IL-6 production from PBMC in patierwith pancreatic cancer
(P<0.0001). When IL-6 neutralising antibodies wapplied the CRP production
was reduced by 84% (P<0.001). There was a stalfiigtgignificant negative
correlation between PBMC-induced CRP productionsangtival (P<0.01). This
paper suggests that PBMC production of IL-6 lead&i¢ hepatic acute phase
response seen in cancer patients and that thisi&\Bignificantly associated with

poor survival.

A study looking specifically at patients with oplel@pancreatic cancer and the
development of cachexia was published in 2605 he aims were: to establish
which factors were associated with the developroénachexia; to analyse

whether the tumour or the reaction of the hosh&tumour is the source of or the
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reason for induction of cachexia; to establish Wwhethe tumour or the host is the
production site of the cachexia-mediating factdtss study is in multiple parts

and each will be discussed in turn.

In order to establish which factors were cruciah® development of cachexia,
tissue from 8 patients with pancreatic cancer {wand 4 without cachexia
[defined as >10% weight loss in preceding 6 montligim 8 patients with
alcohol induced chronic pancreatitis (CP) and 8nabpancreatic specimens
were obtained. DNA microanalysis was then carrigidom all specimens and
after analysing over 5600 human genes four shovgadfisant differences in
expression between the above three groups and éetivese patients with and

those without cachexia. One of these four waslike dene.

The authors then further analysed these four sogmf genes by quantitative
reverse transcription-PCR analysis. RT-PCR was dotenour samples of non-
cachectic (14) and cachectic (19) patients in &mdib patients with CP (34) and
normal controls (21). This analysis in a larger pensize revealed that only IL-6
MRNA expression was significantly increased in tumsamples of cachectic
patients compared with non-cachectic cancer pati€&®R patients and healthy

controls (P<0.01).

Having established IL-6 as the key factor in thpagents with cachexia,
immunohistochemistry (IHC) was performed using ffar&mbedded tissue from
cancer patients without (9) and those with cachéxiy. Non-cancerous tissue
from the surrounding area showed no IL-6 immundrei#yg, but in contrast it

was strongly present in the cytoplasm of pancreatincer cells. When
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comparison was made between those patients witlthaise without cachexia,
much stronger IL-6 staining was seen in the caahpatient samples. Next
serum taken from 27 pancreatic cancer patientsavithl4 without cachexia
underwent analysis for IL-6 levels. A significantference was seen between the

groups, with levels being higher in cachectic paigP<0.04).

The final part of this study involved the cocultafePBMC from pancreatic
cancer patients and healthy controls with panaeatncer cell lines. Two cell
lines were used, T3M4 (known to produce IL-6) aatd21 (known not to
produce IL-6). Following coculture IL-6 mMRNA was asired. PBMC and Panc-
1 cell line coculture resulted in a modest butsighificant increase in IL-6
MRNA. PBMC and T3M4 in patients with cachexia lecat14x upregulation of
IL-6 mMRNA expression in PBMC’s (P<0.002). This ugutation was reduced by
60% when IL-6 neutralising antibody was addedhlvst cancer patients without
cachexia and in healthy controls, PBMC and T3M4uttace did not result in a
change of IL-6 mMRNA in the respective PBMC'’s. Wiiea PBMC'’s from
cachectic patients was cultured alone (without tuwnoell lines) then IL-6 mMRNA

was low.

This study confirms that IL-6 is the key cytokimyolved in the development of
cachexia in patients with pancreatic cancer. It aestrates that pancreatic cancer
cells in those patients with cachexia actually pidIL-6. In addition IL-6 serum
levels were significantly higher in the cachectatipnts. Using an in vitro model,
coculture experiments showed that PBMC of patiiitis pancreatic cancer with
IL-6 positive cells were sensitised to produce ILFGe PBMC's of those

pancreatic cancer patients with cachexia who ha@l plositive cells were
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upregulated 14 times more strongly than non-caahpatients. The authors
hypothesise that cachectic patients PBMC’s mayehbsigsed by the tumour in
vivo and trigger further IL-6 overexpression withdiaving any direct contact
with the tumour cells. They also observed that IitlBNA is low after 24 hours

of culture without tumour cells shows that therpeay's to be a need for constant

tumour-derived stimulus to the PBMC'’s to maintdirol levels.

Martignoni’s paper along with the other studiecdssed above demonstrates the
crucial role of IL-6 in pancreatic cancer and fitish the results reported in this
thesis. A proportion of pancreatic tumours appearbduce high levels of IL-6
and these same tumours sensitise PBMC to prodge#isantly higher levels of
IL-6. With increased levels of serum IL-6 a hepateedriven APR (as measured
by CRP) occurs and the development of cachexiaiwitteased REE,

hypoalbuminaemia and altered protein metabolisrh subsequent poor survival.

Why some tumours produce high levels of IL-6 regmiiiurther investigation. Is
the poor prognosis associated with an inflammatesponse just due to the
development of cachexia? This seems unlikely anaitld seem probable that
cachexia is only part of the story. Some of thespmlties discussed above such
as the constitutive activation of N&B in pancreatic tumours and the subsequent
development of an autoregulatory inflammatory Itegading to high levels of IL-

6 fit with the results from this thesis and maylekpwhy some tumours produce
high levels of IL-6. Constitutive activation of NéB would also lead to the
upregulation of genes associated with growth aerdrthibition of apoptosis. This
would mean the poor prognosis may be multifactpaalombination of a ‘pro-

growth’ tumour biology and a subsequent APR leadlincachexia, effectively

232



meaning a ‘double-hit’ for some patients. With ard®0% of pancreatic cancers
exhibiting mutation of the K-Ras gene and subsegc@mstitutive activation,
further research is required to establish whethierhias a role in NkB

activation as discussed above in section 4.6.1hEustudy is also required to
establish whether the SOCS-1 gene also has aorplay in the above pathway as
removal of negative feedback from the JAK STAT patii rather than increased
signalling may explain why no evidence of upregolaivas seen in this thesis.
Manipulation of the inflammatory response was exediin a number of studies
discussed above. There was evidence for increasight, lowering of the REE
and some functional status improvement in resptmBESAID treatment in
cancer patients but none of the studies providéteaece of an improvement in
survival. A randomised trial of anti-inflammatoryedtication against placebo in
patients with inoperable pancreatic cancer whiguficiently powered with a
primary endpoint of survival would be easy to setand due to the dreadful
prognosis associated with the disease results warikken quickly. Even a
modest improvement in survival would be importanpatients with such a
limited life expectancy and virtually no treatmeptions. A similar study in
operable pancreatic cancer would be more diffiaslsuch small numbers of

patients have operable disease.

A number of potential questions would need to beswtered in a study including
patients with operable disease who’s median surisvalittle over a year. Would
only those patients with a pre-operative inflammatesponse benefit from pre-
operative anti-inflammatory medication? Would desiag a pre-operative

inflammatory response improve not only long-termvisal but also short-term
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outcome (operative morbidity and mortality) by etfeely helping to optimise a

patient nutritionally who may be losing weight?

Other treatment approaches may include manipulatia@ellular biology. Could
the use of IL-6 neutralising antibody used in vilgpMartignoni et al have any
application in vivo? Can further research idengifgingle common signalling
pathway or signalling molecule that triggers thiut&r changes leading to
increased cellular IL-6 and subsequent inflammatesponse and development
of cachexia. Is NkeB this key signalling molecule and can medical rpalation
improve the outcome for patients with pancreatitcea? These are all important
guestions the answers to which may produce nosatrrents for patients with

not only pancreatic cancer but all forms of theedsse.
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APPENDIX 1

The following frequency histograms (figures 1-1éptbnstrate the distribution of
scoring for each antibody in each of the celluanpartments for the JAK-STAT
pathway. As described in section 3.4.4 these greyaine used to select cut-off

points prior to survival analysis.

Figure 1: Frequency of histoscores for IL-6R in the cytoplasm
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Figure 2: Frequency of histoscores for IL-6R at the memhrane
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Figure 3: Frequency of histoscores for IL-6R in the
nucleus.
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Figure 4: Frequency of histoscores for JAK1 in the cytoplasm
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Figure5: Frequency of histoscores for JAK1 at the membrane.
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Figure 6: Frequency of histoscores for Phospho.JAK1 in flteptasm.
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Figure 7: Frequency of histoscores for Phospho.JAK1 at tembrane.
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Figure 8: Frequency of histoscores for Phospho.JAK1 in thdaus.
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Figure 9: Frequency of histoscores for STAT3 in the cytoplas
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Figure 10: Frequency of histoscores for STAT3 at the membrane
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Figure11: Frequency of histoscores for Phospho.STAT3 Sei7 #1e

cytoplasm.
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Figure 12: Frequency of histoscores for Phospho.STAT3 Sei7 #Te nucleus.
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Figure 13: Frequency of histoscores for Phospho.STAT3 TyiinGhe

cytoplasm.
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Figure 14: Frequency of histoscores for Phospho.STAT3 TyiinGhe nucleus.
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APPENDIX 2

The following frequency histograms (figures 1-1éptbnstrate the distribution of
scoring for each antibody in each of the celluanpartments for the MAPK
pathway. As described in section 3.4.4 these greyaine used to select cut-off

points prior to survival analysis

Figure 1: Frequency of histoscores for K-Ras in the cytoplasm
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Figure 2: Frequency of histoscores for K-Ras at the membrane.
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Figure 3: Frequency of histoscores for K-Ras in the nucleus.
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Figure 4: Frequency of histoscores for Raf-1 in the cytoplasm
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Figure5: Frequency of histoscores for Raf-1 at the membrane.
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Figure 6: Frequency of histoscores for Phospho.Raf-1 25Bearcytoplasm.
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Figure 7: Frequency of histoscores for Phospho.Raf-1 33Bearcytoplasm.
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Figure 8: Frequency of histoscores for Phospho.Raf-1 33Beatrtembrane.
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Figure 9: Frequency of histoscores for Phospho.Raf-1 33Bemticleus.
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Figure 10: Frequency of histoscores for MAPK in the cytoplasm.
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Figure 11: Frequency of histoscores for MAPK at the membrane.
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Figure 12: Frequency of histoscores for MAPK in the nucleus.
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Figure 14: Frequency of histoscores for Phospho.MAPK at thenbrane.
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Figure 15: Frequency of histoscores for Phospho.MAPK in theleus.
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