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Abstract

Pancreatic NETs occur with an annual incidencerofirad 5 per 1,000,000 population
per year, with survival rates of between 30 — 971% gears depending on the tumour
subtype. The PPARs (peroxisomal proliferator-attislareceptors) are members of the
nuclear receptor superfamily that includes recepfor thyroid, steroid and retinoid
hormones. PPARprotein is also thought to be expressed in hunaaucheatic islet cells
and has been shown to be a negative regulatotedfBisell mass both in vivo and in
vitro. Its emerging function in controlling cell gdiferation, differentiation and
apoptosis, both in vivo and in vitro, has suggest@dtative role as a tumour suppressor

gene.

| postulated that PPARIs expressed in pancreatic neuroendocrine tumandsthat
agonism with a thiazolidinedione will cause an gmtliferative effect. Three different
types of tissue/cells were available to me: frobeman pancreatic neuroendocrine
tumours following surgical resection, paraffin-erdded samples held in the
histopathology archives, and human neuroendoctineur cell lines CM, BON and

QGP1 (insulinoma, carcinoid and somatostatinompees/ely).

PPARy RNA was shown to be present in the majority ofzém surgical samples.
Immunohistochemistry for PPARprotein on the paraffin-embedded samples, however,
revealed a lack of positive staining. These samplese then subjected to further
immunohistochemistry for detection of other potalhi important proteins involved
with cellular proliferation including p27, phospp@7, JAB1, PTEN and phospho-
AKT. In the tumour cell models, PPARRNA and protein was present in both BON

and QGP1. Proliferation studies following treatmetdses of PPAIR agonist
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rosiglitazone show a significant anti-proliferatieéfect. Recovery of cells was shown
following removal of treatment. However, inhibitioh the effect was not achieved with
the use of PPARRantagonists raising the possibility that the @ntiliferative effects of

thiazolidinediones may be independent of PRAR
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1.1 Tumour s of the neur oendocrine system

Neuroendocrine cells may either co-localise witbiands (for example the pituitary,

parathyroid, and adrenal medulla), or may be fosndttered amongst other non-
endocrine cells throughout the body making up tiuse neuroendocrine system.

Initially thought to derive from a common origintivin the neural crest, it appears that
neuroendocrine cells have diverse embryologicaimsi and acquire similar properties
during cell differentiation (Duerr et al 2007, Arars et al 1998). Tumours arising from
neuroendocrine cells, neuroendocrine tumours (NEA$ comprise a heterogeneous
group of disorders that have defied easy classidicaThe majority of NETs associated
with the diffuse neuroendocrine system arise frowm gastro-enteropancreatic (GEP)
system, although up to 30% may develop in the Wropalmonary system, with

occasional tumours arising within tissues includihg urogenital system, thyroid and
thymus (Modlin et al 2003, Rindi et al 1998). Theaal incidence of these tumours is
around 5 per 1,000,000 per year and is thoughtatee hncreased in recent years —
probably reflecting both greater awareness and awemt diagnostic modalities.

Predicted frequencies from autopsy series sugdestthey remain under-diagnosed

(Gustaffson et al 2008).

The term “carcinoid” has in the past been widelplega to NETs in general, but was
first coined by Oberndorfer (Karzinoide Tumoren dBsinndarmes. Frankfurter
Zeitschrift fur Pathologie, 1907, 1. 426-429) tosc#be “cancer like” tumours with
apparently low malignant potential identified iretemall bowel (Modlin et al 2004).
The classical symptoms of “carcinoid syndrome” ue flushing, hypotension,
wheezing and diarrhoea, and may be related, atile@art, to serotonin released from
tumours derived from the EC (Kultchitsky) cellstbé gastrointestinal tract or bronchi,

although vasoative substances are also involved.
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Early categorisation divided neuroendocrine tumaesording to the embryological

site of origin. Thus foregut tumours included thasesing from the lung, stomach,
duodenum and upper jejunum and pancreas, midguiursncomprising lower jejunum,

ileum, appendix and caecum, and hindgut tumoursritsg those found within the

colon and rectum. However, this classificationddito take into account the diversity
of neuroendocrine cell types from which these tura@uise, a distinction that is more
relevant to the syndromes encountered clinicaliyntthe embryological site of tumour
origin (reviewed by Kloppel 2004). To add furthemgplexity, eponymous terms such
as Zollinger-Ellison syndrome and Verner-Morrisgmdrome are still frequently used
in the context of NETs, as are descriptive termghswas Watery Diarrhoea

Hypokalaemia Achlorhydra (WDHA) syndrome.

A recent classification system introduced by the rM/dHealth Organisation has
attempted to clarify the nomenclature applied taPG¥ETS, although it is not relevant
to tumours arising elsewhere. The term carcinosl been replaced (to a large extent)
by the term neuroendocrine tumour. Such tumoursleseribed histologically as either
a well differentiated tumour (confined to mucoshfsucosa, non-angio-invasive), a
well differentiated carcinoma, (with invasion ofetHamina propria or identifiable
metastases) or a poorly differentiated carcinonth igh malignant potential. There is
also a mixed-exocrine-endocrine carcinoma. Tummay then be further subclassified

according to their anatomical site of origin andre®ry profile (Kloppel 2007).

Pancreatic NETs have survival rates of between 80% 5 year survival depending on
the tumour subtype (Modlin et al 2003). 50-60% ahgreatic NETs are hormonally

active, with the remainder being hormonally silefite numbers of hormonally silent
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pancreatic NETs diagnosed has risen over recens y@abably as a result of improved
imaging rather than a true increase in incidenescioning tumours are associated
with the secretion of a large variety of hormonesluding insulin (insulinoma),

glucagon (glucagonoma), gastrin (gastrinoma), amdoactive intestinal peptide
(VIPoma). They may rarely secrete adrenocorticatréywrmone (ACTH), or growth

hormone. A single tumour may be associated with dbcretion of more than one
hormone (Belchetz et al 1973). Pancreatic NETs umally solitary (but may be

multiple in familial disease) and well-demarcateggasuring between 1 — 4 cm in
diameter. Although insulinomas are usually histadally benign (the clinical

consequences of uncontrolled insulin release mawyeher be catastrophic), the
remainder of the pancreatic NETs frequently showignant features. Evidence of
microangioinvasion, high mitotic rate and a sizeafer than 2 cm give cause for
concern (Kloppel 2007). Interestingly, the organoafjin of NETs appears to play a
part in the clinical progression of disease — fxaraple pancreatic gastrinomas are in

general more aggressive that those arising in tioeehum (Modlin et al 2005).

1.2 Pancreatic development and cellular differentiation

The pancreas is an organ containing two distinpufations of cells, the exocrine cells
that secrete enzymes into the digestive tract dmd endocrine cells that secrete
hormones into the bloodstream. During early embsnegis (28 days in the human) the
ventral and dorsal buds of the early pancreas dpwes evaginations of the embryonal
foregut. Arising opposite each other, the ventrad moves round to form the posterior
part of the pancreatic head and uncinate proceske whe remainder of the organ

develops from the dorsal bud (reviewed Peters 20@0). The longstanding hypothesis
that pancreatic exocrine and endocrine cells arveatk from different cell pools (gut

endoderm and neural crest respectively) has bdetedewith a number of cell lineage
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experiments and molecular studies. Pancreatic NiEF $ikely to originate from cells of
the primitive gut endoderm that ultimately giveeri® all the cell types of the mature

pancreas - the ductal cells, acinar cells and enuocells.

The exocrine pancreas is a lobulated, branchedaiagland. The acini are pyramidal in
shape with basal nuclei, regular arrays of rougtioptasmic reticulum, a prominent
golgi complex and numerous secretory granules cuntathe digestive enzymes, of
which there are at least 22 including proteaspasts, amylases and nucleases. Often,
these are precursors which are activated withingtitefollowing secretion. Control of
secrtetion is by hormonal stimulation including re¢io, cholecystokinin and gastrin.

Neural stimulus is also involved.

The endocrine cells are mainly grouped into Istdtéangerhans, which are compact
spherical clusters of cells embedded within thecare pancreas. They form by
aggregation of polyclonal endocrine cells. Thisnsego occur when they start to
express cell adhesion molecules such as N-CAM adHberins. There are four principal
types of endocrine cell. THecells secrete insulin and also Islet Amyloid Pelytide
(IAPP) or amylin. These are the most common cellghe islets. The: cells secrete
glucagon, thed cells secrete somatostatin and the PP cells sequanhcreatic
polypeptide. A proportion of the adult islet cefteake peptide YY in addition to their
principal product. Ghrelin, an endogenous ligandhef growth hormone secretagogue
receptor (GHS-R) is also thought to be expressethéyndocrine pancreas. Wierup et
al. (2002) identified ghrelin secreting cells (ug@ of all endocrine cells) in the fetus
from mid gestation to post natally. In the adulé ttells were few and seen at the
periphery of the islets, exocrine tissue, ducts gawiglia. They were not co-expressed

and therefore a new islet cell type was proposeatr©versy has surrounded this issue,
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Volante et al (2002), again confirmed the presewicghrelin in the islets but it was
confined to the cell population. Date et al (2002) on the othercheonfirmed ghrelin
to be present at the periphery of the islets indmsrand rats but only co-expressed with
glucagon suggesting localisation in the cells. Furthermore, Prado et al (2004)
identified that mice lacking Nkx2.2, a homeodomgaiatein known to be essential for
cell differentiation, have normal sized islets the resulting cells produce ghrelin. They
postulated that insulin and ghrelin cells sharemron progenitor and that the lack of

B cell stimulus leads to preferential ghrelin ceffetentiation.

In the developing pancreatic buds, the endocrile séart to differentiate before the
exocrine cells and co-expression of different harewoby the same cell is possible at
early stages. In humans, the first identifiableaamiohe cells develop at around the 7th
week of gestation and are found scattered amongstidcells. These cells express
somatostatin and pancreatic polypeptide (PP). iBhisllowed by the development of
glucagon-producing cells, then insulin-producindisceThe embryonal pancreas also
appears able to express gastrin, gastrin inhibpeptide, serotonin, catecholamines and
prostaglandins, expression of which is lost in #oult pancreas. This pattern of
hormone expression is different to that seen iremnihere the first hormone expressed
is insulin, then somatostatin and PP. Interestinglpuse studies have suggested that
cells of the foregut, not destined to form the paas, are also able initially to express
pancreatic hormones including insulin, glucagon, &l somatostatin in chronological
order. It may be that this expression of endochioenones heralds the development of
neuroendocrine cells of the bowel and confirms thay have the potential to express a

variety of endocrine hormones (reviewed Peter$ 20@0).
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By the twelfth week of human embryogenesis, smalgs of endocrine cells begin to
bud out from pancreatic ducts and become vascethriShese are the precursors to
islets recognised in the adult pancreas. They lamggact with the ducts by about
weeks 17-20 at which point total islet cell tissh@s increased to 8-13% of total
pancreatic mass. The foetal pancreas also cordalasgge number of cell aggregates
which decreases with gestation but can still begmrein the adult pancreas and maybe
associated with ductuleShis accumulation is concomitant with the expressal
certain transcription factors including the newll adhesion molecules (N-CAM) and
cadherins. The majority of endocrine cells are amed within such islets, although a
few B cells remain scattered amongst the ductal cellthefpancreas (reviewed by
Peters et al 2000). In rodents there is segregafiaell types within the islets so that
cells lie in the centre and the other types atpdphery. In humans, this segregation
does occur but it is less pronounced. All the typieislet cells also express a number of

gene products characteristic of neuroendocring selth as neuron-specific enolase.

It has been shown that in the developing pancretierticula, exocrine and endocrine
cells originate from epithelial cells with feature$ ductal cells (Pictet and Rutter,
1972). This suggests that the ductal cells harbwistem cell compartment from which
acinar or islet cells originate. The phenotype lo$ fpancreatic stem cell is yet to be
fully defined but various studies have suggestessipbe markers such as tyrosine
hydroxylase (Teitelman et al, 1993), glucose transp (GLUT-2) (Pang et al, 1994),
cytokeratins (Bouwens et al, 1994), and PDX-1 (donset al, 1994). Regarding
endocrine differentiation, Upchurch et al. (1994yrid cells of all 4 main endocrine cell
types to co—express peptide YY at the early stageb thus suggested a common

peptide YY producing progenitor cell for all thedexcrine cell types.
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The differentiation of islet cells from pluripotedtictal cells appears to be dependent
upon the influence of mesenchymal factors that ¢edilne expression of transcription
factors such as pancreas duodenum homeobox 1 (P&ngl)sletl (ISL1) within the
embryonic pluripotent cell (Peters 2000). PDX1 dtsown as IPF-1 is a transcription
factor important in regulating the expression @ulin and somatostatin that is initially
expressed throughout the embryonic pancreas amdedum. Mouse knock-out models
suggest that PDX1 is important in the initial orgaammitment of the pancreas while
the differentiation of cells into pancreatic endoercells is reliant upon the subsequent
expression of pax genes. Indeed, PDX1 probablyonasof the most critical roles in
early pancreatic development because when it isoveth from mice by targeted
mutagenesis, the embryos completely lack a pan¢deasson et al 1994). In later life
this gene is thought to be expressed only inBtieells and acts as a transcription factor
for insulin. Other transcription factors expressedhe early pancreas, as well as in
other parts of the body, are prox-1 (Oliver et293), TIx-1 (Raju et al 1993) and pax6
(Turque et al 1994) which all belong to the homeolene group. The whole early
rudiment of the pancreas also expresses the enzyamino acid decarboxylase

(AADC), which becomes confined to the islet celisimatally (Teitelman et al 1987).

Epithelial- mesenchyme interactions have been thibtggbe important for some time.
In the absence of mesenchyme it is thought thédtess pancreatic epithelium is unable
to differentiate into exocrine or endocrine tisstibis role was further defined by Kim
et al, 1997, who reported that removing the nototliepresenting early mesenchymal
tissue) from the endoderm essentially stops paticrdavelopment, thus suggesting
that signals from the mesenchyme are essentigh&differentiation of the primitive

gut endoderm into pancreatic cells.
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ISL1 is also important in the initial organ commént of the pancreas and the
differentiation of islet cells (Peters et al 200BL1 is expressed in all classes of islet
cells in the adult. It is also expressed in theenelymal cells that surround the dorsal
but not the ventral evagination of the gut endodefmigren et al (1997) analysed
acinar and islet cell differentiation in the devgitgg pancreas in mice deficient in ISL1
to define its role. They found that dorsal pangceatesochyme did not form in the
ISL1 mutants and that there is an associated &dtiexocrine cell differentiation in the
dorsal but not the ventral pancreas. There wasaatsmmplete lack of differentiated islet
cells. In vitro, the provision of mesochyme deriviedm the wild type resulted in
exocrine but not endocrine cell differentiation.eyhargued that ISL1 by virtue of its
requirement for dorsal mesenchyme formation is s&ay for the formation of the
dorsal exocrine pancreas. ISL1 expression in paticrepithelial cells was also shown
to be required for the differentiation of isletlsellt would appear that the development
of the pancreas is controlled by sequential aaiwibf distinct classes of transcription
factors. PDX1 specifies the early pancreatic epithe permitting its proliferation and
differentiation. Other factors, such as neuroD/BET#hich are expressed in pancreatic

endocrine cells, may also act upstream of ISLhanislet cell differentiation sequence.

Growth factors are important in the induction oflearine cell growth and functional
differentiation. Insulin-like growth factor (IGF-and IGF-2) may exert diverse effects
including mitogenic effects, insulin like actiortpaulation of chemotaxis and induction
of cell differentiation. IGF-1 binds to the IGF emtor, a tyrosine kinase which has
considerable similarity to the insulin receptorIfidh et al, 1990). IGF-1 and -2 plus
IGF binding proteins have been shown to be preaedthave developmental patterns

which vary during early pancreatic life (Hogg etE394).
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Transforming Growth Factor (TGFy exerts its effects through binding to the
Epidermal Growth Factor (EGF) receptor. It has begentified that when the
pancreatic duct is ligated, TGFprotein levels in the cells of tubular complexes a
ducts is elevated as remodelling of the pancregatienchyma occurs. As its expression
co-incides with increased duct cell proliferatiomdahe formation of ne\g-cells, it has
been postulated that it is involved in islet celeogenesis (Wang et al,
1997).Transforming Growth Factor (TGB).3 has been shown to be present in islet,
acinar and ductal cells in the human pancreas (M&jaal, 1994). Transgenic mice
which are TGH type 2 receptor negative have aberrant ducts arsdald cells
suggesting TGHPB- has an inhibitory growth effect on these cellst{idger et al, 1997).
TGF{$ may also induce the regression of the acinar cameat of the developing

pancreas and promote endocrine tissue developi@anvito et al, 1994).

Other growth factors that have been implicated udel Hepatocyte Growth Factor
(HGF), levels of which increase during proliferatimduced by partial pancreatectomy
(Bonner-Weir et al, 1997), Nerve Growth Factor (NGFhose high affinity receptor
Trk-A is seen in islet cells and ductal cells dgriate fetal life of the rat but onrislet
cells in the adult (Kanaka Gantenbein et al, 19B8jacellulin, an EGF family member
which converts pancreatic acinar cells into insskgreting cells (Mashima et al, 1996),
Vascular Endothelial Growth Factor (VEGF) whichnsatlates the proliferation of
ductal but not endocrine cells in vitro (Roomanagt 1997) and Gastrin which is
expressed at the mRNA and protein level duringpéeod of cellular differentiation
into ductal, acinar or endocrine cells but whickaghpears rapidly from the pancreas in

the post natal period (Pictet et al, 1972).
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1.3 Diagnosis of GEP neuroendocrinetumours

NETs may cause symptoms simply by virtue of théiygocal presence, for example
luminal obstruction, or as a consequence of hormoakased from the tumour cells.
Tumours not associated with hormone release ameetefsilent” or “non-functioning”

while the early symptoms associated with hormoratiifve NETs are often non-

specific and frequently defy early recognition.

1.3.1 Serum and immunohistochemical markers
Secretory tumours may be detected through a comnanaf clinical symptoms and

specific hormone measurements. NETs of the panareas be associated with the
secretion of a variety of biologically active hom&s including pancreatic polypeptide,
insulin, glucagon, gastrin, vasoactive intestinaptme (VIP) and rarely ACTH or
growth hormone. Some tumours may be associatedtgtisecretion of more than one
hormone. The predominant hormone produced, for el@anmsulin (insulinoma),
glucagon (glucagonoma) or VIP (VIPoma) characteriske tumour. The most
frequently encountered secretory NET is the insufia, perhaps reflecting the distinct
clinical consequences of fasting hypoglycaemia taet quickly impact on quality of
life. Diagnosis relies upon the demonstration ofnfcaned hypoglycaemia in
conjunction with inappropriately raised insulin ¢a@-peptide) levels and the exclusion
of exogenous drug ingestion. Such tumours tendetddmnign, but may be multiple
when occurring in the context of familial diseasels as MEN1 (see below). Raised
fasting peptide levels specific to the other tumiypes can aid diagnosis, although such
tests, in particular fasting gastrin levels, maycbeplicated by concomitant disease or
medications reducing its sensitivity (in particufaoton pump inhibitors). Fluctuating
hormone secretion and unusual symptoms may alsplaate diagnosis. Tumours may

be multifunctional, secreting more than one hormdinequently PP in addition to
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another hormone), although not all will be asseclawith clinical consequences. Non
insulinoma NETSs of the pancreas often show malighahaviour and have frequently

metastasised at the time of diagnosis (Modlin 208i8, Kloppel et al 2007).

Serum chromogranin A levels are raised in 60-80%8 8IBnd may be used as a general
marker of both functioning and non-functioning re@mdocrine tumours (reviewed by
Modlin et al 2008). However, they are non-specifiarkers, being positive tumour
markers in other malignancies, and levels may b&sweaised in renal failure, or with
enterochromaffin-like (ECL) cell hyperplasia searatrophic gastritis and with proton
pump inhibitor therapy (Modlin et al 2008, Gustafiset al 2008). Chromogranin B is
more specific to insulinomas (Kaltsas et al 200@)her general markers of NETs
include neuron specific enolase (NSE) which may rhised in other pancreatic
malignancies, chorionic gonadotrophin and panagatiypeptide, which is raised in
up to 80% pancreatic NETs (Modlin et al 2008, Klep@007). None, however, can

reliably diagnose all pancreatic NETs and are sulmptimal as tumour markers.

Some immunohistochemical markers can be used téissde diagnosis of presumed
NETSs. Cells of the diffuse neuroendocrine systeny b identified by the expression
of both endocrine and neuronal features. Productioh neurotransmitter,
neuromodulators or neuropeptides from small clezmicles (40-80nm diameter), the
presence of dense core secretory granules thatseelermones by exocytosis (>80nm
diameter), and the absence of axons, identify setls histologically. In addition, the
expression of molecular markers including chromomgra (large granule associated),
synaptophysin (small granule associated) and NSE ba used to confirm
neuroendocrine cell origin. The majority of NET9eess somatostatin receptors, and

confirmation of this can also aid diagnosis of suamours (Modlin et al 2008).
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Although a high mitotic rate, nuclear atypia ands feecretory granules may identify
poorly differentiated, highly malignant neuroendoer tumours, there are few
histological clues as to predicting malignant betawvin well-differentiated tumours
(Kloppel 2004, 2007). The proliferation marker Ki-fhay be used to assess the rate of
cell proliferation and thus suggest malignant poénModlin et al 2008), but an
improved understanding of the biology of these turaas required to aid diagnosis and

prognostic predictions.

1.3.21maging
Several imaging modalities are employed in locagjgpancreatic NETs and associated

metastases, although the primary tumour may nexdound. Imaging techniques may
identify tumours by physical presence alone or unmycfionality. Imaging is important
not only in initial tumour localisation and stagjrgut also in treatment planning and

assessing response to therapy.

Standard transabdominal ultrasound alone offergddnvalue in the management of
pancreatic NETs, although endoscopic ultrasound archoperative ultrasound
techniques have proven valuable in the assessniatis@ase — particularly in cases
such as MEN1 where pancreatic lesions may be saral multiple. Endoscopic
ultrasound has been developing over the past dexsader alternate form of imaging for
diagnosis and localisation of tumours, with theetldenefit of guided biopsies. It has
been seen to be sensitive in up to 93% of proverwrpatic neuroendocrine tumours
(Anderson et al. 2000), but is heavily operatoretefent. Multidetector CT scanning
and MRI offer complementary aspects to the ideg@tfon of mass lesions, the presence
of metastases and subsequent response to treaiiRinprovides a good assessment of

liver metastases but may also localise lesionsfourtd on CT images (Rockall et al
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2007). A review of MRI in the detection of pancreaheuroendocrine tumours
identified the fat saturated T1 weighted spin esbquence as the most useful in the
detection of these tumours (Owen et al 2001). Ne&escanning techniques allow the
detection of smaller pancreatic NETs, and sensds/iof up to 100% may be achieved
when this imaging technique is used in conjunctatih other modalities such as MRI

and endoscopic ultrasound of the pancreas.

Functional imaging of NETs provides a further mebgswhich the physical presence
of disease may be detected, but may also identiffalde candidates for targeted
treatment in the form of labelled radionuclide Hmr. Neuroendocrine cells are
characterised by their ability to take up and cotege amine precursors and to
produce amines or peptides; they may also expreigide hormone receptors on the
cell surface which together make functional imagiof these tumours possible.
Somatostatin receptors (types 1-5) are widely esgg@ on neuroendocrine cells. This
may be targeted in pancreatic NETs using radioletbtesomatostatin analogues,
typically indium-labelled octreotide. The sensityviof this technique in localising

lesions may be further improved by its combinatiath CT. MIBG, a catecholamine

analogue, may be useful in the detection of someiread tumours, which have been
reported to take up and concentrate MIBG, in additto paragangliomas and
phaeochromocytomas. Its use is, however, limiteghancreatic NETs (Kaltsas et al
2004). Positron Emission Tomography (PET) scanaiggn utilises the ability of NET

cells to take up and concentrate substances thathraa be identified if they have been
labelled, in this case by positron emitting radidides. Uptake of fluorodeoxyglucose
(FDG, a glucose analogue), L-hydroxyphenylalaniheDQPA) and 5 hydroxy-L-

tryptophan (5HTP) have all been used in imaging BlR/1th variable success. FDG-

PET uptake is not specific to NETs but is used lyidle the diagnosis of oncological
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disease processes. It is mainly helpful in detgcpiaorly differentiated lesions with a
high proliferative rate. L-DOPA-PET has proven ®sgsful in detecting carcinoid type
tumours, phaeochromocytomas and possibly medudlarginoma of the thyroid, but
has limited value in other subtypes of NET. Initesults using HTP-PET are promising
but require further evaluation (Sundin 2007), amthbof these require a cyclotron
nearby as the isotopes have very short half-lives.an alternative, more invasive
procedures may be of value in difficult cases, éaample, the direct injection of
calcium gluconate into the arteries supplying thagoeas can stimulate insulin release

and aid the diagnosis of insulinomas (Kaltsas 2084).

1.4 Treatment

1.4.1 Surgery
Surgical management of pancreatic NETs depends hen grimary diagnosis.

Insulinomas are usually small and rarely metastaflwus, they may be surgically
enucleated with good results. The exceptions areetlassociated with MEN1 that may
be multiple and where identification of the prirdeipsecretory lesion should be
attempted preoperatively. Insulinomas are freqygrdlpable at the time of surgery but
the use of intraoperative ultrasound can complentarg in identifying lesions.

Malignant insulinomas are associated with multiglsstal metastases and poor
prognosis. The management of the other pancreditsNncludes surgical resection
and lymph node clearance, since the malignant pateof these tumours is high.

Limited resection of hepatic metastases may alsatteenpted (Ackerstrom et al 2007).

1.4.2 Hepatic embolisation
Hepatic metastases may be managed with surgioattres where disease is limited.

Localised hepatic embolisation either with or withcadditional chemotherapeutic
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agents provides an alternative method. Since hepattastases receive most of their
blood supply via the hepatic artery, while the fiviself receives part of its blood
supply from the portal vein, occlusion of the bharaf the hepatic artery feeding the
tumour is a viable therapeutic option. Cells areutiht to be more sensitive to
chemotherapeutic agents when ischaemic, thus &ilgeation of chemotherapy may

be used in addition (Toumpanakis et al 2007).

1.4.3 Somatostatin analogues
The majority of neuroendocrine tumours express sostatin receptors and this can be

used therapeutically. Somatostatin reduces hormseaetion from the anterior
pituitary, gastrointestinal tract and pancreasgdneral, NETs express a high density of
such receptors, but the receptor subtype expressedary between tumours and within
the same tumour. Somatostatin analogues includotg bhort-acting and the long-
acting formulations have been successful in redyttie clinical burden associated with
tumour hypersecretion syndromes, although tumagiression has not been a common
result of therapy. Although somatostatin therapoesild be used for all tumour
subtypes, in general better symptom control iseadd in gastrinomas with proton
pump inhibitors, and using diazoxide to manage linemas. Some stabilisation of
tumour progression may be achieved using somaitostatlogues, but ultimately the
effect of therapy wanes over time with tachyphyaxinterferon therapy may be
associated with a reduction in tumour growth, the side effect profile is more

significant than that seen with somatostatin anasgPlockinger et al 2007).

1.4.4 Radiolabelled somatostatin analogues
Tumour expression of somatostatin receptors has keploited for the delivery of

radiolabelled somatostatin analogues directly ®otttmour bulk. Indium, yttrium, and
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lutetium are the main radionuclides available fochkstherapy, and their effects vary
according to the emitted particles that vary imigiof tissue penetration. Yttrium fa
emitter, has the most far reaching range which basefits in terms of tumour
management, but increases the risk of damage tr atyans such as the kidneys

(Forrer et al 2007).

1.4.5 Chemotherapy
The use of systemic chemotherapy on the managewfeMETs remains under

evaluation. As slow growing malignancies they témdespond poorly to such regimes.
Streptozocin-based chemotherapy including eithesréloracil or doxorubicin has been
used in metastatic pancreatic NETs, although thienap time to offer such therapies
remains unclear. A combination of cisplatin andpetde can be used in poorly

differentiated NETs (Toumpanakis 2007).

1.5 M odels of tumour formation

Disruption of the process of cell differentiatioraynresult in malignant transformation
of a cell. Abnormal cell cycle progression and tumfiormation can be consequent on
inappropriate gene expression (oncogenes) or ardaibf tumour suppresser gene
activity that would normally prevent uncontrolledogression through the cell cycle.
Mutation of a single dominant oncogene can resaltuncontrolled cell growth;
however, recessive oncogenes are also recognidestewunctional deletion of two
copies of the same gene is required for tumour &ion. Spontaneous mutations
affecting both genes in the somatic cell would &atively unusual, and thus sporadic
forms of such tumours are rare. However, if a gragitosomal recessive mutation in an

oncogene is inherited at the germ cell level angkeond gene deletion or mutation
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occurs within the somatic daughter cell, tumournfation will result. This is the basis
for Knudson'’s “two-hit hypothesis” where a silemngtic fault is unveiled by a second
deletion. Thus a recessive genotype becomes a damplmenotype, where the second
genetic “hit” is inevitable given the vast numbércells expressed in the target tissue.
Such genetic abnormalities can be identified usnsg of heterozygosity studies that
confirm heterozygosity for a certain gene in nomadur tissue (typically leucocytes)
that is lost in tumour tissue (LOH). Genetic gainlass may also be detected by
comparative genomic hybridization (CGH) a technitheg may be used to complement
LOH studies or other more recent developments sischultiplex ligation-dependent

probe amplification (MLPA) or single nucleotide palorphisms (SNP) analysis.

Genes may also be silenced through epigentic phenasuch as abnormal methylation
patterns that would not be detected by LOH or CGethmds. DNA methylation,
important in X chromosome inactivation and paregtle imprinting, is the transfer of
a methyl group to the cytosine of a cytosine-guari®pG) nucleotide. CpG nucleotides
tend to cluster as “islands” particularly at gemenpoter regions, reflecting their role in

control of gene expression.

The process by which cells replicate DNA and dividea tightly regulated cycle
requiring input and facilitation from a variety ohitogens and growth factors.
Activation mutations of oncogenes or loss of tum@wppressor genes may be
implicated in many models of tumorigenesis, bufasonone appear to be sufficient in
explaining pancreatic NET formation. Studying intest conditions in which NETs
commonly occur has facilitated analysis of impoartanolecular events in the
differentiation of neuroendocrine cells. Familiabehses such as multiple endocrine

neoplasia 1 (MEN1) and Von Hippel-Lindau diseaseHI(Y are typified by the
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occurrence of neuroendocrine tumours within thetexdnof complex disease that may

also include the presence of other non-endocriri@naacies.

MEN1 is an autosomal dominant disorder typified tmwe formation of multiple

endocrine tumours affecting the parathyroids, amteituitary, and endocrine pancreas.
The MENL1 gene is located on chromosome 11q13 amgkiie product menin probably
has functions in both genome stability and trapsiomal control. Up to 600 mutations
have been identified in the MEN1 gene, includingisense mutations, deletions or
insertions, and splice variants. Although only 268&poradic foregut NETs (including

pancreatic NETs) harbour an identifiable mutationthe MEN1 gene, up to 60% of
sporadic pancreatic NETs exhibit LOH at chromosdrhesuggesting the presence of

alternative genetic mutations at that locus (ree@Wy Leotlela 2003, Duerr 2007).

VHL disease is associated with pancreatic NETs @i in conjunction with renal
cell carcinomas, retinal/cerebellar haemangiobtaa®and phaeochromocytomas. The
VHL gene, located on chromosome 3p25-26 encodesin@mour suppresser gene
important in hypoxia-induced cell proliferation aadgiogenesis. Although the majority
of VHL-associated pancreatic NETs exhibit LOH ire t{HL gene, studies including
both sporadic and VHL-associated pancreatic NEGgest that a critical genetic defect
may lie proximal to the VHL gene locus on chromoso8y independently contributing
to the development of such tumours (Lott 2002).ebdt up to 30% of sporadic
pancreatic NETs show LOH on chromosome 3p, an thil@gaencodes many important
genes including VHL, Retinoic acid receptor b (RARberoxisomal proliferator-
activated receptor (PPAR), RASSF1A (see below) phtl (a member of the p53

tumour suppresser family). Interestingly, no motat in the VHL gene were identified
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within this group of tumours, suggesting that itderis limited in explaining the

pathogenesis of pancreatic NETs (Chung 1997, Ziaug2605).

Pancreatic NETs are frequently associated withmmbsmmal changes, and these seem
distinct from those identified as important in gasitestinal NETs. Different
chromosomal losses or gains may themselves befiddrdt distinct stages of disease,
and may also predict tumour behaviour. Geneticrabens may have a cumulative
effect, some being important in early cell hypesfdaand dysplasia, others playing a
role in the loss of cell differentiation and metasts (Baracat et al 2004). Pancreatic
NETs may be either oligoclonal or monoclonal ingorj suggesting that more than one
mechanism may result in tumour formation in a sngdividual (Katona et al 2006).
Genomic gains have been identified on 4p, 4q, §p9d, 129, 149, 17pg, 18g and 20q,
while genomic losses have been identified on 1p,68p 10p, 11p, 11q, X and Yq.
Efforts to identify specific genetic aberrationsegictive of tumour behaviour have
failed, although loss of 11g and gain of 7q appeast consistently to associate with
pancreatic NETs, while malignancy may be predittggains on chromosomes 4, 7, 14

and X or losses on 3, 21 and 6 (Zicusoka et al 2005

Non-functioning pancreatic NETs are associated withre genomic alterations, as
compared to functioning tumours, in particular &ssf 3p and MEN1 (reviewed Duerr
2007). The pattern of allelic loss may also predine type of pancreatic NET,
functioning tumours associating with LOH of chromoes 3, 11, 16 and 22, while
non-functioning pancreatic NETs associate with L&fH and 11 (reviewed by Rigaud
et al 2001). LOH of chromosome 1 has been ideditifieone third of pancreatic NETs
and appears to predict hepatic metastases (Ebrahiahil999). Similarly, LOH studies

have shown that chromosome 3q may play a critaal in the development of a more
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malignant pancreatic NET phenotype (Guo et al 200&ZH studies have identified
loss of chromosome 6q in 100% of malignant insuhias, possibly reflecting genetic
influences specific t@-cell neoplasia. High expression of neuroendocsaeretory

pepetide 55 (NESP55), a chromogranin gene produchromosome 20, may be used
to distinguish pancreatic NETS from gastric car@rtoamours, a potentially useful tool

in the evolution of metastatic disease of unknowgio (reviewed by Zicusoka 2005).

1.6 Pancreatic neur oendocrine tumours and the cell cycle

Several cell cycle regulators have been studidtiencontext of pancreatic NETs. The
cyclin D proteins are critical in permitting a cédl advance through the cycle of DNA
replication and division, and are of interest innjmaumour models. Cyclin D1 allows
progression through G1 and into the S phase of ByAthesis by activating cyclin
dependent kinases (CDK). These phosphorylate tdastoma protein (Rb - see
below), thereby reducing its anti-proliferative exff (reviewed Musat et al 2004). The
cyclin D1 gene (CCNDL1) is one of the most frequergimplified genes in human
tumours and is associated with increased cyclin @bdtein expression (reviewed
Hibberts et al 1999). Increased nuclear expressiayclin D1 has been shown in 50%
pancreatic NETs as compared to non-neoplasticasletissue, and is found regardless
of tumour type or malignancy. This would suggesitt this an important factor early in
development of the disease, and relevant to albtumirrespective of the cell of origin

(Chung et al 2000).

Activation of the p53/MAPK and Akt/protein kinase Bathways have also been
identified in pancreatic NETS, and may also infleeerprogression through the cell
cycle through increased cyclin D levels (revieweidugoka et al 2006). Frequent

activation of the p38/MAPK and Akt pathways but dowegulation of the ERK

36



pathway in cyclin D1 over-expressing pancreaticroendocrine tumours has been
reported (Guo et al, 2003). Hypermethylation of F&3A, a tumour suppresser that
induces cell cycle arrest by interaction with cydD, has been identified in a subset of

pancreatic NETs (Duerr 2007).

Rb is a tumour suppressor gene that prevents pmsigre of the cell cycle from G1
through to the S phase of DNA replication. Phosplation of Rb by cyclin D1 and its
associated kinases (CDKSs) reduces the ability ofdRfirevent progression through the
cell cycle. Although p53 and Rb deficient mouse eledshow a propensity towards
developing neuroendocrine tumours, including paateremalignancies (Harvey 1995),
there has not been conclusive evidence to impliBditen the pathogenesis of human

pancreatic NETs to a date (Chung 1997).

The cell cycle is regulated at various stages ycttmbined actions of cyclins, CDKs,
and cyclin dependent kinase inhibitors (CDKIs). fEhare two main groups of CDKIs,

the INK4 group comprising pI%“®, p18M* p1gVk4c p1d 4P and the CIP/KIP

group comprising p21™, p27'** and p5%F2. The CDKI p27 maintains cells in a
quiescent state by binding to and inactivating ioyCIDK complexes to prevent entry
into S phase (reviewed Musat et al 2004) and isatnegjy correlated to Ki-67 in

pancreatic NETS, suggesting that it may reduceptéferative rate in such tumours
(reviewed Zicusoka et al 2006). Down regulationp@f7 has also been identified in
MEN1 knock-out mice that develop cell hyperplasia within a phenotype that
resembles MEN1 (reviewed by Duerr 2007). In micekilag p27, created by gene
targeting in embryonic stem cells, an increase adybsize is noted with substantial
increases in thymus, pituitary, adrenal and gonadgdn size, suggesting an important

role for p27 in a variety of endocrine tissues (&ma et al, 1996). Reduced
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expression of p27 has been associated with poagnpeis in most human cancers,

including pancreatic adenocarcinoma (Lu et al 1999)

Regulation of p27 within the cell is thought to ocat two levels, the rate of protein
synthesis and, probably more importantly, the cdtprotein degradation, in particular
by the ubiquitin/proteasome pathway. Several studmave indicated that that
phosphorylation of p27 is an important primary geg for p27 degradation and is cell
cycle-dependent, peaking in late G1 phase (Shda#il €1997, Vlach et al 1997,
Montagnoli et al 1999). It appears that phosphdigfamediated p27 degradation
facilitates transition from G1 into S phase andsteahanced phosphorylation has been

implicated in over-proliferation of cells and margncers.

Jun activation domain-binding protein 1 (JAB1),aaivator protein (AP-1) coactivator
implicated in p27 degradation and transportatiemguer-expressed in various tumours
and correlates with low p27 expression. JAB1 imteravith p27 shuttling it from the
nucleus to the cytoplasm; it has been shown th&1JBinds directly to the C-terminal
part of p27 in the nucleus and over-expressiomA@lJcauses translocation of p27 into
the cytoplasm (Tomoda et al, 1999). An inversetiaighip in expression levels of p27
and JAB1 has been reported in various cancer 8ssoeluding ovarian (Sui et al,
2001), invasive breast carcinoma and their adjanernnal breast tissue (Kouvaraki et
al, 2003) and anaplastic large cell lymphoma (Rkadss et al, 2003). High expression
of JAB1 has also been shown in medullary cell cantias with a concomitant
reduction in p27 expression (Ito et al 2005). lasexd JAB1 expression was seen in
pancreatic carcinoma samples and forced expresdidABL in pancreatic cell lines

was associated with decreased p27 expression (Kakivet al, 2006).
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The protein Ki-67 was originally defined by the fmtype monoclonal antibody Ki-67
generated by immunising mice with nuclei of a Haddgmphoma cell line (Gerdes et
al 1983). The name is derived from the city of wrigKiel) and the number of the
original clone in the 96-well plate. When the aatigvas found to be a protein, it was
found that there was no homology to any known peyige. The function therefore
remained indistinct and the name was kept. It e bvell documented over the years
that Ki-67 is associated with cell proliferatioreilg present during all active phases of
the cell cycle but being absent in quiescent atimgsells in G (Gerdes et al, 1984).
Ki-67 labelling index in neuroendocrine tumourdiué pancreas have been shown to be
independent predictors of survival in two separsttedies showing reduced survival

with values of >4% (Perret et al, 1998) and >5%d§test al, 1996).
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1.7 The peroxisomal proliferator-activated receptor

The PPARs (peroxisomal proliferator-activated récey) are members of the nuclear
receptor superfamily that includes receptors fgrdid, steroid and retinoid hormones.
They were first identified in rodents following tludservation that certain chemicals
(peroxisome proliferators) could augment the sizé mumber of hepatic and renal cell
peroxisomes, thereby increasing their capacityfdtly acid metabolism (reviewed in
Kliewer 1994). Natural ligands include long-chairolyunsaturated fatty acids,
metabolites of the arachidonic and lipoxygenasehvwpays, oxidised low-density
lipoproteins and prostaglandins. The major synthkfjands of PPARs are the anti-
diabetic agents, thiazolidinediones, and non-diatoianti-inflammatory agents

including indomethacin and ibuprofen (reviewed iaMy et al 2006).

Consistent with other members of the nuclear hoemaeeptors the PPARs comprise
an N-terminal ligand-independent transcriptionalivation domain (AF1), a central

DNA-binding domain, and a C-terminal ligand bindirend ligand dependent

transcriptional activation domain (AF2). Ligandtling results in a conformational

change, releasing corepressors and recruiting igagmts to allow gene transcription
(reviewed Knouff et al 2004). The PPARs form hetigreers with members of the

retinoid X receptor (RXR) superfamily to initiateanscription of target genes
(Thompson 2007). Preformed PPAR/RXR heterodimeteract with corepressor

proteins such as retinoblastoma (RDb) in the baséé,swhich may then be released
following ligand binding and consequent conformagibchange (reviewed Knouff et al
2004). PPARs may also influence gene transcriptiolependently of ligand binding,

probably through phosphorylation of the AF1 domdiy kinases; for example

alterations in PPARphosphorylation by ERK- and JNK- MAPK can affecthbligand

dependent and ligand independent effects on ganedription (Burns et al 2007).
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Three main isoforms have been identified, PRARPAR and PPAR/S. All have a
similar structure but are coded for by differenh@® on chromosomes 22, 3 and 6
respectively (reviewed in Theocaris 2004). The PRAR widely expressed throughout
many tissues. PPAR the first PPAR to be identified, is expressedissues with high
oxidative capacity including cardiomyocytes, hepgtes, enterocytes and the renal
proximal tubule. PPARS, the least studied of the PPAR family, is exprdsaienost
ubiquitously (Burns et al 2007). PPARIntensively investigated for its role in lipid
metabolism, is expressed in adipose tissue as asgeihtestine, liver, prostate, colon,
pneumocytes and cells of the immune system inctudirand B cells, natural killer
cells, dendritic cells and macrophages (Theocarad 2004, Wang et al 2006). PPAR
protein is also highly expressed in human panaresitt cells including the, B andd
cell subtypes (Dubois 2000) and has been showe toriegative regulator of islgcell
mass both in vivo and in vitro (Rosen 2003). Feoforms of PPAR (PPARy1-4) have
been identified thus far and are generated byraltersplicing of a single gene, located
on chromosome 3, band 3p25 (Beamer et al 1997, \Waag 2006). The majority of
biological actions of PPARare mediated by the widely expressed PPARPPAR?2
expression is limited to adipose tissue; the prof@ioduct comprises 30 additional
amino-acids in comparison to PPAR with a consequent increase in ligand-
independent activation. PPAR and 4 are identical in terms of protein produxt t
PPARy1, but PPAR3 expression is restricted to macrophages, adifesee and colon,

while the tissue distribution of PPAR remains unclear (reviewed Knouff et al 2004).

PPARy has been implicated not only in adipocyte difféision and insulin sensitivity,
but also in atherosclerosis and inflammation. fteerging function in controlling cell

proliferation, differentiation and apoptosis, bathvivo and in vitro, has suggested a
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putative role as a tumour suppresser gene, althamghanti-tumour effect is not
universal (Muellar et al 2000, Yang et al 2005, at al 2006). In particular, there
have been concerns that the TZD agents may prestigjpocolonic neoplasia in an in
vivo mouse model (Yang et al 2005). PPAR highly expressed in a variety of solid
malignancies including prostate, breast, colon gadtric carcinoma, and may be
associated with pancreatic adenocarcinoma, withossiple prognostic value in
identifying the more malignant cases (Kristians@®9&). PPAR has been shown to
induce terminal differentiation in a variety of can models, including the upregulation
of markers of cell differentiation carcinoembryoraatigen, E-cadherin and alkaline
phosphatase in pancreatic cell lines (reviewed W&rg 2006). One study has shown
differential anti-tumour effects of TZDs in breastncer cell lines, rosiglitazone being
associated with reduced cell proliferation and pvoam of cell differentiation while the
agent KR-62980 only induced a reduction in cellipgmation. Thus, the effects of each
single TZD should not be regarded as indicativehef potential action of the whole

group (Kim et al 2006).

Interestingly, LOH studies of human pancreatic nendocrine tumours have indicated
allelic loss at the chromosomal site correspondmn8p25 in up to 30% patients, also
with a possible predictive role of outcome in adweth disease (Chung et al 1997).
Despite this, no mutation affecting the PPA&ene was identified in a series of 23
pancreatic neuroendocrine tumours (including imguhas, gastrinomas, glucagonomas
and non-functioning tumours). This may suggest diier epigentic phenomena occur
to affect gene function (for example hypermethygiafior that an alternative candidate

gene exists at the chromosomal locus (Costa-Guda)20
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PPARy agonists have been associated with an up-regalaficCDKIs including p18,
p21 and p27. These inhibitors are critical in preéwey phosphorylation and inactivation
of Rb. Rb in the unphosphorylated form exists as‘gatekeeper” preventing
uncontrolled progression through the cell cyclenfrG1 to S. Upregulation of p21 and
p27 with associated cell cycle arrest in G1 has laksscribed in pancreatic tumour cell
lines following treatment with glitazones (Motamwetial 2000, Kawa 2002). PPAR
agonists have also been shown to reduce activatiQDKSs in a variety of tumour cell
lines including the pancreas by reducing the exgesof cyclin D1, an important

activator of CDKs (Toyota et al 2002).

PPARy agonists have also been implicated in attenuaiag (a commonly altered
oncogene in human malignancy)-dependent phosphatgitol 3-kinase (PI3K)
activity (Bos et al 1989). Growth factor signallin@ tyrosine kinase receptors leads to
up-regulation of Akt via phosphorylation and activa of PI3K. PPAR has been
associated with up-regulation of the PI3K inhibiRinophatase and tensin homologue

(PTEN), a lipid phosphatase that is critical introling cell cycle arrest and apoptosis.

PTEN is a tumour suppressor gene which encodedtdunational phosphatase which
is expressed almost ubiquitously and regulates¢hlecycle, apoptosis and possibly cell
adhesion. It is linked to cell cycle control thrbutpe retinoblastoma gene (Paramio et
al, 1999) and promotes cell death. Deletions anthtians to PTEN occur in a range of
cancers including breast (Perren et al, 1999), meddal (Mutter et al, 2000), brain and
prostate (Li et al, 1997). PTEN is thought to nagdy control the PI3K-Akt pathway
by dephosphorylating the 3 position of phosphoitsi A mutation in the PTEN gene
on arm 10q that causes loss of the protein's fonagsult in excessive proliferation of

cells, resulting in hamartomatous growths in a sgme called Cowdens disease.
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Loss of PTEN has been implicated in the developnunietaplasia in pancreatic
ductal cells, which may herald the early genesipasfcreatic adenocarcinoma (Stanger
et al 2006). Akt over expression has been showpaincreatic adenocarcinoma cells,
with associated loss of PTEN expression (Schlei@@®d3, Altomare 2002). Putative
PPARy response elements have been identified withirptbeoter region of the PTEN
gene, and a dose-dependent upregulation of PTENeiprexpression has been
confirmed following treatment of macrophages witisiglitazone. This increase in
PTEN was associated with a down regulation of Pa8Hvity (Patel et al 2001). PTEN
expression has been shown to be raised in parcieaicer cells following treatment
with the TZD rosiglitazone. Levels of phosphorythtékt decreased as PTEN levels
increased, indicating inhibition of PI3K. Antagomisof rosiglitazone by GW966

abolished these effects (Farrow et al, 2003).

Malignant progression of cancers relies upon breakdof the extracellular matrix by
proteinases allowing access of cells to lymphaties, blood stream and invasion of
local tissues. This process depends upon protesisels as the serine proteinase
urokinase type plasminogen activator (UPA) andeteptor, which may be upregulated
in a variety of malignancies including pancreateneer. Glitazones are known to
reduce UPA activity and to increase levels of plasgen activator inhibitor (PAl) in

pancreatic cell lines (Sawai 2006).

Altered function of PPAR may be associated with tumorigenesis. Sporadis tds
function mutations of PPARhave been identified in human colonic cancer ¢Bat al
1999), as have dominant negative splice varianth@fgene product (Sabatino et al

2005). A dominant negative fusion protein combinthg thyroid transcription factor
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PAX-8 and PPAR has also been identified in a subset of thyrollictdar carcinomas
(Kroll et al 2000). However, screening of 159 sasspbf various human tumours
including breast, colon, lung, prostate and haelogical malignancies failed to
identify mutations of PPARRsuggesting that these are rare events in malign@kezoe

2001).

An increased understanding of the molecular bakipaocreatic NETs is critical to
explaining the diverse biological behaviour of tlgsoup of tumours. At present,
diagnosis can be complicated and prediction of gnalcy impossible making
therapeutic decisions and monitoring of diseasgness difficult. Modulation of cancer
outcomes using nuclear hormone receptors has alsedjinterest recently through the
use of retinoic acid in the treatment of a varietymalignancies including leukaemia,

melanoma and cervical cancer (reviewed by Wang 2006

1.8 Human Pancreatic Neuroendocrine Cell Lines

There are a large number of human pancreatic aderinoma cell lines available

commercially e.g., AsPC-1, BxPC-3, CAPAN-1, CAPANEAG, MIA PaCa-2, JF305

and PANC-1, amongst others. These have allowedyfisant amount of research
work to be performed on pancreatic adenocarcinotin@, processes involved and
potential treatment models. Pancreatic endocrifielines are less common. Animal
insulinoma cell lines such as Ins-1, RINm5F and H&le been available for some time
and have been used extensively to study the ploggiohnd pathophysiology of the

mechanisms involved in glucose homeostasis.

Human pancreatic neuroendocrine tumour cell limegae, and at the time of study the

cell lines CM, BON and QGP1 represented the onhgawr cell lines held in culture
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and described in the literature. The CM cell limeaihuman pancreatic insulinoma cell
line that was established from peritoneal ascitea @atient affected by a primary
pancreatic insulinoma (Gueli, et al 1987). It graspentaneously in vitro as an adherent
semiconfluent monolayer. The CM line has been stlidnainly for its antigenic
properties with the purpose of establishing aniirovmodel to investigate the immune
mechanisms leading t®-cell destruction in IDDM (Cavallo et al. 1996).u8tes on
early-passaged cells provided evidence that ingsulthC peptide were detectable in the
supernatants of CM cell culture (Cavallo et al. 29Baroni et al (1999) showed that
CM cells from an early passage express speftiell genes in response to glucose
stimulation. In particular the insulin and glucdasansporter (GLUT 1 And GLUT 2)
genes are expressed. In insulin dependent diabietes, been postulated tifatells are
subject to cytokine mediated cytotoxicty. Cavaliale (1996) showed that CM cells are
subject to TNFe mediated toxicity and that glutathione has a dtegendent protective
effect. CM remains one of the very few humBucell lines in existence due to the

difficulties in obtaining and culturing them fomlig periods.

The BON cell line was established from a lymph nougastasis of a human pancreatic
carcinoid tumour and was first described by Parekhal (1994). The operative
specimen of a peripancreatic lymph node was oldamd 986 from a 28 year old man
who presented with obstructive jaundice and diaehérom a metastatic carcinoid
tumour of the pancreas. The node was washed antechend tumour fragments were
placed in cell medium. All fibroblasts were remowaad the resulting cells frozen at
passage 5. Evers et al. (1994) showed that BON celitain serotonin, chromogranin
A, neurotensin and pancreastatin and have a pabticpattern of growth. They possess

receptors for gastrin, somatostatin and acetylokoliThey also showed that BON
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tumours could be sensitive to a somatostatin anal@nd INFe. Both BON and CM
cell lines were used in an investigation of theeef§ of gefitinib, an inhibitor of
epidermal growth factor receptor-sensitive tyrokimease (Hopfner et al, 2003), which

showed significant growth inhibition, increased jjosis and cell cycle arrest.

The cell line QGP1 represents a human pancreata®statinoma that was isolated
and cultured by Kaku et al in 1980. QGP1 cells gasva confluent monolayer of
epithelioid cells. They express carcinoembryonitigam (CEA). Iguchi et al, (1990)

showed that they secrete somatostatin in keepitly avisomatostatinoma. Implanting
QGPL1 cells into nude mice caused a tumour congisfimslet cells which secreted CEA
and somatostatin. Doihara et al. (2009) showed tQ&P1 cells expressed
enterochromaffin cell markers such as tryptophanrdwylase, chromogranin A,

synaptophysin, ATP-dependent vesicular mono-amirensporter 1 (VMATL),

metabotrophic glutamate receptor 4 (mGluRg)adrenergic receptor, muscarinic 4
acetylcholine receptor (ACM4), substance P, seintomansporter (SERT) and
guanylin. They also identified expression of transi receptor potential ankyrinl
channel (TRPA1) and showed that agonists of thésmrels increase intracellular
calcium and release of 5-HT. Both BON and QGP1 lvels were used in a study
looking at the potential anti-proliferative effadt interferon alpha (Detjen et al, 2000).
It found that interferon alpha directly inhibitedogvth by delaying progression through
the S phase and into G2/M. More recently QGP1 aDdl Bell lines have been used to
investigate the role of the PISK/AKT/mTOR pathwayridg cell adhesion. Src kinase
inhibitors reduced the activation of the mTOR pathivduring QGP1 cell adhesion (Di

Florio et al. 2008)
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1.9 Aims

The aim of this project was identify the expressohiaracteristics of PPARn human
pancreatic neuroendocrine tumours in three differgmes of samples: resected freshly
frozen specimens, archived paraffin-embedded spmwsmand cell cultures. Secondly, if
PPARy is present, | aim to explore whether proliferatisraltered by the administration

of an agonist at this receptor.

Additional aims include:

An examination of p27 and phospho-p27 expression

An examination of JAB1, p-Akt, and PTEN proteingimated in p27 function

An examination of somatostatin receptor expressiarell cultures.
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CHAPTER 2

MATERIALSAND METHODS
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2.1 Laboratory consumables

Pipette tips, plastic and glassware were purchasedused as according to normal
laboratory protocol. Solutions were autoclaved whegopropriate. Heat labile solutions
(e.g. foetal calf serum, FCS) were filtered throgR2im syringe filters prior to use.

Standard tissue culture techniques were followedamtain sterility.

2.2 Human tissue samples

2.2.1 Homogenization
Frozen tissue samples held at’®avere retrieved and placed in liquid nitrogen whil

waiting cutting to give a sample size of up to 30rHgmogenization was performed
mechanically using a mounted Sigma-Aldrich Ultraréx 8 devise. Care was taken to
decontaminate and clean the blades, including imimenn hydrogen peroxide for 30
minutes prior to usage and thorough washings betwamples with 1 x 100% ethanol

and 2 x RNase free water.

2.2.2 RNA extraction
Promega SV Total RNA Isolation System

RNA isolation requires four essential steps: effectdisruption of cells of tissue,
denaturisation of nucleoprotein complexes, inatitivaof endogenous ribonuclease
(RNase) activity and removal of contaminating DNAdaproteins. The technique
allows the homogenisation of tissue within a budéeisolution containing guanidine
thiocyanate and3-mercaptoethanol to inactivate the ribonucleasessgnt in cell

extracts. Addition of dilution buffer and heating 7PC allows selective precipitation
of cellular proteins to occur whilst the RNA remmim solution. The debris was

removed with centrifugation and the RNA is pre@fed out of solution by ethanol and
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bound to silica glass fibres found in a manufaatuspin basket’. Contaminating DNA
is then digested by the direct application of RNfase DNase. Further washing steps
help to improve the purity of the RNA. The RNA puatl is then eluted from the basket

by the addition of nuclease free water.

2.2.3 Spectrophotometry
Quality and concentration of RNA can be estimatgdhe measurement of absorbance

of light at wavelengths of 260nm and 280nm.

Following adequate calibration of the spectrophatan 5ul of prepared RNA solution
is added to 495ul of TE (TRIS-EDTA buffer) and @desorbance at 260nm and 280nm

were documented. Care was taken to prevent conddimmbetween samples.

The vyield of total RNA obtained is determined by thbsorbance at 260nm where 1
absorbance unit equals 40ug of single stranded RINAThe quality or purity can be
estimated by the ratio of absorbance 260nm/280nerevbure RNA will exhibit a ratio

of 2.0. Acceptable ratios are between 1.8 and 2.1.

2.2.4RNA gd
Integrity of purified RNA can be estimated by agar@el electrophoresis. The ratio of

28S to 18S eukaryotic ribosomal RNAs should be @gprately 2:1 by ethidium
bromide staining, indicating that no gross degradabf RNA has occurred. With
degradation the ratio is reversed as 28S charsotatly degrades into an 18S-like

species.
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2.2.5 Preparation of Agarose Gel for RNA electrophoresis
Sock TAE (x50)

242 g Tris base dissolved in approximately 750 enbaized water.
Add 57.1 ml glacial acid and 100 ml of 0.5 M EDTpH 8.0).

Adjust the solution to a final volume of 1l

Working Solution of TAE (x1)
The working solution of 1x TAE buffer is made byngily diluting the stock solution by
50x in deionized water.

Final solute concentrations are 40 mM Tris acaedattl mM EDTA.

Gel

1% Agarose gel for RNA

0.5g agarose added to 50 ml 1x TAE (Tris-acetat@&Dbuffer and heated in
microwave for 2 minutes.

Add 1pul ethidium bromide (carcinogen)

Place combs and allow gel to set prior to trangferunning chamber and loading of
sample.

Load 2ul RNA solution plus 8ul water plus 2ul laaglidye and run at 150 Volts for 30

minutes.

Visualizing the RNA
The gel is placed on the transilluminator (UV ligiftwavelength 254 nm). Ethidium
bromide is a fluorescent dye that intercalates betwthe bases of DNA and RNA.

Photos taken as required.
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Example of RNA gel showing 18S and 28S bands

«— 28S
«— 18S

2.2.6 Reverse Transcription and production of cDNA
Applied Biosystems (ABI) TagMan standard protocdlbis produces 50 of cDNA

from 1ul of totalRNA.

Following calculation of the concentration of RNA bpectrophotometry, the volume
for 1ug of RNA is pipetted and made upto 19.25il'Ein a 0.2ml microtube.
A mastermix was prepared with the following consiits:

5ul 10x RT Buffer

11pl 25mM MgCh

10ul  deoxyNTPs (10nM)

2.5u1 Random Hexamers 50uM

1ul  Rnase Inhibitor (20U/ul)

1.25ul Multiscribe RT enzyme (50U/ul)

Total 30.75ul

The 30.75ul is added to the RNA solution to maketal solution of 50ul which was
gently mixed. The mixed solution was then placethen GeneAmp 970 thermal cycler

programmed with the settings below.
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25°C 10mins 1cycle
48°C 30mins lcycle

95°C 5mins 1 cycle

Subsequent cDNA was frozen immediately af€20

2.2.7 Polymerase Chain Reaction (PCR) for GAPDH
The standard Polymerase Chain Reaction (PCR) dagplienes of interest, determined

by the choice of primers introduced to the PCR urext Following a DNA denaturing
step, these primer sequences bind to the templist® &lowing amplification of the

subsequent DNA sequence with a DNA polymerasedarmpthsence of excess dNTPs.

Primers used were standard laboratory primers.

GAPDH Genebank M33197
Primers
SHORT
GAPDH F 5' CCATGGAGAAGGCTGGGG
GAPDHR 5 CAAAGTTGTCATGGATGACC
LONG

GAPDH Long F 5' GAGTCAACGGATTTGGTCGT
GAPDH Long R 5' GGTGCTCCAGGGGTCTTACT

Product =486bp
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Promega PCR protocol

Primers, dNTP and DNA polymerase were kept on iceing working time. A

‘mastermix’ of the components below was made upaataed to 2.5 of cDNA

H-0 16.874l
x10 Taq buffer 2.4l
25mM MgCh 1.511
20mM dNTP 0.2fl

0.5 umol S primer  0.626
0.5 umol AS primer 0.638
Taq enzyme 0.128

Total 22.%3

Samples were mixed thoroughly and 3 drops of mirefavere added to the surface.

Samples were then placed in the thermal cyclerandvith the program below:

Stage 1 LY
Stage 2 9
55°C
72C
Stage 3 "
2.2.8 DNA ge

5mins 1 cycle Denaturing
1mins

1mins 26 cycles Annealing
1mins Extension
10mins 1 cycle Poly A tall

To assess the adequacy of the PCR products, samptesrun on a 2% agarose gel

with ethidium bromide, as described for the RNA gebve. 1Ql of PCR product was

mixed with 2ul loading dye. PhiX 174 HinF | digest (Promega Gl)7/&olecular size

markers were run alongside PCR products in eachRgalitive and negative controls
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were used as appropriate. Electrophoresis was rpegtb for 30-45 minutes at 150V
depending on the size of gel. Bands were visualigedthidium bromide fluorescence

using a UV transilluminator and photographs taken.

2.2.9 PPARYPCR
Tissue samples were assessed to identify the mesdnPPAR by standard Quiagen

PCR protocols with conditions optimised within thHaboratory by previous

experimental work (Dr C Merulli).

Primers (S gma-Genosys)
PPARy sense 5" TCTCTCCGTAATGGAAGACC

PPARy antisense 5" GCATTATGAGACATCCCCAC

Product = 474bp
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A mastermix of the following components was madeng@ added to 26 of cDNA.

H20 13.5
Qiagen x10 buffer 218
Q solution pul
dNTP 0.25l
0.4 umol PPARgamma S 5
0.4 umol PPARgamma AS @b
Q hotstart Taq 0.26
Total 22.%1

Samples were mixed thoroughly and 3 drops of mirefavere added to the surface.

Samples were then placed in the thermal cyclerandvith the program below:

Stage 1 SLY 15mins 1 cycle
Stage 2 9 1mins
55C 1mins 40 cycles
72C 1mins
Stage 3 Iy.® 10mins 1 cycle

DNA gels were run on ethidium bromide agarose gealspreviously described and

visualised by UV transillumination.
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2.3 Immunohistochemistry

2.3.1 Immunohistochemistry Objectives
Two objectives were set for this work. Firstly, tleeation and quantification of the

strength of staining in each tissue type (insulinprgastrinoma, islet and exocrine
pancreas). Secondly, a comparison of the tissugsastigeach other, using total positive

counts for both nuclear and cytoplasmic comparts)emas determined.

In particular, interest was focused on differensesveen insulinoma and normal islets,
which were considered its control. Although the emof gastrinomas was small (n=3)
it was felt worthwhile to see if there were anyrsiigant differences between these and
the insulinomas. Exocrine pancreas was includekligblight differences between the

endocrine and exocrine pancreas.

2.3.2 Case selection
A trust wide search for pancreatic neuroendocrimaours through histopathology

records, endocrine department records and surgegi®oks was performed. All
paraffin embedded sections available were retri@rgticlosely inspected for suitability

of usage.

Representative slides of each case were staindd hagmatoxylin and eosin and all
were reviewed for suitability of study with consuit histopathologist Dr Diaz-Cano.
Where possible, tumour, normal exocrine pancrdastie and islets were identified on

each slide and marked to allow standardisationlidé assessment. The first and last
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slides prepared from each block were checked tarenthat all contained the same

components.

When multiple samples were present for a caseyralerwent immunohistochemistry
and were counted individually. The resulting couwesre then combined to give an

average result for that case.

2.3.3 Optimisation of Antibodies
With the exception of Ki-67, which has previouslgem widely used within the

laboratory, all antibodies underwent optimisatibndges. Starting points were guided
by manufacturer advice and standard laboratoryopod$é with help from consultant
histopathologist Dr S Diaz-Cano. Variations in bady dilution and incubation times,
blocking times, and staining times for DAB and &illaematoxylin were explored to

identify optimal conditions of all antibodies.
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2.3.4 Summary of antibodies

DILUTION
PPARy (E-8): ¢c-7273 1:50
Santa Cruz Biotechnology
p27 (SX53G8) 1:300

Gift from Dr X Lu,

(Ludwig Institute for Cancer Research, St Maryspital, London.)

Phospho-p27 (71-7700) 1:250

Zymed laboratories Inc.

JAB 1 (37-1400) 1:250

Zymed laboratories Inc.

Phospho-Akt (Ser473) 1:100

Cell Signaling Technology.

PTEN (NCL-PTEN) 1:100

Novocastra Laboratories Ltd.

Ki-67 (NCL-Ki67-MM1) 1:200

Novocastra Laboratories Ltd
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2.3.5 Control Samples
For all immunohistochemistry experiments positived anegative controls were run

simultaneously. Tonsil sections were used as pestiontrols for all antibodies with the
exception of PPAR where skin samples containing sebaceous glands fawend to be

effective. Photographic examples of positive cdstfor each antibody are shown in the
results section. Negative controls were constantjuded where the primary antibody

was excluded.

2.3.6 Supervision of Counting
Counting cells can be open to variability due t® shibjective nature of interpretation of

staining. We hoped that by separating the strenfjtaining out into strong, medium
and weak would help highlight those which may bey mifficult to classify. With little

previous personal experience, it was felt impeeativat expert instruction with the
techniques of immunohistochemistry, cell countingl anterpretation of results was
gained. This was kindly provided by Dr S Diaz-Ca(®oyal London Hospital).

Subsequent review of all the slides and an estimatf Ki-67 index were performed by
Dr E Carlson (St Bartholomew’'s Hospital). Exterrgalality control was therefore
gained by 2 separate sources but it is acceptddnthanternal control studies were

performed to confirm reliability and repeatabildlymy own counting on different days.
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2.3.7 Vectastain Universal Elite ABC (kit code pk-6200)
All immunohistochemistry methods were based on stendard ABC method, the

standard laboratory protocol being highlighted telo

Procedure
1. The following controls should be used.
2. Positive control section for each primary antibodgd.
3. Negative control section [omitting primary antibdy
4. Dewax sections in xylene.
5. Dehydrate sections in alcohol.
6. Place sections in endogenous peroxidase blockSfonihutes.
7. Wash sections in tap water for 2 minutes.
8. If antigen retrieval is required, go to the appratar procedure.
9. Transfer to tap water and wash for 2 minutes.
10. Soak sections in a trough of TBS for 3 minutes.
11.Wipe around the sections and apply the PAP pen.
12. Apply normal horse Serum for 3 minutes.
13.(Add 1 drop (5@u) of yellow labelled bottle to 5ml of antibody dtbhnt)
14.Tip off the horse serum.
15. Apply primary antibody at the appropriate dilutionantibody dilutant for 40
minutes.
16. Apply only antibody dilutant to the negative comtsection.

17.Wash off the antibody with TBS x 2 and flick slitleremove excess.

18.Apply the universal biotinylated secondary antibodsom the kit) for 20

minutes.
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19.(Add 2 drops (10@l) of normal horse serum (yellow label) to 5ml &3, then
add 2 drops (1Q4) of biotinylated secondary antibody (blue labélleottle).
Vortex solution.)

20.Make up the Avidin Complex Solution. This must stdar 30 minutes before
use.

21.(Add 2 drops (10al) of Reagent A (grey label A) to 5ml of TBS, thadd 2
drops (10Q) of Reagent B (grey label B). Vortex solution.ave to stand.

22.Wash off the antibody with TBS x 2 and flick slisieremove excess.

23. Apply the avidin complex solution for 20 minutes.

24.Wash off with TBS x 2 and flick slide to remove exs.

25. Apply DAB solution for 3 — 5 minutes.

26.Wash in running tap water for 5 minutes.

27.Counterstain in Gills Haematoxylin for 60 seconds.

28.Wash in water bath for 2 mins (Blue)

29.Dip in acid-alcohol x 2 (Differentiate)

30.Wash in water again (Blue)

31.Dehydrate and clear (2 mins each in alcohol, alotytene, xylene)

32.Mount.
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2.3.8 Antigen Retrieval
Antigen retrieval was performed using a microwagehnhique. Slides were placed in

citrate buffer during treatment before continuinghvetep 7 above.

Microwave Buffers

Citrate buffer stock
Citric acid 7.569
Trisodium citrate 47.569
Distilled water 2000m|

Stored at 4C

Citrate buffer working solution

Citrate buffer stock 100ml
Distilled water 900ml
1M Sodium hydroxide to bring pH to 6.0
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2.3.9 Preparation of mmunohistochemistry Reagents
Antibody Dilutant

Sodium chloride 4.1g

Tris 0.3¢g

Bovine albumin 0.2g

Sodium azide 0.2g

1M Hydrochloric acid 2ml

Casein 50

Distilled water 500ml

0.1M Sodium hydroxide to bring pH to 7.6

Stored at 4°C

Endogenous Peroxidase Block

100 vol. Hydrogen peroxide 3ml
Methanol 97ml
0-05M Tris Buffered Saline (TBS) pH7-6

Sodium Chloride 8.769

Tris 6.06g

1M Hydrochloric acid 36ml

Distilled water 800ml

1M HCI to bring pH to 7.6

Made up to 1 litre with distilled water

67



2.3.10 Céll counting
Counting was performed using a grid overlying a powered magnified field of view

and reviewed on a computer screen. For each cabardibody, approximately 500
cells (approx 100 cells per high power field x 5grev counted for insulinoma,
gastrinoma, islet and exocrine pancreas. Each wsasessed for both nuclear and

cytoplasmic staining. Staining was described asgirmoderate, weak or negative.

The total number of cells counted in each groupulinoma, gastrinoma, islet or
exocrine) was tabulated in Microsoft excel spreadshand calculation of a percentage
and standard error of the mean for each strengstagfing was performed. To allow for
easier comparison between groups, it was felt dhsihgle value for positive staining
would be helpful. Due to the nature of countingimmmunohistochemistry it was
debated whether the positive count should be catiedl by adding all stained cells
(strong, moderate and weak) together or by addiegstrong and moderately stained
cells together, excluding the weakly stained caisnconclusive. Both methods were
used for all data: | found that the outcome wasilaimn nearly every case. For all

results, the data shown uses positive count equstfang + moderate + weak staining.

On occasion and where appropriate, data usingiyp®stbunt equal to strong plus

moderate staining has been additionally usedustithte patterns. This is highlighted in

the text.
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2.4 Cdll culturework

2.4.1 Cdl lines
All 3 cell lines were generously donated by Pradeddicolas Lemoine (Institute of

Cancer, Barts and The London, Queen Mary's ScHddkdicine and Dentistry).

CM - Human insulinoma cell line isolated from &ssi
QGP1 - Human pancreatic somatostatinoma
BON - Human pancreatic carcinoid

2.4.2 Culture media and conditions

CM - RPMI 1640 with L-glutamine (Gibco 21875)
QGP1 - RPMI 1640 with L-glutamine (Gibco 21875)
BON - DMEM high glucose (Gibco41966)

To all media, 10% foetal bovine serum (Gibco 1010@&s added along with
penicillin/streptomycin antibiotics (Gibco 15140 dafungizone (Gibco 15290). Cells
were incubated in T-75 flasks with culture medium3@°C with 95% air, 5% C£
Media was freshened every two to three days byadiétg old media and adding 10-
15mls new culture medium, warmed to 37°C. Cellsewsassaged once they reached
60-80% confluence. Medium was removed and the wekhed with 5ml warm (37°C)
PBS. 1ml trypsin/EDTA was added per flask and thlésancubated for approximately
5 minutes until all had detached from the flaskypBin activity was terminated by the

addition of 5ml culture medium and the suspensiorethby gentle trituration.

Cells were counted using a Trypan Blue method, altherdead cells stain deep blue

while live cells remain translucent, since viabé&< do not take up dye. gbof 0.4%
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trypan blue (Sigma) was added tqu/BBS. The addition of 1Q0 cell suspension gave
a final concentration of 0.05% trypan blue. Thepsmsion was mixed by gentle
pipetting and 10@cl transferred to a haemocytometer. Cells fallinghin the

boundaries of two squares were counted and the rnotahfor one square (volume

0.1mn?) was used to calculate the concentration of galtsml of original suspension:

Cells/ml = average cell count x 2 (dilution factgr)0000

Approximately 2 million cells were plated per fre$h/5 flask and 10-15ml culture

medium added. Flasks were returned to the incubator

2.4.3 Cell freezing
Medium was removed and the cells washed with 5mtnwg37°C) PBS. 1ml

trypsin/EDTA was added per flask and the cells lratad for approximately 5 minutes
until all had detached from the flask. Trypsin atyi was terminated by the addition of
5ml culture medium followed by gentle titration.llSevere centrifuged at 1000 rpm for
5 minutes then medium discarded. Cells were washE®&S, centrifuged as before, and

the pellet resuspended in cell freezing medium (9&& calf serum, 10% DMSO).

Cells were transferred to a cryotube and placeat®fior 20 minutes, then at -20°C for
approximately 2 hours, transferred to -70°C forughter 2 hours prior to storage in

liquid nitrogen.

2.4.4 RNA extraction
Cells were trypsinised, harvested, washed and edumptior to RNA extraction.

Extraction was performed using standard PromegaT8Ml RNA Isolation System
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protocols for lysis of cultured cells. A maximum 6fx 1¢ cells were washed and
centrifuged prior to addition of lysis buffer. Vigms vortexing and passage through a
20 gauge needle aided DNA shearing prior to thetiaddof dilution buffer and

preparation for RNA purification by centrifugation.

2.4.5 RNA spectrophotometry and electrophoresis
Quality of RNA was assessed by spectrophotomettyamarose gel electrophoresis as

previously described for every RNA extraction.

2.4.6 Reversetranscription
Extracted RNA from cell lines were subject to reeetranscription using ABI standard

protocols as described previously.

PCR for GAPDH
cDNA recovered following reverse transcription, anglent conventional PCR for
GAPDH using Promega standard protocols as descpl®mdously. Electrophoresis on

ethidium bromide agarose gel was performed fortifieation of products

2.4.7 Expression of PPARy
Expression of PPARIn each of the cell lines was assessed by coromaitPCR using

Quiagen kit and protocols as described previouBipducts were run on ethidium

bromide agarose gel for identification.

Primers (S gma-Genosys) Product = 474bp
PPARy sense 5 TCTCTCCGTAATGGAAGACC
PPARy antisense 5" GCATTATGAGACATCCCCAC
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2.4.8 Expression of Somatostatin Receptors (SSTR1-5)
Widespread expression of somatostatin receptoendocrine tissues and tumours led

us to investigate the expression of SSTR’s 1-5un cell lines. Previously extracted
samples from all three cell lines were subject eoventional PCR using Promega
materials and protocols as described eatrlier.

Thermal cycling conditions were:

Stage 1 SLY 5 minutes
Stage 2 o 1 minute
60°C 1 minute 35 cycles
72C 1 minute
Stage 3 ™ 10 minutes
SSTR Primers
SSTR1: 5-GCTACGTGCTCATCATTGCTA-3
5-GGACTCCAGGTTCTCAGGTTG-3 product 401 bp
SSTR2: 5-TTGGTACACAGGGTTCATCAT-3
5-GTCTCCGTGGTCTCATTCAGC-3’ product 459 bp
SSTRa: 5-CTGGGTAACTCGCTGGTCAT-3
5-CAGGCAGAATATGCTGGTGC-3, product 225 bp
SSTR4: 5'-AACGGAGGCGCTCAGAGAAGAAGA-3

5-AGGCGAGGTGAGGGAGGGTAAAAT-3"  product 451 bp
SSTRE: S-TCATCTGCCTGTGCTACCTG-3’

5'-GGAGAGGATGACCACGAAGA-3’ product 233 bp

Products were subject to ethidium bromide agareselgctrophoresis for identification

of products. Photographs are shown in the Resatison.
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2.4.9 PPARYy Protein Expression
Untreated cells from all cell line cultures werebjgeted to protein extraction,

performed using cytobuster reagent (Novagen 71009obuster is a formulation of
detergents optimised for extraction of soluble @t from mammalian cells. All
protein extraction procedures were performed umstigct laboratory protocols within

the cell culture hood

Procedure

The below reagents were added together

. 3ml  Cytobuster Protein Extraction Reagent
. 30ul  Phosphatase Inhibitor 1 (Sigma P-2850)

. 30ul  Phosphatase Inhibitor 2 (Sigma P-5726)

Spent media was removed from the cell wells ants eeére washed briefly with ice
cold PBS. PBS was removed. Then, |250f the above solution was added to each cell
well to coat the wells and left in place for 5 nties1 After 5 minutes the wells were
scraped and the resulting suspension was pipettedhiseparate eppendorf tube. The
suspension was then centrifuged at 13000 rpm foimbites at 2C and the supernatant

removed to a separate tube prior to protein asstgering.
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2.4.10 Protein Assay Protocol
Initial assays were performed with Bradford reagemhich is in general use in the

laboratory. However, it became apparent that cytéyuis not compatible with
Bradford reagents, and a different method of pnotsisay was applied — BCA Protein

Assay Kit (Pierce 23225).

The BCA assay relies upon the formation of a cofigr— protein complex under
alkaline conditions, followed by reduction of thepper (Il) to copper (I) which is
associated with a colour change that can be mehsilitee amount of reduction is
proportional to the amount of protein present. Gat@en of a BSA (Bovine serum

albumin) standard curve allows for quantificatidrpmtein samples.

To allow direct comparison with the protein sampBSA was diluted in Cytobuster. A
known concentration of BSA, 1mg/ml, was made bwtth of 0.01g BSA in 10ml
total volume made up of 8mls sterile water and 2@ysobuster. From this 1mg/mi
solution further dilutions achieved concentratioh€8SA ranging between 0 — 1mg/ml
for generation of a standard curveuP6f each known BSA dilution or diluted sample
was placed in triplicate into wells of a 96 welbfd. 20! of BCA/Copper mix was
added to each well. Samples were left at 37°C @mBnutes and the colour change
read on a Wallac “Victor” 1420 Multilabel Countém example standard BSA curve is
shown in figure 2.1. The regression co-efficienswalculated to assess the suitability

of the standard curve generated.

From this standard curve, concentrations of eaotepr sample can be estimated from
their measured absorption at 595nm. Samples werertbrmalised for protein content,

to the sample with the least amount of proteimmio loading into SDS-PAGE gel.
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Standard Curve BCA

0.80
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20 -
0.10

595nm absorbance

y = 0.5513x + 0.149
R? = 0.9854

0.00 \ \ T
0 0.2 0.4 0.6

Prot Conc mg/ml

0.8 1

1.2

Figure 2.1 Example of a protein standard curve ugiBCA reagents.
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2.5 Western Blotting Protocol

25.1 Materials Required

* Tris base (Tris hydroxymethyl methylamine) (VWR3156X)

* Tris acid (Tris hydroxymethyl aminoethane hydractie) (Sigma T-3253)

* Glycine (Sigma; G7126)

» SDS (sodium dodecyl sulfate) (Sigma; L-4509)

* Methanol (VWR; 101586B)
» Sodium chloride (NaCl) (Sigma)

» Hydrochloric acid (HCI) (Sigma)

» Tween-20 (polyoxyethylene (20) sorbitan monolaa)r§/WR; 66368-B)

« 2-mercaptoethanol (Sigma M-3148)

» Skimmed (no fat) milk powder; Tesco

* SDS-PAGE Ready Gels 10% Tris/HCI 10 wells (Bi

Rad; 161-1155)

» Kaleidoscope Protein Marker (Bio-Rad; 161-0324) Saybean trypsin inhit
* Electrophoresis Tank (Bio-Rad; 165-3126) Lysozyme
Apratinin

* Transfer Kit (Bio-Rad)

Myosin

beta-Galaclosidase

BSA

Carbonic anhydrass

210
135

82

38.7

31.9

18.1
7.4

2 pieces of sponge cut to size of gel

4 pieces of blotting paper (Biorad; 170-3932)

Transfer cassette and tank (Bio-Rad; 170-390)

» Detection Reagent ECL Plus Western Blotting Sysgg@mersham; RPN2132)

* PVDF (polyvinylidene difluoride) Membrane (AmershaRPN303F)
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» Kodak Scientific Imaging Film X-OMAT (VWR no. 165579)
» Antibodies: primary and secondary
» Saran Wrap (VWR)

* Aluchef foil (VWR; 236401001)

2.5.2 Buffersand Reagents
DS Loading Buffer

1.514g Tris base (125mM), 4g SDS (4% wl/v), 16 mydétol (20% wl/v), 0.02g

Bromophenol Blue (0.002% wi/v)

Dissolve Tris base in 100 ml of ddBl and adjust pH to 6.8. Then add the remaining

reagents and store a\4

Running Buffer
30.25g Tris base, 144.13g Glycine, 10g SDS.
Make up to 1 litre with ddb0, gives 10X Tris/Glycine/SDS

Use 1in 10 (i.e. 100 ml in 2000 ml deB)

Transfer Buffer

3.049 Tris base, 14.14g Glycine, 800 ml 1200 ml Methanol

Dissolve Tris and glycine in #. Add methanol, total 1000 ml. Stir well with magic

stirrer. Store at%C.

Washing Buffer 1X TBS- Tween

10X TBS (Tris-buffered saline):
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To prepare 1 litre of 10X TBS: 24.2g Tris base, 8taCl, Adjust pH to 7.6 with HCI

(use at 1X).

To make 1XTBS-Tween (wash buffer): 1X TBS, 0.1% €wdi.e. 50Qu Tween to 500

ml 1X TBS).

Blocking Buffer
2.5g Skimmed (no fat) milk, 50 ml 1X TBS-Tween

Gives 5% milk solution.

Sripping Buffer

0.985¢g Tris hydrochloride, 2g SDS, 781 pl 2-mercattanol

Add 100 ml ddHO to SDS and Tris, then add 2-mercaptoethanol.

2.5.3 Antibodies
Anti-PPARy(E-8): ¢-7273  Santa Cruz Biotechnology

A mouse monoclonal IgG antibody raised against @tige mapping to the carboxy
terminus of PPARof human origin. Used at a dilution of 1:50 &€ 4vernight

Secondary antibody: Goat anti-mouse 1:10000

Anti-PPARy (Calbiochem 516555)
A rabbit polyclonal antibody raised to a peptiderfd in mouse PPAR. Used at a

dilution of 1:2000 for 90 minutes at room temperatu

Secondary antibody: Goat anti-rabbit 1:10000
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f-actin (Cell Sgnalling Technology)

Affinity purified rabbit polyclonal antibody raisedagainst a synthetic peptide
corresponding to the amino terminal of hunflaactin. Used at a dilution of 1:5000 at
4°C overnight

Secondary antibody: Goat anti-mouse 1:10000

2.5.4 Method
Protein samples were normalised to the samples tivtHowest protein concentration.

The volumes required for each sample were calailatel aliquoted into 0.5ml tubes.
Kaleidoscopic marker was also pipetted at this tilBgual volumes of SDS loading
buffer were added to the samples and to the ma8amnples were heated for 5 minutes

at 95'C on thermal cycle to denature proteins and moweécketimmediately afterwards.

SDSPAGE Electrophoresis Preparation

Following denaturing, a 10% Tris-HCI gel was insdrinto a gel chamber which was
placed into an electrophoresis tank ensuring tiechamber is balanced correctly. The
tank was filled with 1x Running Buffer. The samplesre then dispensed into the wells
and run gel at 100V for 1 hour or until the samplesch the wire at the bottom of the

gel chamber.

Electroblotting Protein to PVYDF Membrane

A piece of polyvinylidene difluoride membrane (PVD@®mersham Biosciences) was

soaked in methanol for 10 seconds then water faimbites prior to use, to activate. Gel

and membrane were compressed between blotting papesponges soaked in transfer

buffer and proteins electro-transferred for 45 nesuat 90V.
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The PVDF membrane was then washed twice in 1x T®&8eh for 10 minutes. The
blocking buffer was prepared and 30 mls was addebeé membrane for 90 minutes at
room temperature on a roller to block non spegfimtein binding sites. Blocking buffer
was then removed and 5ml blocking buffer with pmynantibody at the correct dilution
added overnight at’@ (or otherwise specified).

Following 3 washes of 10 minutes with 15ml 1x TB®eEn buffer the peroxidase
conjugated (HRP) secondary antibody was addedn appropriate dilution in 5ml
blocking buffer. This was left for a further 90 mtes on a roller and then washed once

more as above.

Detection of Proteins
Protein bands were visualised using a chemilumerese detection system. Two

different kits where used.

ECL Plus Western Blotting Detection Reagents Kit (Amersham Biosciences)
This system is based on the enzymatic generaticanadcridium ester and numerous
luminescent intermediates, the emissions of whah lze detected on X-ray film. The

kit was used in accordance with the manufacture¢emmendations.

In brief, 2ml of ECL Solution A was mixed with gbof ECL solution B and added to
the membrane, the tube was wrapped with foil teldht from light and it was mixed
on a roller for 5 minutes to develop. The membrasas then wrapped in Saran Wrap
and placed in a developing cassette. A sheet oM®D x-ray film was placed over the
membrane for varying exposure times and developeda dCompact X4 (Xograph

Imaging Systems).
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LumiGLO (Cell Sgnaling Technology 7003)

This is a luminol-based system. In the presencéyaolrogen peroxide, horseradish
peroxidase converts luminol to an excited interrativhich emits light on its return to
ground state. 0.5ml of Reagent A and 0.5ml of rea§ewere added to 9ml of water.
This was then added to the membrane for 1 minute then the membrane was

prepared for x-ray in the same fashion as above.

Sripping PVDF Membrane and Reprobing

The membrane can be stripped of antibodies to allother reprobing with different
antibodies. This was done by washing twice on leralith 10-15 ml TBS-Tween for 5
minutes each. Then 50 ml of Stripping Buffer wadeatland left for 30 minutes in a
waterbath set to 8C. A further two washes on a roller with 10-15 n8S-Tween for 5
minutes each was performed and the membrane siived (in TBS-Tween at’€) or

re-probed.

p-actin
To confirm equal sample loading, the PVDF membnaas stripped and reprobed with
a p-actin primary antibody at a dilution of 1:500043€ overnight following the same

procedures as above.
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2.6 Cell proliferation studies

To assess whether cellular proliferation could fiected by interaction with PPAR
agonists, a series of experiments were set updesasa cell lines proliferation with
varying concentrations of treatments applied. THe@ARy agonist rosiglitazone
(GlaxoSmithKline, UK) was chosen as the PRA&jonist and stock solutions were
made up by dissolving in dimethylsuphoxide (DMS@)ive a stock concentration of
10°M. Subsequent dilutions were done usingdHCellular proliferation was assessed

by thymidine incorporation. An example of the pmbused is detailed below.

2.6.1 Method
1. Culture cells until confluent according to stardiprotocol.

2. Harvest cells and centrifuge to give a pelletels. Re-suspend in normal culture

medium of known volume.

3. Count cells using haemocytometer.

4. Pipette out the correct volume of cell suspansioeach well to the required density

e.g. 50,000 cells/well and add normal media upvolame of 500-100@l.

5. Place cells into incubator for 24 hours to alkdhesion.

6. Make up treatment solutions e.g. rosiglitazonel1@® 10% 10-5, 1, 10°
concentrations. Note that these will be dilutedakfactor of 10 when added to the wells

containing media giving treatment concentrations@f, 10°, 10°, 10" and 10
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7. Remove normal media from wells and replace @@Qul of serum free media (plus

antibiotics), and add 1@ of the treatment solutions to each well to giveaf volume

of 1ml containing the required concentration tresitn

(Note: BON cells did not survive well in serum stat media, instead, DMEM media

with 2% (charcoal stripped) fetal calf serum wasdip

Example — 24 well plate

1

2

3

4

5

6

1 | Media Only

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10'M)

Rosiglit (10°M)

2 | Media Only

Rosiglit (10*°M)

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10'M)

Rosiglit (10°M)

3 | Media Only

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10'M)

Rosiglit (10°M)

4 | Media Only

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10°M)

Rosiglit (10'M)

Rosiglit (10°M)

8. Incubate the plate at 37 in a humidified, 5% C@atmosphere for 48 hours.

9. Six hours prior to the end of the experiment a@dCi (curie) of [3H]-thymidine
(Amersham) to each well (i.e. add@3H]-thymidine to 2.5ml culture media and then

add 10Qul of this to each well).

10. At 24 hours, aspirate the media from the wetld briefly wash with 1ml ice-cold

PBS.

11. Add 1ml of scintillant (Amersham) to each walhd incubate the plate for 5

minutes.
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12. Collect the fluid from each well into separktielled scintillation vials and vortex

thoroughly.

13. Incorporation of thymidine, in units of courpper minute (CPM), can then be

measured using a scintillation counter.

Charcoal Sripping
50mls fetal calf serum (FCS)
29 charcoal

Left on rollers overnight at’€

Optimisation of Treatment Duration

Experimental plates were set up as described @adments were left on for variable
durations i.e. 24, 48 72 and 96 hours. Tritiatgartidine was added to the wells 6 hours
prior to the completion of the experimental peri@tintillation counting was then
performed and raw data collated on an excel filgtc@mes for the three cell lines are
shown the results section. In all three cell linegjas felt that treatment duration of 48

hours gave the best results.

2.6.2 Combined proliferation studies
All cell lines, CM, BON and QGP1, were then subgecto repeated experimentation

and the results collated to give combined prolitfera studies for treatment with
rosiglitazone at concentrations of “M, 10°M, 10°M, 10’M and 10°M. Average

counts for each group were calculated along witl skandard error of the mean.
Statistical significance was assessed by non-parenkeuskal-Wallis test, followed by

Conover-Inman if significance was achieved.
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2.6.3 Proliferation studieswith DM SO
Rosiglitazone was supplied in concentrated form disdolved in dimethylsuphoxide

(DMSO). Subsequent dilutions to treatment dosel¢eire H,O reduced the effective
concentration of DMSO in the wells during the treant periods. This means that at
higher concentrations of rosiglitazone there wglbabe higher concentrations of DMSO

present. We felt that a toxic effect of DMSO on tledls should be excluded.

Proliferation studies were set up in exactly themesavay except that rosiglitazone was
not added. Instead equivalent ‘treatments’ comginib,O and DMSO at the same
concentration was added. This ‘treatment’ was feft 48 hours and subject to
thymidine incorporation and scintillation counting exactly the same way as
previously performed. Again, repeated experimengsewperformed and results were

combined prior to statistical analysis and graghiepresentation.

2.6.4 Rosiglitazone versus DM SO treatmentsin QGP1 cells
At the highest concentration of DMSO it appeareat there may be a toxic effect on

the QGP1 cell line. A single experiment was perfednwvhere two plates were set up to
allow direct comparison of the effects seen bygldszone and DMSO. On one plate
QGP1 cells were treated with varying rosiglitazammncentrations, as per previous
experiments. On the second plate cells were treatédequivalent concentrations of
DMSO. The results were subject to the same anabysts results are shown in the

results section.

2.6.5 Recovery studies
As with all treatments, the effects seen may siniggydue to a toxic effect which is

undesirable if it leads ultimately to cell deatlecRvery of cells following removal of
treatment was therefore felt to be important. Teeas this, experiments were set up at
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the same time and date and from the same harvestllo€ultures to minimise error
between groups.
» First set was treated with rosiglitazone for 48dmd harvested
e Second set was treated with rosiglitazone for 48then washed and left in
normal media for a further 48 hours prior to hatvegs
* Third set was treated with rosiglitazone for 96 argl harvested at the same

time as set 2.

The first set is essentially a control to make s we see the expected effects of
rosiglitazone treatment. The second set is the rerpatal group. The third set is
another control group to identify that there is @nttued effect of rosiglitazone
treatment and that the cells do not spontaneowetgver or escape from treatment

effects.

2.6.6 Antagonist studies
To complete the PPARcell proliferation experiments we decided to tnglgrevent the

effect of rosiglitazone by blocking the PPYAReceptors irreversibly, thereby attempting

to prove that the effects seen are mediated bi? B7eRy.

A PPARy antagonist was purchased from Calbiochem (CalleimeNovabiochem
Corp., La Jolla, CA, USA) identified as TO07090agonist (2-Chloro-5-nitro-N-(4-

pyridyl)benzamide)

T0070907 is a potent, specific, irreversible, amghfaffinity antagonist of PPAR with
a K of 1nM. It also displays >800-fold greater sebatyi for PPARy over PPAR( and
PPARY (Ki = 0.85uM and 1.8uM, respectively).
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A second anatagonist was obtained through a colea@r D B Bailey, St
Bartholomews Hospital) identified as GW9662 antagfo(2-Chloro-5-nitro-N-phenyl-

benzamide) (Sigma, St Louis, Missouri, USA).

GW9662 is an irreversible PPARantagonist. GW9662 binds PPARvith IC50 in
nanomolar range, and is 10- and 600-fold less patebinding PPAR and PPAR,

respectively.

For both antagonists, gull concentration was used. Plating was performedh \&it
control group (no antagonist), antagonist on iteomus cells treated with rosiglitazone
at 10°M, 10°M and 10°M concentrations. Cells were pre-treated with th@gonist for
90 minutes prior to the addition of rosiglitazofrecorporation of thymidine, harvesting

and assessment of proliferation were performediagrévious experiments.

2.6.7 Direct comparison studies
So far all antagonist experiments had been runowitta comparative rosiglitazone

treated group. It was felt that if the antagonisisvihaving any effect then there should
be a significant difference seen when cells treatti rosiglitazone are compared
directly with cells treated with antagonist andigbsazone. Thus direct comparison
studies were performed. Cells were plated in twedi Following cell adhesion, one
line was treated with rosiglitazone at a conceiumaof 10*°M, the second line being
treated with rosiglitazone at a concentration ofMOplus JuM antagonist. This was

repeated for rosiglitazone concentrations 6fNIGand 10°M.
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Repeated experiments were performed for QGP1 and BEI lines at the above
concentrations for 48 hours and subject to the gagmaidine incorporation, harvesting

and scintillation counting.

2.7 Statistical analysis

Statistical analysis was performed with StatsDirsdftware package. Data for
immunohistochemistry and cell culture groups wasnwemally distributed as assessed
by Shapiro-Wilk testing. The majority of comparisowere performed using Kruskal-
Walllis analysis of variance test. If P<0.05 subgramalysis was performed using the
Conover-Inman test. Alternatively, Mann-Whitneyttegs performed to compare 2
groups following subgroup analysis by Ki-67 indé&hen appropriate, graphs have

been generated to help present the data.
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CHAPTER 3

RESULTSI

Human Frozen Tissue Samples
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3.1 Human tissue Samples

A selection of pancreatic neuroendocrine tumours held in the -8{C freezer within
the Academic Department of Endocrinology at St Baldmew’s Hospital. Ethical
consent for collection and experimentation had lggened prior to the commencement
of this project by Professor A. Grossman through Morth East London Research
Ethics Committee (Ref. P/02/069). Details of thagtiosis and histopathology were

held on database.

DATE OF
SAMPLE SEX AGE DIAGNOSIS
SURGERY
1 F 42 1997 Gastrinoma
2A F 26 1997 MEN-Insulinoma 1
2B F 26 1997 MEN-Insulinoma 2
2C F 26 1997 MEN-Insulinoma 3
3A M 57 1995 Insulinoma
3B M 57 1995 Lymph node met
4 F 44 1994 Gastrinoma
5 M 51 1998 MEN-Insulinoma
6A M 34 1998 Normal pancreas
6B M 34 1998 Insulinoma
7 F 67 2001 Gastrinoma
8 F 61 2001 Insulinoma

Table 1 Tumour bank samples and clinical details
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3.1.1 RNA Extraction.
Work done on tissue samples:

Example — Sample 2C
3 X Homogenisation and RNA extraction (Promega SYalRNA Isolation System)

3 X Spectrophotometry

2 X RNA gels

GAPDH PCR 4 X SHORT (repeated at 26 and 35 cycles
1 X LONG

1 X PPAR/PCR

SAMPLE 2B 2C 3B 4 8

«— 28S

«— 18S

Figure 3.1 Example of a typical RNA gel result
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3.1.2 GAPDH PCR

SAMPLE HO SM 2A 2B 2C 3B 4 8 ©6A

«— SHORT GAPDH

«— PRIMER DIMERS

Figure 3.2 Example of short GAPDH results

SAMPLE SM 2A 2B 2C 3B4 8 6A KO

«— PRIMER DIMERS

Figure 3.3 Example of long GAPDH results

SM = SIZE MARKER PROMEGApX174 HAE Il
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SAMPLE 260/280 RNA GEL SHORT GAPDH LONG
RATIO GAPDH
1 2.1 No bands Present-weak Absent
2A 2.1 No bands Present-weak Absent
2B 2.3 Good bands Present-good Absent
2C 1.9 No bands Present-weak Absent
3A 1.6 No bands Present-weak Absent
3B 1.9 No bands Present-good Absent
4 2.1 No bands Present-good Absent
5 3.0 No bands Present-good Absent
6A 2.0 No bands Absent Absent
6B 2.1 No bands Present-good Present-good
7 3.1 Good bands Present-good Present-weak
8 2.3 Good bands Present-good Absent

Table 2 Summary of best results obtained for huntgsue samples
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3.1.3 PPARy EXPRESSION

We wanted to look at PPARexpression in fresh tumour samples at the RNAI lexd

subjected the extracted RNA to Qiagen PCR, usiegtimers described.

SAMPLE TUMOUR PPARy EXPRESSION

1 Gastrinoma Absent

2A Insulinoma Absent

2B Insulinoma Present - good
2C Insulinoma Absent

3A Insulinoma Absent

3B Lymph node met Present — good
4 Gastrinoma Present — good
5 Insulinoma Present — weak

6A Normal pancreas Absent

6B Insulinoma Absent
7 Gastrinoma Present — good
8 Insulinoma Present - good

Table 3 Summary of PPARexpression in human tumour samples

RNA extraction from previously frozen tissue samnsplas hampered by issues with the
quality and quantity of samples available. Despitgltiple procedures, reliable high
guality RNA was not re-producible. PPARCR was performed on all samples of RNA
extracted. Although few conclusions can be madegergithe limitations, PPAR
expression was seen in 6 out of the 8 patient sssnpIPAR expression was seen in 4

out of 5 insulinomas (1 insulinoma LN metastas@s)d 2 out of 3 gastrinomas. For
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those samples that had better RNA quality resthese is a more favourable outcome

in terms of PPAR expression.

PPARyPCR products - examples

SAMPLES SM 2B 2C 3B 4 8 6A +\RO

— PPARy

Figure 3.4 DNA gel showing PCR products for PPAR

SAMPLES SM 7 6B 1 3A 5 +UkO

— PPARYy

Figure 3.5 DNA gel showing PCR products for PPAR

SM = SIZE MARKER PROMEGApX174 Hinf |

+VE = POSITIVE CONTROL (ADRENAL TUMOUR TISSUE)
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RESULTSII

| mmunohistochemistry
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3.2.1 Immunohistochemistry

A trust-wide search for pancreatic neuroendocrimedurs through histopathology
records, endocrine department records and surgegbsoks revealed a total of 44

potential subjects going back over 20 years.

In total 25 cases were identified as having goaaiyuspecimens that could be used. In
several cases there was more than 1 specimen [deaita the same patient — these

were annotated A, B or C as seen in table 4.

Of the 25 cases, further information is noted tovabetter understanding of the results:

1 patient only had tissue from a lymph node mesastaf a gastrinoma (Case 24). This

was included as a gastrinoma in the tumour resaligs.

2 cases were removed from the 25 before final amaly
Case 16 - equivocal diagnosis being undecided leetvae endocrine tumour and
a papillary and solid epithelial neoplasm (PSEN).

Case 21 - identified as a lymph node metastadiseofjastrinoma in case 22.

Insufficient islets were available in cases 3,2Band 24.

Insufficient exocrine pancreas was seen in cas22 dnd 24.

Treated in this way the results could be generist@dstandard format for all antibodies
tested. In total, therefore, there are 20 insuliapmand 3 gastrinomas in the tumour
series, 19 results for the islet series and 20ltseedar the exocrine series. These

numbers are the same for all antibodies.
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For all immunohistochemistry graphical illustratsotierefore:-

Insulinomas n=20
Gastrinomas n=3

Islets n=19
Exocrine n=20

3.2.2 Cdll counting

As described in the methods section, counting warsopned using a grid system
overlying a magnified field of view viewed on a cpuater screen. For each case and
antibody, approximately 500 cells were countedif@ulinoma, gastrinoma, islet and
exocrine pancreas. Each was assessed for bothanuafel cytoplasmic staining.

Staining was described as strong, moderate, weakgative.
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Table 4 Cases identified as suitable for immunobisthemistry

ID SEX AGE DIAGNOSIS
1 M 24 INSULINOMA
2A/B M 24 INSULINOMA
3A/B F 69 INSULINOMA
4 F 58 GASTRINOMA
5 F 41 INSULINOMA
6 M 65 INSULINOMA
7 M 27 INSULINOMA
8 M 54 INSULINOMA
9 F 71 INSULINOMA
10 F 26 INSULINOMA
11 M 42 INSULINOMA
12 M 51 INSULINOMA
13 F 58 INSULINOMA
14A/B F 39 INSULINOMA
15A/B F 51 INSULINOMA
16 F 29 ENDO/PSEN
17 F 61 INSULINOMA
18A/B M 21 INSULINOMA
19A/B F 61 INSULINOMA
20 M 78 INSULINOMA
21 M 35 GASTRINOMA LN
22A/BIC M 35 GASTRINOMA
23 F 55 INSULINOMA
24A/B M 69 GASTRINOMA LN
25 M 37 INSULINOMA
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3.2.3 PPARY I mmunohistochemistry

A mouse monoclonal IgG antibody to PPARvas obtained from Santa Cruz
Biotechnology. The antibody is raised against atigepmapping to the carboxy
terminus of PPAR of human origin. Optimisation of the antibody waerformed on
normal skin samples which acted as the positivetrabnA dilution of 1:50 was
identified as the optimal dilution. Very good stiam of the control was observed

(Figure 3.6)

Figure 3.6 PPARypositive control — skin sample with prominent seleaus glands.

The sebaceous glands can be seen staining stropgsitive (red/brown colour).

From the results tables in the Appendix, it carséen that only limited PPARstaining
was identified in any of the series for tumourgisbr exocrine, despite good positive
control staining. All samples underwent repeat imohistochemistry with similar

results. Examples of staining seen are shown ifighees.
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Figure 3.8 Stronger nuclear PPARSstaining can be seen in sample 15
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It is clear that there is little evidence to sudgbs nuclear or cytoplasmic presence of

PPARy within insulinoma, gastrinoma, islets or exocriissue in our samples.

NUCLEAR/CYTOPLASMIC PPARg STAINING IN INSULINOMAS
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Figure 3.9 Graph showing the location and strengtfh PPARystaining in insulinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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NUCLEAR PPARg STAINING
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Figure 3.10 Graph representing total positive nualePPARystaining in each group.

Non parametric Kruskal-Wallis testing revealed ntasistical difference.
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3.2.4 p27 Immunohistochemistry

p27 is an inhibitor of both cyclin E-Cdk2 and cyclA-Cdk2, two CDK complexes
involved in the regulation of the G1/S transitip27 has been found to be expressed at
high levels in quiescent cells, playing an impartasie in maintaining cells in GO

through the inhibition of CDKs.
p27 was stained for using anti-p27 antibody fromnel SX53G8 (gift from Dr X Lu,

Barts and the London). After optimisation the aoti» was used at a dilution of 1:300

with very good staining seen with tonsil sectiooBrey as positive control.

GERMINAL CENTRE

—

MANTLE ZONE —

Figure 3.11 p27 positive control (tonsil) showing@ng nuclear positive staining in

the mantle zone
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In the human tonsil there are multiple follicles igéh have both a germinal centre
(consisting of predominantly proliferating T-lymptydes) and a mantle zone
(consisting of predominantly quiescent B-lymphosytdn this control slide we see a
predominantly unstained germinal centre (blue/@rpbnd a heavily stained
(red/brown) mantle zone. For p27 this is an exmkdieding as cells with higher

proliferation rates would be expected to show tasdear p27.
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Figure 3.12 A lower powered slide of sample 6 shagvislet, exocrine and tumour

portions and the differences seen in staining

At lower magnification, the differences often saerthe staining patterns of tumour,

exocrine tissue and islets can be seen on the slee
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Figure 3.13 p27 staining of the insulinoma portioof sample 6, showing both nuclear

and cytoplasmic staining
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3.25 p27 Staining in insulinoma, gastrinoma, islet and
exocrine pancreas

It can be seen from figures 3.14 — 3.17, that g2@xpressed in all the tissues in both
the nuclear and cytoplasmic compartments. Withekeeption of exocrine pancreas,
p27 expression shows a broad distribution of stramgpderate and weak staining. It also
appears that p27 is expressed slightly higher éencytoplasm than the nucleus of all

three endocrine tissues.

In the insulinoma group no significant differencasvseen between the nuclear and
cytoplasmic localisation of p27 with positive nualestaining seen in 68.7 +/- 6.81%

and cytoplasmic staining seen in 74.6 +/- 5.6%wu(kg3.18)

A significant difference is, however, seen in tlese of gastrinoma (figure 3.19) and
islets (figure 3.20). Nuclear staining in gastrirons 77.3 +/- 13.2% whereas
cytoplasmic staining is 94 +/- 0.4% (p<0.05). Sarly, in islets, positive nuclear

staining is 65.5 +/- 8.3% and cytoplasmic staingg2.6 +/- 1.8% (p<0.001)
In exocrine tissue there is substantially less @&iression with a trend towards higher

nuclear localisation (figure 3.21). Positive nuclstaining was seen in 26.9 +/- 2.1%

and cytoplasmic staining in 18.7 +/- 4.3% (p=0.07)
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Figure 3.14 Graph showing the location and strengbh p27 staining in insulinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.15 Graph showing the location and strengih p27 staining in gastrinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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Nuclear/Cytoplasmic p27 Staining in Islet Cells
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Figure 3.16 Graph showing the location and strengbip27 staining in islet samples

(S=strong, M=moderate, W=weak, -VE=negative)

Nuclear/Cytoplasmic p27 Staining in Exocrine Pancreas
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Figure 3.17 Graph showing the location and strengtii p27 staining in exocrine

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.18 Graph showing the total positive (S+MH4\W27 nuclear and cytoplasmic

staining in insulinoma samples.
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Figure 3.19 Graph showing the total positive (S+MHy\W27 nuclear and cytoplasmic

staining in gastrinoma samples.
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p27 POSITIVE CELLS ISLETS
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Figure 3.20 Graph showing the total positive (S+MHy\W27 nuclear and cytoplasmic

staining in islet samples.
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Figure 3.21 Graph showing the total positive (S+MH¥\W27 nuclear and cytoplasmic

staining in exocrine samples.
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3.2.6 Comparison of p27 Nuclear Staining

Comparing nuclear p27 reveals the similaritieshie pattern of staining in insulinoma,
gastrinoma and islets. This is in contrast to thd#gon of exocrine pancreas staining
suggesting a significant difference in nuclear EXpression of exocrine pancreatic

tissue compared to endocrine tissues.

p27 NUCLEAR STAINING
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Figure 3.22 Graph comparing the relative strengtifig27 nuclear staining for all

tissue types

Comparing total positive counts confirms that thisr@o significant difference in the
nuclear expression of p27 in insulinoma comparedisiets, nor compared to
gastrinoma. All three, however, are significantliffedent compared to exocrine

pancreas (figure 3.23).
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p27 NUCLEAR STAINING
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Figure 3.23 Graph comparing total positive p27 neelr staining for all tissue types

Kruskal-Wallis P =0.0005

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and EXOCRINE P =0.0097
ISLET and EXOCRINE P =0.0005
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3.2.7 Comparison of p27 Cytoplasmic Staining

Trends in the pattern of cytoplasmic staining ass|clear when looking at the strength

of staining. The small numbers of gastrinomas widlnying counts leading to large

error.
p27 CYTOPLASMIC STAINING
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Figure 3.24 Graph comparing the relative strengtig?7 cytoplasmic staining for all

tissue types

On comparing the total positive counts (figure 3,2Bere is a significant difference
between insulinoma (74.6 +/- 5.6%) and islets (92-6L.8%). Gastrinoma show a very
similar level of positive staining to islets (94+1- 0.4%), again, with a significant
difference compared to insulinoma. Exocrine pargréas significantly less p27

staining (18.7 +/- 4.3%) compared to insulinomatgaoma or islets.
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p27 CYTOPLASMIC STAINING
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Figure 3.25 Graph comparing total positive p27 cgtasmic staining for all tissue

types

Kruskal-Wallis test P <0.0001

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and GASTRINOMA P =0.0054
INSULINOMA and ISLET P <0.0001
INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and EXOCRINE P <0.0001
ISLET and EXOCRINE P <0.0001
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These differences are enhanced when weak staisirgxaluded when calculating a
value for positive staining. Clearly, the signifitadifference between insulinoma and
gastrinoma has disappeared but there is a strengthef the finding that insulinoma

and islets are significantly different.

p27 CYTOPLASMIC STAINING

100

P<0.0001

80 1

60

% POSITIVE

40

L

O T T T = 1
INSULINOMA GASTRINOMA ISLET EXOCRINE

-
-

Figure 3.26 Graph comparing p27 positive staininglf{ere positive = strong

+moderate staining) for all tissue types.

Kruskal-Wallis test P < 0.0001

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

INSULINOMA and ISLET P <0.0001
INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and ISLET P =0.0005
ISLET and EXOCRINE P <0.0001
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3.2.8 Phospho-p27 immunohistochemistry

p27 plays an important role in maintaining cells3a through the inhibition of CDKs.
When cells re-enter the cell cycle, p27 proteirels\out not mRNA levels decrease, this
is thought to be due to an increase in p27 ubnnntediated degradation.
Phosphorylation of p27 on threonine 187 is thoughbe an important step for the

widespread ubiquitination of p27.

Slides were treated with an anti-phospho-p27 adtibmbtained from Zymed
laboratories. It is a polyclonal IgG antibody pigdf from rabbit antiserum. It detects
threonine 187-phospholylated p27 peptide derivedhfthe C-terminus of the human
p27 protein. It does not cross react with non-phosgated p27 or related CDK
inhibitor proteins. Optimisation led to an antibodyiution of 1:250 giving good

staining as can be seen in the tonsil positiverobeéction below.
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Figure 3.27 Positive control for phospho-p27 (tol)siStronger staining can be

identified in the central germinal centre comparéd the slide for p27

Figure 3.28 Positive phospho-p27 cytoplasmic stagnseen in tumour sample 20
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Figure 3.29 Positive phospho-p27 cytoplasmic stamiseen in islet sample 20
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3.2.9 Phospho-p27 staining in insulinoma, gastrinoma, islet
and exocrine pancreas

Looking at the pattern of staining, the vast m&ooif phospho-p27 staining is seen in

the cytoplasm of all tissue types (figures 3.3033R

In insulinomas (figure 3.34), positive nuclear pblog-p27 staining was seen in only 1.5
+/- 0.8% compared to cytoplasmic staining of 78.8 6.2% (p<0.001). With

gastrinomas (figure 3.35), nuclear staining was+6-84.3% compared to cytoplasmic
staining of 86.2 +/- 11.6% (p<0.05). Similarly,as (figure 3.36) show nuclear staining

in only 3.6 +/- 2.1% but cytoplasmic staining in8#/- 4.2% (p<0.001).
Exocrine tissue had the highest positive nucleantof 7.9 +/- 4.5% and the lowest

cytoplasmic count of 41.5 +/- 4.5% (figure 3.37) this is still a significant difference

(p<0.001) in favour of cytoplasmic localisationgsfospho-p27.
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Figure 3.30 Graph showing the location and strengtii phospho-p27 staining in

insulinoma samples (S=strong, M=moderate, W=weadk-=negative)
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Figure 3.31 Graph showing the location and strengtii phospho-p27 staining in

gastrinoma samples (S=strong, M=moderate, W=we&lE=negative)
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NUCLEAR/CYTOPLASMIC Phosph-p27 STAINING IN ISLETS
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Figure 3.32 Graph showing the location and strengbh phospho-p27 staining in islet

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.33 Graph showing the location and strengtih phospho-p27 staining in

exocrine samples (S=strong, M=moderate, W=weak, =xiEgative)
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Figure 3.34 Graph showing the total positive (S+M¥y\Whospho-p27 nuclear and

cytoplasmic staining in insulinoma samples.
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Figure 3.35 Graph showing the total positive (S+M¥y\Whospho-p27 nuclear and

cytoplasmic staining in gastrinoma samples.
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Figure 3.36 Graph showing the total positive (S+M+¥\phospho-p27 nuclear and

cytoplasmic staining in islet samples.
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Figure 3.37 Graph showing the total positive (S+M+4\phospho-p27 nuclear and

cytoplasmic staining in exocrine samples.
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3.2.10 Comparison of phospho-p27 Nuclear Staining

In all tissues there was little phospho-p27 nuckaining seen, as indicated by figure

3.38. Unsurprisingly, there is no significant diface between any of the tissue types.

Phospho-p27 NUCLEAR STAINING
120
100 4 T
80 — |
) —
- — m INSULINOMA
w — @ GASTRINOMA
O 604 —
e — OISLETS
) — O EXOCRINE
X —
40 g |
20 —
0 P | ﬁ%ﬂﬁ —
S M W -VE
STRENGTH OF STAINING

Figure 3.38 Graph comparing the relative strengtiighospho-p27 nuclear staining

for all tissue types
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3.2.11 Comparison of phospho-p27 Cytoplasmic Staining

The pattern of phospho-p27 cytoplasmic staining praslominantly moderate to weak

with only a few staining strongly positive (figuge39).
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Figure 3.39 Graph comparing the relative strength ghospho-p27 cytoplasmic

staining for all tissue types

On comparison of total counts (figure 3.40), cyasphic staining was seen in a high
proportion of insulinoma (78.9 +/- 6.2%), gastrirei{86.2 +/- 11.6%) and islets (87.4
+/- 4.2%). Exocrine pancreas samples, in comparidad the lowest positive
cytoplasmic count at 41.5 +/- 6.2%, predominantle do the reduction in moderate
staining compared to the other tissuéss clear that there is no statistical differemce
the cytoplasmic staining of insulinoma and isletstlmat of gastrinoma. All three

endocrine tissues are, however, significantly d#ifeé from the exocrine pancreas.
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Phospho-p27 CYTOPLASMIC STAINING
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Figure 3.40 Graph comparing total positive phospp@7 cytoplasmic staining for all

tissue types

Kruskal-Wallis test P <0.0001

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and EXOCRINE P =0.0028
ISLET and EXOCRINE P <0.0001
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3.2.12 JAB1 (Jun activation domain-binding protein 1)
immunohistochemistry

p27 degradation is related to its export from theleus and the protein that appears to
be responsible is JAB1, which is a coactivatorha ¢-jun transcription factor. JAB1

binds to the C-terminal part of p27 in the nuclearsd over-expression causes
translocation of p27 into the cytoplasm. This dases the amount of p27 in the cell by

up-regulating its degradation.

Slides were treated with an anti-JAB1 IgG monodaribody purified from mouse
ascites and supplied from Zymed laboratories. dict® with a peptide from the N-
terminal region of JAB1. Optimisation was achievégth an antibody dilution of 1:250.

Tonsil sections were used as positive controlgxample of which is shown below.
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Figure 3.41 Slide showing a positive control sliftensil) for JAB1 with

predominantly nuclear staining seen.
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Figure 3.42 Slide showing predominantly cytoplasndi&B1 staining in tumour

sample 8

Figure 3.43 Slide showing typical strong cytoplagnsitaining for JAB1 in islet

sample 8

129



3.2.13 JAB1 staining in insulinoma, gastrinoma, islet and

exocrine pancreas

In our series the pattern of JAB1 staining in stwes is overwhelmingly cytoplasmic,

with either no or negligible nuclear staining ségures 3.44 — 3.47).

Insulinoma, gastrinoma and islet series had esdbntio nuclear staining identified,
but significant cytoplasmic staining levels at 7%/37.6% (p<0.0001), 41.4 +/- 28.3%
(p<0.05) and 98.4 +/- 0.8% (p<0.0001) respectiviigures 3.48 — 3.50). In the
exocrine series (figure 3.51), there was 2.1 99%0nuclear staining compared to 27.3

+/- 6.95% cytoplasmic staining (p<0.001).

The pattern of cytoplasmic staining is varied be&mdhe tissues with insulinoma
showing a broadly equal distribution in strength sthining whereas islets show
increasingly strong staining. In contrast, gastmaoand exocrine pancreas samples

show a pattern of decreasing strength of staining.
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NUCLEAR/CYTOPLASMIC JAB1 STAINING IN INSULINOMA
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Figure 3.44 Graph showing the location and strengtii JAB1 staining in insulinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.45 Graph showing the location and strengtii JAB1 staining in gastrinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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NUCLEAR/CYTOPLASMIC JAB1 STAINING IN ISLETS
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Figure 3.46 Graph showing the location and strengbfiJAB1 staining in islet

samples (S=strong, M=moderate, W=weak, -VE=negative

NUCLEAR/CYTOPLASMIC JAB1 STAINING IN EXOCRINE PANCREAS
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Figure 3.47 Graph showing the location and strengbfi JAB1 staining in exocrine

samples (S=strong, M=moderate, W=weak, -VE=negative
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NUCLEAR/CYTOPLASMIC JAB1 STAINING IN INSULINOMA
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Figure 3.48 Graph showing the total positive (S+M4\WWAB 1 nuclear and

cytoplasmic staining in insulinoma samples.
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Figure 3.49 Graph showing the total positive (S+M+4\JAB1 nuclear and

cytoplasmic staining in gastrinoma samples.
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Figure 3.50 Graph showing the total positive (S+M4\WAB1 nuclear and

cytoplasmic staining in islet samples.
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Figure 3.51 Graph showing the total positive (S+M+4\JAB1 nuclear and

cytoplasmic staining in exocrine samples.
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3.2.14 Cytoplasmic JAB1 Staining

Looking at all tissues together, reveals the vapatierns of JAB1 cytoplasmic staining

(figure 3.52).
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Figure 3.52 Graph comparing the relative strengtii ®AB1 cytoplasmic staining for

all tissue types

Comparing the total positive counts for each tissingplifies the picture considerably.
It is seen that there is significantly less cytspi&c expression of JAB1 in insulinoma
compared to islets. Also, despite the large SENhéngastrinoma group, there is still a
significant difference between it and the isletugroExocrine tissue is shown to have
the least cytoplasmic expression of JAB1, and iisignificantly lower than that of

islets or insulinoma.
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JAB1 CYTOPLASMIC STAINING
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Figure 3.53 Graph comparing total positive JAB1 oplasmic staining for all tissue

types

Kruskal-Wallis test P <0.0001

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and ISLET P <0.0001
INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and ISLET P =0.0002
ISLET and EXOCRINE P <0.0001
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As the pattern of staining is varied between groupe differences are highlighted

further when weak staining is excluded from totadipve counts.
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Figure 3.54 Graph comparing JAB1 positive stainirffgghere positive = strong

+moderate staining) for all tissue types.

Kruskal-Wallis test P < 0.0001

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

INSULINOMA and GASTRINOMA P =0.0165
INSULINOMA and ISLET P <0.0001
INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and ISLET P <0.0001
ISLET and EXOCRINE P < 0.0001
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3.2.15 Phospho-Akt (p-Akt) lmmunohistochemistry

Cells were treated with phospho-Akt (Ser473) amhbofrom cell Signaling
Technology. It is a polyclonal antibody isolatednfr rabbits following immunisation
with mouse phospho-Akt. It detects Aktl only whdrogphorylated at serine 473. It
also detects Akt2 and Akt3 when phosphorylatedqatvalent sites. Tonsil was used as

a positive control and optimal staining was achiewith an antibody dilution of 1:100.

Immunohistochemistry with p-Akt proved the most lgematic to optimise and
interpret. Overnight incubation with primary antilyoat 4C gave the best results but
interpretation could be difficult as cytoplasmicaising may be confused with
background staining. Extra care and optimisatiors wequired to give the results

obtained.
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Figure 3.56 Slide showing diffuse cytoplasmic staig and minimal background

staining for p-AKT in tumour sample 5
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3.2.16 p-AKT staining in insulinoma, gastrinoma, islet and
exocrine pancreas

Widespread nuclear and cytoplasmic staining forkpsas seen in all four tissue types

with cytoplasmic staining being predominant (figuB57 — 3.60).

Insulinoma (figure 3.61) showed positive nucleairshg in 58.2 +/- 8.6% compared to

a substantially higher cytoplasmic staining of 96/33.9% (p<0.001).

Gastrinoma (figure 3.62) nuclear staining was loaei37.3 +/- 22.2% compared to

cytoplasmic staining of 92.2 +/- 1.7% (p<0.05).

Islets (figure 3.63) had a higher level of p-Akictear staining than any other tissue at

82.3 +/- 5.2% but cytoplasmic staining was highitrat 98.1 +/- 0.7% (p<0.001).
Exocrine pancreas (figure 3.64) shows both the $bwaclear staining and cytoplasmic

staining but the pattern is still the same with leac staining at 35.6 +/- 7.5% and

cytoplasmic staining at 83.9 +/- 6% (p<0.0001)
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Figure 3.57 Graph showing the location and strengtii p-Akt staining in insulinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.58 Graph showing the location and strengtii p-Akt staining in gastrinoma

samples (S=strong, M=moderate, W=weak, -VE=negative
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NUCLEAR/CYTOPLASMIC p-AKT STAINING IN ISLETS
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Figure 3.59 Graph showing the location and strengbi p-Akt staining in islet

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.60 Graph showing the location and strengbi p-Akt staining in exocrine

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.61 Graph showing the total positive (S+M¥y\8W-Akt nuclear and

cytoplasmic staining in insulinoma samples.
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Figure 3.62 Graph showing the total positive (S+M4\3-Akt nuclear and

cytoplasmic staining in gastrinoma samples.
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NUCLEAR/CYTOPLASMIC p-AKT STAINING IN ISLETS
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Figure 3.63 Graph showing the total positive (S+M4\3-Akt nuclear and

cytoplasmic staining in islet samples.
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Figure 3.64 Graph showing the total positive (S+M¥y\8W-Akt nuclear and

cytoplasmic staining in exocrine samples.
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3.2.17 Comparing nuclear p-Akt staining

Comparing positive nuclear staining (figures 3.6% @.66), reveals that there is
significantly lower expression of p-Akt within theuclei of insulinomas compared to
islets. A similar finding is seen with gastrinomgsrthermore, exocrine pancreas shows

significantly lower expression than either insuhmes or islets.

p-AKT NUCLEAR STAINING

100
80 -
g 60 -~ m INSULINOMA
] @ GASTRINOMA
8 [ 1T O ISLETS
2 40 — 0 EXOCRINE
L —
20 1 = =
— T —
% = | —
O | — 1 —
M W

0
—
Pyl
m
z
0]
—
T
@]
Q
n
_|
=
£
b
0]

Figure 3.65 Graph comparing the relative strengtifi@Akt nuclear staining for all

tissue types
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Figure 3.66 Graph comparing total positive p-Akt olear staining for all tissue types

Kruskal-Wallis test P =0.0003

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and ISLET P =0.0216
INSULINOMA and EXOCRINE P =0.0106
GASTRINOMA and ISLET P =0.0335
ISLET and EXOCRINE P <0.0001
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3.2.18 Comparing cytoplasmic p-Akt staining

There was widespread cytoplasmic staining in afiues. Staining was predominantly

weak to moderate with islets showing the stronfgasls of staining.
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Figure 3.67 Graph comparing the relative strengti @Akt cytoplasmic staining for

all tissue types
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Figure 3.68 Graph comparing total positive p-Akttoplasmic staining for all tissue

types

Kruskal-Wallis test P =0.0017

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

INSULINOMA and ISLET P =0.0175
GASTRINOMA and ISLET P =0.0092
ISLET and EXOCRINE P =0.0002

All tissues have stained highly positive. We notemvever, that a pattern becomes

apparent when positive staining is consideredrasgtand moderate only.
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p-AKT CYTOPLASMIC STAINING
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Figure 3.69 Graph comparing cytoplasmic p-Akt pogd staining (where positive =

strong +moderate staining) for all tissue types.

Kruskal-Wallis test P < 0.0001

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

INSULINOMA and ISLET P =0.0263
INSULINOMA and EXOCRINE P =0.0005
GASTRINOMA and ISLET P =0.0026
ISLET and EXOCRINE P< 0.0001
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3.2.19 PTEN immunohistochemistry

PTEN was stained for using a mouse monoclonal Ighhady which reacts with a
protein corresponding to a 200 amino-acid C-teriiagion of the PTEN molecule.
Tonsil sections were used as a control and anadyildilution of 1:100 was found to

give best optimisation.

Figure 3.70 Slide showing strong nuclear stainingrfPTEN in the tonsil positive

control
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Figure 3.71 Slide showing good nuclear PTEN staigiin tumour sample 8
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Figure 3.72 Lower powered slide showing the diffeoe in PTEN staining between

the different tissue types in sample 8
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3.2.20 PTEN staining in insulinoma, gastrinoma, islet and

exocrine pancreas

The pattern of PTEN staining seen is clearly seeallitissues (figures 3.73 — 3.76).
There is very high degree of positive nuclear stginand very little cytoplasmic

staining.

Insulinoma show positive nuclear staining in 956 2.1% of cells compared to
cytoplasmic staining of 5.6 +/- 2.9%. Gastrinoma aven more black and white with
99.6 +/-0.4% positive staining and 0% cytoplasni@rsng seen. Islets show 97.8 +/-
0.7% positive nuclear staining compared to10 4396 cytoplasmic staining. Exocrine
showed the lowest nuclear staining at 73.2 +/- 32fclearly showed no cytoplasmic

staining at all.
There is no significant difference between insulaoand islets nor gastrinoma. All

three endocrine tissues show significantly mordeard®TEN expression than exocrine

pancreas.
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Figure 3.73 Graph showing the location and strengtii PTEN staining in

insulinoma samples (S=strong, M=moderate, W=weadk-=negative)

NUCLEAR/CYTOLASMIC PTEN STAINING IN GASTRINOMA

100

80 -
)
— 60 - -
'(-')J m NUCLEAR
L 8 CYTOPLASMIC
< 40

20 | |

O .

S M w -VE
STRENGTH OF STAINING

Figure 3.74 Graph showing the location and strengtih PTEN staining in

gastrinoma samples (S=strong, M=moderate, W=we&E=negative)
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NUCLEAR/CYTOPLASMIC PTEN STAINING IN ISLETS
100 T
80
Y 60 -
= m NUCLEAR
8 o CYTOPLASMIC
o 40 -
=3
20
. =
S M w -VE
STRENGTH OF STAINING

Figure 3.75 Graph showing the location and strengbfi PTEN staining in islet

samples (S=strong, M=moderate, W=weak, -VE=negative
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Figure 3.76 Graph showing the location and strengfi PTEN staining in exocrine

samples (S=strong, M=moderate, W=weak, -VE=negative
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3.2.21 Comparing nuclear PTEN staining

When comparing the nuclear staining of PTEN actiosglifferent tissues it is clear that

there is a similar staining pattern with heavymstrand moderate staining seen.

Looking at total positive counts for the tissuesréhis no difference between
insulinoma, gastrinoma or islets. All three, howewghow significantly more staining

than exocrine tissue.
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Figure 3.77 Graph comparing the relative strengtfi BTEN nuclear staining for all

tissue types
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Figure 3.78 Graph comparing total positive PTEN nlear staining for all tissue types

Kruskal-Wallis test P <0.0001

Kruskal-Wallis: all pairwise comparisons (Conovemian)

INSULINOMA and EXOCRINE P <0.0001
GASTRINOMA and EXOCRINE P = 0.0007
ISLET and EXOCRINE P <0.0001

When positive staining is considered as strong phaglerate staining, there is no

change in the pattern seen.
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3.2.22 Comparing cytoplasmic PTEN staining

No differences are seen when comparing the cytoptastaining of any of the tissues.
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Figure 3.79 Graph comparing the relative strengtf BTEN cytoplasmic staining for

all tissue types
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3.2.23 Ki-67 immunohistochemistry

A rabbit anti-human polyclonal antibody to Ki-67ofgin was used (AO47, Dako,
Cambridgeshire, UK). This antibody had been preslyp optimised in the laboratory

and good staining was seen with standard dilutodris200.
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Figure 3.80 Slide showing good nuclear Ki-67 stamgi in tonsil positive control

An estimation of the percentage of positive Ki-6firging for insulinomas and
gastrinomas was performed in the laboratory by m@swltant histopathologist (Dr E

Carlsen).
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Table 5 Ki-67 staining for insulinoma samples

Ki-67 STAINING (% POSITIVE)
ID [ TUMOUR| ISLET | EXOCRINE
1 <1 <1 <1
2 <1 <1 <1
3 <1 <1 <1
5 <1 <1 <1
6 <1 <1 <1
7 <1 <1 <1
8 <1 <1 <1
9 <1 <1 <1
10 <5 <1 <1
11 <5 <1 <1
12 <1 <1 <1
13 <5 <1 <1
14 <1 <1 <1
15 <5 <1 <1
17 <1 <1 <1
18 <1 <1 <1
19 <1 <1 <1
20 <1 <1 <1
23 <1 <1 <1
25 <1 <1 <1

Table 6 Ki-67 staining for gastrinoma samples

Ki-67 STAINING (% POSITIVE)

ID | TUMOUR | ISLET | EXOCRINE
4 <1 <1 <1
22 <5 <1 <1
24 <1 <1 <1
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3.2.24 Insulinoma proliferation sub group analysis

Within the insulinoma group there were 4 tumoued thay have been proliferating at a
higher rate as shown by the Ki-67 Index (ID 10, 13,and 15). To identify whether
these are acting differently to less proliferattuenours, they were separated out for

comparison.

Although not statistically significant, probablyelto the small sample size, there was a
trend for the less proliferative tumours to exprésss nuclear PPAR(% positive

staining, 2.6 +/- 1.9% vs 31.1 +/- 20.1%).
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Figure 3.81 Graph showing total positive nuclear RRy in insulinomas split into

two groups based on their Ki-67 index.
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With p27 staining it was noted that there was andrdéor reduced nuclear and
cytoplasmic p27 expression. On testing this reachedistical significant in the

cytoplasmic group.
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Figure 3.82 Graph showing total positive nuclear pi insulinomas split into two
groups based on their Ki-67 index. (% positive =4 2/- 7.7% (for insulinomas <1%)

vs 53.8 +/- 13.4% (for insulinomas <5%))
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CYTOPLASMIC p27 EXPRESSION IN INSULINOMA
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Figure 3.83 Graph showing total positive cytoplasnui27 in insulinomas split into
two groups based on their Ki-67 index. (% positiv&9.5 +/- 5.9% (for insulinomas

<1%) vs 54.9 +/- 12.5% (for insulinomas <5%))

Mann-Whitney test P =0.0499
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With phospho-p27, there was little difference betwéhe nuclear staining but there was
lower cytoplasmic staining in those tumours withigher Ki-67 index, (86.9 +/- 5% vs

46.5 +/- 16.7%). This did not reach statisticah#igance.
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Figure 3.84 Graph showing total positive cytoplasnphospho-p27 in insulinomas

split into two groups based on their Ki-67 index.
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Assessing JAB1 staining revealed a significanted#hce in the cytoplasmic staining. It
was found that tumours with the higher Ki-67 ind#gowed lower JAB1 expression in

the cytoplasm, (85.9 +/- 5.8% vs 33.2 +/- 20.6%).
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Figure 3.85 Graph showing total positive cytoplasndAB1 in insulinomas split into

two groups based on their Ki-67 index.

Mann-Whitney test P =0.0293

No obvious differences were noted in the stainiatiggns with phospho-Akt or PTEN

series.
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3.2.25 Summary of immunohistochemistry

Immunohistochemistry was performed using severeudfit antibodies: PPAR p27,
phospho-p27, JAB1, phospho-Akt, PTEN and Ki-67.A\tlie exception of Ki-67 (see
below), we wanted to identify the location of thgseteins (nuclear or cytoplasmic)

and to identify any pattern of differences betwdentissue types.

Regarding PPARexpression in the whole series, we were unablgetaonstrate any

significant nuclear or cytoplasmic expression, desgpood staining of positive controls.

In the p27 series, good staining was seen in dwhnticleus and cytoplasm. In fact,
there was significantly more cytoplasmic than naclstaining seen with gastrinoma
and islet cells. On comparing the tissues, no wiffee was found in the nuclear
expression of p27 between insulinoma, gastrinomalets, but there was significantly
lower expression of p27 in the cytoplasm of insutiras compared to islets. Nuclear
and cytoplasmic staining in insulinomas, gastrinsrmad islets was significantly higher

than that seen in exocrine tissue.

In the phospho-p27 series, the expression is ovemathgly within the cytoplasm of all

tissue types. Very little nuclear staining was tifeed and there were no differences
between tissue types. Despite the high levels edptgsmic staining there was no
difference in expression between insulinomas, gestras or islets. All three tissues

showed significantly higher cytoplasmic expressitompared to exocrine tissue.

In the series of JAB1l staining, all tissues oveiwinegly showed cytoplasmic

expression, with either no or negligible nucleaairshg seen. Although there is a
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variation in the pattern of staining, overall thevas a significantly lower cytoplasmic
expression of JAB1 in insulinomas and gastrinomasnpared to islets. Both

insulinomas and islets showed significantly higlegpression compared to exocrine

tissue.

In the phospho-Akt series, widespread nuclear gtaptasmic staining was seen in all
four tissue types, with cytoplasmic expression dpeiignificantly higher than nuclear in
all tissues. There was significantly lower nucleapression of p-Akt in insulinomas
and gastrinomas compared to islets. Exocrine paacshows significantly lower
nuclear expression than either insulinoma or isl&sspite very high levels of
cytoplasmic staining there was significantly lesgpression in insulinomas and
gastrinomas compared to islets. Again, exocrineresgion was lower than either

insulinoma or islets.

PTEN staining was similar in all tissues. There way high degree of positive nuclear
staining and very little cytoplasmic staining. Ngrsficant differences were identified
between insulinoma, gastrinoma and islets. All ¢hsbow significantly more nuclear

PTEN expression than exocrine pancreas.

Regarding the Ki-67 subgroup analysis, tumours wvathigher Ki-67 index had
significantly less cytoplasmic p27 and JAB1. Tremere noted towards higher nuclear
expression of PPAR lower nuclear expression of p27 and lower cytemplia phospho-

p27.
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RESULTSIII

Cdll Cultures
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3.3.1 Cdll CultureWork

Three cell lines were obtained by kind permissibPmfessor N Lemoine (Institute of
Cancer, Barts and The London, Queen Mary's Schiobledlicine and Dentistry). The
cell lines denoted as CM, BON and QGP1 represemanuinsulinoma, carcinoid and

somatostatinoma cell lines respectively.

The three cells lines were successfully transfeamedl cultured in our laboratory under

the conditions explained in the methods section.

Work with these cells can be divided into three raections, RNA/DNA, protein

expression and proliferation studies
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3.3.1.1 RNA Extraction
Cells were harvested, washed in PBS and separatexririfuging. RNA was then

extracted using standard Promega extraction prbtasodescribed. RNA was then

subjected to spectrophotometry and RNA gel eletimogsis with good results.

Example of RNA 1% agarose gel

CM CM BON BON QGP QGP
Samples were subject to reverse transcription ughBj standard protocols as
described. To check quality, cDNA were subjectedP@©R using standard Promega

protocols to check for short GAPDH.

SHORT GAPDH

SM H20+VE CM CM BON BON QGP QGP

«—GAPDH

Size marker = phix 174 Hinf 1 +VE = positive catr
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Samples were considered to be of a reasonabletyyuali proceed with further

investigation.

3.3.1.2 Expression of PPARy
To check for the expression of PPARIRNA in our cell lines, cDNA samples were

subjected to PCR for PPARIsing Qiagen standard PCR protocols

PPARy primers were obtained from Sigma-Genosys as destrin the methods

section.

SM H20+VE CM CM BON BON QGP QGP QGP

—PPARYy

Size marker phix 174 Hinf 1 +VE = positive comtro

Figure 3.86 Gel showing the products of PCR for PRAon mRNA extracted from

cell lines CM, BON and QGP1

The duplicate samples had been extracted on sepdagt and therefore the negative

PPARy results with CM cell line were thought to be aetfinding.

3.3.1.3 Repeat PPARY PCR
In view of the unusual finding that the cell lind@id not express PPARMRNA but

PPARy protein was apparently being detected in my Wastbtots, it was felt that the

cell lines should be subjected to further RNA eoticamn, RT and repeated PPXRCR.
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CM BON QGP1
RNA 1% agarose gel of repeated extractions oflicels CM BON and QGP1
REPEATED PPAR PCR

SM H20 +VE A B C DE F G

—PPARYy

Size marker phix 174 Hinf 1 +VE = POSITIVE CONTRO

Figure 3.87 Gel showing the products of repeat P&RR PPARy on mRNA extracted

from cell lines CM, BON and QGP1

SAMPLES A BON (previous sample with positive resul

B QGP1 (previous sample with positive result)

C CM  (f'previous sample with negative result)

D CM (2 previous sample with negative result)

E CM  (Newly prepared sample as above on RNA gel)

F BON (Newly prepared sample as above on RNA gel)

G QGP1 (Newly prepared sample as above on RNA gel
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From the gel it can be confirmed that the previsasples give the same results with
this new PCR i.e. both previous CM samples do nptess PPAR mRNA whereas
both BON and QGP1 do. This has been confirmed agatim the newly extracted

samples represented by E, F and G.
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3.3.2 Somatostatin Receptor PCR

It is widely accepted that a large proportion ofumm@ndocrine tumours express
somatostatin receptors and clinical therapy oft@ise&s somatostatin analogues. It was
felt worthwhile to identify whether these cell linexpressed these somatostatin
receptors (SSTR’s). Somatostatin is thought totladugh five membrane receptors
which are expressed variably in tissues and tumolie somatostatin analogue
octreotide for example activates SSTR receptorypebl (SSTR2), and to a lesser
extent receptor subtype 5 (SSTR5). The inhibitibeedlular proliferation attributed to

somatostatin analogues may involve several sigaaktiuction pathways including the

MAP Kinase pathway and stimulation of the cyclipéedent kinase inhibitor p27

Previously extracted RNA from all 3 cell lines wasbjected to PCR for receptors 1-5

using Promega PCR standard protocols, previouglyngged in our laboratory.

3321PCRFORSSTR 1

«—SSTR1

SM H20 +VE X CM CM BON BON QGP ®GQGP

Figure 3.88 Gel showing the products of PCR for SSI'on mRNA extracted from

cell lines CM, BON and QGP1
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SM = phix 174 Hinf 1 SSTR 1 product 401 bp
X = pituitary tumour tested to see if it could keed in the future as a positive control

Repeat labels represent samples extracted onattfdays

3.3.2.2PCR FOR SSTR 2 AND 3

0 SSTR2 U SSTR3 U

SM H20 +VE X CM BON QGP +VE X CM BON QGP

«—SSTR 2

«—SSTR 3

SM = phix 174 Hinf 1 SSTR 2 product 459 bp SSTR&luct 225bp

Figure 3.89 Gel showing the products of PCR for §&I and 3 on mRNA extracted

from cell lines CM, BON and QGP1
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3.3.2.3PCR FOR SSTR 4 AND 5

U SSTR4 U SSTR5 U

SM H20 +VE X CM BON QGP +VE X CMON QGP

«—SSTR 5

SM= phix 174 Hinf 1 SSTR 4 product 451 bp SSTRddpct 233 bp

Figure 3.90 Gel showing the products of PCR for S and 5 on mRNA extracted

from cell lines CM, BON and QGP1

Despite repeated experimentation, we concludedceiblines CM, BON and QGP1 do

not express any of the somatostatin receptors RN

Regarding the PCR for SSTR4, it is acknowledged tha +ve control sample was
negative and therefore interpretation of our figgifior this receptor could be in doubt.
Given that the experiment was repeated with theesesults and given the lack of
other SSTR’s within our cell lines. It is probatiteat these cell lines do not express
SSTRA4 either. It is likely that our positive contaatually is inappropriate and does not
express SSTR4 itself. As a side note, sample Xtuitgry tumour (growth hormone

secreting) added to see if it could be used asdiy® control in the future, was positive

for receptors 3 and 5
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3.3.3 PPARYy Protein Expression

Proliferating cells from all three cell lines weharvested using cytobuster protein
extraction reagent (Novagen) as described in msthhod subjected to protein assay to

determine concentration. Samples were hel8G&waiting experimentation.

3.3.3.1 Western Blotting To Assess PPARYy Protein Presence
Following protein denaturing, 2@ protein samples were loaded into a 10% Tris-HCL

gel and subject to electrophoresis. Electroblotongp a PVDF membrane (Hybond-P,
Amersham) was then performed and the resultant mamebwashed and treated with

5% non fat milk to prevent non specific bindingtioé¢ antibody.

A PPARy mouse monoclonal IgG antibody from Santa Cruz/@&£3) was obtained and
optimised in the laboratory. A 1:50 dilution of $hf™ antibody diluted in non fat milk
was applied to the membrane and left on motiorsibvernight at%C.

Following washing a 1:10000 dilution of a goat amtiise ¥ antibody was applied for

90 minutes.
The resultant washed membrane was treated with Gu@ireagent and peroxidise

(Cell Signalling Technology) — a chemiluminescemtedtion system — and light

emission was recorded by optimising exposure toay-fRm.
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3.3.3.2 PPARy Western Result

1*  PPAR (Santa Cruz) 1:50 °g overnight
2"Y  Goat anti-mouse 1:10000 90 mins
Lumiglow 5 mins Exposure 8 mins
CM BON QGP1
82 kD— —_—
o — | — — —PPARy?

32 kD—

Kaleidoscope pre stained standards (Bio-Rad) — stiowscale.

Figure 3.91 Western blot result for PPARN the cell lines CM, BON and QGP1

The PPAR protein is 67 kD in weight. Double bands were ypeated and although the
top line of bands would most likely be the correaight, the strength of the lower

bands made us question which was correct.

To help answer the question, the membrane wagsttipnd re-probed with a different

PPARy antibody (Calbiochem-Novabiochem Corp., La JdllA, USA).

1° PPARy (Calbiochem) 1:2000 room temp 90 mins
2°  Goat anti-rabbit 1:10000 90 mins
Lumiglow 5 mins Exposure 2 mins
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CM BON QGP1

82 kD—

—PPARy

32 kD—

Figure 3.92 Repeat western blot result for PPAR the cell lines CM, BON and

QGP1 following administration of a different PPAjgRantibody.

The figures are both to the same scale. Clearéy|dtver line has disappeared with the

second antibody confirming that with the Santa Cantibody the upper band was the

correct band for PPAR

The same membrane was probedBfactin (43 kD)

82 kD—

CM BON QGP1

~BACTIN

32 kD—

Figure 3.93 Western blot result fg8-actin on the same membrane as above
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The expression of PPARprotein in the CM cell line was unexpected, asated PCR
for PPARy cDNA was negative. | thought it best to repeat Wiestern experiments

again using the protein samples from the aboverempat (OLD), and newly extracted

protein from all three cell lines (NEW).
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3.3.3.3 Repeat Western for PPARy
Conditions as above for Santa Cruz PRARtibody

82 kD— CM BON QGP CM BON QGP

—PPARYy

U OLD U NEW U
32 kD—

Figure 3.94 Repeat western blot for PPAR the cell lines CM, BON and QGP1

following re extraction of proteins

The membrane was stripped and re-probedpfactin using the same conditions as

above
82 kD—
CM BON QGP CM BON G®
- —— - —pB ACTIN
32 kD—

Figure 3.95 Western blot result fg8-actin on the same membrane as above
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3.3.4 Proliferation Studies

Cells were harvested and counted as describeddola@ concentration of cells per ml
of media. The correct volume of cell suspension thas pipetted into plate wells to
give 50 000 cells per well. Cells were left for @ulns to allow for cell adhesion prior to

experimentation

3.3.4.1 Rosiglitazone (PPARYy agonist) studies

Optimising the duration of treatments

Experimental plates were set up as described ihadst Tritiated thymidine was added
to the wells 8 hours prior to the completion of #erimental period. Scintillation
counting on completion of the time period allowed dssessment of the proliferation or
inhibition of cell lines. Preliminary experimentem set up to assess the most suitable

time period for treatments.

Rosiglitazone treated QGP1 cells at 24, 48, 72%nkours

Example of results generated and tabulated in Excel

QGP1 ROS| 24HOURS

Molar Conc|ROW 1 ROW 2 ROW 3 ROW4  |AVERAGE |SD

CONTROL | 20822.40| 62214.40| 49836.50| 103434.70) 59077.00) 17142.175
x10--4 1734.90| 8867.80 6561.50 11723.70| 7221.98 2111.8414
x10--5 58615.50) 54805.50| 42751.00) 50589.80| 51690.45 3400.7971
x10--6 58266.50) 90781.00| 47548.80) 46016.20| 60653.13) 10405.719
x10--7 53239.20| 72567.20) 68966.90| 68694.40| 65866.93 4300.7517
x10--9 73149.30] 77005.50] 60652.60| 56186.80| 66748.55 4957.1984
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Total counts (120 secs)

Rosiglitazone Treated QGP1 cells 24 hours
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Total counts (120 secs)

Rosiglitazone Treated QGPL1 cells 48 hours

120000
100000 -
80000 -
60000 -
40000 -
20000 - '
0- — ‘
o > b o A A
N > N S S S
&

Concentration
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Rosiglitazone treated QGP1 cells 72 hours
@ 120000
% 100000 -
o
S 80000 -
@ 60000 -
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©
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Rosiglitazone treated QGP1 cells 96 hours
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S 40000 -
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o 0 - i ‘
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& & & & o &
$ + + + > 2
9
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D

Figure 3.96 Graphs A-D showing thymidine scintilian counts as a marker of
cellular proliferation versus molar concentratiomiQGP1 cells following treatment

of rosiglitazone for, 24, 48, 72 and 96 hours.

183



Preliminary treatment series were performed forcall lines and it was felt that 48
hours was the best time frame for treatments. peaped that at 72 and 96 hours some

of the cells were becoming detached or dying.

Example of length of treatment leading to variability of counts

Rosiglitazone treated BON cells at 96 hours

90000
80000 -
70000 -

60000 -
50000 -
40000 -
30000 -
20000 -
10000 j
0 - —— :

CONTROL x10--4 x10--5 x10--6 x10--7 x10--9

Total counts (120 secs)

Concentration

Figure 3.97 Graph showing variability in thymidinscintillation counts in BON cells

following treatment of rosiglitazone for 96 hourg@bably due to cell death.
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3.3.4.2 Combined results of proliferation studieswith Rosiglitazone treated QGP1
cells

Proliferation of QGP1 After 48Hrs Treatment With
Rosiglitazone (n=16, * P at least <0.002)

80 - =
k3
40 -
20 -
k4
0 - ‘ [ | ‘

CONTROL x10--4 x10--5 x10--6 x10--7 x10--9

as a % of Control
(untreated) Group
()]
o

Proliferation Expressed

Rosiglitazone Concentration (1x)

Figure 3.98 Graph showing a reduction in proliferain of QGP1 cells after 48 hours

at higher concentrations of rosiglitazone
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3.3.4.3 Combined results of proliferation studieswith Rosiglitazone treated BON
cells

Proliferation of BON Cells After 48 Hrs Treatment
With Rosiglitazone (n=12, p<0.001)

100 -
*
80 -
40 - *
207 .
0- ‘

CONTROL x10--4 x10--5 x10--6 x10--7 x10--9

(untreated) Group
(2]
o

Proliferation Expressed
As a % of the Control

Rosiglitazone Concentration (1x)

Figure 3.99 Graph showing a reduction in proliferain of BON cells after 48 hours

at higher concentrations of rosiglitazone
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3.3.4.4 Combined results of proliferation studieswith Rosiglitazone treated CM
cells

Proliferation of CM cells after 48 hrs treatment
with Rosiglitazone (n=12, p< 0.001)

200

150 ~

100 -
50 -
*
07 T — T T

CONTROL x10--4 x10--5 x10--6 x10--7 x10--9
ROSI Conc

% OF CONTROL

Figure 3.100 Graph showing a reduction in prolifetian of CM cells after 48 hours

of treatment at only the highest concentration ajsiglitazone
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3.3.4.5 Proliferation studieswith Dimethyl Sulfoxide (DM SO)
Dimethyl sulfoxide (DMSO) is a colourless liquidathis an important solvent

dissolving both polar and non-polar compounds. &iSBMSO in medicine increased
when it was discovered it could penetrate the skl other membranes without
damaging them carrying other compounds into a gio&d system. It is often used in
PCR reactions and has been used as a cryoprotetttastthought to have a low

toxicity.

Rosiglitazone was supplied in concentrated form @isdolved in DMSO. Subsequent
dilutions to treatment dose levels in®reduced the effective concentration of DMSO
in the wells during the treatment periods, but elethat an effect of the DMSO on the

cells should be excluded.

Proliferation of QGP1 cells following 48 hrs
treatment with DMSO (n=16, p<0.01)

140

6, 120 -
P—: 100 - x
Z 80 -
@)
O 60 -
LL
O 40 A
S 90

O _

CONTROL 10--2 10--3 10--4
DMSO CONC

Figure 3.101 Graph showing the proliferation versirscreasing DMSO dilutions of
QGP1 cells after 48 hours of treatment. It can bees that there is a significant

reduction in proliferation at the highest concenttian.
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Proliferation of BON cells following 48 hours
treatment with DMSO (n=8)
140
_ 120 -
2 100 -
Z 80
Z i
O 60
LL
O 40
=20 -
0
CONTROL 10--2 10--3 10--4
DMSO Conc

Figure 3.102 Graph showing the proliferation of BOBElls after 48 hours of

treatment with DMSO dilutions.

Proliferation of CM cells following 48hrs treatment
with DMSO (n=12)

160.00
140.00 -
5 120.00 |
£ 100.00 |
S 80.00
S 60.00
S 40.00 1
20.00

0.00
CONTROL 10--2 10--3 10--4
DMSO Conc

Figure 3.103 Graph showing the proliferation of Cidells after 48 hours of treatment

with DMSO dilutions.
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3.3.4.6 Rosiglitazone versus DM SO treatments on QGP1 cells

As it appeared that there might be an effect by DM the QGP1 cells at the highest
concentration, | was concerned that the effect seeitd be solely due to the DMSO
rather than the rosiglitazone. An experiment wasupewhere a comparison could be
made. From the same harvest of cells two plate@P1 cells were set up. To one,
treatment doses of rosiglitazone were added, totier, comparative concentrations of
DMSO. The cells were treated in exactly the samg aad subjected to tritiated

thymidine incorporation prior to the end of the esment.

Proliferation of QGP1 Cells following treatment of
Rosiglitazone or DMSO (n=4)

50000

40000 -

30000 - m ROSI

@ DMSO

20000 -

COUNTS PER MIN

10000 -

TREATMENT

Figure 3.104 Graph showing direct comparison of tbéects of DMSO compared to

Rosiglitazone treatment

Rosiglitazone DMSO
Concentrations (M): A 1x10* 1x10?
B 1x10° 1x10°
C 1x10° 1x10*
D 1x10’ 1x10°
E 1x10° 1x10’
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Kruskal-Wallis test P =0.0075

Kruskal-Wallis: all pairwise comparisons (Conovemian)

CONTROL and x19M Rosi P < 0.0001
CONTROL and x1dM DMSO P =0.0011
CONTROL and x16M Rosi P = 0.0035

In this experiment the expected pattern of inhopitof proliferation by the addition of
rosiglitazone is seen in the 4@ and 10°M groups, with the 18M group just missing
statistical significance. With the DMSO group itseen that there is no significant
effect of DMSO in any of the treatment groups BEo DMSO, therefore, maybe
contributing partially to the anti-proliferativefetts seen with rosiglitazone at™M

concentrations in the QGP1 cell line.
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3.3.5 Recovery studies

To ensure that the effects seen by rosiglitazonee weversible and not toxic to the
cells, | decided to show recovery of cellular pgetation following removal of

rosiglitazone.

Initial experiments were performed on the CM celél CM cells were treated with 10
“M and 10°M concentration of rosiglitazone and treated fohré8as per usual
protocols. Treatments were then washed off andcétis left in normal media for a

further 48 hrs. As can be seen in figure 3.105, @5 at 10'M concentration did not

recover.
Proliferation of CM 48hrs After Removal of
Rosiglitazone Treatment (n=9)
120

100 -~

2 80-
c

8 60
©

o 40 +
S

20 +

0 _

CONTROL 10--4
Initial Rosiglitazone Concentration

Figure 3.105 showing no recovery of CM cells follow treatment and subsequent

removal of 10* M rosiglitazone

The non recovery of the CM cell line, at the ongncentration at which reduction in
proliferation was seen with rosiglitazone treatméad to significant concern that the

anti-proliferative effects being seen were dueotadity. | therefore set up more robust
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experiments for BON and QGP1 cell lines to see drethe effects seen in these cell

lines was due to toxicity of rosiglitazone.

The experiments were set up at the same time atedasha from the same harvest of
cell cultures to minimise error between groups.
First set was treated with rosiglitazone for 48dmd harvested
Second set was treated with rosiglitazone for 48 then washed and left in
normal media for a further 48 hours prior to hatves
Third set was treated with rosiglitazone for 96 &nsl harvested at the same time

as set 2.

The first set is essentially a control to make s we see the expected effects of
rosiglitazone treatment. The second set is the rerpatal group. The third set is
another control group to identify that there is @nttued effect of rosiglitazone
treatment and that the cells do not spontaneowetgver or escape from treatment

effects.
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% of control

140

Proliferation of BON after 48hrs Treatment with
Rosiglitazone (n=4)
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Proliferation of BON after 96 hrs of Treatment
with Rosiglitazone (n=4)

120

100 -
80 -
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CONTROL 10--4 10--5
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Figure 3.106 Graph A-C showing the expected pattefiproliferation in BON cells
after 48 hours of rosiglitazone treatment (A) folkeed by full recovery following
removal (B) and the continued reduction in prolifation if the treatment is left on for

96 hours (C)
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Proliferation of QGP1 after 48hrs Treatment with

Rosiglitazone (n=4)
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Proliferation of QGP1 after 96hrs Treatment with
Rosiglitazone (n=4)

300
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CONTROL 10--4 10--5

% of control
|
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Figure 3.107 Graph A-C showing the expected pattefrproliferation in QGP1 cells
after 48 hours of rosiglitazone treatment (A) folkeed by full recovery following
removal (B) and the continued reduction in prolifation if the treatment is left on for

96 hours (C)

From the recovery studies it is seen that thegoa recovery of both BON and QGP1
cells following removal of treatments. However, appears that a toxic effect of
rosiglitazone on CM cells cannot be ruled out. Giscwere therefore excluded from

anatgonist experiments.
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3.3.6 Antagonist Studies

We have shown that by adding rosiglitazone to kieds BON and QGP1 at various
concentrations, the proliferation of these cells ba reduced. We have also established
that at the highest concentration of these treanetne solvent in which the
rosiglitazone is dissolved may also be having ahtae effect. We have shown that by
removing the treatments, washing and adding nommedia to the treated cell lines
normal cellular proliferation returns after 48 hauffo complete the PPARcell
proliferation experiments | decided to try and mmtvthe effect of rosiglitazone by
blocking the PPAR receptors irreversibly, thereby confirming that #ffects seen are

mediated by PPAR

3.3.6.1 Resultsfor QGP1 and BON with Antagonist T0070907

T0070907 antagonist (2-Chloro-5-nitro-N-(4-pyridyl)benzamide)

(Calbiochem-Novabiochem Corp., La Jolla, CA, USA).

T0070907 is a potent, specific, irreversible, aighfaffinity antagonist of PPAR with
a K; of 1 x10°M. It also displays >800-fold greater selectivioy PPAR/ over PPAR

and PPAR (K; = 0.85 x1M and 1.8 x16M, respectively).

A 1 x10° M concentration of antagonist was used. Followitgndard plating and
preparation, cells were pre-treated with the amiegofor 90 minutes prior to the
addition of rosiglitazone. Incorporation of thymmdi harvesting and assessment of

proliferation were performed as for previous exmemnts.
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With antagonist treatment, there was still a sigaiit effect on proliferation of QGP1
by the higher concentration of rosiglitazone. Effenf rosiglitazone at concentrations of

10°M and 10°M did however appear to be reduced.

QGP1 AT 48 HRS FOLLOWING ROSI +
ANTAGONIST 1uM

140
120 | p<0.05

100 -

80 -

60 -

40 ~ *
20 -

0 | I

CONTROL ANTAG 1uM A+10--4 A+10--5 A+10--6
TREATMENT

% OF CONTROIL

Figure 3.108 Graph showing the effects on proliféi@n of QGP1 cells following
treatment with TO070907 antagonist and combinatiarfsantagonist and

rosiglitazone (n=4 for all groups)

Kruskal-Wallis test P=0.0104

Kruskal-Wallis: all pairwise comparisons (Conovemian)

CONTROL and ANTAG P =0.1454
CONTROL and A+10M P =0.002
CONTROL and A+10M P=0.1235
CONTROL and A+16M P =0.6382
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Similar findings were seen when BON cells were teggan the same manner with
possible inhibition at lesser concentrations. Aorslr anti-proliferative effect was

however still seen at the higher concentratiorosiglitazone.

BON AT 48 HRS FOLLOWING ROSI +
ANTAGONIST 1uM
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TREATMENT

Figure 3.109 Graph showing the effects on proliféi@n of BON cells following
treatment with TO070907 antagonist and combinatiarfsantagonist and

rosiglitazone (n=4 for all groups)

Kruskal-Wallis test P=0.0176

Kruskal-Wallis: all pairwise comparisons (Conovemian)

CONTROL and ANTAG P >0.999
CONTROL and A+10M P = 0.0007
CONTROL and A+10M P =0.0535
CONTROL and A+16M P=0.3114

It was felt that antagonism by T0070907 had notnbédly successful. Further

investigation was deemed necessary and a diffargagonist was sought.
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3.3.6.2 Resultsfor QGP1 and BON with Antagonist GW 9662

GW9662 antagonist (2-Chloro-5-nitro-N-phenyl-benzamide)

(Sigma, St Louis, Missouri, USA).

GW9662 is an irreversible PPARantagonist. GW9662 binds PPARvith 1C50 in
nanomolar range, and is 10- and 600-fold less patebinding PPAR and PPAR,

respectively.

Exactly the same methods were used as for previmegments with antagonist
T0070907. Following pre-treatment of QGP1 cellshw@&@W9662, rosiglitazone was
added at the concentrations shown. Cells were &@weat 48 hours and proliferation

assessed by tritiated thymidine uptake.
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QGP1 AT 48HRS FOLLOWING ROSI
and 1uM GW9662
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Figure 3.110 Graph showing the effects on proliféian of QGP1 cells following
treatment with GW9662 antagonist and combinatiorfsantagonist and rosiglitazone

(n=8 for all groups)

Kruskal-Wallis test P=0.0018

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

CONTROL and ANTAG P =0.5474
CONTROL and A+10M P < 0.0001
CONTROL and A+16M P=0.2114
CONTROL and A+16M P = 0.4359

Again only partial antagonism was seen with the-mliferative effect of the highest
dose of rosiglitazone not being abolished. Expenisavere repeated for BON and

again only partial antagonism was seen.
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BON AT 48HRS FOLLOWING ROSI
and 1uM GW9662
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Figure 3.111 Graph showing the effects on proliféi@n of BON cells following
treatment with GW9662 antagonist and combinatiasfsantagonist and rosiglitazone

(n=8 for all groups)

Kruskal-Wallis test P=0.0005

Kruskal-Wallis: all pairwise comparisons (Conovarrian)

CONTROL and ANTAG P =0.0799
CONTROL and A+10M P =0.0019
CONTROL and A+16M P =0.0521
CONTROL and A+16M P =0.6757
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3.3.6.3 Direct comparison studies
So far all antagonist experiments had been runowttla comparative treated group at

the same concentration of rosiglitazone. It wastfet if the antagonist was having a
true effect then there should be significant ddfexe seen when cells treated with
rosiglitazone are compared directly with cells teelawith antagonist and rosiglitazone.
Thus direct comparison studies were performed siglitazone concentrations of 10

“M, 10°M and 1C°M.

For QGP1, there was no significant effect seen wthenantagonist was added to the
treatment group. At concentrations of>M and 10°M there was a possible trend seen
towards antagonism with increased proliferatiorolifaration as a percentage of the
non antagonised group was 109.7 +/- 12.6% in thtMlfroup and 117.7 +/- 9% for

the 10°M group. Neither was statistically significant frdfre treatment only group.
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QGP1 AT 48HRS FOLLOWING ROSI 10-6
+/- 1luM GW9662
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Figure 3.112 Graph A-C showing a direct comparisohproliferation of QGP1 cells
treated with rosiglitazone at 1M (A), 10°M (B) and 10°M (C) when one group is

pre treated with the antagonist GW9662 (n=8, albgps)

A similar picture is seen with BON cells treatedtlre same way. There is a trend for
increased proliferation on addition of the antagbhbut the difference is not statistically
significant. In the 18 M group, proliferation as a percentage of the matagonised

group was 127.3 +/- 11.8%. In the™ 1Bl group, proliferation was 120.5 +/- 12.7%.
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Figure 3.113 Graph A-B showing a direct comparisohproliferation of BON cells
treated with rosiglitazone at 1M (A) and 10°M (B) when one group is pre treated

with the antagonist GW9662 (n=8, all groups)
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At 1pM (1x10°M) concentration of GW9662 full antagonism of PRARceptors

should be occurring. To remove any doubts regardingdequate antagonist
concentration the direct comparison experimentsewepeated again for both QGP1
and BON with a concentration of @Bl GW9662 (results not shown). Again,

proliferation was not significantly increased watidition of the antagonist.
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CHAPTER 4

DISCUSSION
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4.1 Human Pancreatic Tumours

At the outset of the project, there was a seleatiopancreatic neuroendocrine tumours
held in the ‘tumour bank’ within the Academic Dejpaent of Endocrinology at St
Bartholomew’s Hospital. My initial aim was to ugese tumour samples for extraction
of RNA and subsequent PCR work to look at PRAdXpression. Further studies
planned involved PCR (conventioniateal time) to identify any variations in otherlcel
cycle markers. Unfortunately, it was found thatréhevere too few samples that gave
good quality reliable RNA for any substantial resub be gained. Attempts at gaining
further fresh tissues samples led to the submis&ioethical approval for collection
and work on fresh tissue samples from two siteduding The Hammersmith Hospital
(with the help of Professor A Grossman and Mr Jalinn respectively). Although
agreement was gained in principle the incidenceeséction was too low, even across
two sites, for this to become viable given the tiooastraints of the project. Further

work on human tissue samples was therefore halted.

All human tissue samples available to us were stdgeto RNA extraction, reverse
transcription and PCR for GAPDH and PPARDf the eight subjects (5 insulinomas
and 3 gastrinomas) PPARexpression was identified variably in the majarifyhe
simple interpretation of this finding is that PPARS expressed in the majority of
insulinomas and gastrinomas. This suggests thatnthprity of insulinomas and
gastrinomas may be susceptible to the effectsgaintis of this receptor such as the
thiazolidinediones. Ultimately, proliferation coulse affected by interaction with this
receptor. There is good evidence to suggest that thizolidinediones, such as
rosiglitazone, can reduce the proliferation of @erttypes of cancers of adipose tissue

(Tontonoz et al, 1997), colon (Sarraf et al, 19%8¢ast (Mueller et al, 1998), prostate
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(Mueller et al, 2000), liver (Rumi et al, 2001),ntu (Tsubouchi et al, 2000), and
pancreatic acinar tissue (Elnemr et al, 2000). Mdshese models are non-human but
there is also evidence extending into human tumsueh as liposarcoma (Demetri et al,

1999) and prostate cancer (Mueller et al, 2000).

A further aspect of the tissue collection also toase considered: as samples were taken
prior to the start of the project, there is no vilagt | can guarantee that samples were
harvested correctly and only contain tumour, iteisi possible that samples could
inadvertently contain normal pancreas along withdur taken at the time of resection.

This contamination would weaken the power of thelgt

4.2 | mmunohistochemistry

The aims of the immunohistochemistry work were iplét Firstly, | wanted to confirm

the presence of PPARvithin the chosen samples, then identify its dalllbcation, and

quantify the strength of staining for each tissgmet(insulinoma, gastrinoma, islet and
exocrine pancreas). Subsequently, | wished to coenplze different tissues types
against each other, using total positive counts both nuclear and cytoplasmic
compartments. This procedure was then repeated) asitibodies for p27, phospho-
p27, JAB 1, phospho-Akt and PTEN, all previouslyplivated in the development of
endocrine tumours (Lidhar et al 1999, Kouvarakiaét2006, Stanger et al 2006,
Schleiman et al 2003, Altomare et al 2002) and ammphe expression of these

proteins with PPARlevels.

Regarding PPARexpression in exocrine tissue and islets, | wablento demonstrate

any significant nuclear or cytoplasmic expressibhis was confirmed with repeated
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experiments. Good staining of positive controls gasged that the antibody was
working correctly and staining had been optimispgrapriately. That we could not
show significant PPARRexpression in the islets is in contradiction teyaous reports of
high expression (Dubois et al 2000). Significafgtisell hyperplasia has been shown in
mice models in which the expression of the PRABne inB cells has been eliminated
(Rosen et al 2003) suggesting both presence aighiéicgant anti proliferative effect.
PPARy expression has also been shown in human pancreateer cell lines Capan-1,

AsPC-1, BXxPC-3, PANC-1 and MIA PaCa-2. My resuhl®refore, were unexpected.

My expectation that PPARwould be widely expressed in these tissues was not
supported by my findings. In the absence of sigaiit previously published data in this
area, my preliminary conclusions are that PRARonly expressed at very low levels in

these tissues.

Following Ki-67 analysis of the samples, it wasatl¢hat there were several tumours
that were proliferating at a higher rate. | thoughivas of interest to separate these
tumours out from the lesser proliferating tumowsee if there was any difference in
the expression of PPAR Although statistical significance was not achakvae the
PPARy group, due to the low numbers, there was ceptairttend showing that higher

proliferating tumours express PPRR greater proportion.

The CDK inhibitor p27 is a tumour suppressor protbat acts in the nucleus to enforce
cell cycle checkpoints. p27 inhibits and binds t@any cyclin/fCDK complexes,
including cyclin D/CDK4, cyclin E/CDK2, and cyclid/CDK2. This inhibition can
block progression through different phases of e aycle. The known actions of p27

are thus predominantly nuclear with expectation bealisation is similar. It has been
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documented, however, that translocation of p27 ftbennucleus to the cytoplasm and
loss of p27 through proteasomal degradation camroec certain cancers, including
breast, prostate, gastric, lung, ovarian, panaeand hepatocellular carcinomas. The
status of p27 may be a predictor of patient outmehese cancers (Viglietto et al,
2002 , Nikoleishvili et al, 2008, Claudio et al,) Gamboa-Dominguez et al, 2007,

Pateras et al, 2006, Qin et al, 2001).

In this p27 series, staining was seen in both tleteis and cytoplasm. p27 staining was
predominantly cytoplasmic in all three endocrirssdies (insulinoma, gastrinoma and
islets - significantly so in gastrinoma and isletSxocrine pancreas showed slightly
higher nuclear than cytoplasmic expression, but ladbtmuch lower levels than that of
the endocrine tissues. There are two main pointsoté with these results. Firstly, it
appears that there is significantly higher expmssif p27 within all three endocrine
tissues compared to exocrine pancreas, suggestimayasignificant role for p27 within
these tissue types. Secondly, the expected p2#&ssipn is, in general, nuclear and
although my findings show that there is a high lefenuclear expression of p27 there

is also a high level of cytoplasmic staining.

As mentioned above, re-localisation of p27 into ¢htoplasm has been seen in various
cancers, with the assumption that the inhibitofge$ of p27 on cell cycle progression
are reduced. Is it possible that we are seeinglacedisation in our samples? This is
unlikely for two reasons. Cytoplasmic staining doesappear to be high at the expense
of nuclear staining — both show high levels. It n#go be expected, that on direct
comparison of the tissues, there would be lowerleaucand higher cytoplasmic
expression in neoplastic tissues compared to bdrggues. This was not the case, with

no difference found in the nuclear expression af p@tween insulinoma and islets, and
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conversely, there was significantly lower expressif p27 in the cytoplasm of

insulinoma.

It has previously been reported that p27 is indgrsdated to Ki-67 index in a number
of endocrine tissues (Lloyd et al 1997). With segian of the insulinoma group by Ki-
67 labelling, lower p27 expression was seen in lbth nucleus and cytoplasm of
samples with a higher Ki-67 index. This finding cars with the idea that p27 is

reduced in more highly proliferating tumours.

In a study by Canavese et al (2001), immunohistooted p27 expression in 109
endocrine tumours of the pancreas and gastro{imaestract (pancreas tumours
included 17 insulinoma, 10 gastrinoma and 5 glunagm) was compared with Ki-67.
They too concluded that p27 expression was inverselated to Ki-67 labelling.
Interestingly, however, they also found that thestvamajority of pancreatic
neuroendocrine tumours, both benign and malignevaie highly expressing p27
(usually between 70-100%) and no difference in @23ression could be seen between
normal (islets), hyperplastic and correspondingdurs. Similarly, in a study by Guo et
al (2001), increased p27 expression was seen i lb@nign and malignant
neuroendocrine tumours of the pancreas and foucrgatic islet tumour cell lines as
assessed by Western analysis. No difference was lsstereen benign and malignant

tumours.

Other investigators have reported anomalous overession of p27 in human tumour
tissues. This includes Burkitt’'s lymphoma and difdarge B-cell lymphoma (Sanchez-
Beato et al, 1999), thyroid tumours (Baldassarr@a é099), oesophageal squamous cell

carcinoma (Anayama et al, 1998), and node-negdireast carcinoma (Reed et al
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1999). Some of the possible mechanisms proposdtiebguthors include inactivation
of p27 by cyclin D3, abnormal sequestration of p2the cytoplasm and dysregulation

of cyclin D1 expression.

Phosphorylation is a key mechanism which p27 uraksgrior to transport out of the
nucleus and degradation. If p27 deactivation wasgaificant feature of pancreatic
neuroendocrine tumours, enhanced transport outeotell and increased phospho-p27
levels in the cytoplasm may be expected. In thiglyst phospho-p27 expression has
been shown to be overwhelmingly cytoplasmic intigbue types. Very little nuclear
staining was identified and there were no diffeemnbetween the three endocrine
tissues. In our JAB1 series, all tissues overwhadhyi showed cytoplasmic expression,
with negligible nuclear staining seen. Interestmgiormal islets showed the strongest
positive cytoplasmic staining for JAB1, significenhigher than either insulinoma or
gastrinoma, quite the opposite to the idea thaplastic tissues would have enhanced
p27 transport into the cytoplasm. Interpretationnoy results would therefore not
support enhanced p27 phosphorylation and shuttiingf the nucleus in the aetiology

of pancreatic neuroendocrine tumours.

The protein kinase Akt, also known as protein kinBs(PKB), plays a pivotal role in
tumourigenesis (Testa et al, 2001). Akt is actidabyy phospholipid binding and
phosphorylation at threonine 308 by PDK1 and phpkplylation within the C-
terminus at serine 473. Through the phosphorylateord relocalisation of key
regulatory molecules such as Bad (Datta et al, }3%&pase-9 (Cardone et al, 1998),
forkhead transcription factors (Brunet et al, 19921 (Zhou et al, 2001) and p27 (Shin
et al, 2002), phospho-Akt (p-Akt) functions to prate cell survival by inhibiting

apoptosis. Cytoplasmic relocalisation of p27 seeond to Akt mediated
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phosphorylation at threonine 157 has been showhuiman primary breast cancer
(Viglietto et al, 2002, Shin et al 2002). In thenpeeas, transgenic mice that express a
constitutively active Akt/PKB have been shown tadia significant increase in islet
cell mass, due largely to proliferation of insudiantaining3 cells (Bernal-Mizrachi et

al, 2001).

In all four tissue types, both nuclear and cytopiasstaining was seen for p-Akt.
Cytoplasmic expression was significantly highemtmaclear expression in all tissues.
On comparing the tissues, there is significantlyvdp nuclear and cytoplasmic
expression of p-Akt in insulinoma and gastrinomenpared to islets. This is contrary to
the expected finding that neoplastic tissues valldhigher levels of the pro-survival p-
Akt, and suggests that the phosphoinositide-3-kii{®$3K)-Akt pathway is unlikely to

play a major role in pancreatic neuroendocrine wno

PTEN is a tumour suppressor gene and is thoughegatively control the PI3K-Akt
pathway. Over-expression of PTEN with subsequdiience on the expression of p-
Akt would identify this pathway as important in tadgrigenesis of pancreatic
neuroendocrine tumours. Although there is a higlrele of nuclear expression seen, no
significant difference was identified between theoplastic cells of insulinoma and

gastrinoma, and that of normal islets.

Regarding exocrine tissue, there appears to bedafental difference compared to the
endocrine tissues. Although, the pattern of stginhmas been similar, there are
significantly reduced levels of expression of ngall the cell cycle markers tested.
With the exclusion of PPAR where no tissue showed significant expressioagrxe

tissue has consistently shown lower expressior2@f phospho-p27, JAB 1, Phospho-
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Akt and PTEN compared to all three endocrine tisswbether benign or neoplastic.
Higher levels of expression in the endocrine tisssaggest that these cell cycle

participants are more important in the cell cycloighe endocrine tissues

Despite the potential of these cell cycle partinigan dysregulation, the results have
not been able to support a significant role for,p&7phosphorylation or mislocalisation
in the tumourigenesis of these tumours. Cellulaf pffects can be modulated by cell
cycle pathways involving PTEN and PI3K/Akt, whichve been previously implicated
in tumourigenesis. My evidence again, does not edpgiirect involvement of these
pathways in our series. The high levels of expogssvithout evidence of direct
involvement may suggest increased expression sacpnd alternate pathways as yet

unclarified.

During the course of the experimental work, insoivas have been compared to the
islets, being considered its control. This has beielely accepted as pancreatic islet cell
tumours show marked cytological similarity to pagatic islets and are therefore
believed to originate from the endocrine pancrdads of interest therefore that
Vortmeyer et al (2004) et al, have suggested thateatic islet cell tumours do not
necessarily originate from islets. In MEN 1 patgewith characteristic allelic deletions,
microdissection of the tumour, surrounding acinactdl pancreas and islets revealed
similar abnormalities present in the acinar/ductaimples but not in the islets,
concluding therefore that the islets are not thgimr Use of islets as control could
therefore be called into question. My immunohistraical findings showed a high
degree of similarity and behaviour between these tissue types and comparison is
still valid, in that, differences noted may be rative of differences between neoplastic

and benign behaviour. The importance of this paemmbryological difference is,
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however, noted. Methodological and theoretical iclifties in harvesting nearby
acinar/ductal tissue and justifying its use as mbnmaterial, maybe difficult to

overcome and it is felt that this was beyond theetconstraints of this project.

4.3 Cdll Proliferation

Human neuroendocrine tumour cell lines CM (insuia), BON (carcinoid) and QGP1
(somatostatinoma) were made available to us duéhedokindness of Professor N
Lemoine. As for the resected tumour and immunobismistry series, | initially
investigated the expression of PPARithin the cell lines. All cell lines gave good
quality RNA and underwent conventional PCR for PRARconfirmed that both BON
and QGP 1 expressed PPARRNA but CM cell line did not. All cell lines were
however, subject to Western blotting to confirmtpho expression. Interestingly, all
cells lines showed evidence of PPARrotein expression including the CM cell line.
Repeated RNA extraction and PCR, with similarlyeaed protein extraction and
Western blotting failed to clarify this inconsistgn The possibility of the discrepancy
being due to a splice variant was considered. Splariants have been identified and
characterised (Chen Y, Jimenez A, Medh J, 200@sdP@l communication with Dr J
Medh confirms that the discrepancy is unlikely éodue to a splice variant. The primers
are in the region of exons 1-6 which is commonlirsglice variants. On balance, it is
the opinion of the author that CM cell line does rapress PPAR mRNA and

consequently should not express PRARtein.

It is also of interest that the validity of the Gl line as a true insulinoma cell line has
recently been called into question (Gragnoli, 20@8) various severe and consistent

chromosomal aberrations were identified includingocnosome 11 tetraploidy and
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translocation abnormalities. Jonnakuty and Grag(®007) karyotyped the CM celll
line and confirmed its human origin but also idkati 64 chromosomes with structural
abnormalities. This information may have significeearing on the reliability of this
study as it has to be acknowledged that the as#isliare not truly immortalised and

therefore are subject to potential phenotypic imétg over time.

Somatostatin inhibits cell proliferation and growtmormone secretion through
interaction with SSTRs. Five SSTRs have been clongtie human, mouse, and rat;
and many studies have investigated the tissudlitin, expression, binding affinity
to somatostatin, and downstream signal transdugtaihways of these five receptors
(Benali et al 2000, Fisher et al, 1998). My callels were subjected to RNA extraction
and PCR for all 5 SSTRs to identify expressiongratl. The results failed to confirm
expression of any of the SSTRs in any of the aedld. Plans for cellular proliferation
studies following treatment of somatostatin anaésgwas therefore excluded from the
project. One possible explanation for lack of egspien may be that the cell lines have

undergone too many passages and they have losahexpression patterns.

In fact, loss of SSTRs in pancreatic cancers isungjue. Although both in vitro and in
vivo studies have shown that SSTRs mediate stroogytg inhibition in many cancer
types including pancreatic cancer, previous clinidals of somatostatin analogues in
the treatment of advanced pancreatic cancer haled f@Canobbio et al, 1992). A
review of the current knowledge of somatostatm réiceptors and pancreatic cancer has
been published by Li et al (2005). They suggested further detailed studies are
needed to determine the reason why functional SSaiRsnot expressed or not

sufficient in pancreatic cancer cells.
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PPARy agonists have been shown to have anticancer tgcingainst a variety of
neoplastic cells in vitro. Liposarcoma, colon, steaprostate, thyroid, myeloid
leukaemia, lymphoma, lung, oesophageal, gastrioblgistoma and pancreatic cancer
cells have all variably been shown to have redugreavth in the presence of PPAR
ligands. In vivo studies are much less commongi@aily, the identification that
ligands of PPAR could induce terminal differentiation in normakpdipocytes lead to
attempts to induce differentiation of human lip@sana cells, both in vitro and in vivo.
Demitri et al (1999) gave the TZD troglitazone tsaies of patients with liposarcoma
which resulted in a retardation of growth and irtdut of differentiation in these
tumours. Additionally, treatment of patients witldlvanced prostate cancer with
troglitazone has shown to cause a high incidencstaddilization of prostate- specific
antigen (Mueller et al. 2000). Sarraf et al (1998)wed that trogligazone decreased the

growth of colon cells in vitro as well as when gimgvas xenographs in nude mice.

In contrast to PPA& knockout mice, PPAR ablation is lethal. Initial attempts to
generate a PPARKnockout mouse model showed that null embryosatebout day 10
from impaired placental development (Barak et af99). Subsequently the
heterozygous state and tissue specific models bese developed (Review by Gray et
al 2005). Rosen et al. (2003) generated a tissaeifgpp-islet cell mouse model in
which the expression of the PPABene inB-cells was eliminated3¢KO mice). These
mice were found to have significant islet cell hypasia compared to control.
Interestingly, the islets did not proliferate indékly suggesting that other growth
regulating factors eventually come into play. Thmay also explain why tumour

formation in the islet tissue KO mice was not observed.
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Most research has, of course, been directed am#tabolic consequences of PPAR
knockout models but several studies have concentrah the potential effects on
tumour formation. Heterozygous germ line deletioh®PARy (PPAR/”') have been
shown to be more susceptible to the formation tdrao tumours. After the injection of
the colon specific carcinogen azoxymethane, alhefPPAR +/- mice but only 50% of
the wild type were dead from colonic cancer by 3éeks (Girnun et al. 2001).
Heterozygous PPAﬁ" mice have also been shown to have a greater gsiistpto
develop both breast and ovarian cancers after expot the carcinogen 7,12
dimethylbenzanthracene suggesting a potential gireée effect of PPAR Lu et al
(2005), utilisised heterozygous PPaA+R mice to show a significant increase in
susceptibility to N-methyl-N-nitrosourea inducedsggec cancer compared to the wild
type at 10 weeks (89.5% vs 55.5%). In the same rawpats, simultaneous
administration of troglitazone showed a significaetluction in incidence of gastric
cancer in the wild type (55.5% to 9%) with a redliedfect seen in the heterozygous
PPAR/™" group (89.5 to 80%). They concluded that PRASuppresses gastric
carcinogenesis, troglitazone is chemopreventatinvd dependent on the PPAR

receptor.

Methods of examining overexpression of PRARve been developed. Garcia-Bates et
al. (2008) used a lentiviral vector for PPARene delivery and transduced multiple
myeloma cells. Overexpression decreased multiplelonya cell proliferation and
induced spontaneous apoptosis even in the abséaceeaternal ligand. The cells were
also much more sensitive to ligand induced apogtdBren Mattison et al (2008)
developed transgenic mice after construction andhigdtration of SP-C/PPAR
transgene. Mice were then subjected to injectioa standard intraperitoneal dose of

urethane, a lung carcinoma carcinogen. After 2Cka/égere was a 75% reduction in the
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number of tumours identified in the PPARver expressing mice. In contrast to the
predominantly protective effects seen with PRAR transgenic mouse model has
shown breast cancer tumours with accelerated kmeB8aez et al. (2003) generated a
transgenic mouse model that expressed a constiliyoactive form of PPAR by
fusing the activation domain of herpes simplex ¥iNp16 protein to PPAR. The
effect of mammary specific VpPPARexpression was evaluated by generating
transgenic mice expressing it under the controlmmfuse mammary tumour virus
(MMTYV) promoter. These MMTV-VpPPAR mice were morphologically identical to
the wild type. On breeding with a known breast eanmouse (MMTV-PyV),
PyV/VpPPAR/ females developed tumours with greatly accelerdtgdbtics and

reduced survival.

Currently, I am unaware of any reported cellulaolipgration studies on human
neuroendocrine tumour cell lines investigatingeffects of PPAR agonists. Following

a period of optimisation all three cell lines wereated with varying doses of
rosiglitazone. Effects on CM cell line were limitemithe highest concentration (1)

of rosiglitazone. Effects on BON were seen at the highest concentrations (111
and 10°M) whereas QGP1 cells are shown to be the mosttisenbeen affected upto
concentrations of IfM. The potential role of DMSO having a toxic effexnt the cell
lines that would explain the findings was excludexkept at the highest concentration
of rosiglitazone treated QGP1 cells. BON and QG#llLlmes (CM not being tested)
recovered following a period of treatment with gséazone confirming that the effects
were mediated by the treatment and that treatm#atte were not ultimately life
threatening to the cells. There is no toxicity datdlished on the antagonists TO070907
and GW9662 by the manufactures and an internetisées not revealed any evidence

that the antagonists have a direct toxic effeat@hcultures.
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PPARy antagonist studies were performed on BON and QBRdentify whether the
effects of rosiglitazone on these cell lines coefféctively be blocked, thus confirming
that the effects seen are mediated by the RP#&Reptor. Unexpectedly, the effects
could only be partially blocked. This was then aonéd by treatment with a second
antagonist and subsequent direct comparison stutiese studies did not show any
significant increased proliferation in the grougtpeated with the PPARantagonist. |
conclude therefore that the PPyRagonist rosiglitazone has a significant anti-
proliferative effect on both BON and QGP1 cell Brmut it appears that this effect may
not be mediated by the PPReceptor. Similar findings have been reporteditaifary
cell lines treated with rosiglitazone (Emery et2006) and pancreatic adenocarcinoma
(Galli et al, 2004). Indeed, evidence that the -pntiiferative effects of TZDs are
independent of PPARreceptor has been published (Palakurthi et al pP@@tere
tumour bearing mice injected with either PF\A‘R or PPAR/*’+ embryonic stem cells
were treated with troglitazone. Tumour suppressias seen similarly in both mouse
models suggesting an anti-proliferative effect obglitazone, but one that is

independent of the PPAReceptor.

Explanations for this independent action are spdimg, Galli et al, identified
significant inhibition of matrix metallopeptidase(RIMP 2) gene expression. Proteins
of the MMP family are involved in the breakdown eftracellular matrix in normal
physiological processes, such as embryonic devedapnreproduction, and tissue
remodeling, as well as in disease processes suaritagis and metastasis. The same
group identified that TZD treatment inhibits fibolytic activity in both PPAR
expressing and non-expressing cells and that tliecte was correlated with
upregulation of plasminogen activator inhibitor (P14, a major physiological inhibitor
of fibrinolysis. Another finding of TZD treatmenthich is independent of the PPRR
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receptor is the activation of 5' adenosine monophate-activated protein kinase
(AMPK) (Lebrasseur et al 2006, Boyle et al, 200BMPK is mainly involved in

cellular metabolism and acts as a switch regulasegeral intracellular systems
including the cellular uptake of glucose, tiieoxidation of fatty acids and the
biogenesis of glucose transporter 4 (GLUT 4) anchiondria. It also has some effects
on pathways involved in cellular cycling through lewles such as PI3K, Akt and

mMTOR.

Interestingly, Han and Roman (2006) reported thasigtitazone reduced the
phosphorylation of Akt and increased PTEN protedpression in non—-small cell lung
carcinoma (NSCLC) cells and this was associatel wnftibition of proliferation. These
effects were blocked or diminished by GW9662 (PRARtagonist, as used in this
thesis). When the cells underwent transfection witEMX-PPAR/ over-expression
vector, the effects of rosiglitazone on Akt, PTEXd cell growth were restored even in
the presence of GW9662. They also noted that itsighe increased the
phosphorylation of AMP-activated protein kinase (RKj), whereas it decreased
phosphorylation of p70 ribosomal protein S6 kings#0S6K), a downstream target of
MTOR. Of note, GW9662 did not affect the phosprairgh of AMPK and p70S6K
protein and the inhibitory effect of rosiglitazooe NSCLC cell growth was enhanced
by the mTOR inhibitor rapamycin. Their conclusioasathat rosiglitazone can inhibit
NSCLC growth through PPARdependent signals that inhibit Akt and stimulatf&ER.
Also, through PPARindependent signals, rosiglitazone up-regulatesPKMthereby
down-regulating the mTOR/p70S6K pathway, which Hart contributes to growth

inhibition.

224



Taken together, it would appear that the PRARIependent actions maybe modulated
through AMPK and mTOR pathways. Investigation ofsth pathways using the cell

lines pre and post treatment with rosiglitazone idog¢ of considerable interest.
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4.4 Summary

The main aim of the project was to identify the regsion of PPAR in various
pancreatic neuroendocrine tumour tissue typesntlode that PPARIs expressed to
variable degrees in pancreatic neuroendocrine twndthis is based on the evidence
presented from the human tissue samples expressthg majority of samples, despite
poor quality, and that there was good evidence PPARS being expressed in the
human neuroendocrine tumour cell lines BON and Q@R#se findings unfortunately,
cannot be substantiated by the immunohistochemesiilits which failed to show

widespread PPARexpression.

Further aspects of the project have identified th& unlikely that cyclin dependent
kinase p27 is directly responsible for proliferatiof these tumours. Phosphorylation
and transport by JAB1 do not appear to be playingah role. Also, modulators of the
cell cycle that influence p27 including p-Akt artetPI3K/Akt pathway influenced by

PTEN do not appear to playing a primary vital role.
The PPAR agonist rosiglitazone does have an anti-prolifeeaeffect on human

neuroendocrine cell lines BON and QGP1 at highercentrations, but the evidence

suggests that this action may not be mediated ®PBPAR receptor.
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4.5 Future Work Considerations

There are various aspects of this project thatccbel expanded upon to take the work
done so far further. Firstly, regarding frozen ussamples, | have found significant
difficulties utilising previously harvested sampleBhis may have been due to the
inherent difficulties in working with pancreatissue because of the digestive enzymes
it produces, the harvesting technique or the canditof storage. To optimise future
work, samples must be resected by a surgeon uaddisg the tissue requirements and
the samples would have to undergo either RNA etitnacr be frozen and held at -
800C immediately. To obtain enough samples, a oairitre collection strategy would
have to be employed with ethical consent gained segeral areas. If a reasonable
tumour series could be gained then | would firstlgeat the PPARexpression studies
and investigate p27 expression. Further studieddwepend on the results but due to
the clinical importance of somatostatin analogureseuroendocrine tumours, | would
also like to study the expression of the somatiostateptor subtypes. Real time PCR
would be employed rather than conventional andltesould ideally be related to the

clinical aspects of the tumour.

A surprising aspect of the immunohistochemical wwds the low level of expression
of PPARy in either exocrine, endocrine or cancerous tissdespite good positive
control staining. It would be interesting to repéat series with alternative PPAR

antibodies.

With the cell proliferation studies, there are nplét possibilities for further work as
very little work has been published in this arelhe Tirst set of studies that | would

perform would be to assess the effects on protifaraf different PPAR agonists such
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as pioglitazone. The relative efficacies could therdetermined. Further studies would
be aimed at determining which cell cycle markeestaing affected by the reduction in
proliferation. Given the emphasis of the MD on éx@ression of p27 and its regulatory
proteins, we would investigate the effects on p@ibwing treatment of the cell lines
with PPARy agonists. If significant effects were found, fthnvestigation into the

effect on p27 modulators such as JAB1, p-Akt an&RWould be performed.

As the findings of the immunohistochemistry, did saggest a significant role for p27
involvement in pancreatic neuroendocrine tumouretigpment, it would be of interest
to investigate alternative cell cycle pathways sashp2l and its related regulatory
proteins. As discussed earlier, the PRARIependent anti-proliferative effects of
rosiglitazone maybe due to pathways involving AMBKd mTOR, both of which

would be targets for future work.
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4.6 Presentations and Publications

ORAL PRESENTATIONS

Pancreatic Society of Great Britain and Irelandv 19604

Title: A Significant Anti-Proliferative Role For T&h PPAR-gamma Agonist
Rosiglitazone In The Human Neuroendocrine Panardatmour Cell Lines BON and

QGP1

Ipsen pharmaceuticals presentation. March 2003
Title: Pancreatic Neuroendocrine Tumours. An ingesion of disruption of the cell
cycle in sporadic islet cell tumours.

Prize awarded

POSTER PRESENTATIONS

UKNETwork 3rd National Neuroendocrine tumour coefaze Nov 2004

British Association of Sugical Oncology. Nov 2004

ABSTRACT

A significant anti-proliferative role for the PPAG&mma agonist rosiglitazone in the

human neuroendocrine pancreatic tumour cell lin@siEind QGP1.

M.R.Hanson et al. EJSO. Nov 2004, Vol 30, 9, 1031.
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Immunohistochemistry counting sheet
Immuno grid explanation:
The grid is split into 5 large squares each reprtasg one high powered field as seen

on the computer screen.

Each large square is split into columns represgntin
nuclear staining

cytoplasmic staining

There are 5 rows to each large square. The fitstrigpresent strength of staining:
strong

moderate

weak

negative

The fifth row contains the total number of cellatthas been counted in each field. This

will be a number out of approximately one hundred

Nuclear Cytoplasmic

strong

moderate

weak

negative

No. of cells countec
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Working sheet

ANTIBODY: DATE:

SLIDE NUMBER: TUMOUR/NORM/ISLET:

Total cells counted =

NEGATIVE WEAK MEDIUM STRONG

NUCLEAR

CYTOPLASMIC

Comments:
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Immunohistochemistry data tables

PPARyY- TUMOUR SAMPLES- INSULINOMA
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PPARy- ISLET SAMPLES
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PPARyY- EXOCRINE PANCREAS SAMPLES
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p27 - TUMOUR SAMPLES

INSULINOMA
NUCLEAR CYTOPLASMIC
ID S M W | VE | +VE [ stM | S | M W | -VE | +VE | StM
1 0 0 | 28 | 972 | 28 | 0 0 | 349 | 466 | 185 | 81.5| 34.9
2 0 1 [ 332|658 |342| 1 |o02]| 3 | 787|181 | 819| 32
3 0 0 | 103|897 | 103 | 0 |153| 655 | 93 | 99 | 90.1| 80.8
5 | 105|395 | 153 | 347 | 653 | 50 | 82 | 678 | 7.7 | 163 | 83.7| 76
6 | 46 | 202 | 511 | 241 | 75.9 | 248 | 25 | 22.4 | 646 | 105 | 89.5| 24.9
7 | 25 | 143|397 | 435 | 565 | 168 | 0.8 | 6 | 49.8 | 434 | 56.6| 6.8
8 | 71 | 322|464 | 143|857 | 393 | 0 | 75 | 61 | 314 | 685| 75
9 | s65| 30 | 77 | 58 | 942 | 865 | 0 0 0o | 100 0 0
10 1 21 | 103 | 569 | 30.7 | 693 | 124 | 0 | 09 | 536 | 486 | 545| 0.9
11 | 29 | 91 | 195|685 | 315 | 12 | 17| 65 | 189 | 729 | 271| 8.2
12 | 124 | 354 | 395 | 137 | 863 | 468 | 06 | 89 | 723 | 182 | 81.8| 95
13 | 26 | 9 | 192|692 | 308 | 11.6 | 24 | 1908 | 282 | 49.6 | 504 | 22.2
14 1 16 | 737 | 73 3 97 | 897 | 09| 66 | 827 | 98 | 92| 75
15 | 16 | 37 | 304 | 66 | 834 | 53 | 42 | 166 | 66.8 | 124 | 87.6| 208
17 | 441 | 366 | 146 | 47 | 953 | 807 | 63 | 737 | 153 | 47 | 953| 80
18 | 174 | 758 | 46 | 22 | 978 | 932 | 28 | 76.2 | 166 | 44 | 956| 79
19 1301 | 41 | 1609 | 12 | 88 | 711 | 43 | 39.8 | 467 | 9.2 | 90.8| 441
20 | 237 | 421 | 281 | 161 | 93.9 | 658 | 1.2 | 275 | 649 | 6.4 | 93.6| 287
23 | 189 | 222 | 411 | 178 | 822 | 411 | 1.1 | 94 | 72.8 | 167 | 833 | 105
25 | 316 | 425 | 202 | 57 | 943 | 741 | 26 | 46.1 | 40.4 | 109 | 89.1| 487
AV 114.90 | 28.60 | 25.24 | 31.27 | 68.74 | 43.50 | 2.76 | 26.96 | 44.85 | 25.60 | 74.56 | 29.71
SEM | 351 | 484 | 364 | 681 | 6.81 | 7.22 | 0.83| 5.80 | 5.86 | 5.66 | 5.63 | 6.41
GASTRINOMA
NUCLEAR CYTOPLASMIC
ID s | M W | VE | +VE | S*M | s | M W | -VE | +VE | StM
4 |168| 396 | 311 | 125 | 875 | 564 | 0 | 11 | 927 | 62 | 938]| 11
22 | 98 | 402 | 433 | 67 | 933 | 50 | o | 732 | 203 | 65 | 935| 732
24 | 31| 102 | 378 | 49 | 511|133 | 0 2 | 929 | 51 | 949 2
AV | 9.00 | 30.00 | 37.40 | 22.73 | 77.30 | 39.90 | 0.00 | 25.43 | 68.63 | 5.93 | 94.07 | 25.43
SEM | 396 | 9.90| 3.53| 13.24 | 13.21 | 13.43 | 0.00 | 23.88 | 24.17 | 0.43 | 0.43 | 23.88
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p27 - 1ISLET SAMPLES

NUCLEAR CYTOPLASMIC

ID S M W | VE | +VE | StM | S M W | -VE | +VE | S+M
1 0 67 | 344 | 589 | 411 | 67 | 91 | 234 | 32 |355]| 645 | 325
2 0 0 | 107 | 893|107 ] o0 48 | 387 | 107 | 26 | 97.4 | 867
4 0 0 44 | 956 | 4.4 0 | 569 | 244 | 121 | 66 | 934 | 813
5 0 0 5 95 5 0 | 122 | 83| 5 0 | 995 | 945
6 0 0 34 | 96.6 | 3.4 0 | 507 | 338 | 132 | 23 | 97.7 | 845
7 25 | 99 | 155 | 821 | 279 | 124 | 37.7 | 47 | 144 | 09 | 99.1 | 84.7
8 73 | 251 | 49.8 | 178 | 82.2 | 32.4 | 211 | 51.8 | 21.6 | 55 | 945 | 72.9
9 55 | 165 | 577 | 203 | 797 | 22 | 202 | 60.3 | 17.2 | 2.3 | 97.7 | 80.5
10 | 73 | 13 | 601 | 196 | 804 | 203 | 103 | 13 | 60.1 | 16.6 | 83.4 | 23.3
11 | 58 | 339 | 445 | 158 | 84.2 | 39.7 | 306 | 458 | 145 | 9.1 | 90.9 | 76.4
121 49 | 28 | 511 | 16 | 84 | 329 | 124 | 371 | 414 | 91 | 90.9 | 49.5
13 | 236 | 40.2 | 247 | 115 | 885 | 63.8 | 27 | 326 | 56.2 | 8.7 | 91.5 | 353
14 | 536 | 243 | 145 | 76 | 924 | 77.9 | 417 | 351 | 149 | 83 | 91.7 | 76.8
15 | 635 | 253 | 7 42 | 958 | 888 | 17.9 | 60.7 | 142 | 72 | 92.8 | 786
17 | 276 | 362 | 291 | 71 | 92.9 | 638 | 151 | 58.1 | 22.2 | 46 | 95.4 | 73.2

18 | 331 | 412 | 221 | 36 | 964 | 743 | 178 | 602 | 189 | 3.1 | 969 | 78
20 | 447 | 424 | 83 | 46 | 954 | 871 | 94 | 643 | 207 | 56 | 94.4 | 737

23 | 208 | 376 | 220 | 97 | 903 | 67.4 | 94 | 59.6 | 245 | 65 | 935 | 69
25 | 122 | 204 | 576 | 98 | 902 | 326 | 176 | 51 | 25 | 6.4 | 936 | 686
AV | 16.92 | 21.09 | 27.52 | 35.01 | 65.52 | 38.01 | 23.20 | 46.27 | 23.09 | 7.42 | 92.57 | 69.47
SEM | 456 | 350 | 463 | 846 | 832 | 7.20 | 370 | 3.94 | 340 | 1.79 | 1.78 | 453
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p27 - EXOCRINE PANCREAS SAMPLES

NUCLEAR CYTOPLASMIC
D | S| M| W | VE|+E|SM]| S | M| W | VE | +VE | S+M
1 0 | 8 | 168|752 | 248 | 8 0o | o o | 10| o 0
2 0 | 56| 184 | 76 | 24 | 56 | 0 | 33| 119 | 848 | 152 | 3.3
3 0o |1 6 93 7 1 0 | o | 48 | 952 | 48 | o
° 0 | o | 113|887 |113]| o0 0 | o | 56 |94 56| 0
6 0 |58 172 | 77 | 23 | 58 | 0o | 13| 6 | 927 | 7.3 | 13
’ |66 |105| 135 | 69.4 | 306 | 171 | 0 | © o | 10| o 0
8 | 24|64 | 108 | 714 | 286 | 88 | 0 | 0 o |10 | o 0
9 |68 (143 193 | 596 | 404 [ 211 | 0 | © o |10 | o 0
10 103 |74 |23 | 72 | 28 |77 ] 0| 0 0o |10 | o 0
11 ) 15 |106| 315 | 56.4 | 436 | 121 | 0 | 02 | 29 | 708 | 29.2 | 0.2
12 1 08 | 42 | 202 | 748 | 252 | 5 | 06| 4 |314]| 64 | 36 | 46
B | 3| 4| 19 | 74 | 2 7 |04 | 4 | 641 | 315 | 685 | 4.4
14 1 41 | 86| 131 | 742 | 258 | 127 | 0 | 25 | 338 | 637 | 363 | 25
15 11939 | 82 | 8 | 14 | 58 | 02|45 | 233 | 72 | 28 | a7
17 | 24 | 57 | 236 | 683 | 3.7 | 81 | 0.4 | 39 | 41.9 | 538 | 46.2 | 4.3
18 | 44 | 94| 212 | 65 | 35 | 138 | 1.4 | 44 | 32.4 | 61.8 | 382 | 58
19 |52 |82 | 147 | 719 | 281|134 | 1 | 4 | 219|731 |29 | 5
20 | o | 36| 15 | 814|186 | 36 | 0 | 0 | 84 | 916 | 84 | ©
23 | 44 |144| 184 | 592 | 372 | 188 | 0 | 1.6 | 148 | 83.6 | 164 | 16
25 | 37 ]121| 187 | 655 | 345|158 | 0 | 0 | 65 | 935 | 65 | 0
AV 1238|719 |17.31 | 72.95 | 26.87 | 9.56 | 0.20 | 1.69 | 16.79 | 81.33 | 18.68 | 1.89
SEM | 051 | 0.89 | 1.24 | 2.13 | 2.08 | 1.30 | 0.09 | 0.42 | 3.92 | 4.29 | 4.29 | 0.49
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Phospho-p27 - TUMOUR SAMPLES

INSULINOMA
NUCLEAR CYTOPLASMIC
D |S| M | W | -VE|+VE|StM | S | M W | -VE | +VE | StM
1 Jo| o |67]933]| 67| 0 0 | 277 | 60.7 | 116 | 88.4 | 277
2 ol o | o |10/ 0 0 | 41| 696 | 256 | 07 | 99.3 | 737
3 ol o | o |10/ 0 0 | 61579 263]| 97 | 903 | 64
> |o| o | 67|93 67| 0 | 11289632 68 | 932 30
6 ol o | o |10 0 0 | 43| 248|589 | 12 | 88 | 291
7" Jo|l o | o |10 0 0 0 | 56.4 | 294 | 142 | 858 | 56.4
8 ol o | o |10/ 0 0 | 56541391 | 12 | 988 | 59.7
9 ol o | 0o |10/ 0 0 5 | 846 | 46 | 58 | 942 | 896
10 1o| o | o [ 100 O 0 | 12| 48 | 334 | 606|394 | &
1 10| o | o | 100 | 0 0 | 67| 379|503 | 51 | 949 | 44.6
12 1o o | o | 100 ]| o0 0 |184| 764 | 52 | 0 | 100 | 948
13 1olo1| 5 | 949 | 51 | 01| o | 32 | 161 | 807 | 193 | 3.2
14 1ol o | o |10 o0 0 | 3484|134 08 | 99.2 | 8538
15 1o o | 12 | 88 | 12 0 0 | 23 | 30 | 677 | 323 | 23
7 1ol o | o | 100 | O 0 0 | 114 | 764 | 12.2 | 87.8 | 114
18 1o|l o | o | 100] o0 0 |15 | 125 | 619 | 241 | 759 | 14
¥ 1ol o | o |100] 0 0 0 | 24 | 142 | 834 | 166 | 24
20 1ol o | 0o |10/ 0 0 0 | 89 | 752 | 159 | 84.1 | 89
23 1ol o | 0o |100] 0 0 |12 | 752|152 | 84 | 91.6 | 76.4
2 1ol o | 0o |10/ 0 0 | 23| 742|214 21 | 979 | 765
AV 10001152 |98.48 | 1.53 | 0.01 | 3.05 | 39.78 | 36.03 | 21.15 | 78.85 | 42.83
SEM 10 ] 001|075 0.75 | 0.75 | 0.01 | 0.96 | 6.82 | 5.18 | 6.18 | 6.18 | 7.37
GASTRINOMA
NUCLEAR CYTOPLASMIC
D |S| M | W | -VE|+VE|StM | S | M W | -VE | +VE | StM
4 lol o | o |10/ 0 0 | 51|84 95 | 0 | 100 | 905
22 10| 23| 12 | 857 |143| 23 | 21 | 42 | 191 | 368 | 63.2 | 441
24 10| o | 621|939 61| 0 |34]524)|3905]| 47 | 953 | 5558
AV 10077 | 6.03 | 93.20 | 6.80 | 0.77 | 3.53 | 59.93 | 22.70 | 13.83 | 86.17 | 63.47
SEM |0 | 0.77 | 3.46 | 414 | 414 | 0.77 | 0.87 | 13.08 | 8.85 | 11.56 | 11.56 | 13.93
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Phospho-p27 - ISLET SAMPLES

NUCLEAR CYTOPLASMIC
D |S| M | W | -VE|+VE|StM | S | M W | -VE | +VE | StM
1 Jo| o |67]933]| 67| 0 0 | 314 | 457 | 229 | 771 | 314
2 |o| o | 53|97 |53 ] o0 0 | 42 | 712 | 246 | 754 | 42
4 lol o | o100 0 0 |449| 352 | 142 | 57 | 943 | 801
5> ol o] o |10/ 0 0 0 | 287 | 61.2 | 109 | 89.9 | 287
6 ol o | o |10 0 0 0 | 175 | 723 | 112 | 89.8 | 175
7" Jo|l o | o |10 0 0 0 | 84 | 804 | 112 | 888 | 84
8 ol o | o |10/ 0 0 0 | 71 | 843 | 86 | 914 | 71
9 ol o | 0o |10/ 0 0 |04 112|835 49 | 951 | 116
10 1o| o | o [ 100 O 0 |272| 514|152 | 62 | 93.8 | 786
11 1o| o | 54| 946 | 54 | 0 |38 564|354 ]| 44 | 956 | 60.2
12 1o o | o | 100 ]| o0 0 |115| 405 | 374 | 101 | 89.4 | 52
13 10| 97 /301|602 |398| 97 | 44 | 764 | 141 | 51 | 949 | 8038
14 1ol o | o |10 o0 0 | 45 | 734|164 | 57 | 943 | 779
15 1o| o | 64| 936 64| 0 0 | 284 | 614 | 102 | 89.8 | 284
7 1ol o | o | 100 | O 0 0 0 | 155 | 845 | 155 | o0
18 1o|l o | o | 100] o0 0 | 28| 708|248 | 16 | 984 | 736
20 1ol o | 0o |10/ 0 0 | 23| 184|725 68 | 93.2 | 207
23 |o| o | 43| 957 | 43| o0 0 | 114 | 851 | 35 | 965 | 114
2 1ol o | 0o |10/ 0 0 | 53801 123]| 23 | 97.7 | 854
AV 101|051 |3.06|96.43 | 3.57 | 0.51 | 5.64 | 34.26 | 47.52 | 12.65 | 87.42 | 39.89
SEM |0 | 051|161 2.10 | 220 | 051 | 2.64 | 6.10 | 653 | 4.23 | 4.23 | 7.20
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Phospho-p27 - EXOCRINE PANCREAS SAMPLES

NUCLEAR CYTOPLASMIC
D |S| M | W | -VE|+VE|StM | S | M W | -VE | +VE | StM
1 |o0|341|446| 213 | 787 | 341 | 0 | 157 | 35.1 | 49.2 | 50.8 | 15.7
2 |o| o | 52| 948|552 ] o0 0 | 46 | 352 | 602 | 39.8 | 46
3 ol o | o |10/ 0 0 0 | 17.4 | 257 | 56.9 | 431 | 174
5> ol o] o |10/ 0 0 0 | 152 | 752 | 96 | 904 | 152
6 ol o | o |10 0 0 |245]| 554 | 154 | 47 | 953 | 79.9
7" Jo|l o | o |10 0 0 0 0 | 102|898 102 0
8 ol o | o |10/ 0 0 0 | 23 | 143 | 834 | 166 | 23
9 ol o | 0o |10/ 0 0 0 | 1.2 | 334 | 654 | 346 | 12
10 1o| o | o [ 100 O 0 |12 | 164 | 174 | 65 | 35 | 176
11 70| o | 94|96 94| 0 0 | 104 | 334 | 56.2 | 43.8 | 104
12 1o o | o | 100 ]| o0 0 0 | 05 | 215 ] 78 | 22 | 05
13 1o |242|267| 49.1 | 509 | 242 | 0 0 | 115|885 | 115 o0
14 1ol o | o |10 o0 0 0 | 1.3 | 167 | 8 | 18 | 13
15 o] o | 94|96 | 94| 0 | 12197 | 324 | 467 | 53.3 | 20.9
7 1ol o | o | 100 | O 0 0 0 | 112|888 | 112 | o0
18 1o|l o | o | 100] o0 0 0 | 202 | 426 | 37.2 | 62.8 | 202
¥ 1ol o | o |100] 0 0 |04 | 53 | 812131869 | 57
20 1ol o | 0o |10/ 0 0 0 0 25 | 975 | 25 | 0
23 |o| o |42 | 958 | 42| 0 0 | 6.4 | 614 | 322 | 67.8 | 6.4
2 1ol o | 0o |10/ 0 0 | 21113201 | 665 | 335 | 13.4
AV 102924989211 | 7.89 | 2.92 | 1.47 | 10.17 | 29.82 | 58.55 | 41.46 | 11.64
SEM 10| 204|253| 452 | 452 | 204 |1.22| 2.89 | 479 | 6.23 | 6.23 | 3.97
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JAB1- TUMOUR SAMPLES

INSULINOMA
NUCLEAR CYTOPLASMIC
ID |S|M| W | VE | +VvE | StM | s M W | -VE | +VE | StM
1 Jolo] o | 100 ]| o 0 0 | 84 | 613|303 | 69.7 | 84
2 |o|lo|37|9%3|37 | o | 41 | 214 | 328 | 417 | 583 | 255
3 lolo]| o |10 0 0 |1785|73.45| 7.9 | 08 | 99.2 | 91.3
5> lolo]| o |10 o0 0 | 782 | 85 | 7.4 | 59 | 941 | 867
6 |o|lo]| o | 10| o 0 | 532|306 | 111 | 51 | 949 | 83.8
7" lolo] o | 100 ]| o 0 | 135 | 246 | 39.7 | 22.2 | 77.8 | 38.1
8 lolo]| o |10 o0 0 0 | 147|812 41 | 959 | 147
9 lolo]| o |10 o0 0 | 104 | 115 | 69.9 | 82 | 91.8 | 21.9
10 Jolo] o | 100 | O 0 0 0 | 154 | 846|154 | 0
11 1olo| o |10 ]| 0 0 73 | 62 | 31 | 834 | 166 | 135
12 1olo] o | 100 | o 0 | 843|142 | 15 | o | 100 | 985
13 Jolo]| o | 100 ]| o 0 0 0 | 62 | 939 62 | 0
14 1olo] o | 100 ]| o0 0 | 1.2 | 197 | 76.4 | 27 | 97.3 | 20.9
15 1olo] o | 100 | o0 0 | 423 | 349 | 173 | 56 | 945 | 77.2
7 1olo| o | 100 ]| 0 o | 56 | 829|102 13 | 987 | 885
18 1olo]| o | 100 ]| o 0 | 129 | 61.8 | 22.2 | 3.3 | 96.8 | 74.7
19 Jolo] o | 100 ]| o0 0 | 193 | 423 | 25.7 | 27 | 87.3 | 616
20 |olo| o | 100 ]| O 0 0 | 148 82| 0 | 100 | 1438
23 |olo]| o | 100 | O 0 | 71 | 864 | 65 0o | 100 | 935
2 |olo] o | 100 ]| o 0 0 0 | 124 | 876|124 | 0
AV 10| 0]019]99.82| 019 | 0 |17.86|27.81 | 29.67 | 24.17 | 75.34 | 45.68
SEM 10| 0 /019|018 | 019 | 0 | 579 | 6.16 | 6.42 | 7.66 | 7.60 | 8.34
GASTRINOMA
NUCLEAR CYTOPLASMIC
D | S| M | W/|-VE|+VE|SM | S| M | W | -VE | +VE | SM
4 o | o] o |10/ o 0 0 | 152 | 812 | 36 | 964 | 15.2
2 | 0| o | o |10/ o0 0 0 | o | 253|747 | 253 | o0
24 1 o] o | o |10/ o0 0 0| o | 24 | 976 | 24 0
AV 1 o] o | o |100] o0 0 0 |5.07|36.30 | 5863 | 4137 | 5.07
SEM | 0 | 0o | 0| o 0 0 0 | 5.07 | 23.40 | 28.30 | 28.30 | 5.07
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JAB1-ISLET SAMPLES

NUCLEAR CYTOPLASMIC
ID | S| M | W |-VE|+VE | S+M | S M | W | -VE | +VE | StM
1 0ol o] o |10]| o 0o | 873 | 94 | 33| 0o | 100 | 96.7
2 0ol o] o |10/ o 0 |7755|1555| 69 | 0 | 100 | 93.1
4 0ol o] o |10/ o0 0 | 8.4 |113]|33| 0o | 100 | 96.7
5 0ol o] o |10/ o 0 | 8.4 | 64 | 32| 4 | 9 | 928
6 0ol o] o |10]| o 0 65 | 204 | 117 | 29 | 971 | 854
7 0ol o] o |10/ o0 0 | 714 | 246 | 4 | o | 100 | 9
8 0ol o] o |10/ o 0 | 812 84 | 65| 39 | 961 | 89.6
9 0ol o] o |10/ o0 0 | 764 | 154 | 74 | 08 | 99.2 | 91.8
10 1 0| o | o |100]| o0 0 | 637|295 | 47 | 21 | 979 | 932
1 10| 0] o100/ o 0 | 838|123 |39 | 0 | 100 | 961
12 1 0] 0o | 0o |100] o0 0 | 914 | 84 | 02| 0 | 100 | 99.8
13 10| o] o ]10]| o 0 | 539|461 0 0o | 100 | 100
14 1 0| o] o ]100]| o0 0 | 426 | 24.4 | 181|149 851 | 67
5 1o o] o100/ o0 0 15 | 813 [ 37 | 0o | 100 | 96.3
7 10 o] o |10/ o 0 | 105 | 734 |1621| 0 | 100 | 83.9
18 | 0] 0o | 0o |100]| o0 0 | 343|508 |131] 1.9 | 98.2 | 85.1
20 | 0| o | o |10] o0 0 | 81135 |54 | 0 | 100 | 946
22 | ol o | o |10] o0 0 | 112|824 | 64| 0 | 100 | 936
2 1 o] o | o0 |100]| o0 0 0 | 724 | 267 ] 09 | 99.1 | 72.4
AV 1 0| o | o |100]| o0 0 |5885|31.89 | 7.61 | 1.65 | 98.35 | 90.74
SEM 1 0l 0] o] o 0 0 | 699 | 619 | 1.55| 0.80 | 0.80 | 2.00
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JAB1 - EXOCRINE PANCREAS SAMPLES

NUCLEAR CYTOPLASMIC
D | S| M| W /| -VE|+VE|SM | S| M | W | -VE | +VE | SM
1 1ol o] o ]10] 0 0o | o] o | 120]|871]129] o0
2 1o 0 |53|97 |53 0o | o0 |117] 444 | 439 | 561 | 11.7
S ol o | 0o |100] o0 0o | o] o | 56 |94]| 56 | 0
> oo | o100 o0 0o | o] o | 23 |o977] 23] o0
6 oo | o | 100] o0 0o | o] o | 67 |933] 67 | O
" ol o | o |100]| o0 0o | o] o | 24 |976] 24 | o0
8 ol o | o |100] o0 o o] o o |10 ]| o 0
® oo | 0o |100] o0 0 | o [321] 354 | 325 | 675 | 32.1
10 1 o]l o] 0o |10/ 0 o o] o o |10 ]| o0 0
1 70| 0] o] 10| 0 0 | 0| 0 | 534|466 |534 ]| 0
2 1o o] o |10/ o 0o | o] o] 23 |977] 23| o
13 | 0| o 136|864 |1236| 0 | 0| 0 | 176 | 824 | 176 | 0
14 1ol o | o |10/ 0 o o] o o |10 ]| o 0
5 1ol o | 0o ]10] 0 0 | o] 72]300] 629|371 72
7 10| o] o] 10| 0 0 | 0 |364] 511 | 125 | 875 | 36.4
18 1 oo | o |10/ 0 0 | 0 |230] 691 | 80 | 920 | 23.0
¥ 1ol o] o ]10] 0 0o | o] o | 307693307 0
20 | 0| 0 |124| 876|124 0 | 0| 0o | 81 |919]| 81 | o0
22 | o| 0 | 42|98 | 42| 0 | 0 |243]|357 | 40 | 60 | 243
2 | 0| o0 |64|936|64| 0 | 0] 0| 36 94| 36| 0
AV | 0| 0 |210]9791|210| 0 | 0 |6.73 2056|7271 |27.29 | 6.73

SEM 1 0 | 0 |094] 094 | 094| 0 | 0 |269]| 480 | 6.95 | 6.95 | 2.69
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p-AKT - TUMOUR SAMPLES

INSULINOMA
NUCLEAR CYTOPLASMIC
ID s | M W | -VE | +VE | S*M | S | M W | VE | +VE | stM
1 0 0 o | 100 | o 0 | 31| 782|187 | o | 100 | 813
2 0 | 675 | 6655 | 26.7 | 733 | 6.75 | 0 | 2075 | 72.9 | 6.35 | 93.65 | 20.75
3 0 | 60 | 809 | 132 | 869 | 6.0 | 0.0 | 445 | 47.4 | 82 | 91.9 | 445
5 0 | 203 | 748 | 49 | 951 | 203 | 84 | 812 | 75 | 29 | 971 | 896
6 | 53| 306 | 462 | 89 | 911 | 449 | 89 | 76.4 | 128 | 1.9 | 981 | 85.3
7 | 08 | 582 | 356 | 54 | 946 | 59 | 0 | 443 | 521 | 3.6 | 96.4 | 44.3
8 0 0 | 215 | 785 | 215 | o0 0 | 162 | 75.4 | 84 | 916 | 16.2
9 0 | 97 | 864 | 39 | 961 | 97 | 23 | 8.2 | 115 | 0 | 100 | 885
10 | 32 | 472 | 244 | 212 | 748 | 504 | 43 | 837 | 102 | 1.8 | 982 | 88
1 0 0 | 107 | 803|107 | o |132]| 785 | 83 | 0 | 100 | 917
12 0 | 464 | 501 | 35 | 965 | 46.4 | 5.4 | 864 | 82 | 0 | 100 | 918
13 0 | 26.1 | 235 | 505 | 495 | 26.1 | 00 | 21 | 317 | 663 | 338 | 21
14 0 0 68 | 93.2 | 68 0 0 | 92 | 8.1 | 47 | 953 | 9.2
15 | 74 | 735 | 127 | 6.4 | 936 | 809 | 243 | 634 | 112 | 1.1 | 989 | 87.7
17 0 0 3.2 | 968 | 3.2 0 0 | 42 | 925 | 33 | 967 | 42
18 0 0 14 86 14 0 0 | 139 | 779 | 83 | 917 | 139
19 | 96| 183 | 312 | 41 | 59 | 278 | o | 107 | 377 | 1.7 | 484 | 107
20 0 0 76 | 924 | 76 0 0 | 54 | 854 | 92 | 90.8 | 54
23 0 | 353 | 458 | 18.9 | 811 | 353 | 2.4 | 363 | 452 | 16.1 | 83.9 | 387
25 | 31| 647 | 317 | 05 | 995 | 67.8 | 34.2| 362 | 296 | 0 | 100 | 70.4
AV | 1.47 | 22.60 | 34.13 | 41.61 | 58.19 | 24.06 | 5.33 | 43.88 | 41.11 | 7.19 | 90.32 | 49.21
SEM | 063 | 552 | 589 | 860 | 858 | 5.86 | 2.04 | 7.22 | 6.86 | 3.25 | 3.92 | 8.13
GASTRINOMA
NUCLEAR CYTOPLASMIC
D | s | M W | -VE | +VE | StM | S | M W | -VE | +VE | StM
4 0 | 124 | 689 | 187 | 813 | 124 | 0 | 249 | 642 | 109 | 89.1 | 24.9
2 | 0| o |1015 |89.85| 1015 | 0 0 | 655 | 88.3 | 5.15 | 94.85 | 6.55
24 | 0| o | 203 | 797 | 203 ] 0 0 5 |875| 75 | 925 | 5
AV | 0 | 4133312 | 6275 | 37.25 | 413 | 0 | 1215 | 80 | 7.85 | 92.15 | 12.15
SEM | 0 | 413 | 1813 | 2222 | 2222 | 413 | 0 | 6.39 | 7.90 | 1.67 | 1.67 | 6.39
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p-AKT - ISLET SAMPLES

NUCLEAR CYTOPLASMIC
ID s | M W | VE | +VE | s+M | S M W | -VE | +VE | StM
1 0 | 204 | 534 | 262 | 738 | 204 | 126 | 734 | 131 | 09 | 99.1 | 86
2 0 | 68 | 524 | 409 | 592 | 68 | 00 | 85 | 816 | 10.0| 90.1 | 85
4 |61 | 317 | 384 | 238 | 762 | 378 | 104 | 738 | 13.7 | 21 | 979 | 842
5 0 | 383 | 532 | 85 | 915 | 383 | 0 | 852 | 106 | 42 | 958 | 85.2
6 | 254 | 504 | 162 | 8 92 | 75.8 | 436 | 362 | 193 | 1.9 | 99.1 | 79.8
7 |453]| 452 | 95 0 | 200 | 905 | 82.8 | 127 | 45 | 0o | 100 | 955
8 0 | 2904 | 694 | 1.2 | 988 | 2904 | 61 | 862 | 77 | o | 100 | 923
9 0 | 89 | 834 | 77 | 923 | 89 | 427 | 541 | 32 | o | 100 | 9658
0 | o | 32 | 154 | 814 | 186 | 3.2 0 91 | 823 | 86 | 914 | 91
11 | 468| 407 | 125 | o | 100 | 875 | 512 | 467 | 21 | o | 100 | 97.9
12 1 0 | 99 | 213 | 688 | 312 | 99 | 86 | 751 | 163 | 0 | 100 | 837
13 | o0 | 10 | 754 | 146 | 854 | 10 | 21 | 894 | 85 | 0o | 100 | 915
14 | 46 | 645 | 241 | 68 | 932 | 691 | 48 | 837 | 111 | 0.4 | 99.6 | 885
15 1194 | 389 | 412 | 05 | 995 | 583 | 11 | 684 | 184 | 2.2 | 97.8 | 79.4
7 1 o0 | 123 | 752 | 135 | 865 | 11.3 | 132 | 823 | 45 | 0o | 100 | 955
18 | o0 | 174 | 677 | 149 | 851 | 17.4 | 37 | 839 | 94 | 3 | 97 | 876
20 | g6 | 453 | 40 | 61 | 939 | 539 | o0 | 112 | 876 | 1.2 | 988 | 11.2
23 | 43| 593 | 35 | 14 | 986 | 636 | 0 | 783 | 204 | 1.3 | 98.7 | 78.3
25 | o0 | 137 | 748 | 145 | 885 | 137 | 63 | 707 | 225 | 05 | 995 | 77
AV | 8.45 | 28.70 | 45.18 | 17.83 | 82.33 | 37.14 | 15.74 | 50.41 | 22.99 | 1.91 | 98.14 | 75.16

SEM | 345 | 437 | 559 | 523 | 524 | 6.76 | 520 | 6.75 | 6.36 | 0.66 | 0.66 | 6.85
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p-AKT - EXOCRINE PANCREAS SAMPLES

NUCLEAR CYTOPLASMIC
D |[s| M | W | VE|+VE |SM | s | M W | -VE | +VE | StM
1 Jo|612| 243 | 145 | 855|612 | 0 | 99 | 81| 5 95 | 9.9
2 lo] o o |10 ] o 0 0 | 37 | 287 | 676 | 324 | 37
3 |o0| 72| 247 | 681|319 | 72 | 0 | 75 | 854 | 71 | 929 | 75
> o] 0o | 63 ]937] 63| 0 0 | 32 [ 932 | 36 | 964 | 3.2
6 |0]19.4|531 | 275 | 725 | 194 | 0 | 281 | 69.3 | 2.6 | 97.4 | 28.1
7 |0]19.2| 512 | 296 | 70.4 | 19.2 | 24.1| 543 | 202 | 1.4 | 98.6 | 78.4
8 |o| 0 | 56 | 944 | 56 | 0 0 | 42 | 879 | 79 | 921 | 42
° |o| o | 132 |88 | 132 | 0 | 19| 685|296 | 0 | 100 | 70.4
10 1o| o | 32 | 98| 32| o 0 0 | 57 |943| 57| o0
11 10| 53| 325|622 |378]| 53| 0 0 31 | 69 | 31 0
12 10| o | 43 | 957 | 43 | o 0 | 64 | 912 | 24 | 976 | 6.4
13 10|44 | 742 | 214 | 786 | 44 | 0 | 102 | 821 | 77 | 923 | 102
14 10114597 | 289 | 711 | 114 | 0 | 142 | 824 | 3.4 | 96.6 | 142
15 10|67 | 237 | 696 | 304 | 67 | 0 | 268|661 | 71 | 92.9 | 2658
¥ 1ol o | 74 | 926 | 74 | 0 0 | 128 | 832 | 4 9 | 12.8
18 10|52 | 673|275 | 725 | 52 | 0o | 161|767 | 72 | 928 | 161
19 1ol o | 67 | 933| 67 | O 0 | 81 | 834 | 85 | 915 | 81
20 1o 0 5 95 5 0 0 | 87 | 784 | 129 | 871 | 87
23 |o|51|874| 75 | 925 | 51 | 0 | 49 | 915 | 36 | 964 | 4.9
25 1ol o | 163|837 ] 163 0 0 | 103|837 ] 6 94 | 103
AV |0 |7.26 | 28.31 | 64.44 | 35.56 | 7.26 | 1.30 | 14.90 | 67.74 | 16.91 | 83.94 | 16.20
SEM 10315 6.10 | 749 | 7.49 | 315 | 1.20 | 3.96 | 6.19 | 6.11 | 6.01 | 4.76
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PTEN - TUMOUR SAMPLES

INSULINOMA
NUCLEAR CYTOPLASMIC
ID S M W | -VE| +VE | SM | S | M | W | -VE | +VE | StM
1 | 173 | 212 | 242 | 378 627 | 385 | 0 | 21 | 114 | 865 | 135 | 2.1
2 94 | 658 | 241 | 07 | 993 | 752 | 0 | 0o |157| 843 | 157 | o0
3 | 336 | 543 | 122 | 0.0 | 100.0| 87.9 |00 | 0.0 | 85 | 916 | 85 | ©
5 | 486 | 209 | 99 |206| 794 | 695 | 0 | 0 |143| 857 | 143 | o0
6 | 734 | 165 | 100 | 0o | 100 | 8.9 | 0| 0 | 0o | 100 | O 0
7 | 694 | 113 | 62 [131] 869 | 807 | 0| 0 | 34| 96| 34 | 0
8 | 832 | 64 | 49 | 55| 945|896 | 0| 0o | 0o | 100 | o0 0
9 | 216 | 538 | 164 | 82| 918|754 | 0| 0o | o | 100 | o 0
10 | 134 | 796 | 7 0o [ 100 | 93 | 0o | o | o | 100 | O 0
111 231 | 675 | 94 | 0 | 100 [ 96 | 0| 0 | 0 | 100 | 0 0
12 | 768 | 186 | 46 | 0 | 100 | 954 | 0| 0 | o | 100 | O 0
13 0 | 400 | 585 | 16 | 984 | 400 | 0| 0 | 0o | 100 | o 0
14 | 613 | 354 | 33 | 0o | 100 | 967 | 0| 0o | o | 100 | © 0
15 | 383 | 514 [ 103 | 0 | 100 | 897 | 0 | 0 |562]| 438 | 562 | 0
17 | 934 | &6 0 0 | 200 | 200 | 0 | o | o | 100 | © 0
18 | 294 | 631 ] 75 | 0o | 100 | 925 | 0| 0 | o | 100 | O 0
19 | 164 | 724 | 108 | 0.4 | 996 [ 888 | 0 | 0o | 0o | 100 | © 0
20 | 154 | 814 | 32 | o | 100 | 968 | 0| o | o | 100 | © 0
23 | 727 | 156 | 127 | o | 100 | 883 | 0| 0o | o | 100 | © 0
25 512|456 | 32 | 0o | 100 | 968 | 0| 0 | o | 100 | O 0
AV | 42.40 | 41.37 | 11.87 | 4.40 | 95.63 | 83.76 | 0 | 0.11 | 5.47 | 94.42 | 558 | 0.11
SEM | 636 | 567 | 283 | 214 | 212 | 384 | 0 | 011291 293 | 2.93 | 0.11
GASTRINOMA
NUCLEAR CYTOPLASMIC
ID S M W | -VE| +VE | S*M | S | M | W | -VE | +VE | StM
4 | 463 | 416 | 11 | 11 | 989 | 879 | 0| 0o | o |10]| o0 0
22 | 219 | 702 | 80 | 00 |1000] 922 | 0 | 0 | 0o |100]| o 0
24 | 241 | 424 | 335 | 0 | 100 | 665 | 0 | 0 | 0 |100]| o 0
AV 13077 | 51.38 | 17.48 | 0.37 | 99.63 | 8215 | 0 | 0 | 0 | 100 | © 0
SEM | 779 | 939 | 8.06 | 037 ] 037 | 792 | 0o | o | 0o | o 0 0
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PTEN-ISLET SAMPLES

NUCLEAR CYTOPLASMIC
ID s M | W |-VE|+VE |SfM | S | M | W | -VE | +VE | StM
1 | 187 | 648 |165| 0 | 1200 | 835| 0o | o | o | 100 | o0 0
2 | 64 | 84799 0 | 101 9122 | 0 | 0o | o |100] O 0
4 | es6 | 217 |107] 2 | 98 | 873 | 0 |474|502| 24 | 976 | 474
5 | 755 | 143 |57 | 45 | 955 | 89.8 | 0 |107|81.6| 7.7 | 923 | 10.7
6 | 709 | 96 | 61|44 | 956 | 85| 0 | o | o |10 o0 0
7 1123|702 | 87|98 |912|85| 0| 0o ]| o |100]| 0 0
8 | 553|325 |48 |74 | 926|878 0| 0o | 0o |10/ o 0
9 | 249 | 538 |165| 48 | 952 | 787 | 0 | o | 0o | 100 | © 0
10 | 198 | 617 |132| 53 | 947 [815| 0o | o | o | 100 | O 0
111 718 | 264 | 18| 0 | 1200 | 982 | o | o | o | 100 | © 0
12 | g16 | 16.9 | 25| 0o | 100 | 985 | 0o | 0o | o | 100 | O 0
13 | 792 | 208 | 0o | o | 100 | 100 | 0 | 0o | o | 100 | O 0
14 | 315 | 39.2 | 286| 07 | 993 | 707 | o | o | o | 100 | O 0
15 | 753 | 143 |104| 0 | 100 | 896 | 0 | 0o | o | 100 | O 0
17 1 784 | 204 | 12| 0 | 100 | 988 | 0o | o | o | 100 | © 0
18 | 422 | 298 | 23.4| 46 | 954 | 72 | o | o | o | 100 | O 0
20 | 514 | 461 | 25| 0o | 100 |975| 0 | o | o | 100 ]| O 0
23 | 854 | 146 | 0 | 0o | 100 | 100 | 0 | 0 | o | 100 | O 0
25 | g21 | 174 | 05| 0o | 100 | 995 | 0o | 0o | o | 100 | O 0
AV |54.59 | 34.69 | 8.53 | 2.29 | 97.82 | 89.29 | 0.00 | 3.06 | 6.94 | 90.01 | 9.99 | 3.06
SEM | 6.33 | 5.15 | 1.88|0.70 | 0.68 | 2.14 | 0.00 | 253 | 4.92 | 6.87 | 6.87 | 2.53
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PTEN - EXOCRINE PANCREAS SAMPLES

NUCLEAR CYTOPLASMIC
ID S M W | VE | +VE | S*M | S | M | W | -VE | +VE | S+M
1 33 | 351 | 312 | 304 | 696 | 384 | 0| 0 | 0 |100]| O 0
2 77 | 387 | 243 | 203 | 707 | 464 | 0| 0 | 0 |100]| O 0
3 | 183 | 486 | 12.4 | 204 | 793 | 669 | 0 | 0 | 0o | 100 ]| O 0
5 | 457 | 59 | 83 | 401 | 599 | 516 | 0| 0 | o |100]| O 0
6 | 117 | 246 | 283 | 354 | 646 | 363 | 0 | 0 | 0 | 100]| O 0
7 0 | 324 | 164 | 512 | 488 | 324 | 0| 0 | 0 |100]| O 0
8 96 | 391 | 117 | 396 | 604 | 487 | 0| 0 | 0 |100]| O 0
9 | 267 | 2105 | 107 | 411 | 589 | 482 | 0 | 0 | 0o |100]| O 0
10 0 50 | 214 | 286 | 724 | 50 | 0| 0o | 0 |100] 0O 0
1 0 | 355 | 245 | 40 60 | 355 | 0] 0| 0 |10]| O 0
12 ] 108 | 301 | 257 | 334 | 66.6 | 409 | 0 | 0 | 0 |100]| O 0
13 | 97 | 500 | 154 | 24 76 | 606 | 0 | 0 | 0 |100]| O 0
14 | 154 | 253 | 264 | 329 | 671 | 407 | 0| 0 | 0 |100]| O 0
15 | 345 | 361 | 257 | 37 | 963 | 706 | 0| 0 | 0 |100]| O 0
17 | 653 | 174 | 141 | 32 | 968 | 827 | 0| 0 | 0 |100]| 0O 0
18 | 376 | 342 | 214 | 68 | 932 | 728 | 0| 0 | 0 |100]| O 0
19 | 186 | 647 | 167 | 0 100 | 833 | 0| 0o | o |100]| o0 0
20 | 74 | 432 | 2714 | 22 78 | 506 | 0] 0| 0 |100]| o0 0
23 | 213 | 294 | 184 | 309 | 69.1 | 507 | 0 | 0 | 0 |100]| O 0
25 | 287 | 297 | 184 | 232 | 768 | 584 | 0 | 0 | 0 |100]| O 0

AV | 1862 | 34.62 | 19.94 | 26.81 | 73.18 | 53.24 | 0 | 0 | 0 | 100 | © 0

SEM | 380 | 293 | 148 | 316 | 316 | 339 | 0 | 0 | 0 | O 0 0
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