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Summary$

There! are! similarities! between! tissue! repair! and! cancer! development.! Epithelial!

tumours!promote!the!formation!of!the!stroma!by!activation!of!the!wound!healing!

process,! but! unlike! healing! wounds! the! process! is! not! selfOlimiting.! Pigment!

epithelium!derived!factor!(PEDF)!is!a!secreted!glycoprotein!that!has!been!shown!to!

exhibit!multiple!biological!properties!including!antiOangiogenesis,!antiOtumorigenesis!

and! immuneOmodulation.! Previous! studies! demonstrated! that! PEDF! expression! is!

downregulated! as! prognostic! factors! worsen! in! a! range! of! cancers! and! chronic!

inflammatory!conditions!and!treatment!with!recombinant!PEDF!has!showed!some!

benefit!in!cellular!functional!models.!However,!there!has!been!little!evidence!to!date!

to!assess!the!role!of!PEDF!in!colorectal!cancer!and!wound!healing.!The!aims!of!this!

study!were! to! elucidate!more! detailed! regulatory!mechanisms! of! PEDF! in!wound!

healing,! and! tumour! angiogenesis! in! colorectal! cancer! and! provide! evidence! to!

develop!PEDF!or!its!fragments!as!therapeutics!for!wound!healing!or!colorectal!cancer!

treatment.!

This!study!found!that!PEDF!expression!was!downregulated!in!colorectal!cancer!cell!

lines!and! tissue!and! that! treatment!with! recombinant!PEDF!resulted! in! significant!

decreases! in! the! rate! of! colorectal! cancer! cellular!migration! and! invasion! and! an!

increase! in! cellular! adhesion! in! some! colorectal! cancer! cell! lines! examined,!

suggesting!a!promising!role!of!the!treatment!of!PEDF!in!the!prevention!of!colorectal!

cancer!metastatic!spread.!

Within!wound!healing,!our!results!indicated!that!PEDF!expression!was!high!amongst!

dermal!fibroblasts!but!less!so!in!keratinocytes!and!endothelial!cell!lines,!suggesting!
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that!fibroblasts!are!responsible!for!secretion!of!PEDF!in!response!to!inflammation.!In!

cellular!functional!models,!recombinant!PEDF!treatment!significantly!increased!the!

migration!of!keratinocytes,!suggesting!a!possible!role!as!a!chronic!wound!treatment.!!

Further! studies! are!warranted! to! assess! the! role!of! PEDF! in! a! range!of! colorectal!

cancer!subsets,!other!wound!healing!cells!and!animal!models!to!identify!a!suitable!

delivery!vector.!!
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1.1$The$similarities$between$wound$repair$and$cancer$development$

1.1.1$Wound$healing$process$

The!wound!healing!process!takes!place!as!a!series!of!complex!interactions!between!

epidermal!cells,!dermal!cells,!the!extracellular!matrix!(ECM)!and!plasma!controlled!

proteins! and! is! controlled! by! cytokines! and! growth! factors! (Harding! et! al.! 2002;!

Gurtner!et!al.!2008;!Haertel!et!al.!2014).!The!stages!of!the!wound!healing!process,!

which! often! overlap! in! time! and! space,! are! described! below! and! summarised! in!

Figure!1.1.!!

1.!Injury!and!Coagulation!Stage.!

Initial!injury!causes!leakage!of!blood!constituents!to!fill!the!wound!space.!Neuronal!

reflex! mechanisms! cause! rapid! constriction! of! injured! vessels! by! contraction! of!

vascular!smooth!muscle!cells,!and!endothelial!cells,!platelets!and!coagulation!factors!

interact,!to!achieve!haemostasis.!!Platelets!trapped!within!the!fibrin!rich!wound!clot,!

composed! of! fibronectin,! vitronectin,! fibrin! and! thrombospondin,! trigger! an!

inflammatory!response!by!the!release!of!vasodilators,!(e.g.!serotonin),!cytokines,!(e.g.!

tumour! necrosis! factorO! α! (TNFO! α),! transforming! growth! factorO! β! (TGFO! β)),! and!

growth! factors,! (e.g.! vascular! endothelial! growth! factor! (VEGF),! plateletOderived!

growth! factor! (PDGF),! and! basic! fibroblast! growth! factor! (FGFb)),! and! finally,!

activation!of!the!complement!cascade!(Coppinger!et!al.!2004;!Golebiewska!&!Poole.!

2015).!!

2.!Inflammation!Stage.!
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Within!a!few!hours!following!injury,!various!leukocytes!infiltrate!the!wound!space.!

Polymorphonuclear! neutrophils,! activated! by! proOinflammatory! cytokines! such! as!

TGFO!β,!remove!bacteria!and!debride!devitalised!tissue,!via!a!release!of!antimicrobial!

substances!and!proteases!(Weiss.!1989;!Su!&!Richmond.!2015).!Polymorphonuclear!

neutrophils! are! also! responsible! for! the! release!of! proOangiogenic! factors! such! as!

VEGFOA,!and!therefore!are!an!important!trigger!for!wound!angiogenesis!(Schruefer!

et! al.! 2006).! ! Following! this,! macrophages,! the! majority! recruited! from! blood,!

predominate!in!the!wound!regulated!by!!a!number!of!different!chemotactic!factors!

including!growth!factors,!chemokines!and!proOinflammatory!cytokines,!which!are!all!

released! by! platelets,! hyperproliferative! keratinocytes,! fibroblasts! and! leukocytes!

subsets!themselves!(Wetzler!et!al.!2000;!Bodnar.!2015).!Macrophages!in!turn,!release!

soluble!mediators!including!the!growth!factors!!VEGFOA,!PDGF,!FGFb!and!TGFO!β, to!

promote!angiogenesis,!cellular!proliferation!and!synthesis!of!the!extra!cellular!matrix!

(ECM)!(DiPietro!&!Polverini.!1993;!Eming!et!al.!2017).!Mast!cells!are!also!an!important!

source!of!proOinflammatory!mediators!and!cytokines!in!wound!healing!(Reed!et!al.!

1995;!Haertel!et!al.!2014;!Eming!et!al.!2017).!!

3.!Proliferation!Stage.!

Neovascularisation! begins! to! occur! in! the! fibrin! rich!wound! clot.! This! is! in! direct!

response! to! soluble! mediators! being! released! by! macrophages! during! the!

inflammation! stage! as! described! above.! Activated! endothelial! cells! respond! by!

retracting! and! reducing! cell! junctions,! and! escaping! from! their! embedded!

endothelium!(Greaves!et!al.!2013).!The!macrophages,!mast!cells!and!endothelial!cells!

themselves!secrete!proteases!to!break!down!existing!basal!lamina.!The!breakdown!
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!

Figure!1.1.!Wound!healing!process.!Diagrammatic!representation!of!the!phases!of!wound!healing.!!
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of!the!endothelial!basement!membrane!allows!detached!endothelial!cells!from!pre*

existing!capillaries!to!migrate!chemotactically!towards!the!wound!and!lay!down!new!

vessels!(Greaves!et!al.!2013).!The!wound!microenvironment!of!hypoxia!and!acidosis!

aids!this!process.!Following!angiogenesis,!fibroblasts!contribute!to!the!production!of!

the!ECM!and!ultimately!differentiate!into!myofibroblasts;!this!stage!is!characterised!

clinically! with! the! formation! of! granulation! tissue! (Greaves! et! al.! 2013).! Matrix!

metalloproteinases!(MMP’s)!are!responsible!for!the!degradation!of!the!existing!ECM!

(Eming!et!al.!2014).!However!excessive!protease!levels!can!lead!to!degradation!of!the!

same!growth!factors!that!are!required!to!stimulate!keratinocytes!and!is!a!common!

reason!for!chronicity!of!a!wound.!Keratinocytes!proliferate!and!migrate!across!the!

wound! bed! resulting! in! re*epithelialisation,! via! synthesis! of! proteases! and!

components!of!the!basal!lamina!(Gurtner!et!al.!2008).!!

4.!Remodelling!Stage.!

After! closure! of! the!wound,! remodelling! of! the! resulting! scar! takes! place! over! a!

number!of!months!(Gurtner!et!al.!2008).!!

1.1.2.$Angiogenesis$

Angiogenesis!is!a!complex!process!through!which!new!blood!vessels!form!from!pre*

existing!vessels!and!is!regulated!by!an!interacting!balance!between!pro*angiogenic!

and!anti*angiogenic!molecules!(Ribatti.!2006;!Carmeliet!&!Jain!2011).!The!two!main!

forms!of!angiogenesis!are!sprouting!and!intussuscepting.!!

Sprouting! angiogenesis! occurs! when! angiogenic! growth! factors,! such! as! vascular!

endothelial!growth!factor!(VEGF),!activate!receptors!on!endothelial!cells!present!in!
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pre*existing! blood! vessels! (Figure! 1.2)! (Ribatti! &! Crivellato.! 2012).! The! activated!

endothelial!cells!release!proteases!that!degrade!the!basement!membrane!to!allow!

the!endothelial!cells!to!escape!vessel!walls.!Endothelial!cells!then!proliferate!into!the!

surrounding! matrix! and! form! solid! sprouts! connecting! neighbouring! vessels.! As!

sprouts! extend! towards! the! source! of! the! angiogenic! stimulus,! endothelial! cells!

migrate!in!tandem!and!the!sprouts!form!the!vessel!lumen.!!

Intussuscepting!(or!splitting)!angiogenesis!occurs!when!a!new!blood!vessel!is!formed!

by!splitting!an!existing!one!(Figure!1.3)!(Makanya!et!al.!2009).!Essentially!this!consists!

of!opposing!capillary!walls!protruding!into!the!lumen!of!the!vessel!and!creation!of!a!

contact!zone!between!the!endothelial!cells.!Following!the!central!perforation!of!the!

cellular!bilayer,!the!fused!endothelial!cells!form!a!transluminal!cuff,!which!become!

invaded!by!myofibroblasts!and!pericytes.!

In! normal! physiological! conditions,! angiogenesis! occurs! primarily! in! embryonic!

development,! in! response! to!ovulation! and! in! the!normal!wound!healing!process!

(Folkman! 1971).! However,! in! pathological! conditions! the! steady! state! of! the!

angiogenesis! system! is! disrupted! and! endothelial! cells! of! the! microvasculature!

proliferate,! migrate,! and! form! new! but! leaky! vessels! that! can! invade! the! tissue!

(Folkman! 1971;! Carmeliet! &! Jain! 2011).! Pathological! angiogenesis! has! been!

implicated! in! a! range! of! diseases! including! psoriasis,! age*related! macular!

degeneration,!diabetic!retinopathy!and!in!particular!cancer!(Heidenreich!et!al.!2009;!

Ng! et! al.! 2005;! Crawford! et! al.! 2009;! Folkman! 1971;! Carmeliet! &! Jain! 2011).!

Angiogenesis!is!a!crucial.
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!!!!!!!!!!!!!!! !!!!!!!!!!!!!!! !

Figure'1.2!Sprouting!angiogenesis!

!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!! !

Figure'1.3!Intussuscepting!angiogenesis
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!
!

!

!

Figure'1.4!Endogenous!regulating!factors!of!angiogenesis!in!tumour!growth!and!

metastases!
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event! necessary! for! the! growth! and! invasion! of! solid! tumours! and! subsequent!

metastatic!spread!(Figure!1.4)!(Folkman!1995;!Carmeliet!&!Jain!2011)!

1.1.3'Cancer'as'an'over3healing'wound'

It!has!long!been!acknowledged!that!there!is!a!link!between!chronic!inflammation!and!

malignant!transformation!(Virchow.!1863),!with!a!variety!of!clinical!observations!that!

malignant! changes! can!occur! in! the!presence!of! chronic! inflammatory! conditions,!

such!as!Helicobacter+pylori+related!oesphagogastric!inflammation,!ulcerative!colitis!

and! chronic! hepatitis! (Dunham.! 1972).! These! clinical! observations! reinforced! the!

hypothesis!that!there!must!be!similar!cellular!mechanisms!in!both!tissue!repair!and!

cancer! development.! In! 1972,! Haddow! postulated! that! ‘tumour! production! is! a!

possible!over*healing’!(Haddow.!1972).!It!was!later!recognised!that!the!composition!

of!the!stroma!of!a!tumour!was!remarkably!similar,!to!the!granulation!tissue!of!healing!

skin!wounds!(Dvorak.!1986).!Both!skin!wounds!and!tumour!tissue!are!characterised!

by!the!presence!of!a!fibrin!clot,!inflammatory!cells,!newly!formed!blood!vessels!and!

high! number! of! migrating! and! proliferating! fibroblasts! (Schäfer! et! al.! 2008).! The!

deposition!of!fibrin!and!fibronectin!matrix! is!an!acute!event!within!normal!wound!

healing!related!to!mechanically!injured!blood!vessels.!In!contrast!it!is!a!chronic!event!

in!tumour!proliferation!secondary!to!hyper*permeability!of!tumour!vessels!releasing!

plasma!proteins!(Dvorak.!1986;!Hanahan!&!Weinburg.!2011).!Inflammatory!cells!such!

as!macrophages,! produce! inflammatory! cytokines! during! both! wound! repair! and!

tumorigenesis.!In!established!tumours,!these!tumour!derived!cytokines!promote!the!

differentiation! of! macrophages! to! the! M2! phenotype,! which! stimulate! both!

angiogenesis!and!ECM!breakdown!by!producing!growth!factors!and!MMPs,!which!in!
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turn!further!induce!tumorigenesis!(Allavena!et!al.!2008;!Hanahan!&!Weinburg.!2011).!

They!also!release!mediators,!such!as!reactive!oxygen!species!and!reactive!nitrogen!

species! that! can! directly! damage! DNA! and! alter! proteins! that! regulate! cell! cycle!

control!and!apoptosis!(Allavena!et!al.!2008;!Hanahan!&!Weinburg.!2011).!However,!

the!main!contrast!between!tumours!and!wounds!is!related!to!the!invasive!growth!of!

the! transformed!keratinocytes! (Schäfer!et!al.!2008).!As!discussed! in!section!1.1.2,!

angiogenic!processes!are!also!similar!between!both!wound!repair!and!tumorigenesis,!

however! the! tight! control! regulating! the! balance! of! pro*! and! anti*angiogenic!

molecules! is! disrupted.! It! is! also! accepted! that! the! prolonged! presence! of!

myofibroblasts!at!wound!sites!can!result!in!the!formation!of!hypertrophic!or!keloid!

scars,!and!that!large!numbers!of!myofibroblasts!are!found!in!tumours!at!advanced!

stages,!reinforcing!the!link!between!exaggerated!healing!and!cancer!(Radisky!et!al.!

2007;!Albini!&!Sporn.!2007;!Schäfer!et!al.!2008).!!

In!summary,!epithelial!tumours!promote!the!formation!of!the!stroma!by!activation!

of! the!wound!healing!process!but,!unlike!healing!wounds,! the!process! is!not! self*

limiting!in!tumour!formation!and!results!in!uncontrolled!cell!proliferation,!invasion!

and!metastasis.!!

1.2'PEDF'

Pigment!epithelium*derived! factor! (PEDF),! also! known!as!early!population!double!

level! cDNA*1! (EPC1),! is! a! secreted! glycoprotein.! It! was! first! identified! when!

Tombrank*Tink’s!group!were!studying!human!retinal!cell!development.!They!found!a!

factor! that!was! secreted!by! the!human! foetal! retinal! pigment! epithelial! cells! and!
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showed!it!to!be!a!potent!neurite!promoting!factor!(Tombran*Tink!et!al.!1991).!The!

identified! 50kDa! neurotrophic! protein! was! first! referred! to! as! RPE*54! (retinal!

pigmented!epithelium*54)!before!officially!being!named!PEDF.!!!

Subsequently,!the!same!group!performed!laboratory!sequencing!and!found!PEDF!to!

be!a!member!of!the!serpin!gene!family!(Steele!et!al.!1993).!Serpins,!with!most!being!

serine! protease! inhibitors! are! a! group! of! proteins! that! have! a! common! three*

dimensional! structure!which! act! by! inhibiting! proteolysis! action! (Carrell! &! Travis.!

1985).!However,!some!members!of!the!serpin!gene!family,! including!PEDF,!do!not!

have!demonstrable!serpin!protease!inhibitory!activity!and!belong!to!a!sub*group!of!

non*inhibitory!serpins.!!It!is!hypothesised!that!this!sub*group!have!lost!the!protease!

inhibitory!actions!but!gained!additional!properties!via!evolution,!many!of!which!have!

been!demonstrated!to!exhibit!neurotrophic!effects.!!

Tombran*Tink!later!localised!the!gene!encoding!PEDF!(SERPINF1)!to!the!chromosome!

17p13.1! (Tombran*Tink!et! al.! 1994).! The!gene!encodes!a!418*amino!acid!protein,!

consisting!of!8!exons!and!7!introns,!with!an!mRNA!transcript!of!approximately!1.5kb!

(Tombran*Tink!et!al.!1994;!Xu!et!al.!2006).!!PEDF!was!found!to!be!closely!related!to!

several!cancer!genes!including!the!tumour!suppressor!gene!p53!(Tombran*Tink!et!al.!

1994),! which! is! the! most! frequent! target! gene! for! genetic! alterations! in! human!

cancers! (Hollstein!et!al.!1997).!To!date,! the!PEDF!gene!has!only!been!detected! in!

vertebrates.! Tombran*Tink’s! group! suggested! their! findings!of! the!expression!and!

lack!of!expression!in!undifferentiated!and!differentiated!human!retinoblastoma!cells,!

respectively,!alongside!neurotrophic!activity,!may!mean!that!PEDF!might!be!linked!to!

proliferative!events!resulting!in!final!phenotypic!determination.!There!has!since!been!
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evidence! that! PEDF! is! pleotropic! with! multiple! biological! properties! including!

neuroprotective,! anti*angiogenic,! anti*tumorigenic! and! immune*modulating!

(Becerra!et!al.!2013;!Zhang!et!al.!2006b).!!

1.3'The'role'of'PEDF'in'angiogenesis''

PEDF! has! been! demonstrated! to! be! one! of! the!most! potent! natural! inhibitors! of!

angiogenesis,!more!so!than!angiostatin,!endostatin!and!thrombospondin*1!(Dawson!

et! al.! 1999;! Duh! et! al.! 2002).' PEDF! exerts! anti*angiogenic! activities! by! arresting!

endothelial!cell!proliferation!and!migration,!and!has!been!shown!to!occur!even!in!the!

presence! of! VEGF! (Dawson! et! al.! 1999;! Volpert! et! al.! 2002;! Bouck! 2002).! The!

mechanisms!of!action!appear!to!be!multifactorial!(Figure!1.5).!It!is!suggested!that!the!

underlying! mechanism! of! PEDF! biological! effects! on! endothelial! cells! involve! a!

complex!cross!talk!between!the!signal!events!triggered!by!both!pro*angiogenic!and!

anti*angiogenic! molecules.! It! has! been! proven! that! PEDF! upregulates! gamma!

secretase!effects,!which!in!turn!leads!to!cleavage!of!the!vascular!endothelial!growth!

factor! receptor! (VEGFR)! transmembrane! domain,! thereby! limiting!VEGF! signalling!

and!inhibiting!angiogenesis!(Cai!et!al.!2006).!Evidence!also!supports!the!concept!that!

PEDF! upregulates! thrombospondin*1! and! thrombospondin*2! and! downregulates!

basic!fibroblast!growth!factor!(FGFb)!and!MMP*9!(Guan!et!al.!2004),!and!finally!that!

PEDF!expression!is!upregulated!by!angiostatin!and!downregulated!by!hypoxia!(Yang!

et!al.!2006;!Gao!et!al.!2002).!Interestingly,!PEDF’s!activity!appears!to!be!selective!in!

targeting! only! new! vessel! growth! and! spares! the! pre*existing! vasculature! (Bouck!

2002).!It!also!appears!to!induce!peroxisome!proliferator*activated!receptor!(PPAR)*

gamma!expression,!which!downstream!induces!p53,!which!is!involved!in!cell!cycle!!
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Figure'1.5.!Mechanisms!of!action!of!PEDF!
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regulation!and!apoptosis!(Ho!et!al.!2007).!PEDF!selectively!induces!endothelial!cell!

apoptosis! in! actively! remodelling! vessels! via! Fas/FasL! death! receptor! signalling!

(Zaichuk!et!al.!2004;!Elayappan!et!al.!2009).!!

It!has!been!demonstrated!that!the!34*mer!fragment!of!PEDF!(residues!24*57)!exhibits!

the! anti*angiogenic! effects! and! the! 44*mer! fragment! (residues! 58*101)! the!

neurotrophic! effects! (Filleur! et! al.! 2005),! highlighting! that! different! fragments! of!

PEDF!seem!to!be!responsible!for!different!activities.!!

To! date,! the! anti*angiogenic! activity! of! PEDF! has! been! largely! studied! in! ocular!

neovascularization.!However,!PEDF!has!been!found!to!be!expressed!extracellularly!in!

blood!and!cerebrospinal!fluid!(Petersen!et!al.!2003;!Kuncl!et!al.!2002),!and!!a!range!

of!other!tissues!including!the!central!nervous!system,!skeletal!muscle,! liver,!heart,!

testis,!stomach,!ovaries,!prostate,!colon!(Rychil!et!al.!2010;!Matsumoto!et!al.!2004;!

Tombran*Tink!et!al.!1996;!Sawant!et!al.!2004;!Browne!et!al.!2006;!Cheung!et!al.!2006;!

Bilak!et!al.!1999).!Moreover,!PEDF!has!been!implicated!in!a!plethora!of!pathological!

conditions! including! diabetic! complications,! psoriasis,! liver! cirrhosis! and! cancer!

(Matsumoto!et!al.!2004;!Abe!et!al.!2010;!Ogata!et!al.!2007;!Zhu!et!al.!2012;!Becerra!

et!al.!2013).'

1.4'Colorectal'Cancer'

1.4.1'The'role'of'anti3angiogenic'therapies'in'colorectal'cancer'

Colorectal!cancer! is! the! fourth!commonest!cancer! in!the!UK,!with!an! incidence!of!

approximately!41,000!new!cases! in!2013!and!an!estimated!1.36!million!diagnosed!

globally! in! 2012! (Cancer! Research! UK.! 2016;! http://www.cancerresearchuk.org).!
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There!have!been!many!advances!in!both!the!detection!and!management!of!colorectal!

cancer! over! recent! decades,! including! the! improvement! of! radiological! imaging,!

bowel!cancer!screening!programmes,!chemotherapy!and!radiotherapy!regimes!and!

surgical!techniques,!such!as!total!mesorectal!excision!for!low!rectal!tumours.!Despite!

these!improvements!in!management!the!overall!5!year!survival!rate!in!the!UK!is!only!

58.7%!(Cancer!Research!UK.!2016;!http://www.cancerresearchuk.org).! It! is!for!this!

reason!that!the!search!for!novel!therapies!for!the!treatment!of!colorectal!cancer!is!

imperative.!!

As!the!role!of!angiogenesis!was!established!in!tumour!proliferation!and!metastasis,!

Folkman!proposed! the! concept! that! proteins! that! display! anti*angiogenic! actions,!

may!have!a!potential!role!in!cancer!therapeutics!(Folkman.!1995).!This!subsequently!

led!to!the!development!of!a!range!of!agents!targeting!differing!factors!or!pathways!

in!the!complex!balance!of!angiogenic!promoters!and!inhibitors!(Table!1.1).!

It! is! recognised! that!primary! colonic! tumours!with!metastasis! are!associated!with!

increased! expression! of! VEGF! and! increased! vascular! density! when! compared! to!

those!without!metastasis! or! benign! adenomas,! and! that! the! invasive! edge!of! the!

colonic!tumour!contains!!a!higher!vascular!density!than!other!areas!of!the!tumour!

indicating!the!role!of!VEGF!in!tumour!metastatic!spread!(Takahashi!et!al.!1995).! It!

was! initially! recognised! that! the! VEGF! ligand! VEGF*A! is! a! key! driver! of! sprouting!

angiogenesis! and! can! be! overexpressed! in! a! number! of! solid! tumours,! and! in!

particular,! colorectal! cancer! (Ellis! et! al.! 2008).! Early! work! involving! a! murine!

monoclonal! antibody! directed! against! VEGF! proved! that! it! recognised! all! VEGF!

isoforms!and!!potently!and!reproducibly!inhibited!the!proliferation!of!human!tumour!!
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Table' 1.1' Anti3angiogenic' therapies' proposed' in' the' treatment' of' metastatic'

colorectal'cancer'and'their'mechanisms'of'action'

!

Anti3angiogenic'therapy' Mechanism'of'action'

Aflibercept' Binds!to!VEGF!ligands!(VEGF*A,!VEGF*B!and!

PLGF))'

Bevacizumab! Binds!to!VEGF!ligand!(VEGF*A)!

Brivanib!!! VEGFR!and!FGFR!tyrosine!kinase!inhibitor!

Cediranib! VEGFR!tyrosine!kinase!inhibitor!

Cetuximab!! EGFR!inhibitor!

Erolotinib! EGFR!tyrosine!kinase!inhibitor!

Panitumumab! EGFR!inhibitor!

Ramucirumab! Binds!to!VEGFR2!

Regorafenib! VEGFR,!PDGFR,!FGFR!and!TIE*2!tyrosine!kinase!

inhibitor!

Sunitinib! VEGFR!and!PDGFR!tyrosine!kinase!inhibitor!

Vatalanib! VEGFR!and!PLGFR!tyrosine!kinase!inhibitor!!

!

EGFR*! epidermal! growth! factor! receptor;! PDGFR*! platelet! derived! growth! factor! receptor;! PLGFR*! placenta! growth! factor!

receptor;!FGFR*!fibroblast!growth!factor!receptor;!TIE*2*!angiopoietin!1!receptor;!VEGF*!vascular!endothelial!growth!factor;!

VEGFR*!vascular!endothelial!growth!factor!receptor!

!

!

!



! Chapter!1*!General!Introduction! !

!

! 42! !

cell!lines!in!nude!mice!(Kim!et!al.!1992;!Warren!et!al.!1995;!Borgstrom!et!al.!1996).!

However!the!significant!immune!response!elicited!with!murine!antibodies!prevented!

its!use!in!humans!(Schroff!et!al.!1985).!!In!1997,!Presta!et+al!(1997)!reported!on!their!

work!on!a!humanised!monoclonal!antibody!directed!against!VEGF,!in!order!to!limit!

the! anti*human!globulin! response.! Few!of! these!humanised!monoclonal! antibody!

anti*angiogenic! therapies! have! been! proven! to! have! clinical! benefit! in! colorectal!

cancer!patients.!One!of!the!first!reported!randomised!clinical!trial!of!the!use!of!the!

anti*VEGF*A! therapy! Bevacizumab! (Avastin®)! in! humans! was! published! in! 2003!

(Kabbinavar!et!al.!2003).!This!phase!II!trial!randomised!metastatic!colorectal!cancer!

patients! to! receive!either! treatment!with!Bevacizumab!10mg/kg!every! two!weeks!

plus! chemotherapy! (FU/LV),! Bevacizumab! 5mg/kg! every! two! weeks! plus!

chemotherapy! or! chemotherapy! alone.! Their! results! demonstrated! a! significantly!

higher! response! rate! with! the! 5mg/kg! treatment! dose! of! Bevacizumab! plus!

chemotherapy! when! compared! to! chemotherapy! alone,! and! an! increased!

progression*free!survival!in!both!of!the!Bevacizumab!treatment!groups.!The!authors!

did! however! note! the! side! effects! seen! in! the! patient! group! including!

thromboembolic!complications!and!bleeding,!but!concluded!that!the!safety!profile!

was!acceptable!as!a!therapeutic!option.!The!findings!of!increased!progression*free!

survival!with!the!combined!use!of!Bevacizumab!plus!chemotherapy!when!compared!

to! chemotherapy! alone,! as!well! as! overall! survival,!were! confirmed! in! a! Phase! III!

randomised! control! trial! the! following! year! (Hurwitz! et! al.! 2004).! Following! these!

publications,! Bevacizumab! in! combination! with! Fluoropyrimidine*based!

chemotherapy!was!given!a!UK!marketing!authorisation!for!the!treatment!of!patients!

with!metastatic!carcinoma!of!the!colon!or!the!rectum.!More!recently,!there!has!been!
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a! plethora! of! evidence! to! support! the! use! of! Bevacizumab! in! combination! with!

standard! chemotherapy,! in! selected! patients! for! the! treatment! of! metastatic!

colorectal!cancer!(Table!1.3!and!1.4),!as!well!as!metastatic!breast!cancer,!(Miller!et!

al.!2005),!renal!cancer!!(Yang!et!al.!2003)!and!non*small!cell!lung!cancer!(Sandler!et!

al.! 2006).! However,! there! is! currently! a! lack! of! evidence! to! support! the! use! of!

Bevacizumab!as!an!adjuvant! treatment! in!non*metastatic! colorectal! cancer! (Table!

1.2).!!

Despite! the! increasing! publication!of! evidence! for! the! use! of! Bevacizumab! in! the!

treatment!of!metastatic!colorectal!cancer,! in!2010!the!National!Institute!of!Health!

and! Care! Excellence! (NICE)! issued! guidance! that! did! not! support! the! use! of!

Bevacizumab!in!colorectal!cancer!within!the!UK!(NICE.!2010).!This!decision!was!based!

on!several!criteria.!Firstly,!the!use!of!FOLFIRI!as!first!line!chemotherapy!has!declined!

within! the!UK,! in! favour!of! chemotherapy!agents!with!better! clinical! efficacy! and!

lower!adverse!effects;!therefore,!studies!using!FOLFIRI!should!not!been!considered!

as!gold!standard!as!a!comparator!to!novel!therapies.!Secondly,!concerns!arose!over!

the! robustness! of! the! NO16966! study! design! which! included! only! patients! with!

Eastern!Cooperative!Oncology!Group!(ECOG)!performance!status!of!0!or!1,!therefore!

making!difficulties!in!comparing!with!the!UK!metastatic!colorectal!cancer!cohort!who!

are!typical!older!and!frailer,!and!when!performing!a!secondary!analysis!of!the!data!it!

showed! only! a! statistical! significant! increase! in! progression*free! survival! but! not!

overall!survival!(Saltz!et!al.!2008).!NICE!concluded!that!whilst!the!first*line!treatment!

of! metastatic! colorectal! cancer,! Bevacizumab! in! combination! with! Oxaliplatin*

containing!regimens!gave!a!modest!clinical!benefit!compared!with!regimens!without!
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Table'1.2'Phase'III'randomised'controlled'trials'assessing'the'use'of'anti3
angiogenic'agents'in'adjuvant'treatment'of'non3metastatic'colorectal'cancer''

Bevacizumab''

Cetuximab''

FOLFOX*!Fluorouracil!(5*FU),!Folinic!acid!and!Oxaliplatin;!XELOX*!Capecitabine!and!Oxaliplatin!

'

'

'

'

'

Trial'identifier'and'
reference!

Treatment! Trial'results!

AVANT!

(de!Gramont!et!al.!

2012)!

Bevacizumab!+!FOLFOX*4!vs.!Bevacizumab!

+!XELOX!vs.!FOLFOX*4!

Adjuvant!treatment!in!patients!with!high*

risk!Stage!2!or!curatively!resected!Stage!3!

colon!cancer!

N=3451!

No!difference!in!disease*free!survival!!

Potential!detrimental!effect!on!overall!survival!seen!

with!Bevacizumab!treatment!arms!compared!to!

control!

NSABP!C*08!

(Allegra!et!al.!2013)!

Bevacizumab!+!FOLFOX*6!vs.!FOLFOX*6!

Adjuvant!treatment!in!patients!with!Stage!

2*3!colon!cancer!

N=2673!

No!difference!in!disease*free!or!overall!survival!

QUASAR!2!

(Kerr!et!al.!2016)!

Bevacizumab!+!Capecitabine!vs.!

Capecitabine!

Adjuvant!treatment!in!patients!with!high*

risk!Stage!2!or!curatively!resected!Stage!3!

colon!cancer!

N=1941!

No!difference!in!disease*free!survival!

Trial'identifier'and'
reference!

Treatment! Trial'results!

N0147!

(Alberts!et!al.!2012)!

Cetuximab!+!mFOLFOX*6!vs.!mFOLFOX*6!

Adjuvant!treatment!in!patients!with!

curatively!resected!Stage!3!wild*type!

KRAS!colon!cancer!

N=2686!

No!difference!in!disease*free!or!overall!survival!

!

PETACC*8!

(Taieb!et!al.!2014)!

Cetuximab!+!FOLFOX*4!vs.!FOLFOX*4!

Adjuvant!treatment!in!patients!with!

curatively!resected!Stage!3!colon!cancer!

N=2559!

No!difference!in!disease*free!or!overall!survival!!

!
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Table'1.3'Phase'III'randomised'controlled'trials'assessing'the'use'of'anti3
angiogenic'agents'in'the'first'line'treatment'of'metastatic'colorectal'cancer''

Bevacizumab+

Trial'identifier'
and'reference'

Treatment' Trial'results'

AVF2107!

(Hurwitz!et!al.!

2004)!

'

Bevacizumab!+!FOLFIRI!vs.!FOLFIRI!!

N=813'

Increased!progression*free!survival!in!favour!of!

Bevacizumab!arm!(median!10.6!vs.!6.2!months,!HR!0.54;!

p<0.001)!

Increased!overall!survival!in!Bevacizumab!arm!(median!20.3!

vs.!15.6!months,!HR!0.66;!p<0.001)!

Increased!response!rate!in!favour!of!Bevacizumab!arm!

(44.8%!vs.!32.6%;!p=0.004)'

NO16966!

(Saltz!et!al.!

2008)'

Bevacizumab!vs.!placebo!combined!

with!XELOX!or!FOLFOX*4!

N=1401!

Increased!progression*free!survival!in!favour!of!the!

Bevacizumab!!arm!(median!9.4!vs.!8.0!months,!HR!0.83!

97.5%!CI!0.72*0.95;!p=0.0023)!

No!difference!in!overall!survival!or!response!rate!

(Stathopoulos!

et!al.!2010)!

Bevacizumab!+!FOLFIRI!vs.!FOLFIRI!

N=!222!!

No!difference!in!overall!survival!or!response!rate!

MAX!

(Tebbutt!et!al.!

2010)!

Capecitabine!vs.!Bevacizumab!+!

Capecitabine!vs.!Mytomycin!+!

Bevacizumab!+!Capecitabine!

N=471!

Increased!progression*free!survival!with!the!addition!of!

Bevacizumab!(with!or!without!the!addition!of!Mytomycin!

(Median!8.5!(CB)/.!8.4!(CBM)!vs.!5.7!(C)!months,!HR!0.61!

95%!CI!0.50*0.72,!p<0.001)!

No!difference!in!overall!survival!or!response!rate!with!the!

addition!of!Bevacizumab!

ARTIST!!

(Guan!et!al.!

2011)!

!

Bevacizumab!+!mIFL!vs.!mIFL!

N=214!

Increased!progression*free!survival!in!favour!of!the!

treatment!arm!(median!8.3!vs.!4.2!months,!HR!0.44!95%!CI!

0.31*0.63;!p<0.001)!

Increased!overall!survival!in!favour!of!treatment!arm!

(median!18.7!vs.!13.4!months,!HR!0.62!95%!CI!0.41*0.95;!

p=0.014)!

Increased!response!rate!with!treatment!arm!(35%!vs.!17%,!

p=0.013)!

AIO!KRK*0306!

(Stintzing!et!al.!

2012)!

Bevacizumab!+!FOLFIRI!vs.!Cetuximab!+!

FOLFIRI!

Mutant!KRAS!tumours!!

N=96!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate.!!

(Saltz!et!al.!

2012)!

Bevacizumab!+!mFOLFOX*6!vs.!

Cetuximab!+!Bevacizumab!+!FOLF!

N=247!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

AVEX!

(Cunningham!

et!al.!2013a)!

Bevacizumab!+!Capecitabine!vs.!

Capecitabine!

Patients!not!suitable!for!Oxaliplatin!or!

Irinotecan!!

N=280!

Increased!progression*free!survival!in!favour!of!the!

Bevacizumab!arm!(median!9.1!vs.!5.1!months,!HR!0.53!95%!

CI!0.41*0.69;!p<0.0001)!

Increased!response!rate!in!favour!of!t!Bevacizumab!arm!

(19%!vs.!10%;!p=0.04)!

No!difference!seen!in!overall!survival!'

FIRE*3!

(Heinemann!et!

al.!2014)!

Bevacizumab!+!FOLFIRI!vs.!Cetuximab!+!

FOLFIRI!

Wild*type!KRAS!tumours!!

N=592!

Increased!overall!survival!in!favour!of!Cetuximab!arm!

(median!28.7!vs.!25.0!months,!HR!0.77!(95%!CI!0.62*0.96;!

p=0.017)!

No!difference!in!progression*free!survival!or!response!rate!
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ITACa!

(Passardi!et!al.!

2015)!

Bevacizumab!+FOLFIRI/FOLFOX4!vs.!

FOLFIRI/FOLFOX4!

N=!376!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

80405!

(Venook!et!al.!

2017)!

Bevacizumab!+!mFOLFOX*6/FOLFIRI!vs.!

Cetuximab!+!mFOLFOX*6/FOLFIRI!!

Wild*type!KRAS!tumours!

N=1137!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

Cediranib+

Trial'identifier'
and'reference'

Treatment' Trial'results'

HORIZON!II!

(Hoff!et!al.!

2012)!

Cediranib!+!FOLFOX/XELOX!vs.!placebo!+!

FOLFOX/XELOX!

N=860!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

HORIZON!III!

(Schmoll!et!al.!

2012)!

Cediranib!20mg!+!FOLFOX6!vs.!Cediranib!

30mg!+!FOLFOX6!vs.!Bevacizumab!+!

FOLFOX6!

N=!1422!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

Patient!reported!outcomes!less!favourable!with!Cediranib!

Cetuximab+

Trial'identifier'
and'reference'

Treatment' Trial'results'

CRYSTAL!

(Van!Cutsem!

et!al.!2009)!

Cetuximab!+!FOLFIRI!vs.!FOLFIRI!

N=599!

Increased!progression*free!survival!in!Cetuximab!!arm!

(Median!8.9!vs.!8.0!months,!HR!0.85!95%!CI!0.72*0.99;!

p=0.048)!

Increased!response!rate!in!favour!of!Cetuximab!arm!(46.9%!

vs.!38.7%,!p=0.004)!

No!difference!in!overall!survival!

CAIRO2!

(Tol!et!al.!

2009)!

Cetuximab!+!Capecitabine!+!Oxaliplatin!+!

Bevacizumab!vs.!Capeciabine!+!

Oxaliplatin!+!Bevacizumab!

N=755!

Decreased!progression*free!survival!in!Cetuximab!arm!

(Median!9.4!vs.!10.7!months,!HR!1.22!95%!CI!1.04*1.43;!

p=0.01)!

No!difference!in!overall!survival!or!response!rate.!!

MRC!COIN!

(Maughan!et!

al.!2011)!

Cetuximab!+!oxaliplatin!+!

fluoropyrimidine!vs.!oxaliplatin!+!

fluoropyrimidine!!

N=1630!

No!difference!in!progression*free!or!overall!survival!in!

either!all!patients!or!patients!with!KRAS!wild!–type!

tumours!

Increased!response!rate!in!favour!of!Cetuximab!group!in!

KRAS!wild*type!patients!(57%!vs.!64%;!p=0.049)!

NORDIC*VII!

(Tveit!et!al.!

2012)!

!

Cetuximab!+!intermittent!FLOX!vs.!

Cetuximab!+!FLOX!vs.!FLOX!

N=571!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

AIO!KRK*0306!

(Stintzing!et!

al.!2012)!

Bevacizumab!+!FOLFIRI!vs.!Cetuximab!+!

FOLFIRI!

Patients!with!KRAS!mutations!on!codon!

12!0r!13!

N=96!

No!difference!in!progression!free!or!overall!survival,!or!

response!rate.!!

FIRE*3!

(Heinemann!

et!al.!2014)!

Bevacizumab!+!FOLFIRI!vs.!Cetuximab!+!

FOLFIRI!

Patients!without!KRAS!exon!2!mutations!!

N=592!

Increased!overall!survival!in!favour!of!Cetuximab!arm!

(median!28.7!vs.!25.0!months,!HR!0.77!(95%!CI!0.62*0.96;!

p=0.017)!

No!difference!in!response!rate!and!progression*free!

survival!!
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80405!

(Venook!et!al.!

2017)!

Bevacizumab!+!mFOLFOX*6/FOLFIRI!vs.!

Cetuximab!+!mFOLFOX*6/FOLFIRI!!

Patient!with!KRAS!wild*type!tumours!

N=1137!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

Panitumumab+

Trial'identifier'
and'reference'

Treatment' Trial'results'

PACCE!

(Hecht!et!al.!

2009)!

Panitumumab!+!Oxaliplatin!+!

Bevacizumab!vs.!Oxaliplatin!+!

Bevacizumab!vs.!Panitumumab!+!

Irinotecan!+!Bevacizumab!vs.!Irinotencan!

+!Bevacizumab!

N=1183!

Trial!discontinued!early!due!to!decreased!progression*free!

survival!and!increased!toxicity!with!panitumumab!arm!

PRIME!

(Douillard!et!al.!

2014)!

Panitumumab!+!FOLFOX*4!vs.!FOLFOX*4!

N=1183!

Increased!progression*free!survival!seen!in!wild*type!KRAS!

patients!in!favour!of!Panitumumab!arm!(Median!10!vs.!8.6!

months,!HR!0.80!95%!CI!0.67*0.95;!p=0.01).!!

Decreased!progression*free!survival!seen!in!mutation!

KRAS!patients!in!favour!of!Panitumumab!arm!(Median!7.4!

vs.!9.2!months,!HR!1.27!95%!ci!1.04*1.55;!p=0.02)!

Increased!response!rate!seen!in!wild*type!KRAS!oatients!in!

favour!of!Panitumumab!arm!(57%!vs.48%;!p=0.02!

No!difference!in!response!rate!in!mutation!KRAS!patients!

No!difference!in!overall!survival!in!either!wild*type!or!

mutation!KRAS!patients!

Sunitinib+

Trial'identifier'
and'reference'

Treatment' Trial'results'

SUN1122!

(Carrato!et!al.!

2013)!

Sunitinib!+FOLFIRI!vs.!placebo!+!FOLFIRI!

N=768!

Trial!discontinued!early!due!to!poorer!safety!profile!with!

Sunitinib!

Vatalanib+(PTK/ZK)+

Trial'identifier'
and'reference'

Treatment' Trial'results'

CONFIRM!1!

(Hecht!et!al.!

2011)!

(PTK/ZK)!Vatalanib!+!FOLFOX*4!vs.!

placebo!+!FOLFOX*4!

N=1168!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

FLOX*!Fluorouracil!(5*FU),!Leucovorin!and!Oxaliplatin;!FOLF*!Fluorouracil!(5*FU),!Oxaliplatin!and!Leucovorin;!FOLFIRI*!

Fluorouracil!(5*FU),!combined!Leucovorin!and!Irinotecan;!FOLFOX*!Fluorouracil!(5*FU),!Folinic!acid!and!Oxaliplatin;!mIFL*!

Bolus!Fluorouracil!(5*FU),!Leucovorin!and!Irinotecan;!XELOX*!Capecitabine!and!Oxaliplatin!

+

!

!
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Table'1.4'Phase'III'randomised'controlled'trials'assessing'the'use'of'anti3
angiogenic'agents'in'the'second'line'treatment'of'metastatic'colorectal'cancer''

Aflibercept+

Trial'identifier'and'
reference'

Treatment' Trial'results'

VELOUR!

(Van!Cutsem!et!al.!

2012)!

Aflibercept!+!FOLFIRI!vs.!placebo!+!

FOLFIRI!

Patients!previously!treated!with!

Oxaliplatin!

N=1226!

Increased!progression*free!survival!in!favour!of!the!

Aflibercept!arm!(median!6.9!vs.!4.67!months,!HR!0.76!95%!

CI!0.66*0.87;!p<0.0001)!

Increased!overall!survival!in!favour!of!the!Aflibercept!arm!

(median!13.50!vs.!12.06!months,!HR!0.81!95%!CI!0.71*0.93!

p=0.0032)!

Increased!response!rate!in!favour!of!the!Aflibercept!arm!

(19.8%!vs.!11.1%,!p=0.0001)!

Bevacizumab+

Trial'identifier'and'
reference'

Treatment' Trial'results'

E3200!

(Giantonio!et!al.!

2007)!

Bevacizumab!+FOLFOX*4!vs.!

FOLFOX*4!vs.!Bevacizumab!

Patients!previously!treated!with!

Fluorouracil!and!Irinotecan!

N=829!

Increased!overall!survival!in!favour!of!Bevacizumab!

+FOLFOX*4!arm!(Median!12.9!vs.!10.8!(FOLFOX*4!alone)!vs.!

10.2!(Bevacizumab!alone)!months,!HR!0.75;!p=0.0011)!

Increased!progression*free!survival!in!favour!of!

Bevacizumab!+FOLFOX*4!arm!(Median!7.3!vs.!4.7!(FOLFOX*

4)!vs.!2.7!(Bevacizumab!alone),!HR!0.61;!p<0.001)!

ML18!147!

(Bennouna!et!al.!

2013)!

Bevacizumab!+!standard!second*line!

chemotherapy!(Oxaliplatin!or!

Irinotecan)!vs.!standard!second*line!

chemotherapy!

Patients!who!progressed!after!first*

line!Bevacizumab!

N=409!

Increased!overall!survival!in!favour!of!the!Bevacizumab!

arm!(Median!11.2!vs.!9.8!months,!HR!0.81!95%!CI!0.69*

0.94!p=0.0062)!

Increased!progression*free!survival!in!favour!of!the!

Bevacizumab!arm!(Median!5.7!VS.!4.1!months,!HR!0.68!

95%!CI!0.59*0.78;!p<0.0001)!

No!difference!seen!in!response!rate'

EAGLE!

(Iwamoto!et!al.!

2015)!

!

Bevacizumab!5mg/kg!+!FOLFIRI!vs.!

Bevacizumab!10mg/kg!+!FOLFIRI!

Patients!who!progressed!after!first*

line!Bevacizumab!

N=387!

No!difference!seen!in!progression*free!survival!or!

response!rate!

Overall!survival!not!reported!

BEBYP!

(Masi!et!al.!2015)!

Bevacizumab!+!mFOLFOX*6/FOLFIRI!

vs.!mFOLFOX*6/FOLFIRI!

Patients!who!progressed!after!or!

during!first*line!Fluoropyrimidine!

N=185!

Increased!overall!survival!in!favour!of!Bevacizumab!arm!

(Median!14.1!vs.15.5!months,!but!due!to!curves!

intersection!in!favour!of!Bevacizumab!arm!HR!0.77!95%!CI!

0.56*1.06;!p=0.043)!

Increased!progression*free!survival!in!favour!of!

Bevacizumab!arm!(Median!6.8!vs.!5.0!months,!HR!0.70!

95%!CI!0.52*0.95;!p=0.010)!

No!difference!in!response!rate!

AIO!0207!

(Hegewisch*Becker!

et!al.!2015)!

Bevacizumab!+!Fluoropyrimidine!vs.!

Bevacizumab!vs.!No!treatment!

Patients!who!oreviously!received!

Fluoropyrimidine,!Oxaliplatin,and!

Bevacizumab!and!neither!

progressed!or!had!option!for!

resection!after!24!weeks!treatment 

N=472 

Increased!progression*free!survival!in!favour!of!the!

Bevacizumab!+!Fluoropyrimidine!arm!(Median!11.7!(BF)!vs.!

10.0!(B)!vs.!9.0!(no!treatment)!months;!B!vs.!BF!HR!1.34!

95%!CI!1.06*1.70;!p=0.015,!no!treatment!vs.!BF!HR!2.09!

95%!CI!1.64*2.67;!p<0.0001,!no!treatment!vs.!B!HR!1.45!

95%!CI!1.15*1.82;!p0.0018!

No!difference!seen!in!overall!survival!or!response!rate!
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SAKK!41/06!

(Koeberle!et!al.!

2015)!

!

Bevacizumab!vs.!no!treatment!

Patients!without!disease!

progression!after!4*6!months!of!

standard!first*line!chemotherapy!

plus!Bevacizumab!

N=262!

No!difference!seen!in!progression*free!or!overall!survival,!

or!response!rate!

Nordic!ACT2!

(Hagman!et!al.!

2016)!

!

Bevacizumab!vs.!Capecitabine!

Patients!who!previously!had!

Bevacizumab!and!chemotherapy!

with!Mutant!KRAS!tumours!

N=67!

No!difference!was!seen!in!progression*free!or!overall!

survival!

Brivanib+

Trial'identifier'and'
reference'

Treatment' Trial'results'

CO.20!

(Siu!et!al.!2013)!

Brivanib!+!Cetuximab!+!vs.!placebo!

+!Cetuximab!!

Patients!with!wild*type!KRAS.!

Previously!treated!with!

Fluoropyrimidine,!and!treated!but!

discontinued!Irinotecan!and!

Oxaliplatin!due!to!adverse!events!

with!disease!progression!within!6!

months!!

N=750!

Increased!progression*free!survival!in!favour!of!Brivanib!

group!(Median!5.0!vs.!3.4!months,!HR!0.88!95%!ci!0.74*

1.03;!p<0.001)!

Increased!response!rate!in!favour!of!Brivanib!group!(13.6%!

vs.!7.2%;!p=0.004)!

No!difference!in!overall!survival!!

Increased!toxicity!seen!with!Brivanib!

Cediranib+

Trial'identifier'and'
reference'

Treatment' Trial'results'

HORIZON!I!

(Cunningham!et!al.!

2013b)!

Cediranib!20mg!+!FOLFOX*6!vs.!

Cediranib!30mg!+!FOLFOX*6!vs.!

Bevacizumab!+!FOLFOX*6!

N=215!

No!difference!in!progression*free!or!overall!survival!

Cetuximab+

Trial'identifier'and'
reference'

Treatment' Trial'results'

CO.17!

(Jonker!et!al.!2007)!

Cetuximab!vs.!best!supportive!care!

Patients!previously!treated!with!

Fluoropyrimidine!

N=572!

Increased!progression*free!survival!in!Cetuximab!arm!

(Median!months!not!reported,!HR!0.68!95%!CI!0.57*

0.80;p<0.001)!

Increased!overall!survival!in!favour!of!the!Cetuximab!arm!

(median!6.1!vs.!4.6!months,!HR!0.77!95%!CI!0.64*0.92;!

p=0.005)!

Increased!response!rate!in!favour!of!the!Cetuximab!arm!

(8%!vs.!0%;!p<0.001!

EPIC!

(Sobrero!et!al.!

2008)!

Cetuximab!+!Irinotecan!vs.!Irinotecan!

Patients!previously!failed!treatment!

with!Fluoropyrimidine!and!

Oxaliplatin!

N=1298!

Increased!progression*free!survival!in!Cetuximab!arm!

(median!4.0!vs.!2.6!months,!!HR!0.69!95%!CI!0.61*0.77;!

p<0.001)!

Increased!response!rate!with!Cetuximab!arm!(16.4%!vs.!

4.2%,!p<0.001)!

No!difference!in!overall!survival!

+
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Erlotinib+

Trial'identifier'and'
reference'

Treatment' Trial'results'

Nordic!ACT!

Johnson!et!al.!

2013)!

'

Erlotinib!+!Bevacizumab!vs.!

Bevacizumab!

N=159!

'

No!difference!was!seen!in!progression*free!or!overall!

survival'

GRECOR!DREAM;!

OPTIMOX3!

(Tournigand!et!al.!

2015)!

Erlotinib!+!Bevacizumab!vs.!

Bevacizumab!

N=452!

After!Bevacizumab!induction!

therapy!

Increased!progression*free!survival!in!favour!of!Erlotinib!

arm!(Median!5.4!vs.!4.9!months,!HR!0.78!95%!CI!0.63*0.96;!

p=0.019)!

Increased!overall!survival!in!favour!of!Erlotinib!arm!(Median!

24.9!vs.!22.1!months,!HR!0.79!95%!CI!0.64*0.98;!p=0.035)!

Increased!response!rate!in!favour!of!Erlotinib!arm!(11%!vs.!

22%,!OR!2.23!95%!CI!1.27*3.98;!p=0.0029)!

Nordic!ACT2!

(Hagman!et!al.!

2016)!

!

Erlotinib!+!Bevacizumab!vs.!

Bevacizumab!

N=67!

Wild*type!KRAS!tumours!

No!difference!was!seen!in!progression*free!or!overall!

survival,!or!response!rate!

Panitumumab+

Trial'identifier'and'
reference'

Treatment' Trial'results'

(Van!Cutsem!et!al.!

2007)!

Panitumumab!vs.!best!supportive!

care!

N=463'

Increased!progression*free!survival!in!favour!of!

Panitumumab!arm!(Median!8!weeks!vs.!7.3!weeks,!HR!0.54!

95%!CI!0.44*0.66;!p<0.0001)!

No!difference!in!overall!survival!

Increased!response!rate!in!favour!of!Panitumumab!arm!

(10%!vs.!0%;!p<0.0001)!

(Amado!et!al.!2008)! Panitumumab!vs.!best!supportive!

care!

N=427!

Increased!progression*free!survival!in!favour!of!the!

Panitumumab!arm!in!wild*type!KRAS!patients!(Median!12.3!

vs.!7.3!weeks,!HR!0.45!95%CI!0.34*0.59;!p<0.0001)!

No!difference!in!progression*free!survival!seen!in!mutant!

KRAS!patients!

No!difference!in!overall!survival!seen!for!all!patients!or!

between!wild*type!KRAS!or!mutant!KRAS!patients!

PICCOLO!

(Seymour!et!al.!

2013)!

!

Panitumumab!+!Irinotecan!vs.!

Irinotecan!

N=460!

Wild*type!KRAS!tumours!

Increased!progression*free!survival!in!favour!of!

Panitumumab!arm!(Median!months!not!reported,!HR!0.78!

95%!CI!0.64=0.95;!p=0.015)!

Increased!response!rate!in!favour!of!Panitumumab!arm!

(34%!vs.!27%,!p<0.0001)!

No!difference!in!overall!survival!

ASPECTT!

(Price!et!al.!2014)!

Panitumumab!vs.!Cetuximab!

N=999!

Wild*type!KRAS!tumours!

No!difference!in!progression*free!or!overall!survival,!or!

response!rate!

20050181!

(Peeters!et!al.!2014)!

Panitumumab!+!FOLFIRI!vs.!FOLFIRI!

N=1186!

Wild*type!KRAS!tumours!

Increased!progression*free!survival!in!favour!of!the!

Panitumumab!arm!(Median!6.7!vs.!4.9!months,!HR!0.82!

95%!CI!0.69*0.97!p=0.023)!

Increased!response!rate!in!favour!of!Panitumumab!arm!

(36%!vs.!10%,!p<0.0001)!

No!difference!in!overall!survival!
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20100007!

(Kim!et!al.!2016)!

Panitumumab!vs.!best!supportive!

care!

N=377!

Wild*type!KRAS!tumours!

Increased!overall!survival!in!favour!of!Panitumumab!arm!

(Median!10.0!vs.!7.4!months,!HR!0.73!95%!CI!0.57*0.93;!

p=0.0096)!

Increased!progression*free!survival!in!favour!of!

Panitumumab!arm!(Median3.6!vs.!1.7!months,!HR!0.51!

95%!CI!0.41*0.64;!p=<0.0001)!

Increased!response!rate!in!favour!of!Panitumumab!arm!

(27%!vs.!1.6%!p<0.0001)!

Ramucirumab+

Trial'identifier'and'
reference'

Treatment' Trial'results'

RAISE!

(Tabernero!et!al.!

2015)!

!

Ramucirumab!+!FOLFIRI!vs.!placebo!

+!FOLFIRI!

N=1072!

Increased!overall!survival!in!favour!of!treatment!arm!

(Median!13.3!vs.!11.7!months,!HR!0.84!95%!CI!0.73*0.97;!

p=0.0219)!

Increased!progression*free!survival!in!favour!of!treatment!

arm!(Median!5.7!vs.!4.5!months,!HR!0.79!95%!CI!0.69*0..90;!

p=0.0005!

No!difference!was!seen!in!response!rate!

Regorafenib+

Trial'identifier'and'
reference'

Treatment' Trial'results'

CORRECT!

(Grothey!et!al.!

2013)!

Regorafenib!vs.!placebo!

N=1052!

Increased!progression*free!survival!in!favour!of!the!

Regorafenib!arm!(Median!1.9!vs.!1.7!months,!HR!0.49!95%!

CI!0.42*0.58;!p<0.0001)!

Increased!overall!survival!in!favour!of!the!Regorafenib!arm!

(median!6.4!vs.!5.0!months,!HR!0.77!95%!CI!0.64*0.94!

p=0.0052)!

No!difference!seen!in!response!rate'

CONCUR!

(Li!et!al.!2015)!

!

Regorafenib!vs.!placebo!

N=204!

Increased!progression*free!survival!in!favour!of!the!

Regorafenib!arm!(Median!3.2!vs.!1.7!months,!HR!0.31!95%!

CI!0.22*0.44;!p<0.0001)!

Increased!overall!survival!in!favour!of!the!Regorafenib!arm!

(median!8.8!vs.!6.3!months,!HR!0.55!95%!CI!0.40*0.77!

p=0.00016)!

Increased!response!rate!seen!in!the!Regorafenib!arm!(4%!

vs.!0%;!p<0.0001)!

Vatalanib+(PTK/ZK)+

Trial'identifier'and'
reference'

Treatment' Trial'results'

CONFIRM!2!

(Van!Cutsem!et!al.!

2011)!

(PTK/ZK)!Vatalanib!+!FOLFOX*4!vs.!

placebo!+!FOLFOX*4!

N=855!

Increased!progression*free!survival!in!favour!of!treatment!

arm!(Median!13.1!vs.!11.9!months,!HR!0.83!95%!CI!0.71*

0.96;!p=0.013)!

No!difference!in!overall!survival!and!response!rate!

FOLFIRI*!Fluorouracil!(5*FU),!combined!Leucovorin!and!Irinotecan;!FOLFOX*!Fluorouracil!(5*FU),!Folinic!acid!and!Oxaliplatin;!

KRAS*!Kirsten!rat!sarcoma!

+
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Bevacizumab,!benefits!from!Bevacizumab!were!achieved!at!the!expense!of!small!but!

definite!increases!in!adverse!events!and!that!it!was!deemed!to!not!be!cost*effective!

within!the!NHS!setting.!Later!NICE!issued!further!guidance!to!not!recommend!the!use!

of! Bevacizumab! for! second*line! treatment! of! metastatic! colorectal! cancer! (NICE.!

2012).!!

A! further! anti*VEGF! therapy! has! been! proposed! for! use! in! colorectal! cancer;!

Aflibercept! (Zaltrap®)! is! a! novel! fusion! protein! that! binds! to! three! VEGF! ligands!

(VEGF*A,! VEGF*B! and! placental! growth! factor! (PlGF)).! As! Aflibercept! also! targets!

VEGF*B!and!PlGF,!not!just!VEGF*A!like!Bevacizumab,!it!has!been!hypothesised!that!it!

may! confer! additional! anti*angiogenic! effects! (Fischer! et! al.! 2008).! A! Phase! III!

randomised!trial!in!2012!investigated!the!benefit!of!the!addition!of!Aflibercept!given!

with! chemotherapy! (FOLFIRI)! compared! to! chemotherapy! alone! in! patients! with!

metastatic! colorectal! cancer! (Van! Cutsem! et! al.! 2012).! The! results! showed! an!

extension!of!both!progression*free!survival!and!overall!survival,!and!with!a!2*year!

survival!significantly!higher!in!the!Aflibercept/chemotherapy!group!compared!to!the!

chemotherapy!alone!group!(28%!vs.!18.7%).!However,!at!time!of!print,!NICE!has!not!

reviewed!its!widespread!use!within!the!NHS!setting.!

Cetuximab! (Erbitux®)! is! an!epidermal! growth! factor! receptor! (EGFR)! inhibitor! and!

works!as!a!chimeric!monoclonal!antibody.!The!CRYSTAL!study,!a!Phase!III!randomised!

clinical! trial,! published! in! 2009,! compared! the! use! of! Cetuximab! plus! FOLFIRI! vs.!

FOLFIRI! alone! as! first*line! treatment! for! metastatic! carcinoma! of! the! colon! and!

rectum! (Van! Cutsem! et! al.! 2009).! Their! results! demonstrated! an! increased!

progression*free!survival!in!the!treatment!arm!(median!8.9!vs.!8.0!months,!HR!0.85,!
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p=0.048),!with!an!increased!response!rate!(46.9%!vs.!38.7%,!p=0.004),!but!did!not!

prove!an!overall!survival!benefit.!Sub*group!analysis!of!patients!with!wild*type!KRAS!

tumours!showed!a!hazard! ratio!of!0.68!when!comparing!progression*free!survival!

between!the!two!groups,!therefore!concluded!that!the!benefit!of!Cetuximab!as!first*

line!treatment!for!metastatic!colorectal!cancer!was!more!so!in!these!patients.!The!

OPUS! Trial,! a! Phase! II! randomised! clinical! trial! also! published! in! 2009,! found! an!

increase! in!both!progression*free!survival! (HR!0.567,!p=0.0064)!and!response!rate!

(OR!2.551,!p=0.0027)!with!the!addition!of!Cetuximab!to!FOLFOX!in!wild*type!KRAS!

tumours!in!the!first*line!treatment!of!metastatic!colorectal!cancer!(Bokemeyer!et!al.!

2009).! ! Shortly! after! these! publications,! the! FDA! approved! Cetuximab! for! the!

treatment!of!colorectal!cancer!with!wild*type!KRAS!(USFDA.!2010).!In!the!UK,!NICE!

recommended! the! use! of! Cetuximab! in! combination! with! FOLFOX! (or! FOLFIRI! if!

intolerant!of!Oxaliplatin)!for!the!first*line!treatment!of!patients!with!EGFR*expressing!

KRAS! wild*type! metastatic! colorectal! cancer! with! the! following! criteria;! Primary!

(completely!resected!or!potentially!operable)!colorectal!tumour!with!unresectable!

metastasis!confined!to!the! liver!and!the!patient! is!deemed!fit!enough!for!primary!

colorectal! tumour! and! hepatic! resections! if! the! metastases! become! resectable!

following!Cetuximab!treatment!(NICE.!2009).!However!NICE!did!not!support!its!use!

for!second*line!treatment!of!metastatic!colorectal!cancer!(NICE.!2012).!!

A!further!anti*angiogenic!agent,!which!targets!EGFR!is!Panitumumab!(Vectibix®),!a!

fully! human! monoclonal! antibody.! One! Phase! III! randomised! control! trial! has!

demonstrated!an!increase!in!progression*free!survival!in!the!first*line!treatment!for!

metastatic! colorectal! cancer! in! wild*type! KRAS! tumours! (Douillard! et! al.! 2014),!
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however!NICE!has!not!yet!assessed!its!use!for!this!indication.!Whilst!three!Phase!III!

randomised!control! trials!have!shown!an! increase! in!progression*free!survival!and!

response!rate!in!second*line!treatment!for!metastatic!colorectal!cancer!in!wild*type!

KRAS!tumours!(Amado!et!al.!2008;!Seymour!et!al.!2013;!Peeters!et!al.!2014),!to!date!

NICE!has!not!recommended!its!use!for!this!indication!(NICE.!2012).!Clearly!the!KRAS!

gene! status! appears! to! be! a! predictive! marker! of! the! anti*EGFR! monoclonal!

antibodies,!with!evidence! supporting! that!mutant!KRAS!does!not! confer!a! clinical!

benefit!of!anti*EGFR!therapies!(Amado!et!al.!2008)!(Figure!1.6).!

Several! other! anti*angiogenic! agents! have! been! proposed! for! the! treatment! of!

metastatic!colorectal!cancer!by!mono*!or!poly*receptor!tyrosine!kinase!inhibition!(i.e.!

inhibit!downstream!receptor!signalling);!Cediranib!(AZD2171,!Recentin™),'Vatalanib!

(PTK! 787/ZK22584),! Regorafenib! (Stivarga),! Brivanib! and! Sunitinib! (Sutent®).!

However!apart!from!Regorafenib,!results!from!Phase!III!randomised!control!trials!do!

not! currently! support! their! use! in! the! treatment! of! metastatic! colorectal! cancer!

(Table!1.3!and!1.4).!!

Clearly! these! anti*angiogenic! therapies! show! promise! for! treatment! of! colorectal!

cancer,! nevertheless! the! outcomes! discussed! in! this! section! highlight! some!

disappointing! results! within! phase! III! clinical! trials,! with! only! one! anti*angiogenic!

therapy! (Cetuximab)! recommended! to! date! for! use! in!metastatic! colorectal! KRAS!

wild*type! tumours! in! the! UK.! Therefore,! there! is! a! desperate! need! to! seek! out!

alternative! anti*angiogenic! therapies! that! are! both! clinically! effective! and! cost!

effective,!with!an!acceptable!side*effect!profile.!

!
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!

'

Figure'1.6.!KRAS!status!and!mechanism!of!anti*EGFR!therapies!

EGFR*!epidermal!growth!factor!receptor;!KRAS*!Kirtsen!Rat!Sarcoma;!Mut*!mutated;!WT*!wild*type!

'

'

'

'

'

'

'

'
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1.4.2'The'role'of'PEDF'in'solid'tumours!

There!is!a!plethora!of!evidence!to!support!that!a!decline!in!the!expression!of!PEDF!

can!be!found!in!a!range!of!cancers,!with!a!direct!correlation!associated!with!several!

poorer!prognostic! clinical! features.!Comparing! cancer! tissue! specimens! to!normal!

tissue! from! the! same! organ,! PEDF! expression! has! been! found! to! be! significantly!

decreased!in!breast!cancer!tissue!(Cai!et!al.!2006b;!Zhou!et!al.!2010),!non*small!cell!

lung!cancer!tissue!(Zhang!et!al.!2006a),!ovarian!cancer!tissue!(Cheung!et!al.!2006),!

glioma!tissue!(Guan!et!al.!2003)!and!malignant!melanoma!tissue!(Zhang!et!al.!2009).!

A! significant! correlation!between! low!PEDF! expression! and! increased!microvessel!

density! (MVD)! was! found! in! breast! adenocarcinoma! (Zhou! et! al.! 2010),!

hepatoblastoma! (Browne! et! al.! 2006)! and! osteosarcoma! (Dass! et! al.! 2008).! High!

microvessel!density!is!a!parameter!for!the!degree!of!angiogenesis!and!has!previously!

been!found!to!be!a!predictor!of!high!risk!of!metastasis!and!shorter!survival!in!solid!

tumours!(Guang*Wu!et!al.!2000;!Ohta!et!al.!2003;!Seo!et!al.!2000).!Decreased!levels!

of!PEDF!were!found!to!significantly!correlate!with! increased!tumour!size! in!breast!

cancer!(Zhou!et!al.!2010)!as!well!as!increasing!grade!of!tumour!in!glioma!(Guan!et!al.!

2003).!A!decline! in!the!PEDF!expression!was!also!found!to!be!a!marker!of!tumour!

cellular!invasion!and!migration;!with!studies!confirming!lower!PEDF!expression!levels!

in! cases!of! lymph!node! involvement,! in! breast! cancer! (Cai! et! al.! 2006b)! and! lung!

cancer! (Fitzgerald! et! al.! 2012).! There! is! evidence! to! support! that! this! expression!

pattern!is!similar!in!the!presence!of!metastasis!within!breast!cancer!(Cai!et!al.!2006b;!

Zhou! et! al.! 2010;! Fitzgerald! et! al.! 2012),! pancreatic! cancer! (Uehara! et! al.! 2004),!

osteosarcoma!(Dass!et!al.!2008)!and!prostate!cancer!(Halin!et!al.!2004).! Increased!
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rate!of!local!recurrence!was!found!to!correlate!with!low!PEDF!expression!in!breast!

cancer!(Cai!et!al.!2006b;!Zhou!et!al.!2010).!!

Low! levels! of! PEDF! expression! directly! correlate! with! overall! and! disease! *free!

survival,!in!breast!cancer!(Zhou!et!al.!2010),!pancreatic!cancer!(Seo!et!al.!2000)!and!

lung! cancer! (Chen! et! al.! 2009).! Zhou!et+ al! (2010)! demonstrated! that!multivariate!

analysis!of!overall!survival!using!Cox!regression!confirmed!PEDF!positivity!to!be!an!

independent! favourable! prognostic! factor! in! breast! cancer! (risk! ratio! 2.203,!

P=0.0062).!

PEDF! is! thought! to! inhibit! tumour! growth! and! metastasis! by! suppressing!

angiogenesis,!inhibiting!tumour!cell!proliferation,!increasing!tumour!cell!apoptosis,!

and/or! decreasing! tumour! cell! migration! and! invasion.! Several! studies! have!

investigated! the! effects! of! the! administration! of! recombinant! PEDF! (rhPEDF)! on!

tumour!cellular!function.!A!reduction!in!tumour!cellular!proliferation!was!found!in!a!

range!of!cancers!upon!administration!of! recombinant!PEDF,! including! lung!cancer!

(Chen!et!al.!2009),!breast!cancer!(Hong!et!al.!2014),!ovarian!cancer!(Cheung!et!al.!

2006),! osteosarcoma! (Dass! et! al.! 2008),! hepatocellular! cancer! (Matsumoto! et! al.!

2004),!prostate!cancer!(Guan!et!al.!2007),!glioma!(Zhang!et!al.!2007)!and!malignant!

melanoma!(Abe!et!al.!2004).!Treatment!with!recombinant!PEDF!has!also!been!shown!

to!induce!apoptosis!in!ovarian!cancer!cells!(Cheung!et!al.!2006),!prostate!cancer!cells!

(Doll! et! al.! 2003),! chondrosarcoma! cells! (Tan! et! al.! 2010)! and!osteosarcoma! cells!

(Takenda!et!al.!2005),!and!resulted!in!inhibition!of!tumour!cell!migration!and!invasion!

in!breast!cancer!cells!(Hong!et!al.!2014),!and!chondrosarcoma!cells!(Tan!et!al.!2010).!

'
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1.4.3'The'role'of'PEDF'in'colorectal'cancer'

There!are!limited!studies!to!date,!which!have!examined!either!PEDF!expression!or!

the!effects!of!PEDF!on!functional!cellular!outcomes!and!the!clinical!significance! in!

colorectal!cancer.!mRNA!expression!of!PEDF!was!first!reported!as!being!detected!in!

two!human!colorectal!cancer!cell!lines,!with!HT115!(colonic!adenocarcinoma!cell!line)!

showing! strong! expression! and!HRT*18! (rectal! adenocarcinoma! cell! line)! showing!

weak!expression!(Cai!et!al.!2006b).!

Wågsäter!et+al!(2010)!analysed!serum!samples!for!PEDF!expression!in!80!colorectal!

cancer!patients!compared!to!72!healthy!controls'(Wågsäter!et!al.!2010).'There!was!

no!difference!found!in!gender!distributions!between!the!colorectal!cancer!patients!

and!the!healthy!controls.!They!found!a!significant!reduction!in!serum!PEDF!levels!in!

colorectal! cancer!patients! compared! to!healthy! controls! (median!1.6µg/ml! (range!

0.1*4.8µg/ml)!cf.!3.6µg/ml!(range!1.1*7.2µg/ml)!respectively,!p<0.001).!Interestingly,!

the!results!also!revealed!that!plasma!PEDF!levels!were!significantly!lower!in!healthy!

female! controls! compared! to!healthy!male! controls! (median!3.1µg/ml! (range!1.5*

7.2µg/ml)!cf.! 4.3µg/ml! (range!1.1*6.5µg/ml)! respectively,!p<0.01);!a! finding!which!

was!previously!noted!by!Yamagishi!et+al!(2006).!However,!this!gender!difference!was!

not!observed!in!colorectal!cancer!patients!(p=0.113).!The!plasma!PEDF!levels!were!

not!associated!with!patient!age,!tumour!location!or!Duke’s!stage.!!

Ji!et+al+also!studied!serum!samples!from!patients!with!colorectal!cancer,!patients!with!

colorectal! adenoma!and!healthy! controls! (Ji! et! al.! 2013).!All! serum! samples!were!

collected! pre*operatively! and! none! of! the! patients! had! received! neoadjuvant!

chemoradiotherapy! or! had! evidence! of! other! causes! of! malignancy.! Similar! to!
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findings!of!Wågsäter!et+al!(2010),!serum!levels!of!PEDF!were!significantly!decreased!

in! patients! with! colorectal! cancer! compared! to! normal! subjects! (p<0.0001).! No!

difference! was! found! between! patients! with! colorectal! adenoma! and! healthy!

subjects!or!between!preoperative!and!postoperative!serum!PEDF!levels!in!patients!

with! colorectal! cancer.! ! Serum!PEDF! levels! decreased! significantly!with! increased!

TNM!colorectal! tumour! staging! and! low! serum!PEDF! levels!were! observed! in! the!

presence! of! liver! metastases! (p<0.0001).! Of! interest,! cases! of! mucinous!

adenocarcinomas! had! significantly! higher! levels! of! PEDF! compared! with!

adenocarcinomas!(p=0.0127).!Receiver*operating!characteristic!(ROC)!curve!analyses!

revealed!that!the!ROC!curve!area!for!serum!level!of!PEDF!was!0.5744!(95%!CI=!0.52*

0.63),!with!a!cut*off!value!of!4323ng/ml!the!sensitivity!and!specificity!was!34%!and!

96%! respectively;! unfortunately,! dispelling! theories! that! PEDF! could!be!used! as! a!

useful!biomarker!for!the!screening!of!colorectal!cancer.!!

Ji!et+al!(2013)!analysed!225!patients!for!correlation!between!clinical!outcomes!and!

levels!of!PEDF!protein.!!Kaplan*Meier!analyses!were!performed!for!overall!survival!

using! the!median! levels! of! protein! as! the! cut*off! for! the! definition! of! subgroups.!

Patients!with! lower! PEDF! levels!were! associated!with! significantly! shorter! overall!

survival!than!those!with!higher!PEDF!levels!(p=0.003),!but!no!significant!difference!

was!observed!in!disease*free!survival.!This!was!also!confirmed!on!a!further!training!

set! of! 180! patients! in! the! same! study! (Ji! et! al.! 2013).! On! multivariate! analysis,!

decreased!PEDF!levels!were!found!to!be!an!independent!risk!factor!for!prognosis!in!

colorectal!cancer!patients!(HR!for!death=!0.42,!95%!CI=!0.221*0.801,!p=0.008).!!
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Expression!of!PEDF!in!colorectal!cancer!tissue!determined!by!qPCR!and!western!blot!

analysis!at!mRNA!and!protein!levels!revealed!significant!decrease!in!PEDF!expression!

in!tumour!tissue!compared!to!matched!adjacent!normal!tissue,!confirming!the!serum!

level! findings! (Ji! et! al.! 2013).! The! results! showed! that! downregulation! of! PEDF!

significantly!correlated!with!advanced!clinical!stage,!lymph!node!metastasis,!distant!

metastasis!and! shorter!disease*free! survival! time,! supporting! the!evidence!of! this!

association!in!other!solid!tumours!(as!discussed!in!section!1.4.2).!

Díaz!et+al!(2008)!reported!that!mRNA!expression!of!PEDF!in!colorectal!cancer!tissue!

has!a!significant!difference!dependent!on!the!tumour!location!(geometric!averages!

for!PEDF!levels!were!1.5,!0.71!and!0.68!for!rectum,!right*sided!colonic!and!left*sided!

colonic!tumour!locations,!respectively;!p=0.05)!and!that!low!expression!level!(using!

median!transcript!copy!number!(0.87)!as!cut*off)!of!PEDF!correlated!with!microvessel!

density!(p=0.028).!!

Wågsäter! et+ al! ! (2010)! also! examined! protein! levels! of! PEDF! in! colorectal! tissue!

compared!to!paired!normal!tissue!using!ELISA!(enzyme*linked!immunosorbent!assay).!

They!found!no!significant!difference!in!PEDF!protein!levels!in!colorectal!cancer!tissue!

samples!compared!to!the!paired!normal!tissue!samples!and!there!was!no!association!

found!between!either!plasma!levels!and!tissue!levels!of!PEDF!or!clinicopathological!

characteristics!including!patient!age,!patient!gender,!tumour!locations!and!Dukes’s!

stage.!!

In!immunohistochemistry!studies,!colorectal!cancer!showed!strong!nuclear!staining!

in!large!atypical!cancer!cells!as!well!as!in!mesenchymal!cells!of!cancer!stroma!(Uhlen.!

2005).! The! authors! hypothesise! that! expression! may! have! appeared! stronger! in!
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cancer!cells!as!it!reflects!that!cancer!cell!nuclei!are!larger!and!contain!more!nucleic!

acids!and!have!a!higher! rate!of! transcription!and!metabolism.! In! contrast,! Ji!et+al!

(2013)!found!that!PEDF!was!expressed!in!the!cytoplasm!and!cell!membrane!in!normal!

colorectal!mucosa,!primary!cancer!and!adenoma!cells,!with!expression!of!PEDF! in!

cancer!cells!being!weaker!than!in!normal!mucosa.!!

The! interactions!between!PEDF!and!other!angiogenic! regulators! in! the! context!of!

colorectal!cancer!has!been!studied!by!Díaz!et+al! (2008).!They!examined!colorectal!

cancer!specimens!from!112!patients!for!expression!of!and!correlation!between!PEDF,!

VEGF,!p53,!p73!isoforms!and!KRAS!status.!p73!is!a!protein!related!to!p53,!which!has!

a!complex!number!of!isoforms!with!both!tumour!suppressor!(TAp73)!and!oncogenic!

properties! (ΔTAp73);! its! interaction!with!VEGF!remains!unclear.!The!results!of! the!

study! found! that! median! mRNA! geometric! average! for! the! colorectal! cancer!

specimen! cohort! was! *0.06! (IQR! *0.36*0.47).! A! direct! statistically! significant!

correlation!between!VEGF!and!PEDF!mRNA!levels!in!their!cohort!was!noted!(p=0.04,!

r=0.2),!reinforcing!evidence!of!the!interplay!between!VEGF!and!PEDF.!!However,!the!

authors!noted!that!when!they!used!primers!that!amplified!for!both!VEGF!and!VEGFb!

variants,!this!association!was!lost!and!they!commented!that!previous!work!on!this!

area! may! have! led! to! confusing! results! dependent! on! the! primers! used.! The!

association! between! KRAS! mutations! and! decrease! in! PEDF! expression! was!

statistically!significant!(p=0.04),!with!a!geometric!average!for!PEDF!levels!of!0.6!when!

KRAS!was!mutated!and!1.1!when!wild!type!KRAS.!This!suggests!that!oncogenic!KRAS!

may!downregulate!PEDF!expression!in+vivo.!!
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Díaz!et+al!(2008)!found!a!direct!correlation!between!VEGF!and!PEDF!in!the!group!that!

had! high! levels! of! ΔEx2p73! (defined! as! transcript! copy! number! higher! than! 0.66,!

based!on!the!median!value)!(p=0.005,!r=0.463),!and!an!inverse!correlation!between!

PEDF! and! ΔEx2p73! (p=0.04,! r=*0.33).! These! findings! suggest! that! p73! might!

negatively!regulate!PEDF.!No!observed!association!was!seen!between!p53!and!PEDF.!

These!findings!were!comparable!to!those!of!Sasaki!et+al!(2005),!who!concluded!that!

both!p63!and!p73!but!not!p53!induced!PEDF!expression!through!direct!binding!to!the!

PEDF!gene!in!colorectal!cancer!cell!lines.!!

There!have!been!some!concerns!raised!regarding!the!instability!of!recombinant!PEDF,!

which! has! led! some! studies! to! investigate! possible! vector! delivery! of! PEDF.! Jia!&!

Waxman!(2013)!investigated!the!effects!of!endogenous!PEDF!in!colorectal!cancer!by!

comparing!wild*type!KM12!colonic!cancer!cells!(KM12/WT)!with!KM12!cells!infected!

with!retroviral!vector!encoding!PEDF!cDNA!(KM12/PEDF)!in!colon!adenocarcinoma!

xenografts.!The!KM12/PEDF!tumours!were!found!to!have!significantly!lower!levels!of!

microvessel!density!compared!to!KM12/WT!on!immunostaining,!but!no!difference!in!

tumour!growth!rate.!They!also!noted!that!KM12/PEDF!tumours!showed!an!increase!

in! thrombospondin*1! expression,! supporting! theories! that! PEDF! can! upregulate!

thrombospondin*1! (Guan! et! al.! 2004).! Furthermore,! treatment! with!

cyclophosphamide! resulted! in! fewer! lung!metastases! in!mice!bearing!KM12/PEDF!

tumours!compared!with!KM12/WT,!with!confirmation!achieved!by!immunostaining.!

Similar!findings!were!confirmed!by!Li!et+al!(2012);!the!PEDF!gene!was!delivered!by!

cRGD*PEG*PEI! (synthesized! polyethyleneglycol*polyetherimide! coupled! with! cyclic!
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RGD!peptide)!and!was!shown!to!suppress!tumour!growth!and!decrease!microvessel!

density!in!nude!mice!bearing!SW620!human!colorectal!xenografts.!!

In!summary,!studies!to!date!have!shown!that!PEDF!expression!in!colorectal!cancer!is!

reduced!compared!to!normal!tissue,!and!declines!with!worsening!prognostic!factors.!

In!colorectal!cancer!cellular!functional!studies,!VEGF!expression!directly!correlates!

with!PEDF!expression,!with!PEDF!expression!lower!in!KRAS!mutation!and!evidence!of!

p63!and!p73,!but!not!p53,!downregulating!PEDF!expression.! In! colorectal! tumour!

xenografts,! vector!delivered!PEDF!was! found! to!decrease!microvessel!density!but!

with! conflicting! results! on! its! effect! on! tumour! growth! rate.! There! is! evidence! to!

support!that!administration!of!exogenous!PEDF!in!other!solid!tumours!can!result!in!

a!decline!in!cellular!proliferation,!inhibit!cellular!migration!and!invasion!and!induce!

apoptosis! in! cancer! cells.! There! is! limited! evidence! on! the! role! PEDF! plays! in!

colorectal!cancer!cellular!function!but!it!is!logical!to!hypothesise!that!these!findings!

may!be!similar!to!that!of!other!solid!tumours.!!

1.5'Wound'Healing'

1.5.1'The'anti3inflammatory'role'of'PEDF'

As! discussed! in! section! 1.2,! not! only! does! PEDF! have! anti*angiogenic! and! anti*

tumorigenic! effects,! but! also! immune*modulating! effects.! There! is! evidence! to!

support!the!theory!that!PEDF!expression!declines!in!the!presence!of!inflammation.!

Zhang!et+al!(2006b)!observed!significantly!lower!expression!levels!of!PEDF!in!both!the!

retina!and!plasma!of!rats!with!acute!endotoxin*induced!uveitis,!suggesting!that!PEDF!

is!a!negative!acute!phase!protein.!They!also!found!that!retinal!capillary!endothelial!
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cells,!monolayer!endothelial!permeability!was!significantly! increased!by!VEGF!and!

blocked! by! PEDF,! suggesting! that! PEDF! inhibited! VEGF*induced! endothelial!

permeability!by!blocking!dysregulation!of!tight!junction!protein.!

Further! studies! have! confirmed! similar! findings! of! PEDF! expression! inversely!

correlating!with!pro*inflammatory!factors!in!differing!pathologies.!Shin!et+al!(2014)!

found!that!lung!endothelial!cells!from!PEDF!deficient!mice!expressed!higher!levels!of!

pro*inflammatory!markers!and!fibronectin!compared!to!PEDF!wild*type!mice.!Park!et+

al! (2011)! found! the! levels! of! pro*inflammatory! factors!were! significantly! lower! in!

PEDF!transgenic!mice!(express!human!PEDF!driven!by!β*actin!promoter)!compared!

to! wild*type! mice,! suggesting! that! overexpression! of! PEDF! inhibits! retinal!

inflammation.!!

One!mechanism!of!a!direct!binding!site!for!this!anti*inflammatory!action!has!been!

proposed,!with!Matsui!et+al+(2013)!demonstrating!that!PEDF!binds!to!caveolin*1,!a!

protein!component!of!caveolae!(involved!in!the!progression!of!atherosclerosis),! in!

endothelial!cells,!thus!potentially!blocking!the!inflammatory!effects!of!caveolin*1.!!

The! link! between! PEDF! treatment! and! its! effect! on! inflammation! has! also! been!

investigated.!Zha!et+al!(2016)!conducted!an!in+vivo!experiment!on!mice!with!chronic!

ovalbumin*induced! asthma! treated!with! recombinant! PEDF! and! found! that! PEDF!

administration! significantly! inhibited! eosinophilic! airway! inflammation! and!

suppressed!VEGF!expression!in!lung!tissue.!!
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The!above!studies!highlight!that!PEDF!appears!to!exhibit!anti*inflammatory!effects,!

which!may!be!of!additional!benefit!in!the!treatment!of!other!pathological!conditions!

where!inflammation!plays!a!role,!such!as!chronic!wounds.!!

1.5.2'Novel'biological'therapies'for'treatment'of'chronic'wounds'

The!majority!of!wounds!progress!through!the!normal!stages!of!the!wound!healing!

process,! at! an!appropriate! time.!Yet,! roughly!1%!of! the!general!population! suffer!

from!chronic!wounds!(defined!as!a!wound!of!more!than!4!weeks!duration)!(Sen!et!al.!

2009).!This!burden!will!inevitably!rise!with!an!ever*increasingly!co*morbid!population.!

The!management!of!these!chronic!wounds!is!a!significant!financial!drain!on!national!

healthcare!systems!with!an!estimated!cost!of!£2.5m*£3m!per!100,000!population!

(Drew!et!al.!2007).!However!these!financial!costs!fail!to!reflect!the!personal!costs!to!

the!patient,!such!as!a!reduction!in!a!patient’s!ability!to!work!and!reduction!in!quality!

of!life.!!

Many!chronic!wounds!remain!stuck!in!the!inflammation!stage!of!the!wound!healing!

process!(as!discussed!in!section!1.1.1)!and!therefore!many!novel!biological!therapies!

are!directly!targeted!to!address!this!biochemical!imbalance!within!the!wound!bed.!

Recombinant!growth!factors!(PDGF,!FGFb,!human!epidermal!growth!factor!(EGF)!and!

granulocyte!macrophage!colony*stimulating! factor! (GM*CSF))!have!been!proposed!

for! use! in! treatment! of!wounds! (Barrientos! et! al.! 2008;! Buchberger! et! al.! 2010).!

However! it! has! been! suggested! that! it! is! important! to! limit! lifetime! use! due! to!

concerns!over!tumorigenesis!(Fu!et!al.!2005).!Becaplermin!(PDGF)!is!the!only!growth!

factor!product!licensed!for!use!to!date,!and!has!been!proven!to!be!safe!for!use!in!
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diabetic!foot!ulcers!(Mulder!et!al.!2009;!Blume!et!al.!2011).!It’s!use!in!diabetic!foot!

ulcers!has!been!evaluated!in!three!randomised!control!trials;!no!difference!was!found!

when!used!in!combination!with!gauze!dressings!when!compared!to!gauze!dressings!

alone!(Landsman!et!al.!2010),!whilst!it!was!found!to!be!inferior!to!an!acellular!dermal!

matrix!use!(Brigido.!2006),!but!superior!to!placebo!gel!(Wieman!et!al.!1998).!!

Another!novel!area!of! targeted! therapy! is!aimed!at! the!excessive!protease! levels,!

which!can!often!be!found!in!chronic!wounds!(Cullen!et!al.!2002;!Gibson!et!al.!2010).!

Excessive!protease!levels!can!result!in!degradation!of!growth!factors,!and!addressing!

this! may! prevent! this! degradation.! Conversely! treatment! to! address! excessive!

protease!levels!on!wounds!that!do!not!have!excessive!protease!levels!can!result!in!

negative!wound! healing! affects,! highlighting! the! complex! balance! of! biochemical!

imbalances!and!the!individual!approach!that!is!required!for!each!wound.!It!has!been!

suggested!that!addressing!excessive!protease!levels!can!be!achieved!by!either!the!

use!of!collagen*based!dressings!that!reduce!protease!activity!(Cullen!et!al.!2002)!or!

by!inhibition!of!MMP!synthesis!by!the!use!of!polyhydrates!ionogen!(Pirayesh!et!al.!

2007).! A! randomised! control! trial! investigated! the! use! of! a! collagen/oxidised!

regenerated!cellulose!dressing!compared!to!standard!treatment!in!the!management!

of!diabetic!foot!ulcers!and!found!no!difference!in!terms!of!wound!closure!rates!at!12!

weeks! follow*up! between! both! treatment! arms! (Veves! et! al.! 2002).!

Collagen/oxidised!regenerated!cellulose!dressings!have!been!combined!with!silver!

therapy!(anti*microbial!properties)!and! its!use!has!been!assessed! in!a!randomised!

control! trial! in! patients!with! diabetic! foot! ulcers,! comparing! to! standard! therapy!

(Gottrup! et! al.! 2013).! Results! showed! significantly! more! patients! had! a! >50%!
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reduction!in!wound!area!at!4!weeks!follow*up!in!the!treatment!arm!(79%!vs.!43%,!

p=0.035)! suggesting! that! the! combination! of! collagen/oxidised! regenerated!

cellulose/silver!both!normalises!the!wound!microenvironment!and!protects!against!

infection.!To!date,!polyhydrates!iongen!use!has!not!been!assessed!in!level!1!evidence!

in!chronic!wounds.!

There! is! some! limited! evidence! from! a! randomised! control! trial! to! support! the!

combined! treatment! with! protease*modulating! matrix! and! autologous! growth!

factors! via! a! gravitational! platelet! separation! system! in! the! treatment! of! chronic!

diabetic!foot!ulcers!is!superior!to!treatment!arms!with!either!protease*modulating!

matrix!or!autologous!growth!factors!as!monotherapy!(Kakagia!et!al.!2007).!!

The!use!of!stem!cells!have!also!been!proposed!for!treatment!in!chronic!wounds,!and!

are! thought! to! migrate! to! wounded! tissue! and! secrete! chemokines! and! growth!

factors! in! order! to! promote! angiogenesis! and! ECM! remodelling! (Blumberg! et! al.!

2012).!They!can!be!categorised!into!allogenic!and!autologous!stem!cells,!based!on!

their!source.!Allogenic!stem!cells!include!placental!or!amnion*derived!mesenchymal!

and! embryonic! stem! cells.! Autologous! stem! cells! include! bone! marrow! derived!

endothelial! progenitor! cells,! bone!marrow!derived!mesenchymal,! haematopoietic!

and! adipose*derived! stem! cells.! Although! the!use!of! stem! cells! is! promising! from!

animal!studies,!only!one!randomised!control!trial!has!investigated!the!use!of!stem!

cells!in!diabetic!foot!ulcers.!Lu!et+al!compared!bone!marrow!mesenchymal!stem!cells!

with! bone! marrow*derived! mononuclear! cells! and! found! the! healing! rate! was!

significant! less! with! the! bone! marrow! mesenchymal! stem! cells! (Lu! et! al.! 2011).!

However,!further!work!is!certainly!required!to!determine!their!use!in!human!subjects.!!
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Many!clinical!trials!assessing!wound!healing!have!trial!sample!sizes!that!often!appear!

underpowered!(Martí*Carvajal!et!al.!2015),!therefore!casting!some!doubts!over!the!

conclusions!of!some!studies.!Nonetheless,! these!novel! therapies!show!some!early!

promise!for!the!treatment!of!correcting!the!biochemical! imbalance!within!chronic!

wounds.!It!is!critical!to!recognise!that!each!of!the!above!proposed!novel!therapies!

are!not!applicable!for!the!entirety!of!non*healing!wounds,!but!rather!for!non*healing!

wounds!that!are!caused!by!that!particular!biochemical!imbalance.!The!difficulty!faced!

by! the! clinician,! can! be! the! identification! of! the! wounds! that! will! respond! to! a!

particular!treatment,!and!the!development!of!clinical!biomarkers!may!be!beneficial.!

Other! targets! of!wound! imbalances!may! also! exist! in! chronic!wounds,! hence! the!

reason!why!further!research!into!this!area!is!so!vital.!!

1.5.3'The'role'of'PEDF'in'wound'healing'

There!have!been!few!studies!that!have!directly!investigated!the!link!between!PEDF!

expression!and!function!in!the!clinical!setting!of!wound!healing.!mRNA!expression!of!

PEDF!has!been!shown!to!be!highly!positive!in!two!fibroblast!cell!lines!MRC5!(human!

lung!fibroblasts)!and!IBR3G!(transformed!immortalized!fibroblasts)!but!not!detected!

in!HECV!cell! lines!(endothelial!cell! line!originating!from!human!umbilical!vein)! in!a!

study! by! Cai! et+ al! (2006b).! Expression! has! also! been! detected! in! HaCaT! (human!

keratinocyte)!cell!line!(Li!et!al.!2011).!!

mRNA!detection!of!PEDF!was! found! in! the!dermal! layer!of! the!skin! (Francis!et!al.!

2004),! supporting! the! fact! that! fibroblasts,! the!major! cell! type! in! the!dermis,! are!

highly!expressive!of!PEDF!(Sauer!1996).!Whereas! in+vitro!data!supports!the!theory!

that!keratinocytes!in!the!epidermis!express!minimal!amounts!of!PEDF!(Pignolo!et!al.!
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1995).!Zhang!et+al!(2009)!found!strongly!positive!staining!on!immunohistochemistry!

within!normal!skin!tissue!specimens,!in!comparison!to!a!loss!of!staining!in!melanoma!

specimens.!Abe!et+al! (2010)!found!PEDF!was!expressed!within!both!the!epidermis!

and!dermis!on!immunohistochemistry!staining!of!normal!human!skin!tissue!samples,!

but!was!stronger! in! the!epidermis! than!dermis.!However! in!contrast,!Francis!et+al!

(2004)! found! PEDF! protein! localised! to! the! sub*epidermal! region! determined! by!

immunofluorescence!on!normal!skin!tissue!specimen.!On!a!cellular!level,!expression!

of! PEDF! protein! was! found! to! be! localised! to! the! cytoplasm! of! keratinocytes! on!

immunocytochemistry! and! immunofluorescence! studies! (Abe!et! al.! 2010;! Li! et! al.!

2011).!

PEDF!expression!has!been!found!to!decline!dramatically!during!cellular!aging;!first!

noted!in!late!passage!cultured!W138!human!lung!fibroblast!cell!line!(Doggett!et!al.!

1992;!Pignolo!et!al.!1993;!Pignolo!et!al.!2003)!with!similar!findings!in!skin!fibroblast!

cultures!(Tresini!!et!al.!1999;!Pignolo!et!al.!2003).!This!was!also!the!case!when!Francis!

et+al!(2004)!examined!tissue!specimens!from!skin!of!differing!aged!donors;!the!largest!

decline! was! witnessed! between! young! and! middle! aged! donors,! suggesting! that!

reduction!of!PEDF!expression!may!be!an!early!aging!event!that!alters!the!complex!

homeostatic!balance!of!angiogenic!modulators!in!the!skin!tissue!microenvironment.!!

Abe! et+ al,! (2010)! found! that! cultured! keratinocytes! stimulated! with!

lipopolysaccharide!constitutively!secrete!PEDF!(as!determined!by!ELISA!analysis!of!

PEDF!concentration!in!the!collected!media!1!day!after!stimulation),!and!the!secretion!

was! significantly! upregulated! in! a! dose! dependent! manner,! whereas! cultured!

fibroblasts! failed! to! show! up*regulation.! This! suggests! that! keratinocytes! but! not!
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fibroblasts! secrete! PEDF! in! a! regulated! manner! in! response! to! inflammation.!

Furthermore,! Sarojini! et+ al! suggested! that! conditioned! medium! (secretome)! for!

mouse!mesenchymal!stem!cells!is!chemotactic!for!human!fibroblasts,!and!that!PEDF!

is! the! predominant! fibroblast! chemoattractant,!with! immunofluorescence! studies!

showing! staining! for! PEDF! in! the! cytoplasm,! cell! surface! and! interspace! between!

mesenchymal!stem!cells!(Sarojini!et!al.!2008).!!

When!HaCaT!cells!were! incubated!with!50ng/ml!of!VEGF165,!western!blot!analysis!

showed!that!PEDF!protein!levels!were!dramatically!decreased!in!comparison!to!those!

without! treatment,! therefore! highlighting! the! counterbalance! between!VEGF! and!

PEDF!(Li!et!al.!2011).!Wei!et+al! (2011)!also!assessed!the!cellular!function!in!HaCaT!

cells!with!the!addition!of!recombinant!PEDF!either!5ng/ml!or!50ng/ml!compared!to!

no!treatment.!The!findings!confirmed!that!PEDF!inhibited!HaCaT!cellular!growth!by!

4.62%! and! 23.91%! at! doses! of! 5ng/ml! and! 50ng/ml! respectively.! Flow! cytometry!

demonstrated! that! treatment! with! rhPEDF! 50ng/ml! for! 24! hours! increased! the!

percentage!of!cells!in!S!phase!from!13%!to!26%,!indicating!that!PEDF!may!induce!S!

phase!accumulation!of!HaCaT!cells!(Li!et!al.!2011).!Adhesion!assays!found!a!significant!

increase!in!the!rate!of!adhesion!of!HaCaT!cells!by!29%!compared!to!untreated!HaCaT!

cells!with!rhPEDF!50ng/ml!(p<0.05)!(Li!et!al.!2011).!This!significance!was!not!seen!at!

the! lower! dose! of! rhPEDF! 5ng/ml.! Scratch! migration! assays! showed! that! PEDF!

50ng/ml!decreased!wound!closure!rate!by!33%!and!29%!after!24!and!48!hours!of!

incubation,!when!compared!to!the!control!group!(p<0.001)!(no!treatment)!(Li!et!al.!

2011).! Work! by! Chen! &! Dipietro! (2014)! supported! these! findings! of! increased!

adhesion! with! the! treatment! of! rhPEDF! in! keratinocytes,! with! an! impairment! of!
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migration! rate! but!with! no! effect! noted!on! cellular! growth.! They! also! found! that!

treatment! with! inflammatory! cytokines! (IL*1β,! IL*6! and! TNF*α)! inhibited! PEDF!

expression!in!isolated!skin!keratinocytes.!In!mouse!dermal!burn!wound!models,!PEDF!

was! discovered! to! be! downregulated! at! 0! and! 2! hours! post*wounding! but!

upregulated!at! 3! and!14!days!post*wounding.! The! authors!hypothesised! that! this!

early! downregulation! of! PEDF! expression! may! be! because! of! the! high! rate! of!

inflammatory!cytokines,!such!as!IL*1β,!IL*6!and!TNF*α,!in!early!wound!environments!

(Chen!et!al.!2010)!or!due!to!disruption!of!the!keratinocyte!layer.!!

There! is! evidence! to! suggest! that! PEDF! expression! is! downregulated! in! chronic!

inflammatory! skin! conditions,! in! keeping! with! other! inflammatory! conditions! (as!

discussed! in! section! 1.5.1),! with! studies! evaluating! psoriasis! and! condyloma!

acuminatum!(Abe!et!al.!2010;!Dong!et!al.!2013).!The!low!levels!of!PEDF!expression!in!

such! cases! could! be! inhibiting! cellular! proliferation! and! resulting! in! abnormal!

proliferation!and!thickening!of!the!epidermal!basal!layers.!Topical!application!of!low*

molecular!weight!PEDF!peptides!in!mouse!models!of!psoriatic!disease!led!to!reduced!

angiogenesis!and!epidermal!thickness,!and!suggest!that!it!may!be!a!novel!therapeutic!

strategy!for!psoriasis!(Abe!et!al.!2010).!!

In!summary,!the!potential!role!PEDF!may!play!in!the!treatment!of!chronic!wounds!is!

conflicting.!PEDF!expression!appears!to!be!downregulated!in!the!initial!acute!phase!

after!injury,!suggesting!its!upstream!interaction!with!inflammatory!factors.!PEDF!has!

been! shown! to! exhibit! anti*inflammatory! effects! in! other!pathological! conditions,!

which!may!be!beneficial!for!such!patients!with!chronic!wounds.!There!may!also!be!a!

direct! chemoattractant!or! inhibition!action!of!PEDF! for!cells! important! for!wound!
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healing!such!as!fibroblasts!or!keratinocytes.!Abnormal!angiogenesis!also!contributes!

to! chronic! wounds.! PEDF! is! selective! in! its! action! by! discriminating! between!

endothelial! cells! forming! new! vessels! and! those! from! pre*existing! vessels! and!

therefore!targeting!mainly!abnormal!angiogenesis!with!newly!forming!vessels!and!

avoiding! existing! vessels! (Bouck! 2002).! It! is! therefore! logical! that! PEDF! inhibits!

aberrant! angiogenesis,! which! leads! to! normalisation! of! healthy! vasculature,!

potentially!benefiting!chronic!wound!healing.!'

1.6.'Hypothesis'and'Aims'of'the'Study'

The!hypothesis!of!this!study!is!that!the!loss!of!PEDF!expression!will!be!associated!with!

worsening!prognostic!factors!in!colorectal!cancer!and!that!the!use!of!recombinant!

PEDF!may!result!in!the!decrease!of!cellular!proliferation,!adhesion,!migration!and/or!

invasion!of!treated!colorectal!cancer!cells.!The!hypothesised!role!of!PEDF!in!wound!

healing!is!less!clear,!based!on!previous!evidence.!The!aim!of!this!study!is!to!elucidate!

more! detailed! regulatory! mechanisms! of! PEDF! in! wound! healing,! and! tumour!

angiogenesis! in! different! subtypes! of! colorectal! cancer! and! provide! evidence! to!

develop!PEDF!or!its!fragments!as!therapeutics!for!wound!healing!or!colorectal!cancer!

treatment!via!expression!profiling!and!cellular!functional!assays.!
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2.1'Cell'lines'

Six!colorectal!cancer!cell! lines!and!four!wound!healing!cell! lines!were!used! in! this!

study.!!Full!details!of!cell!origins!and!characteristics!are!outlined!in!Table!2.1.!!

2.2'Wound'tissue'collection'

Tissue!biopsies!were!performed!on!a!total!of!71!patients.!All!patients!had!duplex*!

ultrasound!confirmed!venous!leg!ulcers!with!a!wound!surface!area!of!at!least!4cm
2
,!

that!were!present! for!at! least! six!months!and!deemed!non*infected!by!a!clinician!

within!the!Wound!Healing!Research!Team,!Cardiff!and!Vale!University!Health!Board.!

Ethical! approval!was!obtained! from!Cardiff! and!Vale! ethics! committee! (reference!

number!SJT/C617/08)!and!written!informed!consent!was!gained!from!the!patients,!

and!has!been!described!previously!(Bosanquet!et!al.!2012). A!6mm!punch!biopsy!was!

performed! from! the!wound!edge!with! the!use!of! 1%! lignocaine! local! anaesthetic!

using!an!aseptic!technique.!Tissue!samples!were!stored!at!*80°C!before!transferring!

into!liquid!nitrogen.!The!patients!subsequently!had!standard!treatment!for!12!weeks!

in!the!form!of!compression!therapy!and!appropriate!dressings.!At!12!weeks’!follow*

up,! the!biopsies!of! the!patients!where! the!wound!had!either!decreased! in!size!or!

healed!were!classed!as!‘healing’!and!those!that!had!either!not!decreased!in!size!or!

remained!static!in!size!or!increased!were!classed!as!‘non*healing’.!!



! Chapter!2*!General!Materials!and!Methods!

!

! 75! !

Table'2.1'Cell'line'origins'and'characteristics''

!

Cell'line' Species' Morphology' Sources'and'features' Purchase'
Company'

RKO! Homo!

Sapiens!

Epithelial! RKO!is!a!poorly!differentiated!

colon!carcinoma!cell!line!

American!Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA!

HT115! Homo!

Sapiens!

Epithelial! Derived! from! colonic!

adenocarcinoma!

Sigma*Aldrich!

(Poole,! Dorset,!

UK)!

HRT*18! Homo!

Sapiens!

Epithelial! Derived! from! rectal!

adenocarcinoma!

Sigma*Aldrich!

(Poole,! Dorset,!

UK)!

COLO*201! Homo!

Sapiens!

bipolar,!

slightly!

refractile,!

fibroblast*

like!cell!

COLO*201!is!a!metastatic!Dukes’!D!

colorectal! adenocarcinoma! cell!

line,! derived! from! ascites.! It! is!

sourced! from! a! 70*year*old!

Caucasian!male!

American! Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA!

LS174T! Homo!

Sapiens!

Epithelial! LS! 174T! is! mucinous! secreting!

colorectal! adenocarcinoma! cell!

line!(Dukes'!B).!Derived!from!a!58!

years!old!Caucasian!female!

American! Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA)!

CCD*33C0! Homo!

Sapiens!

Fibroblast! Colorectal! fibroblast! cell! line!

derived! from! a! 7! years! old!

Caucasian!male!

American! Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA)!

HaCaT! Homo!

Sapiens!

Keratinocyte! Derived! from! 62*year*old!

Caucasian!male!

CLS! Cell! Lines!

Service! GmbH!

(Eppelheim,!

Germany)!

HECV! Homo!

Sapiens!

Endothelial! Derived! from! umbilical! vein/!

vascular!endothelium!

!American! Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA)!

Primary!

Dermal!

Fibroblasts!

(DF)!

Homo!

Sapiens!

Fibroblast! Derived!from!an!adult! American! Type!

Culture!

Collection!

(ATCC,!Rockville,!

Maryland,!USA)!

Human!

Adipose*

Derived!

Stem!Cells!

(HASC)!

Homo!

Sapiens!

Human!

Adipose*

Derived!

Stem!Cells!

! Life!

Technologies!

(Paisley,!UK)!



! Chapter!2*!General!Materials!and!Methods!

!

! 76! !

2.3'Colorectal'cancer'tissue'collection'

Colorectal!cancer!tissue!collection!for!transcript!analysis!was!performed!at!Beijing!

Friendship!Hospital,!China.!The!cohort!consisted!of!a!total!of!406!patients!undergoing!

a!surgical!resection!for!the!management!of!colorectal!cancer.!Medical!records!and!

histology! reports! were! used! for! the! collation! of! clinical! and! pathological! data!

preoperatively!and!during!the!immediate!postoperative!follow*up!period.!Details!of!

patient! demographics,! TNM! staging,! Dukes! stage! and! pathological! grade! were!

provided!during!experimental!data!analysis.!Ethical!approval!was!obtained!(Appendix!

1)!and!consent!received!from!all!patients!included!in!the!cohort.!!

Colonic!cancer!tissue!microarray!(T054b)!used!for!immunohistochemical!staining!was!

purchased! from! US! Biomax,! Inc.! (Rockville,! USA).! The! microarray! included! 12!

cases/24!cores!with!normal!colon!tissue!as!control.!Rectal!cancer!tissue!microarray!

(RE961)!used!for!immunohistochemical!staining!was!purchased!from!US!Biomax!Inc.!

(Rockville,!USA).!The!microarray!included!48!cases/!96!cores!with!normal!colon!tissue!

as! control.! Specimens!were! registered!and! stored!according! to!Human!Tissue!Act!

regulations.!All!specimens!were!analysed!anonymously.!Details!of!patient!age!and!

gender,! TNM! staging,! Dukes! stage! and! pathological! grade! were! provided! during!

experimental! data! analysis.! ! Specimens! had! diagnoses! verified! by! a! Consultant!

Histopathologist.!!

2.4'Primers'

Table!2.2!outlines!all!the!primers!used!in!this!study.!All!primers!were!designed!using!

the!Beacon!Design!programme!(Biosoft!International,!Palo!Alto,!California,!USA)!and!
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synthesised! by! Sigma! Aldrich! (Poole,! Dorset,! UK).! The! software! described! above!

features! an! automated! search! for! reaction! conditions! and! possible! homology!

amplification! of! other! genes.! The! conventional! reverse! transcription! polymerase!

chain! reaction! (RT*PCR)! and! quantitative! PCR! (qPCR)! paired! forward! and! reverse!

primers!for!each!gene!reside!in!one!of!two!adjacent!exons.!Additionally,!the!amplified!

genome! sequence! includes! at! least! one! intron! boundary.! The! optimal! annealing!

temperature!for!all!the!primers!used!throughout!this!study!was!55
o
C.!

2.5'Antibodies'

The!antibodies!used!throughout!this!study!are!detailed!below!in!tables!2.3!and!2.4.!!

!

Table'2.2:''Primers'for'conventional'RT3PCR'and'real'time'qPCR'

Gene' Primer'name' Primer'Sequence'(5’33’)' Product'
size'(bps)'

PEDF! SERPINF1!

F50!

ATCCTTTCTTCAAAGTCCCC! 324!

! SERPINF1!

R50!

ATTTTATGCGCAGCTTCTTC! 324!

! PEDFF1! GGTGCTACTCCTCTGCATT! 128!

! PEDFZR! ACTGAACCTGACCGTACAAGAAAGGATCCTCC
TCCTC!

128!

GAPDH! GAPDHF8! GGCTGCTTTTAACTCTGGTA! 475!

! GAPDHR8! GACTGTGGTCATGAGTCCTT! 475!

! GAPDHF1! AAGGTCATCCATGACAACTT! 87!

! GAPDHZR1! ACTGAACCTGACCGTACAGCCATCCACAGTCT
TCTG!

87!

PDPL! PDPLF8! GAATCATCGTTGTGGTTATG! *!

! PDPLZR! ACTGAACCTGACCGTACACTTTCATTTGCCTAT
CACAT!

*!

ACTGAACCTGACCGTACA+represents+the+Z+sequence+

'

'
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Table'2.3:'Primary'antibodies''

Name' Species' Supplier'and'Product'Code'
Anti*PEDF! polyclonal!

antibody!

Rabbit! Santa!Cruz!Biotechnology,!Inc.!!

Sc*25594!

Anti*GAPDH! polyclonal!

antibody!

Rabbit! Santa!Cruz!Biotechnology,!Inc.!

Sc*25778!

'

Table'2.4:'Secondary'antibodies'

Name' Species' Supplier'and'Product'Code'
Anti*! rabbit! IgG!

peroxidase!conjugate!*!

Goat! Sigma*Aldrich!

A*9169!

Vectastain!Universal!Elite!

ABC!Kit!**!

Universal! Vector!Laboratories!

PK*6200!

Anti*! rabbit! IgG! FITC!

conjugate!***!

Goat! Sigma*!Aldrich!

F1262!
*+For+protein+probing+
**+For+immunohistochemical+studies+
***+For+immunofluorescence+studies+

'

2.6'General'reagents'and'solutions'

The!solutions! listed!below!were!used!throughout.!All!products!were!sourced!from!

Sigma!Aldrich!(Poole,!Dorset,!UK)!unless!otherwise!stated.!

2.6.1'Solutions'for'use'in'tissue'culture'

Antibiotics+(100x)+

Antibiotic! antimycotic! solution! (x100)! containing! 10,000units! penicillin,! 10mg!

streptomycin!and!25µg!amphotericin!B!per!ml!was!diluted!in!balanced!saline!solution!

(BSS)!and!split! into!5ml!aliquots.!This!was!then!added!directly!to!500ml!bottles!of!

media.!!

+
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Balanced+Saline+Solution+

Two! grams! of! Potassium! Chloride! (KCl),! 79.5g! Sodium! Chloride! (NaCl),! 2.1g! of!

Potassium! Phosphate! monobasic! (KH2PO4)! (Fisons! Scientific! equipment,!

Loughborough,!UK),!and!11g!of!Sodium!Phosphate!dibasic!(Na2HPO4)!(BDH!Chemical!

Ltd,!Poole,!UK)!were!dissolved!in!10L!of!distilled!water.!The!pH!was!then!adjusted!to!

7.4!by!using!1M!of!Sodium!Hydroxide!(NaOH).!

Ethyl+Diamine+TetraNacetic+Acid+(EDTA)+(0.02%)+

One! gram! of! KCl! (Fisons! Scientific! equipment,! Loughborough,! UK)! 1g,! 5.72g! of!

Na2HPO4! (BDH! Chemical! Ltd,! Poole,! UK),! 40g! of! NaCl! and! 1.4g! of! EDTA! (Duchefa!

Biochemie,!Haarlem,!The!Netherlands)!were!dissolved!in!5L!of!distilled!water!and!the!

pH!was!subsequently!adjusted!to!7.4.!This!was!then!autoclaved!and!stored!at!room!

temperature!until!use.!+

Trypsin+(25mg/ml)+

Trypsin! (500µg)!was! dissolved! in! 0.02%! EDTA,!mixed! and! then! filtered! through! a!

0.2µm!ministart!filter!(Sartotirus,!Epsom,!UK).!The!solution!was!then!aliquoted!into!

250µl!samples!and!stored!at!*20oC!until!use.!

2.6.2'Solutions'for'use'in'molecular'biology'

Diethyl+pyroncarbonate+(DEPC)+water+

Two!hundred!and!fifty!millilitres!of!DEPC!was!added!to!4.75ml!of!distilled!water!and!

then!subsequently!autoclaved!and!stored!until!use.!
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TrisNBoric+Acid+(TBE)+(5x)+

A!five!times!stock!solution!containing!900mM!of!borate,!1.1M!of!Tris!and!25mM!of!

EDTA!at!ph8.3,!was!prepared!by!dissolving!540g!of!Tris*HCl!(Melford!Laboratories!Ltd,!

Suffolk,!UK),!275g!of!boric!acid!(Melford!Laboratories!Ltd,!Suffolk,!UK)!and!46.5g!of!

EDTA!in!10L!of!distilled!water.!NaOH!was!used!to!adjust!the!pH!to!8.3.!The!solution!

was!stored!at!room!temperature!until!required.!For!the!preparation!of!agarose!gels!

and!DNA!electrophoresis!the!TBE!was!diluted!using!distilled!water!to!a!1x!concentrate.!!

2.6.3'Solutions'for'protein'analysis'

10%+Ammonium+Persulfate+(APS)+

One!gram!of!APS!was!dissolved!in!10ml!of!distilled!water.!This!solution!was!stored!in!

2.5ml!aliquots!at!4
o
C!until!further!use.!!

Cell+Lysis+buffer+

The! cell! lysis! buffer! was! prepared! by! dissolving! 50mM! Tris! (0.61g),! 5mM! EGTA!

(0.19G),! 150mM! NaCl! (0.87g)! and! 1ml! Triton! x100! in! 100ml! of! distilled! water.!

Protease!inhibitors!(phenylmethylsulfonyl!fluoride!(PMSF)!(100µg/ml!in!isopropanol),!

aprotinin! (10µg/ml),! leupeptin! (10µg/ml),! sodium! fluoride! (50mM)! and! sodium!

vanadate!(5mM))!were!added!prior!to!use.!!

Running+buffer+(10x)+(for+SDSNPAGE)+

Running!buffer!(10x)!stock!solution!which!contained!0.25M!Tris,!1.92M!glycine!and!

1%!Sodium!dodecyl!sulphate!(SDS)!at!pH8.3!was!prepared!by!dissolving!303g!of!Tris,!

1.44kg!of!glycine!(Melford!Laboratories!Ltd,!Suffolk,!UK)!and!100g!of!SDS!(Melford!
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Laboratories! Ltd,! Suffolk,! UK)! in! 10L! of! distilled! water.! This! solution! was! further!

diluted!to!a!1x!concentrate!using!distilled!water!for!usage.!!

Transfer+buffer+

Transfer!buffer!was!made!by!dissolving!15.5g!of!Tris!and!72g!of!glycine!in!4L!distilled!

water.!Following!this,!1L!of!methanol!(Fisher!Scientific,!Leicestershire,!UK)!was!added!

resulting!in!a!final!volume!of!5L!in!distilled!water.!!

Tris+Buffered+Saline+(TBS)+(10x)+

Tris!Buffered!Saline!(10x)!stock!solution,!which!contained!0.5M!Tris!and!1.38M!NaCl,!

at!pH7.4!was!prepared!by!dissolving!24.228g!of! Tris! and!80.06g!of!NaCl! (Melford!

Laboratories!Ltd,!Suffolk,!UK)!in!1L!distilled!water.!The!addition!of!HCl!resulted!in!an!

adjusted!pH!of!7.4!and!was!stored!at!room!temperature!until!use.!!

Tris+Buffered+Saline+with+Tween+20+(TBST)+

Tris! Buffered! Saline! (1x)! mixed! with! 0.05%! Tween! 20! (Melford! Laboratories! Ltd,!

Suffolk,!UK).!

Blocking+Solution+

TBST!with!10%!skimmed!milk!solution!dissolved!in!the!solution.!

'

'

'
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2.6.4'Solutions'used'for'immunohistochemical'studies'

Blocking+Reagent+for+staining+of+tissues+

A!blocking!reagent!was!used!to!dilute!primary!and!secondary!antibodies!(described!

in!section!2.5).!The!blocking!reagent!consisted!of!10mls!of!TBS!mixed!with!0.1%!BSA,!

0.1%!saponin,!0.1%!skimmed!milk!powder,!and!2ml!horse!serum.!!

Blocking+Reagent+for+staining+of+cells+

A!blocking!reagent!was!used!to!dilute!primary!and!secondary!antibodies!(described!

in!section!2.5).!The!blocking!reagent!consisted!of!10mls!of!TBS!mixed!with!0.1%!BSA!

and!2ml!horse!serum.!!

DAB+(diaminobenzidine)+substrate+

DAB! substrate! was! prepared! using! 0.5ml! aliquot! of! DAB,! 4.5mls! TBS! and! 6µl! of!

hydrogen!peroxide!(H202)!and!used!immediately!after!preparation.!!

2.6.5'Reagents'used'as'treatment'in'cellular'functional'studies'

Recombinant+PEDF+

Recombinant! PEDF! was! purchased! from! R&D! Systems! Europe! Ltd! (Abingdon,!

Oxfordshire,!UK)!and!diluted!to!10µg/ml!using!sterile!BSS:!0.1%!BSA,!then!stored!at!!!

*80!oC!until!use.!

+

+
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FAK+inhibitor+(FAKi)+

PF*573228! (Cat! no:! 3239)! [3,4*Dihydro*6*[[4*[[[3*

(methylsulfonyl)phenyl]methyl]amino]*5*(trifluoromethyl)*2*pyrimidinyl]amino]*

2(1H)*quinolinone]!was!purchased!from!Tocris!Bioscience!(Bristol,!UK)!and!diluted!to!

1mM!stock!solution!using!sterile!DMSO,!then!stored!at!20
!o
C!until!use!(Figure!2.1).!

cNMet+inhibitor+(cNMi)+

PHA*66572!(Cat!no:!2693)![(2R)*1*[[5*[(Z)*[5*[[(2,6*Dichlorophenyl)methyl]sulfony!l]*

1,2*dihydro*2*oxo*3H*indol*3*ylidene]methyl]*2,4*dimethyl*1H*pyrrol*3*

yl]carbonyl]*2*(1*pyrrolidinylmethyl)! pyrrolidine]! was! purchased! from! Tocris!

Bioscience!(Bristol,!UK)!and!diluted!to!1mM!stock!solution!using!sterile!DMSO,!then!

stored!at!20
!o
C!until!use!(Figure!2.2).!

'

'

'
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'

'

Figure' 2.1.' PF*573228' [3,4*Dihydro*6*[[4*[[[3*(methylsulfonyl)phenyl]methyl]amino]*5*

(trifluoromethyl)*2*pyrimidinyl]amino]*2(1H)*quinolinone]!Chemical!Structure.!

'

Figure'2.2.'PHA*665752'[(2R)*1*[[5*[(Z)*[5*[[(2,6*Dichlorophenyl)methyl]sulfony!l]*1,2*dihydro*2*oxo*

3H*indol*3*ylidene]methyl]*2,4*dimethyl*1H*pyrrol*3*yl]carbonyl]*2*(1*pyrrolidinylmethyl)!

pyrrolidine]!Chemical!Structure.'

'

'
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2.7'Cell'maintenance,'culture'and'storage'

2.7.1'Preparation'of'growth'medium'for'maintenance'of'cells'

The!culture!medium!used!for!each!cell!line!is!described!in!Table!2.5.!!

2.7.2'Cell'Maintenance'

All!cell!lines!were!maintained!in!either!25cm2!or!75cm2!tissue!culture!flasks!(Greiner!

Bio*One!Ltd,!Gloucestershire,!UK),!within!an!incubator!using!the!settings!as!follows;!

37oC,!5%!CO2!and!95%!humidity.!All!tissue!culture!procedures!were!carried!inside!a!

class!II!laminar!flow!cabinet!whilst!adhering!to!aseptic!techniques!using!autoclaved!

and! sterile! equipment.! Cells! were! maintained! in! the! appropriate! supplemented!

media! (as! described! in! Table! 2.5)! and! routinely! sub*cultured! upon! reaching! 90%!

confluence.!Confluence!was!determined!by!assessing!the!coverage!of!cells!over!the!

surface! of! the! base! of! the! tissue! culture! flask! using! a! Leica! DMi1! inverted! light!

microscope!(Leica!microsystems!Ltd,!Milton!Keynes,!UK)!using!x100!magnification.!!

2.7.3'Detachment'of'adherent'cells'

The!culture!medium!was!aspirated!once!the!cells!had!reached!90%!confluence.!Cells!

were!washed!in!sterile!EDTA*BSS!buffer!to!remove!any!remaining!medium,!to!reduce!

the! inhibitory! effect! remaining! medium! would! have! on! the! action! of! trypsin.!

Adherent!cells!were!detached!from!the!flask!by!incubating!with!5ml!of!trypsin:EDTA!!

(0.01%!trypsin!0.02%!EDTA!in!BSS!buffer)!and!placed!back!in!the!incubator!at!37oC!

for!roughly!ten!minutes!until!the!cells!had!detached.!Once!the!cells!were!detached!

from!the!surface!of!the!base!of!the!tissue!culture!flask,!the!cell!suspension!was!placed!
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in! a! 30ml! universal! container! (Greiner! Bio*One! Ltd,! Gloucestershire,! UK)! and!

centrifuged!at!1760rpm!for!8!minutes!in!order!to!form!a!cell!pellet.!The!supernatant!

was!aspirated!and!the!cell!pellet!was!resuspended!in!the!appropriate!medium.!

2.7.4'Cell'counting'

Cell!counting!for!accurate!cell!density!seeding!for!immunocytochemical!studies!and!

cellular! functional! assays,! was! performed! using! a! Neubauer! haemocytometer!

counting!chamber!(Mod*Fuchs,!Rosenthal,!Hawksley,!UK).!This!haemocytometer!was!

used! in! order! to! calculate! the! cells! per! millilitre! from! the! number! of! cells! in! a!

previously!known!volume.!Cell!counting!took!place!under!a!Leica!DMi1!inverted!light!

microscope!(Leica!microsystems!Ltd,!Milton!Keynes,!UK)!using!x100!magnification.!

The!counting!chamber!has!9!squares!on!it!each!with!the!dimensions!1mm!x!1mm!x!

0.2mm!and!then!further!divided! into!16!equal!small!squares.!Three!of!the!1mm!x!

1mm!x!0.2mm!squares!was!counted!for!representative!purposes.!The!number!of!cells!

was!calculated!by!using!the!equation!below:!

Cell!number/ml=!(the!sum!of!the!number!of!cells!in!each!16!squares!/2)!x!(1x104)!
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Table'2.5:'Cell'line'and'culture'medium'used'

Cell'line' Culture'Medium'used'
RKO! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

HT115! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

HRT*18! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

COLO*201! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

LS174T! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

CCD*33C0! Fibroblast!basal!medium!(ATCC,!Rockville,!Maryland,!USA)!with!

5ml! antibiotics! (streptomycin! 0.1mg/ml,! penicillin! 100U/ml,!

amphotericin! 0.25! µg/ml),! hydrocortisone! (1µg/ml),! Basic!

Fibroblast! Growth! Factor! (FGFb)! (5ng/ml),! ascorbic! acid!

50µg/ml),!insulin!(5µg/ml),!glutamine!!(7.5mM)!and!20ml!Foetal!

Calf!Serum!(2%)!

HaCaT! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!

HECV! DMEM/Ham’s! F12! with! L*glutamine! medium! (Sigma*Aldrich,!

Dorset,! UK)! with! 5ml! antibiotics! (streptomycin! 0.1mg/ml,!

penicillin!100U/ml,!amphotericin!0.25!µg/ml)!and!50ml!Foetal!

Calf!serum!(10%)!
Primary!Dermal!

Fibroblasts!(DF)!

Fibroblast!basal!medium!(ATCC,!Rockville,!Maryland,!USA)!with!

5ml! antibiotics! (streptomycin! 0.1mg/ml,! penicillin! 100U/ml,!

amphotericin! 0.25! µg/ml),! hydrocortisone! (1µg/ml),! Basic!

Fibroblast! Growth! Factor! (FGFb)! (5ng/ml),! ascorbic! acid!

50µg/ml),!insulin!(5µg/ml),!glutamine!!(7.5mM)!and!20ml!Foetal!

Calf!Serum!(2%)!

Human!

Adipose*

derived! Stem!

Cells!(HASC)!

MesenProRS! medium! (Life! Technologies,! Paisley,! UK)! with!

glutamine! (2mM),! 20ml! Foetal! Calf! Serum! (2%)! and!with! 5ml!

antibiotics! (streptomycin! 0.1mg/ml,! penicillin! 100U/ml,!

amphotericin!0.25!µg/ml)!
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2.7.5'Storage'of'cell'stocks'in'liquid'nitrogen'

All!stocks!of!low!passage!(<4)!cells!were!stored!in!liquid!nitrogen.!Cells!were!detached!

from! a! tissue! culture! flask! using! trypsin:EDTA! (as! described! in! section! 2.7.3).!

Following! detachment,! the! cells! were! resuspended! in! the! required! volume!

(dependant!on! the!number!of! samples! to!be! frozen)!of! the!cryprotective!solution!

consisting!of!DMSO!(10%!of!the!required!volume)! in!appropriate!growth!medium.!

Following!resuspension,!cells!were!aliquoted! into!1ml!volumes! in!1.8ml!cryotubes!

(Greiner!Bio*One,!Germany)!and!stored!overnight!in!an!*80
o
C!freezer.!The!cryotubes!

were!transferred!after!24!hours!to!liquid!nitrogen!tanks!for!longer*term!storage.!!

2.7.6'Cell'revival'from'liquid'nitrogen'

Cryotubes!containing!cells!were!removed!from!liquid!nitrogen!tanks!when!required!

for! use.! The! cryotubes! were! thawed,! by! placing! them! in! a! water! bath! at! 37
o
C.!

Following!thawing,!the!cell!solution!was!poured!into!a!universal!container!alongside!

10ml!of!pre*warmed!medium!thus!diluting!the!DMSO.!The!universal!container!was!

centrifuged!at!1760rpm!for!8!minutes! in!order!to! form!a!cell!pellet.!The!resultant!

supernatant! was! aspirated! off! and! the! cell! pellet! resuspended! in! 5ml! of! the!

appropriate!growth!medium.!The!cell!solution!was!then!maintained!overnight!at!37oC!

in!a!25cm2!tissue!culture!flask.!

The!following!day,!the!surface!of!the!base!of!tissue!culture!flask!was!visualised!using!

a!light!microscope!to!confirm!viable!adherent!cells.!The!medium!was!aspirated!and!

replaced!in!order!to!remove!any!residual!DMSO!and!non*viable!cells.!Standard!sub*

culture!techniques,!as!described!in!section!2.7.2,!were!performed!as!necessary.!!
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2.8'Synthesis'of'complementary'DNA'for'use'in'PCR'analysis'

2.8.1'Total'RNA'isolation'

RNA!was!extracted!according!to!the!TRI!Reagent!protocol!(Sigma*Aldrich).!!Once!cells!

reached!confluence,!the!medium!was!aspirated!off.!!1ml!of!TRI!Reagent!was!added!

to!the!flask!in!order!to!induce!cell!lysis,!and!a!cell!scrapper!used!to!facilitate!removal.!

The! resultant! cell! lysate! was! transferred! into! a! 1.8ml! microfuge! tube.! 0.2ml!

chloroform!was! added! to! the! Eppendorf,! vigorously! shaken! for! 15! seconds,! then!

centrifuged!at!12,000rpm!for!15!minutes!at!4
0
C!(Boeco,!Wolf!Laboratories,!York,!UK).!

The!upper!aqueous!phase!containing!RNA!was!transferred!to!a!new!1.8ml!microfuge!

tube,!followed!by!the!addition!of!500µl!isopropanol!and!incubation!for!10!minutes!at!

room! temperature! prior! to! a! centrifuging! at! 12,000rpm! for! 10! minutes! at! 4OC.!!

Following!centrifuging,!the!supernatant!was!aspirated!off!and!removed!and!a!pellet!

at!the!microfuge!tube!was!visible!representing!the!RNA!present!in!the!sample!that!

had!precipitated!out!of!the!solution.!The!RNA!pellet!was!washed!in!1ml!of!75%!cold!

ethanol! (Fisher! Scientific,! Leicestershire,! UK)! prepared! in! DEPC! water,! and! then!

centrifuged!at!7,500rpm!for!5!minutes!at!4OC.!The!ethanol!was!then!removed!and!

the! microfuge! tube! placed! in! a! drying! oven! (Techne! Hybridiser! HB*1D,! Wolf!

Laboratories,!York,!UK)!for!10!minutes!at!550C!to!allow!the!RNA!pellet!to!dry.!The!

pellet!was!finally!resuspended!in!40µl!of!DEPC!water!by!vortexing.!!

2.8.2'RNA'quantification'

Concentration! of! RNA! was! measured! using! an! Implen! Nanophotometer! (Implen,!

Munich,! Germany).! This! Implen! Nanophotometer! is! configured! to! detect! single!
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strand!RNA!(µg/µl)!in!a!1!in!10!dilution!by!quantifying!the!difference!in!absorbance!

at!260nm!between!the!RNA!sample!and!a!control!of!DEPC!water.!

2.8.3'RNA'extraction'from'tissues'

Both!wound!and!colorectal!tissues!sections!(60x70µm)!were!homogenised!using!a!

hand*held!homogeniser!in!ice*cold!RNA!extraction!solution.!The!RNA!concentration!

was!determined!using!UV1101!Biotech!Photometer!(WPA,!Cambridge,!UK)!and!was!

set!to!detect!single!stranded!RNA!(µg/µl)!at!1:10!dilution!of!the!DEPC!water!control.!

2.8.4'Reverse'transcription'of'RNA''

RNA!was! converted! into! complementary!DNA! (cDNA)! using! a! high! capacity! cDNA!

reverse! transcription! kit! (Applied! Biosystems,! Manchester,! UK).! Based! on! the!

Nanophotometer!reading,!PCR!water!was!added!to!the!RNA!solution!to!make!up!to!

a!total!volume!of!10µl!(standardised!values!of!250*500ng!of!RNA!and!PCR!water)!with!

10µl! of! RT!Mastermix! (10x! RT! buffer! (2µl),! 25x! dNTP!mix! 100mM! (0.8µl),! 10x! RT!

random!primers!(2µl),!MultiScibe!Reverse!transcriptase!(1µl),!RNase!inhibitor!(1µl)!

and! Nuclease*free! water! (3.2µl))! added.! The! T*cy! thermocycler! (Creacon!

Technologies!Ltd,!Netherlands)!settings!used!were:!

! Step!1!*!25°C!for!10!minutes!

Step!2!*!37°C!for!120!minutes!

Step!3!*!85°C!for!5!minutes!

Following!this!reaction,!the!resultant!cDNA!was!diluted!to!1:4!using!PCR!water!and!

stored!at!*20°C.!

!
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2.8.5'Reverse'Transcription'Polymerase'chain'reaction'(RT3PCR)'

RT*PCR!was!performed!using!GoTaq!Green!master!mix!(Promega,!Madison,!USA)!and!

the!appropriate!primers!as!described!in!Table!2.2.!The!reaction!was!set!up!for!each!

sample!in!a!200µl!PCR!tube!as!described!in!Table!2.6.!To!prevent!contamination,!all!

reactions!were!run!alongside!a!negative!control!replacing!the!cDNA!template!with!

nuclease*free!water.!The!PCR!tube!contents!were!mixed!briefly!and!placed!in!a!T*Cy!

thermocycler!and!set!to!the!following!cycling!conditions!as!described!in!Table!2.7.!

Table'2.6'Components'for'RT3PCR'reaction'

Component' Volume'(µl)'

2!x!GoTaq!Green!master!mix! 8!

Forward!primer! 1!

Reverse!primer! 1!

Nuclease*free!water!(PCR!water)! 5!

cDNA!template! 1!

Total! 16!

!

Table'2.7'Cycling'conditions'used'for'RT3PCR!

!

!

!

Step' Temperature' Time'

Initial!denaturing!! 94oC! 5!minutes!

Denaturing!! 94oC! 30!seconds!

Annealing!! 55oC! 30!seconds!

Extension! 72oC! 40!seconds!

Final!extension! 72oC! 10!minutes!

34!

cycles!
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2.8.6'Agarose'gel'electrophoresis'

RT*PCR!products!were!run!using!agarose!gel!electrophoresis!(0.8%!gel!prepared!with!

0.4g!agarose!(Melford!Chemicals,!Suffolk,!UK)!and!50mls!1xTBE!solution!and!heated!

until!dissolved!then!5µl!SYBR!safe!DNA!gel!stain!(Invitrogen,!Manchester,!UK)!added).!

This!solution!was!poured!into!electrophoresis!cassette!with!a!comb!inserted!to!form!

wells.!Once! the!gel!had!set,! the!cassette!was!submerged! in!1xTBE!buffer!and! the!

comb!carefully!removed.!5µl!of!1Kb!DNA!ladder!(Cat!No.!M106R;!GenScript!USA!Inc.)!

and!8µl!of!each!sample!were!loaded!into!the!wells.!Settings!of!95V!and!50W!were!set!

on!a!power!pack!(Gibco!BRL,!Life!Technologies!Inc.)!for!45!minutes.!!

2.8.7'DNA'visualisation'

Images! of! the! agarose! gels! were! captured! using! a! blue! light! illuminator! in! the!

SyngeneU:Genius!3!system!(Geneflow,!Elmhurst,!Lichfield!Staffs).! !The!experiment!

was!repeated!at!least!3!independent!times.!Representative!images!are!presented!in!

this!study.!!

2.8.8'Quantitative'RT3PCR'(qPCR)'

Quantitative!RT*PCR! (qPCR)! is! a! technique! first! developed! in! 1992! (Porcher! et! al.!

1992),!and!its!development!significantly!improved!the!quantification!of!nucleic!acid!

samples!when!compared!to!RT*PCR,!by!detecting!small!amounts!of!cDNA!within!a!

given!sample!and!quantifying!with!an!accurate!and!reliable!transcript!copy!number.!

A!molecular!beacon!method!for!qPCR!was!performed!using!the!Amplifluor!Uniprimer!

Universal!system!(Intergen!Company,!New!York,!USA).!!The!ampliflour!probe!consists!

of!a!3’!region!specific!to!the!Z*sequence!(ACTGAACCTGACCGTACA)!present!on!the!



! Chapter!2*!General!Materials!and!Methods!

!

! 93! !

target!specific!primers!(as!described!in!table!2.2)!and!a!5’!hairpin!structure!labelled!

with!a!flourophore!(FAM)!(Nazarenko!et!al.!1997).!The!flourophore!hairpin!structure!

is! linked! to! an! acceptor! moiety! (DABSYL)! and! therefore! acts! as! a! fluorescence!

quencher!preventing!any!signal!from!being!detected.!During!the!qPCR!reaction,!the!

uniprobe!(Millipore,!Watford,!UK)!becomes!incorporated!and!acts!as!a!template!for!

DNA!polymerisation,!in!which!DNA!polymerase!uses!its!5’*3’!exonuclease!activity!to!

degrade!and!unfold!the!hairpin!structure.!This!disrupts!the!energy!transfer!between!

the!quencher!and!flourophore!and!results! in!sufficient!fluorescence!to!be!emitted!

and!detected.!The!fluorescent!signal!emitted!during!each!cycle!is!directly!correlated!

to! the! amount! of! DNA! that! has! been! amplified.! The! degree! of! fluorescence! in! a!

sample!was!compared!to!a! range!of!standards!of!known!transcript!copy!numbers!

(Figure!2.3).!This!permits!accurate!calculation!of!the!transcript!copy!number!in!each!

sample.! Detection! of! GAPDH! copy! number! in! the! samples! was! used! to! allow!

standardisation!and!normalisation!of!each!sample!tested.!The!reaction!mixture!used!

for!qPCR!is!detailed!in!Table!2.8.!Each!sample!was!loaded!(in!at!least!triplicate)!into!

a!96!well!plate!(Bio*Rad!Laboratories,!Hemel!Hampstead,!UK).!The!standards!with!

copy!numbers!ranging!from!10⁸*10¹!was!loaded!into!the!first!column!of!the!96!well!

plate!as!described!in!Table!2.9.!The!96!well!plate!was!sealed!with!an!optically!clear!

Microseal! (Bio*Rad! Laboratories,! Hemel! Hampstead,! UK).! This! was! placed! in! an!

iCyclerIQ!thermocycler!(Bio*Rad!Laboratories,!Hemel!Hampstead,!UK)!to!amplify!and!

quantify!the!cDNA!over!the!cycles!detailed!in!Table!2.10.!Specific!qPCR!primers!were!

verified! using! a! positive! control! know! to! express! the!molecule! of! interest! and! a!

negative! control,! where! PCR! water! replaced! cDNA! in! a! reaction,! to! rule! out!

contamination!before!use.! Each!experiment!was! repeated!at! least!3! independent!
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times! and! combined! data! of! transcript! copy! numbers! normalised! to! GAPDH! are!

presented!in!this!study.!!

Table'2.8'Components'for'qPCR'reaction'used'for'each'sample''

Component'for'reactions'per'well' Volume'(µl)'

2x!mastermix!(BioRad!iQ!Supermix)! 5!

GAPDH!or!PEDF!Forward!primer!(10pmol)! 0.3!

GAPDH!or!PEDF!Reverse!Z!primer!(1pmol)! 0.3!

Amplifluor!probe! 0.3!

PCR!water! 3!

cDNA! 1!

Total! 10!

!

Table'2.9'Components'for'qPCR'reaction'used'for'standards'

Component'for'standard'reaction'per'well' Volume'(µl)'

2x!mastermix!(BioRad!iQ!Supermix)! 5!

PDPL!Forward!primer!(10pmol)! 0.3!

PDPL!Reverse!primer!(1pmol)! 0.3!

Amplifluor!probe! 0.3!

PDPL!standard!in!water! 4!

Total! 10!

!

Table'2.10'Cycling'conditions'used'for'qPCR'

!

+

+

'

Step' Temperature' Time'

Initial!denaturing!! 94oC! 5!minutes!

Denaturing!! 94oC! 10!seconds!

Annealing!! 55oC! 35!seconds!

Final!extension! 72oC! 10!seconds!

100!

cycles!
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'

'

'

Figure'2.3:'qPCR'Standards'
A)!The!detection!range!of!the!qPCR!PDPL!standards!used!throughout!this!study.!Each!standard!was!

tested!multiple!times!(n=12,!representative!data!shown)!and!used!to!produce!a!standard!curve!B).!!

'

'

'

'
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2.9'SDS3PAGE'and'Western'blotting'

2.9.1'Protein'extraction'and'preparation'of'cellular'lysates'

Protein!extraction!was!performed!once!cells!reached!70%!confluence.!The!medium!

was!removed,!washed!2x!PBS!and!150µl!lysis!buffer!added.!Cells!were!detached!from!

the!flask!using!a!cell!scraper!and!transferred!into!a!1.8ml!Eppendorf.!This!was!placed!

on!ice!for!15mins!then!centrifuged!at!13,000rpm!for!15mins!at!4
o
C.!The!supernatant!

was!stored!at!20
o
C.!

2.9.2'Protein'quantification'

Protein! quantification!was! undertaken! according! to! Bio*Rad! DC! Protein! Assay! Kit!

protocol!(Hemel!Hempstead,!UK)!in!order!to!standardise!the!concentration!of!protein!

samples! prior! to! use! in! SDS*PAGE! and! Western! Blotting.! A! standard! curve! was!

created!based!on!the!absorbance!of!the!bovine!serum!albumin!(BSA)!standards!(BSA!

50mg/ml!serially!diluted!from!10mg/ml!to!0.005mg/ml!in!lysis!buffer).!5!µl!of!either!

the!standard!or!the!sample!was!added!to!wells!on!a!96!well!plate,!with!the!addition!

of!25!µl!of!Reagent!A’!(20!µl!of!Reagent!S!per!ml!of!Reagent!A)!and!200!µl!of!Reagent!

B!and!incubated!for!45!minutes!at!room!temperature.!Absorbance!was!subsequently!

read! at! 620nm! using! an! ELX800! plate! reading! spectrophotometer! (Bio*Tek,!Wolf!

Laboratories,!York,!UK).!A!standard!curve!was!created!using!an!equation!to!calculate!

protein!quantification!from!the!scatter! line!graph!of!spectrophotometer!results! in!

Microsoft! Excel! software! (Microsoft,! Washington,! USA),! therefore! allowing! the!

sample! concentrations! to! be! calculated.! Samples!were! normalised! to! the! desired!

final! concentration! of! 1.0mg/ml! through! dilution! in! lysis! buffer! and! then! further!
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diluted!with!a!1:1!ratio!using!2x!Lamelli!buffer.!Following!this!the!sample!was!boiled!

at!100oC!for!5!minutes!and!stored!at!*20oC.!

2.9.3'Sodium'dodecyl'sulphate'polyacrylamide'gel'electrophoresis'(SDS3PAGE)'

OmniPAGE!VS10!vertical!electrophoresis!system!(Wolf!Laboratories,!York,!UK)!was!

used! for!SDS*PAGE.! !The!resolving!and!stacking!acrylamide!gels!were!prepared!as!

described! in! Table! 2.11.! The! resolving! gel! was! poured! between! two! glass! plates!

within! the! loading! cassette,! to! 1.5cm! below! the! top! of! the! plate.! Once! set,! the!

stacking!gel!was!poured!on!top!and!a!comb!placed!until!set.!The!loading!cassette!was!

placed!into!an!electrophoresis!tank!and!filled!with!1x!running!buffer.!8µl!of!broad!

range! molecular! weight! marker! (Santa! Cruz! Biotechnology,! supplied! by! Insight!

Biotechnologies!Inc.,!Surrey,!UK)!and!18µl!of!protein!sample!were!loaded!into!the!

wells.!The!proteins!were!separated!using!electrophoresis!at!120V,!50mA!and!50W!

for!2!hours.+

Table'2.11'Components'of'resolving'and'stacking'acrylamide'gels'for'SDS3PAGE'

Component' 10%'resolving'acrylamide'
gel'(ml)'

Stacking'acrylamide'gel'
(ml)'

Distilled!water! 5.9! 3.4!

30%!acrylamide!mix! 5.0! 0.83!

1.5M!Tris!(pH8.8)! 3.8! *!

1.0M!Tris!(pH6.8)! *! 0.63!

10%!SDS! 0.15! 0.05!

10%!ammonium!

persulphate!

0.15! 0.05!

TEMED! 0.006! 0.005!

Total! 15! 5!

!
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2.9.4'Western'Blotting'

The!protein!sample!gels!were!transferred!to!a!PVDF!membrane!using!a!SD10!SemiDry!

Maxi!System!blotting!unit!(SemiDRY,!Wolf!Laboratories,!York,!UK).!For!this!to!take!

place! squares! of! 8cm! x! 8cm! filter! paper! were! pre*soaked! in! 1x! transfer! buffer!

(Whatman! International! Ltd,!Maidstone,!UK)!and!PVDF!membrane!7.5cm!x!7.5cm!

(Santa!Cruz!Biotechnology!Inc.,!UK)!pre*soaked!in!methanol!and!1!x!transfer!buffer.!

Subsequently!these!were!placed!within!the!SD10!SemiDry!Maxi!System!blotting!unit!

(SemiDRY,!Wolf! Laboratories,! York,! UK)! as! outlined! in! Figure! 2.4.! Electroblotting!

settings!were!15V,!500mA,!8W!for!45!minutes.!!!

Figure'2.4:!Schematic!diagram!of!the!layout!in!the!SD10!SemiDry!Maxi!System!blotting!unit!for!the!

transfer!of!protein!from!gel!to!PVDF!membrane!
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2.9.5'Protein'probing'

Protein! Probing! was! performed! according! to! the! Millipore! SNAP! i.d.! protein!

detection!system!protocol!(Watford,!UK)!(Appendix!2).!The!surface!of!the!blot!holder!

was!wet!using!distilled!water!and!the!PVDF!membrane!was!placed!with!the!protein!

transfer!surface!downwards!and!central!on!the!surface!of!the!blot!holder.!Air!bubbles!

were!extracted!from!the!posterior!surface!of!the!membrane!using!a!roller.!A!spacer!

was!placed!on!top!of!the!posterior!surface!and!rolled!again!prior!to!closure!of!the!

blot!holder.!Blocking!solution!was!applied!to!each!well!and!the!vacuum!activated.!

Following!suction!of!all! visible!blocking!solution! the!primary!antibody!solution! (as!

described! in!section!2.5)!was!added!to!each!well!and! incubated!for!10!minutes!at!

room! temperature.! The! concentration! used! for! primary! antibodies!was! 1:150! for!

Anti*PEDF!polyclonal!antibody!and!1:400!for!Anti*GAPDH!polyclonal!antibody.!The!

vacuum! was! activated! and! washed! 3! times! using! TBST.! The! secondary! antibody!

solution!(as!described!in!section!2.5)!was!added!to!each!well!and!incubated!for!10!

minutes!at!room!temperature.!The!concentration!used!for!the!secondary!anti*!rabbit!

IgG! peroxidase! conjugate! concentration!was! 1:500.! ! The! vacuum!was! once! again!

reactivated! and!washed! 3! times! using! TBST.! Following! suction! of! all! visible!wash!

buffer! solution! the!membrane!was! removed! ready! for! chemiluminescent! protein!

detection.!!

All!volumes!used!for!solutions!outlined!above!were!titrated!to!well!size!as!per!the!

Millipore! SNAP! i.d.! protein! detection! system! protocol! (Millipore,! Watford,! UK)!

(Appendix!2).!

'



! Chapter!2*!General!Materials!and!Methods!

!

! 100! !

2.9.6'Chemiluminescent'protein'detection'

To!permit!protein!detection!1ml!of! chemiluminescence!detection!kit! reagent!was!

applied!to!the!membrane!and!incubated!for!5!minutes!(Luminata,!Millipore,!Watford,!

UK).!The!solution!was!drained!from!the!membrane!prior!to!placement!in!the!UVITech!

Imager!(UVTechInc,!Cambridge,!UK).!!The!chemiluminescent!signal!was!detected!at!

varying!exposure!times!until!protein!bands!were!visible!using!a!GAPDH!was!used!as!

a!loading!control.!!

2.10'Immunohistochemical'studies'

2.10.1'Immunohistochemical'staining'of'tissues'

Immunohistochemistry!was! performed!using!Vector!ABC! kit! (Vector! Laboratories,!

Burlingame,! California,! USA)! as! described! previously! (Wang! et! al.! 2016).! The!

cryosections!were! removed! from!the! *80oC! freezer!and!allowed! to!come!to! room!

temperature! for!15!minutes.!The!slides! (Menzel*Glaser!Superfrost!®!Plus,!Thermo!

Scientific,!Leicestershire,!UK)!were!fixed!in!acetone!(Fisher!Scientific,!Leicestershire,!

UK)!for!15!minutes!and!allowed!to!air!dry!at!room!temperature!for!15!minutes!then!

subsequently!washed!three!times!with!TBS.!A!ring!of!wax!was!applied!around!each!

section!on!the!slide.!Incubation!with!the!Blocking!Reagent!for!staining!of!tissue!(as!

described!in!section!2.6.4)!was!performed!for!1!hour!in!a!humidified!box,!followed!

by!incubation!with!the!primary!antibody!for!a!further!hour.!Primary!antibody!used!

was!PEDF!rabbit!monoclonal!antibody!at!a!1:50!concentration!diluted!using!Blocking!

Reagent!for!staining!of!cells,!as!described!in!section!2.5!and!2.6.4.!The!slides!were!

washed!three!times!with!TBS!followed!by!incubation!with!the!secondary!antibody!for!
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30!minutes.!Secondary!antibody!used!was!ABC!Biotinylated!secondary!antibody!(5ml!

of!blocking!reagent!with!100µl!of!biotinylated!antibody!stock)!(as!described!in!section!

2.5).!The!slides!were!washed!three!times!with!TBS!followed!by!incubation!of!the!ABC!

reagent!for!30!minutes.!ABC!reagent!used!consisted!of!5ml!of!blocking!reagent!with!

100µl!of!reagent!A!and!100µl!of!reagent!B!(Cat!no.!PK*6200;!Vectastain!Universal!Elite!

ABC! Kit,! Vector! Laboratories,! Burlingame,! California,! USA).! The! slides! were! once!

again!washed!three!times!in!TBS!and!subsequently!developed!in!DAB!substrate!for!6!

minutes.!The!slides!were!briefly!washed!in!tap!water!prior!to!counterstaining!with!

Hematoxylin!Gill’s!Formula!(Vector!Laboratories,!Burlingame,!California,!USA)!for!10!

minutes.! The! slides!were! then! dehydrated! for! 5!minutes! in! each! of! 50%! ethanol!

(Fisher!Scientific,!Leicestershire,!UK),!70%!ethanol!(Fisher!Scientific,!Leicestershire,!

UK),! 90%! ethanol! (Fisher! Scientific,! Leicestershire,! UK),! 100%! ethanol! (Fisher!

Scientific,! Leicestershire,! UK),! 100%! ethanol! (Fisher! Scientific,! Leicestershire,! UK),!

50%! ethanol/50%! xylene! (Fisher! Scientific,! Leicestershire,! UK),! and! finally! 100%!

xylene!(Fisher!Scientific,!Leicestershire,!UK).!The!samples!were!mounted!with!DPX!

Mountant!and!a!coverslip!(Fisher!Scientific,!Leicestershire,!UK).!!

All! samples! were! run! against! a! negative! control! for! comparison! purposes.! The!

samples!were!visualised!using!a!Leica!DM!1000!LED!microscope!(Leica!Microsystems!

Ltd,!Milton!Keynes,!UK)!at!x100!magnification.!Software!used!capture! images!was!

LAS! EZ! (Leica! Application! Suite,!Milton! Keynes,! UK).! Representative! images!were!

shown!in!this!study.!!

'

'
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2.10.2'Immunocytochemical'staining'of'cells'

The!methods!used!for!immunocytochemical!staining!has!been!described!previously!

(Martin!et!al.!2004).!Cells!were!seeded!at!a!seeding!density!of!2.5!x10
4
!cells!per!300µl!

and!were!cultured!in!8*well!chamber!slides!(Millipore,!Watford,!UK)!and!incubated!

in! appropriate! growth! medium! overnight! at! 37
o
C,! 5%! CO2! and! 95%! humidity.!

Following!incubation,!the!medium!was!removed!and!the!cells!were!fixed!with!ice*

cold!70%!ethanol!at!*20
o
C!for!at!least!20!minutes.!The!cells!were!rehydrated!with!BSS!

followed!by!permeabilisation!with!0.1%!Triton!X*100!for!5!min.!After!washing!with!

BSS,!the!cells!were!blocked!with!Blocking!Reagent!for!staining!of!cells,!as!described!

in! 2.6.4,! for! 1!hour! in! a! humidified!box,! followed!by! incubation!with! the!primary!

antibody! for! a! further! hour.! Primary! antibody! used!was! PEDF! rabbit!monoclonal!

antibody!at!a!1:50!concentration!(Santa!Cruz!Biotechnology!Inc.,!UK)!diluted!using!

blocking!reagent,!as!described!in!section!2.5!and!2.6.4.!The!slides!were!washed!three!

times!with!TBS!followed!by!incubation!with!the!secondary!antibody!for!30!minutes.!

Secondary!antibody!used!was!ABC!Biotinylated!secondary!antibody!(5ml!of!blocking!

reagent!with!100µl!of!biotinylated!antibody!stock)!(as!described!in!section!2.5).!The!

slides!were!washed!three!times!with!TBS!followed!by!incubation!of!the!ABC!reagent!

for!30!minutes.!ABC!reagent!used!consisted!of!5ml!of!blocking!reagent!with!100µl!of!

reagent!A!and!100µl!of!reagent!B!(Cat!no.!PK*6200;!Vectastain!Universal!Elite!ABC!Kit,!

Vector!Laboratories,!Burlingame,!California,!USA).!The!slides!were!one!again!washed!

three!times!in!TBS!and!subsequently!developed!in!DAB!substrate!for!6!minutes.!The!

slides!were!briefly!washed! in!tap!water!prior!to!counterstaining!with!Hematoxylin!

Gill’s!Formula!(Vector!Laboratories,!Burlingame,!California,!USA)!for!10!minutes.!The!
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slides!were!then!dehydrated!for!5!minutes!in!each!of!50%!ethanol!(Fisher!Scientific,!

Leicestershire,!UK),!70%!ethanol!(Fisher!Scientific,!Leicestershire,!UK),!90%!ethanol!

(Fisher!Scientific,!Leicestershire,!UK),!100%!ethanol!(Fisher!Scientific,!Leicestershire,!

UK),! 100%!ethanol! (Fisher! Scientific,! Leicestershire,!UK),! 50%!ethanol/50%! xylene!

(Fisher! Scientific,! Leicestershire,! UK),! and! finally! 100%! xylene! (Fisher! Scientific,!

Leicestershire,!UK).!The!samples!were!mounted!with!DPX!Mountant!and!a!coverslip!

(Fisher!Scientific,!Leicestershire,!UK).!!

All! samples! were! run! against! a! negative! control! for! comparison! purposes.! The!

samples!were!visualised!using!a!Leica!DM!1000!LED!microscope!(Leica!Microsystems!

Ltd,!Milton!Keynes,!UK)!at!x100!magnification.!Software!used!capture! images!was!

LAS! EZ! (Leica! Application! Suite,!Milton! Keynes,! UK).! Representative! images!were!

shown!in!this!study.!!

2.11'Immunofluorescence'staining'of'cells'

Cells!were!seeded!at!a!density!of!2.5!x104!cells!per!300µl,!were!cultured! in!8*well!

chamber! slides! (Millipore,! Watford,! UK)! and! incubated! in! appropriate! growth!

medium! overnight! at! 37oC,! 5%! CO2! and! 95%! humidity.! Following! incubation,! the!

medium!was!removed!and!the!cells!were!fixed!with!ice*cold!70%!ethanol!at!*20oC!for!

at!least!20!minutes.!The!cells!were!rehydrated!with!BSS!followed!by!permeabilisation!

with!0.1%!Triton!X*100!for!5!min.!After!washing!with!BSS,!the!cells!were!blocked!with!

Blocking!Reagent!for!staining!of!cells,!as!described!in!2.6.4,!for!1!hour!in!a!humidified!

box,!followed!by!incubation!with!the!primary!antibody!for!a!further!hour.!Primary!

antibody!used!was!PEDF!rabbit!monoclonal!antibody!at!a!1:50!concentration!diluted!
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using!blocking!reagent,!as!described!in!section!2.5!and!2.6.4.!The!slides!were!washed!

three! times!with! TBS! followed! by! incubation!with! the! secondary! antibody! for! 30!

minutes.! Secondary! antibody!used!was! anti*! rabbit! IgG! FITC! conjugate! at! a! 1:250!

concentration!(as!described!in!section!2.5).!The!slides!were!one!again!washed!three!

times! in! TBS.! The! samples! were! mounted! with! Floursave! Reagent! (Millipore,!

Watford,!UK)!and!a!coverslip!(Fisher!Scientific,!Leicestershire,!UK).!!

All! samples! were! run! against! a! negative! control! for! comparison! purposes.! The!

samples! were! visualised! using! an! Olympus! BX51! polarising! microscope! at! x40!

magnification!(Olympus!KeyMed!Group!of!Companies,!Essex,!UK).!Software!used!to!

capture! images! was! cellSens! dimension! (OIympus! KeyMed! Group! of! Companies,!

Essex,! UK).! Representative! images! were! shown! in! this! study.! All! images! were!

normalised!against!the!comparison!image!using!Adobe!Photoshop!software!(Adobe!

Systems!Inc.,!California,!USA).!!

2.12'Cellular'functional'assays'

For!all!cellular!functional!assays,!cells!were!detached!on!establishing!90%!confluence!

and!cell!count!was!performed!as!described!previously!(section!2.7.3!and!2.7.4).!Cell!

volumes!were!calculated!in!100µl,!unless!otherwise!stated.!The!additional!100µl!was!

a!2x!concentrate!of!either!treatment!made!in!appropriate!growth!medium!or!growth!

medium!alone!used!as!a!control.!'

2.12.1'In'vitro'cellular'growth'assay'

The!technique!for!cellular!growth!assay!was!carried!out!as!previously!described!(Jiang!

et! al.! 1995a).! Cells! were! seeded! into! three! 96! well! plates! at! a! density! of! 3x103!
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cells/100µl,! and! then! the! cell! solution! was! supplemented! with! 100µl! of! either!

treatment!or!control.!The!plates!were!incubated!for!1,3!and!5!days!respectively!at!

37
o
C,!5%!CO2!and!95%!humidity.!After!incubation,!the!medium!was!removed!from!

the! plates! and! the! cells!were! fixed! using! 4%! formaldehyde! in! BSS! for! at! least! 15!

minutes!before!staining!with!0.5%!crystal!violet!in!distilled!water,!for!10!minutes.!The!

crystal!violet!staining!was!then!washed!with!water!and!the!plates!were!left!to!dry!for!

at!least!24!hours!at!room!temperature.!!

Analysis!was!performed!using!an!ELX*800!plate!reading!spectrophotometer!(Bio*Tek,!

Wolf!Laboratories,!York,!UK).!Prior!to!reading,!the!dye!was!solubilised!in!200µl!of!10%!

acetic!acid.!Cell!density!was!determined!measuring!absorbance!set!at!540nm.!!

Cell! growth! rates!were! presented! as! a! percentage! increase! for! both! 3! and! 5*day!

incubation!periods!compared!against!the!baseline,!absorbance!measured!at!day!1!

incubation.!At!least!three!wells!were!prepared!for!each!treatment!concentration!and!

control.! The! entire! experimental! procedure! was! repeated! a! minimum! of! three!

independent!times.!Data!from!all!repeated!experimental!procedures!were!combined!

and!presented.!!

2.12.2'In'vitro'cellular'adhesion'assay'

Cellular!adhesion!was!assessed!using!one!of!the!two!methods!described!overpage,!

dependent!on!cell!line!behaviour.!!

'

'
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2.12.2.1'Electric'Cell3Substrate'Impedance'Sensing'(ECIS)'assay'

ECIS! is! a! technique! that! measures! the! rate! of! cells! initial! attachment! and! then!

repopulation! of! an! area! following! electrical! wounding,! by! using! gold! electrodes!

within!a!well!plate!to!measure!changes!in!resistance!and!impedance!over!time!(Figure!

2.5!and!2.6)!(Keese!et!al.!2004).!Stabilisation!of!the!96!well!ECIS!electrode!array!plate!

(Applied! Biophysics! Inc.,! New! York,! USA)! in! contact! with! the! ECIS! Zθ! 96W! Array!

Station! (Applied! Biophysics! Inc.,! New! York,! USA)! in! an! incubator! at! 37°C! was!

performed! using! 200µl! of! normal! medium! in! each! well.! Once! stabilisation! was!

complete,!the!normal!medium!was!aspirated!and!a!solution!containing!10x104!cells!

per!150µl!was!prepared.!150µl!of!cell!solution!was!placed!in!each!well!of!the!96!well!

ECIS! electrode! array! plate! with! a! further! 150µl! of! either! treatment! with! varying!

concentrations!of!rhPEDF!or!normal!medium!added.!The!plate!was!then!reconnected!

to!the!ECIS!Zθ!96W!Array!Station.!Once!all!wells!had!reached!confluence!(determined!

by! a! stable! resistance! of! all! wells),! a! wound! command! was! performed,! running!

3000µA!through!the!electrode!for!30s.!Further!wounds!were!performed!at!least!10!

hours!after!the!initial!wounds,!once!the!resistance!across!the!electrode!surface!had!

returned!towards!baseline.!Throughout!this!time,!the!resistance!across!the!electrode!

was!constantly!measured!in!real*time.!The!change!in!resistance!for!each!period!was!

calculated!by!subtracting!the!baseline!resistance!from!the!measured!resistance!at!

hourly!intervals.!At!least!four!wells!were!prepared!for!each!treatment!concentration!

and!control,!and!the!wounding!was!performed!in!triplicate.!!The!entire!experimental!

procedure!was!repeated!a!minimum!of!three!independent!times.!Data!from!all!!
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!

Figure'2.5.'Outline'of'the'ECIS'process.!!!

A)!When!there!are!no!cells!attached!to!the!electrode!the!current!flows!in!the!solution!B)!At!lower!AC!

frequencies!(as!used!in!this!study)!most!of!the!current!flows!in!the!solution!channels!underneath!and!

between!the!cells!described!as!the!‘barrier!function’!(as!indicated!by!the!red!arrows).!Adapted!from!

http://biophysics.com/ecis*theory.php!!

!

A!

B!
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!

Figure'2.6.'Graphical'outline'of'the'ECIS'process.!!

Following!cell!seeding!as!cells!attach!to!the!electrode!they!act!as!insulators!and!therefore!increase!

impedance.!As!cells!proliferate!the!electrode!coverage!increases,!resulting!in!a!therefore!increase!in!

impedance.!!Adapted!from!http://biophysics.com/ecis*theory.php!

!

!

!

!

!

!
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repeated!experimental!procedures!were!combined!and!presented!as!change!over!

resistance!over!a!3*hour!period,!for!attachment!data.!!

2.12.2.2'In'vitro'tumour'cell'Matrigel'adhesion'assay'

A! technique!using!an! in+ vitro!Matrigel! adhesion!assay! that!assessed! the!ability!of!

tumour! cells! to! adhere! to! an! artificial! Matrigel! basement! membrane! has! been!

previously!described!(Jiang!et!al.!1995b).!This!technique!has!been!slightly!modified!

for!the!purpose!of!this!study!and!is!described!below.!!

5μg!of!Matrigel!in!serum!free!medium!was!applied!to!each!well!of!a!96!well!plate.!

The!plate!was!placed!in!a!drying!oven!set!at!55
0
C!until!fully!dry,!roughly!2!hours.!The!

Matrigel!membrane!was!rehydrated!in!100μl!of!serum!free!medium!for!45!minutes!

at! room! temperature.! After! this! time,! the! serum! free! medium! was! aspirated.! A!

solution!containing!4.5x10
4!
cells!per!100μl!was!prepared!and!seeded!into!each!well.!

An!extra!100μl!of!either!treatment!or!control!medium!was!added!to!each!well.!The!

plate!was!left!to!incubate!at!37
o
C!with!5%!CO2!for!45!minutes!to!allow!cells!to!adhere!

to!the!Matrigel.!!

Removal!of!the!medium!took!place!following!incubation!and!wells!were!washed!

with!150μl!of!BSS!solution!to!remove!non*adherent!cells.!Each!well!was!fixed!using!

4%!formaldehyde!in!BSS!for!at!least!15!minutes!before!staining!with!0.5%!crystal!

violet!in!distilled!water,!for!10!minutes.!The!crystal!violet!staining!was!then!washed!

with!water!and!the!plates!were!left!to!dry!for!at!least!24!hours!at!room!

temperature.!!
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Analysis!was!performed!using!an!ELX*800!plate!reading!spectrophotometer!(Bio*

Tek,!Wolf!Laboratories,!York,!UK).!Prior!to!reading,!the!dye!was!solubilised!in!200µl!

of!10%!acetic!acid!and!transferred!to!a!new!96!well!plate!keeping!the!same!well!

plate!layout.!Cell!density!was!determined!measuring!absorbance!set!at!540nm.!!

At!least!four!wells!were!prepared!for!each!treatment!concentration!and!control.!The!

entire! experimental! procedure! was! repeated! independently! a!minimum! of! three!

times.! Data! from! all! repeated! experimental! procedures! were! combined! and!

absorbance!levels!were!presented!as!a!marker!of!cell!density.!!

2.12.3'In'vitro'cellular'motility'assay''

Cellular! motility! was! assessed! using! one! of! the! two! methods! described! below,!

dependent! on! cell! line! behaviour;! ECIS!was! performed! as! the! preferable!method!

were!possible!due!to!ease!of!use!and!accuracy!of!data!readings,!however!it!is!noted!

that!certain!cell!lines!will!not!migrate!following!wounding!and!therefore!if!ECIS!was!

not!possible!then!in*vitro!scratch!migration!assay!was!performed.!

2.12.3.1'Electric'Cell3Substrate'Impedance'Sensing'(ECIS)'assay'

ECIS!was!performed!as!described!above!in!section!2.12.2.1.!The!entire!experimental!

procedure! was! repeated! a! minimum! of! three! independent! times.! Data! from! all!

repeated! experimental! procedures!were! combined! and! presented! as! changeover!

resistance!over!a!6*hour!period,!for!migration!data.!!

'

'
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2.12.3.2'In'vitro'scratch'migration'assay'

A!technique!for!in+vitro!scratch!migration!assay!has!been!previously!described!(Sasi!

et!al.!2014).!The!methods!used!in!this!study!have!been!modified!and!are!described!

below.!Cells!were!seeded!into!a!24*well!plate!at!a!density!of!3x10
5
!cells/500µl,!and!

were!incubated!for!24!hours!at!37
0
C!with!5%!CO2.!After!incubation,!a!straight*line!

scratch!was!made! to! the! cellular!monolayer! using! the! end! of! a! sharpened! 200µl!

pipette!tip!down!the!midpoint!of!each!well.!The!medium!was!then!removed!from!the!

plates!carefully!and!replaced!with!500µl!of!either!treatment!or!control.!!

Analysis!was!performed!using!EVOS!cell!imaging!system!(Life!Technologies,!Paisley,!

UK)!and! images!were!captured!every!60!minutes! for!a!total!of!6!hours.!Migration!

distances!were!measured!using!Image*J!software!(National!Institutes!of!Health,!USA)!

(Figure!2.7).!The!entire!experimental!procedure!was!repeated!a!minimum!of!three!

independent!times.!Data!from!all!repeated!experimental!procedures!were!combined!

and!presented.!!

2.12.4'In'vitro'cellular'invasion'assay''

The!methods!used!to!determine!the! invasive!ability!of! the!cells! in!this!study!have!

been!previously!described!(Fernando!et!al.!2010).!This!technique!has!been!modified!

from! the! originally! described! method! (Albini! et! al.! 1987;! Parish! et! al.! 1992)! to!

measure! cells! capacity! to! invade! through! an! artificial! basement! membrane! and!

migrate!through!8µm!pores.!!

Transwell!inserts!with!8µm!pores!(Falcon,!pore!size!8µm,!24!well!format,!Greiner!Bio*

One,! Germany)! were! used! in! wells! of! a! 24! well! plate! (NUNC,! Greiner! Bio*One,!
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Germany).! Each!of! the! transwell! inserts!was! coated!with! in! 50µg!of!Matrigel! (BD!

Matrigel!Matrix,!Matrigel!Basement!Membrane!Matrix,!Biosciences)! in!serum!free!

medium.!These!inserts!were!left!to!dry!at!55
o
C!for!2!hours!then!rehydrated!in!100µl!

of!serum!free!medium!at!room!temperature!for!40!minutes.!Following!rehydration,!

the!serum!free!medium!was!removed.! In!order!to!maintain!any!cells!that! invaded!

through! the! insert! 1ml! of! normal! medium! was! placed! in! the! base! of! the! well!

containing! the! Transwell! insert.! Then! 3! x! 10
4
! cells/100µl! solution! plus! 100µl! of!

treatment!or!normal!medium!were!added!to!each!insert.!These!were!incubated!for!

72!hours!at!370C,!5%!CO2!and!95%!humidity.!!

Following! incubation,! the! inserts!were! removed! from! the!well! plate,! the! solution!

containing! the!cells!was! removed!and! the! inside!of! the! insert!was!cleaned!with!a!

cotton!swab!in!order!to!remove!non*invaded!cells!and!matrigel.!The!inferior!aspect!

of!the!insert!was!then!placed!in!4%!formaldehyde!in!BSS!for!10!minutes!then!stained!

in!0.5%!crystal!violet!solution!in!distilled!water!for!another!10!minutes.!The!crystal!

violet! solution! was! thoroughly! washed! off! and! the! inserts! left! to! dry! at! room!

temperature!for!at!least!24!hours.!The!inserts!were!placed!back!in!the!wells!of!a!24!

well!plate,!which!contained!500µl!of!10%!acetic!acid! for!10!minutes.!100µl!of! the!

acetic!acid!from!each!well!was!transferred!to!a!96!well!plate!in!order!for!analysis!to!

be! performed! using! an! ELX*800! plate! reading! spectrophotometer! (Bio*Tek,! Wolf!

Laboratories,!York,!UK).!Cell!density!was!determined!measuring!absorbance!set!at!

540nm.! ! The! entire! experimental! procedure! was! repeated! a! minimum! of! three!

independent!times.!Data!from!all!repeated!experimental!procedures!were!combined!

and!presented.!!
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!

!

!

'

'

Figure'2.7:'Calculating'migration'distance'following'scratch'assay'

A)!Image!captured!on!EVOS!of!HRT*18!cells!following!scratch,!with!the!leading!edges!on!both!sides.!!

B)!Using!Image*J!software!to!measure!migration!distance!

'

'

A'

B'
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2.13'Antibody'Array' '

Two! 75cm
2
! flasks! of! confluent! cells! were! incubated! with! 2%! serum! medium!

overnight.!Each!75cm2!flask!of!cells!was!treated!with!either!treatment!of!50ng/ml!

rhPEDF!or!with!normal!medium!for!2!hours!prior!to!the!preparation!of!cell!lysates.!

Cells!washed! in!PBS!were! scraped! into!a!1.8ml!eppendorf! and! centrifuged! for!10!

minutes!at!2,000!rpm!until!a!cell!pellet!formed.!500µl!lysis!buffer!(100mM!Tris!Buffer,!

10%! 2*ME,! 1%! NP*40,! 50mM! NaFI! and! protease! inhibitor! cocktail! tablet! (Roche,!

Basel,!Switzerland))!was!added!and!rotated!on!blood!wheel!for!60!minutes!at!4
0
C.!

Protein!quantification!was!then!performed!as!described!in!Section!2.9.2.!!

Samples! were! shipped! to! KinexTM! Screening! Services! (Kinexus! Bioinformatics!

Corporation,!Vancouver,!Canada).!Testing!was!performed! for!detection!of!protein!

changes!on!the!KAM*880!antibody!microarray!(Kinexus!Bioinformatics!Corporation,!

Vancouver,!Canada).!!

2.14'Statistical'analysis'

All!experiments!were!repeated!at!least!three!independent!times!(with!a!new!flask!of!

cells! used).! Statistical! analysis! was! performed! using! Sigma! plot! 11.0! statistical!

software!(Systat!software!Inc.).!Statistical!analysis!was!performed!using!Student!T*

test!for!parametric!data!and!Mann*Whitney!U!test!for!non*parametric!data,!where!

two!variables!were!present.!Where!multiple!variables!or!comparisons!were!present!

one!of!either!two!tests!were!performed.!The!significance!of!associations!between!

PEDF!mRNA!levels!and!clinicopathological!variables!and!for!functional!cellular!assays!

(except!adhesion!(ECIS)!and!migration!assays)!were!assessed!by!Kruskal*Wallis!one*
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way!analysis!of!variance!on!ranks!test,!and!pairwise!multiple!comparison!procedure!

(Dunn’s!method).!Two*way!analysis!of!variance!was!performed!for!adhesion!(ECIS)!

and! migration! assay! data.! ! The! significance! of! associations! between! positive! or!

negative!PEDF!expression!on! immunohistochemistry!for!colorectal!cancer!samples!

and!clinicopathological!variables!were!assessed!by!chi*squared!test.!Parametric!data!

was!presented!as!mean!values!with!error!bars!depicting!standard!error!of!the!mean!

(SEM).!Non*parametric!data!was!presented,!were!possible!as!boxplots,!with!median!

values! and! interquartile! range! (IQR),! with! error! bars! depicting! 95%! confidence!

intervals.!Differences!were!considered!to!be!statistically!significant!at!p!≤0.05.!

!

!

!
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3.1'Introduction'

PEDF!is!one!of!the!most!potent!endogenous!inhibitors!of!angiogenesis!(Dawson!et!al.!

1999;!Duh!et!al.!2002).'PEDF!expression!has!been!found!to!be!lower!in!solid!tumour!

tissue!when!compared!to!normal!tissue!from!the!same!organ,!suggesting!that!loss!of!

PEDF!expression!may!play!a!crucial!role!in!tumorigenesis!(Cai!et!al.!2006b;!Zhou!et!al.!

2010;!Zhang!et!al.!2006a;!Cheung!et!al.!2006;!Guan!et!al.!2003;!Zhang!et!al.!2009).!

PEDF!expression!also!declines!with!worsening!oncological!prognostic! factors,!such!

increased!tumour!size!(Zhou!et!al.!2010),!increased!pathological!grade!(Guan!et!al.!

2003),! lymph! node! involvement! (Cai! et! al.! 2006b;! Fitzgerald! et! al.! 2012),! distant!

metastasis!(Cai!et!al.!2006b;!Zhou!et!al.!2010;!Fitzgerald!et!al.!2012;!Uehara!et!al.!

2004;!Dass!et!al.!2008;!Halin!et!al.!2004)!and!local!recurrence!(Cai!et!al.!2006b;!Zhou!

et!al.!2010).!

Similar!to!the!results!from!other!solid!tumour!tissues,!lower!levels!of!PEDF!expression!

were!found!within!serum!samples!of!colorectal!cancer!patients!compared!to!healthy!

controls! (Wågsäter! et! al.! 2010;! Ji! et! al.! 2013)! with! lower! levels! correlating! with!

advanced!TNM!stage,!distance!metastasis!and!significantly!shorter!overall!survival,!

and!was!an!independent!risk!factor!for!colorectal!cancer!prognosis!(Ji!et!al.!2013).!

Interestingly! patients! with! mucinous! adenocarcinoma! patients! displayed! higher!

PEDF!serum!levels!than!adenocarcinoma!patients!(Ji!et!al.!2013).!!

Studies!examining!protein!levels!for!PEDF!expression!within!colorectal!cancer!tissue!

showed! conflicting! results;! Ji! et+ al! (2013)! found! lower! PEDF! protein! levels! in!

colorectal!cancer!tissue!compared!to!normal!tissue,!whereas!Wågsäter!et+al!(2010)!

found!no!difference!or!association!between!clinicopathological!outcomes.!Low!levels!
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of!mRNA!expression!of!PEDF!were!found!in!colorectal!cancer!tissue!when!compared!

to!matched!adjacent!tissue,!and!low!levels!correlated!with!advanced!clinical!stage,!

lymph!node!involvement,!distant!metastasis!and!shorter!disease*free!survival!(Ji!et!

al.!2013),!and!mRNA!expression!of!PEDF!appeared!to!be!higher!for!tissue!from!rectal!

tumours!when!compared!to!tissue!from!colonic!tumours!(Díaz!et!al.!2008).!!

Immunohistochemistry! studies! for! PEDF! expression! in! tissue! samples! found!

contrasting!results,!with!Uhlen!(2005)!commenting!on!nuclear!staining!of!colorectal!

cancer!cells,!whereas!Ji!et+al!(2013)!noted!cytoplasm!and!cell!membrane!staining!with!

weaker!expression!seen!in!tumour!compared!to!normal!mucosa.!Uhlen!(2005)!did!

however!comment!that!the!expression!might!have!appeared!stronger!in!cancer!cells!

nuclei!as!it!reflects!the!fact!that!cancer!cell!nuclei!are!larger,!contain!more!nucleic!

acids!and!have!a!higher!rate!of!transcription!and!metabolism.!!

The!aims!of! this! section!of! the!study!were! to!determine! the!expression!profile!of!

PEDF! in!a! range!of! colorectal! cell! lines!and!within!colorectal! cancer! tissue!and! its!

association!with!clinical!and!pathological!data.!!

3.2'Materials'and'Methods'

3.2.1'Cell'lines'

Six!cell!lines!were!screened!for!PEDF!expression!as!part!of!this!study;!RKO,!HT115,!

HRT*18,!COLO*201,!LSI74T!and!CCD*33C0.!!RKO!and!HT115!are!cell!lines!derived!from!

colonic!adenocarcinoma.!HRT*18!is!a!cell!line!derived!from!rectal!adenocarcinoma.!

COLO*201!is!a!cell!line!derived!from!metastatic!Dukes’!D!colorectal!adenocarcinoma!

and!sourced!from!ascites.!LS174T!is!a!mucin!secreting!colorectal!adenocarcinoma.!
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CCD*33C0!is!a!cell!line!derived!from!normal!colorectal!fibroblasts.!Full!details!of!cell!

lines! are! described! in! Table! 2.1.! Cells! were! maintained! in! medium! as! described!

previously!in!section!2.7.1.!!

3.2.2'Colorectal'tissue'

Colorectal! cancer! tissue! collection! for! qPCR! was! performed! at! Beijing! Friendship!

Hospital,!China!as!described!in!section!2.3.!Colonic!cancer!tissue!microarray!(T054b)!

and! rectal! cancer! tissue! microarray! (RE961)! purchased! from! US! Biomax! Inc.!

(Rockville,!USA)!were!used!for!immunohistochemical!staining!and!these!microarrays!

included!normal!tissue!and!cancer!adjacent!normal!tissue!as!described!in!section!2.3.!

3.2.3'RNA'isolation,'cDNA'synthesis,'RT3PCR'and'qPCR'

RNA! isolation!was! performed! using! TRI! reagent! kit! as! described! in! section! 2.8.1.!

Following!this,!reverse!transcription!was!carried!out!using!a!high!capacity!RT!kit.!RT*

PCR! products! were! separated! electrophorectically! on! an! agarose! gel.! RT*PCR!

representative! images! are! presented,! normalised! against! GAPDH.! qPCR! was!

performed! as! described! in! section! 2.8.8.! All! results! presented! were! normalised!

against!GAPDH!and!represent!combined!results!from!at!least!3!independent!repeats.!!

3.2.4'Immunohistochemical'staining'of'tissues'

Tissue! arrays! used! are! described! in! section! 3.2.2.! Immunohistochemistry! was!

performed!using!Vector!ABC!Kit!as! is!described!in!full!detail! in!Section!2.10.1.!The!

primary! antibody! used! was! rabbit! monoclonal! antibody! against! PEDF! at! a! 1:50!

concentration!as!described!in!section!2.5.!All!specimens!were!analysed!anonymously.!
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Details!of!demographical!and!clinicopathological!associations!were!provided!during!

experimental!data!analysis.!Representative!images!are!shown!in!this!study.!!

3.2.5'Immunocytochemical'staining'of'cells'

RKO,! HT115! and! HRT*18! cell! lines! were! used! for! immunocytochemistry,! as!

representative!cell!lines!for!colorectal!cancer.!Immunocytochemistry!was!performed!

as!described! in!Section!2.10.2.!The!primary!antibody!used!was! rabbit!monoclonal!

antibody! against! PEDF! at! a! 1:50! concentration! and! secondary! antibody! used!was!

Vector!ABC!Kit!as!described!in!section!2.5.!Representative!images!are!shown!in!this!

study.!

3.2.6'Immunofluorescence'staining'of'cells'

RKO,!HT115!and!HRT*18!cell!lines!were!used!for!immunofluorescence!staining!of!cells.!

Immunofluorescence! staining! was! performed! as! described! in! section! 2.11.! The!

primary! antibody! used! was! rabbit! monoclonal! antibody! against! PEDF! at! a! 1:50!

concentration!and!the!secondary!antibody!used!was!anti*!rabbit!IgG!FITC!conjugate!

at! a! 1:250! concentration! as! described! in! section! 2.5.! Representative! images! are!

shown!in!this!study.!

3.3'Results'

3.3.1'Colorectal'cancer'cell'lines'expression'screening'for'PEDF'

PEDF! transcript! expression! using! RT*PCR! was! high! in! the! CCD*33C0! colorectal!

fibroblast!cell!line!when!compared!to!all!other!colorectal!cancer!cell!lines!used;!RKO,!

HT115,!HRT*18,!COLO*201!and!LS174T!(Figure!3.1).!!!
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qPCR!confirmed!that!CCD*33C0!showed!higher!expression!of!PEDF!compared!to!the!

RKO,!HT115,!HRT*18,!COLO*201!and!LS174T!colorectal!cell!lines!(Table!3.1).!Lowest!

expression!was! seen! in! the!COLO*201!metastatic! cell! line.!However,! these! results!

were!not!found!to!be!statistically!significant!(p=0.58).!

Immunofluorescence! and! Immunocytochemistry! showed! a! tendency! towards!

cytoplasmic! staining! more! so! than! nuclear! staining! for! RKO,! HT115! and! HRT*18!

colorectal!cancer!cell!lines!(Figures!3.2!to!3.7).!However,!expression!appeared!to!be!

lower!for!the!HRT*18!cell!line!compared!with!the!RKO!and!HT115!cell!lines.!

!

Figure'3.1.!!Transcript!expression!levels!in!PEDF!in!colorectal!cell!lines.!Control=!Nuclease!free!water!

and!all!gels!were!run!with!a!molecular!weight!marker!used!to!identify!band!sizes.!!

Table'3.1.'qPCR'expressional'analysis'of'PEDF'within'colorectal'cell'lines.''!

Cell'lines' Median'transcript'copy'number' IQR' P'value'
RKO!

HT115!

HRT*18!

COLO*201!

LS174T!

CCD*33C0!

45.8!

8.4!

11.5!

0.1!

0.2!

8.5x105!

10.3!*!6.5x104!

0.3!*!17.0!

0.36!*!3.8x105!

6.5x10*7!*!3.78!

3.4x10*6!*!34.7!

0.02!*!1.3x107!

!

!

!

!

!

0.58!
Relative!transcript!copy!number!was!calculated!based!on!internal!standard.!!Median!data!from!at!least!

6!independent!repeats!are!shown!



Chapter!3*!Expression!profile!of!PEDF!in!colorectal!cancer!

! 122! !

+

'

Figure'3.2.!Representative!immunocytochemistry!images!for!RKO!cell!line.!X100!magnification!used.!

Scale!bar!represents!10µm.!Red!arrow!shows!weakly!positive!cytoplasmic!staining!and!yellow!arrow!

shows!weakly!positive!nucleic!staining.!
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!

'

Figure' 3.3.! Representative! immunofluorescence! images! for! RKO! cell! line.! X40!magnification! used.!

Scale! bar! represents! 20µm.!Red! arrow! shows! strongly! positive! cytoplasmic! staining.! Yellow!arrow!

shows!minimal!nuclear!staining.!!
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'

'

Figure'3.4.!Representative!immunocytochemistry!images!for!HT115!cell!line.!X100!magnification!used.!

Scale!bar!represents!10µm.!Red!arrow!shows!weakly!positive!cytoplasmic!staining!and!yellow!arrow!

shows!weakly!positive!nucleic!staining.!
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!

'

Figure'3.5.!Representative!immunofluorescence!images!for!HT115!cell!line.!X40!magnification!used.!

Scale! bar! represents! 20µm.!Red! arrow! shows! strongly! positive! cytoplasmic! staining.! Yellow!arrow!

shows!minimal!nucleic!staining.!'
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'

'

Figure' 3.6.! Representative! immunocytochemistry! images! for! HRT*18! cell! line.! X100!magnification!

used.!Scale!bar!represents!10µm!Red!arrow!shows!weakly!positive!cytoplasmic!staining.!Yellow!arrow!

shows!minimal!nucleic!staining.!
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!

'

Figure'3.7.!Representative!immunofluorescence!images!for!HRT*18!cell!line.!X40!magnification!used.!

Scale!bar!represents!20µm.!Red!arrow!shows!no!cytoplasmic!staining.!Yellow!arrow!shows!minimal!

nucleic!staining.!!

N
e
g
a
tiv

e
!co

n
tro

l!



Chapter!3*!Expression!profile!of!PEDF!in!colorectal!cancer!

! 128! !

3.3.2'Expression'of'PEDF' in'human'colorectal' cancer' tissues'and' the'association'

with'clinicopathological'characteristics'

The!cohort!used!for!qPCR!consisted!of!221!male!patients!and!185!female!patients,!

who!underwent! resectional! surgery! for! treatment!of! their! colorectal! cancer;!with!

normal!matched!colorectal!tissue,!available!for!additional!analysis!from!209!of!these!

patients.!This!demonstrated!that!mRNA!expression!of!PEDF!was!lower!in!colorectal!

tumour!tissue!when!compared!to!matched!normal!colorectal!tissue!from!colorectal!

cancer!patients!(p<0.001)!(Table!3.2).!Interestingly,!PEDF!was!more!highly!expressed!

in!females!with!colorectal!cancer!within!this!cohort!when!compared!to!males!with!

colorectal! cancer! (p=0.01),! and! in! rectal! tumours! compared!with! colonic! tumours!

(p<0.001).!Whilst! there!was!an!obvious!decline! in!mRNA!expression!of!PEDF!with!

worsening!tumour!grade,!this!trend!was!not!found!to!be!significant!(p=0.187).!No!

other!demographic!or!clinicopathological!association!were!found!to!be!statistically!

significant.!Unfortunately,!survival!data!was!not!available!due!to!the!short!follow*up!

period!of!this!cohort.!!!

On! immunohistochemical! staining! highest! expression! of! PEDF! was! seen! within!

smooth!muscle,!endothelial!cells!and!fibroblasts!(Figure!3.8).!Tumour!expression!of!

PEDF!was!more!pronounced!in!well*differentiated!mucinous!adenocarcinomas!when!

compared! to! poorly! differentiated! mucinous! adenocarcinomas! and! all! grades! of!

adenocarcinoma!(Figure!3.9!and!3.10).!There!was!a!significant!decrease!in!expression!

with! worsening! tumour! grade! in! both! adenocarcinomas! and! mucinous!

adenocarcinomas!(p=0.008!and!p<0.001,!respectively).!There!was!no!difference!seen!

in!expression!in!tumour!location!(colon!vs.!rectum),!Dukes!Stage!or!TNM!Stage.!There!
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was! some! slight! cytoplasmic! staining! seen! within! cancer! adjacent! and! normal!

colorectal!tissue,!however!there!was!poor!expression!overall!(Figure!3.11).'
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Table&3.2.(Correlation&between&PEDF&expression&and&clinical&parameters&in&colorectal&cohort&&

( N& Median& transcript& copy&

number&

IQR& P&value&

Tumour(

Normal(matched(tissue(

406(

209&

3.64x10*5(

1.05x10*3&

1.05x10*9(*(4.40x10*3(

6.84x10*9(*(4.18x10*2&

(

<0.001(*&

Female(

Male(

185(

221(

1.54x10*4(

1.51x10*5(
3.95x10*8(*(1.02x10*2(

2.52x10*10(*(2.36x10*3(
(

0.01(*(

Aged(64(years(or(younger(

Aged(65(years(or(older(

163(

184(

8.78x10*6(

1.04x10*6(
1.17x10*12*(3.46x10*3(

1.17x10*12*1.36x10*3(
(

0.645(

Female(aged(64(years(or(younger(

Male(aged(64(years(or(younger(

75(

88(

1.08x10*5(

4.39x10*6(
1.17x10*12*(4.18x10*3(

2.45x10*12*(1.44x10*3(
(

0.729(

Female(aged(65(years(or(older(

Male(aged(65(years(or(older(

84(

100(

1.47x10*5(

5.63x10*7(
1.17x1012*2.29x10*3(

1.17x10*12*7.25x10*4(
(

0.107(

Smoker(

Non*smoker(

95(

239(

1.78x10*5(

6.44x10*5(
8.34x10*11(*(3.02x10*3(

1.31x10*10(*(3.92x107(
(

0.70(

History(of(other(cancers(

No(history(of(other(cancers(

17(

375(

4.02x10*5(

5.32x10*5(
6.54x10*7(*(2.79x10*3(

9.62x10*10(*(4.50x10*3(
(

0.617(

Family(history(of(colorectal(cancer(

No(family(history(of(colorectal(cancer(

47(

344(

1.85x10*5(

6.93x10*5(
1.69x10*1(0*(1.15x10*3(

4.09x10*9(*(5.25x10*3(
(

0.382(
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Tumour(location(

(((((((((Colon(

(((((((((Rectum(

(

263(

143(

(

2.91x10*6(

1.25x10*4(

(

5.00x10*14(*(4.78x10*3(

4.44x10*6(*(3.40x10*3(

(

(

<0.001(*(

Tumour(differentiation(

((((((((((Well(differentiation(

((((((((((Moderately(differentiation(

((((((((((Poorly(differentiation(

(

84(

231(

37(

(

1.31x10*4(

2.49x10*5(

9.69x10*7(

(

3.36x10*7(*(4.00x10*3(

1.97x10*10(*(3.31x10*3(

1.31x10*11(*(1.83x10*3(

(

(

(

0.187((

Tumour(type(

((((((((((Adenocarcinoma(

((((((((((Mucinous(adenocarcinoma(

(

307(

49(

(

6.44x10*5(

4.92x10*5(

(

9.62x10*10(*(3.67x10*3(

4.45x10*10(*(2.41x10*3(

(

(

0.98(

Duke’s(stage(

((((((((((A(

((((((((((B(

((((((((((C(

((((((((((D(

(

22(

170(

156(

30(

(

1.94x10*4(

1.63x10*5(

1.29x10*4(

5.12x10*5(

(

3.17x10*6(*(5.03x10*3(

4.78x10*11(*(3.33x10*3(

2.45x10*8(*(6.66x10*3(

2.24x10*9(*(2.25x10*3(

(

(

(

(

0.16(

Pathological(T(Stage(

((((((((((T1(

((((((((((T2(

((((((((((T3(

((((((((((T4(

(

0(

34(

201(

148(

(

(

1.65x10*4(

2.66x10*5(

5.78x10*5(

(

(

3.09x10*7(*(4.37x10*3(

3.55x10*10(*(2.51x10*3(

1.50x10*10(*(7.76x10*3(

(

(

(

(

0.45(
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No(nodal(involvement(

Nodal(involvement(

201(

181(

2.77x10*5(

7.30x10*5(
2.25x10*10(*(3.46x10*3(

7.21x10*9(*(5.33x10*3(
(

0.23(

No(metastatic(disease(

Metastatic(disease(

273(

31(

6.04x10*5(

1.45x10*5(
9.42x10*11(*(3.69x10*3(

1.09x10*9(*(2.11x10*3(
(

0.54(

Radical(surgery(

Palliative(surgery(

341(

45(

6.48x10*5(

1.51x10*5(

4.09x10*9(*(4.42x10*3(

1.50x10*12(*(5.33x10*3(

(

0.54(

*(p<0.05(
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(

(

(

Figure'3.8.(Representative(immunohistochemistry(images(for(A)(smooth(muscle(and(B)(adipose(tissue.(

X200(magnification(used.(Scale(bar(represents(100µm.(Red(arrow(shows(positive(staining(of(muscle.(

Yellow( arrows( show( positive( staining( of( blood( vessels.( Blue( arrow( shows( adipose( tissue( with( no(

staining(visible.((

A'

B'
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(

(

(

Figure'3.9.(Representative(immunohistochemistry(images(for(A)(well(differentiated(adenocarcinoma(

and( B)( poorly( differentiated( adenocarcinoma( tissue( samples.( X200( magnification( used.( Scale( bar(

represents( 100µm.( Red( arrow( shows( cytoplasmic( tumour( staining( within( the( well( differentiated(

adenocarcinoma(sample.(There(was(no(staining(evident(in(the(poorly(differentiated(tissue(sample.'(

(

A'

B'
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'

'

(((( (

Figure' 3.10.( Representative( immunohistochemistry( images( for( A)( well( differentiated( mucinous(

adenocarcinoma( and( B)( poorly( differentiated( mucinous( adenocarcinoma( tissue( samples.( X200(

magnification(used.(Scale(bar(represents(100µm.(Red(arrow(shows(positive(tumour(cell(staining(in(the(

well(differentiated(mucinous(adenocarcinoma(sample.(Yellow(arrow(shows(no(staining(of(mucus.(Blue(

arrow( shows( no( staining( of( tumour( cells( in( the( poorly( differentiated( mucinous( adenocarcinoma(

sample.'(

A'

B'
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(

(

Figure'3.11.(Representative(immunohistochemistry(images(for(normal(colorectal(tissue(samples.(X200(

magnification(used.(Scale(bar(represents(100µm.(Red(arrow(shows(no(staining(of(epithelial(cell(in(an(

intestinal(gland.(Yellow(arrow(shows(no(staining(of(stroma.((

(

(

(

(

(

(

(

(

(

'
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3.4'Discussion'

The(results(presented(in(this(chapter(show(that(PEDF(mRNA(expression(was(lower(in(

colorectal(cancer(cell( lines(when(compared(to(normal(colorectal(fibroblasts(and(in(

colorectal(cancer(tissue(compared(to(normal(tissue.(These(findings(support(those(of(

Wågsäter(et#al((2010)(and(Ji(et#al((2013).(PEDF(expression(was(found(to(decline(with(

worsening( grade( of( tumour,( as( demonstrated( by( a( statistical( significance( on(

immunohistochemistry( staining( and(with( a( trend(witnessed( in(mRNA( expression,(

confirming( the( association( between( loss( of( PEDF( expression( and( worsening(

oncological(prognostic(factors;(this(echoed(the(findings(of(Guan(et#al((2003)(where(

decreased(expression(of(PEDF(was(apparent(with(worsening(tumour(grade(in(glioma(

tissue.( However,( there(was( little( evidence( from( the( results( presented( to( support(

associations(between(other(negative(prognostic( factors,( such( as( advanced(Duke’s(

Stage,(T(stage(or(lymph(node(involvement,(and(PEDF(expression(levels;(whilst(there(

was(a(trend(towards(lower(expression(in(metastatic(colorectal(cell(line,(compared(to(

other( colorectal( cancer( cell( lines,( this(did(not( reach( significance,(and( results( from(

qPCR(and(immunohistochemistry(studies(did(not(support(this(either.((

Interestingly,( mRNA( expression( of( PEDF( was( observed( to( be( higher( in( female(

colorectal(cancer(patients(when(compared(to(male(colorectal(cancer(patients.(This(is(

contrary(to(both(Yamagishi(et#al((2006)(and(Wågsäter(et#al((2010)'who(established(

that( plasma( samples( from(healthy(male( controls( had( higher( levels( of( PEDF(when(

compared(to(healthy(female(controls,(however(a(similar(finding(in(colorectal(cancer(

patients(was(either(not(assessed(or(demonstrated,(in(the(respective(studies.((Other(
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studies(evaluating(PEDF(expression(in(other(solid(tumours(did(not(display(significance(

difference(between(genders((Uehara(et(al.(2004;(Jiang((et(al.(2010).((

A( recent(population*based(analysis( study(of(164,996( colorectal( cancer(patients( in(

Germany( demonstrated( a( higher( age*adjusted( 5*year( survival( rate( in( females(

compared( to(males( (64.5%(vs.( 61.9%,(p<0.0001)( (Majek(et( al.( 2013).( The( survival(

advantage(of(women(was(seen(on(multivariate(analysis(after(adjusting(for(tumour(

staging(in(women(under(65(years(of(age((Relative(Excess(Risk(0.86,(95%(CI(0.82*0.90)(

but(not(in(those(over(the(age(of(65(years(of(age((Relative(Excess(Risk(1.01,(95%(CI(

0.98*1.04).( When( analysing( patients( with( advanced( stage( disease,( older( women(

aged(>75(years(had(a(worse(survival(than(men.(Location(of(tumour(did(not(seem(to(

affect( survival.(These( findings(were(comparable( to( two(earlier( studies,( in(patients(

based(in(USA(and(Japan((Hendifar(et(al.(2009;(Koo(et(al.(2008),(with(younger(women(

have(a(survival(advantage(compared(to(younger(men,(but(with(the(opposite(pattern(

noted( in( older( patients.(One( of( the(main( reasons( suggested( for( this( effect( is( the(

favourable(effect(of(endogenous(female(sex(hormones((Franceschi(et(al.(2000).(Other(

reasons( include( increased( bowel( cancer( screening( uptake( amongst( females( and(

therefore(higher(proportion(of(early(stages(at(diagnosis(and(better(prognosis((Stock(

et( al.( 2011),( however(Majek(et# al( (2013)( found( a( survival( benefit( remained( after(

adjusting( for( tumour(staging,( therefore(making(this( reason( less( likely.(However,( it(

may(be(plausible(that(the(gender(difference(in(expression(of(PEDF(may(be(responsible(

for( the( survival( difference( seen.( In( our( cohort,( we( found( no( difference( in( PEDF(

expression(comparing(both(genders(in(age(groups(64(years(or(less(and(65(years(and(

over( (p=0.729( and( p=0.107,( respectively).( The( outcome( in( this( chapter( warrants(
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further(evaluation(in(future(studies(into(the(possible(reasons(behind(a(difference(in(

PEDF(expression(patterns(between(the(genders(within(colorectal(cancer.(

Rectal( tumour( tissue( appeared( to( express( higher( mRNA( levels( of( PEDF( when(

compared( to( colonic( tumour( tissue,( however( this( was( not( confirmed( on(

immunohistochemistry(or( in(cell( line(studies.( (Díaz(et#al# (2008)(detected(a( similar(

difference(with(higher(mRNA(expression(of(PEDF(in(tissue(from(rectal(tumours(when(

compared(to(tissue(from(colonic(tumour.(Cai(et#al((2006b)(found(conflicting(results(

on(a(cellular(level(with(stronger(PEDF(expression(in(HT115(colonic(adenocarcinoma(

cell(line(and(weaker(expression(in(HRT*18(rectal(adenocarcinoma(cell(line,(however(

our( results( showed( little( difference( in( the( expression( of( these( two( cell( lines( and(

therefore( there( may( be( other( cellular( factors( in( these( cell( lines( that( may( be(

responsible(for(the(expression(levels(shown.((

Mucinous(adenocarcinoma( tissue( showed(more(positive( tumour(expression(when(

compared( to( adenocarcinoma( tissue( on( immunohistochemical( staining.( This( is(

consistent( with( work( from( Ji( et# al( (2013)( where( patients( with( mucinous(

adenocarcinoma(displayed(higher(PEDF(plasma(levels(than(adenocarcinoma(patients.(

This(is(perhaps(a(slightly(surprising(result,(as(mucinous(adenocarcinoma(of(the(colon(

or(rectum(is(well(recognised(to(have(a(poorer(survival(rate(when(compared(to(non*

mucinous( adenocarcinoma( (Numata( ( et( al.( 2012)( and(hence( there(must(be(other(

influences,(yet(to(be(identified,(that(are(specific(to(mucin(producing(tumours(that(are(

responsible(for(the(higher(expression(levels(of(PEDF.(

Immunofluorescence,( immunocytochemistry( and( immunohistochemistry( studies(

showed(a(tendency(towards(cytoplasmic(staining(more(so(than(nucleic(staining(for(
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colorectal(tumour(cells,(comparable(to(findings(from(Ji(et#al( (2013).(Certainly,(this(

provides(some(evidence(to(support( the(association(between(PEDF(and(critical(cell(

activities( such( as( cellular( differentiation,( cell( growth( and( cell( cycle( control,(which(

typically(take(place(in(the(cytoplasm(in(eukaryotic(organisms.((

In( conclusion,( our( results( confirmed( that( PEDF( expression( was( higher( in( normal(

colorectal(tissue(and(cells(compared(to(cancer(tissue(and(cells,(confirming(the(inverse(

correlation(between(PEDF(levels(and(pathological(angiogenesis.(It(is(therefore(logical(

to(suggest(that(normalisation(of(PEDF(levels(to(their(baseline(may(be(responsible(for(

halting(such(processes.((

'
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4.1'Introduction'

Over(recent(decades,(significant(advances(in(the(early(detection(and(treatment(for(

colorectal(cancer(have(been(made.(In(early(detection,(these(include(the(introduction(

of(national(bowel(cancer(screening(programmes(and(the(improvement(of(radiological(

imaging.( Through( large( scale( clinical( trials( there( has( been( advancement( in( both(

chemotherapy( and( radiotherapy( regimes( that( can( be( offered( to( patients( with(

colorectal( cancer,( including( the( wide( spread( adoption( of( neo*adjuvant( chemo*

radiotherapy( for( locally( advanced( rectal( cancers( to( down( stage( tumours( prior( to(

surgical( resection.( Surgical( practice(has( also( focused(on( the(achievement(of( good(

oncological(resections(of(tumour(such(as(the(gold(standard(total(mesorectal(excision(

for(low(rectal(tumours.(((

Despite(these(advances,(the(overall(5(year(survival(rate(from(colorectal(cancer(in(the(

UK(is(still(as(low(as(58.7%(and(there(are(approximately(16,000(deaths(secondary(to(

colorectal( cancer( per( annum( (Cancer( Research( UK.( 2016;(

http://www.cancerresearchuk.org).( It( is( for( this( reason( that( the( search( for( novel(

therapies(for(the(treatment(of(colorectal(cancer(remains(an(urgent(priority.((

Many(proposed(novel(therapies(focus(on(the(cessation(of(tumorigenesis(and(have(

been(targeted(at(various(angiogenic(factors(such(as(VEGF(and(EGFR((as(discussed(in(

section(1.3.1).(However,(in(the(UK,(their(licensed(use(in(the(treatment(of(colorectal(

cancer(has(been(limited(to(KRAS(wild*type(expressing(tumours,(following(evaluation(

of(level(1(clinical(evidence.(
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PEDF( has( been( demonstrated( to( inhibit( cellular( growth,( adhesion,(migration( and(

invasion( in( a( range( of( solid( tumours,( and( consequently( may( present( an( exciting(

cancer(therapeutic(option.(However,(the(evidence(investigating(the(role(of(PEDF(in(

colorectal(cell(line(function(has(been(limited;(therefore(the(aim(of(this(section(of(the(

study(was(to(investigate(the(effect(of(treatment(with(recombinant(PEDF(on(cellular(

function(within(colorectal(cell(lines.((

4.2.'Methods'and'Materials'

4.2.1'Cell'lines'

RKO,( HT115( and( HRT*18( cell( lines( were( chosen( for( this( part( of( the( study( as(

representative( cell( lines( for( colorectal( adenocarcinoma.( Cells(were(maintained( as(

described(in(section(2.7.1(and(2.7.2.((

4.2.2'Treatment'

All(cellular(functional(assays(were(performed(using(normal(medium(as(described(in(

section(2.7.1(as(a(control.(Treatment(with(rhPEDF(was(performed(at(doses(of(10ng/ml,(

50ng/ml(and(100ng/ml((Section(2.6.5).(These(varying(doses(were(chosen(based(on(a(

previous(study(which(used(100ng/ml(of(rhPEDF(for(treatment((Cai(et(al.(2006a)(and(

the(manufacturers(guidance.((

4.2.3'In#vitro'cellular'growth'assay'

Cells(were(seeded(into(three(96(well(plates(at(a(seeding(density(of(3x103(cells/100µl,(

supplemented(with(100µl(of(either(treatment(or(control(medium.(The(plates(were(

then(incubated(for(1,3(and(5(days,(respectively,(as(described(in(full(detail(in(section(
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2.12.1.(After(incubation,(cells(were(fixed(using(4%(formaldehyde((v/v)(then(stained(

with( 0.5%( crystal( violet( (v/v).( Analysis( was( performed( at( 540nm( using( a(

spectrophotometer.(Prior(to(reading(the(dye(was(solubilised(using(10%(acetic(acid.(

Data( from( at( least( 3( repeated( experimental( procedures( were( combined( and(

presented(in(this(chapter.((

4.2.4'In#vitro'tumour'cell'Matrigel'adhesion'assay'

Cells( were( seeded( into( matrigel*coated( wells( at( a( seeding( density( of( 4.5x104(

cells/100μl,(supplemented(with(100μl(of(either(treatment(or(control(medium.(The(

plate(was(then(incubated(for(45(minutes(to(allow(cells(to(adhere(to(the(Matrigel(as(

described(in(full(detail(in(section(2.12.2.(After(incubation,(cells(were(fixed(using(4%(

formaldehyde( (v/v)( then( stained( with( 0.5%( crystal( violet( (v/v).( The( dye( was(

solubilised(using(10%(acetic(acid(and(analysed(using(a(spectrophotometer(at(540nm.(

Data( from( at( least( 3( repeated( experimental( procedures( were( combined( and(

presented(in(this(chapter.((

4.2.5'In#vitro'cellular'scratch'migration'assay'

Cells(were(seeded(into(a(24*well(plate(at(a(seeding(density(of(3x105(cells/500µl,(and(

were( incubated( for( 24( hours,( as( described( in( full( detail( in( section( 2.12.3.2.( After(

incubation,( a( straight*line( scratch(was(made( to( the( cellular(monolayer( down( the(

midpoint(of(each(well.(The(medium(was(then(removed(from(the(plates(carefully(and(

replaced(with(500µl(of(either(treatment(or(control(medium.(Analysis(was(performed(

using( EVOS( cell( imaging( system( (Life( Technologies,( Paisley,( UK)( and( images(were(

captured( every( 60(minutes( for( a( total( of( 6( hours.( Data( from( at( least( 3( repeated(
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experimental(procedures(were(combined(and(presented(as(migration(distance(in(this(

chapter.((

4.2.6'In#vitro'cellular'invasion'assay''

Cells(were(seeded(into(a(24*well(plate(containing(matrigel*coated(Transwell(inserts(

at(a(seeding(density(of(3(x(104(cells/100µl(supplemented(with(100µl(of(treatment(or(

control(medium(as(described(in(section(2.12.4.(Following(72(hours’(incubation,(the(

inferior(aspect(of(the(insert(was(fixed(in(4%(formaldehyde((v/v)(then(stained(in(0.5%(

crystal(violet((v/v).(The(dye(was(solubilised(using(10%(acetic(acid(and(analysed(using(

a( spectrophotometer( at( 540nm.( Data( from( at( least( 3( repeated( experimental(

procedures( were( combined( and( absorbance( levels( as( a( marker( of( cell( density(

presented(in(this(chapter.(

4.3'Role'of'PEDF'on'cellular'function'in'colorectal'cancer'cell'lines'

4.3.1'Effect'of'PEDF'on'colorectal'cancer'cell'growth(

In(the(RKO(cell(line,(after(both(day(3(and(day(5(of(incubation(there(was(no(statistically(

significant( decrease( in( cellular( proliferation( with( varying( doses( of( rhPEDF( when(

compared(to(control(group((p=0.259(and(p=0.283(respectively(for(day(3(and(day(5)(

(Figure(4.1).((

There( was( no( statistically( significant( difference( seen( after( both( 3( and( 5( days( of(

incubation( of( HT115( cell( line( comparing( control( with( varying( concentrations( of(

rhPEDF((p=0.830(and(p=0.260(respectively)((Figure(4.2).((



( Chapter(4*(Role(of(PEDF(in(cellular(function(in(colorectal(cancer( (
(

( 146( (

In(the(HRT*18(cell(line,(after(day(3(and(day(5(of(incubation(there(was(no(statistically(

significant( difference( seen( between( the( control( group( and( the( varying( rhPEDF(

concentrations((p=0.197(and(0.151(respectively)((Figure(4.3).(
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(

(

Figure' 4.1.' ( Impact( of( rhPEDF(on( cellular( growth( after( 3( days( (A)( and(5(days( (B)( of( incubation,( in(

response(to(varying(concentrations(of(rhPEDF(in(RKO(cells.((Median(values(of(3(independent(repeats(

are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((
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(

( '
Figure' 4.2.' ( Impact( of( rhPEDF(on( cellular( growth( after( 3( days( (A)( and(5(days( (B)( of( incubation,( in(

response(to(varying(concentrations(of(rhPEDF(in(HT115(cells.((Median(values(of(3(independent(repeats(

are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((
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(

(
Figure' 4.3.' ( Impact( of( rhPEDF(on( cellular( growth( after( 3( days( (A)( and(5(days( (B)( of( incubation,( in(

response( to( varying( concentrations( of( rhPEDF( in( HRT*18( cells.( ( Median( values( of( 3( independent(

repeats(are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((
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4.3.2'Effect'of'PEDF'on'colorectal'cancer'cell'adhesion'

There(was(no(difference(observed( in( the(attachment(of(RKO(cells(with(any(of( the(

treatment(doses(of(rhPEDF(compared(to(the(control((p=0.603)((Figure(4.4).((

There( was( a( statistical( significant( increase( in( the( attachment( of( HT115( with( the(

treatment(of(rhPEDF(100ng/ml(when(compared(to(the(control((p=0.003);(however,(

this(significant(increase(was(not(observed(with(either(treatment(doses(of(rhPEDF(at(

10ng/ml(or(50ng/ml((Figure(4.5).((

No( difference( was( demonstrated( in( the( attachment( of( HRT*18( cells( with( the(

treatment(of(rhPEDF(compared(to(the(control((p=0.810)((Figure(4.6).(
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'

'

'

Figure'4.4.'Impact(of(rhPEDF(on(cellular(attachment(in(RKO(cells.((Absorbance(x10*2((540nm)(readings(

used(as(a(marker(of(cellular(attachment,(in(response(to(varying(concentrations(of(rhPEDF.((Median(

values(and(IQR(of(3(independent(repeats(are(shown.(Error(bars(represent(95%(confidence(intervals((
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(

(

'
Figure' 4.5.' ( Impact( of( rhPEDF( on( cellular( attachment( in( HT115( cells.( ( Absorbance( x10*2( (540nm)(

readings(used(as(a(marker(of(cellular(attachment,(in(response(to(varying(concentrations(of(rhPEDF.((

Mean(values(of(3(independent(repeats(are(shown.(Error(bars(represent(SEM(*(p<0.05(
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'

'

'

Figure' 4.6.' Impact( of( rhPEDF( on( cellular( attachment( in( HRT*18( cells.( ( Absorbance( x10*2( (540nm)(

readings(used(as(a(marker(of(cellular(attachment,(in(response(to(varying(concentrations(of(rhPEDF.((

Median(values(and( IQR(of(3( independent(repeats(are(shown.(Error(bars(represent(95%(confidence(

intervals((
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4.3.3'Effect'of'PEDF'on'colorectal'cancer'cell'migration'

Under( the( influence( of( rhPEDF( treatment,( there( was( a( statistically( significant(

decrease(in(HT115(migration(rate(over(a(6*hour(period.(This(significant(decrease(in(

migration(rate(was(evident(for(both(50ng/ml(and(100ng/ml(rhPEDF(treatment(doses(

(p=0.007(and(p<0.001,(respectively),(when(compared(to(untreated(HT115(cells(and(

10ng/ml(rhPEDF(treatment(dose((Figure(4.7).(There(was(also(a(significantly(significant(

decrease(when(comparing(10ng/ml( rhPEDF( treatment(compared( to(both(50ng/ml(

and(100ng/ml((p=0.006(and(p<0.001,(respectively).(

A(similar(effect(was(demonstrated(in(the(HRT*18(cell( line;(a(statistically(significant(

decrease(in(HRT*18(migration(rate(over(a(6*hour(period,(with(treatment(of(rhPEDF.(

This( significant( decrease( in( migration( rate( was( evident( for( all( doses( of( rhPEDF(

compared(to(untreated(HRT*18(cells.((rhPEDF(10ng/ml(vs(control(p=(0.002,(rhPEDF(

50ng/ml(p<0.001,(rhPEDF(100ng/ml(p<0.001)((Figure(4.8).(

Unfortunately,( RKO( cellular( behaviour( did( not( permit( migration( assay( to( be(

performed,(as(when(a(scratch(was(performed(the(entire(cellular(layer(would(peel(off(

in(a(‘sheet*(like’(manner(thus(not(allowing(further(migration(to(be(assessed.((
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'

Figure'4.7.'(Impact(of(rhPEDF(on(HT115(cellular(migration(assessed(through(scratch(migration(assay.((

Cumulative(distance(travelled(following(scratch(is(shown(and(taken(as(representative(of(migration(in(

HT115(cells(compared(to(control(and(varying(doses(of(rhPEDF.((Mean(values(of(3(independent(repeats(

are(shown.(Error(bars(represent(SEM.(*p<0.05((**(p<0.001(
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(
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(

'
Figure'4.8.'(Impact(of(rhPEDF(on(HRT*18(cellular(migration(assessed(through(scratch(migration(assay.((

Cumulative(distance(travelled(following(scratch(is(shown(and(taken(as(representative(of(migration(in(

HRT*18(cells(compared(to(control(and(varying(doses(of(rhPEDF.((Mean(values(of(3(independent(repeats(

are(shown.(Error(bars(represent(standard(error(of(the(mean.(*p<0.05((**(p<0.001(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

0

100

200

300

400

500

0 1 2 3 4 5 6

Cu
m
ul
at
iv
e(
di
st
an
ce
(tr
av
el
le
d(
(μ
m
)

Time((hours)

Control

PEDF(10ng/ml

PEDF(50ng/ml

PEDF(100ng/ml

*

**

**



( Chapter(4*(Role(of(PEDF(in(cellular(function(in(colorectal(cancer( (
(

( 157( (

4.3.4'Effect'of'PEDF'on'colorectal'cancer'cell'invasion'

Under( the( influence(of( treatment(with( rhPEDF(100ng/ml,( there(was(a( statistically(

significant( decrease( in( RKO( cellular( invasion( when( compared( to( control( medium(

(p=0.025);(however,( this(difference(was(not(witnessed(under( the( influence(of( the(

lower(doses(of(rhPEDF(treatments((10ng/ml(and(50ng/ml)((Figure(4.9).((

No( difference(was( noticed( in( the( cellular( invasion(when( comparing( all( treatment(

doses(of(rhPEDF(compared(to(control(medium(in(HT115(cells((p=0.865)((Figure(4.10).(

Whilst(there(was(an(observed(trend(towards(a(decrease(in(HRT*18(cellular(invasion(

with(the(treatment(of(all(doses(of(rhPEDF(when(compared(to(control(medium,(this(

was(not(found(to(be(significant(on(statistical(analysis((p=0.352).(
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(
Figure'4.9.'Impact(of(rhPEDF(on(cellular(invasion(in(RKO(cells.(Absorbance(x10*2((540nm)(readings(used(

as(a(marker(of(cellular(density,(in(response(to(varying(concentrations(of(rhPEDF.((Median(values(and(

IQR(of(3(independent(repeats(are(shown.(Error(bars(represent(95%(confidence(intervals.(*(p<0.05(
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(

Figure'4.10.'Impact(of(rhPEDF(on(cellular(invasion(in(HT115(cells.(Absorbance(x10*2((540nm)(readings(

used(as(a(marker(of(cellular(density,(in(response(to(varying(concentrations(of(rhPEDF.((Median(values(

and(IQR(of(3(independent(repeats(are(shown.(Error(bars(represent(95%(confidence(intervals.((
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Figure'4.11.'Impact(of(rhPEDF(on(cellular(invasion(in(HRT*18(cells.(Absorbance(x10*2((540nm)(readings(

used(as(a(marker(of(cellular(density,(in(response(to(varying(concentrations(of(rhPEDF.((Median(values(

and(IQR(of(3(independent(repeats(are(shown.(Error(bars(represent(95%(confidence(intervals.(
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4.4'Discussion'

Mortality( from( colorectal( cancer( is( frequently( related( to(metastatic( spread,(most(

commonly( affecting( the( liver( or( lungs.( Treatments( aimed( at( preventing( the(

metastatic(spread(of(colorectal(cancer(cells(could(therefore(prove(highly(beneficial(

for(the(survival(of(such(patients.(A(number(of(studies(have(demonstrated(that(the(

decreased( expression( of( PEDF( is( associated( with( the( increased( incidence( of(

metastases(in(a(range(of(solid(tumours((Uehara(et(al.(2004;(Halin(et(al.(2004;(Cai(et(

al.(2006b;(Dass(et(al.(2008;(Zhou(et(al.(2010;(Fitzgerald(et(al.(2012;(Ji(et(al.(2013).(It(is(

therefore( logical( to( hypothesise( that( administration( of( PEDF( may( suppress(

metastases( formation.( Tumour( metastasis( depends( on( several( cancer( cell(

characteristics(including(cellular(proliferation,(adhesion,(invasion(and(migration,(and(

hence(the(capability(to(adapt(to(in#vivo(environments(and(outcompete(with(normal(

cells(for(resources(necessary(for(survival.(To(date,(the(exact(mechanisms(of(PEDF(on(

colorectal(cancer(metastases(remain(poorly(understood.((

In(this(section(of(the(study,(treatment(with(rhPEDF(in(both(the(HT115(and(HRT*18(

colorectal( cancer( cell( lines( appeared( to( significantly( decrease( the( rate( of( cellular(

migration.(This(effect(was(visible(in(HT115(cells(with(the(higher(doses(used(of(rhPEDF,(

50ng/ml(and(100ng/ml(vs(control((p=0.007(and(p<0.001,(respectively),(and(in(HRT*

18( cells(with( all( doses( of( rhPEDF( vs( control( (10ng/ml( p=0.002,( 50ng/ml( p<0.001,(

100ng/ml(p<0.001),(when(compared(to(normal(control(medium.(Similarly,(invasion(

studies(showed(a(significant(decrease(in(the(rate(of(cellular(invasion(within(the(RKO(

colorectal(cancer(cell(line,(with(treatment(of(100ng/ml(rhPEDF(compared(to(normal(
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control( medium( (p=0.025),( and( whilst( not( significant( there( was( a( similar( trend(

noticed(in(the(HRT*18(colorectal(cell(line((p=0.352).((

To(date,(the(effect(of(rhPEDF(on(cellular(function(has(not(been(studied(in(colorectal(

cell(lines,(but(has(been(reported(in(a(number(of(other(solid(tumours.(Hong(et#al((2014)(

investigated(the(effect(of(the(human(breast(cancer(cell(line(MDA*MB*231(transfected(

with(PEDF(plasmid,(compared(to(a(control(group.(The(results(of(their(in#vitro(cellular(

migration(and(invasion(studies(confirmed(a(significant(decrease(in(both(tumour(cell(

migration(and(invasion,(and(found(that(PEDF(inhibited(breast(cancer(cell(migration(

and( invasion( by( down*regulating( fibronectin( and( subsequent( MMP2/MMP9(

reduction(via(p*ERK(and(p*AKT(signalling(pathways.(Correspondingly,(Tan(et#al((2010)(

found(a(20%(decrease(in(cellular(invasion(in(PEDF(treated(chondrosarcoma(cell(when(

compared( to( control( cells.( These( findings( support( our( results( presented( in( this(

chapter.((

In(the(adhesion(studies(presented(in(this(chapter,(treatment(with(100ng/ml(rhPEDF(

resulted( in(an( increase( in(cellular(attachment( in(HT115(colorectal(cancer(cell( lines(

(p=0.003).(Tan(et#al((2010)(found(a(similar(finding(when(examining(chondrosarcoma(

cells,(with( PEDF( treatment( significantly( enhancing( cellular( adhesion( to( collagen*1(

coated( surfaces( by( 204%(when( compared( to( untreated( cells.( Increased( adhesion(

certainly(presents(a(beneficial(effect(in(the(prevention(of(metastatic(progression,(by(

contributing(to(a(decreased(ability(for(the(cancer(cells(to(invade(and(migrate.((

Unlike( other( studies( investigating( the( effect( of( PEDF( treatment( on( cellular(

proliferation(in(other(solid(tumour(cell(lines((Abe(et(al.(2004;(Matsumoto(et(al.(2004;(

Cheung(et(al.(2006;(Guan(et(al.(2007;(Dass(et(al.(2008;(Chen(et(al.(2009;(Hong(et(al.(
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2014),( we( found( no( significant( different( in( cellular( growth( rates( for( any( of( the(

colorectal( cancer( cell( lines( examined.( However( many( of( these( studies( that(

demonstrated( decreased( cellular( proliferation( with( PEDF( used( differing( methods(

from(the(ones(used(in(this(study;(in(particular(Hong(et#al((2014)(used(animal(models(

and(Matsumoto(et#al((2004)(studied(human(umbilical(vein(endothelial(cells(treated(

with( cultured( media( from( PEDF( transfected( hepatocellular( cancer( cells( and(

compared( to( control( media.( This( provides( a( limitation( in( the( comparison( of( the(

findings(from(these(studies(to(those(presented(in(this(chapter.((

In(conclusion,(the(findings(in(this(chapter(suggest(that(PEDF(administration(confers(

an(inhibitory(effect(on(the(migration(and(invasion(of(colorectal(cancer(cells.(Future(

studies(should(examine(the(effect(on(a(range(of(colorectal(cancer(cell(lines((including(

metastatic( and( mucinous( adenocarcinoma)( and( to( explore( the( effect( of( cellular(

function(in(in#vivo(models(using(colorectal(tumour(xenografts(within(animal(models.(((

(

(

(

'

'

'

'

'

'



Chapter(5*(Expression(profile(of(PEDF(in(wounds(

( 164( (

(

(

'

'

'

'

'

'

Chapter'5'

Expression'profile'of'PEDF'in'wounds'

'

'

'

'

'

'

'

'



Chapter(5*(Expression(profile(of(PEDF(in(wounds(

( 165( (

5.1'Introduction'

In( order( for( optimal( wound( healing( to( take( place,( it( is( crucial( that( normal(

neovascularisation(occurs(during(the(proliferation(stage(of(wound(healing((Harding(

et(al.(2002).(During(a(normal(wound(healing(process,( the(many(soluble(mediators(

released( by(macrophages( initiate( this( stage.( The( process( of( neovascularisation( is(

delicate( and( maintained( by( the( fine( balance( of( both( pro*angiogenic( and( anti*

angiogenic(mediators,(with(any(imbalance(increasing(the(risk(of(a(chronic(wound.((

PEDF(has(been(found(to(be(one(of(the(most(potent(natural(inhibitors(of(angiogenesis(

(Dawson(et(al.(1999;(Duh(et(al.(2002)(and(exerts(anti*angiogenic(activities(by(arresting(

VEGF*( or( FGFb*mediated( endothelial( cell( proliferation,( migration( and( inducing(

apoptosis( in( activated( endothelial( cells( (Dawson( et( al.( 1999;( Volpert( et( al.( 2002;(

Bouck(2002).(

PEDF(has(also(been(shown(to(be(highly(expressed(in(fibroblasts((Francis(et(al.(2004;(

Cai(et(al.(2006b),(and(less(so(in(keratinocytes((Pignolo(et(al.(1995).(There(is(evidence(

from(immunohistochemistry(studies(that(suggests(that(PEDF(is(produced(within(both(

the(human(epidermis(and(dermis((Abe(et(al.(2010;(Francis(et(al.(2004)(and(that(there(

is(strongly(positive(staining(for(PEDF(in(normal(skin(tissue(samples((Zhang(et(al.(2009;(

Abe(et(al.(2010).((

The( aim(of( this( section(of(work(was( to( determine( the( expression(profile( of( PEDF(

within(wound(healing(cell(lines.(An(additional(aim(was(to(determine(the(expression(

profile(within(chronic(wound(tissue(samples(and(to(correlate(the(expression(profile(

with(clinical(outcomes.((
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5.2'Materials'and'Methods'

5.2.1'Cell'lines'

Four(cell(lines(were(screened(for(PEDF(expression(as(part(of(this(study;(HASC((human(

adipose(stem(cells),(DF((primary(dermal(fibroblasts),(HaCaT((human(keratinocytes)(

and(HECV((Human(endothelial(vascular(cell(line).(These(cells(were(chosen(as(they(are(

cell(types(that(are(known(to(play(a(role(in(wound(healing.(Cells(were(maintained(in(

medium(as(described(previously(in(section(2.7.1.((

5.2.2'Wound'tissue'

Wound(tissue(collection(and(storage(for(qPCR(and(immunohistochemistry(staining(

was(performed(at(Wound(Healing(Research(Unit,(Cardiff(and(Vale(University(Health(

Board(as(described(in(section(2.2.'For(the(purposes(of(analysis,(the(biopsies(of(the(

patients(where(the(wound(had(either(decreased(in(size(or(healed(at(12(weeks’(follow*

up( were( classed( as( ‘healing’( and( those( that( had( either( not( decreased( in( size( or(

remained(static(in(size(or(increased(were(classed(as(‘non*healing’.((

5.2.3'RNA'isolation,'cDNA'synthesis,'RTQPCR'and'qPCR'

RNA( isolation(was( performed( using( TRI( reagent( kit( as( described( in( section( 2.8.1.(

Following(this(reverse(transcription(was(carried(out(using(a(high(capacity(RT(kit.(RT*

PCR( products( were( separated( electrophorectically( on( an( agarose( gel.( RT*PCR(

representative(images(are(presented,(normalised(against(GAPDH.((
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qPCR( was( performed( as( described( in( section( 2.8.8.( All( results( presented( were(

normalised( against( GAPDH( and( represent( combined( results( from( at( least( 3(

independent(repeats.((

5.2.4'Protein'isolation,'SDSQPAGE'and'Western'blotting''

The( method( for( isolating( protein( lysates( has( been( described( in( section( 2.9.1.(

Following(SDS*PAGE,(the(protein(was(transferred(onto(PVDF(membranes(and(probed(

with( specific( primary( antibody( (anti*GAPDH( and( anti*PEDF)( and( corresponding(

peroxidase(conjugated(secondary(antibodies.(Antibodies(used(are(described(in(full(

detail(in(section(2.5(and(concentrations(described(in(section(2.9.5.(Chemiluminescent(

protein(detection(kit(was(used(to(visualise(protein(bands(as(described(in(section(2.9.6.(

A(representative(image(following(3(repeats(has(been(presented.((

5.2.5'Immunohistochemical'staining'of'tissues'

Immunohistochemistry(was(carried(out(using(Vector(ABC(Kit(as(described(in(section(

2.10.1.(The(primary(antibody(used(was(rabbit(monoclonal(antibody(against(PEDF(at(

a( 1:50( concentration( as( described( in( section( 2.5.( All( specimens( were( analysed(

anonymously.( Details( of( demographical( and( clinicopathological( associations( were(

provided(during(experimental(data(analysis.(Representative(images(are(shown(in(this(

study.((

5.2.6'Immunocytochemical'staining'of'cells'

HaCaT,( DF,( HECV( and( HASC( cell( lines( were( used( for( immunocytochemistry,( as(

representative(cell(lines(for(wound(healing.(Immunocytochemistry(was(performed(as(
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described( in( section( 2.10.2.( The( primary( antibody( used( was( rabbit( monoclonal(

antibody(against(PEDF(at(a(1:50(concentration(and(the(secondary(antibody(used(was(

Vector(ABC(Kit(as(described(in(section(2.5.(Representative(images(are(shown(in(this(

study.((

5.2.7'Immunofluorescence'staining'of'cells'

HaCaT,(DF,(and(HECV(cell(lines(were(used(for(immunofluorescence(staining(of(cells,(

as( representative( cell( lines( for( wound( healing.( Immunofluorescence( staining(was(

performed( as( described( in( section( 2.11.( The( primary( antibody( used( was( rabbit(

monoclonal( antibody( against( PEDF( at( a( 1:50( concentration( and( the( secondary(

antibody(used(was(anti*rabbit(FITC(conjugate(at(a(1:250(concentration(as(described(

in(section(2.5.(Representative(images(are(shown(in(this(study.('

5.3'Results'

5.3.1'Wound'healing'cell'lines'expression'screening'for'PEDF'

PEDF(transcript(expression(using(RT*PCR(was(detected(in(HASC,(DF(and(HaCaT(cell(

lines((Figure(5.1);(with(PEDF(being(more(highly(expressed(in(HASC(compared(with(DF,(

HaCaT(and(HECV(cell(lines.((

qPCR( showed( that( HASC( and( DF( cell( lines( had( higher( expression( of( PEDF( when(

compared(to(HaCaT(and(HECV(cell(lines((p<0.05)((Figure(5.2).((

With(western(blotting,(HASC(demonstrated(higher(expression(of(PEDF(protein(bands,(

when(compared(to(HaCaT,(DF(and(HECV((Figure(5.3).((
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Immunofluorescence(and(immunocytochemistry(showed(a(tendency(towards(nucleic(

staining(for(the(DF,(HECV(and(HASC(cell(lines(and(cytoplasmic(staining(for(the(HaCaT(

cell(line((Figures(5.4(to(5.10).(Due(to(the(HASC(cell(line(only(remaining(viable(for(a(low(

number(of(passages(it(was(not(possible(to(perform(immunofluorescence(studies.(

(

Figure'5.1.( Transcript(expression( levels( in(PEDF( in(wound(healing(cell( lines(Control=(Nuclease( free(

water(and(all(gels(were(run(with(a(molecular(weight(marker(used(to(identify(band(sizes.((

(

(

(

(

(

(

(

(
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((

(

Figure'5.2.#qPCR(expressional(analysis(of(PEDF(within(wound(healing(cell( lines.( (Relative( transcript(

copy(number(was(calculated(based(on(internal(standard.((Median(data(from(3(independent(repeats(

are(shown.(Error(bars(represent(IQR.(*(p<0.05(

''''''

Figure'5.3.'Confirmation(of(PEDF(protein(bands(in(wound(healing(cell(lines(

'

'

*(

*(*( *(
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'

'

Figure'5.4.(Representative(immunocytochemistry(images(for(HaCaT(cell(line.(X100(magnification(used.(

Scale(bar(represents(10µm.(Red(arrow(shows(weakly(positive(cytoplasmic(staining(and(yellow(arrow(

shows(minimal(nucleic(staining.((

(

N
egative(control(
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(

(

Figure'5.5.(Representative(immunofluorescence(images(for(HaCaT(cell(line.(X40(magnification(used.(

Scale( bar( represents( 20µm.( Red( arrow( shows( weakly( positive( cytoplasmic( staining.( Yellow( arrow(

shows(moderately(positive(nucleic(staining.((

(

(

N
egative(control(
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!

Figure'5.6.(Representative( immunocytochemistry( images( for(DF(cell( line.(X100(magnification(used.(

Scale(bar(represents(10µm.(Red(arrow(shows(minimal(cytoplasmic(staining(and(yellow(arrow(shows(

weakly(positive(nucleic(staining.((

(

(

N
egative(control(
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(

#

(

Figure'5.7.(Representative(immunofluorescence(images(for(DF(cell(line.(X40(magnification(used.(Scale(

bar(represents(20µm.(Red(arrow(shows(weakly(positive(cytoplasmic(staining(and(yellow(arrow(shows(

weakly(positive(nucleic(staining.(!

N
egative(control(
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Figure'5.8.(Representative(immunocytochemistry(images(for(HECV(cell(line.(X100(magnification(used.(

Scale(bar(represents(10µm.(Red(arrow(shows(minimal(cytoplasmic(staining(and(yellow(arrow(shows(

moderately(positive(nucleic(staining.((

(

(

N
egative(control(
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(

Figure'5.9.(Representative( immunofluorescence( images(for(HECV(cell( line.(X40(magnification(used.(

Scale(bar(represents(20µm.(Red(arrow(shows(weakly(positive(cytoplasmic(staining(and(yellow(arrow(

shows(weakly(positive(nucleic(staining.((

(

(

N
egative(control(
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(
(

(
Figure'5.10.(Representative(immunocytochemistry(images(for(HASC(cell(line.(X100(magnification(used.(

Scale(bar(represents(10µm.(Red(arrow(shows(weakly(positive(cytoplasmic(staining(and(yellow(arrow(

shows(weakly(positive(nucleic(staining.(

N
egative(control(
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5.3.2'Expression'of'PEDF'in'human'chronic'wound'tissues'and'the'association'with'

clinicopathological'characteristics(

The(demographical(data(for(the(cohort(of(patients(with(chronic(wound(tissue(samples(

can(be( seen( in(Table(5.1.(Within( chronic(wound( tissue( samples,( there(was(higher(

expression(in(non*healing(wounds(compared(to(healing(wounds,(however(this(was(

not(found(to(be(statistically(significant((p(=(0.21)((Table(5.2).((

Table'5.1.'Clinical'cohort'of'chronic'venous'leg'ulcer'patient'demographics'

( Healing' NonQhealing'

Number(of(patients( 20( 51(

Age((mean(±(SD)( 72.6(±(6.2( 73.2(±(7.1(

Male:(Female( 4:16( 13:38(

Diabetes(( 3( 9(

'

Table'5.2.'qPCR'expressional'analysis'of'PEDF'within'chronic'wound'samples.'''

( N' Median' transcript' copy'
number'

IQR' P'value'

Non*healed(
Healed(

51(
20(

2.1x107(

1.6x105(
6.0x1011(

1.9x108(
(
0.21(

(

Immunohistochemical(staining(of(chronic(wound(samples(showed(PEDF(expression(

in(the(dermis(in(the(majority(of(chronic(wound(tissue(samples(studied((Figure(5.11(

and(5.12).(There(was(also(evidence(of(high(PEDF(expression(at(the(dermal/epidermal(

junction((Figure(5.11)(as(well(as(blood(vessel((smooth(muscle(and(endothelial(cells)(

and( fibroblast( staining( in(most( of( the( chronic(wounds.( There(was( a( tendency( for(

increased(PEDF(expression(at(the(leading(wound(edge(in(‘healing’(wounds(when((
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!

Figure'5.11.(Representative(immunohistochemistry(images(for(healing(chronic(wound(tissue(samples.(

X100( magnification( used.( Scale( bar( represents( 50µm.( Red( arrow( shows( the( dermal/( epidermal(

junction,(with(evidence(of(positive(staining(compared(to(the(negative(control.(Yellow(arrows(show(the(

leading(wound(edge,(with(evidence(of(positive(staining(compared(to(the(negative(control.(Blue(arrow(

shows(the(epidermis(with(minimal(staining.(Green(arrow(shows(the(dermis(with(positive(staining.((

N
egative(control(
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Figure' 5.12.( Representative( immunohistochemistry( images( for( non*healing( chronic( wound( tissue(

samples.( X100( magnification( used.( Scale( bar( represents( 50µm.( Red( arrows( show( the(

dermal/epidermal( junction,( with( no( difference( in( staining( seen.( Yellow( arrows( show( the( leading(

wound(edge,(with(no(difference( in( staining(seen.(Green(arrow(shows(some(staining(of( the(dermis(

compared(to(the(negative(control.(!

N
egative(Control(
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compared(to(‘non*healing’(wounds((Figure(5.11(and(5.12).#

5.4'Discussion'

The(results(presented(in(this(chapter(show(that(PEDF(mRNA(expression(was(higher(in(

human( adipose( stem( cells( (HASC)( and( primary( dermal( fibroblasts( (DF)( when(

compared( to( HaCaT( keratinocyte( and( HECV( endothelial( cell( line.( This( was( also(

confirmed(by(protein(expression(with(western(blotting.(These(findings(support(those(

of( Francis( et# al# (2004)( and( Cai( et# al( (2006b),( who( demonstrated( high( mRNA(

expression(of(PEDF(in(fibroblasts.(It(has(also(been(shown(that(there(was(no(mRNA(

expression( in(HECV(cell( lines( in(a( study(by(Cai(et#al( (2006b)(and(some(expression(

detected(in(the(HaCaT(cell(line(in(a(study(by(Wei(et#al((2011),(which(again(agrees(with(

the(findings(presented(in(this(chapter.(However,(to(date,(the(expression(profile(of(

PEDF(in(stem(cells(has(not(been(studied.((

Immunofluorescence(and( immunocytochemical( staining(of( cells( found(a( tendency(

towards( cytoplasmic( staining( in( a( HaCaT( cell( line.( This( correlates( with( previous(

studies(that(demonstrated(that(expression(of(PEDF(protein(was(found(to(be(localised(

to( the( cytoplasm( of( keratinocytes( on( immunocytochemistry( and(

immunofluorescence(studies((Abe(et(al.(2010;(Li(et(al.(2011).(As(described(previously(

in( section( 3.4,( cytoplasmic( staining( supports( the( association( between( PEDF( and(

critical(cell(activities(such(as(cellular(differentiation,(cell(growth(and(cell(cycle(control.((

The( other( cell( lines( used( in( this( study( (DF,( HASC( and( HECV)( showed( a( tendency(

towards(nucleic(staining;(with(evidence(to(support(that(PEDF(in(the(nucleus(may(be(

associated(with(an(inhibition(of(gene(expression((Irving(et(al.(2002).(
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In(chronic(wound(tissue(samples,(there(was(no(statistical(difference(found(between(

the( mRNA( expression( in( those( classified( as( ‘healing’( and( ‘non*healing’( wounds,(

however(there(was(an(obvious(trend(seen(with(higher(expression(in(the(‘non*healing’(

wounds.(This(may(relate(to(the(fact(that(‘healing’(wounds(require(the(presence(of(

keratinocytes(in(order(to(complete(the(healing(process(and(it(is(suggested(that(their(

lower(expression(of(PEDF(may(be(the(reason(for(the(witnessed(trend.((

On( immunohistochemical( staining( studies,( PEDF( expression( was( observed( in( the(

dermis( layer,( blood( vessels( and( fibroblasts( on( both( ‘healing’( and( ‘non*healing’(

chronic(wound( samples.( There(was( a( tendency( for( higher( expression( at( both( the(

epidermal/dermal(junction(and(the(leading(wound(edge(in(the(‘healing’(wounds.((The(

observation(of( higher( PEDF(expression( in( the( epidermis( compared( to(dermis(was(

found(by(Abe(et#al#(2010),(which(contrasts(to(the(results(presented(here.(The(results(

somewhat(conflict(with(the(cellular(findings(of(mRNA(and(protein(expression(in(this(

chapter.( However,( in( our( study( we( have( not( examined( the( expression( profile( of(

melanocytes(or(taken(into(account(the(presence(of(epidermal(skin(stem(cells,(which(

may(be(responsible(for(the(higher(expression(seen(in(the(epidermal/dermal(junction(

or( leading(wound(edge.(The(positive(staining(of(blood(vessels(and( fibroblasts(was(

previously(observed( in( immunohistochemical( staining( studies(of( colorectal( cancer(

tissue(as(described(in(section(3.3.2.((

In(conclusion,(PEDF(expression(was(highest(within(the(stem(cell(and(fibroblast(cell(

lines( used( in( this( section( of( the( study.( There( was( no( difference( in( the( mRNA(

expression(of(PEDF(between(chronic(wound(tissue(samples(deemed(to(be(‘healing’(

compared(to(‘non*healing’.(



Chapter(6*(Role(of(PEDF(on(cellular(function(in(keratinocytes(
(

( 183( (

(

(

(

'

'

'

'

'

Chapter'6'

Role'of'PEDF'on'cellular'function'in'

keratinocytes'

(

(

(

(

(

(

'

'

'

'



Chapter(6*(Role(of(PEDF(on(cellular(function(in(keratinocytes(

( 184( (

6.1'Introduction'

The(management(of(chronic(wounds(is(responsible(for(a(significant(financial(drain(on(

national(healthcare(systems,(with(a(prevalence(of(approximately(1%(of(the(general(

population((Sen(et(al.(2009;(Drew(et(al.(2007).(There(are(a(number(of(factor(leading(

wounds(to(fail(to(progress(through(the(normal(wound(healing(stages.(However,(the(

majority(of(chronic(wounds(fail(to(progress(beyond(the(inflammation(stage,(leaving(

wounds(in(a(state(of(chronic(inflammation.(Many(novel(therapies(have(attempted(to(

target(various(factors(responsible(for(progressing(to(the(proliferation(stage(of(wound(

healing,(therefore(resulting(in(re*epithelisation(of(the(wound(following(keratinocyte(

proliferation(and(migration.((

The( results(presented( in(Chapter(5(confirmed( that(PEDF(expression(was(higher( in(

fibroblasts( compared( with( keratinocytes.( Abe( et# al( (2010)( demonstrated( that(

cultured( keratinocytes( stimulated(with( lipopolysaccharide(would( secrete( PEDF( (in(

response(to(inflammation),(but(the(same(effect(was(not(seen(in(cultured(fibroblasts.(

This(highlights(the(interplay(that(exists(between(both(fibroblasts(and(keratinocytes(

and(suggesting(that(not(only(do(fibroblasts(upregulate(keratinocytes,(but(that(in(turn(

keratinocytes(may(also(upregulate(fibroblasts.(((

Keratinocyte(cellular(function(has(previously(been(assessed(in(response(to(treatment(

with(PEDF.(Wei(et#al((2011)(found(that(treatment(with(recombinant(PEDF(inhibited(

cellular(proliferation,( increased(adhesion(and( inhibited(cellular(migration,( findings(

also(described(by(Chen(&(Dipietro((2014).((
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The(aim(of(this(section(of(the(study(was(to(investigate(the(effect(of(treatment(with(

recombinant( PEDF( on( cellular( function( of( keratinocytes.( A( secondary( aim(was( to(

explore( the( cellular( signalling( pathways( that( may( be( responsible( for( any( effects(

witnessed(with(PEDF(treatment.((

6.2'Materials'and'Methods'

6.2.1'Cell'line'

HaCaT,( a(human(keratinocyte( immortalised( cell( line(was(used( for( this(part(of( the(

study.(Cells(were(maintained(in(medium(as(described(previously(in(section(2.7.1.((

6.2.2'Treatment'

All(cellular(functional(assays(were(performed(using(normal(medium(as(described(in(

section(2.7.1(as(a(control.(Treatment(with(rhPEDF((as(described(in(section(2.6.5)(was(

performed(at(doses(of(10ng/ml,(50ng/ml(and(100ng/ml.(These(varying(doses(were(

chosen(based(on(a(previous(study(which(used(100ng/ml(of(rhPEDF(for(treatment((Cai(

et(al.(2006a)(and(the(manufacturers(guidance.(((

Additional( treatments(with(both(Focal(Adhesion(Kinase( inhibitor( (FAKi)(and(c*Met(

tyrosine(kinase(inhibitor((c*Mi)(were(also(used(further(in(this(chapter((as(described(in(

section(2.6.5).( The(doses(of( both( FAKi( ( and( c*Mi( at( 10nM(were( chosen(based(on(

previously(publications((Cai(et(al.(2010;(Christensen(et(al.(2003).(

'

'
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6.2.3'In#vitro'cellular'growth'assay'

HaCaT( cells( were( seeded( into( three( 96(well( plates( at( a( seeding( density( of( 3x103(

cells/100µl,(supplemented(with(150µl(of(either(treatment(or(control.(The(plates(were(

then(incubated(for(1,3(and(5(days,(respectively(as(described(in(full(detail(in(section(

2.12.1.(After(incubation,(cells(were(fixed(using(4%(formaldehyde((v/v)(then(stained(

with( 0.5%( crystal( violet( (v/v).( Analysis( was( performed( at( 540nm( using( a(

spectrophotometer.(Prior( to(reading(the(dye(was(extracted(using(10%(acetic(acid.(

Data( from( at( least( 3( repeated( experimental( procedures( were( combined( and( are(

presented(in(this(chapter.((

6.2.4'Electric'CellQSubstrate'Impedance'Sensing'(ECIS)'assay'

ECIS(measures( the( rate( of( cells( initial( attachment( and( then( repopulating( an( area(

following(electrical(wounding,(by(using(gold(electrodes(within(a(well(plate(to(measure(

changes( in( resistance( and( impedance( over( time( and( is( described( in( full( detail( on(

section(2.12.2.1.(HaCaT(cells(were(seeded(at(a(seeding(density(of(10x104/150µl(with(

an(additional( 150µl(of( either( treatment(with( varying( concentrations(of( rhPEDF(or(

normal(medium(added.(Electrical(wounding(was(performed(in(triplicate.(Data(from(

at(least(3(repeated(experimental(procedures(were(combined(and(presented(as(the(

change(in(resistance(over(a(3(and(6*hour(period,(for(attachment(and(migration(data(

respectively.((

6.2.5'Antibody'Array'

Overnight,(serum*starved(HaCaT(cells(were(treated(either(with(or(without(50ng/ml(

rhPEDF(for(2(hours(prior(to(the(preparation(of(cell( lysates((as(described(in(section(
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2.13).(Samples(were(shipped(to(KinexTM(Screening(Services((Kinexus(Bioinformatics(

Corporation,(Vancouver,(Canada).(Testing(was(performed( for(detection(of(protein(

changes(on(the(KAM*880(antibody(microarray.(Results(are(presented(as(percentage(

change( from( control( to( treatment( with( rhPEDF( in( HaCaT( cells.( Top( 20( down*

regulating(and(up*regulating(phospho*specific(antibodies(are(shown(in(this(study.'

6.3'Role'of'PEDF'in'keratinocyte'cellular'function'

6.3.1'Effect'of'PEDF'on'keratinocyte'cell'growth'

After(3(days(of( incubation(with( rhPEDF,( the(dose(at(10ng/ml( resulted( in(an( initial(

statistically( significant( increase( in( HaCaT( cell( proliferation( compared( to( all( other(

tested( concentrations( of( rhPEDF( and( the( untreated( HaCaT( cells( (control( group)(

(p=0.002).( However,( after( 5( days( of( incubation,( there(were( no( significant( effects(

evident( on( HaCaT( cells( following( treatment( with( all( concentrations( of(

rhPEDF(p=0.249)( (Figure( 6.1).( The( initial( significant( increase( in( HaCaT( cells(

demonstrated(with(10ng/ml(after(day(3(of(incubation(was(no(longer(apparent(after(

5(days(incubation.(

6.3.2'Effect'of'PEDF'on'keratinocyte'cell'adhesion'

There(was(no(difference(demonstrated(in(the(rate(of(attachment(of(HaCaT(cells(with(

all(tested(concentrations(of(treatments(with(rhPEDF(and(the(untreated(HaCaT(cells(

over(a(3*hour(period((p=0.193)((Figure(6.2).(

'

'
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6.3.3'Effect'of'PEDF'on'keratinocyte'cell'migration'

Under(the(influence(of(rhPEDF(treatment,(there(was(a(statistically(significant(increase(

in(HaCaT(migration(rate(over(a(6*hour(period.(This(significant(increase(in(migration(

rate(was(evident(for(both(10ng/ml,(50ng/ml(and(100ng/ml(rhPEDF(treatment(doses(

(p<0.001),( when( compared( to( untreated( HaCaT( cells.( However,( this( significant(

increase(in(HaCaT(cell(migration(with(treatment(of(rhPEDF(was(not(dose(dependent(

(Figure(6.3).(

(
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(

( (

Figure' 6.1.' ( Impact( of( rhPEDF(on( cellular( growth( after( 3( days( (A)( and(5(days( (B)( of( incubation,( in(

response(to(varying(concentrations(of(rhPEDF(in(HaCaT(cells.((Median(values(of(3(independent(repeats(

are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((*(p<0.05(

(
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'
Figure'6.2.'(Impact(of(rhPEDF(on(cellular(attachment(assessed(through(ECIS(assay.((Change(in(electrode(

resistance(from(baseline(is(shown(and(taken(as(representative(of(attachment,(in(response(to(varying(

concentrations(of(rhPEDF(in(HaCaT(cells.((Mean(values(of(3(independent(repeats(are(shown.((

(

!

!
Figure'6.3.'(Impact(of(rhPEDF(on(cellular(migration(assessed(through(ECIS(assay.((Change(in(electrode(

resistance( from( post*wounding( baseline( is( shown( and( taken( as( representative( of( migration,( in(

response(to(varying(concentrations(of(rhPEDF(in(HaCaT(cells.((Mean(values(of(3(independent(repeats(

are(shown.((Error(bars(represent(standard(error(of(the(mean.((*p(<0.001(
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6.4'Antibody'array'results'

'

'
Figure'6.4.'Antibody(micro(array(results.'(Percentage(change(from(control(to(treatment(with(rhPEDF(

in(HaCaT(cells.(Top(20(down*regulating(and(up*regulating(phospho*specific(antibodies(shown.((
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Two(of(the(phospho*specific(antibodies(shown(in(Figure(6.4(were(chosen(for(further(

investigation;( Both( Focal( adhesion( kinase( (FAK)( and( hepatocyte( growth( factor(

receptor((Met)(were(found(to(be(significant(up*regulators(and(have(been(extensively(

studied(in(our(unit(previously((Cai(et(al.(2010;(Christensen(et(al.(2003).(

6.5'Role'of'Focal'Adhesion'Kinase'in'keratinocyte'cellular'function'

For(this(part(of(the(study,(50ng/ml(rhPEDF(was(chosen(as(a(further(comparison(based(

on(the(results(of(the(earlier(functional(cellular(assays(performed(on(HaCaT(cells(with(

treatment(of(varying(concentrations(of(rhPEDF((described(in(sections(6.3.1,(6.3.2(and(

6.3.3).(These(results(did(not(demonstrate(a(dose*dependent(relationship.(((

Focal(adhesion(kinase(inhibitor((FAKi)(dose(of(10nM(was(chosen(following(previous(

work(published(from(our(unit((Cai(et(al.(2010).(Two(treatments(of(FAKi(were(used(in(

this( part( of( the( study,( 10nM( alone( and( 10nM( used( in( combination( with( rhPEDF(

50ng/ml.( These( three( treatments( (rhPEDF( 50ng/ml;( FAKi( 10nM;( FAKi( 10nM( plus(

rhPEDF(50ng/ml)(were(run(alongside(a(control(of(normal(growth(medium.((

6.5.1'Effect'of'Focal'Adhesion'Kinase'inhibitor'on'growth'in'keratinocytes'

There(was(no(significant(increase(seen(in(HaCaT(cell(growth(after(both(3(and(5(days(

of(incubation(with(all(treatments(compared(to(untreated(HaCaT(cells;(p=(0.205(and(

0.260(respectively((Figure(6.5).((

6.5.2'Effect'of'Focal'Adhesion'Kinase'Inhibitor'on'adhesion'in'keratinocytes'

There(was(no(difference(exhibited(in(the(rate(of(attachment(of(HaCaT(cells(with(all(

tested(treatments(with(FAKi( in(comparison(to(the(untreated(HaCaT(cells(over(a(3*

hour(period((Figure(6.6).(
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6.5.3'Effect'of'Focal'Adhesion'Kinase'Inhibitor'on'migration'in'keratinocytes'

There(was(a(significantly(significant(increase(in(the(cellular(migration(of(HaCaT(cells(

with(all(treatments(compared(to(control(over(a(6*hour(time(period((Figure(6.7).(This(

increase(was(most(notable(for(rhPEDF(50ng/ml(combined(with(FAKi(10nM((P<0.001),(

but(was(also(evident(for(both(rhPEDF(50ng/ml(and(FAKi(10nM(alone((p<0.005).('

'
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(

(

(

Figure'6.5.' ( Impact(of( FAKi( and(FAKi/rhPEDF(on( cellular( growth(after(3(days( (A)( and(5(days( (B)(of(

incubation,(in(HaCaT(cells(compared(to(control(and(rhPEDF(50ng/ml.((Median(values(of(3(independent(

repeats(are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((

'

'

'
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'

Figure' 6.6' ( Impact( of( FAKi( and( FAKi/rhPEDF( on( cellular( attachment( assessed( through( ECIS( assay.((

Change(in(electrode(resistance(from(baseline(is(shown(and(taken(as(representative(of(attachment(in(

HaCaT( cells( compared( to( control( and( PEDF( 50ng/ml.( (Mean( values( of( 3( independent( repeats( are(

shown.((

(

'

Figure'6.7'(Impact(of(FAKi(and(FAKi/rhPEDF(on(cellular(migration(assessed(through(ECIS(assay.((Change(

in( electrode( resistance( from( post*wounding( baseline( is( shown( and( taken( as( representative( of(

migration,( in(HaCaT(cells( compared( to(control(and(PEDF(50ng/ml.( (Mean(values(of(3( independent(

repeats(are(shown.((Error(bars(represent(standard(error(of(the(mean.((*p(<0.005(**(p<0.001(
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6.6'Role'of'cQMet'in'keratinocyte'cellular'function'

For(this(part(of(the(study,(50ng/ml(rhPEDF(was(chosen(as(a(further(comparison(based(

on(the(results(of(the(earlier(functional(cellular(assays(performed(on(HaCaT(cells(with(

treatment(of(varying(concentrations(of(rhPEDF((described(in(sections(6.3.1,(6.3.2(and(

6.3.3).(These(results(did(not(demonstrate(a(dose(dependent(relationship.(((

c*Mi(dose(of(10nM(was(chosen(based(on(previously(published(work((Christensen(et(

al.(2003).(Two(treatments(of(c*Mi(were(used(in(this(part(of(the(study,(10nM(alone(

and( 10nM( used( in( combination( with( rhPEDF( 50ng/ml.( These( three( treatments(

(rhPEDF(50ng/ml,(c*Mi(10nM,(C*mi(10nM(plus(rhPEDF(50ng/ml)(were(run(alongside(

a(control(of(normal(growth(medium.(

6.6.1'Effect'of'cQMet'inhibitor'on'growth'in'keratinocytes'

There(was(no(significant(difference(in(HaCaT(cell(growth(after(3(and(5(days(of(

incubation(with(c*Mi(10nm(or(PEDF50ng/ml(with(c*Mi(10nm;(p=(0.387(and(0.218(

respectively((Figure(6.8).(

6.6.2'Effect'of'cQMet'Inhibitor'on'adhesion'in'keratinocytes'

There(was(no(difference(exhibited(in(the(rate(of(attachment(of(HaCaT(cells(with(all(

tested(treatments(with(c*Mi( in(comparison(to(the(untreated(HaCaT(cells(over(a(3*

hour(period((Figure(6.9).(

6.6.3'Effect'of'cQMet'Inhibitor'on'migration'in'keratinocytes'

There(was(a(significant(increase(in(cellular(migration(of(HaCaT(cells(with(treatment(

of( both( rhPEDF( 50ng/ml( and( rhPEDF( 50ng/ml( in( combination( with( cMi( 10nM(
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compared(to(the(control(over(a(6*hour(time(period((p<0.005)( (Figure(6.10).(There(

was(no(increase(in(cellular(migration(witnessed(with(the(use(of(cMi(10nM(alone.('
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(

(

(

( (

'

Figure'6.8.' ( Impact(of( c*Mi(and(c*Mi/rhPEDF(on(cellular(growth(after(3(days( (A)(and(5(days( (B)(of(

incubation(in(HaCaT(cells(compared(to(control(and(rhPEDF(50ng/ml.((Median(values(of(3(independent(

repeats(are(shown.(The(absorbance(of(Day(1(was(used(as(a(baseline(to(normalise(data.((

(

(

(

'
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'

Figure' 6.9.' ( Impact( of( c*Mi( and( c*Mi/rhPEDF(on( cellular( attachment( assessed( through( ECIS( assay.((

Change(in(electrode(resistance(from(baseline(is(shown(and(taken(as(representative(of(attachment(in(

HaCaT( cells( compared( to( control( and( PEDF( 50ng/ml.( (Mean( values( of( 3( independent( repeats( are(

shown.(

(

(

Figure' 6.10.' ( Impact( of( c*Mi( and( c*Mi/rhPEDF( on( cellular(migration( assessed( through( ECIS( assay.((

Change(in(electrode(resistance(from(post*wounding(baseline(is(shown(and(taken(as(representative(of(

migration,( in(HaCaT(cells( compared( to(control(and(PEDF(50ng/ml.( (Mean(values(of(3( independent(

repeats(are(shown.((Error(bars(represent(standard(error(of(the(mean.((*p(<0.005((
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6.7'Discussion'

The( results( presented( in( this( chapter( showed( that( the( treatment( of( recombinant(

PEDF( significantly( increased( the( migration( of( the( HaCaT( (immortalised( human(

keratinocyte)(cell(line(as(assessed(by(ECIS(assay.(Whilst(there(was(an(initial(significant(

increase(in(cellular(growth(comparing(the(lower(treatment(dose(of(rhPEDF((10ng/ml)(

with( control( medium( at( 3( days( incubation,( this( effect( was( not( seen( at( 5( days(

incubation(or(in(any(of(the(higher(treatment(doses(of(rhPEDF((50ng/ml(or(100ng/ml).(

There(was(no(difference(demonstrated(in(cellular(adhesion(with(any(treatment(dose(

of(rhPEDF(compared(to(the(control.(These(results(are(conflicting(with(previous(similar(

studies.(Wei(et#al((2011)(reported(an(inhibitory(effect(of(rhPEDF(treatment(on(HaCaT(

cellular(growth(using(both(5ng/ml(and(50ng/ml(doses(of(rhPEDF;(on(HaCaT(cellular(

migration((using(scratch(migration(assay)(using(a(50ng/ml(dose(of(rhPEDF,(and(an(

increased(cellular(adhesion(effect(was(observed.(The(methods(differ(slightly(when(

comparing(those(presented(in(this(chapter,(scratch(migration(assay(compared(to(ECIS(

assay,(however(we(would(not(expect(these(two(methods(to(produce(differing(results(

and(ECIS(has(previously(been(validated(against(scratch(migration(assay((Jiang.(2012).(

However(it(is(unsurprising(that(in(the(Wei(et#al((2011)(study,(if(cellular(adhesion(was(

increased( that( it( would( result( in( decreased( migration( due( to( the( ‘sticky’( cells(

becoming(less(mobile.((

There( is( certainly( evidence( to( suggest( that( different( fragments( of( PEDF( are(

responsible( for( different(mechanisms(of( action( such( as( 34*mer( fragment( of( PEDF(

exhibiting( anti*angiogenic( effects( and( 44*mer( fragment( exhibiting( neurotrophic(
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effects( (Filleur(et(al.(2005).(Whilst(human(recombinant(PEDF( is( full( length,( folding(

may(play(a(role(in(the(proper(function.((

Antibody(micro(array(showed(multiple(up*regulating(and(down*regulating(phosphor*

specific( antibodies.( Two( of( the( up*regulating( antibodies( (Met( and( FAK)( showing(

>100%(increase(from(control(to(treated(were(chosen(for(further(investigation(based(

on(the(unit’s(previous(experience.((

c*Met(tyrosine(kinase(is(the(receptor(for(HGF.(HGF(is(known(to(increase(migration(of(

keratinocytes((Bevan(et(al.(2004).(HGF(has(a(higher(concentration(in(chronic(wounds(

compared(to(acute(wounds,(whereas(c*Met(is(virtually(undetectable(in(keratinocytes(

in( chronic(wound( edges,( in( contrast( to( acute(wounds( (Conway( et( al.( 2007).( PHA*

66572(is(a(second*generation(C*met(inhibitor(that(inhibits(enzymatic(activity(of(c*Met(

tyrosine( kinase.( (Our( results(demonstrated( that(HaCaT(migration(was( significantly(

increased(when( recombinant( PEDF( (50ng/ml)(was( combined(with( c*Met( inhibitor(

(10nM).(This(effect(can(be(somewhat(explained(by(the(fact(that(inhibiting(c*Met(may(

result(in(a(higher(concentration(of(HGF(which(is(known(to(increase(the(migration(of(

keratinocytes,( however( this( effect(was( only( visible(when( cMi(was( combined(with(

rhPEDF(and(not(when(used(alone.( It( is( likely( that(PEDF(treatment(results( in(c*Met(

expression,(with( cMi( blocking( c*Met,( therefore( these( two(opposite( actions( in( the(

system(results(in(the(net(outcome(described(above.(It(also(highlights(that(PEDF(may(

have(a(stronger(direct(action(on(keratinocyte(migration(by(some(other(means.((

FAK( protein( is( encoded( by( PTK2( gene( with( evidence( that( it( is( required( for(

keratinocyte( migration( (Gates( et( al.( 1994).( PF573228( is( a( potent( and( selective(

inhibitor( of( FAK( and( blocks( fibronectin*directed( migration( and( decreases( focal(
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adhesion(turnover(in#vitro.#Our(results(showed(that(surprisingly,(HaCaT(migration(was(

significantly( increased(when(recombinant(PEDF((50ng/ml)(was(combined(with(FAK(

inhibitor((10nM).(This(again(suggests(that(there(is(likely(to(be(another(downstream(

cellular(signalling(pathway(s)(involved,(responsible,(for(this(effect(or(a(direct(action(

of(PEDF(in(keratinocyte(migration,(which(requires(further(investigation.((

In( summary,( treatment( with( recombinant( PEDF( increases( the( migration( of(

keratinocytes( in( this( study,( in( contrary( to( earlier( published( work.( This( may( be(

explained( by( the( potential( for( different( PEDF( fragments( to( have( different(

mechanisms(of(action.( Inhibiting(c*Met(and(FAK( in(combination(with(recombinant(

PEDF(increased(migration(further,(and(the(exact(mechanisms(for(this(effect(are,(to(

date,(unknown.(Further(work(is(proposed(to(investigate(the(other(cellular(signalling(

pathways( involved( and( to( assess( the( cellular( functional( effects( on( fibroblasts,(

endothelial(cells(and(stem(cells.'
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7.1'Thesis'aims'

The( main( aims( of( this( thesis( were( to( elucidate,( in( more( detail( the( regulatory(

mechanisms( of( PEDF( in( wound( healing,( and( in( tumour( angiogenesis( related( to(

different(subtypes(of(colorectal(cancer,(by(examining(the(expression(profiles(of(PEDF(

in( colorectal( cancer( and( wounds( and( investigating( its( role( of( cellular( function( in(

colorectal(cancer(and(wounds(with(the(treatment(of(recombinant(PEDF.(This(was(in(

order( to( provide( evidence( to( potentially( develop( PEDF( or( its( fragments( as( a(

therapeutic(agent(for(colorectal(cancer(and/or(wound(healing(treatments.((

7.2'The'role'of'PEDF'in'angiogenesis'

There(are(many(similarities(between(wound(repair(and(cancer(development,(and(it(

is(well(recognised(that(the(stroma(of(an(epithelial(tumour(has(a(similar(composition(

to(the(granulation(tissue(of(healing(skin(wounds((Dvorak.(1986).(Epithelial(tumours(

stimulate(the(formation(of(the(stroma(by(activation(of(the(wound(healing(process,(

but( in(contrast(to(the(acute(healing(of(wounds(the(process( is(not(self*limiting(and(

results(in(uncontrolled(cell(proliferation,(invasion(and(metastasis.(Angiogenesis(is(the(

process(of(the(formation(of(new(blood(vessels(and(controlled(by(a(complex(delicate(

balance( between( pro*angiogenic( and( anti*angiogenic( mediators.( ( Physiological(

angiogenesis(occurs(when(this(balance( is(tightly(controlled,(such(as(during(normal(

wound( healing( processes,( however( pathological( angiogenesis( occurs( when( this(

complex(balance(goes(awry,(such(as(in(colorectal(cancer(or(chronic(wounds.(PEDF(is(

known(to(be(one(of(the(most(potent(natural(inhibitors(of(angiogenesis((Dawson(et(al.(

1999)( and( its( mechanism( of( action( is( to( arrest( endothelial( cell( proliferation( and(
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migration.( However,( PEDF( is( selective( in( its( action,( discriminating( between(

endothelial( cells( forming( new( vessels( and( those( from( pre*existing( vessels( and(

therefore(targeting(mainly(abnormal(angiogenesis(with(newly(forming(vessels(only(

(Bouck( 2002).( It( is( therefore( logical( that( administration( of( endogenous( PEDF( can(

inhibit(aberrant(angiogenesis(leading(to(restoration(of(healthy(vasculature.(PEDF(is(

known( to( also( exhibit( neurotrophic,( neuroprotective,( anti*tumorigenic( and( anti*

inflammatory( effects,( demonstrating( the( complex( range( of( interactions( and(

mechanisms(of(action(PEDF(appears(to(possess.((

7.3'Main'conclusions'from'this'study''

7.3.1'The'role'of'PEDF'in'colorectal'cancer'

In(this(study,(PEDF(expression(was(found(to(be(downregulated(in(colorectal(cancer(

cell(lines(compared(to(normal(colorectal(fibroblast(cell(lines(and(mRNA(expression(of(

PEDF( found( to( be( lower( in( colorectal( tumour( tissue(when( compared( to(matched(

normal(colorectal(tissue(from(colorectal(cancer(patients.(These(findings(are(similar(

to(those(of(Wågsäter(et#al((2010)(and(Ji(et#al((2013)(confirm(the(inverse(correlation(

between( PEDF( levels( and( pathological( angiogenesis.( There( was( also( a( significant(

decrease( in( the( expression( of( PEDF( with( worsening( tumour( grade,( suggesting( a(

possible( tumour( suppressor( role( and( may( indicate( a( potential( inhibitory( role( in(

primary(tumour(growth.(It(is(therefore(logical(to(suggest(that(elevation(of(PEDF(levels(

to( their( baseline( may( be( responsible( for( halting( such( processes.( Though( PEDF(

expression(was(not(associated(with(worsening(Duke’s(Stage,(or(the(presence(of(nodal(

involvement(or(metastasis.((
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Interestingly,(our(study(found(higher(PEDF(expression(in(mucinous(adenocarcinoma(

when(compared(to(adenocarcinoma,(higher(PEDF(expression(in(rectal(tumours(when(

compared( to( colonic( tumours( and( higher( PEDF( expression( in( tumour( tissue( from(

female(colorectal(cancer(patients(when(compared(to(male(colorectal(cancer(patients.(

Ji( et# al( (2013)( results( are( in( agreement( with( those( presented( in( this( study,( with(

patients(with(mucinous(adenocarcinoma(displayed(higher(PEDF(plasma(levels(than(

those(patients(with(adenocarcinoma;(it(would(be(interesting(to(know(whether(mucin(

production(is(in(some(manner(related(to(PEDF(expression,(particularly(as(mucinous(

adenocarcinoma(tend(to(have(a(poorer(prognosis(and(therefore(it(would(seem(more(

likely( that( PEDF( expression( should( be( less.(Díaz(et# al( (2008)( also( detected(higher(

mRNA(expression(of(PEDF(in(tissue(from(rectal(tumours(when(compared(to(colonic(

tumours,( however( aside( from( an( anatomical( difference( it( is( unclear(whether( the(

cellular(differences(are(responsible(for(the(difference(of(PEDF(expression(between(

cells(from(rectum(and(colon.(There(are(previous(studies(that(have(demonstrated(the(

opposite( gender( difference( in( expression( to( our( study( in( normal( subjects;( with(

healthy(males(having(higher(levels(of(PEDF(in(plasma(compared(to(healthy(females(

(Yamagishi(et(al.(2006;(Wågsäter(et(al.(2010);(however,(the(effect(in(colorectal(cancer(

patients(was( either( not( assessed( or( observed,( respectively.( Studies( in( other( solid(

tumours(did(not(result(in(any(gender(difference(for(expression(levels(of(PEDF((Uehara(

et(al.(2004;(Jiang(et(al.(2010).(These(outcomes(certainly(warrant(further(evaluation(

in(future(studies(into(the(possible(reasons(behind(the(difference(in(PEDF(expression(

patterns(seen(in(tumour(type((mucin(producing(vs.(non*mucin(producing),(tumour(

location(and(patient(gender(in(colorectal(cancer.((
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Our(study(established(that(treatment(with(recombinant(PEDF(resulted(in(a(significant(

decrease(in(the(rate(of(colorectal(cancer(cellular(migration(in(both(HT115(and(HRT*

18( cell( lines.( Similarly,( invasion( studies( showed( a( decrease( in( the( rate( of( RKO(

colorectal( cancer( cellular( invasion( with( the( treatment( of( recombinant( PEDF,( and(

whilst(not( significant( there(was(a( similar( trend(observed( in( the(HRT*18(colorectal(

cancer(cell(line.(We(also(observed(an(increase(in(cellular(adhesion(with(treatment(of(

recombinant(PEDF(in(the(HT115(colorectal(cancer(cell(line.(To(date(the(role(of(PEDF(

treatment( on( colorectal( cancer( cellular( function( has( not( been( studied,( however(

published( studies( relating( to( breast( cancer( and( chondrosarcoma( confirmed(

decreases( in( both( tumour( cell( invasion( and( migration,( and( increase( in( cellular(

attachment(with(the(treatment(of(recombinant(PEDF((Hong(et(al.(2014;(Tan(et(al.(

2010),(thus(supporting(the(results(of(this(study.(Multiple(other(studies(have(found(

decreased(cellular(proliferation(with(the(treatment(of(PEDF(in(other(solid(tumour(cell(

lines((Abe(et(al.(2004;(Matsumoto(et(al.(2004;(Cheung(et(al.(2006;(Guan(et(al.(2007;(

Dass(et( al.( 2008;(Chen(et( al.( 2009;(Hong(et( al.( 2014),( however( this( study(did(not(

demonstrate(any(difference(in(cellular(growth(for(any(of(the(three(colorectal(cancer(

cell(lines(examined(perhaps(due(to(the(limitation(of(sensitivity(of(the(assays(we(chose.((

The(most(frequent(cause(of(mortality(from(colorectal(cancer(is(related(to(the(effects(

of(metastatic(spread,(and(therefore(treatments(aimed(at(its(prevention(may(prove(

highly(beneficial(for(the(long*term(survival(of(colorectal(cancer(patients.(The(results(

from(our(study(show(that(PEDF(administration(confers(an( inhibitory(effect(on(the(

migration(and(invasion(of(colorectal(cancer(cells(and(offers(a(potentially(promising(

novel(area(of(interest(in(the(quest(for(colorectal(cancer(treatments.(Two(approaches(
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have(been( suggested(as(a(method(of( testing(PEDF(as(a( therapeutic( cancer(agent;(

either(as(a(viral(vector((Wu(et(al.(2012)((or(direct(administration(of(unmodified(PEDF(

into( tumours( (Abramson( et( al.( 2003).( However,( to( date( there( has( been( limited(

success( due( to( the( need( for( the( continuous( delivery( of( the( gene( to(maintain( its(

expression(and(the(unknown(effects(of(exposure(of(PEDF(to(adjacent(normal(tissues,(

and(hence(merits(further(research.((

7.3.2'The'role'of'PEDF'in'wound'healing'

This(study(revealed(that(PEDF(expression(was(high(in(cell(lines(important(for(wound(

healing;(primary(dermal(fibroblasts((DF)(and(human(adipose(stem(cells((HASC),(but(

not(in(endothelial(cells((HECV)(and(keratinocytes((HaCaT)(suggesting(that(fibroblasts(

but( not( keratinocytes( secrete( PEDF( in( a( regulated( manner( in( response( to(

inflammation.(These(findings(are(in(agreement(with(other(studies((Pignolo(et(al.(1995;(

Francis(et(al.(2004;(Cai(et(al.(2006b).(

The(immunohistochemistry(findings(support(this(theory,(with(evidence(of(staining(of(

fibroblasts( and( positive( staining( of( dermis( and( dermal*epidermal( junction,( which(

might( correlate( with( fibroblast( migration.( However,( the( difference( for( PEDF(

expression(when(comparing(healing(and(non*healing(chronic(wound(tissue(samples(

did(not(reach(statistical(significance.((

When(assessing(the(role(of(PEDF(in(keratinocyte(cellular(function,(it(was(found(that(

the( treatment( of( recombinant( PEDF( significantly( increased( the( migration( of(

keratinocytes.( This(was( in( contrast( to( the( previously( published( findings( of( similar(

experiments((Wei(et(al.(2011;(Chen(&(Dipietro.(2014).(One(plausible(explanation(is(
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perhaps( due( to( folding( of( the( human( recombinant( PEDF( that( various( fragments(

available(were(responsible(for(the(differing(results.((

The( addition( of( either( focal( adhesion( kinase( inhibitor( or( c*Met( tyrosine( kinase(

inhibitor( in( combination(with( recombinant(PEDF( increased(keratinocyte(migration(

further.(The(exact(mechanisms(to(explain(these(results(are(unclear;(PEDF(treatment(

is(likely(to(result(in(both(c*Met(and(FAK(expression((as(demonstrated(by(the(antibody(

micro(result(results(described(in(section(6.4),(but(with(the(blockage(of(both(c*Met(

and(FAK(using(the(respective(inhibitors,(the(net(outcome(are(the(results(presented.(

However,(they(may(also(be(a(stronger(direct(chemoattractant(action(from(PEDF(on(

keratinocyte(migration(via(some(other(mechanism(yet(to(be(identified.(The(possible(

cellular(signalling(pathways(involved(warrants(more(investigation(as(does(the(effect(

of(recombinant(PEDF(treatment(on(other(cells(important(for(wound(healing,(such(as(

fibroblasts(and(endothelial(cell(lines.((

Human(adipose(stem(cells(are(a(population(of(pluripotent(mesenchymal(cells,(which(

can( differentiate( into( various( lineages,( which( have( previously( been( shown( to( be(

superior(to(dermal(fibroblast(in(promoting(dermal(fibroblasts(proliferation((Kim(et(al.(

2007).(There(has(been(concerns(raised(previously(regarding(the(stability(and(delivery(

of(PEDF(treatment,(and(therefore(others(have(trialled(the(use(of(vectors(in(order(to(

deliver(PEDF( in(a( stable(manner( (Wu(et(al.( 2012).( Stem(cells(may(be(an(effective(

delivery(vector(and(certainly(its(role(as(a(delivery(method(should(be(investigated(in(

more(detail(in(future(studies.(

'
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7.4'Future'work'

The(results(presented( in(this(thesis(have(demonstrated(the(critical(role(of(PEDF( in(

both( colorectal( cancer( and( wound( healing.( Whilst( a( number( of( important(

observations( have( been( identified,( an( additional( number( of( questions( requiring(

further(assessment(have(been(highlighted.(These(are(summarised(below:(

1.(The(expression(profile(of(PEDF(should(be(performed(comparing(normal(subjects(

and( those( patients( with( colorectal( cancer( (with( a( range( of( clinicopathological(

variables( including( age)( to( assess( for( gender( differences.( This( should( include(

assessment(of(serum(levels(and(mRNA(expression(from(tissue(samples(in(large(clinical(

cohort.(If(there(is(a(gender(difference(witnessed(in(the(PEDF(expression(it(may(affect(

potential(treatment(options(available(to(either(gender(of(patients,(or(may(influence(

survival(differences(seen(between( the(genders.( It( is(also(worth(exploring(why( the(

gender(differences(may(exist*(are( there(other( factors( influencing(PEDF(expression(

perhaps(related(to(hormonal(differences(between(genders?(

2.( (The( further(assessment( into( the(differing(expression( levels(of(PEDF(comparing(

mucinous( adenocarcinoma( in( comparison( to( adenocarcinoma.( Is( there( a( factor(

related(to(the(mucin(production(that(can(explain(the(differing(expression(levels?(And(

if(so(what(is(the(clinical(relevance?((

3.(The(role(of(treatment(of(PEDF(on(cellular(function(in(mucinous(adenocarcinoma(

and( metastatic( colorectal( cancer( cell( lines( should( be( investigated.( Any( potential(

effect(of(PEDF(treatment(may(only(be(applicable(to(a(set(subtype(of(colorectal(cancer(

or(early(in(the(cancer(stage,(prior(to(metastatic(spread.((
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4.(It(would(be(beneficial(to(investigate(the(role(of(PEDF(on(cellular(function(in(in#vivo(

models,(using(colorectal(tumour(xenografts(in(animal(models.(The(next(stage(of(any(

human( treatment( development( would( depend( on( the( successful( results( beyond(

cellular(models.((

5.(In(order(to(assess(the(cellular(signalling(pathways(involved(with(the(mechanism(of(

actions(of(PEDF(on(cellular(function,( it(would(be(appropriate(to(further(assess(the(

other(phosphor*specific(antibodies(identified(on(antibody(micro*array(as(being(either(

upregulated(or(downregulated(by(PEDF(administration.((

6.(To(examine(how(the(other(wound(healing(cells(fit(with(regards(to(cellular(function(

in(response(to(PEDF(treatment,(it(would(be(sensible(to(repeat(the(cellular(function(

experiments(described(in(this(study(using(dermal(fibroblasts(and(endothelial(cell(lines.(

There(may(be(other(effects(of(PEDF(treatment(on(these(cells(that(may(either(enhance(

or(prohibit(wound(healing(processes(which(need(to(be(explored.((

7.(A( longer*term(strategy(would(be(to(determine(an(effective(delivery(method(for(

treatment(of(PEDF.(It(would(be(prudent(to(investigate(whether(human(adipose(stem(

cells(might(be(a(suitable(delivery(vector(via(co*culture(method.(Human(adipose(stem(

cells(are(relatively(easy(to(extract(when(compared(to(stem(cells(from(bone(marrow(

and(would(be(more(acceptable(to(patients.(

Despite(the(questions(poised(here(that(are(yet(to(be(answered,(it(is(hoped(that(with(

the( improved( knowledge( of( the( interactions( between( PEDF( and( pathological(

processes(seen(in(colorectal(cancer(and(chronic(wound(healing,(it(may(result(in(the(

improvement(of(outcomes(for(patient(who(suffer(with(these(diseases.('
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