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Abstract	

Aim:	To	 assess	 the	hormone	 receptors	 (Androgen,	 Progesterone,	Oestrogen	 alpha	 and	

Oestrogen	 beta)	 and	 metastasis	 inducing	 protein	 (MIP;	 AGR2,	 S100A4,	 S100P)	

expression	 and	 location	 in	 endometrial	 cancer	 (EC)	 cell	 lines.	 To	 then	modulate	 MIP	

expression	using	hormone	 treatments	 (17β-estradiol	 (E2),	DHT	and	MPA),	and	shRNA	

technology,	measuring	 the	 impact	on	 the	phenotype	and	 functionality	of	 the	cells	with	

regard	to	their	proliferation,	migration	and	chemoresistance.		

Method:	Using	four	EC	cell	lines	(Ishikawa,	HEC1A,	RL95-2	and	MFE280)	MIP	expression	

was	 detected	 using	 immunoblotting	 (immunocytochemistry,	 immunofluorescence	 and	

western	blotting)	techniques.	Cells	lines	were	treated	with	hormones	to	modulate	AGR2	

and	 S100P	 expression.	 Function	 of	 S100P	 in	 the	 RL95-2	 cell	 line	 was	 achieved	 by	

transduction	 with	 S100p	 shRNA	 in	 lentiviral	 plasmids.	 Cell	 lines	 were	 grown	 in	 the	

chorioallantoic	membrane	(CAM)	model	to	assess	the	tumour	formation	capabilities	of	

the	cells	along	with	the	effect	of	chemotherapeutic	drugs	on	the	cell	line	tumours.	

Results:	A	pragmatic	workflow	for	ECresearch	was	created	to	guide	cell	line	projects	for	

future	basic	research.	The	cell	lines	have	differing	growth	patterns	in	2D	culture	and	as	

such	different	methods	were	needed	 to	assess	 the	 less	well	differentiated	RL95-2	and	

MFE280	cell	 lines.	MIPS	were	expressed	 in	all	 four	cell	 lines	 in	varying	degrees	and	 in	

differing	subcellular	compartments.	THE	HEC1A	and	RL95-2	cell	lines	were	able	to	grow	

tumours	 in	 the	 CAM	 assay	 whereas	 ISK	 cells	 just	 grew	 on	 the	 CAM	 surface.	 S100P	

knockdown	 is	 possible	 in	 the	 RL95-2	 cell	 line	 and	 knockdown	 resulted	 in	 significant	

reduction	 in	 S100p	 transcript	 and	 protein	 levels.	 The	 knockdown	 cells	 had	 reduced	
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proliferation,	migration	capabilities	and	increased	chemoresistance	to	doxorubicin	and	

paclitaxel	determined	by	MTT	and	FACS	analyses.	

Conclusions:	This	panel	of	 four	cell	 lines	offer	a	range	of	cell	 lines	to	begin	ECresearch	

investigations.	 S100P	has	been	 shown	 to	 impact	 upon	 the	 functionality	 of	 several	 key	

cancer	hallmarks	 in	 the	RL95-2	cell	 line	and	highlights	 the	need	 to	 further	 investigate	

S100P	in	the	context	of	endometrial	cancer.		 	
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Chapter	1 	Introduction	

	

1.1 General	Introduction	

Cancer	originating	from	the	endometrium	is	the	commonest	gynaecological	malignancy	

and	 it	 is	 the	 focus	 of	 the	work	 undertaken	 and	 described	 in	 this	 thesis.	 This	 chapter	

summarises	the	background	and	the	previously	published	relevant	work	in	the	field	of	

endometrial	cancer	(EC)	pertinent	to	the	studies	undertaken	in	the	project.	It	describes	

the	normal	endometrium	and	its	functional	regulation	under	normal	conditions,	initially	

to	 progress	 on	 to	 their	 abberations	 in	 endometrial	 carcinogenesis	 particularly	 in	 the	

context	of	the	metastasis	inducing	proteins.			

1.2 The	Development	of	the	Female	Genital	Tract		

1.2.i Embryonic	Origin	

The	 female	 genital	 tract	 begins	 to	 develop	 at	 five	 to	 six	 weeks	 after	 conception.	 The	

embryo	physically	appears	neither	overtly	female	nor	male	at	this	point	in	development	

(Aplin	et	al.	2008),	despite	 its	genetic	determination	being	either	male	or	 female	 from	

conception.		In	the	female	embryo,	establishment	of	the	Müllerian	ducts	are	vital	for	the	

formation	of	a	 functional	mammalian	uterus	as	shown	 in	knockout	mouse	models,	yet	

the	 basic	 science	 behind	 this	 is	 not	 completely	 understood.	 The	 Müllerian	 ducts	 are	

formed	when	 the	paramesonephric	ducts	develop	 laterally	 towards	 the	gonads	by	 the	

fusions	of	the	paramesonephric	grooves	as	they	move	towards	one	another	(Aplin	et	al.	

2008).	This	process	 is	 known	as	Müllerian	organogenesis	 (Somasundaram	2016).	The	

paramesonephric	duct,	which	is	created	from	a	y-shaped	utero-vaginal	primordium	that	

represents	 the	 initial	 development	 of	 the	 upper	 two-thirds	 of	 the	 vagina,	 the	 cervix,	



Endometrial Cancer Cell Lines as a Model for Metastasis 

19	

uterine	cavity	and	both	 fallopian	 tubes.	These	are	 formed	 from	the	remaining	unfused	

‘arms’	of	the	paramesonephric	ducts.	The	cranial	end	of	the	fused	ducts	form	the	uterus,	

which	 contains	 mesoderm,	 will	 ultimately	 form	 the	 uterine	 endometrium	 and	

myometrium	 (Somasundaram	 2016).	 	 The	 endometrium	 is	 thus	 derived	 from	 the	

mesodermal	ridge	within	the	embryo	(Aplin	et	al.	2008).		

1.3 Endometrium:	The	Organ	of	the	Human	and	Higher	Primate	

Human	 endometrium	 lines	 the	 uterine	 cavity	 and	 is	 a	 dynamic	 mucosal	 tissue	 that	

comprises	 a	 variety	 of	 cell	 types,	 including	mainly	 the	 epithelial	 and	 stromal	 cells,	 as	

well	 as	 cells	 forming	 the	 blood	 vessels	 and	 leucocytes.	 The	 human	 endometrium	

undergoes	a	monthly	cycle	of	menstrual	shedding	and	regeneration.	Although	fruit	bats	

and	 elephant	 shrew	 have	 also	 shown	 to	 have	 a	 similar	 process,	 menstruation	 is	 a	

relatively	unique	process	 in	evolutionary	 terms,	since	 it	mainly	occurs	 in	higher	order	

primates	(old	world	primates	such	as	macaques	and	baboons	in	particular)	and	humans	

(Rasweiler,	 Badwaik	 &	 Mechineni	 2011).	 Macaques	 and	 baboons	 have	 been	 used	 as	

preclinical	 models	 of	 the	 human	 endometrium	 due	 to	 their	 high	 genetic	 sequence	

homology	with	humans	(approximately	95%)	and	they	have	also	been	shown	to	have	an	

endometrial	response	to	hormonal	treatments	that	is	similar	to	humans	(Magness	et	al.	

2005;	Shively	&	Clarkson	2009).		

1.3.i Anatomy	of	the	Uterus	and	the	Structure	of	the	Endometrium		

The	anatomy	of	the	uterus	differs	between	species,	but	the	basic	structure	is	common	to	

all	mammals.	The	uterine	corpus	is	the	cavity	where	the	embryo	resides	and	develops,	

below	this,	the	entrance	tapers	to	form	a	narrow	neck	known	as	the	cervix	and	following	

on	from	the	cavity	the	region	beyond	the	cervix	is	known	as	the	vagina.	The	uterine	wall	

is	 comprised	 of	 several	 layers	 of	 tissue.	 The	 outermost	 surface	 layer,	 called	 serosa,	
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covers	the	thick	muscular	layer	of	the	uterus.	Uterine	muscle,	known	as	myometrium,	is	

composed	of	multiple	layers	of	smooth	muscle.	The	innermost	layer	of	the	myometrium	

is	covered	by	the	mucosal	tissue,	the	endometrium	that	lines	the	cavity.		

The	 human	 endometrium	 is	 comprised	 of	 two	 functionally	 distinct	 layers,	 the	 upper	

layer	‘functionalis’,	which	undergoes	cyclical	shedding	during	menstruation	followed	by	

regeneration,	growth	and	differentiation	and	is	only	present	in	premenopausal	women.		

The	 deeper	 basal	 layer,	 ‘basalis’	 is	maintained	 throughout	 the	woman’s	 life,	 including	

during	 the	 premenopausal	 period	 when	 cyclical	 shedding	 process	 happen	 in	 the	

functionalis	 and	 is	 also	 present	 in	 the	 post-menopausal	women	 after	 the	 cessation	 of	

ovarian	activity	(Aplin	et	al.	2008).	

1.3.ii Endometrial	Morphology	

The	 endometrial	 morphology	 and	 function	 changes	 radically	 over	 the	 course	 of	 a	

women’s	lifetime.	The	endometrium	is	present	from	birth,	but	due	to	ovarian	inactivity	

and	subsequent	lack	of	ovarian	production	of	oestrogen	(OE)	hormone,	the	prepubertal	

endometrium	is	very	thin	and	slow	growing.	Up	until	puberty,	the	ovary	is	described	as	

functionally	quiescent,	however,	at	puberty,	 the	ovarian	production	of	OE	and	adrenal	

androgens	levels	increase,	causing	the	endometrium	to	undergo	increased	proliferation	

and	 growth.	 These	 ovarian	 and	 endometrial	 changes	 that	 occur,	 together	 with	 the	

establishment	 of	 secondary	 sexual	 characteristics	 in	 a	woman,	 is	 called	 puberty.	 	 The	

resulting	 pre-menopausal,	 reproduction-competent	 endometrium	 can	 produce	 a	

receptive	 environment	 for	 embryo	 implantation	 at	 the	 fertile	 period	 in	 the	 monthly	

cycle	 and	 ultimately	 suitable	 for	 procreation,	 the	 presumed	 primary	 function	 of	 the	

endometrium.	 Once	 the	 monthly	 ovarian	 cycle	 is	 established	 after	 menarche	 (first	

menstruation),	 during	 the	 so-called	 ‘proliferative	 phase’	 of	 the	 menstrual	 cycle,	 the	
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endometrial	 functionalis	 layer	 is	 stimulated	 by	 OE,	 resulting	 in	 cell	 proliferation	 and	

growth.	 	 The	 functionalis	 layer	 subsequently	 undergoes	 differentiation	 when	 the	 OE-

primed	endometrium	 is	successively	exposed	 to	progesterone	(P4)	produced	 from	the	

corpus	luteum	of	the	ovary	during	the	second	half	of	the	cycle,	called	the	secretory	phase	

(Kamal	et	al.	2016).	If	a	pregnancy	does	not	occur,	then	at	the	end	of	the	fertile	cycle,	the	

ovarian	 corpus	 luteum	undergoes	 luteolysis	 along	with	a	drop	 in	 its	production	of	OE	

and	 P4.	 The	 decrease	 in	 P4	 mainly	 (and	 E2)	 initiates	 an	 inflammatory	 cascade,	 a	

vasoactive	and	hypoxic	environment	 that	 results	 in	cellular	apoptosis	and	shedding	of	

the	functionalis	layer,	known	as	menstruation	(Aplin	et	al.	2008).		

At	the	end	of	the	reproductive	life	of	a	woman,	ovarian	production	of	hormones	decline,	

resulting	 in	 complete	 cessation	 of	 menstruation.	 This	 results	 in	 menopause	 and	 the	

postmenopausal	 endometrium	 is	 thin,	without	much	 cellular	 proliferative	 activity	 and	

does	 not	 undergo	 cyclical	 changes.	 It	 is	 thought	 to	 be	 similar	 to	 the	 pre-pubertal	

endometrium	 or	 the	 basalis	 portion	 of	 the	 premenopausal	 endometrium	 (Aplin	 et	 al.	

2008).	

1.4 Endometrium:	Hormone	Regulation	

Hormones	play	a	pivotal	role	in	controlling	the	endometrial	environment	by	governing	

proliferation,	development	and	tissue	remodelling	by	cyclic	changes	 in	hormone	levels	

(Bender	 2011).	 The	 ovarian	 hormones	 govern	 the	 menstrual	 cycle	 and	 the	 several	

distinct	stages	are	categorised	by	 the	hormonal	milieu	and	endometrial	 structure.	The	

central	nervous	system	initiates	the	menstrual	cycle	and	in	particular	the	hypothalamus	

and	pituitary	 glands,	 and	 the	hormones	produced	 from	 these	 organs	 act	 on	 the	 ovary	

(Beshay	&	Carr	2013).	This	system	is	referred	to	as	the	Hypothalamus-Pituitary-Ovarian	

(HPO)	 axis	 (Doufas	 &	Mastorakos	 2000).	 The	 hypothalamus	 contains	many	 neurones	
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that	 regulate	diverse	 functions	 throughout	 the	entire	body.	The	arcuate	nucleus	 is	 the	

region	within	 the	hypothalamus	 that	 is	of	 importance	 for	 the	HPO	axis,	 as	 it	produces	

gonadotrophin-releasing	hormone	(GnRH)	(Beshay	&	Carr	2013).	GnRH	is	secreted	into	

the	 portal	 pituitary	 circulation	 and	 exerts	 its	 effects	 upon	 the	 anterior	 pituitary	 to	

secrete	 gonadotropins,	 follicle	 stimulating	 hormone	 (FSH)	 and	 luteinizing	 hormone	

(LH).	 There	 are	 three	 isoforms,	 but	 GnRH-1	 is	 the	 classically	 associated	 hormone	

responsible	for	the	regulation,	synthesis	and	secretion	of	FSH	and	LH	(Yao	et	al.	2011).	

The	pituitary	 gland	 contains	 several	 cell	 types	 that	 secrete	 an	 array	 of	 hormones	 and	

gonadotrope	 cells,	 in	 particular,	 are	 responsible	 for	 the	 secretion	 of	 FSH	 and	 LH.	 The	

pituitary	gland	also	secretes	other	hormones	(including	Activin,	Inhibin	and	follistatin),	

which	play	a	role	in	regulating	the	menstrual	cycle	(Robertson	et	al.	2009).	LH	and	FSH	

contain	two	subunits;	α-	and	β-	subunits;	the	α-subunit	is	conserved	in	LH	and	FSH	(as	

well	as	thyroid-stimulating	hormone	(TSH)	and	human	chorionic	gonadotropin	(hCG)),	

but	the	β-subunit	provides	the	distinct	functionality	specific	to	the	particular	hormones.	

GnRH	stimulates	the	production	of	the	FSH	β-subunit	but	also	requires	Activin	(Besecke	

et	al.	1996;	Beshay	&	Carr	2013;	Weiss	et	al.	1995).	Activin	and	Inhibin	have	contrasting	

effects	 on	 FSH	 secretion,	 with	 Activin	 augmenting	 GnRH	 receptor	 formation	 whereas	

Inhibin	 is	 produced	 in	 response	 to	 FSH	 and	 inhibits	 FSH	 secretion.	 Follistatin	 inhibits	

FSH	 synthesis	 by	 sequestering	 Activin;	 Activin	 also	 stimulates	 Follistatin	 production	

whereas	Inhibin	inhibits	its	production	(Beshay	&	Carr	2013).	All	together	they	form	a	

tightly	 controlled	 negative	 feedback	 loop.	 LH	 and	 FSH	 function	 in	 an	 antagonistic	

manner	 to	 control	 the	production	of	ovarian	steroid	hormones	 (Raju	et	al.	2013).	The	

‘two-cell,	 two-gonadotropin’	 theory	 involves	the	two	cellular	components	of	 the	ovary,	

which	 are	 stimulated	 in	 different	 ways	 by	 LH	 and	 FSH.	 LH	 receptors	 on	 theca	 cells	

induce	androgen	production	from	cholesterol	and	release	during	folliculogenesis	(Raju	
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et	 al.	 2013)	 and	 FSH	 receptors	 on	 granulosa	 cells	 are	 mechanisms	 by	 which	 ovarian	

steroidogenesis	is	induced	(Goncalves	et	al.	2012;	Raju	et	al.	2013).	FSH	is	the	primary	

extra-ovarian	driver	for	follicle	growth	and	OE	formation	and	potentially	earlier	 in	the	

follicular	 phase	 to	 induce	 aromatase	 activity	 (Allen,	 Gower	 &	 Wilsher	 2017;	 Pelosi,	

Forabosco	&	Schlessinger	2015;	Raju	et	al.	2013).	FSH	levels	begin	to	increase	four	days	

before	 the	 onset	 of	menses	 at	 the	 luteal-follicular	 transition,	 reaching	 its	 peak	 at	 four	

days	post	menses	and	slowly	declining	throughout	the	 follicular	phase	until	negligible,	

due	to	Inhibin	A	and	E2	secretion	(Mihm,	Gangooly	&	Muttukrishna	2011).	At	this	point,	

there	is	a	surge	in	LH	levels	which	precedes	ovulation	(Mihm,	Gangooly	&	Muttukrishna	

2011).	The	 cyclic	 endometrial	 changes,	which	 result	 in	menstruation	 (if	 there	 is	not	 a	

successful	 pregnancy),	 are	 subsequently	 governed	 by	 circulating	 levels	 of	 ovarian	

hormones;	OE,	P4	and	possibly	androgens	(Aplin	et	al.	2008).	The	approximate	hormone	

levels	throughout	the	menstrual	cycle	and	their	cognate	receptor	expression,	along	with	

the	changes	in	endometrial	morphology,	are	depicted	in	Figure	1.	
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1.4.i 	Ovarian	Sex	Hormone	Receptors		

The	classical	hormone	receptor	pathway	describes	how	ovarian	hormones	are	thought	

to	exert	their	effects	on	numerous	downstream	signalling	cascades	(Bender	2011).	The	

ovarian	hormones	 induce	 their	effect	via	 their	cognate	receptors	 that	are	 found	 in	 the	

cellular	 cytosol.	 Upon	 hormone	 binding,	 these	 receptors	 undergo	 conformational	

changes	 allowing	 them	 to	 form	 hormone-bound	 active	 homodimers	 with	 high	 DNA	

binding	affinity,	and	these	enter	the	nucleus	and	 interact	with	the	respective	hormone	

binding	domains	 situated	 in	 the	promoter	 regions	of	 the	 genes	under	 their	 regulation	

(Kamal	et	al.	2016).		

Figure 1. Steroid Hormone Changes across the Menstrual Cycle. Hormonal levels 
cross references with histological appearance of the endometrium and hormone receptor 
expression across the menstrual cycle. Correlation of typical changes of pituitary/ovarian 
axis with the consequential endometrial morphology and steroid hormone expression in 
women.  Postmenopausal (PM), premalignant endometrial hyperplasia (EH), low-grade 
endometrial cancer (LGEC) and high grade endometrial cancer (HGEC), Follicle 
Stimulating Hormone (FSH), Luteinizing Hormone (LH), Progesterone (P), Testosterone 
(T), Estradiol (E2). Figure taken from Kamal et al 2016 (Kamal et al. 2016). 
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The	 ovarian	 sex	 hormone	 receptors	 are	 part	 of	 a	 superfamily	 of	 nuclear	 receptors	

further	 categorised	 into	 classes.	 The	 steroid	 receptor	 class	 includes	 the	 OE	 receptor	

(ER),	 progesterone	 (PR),	 glucocorticoid	 receptor	 (GR)	 and	 androgen	 receptors	 (AR)	

(Mangelsdorf	et	al.	1995)	(Figure	2).		

A	helpful	review	of	AR	structure	in	relation	to	the	other	hormone	receptors	can	be	found	

by	 Lallous	 et	 al.	 (Lallous	 et	 al.	 2013).	 The	 N-terminus	 domain	 (NTD)	 is	 the	 least	

conserved	 domain	 amongst	 the	 various	 steroid	 receptors	 in	 humans,	 sharing	 similar	

sequence	 identity	 of	 with	 the	 NTD	 of	 ER,	 GR	 and	 PR	 sharing	 only	 8.4%,	 14.9%	 and	

21.9%	identity,	respectively	with	the	NTD	of	AR	the	NTD	play	an	essential	role	in	some	

protein-protein	interactions	(Lallous	et	al.	2013).	The	DNA	Binding	Domain	(DBD)	is	the	

next	domain	downstream	and	is	highly	conserved	among	the	various	nuclear	receptors	

(79.5%	 PR,	 71.2%	 GR	 and	 53.4%	 ER	 sequence	 identity	 with	 the	 AR	 gene).	 The	 DBD	

interacts	with	the	major	groove	of	the	DNA	in	the	response	elements	as	well	as	playing	a	

role	 in	 dimerization.	 The	Hinge	 region	 is	 the	 next	 structurally	 important	 feature;	 this	

region	 allows	 the	protein	 to	make	 conformation	 changes.	The	Ligand	Binding	Domain	

Figure 2. Hormone Receptor Signalling. A) Schematic of hormone receptor family 
structure to demonstrate the high sequence homology. The domains indicated in the 
diagram; N-terminus domain in A/B, DNA binding domain in C, Hinge region in D, Ligand 
Binding Domain in E and C-Terminal Domain in F. Numbers indicate the number of amino 
acids in each receptor. ERα = Oestrogen Receptor alpha, ERβ = Oestrogen Receptor 
beta, PRA = Progesterone Receptor A, PRB = Progesterone Receptor B and AR = 
Androgen Receptor. 
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(LBD)	is	obviously	responsible	for	binding	of	either	agonistic	(Dihydrotestosterone)	or	

therapeutic	antagonistic	 ligands	(such	as	 flutamide	and	bicalutamide)	 ligands	(Allan	&	

Sui	2003),	increasing	or	decreasing	transcription	of	the	AR	regulated	protein.	Hormones	

bind	to	their	cognate	receptor	monomers	(although	due	to	the	high	sequence	homology	

with	 other	 steroid	 receptors	 there	 is	 some	 promiscuity	 between	 the	 classical	 ovarian	

hormones	 and	 their	 receptors	 (Ng	 et	 al.	 2014))	 in	 the	 cytoplasm;	 this	 causes	 the	

complexed	 chaperone	 proteins	 to	 dissociate	 from	 the	 monomer	 allowing	 them	 to	 be	

translocated	 into	 the	nucleus.	 In	 the	nucleus	 the	monomers	 forms	homodimers	which	

interact	with	hormone	 response	elements	or	non-consensus	 response	elements	which	

either	 enhance	 or	 promote	 the	 expression	 of	 certain	 genes	 (Cloke	 &	 Christian	 2012)	

(Figure	3).	

	

		

Figure 3. Androgen Receptor Structure. Location of the Androgen Receptor (AR) gene 
on Chromosome X along with the corresponding introns (1-8) which encode the domains 
on the AR protein. AR Protein structure from (amino acid 1-919) with N-Terminal Domain 
(NTD), DNA Binding Domain (DBD), Hinge region and Ligand Binding Domain (LBD) 
domains depicted. Within the NTD the transcriptional activating factor 1 (AF1) found 
between residues 142-495. Adapted from the figure in Tan, M. H. E., et al. (2015) (Horn 
et al. 2011; Tan et al. 2015).  
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1.4.ii OE	and	P4	and	their	Cognate	Receptors	

OE	is	generally	regarded	as	a	mitogen,	a	trophic	hormone	in	many	tissues	including	the	

endometrium,	and	P4	 is	 thought	 to	have	antagonistic	effects	on	oestrogenic	activity	 in	

the	 endometrium;	 however	 both	 function	 by	 acting	 as	 ligands	 and	 binding	 to	 their	

specific	nuclear	receptors	with	high	affinity,	resulting	in	direct	and	indirect	regulation	of	

gene	expression	(Huang	et	al.	2010;	Young	2013).	There	are	at	least	two	isoforms	of	the	

OE	and	PR,	which	are	differentially	expressed	in	different	cell	types	and	under	varying	

conditions	(Young	2013).	These	isoforms	change	the	effects	that	the	steroids	exert.	The	

two	 isoforms	 of	 the	 ER,	 α	 and	 β	 are	 transcribed	 from	 separate	 genes	 ESR1	 and	ESR2	

respectively	 (Ascenzi,	 Bocedi	 &	 Marino	 2006).	 Despite	 ESR1	 and	 ESR2	 having	 high	

sequence	 homology	 and	 structural	 similarity	 to	 one	 another,	 they	 fulfil	 functionally	

distinct	roles	in	normal	and	pathological	settings	(DeLisle	et	al.	2001;	Hewitt	&	Korach	

2003;	Young	2013).	 	 Contrastingly	 the	 isoforms	of	 the	PR	 (PRA	and	PRB)	 are	derived	

from	 one	 gene,	 PGR	 (Jacobsen	 &	 Horwitz	 2012;	 Ogle	 2002)	 derived	 from	 alternative	

transcription	 and	 translation	 start	 sites	 (Young	 2013).	 PRB	 contains	 an	 additional	 N-

terminal	 sequence	 that	 contains	 AF3	 that	 is	 not	 found	 in	 PRA	 (Jacobsen	 &	 Horwitz	

2012).	There	are	other	 truncated	versions	of	 the	PR	which	have	 lost	 the	DNA	binding	

domain,	 PR	 C	 and	 PR	 M,	 it	 has	 been	 suggested	 that	 they	 may	 inhibit	 PRA	 and	 PRB	

however	their	relevance	in	vivo	are	still	not	confirmed	(Taylor	et	al.	2009;	Young	2013).	

In	the	endometrium,	OE	induces	ER	and	PR	expression	in	the	first	half	of	the	menstrual	

cycle,	and	they	are	down	regulated	in	the	 luteal	phase	due	to	the	progestogenic	action	

(Bender	2011).	
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1.4.iii Androgens	

The	hormones	of	particular	interest	in	the	cycling	endometrium	historically	included	OE	

and	 P4,	 but	 a	 more	 recent	 study	 has	 elucidated	 the	 importance	 of	 androgens	 in	 the	

endometrium	(Cloke	&	Christian	2012).		The	circulating	levels	of	OE	and	P4	produced	by	

the	ovary	drop	as	part	of	 the	onset	of	menopause,	but	 the	 levels	of	androgens	remain	

relatively	constant	throughout	a	women’s	lifetime,	and	so	the	postmenopausal	levels	of	

androgens	(in	particular	testosterone)	are	considerably	higher	than	the	postmenopausal	

OE	 and	 P4	 (Kamal	 et	 al.	 2016)(Figure	 1).	 Despite	 this,	 the	 role	 of	 androgens	 in	 the	

postmenopausal	 endometrium	 has	 not	 been	 fully	 investigated	 in	 comparison	 to	 the	

other	two	ovarian	hormones.		

There	are	several	forms	of	androgens	that	can	be	found	circulating	in	a	women’s	blood	

stream.	The	main	forms	include	DHT,	testosterone,	androstenedione,	DHEA	and	DHEAS	

(Gibson	&	Saunders	2014).	Androstenedione,	DHEAS	and	DHEA	cannot	interact	directly	

with	 the	 AR	 but	 act	 as	 prohormones,	 which	 can	 be	 metabolised	 into	 functional	

hormones.	 DHT	 and	 testosterone	 can	 interact	 directly	 with	 the	 AR;	 however,	 DHT	 is	

much	more	potent	 than	 testosterone	 (Burger	2002).	Testosterone	 can	be	metabolised	

into	 DHT	 and	 E2	 and	 so	 the	 androgen	 axis	 feeds	 into	 the	 OE	 signalling	 axis	 also	

(Takahashi-Shiga	et	al.	2009).	 	The	enzymes	that	govern	the	conversion	(5α-reductase,	

17β-hydroxysteroid	dehydrogenases)	determine	the	local	bioavailability	of	androgens	in	

both	normal	and	malignant	tissue	(Gibson	&	Saunders	2014).		



Endometrial Cancer Cell Lines as a Model for Metastasis 

29	

1.4.iv Androgen	Receptor	(AR)	

1.1.i.i AR Structure 

The	AR	is	encoded	by	the	AR	gene	that	has	been	mapped	to	a	locus	on	Xq11-q12	on	the	

long	arm	of	the	X	chromosome	(Figure	3).	The	AR	protein	is	919	amino	acids	long	and	

conforms	to	the	common	classical	steroid	receptor	structure	(Figure	3).	There	is	no	full-

length	structural	information	on	AR,	but	the	individual	domains	have	been	characterised	

(DBD	and	LBD)	separately	(Benedetto	et	al.	2015).	The	LBD	motif	has	probably	been	the	

most	 studied	 region	 of	 the	 AR,	 with	 the	 region	 having	 been	 well-characterised	 using	

crystallography	(Nadal	et	al.	2017;	Wang	et	al.	2006a).	In	contrast,	there	is	currently	no	

complete	structure	determined	by	X-ray	crystallography	available	 for	 the	NTD	domain	

of	AR,	most	 likely	due	 to	 its	highly	disordered	structure	(Myung	et	al.	2013;	Tan	et	al.	

2015).	There	are	 two	 transcriptional	activation	 functions	 found	within	 the	AR.	AF-1	 is	

located	within	the	NTD	and	aids	AR	activity	and	AF-2	which	is	found	in	the	LBD	(Lavery	

&	McEwan	2005;	Nadal	et	al.	2017).	AF-2	plays	an	important	role	in	aiding	coregulator	

binding	and	mediating	 the	 interactions	between	 the	NTD	and	LBD	(known	as	 the	N/C	

interactions)	 (Slagsvold	 et	 al.	 2000)	 (Askew	 et	 al.	 2012;	 Davey	 &	 Grossmann	 2016)	

(Figure	3).	

1.5 Endometrial	Cancer	(EC)	

EC	 is	 the	most	 common	 gynaecological	 cancer,	 highly	 prevalent	 in	 the	western	world	

and	its	incidence	is	increasing	(Lortet-Tieulent	et	al.	2018).	

Diagnosis 

The	 majority	 of	 EC	 cases	 are	 diagnosed	 in	 the	 early	 stages	 when	 they	 present	 with	

abnormal	uterine	bleeding	(90%)	(Colombo	et	al.	2013;	Colombo	et	al.	2011).	
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Classification of EC 

Pathological	Classification	of	EC	

Cancer	 classification	 systems	 have	 been	 devised	 to	 categorise	 tumours	 to	 aid	 the	

assigment	 of	 treatment	modalities,	 and	 these	 categories	 are	 relevant	 to	 the	 choice	 of	

treatment	and	likely	patient	outcomes.	The	clinical	staging	system	assesses	the	extent	of	

spread	 of	 the	 tumour	 into	 the	 local	 surrounding	 tissues	 or	 distant	 spread.	 In	 EC,	 the	

staging	system	has	been	determined	by	the	International	Federation	of	Gynaecology	and	

Obstetrics	 (FIGO)	 system	of	 classification,	which	helps	 to	predict	outcome	and	 to	plan	

treatment	 (Morice	 et	 al.	 2016).	 	 Surgical	 staging	 that	 has	 been	 incorporated	 into	 the	

FIGO	staging	scheme	takes	into	account	depth	of	myometrial	invasion	and	extrauterine	

disease	 (Amant	 et	 al.	 2005).	 TNM	 factors	 in	 the	 tumour	 itself	 and	 the	 extent	 of	 the	

spread,	node	involvement	and	metastasis	(Creasman	2009).	Table	1.	Illustrates	the	2014	

FIGO	staging	of	EC	compared	with	TNM	classification.		
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There	 are	 further	 classifications	 of	 EC	 based	 on	 clinical,	 pathological	 and	 molecular	

characteristics.	The	traditional	Bokhman	classification	system	traditionally	divided	ECs	

into	 two	 groups	 Type	 I	 and	 II.	 Type	 I	 typically	 include	 only	 endometrial	

adenocarcinomas	 which	 are	 OE	 dependent	 whereas	 Type	 II	 cancers	 are	 traditionally	

classed	 as	 OE	 independent	 non-endometrioid	 cancers	 arising	 from	 atrophic	

endometrium	(Amant	et	al.	2005).	However	the	recent	evidence	may	suggest	that	both	

types	 retain	 at	 least	 some	 hormonal	 responsiveness.	 The	 majority	 of	 ECs	 are	 Type	 I	

Table	1.	FIGO	 and	TNM	Classification	of	 Endometrial	 Cancer	 (EC).	Using	surgical	 and	
histological	 characteristics.	 TNM	 classification:	 NX	 (regional	 lymph	 nodes	 cannot	 be	
assessed),	 N0	 (no	 regional	 lymph	 node	metastasis),	 and	 M0	 (no	 distant	 metastasis).	
FIGO	–	International	Federation	of	Gynecology	and	Obstetrics.	G=Grade	*	Either	G1,	G2	
or	G3.	 †FIGO	does	 not	 include	 stage	 0	 (Tis)	 in	 its	 classification.	 Based	upon	 the	 2009	
TNM	and	FIGO	Update	(Creasman	2009;	Pecorelli	2009).		
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endometrial	adenocarcinomas	(80%)	that	can	be	associated	or	preceded	by	endometrial	

hyperplasia	 (EH)	 (Colombo	 et	 al.	 2013).	 A	 recently	 developed	 molecular	

characterization	system	has	emerged	from	The	Cancer	Genome	Atlas	(TCGA)	study	that	

combines	 the	molecular	aberrations	and	clinicopathological	 features	 to	predict	patient	

outcome	 (Kandoth	 et	 al.	 2013).	 The	 feasibility	 of	 using	 this	 classification	 in	 a	 clinical	

setting	would	depend	on	confirming	whether	more	commonly	used	techniques	could	be	

used	 instead.	 A	 recent	 study	 confirmed	 the	 ProMisE	 classification	 system	 using	

immunohistochemistry	 (Talhouk	 et	 al.	 2017).	 	 The	 final	 validation	 of	 the	 ProMisE	

classification	 system	has	 recently	been	performed	on	 a	 large	population	 retrospective	

cohort	 and	 this	 suggests	 that	 ProMisE	 could	 be	 used	 diagnostically	 to	 inform	 surgical	

intervention	and/or	adjuvant	therapy	options	(Kommoss	et	al.	2018).	

Molecular	Characteristics	of	EC	

The	molecular	 classification	 has	 become	 integral	 to	 the	 assessment	 of	 EC	 and	 is	 now	

commonly	 included	 in	 the	classification	of	 the	disease.	The	molecular	heterogeneity	 in	

EC	adenocarcinoma	supports	 the	dualistic	model	of	Type	I	and	Type	II	cancers	and	 its	

clinical	usefulness	(Wilczynski,	Danielska	&	Wilczynski	2016).	Type	I	cancers	have	been	

shown	to	have	four	major	genetic	aberrations	including	PTEN,	microsatellite	instability	

(MSI),	K-Ras	and	β-catenin.	The	PTEN	gene	has	been	 found	 to	be	 the	most	 commonly	

mutated	 gene	 in	 ECs,	 one	 study	 found	 55%	 of	 tumours	 with	 a	 PTEN	 sequence	

abnormalities	 (Djordjevic	 et	 al.	 2012;	Kong	et	 al.	 1997;	Risinger	et	 al.	 1997)	and	40%	

loss	 of	 heterozygosity	 (LOH)	 of	 chromosome	 10q,	 resulting	 in	 PTEN	 gene	 silencing	

(which	is	located	at	10q23.2)	(Buhtoiarova,	Brenner	&	Singh	2016;	Tashiro	et	al.	1997).	

Somatic	 PTEN	 mutations	 have	 been	 reported	 to	 occur	 in	 endometrioid	 EC	 almost	

exclusively	with	37-61%	of	tumours	showing	mutations	 leading	to	PI3K/AKT	pathway	
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activation	 (Yeramian	 et	 al.	 2013).	 The	 nature	 of	 the	 short	 repeating	 nucleotide	

sequences	 makes	 these	 areas	 of	 the	 DNA	 prone	 to	 errors	 and	 in	 cells	 with	 DNA	

mismatch	repair	defects	these	mistakes	cannot	be	rectified,	resulting	in	changes	to	the	

numbers	of	nucleotide	 repeats	 and	MSI.	Although	high	MSI	was	 found	 in	15.6%	of	EC	

cases	 in	 a	 recent	 cohort,	 there	 was	 no	 significant	 association	 with	 patient	 survival	

(Kanopienė	et	al.	2014).		

K-Ras	is	a	known	proto-oncogene	which	when	mutated	results	in	constitutive	signalling	

through	the	Mitogen-activate	protein	kinase	(MAPK)	pathway	(Banno	et	al.	2014).	K-Ras	

mutations	have	been	found	in	6-16%	of	EH	cases	and	10-31%	of	EC	(Banno	et	al.	2014).	

K-Ras	mutations	have	also	been	shown	to	be	associated	with	increased	invasive	

potential	of	the	cancer	(Banno	et	al.	2014)	and	more	K-Ras	mutations	have	been	found	

in	more	grade	(G)	1	compared	with	G2	and	G3	tumours	combined	(Banno	et	al.	2014)	

suggesting	it	plays	two	roles:	firstly,	the	transformation	from	EH	to	EC	and	secondly,	

driving	invasion	in	well-differentiated	tumours	(Banno	et	al.	2014).	β-catenin	mutations	

are	found	in	14-44%	of	Type	I	ECs	and	are	also	found	in	atypical	EH	and	so	these	

mutations	have	been	postulated	to	be	an	early	event	in	the	progression	of	EC	(Banno	et	

al.	2014;	Fukuchi	et	al.	1998;	Machin	et	al.	2002;	Yeramian	et	al.	2013).	

Non-endometrioid	(Type	II)	ECs	have	a	completely	different	molecular	mutation	profile,	

with	p53	mutations	 (90%),	p16	 inactivation	(40%),	E-cadherin	 (80-90%)	and	c-erbB2	

amplification	(30%).	There	are	also	 less	common	mutations,	 such	as	alterations	 in	 the	

regulation	 of	 the	mitotic	 spindle	 checkpoint	 (STK15)	 and	 LOH	 in	multiple	 loci,	which	

reflects	the	genetic	instability	in	these	tumours	(Yeramian	et	al.	2013).	

In	 addition	 to	 genetic	mutations,	 changes	 in	 gene	 function	 that	 are	mitotically	 and/or	

meiotically	 heritable	 and	 that	 do	 not	 entail	 a	 change	 in	 DNA	 sequence	 (Wu	&	Morris	
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2001)	 can	 cause	 changes	 to	 normal	 cells;	 these	 changes	 are	 known	 as	 epigenetic	

mutations.	Epigenetic	mutations	can	alter	the	transcription	of	genes	(Banno	et	al.	2014).	

Common	 epigenetic	 changes	 include	 DNA	 methylation	 and	 histone	 acylation.	 hMLH1	

epigenetic	silencing	results	in	defects	in	mismatch	repair	mechanisms	and	not	only	the	

DNA	defects	 themselves	 but	 the	 epigenetic	mutations	 can	be	 inheritable	 (Banno	 et	 al.	

2014;	Zighelboim	et	al.	2007).	MLH1	methylation,	resulting	in	MLH1	silencing	has	been	

attributed	to	advanced	disease	stage,	higher	grade,	 lymph	node	invasion	and	older	age	

(Cosgrove	et	al.	2017).		

For	 normal	 cells	 to	 become	 cancerous,	 several	 protective	 processes	 need	 to	 be	

overridden	that	normally	safeguard	against	aberrant	cell	growth	and	proliferation.		The	

hallmarks	of	cancer	as	defined	by	Hanahan	and	Weinberg	(Hanahan	&	Weinberg	2000,	

2011)	 highlighted	 the	 six	 functional	 capabilities	 acquired	 by	 cells	 that	 go	 on	 to	 be	

cancerous.		Becoming	inert	to	growth	promotion	and	inhibition	stimuli	and	proliferating	

uncontrollably	as	well	as	evading	cell	death	mechanisms	are	important	for	the	initiation	

of	 cancer,	 covering	 three	 of	 the	 hallmarks	 of	 cancer.	 The	 other	 hallmarks	 include	

mechanisms	 by	which	 tumour	 progression	 occurs.	 Evading	 the	 natural	 senescence	 of	

normal	 cell	 life	 span	 allows	 tumour	 volume	 to	 increase	 which	 requires	 angiogenesis	

induction	to	 fuel	 the	growing	cell	mass	and	disseminating	cells	 to	via	 local	 invasion	or	

metastasis.	

Incidence	

EC	is	the	fourth	most	common	female	malignancy	in	the	UK	which	equates	to	5%	of	all	

new	 female	 cancer	 cases	 (CRUK	 2016).	 In	Norway,	 it	 is	 anticipated	 that	 EC	 incidence	

could	increase	by	100%	by	2025	(Iyer	et	al.	2015).	Type	I	incidence	has	been	increasing	

since	1993	in	the	UK	(Evans	et	al.	2011);	in	Europe,	the	age-standardised	EC	incidence	



Endometrial Cancer Cell Lines as a Model for Metastasis 

35	

rate	 increased	by	60%	between	2011-2013	(CRUK	2016).	 	Predominantly	a	disease	of	

postmenopausal	women,	2-14%	of	ECs	occur	in	women	under	40	(Garg	&	Soslow	2014).	

The	 numbers	 of	 premenopausal	 cases	 of	 EC	 are,	 however,	 decreasing	 and	 this	 is	

attributed	to	the	increased	use	of	combined	oral	contraceptives	(Bray	et	al.	2005a).	EC	

incidence	rates	do	not	show	a	race	or	ethnicity	association	in	the	UK	(CRUK	2016).		If	the	

alarming	potential	 increase	in	incidence	over	the	coming	decade	predicted	for	Norway	

was	to	occur	in	the	UK,	it	will	increase	the	burden	of	treatment	on	the	health	services	in	

the	UK,	therefore	finding	more	cost-efficient	ways	of	treating	EC	will	be	of	great	interest.	

Mortality	

In	2014	EC	was	 the	9th	most	 common	 cause	of	 cancer	death,	 accounting	 for	3%	of	 all	

female	cancer	deaths	(CRUK	2016).	 In	2012,	 there	were	2025	deaths	 in	 the	UK	with	a	

crude	 mortality	 rate	 of	 6	 deaths	 for	 every	 100,000	 females	 in	 the	 UK.	 There	 is	 also	

evidence	showing	an	association	between	cancer	mortality	and	deprivation	in	England,	

with	a	33%	higher	mortality	 rate	 for	 females	 in	 the	most	deprived	areas	compared	 to	

the	 least	deprived	(CRUK	2016).	Over	 the	 last	decade	 in	 the	UK	the	mortality	rate	has	

increased	by	16%	(CRUK	2016).	

This	 data,	 highlights	 the	 importance	 of	 finding	 better	 prognostic	 markers	 to	 stratify	

treatment	and	 therapeutic	markers	 for	better	 treatment	 to	 fight	 these	rising	mortality	

rates.	

Survival	

EC	 survival	 is	 highly	 dependent	 on	 the	 stage	 of	 disease	 at	 diagnosis.	 The	 earlier	 the	

diagnosis,	 and	 the	 better	 the	 prognostic	 marker	 in	 predicting	 the	 outcome	 to	 direct	

treatments	the	better	the	prognosis	in	the	majority	of	cases.	
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In	the	UK	90%	of	women	with	EC	survive	at	least	one	year,	79%	are	predicted	to	survive	

for	at	least	five	years,	and	77.5%	are	predicted	to	survive	for	ten	years	using	an	excess	

hazard	statistical	model	(CRUK	2016).	The	UK	one-year	survival	rates	are	significantly	

better	than	the	European	average	(88%)	but	at	five	years	the	difference	is	reduced,	and	

there	is	no	longer	a	significant	difference.	Often	EC	presents	in	women	of	advanced	age	

and	as	such	these	women	may	die	of	causes	not	attributable	to	their	EC	(CRUK	2016).		

Risk	Factors	

There	 are	 many	 well-established	 risk	 factors	 associated	 with	 EC;	 including	 age,	

increasing	incidence	of	obesity,	increasing	sedentary	lifestyles,	high	fat	and	high	energy	

diet,	 prolonged	 and	 unopposed	 OE	 exposure,	 tamoxifen	 treatment	 and	 genetic	

predisposition	 (Amant	et	al.	2005;	Uccella	et	al.	2013;	Watson	et	al.	1994).	One	of	 the	

important	 precautions	 in	 assessing	 literature	 for	 risk	 factors	 of	 EC	 is	 the	 inclusion	 of	

appropriate	 controls	 and	 accounting	 for	 confounding	 factors	 in	 the	 studies	 since	 risk	

factors	for	EC	are	often	interconnected,	especially	in	the	case	of	Body	Mass	Index	(BMI)	

or	obesity.	

1.1.i.i.i Age	

EC	 is	 strongly	 associated	with	 advanced	 age,	 and	 as	 such	 to	 produce	meaningful	 data	

with	other	risk	factors	all	data	should	be	age	matched	or	adjusted	for	age.	The	majority	

of	 ECs	 are	 diagnosed	 in	 postmenopausal	 women.	 The	 age	 of	 menopause	 occurs	 on	

average	 at	 51	 years,	 with	 considerable	 individual	 variation	 between	 ages	 40-60	 and	

approximately	 10%	 of	 women	 becoming	 menopausal	 before	 reaching	 45	 years	

(Dolleman	et	al.	2015).	EC	incidence	rates	are	highest	in	women	in	their	early	70s	with	

the	age-specific	incidence	rates	rising	sharply	from	ages	40-44	years,	peaking	in	70-74	

years	and	then	dropping	down	again	sharply	(CRUK	2013).	The	link	between	age	and	EC	
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risk	is	thought	to	be	due	to	the	length	of	time	of	OE	exposure	that	is	determined	by	age	

of	 menarche	 onset,	 cessation	 of	 menarche	 and	 obesity.	 The	 well	 established	 link	

between	age	and	cancer	also	applies	to	EC,	at	 least	until	the	peak	age	of	 incidence,	the	

longer	an	individual	lives	until	mid-70’s,	the	most	chances	there	is	of	a	mutation	event	

occurring	which	can	lead	to	cancer.		

1.1.i.i.ii Obesity  

Obesity	has	been	shown	to	be	an	driver	of	EC	with	over	a	third	of	cases	in	the	UK	being	

solely	contributed	to	patients	being	overweight	and	obese	excluding	other	risk	 factors	

(Parkin,	 Boyd	&	Walker	 2011).	 BMI	 is	 a	 commonly	 used	method	of	 classifying	people	

based	on	their	height	and	weight.	Quantified	in	kg/m2,	BMI	divides	a	person	into	ranges	

described	as;	underweight	(<18.5),	normal	weight	(18.5-24.9),	overweight	(≥	25.0)	and	

obese	(≥	30.0)(Amine	2002).	Adult	weight	gain,	not	simply	BMI,	has	been	proposed	as	a	

better	 risk	 factor	 classification,	 yet	 the	 number	 of	 studies	 using	 adult	 weight	 gain	 is	

limited	(Keum	et	al.	2015).	EC	risk	is	increased	by	59%	for	every	additional	5kg/m2	BMI	

(Wang	 et	 al.)	 and	 with	 increasing	 proportions	 of	 obese	 and	 morbidly	 obese	 women	

(Centre	 2014),	 the	 incidence	 rates	 of	 EC	 are	 likely	 to	 continue	 increasing.	 Childhood	

fatness	has	also	been	linked	to	increased	EC	risk,	but	stronger	associations	were	shown	

with	 weight	 increases	 from	 the	 age	 of	 18	 onwards	 (Dougan	 et	 al.	 2015).	 As	 well	 as	

obesity,	other	pathologies,	such	as	diabetes	(Kamal	et	al.	2016),	are	often	present,	which	

in	their	own	right,	increase	EC	risk	in	cohort	studies,	even	when	corrected	for	bias	with	

obesity.	 Many	 other	 risk	 factors	 also	 correlate	 with	 obesity	 in	 patients,	 such	 as	 OE	

exposure.		
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1.1.i.i.ii.i Endogenous	Unopposed	Oestrogen	(OE)	

The	 most	 common	 explanation	 linking	 obesity	 and	 EC	 are	 the	 effects	 of	 OE	 action	

unopposed	by	P4	 (Benedetto	et	 al.	 2015).	 	The	 conversion	of	 adrenal	 androgens	 from	

androstenedione	into	estrone	by	aromatase	activity	in	adipose	tissue	(Ali	2013;	Dougan	

et	 al.	 2015)	 or	 reduced	 P4	 levels	 (which	 acts	 as	 an	 OE	 protagonist)	 increase	 EC	 risk	

(Kamal	 et	 al.	 2016).	 This	 helps	 to	 explain	 the	 persistence	 of	 hormone	 receptor	

expression	 in	 the	 postmenopausal	 endometrium	 (as	 the	 hormones	 up	 regulate	 their	

own	receptors)	despite	cessation	of	ovarian	OE	and	P4	production.	An	European	study	

found	women	with	high	circulating	levels	of	OE	have	a	2.1-2.7-fold	increased	risk	of	EC	

than	those	women	with	normal	levels	(Allen	et	al.	2008).	Several	non-genetic,	epigenetic	

and	 mutagenic	 mechanisms	 have	 been	 identified,	 that	 effect	 OE	 influence	 on	 the	

endometrium	(Kamal	et	al.	2016).		

1.1.i.i.iii Polycystic	Ovary	Syndrome	(PCOS)	

PCOS	 is	 a	 highly	 prevalent,	 complex	 condition	 characterised	 by	 aberrant	 levels	 of	

ovarian	 hormones,	 ovulatory	 dysfunction	 and	 the	 development	 of	 multiple	 ovarian	

cysts,	which	impair	normal	function	(Goodarzi	et	al.	2011).	PCOS	has	been	shown	to	be	

an	independent	risk	factor	for	EC	(with	an	odds	ratio	adjusted	for	BMI	of	2.4	(1.0–6.2)),	

which	is	further	exacerbated	by	obesity	to	a	crude	odds	ratio	of	4.3	(1.8-10.2)	(Piltonen	

2016).	 	Women	with	PCOS	have	been	 shown	 to	have	 increased	 rates	 of	 EC	 at	 a	much	

younger	 age	 than	 those	 without	 PCOS,	 probably	 attributed	 to	 the	 dysfunctional	

hormonal	milieu	in	these	women	(Piltonen	2016).	Increased	OE	exposure	due	to	chronic	

anovulation	 is	 likely	 to	be	 the	 reason	behind	 the	association	of	EC	and	PCOS,	but	also	

potentially	the	insulin	pathways	may	be	implicated	(CRUK	2016;	Kamal	et	al.	2016).		
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1.1.i.i.iv Exogenous	hormone	treatment	

Postmenopausal	 women,	 use	 exogenous	 OE	 replacement	 in	 combination	 with	

progestogens	 for	endometrial	protection	 to	alleviate	 symptoms	of	 the	menopause	and	

premenopausal	women	use	 these	hormones	as	 contraceptives.	An	estimated	1%	of	all	

ECs	in	the	UK	each	year	are	associated	with	Hormone	Replacement	Therapy	(HRT)	use.		

Oestrogen-only	HRT	has	been	shown	in	a	meta-analysis	to	increase	the	risk	of	EC	by	2.3	

fold,	 compared	 to	 women	 who	 have	 not	 been	 on	 the	 therapy	 (CRUK	 2016).	 This	

increased	 risk	 is	 confined	 to	 the	 duration	 of	 the	 therapy,	 but	 after	 stopping,	 those	

patients	 are	 still	 at	 an	 increased	 risk	 compared	 to	women	who	 have	 never	 used	HRT	

(CRUK	2016).		

There	has	 also	been	 some	 study	 into	whether	 the	 increased	 risk	 shown	 is	 affected	by	

patient	 body	 weight.	 In	 women	 with	 a	 high	 BMI,	 endogenous	 OE	 levels	 are	 already	

elevated,	 and	 so	 exogenous	 OE	 treatment	 has	 been	 shown	 to	 have	 a	minimal	 impact	

(CRUK	 2013).	 Use	 of	 combined	 hormone	 replacement	 therapy	 (E2	 and	 P4)	 has	 been	

shown	 to	decrease	EC	risk	by	22%	compared	with	women	 that	have	never	used	HRT.	

The	 type	 of	 HRT	 has	 shown	 to	 increase	 the	 risk	 of	 EC,	 with	 continuous	 combined	

treatments	to	have	the	lowest	risk	compared	with	sequential	preparations	(Kamal	et	al	

2016).		

1.1.i.i.v Tamoxifen	

Tamoxifen	is	a	selective	ER	modulator	that	is	used	to	treat	breast	cancer	(Furr	&	Jordan	

1984;	Kamal	et	al.	2016).	In	breast	tissue	tamoxifen	reduces	proliferation	by	binding	to	

the	ERs	and	actively	competes	with	OE	molecules,	preventing	the	proliferative	signalling	

cascade,	which	is	characteristic	of	the	hormone	responsive	disease.	This	drug	has	been	

used	 to	 treat	 breast	 cancer	 however	 the	 function	 and	 the	 mechanism	 of	 action	 of	
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tamoxifen	in	endometrial	tissue	is	the	complete	converse	to	that	of	the	breast	tissue.	In	

the	 endometrium,	 tamoxifen	 acts	 as	 an	 ER	 agonist	 and	 as	 a	 driver	 of	 proliferation	

(Cohen	2004).	Tamoxifen	has	been	shown	to	promote	several	proliferation	pathways	in	

EC	cells	in	vitro	and	increase	uterine	weight	in	mice	(Hu,	Hilakivi-Clarke	&	Clarke	2015).	

Not	only	has	 tamoxifen	been	shown	 to	 increase	proliferation	 in	endometrial	 epithelial	

cells	 but	 also	 to	 change	 the	 migratory	 and	 invasive	 capabilities	 of	 both	 stromal	 and	

epithelial	 cells	 populations	 in	vitro	 (Taylor,	 Kalathy	&	Habiba	 2014;	 Tsai	 et	 al.	 2013).	

Therefore,	 unsurprisingly,	 tamoxifen	 use	 is	 associated	 with	 an	 increased	 risk	 of	 EH,	

polyp	formation	and	EC	in	a	number	of	studies	highlighted	in	Cohen	et	al.	(Cohen	2004).	

The	 risk	 associated	with	EC	does	not	 stop	with	 cessation	of	Tamoxifen	 treatment	 and	

long	term	users	are	more	likely	to	present	with	EC	at	an	advanced	stage	(Cohen	2004).	

The	net	benefit	of	tamoxifen	use	for	treatment	of	breast	cancer	outweighs	the	off	target	

effects	on	the	endometrium	and	is	a	still	commonly	used	in	women	with	breast	cancer	

(Hu,	Hilakivi-Clarke	&	Clarke	2015).	

1.1.i.i.vi Hereditary	conditions	

5%	 of	 ECs	 are	 associated	 with	 germline	 mutations	 including	 loss	 of	 DNA	 mismatch	

repair	 found	 in	Lynch	 syndrome	 (Lheureux	&	Oza	2016;	Lynch	et	 al.	 2015).	Often	 the	

first	diagnosis	is	of	cancer	(colorectal	usually)	and	then	testing	for	mutations	reveal	the	

genetic	link	and	predisposition	for	EC.	Cowden	syndrome	is	a	rare	autosomal	dominant	

disorder	caused	by	mutations	in	Phosphatase	and	tensin	homolog	(PTEN)	and	has	been	

shown	to	 increase	EC	risk	(Lheureux	&	Oza	2016;	Mahdi	et	al.	2015).	 	 In	 line	with	the	

Knudson	 ‘two-hit’	hypothesis,	 that	 in	order	 for	a	 cell	 to	become	cancerous	 two	events	

must	occur	(Knudson	1971).	The	cells	tumour	suppression	processes	must	be	overcome	

and	the	cell	must	become	independent	from	proliferative	stimuli.	In	Cowden	syndrome	
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one	of	these	‘hits’	has	already	occurred	increasing	the	likelihood	that	another	mutation	

will	occur	and	induce	a	cancerous	state.	

1.1.i.i.vii Lifestyle	

Coffee	and	tea	consumption	have	been	shown	to	have	some	protective	influence	on	EC	

development	 (CRUK	 2016;	 Merritt	 et	 al.	 2015).	 A	 Mediterranean	 style	 diet	

(characterized	as	high	vegetable	intake,	fruits/	nuts,	cereal,	legumes,	fish;	low	intake	of	

dairy	products	 and	meat;	 high	mono-saturated	 to	 saturated	 fatty	 acid	 ratio;	moderate	

alcohol	 consumption)	 has	 been	 shown	 to	 decrease	 EC	 risk	 even	 once	 BMI	 has	 been	

accounted	for	(Filomeno	et	al.	2015).	Previous	studies	(Je	&	Giovannucci	2012;	Je	et	al.	

2011)	 have	 assessed	 the	 effect	 of	 individual	 dietary	 products	 on	 EC	 risk,	 which	

corroborate	 the	 pooled	 analysis	 by	 Meritt	 et	 al.	 (Merritt	 et	 al.	 2015).	 There	 is	 some	

evidence	that	physical	activity	can	significantly	reduce	the	risk	of	EC	(Brown	et	al.	2012).	

1.1.ii Metastasis and Relapse in EC  

	Metastasis	 is	 defined	 as	 the	 spread	 of	 cancer	 cells	 beyond	 the	 tissue	 of	 origin	 and	

formation	of	new	tumours	(Martin	TA	2000-2013).	Metastasis	is	believed	to	be	the	main	

reason	 for	 cancer	 associated	mortality,	 thus	 considering	 the	 clinical	 patient	 outcomes	

associated	with	cancer,	 it	 is	not	only	 the	uncontrolled	growth	of	malignant	cells	 in	 the	

organ	of	origin	that	are	of	concern.	The	process	by	which	malignant	cells	migrate	from	

the	primary	tumour	from	the	primary	organ	to	other	parts	of	the	body	and	establish	in	

secondary	sites	is	known	as	metastasis.	The	most	common	form	of	spread	of	EC,	in	the	

first	 instance,	 is	 local	 invasion	 into	 the	 uterine	 layers	 (through	 the	 endometrium	

through	into	the	myometrial	layers),	then	into	the	surrounding	tissue.	From	there,	into	

the	abdomen,	pelvis,	and	into	the	bowel	or	bladder,	if	extensive	local	spread	is	observed.	

Metastasis	to	other	sites	in	the	patient	is	often	facilitated	by	the	spread	of	the	malignant	
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cells	 into	 the	 lymph	 nodes.	 The	 TNM	 classification	 of	 metastatic	 spread	 is	 shown	 in	

Table	1.	

The	common	treatment	for	EC	confined	to	the	uterus	is	surgery	and	as	such	any	relapse	

in	 these	patients	 arises	 from	metastatic	 disease.	 In	 order	 to	metastasize,	 tumour	 cells	

must	undergo	several	changes	that	allow	the	cancer	cells	to	evade	the	governance	of	the	

cell	 cycle	 progression	 and	 escape	 immune	 response.	 Metastasis	 involves	 three	 key	

stages:	invasion,	intravasation	and	extravasation.	To	begin	the	metastatic	process	and	to	

invade	 into	 local	normal	 tissue	 the	 cells	must	 first	 become	motile	 (Hecht	 et	 al.	 2015).	

This	 involves	 breaking	 the	 cell-cell	 interactions	 and	 the	 adhesion	 to	 the	 basement	

membrane	(Hecht	et	al.	2015).	Cells	achieve	this	by	changing	the	cell	polarity,	overriding	

the	apoptosis	 signal	 cascade	 that	 is	normally	 initiated	when	 cells	 lose	polarity	 and	no	

longer	are	anchored	to	the	basement	membrane	to	the	surrounding	cells.		

Local	 spread	 is	 the	 usual	 first	 spread	 of	 EC,	 as	 described	 in	 the	 FIGO	 staging	 of	 the	

disease.	 	Common	recurrence	sites	 include	 local	spread	to	 the	pelvis	and	pelvic	nodes,	

the	para-aortic	nodes,	peritoneum	and	lungs	(Kurra	et	al.	2013).	Uncommon	recurrence	

has	been	reported	in	muscle,	pancreas,	spleen	and	rectum	(comprising	less	than	5%	of	

cases)	(Kurra	et	al.	2013).	

Cancer	 recurrence	 at	 both	 local	 and	 distant	 sites	 is	 a	 significant	 problem	 for	 patients	

after	resection	of	the	primary	tumour	(Grigsby	et	al.	1992).	Recurrence	has	been	shown	

to	occur	in	13%	of	treated	EC	cases	with	75-80%	occurring	within	a	median	2-3	years’	

time	(Fung-Kee-Fung	et	al.	2006;	Kurra	et	al.	2013).	

Metastatic	 spread	 is	 the	 most	 important	 aspect	 of	 cancer	 that	 is	 directly	 related	 to	

cancer	 related	 death.	 Therefore	 therapies	 targeting	 metastasis	 will	 be	 pivotal	 in	
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preventing	metastasis	and	directly	treating	the	cancer	cells	in	distant	location	reducing	

both	recurrence	(disease	free	survival)	and	mortality.	

Finding	potential	biomarkers	or	therapeutic	options	to	target	cells	that	have	travelled	to	

a	secondary	site	preventing	the	 formation	of	macrometastases,	which	ultimately	cause	

fatalities.	There	are	two	avenues	of	metastasis	research	that	approach	the	problem	from	

different	perspectives.	Targeting	the	primary	tumour	and	preventing	cells	disseminating	

from	 that	 tumour	 or	 preventing	 cells	 that	 have	 already	 travelled	 from	 the	 primary	

tumour	and	preventing	their	growth	at	secondary	or	tertiary	sites.	

The	main	 emphasis	 of	 the	work	 presented	 in	 this	 thesis	 is	 to	 investigate	 the	 selected	

proteins	 that	 are	 known	 to	 be	 involved	 in	 metastasis	 in	 other	 hormone	 responsive	

cancers,	 particularly	 exploring	 their	 involvement	 in	 EC.	 It	 was	 envisaged	 that	 the	

information	 generated	 from	 this	 line	 of	 investigation	 could	 help	 to	 find	 novel	

therapeutic	targets	in	EC.		

1.5.i Predictive	Biomarkers	of	Disease	Severity	and	Relapse	

Treatment 

Surgery	is	the	standard	first	line	treatment	in	the	majority	of	cases	and	involves	a	total	

hysterectomy	with	removal	of	both	fallopian	tubes	and	ovaries,	however	with	the	rise	in	

comorbidities	 (such	 as	 diabetes,	 high	 blood	 pressure,	 cardiac	 disease,	 obesity,)	 in	

patients,	 surgical	 intervention	 comes	with	 increased	 risk	of	 serious	 complications	and	

high	morbidity	 (Iyer	 et	 al.	 2015).	 As	 a	 result,	 1	 in	 4	women	 suffer	 from	post-surgical	

complications	after	gynaecological	surgery	(Iyer	et	al.	2015).	Hysterectomies	can	now	be	

done	 using	 minimally	 invasive	 techniques	 (Morice	 et	 al.	 2016).	 Minimal	 invasive	

surgery,	 such	 as	 laparoscopy,	 involves	 making	 several	 small	 incisions,	 using	 cameras	
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and	 surgical	 instruments	 to	 remove	 the	 desired	 tissue.	 Originally	 used	 for	 diagnostic	

purposes,	 laparoscopic	surgery	has	now	been	described	as	 the	gold	standard	 first	 line	

treatment	for	most	gynaecological	malignancies	(Fader	2017)	which	should	reduce	risks	

associated	 with	 such	 surgeries	 and	 postoperative	 complications	 such	 as	 infections	

(Fader	 et	 al.	 2012;	 Morice	 et	 al.	 2016;	 Palomba	 et	 al.	 2009).	 Surgical	 assessment	 of	

lymph	nodes	for	staging	at	primary	surgery	is	the	most	varied	practice,	ranging	from	no	

nodal	 assessment,	 to	 sentinel	 node	 mapping,	 to	 complete	 pelvic	 and	 aortic	

lymphadenectomy	up	 to	 the	 renal	 vessels.	No	 survival	 advantage	 has	 been	 associated	

with	 staging	 lymphadenectomy	 and	 limb	 lymphedema	 can	 develop	 in	 patients	

depending	on	 the	number	of	nodes	 removed	 (Morice	et	al.	2016).	Type	 II	ECs	 require	

different	 treatment	 management	 due	 to	 the	 high	 incidence	 of	 extrauterine	 disease	

including	 lymph	node	metastasis	 (Morice	et	al.	2016).	These	patients	undergo	surgery	

that	includes	hysterectomy	with	bilateral	salpingo-oophorectomy,	pelvic	and	para-aortic	

lymphadenectomy,	omentectomy	and	peritoneal	biopsies.	

1.6 Potential	Therapeutic	Targets	and/or	Markers	for	Treating	EC	

The	standard	first	 line	treatment	for	EC	(unless	opting	for	a	fertility-sparing	treatment	

course)	 is	 still	 a	 hysterectomy	 but	 in	 the	 case	 where	 this	 is	 not	 a	 suitable	 option	

cytoreductive	 surgery	 may	 still	 be	 the	 best	 current	 option.	 However,	 there	 are	

significant	problems	associated	with	surgery	in	EC	patients.	Recent	data	from	the	UK	has	

shown	 that	1	 in	4	women	undergoing	 surgery	 for	 gynaecological	malignancies	 suffers	

from	high	morbidity	and	serious	inter	or	post-operative	complications	(Iyer	et	al.	2015;	

Iyer	 et	 al.	 2013).	Often	EC	patients	 have	 several	 comorbidities	 (such	 as	 advanced	 age	

and	 obesity)	 that	 can	 make	 surgical	 intervention	 riskier.	 The	 discovery	 of	 medical	
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treatments	for	EC	that	can	be	used	in	these	patients	could	provide	a	solution	to	a	clinical	

need	that	is	not	currently	being	met.	

Currently	systemic	treatments	offered	for	patients	with	metastatic	or	recurrent	disease	

have	 limited	efficacy	(Bradford	et	al.	2015)	and	as	such	 finding	novel	ways	of	 treating	

this	 patient	 group	 is	 desperately	 needed.	 Being	 able	 to	 target	 specific	 molecular	

pathways	 may	 increase	 treatment	 efficacy	 as	 well	 as	 reduce	 the	 off-target	 effects	 of	

systemic	 treatments	 that	 often	 can	 contribute	 to	 decreases	 in	 quality	 of	 life	 and	

withdrawal	from	treatment	if	the	side	effects	are	intolerable.		

1.6.i Current	Novel	Targeted	Therapeutics	and/or	Biomarkers	for	EC		

Targeted	therapies	for	EC	have	recently	been	comprehensively	reviewed	by	Rodriguez-

Freixinos	et	al.	2016	(Rodriguez-Freixinos,	Karakasis	&	Oza	2016).	 	 In	summary,	 there	

are	several	clinical	trials	currently	underway	which	are	investigating	targeted	therapies	

against	 a	 range	 of	molecular	 targets	 including	 the	 PI3K/PTEN/AKT/mTOR	 inhibitors,	

angiogenesis	inhibitors,	Epidermal	Growth	Factor	Receptor	(EGFR)	pathway	inhibitors,	

Metformin,	 immunotherapy,	 Poly(ADP-Ribose)	 Polymerase	 (PARP)	 inhibitors,	 MEK	

inhibitors	and	targeted	chemotherapeutic	agents	(Rodriguez-Freixinos,	Karakasis	&	Oza	

2016).	Of	the	PI3K/PTEN/AKT/mTOR	pathway	inhibitors	only	one	has	highlighted	any	

candidate	 biomarkers	 and	mTOR	 inhibitors	 although	 considered	 as	 the	 first	 targeted	

therapy	has	significant	toxicities,	and	there	is	no	way	of	identifying	which	patients	will	

benefit	 from	 the	 treatment,	 as	 there	 are	 no	 predictive	 biomarkers	 to	 assess	 response	

(Rodriguez-Freixinos,	Karakasis	&	Oza	2016)	and	as	 is	 seen	with	many	other	 targeted	

therapies	 the	emergence	of	resistance	via	pathway	adaptation	will	most	 likely	need	to	

be	addressed.	Novel	targeted	therapies	have	shown	some	early	promise	regarding	their	

activity,	but	much	greater	research	into	the	combination	of	these	emerging	therapies	in	
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EC	is	needed	by	the	design	of	robust	clinical	trials	(Rodriguez-Freixinos,	Karakasis	&	Oza	

2016).	

The need for novel targeted therapies 

Although	 there	are	some	targeted	 therapies	being	 trialled,	 there	 is	 still	 sparse	data	on	

the	 effectiveness	 of	 such	 treatments	 for	 late	 stage/	 relapsing	 disease.	 There	 are	

relatively	 few	 robust	 prospective	 studies	 for	 treatment	 of	 this	 group	 of	 patients	

(Bradford	et	al.	2015).	There	have	been	several	proteins	associated	with	a	reduction	in	

disease-free	 survival	 and	 overall	 survival	 in	 cancer	 (Edqvist	 et	 al.	 2015;	 Huijgens	 &	

Mertens	 2013).	 In	 breast	 cancer,	 a	 panel	 of	 proteins	 (Anterior	 Gradient	 Homolog	 2	

(AGR2),	 S100A4	 and	 S100P)	 have	 been	 shown	 to	 be	 markers	 of	 decreased	 survival	

(Disease	 Free	 Survival;	 DFS	 and	 Overall	 Survival;	 OS)	 (de	 Silva	 Rudland	 et	 al.	 2011).	

S100A4	has	recently	been	found	to	be	aberrantly	expressed	in	brain	metastases	from	a	

number	of	different	primary	cancers	including	EC	(Zakaria	et	al.	2016).	This	same	panel	

of	proteins	have	been	found	to	be	aberrantly	expressed	in	endometriosis	patient	tissues	

(Hapangama	et	al.	2012).		

1.7 Metastasis	Inducing	Proteins	(MIPs)	

Metastasis-inducing	proteins	(MIPs)	have	been	found	to	 increase	metastasis	and	other	

features	associated	with	poor	outcome	in	several	cancers.	AGR2	has	been	shown	to	be	

associated	 with	 poor	 survival,	 migration,	 invasion	 and	 metastasis	 (Barraclough	 et	 al.	

2009;	Di	Maro	et	al.	2014;	Liu	et	al.	2005;	Salmans,	Zhao	&	Andersen	2013;	Sung	et	al.	

2014).	 S100A4	 has	 been	 well	 documented	 to	 be	 implicated	 in	 cancer	 progression,	

metastasis	 and	 reduced	 survival	 in	 several	 cancer	 types	 including	 bladder,	 pancreatic	

and	breast	cancer	(Ismail	et	al.	2008;	Levett	et	al.	2002;	Sagara	et	al.	2010;	Zhou	et	al.	

2018).	S100P	 is	associated	with	poor	survival,	 recurrence	and	metastasis	 (Wang	et	al.	
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2006b;	Yuan	et	al.	2013).	The	main	focus	of	this	project	is	assessing	the	MIPs	in	EC	and	

concentrating	particularly	on	the	S100	protein,	S100P.	

1.7.i S100	Protein	Family	

All	 members	 of	 the	 S100	 family	 of	 proteins	 (listed	 in	 Table	 2)	 have	 highly	 similar	

primary	 structures,	 although	 their	 functions	 do	 differ	 (Bresnick,	 Weber	 &	 Zimmer	

2015).	There	are	over	21	members	of	the	family	that	have	been	identified,	The	majority	

of	 S100	 proteins	 are	 encoded	 within	 a	 2Mb	 region	 at	 q21	 of	 human	 chromosome	 1	

(Shang,	 Cheng	&	 Zhou	2008b),	 however,	 the	 genes	 for	 four	 S100	 family	members	 are	

found	on	human	chromosomes	21q22	(S100B),	Xp22	(S100G),	4p16	(S100P)	and	5q14	

(S100Z)	(Bresnick,	Weber	&	Zimmer	2015;	Santamaria-Kisiel,	Rintala-Dempsey	&	Shaw	

2006).	 The	 fact	 that	 S100	 proteins	 are	 only	 found	 in	 vertebrates	 and	 no	 S100-like	

sequences	have	been	found	in	invertebrate	species	suggests	that	the	S100	family	have	a	

relatively	 ‘young’	ancestral	origin	(Shang,	Cheng	&	Zhou	2008a).	The	encoding	regions	

for	 the	 S100	 proteins	 are	 highly	 conserved	 (Zimmer	 et	 al.	 1995),	 however	 there	 are	

some	 differences	 in	 expression	 between	 humans	 and	mice,	 for	 example,	 mice	 do	 not	

contain	 the	 S100P	 or	 S100A12	 genes	 (Zimmer	 et	 al.	 2013),	 and	 thus	 do	 not	 express	

S100P	 or	 S100A12	 protein	 and	 the	 S100A7	 protein	 expressed	 in	 mice	 differs	

dramatically	from	the	S100A7	protein	expressed	in	humans	(Zimmer	et	al.	2013),	which	

makes	 extrapolating	data	 obtained	 from	preclinical	 animal	models	 into	 human	 cancer	

difficult.	A	more	recent	study	claimed	to	have	detected	S100P	expression	in	the	mouse	

uterus,	this	study	was	retracted	due	to	concerns	over	antibody	specificity	(Zhang	et	al.	

2017).	 S100	 proteins	 are	 instrumental	 in	 several	 calcium	 dependent	 signalling	

pathways,	 regulating	 cell	 cycle	 progression,	 proliferation	 and	 cellular	 differentiation	

(Bao	 et	 al.	 2012;	 Broome,	 Ryan	 &	 Eckert	 2003;	 Donato	 2001;	 Lagasse	 &	 Clerc	 1988;	
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Tahara	 et	 al.	 2016).	 They	 possess	 no	 enzymatic	 activity	 so	 elicit	 their	 effects	 through	

their	 binding	 partners.	 Therefore,	 S100	 proteins	 have	 been	 shown	 to	 aid	 in	 several	

normal	 cellular	 functions	 such	as	 cell	 proliferation	 (Guo	et	 al.	 2014;	 Jiang	et	 al.	 2016)	

and	 when	 aberrantly	 expressed	 they	 can	 also	 contribute	 to	 the	 carcinogenesis	 and	

malignant	potential	of	the	cells.		
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Table 2. S100 Family Proteins. Loci for the S100 family genes are predominantly 
located on chromosome 1 (S100A1-S100A14 and S100A16). Pseudogenes of the S100 
family also exist but are not further discussed for the purposes of this project. More 
information about the S100 family genes can be found published by Marenholz et al. 
(Marenholz, Heizmann & Fritz 2004). 
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S100A4 

S100A4	Discovery	and	Background	

S100A4	was	first	identified	in	1987	(Barraclough	et	al.	1987;	Boye	&	Maelandsmo	2010;	

Jackson-Grusby,	Swiergiel	&	Linzer	1987).	The	resulting	S100A4	protein	has	a	molecular	

mass	 of	 approximately	 11.5kDa	 with	 two	 Ca2+-binding	 EF-hand	 motifs	 (Boye	 &	

Maelandsmo	2010).		The	role	of	S100A4	in	cancer	in	vivo	has	been	well	studied	in	animal	

models	 (Davies	 et	 al.	 1996;	 Levett	 et	 al.	 2002)	 but	 the	 normal	 biological	 function	 of	

S100A4	has	not	been	identified	(Boye	&	Maelandsmo	2010).	

S100A4	Encoding	Gene	

S100A4	protein	is	encoded	by	the	gene	of	the	same	name	located	on	chromosome	1q21	

(Ambartsumian	et	al.	1995;	Garrett	et	al.	2006;	Ravasi	et	al.	2004).	The	gene	encoding	

S100A4	is	within	a	core	cluster	for	the	majority	of	the	S100	family.		The	human	S100A4	

gene	 itself	 is	 comprised	of	 four	 exons,	 the	 first	 and	 fourth	 are	non-coding,	 the	 second	

exon	 contains	 the	 ATG	 start	 codon	 and	 the	 N-terminal	 EF	 hand	 and	 the	 third	 exon	

encodes	the	C-terminal	EF	hand	(Heizmann,	Fritz	&	Schafer	2002;	Ravasi	et	al.	2004).	

S100A4	Protein	Structure	

The	first	three-dimensional	structure	of	S100A4	was	obtained	using	solution	NMR	of	the	

inactive	S100A4	without	calcium	(Vallely	et	al.	2002).	The	solution	structure	revealed	a	

four-helix	bundle	of	homodimers	comprised	of	two	helices	from	each	subunit,	four	alpha	

helices	overall.		Like	the	other	S100	proteins,	upon	binding	calcium,	S100A4	undergoes	

significant	 conformational	 changes	 in	 its	 three-dimensional	 structure,	which	 reveals	 a	

hydrophobic	pocket	(Pathuri,	Vogeley	&	Luecke	2008)	(Figure	4).	
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S100A4	Expression	and	Function	in	Normal	Tissues	

Expression	

S100A4	is	expressed	in	multiple	human	tissues	under	normal	conditions	at	the	RNA	and	

protein	level	(Figure	5).	S1004	protein	is	expressed	in	a	number	of	different	human	cell	

types	 including	 neutrophils,	 some	 T-cells,	 activated	macrophages,	 fibroblasts,	 smooth	

muscle,	and	several	cell	types	in	the	epidermis	(Chaabane,	Heizmann	&	Bochaton-Piallat	

2015;	Gibbs	 et	 al.	 1995;	 Louka	&	Ramzy	2016;	Oslejskova	 et	 al.	 2008).	Under	 normal	

conditions	 (not	 a	 disease	 state),	 the	 majority	 of	 cells	 express	 S100A4	 do	 so	 in	 the	

cytoplasm	(Malashkevich	et	al.	2008).		

Figure 4. S100A4 Protein Structure. A) Ca2+ bound calcium homodimeric structure of 
S100A4. Each monomer contains 4 α-helices H1-H4 and two short connecting loops L1-
L3. Each monomer is blue or green and the red balls are bound calcium. The N-terminal 
and C-terminal ends of both monomers are shown in the matching colour. B) Shows to 
electrostatic potential representations of Ca2+ bound S100A4. The hydrophobic regions 
are found in the white areas namely in between the L2 and H4 structures shown by the 
arrows. Positively and negatively charged areas of the molecule are shown in dark blue 
and red respectively. Figure adapted from (Pathuri, Vogeley & Luecke 2008).	
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Function	

S100A4	has	no	enzymatic	activity	but	exerts	its	effect	through	regulation	or	binding	to	

target	 proteins	 (Boye	 &	 Maelandsmo	 2010;	 Donato	 et	 al.	 2013).	 Binding	 partners	 of	

S100A4	include	actin,	non-muscle	myosin	IIA	(Du	et	al.	2012;	Kriajevska	et	al.	1994;	Li	&	

Bresnick	2006),	tropomyosin	(Takenaga	et	al.	1994),	p53	(Grigorian	et	al.	2001),	liprin	

β1	(Kriajevska	et	al.	2002),	methionine	aminopeptidase	2	(Endo	et	al.	2002),	CCN3	(Li	et	

al.	 2002),	 S100A1	 (Wang	 et	 al.	 2005),	 p53	 (Orre	 et	 al.	 2013)	 and	 septin	 2,	 6,	 and	 7	

(Koshelev,	Kiselev	&	Georgiev	2003)	resulting	 in	several	cellular	processing	which	are	

influenced	by	S100A4.		

S100A4	in	EMT	

S100A4	is	considered	to	be	a	reliable	marker	of	EMT	during	organ	fibrosis	(Okada	et	al.	

1997)	including	TGF-β	induced	EMT	in	renal	fibrosis	(Ning	et	al.	2018).	 

S100A4	in	Migration	and	Invasion	

During	normal	cellular	activities,	S100A4	has	been	found	to	be	activated	during	wound	

healing	in	cornea	regeneration	and	in	myocardial	tissue	repair	in	vivo	(Ryan	et	al.	2003;	

Schneider	 et	 al.	 2007).	 S100A4	 through	 binding	 to	 non-muscle	 myosin	 I-IIA	 regulates	

cellular	 motility	 in	 motile	 cells.	 S100A4	 is	 highly	 expressed	 in	 immune	 cells	 and	

fibroblasts,	 such	 as	macrophages	 (Li,	 Zhang	&	Wang	2010;	Takenaga	 et	 al.	 1994)	 that	

need	 to	 be	 motile	 in	 order	 to	 function.	 S100A4	 is	 instrumental	 in	 the	 regulation	 of	

invasion	and	migration	of	macrophages	(Dulyaninova	et	al.	2018;	Li	&	Bresnick	2006).	

S100A4	loss	has	been	shown	to	result	in	over	assembly	of	myosin-IIA	filaments	resulting	

in	changes	in	cell	polarization	and	ultimately	motility	(Li	&	Bresnick	2006).	In	a	S100A4	

knock	out	mouse	model	macrophage	motility	and	chemotaxis	were	inhibited	in	vitro	(Li,	

Zhang	&	Wang	2010).	Dulyaniova	et	al.	went	on	to	demonstrate	the	role	of	S100A4	in	the	
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regulation	 of	 podosome	 rosettes	 on	macrophages	 and	 indicated	 S100A4	 has	 a	 pivotal	

role	 in	matrix	degradation	(Dulyaninova	et	al.	2018).	Myosin-independent	 interactions	

were	shown	to	increase	in	microtubule	acetylation,	which	increased	podosome	rosette	

stability	(Dulyaninova	et	al.	2018).	

S100A4	Expression	and	Function	in	Disease	and	Cancer	

Expression	

Elevated	 S100A4	 expression	 has	 been	 described	 in	 diseases	 such	 as	 Crohn’s	

(Cunningham	 et	 al.	 2010).	 In	 cancerous	 tissue	 S100A4	 is	 expressed	 in	 the	 nuclei,	

cytoplasm	and	extracellular	space	in	contrast	to	the	cytoplasmic	location	in	normal	cells	

(Boye	 &	 Maelandsmo	 2010;	 Cabezon	 et	 al.	 2007;	 Strutz	 et	 al.	 1995;	 Takenaga	 et	 al.	

1994).	 S100A4	 upregulation	 has	 also	 been	 shown	 in	 the	 progression	 of	 rheumatoid	

arthritis	(RA)	patient	synovial	fluid;	normal	fibroblasts	were	shown	to	not	express	any	

S100A4	but	as	the	disease	progresses	increased	expression	can	be	observed	(Senolt	et	

al.	 2006).	 As	 a	 secreted	 protein	 S100A4	 has	 been	 demonstrated	 to	 enhance	

inflammation	 in	 RA.	 Peripheral	 blood	 monocyte	 cells	 when	 stimulated	 with	 S100A4	

significantly	 increased	 their	production	of	 inflammatory	cytokines	 (such	as	 IL-1β,	 IL-6	

and	TNFα)	(Cerezo	et	al.	2014).		

The	presence	of	S100A4	in	patients’	cancer	cells	has	been	shown	to	be	associated	with	

reduced	patient	survival	in	many	different	cancers	including:	cholangiocarcinoma	(Orre	

et	 al.	 2013),	 bladder	 (Levett	 et	 al.	 2002),	 ovarian	 (Kikuchi	 et	 al.	 2006),	 non-small	 cell	

lung	 cancer	 (Stewart	 et	 al.	 2016),	 gall	 bladder	 (Nakamura	 et	 al.	 2002),	 oesophageal	

(Ninomiya	et	al.	2001),	pancreatic	cancer	(Hua	et	al.	2016)	and	gastric	cancers	(Helfman	

et	 al.	 2005;	Mazzucchelli	 2002).	 In	 in	 vitro	 studies,	 S100A4	 is	well	 documented	 to	 be	

involved	 in	 cancer	 progression,	 migration,	 metastasis,	 invasion	 and	 angiogenesis	
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(Barraclough	 1998;	 Dahlmann	 et	 al.	 2014;	 Helfman	 et	 al.	 2005;	 Ismail	 et	 al.	 2008;	

Keirsebilck	et	al.	1998;	Levett	et	al.	2002;	Sack	et	al.	2011;	Sagara	et	al.	2010).	

Function	

S100A4	in	Tumour	Initiation	and	Progression	

S100A4	 silencing	 has	 shown	 decreased	 tumour	 initiation	 in	 a	 nude	mouse	melanoma	

model	(Hernandez	et	al.	2013).	However	a	recent	study	using	a	colorectal	mouse	model,	

APC	and	SMAD4	mutant	mice,	showed	no	increase	in	intestinal	tumour	initiation	(Atlasi	

et	al.	2016).	As	already	discussed	S100A4	has	been	shown	to	alter	macrophage	motility	

and	 the	 effects	 of	 S100A4	 in	 the	 tumour	 microenvironment	 have	 been	 proposed	 as	

tumour	promoting	and	metastasis	inducing	through	expression	by	and	interaction	with	

immune	cells	(Cabezon	et	al.	2007;	Nasser	et	al.	2015).	

Angiogenesis	 is	 an	 instrumental	 process	 required	 for	 tumour	 development	 to	 retain	

oxygenation	 and	 nutrient	 delivery	 to	 the	 growing	 tumour	 cells.	 In	 vitro	 silencing	 of	

S100A4	 has	 been	 shown	 to	 reduce	 tubule	 formation	 in	 cell	 line	 cultures	 and	 in	 vivo	

reduced	 vessel	 formation	 and	 tumour	 volume	 was	 observed	 in	 the	 S100A4	 silenced	

tumours	(Ochiya,	Takenaga	&	Endo	2014).			

S100A4	in	Metastasis	

Expression	of	S100A4	 in	a	benign	mammary	cell	 line	 induced	a	metastatic	phenotype.	

(Davies	et	al.	1993).	As	well	as	the	link	with	metastasis	S100A4	has	also	been	shown	to	

inhibit	p53	by	increasing	its	degradation	in	a	lung	cancer	cell	 line,	so	exhibiting	effects	

on	cell	cycle	progression	(Grigorian	et	al.	2001;	Orre	et	al.	2013).		This	effect	on	p53	was	

shown	 in	 reverse	 using	 S100A4	 knock	 out	 cell	 line	models,	 which	 demonstrated	 p53	

stability	within	the	nucleus	(Orre	et	al.	2013).	Intracellular	S100A4	has	high	affinity	for	



Endometrial Cancer Cell Lines as a Model for Metastasis 

55	

p53	and	non-muscle	myosin	heavy	chain	isoform	and	mutations	in	the	protein	showed	

significant	reduction	 in	migration	and	 incidence	of	metastasis-promoting	properties	 in	

the	Rama	37	cell	line	(Ismail	et	al.	2010).	

S100A4	in	Invasion	

S100A4	expression	is	correlated	with	invasion	in	pancreatic	cancer	and	in	vitro	has	been	

shown	 to	 drive	 invasive	 potential	 in	 lung	 cancer	 cell	 lines	 (Stewart	 et	 al.	 2016;	

Tsukamoto	et	al.	2013).	In	cultured	colorectal	cancer	cells	S100A4	knockdown	resulted	

in	altered	levels	of	cellular	matrix	remodelling	genes	such	as	matrix	metalloproteinases	

and	tissue	inhibitors	of	metalloproteinases	that	are	instrumental	in	cancer	cell	invasion	

(Dahlmann	et	al.	2016).	

S100A4	in	Angiogenesis	

Although	 shown	 to	 induce	 angiogenesis	 in	 several	 studies	 it	 is	 only	 a	 fairly	 recent	

discovery	 into	 the	 mechanism	 behind	 S100A4	 angiogenesis	 promoting	 action.	 The	

location	of	expression	dictates	the	function	of	S100A4.	Extracellular	S100A4	secreted	by	

tumours	 has	 been	 shown	 to	 stimulate	 angiogenesis	 by	 increasing	 the	 motility	 of	

endothelial	 cells	 (Ambartsumian	 et	 al.	 2001)	 as	 well	 as	 stimulation	 of	 matrix	

metalloproteinases	which	 are	 utilized	 for	 proteolytic	 extracellular	matrix	 degradation	

(Schmidt-Hansen	et	al.	2004).	The	interaction	between	S100A4	and	annexin	II	expressed	

on	endothelial	cells	has	been	shown	to	increase	angiogenic	effects	in	vitro,	which	were	

negated	 when	 using	 a	 synthetic	 annexin	 II	 peptide	 (Semov	 et	 al.	 2005).	 Along	 with	

vascular	 endothelial	 growth	 factor,	 S100A4	 induces	 angiogenesis	 through	 aiding	

neovascularization	and	vascular	leakage	(Cheng,	He	&	Xing	2016;	Schmidt-Hansen	et	al.	

2004).	The	role	of	S100A4	in	promotion	of	angiogenesis	has	been	demonstrated	by	the	

use	of	synthetic	peptides	which	block	 the	hydrophobic	pocket	of	S100A4	to	prevent	 it	
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binding	 to	 methionine	 aminopeptidase	 2	 specifically	 in	 endothelial	 cells	 markedly	

reduced	capillary	formation	in	vitro	and	neovascularization	 in	vivo	(Nasser	et	al.	2015;	

Ochiya	et	al.	2015).	

S100A4	Involvement	in	EC	

Xie	 et	 al.	 demonstrated	 reduction	 of	 S100A4	 expression	 in	 the	 HEC1A	 cell	 line	 can	

induce	the	invasiveness	of	EC	cells	using	RNAi.	Experiments	in	the	HEC1A	cell	line	went	

on	 to	 show	 that	 the	 TGF-beta1	 signalling	 pathway	 upregulates	 S100A4	 suggesting	 a	

connection	between	S100A4	and	EMT	in	EC	(Xie	et	al.	2009).	S100A4	has	been	shown	to	

play	a	role	in	the	promotion	of	EC	EMT.	Hua	et	al.	showed	increased	S100A4	expression	

in	 the	epithelial	 cells	of	EC	compared	with	normal	endometrial	epithelium	and	 that	 in	

vitro	 silencing	 of	 S100A4	 in	 the	HEC1B	 cell	 line	 changed	 the	morphology	 of	 the	 cells,	

decreased	 the	 migration	 and	 invasion	 of	 EC	 cells	 and	 down	 regulated	 several	 EMT	

markers	including	E-cadherin	and	vimentin	(Hua	et	al.	2016).	

Another	S100	 family	protein,	S100P	has	also	been	shown	 to	act	as	a	MIP	 (Wang	et	al.	

2006b).	 Due	 to	 the	 similarity	 in	 the	 sequences	 of	 S100A4	 and	 S100P	 it	 is	 possible	 to	

infer	some	of	S100P’s	possible	functions	within	the	context	of	cancer	research.	

S100P 

Discovery	and	Background	

S100P	 is	 another	member	 of	 the	 S100	 family	 of	 proteins	 that	 belong	 to	 the	 EF-hand	

superfamily	of	calcium-binding	proteins.	First	discovered	in	1992,	S100P	was	originally	

isolated	 from	 human	 placenta	 (Becker	 et	 al.	 1992).	 Originally	 identified	 as	 sharing	

approximately	50%	sequence	homology	with	 the	other	S100	proteins	 identified	at	 the	

time	(S100α	and	S100β)	(Becker	et	al.	1992).		
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Expression	and	Function	in	Normal	Tissues	

S100P	has	also	been	shown	to	be	expressed	in	the	human	embryo	during	development	

(Tong	et	al.	2010).	Transient	increases	in	S100P	expression	have	also	been	documented	

in	the	teenage	prostate,	which	recedes	into	adulthood	(Dhanasekaran	et	al.	2005;	Tong	

et	al.	2010).	S100P	is	expressed	in	the	normal	pre-menopausal	endometrium	during	the	

implantation	 window	 of	 the	 menstrual	 cycle,	 when	 the	 endometrium	 is	 at	 its	 most	

receptive.	 In	 adults,	 S100P	 is	 expressed	 is	 several	 tissues	 including	 oesophageal,	

stomach,	 duodenum	 and	 large	 intestine	 at	 the	 mRNA	 level	 as	 well	 as	 high	 protein	

expression	 in	 the	 placenta	 and	 stomach	 (Figure	 6)(Parkkila	 et	 al.	 2008;	 Tong	 et	 al.	

2010).		
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Figure 6. S100A4 RNA and Protein Expression Levels in Normal Human 
Tissue Sourced from the Human Protein Atlas Project. mRNA sequencing was 
performed on Illumina HiSeq2000 and 2500 machines (Illumina, San Diego, CA, USA) 
using the standard Illumina RNA-seq protocol with a read length of 2x100 bases. 
Transcript abundance estimation was performed using Kallisto v0.42.4. mRNA 
expression is expressed as transcript per million (TPM) as the sum of the TPM values 
of all its protein-coding transcripts. The average TPM value for replicate samples 
were used as abundance score. The threshold level to detect presence of a transcript 
for a particular gene was set to ≥ 1 TPM.  Each bar represents the highest expression 
score found in a particular group of tissues. Protein expression scores are based on a 
best estimate of the "true" protein expression from a knowledge-based annotation. 
This is achieved by stringent evaluation of immunohistochemical staining pattern, 
RNA-seq data from internal and external sources and available protein/gene 
characterization data. 
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The	S100P	Encoding	Gene		

The	S100P	gene	is	located	at	a	different	locus	to	the	other	S100	proteins	(4p16.1)	and	is	

only	found	with	one	gene	copy	(unlike	other	S100	genes).	In	common	with	other	S100	

protein	 genes	 homologues	 have	 been	 identified	 in	 other	 mammalian	 species	 such	 as	

chimpanzee,	dog	and	opossum;	however,	unlike	the	other	S100	protein	genes	there	is	no	

fish	 or	 rodent	 S100P	 gene	 (Shang,	 Cheng	&	 Zhou	 2008a).	 This	 could	 be	 attributed	 to	

incomplete	 genome	 sequencing	 of	 other	 species	 or	 an	 events	 that	 occurred	 during	

speciation	(Prica	et	al.	2016;	Shang,	Cheng	&	Zhou	2008a).	

S100P	Structure	

S100P,	in	common	with	most	other	S100	proteins,	consists	of	a	homodimeric	structure	

of	with	 each	monomer	 containing	 two	 EF-hand	 structures	with	 differing	 affinities	 for	

calcium	(one	high,	one	low)	(Figure	7).		The	high	affinity	calcium-binding	site	is	found	in	

C-terminal	region	whereas	the	low	affinity	binding	site	is	found	in	the	N-terminal	region	

of	 the	 S100P	molecule	 (Gribenko	&	Makhatadze	 1998).	 There	 is	 a	 flexible	 linker	 that	

connects	the	two	EF	hand	motifs	(Zhang	et	al.	2003).	Ca2+	and	Mg2+	bind	to	the	C-	and	N-	

terminal	binding	sites	at	physiological	concentrations	but	only	Ca2+	binding	changes	the	

conformation	 at	 the	 C-terminus	 of	 the	 protein,	 allowing	 it	 to	 interact	 and	 bind	 other	

proteins	(Becker	et	al.	1992).	This	conformational	change	was	shown	only	in	the	tertiary	

but	not	the	secondary	structure	of	the	molecule	(Gribenko	&	Makhatadze	1998;	Zhang	et	

al.	2003).	
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Proteins	that	interact	with	S100P	

S100P	like	many	of	the	other	S100	family	proteins	does	not	function	directly	as	it	does	

not	 have	 a	 catalytic	 region	 but	 is	 likely	 to	 function	 by	 binding	 other	 proteins.	 When	

expressed	 in	 the	 nucleus,	 S100P	 binding	 protein	 (S100PBP)	 was	 first	 described	 in	

pancreatic	cancer	where	S100P	and	S100PBP	expression	were	linked	to	early	pancreatic	

cancer	and	S100P	was	shown	to	correlate	with	increasing	G	of	pancreatic	intraepithelial	

neoplasias	(Dowen	et	al.	2005).		

S100P	has	been	 shown	 to	bind	 to	 several	 cytoskeletal	proteins,	 including	 IQGAP1	and	

Ezrin.	 IQGAP1,	 is	 a	 ubiquitously	 expressed	 protein	 which	 utilizes	 its	 multi-domain	

Figure 7. S100P Structure. The ribbon model of S100P dimer 
consisting of two monomers (one in red and one in blue) consist 
of 4 alpha helices with a linker region and 2 loops per monomer, 
the calcium ions are depicted by the blue spheres. The yellow 
regions are the monomers indicate where the two monomers 
become in contact with each other. Figure adapted from (Zhang 
et al. 2003). 
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structure.	 IQGAP1	 has	 been	 demonstrated	 to	 regulate	 the	 cellular	 cytoskeleton	

reorganization	 during	 motility	 in	 podocytes	 using	 an	 immortalized	 human	 podocyte	

model	(Johnson,	Sharma	&	Henderson	2009;	Liu	et	al.	2015)	and	microtubule	dynamics	

in	 a	 breast	 cancer	 cell	 line	 in	 vitro	 model	 assessing	 cell	 migration	 (Cao	 et	 al.	 2015;	

Johnson,	Sharma	&	Henderson	2009).	IQGAP1	has	been	shown	to	directly	bind	S100P	in	

a	calcium	dependent	manner	(Heil	et	al.	2011).	The	IQGAP1-S100P	interaction	has	been	

shown	to	be	structure	specific,	in	that	IQGAP1	is	only	able	to	bind	dimeric	S100P	not	the	

monomeric	protein	(Heil	et	al.	2011).	

Another	binding	partner	of	S100P	is	Ezrin;	a	cytoskeletal	protein	that	is	involved	in	cell	

adhesion	 and	migration	 (Arpin	 et	 al.	 2011;	 Austermann	 et	 al.	 2008;	 Koltzscher	 et	 al.	

2003).	S100P	has	been	shown	to	bind	and	activate	Ezrin	through	the	EF-hand	protein	of	

S100P	in	a	calcium	dependent	manner,	unmasking	the	f-actin	binding	site,	allowing	the	

translocation	of	Ezrin	to	the	membrane	cytoskeleton	altering	the	migratory	capability	of	

cells	(Austermann	et	al.	2009;	Austermann	et	al.	2008).	S100P-mediated	Ezrin	activation	

has	been	shown	to	promote	migration	across	the	endothelial	barrier	in	an	in	vitro	model	

of	 blood	 vessels.	 Ezin	 and	 IQGAP1	 have	 been	 shown	 to	 interact	 with	 one	 another	

independently	 of	 S100P	 and	 this	 can	 occur	 without	 the	 presence	 of	 calcium,	 but	

complexes	 of	 the	 three	proteins	have	been	observed	 in	 S100P	overexpression	 in	vitro	

models	 using	 co-precipitation	 (Nammalwar,	 Heil	 &	 Gerke	 2015).	 The	 ability	 of	 these	

proteins	to	 form	complexes	can	provide	 insights	 into	the	mechanisms	by	which	S100P	

can	 elicit	 its	 effects	 on	 the	migratory	 ability	 of	 cells.	 In	 the	 case	 of	 Ezrin	 and	 S100P,	

S100P	induces	a	conformational	change	in	the	Ezrin	structure,	allowing	it	to	bind	to	the	

actin	 cytoskeleton	 and	 impact	 cell	 motility	 by	 interacting	 with	 membrane	 associated	

proteins	and	the	cell	cytoskeleton	(Algrain	et	al.	1993).	
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In	colon	cancer	cell	lines,	extracellular	S100P	was	shown	to	interact	with	the	cell	surface	

receptor	 for	 advanced	 glycosylation	 end-products	 (RAGE)	 (Fuentes	 et	 al.	 2007)	 and	

initiated	several	signalling	pathways	including	JAK/STAT,	ERK1/2,	and	NF-κB	(Fuentes	

et	 al.	 2007;	 Mercado-Pimentel	 et	 al.	 2015).	 S100P/RAGE	 signalling	 contributes	 to	

invasion	and	metastasis	(Mercado-Pimentel	et	al.	2015).		

S100P	Expression	and	Function	in	Normal	Tissues		

S100P	Expression	

S100P	is	expressed	in	a	number	of	organ	systems	under	normal	conditions	including	the	

brain,	bone	marrow	and	immune	system,	lung,	gastrointestinal	tract,	kidney	and	urinary	

bladder,	 reproductive	 organs,	 adipose	 and	 soft	 tissue	 (Uhlen	 et	 al.	 2015).	Within	 the	

female	 productive	 system	S100P	 is	 relatively	 highly	 expressed	 in	 the	 placenta,	 cervix,	

uterus	and	endometrium	(Uhlen	et	al.	2015).		

S100P	Function	

S100P	 has	 been	 suggested	 to	 play	 a	 role	 in	 endometrial	 receptivity	 and	 blastocyst	

implantation	(Prica	et	al.	2016).		S100P	expression	in	the	human	embryo	also	highlights	

the	potential	role	in	embryonic	development.	Although	described	in	healthy	adult	tissue,	

the	function	of	S100P	in	healthy	adult	tissue	is	yet	to	be	described.	

S100P	Expression	and	Function	in	Cancer	and	Disease	

S100P	Expression	

A	 recent	 review	 has	 documented	 a	 summary	 of	 S100P	 expression	 in	 several	 types	 of	

cancer	 and	 the	 functional	 implications	 via	 in	 vitro	 and	 in	 vivo	 studies;	 such	 as	 the	

intracellular	 or	 extracellular	 signalling	 mechanisms	 leading	 to	 tumour	 regulation,	



Endometrial Cancer Cell Lines as a Model for Metastasis 

63	

invasion	and	metastasis,	ECM	degradation	and	altered	adhesion	 (Table	3)	 (Prica	et	 al.	

2016).		

S100P	is	expressed	in	hyperplastic	and	cancerous	breast	but	not	in	normal	breast	tissue,	

immortalizing	breast	epithelial	cells	 in	vitro	and	 increasing	tumour	progression	 in	vivo	

(Guerreiro	Da	Silva	et	al.	2000).	S100P	has	also	been	well	studied	in	pancreatic	cancer	

due	 to	 it	 only	 being	 expressed	 upon	 malignant	 transformation	 or	 pre-malignancy	 in	

these	 tissues	 (Arumugam	&	Logsdon	2011).	 S100P	expression	 is	 associated	with	poor	

survival,	 recurrence	 and	metastasis	 (Wang	 et	 al.	 2006b;	 Yuan	 et	 al.	 2013).	 S100P	 has	

been	 shown	 to	 promote	metastasis	 in	 a	 rat	mammary	model	 (Wang	 et	 al.	 2006b).	 In	

breast	and	prostate	cancer	S100P	has	been	shown	to	have	a	positive	relationship	with	

hormones,	OE	in	breast	and	androgen	in	prostate	(Averboukh	et	al.	1996;	Mackay	et	al.	

2003).	S100P	has	been	shown	to	be	hormone	inducible	in	several	tissue	types	including	

prostate	and	endometrium	(Averboukh	et	al.	1996;	Xie	et	al.	2006).		

Table	3.	S100P	Expression	in	Cancer		

Lung		 Lung	 cancer.	S100P	 is	one	of	 five	genes	 found	consistently	deregulated	 in	meta-
analysis	of	12	cDNA	array	studies.	Its	expression	is	observed	in	early	stages	of	non-
small	 cell	 lung	 cancer	 (NSCLC)	 and	 lung	 adenocarcinoma,	 and	 with	 S100A2	 and	
trypsinogens	 is	 predictive	 of	 metastatic	 progression	 and	 poor	 survival	 in	 NSCLC	
(Amelung	et	al.	2010;	Bartling	et	al.	2010;	Diederichs	et	al.	2004)	

Liver	 &	
gallbladder		

Hepatocellular	 carcinoma	 (HCC).	 S100P	 is	 a	 novel	 prognostic	 factor	 in	HCC	 that	
can	predict	survival	 in	patients	with	advanced	tumour	stage	or	early	recurrences	
(Ko	et	al.	2013;	Yuan	et	al.	2013).	

Pancreas	 Pancreatic	 adenocarcinoma.	 S100P	 is	 expressed	 in	 the	 precursor	 lesions	 of	
pancreatic	 ductal	 adenocarcinoma	 (PDAC),	 as	 well	 as	 throughout	 all	 stages	 of	
PDAC	 development	 and	 progression,	 and	 is	 involved	 in	 growth	 and	 invasion	 of	
cancer	 cells.	 S100P	 is	 expressed	 in	 pancreatic	 mucinous	 cystic	 neoplasms	 and	
intraductal	 papillary	 mucinous	 tumours	 (Arumugam	 et	 al.	 2005;	 Crnogorac-
Jurcevic	et	al.	2003;	Dowen	et	al.	2005;	Missiaglia	et	al.	2004;	Naidoo	et	al.	2012).	
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Head	 and	
neck/	
gastrointestinal	
tract		

Basal	 cell	 carcinoma	 of	 the	 salivary	 gland.	 S100P	 is	 used	 for	 differentiating	 b	
neoplasms	from	adenoid	cystic	carcinomas	(Jung	et	al.	2013).	

Colon	 cancer.	 S100P	 is	 highly	 expressed	 in	 non-dysplastic	 tissue	 that	 has	 come	
from	ulcerative	colitis	patients	with	high-grade	dysplasia	(Brentnall	et	al.	2009).	It	
may	be	used	to	distinguish	flat	adenoma	from	normal	mucosa	(Kita	et	al.	2006;	Liu	
et	 al.	 2012).	 The	 overexpression	 of	 S100P	 in	 colorectal	 cancer	 cells	 promotes	
metastasis	(Dong	et	al.	2014),	and	acts	as	a	potential	prognostic	biomarker	(Wang	
et	al.	2012).	

Oesophageal	 cancer.	 S100P	 is	 downregulated	 in	 oesophageal	 squamous	 cell	
carcinoma	(Ji	et	al.	2004;	Zhi	et	al.	2003).	

Gastric	 cancer.	 Immunohistochemical	 analysis	 of	 tissue	microarray	 shows	 S100P	
expression	 in	 >75%	 of	 gastric	 cancers;	 its	 downregulation	 in	 gastric	 cancer	 cell	
lines	 leads	 to	 apoptosis	 and	 inhibition	 of	 colony-formation.	 In	 contrast,	 low	
expression	of	S100P	is	linked	to	poor	patients’	outcome	(Jia	et	al.	2009;	Zhang	et	
al.	2014).	

Oral	cancer.	S100P	is	one	of	the	salivary	biomarkers	in	oral	squamous	carcinoma	
that	can	detect	cancer	recurrence	in	patients	in	remission	(Brinkmann	et	al.	2011;	
Cheng	et	al.	2014).	

Cholangiocarcinoma.	S100P	expression	is	a	strong	indicator	of	the	early	stages	of	
cholangiocarcinoma	 and	 has	 increased	 expression	 correlating	 with	 progression	
from	 low	 to	 high-grade	 biliary	 intraepithelial	 neoplasia	 (Aishima	 et	 al.	 2011).	
S100P	 is	 a	 sensitive	 biomarker	 for	 detecting	 cholangiocarcinoma	 (Hamada	 et	 al.	
2011).	

Kidney	 &	
urinary	bladder		

Urothelial	 cancer.	S100P	is	a	diagnostic	biomarker	of	urothelial	cancer	(Mohanty	
et	 al.	 2014;	 Yao	 et	 al.	 2007),	 and	 acts	 as	 a	 potential	 marker	 for	 distinguishing	
urothelial	from	squamous	differentiation	(Gulmann	et	al.	2013).	

Male	tissues		 Prostate	cancer.	 S100P	is	expressed	in	only	18.5%	of	prostate	cancers	and	
its	 expression	 is	 significantly	 lower	 in	 cancer	 than	 in	 normal	 prostate.	 It	 is	 also	
lower	in	benign	prostate	hyperplasia	(Wang,	Zhang	&	Wang	2015).	However,	it	is	
one	 of	 the	 highest	 expressed	 genes	 in	 the	 androgen	 –	 independent	 CWR22	
prostate	cancer	xenografts	(Amler	et	al.	2000;	Mousses	et	al.	2002).	Additionally,	
it	 correlates	with	metastatic	 progression	 of	 hormone	 refractory	 prostate	 cancer	
cells.	

Female	tissues	 Cervical	 cancer.	 S100P	 is	 upregulated	 in	 all	 stages	 of	 cervical	 adenocarcinoma	
(Chao,	Wang	 &	 Lai	 2007;	 Chao	 et	 al.	 2006;	 Jakubickova	 et	 al.	 2005;	Mills	 et	 al.	
2011).	

Endometrial	Cancer.	S100P	expression	is	higher	in	ECthan	in	normal	endometrium	
and	it	increases	with	tumour	grade	(Guo	et	al.	2014).	

Ovarian	 cancer.	 High	 expression	 of	 S100P	 is	 correlated	 with	 shorter	 overall	
survival	after	chemotherapy	(Surowiak	et	al.	2007;	Wang	et	al.	2015b);	conversely,	
this	 is	 also	 noted	 in	 clear	 cell	 adenocarcinoma	 of	 the	 ovary	 which	 express	 low	
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levels	of	S100P	(Umezaki	et	al.	2015).	

Breast	 Cancer.	 S100P,	 one	 of	 the	 markers	 of	 cancer	 initiation	 is	 expressed	 in	
ductal	 hyperplasia.	 In	 lesions	 with	 high-risk	 of	 progression.	 In	 situ	 and	 invasive	
ductal	carcinomas	and	is	associated	with	poor	prognosis.	Its	expression	correlates	
with	ERBB2/Her2/neu,	E2	and	P4	expression	(Barraclough	et	al.	2009;	Bray	et	al.	
2005b;	Carlsson,	Petersson	&	Enerback	2005;	Chung	et	al.	2013;	Guerreiro	Da	Silva	
et	al.	2000;	Maciejczyk	et	al.	2013;	Mackay	et	al.	2003;	Russo	et	al.	2001;	Schor	et	
al.	2006).	

Skin		 Melanoma.	S100P,	RAGE	and	Ezrin	expression	is	significantly	higher	in	melanomas	
than	 in	 benign	 nevus	 pigmentosus,	 and	metastatic	melanoma	 in	 comparison	 to	
the	primary	tumour	(Zhu	et	al.	2013).	

	

Function	

S100P	in	Tumour	Initiation	and	Tumour	Progression	

S100P	 has	 been	 implicated	 in	 the	 progression	 of	 several	 differing	 types	 of	 cancer,	

however	not	always	acting	using	the	same	mechanisms	or	producing	the	same	effects.	

No	 studies	 thus	 far	 have	 discovered	 S100P	 to	 play	 a	 direct	 role	 in	 cancer	 initiation,	

however	 S100P	 expression	 has	 been	 associated	 with	 breast	 epithelial	 cell	

immortalization	 (Guerreiro	 Da	 Silva	 et	 al.	 2000).	 S100P	 has	 been	 investigated	 in	

prostate	 cancer	 as	 a	potential	drug	 target	due	 to	 the	 increased	 tumour	 formation	and	

chemosensitivity	(Basu	et	al.	2008).	

		

S100P	in	Angiogenesis,	Metastasis	and	Invasion	

Using	 a	 non-small	 cell	 lung	 cancer	 xenograft	 mice	 model,	 S100P	 over	 expression	

increased	 angiogenesis	 and	 shRNA	 against	 S100P	 both	 decreased	 S100P	 protein	 and	

Table	3.	S100P	Expression	 in	Cancer	Tissue	adapted	from	review	article	published	by	Prica	

et	al	2016	(Prica	et	al.	2016)..	
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inhibited	 tumour	 angiogenesis	 (Bulk	 et	 al.	 2008).	 In	 a	 pancreatic	 cell	 line	 S100P	

overexpression	increased	the	invasive	potential	of	cells	in	vitro,	which	was	attributed	in	

part	to	increase	cathepsin	D	expression.	S100P	overexpression	also	induced	changes	in	

several	cytokeratin	proteins	resulting	in	cytoskeletal	changes	(Whiteman	et	al.	2007).		

Thioredoxin-1	and	S100P	have	been	shown	to	function	in	a	positive	feedback	loop	that	

promotes	colorectal	metastasis	and	invasion	in	vitro	and	in	vivo	(Lin	et	al.	2017).		SOX9	

has	been	shown	to	be	a	transcription	factor	of	S100P	and	in	a	colorectal	cancer	model	

inhibited	 RAGE/ERK	 signalling	 and	 EMT.	 S100P	 knockdown	 in	 SOX9	 over	 expressing	

cells	also	showed	attenuated	metastatic	and	invasive	potential	(Shen	et	al.	2015).	Using	

a	 pancreatic	 cancer	 cell	 line,	 S100P	 was	 shown	 to	 be	 involved	 in	 intravasation	 and	

extravasation	of	PDAC	cells	using	a	zebrafish	embryo	model	(Barry	et	al.	2013).	Wang	et	

al.	 demonstrated	 that	 S100P	 induced	 metastasis	 in	 a	 rat	 mammary	 model,	 showing	

causal	evidence	of	S100Ps	involvement	in	the	metastasis	(Wang	et	al.	2006b).	

In	 conclusion,	 overexpression	 of	 S100P	 causes	 metastasis	 by	 affecting	 a	 number	 of	

intracellular	and	extracellular	pathways	that	can	lead	to	metastasis.	

S100P	Involvement	in	EC	

In	 patient	 tissue,	 S100P	 levels	 have	 been	 shown	 to	 correlate	 with	 poor	 prognosis	 in	

adenosquamous	 patients	 compared	 with	 endometrial	 adenocarcinoma	 patients	

(Sakamoto	et	 al.	 1987),	 high	S100P	protein	 expression	being	 found	 in	 the	 former	 and	

low	levels	in	the	latter	patient	groups.	However	the	sample	size	of	this	study	was	very	

limited	 (1	 endometrial	 squamous	 cell	 carcinoma	 and	 12	 adenosquamous	 carcinoma	

cases)	(Jiang	et	al.	2016).		
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S100P	has	been	associated	with	the	proliferation	of	EC	cell	lines.	A	link	between	S100P	

levels	and	cell	proliferation	has	been	shown	in	EC	cell	lines.	Experimental	upregulation	

of	 S100P	 in	 the	 HEC1A	 EC	 cell	 line	 (Jiang	 et	 al.	 2016)	 resulted	 in	 increased	 cell	

proliferation	 (with	 double	 the	 OD	 readings	 after	 4	 days	 of	 culture	 compared	 to	 the	

control)	and	knockdown	of	S100P	with	siRNA	in	ISK	and	the	HEC1A	EC	cell	lines	(Guo	et	

al.	 2014)	 led	 to	~20%	and	~30%	reduction	 in	proliferation	 rates,	 suggesting	 that	 the	

level	of	S100P	is	associated	with	the	rates	of	proliferation.	In	these	cells	S100P	has	been	

shown	to	increase	the	translocation	of	β-catenin	to	the	nucleus	in	EC	cell	lines	and	also	

increase	 proliferation.	 Using	 siRNA	 technology,	 reduced	 S100P	 levels	 reduced	

proliferation	 in	 the	HEC1A	 and	 ISK	EC	 cell	 lines	 as	well	 as	 the	 nuclear	 levels	 of	 beta-

catenin	and	mRNA	of	cyclin	D1	and	c-myc	(Guo	et	al.	2014).	

Jiang	et	al.	investigated	the	effects	of	S100P	overexpression	in	the	HEC1A	cell	line.	Using	

a	lentiviral	transfection	model	they	went	on	to	show	in	HEC1A	cells	S100P	upregulation	

increased	 proliferation,	 invasion	 and	 migration	 (Jiang	 et	 al.	 2016).	 S100P	

overexpression	 upregulated	 several	 key	 proteins	 implicated	 in	 the	 role	 of	 S100P	 in	

downstream	pathways.	Elevated	P13K	and	AKT	phosphorylation	and	NF-kB	and	RAGE	

expression	levels	were	observed.	Contrastingly	to	the	Guo	study	a	down	regulation	of	β-

catenin	was	 observed,	 and	no	mention	 of	 the	 subcellular	 location	 of	 beta	 catenin	was	

studied	in	this	paper.	

S100P	may	 be	 associated	with	 proliferation,	migration	 and	 invasion	 but	 no	 link	with	

metastasis	has	so	far	been	shown.	
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1.7.ii AGR2		

AGR2 Discovery and Background 

AGR2	 is	 a	 relatively	 late	 development	 in	 evolutionary	 terms	 and	 is	 found	 only	 in	

vertebrate	species	(Persson	et	al.	2005).	First	discovered	in	the	Xenopus	Laevis	tadpole	

cement	 gland,	 where	 AGR2	 has	 a	 putative	 role	 in	 ectodermal	 patterning	 and	 induces	

anterior	 neural	 fate	 in	 ectodermal	 cells	 (Aberger	 et	 al.	 1998).	 In	Xenopus,	 the	 cement	

gland	secretes	mucins,	which	allows	the	attachment	of	the	developing	embryo	to	a	solid	

support	during	embryo	development	 (Brychtova	et	 al.	 2015).	Transgenic	mice	 studies	

have	 elucidated	 the	 role	 of	 AGR2	 in	mucin	 production	 in	 the	 gut	 and	maintaining	 the	

epithelial	barrier	function	of	cells	and	mucin	production	as	a	protective	lining	in	the	gut	

(Park	et	al.	2009;	Schroeder	et	al.	2012).		

The	 freely	 and	 publically	 available	 human	 normal	 tissue	 protein	 and	 gene	 expression	

data	was	 interrogated	using	The	Human	Protein	Atlas	 (Uhlen	 et	 al.	 2010).	 AGR2	RNA	

and	 protein	 expression	 levels	 in	 normal	 human	 tissue	 derived	 from	 this	 database.	

Showing	 AGR2	 protein	 expression	 in	 many	 human	 tissues	 including;	 lung,	 liver	 &	

gallbladder,	gastrointestinal	tract,	kidney,	bone	marrow,	immune	system	and	to	a	lesser	

degree	in	skin	and	pancreas	(Figure	8).	
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Figure 8. AGR2 RNA and Protein Expression Levels in Normal Human 
Tissue Sourced from Human Protein Atlas Project. mRNA sequencing was 
performed on Illumina HiSeq2000 and 2500 machines (Illumina, San Diego, CA, 
USA) using the standard Illumina RNA-seq protocol with a read length of 2x100 
bases. Transcript abundance estimation was performed using Kallisto v0.42.4. 
mRNA expression is expressed as transcript per million (TPM) as the sum of the 
TPM values of all its protein-coding transcripts. The average TPM value for 
replicate samples were used as abundance score. The threshold level to detect 
presence of a transcript for a particular gene was set to ≥ 1 TPM.  Each bar 
represents the highest expression score found in a particular group of tissues. 
Protein expression scores are based on a best estimate of the "true" protein 
expression from a knowledge-based annotation. This is achieved by stringent 
evaluation of immunohistochemical staining pattern, RNA-seq data from internal 
and external sources and available protein/gene characterization data. 
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AGR2	also	has	a	role	in	the	adhesive	properties	of	cells.	The	structure	of	AGR2	has	been	

defined	 recently;	 showing	 that	 the	 N-terminal	 region	 is	 unfolded	 and	 this	 region	 is	

responsible	for	the	adhesive	properties	of	AGR2	and	the	C-terminal	domain	contains	a	

thioredoxin	fold	which	forms	dimers	via	specific	salt	 intermolecular	bridges	(Figure	9)	

(Patel	et	al.	2012).		

	

 

AGR2 Expression and Function in Normal Tissues 

	Under	normal	physiological	conditions	AGR2	is	 found	in	the	endoplasmic	reticulum	of	

cells.	Due	to	the	recent	structural	information,	it	is	thought	that	AGR2	has	a	bifunctional	

role	in	cell	adhesion	and	in	protein	disulphide	isomerase	(PDI)-like	reactions	(Patel	et	al.	

2013).			

Figure 9.  AGR2 Structure. The ribbon model of AGR2 homodimer A) shows the 
antiparallel arrangement of the α-helix. B) Shows the dimeric interface between the 
monomers. Figure adapted from (Patel et al. 2013). 
	



Endometrial Cancer Cell Lines as a Model for Metastasis 

71	

AGR2	plays	 a	 role	 in	 cell	 adhesion.	 AGR2	 is	 expressed	 in	 a	 limited	 number	 of	 normal	

tissues	 including	 the	 secretory	goblet	 cells	of	 the	 large	 intestine	epithelium,	 in	paneth	

cells	in	the	intestine	and	stomach,	where	AGR2	is	instrumental	in	mucin	secretion	where	

it	 exhibits	 some	antimicrobial	properties	 (Bergstrom	et	 al.	 2014;	Komiya,	Tanigawa	&	

Hirohashi	1999;	Park	et	al.	2009;	Patel	et	al.	2013).	AGR3	is	closely	related	to	AGR2	and	

shares	72%	of	amino	acid	sequence	between	residues	41-175	of	AGR2	(Park	et	al.	2009;	

Patel	 et	 al.	 2013)	with	a	21	amino	acid	ER	entry	 sequence	and	a	 truncated	version	of	

AGR2’s	 21-40	 residues	 in	 the	 N-terminus.	 Although	 shown	 to	 be	 involved	 in	 ovarian	

cancer,	there	is	very	little	known	about	AGR3’s	role	in	normal	tissues	(King	et	al.	2011).			

AGR2 Expression and Function in Disease and Cancer 

AGR2	 expression	 has	 been	 shown	 to	 be	 associated	 with	 poor	 survival,	 migration,	

invasion	and	metastasis	(Barraclough	et	al.	2009;	Di	Maro	et	al.	2014;	Sung	et	al.	2014).	

Secreted	AGR2	from	cancerous	tissue	has	been	found	to	induce	programmed	cell	death	

in	 normal	 prostate	 stromal	 cells	 and	 knock	 down	 of	 AGR2	 in	 in	 vitro	 culture	 directly	

effects	 cell	 adhesion	 (Chanda	 et	 al.	 2014;	 Vitello	 et	 al.	 2016).	 Of	 particular	 interest	 in	

hormonally	 driven	 cancers,	 breast	 and	 prostate	 cancers	 AGR2	 has	 been	 shown	 to	 be	

regulated	by	OE	and	induced	by	androgens	respectively	(Thompson	&	Weigel	1998)	(Liu	

et	al.	2005).	

AGR2 in EC 

AGR2	has	been	shown	to	be	increased	in	earlier	stages	of	Type	I	EC	patients	(Kamal	et	al.	

2016).	A	recent	study	found	that	AGR2	expression	induced	by	tamoxifen	treatment	was	

associated	with	an	increased	invasive	phenotype	(Hrstka	et	al.	2010).	In	the	ISK	EC	cell	

line,	 AGR2	 silencing	 decreased	 proliferation,	 whereas	 in	 SKUT-1	 cells	 that	 were	

transfected	 with	 the	 AGR2	 gene	 showed	 increased	 proliferation	 and	 significantly	



Endometrial Cancer Cell Lines as a Model for Metastasis 

72	

increased	proliferation	in	response	to	tamoxifen	treatment	(Hrstka	et	al.	2010)	So	this	

could	 indicate	 that	 tamoxifen	 could	 induce	 AGR2	 expression	 through	 the	 well	

documented	agonist	activity	of	tamoxifen	in	the	endometrium	(Gallo	&	Kaufman	1997).	

In	 summary,	 there	 is	 much	 evidence	 of	 the	 involvement	 of	 these	 MIPs	 in	 the	

development	 of	 various	 pathologies	 and	 cancer	 types.	 Some	work	has	 been	done	 into	

MIP	involvement	in	EC,	but	the	effects	of	hormones	on	AGR2	and	S100P	have	not	been	

investigated	in	EC	along	with	the	function	of	S100P	plays	in	ECs	that	express	the	protein.	

1.8 EC	Models		

EC	has	been	studied	in	numerous	model	systems	(Vollmer	2003)	that	have	advantages	

and	disadvantages.	The	specific	steps	of	cancer	initiation	and	progression	can	be	studied	

in	a	variety	of	models	to	determine	the	role	of	each	element	of	the	disease.	Each	model	

can	be	utilized	to	investigate	certain	aspects	of	cancer	biology.	For	example	invasion	can	

be	investigated	in	in	vivo	models	directly	whereas	the	characteristics	that	contribute	to	

invasion	such	as	secretion	of	MMPs	and	other	enzymes,	changes	 in	cellular	polarity	or	

anchorage	 dependence	 can	 be	 assessed	 in	 in	 vitro	 culture.	 There	 are	 several	 models	

available	 for	 study	 from	 in	 vitro	 to	 in	 vivo,	 in	 ovo	 and	 ex	ovo.	 	 Table	 4.	 highlights	 the	

advantages	 and	 disadvantages	 of	 the	 commonly	 used	 experimental	 models	 for	 EC	

research.	
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Table	4.	Advantages	and	Disadvantages	of	Experimental	Models	used	for	Endometrial	Cancer	
(EC)	Research	

Model	 Advantages	 Disadvantages	
Explant	Culture	 As	close	to	testing	on	human	tissue	in	

vivo	as	possible	
Short	lifespan	in	culture	

Preservation	of	tissue	architecture	 Gaining	access	to	tissue	
	 Required	consent	from	patients	to	
use	tissue	for	research	

	 Ethical	considerations	
	 Variability	across	samples	
	 Alterations	required	for	survival	in	
culture	a		

Established	Cell	
Lines	

Well	characterized	 Can	easily	become	contaminated	
Relatively	cheap	model	 Often	deviate	phenotypically	and	

genetically	from	original	source	b,c	

Relatively	easy	to	use	 Does	not	take	into	account	the	in	vivo	
culture	environment	d	

Can	be	used	to	assess	mechanisms	
and	individual	targets	

	

Can	be	used	in	vivo	models	
(xenotransplants)	

	

Controlled	manipulation	of	targets	 	
No	ethical	considerations	 	

Primary	cell	
culture	

Similar	to	in	vivo	phenotype	 Short	lifespan	in	culture	
Maintenance	of	original	tissue	
phenotype	

Require	complete	characterization	

	 Often	infected	with	mycoplasma	of	
yeast	infections	(due	to	source)	

	 Required	ethical	consent	from	
patients	to	use	tissue	for	research	

	 Not	all	samples	will	establish	and	
even	if	they	do	not	all	will	continue	to	
grow	in	culture	without	
immortalization	

	 Difficult	to	culture	pure	populations	
	 Additional	growth	requirements	
compared	with	established	cell	lines	e	

Rodent	models	 Well	characterized	model	 Cost	
Genetically	engineered	strains	
available	

Lengthy	experiments	

Genome	sequenced	 Ethical	considerations	
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	 Legislation	governing	the	use	of	mice	
	 Mice	have	an	Oestrous	cycle	as	
opposed	to	the	menstrual	cycle	of	
humans	

Nonhuman	
Primate	models	

Biologically	very	similar	to	human	 Cost	
	 Ethical	Considerations	
	 Length	of	experiments	required	
	 Legislation	governing	the	use	of	
nonhuman	primates	

Chorioallantoic	
Membrane	
model	f	

Relatively	quick,	cost	effective	and	
easy	to	use	model	
	

Due	to	embryo	toxicity	limited	
reagents	and	compounds	can	be	used		

Can	test	multiple	parameters	using	
individual	CAMs	and	a	rapid	quickly	
screen	

Immunodeficiency	

Easy	viewing	of	CAM	membrane	
throughout	assay	

Differing	drug	metabolism	between	
mammals	

Well	vascularized	membrane	which	is	
easy	to	access	

Shell	dust	and	or	irritants	can	induce	
angiogenesis	

Well	documented	growth	and	
development	provides	a	reliable	and	
reproducible	model		

Sensitive	to	environmental	factors	
such	as	temperature	and	humidity.	

Can	be	used	to	model	more	complex	
systems	

Need	to	interpret	results	in	the	CAM	
model	and	in	the	context	of	other	
experimental	models.	E.g.	drug	
metabolism	can	differ	from	other	
mammalian	models	

Up	to	a	certain	development	point	no	
animal	licence	required	

Multiple	methodologies	used,	making	
comparison	across	studies	can	be	
challenging	

In	vivo	assay	with	a	multicellular	
environment		

Cannot	be	used	to	test	oral	drug	
administration	

	 Short	post-treatment	time	

Table	4.	Advantages	and	Disadvantages	for	Models	of	Endometrial	Cancer	(EC)	Research.	Data	
collated	from	a	(Schafer	et	al.	2011),	b(Pan	et	al.	2009),	c(Alge	et	al.	2006),	d	(Kaur	&	Dufour	2012),	
e	(Lodish.	H.	2000)	and	f	(Nowak-Sliwinska,	Segura	&	Iruela-Arispe	2014).	
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1.8.i In	Vitro	Models	

Cell Lines 

Cell	 lines	 are	used	 as	 the	 first	 line	 of	 basic	 in	vitro	 research	models	 to	 study	particular	

molecular	pathways,	proteins	and	genes	involved	in	cancer.	The	main	advantages	of	using	

cell	 lines	 are	 that	 they	 offer	 a	 stable	 experimental	 system,	which	 can	 be	 replicated	 for	

multiple	analyses.	With	the	relative	ease	of	culture	and	versatility	to	manipulate	multiple	

targets	 cell	 line	 culture	 is	 commonly	 used	 to	 ascertain	 how	 individual	 elements	 affect	

cellular	 processes.	 	 There	 are	 a	 number	 of	 commercially	 available	 endometrial	 derived	

cancer	cell	lines	shown	in	Chapter	3	(Table	10).	

The	 first	EC	cell	 line	that	was	established	was	the	HEC-1	cell	 line,	which	has	since	been	

sub-cultured	into	two	phenotypically	different	lines	dubbed	HEC1A	and	HEC1B.	For	basic	

science	 research,	 cell	 lines	 offer	 a	 relatively	 cheap	 and	 high	 throughput	 model	 for	

identifying	 potential	 biomarkers	 and	 therapeutic	 targets	 in	 a	 relatively	 quick	 and	

reproducible	manner.	Over	80%	of	EC	cases	are	endometrioid	adeno-carcinomas	and	In	

vitro	 culture	 of	 primary	 human	 endometrial	 epithelial	 cells	 is	 a	 challenging	 process,	

highlighted	 by	 the	 lack	 of	 any	 normal/benign	 epithelial	 cell	 lines.	 Consequently,	 the	

number	of	established	EC	cell	lines	that	are	currently	available	is	also	limited.	

There	 are	 human	 EC	 cell	 lines	 that	 have	 been	 cultured	 from	 primary	 human	 tumour	

samples	 and	 propagated	 over	 many	 years.	 HEC-1	 was	 the	 first	 human	 endometrial	

carcinoma	cell	line,	obtained	from	a	G2	endometrial	carcinoma	in	1968	(Kuramoto	1972).	

Outgrowth	 from	 the	 original	 endometrial	 tumour	 tissue	was	 sub-cultured	 selecting	 for	

the	epithelial	population,	a	subset	population	of	cells	that	showed	continual	growth	in	a	

2D	 monolayer.	 These	 cells	 were	 renamed	 as	 the	 HEC1A	 cell	 line	 (Kuramoto	 1972).		
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Originally	 the	2D	 culture	was	known	as	HEC-1	but	when	 two	 separate	 cell	 lines	where	

derived	 under	 differing	 culture	 conditions	 they	 were	 then	 reclassified	 as	 HEC1A	 and	

HEC1B;	they	were	derived	from	the	same	cell	 line	as	and	such	now	with	the	use	of	STR	

profiling	they	have	highly	similar	profiles.	

The	culture	of	normal	benign	epithelial	cells	is	difficult,	thus,	the	carcinoma	cell	line	ISK,	

which	 contains	 steroid	 receptors,	 a	 characteristic	 of	 the	 normal	 benign	 state,	 has	 been	

used	as	a	model	of	such	cells.		The	ISK	cell	line	was	originally	established	in	1985	from	a	

39	year	Asian	female	with	an	endometrial	adenocarcinoma	(Nishida	et	al.	1985).		ISK	has	

been	the	most	studied	EC	cell	 lines	since	its	establishment	in	1985	(Nishida	et	al.	1985)	

although	this	may	not	be	expected	to	be	a	typical	EC	due	to	the	young	age	of	the	patient.	

The	most	likely	reasons	for	the	common	use	of	ISK	is	that	ISK	cells	have	been	reported	to	

express	 OE,	 P4	 and	 ARs	 (Lovely	 et	 al.	 2000),	 grow	 well	 in	 vitro	 conditions	 and	 to	 be	

responsive	 to	 the	 ovarian	 hormones,	 in	 a	 similar	way	 to	 normal	 endometrial	 epithelial	

cells	 (Croxtall,	 Elder	 &	 White	 1990).	 Culture	 of	 normal,	 primary	 human	 endometrial	

epithelial	 cells	 in	vitro	 is	 known	 to	 be	 challenging,	 and	 their	 survival	 is	 rather	 short	 in	

culture.	 This	 has	 led	 to	 the	 use	 of	 the	 ISK	 cell	 line	 as	 an	 imperfect	 model	 for	 normal	

endometrial	glandular	epithelial	cells	(because	no	‘normal’	endometrial	epithelial	cell	line	

is	 available	 and	 it	 expresses	 androgen,	 OE	 and	 P4	 hormone	 receptors)	 (Nishida	 et	 al.	

1985).	ISK	cells	also	have	a	relatively	short	doubling	time	of	approximately	27h	(Moudgil	

2013),	with	simple	growth	requirements	and	therefore	is	an	“easy”	cell	line	suitable	for	in	

vitro	experiments	compared	with	other	EC	cell	 lines	 .	However	 this	 is	not	 ideal	because	

ISK	 is	 still	 a	 transformed	 cell	 line	 and	 ISK	 cells	 were	 not	 extracted	 from	 a	 typical	 EC	

patient.	The	patient	the	ISK	cell	 line	was	derived	from	was	relatively	young	and	there	is	

no	information	available	at	the	menstrual	status	of	the	patient	whereas	the	majority	of	EC	
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cases	are	found	in	postmenopausal	women	of	advanced	age	(60%	present	at	65	years	or	

older)	(CRUK	2016)	and	EC	in	younger	women	have	been	reported	in	patients	as	young	as	

15-25	years	old	(Farhi,	Nosanchuk	&	Silverberg	1986)	which	is	far	from	the	typical	age	of	

incidence.	EC	is	still	predominantly	a	post-menopausal	disease	(Kamal	et	al.	2016)	and	as	

such	the	information	on	menstrual	state	regarding	the	origins	of	a	cell	line	provide	crucial	

information	for	the	correct	interpretation	of	the	data.		

In	 1998,	 the	 MFE280	 cell	 line	 was	 derived	 from	 a	 recurrent,	 poorly	 differentiated	

endometrial	 carcinoma	 and	 the	 primary	 tumour	 tissue	 had	 been	 transferred	 from	 a	

suspension	culture	into	2D	culture	on	plastic,	and	therefore,	they	do	not	exhibit	a	typical	

epithelial	 phenotype	 of	 other	 EC	 2D	 cultures	 (Hackenberg	 et	 al.	 1997),	 which	 is	 not	

unexpected	due	to	its	origin	from	a	G3	tumour.	It	is	of	note	that	most	previous	studies	in	

vitro	 into	 solid	 cancers	 utilise	 techniques	 in	 2D	 cell	 culture,	which	may	not	 necessarily	

replicate	the	3D	growth	seen	in	vivo,	so	the	MFE280	may	offer	a	model	that	can	be	used	as	

both.	The	advances	 in	3D	culture	models	has	been	considerable	over	 the	 last	 few	years	

and	as	such	more	literature	is	being	produced	using	3D	culture	models.	MFE280	cell	line	

have	 been	 used	 in	 a	 fewer	 number	 of	 studies	 into	 EC	 than	 the	 majority	 of	 other	

established	 cell	 lines,	 such	 as	 HEC1A	 and	 ISK,	 presumably	 due	 to	 their	 recent	

establishment	and	the	differential	growth	pattern	in	2D	culture	and	for	this	reason	there	

is	little	information	as	to	how	they	behave	in	culture.	

The	 fourth	 EC	 cell	 line	 examined,	 RL95-2	 cell	 line,	 was	 derived	 from	 a	 65-year-old	

Caucasian	 woman	 with	 a	 G2	 moderately	 differentiated	 endometrial	 adeno-squamous	

carcinoma	 (Way	 et	 al.	 1983).	 These	 cells	 have	 a	 tendency	 to	 grow	 in	 a	 pile/	 heap	 as	

opposed	 to	 growing	 as	 a	 monolayer	 which	 is	 typical	 for	 epithelial	 cell	 growth	 in	 2D	

culture	(Way	et	al.	1983).	RL95-2	cell	line	therefore	has	been	used	predominantly	for	the	
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study	 of	 embryo	 attachment	 as	 an	 example	 of	 a	 non-receptive	 endometrial	 phenotype	

model	 for	 embryo	 implantation	 (John,	 Linke	 &	 Denker	 1993)	 	 and	 other	 endometrial	

pathologies	such	as	endometrial	carcinoma	(Wang	et	al.	2013).		

The	 focus	 of	 the	 research	 undertaken	 and	 presented	 in	 this	 thesis	 was	 to	 examine	 a	

selected	 panel	 of	MIPs	 in	 the	 endometrioid	 EC	 subtype.	 Therefore,	 the	 cell	 line(s)	 that	

required	 for	 the	 in	 vitro	 experiments	 had	 to	 be	 of	 epithelial	 and	 Type	 I/endometrioid	

origin	and	as	such	narrowed	down	the	number	of	suitable	cell	lines	available	for	use.	Out	

of	 the	35	cell	 lines	 that	were	available	 from	depositors	 that	 routinely	deliver	 to	 the	UK	

(ATCC,	 ECACC	 and	 Sigma	 Aldrich),	 four	 cell	 lines	 of	 confirmed	 endometrial	 and	

endometrioid	 cancer	 origin	 and	with	whole	 range	of	 different	 grades	were	 selected	 for	

study.	A	table	detailing	the	commercially	available	cell	lines	and	the	selected	cell	lines	are	

in	can	be	found	in	Chapter	3	(Table	10	and	Table	11).	

1.8.ii In	Vivo	Models	

In	 vivo	models	 are	 the	 usual	 next	 step	 of	 investigations	 after	 the	 in	 vitro	 studies.	 They	

provide	 the	 link	 between	 in	 vitro	 data	 and	 the	 human	 situation,	 providing	 further	

confirmation	of	the	clinical	translatability	of	the	initial	lab	based	results.				

Small Animal 

Traditionally,	 small	 animal	 models	 such	 as	 rodents	 have	 been	 used	 to	 bridge	 the	 gap	

between	 in	 vitro	 models	 and	 human	 trials	 successfully	 mimicking	 the	 responses	 to	

treatments	 in	 mammals	 before	 progression	 into	 humans.	 However,	 the	 physiology	 of	

rodent	 endometrium	 in	 particular	 is	 very	 different	 to	 the	 human	 endometrium.	 For	

example,	menstrual	regeneration	is	the	hallmark	of	human	endometrium	but	the	majority	

of	rodent	models	do	not	menstruate	(Bellofiore	et	al.	2017;	D'Hooghe	1997)	and	genomic	
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profiling	of	 the	rodent	and	human	uterus	has	shown	significantly	different	responses	of	

the	 rodent	 and	 human	 uterus	 that	 limits	 the	 extrapolation	 of	 findings	 from	 rodent	 to	

human	 studies	 (Groothuis	 et	 al.	 2007).	 This	 makes	 almost	 all	 available	 small	 animal	

models	to	be	unsuitable	or	clinically	less	relevant	to	human	endometrial	work.	

However,	 previous	 authors	 have	 used	 rat	 models	 to	 study	 EC	 (Cline	 2004).	 	 And	 they	

provide	the	opportunity	for	genetic	modification	experiments	in	vivo.	Lines	of	mice	which	

lack	commonly	mutated	genes	in	EC	have	also	been	generated	(for	p53	and	PTEN),	both	

lines	are	prone	to	tumours,	but	the	effects	are	not	confined	to	the	uterus;	other	tumours	

including	 lymphomas	 are	 more	 common	 neoplasms	 in	 the	 model	 (Cline	 2004).	 A	

transgenic	 mouse	 model	 with	 ablation	 of	 mitogen	 inducible	 gene	 6	 in	 the	 uterus	 was	

reported	to	develop	endometrial	hyperplasia	and	EC;	however,	the	clinical	translation	of	

the	data	to	human	is	yet	to	be	confirmed	(Jeong	et	al.	2009).	

Primate Models 

In	theory,	primate	models	are	much	better	to	study	human	endometrial	disease	compared	

with	small	mammalian	models	due	to	their	striking	similarities.	The	main	reason	for	that	

is,	like	humans,	primates	also	menstruate	and	have	a	similar	menstrual	regenerative	

cycle.		

Although	 primate	 models	 better	 represent	 human	 reproductive	 physiology,	 there	 are	

relatively	 few	 recent	publications	using	higher	primates	 for	EC	 research.	This	 is	 due	 to	

many	 reasons	 including	 the	 colossal	 legislative	 restrictions	 prevailing	 in	 Europe,	

opposition	 by	 the	 public,	 extensive	 cost	 of	 such	 experiments	 (Aplin	 et	 al.	 2008)	 and	

longevity	of	the	experiments	needed.		
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Chorioallantoic Membrane (CAM) Model	

The	CAM	model	 therefore	 represents	an	alternative	 in	vivo	multifaceted	model	 that	 can	

compete	 with	 other	 animal	 models	 available	 (as	 mentioned	 above)	 especially	 in	 the	

context	of	the	‘3	R’s’,	legislation,	cost	and	time.		If	the	experimental	model	is	terminated	at	

E14	then	according	to	the	Animals	Scientific	Procedures	Act	1986	(which	was	amended	in	

2012)	 (The	 Animals	 (Scientific	 Procedures)	 Act	 1986	 Amendment	 Regulations	 2012)	 this	

model	 is	 classified	 as	 non-protected.	 This	 means	 the	 experiment	 does	 not	 need	 to	 be	

performed	by	individuals	that	hold	an	animal	 licence	and	can	be	utilized	under	the	3R’s	

umbrella	as	a	replacement	experimental	model.	

The	CAM	 is	 found	 in	 fertilized	chicken	eggs.	 	During	 the	embryonic	development	of	 the	

chick,	 the	 CAM	 is	 formed	 when	 the	 allantois	 fuses	 with	 the	 chorion,	 on	 embryonic	

development	 day	 (E)	 3	 (E3),	 the	 CAM	 continues	 growing	 until	 E10	 and	 becomes	 fully	

differentiated	by	E13	(Nowak-Sliwinska,	Segura	&	Iruela-Arispe	2014).		This	double	layer	

contains	rich	vascular	networks	including	two	arteries	and	one	vein	(Ribatti	2017).		

	The	highly	vascularized	membrane	offers	a	model	to	study	several	functional	aspects	of	

tumour	biology.	The	CAM	model	has	been	used	since	 the	beginning	of	 the	20th	Century,	

the	 first	 study	 involved	 growing	 chicken	 sarcoma	 tumours	 transplanted	 onto	 the	 CAM	

(Rous	1911)	Since	this	first	study	using	tumour	explants,	the	model	has	been	developed	

for	use	with	cancer	cell	lines.	Cell	lines	derived	from	a	multitude	of	cancer	cell	types	have	

been	 successfully	 cultured	 in	 the	 CAM	 model	 including	 bowel	 cancer,	 fibrosarcoma,	

glioma,	 osteosarcoma,	 neuroblastoma,	 nasopharyngeal,	 ovarian	 cancer,	 head	 and	 neck	

squamous	cell	carcinoma	(Zabielska-Koczywas	et	al.	2017).	However	not	all	cell	lines	are	

suitable	for	use	in	the	CAM	model.	The	CAM	model	has	been	well	documented	for	use	in	

the	 study	 of	 angiogenesis	 but	 more	 recently	 has	 been	 used	 to	 investigate	
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invasion/migration	 (Deryugina	 &	 Quigley	 2008).	 Considering	 all	 these	 aspects,	 for	 the	

studies	presented	in	this	thesis,	the	CAM	model	was	the	chosen	in	vivo	model	of	study.	

There	 are	 distinct	 advantages	 and	 disadvantages	 with	 every	 model,	 and	 so	 the	 use	 of	

multiple	models	from	cell	lines	upwards	is	paramount	to	fully	understand	the	subject	of	

study	whether	that	is	basic	knowledge	or	the	application	of	therapeutics.	

This	project	has	involved	the	use	of	EC	cell	lines	used	in	monoculture,	in	co-culture	with	

primary	 stromal	 cells	 and	 in	 the	 CAM	 model	 to	 put	 the	 results	 in	 the	 context	 of	 a	

multicellular	model.	

1.9 	Thesis	Outline	

The	prevention	of	cancer	cells	migrating	both	locally	and	to	distant	sites	and	continuing	

to	grow	at	these	places	are	possible	ways	in	which	we	can	look	to	treat	the	progressive	

disease.	 Often	 it	 is	 not	 the	 primary	 cancer	 but	 secondary	 or	 tertiary	 growths	 which	

ultimately	 cause	 death,	 finding	 a	way	 to	 halt	 the	 spread	 of	 EC	 could	 offer	 an	 adjuvant	

therapy	 alongside	 surgery	 or	 potentially	 replace	 surgery	 entirely.	 Identifying	 potential	

targets	for	such	drugs	is	at	the	basic	science	end	of	the	translational	research	scope,	but	a	

pivotal	one.		The	aims	of	the	thesis	were	to;	

1)	 Investigate	the	expression	and	subcellular	location	of	three	MIPs	in	EC	in	selected	

EC	cell	lines.	

2)	 To	assess	if	MIP	expression	is	hormonally	governed	in	EC	cell	lines.	

3)	 To	evaluate	the	functional	changes	relevant	to	metastatic	growth	in	EC	cells	when	

S100P	expression	is	reduced.	
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4)	 Examine	the	feasibility	of	using	the	CAM	model	as	an	 in	vivo	multicellular	animal	

model	with	EC	cell	lines	to	assess	the	effects	of	drug	treatments.	 	
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Chapter	2 	Methods	

	

2.1.i TCGA	Dataset:	 Interrogation	of	online	databases	for	 information	relevant	

to	the	field	of	EC	

2.1.ii Interrogation	of	the	Cancer	Cell	Line	Encyclopaedia	(CCLE)	Database	

The	publically	available	Cancer	Cell	Line	Encyclopaedia	(CCLE)	database	produced	by	the	

Broad	 Institute	 (Barretina	 et	 al.	 2012)	 was	 interrogated	 to	 determine	 the	 mRNA	

expression	of	the	genes	described	in	this	thesis,	the	hormone	receptors	and	MIPs,	in	the	

EC	cell	lines.	mRNA	expression	levels	were	determined	by	examining	the	mRNA	(8.0GB)	

and	gene	expression	dataset	which	was	produced	using	Affymetrix	U133+2	arrays.	The	

Raw	Affymetrix	CEL	files	were	converted	to	a	single	value	for	each	probe	using	the	Robust	

Multi-array	 Average	 and	 normalized	 using	 quantile	 normalization	 using	 a	 redefined	

custom	 CDF	 file	 (ENTREZG-	 v15)	 for	 summarization.	 Files	 were	 accessed	 through	 the	

Integrative	Genomics	Viewer	software	(Robinson	et	al.	2011).	

2.1.iii Use	of	BaseSpace®	Cohort	Analyzer	to	assess	patient	data	from	public	data	

sets.		

The	data	on	589	cases	of	uterine	cancer	(including	somatic	mutation,	RNA	expression	and	

copy	number	 variation	data	 of	 cancer	 specimens	with	patient	 follow-up	data)	 from	 the	

publically	 available	 TCGA	 dataset	 was	 analysed	 using	 the	 Illumina’s	 BaseSpace	 Cohort	

analyzer	application	in	BSCA	(Kupershmidt	et	al.	2010).	The	S100P	mutation	frequencies	

across	all	cancer	groups	and	S100P	gene	expression	across	all	cancers	included	within	the	

cohort	analyser	database	were	examined.	The	Meta	Analysis	function	was	used	to	assess	
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the	curated	data	of	‘endometrial	tumour	gene	expression	profiles	associated	with	stage	G	

and	 histology’	 to	 assess	 S100P	 gene	 expression	 in	 uterine	 cancer	 patients	 stratified	 as	

having	downregulated	or	upregulated	(≥2.00≤	fold	difference).	

2.1.iv Short	Tandem	Repeat	(STR)	Profile	Analysis	

DNA	 was	 extracted	 using	 Wizard	 SV	 Kit	 (Promega,	 Southampton,	 UK)	 according	 the	

manufacturers	 protocol.	 Briefly,	 cell	 pellets	 were	 thawed,	 lysed	 by	 pipetting	 with	

Wizard®	 SV	 Lysis	 Buffer,	 purified	 using	 microcentrifugation	 with	 the	 Wizard	 ®SV	

Minicolumn	 system	 (Promega).	 The	 DNA	 was	 checked	 for	 quality	 and	 quantity	 using	

Nanodrop	 ND1000	 spectrophotometer	 (Thermo	 Scientific,	 Loughborough,	 UK)	 and	

sequenced	using	Promega	Powerplex®	16	System,	a	multiplex	STR	profiling	system	used	

for	tissue	culture	strain	identification.	GeneMapper®	software	was	used	to	visualize	the	

data	and	profile	results	were	compared	with	published	STR	profiles	for	each	cell	line	from	

ATCC	 (ATCC	 2018)	 (interrogating	 the	 STR	 profile	 database)	 or	 PHE	 Culture	 collections	

(STR	 profile	 information	 available	 on	 each	 cell	 line	 datasheet).	 The	 cell	 culture,	 DNA	

extractions,	 analysis	 and	 interpretation	 of	 the	 STR	 profiles	 were	 performed	 by	 the	

doctoral	candidate.	The	DNA	sequencing	and	initial	electropherogram	data	visualization	

were	performed	by	the	Genetics	Department	at	the	Liverpool	Women’s	Hospital.		

2.2 Cell	Culture	

2.2.i Culture	of	Primary	Human	Endometrial	Cells	

Patient	 samples	 were	 collected	 from	 women	 undergoing	 surgery	 for	 non-	 malignant	

gynaecological	 conditions	using	pipelle	 biopsies.	Tissue	was	dissected	 into	 small	 pieces	

using	 two	 scalpels	 and	 enzymatically	 digested	using	 collagenase	 type	 III	 300μg/ml	 and	

40μg/ml	DNase	1	for	1.5h	digestion	at	37oC	on	an	oscillating	water-bath	platform.	The	cell	



Endometrial Cancer Cell Lines as a Model for Metastasis 

85	

suspension	was	then	filtered	through	a	40μM	filter.	The	retentate	contains	the	majority	of	

the	epithelial	cells	and	the	 flow	through	contains	predominantly	stromal	cells.	Both	cell	

fractions	were	centrifuged	500	x	g	for	4	min	at	4oC.	The	supernatants	were	removed	and	

the	cell	pellets	were	resuspended	in	red	blood	cell	lysis	buffer	for	3	min.	The	tubes	were	

gently	rocked	at	regular	intervals	during	the	incubation.	50ml	PBS	was	added	to	the	cell	

suspensions	and	the	samples	were	centrifuged	at	500	x	g	at	4oC	for	4	min.	The	resulting	

cell	 pellets	were	 then	 resuspended	 in	 1ml	media	 (DMEM-F12,	 10%	 (v/v)	 foetal	 bovine	

serum	 (FBS;	 BioSera,	 Essex,	 UK),	 and	 1x	 antibiotic-antimycotic	 (Sigma	 Aldrich,	 Dorset,	

UK))to	produce	a	single	cell	suspension	which	was	then	made	up	to	a	10ml	solution	with	

more	cell	media	and	transferred	to	a	10cm2	tissue	culture	dish.		

2.2.ii Cell	Line	Culture	

Established	 cell	 lines	were	 either	purchased	 from	ATCC	 (HEC1A	and	RL95-2)	 or	Public	

Health	 England	 (PHE)	 Culture	 Collections	 (ISK	 and	 MFE280)	 or	 kindly	 gifted	 from	

collaborating	 laboratories	 (HEC1A	and	HEC1B).	During	 the	course	of	 the	experiments	 it	

was	 determined	 that	 the	 HEC1B	 cell	 line	 contained	 multiple	 cell	 types	 and	 the	 STR	

analysis	 profile	 of	 gifted	 HEC1A	 cell	 line	 had	 drifted	 significantly	 from	 the	 published	

profile	 therefore	 work	 on	 these	 cell	 lines	 desisted	 and	 a	 new	 HEC1A	 cell	 lines	 was	

purchased	from	ATCC.	Frozen	aliquots	of	the	cell	lines	were	purchased	shipped	on	dry	ice	

and	 stored	 at	 -70oC	 until	 thawed	 for	 culturing.	 Longer-term	 cell	 stocks	were	 stored	 in	

liquid	nitrogen	vapour.		

Thawing frozen cell line cultures 

All	 reagents	 were	 purchased	 from	 Sigma-Aldrich,	 Dorset,	 UK	 unless	 otherwise	 stated.	

Vials	of	cells	were	thawed	by	immersion	into	a	water	bath	set	to	37oC	until	all	ice	crystals	

disappeared	then	the	cells	were	plated	into	either	T25	flask	(Corning,	Loughborough,	UK)	
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or	100mm2	tissue	culture	petri	dish	(Thermo	Scientific,	Loughborough,	UK),	with	7ml	or	

15ml	 respectively	 of	 warmed	 DMEM-F12	 media	 supplemented	 with	 10%	 (v/v),	 L-

glutamine	 and	 100	 units	 penicillin	 with	 0.1mg/ml	 streptomycin	 (p/s)	 (hence	 forth	

referred	to	as	cell	line	media).	Plates/flasks	were	incubated	in	a	5%	(v/v)	CO2	atmosphere	

in	 a	 dedicated	 cell	 culture	 incubator	 at	 37oC	 overnight.	 After	 approximately	 16-24h	

depending	on	the	cell	line,	the	media	was	removed	from	the	cells	to	remove	the	majority	

of	DMSO	and	dead	cells	that	failed	to	adhere	to	the	culture	plate.	Fresh	cell	line	media	was	

added	 and	 cells	 re-incubated.	 RL95-2	 cells	 were	 treated	 in	 a	 slightly	 different	 way	 in	

accordance	with	the	datasheet	provided	by	the	ATCC.	RL95-2	cells	were	thawed	quickly	

in	a	water	bath	set	to	37oC,	diluted	in	cell	line	media	and	centrifuged	at	500	x	g	for	5	min.	

The	supernatant	was	aspirated	and	cell	pellets	were	then	resuspended	in	cell	line	media.	

Cell line maintenance 

Cell	 lines	were	maintained	 in	 in	 DMEM-F12	media	 supplemented	with	 10%	 (v/v)	 FBS	

(Biosera,	East	Sussex,	UK),	L-glutamine	and	p/s	at	37oC	 in	a	5%	(v/v)	CO2	atmosphere.	

RL95-2	 required	 additional	 insulin	 concentration	 of	 0.005	 mg/ml	 in	 accordance	 with	

supplier	 instructions.	 Cell	 lines	were	monitored	 daily	 and	 passaged	 upon	 reaching	 70-

80%	confluence	which	varied	depending	on	the	growth	rates	of	 the	cell	 line.	Cells	were	

washed	with	Dulbecco’s	PBS	(phosphate	buffered	saline)	three	times	and	detached	from	

the	culture	plate	using	0.025%	(v/v)	Trypsin-EDTA	incubated	with	the	cells	at	37oC	until	

cells	had	detached	(which	was	no	longer	than	5	min).	Fresh	cell	line	media	was	added	in	a	

ratio	of	2:1	to	the	culture	plate	to	inactivate	the	trypsin	and	a	single	cell	suspension	was	

achieved	by	pipetting.	The	cells	were	collected	by	centrifugation	at	500	x	g	 for	5	min	at	

4oC	and	the	cell	pellet	was	re-suspended	 in	 fresh	cell	 line	media	 for	 further	culture	and	

use	in	other	cell	culture	experiments.		
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Co-Culture of cell lines with patient derived stromal cells 

Cell	 lines	 were	 seeded	 into	 6	 well	 Transwells	 (Corning,	 Loughborough,	 UK)	 seeded	 at	

1x105	cells	 per	 insert.	 Primary	 stromal	 cells	were	 extracted	 from	 patients	 according	 to	

method	 in	 section	 2.2.i.	 and	 seeded	 into	 the	 bottom	 of	 the	 6	well	 plates	 left	 to	 adhere	

overnight.	The	next	morning	the	media	 in	the	upper	and	lower	chambers	was	aspirated	

off	careful	 to	avoid	disturbing	the	cell	 layers	and	fresh	media	supplemented	with	either	

treatment	 on	 solvent	 controls	 were	 gently	 added	 to	 both	 upper	 and	 lower	 chambers.	

Plates	were	returned	to	the	incubator	for	a	further	24,	48	or	72h	depending	on	the	assay.	

If	using	a	72h	assay	media	and	treatments	were	changed	after	the	48h	incubation	time.	

Slide preparation 

Cell	lines	were	seeded	into	permanox	and	glass	welled	slide	chambers,	depending	on	the	

downstream	 method	 (permanox	 for	 immunofluorescent	 staining	 and	 glass	 for	

immunocytochemistry	 with	 detection	 using	 DAB).	 The	 HEC1A	 and	 RL95-2	 cell	 lines	

required	the	slides	to	be	pre-coated	with	fibronectin	either	overnight	at	4oC	or	1h	at	37oC.	

The	fibronectin	was	removed	just	prior	to	the	addition	of	the	single	cell	suspension	that	

was	allowed	to	adhere	at	37oC.	Once	cells	had	adhered	and	reached	optimum	confluence	

on	the	slide	the	setup	up	was	either	used	for	immunofluorescent	or	immunocytochemical	

staining.		

2.3 GFP	Labelling	by	Lentiviral	Infection	of	HEC1A	and	ISK	Cell	Lines	

ISK	and	HEC1A	cells	were	transfected	with	an	EGFP-expressing	lentivirus	using	lentiviral	

infection	 by	 Dr.	 Sokratis	 Theocharatos	 (University	 of	 Liverpool,	 UK)	 using	 the	method	

described	 in	Carter	et	al.	 (Carter	et	al.	2012).	 In	brief,	 the	EGFP	gene	on	the	vector	was	

under	the	control	of	the	spleen	focus-forming	virus	SFFV	promoter	(Demaison	et	al.	2002)	

and	the	viral	particles	were	pseudo-coated	with	a	vesicular–stomatitis-virus	glycoprotein	
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9VSV-G	 envelope	 (Aiken	 1997).	 Sub	 confluent	 cultures	 of	 the	 cell	 lines	 in	 6	well	 plates	

were	 transduced	with	 the	 viral	 particles	 and	 transduction	 efficiency	 was	 estimated	 by	

viewing	cultures	for	GFP	expression.	ISK	transduction	efficiency	was	relatively	low	and	so	

required	Fluorescent	Activated	Cell	Sorting	(FACS)	to	yield	an	EGFP	positive	population.	

HEC1A	transfection	efficiency	was	high	and	so	required	no	further	selection.	

2.4 FACS	Sorting	for	GFP	Positive	ISK	Post	Transduction.	

The	 cells	with	 strongest	 EGFP	positivity	 (highest	 20%)	were	 selected	using	 FACS.	 Cells	

were	collected	as	described	previously	and	re-suspended	in	FACS	buffer	(PBS,	0.5%	(v/v)	

Bovine	 Serum	Albumin	 (BSA),	 0.2mM	EDTA	Na2)	 and	 sorted	using	 the	FACSAria	 II	 (BD	

Biosciences,	Erembodegem,	Belgium).	

2.5 Amplification	of	S100P	shRNA	Plasmids	in	E.coli	

HuSH	Plasmid	vectors	containing	29mer	shRNA	construct	against	S100P	in	lentiviral	GFP	

vectors	 (pGFP-C-	 shLenti	 plasmid)	 were	 purchased	 from	 Origene	 Technologies,	 Inc.,	

Rockaville,	 USA.	 Four	 unique	 shRNA	 sequences	 with	 anti	 S100P	 sequences	 (sequences	

shown	 in	 Table	 5)	 with	 a	 scrambled	 negative	 control,	 which	 does	 not	 align	 with	 any	

published	NCBI	sequence,	were	also	provided	(data	not	shown).		
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Plasmids	 were	 amplified	 using	 NEB	 5-alpha	 Competent	 E.coli	 (High	 Efficiency)	 (New	

England	 BioLabs;	 NEB,	 Herts,	 UK)	 and	 a	 control	 pUC19	 plasmid	 (NEB,	 Herts,	 UK)	

according	 to	 the	manufacturer’s	 instructions.	 In	 summary,	 the	 lyophilized	plasmid	DNA	

was	reconstituted	 in	sterile	nuclease	and	DNase	 free	water	(Qiagen).	The	stock	plasmid	

DNA	was	diluted	and	added	to	a	vial	of	thawed	E.coli.	Vials	were	incubated	on	ice	for	30	

min	heat	shocked	at	42oC	for	30s	and	incubated	on	ice	for	a	further	5	min.	Super	Optimal	

Broth	with	catabolite	repression	media	(SOC;	NEB,	Herts,	UK)	at	room	temperature	was	

added	to	the	E.coli	and	incubated	at	37oC	on	a	shaking	platform	rotating	at	250	rpm.	Serial	

dilutions	 in	 SOC	 media	 were	 made	 and	 plated	 onto	 LB	 agar	 (Invitrogen,	 UK)	 plates	

supplemented	 with	 34μg/ml	 chloramphenicol	 (Sigma	 Aldrich,	 UK).	 Agar	 plates	 were	

incubated	 overnight	 at	 37oC	 and	 single	 bacterial	 colonies	 were	 selected	 and	 cultured	

overnight	 in	a	5ml	LB	broth	(Oxoid)	supplemented	with	34μg/ml	chloramphenicol	on	a	

shaking	platform	set	to	rotate	at	250	rpm.	OD600	measurements	were	taken	the	next	day	

and	0.1ml	of	the	overnight	5ml	culture	was	subcultured	into	a	50ml	culture	supplemented	

with	34μg	/ml	chloramphenicol	on	a	shaking	platform	rotating	at	250	rpm.		

Table	 5.	 Sequences	 of	 shRNA	 in	 lentiviral	 plasmid	 vectors.	 Sequences	 of	 shRNA	 in	
lentiviral	plasmid	vector	and	assigned	tube	ID	number	from	Origene	Technologies.	
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2.6 Plasmid	Purification	

Plasmids	produced	in	Section	2.5	were	purified	using	a	Purelink	Quick	Plasmid	Miniprep	

Kit	 (Invitrogen,	 UK)	 according	 to	 the	 manufacturer’s	 instructions.	 Cell	 numbers	 were	

determined	by	measuring	the	OD600	of	cultures	using	a	Jenway	4500	spectrophotometer.	

In	short,	overnight	LB	cultures	were	centrifuged	to	collect	cells	 from	the	media	1-2x109	

E.coli	cells.	Cells	were	resuspended	in	Resuspension	Buffer	with	RNase	A.	Cells	were	lysed	

and	 a	 neutralization	 buffer	 was	 added	 to	 precipitate	 cellular	 debris.	 	 Precipitate	 was	

separated	from	the	plasmid	DNA	solution	by	centrifugation	and	plasmid	DNA	was	washed	

and	concentrated	using	spin	columns.	Plasmid	DNA	was	quantified	using	a	Nanodrop	ND-

1000	 spectrophotometer	 (Thermo	 Scientific,	 Loughborough,	 UK)	 and	 quality	 was	

assessed	 using	 the	 A260/A230	 and	 A260/A280	 ratios	 for	 contamination.	 Ratios	 of	 1.8-2	 or	

above	2	respectively	were	deemed	acceptable.		

Plasmid	DNA	amplified	in	Section	2.5	was	purified	using	a	PureYield™	Plasmid	Midiprep	

System	 (Promega,	 UK)	 according	 to	 the	 manufacturer’s	 instructions.	 Bacterial	 cell	

numbers	were	determined	by	measuring	the	OD600	of	the	overnight	50ml	culture	and	the	

remaining	cells	were	pelleted	at	5000	x	g	for	10	min.	Supernatant	was	discarded	and	the	

cell	 pellet	was	 resuspended	 in	 the	 cell	 resuspension	 solution.	 Cells	were	 lysed	 and	 the	

solution	neutralized	using	solutions	in	the	kit	and	gentle	inversion	of	the	tube	3-5	times	

with	the	addition	of	each	solution.	The	lysate	was	cleared	through	a	clearing	column	then	

bound	to	another	column.	An	endotoxin	wash	step	was	included	to	remove	contaminants	

followed	by	a	column	wash	step.	The	DNA	was	then	eluted	in	600μl	nuclease	free	water,	

aliquoted	 and	 frozen	 at	 -20oC.	 DNA	 quantification	 was	 performed	 using	 a	 Nanodrop	

ND1000	and	purity	was	assessed	by	A260/A280	ratio.			
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2.7 Production	of	Lentiviral	Particles	by	Transformation	of	HEK293T	Cells	

HEK293T	cells	were	kindly	gifted	by	Dr.	Violaine	See	(University	of	Liverpool).	They	were	

cultured	in	DMEM	high	glucose	(Gibco,	UK),	L-glutamine	2	mM,	10%	(v/v)	FBS	and	p/s.	

Cells	 were	 then	 passaged	 or	 media	 was	 changed	 every	 2-3	 days.	 HEK293T	 cells	 were	

seeded	into	6	well	plates	(2.5x105	per	well)	and	incubated	at	37oC	overnight.	The	rest	of	

transfection	was	performed	in	accordance	with	the	manufacturer’s	instructions	(Origene,	

US).	 In	 summary,	 1µg	 of	 pLenti-shRNA	 construct	 and	 1.2µg	 of	 Lenti-vpak	 packaging	

plasmids	were	added	to	the	cells	in	a	solution	of	200µl	Opti-MEM	and	8.8µl	MegaTran	1.0	

transfection	 reagent.	The	 transfection	solution	was	added	 in	a	drop	wise	 fashion	 to	 the	

HEK293T	cells	at	37oC	 for	18h,	and	then	the	culture	medium	was	changed	to	Optimem.	

Viral	 supernatants	 were	 collected	 24h	 and	 48h	 after	 the	 initial	 media	 change	 then	

centrifuged	at	3000	rpm	and	filtered	through	a	0.45µM	filter	to	remove	any	cell	debris.	

2.8 Estimation	of	Lentiviral	Titre	by	Transduction	

HEK293T	cells	were	seeded	overnight	at	2	x105	cells	per	well	in	a	6	well	plate	in	culture	

media	with	10%	(v/v)	FBS	and	p/s	0.5ml	Polybrene	solution	of	16ug/ml	was	added	per	

well	 and	 transduction	 solutions	 including	 the	 addition	 of	 viral	 particles	 in	 a	 range	 of	

volumes	up	 to	200μl.	 Images	were	 subsequently	 taken	 to	assess	 the	proportion	of	 cells	

that	were	GFP	positive.	

2.9 Selection	of	the	Minimum	Puromycin	Concentration	for	RL95-2	Cell	Line	to	

Kill	Untransduced	cells		

RL95-2	 cells	 were	 treated	 with	 a	 range	 of	 puromycin	 hydrochloride	 (Santa	 Cruz	

Biotechnology,	 US)	 concentrations	 of	 0.25-10μg/ml	 to	 determine	 the	 minimum	

concentration	 required	 to	 kill	 un-transduced	 cells.	 Numbers	 of	 viable	 cells	 were	
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determined	 using	 an	 MTT	 (3-[4.5-dimethylthiazol-2-ly]-2,5-diphenyltetrazolium	

bromide)	assay	(Figure	10).	Cells	were	seeded	at	a	range	of	densities	1x105-5x105	in	a	96	

well	 plate	 and	 incubated	 at	 37oC	 in	 a	 5%	 (v/v)	 CO2	humidified	 atmosphere	 overnight.	

Cells	were	then	treated	with	increasing	concentrations	of	puromycin	in	DMEM-F12	with	

L-glutamine	2	mM	and	10%	(v/v)	FBS	in	triplicate	for	3	or	7	days.	The	media	containing	

puromycin	was	replaced	every	2-3	days	during	the	course	of	the	experiment.	The	media	

was	then	replaced	with	antibiotic	free	media	just	prior	to	the	addition	of	MTT	solution	to	

make	a	final	concentration	of	0.5mg/ml.	Cells	were	incubated	with	the	MTT	solution	for	

3h	 at	 37oC	 in	 a	 5%	 (v/v)	 C02	humidified	 atmosphere.	 The	 medium	was	 aspirated	 and	

100μl	MTT	 solvent	 (4mM	HCl,	 0.1%	 (v/v)	Triton	X-100	 in	 isopropanol)	was	 added	per	

well.	The	 formazan	crystals	were	dissolved	 in	 the	MTT	solvent	by	gentle	agitation	on	a	

shaker	 for	15	min	 followed	by	 the	 reading	 the	absorbance	at	570nm	using	a	Multiskan	

Spectrophotometer	(Thermo	Scientific,	Loughborough,	UK).	Percentage	of	viable	cells	was	

determined	by	comparing	each	concentration	to	the	control	treatment.	

Figure 10. MTT Assay. Conversion of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolim bromine (MTT) to (E,Z)-5-(4,5-dimethylthiazol-2-yl)-1,3-
diphenylformazan (Formazan) by mitochondrial reductase. MTT in solution is 
yellow and is reduced to a purple coloured formazan. This purple formazan 
substrate is then solubilized in an acidified solvent and analysed 
spectrophotometrically at 560nm. 
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2.10 Proliferation	Assay	using	Haemocytometer	

Equal	numbers	of	cells	from	each	cell	line	were	seeded,	counted	using	a	haemocytometer.	

After	 24h	 the	 cells	 were	 trypsinized	 and	 counted	 using	 a	 haemocytometer	 once	 more	

stained	with	trypan	blue	in	a	1:1	(v/v)	of	cell	suspension	to	trypan	solution.	Viable	cells	

were	 identified	 as	 they	 exclude	 the	 dye	 whereas	 dead	 or	 cells	 with	 compromised	 cell	

membranes	took	up	the	dye.	

2.11 Proliferation	 Assay	 using	 (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium	bromide	(MTT)		

A	predetermined	number	of	cells	were	seeded	into	96	well	plates	(depending	on	the	cell	

line	used)	and	allowed	to	adhere	and	incubated	for	a	24-96h.	At	each	time	point	a	plate	

was	 removed	 from	 the	 incubator,	 the	 culture	 media	 removed	 from	 each	 well	 and	 a	

5mg/ml	solution	of	MTT	in	cell	line	media	was	added	per	well.		

The	plates	were	then	incubated	for	4h	at	37oC	and	then	the	media	carefully	remove.	The	

MTT	solution,	which	 is	 yellow	 in	 its	original	 form,	 can	be	metabolized	by	mitochondria	

resulting	in	a	reduced	formazan	precipitate,	which	is	purple.	To	release	the	formazan	into	

solution	 an	 acidified	 isopropanol	 solution	 (propan-2-ol,	 4mM	HCl,	 0.1%	 (v/v)	Triton	X-

100)	 was	 added	 per	 well	 and	 put	 onto	 an	 oscillating	 platform	 for	 15min	 to	 ensure	

complete	dispersal	of	the	formazan	into	solution.	

The	 absorbance	 of	 each	 well	 was	 then	 read	 using	 a	 microplate	 reader	 at	 570nm	

(MultiSKan	Ascent,	Thermo	Scientific,	UK).	The	absorbance	values	were	all	normalized	to	

the	 background	 readings	 of	 wells	 with	 media	 added	 but	 no	 cells	 to	 account	 for	 any	

changes	in	absorbance	that	could	be	attributed	to	the	cell	media.			
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2.12 Chemotherapy	Drug	Treatment	

Drug Dose Response Assay Using MTT 

Cells	were	seeded	at	 the	same	density	 in	96	well	plates	with	8	replicates	per	condition.	

Cells	were	seeded	overnight	and	treated	the	next	day	by	replacing	the	media	with	media	

containing	the	drug	dosage	or	vehicle	control	to	the	same	percentage	(0.001%	(v/v).	A	log	

scale	of	drug	doses	was	used	to	represent	data	in	graph	format.	

Cell Viability Assay Using MTT  

Cell	 viability	 was	measured	 by	 a	MTT	 (Sigma-Aldrich,	 Dorset,	 UK)	 assay	 as	 previously	

described	 (Valentijn	 et	 al.	 2015).	 Briefly,	 cells	 were	 seeded	 into	 96-well	 plates	 (1x104	

cells/well)	and	allowed	to	attached	overnight	prior	to	treating	with	the	chemotherapeutic	

agent	or	vehicle	control	for	72	h.	MTT	solution	was	added	and	absorbance	readings	taken	

using	method	in	Section	2.13	Cell	viability	was	expressed	as	a	percentage	of	the	untreated	

control.	

Chemotherapeutic Drug Treatment Set Up For FACS Analysis 

Firstly,	a	range	of	drug	concentrations	were	tested	for	both	Paclitaxel	and	Doxorubicin	to	

demonstrate	the	response	of	the	cell	lines	over	a	range	of	time	points	24-72h	(Chapter	5).	

Scrambled	control	(SC2)	and	S100P	Knockdown	(KD2)	RL95-2	cells	were	seeded	in	6	well	

plates	and	allowed	to	adhere	overnight.	The	media	on	the	cells	was	aspirated	and	drugs	

were	solubilized	in	ethanol	and	added	to	cell	line	media	plus	a	vehicle	control	and	added	

to	the	cells.		
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2.13 Migration	Assays	

Migration	 was	 assessed	 using	 a	 scratch	 assay	 to	 detect	 cell	 migration	 along	 a	 surface.	

Trans-wells	 were	 also	 used	 to	 assess	 the	 ability	 of	 cells	 to	 migrate	 towards	 a	

chemoattractant	through	a	porous	membrane.		

Migration Assay Using Scratch Method 

All	four	cell	lines	were	plated	at	a	density	of	5x105	into	separate	6	well	plates	and	allowed	

to	 reach	confluence	 (usually	one	day	after	plating).	Once	confluent	a	 single	 scratch	was	

made	vertically	through	each	well	by	gently	using	a	yellow	200μL	pipette	tip.	Wells	were	

gently	 washed	 with	 cell	 media	 and	 aspirated,	 then	 using	 a	 scalpel	 blade	 three	 equally	

spaced	perpendicular	 scratches	were	made	 to	 the	underside	of	 the	6	well	plates	across	

the	vertical	scratch	to	indicate	where	images	would	be	taken	for	the	analysis	for	the	rate	

of	wound	closure.	 	Images	were	taken	immediately	after	scratch	(used	as	0h	time	point)	

and	at	a	series	of	time	points	post	scratch,	the	longest	time	point	being	72h.	Images	were	

analysed	 using	 the	 ScratchAssayAnalyzer	 in	 the	 MiToBio	 (Möller.	 B.	 2016)	 plugin	 for	

Image	 J	 (Schneider,	 Rasband	 &	 Eliceiri	 2012).	 Parameters	 were	 set	 to	 use	 an	 entropy	

setting	 of	 25,	without	 scratch	 presence	 detection	 and	 the	 calculated	percentage	wound	

closure	measurements	were	calibrated	using	the	0h	image	for	comparison.	Scratch	assays	

were	 repeated	 in	 triplicate	 and	 the	 bar	 charts	 represent	 the	 percentage	 scratch	 area	

remaining.	

Migration Assays Using Transwells 

Cell	lines	were	conditioned	prior	to	the	migration	assay	for	16h	in	DMEM-F12	with	added	

L-glutamine	2	mM	and	p/s	without	FBS,	to	nutrient	deprive	the	cells	so	when	the	cells	are	

reintroduced	 to	 FBS	 in	 the	 media	 they	 are	 primed	 to	 migrate	 (if	 they	 are	 able)	 when	

seeded	into	transwells	towards	the	chemoattractant	in	the	media	in	the	lower	chamber	of	
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the	 transwell	 (further	 illustrated	 in	 Fig	 28).	 Conditioned	 cells	 were	 detached	 using	

Accutase®	solution		(Sigma,	Dorset,	UK)	at	37oC	for	no	longer	than	5	min.	Accutase®	has	

the	advantage	of	not	needing	to	be	deactivated	 in	 the	same	way	as	 trypsin.	Trypsin	has	

also	 been	 show	 to	 alter	 the	 migratory	 potential	 of	 cells	 by	 cleavage	 of	 cell	 surface	

receptors	and	down	regulate	growth	and	metabolism	related	protein	expression	(Huang	

et	 al.	 2010).	The	Accutase®	 solution	was	diluted	using	phenol	 free	 cell	 culture	medium	

and	the	cell	solutions	were	centrifuged	at	500	x	g	for	5	min.	Cell	pellets	were	resuspended	

in	 phenol	 free	 cell	 culture	media	 and	 seeded	 at	 1x105	 cells	 per	 transwell.	 Prior	 to	 the	

addition	of	 cells,	 the	 transwell	membranes	were	hydrated	with	phenol	 free	 cell	 culture	

medium	for	a	minimum	of	2h	prior	to	cell	preparation	by	adding	medium	to	the	lower	and	

upper	chambers.	During	 the	 final	centrifugation	step	 the	hydration	media	was	removed	

and	 fresh	 phenol	 free	 cell	 culture	 medium	 with	 10%	 (v/v)	 FBS	 added	 to	 the	 lower	

chamber,	 to	 act	 as	 a	 chemoattractant	 for	 the	 conditioned	 cells	 to	 migrate	 toward.	

Conditioned	 cells	 were	 carefully	 added	 to	 the	membrane	 in	 the	 upper	 chamber	 of	 the	

transwell	 and	 incubated	 for	 24h	 at	 37oC.	 After	 the	 migration	 period	 the	 transwell	

membranes	 were	 washed	 three	 times	 in	 PBS,	 unmigrated	 cells	 were	 removed	 using	 a	

cotton	 swab	 and	migrated	 cells	 were	 fixed	 and	 stained	 using	 REASTAIN	 Quick-Diff	 Kit	

(Gentaur,	Germany).	Entire	transwell	membranes	were	observed	under	a	microscope	and	

total	migrated	cells	were	counted	and	compared	between	cell	lines.	

2.14 RNA	Extraction	

Cells	from	tissue	culture	experiments	were	collected	into	a	pellet	as	described	previously	

and	 re-suspended	 in	 PBS,	 centrifuged	 at	 500	 x	g	 for	 5	min	 at	 4oC	 and	 the	 supernatant	

aspirated;	twice	to	remove	any	traces	of	media	before	being	frozen	at	-70oC.	Pellets	were	

thawed	on	 ice	 and	RNA	 extracted	 and	purified	 using	TRIzol®	Plus	RNA	Purification	Kit	
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(Ambion,	 Life	 Technologies)	 according	 to	 the	 manufacturer’s	 instructions.	 Briefly	 cells	

were	lysed	with	TRIzol®	and	phase	separated	by	the	addition	of	0.2ml	of	chloroform	per	

ml	of	TRIzol®	and	centrifuged	at	12,000	x	g	for	15	min	at	4oC.	The	RNA,	contained	in	the	

upper	aqueous	phase,	was	purified	by	spin	column	and	eluted	in	RNAse	free	water.	RNA	

was	stored	at	-70oC.	

2.15 Reverse	Transcriptase	Polymerase	Chain	Reaction	(RT-PCR)	

	RNA	extracted	using	method	in	Section	2.14	was	made	into	first	strand	cDNA	using	AMV	

First	Strand	cDNA	Synthesis	Kit	(NEB,	Herts,	UK)	following	the	kit	instructions	(Table	6).	

In	summary	1μg	of	total	RNA	used	for	each	reaction,	with	a	RNA	denaturing	step	for	5min	

at	70oC.	The	cDNA	synthesis	reaction	was	conducted	at	42oC	for	1h	using	D(T)23VN	and	

the	enzyme	was	inactivated	by	incubating	the	reaction	at	80oC	for	5min.	The	reaction	was	

then	diluted	to	50μl	with	nuclease	free	H2O.	For	the	PCR	reaction	1-2μl	of	cDNA	was	used	

with	Hot	Start	Taq	2X	Master	Mix	(NEB,	Herts,	UK).	

Table	6.	cDNA	Synthesis	Reagents.	D(T)
23
VN	(50µM),	Nuclease-free	H

2
0,	AMV	Reaction	

Mix	 and	 	 AMV	 Enzyme	Mix	 provided	 as	 part	 of	 the	 New	 England	 BioLabs	 	 AMV	 First	
Strand	cDNA	Synthesis	Kit.		
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	In	 short,	Hot	Start	Taq	 2X	master	mix,	nuclease	 free	H20,	 forward	and	reverse	primers	

were	made	 into	 a	working	master	mix	 and	 template	DNA	was	 added	 for	 each	 reaction,	

then	 taken	 through	 the	 specific	 thermocycling	 conditions	 dependent	 on	 the	 target	

transcript.	 See	 supplementary	 information	 for	 primer	 sequences	 and	 additional	

information.	

2.16 Real-Time	qPCR	

Using	the	cDNA	created	using	method	in	RT-PCR	section	2.15.	1µl	of	cDNA	was	used	per	

qRT-PCR	reaction.	Reactions	were	set	up	as	a	master	mix	of	the	reagents	was	made	for	all	

reactions	 run	 for	 the	 same	 target,	9µl	pipetted	 into	each	well	on	a	96	well	plate.	1µl	of	

cDNA	added	per	well,	with	each	sample	run	in	duplicate.	Bio-Rad	CFX	Manager	software	

was	used	to	analyse	the	data	(Bio-Rad,	Herts)	(Table	7).		

Table	 7.	qRT-PCR	 Reaction	 Reagents.	Volumes/concentration	of	 reagents	 used	 in	 10μl	
reaction	volume.	Reagents	sourced	from	Sigma	or	Bio-Rad.		
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2.17 SDS	PAGE	and	Immunoblotting	

2.17.i Protein	Lysate	Preparation	

Cells	from	tissue	culture	experiments	were	collected	into	a	pellet	as	described	(previously	

under	cell	maintenance	in	Section	2.14.ii)	and	re-suspended	in	PBS,	centrifuged	at	500	x	g	

for	 5	 min	 at	 4oC	 and	 the	 supernatant	 aspirated;	 twice	 to	 remove	 any	 traces	 of	 media	

before	being	 frozen	at	 -70oC.	Pellets	were	 thawed	on	 ice	and	10μl	of	PBS	was	added	 to	

disperse	 the	 pelleted	 cells.	 Several	 lysis	 buffers	 with	 a	 range	 of	 SDS	 and	 urea	

concentrations	 were	 used	 to	 extract	 protein	 from	 the	 cell	 pellets	 depending	 on	 the	

downstream	target/experiment	shown	in	Table	8.		

Protein	 lysates	were	prepared	for	 the	detection	of	AGR2	and	S100A4	were	prepared	by	

mixing	with	 5x	 loading	 buffer	 (Thermo	 Scientific,	 Loughborough,	 UK)	 to	 achieve	 an	 x1	

concentration,	 with	 additional	 RIPA	 buffer	 if	 required.	 Samples	 were	 heated	 in	 a	 dry	

water	bath	for	3-5	min	centrifuged	briefly	to	collect	the	sample	at	the	bottom	of	the	tube	

and	allowed	to	cool	to	room	temperature.		For	detection	of	S100P,	the	sample	preparation	

required	 much	 more	 optimization	 than	 the	 other	 proteins	 detected	 using	 western	

blotting.	S100P	protein	was	detected	using	lysates	prepared	using	lysis	buffer	(PBS,	0.5%	

(v/v)	SDS,	50mM	Tris	Buffer	pH6.8,	Protease	Inhibitor	Cocktail),	sonicated	briefly	for	20s	

bursts	until	the	sample	was	completely	lysed,	and	heated	with	1x	loading	buffer	(6.25	mM	

Tris-HCl	pH	6.8,	2%	(v/v)	SDS,	10%	(v/v)	glycerol,	100mM	DTT,	0.2%	(v/v)	bromophenol	

blue)	 to	 95oC	 for	 5	 min,	 allowed	 to	 cool	 just	 prior	 to	 loading	 the	 samples	 in	 the	 gel.	

Samples	 were	 always	 run	 with	 a	 protein	 ladder,	 Precision	 Plus	 Protein™	 Dual	 Color	

Standards	(Bio-Rad,	Herts,	UK)	to	indicate	size	of	bands	detected.	
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Table	 8.	 Cell	 Lysis	 Buffers	 and	 Methods.	 Protein	 extraction	 buffer	 recipes	 and	 the	
methods	used	for	protein	extraction	with	each	buffer.	
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2.17.ii SDS	PAGE	

For	the	detection	of	S100A4	and	AGR2	prepared	lysates	were	loaded	into	Precast	TGX	4-

15%	or	4-20%	(v/v)	gels	(Bio-Rad,	Hertforshire,	UK).	To	detect	S100P	samples	were	run	

using	15%	resolving	gels	 (15%	Acrylamide:Bisacrylamide	 (29:1),	25%	3.0M	Tris	Buffer	

pH	 6.8,	 0.1%	 SDS,	 0.05%	 TEMED	 and	 0.1%	 APS)	 with	 4%	 stacking	 gels	 (4%	 (v/v)	

Acrylamide:Bisacrylamide	 (29:1),	20%	(v/v)	1.25M	Tris	pH	6.8,	0.1%	 (v/v)	SDS,	0.15%	

(v/v)	 TEMED,	 0.06%	 (v/v)	 APS)	made	 in	 house.	 Samples	were	 run	 alongside	 Rainbow	

ladder	(Amsham,	GE).	Samples	were	electrophoresed	in	Running	Buffer	(27mM	Tris,	192	

mM	 Glycine,	 0.1%	 (v/v)	 SDS	 in	 dH2O)	 through	 the	 gels	 at	 120V	 for	 24-30	 minutes	

depending	 on	 the	 migration	 rate.	 The	 protein	 was	 then	 transferred	 to	 an	 Immun-Blot	

PVDF	membrane	 (Bio-Rad,	 Herts,	 UK)	 in	 Transfer	 Buffer	 (27mM	 Tris,	 192mM	 Glycine,	

20%	(v/v)	Methanol	pH	7.6)	at	60V	for	90min.	PVDF	membranes	were	then	blocked	with	

either	5%	(w/v)	Marvel	or	5%	(w/v)	BSA	in	Wash	buffer	(TBS-T;	0.01M	phosphate	buffer	

[2.7mM	potassium	chloride	and	0.137M	sodium	chloride],	0.05%	(v/v)	Tween20	in	dH2O)		

for	1-2h	depending	on	the	target	epitope.	After	blocking	membranes	cut	if	more	than	one	

protein	 was	 to	 be	 blotted	 and	 were	 washed	 in	 TBS-T	 for	 20	 min.	 Membranes	 were	

incubated	overnight	with	primary	antibodies	at	4oC	and	after	washing	incubated	with	the	

species	 specific	 secondary	 antibody	 at	 room	 temperature	 for	 1h	 with	 gentle	 agitation.	

After	washing	 for	 20	min	 in	 TBS-T	membranes	were	 incubated	with	 SuperSignal	West	

Dura	 Chemiluminescent	 Substrate	 or	 SuperSignal	 West	 Femto	 Chemiluminescent	

Substrate	(Thermo	Scientific,	Loughborough,	UK)	for	5	minutes	prior	to	detecting	signals	

at	 a	 range	 of	 exposures	 using	 CL-Xposure	 Film	 (Thermo	 Scientific,	 Loughborough,	UK).	

Membranes	were	 stripped	using	 a	 0.2M	NaOH	 solution	 for	 5	min	 at	 room	 temperature	

with	gentle	agitation,	and	then	washed	with	dH2O	twice	and	subsequent	TBS-T	washes	at	

room	 temperature.	Membranes	were	 then	 re	blocked	with	5%	 (w/v)	BSA	or	5%	 (w/v)	
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Marvel	and	reprobed	with	desired	antibodies.	Table	9	shows	the	S100P	antibodies	tested	

for	use	for	this	thesis	project.	

The	final	optimized	method	to	analyse	S100P	used	SDS-PAGE	gels	that	were	hand	poured	

in	house.	S100P	R&D	goat	primary	antibody	and	Dako	goat	secondary	antibody	were	used	

to	detect	the	protein,	and	the	protein	signal	was	visualized	using	Amersham	ECL	Select.	

GAPDH	was	used	as	a	loading	control	and	was	detected	using	Amersham	ECL	(See	S100P	

western	blot	methods	optimization	section	in	Chapter	5).		

2.18 Immunocytochemistry	

Cells	 cultured	 according	 to	 the	 method	 in	 the	 cell	 culture	 section	 above.	 Cells	 were	

washed	with	PBS	for	10	min,	fixed	using	10%	(v/v)	Neutralized	Buffered	Formalin	(NBF)	

solution	for	10min	and	permeabilized	membranes	with	a	0.2%	(v/v)	Triton	x100	diluted	

in	PBS	for	5	min.	Endogenous	peroxidase	activity	was	quenched	with	a	0.3%	(v/v)	H202	

solution	 (30%	 (v/v)	 H202	 solution	 (Sigma,	 Dorset,	 UK)	 diluted	 in	 dH20)	 for	 10	 min.	

Washing	 steps	 were	 performed	 as	 stated	 previously	 and	 non–specific	 binding	 was	

blocked	by	 incubating	cells	with	2.5%	(v/v)	NHS	 (Vector	Laboratories,	Cambridgeshire,	

Table	9.	Anti-S100P	Antibody	Information.	Information	collated	from	supplier	companies.			
	



Endometrial Cancer Cell Lines as a Model for Metastasis 

103	

UK)	for	30	min.	Primary	antibodies	were	prepared	by	diluting	in	2.5%	(v/v)	NHS	on	ice	

and	 incubated	 with	 cells	 overnight	 at	 4oC	 (see	 appendix	 for	 antibody	 all	 information).	

Slides	 chambers	 were	 washed	 with	 PBS	 for	 10min	 and	 incubated	 with	 species	

appropriate	 secondary	 antibodies	 conjugated	with	 Alexa	 Fluor	 488	 and	 555	 fragments	

(Cell	 Signalling,	UK)	 for	1h	 in	 the	dark	at	 room	temperature.	Slide	chambers	were	 then	

removed	 and	 cells	 were	 mounted	 using	 Vectorshield®	 medium	 with	 DAPI	 (Vector	

Laboratories,	Cambridgeshire,	UK).	Coverslips	were	sealed	in	place	using	nail	varnish	to	

prolong	staining.	Slides	were	imaged	using	a	Nikon	Eclipse	50i	microscope	(Nikon)	using	

a	mercury	lamp. For	confocal	imaging	fast	Nipkow	disc-based	confocal	imaging	attached	

to	a	high	sensitivity	 (iXon	Andor)	CCD	camera	were	acquired	at	 the	same	 intensity	and	

compared	 with	 IgG	 controls.	 NIS-Elements	 F	 Software	 (Nikon)	 was	 used	 from	 image	

capture	and	ImageJ	or	Photoshop	for	processing.			

2.19 Fluorescence	Activated	Cell	Sorting	(FACS)	Analysis	

Cells	 were	 trypsinized	 and	 resuspended	 in	 cell	 line	 medium.	 Cells	 were	 collected	 by	

centrifugation	 at	 500	 x	g	 for	 5	min	 and	 counted	 using	 a	 Beckman	 Coulter	 counter	 and	

resuspended	 in	FACS	buffer	 (PBS,	0.5%	(w/v)	BSA,	0.2mM	EDTA)	at	a	 concentration	of	

1x106	cells	per	100μl.	Cells	were	kept	on	ice	throughout	staining	process.	Hoechst	333442	

(Invitrogen,	Paisley)	was	diluted	1:10	in	dH20	added	at	a	concentration	of	5μg/μl	for	20	

min	on	ice	followed	by	5	min	incubation	with	5μl	of	7-AAD	(which	equates	to	0.25µg/test)	

(BD	Pharamingen,	BD).	Cells	were	then	diluted	to	1ml	in	FACS	buffer	and	run	through	a	

BD	 FACSAria	 II	 machine	 (BD	 Pharamingen,	 BD).	 Compensation	 for	 spectral	 overlap	

between	the	two	dyes	was	achieved	by	using	single	stained	untreated	cells	and	unstained	

untreated	 cells,	 which	 automatically	 detected	 the	 unstained	 and	 stained	 populations,	

which	could	then	be	adjusted	for	each	assay.				
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2.20 	CAM	Assay	

White	 Leghorn	 eggs	 (sourced	 from	Lees	 Lane	 Poultry,	Wirral)	were	 incubated	 on	 their	

side	 at	 37oC	 at	 a	 humidity	 of	 35%	 till	 E3	 in	 a	Multi-hatch	Mark	 II	 automatic	 incubator	

(Brinsea,	 Sandford,	 UK).	 3-4mL	 of	 albumen	was	 removed	 from	 the	 eggs	 using	 a	 punch	

needle	and	syringe,	to	allow	the	embryo	to	become	separated	from	the	inner	side	of	the	

shell.	 Windows	 were	 then	 cut	 into	 the	 upward	 embryo	 and	 CAM	 at	 a	 later	 date.	

Unfertilized	 and	dead	 embryos	were	discarded	 at	 this	 point.	 The	windows	were	 sealed	

with	Scotch	Magic	Tape	and	eggs	were	re-incubated	till	E7	at	37oC	at	35%	humidity	in	a	

humidified	 Brinsea	 Incubator	 (Brinsea,	 Sandford,	 UK).	 Cells	 were	 grown	 to	 70-80%	

confluence,	 trypsinized	 using	 0.025%	 (v/v)	 Trypsin-EDTA	 and	 counted	 by	

haemocytometer.	Cells	were	collected	by	centrifugation	at	1000	x	g	 for	5	min	to	remove	

the	trypsin	and	resuspended	in	cell	line	media	to	give	a	density	of	1x105	cells/μl.	5-10μL	

of	cells	we	re-inoculated	onto	the	CAM.	Immediately	prior	to	 inoculation,	 the	CAM	layer	

was	disrupted	using	lint	tissue	to	increase	the	establishment	rate	of	tumours.	Eggs	were	

incubated	for	a	further	7	days	to	E14	and	the	tumours	were	imaged	for	GFP	fluorescence	

and	 under	 brightfield	 prior	 to	 excision.	 Tumours	 were	 then	 imaged	 at	 E14,	 using	 a	

standard	 Leica	 M165-FC	 fluorescent	 microscope,	 in	 situ	 and	 after	 excision.	 Resected	

tumours	were	then	paraffin	embedded	and	processed	for	immunohistochemical	staining.		

Tumour formation assay  

Invasion	into	the	CAM	layer	was	used	as	a	way	to	assess	the	invasive	capacity	of	the	cell	

lines.	 The	 time	 points	 for	 experiment	 are	 indicated	 in	 Figure	 11.	 Tumour	 criteria	 for	

establishment	were	based	upon	the	appearance	of	 the	cells	 in	situ,	 excluding	CAMs	that	

showed	 no	 EC	 cells	 or	 sheeting	 growth	 instead	 of	 a	 ‘tumour-like’	 growth.	 The	 excised	

tumours	were	 imaged	 from	the	upper	and	 lower	perspective	relative	 to	CAM	layer.	The	
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upper	images	taken	to	show	the	exterior	surface	of	the	tumour	on	the	CAM	and	the	lower	

image	 taken	 to	 demonstrate	 the	 CAM	 layer	 and	 vasculature	 involved	with	 the	 tumour.	

Tumours	 were	 washed	 in	 PBS,	 fixed	 in	 10%	 (v/v)	 NBF	 at	 4oC	 for	 a	 minimum	 of	 24h,	

dehydrated	 and	 embedded	 in	 paraffin	 wax	 using	 an	 automated	 processor	 (Shannon	

Citadel	2000).	3µm	sections	were	cut	and	stained	for	Ki67,	Bax,	Bcl-2	(to	assess	how	well	

the	tumours	were	growing	in	the	model),	S100P	and	S100A4	(to	elucidate	the	distribution	

of	the	MIPs	within	the	invading	cells	both	as	a	tumour	and	at	a	subcellular	level).	Bax	is	a	

pro-apoptotic	protein	and	BCL-2	anti-apoptotic	protein	and	it	is	the	balance	between	the	

levels	of	pro-	and	anti-apoptotic	proteins	that	governs	cell	fate.	Observation	of	increased	

levels	 of	 either	 will	 give	 an	 indication	 if	 the	 tumour	 cells	 are	 apoptotic	 or	 not.	 Ki67	

staining	shows	if	the	tumour	cells	are	proliferating,	indicating	whether	the	cells	are	well	

established	and	likely	to	propagate	the	tumour	in	the	CAM	model.		
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2.21 	Statistical	Analysis	

Graphs	 were	 prepared	 and	 statistical	 analysis	 testing	 was	 performed	 using	 GraphPad	

Prism.	Error	bars	presented	 in	 graphs	 represent	 SEM.	 Student	 t-tests	were	used	where	

only	 two	 groups	 were	 analysed.	 Results	 were	 considered	 statistically	 significant	 if	 p	

values	 were	 ≤0.05.	 Linear	 regression	 was	 used	 to	 assess	 the	 proliferation	 of	 the	

knockdown	and	scrambled	control	cells	in	Chapter	5.		

	 	

Figure 11. Chorioallantoic Membrane (CAM) Model Assay Timelines.  
A) Tumour growth assay timeline. CAM Assay initiated on embryonic day (E) 0 
(E0) when the eggs are incubated at 37

o
C. On E3 excess albumen removed 

and windows cut into the shell. On E7 endometrial cell lines inoculated on to 
the CAM and tumours imaged and excised on E14. B) Drug intervention CAM 
assay timeline identical to tumour growth assay timeline (A) with additional 
steps on E11 and E13. Injections of solubilized chemotherapeutic drugs 
(doxorubicin or paclitaxel) into the allantoic sac on E11 and E13 to simulate 
72h in vitro assay exposure times. 
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Chapter	3 	Examination	 of	 EC	 Cell	 Lines	 for	 MIP	 Expression	 and	

Behaviour	in	In	Vitro	Culture	and	in	an	In	Vivo	Model	for	Further	

Study	

	

3.1 Introduction	

Cell	 lines	 offer	 a	 flexible	 and	 reproducible	model	 for	 the	 study	of	 EC	 that	 can	be	 easily	

manipulated	 to	 elucidate	 the	 roles	 of	 individual	 biological	 components/factors	 and	

pathways.	 Although	 there	 are	 several	 EC	 cell	 lines	 available,	 choosing	 the	 most	

appropriate	to	answer	the	specific	research	question	is	important.	To	this	end,	much	can	

be	inferred	based	on	the	phenotypic	and	functional	characteristics	of	the	cell	line.	Due	to	

the	nature	of	continuous	culture,	potential	contamination	and	spontaneous	mutations	can	

occur	 in	 these	 cell	 lines	 (Masters	 2000),	 representing	 a	 major	 potential	 confounding	

factor	 affecting	 experimental	 outcomes,	 but	 meticulous	 monitoring	 can	 negate	 these.	

Genetic	drift	and	cell	 line	misidentification	have	become	a	prolific	problem	in	biological	

research	with	the	use	of	cell	lines	and	has	confounded	results	and	affected	the	reliability	

of	the	data	produced.	Knowledge	of	how	the	cells	behave	and	grow	in	culture	conditions	

pertinent	 to	 our	 research	 group	will	 dictate	 how	 the	 cell	 lines	 can	 be	 used	 and	which	

techniques	are	the	most	appropriate	for	the	research	questions	in	this	thesis.		

This	project	focused	on	developing	in	vitro	and	in	vivo	model	systems	to	examine	the	role	

of	 metastasis	 inducing	 proteins	 (MIPs)	 in	 common,	 endometrioid	 ECs.	 Therefore,	 the	

initial	steps	of	the	project	involved	identifying	appropriate	cell	lines	for	study.	Initially,	a	

comprehensive	 literature	 search	 was	 conducted	 to	 identify	 the	 EC	 origins	 of	 all	

commercially-available,	authenticated	endometrioid	cell	lines.		
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Metastasis	inducing	proteins	have	been	shown	to	induce	functional	consequences	in	other	

hormonally	 responsive	 cancers,	 such	 as	 breast	 and	 prostate	 cancer	 (Basu	 et	 al.	 2008;	

Innes	 et	 al.	 2006;	 Zhang	 et	 al.	 2005).	 These	 aberrantly	 expressed	 proteins	 that	 are	

clinically	relevant	were	elucidated	using	in	vitro/	in	vivo	models	that	utilised	appropriate	

cell	 lines.	 The	 aim	 of	 the	 experimental	 work	 in	 the	 present	 chapter	 was	 initially	 to	

authenticate	the	cell	lines,	then	examine	their	levels	of	the	MIPs	(S100P,	S100A4,	AGR2)	

to	 further	develop	a	potential	 in	vitro	model	 to	 study	 their	 function	 relevant	 to	 tumour	

metastasis.	 Four	 cell	 lines	 were	 subsequently	 chosen,	 to	 represent	 a	 range	 of	

differentiation	from	the	well-differentiated	ISK	(ISK)	cell	line	to	the	poorly	differentiated	

MFE280	 cell	 line	 (Hackenberg	 et	 al.	 1998;	 Lessey	 et	 al.	 1996);	 they	 also	 represent	

different	grades	of	endometrioid	cancers	they	were	initially	derived	from,	e.g.	from	the	G1	

ISK	to	G3	MFE280	cell	line.		

Using	breast	cancer	as	a	model	of	a	hormone	responsive	cancer,	there	are	several	studies	

investigating	 the	 MIPs.	 Of	 the	 three	 metastasis-inducing	 proteins,	 S100A4	 protein	

expression	 has	 been	 shown	 to	 be	 significantly	 associated	with	 ER	 expression	 in	 breast	

cancer	patients	(Rudland	et	al.	2000).	S100P	and	ER	overexpression	were	also	shown	to	

be	positively	 associated	with	each	other	 (Schor	et	 al.	 2006).	AGR2	expression	has	been	

shown	 to	 correlate	 strongly	 with	 ER	 alpha	 expression	 in	 patient	 cohorts	 (Innes	 et	 al.	

2006),	 upregulated	 by	 OE	 responsive	 genes	 in	 ER-positive	 breast	 cancer	 cell	 lines	

(e.g.MCF-7)	(Thompson	&	Weigel	1998)	and	silencing	of	AGR2	dramatically	changed	the	

metastatic	 potential	 in	 breast	 cancer	 cell	 lines	 (Vanderlaag	 et	 al.	 2010).	 AGR2	 has	 also	

been	 demonstrated	 to	 be	 androgen	 responsive	 in	 prostate	 cancer	 cell	 lines	 (Bu	 et	 al.	

2013;	Zhang	et	al.	2005).		
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3.2 Experimental	Approaches	to	Achieve	the	Aim	of	this	Chapter.	

1. Literature	review	of	all	commercially	available	endometrioid	EC	cell	 lines	and	

selection	of	four	cell	lines	for	experiments	in	vitro.	

2. 	To	 authenticate	 the	 selected	 cell	 lines	 by	 STR	 analysis	 to	 ensure	 they	 are	

genetically	still	the	same	as	the	originally	deposited	cell	lines.			

3. To	 identify	 the	 expression	 levels	 and	 subcellular	 location	 of	 the	 metastasis	

inducing	proteins	(MIPs)	in	all	the	cell	lines.		

4. To	assess	the	growth	characteristics	in	2D	culture	of	the	cell	lines.		

5. To	 assess	 the	 growth	 characteristics	 in	 3D	 in	 vivo	 culture	 (CAM	model)	 and	

whether	this	growth	alters	the	MIPs	expression.	

3.3 Methods	

The	methods	discussed	in	this	section	are	pertinent	to	this	chapter	along	with	the	more	

generalized	 methods	 found	 in	 Chapter	 2.	 The	 data	 presented	 here	 relates	 to	 the	

optimization	of	the	methods,	the	rationale	behind	the	choice	of	technique	and	the	details	

of	the	optimization.	

3.3.i EC	Cell	Line	Selection	

To	 gather	 information	 and	 source	 the	 available	 EC	 cell	 lines	 that	 are	 commercially	

available,	searches	were	carried	out	on	the	on-line	catalogues	for	human	cancer	cell	lines	

of	 the	 Leibniz-Institut	 DSMZ-German	 Collection	 of	 Microorganisms	 and	 Cell	 Cultures	

(DSMZ),	the	Japanese	Collection	of	Research	Bioresources	Cell	Bank	(JCRB),	the	American	

Type	Culture	Collections	(ATCC)	and	at	RIKEN.	‘Endometrial’	or	‘Endometrium’	were	used	

as	 search	 terms.	 Cell	 lines	 found	 to	 be	 of	 human	 endometrial	 or	 uterine	 cancer	 origins	

were	considered	(Table	10).	The	cell	lines	used	for	this	thesis	shown	in	Table	11.	
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Cell	Line	
Name	

Tissue	
Diagnosis/	
Grade	

Ethnicity	 Age	
(years)	

Source	
#	

Source	 Synony
ms	

Notes	

AN3	CA	 Endometrioid	 Caucasian	 55	 HTB-
111	

ATCC	 --	 Derived	from	a	
metastatic	lesion	in	
the	lymph	node	of	
patient	with	
endometrial	
carcinoma	alerted	to	
the	condition	by	
onset	of	the	
malignant	disorder.	

EFE-184	 Carcinoma	 Caucasian	 69	 ACC	
230	

DSMZ	 --	 Established	from	the	
ascetic	fluid	of	a	
patient	with	
endometrial	
carcinoma	relapse	in	
1985.	92h	doubling	
time,	epithelioid	
cells	growing	in	
monolayers.	

HEC-108	 Endometrioid	 Japanese	 Not	
known	

JCRB1
123	

JCRB	 --	 Established	from	an	
endometrial	
adenocarcinoma.	
Deposited	in	2005,	
cell	line	with	
epithelial-like	
morphology.	Nude	
mouse-transplanted	
endometrial	cancer.	

HEC-116	 Endometrioid	 Japanese	 Not	
known	

JCRB1
124	

JCRB	 --	 --	

HEC-151	 Endometrioid	
Grade	2	

Japanese	 Not	
known	

JCRB1
122	

JCRB	 --	 Human	
endometrioid	
adenocarcinoma	
deposited	in	2005.	

HEC-155	 Endometrioid	 Not	
known	

Not	
known	

JCRB1
127	

JCRB	 HEC-
155,	

HEC-180	

No	longer	available	
(Iida	et	al.	2004)	
	

HEC-1-A	 Endometrioid	 Not	
known	

71	 HTB-
112	

ATCC	 HEC-1,	
HEC-1-
A,	HEC-
1-B,	
NCI-
H1573	

HEC-1-A	and	HEC-1B	
are	sub	clones	of	
HEC-1	and	share	a	
high	SNP	identity.	
Cells	established	in	
1968	from	a	
moderately	well	
differentiated	
adenocarcinoma,	
cells	form	typical	
papillary	adenomas.	

HEC-1-B	 Endometrioid	 Not	
known	

71	 HTB-
113	

ATCC	 HEC-1,	
HEC-1-
A,	HEC-
1-B,	
NCI-
H1573	
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HEC-251	 Endometrioid	 Japanese	 Not	
known	

JCRB1
141	

JCRB	 --	 Epithelial	like	
morphology.	

HEC-265	 Endometrioid	
Grade	1	

Japanese	 Not	
known	

JCRB1
142	

JCRB	 --	 Epithelial	like	
morphology	from	
uterus	corpus	
deposited	in	2005.	

HEC-50B	 Endometrioid	
Grade	3	

Japanese	 Not	
known	

JCRB1
145	

JCRB	 --	 Human	
endometrioid	
adenocarcinoma	
patient	deposited	in	
2005	with	epithelial-
like	morphology.	

HEC-59	 Endometrioid	
Grade	2	

Japanese	 Not	
known	

JCRB1
120	

JCRB	 --	 Human	tumour	cell	
line	from	
endometrioid	
adenocarcinoma	
deposited	in	2005	
with	epithelial-like	
morphology.	

HEC-6		 Endometrioid	 Japanese		 Not	
known		

JCRB1
118		

JCRB		 --		 Human	endometrial	
adeno-carcinoma	
cell	line	with	epi-
thelial	like	
morphology	de-
posited	in	2005.	

HEC-88nu		 Endometrioid	 Japanese		 Not	
known		

JCRB1
121		

JCRB		 --		 Epithelial	like	
morphology.	

HOUA-I		 Endometrioid	 Not	
known		

55		 RCB06
59		

RIKEN		 --		 Poorly	differentiated	
adenocarcinoma.	
Cell	growth	is	slow.	
Epithelial-like	
morphology.	

Ishikawa		 Endometrioid	 Not	
known		

39		 99040
201		

ECACC		 Ishikawa
,	ECC-1		

The	cells	induced	
well	differentiated	
adenocarcinoma	in	
athymic	nude	mice.	
Estrogen	and	
progesterone	
receptors	were	
demonstrated	both	
in	cell	culture	and	in	
induced	tumours.	
Ishikawa	has	been	
reported	to	produce	
corticotrophin-
releasing	hormone,	
placental	alkaline	
phosphatase	and	
chorionic	
gonadotrophin,	and	
responded	to	steroid	
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hormones.		

Ishikawa	
(Heraklio)	
02	ER-		

Endometrioid	 Not	
known		

Not	
known		

98032
302		

ECACC		 --		 --	

JHUAS-1		 Adenosqua-
mous	

Carcinoma	

Japanese		 56		 RCB15
44		

RIKEN		 --		 Epithelial	like	
morphology.	

JHUAS-2-L		 Adenosqua-
mous	

Carcinoma	

Japanese		 Not	
known		

RCB15
45		

RIKEN		 --		 B	lymphocyte	
isolated	from	a	
Japanese	
adenosquamous	
carcinoma.	

JHUCS-1		 Carcinoma	 Japanese		 57		 RCB15
47		

RIKEN		 --		 Established	from	a	
mixed	mesodermal	
tumour.	

JHUEM-1		 Endometrioid	
Grade	2	

Japanese		 56		 RCB15
48		

RIKEN		 --		 Epithelial	like	
morphology.	

JHUEM-14		 Endometrioid	 Japanese		 44		 RCB22
25		

RIKEN		 --		 Epithelial	like	
morphology.	

JHUEM-2		 Endometrioid	 Japanese		 62		 RCB15
51		

RIKEN		 --		 Small	angular	cellular	
morphology.	

JHUEM-3		 Endometrioid	 Japanese		 60		 RCB15
52		

RIKEN		 --		 Epithelial-like	
morphology.	

JHUEM-7		 Endometrioid	 Japanese		 58		 RCB16
77		

RIKEN		 --		 Epithelial	like	
morphology.	

KLE		 Endometrioid	 Caucasian		 64		 CRL-
1622		

ATCC		 --		 Epithelial-like	
morphology.	

MFE-280		 Endometrioid	
Grade	3		

Not	
known		

77		 ACC	
410		

ECACC		 --		 Established	from	
endometrial	
carcinoma	
recurrence	
(adenomatous,	
grade	3)	in	1990;	
formed	
heterotransplan-
table	tumours	in	
nude	mice	and	as	
carrying	
progesterone	
receptors.	
Epithelioid	cells	
growing	adherently	
in	monolayers.	60-
90h	doubling	time.	

MFE-296		 Endometrioid	
Grade	2		

Caucasian		 68		 ACC	
419		

DSMZ		 --		 Established	from	a	
moderately	
differentiated	
endometrial	
adenocarcinoma	in	
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1991;	described	to	
ex-press	androgen	
receptors;	cells	were	
described	to	be	
tumorigenic	nude	
mice.	Epithelial-like	
polymorphic	cells	
growing	adherently	
in	monolayers.	
Doubling	time	50-
60h.	

MFE-319		 Endometrioid	
Grade	1/2		

Not	
known		

81		 ACC	
423		

DSMZ		 --		 Established	from	the	
primary	
adenosquamous	
endometrium	
carcinoma	in	1992;	
described	to	form	
poorly	differentiated	
tumours	in	nude	
mice.	Epithelial-like	
adherent	cells	
growing	as	
monolayer.	Doubling	
time	100h.	

OMC-2		 Endometrioid		 Japanese		 59		 RCB28
30		

RIKEN		 --		 Slow	cell	growth.	

RL95-2		 Adenosquamo
us	Carcinoma		

Caucasian		 65		 CRL-
1671		

ATCC		 --		 Grade	2	endometrial	
adenocarcinoma.	

SNG-II		 Endometrioid		 Not	
known		

43		 IFO50
312		

JCRB		 RMUG-
L,	RTSG,	
SNG-II		

SNG-II	parental,	
RMUG-L	and	RTSG	
contaminated/	no	
longer	available.	

SNG-M		 Endometrioid		 Japanese		 52		 IFO50
313		

JCRB		 --		 --	

TEN		 Clear	cell	
carcinoma		

Japanese		 74		 RCB14
33		

RIKEN		 --		 Epithelial	like	
morphology.	

Table	10.	List	 of	 Commercially	 Available	 Endometrial	 Cancer	 (EC)	 Cell	 Lines	with	as	much	publically	
available	 patient	 information	 from	 which	 the	 cell	 line	 was	 derived	 including	 the	 tumour	 of	 origin,	
patient	race,	patient	age	at	time	of	resection.	Once	established	the	information	attached	to	the	cell	line	
including	the	cell	line	biobank	from	which	the	line	can	be	sourced	and	the	attributed	catalogue	number	
used	by	that	biobank,	along	with	additional	information	provided	by	the	biobank.	
	

3.3.ii STR	Profile	Analysis	

DNA	was	extracted	from	pelleted	cells	using	a	Promega	Wizard	SV	Kit	(See	Chapter	2	for	

protocol).	 The	 DNA	 from	 both	 HEC1A	 lines	 (from	 a	 collaborator	 and	 the	 ATCC),	 ISK,	

MFE280	and	RL95-2	cell	pellets	were	extracted	and	sequenced	according	to	the	method	
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in	Chapter	2.1.3.	The	HEC1A	cell	line	that	was	gifted	was	STR	profiled	and	the	profile	was	

below	 the	maximum	 recommended	 deviation	 from	 the	 published	 profile	 (of	 100-80%)	

(Table	 12).	 As	 a	 result,	 we	 purchased	 a	 HEC1A	 cell	 line	 from	 ATCC.	 The	 STR	

electropherogram	profiles	of	the	cell	lines	grown	in	the	laboratory	is	shown	in	Figure	11,	

showing	 the	multiple	additional	and	omitted	peaks.	The	ATCC	HEC1A	 ISK,	MFE280	and	

RL95-2	cell	lines	were	profiled	at	the	maximum	passage	that	was	utilized	for	experiments	

(up	 to	 passage	 13).	 The	 electropherograms	 and	 the	 confirmed	 peak	 loci	 were	 also	

compared	 to	 the	 profile	 database	 of	 the	 source	 of	 the	 cell	 lines	 or	 ATCC	 STR	 profile	

database.	

3.3.iii Cell	Fixation	Method	Optimization	for	Immunofluorescent	Staining	

During	the	IF	staining	protocol,	two	methods	were	trialled	to	permeablize	and	fix	cells	to	

ensure	that	the	antibodies	can	access	the	target	antigens	through	the	cellular	membrane.	

Organic	 solvents	 such	 as	 acidified	 isopropanol	 dehydrate	 cells	 and	 precipitate	 proteins	

onto	the	cellular	structures.		NBF	acts	by	producing	cross-links	to	preserve	cell	structure	

more	 efficiently	 than	 acidified	 isopropanol,	 but	 requires	 an	 additional	 permeabilization	

step	(for	example	incubation	with	Triton	X-100).	However,	NBF	use	can	negatively	affect	

the	 target	 antigen	 availability;	 therefore	 a	 comparison	 of	 both	methods	 to	 achieve	 the	

optimum	staining	was	carried	out.	

3.3.iv Comparison	of	IF	Staining	using	Cytospins	Versus	Chamber	Slides	

RL95-2	cells	do	not	grow	in	a	strict	2D	monolayer	and,	as	such,	IF	staining	and	imaging	of	

these	 cells	 required	additional	 optimization.	 	 Culture	of	 the	 cell	 lines	 in	 chamber	 slides	

shows	 the	 interactions	 between	 the	 cells	 and	 the	 protein	 distribution	 within	 the	 cells	

during	culture.	Cytospins	involve	using	a	suspension	of	cells,	which	are	then	centrifugally	
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pressed	 onto	 a	 glass	 slide,	 which	 after	 being	 air-dried,	 can	 be	 stained	 using	 the	 same	

method	as	cells	grown	on	chamber	slides.	

3.3.v Scratch	Assay	Optimization	

Primary	stromal	cells	from	normal	endometrial	tissue	were	used	to	optimize	the	scratch	

assay.	This	assay	had	not	been	previously	used	in	the	laboratory,	so	the	primary	stromal	

cells	were	 used	 as	 a	 positive	 control	 for	migration	 and	 to	 assess	 the	 analysis	 software	

plugin,	 as	 they	 were	 readily	 available	 in	 the	 laboratory	 and	 they	 are	 known	 to	 grow	

quickly	and	are	motile	(Weimar	et	al.	2013).	

3.3.vi MiToBo	Software	Analysis	of	Scratch	Assay	Images	

To	assess	the	parameters	for	the	scratch	assay,	primary	stromal	cells	were	used	as	they	

readily	migrate	in	in	vitro	culture.	The	stromal	cells	were	allowed	to	grow	until	confluent	

in	a	6-well	plate.	Scratches	were	made	with	a	yellow	pipette	tip	at	a	perpendicular	angle	

to	the	plate	through	the	middle	of	the	confluent	monolayer	of	cells	in	each	well.	The	wells	

were	then	washed	carefully	with	medium	(to	remove	any	cells	dislodged	into	the	medium	

during	 the	 scratch	 process),	 aspirated	 and	 fresh	medium	 added.	 Using	 a	 scalpel	 blade,	

horizontal	scratches	were	made	on	the	underside	of	the	plates	that	bisected	the	scratches	

within	 the	cell	monolayers,	 allowing	 the	monolayer	scratches	 to	be	 imaged	at	 the	same	

point	orientated	using	the	underside	scratches	as	a	guide.	Images	were	taken	immediately	

after	 the	scratch	and	at	a	series	of	 time	points	post	scratch.	Each	series	of	 images	were	

analysed	 using	 MiToBo	 Software	 plugin	 for	 ImageJ	 (Möller.	 B.	 2016)	 and	 produced	 in	

triplicate.	
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3.3.vii Transwell	Optimization	

Preconditioning- conditions and duration 

The	 transwell	 assay	 was	 used	 to	 assess	 the	 migratory	 ability	 of	 cells	 in	 an	 in	 vitro	

environment.	However,	 in	 order	 to	 promote	 the	 cells	 to	migrate	 they	 first	must	 be	 put	

under	 stressful	 conditions	 that	 encourage	 them	 to	 actively	 seek	 out	 more-favourable	

conditions	modelling	 how	 cells	 in	 vivo	 metastasize	 from	 the	 primary	 site	 to	 find	 other	

suitable	niches	 (Psaila	&	Lyden	2009).	The	conditions	 that	 cause	 the	cells	 to	migrate	 in	

vivo	cannot	be	exactly	imitated	in	vitro,	but	a	good	starting	point	was	to	remove	the	FBS,	

which	 is	 used	 as	 a	 source	of	 a	wide	variety	of	macromolecular	proteins,	 low	molecular	

weight	nutrients	and	other	compounds,	such	as	steroid	hormones,	necessary	for	growth	

in	vitro	of	cells	(Bettger	&	McKeehan	1986). 

Preconditioning	the	cells	by	removing	the	FBS	from	the	culture	medium	put	the	cells	in	a	

stressful	 state	 and	 should	 induce	 the	 cells	 to	 move	 toward	 a	 chemo-attractant.	 Thus,	

serum	 starving	 for	 2h,	 8h,	 16h	 and	 24h	was	 trialled	with	 the	 preconditioning	medium	

combinations	of	0%	(v/v)	FBS,	2%	(v/v)	CSFBS	and	with	an	insulin,	transferrin,	selenium	

solution	(ITS-G)	as	an	alternative	to	a	serum	based	medium.		

Transwell Membrane Preconditioning 

In	 setting	 up	 the	 transwells	 for	 the	 assay,	 a	 trial	 with	 and	 without	 membrane	

preconditioning	was	carried	out	with	FBS-free	medium	in	the	upper	chambers	(DMEM	F-

12,	p/s	and	L-Glutamine	2	mM)	for	2	hours	prior	to	setting	up	the	experiment.	Without	

this	step	no	migration	was	observed	for	all	the	cell	lines	tested.	
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3.3.viii CAM	Model		

Upright egg incubation vs sideways egg incubation 

The	orientation	in	which	the	eggs	are	incubated	changes	the	approach	for	gaining	access	

to	the	CAM	layer.	When	incubated	upright	the	air	sac	orientates	to	the	top	of	the	egg,	so	

on	E2-3,	a	small	puncture	was	made	in	the	very	top	of	the	egg	and	the	shell	removed	using	

sterilized	 forceps	 to	break	away	 the	 shell	 to	 form	a	window	and	gain	access	 to	 the	 sac.	

Using	sterilized	 forceps	 to	remove	 the	sac	and	cover	 the	exposed	albumen	with	a	small	

petri	 dish	 lid	 to	 prevent	 infection.	 The	 eggs	 were	 then	 reincubated	 in	 a	 humidified	

incubator.	Using	this	method,	the	CAM	will	be	accessible	on	E7	for	inoculation	with	cells.	

Incubating	 the	 eggs	 on	 the	 side	 requires	 a	 slightly	 different	 method.	 Excess	 albumen	

needs	 to	be	 removed	 from	 the	 egg	on	E2-3,	 depending	on	 the	 size,	 2-3.5ml	of	 albumen	

needs	 to	be	 removed	by	punching	a	 small	hole,	using	a	needle	punch,	 into	 the	 rounded	

end	 of	 the	 egg	 and	 withdrawing	 the	 albumen	 using	 a	 small	 gauge	 syringe	 needle.	 To	

maintain	the	sterility	of	 the	egg	and	prevent	 further	albumen	loss	the	hole	was	covered	

with	 Scotch	 tape.	 Then	 a	 grinder	 tool	 was	 used	 to	 cut	 a	 small	 rectangular	 hole	 in	 the	

uppermost	side	of	the	egg	(in	the	orientation	that	it	has	been	incubated	for	the	previous	

2-3	days	 (E0	 to	E2-E3)).	This	window	 is	 then	sealed	over	with	 scotch	 tape	and	 the	egg	

returned	to	the	humidified	incubator	until	E7	for	inoculation	with	cells.		

CAM Traumatization Method 

Disruption	of	the	CAM	membrane	allows	the	cells	which	are	inoculated	an	opportunity	to	

gain	access	to	the	CAM	membrane	and	increases	the	likelihood	of	a	tumour	being	able	to	

form.	Two	methods	were	tested,	either	using	a	yellow	200μL	pipette	tip	to	scratch	across	

the	CAM	surface	lightly	to	score	the	CAM	surface	or	using	a	sterile	piece	of	lint	tissue	to	

disturb	 the	 CAM	 surface.	 Previous	 students	 within	 the	 lab	 trialled	 using	 lint	 tissue	 to	



Endometrial Cancer Cell Lines as a Model for Metastasis 

118	

disturb	the	CAM	layer	with	and	without	the	addition	of	trypsin,	to	assess	if	this	increased	

the	uptake	of	tumours	in	neuroblastoma	cell	line	models	(Herrmann	et	al.	2015;	Swadi	et	

al.	 2018).	 Initial	 experiments	 with	 the	 ISK	 cell	 line	 were	 performed	 with	 and	 without	

trypsin	 addition	 immediately	 after	 the	 CAM	membrane	 traumatization	 step	 (using	 lint	

tissue	or	a	pipette	tip),	just	prior	to	inoculation	of	the	cell	lines	onto	the	CAM.		

3.4 Results		

3.4.i EC	Cell	Line	Selection	

The	literature	search	identified	34	cell	lines	that	are	commercially	available	and	are	being	

reported	to	be	used	in	EC	and	reproductive/hormonal	biology	studies	(Table	10).	The	ISK	

cell	 line	 has	 been	 well	 documented	 to	 be	 hormone	 responsive	 and	 is	 used	 for	 a	 large	

proportion	of	work	looking	at	OE	response	in	the	endometrium	(Croxtall,	Elder	&	White	

1990;	Holinka	1989;	Holinka	et	al.	1986).	The	other	cell	lines	were	used	to	compare	other	

features	 of	 EC	 metastasis	 with	 the	 ISK	 cell	 line,	 such	 as	 the	 HEC1A	 cell	 line,	 which	 is	

considered	 to	 represent	 a	 highly	 metastatic	 phenotype,	 more	 invasive	 than	 ISK;	 the	

MFE280	cell	line	represents	a	higher	G	cancer	(G3)	compared	with	the	G1	cancer	origin	of	

the	 ISK	 cell	 line.	 RL95-2	 represents	 a	 G2	 tumour	 that	 demonstrates	 an	 moderately	

differentiated	phenotype	in	culture	(Way	et	al.	1983).	Considering	the	study	of	MIPs	was	

the	 main	 focus	 for	 this	 thesis,	 an	 interrogation	 of	 the	 Cancer	 Cell	 Line	 Encyclopaedia	

database	showed	that	there	was	a	wide	range	of	mRNA	expression	of	the	MIPS	in	the	four	

cell	 lines,	 and	 compared	 with	 the	 normal	 human	 (H19)	 dataset,	 all	 MIP	 mRNAs	 were	

either	 up-regulated	 or	 down	 regulated	 in	 at	 least	 one	 cell	 line.	 However,	 the	 protein	

expression	 may	 differ	 from	 the	 mRNA	 levels	 in	 the	 cells	 and	 warranted	 further	

investigation	in	those	cell	lines.	The	main	focus	of	this	thesis	was	S100P	and	as	such	a	cell	

line	that	highly	expressed	S100P	was	included	in	the	cell	line	panel	for	investigation.	The	
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RL95-2	 cell	 line	 was	 derived	 from	 a	 G2	 adenosquamous	 tumour	 and	 according	 to	 the	

Cancer	 Cell	 Line	Encyclopaedia	 expressed	high	 levels	 of	 S100P	mRNA	and	 as	 such	was	

included	 in	 the	 cell	 line	 panel	 for	 study.	 Since	 endometrioid	 cancers	 are	 hormonally	

derived	cancers,	 the	chosen	cell	 lines	required	 to	study	 this	particular	aspect	and	allow	

examination	of	hormonal	manipulation	on	behaviour/MIPs	expression.	For	this	aspect	of	

the	project,	cell	 lines	that	were	reported	to	express	the	hormone	receptors	and	those	in	

previous	 studies	 that	 were	 used	 to	 examine	 hormone	 modulation,	 such	 as	 ISK	 were	

considered.	The	 final	 four	 cell	 lines	purchased	 for	 the	purpose	of	 this	PhD	 thesis	were;	

ISK,	HEC1A,	RL95-2,	MFE280.	We	also	studied	an	existing	HEC1A	cell	 line	that	has	been	

previously	gifted	by	a	collaborator	to	study.			

The	 EC	 cell	 lines;	 ISK,	 HEC1A	 and	 RL95-2	 and	 MFE280	 were	 sourced	 from	 reputable	

commercial	 biobanks	 (ATCC	 and	 PHE),	 which	 routinely	 screen	 their	 cell	 lines	 for	

contamination	and	genetic	abnormalities	(Table	11).		
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3.4.ii STR	Profiling	of	Cell	Lines	

The	STR	profile	of	the	commercially-sourced	cell	lines	matched	(within	acceptable	limits,	

minimum	 of	 80%	ATCC	 profile	match)	 the	 published	 profiles	 on	 the	 ATCC,	 ECACC	 and	

DSMZ	websites	 (ATCC	2018;	DSMZ	2018)	 (Table	12).	However,	 the	existing	HEC1A	cell	

line		

	

Table	 11.	Cell	 Line	 Characteristics	 and	 Background	 Information.	Grade,	 histology	differentiation	
and	doubling	time	information.	Taken	from		
source	datasheets	 and	publications.	Doubling	 time	determined	 for;	 a)	 ISK	 =	 Ishikawa	 (Goto	et	 al.	
2008)	 ,	 b)	 HEC1A	 (Kurarmoto,	 Hamano	 &	 Imai	 2002)	 c)	 RL95-2	 (Way	 et	 al.	 1983),	 and	 d)	 DSMZ	
MFE280	cell	line	datasheet	(DSMZ	2018).  
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Table	 12.	 Short	 Tandem	 Repeat	 Profiles	 for	 Cell	 Line	 Authentication.	 STR	
Profiles	 for	 the	 cell	 lines.	 Used	within	 the	 lab	 and	 the	 profile	match	 scores	
assessed	on	 the	DSMZ	and	ATCC	databases.	As	well	as	the	source	of	the	cell	
line	with	 annotations	 of	 the	 electropherogram	 used	 to	 form	 the	 profile.	 EV	
DSMZ	score	1.0	=	100%	profile	match.	
	

gifted	from	our	collaborator	which	was	purchased	some	25	years	ago	and	was	sourced	at	

a	high	passage	number	deviated	from	the	published	profile	(less	than	the	80%	acceptable	

profile	 match).	 When	 this	 cell	 line	 was	 first	 procured,	 STR	 profiling	 was	 not	 readily	

available	but	this	highlights	the	importance	of	confirming	the	identity	of	cell	lines.		
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The	STR	profile	of	 the	 ISK,	ATCC	 sourced	HEC1A,	MFE280	and	RL95-2	 cell	 lines	 shows	

that	the	cells	used	for	the	experiments	within	this	thesis	have	not	genetically	drifted	from	

the	originally	deposited	cells,	which	protects	 the	robustness	of	 the	data	produced	using	

these	models	(Table	11	and	Figure	12).	The	comparison	between	the	two	HEC1A	cell	lines	

is	 shown	 in	 Figure	 13,	 highlighting	 the	 differences	 between	 the	 electropherograms	 of	

these	cell	lines	(Figure	13).	Having	validated	the	cell	lines,	further	experiments	examined	

the	expression	of	MIPs.	
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Figure 12. Short Tandem Repeat Profiles for Cell Line Authentication. Short 
Tandem Repeat (STR) Electropherograms for Ishikawa (ISK), RL95-2 and MFE280 cell 
lines. Sixteen point STR DNA profile analysis performed for each cell line from a single PCR 
reaction. Determined by comparison with an internal allelic ladder. Only nine of those loci 
are required for profile comparison. See Figure 11 for a summary of STR profile results. 
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3.4.iii Protein	Expression	and	Subcellular	Location	of	MIPs 

MIP Protein Expression by SDS PAGE Western Blotting 

S100A4	 protein	 was	 detected	 in	 all	 four	 cell	 lines	 by	 SDS-PAGE,	 with	 the	 HEC1A	 and	

RL95-2	showing	higher	levels	than	the	ISK	and	MFE280	cell	lines	(Figure	14).	AGR2	was	

also	detected	in	all	four	cell	lines,	with	high	levels	found	in	the	ISK	and	RL95-2	cell	lines	

(Figure	14).	S100P	at	the	monomeric	molecular	weight	of	~11	kDa	was	only	detectable	in	

the	 RL95-2	 cell	 line	when	 using	 an	 antibody	 from	R&D	 Systems,	 antibody	 (Figure	 15).	

Optimization	for	S100P	is	discussed	further	in	Chapter	5.	The	RL95-2	monomeric	S100P	

band	 is	at	a	slightly	different	molecular	weight	 to	 the	recombinant	S100P	(recombinant	

coming	 up	 at	 a	 slightly	 higher	 molecular	 weight,	 most	 likely	 to	 do	 with	 how	 the	

recombinant	 protein	 is	 produced,	 or	 with	 a	 tag)	 in	 the	 adjacent	 lane.	 To	 examine	 the	

Figure 13. STR profiling of HEC1A cell line. NEW HEC1A was sourced from the American Type 
Cell Culture Collections. The OLD HEC1A was sourced from a collaborating laboratory, sourced prior 
to the routine use of STR profiling to authenticate cell lines. Electropherogram peaks included in the 
16-point profile used to authenticate cell lines. The spectra for both cell lines differ at several loci 
(both increased and reduce peak sizes as well as omitted peaks).The cell culture, DNA extractions, 
electropherogram profile analysis and interpretation were all performed by the doctoral candidate. 
The DNA sequencing and data visualization into the GeneMapper software was performed by the 
Genetics Department at the Liverpool Women’s Hospital, Liverpool.   
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subcellular	location	of	MIPs	in	the	four	cell	lines	immunofluorescence	experiments	were	

carried	out.		

	

	

	

	 	

Figure 14. AGR2 and S100A4 Protein Levels. A) AGR2 and B) S100A4 protein levels of 
HEC1A, Ishikawa (ISK), MFE280, RL95-2 cell lines determined by SDS PAGE western blot 
normalized to GAPDH used as the loading control. Densitometric analysis performed in 
ImageJ and graphs produced in GraphPad Prism. 
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Cell Fixation Method Optimization for IF staining 

Several	S100P	antibodies	were	tested	during	the	project	due	to	the	different	techniques	

(western	blotting	and	 immunocytochemical	staining)	utilised	and	one	antibody	was	not	

Figure 15. S100P Protein levels in Endometrial Cancer Cell Lines. S100P Protein 
levels of HEC1A, Ishikawa (ISK), MFE280, RL95-2 cell lines determined by SDS PAGE 
western blot normalized to GAPDH used as the loading control. 2ug Recombinant S100P 
(rS100P) used as positive control. Densitometric analysis performed in ImageJ and graph 
produced in GraphPad Prism.	 
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compatible	with	every	technique	used	(discussed	in	detail	 in	Chapter	5).	For	S100P,	the	

BD	Bioscience	and	R&D	Systems	antibodies	were	compared	using	both	fixation	methods	

(acidified	isopropanol	and	NBF;	Figure	16).	Both	antibodies	were	raised	against	the	same	

target	(full	length	S100P	protein),	but	the	manufacturers	had	shown	the	BD	antibody	had	

been	 tested	 for	 immunofluorescent	 staining	method,	 but	 this	was	 not	 indicated	 for	 the	

R&D	Systems	antibody.	The	best	signal	to	noise	ratio	was	obtained	using	the	NBF	fixation	

for	 both	 S100P	 antibodies,	 with	 a	 relatively	 low	 background;	 however	 at	 increased	

antibody	 concentrations,	 the	 acidified	 isopropanol	 method	 may	 also	 be	 as	 effective	 as	

using	the	NBF	fixation	method	(Figure	16).		

Comparison of IF Staining Using Cytospins versus Chamber Slides Imaged Using an 

Inverted Microscope 

There	are	advantages	and	disadvantages	of	using	 the	 two	cell	 culture	 techniques	 for	 IF	

staining.	Using	chamber	slides;	a	clear	 image	cannot	be	obtained	due	to	the	multi-plane	

growth	of	the	RL95-2	cell	line.	In	order	to	obtain	clear	images	of	the	subcellular	location	

of	 the	 target	protein/stain,	 it	was	necessary	 to	use	cytospins	of	 trypsinized	cells,	which	

clearly	showed	the	staining	pattern	of	the	protein	within	the	cells	(Figure	16).	

Both	 methods	 yield	 different	 information	 to	 evaluate	 the	 antibody	 staining	 within	 the	

cells.	The	cytospin	stained	cells	resulted	in	much	clearer	staining	than	the	cells	grown	in	

slide	chambers,	but	at	the	cost	of	not	seeing	the	 in	situ	cell-cell	 interactions.	IF	antibody	

staining	 makes	 multiplexing	 multiple	 targets	 possible	 in	 one	 assay,	 whereas	 for	 the	

confocal	microscopy	 only	 one	 stain	 could	 be	 detected	 as	 there	was	 only	 a	 single	 laser	

available.		
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3.4.iv Confocal	Microscopy	Images	of	IF	Stained	Cells	for	MIPS	

All	MIPs	were	detected	in	at	least	one	cell	linee7	were	shown	to	express	the	three	MIPs	by	

western	blot	 (Figure	14-15),	 immunofluorescent	antibody	 labelling	 (Figures	17-22)	and	

as	 well	 as	 detectable	 levels	 of	 MIP	 transcripts	 by	 RT-PCR	 (Figure	 29)	 and	 qRT-PCR	

(Figure	23).	S100P	was	shown	to	be	strongly	nuclear	in	all	cell	lines	and	the	two	different	

Figure 16. Comparison of methods for immunofluorescent antibody staining, 
comparison of fixation and permeabilization methods. Using acidified isopropanol 
(A-D) and 10% (v/v) neutralized buffered formalin (NBF) (E-H) stained with the BD S100P 
antibody (A,B,E+F) or R&D Systems S100P antibody (C,D,G+H). Equal exposures were 
used across all images. RL95-2 cells immunofluorescently labelled for AGR2 (I,J,K) and 
counterstained with Dapi (L,M,N) grown on slide chambers (I+L) or cytospins (J,K,M+N). 
Panels (J+M) IgG control. The same cytoplasmic staining pattern is observed with both 
methods but the slide chamber retains the cellular morphology. However the cytospins 
allow the subcellular location to be clearly shown. Red and blue scale bars represent 100 
µM and 20µM respectively. Formalin fixation yielded stronger antibody staining with both 
S100P antibodies whereas the BD antibody resulted in higher background staining. Images 
processed using Adobe Photoshop. 
	



Endometrial Cancer Cell Lines as a Model for Metastasis 

130	

S100P	 antibodies	 showed	 similar	 staining	 patterns,	 therefore	 the	 results	 from	 patient	

samples,	which	have	been	stained	within	the	group	using	the	BD	S100P	antibody,	can	be	

compared	to	the	staining	with	the	R&D	antibody	which	has	been	here	optimized	for	use	in	

western	 blotting	 and	 immunofluorescence	 (Figure	 16).	 Once	 the	 antibody	 staining	

method	 has	 been	 determined,	 further	 optimization	 was	 required	 to	 obtain	 clear	 IF	

images.	

	 	

Figure 17. Confocal S100P antibody staining in MFE280 cell line. Confocal 
microscopy images of the MFE280 cell line labelled primary antibodies specific for S100P 
with secondary antibodies conjugated to Alexa Fluor 488. A) Goat IgG B) R&D systems 
S100P C) Mouse IgG D) BD S100P. The background staining in the IgG incubated samples 
was higher for the R&D systems antibody, however the overall staining intensity was also 
increased with the R&D Systems antibody. 
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Figure 18. Confocal AGR2 and S100A4 antibody staining in MFE280 cell line. 
Confocal microscopy images of the MFE280 cell line labelled primary antibodies specific for 
AGR2 and S100A4 with secondary antibodies conjugated to Alexa Fluor 488 A) Mouse IgG 
B) AGR2 C) Rabbit IgG and D) S100A4.  
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Figure 19. Confocal S100P antibody staining in RL95-2 cell line. Confocal microscopy 
images of the RL95-2 cell line labelled primary antibodies specific for S100P with secondary 
antibodies conjugated to Alexa Fluor 488. A) Goat IgG B) R&D S100P C) Mouse IgG D) BD 
S100P.	
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Figure 20. Confocal AGR2 and S100A4 antibody staining in RL95-2 cell line. Confocal 
microscopy images of the RL95-2 cell line labelled primary antibodies specific for AGR2 and 
S100A4 with secondary antibodies conjugated to Alexa Fluor 488. A) Mouse IgG B) AGR2 
C) Rabbit IgG D) S100A4. 
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Figure 21. Confocal S100P antibody staining in HEC1A cell line. Confocal microscopy 
images of the HEC1A cell line labelled primary antibodies specific for AGR2 and S100A4 with 
secondary antibodies conjugated to Alexa Fluor 488. A) Goat IgG B) R&D S100P. The BD 
antibody was not retested with the HEC1A cell line due to the focus of the project going 
forward focusing on using the R&D systems antibody, once the equivalence between the BD 
and R&D systems S100P has been made only the R&D antibody was used in further 
experiments. 
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All	 cells	 lines	 were	 stained	 with	 immunofluorescently	 labelled	 antibodies	 and	 imaged	

using	an	 inverted	microscope	and	confocal,	however	due	to	 the	nature	of	growth	of	 the	

RL95-2	and	MFE280	cell	lines,	capturing	clear	images	was	problematic,	therefore	all	cell	

lines	 were	 then	 imaged	 using	 a	 confocal	 microscope.	 S100A4	 was	 shown	 to	 be	

predominantly	expressed	in	the	nucleus	of	the	HEC1A,	ISK,	and	MFE280,	but	completely	

cytoplasmic	 in	the	RL95-2	cell	 line	(Figure	17-22).	AGR2	staining	was	cytoplasmic	 in	all	

the	cell	lines,	but	ISK	cells	also	showed	strong	nuclear	AGR2	expression	(Figures	17-22).	

The	confocal	microscope	allowed	images	to	taken	through	a	plain	distinguishing	between	

Figure 22. Confocal AGR2 and S100A4 antibody staining in HEC1A cell line. 
Confocal microscopy images of the HEC1A cell line labelled primary antibodies specific for 
AGR2 and S100A4 with secondary antibodies conjugated to Alexa Fluor 488. A) Mouse 
IgG B) AGR2 C) Rabbit IgG D) S100A4.	
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weak	nuclear	and	cytoplasmic,	imaging	cells	at	a	single	plane	that	intersects	the	nuclei	of	

the	cells.	The	only	disadvantage	of	using	the	confocal	microscope	that	was	available	to	me	

was	that	it	only	had	one	laser	therefore;	dual	staining	(including	Dapi)	was	not	possible.	

Therefore,	 used	 in	 combination	 these	 imaging	 methods	 can	 give	 a	 comprehensive	

assessment	of	the	protein	expression	and	subcellular	location.	

In	 the	 MFE280	 cells	 S100P	 was	 found	 to	 be	 strongly	 nuclear	 with	 some	 weaker	

cytoplasmic	expression	for	both	R&D	Systems	and	BD	antibodies	(Figure	17).	AGR2	was	

shown	to	be	cytoplasmic	and	nuclear	with	some	cells	showing	predominately	cytoplasmic	

expression,	 while	 others	 showed	 equal	 amounts	 in	 both	 subcellular	 compartments.		

Which	can	indicate	that	AGR2	could	be	functioning	in	different	signalling	cascades	within	

the	different	cell	lines.	

In	 the	RL95-2,	S100P	expression	was	strongly	nuclear	and	cytoplasmic	using	both	R&D	

and	BD	antibodies,	 but	 the	 intensity	of	 signal	was	different	due	 to	 the	 concentration	of	

antibodies	required	and	the	effectiveness	of	each	antibody.	AGR2	expression	was	found	to	

be	cytoplasmic	only	with	a	speckled	appearance,	which	 is	characteristic	of	endoplasmic	

reticulum	 involvement	 (Gupta,	 Dong	 &	 Lowe	 2012).	 S100A4	 was	 found	 to	 be	

predominantly	cytoplasmic	(Figure	19-20).	

In	the	HEC1A	cells,	S100P	staining	was	predominantly	nuclear	but	also	some	cytoskeletal	

staining	 was	 evident.	 AGR2	 staining	 was	 shown	 in	 a	 speckled	 cytoplasmic	 pattern	

whereas	 S100A4	 staining	 was	 strongly	 nuclear	 with	 no	 nucleolar	 staining	 at	 all,	 along	

with	 homogenous	 cytoplasmic	 staining	 (Figure	 21-22).	 	 Combining	 imaging	 methods	

allows	 more	 information	 to	 be	 obtained	 about	 the	 MIP	 subcellular	 location.	 Further	

confirmation	 of	 subcellular	 staining	 could	 be	 achieved	 by	 using	 multiplex	 staining	 for	

markers	 that	 are	 only	 expressed	 in	 a	 particular	 subcellular	 compartment	 of	 a	 cell.	 The	
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signal-to-noise	ratio	is	better	for	visualizing	IF	signals	using	the	confocal	microscopy	but	

due	to	only	a	single	laser	being	available,	this	is	a	significant	limitation,	so	IF	imaged	using	

an	inverted	microscope	still	offers	a	valuable	method	of	protein	detection.	

3.4.v mRNA	Expression	of	MIPs	in	the	EC	Cell	Lines	

The	CCLE	database	provided	information	on	the	MIP	mRNA	expression	levels	in	the	four	

cell	 lines.	 Collation	 of	 these	 publically	 available	 data	 along	with	 the	 cell	 line	 data	 from	

within	the	laboratory	(Figure	23)	shows	that	S100P	mRNA	is	lower	in	the	cell	lines	which	

have	 a	 more	 typical	 epithelial	 phenotype	 (HEC1A	 and	 ISK)	 compared	 to	 the	 cell	 lines	

which	have	 a	 tendency	 to	pile	 up	on	 top	 of	 one	 another	 and	 grow	 in	 a	more	 glandular	

phenotype	 (MFE280	 and	 RL95-2).	 HEC1A	 cells	 showed	 down-regulation	 of	 AGR2,	

whereas	the	other	three	cell	lines	were	comparatively	higher,	with	the	atypically	growing	

cell	 lines	 (RL95-2	and	MFE280)	showing	 the	higher	expression	 than	 ISK.	S100A4	 levels	

were	over-expressed	in	the	typical	growing	cell	lines	(ISK	and	HEC1A),	whereas	MFE280	

showed	a	down-regulation	and	RL95-2	showed	a	slight	increase	in	expression.	This	again	

is	a	way	of	classifying	the	cell	lines	into	typical	and	atypical	epithelial	growth	(Figure	24-

25).	
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Figure 23. Metastasis Inducing Protein (MIP) mRNA Expression in Endometrial 
Cancer (EC) Cell Lines. mRNA levels of MIPS; AGR2 (A+D), S100A4 (B+E) and S100P 
(C+F) in laboratory grown samples (ABC) and CCLE dataset expression levels (DEF). AGR2 
and S100P expression level profiles (between the cell lines) are relatively similar between 
the laboratory and CCLE datasets. S100A4 levels follow the same relative pattern between 
the cell lines except for MFE280 which shows less expression in the CCLE dataset 
compared to the laboratory cell lines. 
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The	qRT-PCR	data	for	the	MIPs	in	the	cell	lines	that	were	used	for	the	experiments	in	this	

thesis	 follow	a	similar	pattern	to	those	shown	by	the	CCLE	(Figure	23).	Considering	the	

in-house	MIP	data	was	compared	between	the	cell	 lines	and	not	to	the	H19	dataset,	this	

could	account	 for	 the	slight	differences	 in	values,	however	 the	profiles	between	the	cell	

lines	for	each	MIP	are	representative	of	one	another.		

3.4.vi Behaviour	of	Different	Cell	Lines	in	2D	Culture		

ISK	and	HEC1A	grow	in	a	characteristically	epithelial	manner,	adhering	to	a	surface;	first	

in	 adhering	 to	 the	 surface	 in	 a	 rounded	manner,	 then	 spreading	 out	 onto	 the	 surface,	

putting	 out	 cellular	 protrusions	 and	 flattening	 out	 (Figure	 24).	 Under	 normal	 growth	

Figure 24. Brightfield Images of Endometrial Cancer (EC) Cell Lines. 
Micrographs of EC cell lines grown in 2D A) HEC1A B) Ishikawa (ISK), C) 
RL95-2 and D) MFE280. Images taken using 20x objective and scale bars 
represent 100µM. HEC1A and ISK cells growing in a characteristic monolayers, 
RL95-2 cells achieved confluence at higher cell densities as demonstrated and 
MFE280 cells growing out along the plate surface and up in cell islands. 
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conditions,	 ISK	 and	 HEC1A	 cells	 were	 able	 to	 recapitulate	 the	 petri	 dish	 surface	 areas	

much	 more	 quickly	 than	 the	 RL95-2	 and	 MFE280	 cell	 lines	 to	 achieve	 a	 confluent	

monolayer	 if	 allowed	 to	grow	 to	 that	point	 in	normal	 culture	plates,	 (not	as	part	of	 the	

scratch	assay,	as	MFE280	were	never	able	to	completely	repair	the	scratched	area	in	the	

scratch	 assay).	 The	 cells	 under	 laboratory	 culture	 conditions	 grow	 in	 accordance	 with	

previous	 publications	 on	 their	 behaviour	 in	 2D	 in	 vitro	 culture	 (Zhou	 et	 al.	 2007).	 To	

achieve	confluence	RL95-2	and	MFE280	cells	required	seeding	a	much	higher	cell	density,	

as	there	is	limited	lateral	growth	with	the	cell	colonies,	which	then	results	in	cells	pilling	

up	on	 top	of	one	another	or	 forming	gland	 like	 structures	upward	away	 from	 the	plate	

surface.	The	ISK	and	HEC1A	cell	lines	have	a	different	morphology	from	the	MFE280	in	2D	

culture.	 The	 MFE280	 form	 islands	 and	 grow	 upward	 as	 opposed	 to	 along	 the	 plate	

surface,	if	seeded	at	high	enough	density	a	confluent	layer	of	cells	(Figure	25).	The	RL95-2	

colonies	 form	and	 then	 cells	 grow	out	 from	 these	 colonies	 to	 join	up	with	 surrounding	

cells,	the	cells	in	the	initial	colonies	become	more	compacted	and	cells	slough	off	from	the	

uppermost	part	of	the	cell	mass.	In	this	way	the	HEC1A	and	ISK	behaviour	in	culture	differ	

significantly	from	the	MFE280	and	RL95-2	(Figure	24).		
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In	 conclusion,	 the	 four	 cell	 lines	 behave	 differently	 in	 2D	 culture	 and	 capturing	

information	using	those	cell	lines	requires	different	approaches.	Insights	from	the	tumour	

or	origin	can	explain	some	of	the	variance	between	the	cell	 lines’	 in	vitro	behaviour	and	

the	 different	 in	 vitro	 culture	 phenotypes	 can	 be	 used	 to	 model	 the	 differing	 disease	

parameters	and	functionality	such	a	migration,	highlighting	the	versatility	of	cell	lines	in	

EC	research.		

3.4.vii 	Migration	of	Cells	in	2D	Culture	Using	The	Scratch	Assay	

Figure 25. Differing morphology and growth characteristics of MFE280 and RL95-
2. RL95-2 and MFE280 morphology shown in 2D culture. A) RL95-2 cells stained for A) Pan 
Cytokeratin using fluorescently tagged antibodies and counter stained with C) Dapi at x40 
magnification. MFE 280 RL95-2 cells stained for B) Pan Cytokeratin using fluorescently 
tagged antibodies and counter stained with D) Dapi at x40 magnification. Scale bars 
represent 100µm. Cells growing on top of each other in both cell lines. 
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Primary	endometrial	 stromal	cells	were	used	 to	optimize	 the	scratch	assay	 (Figure	26).	

With	regard	to	the	cultured	cells,	the	HEC1A	cells	were	able	to	‘heal’	the	wound	inflicted	

during	 the	 scratch	 assay	 in	 a	 shorter	 time	 period	 than	 the	 ISK	 cell	 line.	 A	 significant	

difference	was	seen	4h	post	scratch,	with	the	HEC1A	cell	 line	completely	recovering	the	

scratch	area	between	24	and	48h	while	the	ISK	cells	in	the	same	time	frame	still	having	

40%	scratch	area	that	had	not	been	recapitulated	(Figure	27).		

Figure 26. Scratch Assay Optimization. A) Representative brightfield image and the 
same image once it has been analyzed using the MitoBio ScratchAnalyzer Plugin. B) 
Scratch assay results for primary stromal cells extracted from two patients. n=3 per 
stromal population. Graphs prepared in GraphPad Prism. Error bars represent SEM. n=3 
biological replicates.  
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Due	to	 the	characteristically	epithelial	growth	profile	of	 the	 ISK	and	HEC1A,	 the	scratch	

assay	 was	 a	 suitable	 method	 for	 measuring	 the	 migratory	 capacity	 of	 those	 cell	 lines.	

Observing	 the	 growth	profile	 of	 the	RL95-2	 and	MFE280	 (refer	 to	 the	previous	 section	

1.4.V	 and	 Figures	 24-25)	 in	 culture,	 the	 migration	 cannot	 be	 appropriately	 measured	

using	 a	 scratch	 assay,	 as	 a	 significant	 proportion	 of	 the	 cells	 growth	 and	 migration	 is	

upward	as	opposed	to	into	the	scratch	area.	MFE280	cell	line	scratch	assay	images	show	

individual	 cells	migrating	 rather	 than	 a	migration	 front	 from	 the	 line	made	 in	 the	 cell	

Figure 27. Migration of endometrial cancer cell lines A) Scratch assay of Ishikawa 
(ISK) and HEC1A cell lines. Graphs represent percentage scratch area remaining 
determined by MiToBio Scratch Analyzer Software plugin for ImageJ. Images taken of 
scratch area at 0h, 1h, 4h, 6h, 24h and 48h post scratch. Error bars represent SEM. n=3 
biological replicates. C)  RL95-2 and MFE280 representative images of scratches 
performed at 24h and 48h post scratch. RL95-2 do not grow in a linear manner but fill up 
spaces within the plate close to other cells causing cells to compact together. MFE280 
grow in a multi layered way opposed to recapitulating the scratch even though cell 
motility was observed by single cells into the scratch area. D) Quantification of the 
percentage of the scratch area remaining between 24h and 48h post scratch for HEC1A, 
ISK, MFE280 and RL95-2 cell lines. HEC1A completely closed the scratch area between 24 
and 48h and ISK had 58.4% of the scratch area remaining whereas RL95-2 and MFE280 
still had scratch areas of 79.1% and 85.4% respectively. 
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monolayer	 migrating	 to	 close	 the	 gap,	 the	 cells	 continue	 to	 grow	 in	 the	 unscratched	

regions	 and	 become	 more	 compact	 and	 grow	 on	 top	 of	 one	 another	 and	 as	 such	

measuring	 the	scratch	closure	 is	not	representative	of	 the	motility	or	growth	of	 the	cell	

line	(Figure	27).	Therefore,	an	alternative	method	for	quantifying	migration	was	required,	

such	as	the	transwell	assay.	

3.4.viii Cell	Migration	using	Transwell	Assay	

The	 HEC1A	 and	 ISK	 migration	 rates	 were	 easily	 determined	 using	 the	 scratch	 assay.	

Another	method	would	be	needed	to	determine	the	migration	of	the	RL95-2	and	MFE280	

cell	lines,	due	to	the	way	in	which	they	grew	in	culture.	The	transwell	assay	was	used	for	

RL95-2.	 Optimization	 of	 the	 RL95-2	 in	 this	model	was	 a	 priority	 due	 to	 its	 use	 for	 the	

S100P	knockout	studies	discussed	in	Chapter	5.	The	MFE280	cell	line,	due	to	the	nature	in	

which	the	cells	grow	in	2D	culture	were	found	to	be	unsuitable	to	be	assessed	using	the	

transwell	 assay	 they	adhere	 strongly	 to	one	another	and	 this	 is	not	 conducive	 for	 their	

migration	as	single	cells	through	the	pores	of	a	transwell	membrane.		

Transwell Optimization 

All	cells	required	preconditioning	prior	to	the	start	of	the	assay	and	following	the	protocol	

depicted	 in	 Figure	 28.	 The	 data	 suggested	 that	 of	 the	 tested	 combinations,	 16h	 serum	

starvation	 in	0%	(v/v)	FBS	was	 the	only	 combination	 that	yielded	cell	migration	 in	 the	

HEC1A,	ISK	and	RL95-2	cell	lines.	The	use	of	ITS-G	resulted	in	no	migration	of	the	RL95-2,	

HEC1A	 or	 ISK	 cells	 at	 8h,	 16h	 and	 24h	 time	 points,	 and	 as	 such	 the	 ITS-G	 solution	

obviously	 prevented	 the	 cells	 from	 reaching	 a	 state	 in	which	 they	must	move	 to	 find	 a	

more	suitable	environment	(Figure	28).		Without	hydration	of	the	transwell	membrane	in	

medium	prior	to	the	incubation,	preconditioning	was	required	for	migration	all	of	the	cell	
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lines	 tested.	 24h	 migration	 and	 8h	 migration	 time	 points	 were	 trialled	 but	 no	 cell	

migration	was	observed.	

	

	

Figure 28. Migration of Endometrial Cancer Cells in a Transwell Assay. A) Transwell 
process diagram showing transwell set up and migration process through the membrane. 
B) Infographic of the staining procedure for the migrated cells through the transwell. C) 
Transwell orientation for imaging on an inverted microscope to image cells that have 
migrated through the transwell membrane.  D) A representative image of migrated stained 
cells on the transwell insert. 
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Transwell Assay Results 

The	ability	of	cells	to	move	towards	a	chemoattractant	is	another	way	to	measure	the	cells	

migratory	 capabilities.	 Both	HEC1A	 and	 ISK	 cells	 that	 grew	 satisfactorily	 in	 2D	 culture	

were	 able	 to	 migrate	 under	 a	 range	 of	 experimental	 conditions	 (which	 favoured	 2D	

growth	pattern),	however	to	ensure	that	a	valid	comparison	could	be	made	between	the	

cell	 lines,	 several	methods	were	 tested	 to	allow	the	RL95-2	and	MFE280	cell	 lines	(that	

had	 a	 different	 pattern	 of	 growth	 in	 2D	 culture	 than	 the	 ISK	 and	HEC1A)	 to	 be	 able	 to	

migrate.	HEC1A	exhibited	the	highest	rate	of	migration	through	the	transwell	membrane	

(Mean=	 262	 cells,	 SEM±	 79.55)	 and	 establish	 themselves	 on	 the	 other	 side	 of	 the	

transwell	 insert,	 ISK	 (Mean=	176	 cells,	 SEM±	 26.10)	 and	 then	RL95-2	 (Mean=20	 cells,	

SEM±2.543)	 (Figure	 29).	 Therefore,	 from	 this	 experiment	we	 can	 conclude	 that	 under	

the	 same	 conditions,	 the	 HEC1A	 cell	 line	 had	 the	 greatest	 migratory	 capacity	 and	 the	

Figure 29. Transwell M igration Assay. Number of cells migrated through 
Transwell inserts with 1x10

5 
cells seeded per Transwell. Cells were primed for 24h 

prior to migration and allowed to migrate for 24h. Error bars represent SEM. n≥3 
Graphs produced using GraphPad Prism. MFE280 were not able to migrate through 
the Transwell membrane under the conditions test. 
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RL95-2	 cells	 the	 least.	 The	 ability	 of	 cells	 to	 migrate	 is	 only	 one	 aspect	 important	 to	

metastasis,	 the	 capability	 of	 cells	 to	 invade	 through	 cellular	 membranes	 is	 also	 very	

important.	 Invasion	 can	 be	 assessed	 using	 a	 modified	 transwell	 assay	 in	 vitro,	 but	

invasion	 through	 a	 multicellular	 membrane	 such	 as	 in	 the	 CAM	 assay	 offers	 a	 more	

biologically	relevant	in	vivo	model	of	invasion.		

3.4.ix CAM	Model		

Ultimately	the	experiments	were	performed	with	the	eggs	in	a	horizontal	orientation	due	

to	 the	 increased	 surface	 area	 available	 to	 inoculate	 the	 CAM,	 easier	 access	 to	 the	 CAM	

layer	when	excising	the	tumours	at	E14	and	also	the	rate	of	 infections	was	higher	using	

the	vertical	orientation	method	due	to	increased	chances	of	the	albumen	spilling	over	the	

shell	edges	and	reduced	sterility	than	closing	the	windows	with	Scotch	tape	(Herrmann,	

Moss	&	See	2016).			

The	lint	tissue	method	of	traumatizing	the	CAM	was	used	for	the	majority	of	experiments,	

due	 to	 the	uniformity	of	 the	CAM	 layer	disturbance	and	 the	process	was	quicker,	more	

consistent	and	less	damaging	to	the	CAM	layer	than	scratching.	

Initial	experiments	without	trypsin	were	trialled	with	the	ISK	cell	line,	with	little	success,	

ultimately	the	ISK	cells	were	not	found	to	establish	on	the	CAM.	However,	when	trialled	

with	the	HEC1A	cell	line,	tumours	were	achieved	at	a	greatly	increased	rate	by	using	the	

addition	of	trypsin,	success	was	measured	by	evidence	of	increasing	number	of	cells	in	an	

inoculated	egg	and	visual	inspections	for	neovasculazation,	and	as	such,	trypsin	addition	

was	used	for	the	majority	of	the	CAM	experiments.	
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The	cell	lines	were	evaluated	to	determine	if	they	were	able	to	form	tumours	on	the	CAM	

as	 an	 initial	 assessment	 of	 the	 suitability	 of	 the	 CAM	 assay	 for	 the	 work.	 This	 initial	

examination	revealed	whether	a	cell	 line	could	 form	tumours	by	 invading	 into	 the	CAM	

membrane	 and	 recruit	 the	 native	 chick	 vasculature,	 and	 without	 this	 the	 cells	 did	 not	

survive	the	full	7	day	course	of	the	assay.	ISK,	HEC1A	and	RL95-2	were	grown	in	the	CAM	

model	(Figure	30-33).		

	

If	 time	 had	 permitted	 assessing	 how	 MFE280	 grew	 in	 the	 model	 would	 have	 been	

desirable,	especially	considering	the	high-grade	origin	or	the	original	tumour	the	MFE280	

cells	were	derived	from,	to	compare	them	with	the	highly	invasive	HEC1A.	ISK	cells	were	

able	 to	 grow	 outward	 from	 the	 inoculation	 site	 in	 the	 CAM	 assay	 forming	 superficial	

sheets	of	cells	but	did	not	establish	tumours	as	the	HEC1A	or	RL95-2	cell	lines	did	(Figure	

31-33).	

Furthermore,	 once	 deposited	 on	 the	 CAM	 the	 ISK	 cells	 did	 not	 infiltrate	 into	 the	 CAM	

layer,	which	might	have	limited	the	amount	of	growth	factors	available	for	these	cells	to	

Figure 30. Ishikawa Cell Line Grown in Chorioallantoic Membrane (CAM) Model. 
CAM layer inoculated with Ishikawa (ISK) cells A) bright field image B) GFP fluorescent 
image of ISK cells on CAM after 7 days at embryonic day 14 of the assay (E14). 
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grow	if	the	small	amount	of	inoculation	medium	had	been	exhausted	before	invasion	into	

the	CAM	layer	and	tapping	into	the	CAM	vasculature.	Not	surprisingly,	after	7	days	in	CAM	

without	 invasion	 into	 the	 CAM	 layers,	 the	 deposited	 ISK	 cells	 either	 died	 or	 were	

extremely	stressed	(Figure	33).		

	

AGR2	staining	was	considerably	stronger	in	the	ISK	cells	on	the	CAM,	compared	with	the	

HEC1A	 tumours	on	 the	CAM	by	 IHC	 staining	 (Figure	33).	AGR2	expression	 is	 shown	 to	

increase	during	times	of	cellular	stress	(Dumartin	et	al.	2017),	so	this	could	be	indicative	

of	the	ISK	cells	being	under	stress	compared	with	HEC1A	cells	on	the	CAM,	although	the	

HEC1A	by	western	blot	showed	lower	levels	of	AGR2	to	begin	with,	quantification	AGR2	

Figure 31. HEC1A Cell Line Grown in Chorioallantoic Membrane 
(CAM) model after 7 days incubation at embryonic day 14 (E14) A) In situ 
brightfield image B) GFP image in situ C) Brightfield image of excised CAM 
and HEC1A tumour D) GFP image of excised tumour imaged with the CAM 
layer orientated on top of the HEC1A tumour to visualize the vasculature of 
the CAM involvement. 
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expression	in	the	CAM	IHC	samples	would	need	to	be	scored	and	compared	to	ascertain	if	

this	represents	the	difference	in	2D	or	whether	the	CAM	model	ISKs	were	indeed	under	

increased	stress	defined	by	an	increased	magnitude	of	endoplasmic	reticulum	associated	

AGR2	 expression.	 HEC1A	 cells	 were	 not	 only	 able	 to	 infiltrate	 into	 the	 CAM	 layer	 but	

initiate	neovascularization	into	the	tumour	by	recruitment	of	the	CAM	layer	vasculature	

(Figure	31).		

In	conclusion,	the	EC	cell	lines	HEC1A	and	RL95-2	have	been	successfully	cultured	in	the	

CAM	assay,	these	models	can	then	be	used	to	assess	multiple	parameters	such	as	inhibitor	

molecules,	 chemotherapeutics	 in	 a	 multicellular	 model.	 The	 tumours	 produced	 in	 the	

CAM	model	 can	 be	 examined	 in	 the	 same	way	 that	 human	 and	 other	 xenograft	model	

tumours	are	currently	processed	and	analysed	so	the	model	can	feed	into	those	processes

Figure 32. RL95-2 Cell Line Grown in the Chorioallantoic 
Membrane (CAM) Model. Images of RL95-2 cell line after 7 days 
incubation at embryonic day 14 (E14) A) In situ brightfield image B) GFO 
labeled image in situ C) Brightfield image of excised CAM and RL95-2 
tumour D) GFP image of excised CAM and RL95-2 tumour. C) and D) 
images used to demonstrate CAM vasculature involvement with the RL95-
2 tumour. 
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3.5 Discussion	

Cell	lines	offer	a	unique	platform	to	gain	insight	into	the	molecular	processes	occurring	

in	 vivo;	 however	 careful	 selection	 of	 cell	 lines	 is	 important	 not	 only	 to	 be	 able	 to	

extrapolate	 the	 data	 into	 the	 context	 of	 the	 patients	 but	 to	 compare	 with	 the	 data	

obtained	 with	 previous	 and	 future	 studies.	 From	 the	 perspective	 of	 endometrial	

research,	due	to	the	limited	in	vitro	capacity	of	primary	cells,	they	can	be	the	first	port	of	

call	 for	 discovery	 projects	without	 requiring	 access	 to	 precious	 and	 fastidious	 patient	

tissue.		

There	are	distinct	advantages	to	using	cell	lines	due	to	their	versatility	and	diversity	of	

the	 cell	 lines	 available,	 however	 problems	 with	 cross	 contamination	 between	 cell	

cultures	is	an	important	but	wide	spread	problem	(MacLeod	Roderick	et	al.	1999).	The	

Figure 33. Immunohistochemical Staining of Endometrial Cancer 
Cell Lines Grown in Chorioallantoic Membrane Model. 
Immunohistochemical antibody staining for AGR2, S100A4 in HEC1A and 
Ishikawa (ISK) cell lines grown in chorioallantoic membrane model 
(CAM). IgG images are representative of the negative controls per 
antibody using species specific IgG. Cell lines culture, CAM assays, 
tumour harvest and processing performed by Christina Parkes-Reed. 
Immunohistochemistry performed by Dr. Areege Kamal. 
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scientific	 community	 is	 trying	 to	 tackle	 the	 problem	by	 authenticating	 the	 cell	 line	 by	

matching	 the	 DNA	 profile	 to	 the	 original	 deposited	 cells.	 STR	 profiling	 is	 one	 of	 the	

several	 ways	 to	 authenticate	 cell	 lines	 that	 have	 been	 cultured	 in	 vitro.	 The	 other	

methods	that	can	be	employed	include	karyotyping,	isoenzyme	analysis,	multilocus	DNA	

fingerprinting,	 PCR	 fragment	 analysis	 and	 sequencing	 DNA	 barcode	 regions	 (Capes-

Davis	et	al.	2010)	.	Four	of	the	major	cell	line	repositories	(including	ATCC,	JCRB,	DSMZ	

and	RIKEN)	have	generated	comprehensive	databases	of	STR	profiles	for	cell	lines.	

Over-passage	of	 cell	 lines	 can	 lead	 to	 fundamental	 changes	 in	 cell	behaviour	and	alter	

expression	patterns	that	can	confound	data	produced	using	these	cell	lines.	

The	morphology	of	ISK	cell	line	is	the	closest	to	the	normal	endometrial	epithelial	cells	

in	culture,	thus	this	coupled	with	the	capability	to	spread	out	in	a	monolayer	across	the	

culture	surface,	makes	 it	an	excellent	choice	 for	studies	of	endometrial	receptivity	and	

attachment	of	the	blastocyst.	Therefore,	ISK	cells	have	been	used	for	 in	vitro	modelling	

of	embryo-implantation	previously	(Zhang	et	al.	2012a).	RL95-2	cell	 line	has	also	been	

used	 in	 such	attachment	 studies	 (Xie,	Cui	&	Kong	2014),	but	used	 to	 represent	a	non-

receptive	 endometrium.	The	HEC1A	and	 ISK	 cells	 both	have	 a	 characteristic	 epithelial	

cell	appearance,	which	is	to	be	expected	from	their	tumours	of	origin	being	classified	as	

well-	 and	moderately-differentiated	 (Kuramoto	 1972;	 Nishida	 2002).	 In	 the	 ISK	 cells,	

AGR2	expression	in	the	CAM	indicated	that	the	stress	of	reduced	nutrients	was	causing	

the	cells	to	be	in	a	strained	state	and	under	such	stressful	conditions.	If	the	cells	had	the	

ability	to	penetrate	into	the	CAM	layer	to	obtain	a	source	of	nutrients	in	such	deprived	

and	stressed	state,	they	are	expected	to	do	so.	These	observations	confirm	that	the	ISK	

as	 a	 relatively	non-invasive	 cell	 line	under	normal	 culture	 conditions.	As	 such	 the	 ISK	

cell	line	has	been	used	to	investigate	the	mechanisms	by	which	invasion	is	controlled	by	
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endogenous	 and	 exogenous	 treatments,	 for	 example	 the	 study	 of	metformin	 in	 a	 high	

glucose	 system	 to	 respectively	 increase	 and	 decrease	 the	 invasiveness	 of	 the	 cell	 line	

using	insulin	and	metformin	(de	Barros	Machado	et	al.	2016).	Studies	to	assess	ISK	cell	

line	 have	 been	 studied	 to	 examine	 angiogenesis	 but	 not	 invasion	 in	 the	 CAM	 assay	

(Ishiwata	et	al.	1988).	Ultimately,	the	ISK	cell	line	is	a	versatile	model	for	the	study	of	the	

basic	science	underlying	EC.		

The	HEC1A	cells	demonstrated	increased	motile	potential	in	every	single	assay	that	was	

tested;	in	the	scratch	assay,	the	HEC1A	cells	showed	a	higher	motility	rate	than	ISK,	the	

transwell	experiment	showed	that	they	could	migrate	towards	a	chemoattractant	both	

with	and	without	prior	priming	of	the	cells	by	serum	starvation	and	the	capability	of	the	

HEC1A	cells	to	establish	tumours	in	the	CAM	model.	A	study	investigating	the	effects	of	

serum	starvation	on	 the	migration	of	EC	cell	 lines,	determined	 that,	 in	some	cell	 lines,	

serum	 starvation	 increased	 the	 ability	 of	 the	 cell	 lines	 to	migrate	 (Kozak	 et	 al.	 2018),	

although	in	that	study,	HEC1A	was	not	studied,	but	HEC1B	was	studied	(and	the	two	cell	

lines	were	derived	from	the	same	tumour	(Kuramoto	1972)).		In	another	study	that	only	

assessed	HEC1A,	 they	determined	 for	 their	 experiments	 that	 serum	 concentration	did	

not	 affect	 the	 growth	 characteristics,	 but	 they	 did	 not	 assess	 the	 chemoattractive	

migration	 of	 the	 cell	 line	 (Joshi	 et	 al.	 2012).	 During	 the	 viral	 particle	 transduction	

process,	the	HEC1A	cell	line	not	only	had	an	increased	transduction	efficiency	than	the	

ISK,	the	level	of	GFP	fluorescence	seen	in	transduced	HEC1A	was	much	higher	than	that	

of	 the	ISK	cell	 line	transduced	with	the	same	batch	of	viral	particles	(data	not	shown).	

Although	it	is	not	possible	to	comment	if	this	observation	has	any	implications	on	other	

parameters	of	cell	 function,	 it	may	contribute	to	the	adaptability	of	the	cells.	 It	may	be	

related	to	the	HEC1A	cell	line	either	being	more	susceptible	to	the	induction	process	(via	
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a	 process	 of	 inducing	 pores	 in	 the	 cell	 membrane)	 and	 allowing	 the	 GFP	 expression	

vectors	to	enter	the	cells	or	surviving	that	process	better	than	the	ISK	cell	line	(resulting	

in	a	higher	transduction	efficiency).	As	a	model	cell	line,	HEC1A	is	used	to	assess	a	wide	

range	of	parameters,	is	also	commonly	used	due	to	the	reported	invasive	phenotype	and	

is	a	relatively	easy	cell	line	to	work	with.	

The	 RL95-2	 cell	 line	 was	 the	 only	 cell	 line	 out	 of	 the	 four	 which	 required	 additional	

supplements	for	its	growth	(insulin)	on	top	of	the	standard	FBS	and	L-glutamine	that	is	

required	by	most	epithelial	cell	lines.	This	highlights	the	fact	that	they	are	less	adaptable	

to	the	standard	in	vitro	2D-culture	conditions	than	the	other	chosen	cell	lines.	The	RL95-

2	cell	line,	when	compared	with	the	HEC1A,	migrated	at	a	much	slower	rate,	and	as	such,	

the	 RL95-2	 cell	 line	 model	 may	 be	 used	 for	 assessment	 of	 slower	 growing	 tumours;	

whilst	 the	 HEC1A	 cell	 line	 may	 better	 represent	 the	 more	 aggressive	 cancers	 which	

show	 a	 higher	 proliferative	 ability	 (indicated	 by	 proliferation	markers	 such	 as	 Ki-67)	

(Kitson	 et	 al.	 2017)	 and	 spread	quickly.	The	RL95-2	 cell	 line	 also	has	 atypical	 growth	

characteristics	for	epithelial	cells	in	2D	culture,	however	in	3D	culture	conditions,	these	

cells	 were	 able	 to	 grow	 into	 spheroids	 (some	 of	 which	 developed	 a	 hollow	 lumen	

demonstrating	 a	 glandular	 like	 growth;	 data	 not	 shown).	 Considering	 the	 differing	

response	 of	 cell	 lines	 to	 stimuli	 in	 2D	 and	 3D	 culture,	 having	 a	 cell	 line	 that	 can	 be	

cultured	successfully	 in	both	culture	conditions	offers	a	means	 to	compare	2D	and	3D	

culture	growth	experiments.	More	studies	are	being	conducted	using	3D	models	(Eritja	

et	al.	2010;	Grun	et	al.	2009;	Valentijn	et	al.	2015),	but	 the	setup	and	expense	of	 such	

models	still	warrants	the	use	of	2D	culture	in	the	first	instance	at	the	beginning	of	the	in	

vitro	experimental	process.	
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	Scratch	 assays	 work	 well	 for	 cells	 that	 grow	 in	 a	 characteristic	 monolayer	 and	 is	 a	

relatively	 cheap	 and	 quick	 method.	 	 The	 limitations	 of	 this	 technique	 are	 that	 this	

method	 only	 measures	 growth	 along	 the	 plane	 of	 the	 culture	 surface,	 therefore	 any	

growth	of	cell	lines	which	have	a	tendency	to	pile	up	vertically	or	form	3D	structures	as	

opposed	 to	 growing	 along	 the	 surface	 will	 not	 be	 accurately	 accounted	 for	 using	 the	

scratch	assay.	

HEC1A	cells	are	well	established	as	an	invasive	cell	line	(Chung	et	al.	2012)	and	as	such	

were	 a	 good	positive	 control	 for	migration	 through	 the	 transwell	 inserts.	HEC1A	 cells	

were	able	to	migrate	under	several	conditions	when	the	RL95-2	cells	were	not	able	to.	

This	could	be	due	to	the	increased	proliferation	rate	of	HEC1A	cells	compared	with	the	

RL95-2	cell	line	but	also	could	be	due	to	their	cellular	morphology.	The	RL95-2	adhered	

more	strongly	to	one	another	(hence	possibly	more	dependent	on	cell-cell	contact	than	

contact	 to	 the	 substratum,	 inferred	 from	 studied	 into	 endometrial	 receptivity	 where	

RL95-2	 cells	 are	 used	 as	 a	 receptive	 endometrial	 model	 (Harduf,	 Goldman	 &	 Shalev	

2007)	 than	 to	 the	 2D	 culture	 surfaces	 and	 as	 such	 dissociating	 from	 one	 another	 to	

migrate	through	the	pores	of	the	transwell	membrane	required	the	cells	to	be	under	the	

stressful	 conditions	of	 serum	starvation	prior	 to	 inoculation	on	 the	membrane.	 Serum	

starvation	 has	 been	 shown	 to	 induce	 oxidative	 stress	 in	 in	 vitro	 cell	models	 (Pandey,	

Lopez	&	Jammu	2003).	

The	 CAM	 model	 is	 a	 well-established	 technique	 that	 has	 been	 used	 for	 decades	 to	

investigate	 angiogenesis,	 but	 it	 has	 not	 been	 commonly	 used	 in	 the	 context	 of	 EC	

research.	 	 CAM	 models	 have	 been	 used	 with	 endometriotic	 tissue	 and	 EC	 cell	 lines	

previously	(Ali	et	al.	2004;	Maas	et	al.	1999;	Malik	et	al.	2000),	but	not	to	examine	the	

effect	 or	 tumour	 formation	 and	 chemosensitivity	 in	 EC	 cell	 lines	 prior	 to	 our	
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investigations.	 It	has	been	shown	here	that	 the	CAM	model	can	be	used	as	a	relatively	

cheap	 and	 reproducible	 animal	model	 to	 produce	 tumours	with	 EC	 cell	 lines	 (RL95-2	

predominantly	 and	also	HEC1A)	 that	 can	be	 subsequently	be	 analysed	using	 standard	

methods	such	as	qRT-PCR	or	 IHC	to	gain	 information	on	 the	mRNA	 levels	and	protein	

location	and	expression.	

In	 a	 breast	 cancer	 cell	 line,	 physiological	 stress	 (such	 as	 serum	 depletion)	 has	 been	

shown	 to	 induce	 AGR2	 (Zweitzig	 et	 al.	 2007),	 which	 supports	 AGR2’s	 role	 in	 the	 cell	

stress	 response	 (Dumartin	 et	 al.	 2017).	 The	 ISK	 cells	 were	 unable	 to	 invade	 and	

establish	a	tumour	in	the	CAM	layer	successfully	the	cells	were	placed	on	the	CAM,	there	

was	an	 initial	growth	of	cells	as	sheets	on	 the	CAM.	Without	a	nutrient	source	 the	 ISK	

cells	on	CAM	may	therefore	be	under	stress,	which	could	explain	the	relatively	increased	

AGR2	staining	seen	in	certain	groups	of	ISK	cells	with	comparatively	diffuse	staining	in	

the	remaining	cells	of	 the	 ISK	cell	 sheets	observed	 in	 the	CAM	sections	and	also	when	

compared	 with	 the	 HEC1A	 cell	 line	 tumours	 that	 were	 able	 to	 utilize	 the	 CAM	

vasculature.	When	the	ISK	AGR2	expression	in	the	CAM	was	compared	to	the	IF	staining	

of	ISK	cells	grown	in	2D	culture,	the	same	subcellular	location	of	staining	was	seen	for	

AGR2	but	on	the	CAM	model,	a	small	group	of	strongly	stained	AGR2-positive	cells	were	

seen.	To	build	upon	this	work,	assessing	the	invasiveness	of	the	cell	lines	using	Boyden	

chambers	 coated	 with	 Matrigel™	 would	 give	 more	 information	 about	 the	 invasive	

properties	 of	 these	 cell	 lines	 in	 vitro.	Previous	 work	 from	 our	 group	 has	 shown	 the	

ability	of	endometrial	epithelial	primary	cells	to	form	spheroids	as	well	as	the	ISK	and	

HEC1A	 cells	 with	 ISK	 also	 occasionally	 producing	 hollow	 spheroids	 (Valentijn	 et	 al.	

2013).	The	 location	of	proteins	correlate	with	 their	 function	(Chou	&	Elrod	1999)	and	

we	have	demonstrated	that	under	differing	culture	conditions,	the	subcellular	locations	
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of	 proteins	 also	 differ,	 suggesting	 possible	 functional	 changes.	 The	 protein	 function	

depends	on	where	it	is	located,	for	example,	the	extracellular	functions	of	AGR2	can	be	

compared	 with	 its	 function	 in	 the	 endoplasmic	 reticulum;	 in	 normal	 cells,	 AGR2	

functions	 as	 a	 protein	 disulphide	 isomerase	 which	 is	 essential	 in	 the	 production	 of	

mucus	(Park	et	al.	2009),	whereas	in	cancer	cells,	AGR2	has	been	found	to	not	only	be	

over	expressed	intracellularly	but	also	be	secreted	(Shi	et	al.	2014).	In	the	extracellular	

context,	AGR2	signalling	increased	the	migration	and	invasive	capacity	in	a	lung	cancer	

cell	lines	in	vitro	(Fessart	et	al.	2016).	This	has	been	shown	in	other	cancer	models,	such	

as	breast	cancer	cells	(Sung	et	al.	2014).	Therefore,	not	surprisingly,	the	response	of	cell	

lines	 to	 treatments	 can	 differ	 depending	 on	 if	 they	 are	 cultured	 in	 2D	 or	 3D.	 This	 is	

confirmed	 by	 the	 increased	 resistance	 to	 paclitaxel	 and	 doxorubicin	 observed	 in	 the	

dense	 3D	 spheroid	 cultures	with	 breast	 and	EC	 cell	 lines	 (Chitcholtan,	 Sykes	&	 Evans	

2012;	Imamura	et	al.	2015).	These	studies	demonstrate	the	importance	of	simultaneous	

assessing	 of	 cell	 lines	 cultured	 in	 2D	 and	 3D/	multicellular	models	 for	 their	 clinically	

relevant	parameters	such	as	chemo-sensitivity,	or	protein	expression.	

The	 CAM	model	 has	 been	 used	 for	 the	 study	 of	 endometriosis	 to	 investigate	 several	

different	 aspects	 of	 the	 disease	 including	 using	 it	 as	 a	 potential	 model	 for	 diagnosis	

(Malik	et	al.	2000),	to	test	out	the	effectiveness	of	oral	contraceptives	for	endometriosis	

treatment	 (Nap	 et	 al.	 2008)	 and	 to	 investigate	 the	 involvement	 of	 matrix	

metalloproteinases	 in	 the	development	 of	 endometriosis	 (Malik	 et	 al.	 2000;	Nap	 et	 al.	

2005;	Nap	et	al.	2008).	The	CAM	has	also	been	used	to	 investigate	angiogenesis	 in	 the	

human	endometrium	(Maas	et	al.	2001;	Maas	et	al.	1999)	and	the	angiogenic	process	in	

EC	(Ali	et	al.	2004).	Indicating	the	feasibility	of	developing	this	model	to	investigate	the	

growth	of	EC	cell	lines,	which	has	been	established	in	our	laboratory	(Parkes	et	al.	2018)	
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to	 investigate	 chemo-sensitivity,	 invasion,	 and	 migration	 in	 the	 subsequent	 thesis	

chapters.				

ISK,	HEC1A	and	RL95-2	were	grown	in	the	CAM	model	(Figure	30,	31,	32).	Although	it	

was	 desirable	 to	 assess	 the	 growth	 of	 MFE280	 cell	 line	 in	 the	 CAM	 model,	 the	 time	

pressures	precluded	those	experiments.	Further	work	would	include	investigation	of	the	

growth	 of	MFE280	with	 the	 highly	 invasive	 HEC1A,	 especially	 considering	 the	 high	 G	

origin	 or	 the	 original	 tumour	 the	 cells	were	 derived	 from	 in	 both	 cell	 lines.	 The	 CAM	

model	was	 also	 trialled	 for	 the	 culture	 of	 endometrial	 explant	 tissue	 in	 the	 pursuit	 of	

establishing	a	novel	 explant	model	which	would	maintain	 the	 cellular	 structure	of	 the	

endometrial	tissue	beyond	the	current	2-3	days	in	vitro	which	is	currently	achievable	in	

our	laboratory.	However,	due	to	the	atrophy	rate	of	eggs	and	lack	of	availability	of	fresh	

tissue,	 the	preliminary	experiments	suggested	 that	 it	would	not	be	 feasible	 to	use	 this	

method	 for	 larger	 scale	 studies	 (results	 not	 shown).	 Future	 studies,	 potentially	 using	

endometriotic	deposits	from	endometriosis	patients	could	be	attempted	to	be	grown	in	

the	CAM	model,	which	may	have	better	success	due	to	their	nature	of	growing	outside	of	

the	 uterine	 cavity	 and	 establishing	 themselves	 into	 other	 tissues.	 It	 could	 be	

hypothesised	that	tissue	derived	from	endometriosis	patients	would	be	more	likely	than	

from	normal	tissue	to	be	able	to	grow	on	the	CAM	by	establishing	themselves	 into	the	

CAM	 layer,	 as	 they	 do	 in	 vivo	 (Nap	 et	 al.	 2005).	 Confirmation	 of	 the	 results	 of	

establishment	into	the	CAM	model	using	Boyden	chambers	coated	with	Matrigel™	would	

provide	 comprehensive	 information	 into	 the	 invasion/migration	 through	 biological	

material/cellular	membranes.	One	of	the	fundamental	mechanisms	that	cancer	cells	use	

to	metastasise	 from	 the	 primary	 site	 is	 to	 invade	 through	 local	 tissue	 but	 also	 invade	

through	the	endothelial	cell	 layers	that	 line	the	blood	vasculature	 (van	Zijl,	Krupitza	&	
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Mikulits	 2011).	 Therefore	 confirming	 the	mechanisms	behind	 invasion	 could	 result	 in	

the	discovery	of	novel	therapeutic	targets.	The	Boyden	chamber	assay	would	provide	a	

model	 which	 has	 fewer	 confounding	 elements	 than	 in	 vivo	 models	 to	 investigate	

individual	 mechanisms/proteins	 within	 signalling	 cascades	 (with	 the	 use	 of	 specific	

inhibitor	 molecules	 e.g.	 Enzalutamide.	 Also	 in	 this	 case	 it	 would	 allow	 embryotoxic	

treatments	 and	 would	 not	 be	 compatible	 with	 the	 CAM	model	 such	 as	 high	 doses	 of	

paclitaxel.	

3.6 Conclusion	

The	 four	 EC	 cell	 lines	 under	 investigation	 in	 this	 study	 showed	 very	 different	

characteristics	 depending	 on	 the	 parameter	 being	 tested	 in	 the	 various	 assays.	 With	

progressing	 G	 and	 decreasing	 differentiation	 of	 the	 parent	 tumour	 that	 the	 cell	 lines	

were	derived	from	and	the	phenotype	the	cells	retained,	they	behaved	less	like	primary	

benign	endometrial	epithelial	cells.	Several	parameters	can	be	investigated	using	these	

cell	lines	including	2D	VS	3D	cultures	and	in	vivo	models.	As	a	panel	they	offer	a	way	to	

assess	across	the	range	of	endometrioid	origin	tumour	mechanisms.	Assay	optimization	

and	 characterization	 is	 key	 to	 gaining	 meaningful	 data	 from	 the	 use	 of	 cell	 lines	 for	

research	in	particular	EC	research.	



Endometrial Cancer Cell Lines as a Model for Metastasis 

160	

Chapter	4 	Hormonal	 Impact	on	Metastasis	 Inducing	Proteins	

in	EC	Cell	Lines	

	

4.1 Introduction	

Human	 endometrium	 is	 the	 primary	 target	 organ	 for	 ovarian	 hormones	

(Hawkins	&	Matzuk	2008).	OE	is	mitotic	in	most	cells	and	particularly	regulates	

endometrial	 epithelial	 proliferation.	 EC	 is	 regarded	 to	 be	 a	 hormonally	

responsive	and	OE-driven	disease	(Kamal	et	al.	2016).		

Positive	 associations	 have	 been	 shown	 between	 EC	 and	 many	 clinical	

parameters,	such	as	the	BMI,	in	a	number	of	epidemiological	study	cohorts	and	a	

recent	 meta-analysis	 found	 a	 strong	 association	 of	 increased	 EC	 risk	 with	

increasing	 BMI	 (Jenabi	 &	 Poorolajal	 2015).	 With	 increasing	 BMI	 there	 is	 a	

concomitant	 conversion	 of	 adrenal	 androgens	 to	 OE	 in	 the	 excessive	 adipose	

tissue,	which	results	in	an	increased	exposure	of	the	endometrium	to	unopposed	

OE,	 therefore	 obesity	 has	 been	 shown	 to	 increase	 the	 risk	 of	 endometrial	

carcinogenesis	(Ali	2013;	Dougan	et	al.	2015;	Kamal	et	al.	2016).	Unopposed	OE	

is	in	reference	to	reduced	P4	which	counters	effects	of	OE	action.	The	reciprocal	

relationship	between	OE	and	P4	has	been	discussed	in	greater	depth	in	Chapter	

1.	 	 Progestin	 is	 a	 synthetic	 form	 of	 P4	 and	 in	 a	 recent	 systematic	 review	 of	

several	studies,	11–56%	of	low	grade	tumours	(G1	and	G2)	were	found	to	have	

responded	 favourably	 to	 progestin	 treatment,	 with	 the	 good	 response	 rate	

generally	 higher	 for	 PR-positive	 tumours	 (Carlson,	 Thiel	 &	 Leslie	 2014).	 The	

proliferative	 effects	 of	 OE	 and	 the	 anti-proliferative	 effect	 of	 P4	 are	 well	
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documented	 in	 the	 endometrium	 (Kim	&	Chapman-Davis	 2010;	Valentijn	 et	 al.	

2015),	however	the	role	of	the	third	group	of	ovarian	hormones,	the	androgens,	

has	been	less	well	studied.	The	peripheral	blood	circulating	levels	of	androgens	

remain	high	 in	 the	post-menopausal	setting	and	has	been	shown	to	be	directly	

associated	with	 increased	 EC	 risk	 in	 postmenopausal	 women	 (Lukanova	 et	 al.	

2004).	Along	with	the	evidence	that	ARs	are	expressed	in	the	endometrium	and	

they	 are	 aberrantly	 expressed	 in	 ECs,	 it	 has	 been	 suggested	 that	 androgen	

signalling	may	 be	 relevant	 to	 EC	 disease	 (Kamal	 et	 al.	 2016).	 	 Considering	 the	

relatively	 high	 level	 of	 circulating	 androgens	 in	 the	 blood	 stream	 of	

postmenopausal	women	 compared	with	OE	and	P4	 levels	 (refer	 to	 Figure	1	 in	

Chapter	1),	investigations	into	the	effects	of	androgens	on	the	endometrium	are	

warranted.	

During	the	implantation	window	of	the	menstrual	cycle,	where	the	highest	levels	

of	 P4	 and	 OE	 are	 seen,	 S100P	 expression	 was	 also	 shown	 to	 be	 high	 in	 the	

endometrium	(Zhang	et	al.	2012b).	Also	in	other	hormonally	responsive	cancers,	

some	 known	 MIPs	 have	 been	 shown	 to	 be	 upregulated	 and	 associated	 with	

ovarian	hormone	receptor	expression	(Innes	et	al.	2006;	Liu	et	al.	2005;	Parkin,	

Boyd	&	Walker	2011).	Of	 the	 three	MIPs	under	 investigation	 in	 this	 thesis,	 the	

level	 of	 S100P	 protein	 has	 been	 shown	 to	 be	 increased	 by	 DHEA,	 DHEAS	 in	 a	

prostate	 cancer	 cell	 line	 (Steele	 et	 al.	 2006);	 and	 AGR2	 has	 been	 shown	 to	 be	

induced	by	E2	in	breast	tissue	(Wilson	et	al.	2006).	 	Therefore,	the	main	aim	of	

this	chapter	is	to	investigate	the	effect	of	androgens	on	the	expression	of	MIPs	in	

EC	cell	lines.	Initial	work	included	was	to	characterise	the	level	of	expression	of	

hormone	 receptors	 in	 the	 ISK	 EC	 cell	 line	 and	 compare	 this	 cell	 line	 to	 other	
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established	EC	cell	 lines	that	represent	the	whole	range	of	pathological	cellular	

differentiation	 phenotypes	 in	 endometrioid	 adenocarcinoma.	 Ligand-bound,	

activated	 steroid	 receptors	 induce	 their	 transcriptional	 effects	 via	 interaction	

with	 the	 hormone	 responsive	 elements	 in	 the	 hormone	 regulated	 gene	

promoters	 in	 the	nucleus	 (White	&	Parker	1998).	Demonstrating	 the	hormone	

receptors	 that	 are	 expressed	 in	 the	 ISK	 cell	 line	 are	 augmented	 with	 ligand	

treatment	including	receptors	translocation	to	the	nucleus.	This	data	enabled	the	

selection	of	the	most	appropriate	cell	line	to	use	to	the	study	of	androgens	in	EC	

cell	 lines	 and	 the	 naturally	 occurring,	 potent	 androgen,	 DHT	 was	 used	 as	 the	

ligand	 to	examine	 the	effect	of	 androgens	on	endometrial	 epithelial	 cancer	 cell	

expression	 of	 AGR2	 and	 S100P	 in	 the	 ISK	 cell	 line,	 which	 expressed	 all	 four	

steroid	receptor	subtypes.		

Due	 to	 the	pivotal	 role	of	AR	signalling	 in	prostate	 cancer,	 specific	 competitive	

AR	 antagonists	 have	 been	 developed	 into	 treatments	 for	 androgen	 sensitive	

prostate	cancers	 in	combination	with	androgen	deprivation	 therapy.	Flutamide	

was	used	as	the	first	line	AR	antagonist	therapy	(Labrie	et	al.	1989),	but	as	with	

most	inhibitor	molecules	the	emergence	of	resistant	disease	required	the	design	

of	second	line	inhibitors.	Using	rational	drug	design,	compounds	that	inhibit	AR	

signalling	were	screened	leading	to	the	discovery	of	Enzalutamide	(also	known	

as	 MDV3000)	 (Tran	 et	 al.	 2009).	 Enzalutamide	 binds	 to	 AR	 with	 very	 high	

affinity	 to	 outcompete	 with	 circulating	 androgens	 and	 also	 prevents	

translocation	of	the	receptor	to	the	nucleus.	The	role	of	AR	antagonists	and	the	

emerging	resistance	to	these	treatments	have	been	recently	reviewed	by	Watson	

et	al.	(Watson,	Arora	&	Sawyers	2015).	
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Further	 work	 into	 the	 use	 of	 an	 AR	 inhibitor,	 Enzalutamide	 has	 thus	 been	

conducted	to	assess	whether	this	specific	AR	inhibitor	is	able	to	inhibit	the	ARs	

expressed	in	the	ISK	cell	 line.	Due	to	the	mechanism	of	action	of	Enzalutamide,	

any	mutations	in	the	active	site	of	the	AR	can	result	in	resistance	to	the	inhibitor	

as	its	acts	as	a	competitive	inhibitor	of	AR	ligands	(such	as	DHT)	(Li	et	al.	2013;	

Tran	et	al.	2009)	Therefore	whether	Enzalutamide	functioned	in	EC	cell	lines,	as	

shown	 in	 prostate	 cancer,	 was	 assessed	 to	 determine	 if	 AR	 translocation	 was	

reduced	with	treatment.	

4.2 Experimental	Approaches	to	Achieve	the	Aim	of	this	Chapter	

The	main	 aim	 of	 this	 chapter	 is	 to	 determine	 if	 DHT	 treatment	 can	 alter	 MIP	

expression	in	the	ISK	EC	cell	line.	To	achieve	this	aim,	the	following	points	were	

approached.	

1.	To	assess	the	endometrial	epithelial	cell	 line,	 ISK,	and	compare	the	hormone	

receptor	expression	and	responsiveness	to	identify	a	suitable	cell	line	in	which	to	

study	the	control	of	MIP	expression	by	DHT.	

2.	 Examine	 if	 the	 ARs	 are	 functional	 in	 the	 cell	 line	 identified	 in	 1	 above	 and	

whether	they	respond	to	the	AR	agonist,	DHT.	

3.	Assess	whether	Enzalutamide	could	be	used	to	inhibit	AR	in	EC	cell	lines,	as	it	

does	in	the	prostate	to	demonstrate	the	feasibility	of	the	ISK	cell	 line	model	for	

agonising	with	DHT	and	antagonising	with	an	AR	inhibitor.	

4.	Use	the	cell	lines	selected	in	1	in	monoculture	or	co-culture	to	assess	the	effect	

of	DHT	treatment	on	MIP	expression.	

4.3 Methods	Optimization	

The	methods	detailed	in	the	section	are	explicit	to	this	chapter;	the	generalized	

methods	can	be	found	in	Chapter	2.	
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4.3.i Hormone	Modulation	

Cell	 lines,	 which	 were	maintained	 in	 cell	 line	 medium	 (refer	 to	 Chapter	 2	 for	

reagents).	Prior	to	hormone	modulation	experiments	the	medium	was	changed	

to	DMEM-F12	medium	without	phenol	red	(Gibco,	Thermo	Fischer	Scientific,	UK)	

supplemented	with	 L-Glutamine	 2	mM,	 p/s,	 and	 5%	 (v/v)	 CSFBS	 (hence	 forth	

referred	to	as	preconditioning	medium	and	the	cells	as	preconditioned)	for	24h	

prior	to	treatment	with	hormones.	E2	and	medroxyprogesterone	acetate	(MPA)	

were	 solubilized	 in	 ethanol	 and	 the	 DHT	was	 solubilized	 in	 a	 100%	methanol	

solution	was	 further	diluted	 in	methanol	 for	use	 in	 the	assays.	Hormones	were	

made	 up	 to	 0.001%	 (v/v)	 of	 solvent	 (either	 methanol	 or	 ethanol)	 in	

preconditioning	medium	 resulting	 in	DHT	 at	 a	 concentration	 of	 10-8M,	MPA	 at	

10-6M	and	E2	at	10-6M	(Table	13.).	These	concentrations	were	based	on	previous	

publications	 using	 cell	 line	 studies	 as	 well	 as	 physiologically	 relevant	

concentrations	 where	 the	 information	 was	 available	 (Marshall	 et	 al.	 2011;	

Tanaka	et	al.	2015;	Wang	et	al.	2015a).	

For	 imaging	 the	 staining	 using	 immunofluorescence,	 preconditioned	 ISK	 cells	

were	incubated	with	5%	(v/v)	CSFBS	for	24h	and	seeded	at	1x105	cells	per	well	

onto	8-well	 slide	chambers	 in	 the	preconditioning	media.	 Slide	chambers	were	

incubated	in	a	5%	(v/v)	CO2	incubator	to	allow	the	cells	to	adhere	to	the	slides	

overnight	then	treated	for	24h	with	hormones,	hormone	receptor	inhibitors	and	

appropriate	vehicle-only,	as	a	control.	
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For	 the	 assessment	 at	 the	 protein	 and	 RNA	 level,	 preconditioned	 cells	 were	

trypsinized	and	seeded	in	6-well	plates,	allowed	to	adhere	overnight	and	treated	

with	 hormones	 for	 24,	 48	 or	 72h.	 The	 steroid	 hormones,	 dissolved	 in	 suitable	

vehicle	were	diluted	 to	1000-fold	concentrated	stocks	 in	vehicle	 to	 the	desired	

concentration	 of	 E2,	 MPA	 or	 DHT	 individually	 or	 in	 combination	 with	

Enzalutamide	 to	achieve	0.001%	(v/v)	of	solvent	 (either	methanol	or	ethanol);	

details	are	listed	in	Table	13.	Upon	completion	of	the	treatment	time-course	the	

cells	were	washed	in	PBS,	collected	by	being	trypsinized	and	divided	equally	into	

two	cell	suspensions.	These	were	then	pelleted	by	centrifugation	at	500	x	g	and	

serially	washed	in	PBS	before	being	frozen	at	-70oC.	These	cell	pellets	were	then	

used	for	analysis	by	SDS-PAGE	or	qRT-PCR.	

4.4 Results	

4.4.i Steroid	Hormone	Receptor	Expression	in	the	Cell	Lines	

An	initial	in	silico	 interrogation	of	the	CCLE	dataset	was	completed	to	provide	a	

complete	 picture	 of	 the	 levels	 of	 all	 four	 receptors	 in	 all	 four	 cell	 lines	 so	 that	

Table	13.	Information	on	Hormones	and	Inhibitors	used	for	Treatment	of	Endometrial	
Cancer	 (EC)	 Cell	 Lines.	 17β-Estradiol	 (E2)	 10

-8
M,	Medroxyprogesterone	 acetate	 (MPA)	

and	5α-Dihydrotestosterone	(DHT)	diluted	in	the	most	appropriate	vehicle	depending	on	
solubility.	
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future	 experiments	 on	 hormonal	 impact	 on	 MIPs	 can	 be	 assessed.	 This	

interrogation	 showed	 that	 the	 four	 steroid	 hormone	 receptors	 were	

differentially	 expressed	 at	 the	 mRNA	 level	 in	 the	 four	 cell	 lines	 used	 for	 this	

thesis	 (Figure	34-35).	 In	 the	CCLE	dataset,	 ISK	was	 shown	 to	have	 the	highest	

expression	 of	 ERα	 (from	 ESR1),	 whilst	 the	 HEC1A,	 RL95-2	 and	 MFE280	 cells	

have	 lower	 levels	 of	 the	 receptor.	 The	 ISK	 and	MFE280	 cell	 lines	 showed	 the	

highest	 levels	of	AR,	PR	 (from	PGR)	and	ERβ	 (from	ESR2)	mRNA,	whereas	 the	

HEC1A	 and	 RL95-2	 cell	 lines	 demonstrated	 lower	 levels	 of	 all	 four	 receptors	

compared	to	the	H19	reference	dataset	and	the	other	two	cell	lines.		

	

Figure 34. Hormone Receptor mRNA from Cancer Cell Line Encyclopedia 
(CCLE). Relative mRNA expression levels from CCLE database normalized to a 
human dataset (H19) dataset. Genes which encode for; Oestrogen Receptor 
alpha (ERα), Oestrogen Receptor Beta (ERβ), Progesterone Receptor (PR), 
Androgen Receptor (AR) Expression in the Ishikawa (ISK), HEC1A, RL95-2 and 
MFE280 cell lines. mRNA levels determined using Affymetrix U133+2 arrays and 
submitted into the publically available CCLE database (Barretina et al. 2012). 
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Figure	35	shows	the	relative	mRNA	levels	for	the	hormone	receptors	in	the	four	

EC	cell	 lines	studied	 in	the	 laboratory	(Figure	35).	 In	the	 laboratory-grown	cell	

lines,	ERα	mRNA	was	detected	in	ISK	and	MFE280	cells	but	not	in	the	HEC1A	or	

RL95-2	cells.	The	highest	 level	of	ERβ	mRNA	was	found	in	the	RL95-2	cell	 line,	

whilst	 the	 lowest	 levels	were	 seen	 in	MFE280.	The	highest	 levels	 of	PR	mRNA	

were	 seen	 in	 the	MFE280	 cells	 and	 the	 lowest	 levels	were	 seen	 in	 the	HEC1A	

cells.	 AR	 levels	were	 also	 the	 lowest	 in	 the	 HEC1A	 cells,	 whilst	 the	 AR	mRNA	

levels	 in	 the	 other	 three	 cell	 lines	were	 similar	 and	 higher	 than	 in	 the	HEC1A	

cells.	

	

Figure 35. Hormone Receptor mRNA from Endometrial Cancer Cell 
Lines Grown In-House. mRNA expression of; Oestrogen Receptor alpha 
(ERα), Oestrogen Receptor beta (ERβ), Progesterone Receptor (PR) and 
Androgen Receptor (AR) in the four endometrial cancer cell lines; Ishikawa 
(ISK), HEC1A, RL95-2 and MFE280. Cell lines grown, RNA extracted, quantified 
and DNase1 treated by CP. cDNA synthesized and qRT-PCR reaction run by Dr. 
Areege Kamal.  
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Immunocytochemical	 staining	 to	 detect	 the	 steroid	 receptor	 proteins,	 showed	

HEC1A,	RL95-2	and	MFE280	cell	lines	had	low/	undetectable	levels	of	AR	and	PR	

but	 MFE280	 did	 show	 some	 strong	 PR	 staining	 in	 a	 low	 proportion	 of	 cells	

(Figure	36).		The	RL95-2	cell	line	did	not	stain	positive	for	ER	beta	but	the	other	

three	cell	lines	did	(Figure	37-38).	

Figure 36. Progesterone and Androgen Receptor Protein Expression 
in Endometrial Cancer Cell Lines. Immunocytochemical DAB staining of 
Progesterone Receptor (PR) and Androgen Receptor (AR) in Ishikawa 
(ISK), HEC1A, RL95-2 and MFE280 cancer cell lines counterstained with 
hematoxylin. Nuclear PR and AR staining observed in ISK and MFE280 cell 
lines. 
	

Figure 37. Immunocytochemical Staining of Oestrogen Receptor in 
Ishikawa Cell Line. Immunocytochemical staining of Ishikawa (ISK) cell 
line. Oestrogen Receptor alpha (ERα) stained using chromogenic DAB 
staining and Oestrogen Receptor beta (ERβ) stained using 
immunofluorescent antibodies counter stained with DAPI to identify nuclear 
staining (shown in insert). 
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On	 the	 whole,	 the	 data	 in	 the	 CCLE	 reflected	 the	 pattern	 of	 steroid	 receptor	

mRNA	levels	detected	in	the	laboratory	samples.	The	CCLE	dataset	compares	the	

levels	of	mRNA	 to	a	human	control	 reference	dataset	 (H19),	 there	 is	not	much	

information	provided	around	the	providence	of	this	reference	dataset,	which	is	a	

Figure 38. Immunofluorescent Staining of Oestrogen Receptor β (ERβ) 
in Endometrial Cancer Cell Lines. A) HEC1A C) RL95-2 and E) Mouse IgG 
Isotype Control. Corresponding fields of view stained with Dapi (B, D and F) to 
show nuclei of cells. G) MFE280 ERβ and H) Mouse IgG control image taken by 
confocal microscopy to confirm ERβ expression in the nucleus, with no staining 
detected in the Mouse IgG Isotype control at the same exposure. Scales Bars 
represent 10µM (A-F) and 118.08µM (G and H). HEC1A and MFE280 showed 
nuclear staining for ERβ. RL95-2 cells were completely negative for ERβ. 
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critique	of	the	resource	but	as	an	initial	indicator	as	to	potential	cell	lines	to	use	

for	further	investigations.		

There	are	some	discrepancies	between	the	CCLE	data	and	the	in	house	analysed	

cell	lines.	The	CCLE	dataset	detected	all	of	the	hormone	receptors	in	all	four	cell	

lines,	 however	 in	 the	 samples	 analysed	 within	 our	 laboratory	 no	 ERα	 was	

detected	in	the	HEC1A	and	RL95-2	cell	lines;	this	could	be	due	to	the	levels	of	the	

receptor	 being	 below	 the	 detection	 limit	 of	 our	 system	 and	 as	 such	 no	 signals	

were	detected.	These	samples	could	be	analysed	again	with	different	primers	or	

doing	further	optimization	on	the	qRT-PCR	protocol	(for	example	introducing	a	

preamplification	 step).	 	 Since	 the	 ISK	 cells	 were	 shown	 to	 express	 all	 of	 the	

hormone	receptors	in	both	the	CCLE	and	in	house	cell	line	data,	this	cell	line	was	

chosen	to	investigate	the	potential	hormone	responses	of	MIPs.	It	was	confirmed	

that	 ISK	express	AR	mRNA	but	verification	 that	 the	protein	was	expressed	and	

functional	was	required	also.	

4.4.ii Evidence	 that	 the	AR	Expressed	 in	 the	 ISK	Cell	 Line	 is	Potentially	

Functional		

In	the	hormone	responsive	ISK	cell	line,	the	steroid	receptors	tested	(ERα,	ERβ,	

PR	 and	 AR)	 were	 present	 (Figure	 36-38).	 Both	 ER	 isoforms	 and	 PR	 stained	

strongly	in	the	nuclei	of	the	cells	and	AR	was	shown	to	be	expressed	diffusely	in	

both	the	cytoplasm	and	nucleus	when	ISK	cells	were	maintained	in	phenol-free	

cell	 line	medium	supplemented	with	5%	CSFBS	(Figure	39)	without	addition	of	

hormone.		
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With	 DHT	 treatment,	 the	 AR	 translocated	 to	 the	 nuclei	 resulting	 in	 strong	

nuclear	staining.	Increasing	doses	of	Enzalutamide	inhibited	this	translocation	of	

AR	to	the	nucleus,	in	particular	at	the	highest	concentration	of	20μM	(Figure	40).	

These	 results	 show	 that	 the	 AR	 expressed	 in	 the	 ISK	 cell	 line	 are	 sensitive	 to	

Enzalutamide	as	the	inhibitor	works	by	actively	competing	with	the	ligand	at	the	

ligand	 binding	 site	 and	 preventing	 receptor	 activity	 by	 preventing	 the	 crucial	

translocation	of	the	receptor	to	the	nuclei	of	the	cells.	Ultimately	the	data	shows	

that	AR	is	translocated	to	the	nuclei	with	DHT	treatment	and	this	mechanism	is	

prevented	with	 Enzalutamide,	 highlighting	 Enzalutamide	 as	 a	 tool	 for	 study	 of	

AR	action	in	EC	cell	lines	for	future	work.	

As	a	 further	demonstration	that	the	AR	in	the	ISK	cell	 line	was	functional,	DHT	

treatment	 increased	 both	 total	 AR	 protein	 expression	 level	 and	 the	 level	 of	

phosphorylated	AR	at	Serine	81	(Figure	41A).	After	24,	48	and	72h	of	DHT	10-8M	

treatment,	 there	 were	 significant	 increases	 of	 phosphorylated	 AR	 as	 well	 the	

Figure 39. Androgen Receptor Translocation with 5α-
dihydrotestesosterone (DHT) treatment. Immunofluorescent staining of 
Androgen Receptor (AR) in Ishikawa ISK cell line.  A) ISK cells treated with 10

-8
M 

DHT and B) Vehicle Control. The yellow arrow indicates an example of 
predominantly nuclear staining and the red arrow indicates an example of a cell 
with predominantly cytoplasmic staining. Scale bars indicate 50µM. 
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increased	 total	AR	expression	(Figure	41).	This	data	 implies	 that	 in	 ISK	 the	AR	

expressed	 is	 functional	 by	way	 of	 responding	 to	 DHT	 by	 upregulating	 its	 own	

gene	expression	and	showing	a	further	increase	in	phosphorylation.	

	

	

Figure 40. Androgen Receptor Translocation with 5α-
dihydrotestesosterone (DHT) and Enzalutamide.  A) Androgen Receptor 
(AR) immunofluorescence staining in Ishikawa (ISK) cell line treated with either 
vehicle (Methanol; MeOH + DMSO) or DHT (10

-8
M) plus Enzalutamide 1-20 µM. B) 

Quantification of the sub-cellular location of AR staining; demonstrating the 
predominant subcellular location of the AR staining. Vehicle and cells scored 
individually as either predominantly nuclear or cytoplasmic staining. Staining 
results presented graphically in (B) as a percentage of total cells. Scored blind. 
Scale bars indicate 50µM. n=2. Error bars represent SEM. Graph prepared using 
GraphPad Prism. 

B 
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Figure 41. Androgen Receptor Phosphorylation with 5α-
dihydrotestesosterone (DHT) Treatment. DHT treatment of Ishikawa cell 
line for 24h, 48h and 72h. Treatment induced Androgen Receptor (AR) and 
phosphorylation of AR. A) Demonstrating an increase in AR total protein and 
phosphorylated AR (Ser81) (pAR) protein levels in Ishikawa (ISK) cells treated 
with 10

-8
M DHT (T) compared with methanol (0.002% v/v) vehicle control (V) 

for 24-72h by Western blot. GAPDH was used as the loading control and 
untreated LNCAP cell line lysate used as positive control for AR western blot. 
B) Densitometric analysis of Western blots of pAR, AR and GAPDH levels. 
Densitometry performed using ImageJ and graph prepared using GraphPad 
Prism. Increases in pAR alone were determined by normalizing to total AR in 
the same sample (pAR/AR).  DHT treatment increased levels of AR and 
phosphorylated AR at all time points tested but the largest differences 
between vehicle and treatment pAR levels were shown at 72h, although the 
overall levels of pAR were greatest in both vehicle and treated cells at 48h 
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In	summary,	the	ISK	cell	line	expresses	AR	protein	without	DHT	treatment.	With	

DHT	treatment	total	AR	protein	and	AR	phosphorylated	at	residue	Serine	81	are	

increased.	With	DHT	treatment,	AR	 translocates	 to	 the	nucleus	of	 ISK	cells	and	

this	 is	 inhibited	 by	 Enzalutamide	 treatment.	 Leading	 on	 from	 this	 we	 can	

investigate	if	the	response	to	DHT	can	induce	changes	in	MIP	expression.	

4.4.iii Effect	 of	 E2	 or	 DHT	 on	 AGR2	 or	 S100P	 mRNA	 Levels	 in	

Monocultured	ISK	Cells		

The	novel	research	into	whether	E2	or	DHT	were	tested	due	to	my	interest	in	the	

potential	 effects	 of	 androgens	 in	 the	 endometrium	 but	 also	 AGR2	 had	 been	

investigated	 in	 response	 to	 OE	 in	 breast	 cancer	 (Salmans,	 Zhao	 &	 Andersen	

2013).	 Considering	 that	 both	 breast	 and	 endometrial	 tissues	 are	 hormonally	

governed,	the	effects	of	hormones	on	these	tissues	in	the	context	of	the	MIPS	and	

MIP	 expression	 levels	 is	 of	 interest.	 For	 the	 ISK	 cell	 line	 after	 24h	 and	 48h	

treatment,	 AGR2	 levels	were	 increased	 compared	with	 the	 vehicle	 control	 but	

this	increase	was	not	statistically	significant	(24h;	p=0.052,	and	48h;	p=0.74,	two	

tailed	t-test)	(Figure	42).	The	levels	of	AGR2	mRNA	in	the	DHT	treated	samples	

dropped	 significantly	 between	 24	 and	 48h	 (p=0.0018,	 two	 tailed	 t-test),	 but	

there	was	no	significant	difference	between	vehicles	at	24h	and	48h	(p	=0.997,	

two	tailed	t-test).	S100P	mRNA	levels	not	significantly	different	at	24h	or	48h	of	

DHT	treatment	(Figure	42).	
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4.4.iv S100P	mRNA	Expression	 in	Co-Cultured	 ISK	and	RL95-2	cells	with	

Primary	Stromal	Cells	Treated	with	Hormones.			

Since	 some	 of	 the	 epithelial	 effects	 of	 ovarian	 hormones	 are	 via	 paracrine	

signalling	 involving	 stromal	 cells,	 a	 co-culture	model	was	 used	 to	 simulate	 the	

multicellular	environment	where	multiple	cell	types	interact	and	potentially	the	

effects	of	hormone	action	on	the	epithelial-	and	glandular-derived	tumour	cells	is	

achieved	 through	 effects	 upon	 the	 stromal	 compartment	 of	 tumours	 and	 the	

microenvironment.	The	S100P	mRNA	levels	in	ISK	cells	were	considerably	lower	

than	 those	 of	 RL95-2	 in	 monoculture,	 the	 ISK	 co-culture	 DHT	 treated	

Figure 42. AGR2 and S100P mRNA levels in Ishikawa Cell Line Treated 
with 5α-dihydrotestesosterone (DHT). Mean densitometric normalized 
values for A) AGR2 and S100P mRNA levels with 10

-8
M treatment DHT or 

Methanol (Vehicle) in ISK cell line for 24h and 48h by RT-PCR. Graph represents 
densitometry of electrophoresed amplification products using Image J. Levels 
normalized to YWHAZ expression. Error Bars =SEM. n=6 (3 biological replicates 
with duplicate technical replicates). A) Mean of three biological replicates.  No 
significant differences were seen between vehicle and treatment at any time 
point. Densitometry performed using ImageJ and Graphs prepared using 
GraphPad Prism. 
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amplification	 curves	 did	 not	 reach	 the	 exponential	 region	 of	 the	 amplification	

curve	 until	 very	 late	 in	 the	 qRT-PCR	 amplification	 process	 and	 scattered	

replicated	with	higher	CV	values	also,	 indicating	relatively	 low	copy	number	of	

S100P	 in	 the	 samples	 and	 as	 such	 these	 data	 were	 uninterpretable	 (data	 not	

shown).		The	monoculture	system	did	not	yield	any	significant	changes	in	AGR2	

or	S100P	expression	with	added	hormones,	which	ruled	out	the	direct	influence	

of	hormones	on	these	cells	altering	MIP	expression.	The	next	question	to	answer	

was	whether	S100P	expression	could	be	modulated	in	the	endometrial	epithelial	

cells	 with	 hormone	 treatment	 in	 an	 indirect	 paracrine	 manner	 through	 the	

interactions	of	the	endometrial	stromal	and	epithelial	cells.	Similar	to	the	high	G	

EC	 cells,	 RL95-2	 cells	 also	 lack	 nuclear	 AR	 and	 PR	 and	 do	 not	 express	 ERα	

protein;	 therefore,	 we	 investigated	 whether	 high	 G	 cancers	 can	 be	 modelled	

using	the	co-culture	cell	assay	in	vitro	as	a	mechanism	for	hormone	modulation	

of	 S100P.	 Since	 the	 hormones	 act	 via	 a	 paracrine	 route	 as	 well	 as	 working	

directly	 on	 the	 epithelial	 cells	 influencing	 EC	 growth	 in	 vivo,	 we	 used	 a	 more	

clinically	 relevant	 co-culture	 system,	 where	 RL95-2	 cells	 were	 grown	 with	

primary	 normal	 endometrial	 stromal	 cells.	 However,	 after	 48h	 of	 treatment	

there	 was	 no	 statistically	 significant	 changes	 in	 S100P	mRNA	with	 any	 of	 the	

hormone	treatments	(E2,	MPA	and	DHT	p	=0.64,	0.1485	and	0.30	respectively)	

(Figure	43).	
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RL95-2	co-cultured	with	primary	stroma	treated	with	E2,	MPA	and	DHT	did	not	

alter	cell	viability	or	total	number	of	cells	which	suggests	that	either	the	RL95-2	

cells	 did	 not	 respond	 to	 the	 stromal	 cells	 paracrine	 signals	 or	 the	 baseline	

conditions	were	not	optimal	to	elicit	a	detectable	response	(Figure	44).	

	

Figure 43. S100P mRNA levels in RL95-2 cell line co-cultured with 
primary stromal cells treated with steroid hormones. Relative normalized 
expression of S100P mRNA levels determined using qRT-PCR in RL952 cell line 
co cultured with primary stromal cells extracted from pipelle biopsies from 
women undergoing surgery for non-malignant gynaecological conditions treated 
with 17β-Estradiol 10

-8
M (E2), Medroxyprogesterone acetate 10

-6
M (MPA), 

Ethanol vehicle (ETOH) for comparison and 5α-Dihydrotestosterone (DHT) 10
-8
M 

treatments with Methanol vehicle (MeOH) comparison for 48h. S100P mRNA 
normalized to YWHAZ and PPIA mRNA expression used as reference control 
genes. Error bars represent SEM. Graph represents three biological replicates 
repeated in duplicate. No statistically significant differences in S100P expression 
with hormone treatment in the RL95-2 co-culture system.  
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4.5 Discussion	

Examining	 the	 cell	 lines	 initially	 for	 the	existence	of	 the	essential	 apparatus	 to	

respond	 to	 a	 particular	 signal	 of	 interest	 is	 pivotal	 before	 carrying	 out	 further	

research	for	obvious	reasons.	If	hormones	are	to	elicit	an	effect	then	they	need	to	

initiate	a	signalling	cascade	through	the	direct	effects	of	the	ligand	binding	to	the	

hormone	receptor	and	changing	the	receptor	conformation	(Gorski	et	al.	1968).	

In	 EC	 cell	 lines,	 characterising	 the	 cell	 lines	 for	 the	 expression	 of	 hormone	

receptor	 expression	 is	 essential	 for	 selection	 for	 further	 functional	 hormone	

regulation	 studies.	 Since	 even	 the	 high	 G	 advanced	 ECs	 retain	 at	 least	 some	

hormone	receptor	expression	and	hormone	responsiveness	(Kamal	et	al.	2016;	

Lentz	 et	 al.	 1996;	 Thigpen	 et	 al.	 1999),	 in	vitro	 and	 in	 vivo	models	 that	mimic	

these	cancers	are	pivotal	to	EC	research.		

Figure 44. Viability and Proliferation of RL95-2 cell line co-cultured with 
primary stromal cells treated with steroid hormones. Co-cultured RL95-2 
cells with primary stromal cells extracted from pipelle biopsies from women 
undergoing surgery for non-malignant gynaecological conditions. Hormone 
treatments (17β-Estradiol (E2) 10

-8
M, Medroxyprogesterone acetate (MPA) 10

-6
M 

and 5α-Dihydrotestosterone (DHT) 10
-8
M) for 48h. A) Percentage of viable RL95-2 

cells and B) Percentage of total cells compared with vehicle controls. Graphs 
represent the mean of data from three biological replicates. Error Bars = SEM. 
Hormone treatment did not significantly change the number of viable or total cell 
numbers in the co-culture system. 
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The	hormone	 receptor	 status	of	 the	 cell	 lines	demonstrates	 that	 the	most	well	

differentiated	cell	line,	ISK,	maintains	the	expression	of	all	four	receptors	usually	

found	 in	 the	 normal	 endometrium	 (Parkes	 et	 al.	 2018),	 confirming	 previous	

findings	 (Lessey	 et	 al.	 1996;	 Lovely	 et	 al.	 2000;	 Zhou	 et	 al.	 2007).	 AR	

phosphorylation	was	increased	with	DHT	treatment	in	ISK	cells	(Figure	40)	and	

previous	work	 in	our	group	also	showed	ER	alpha	phosphorylation	 in	 ISK	cells	

increased	with	E2	treatment	(data	from	Mr.	Anthony	Valentijn).	The	experiments	

conducted	in	this	thesis	determined	that	Enzalutamide,	functions	by	preventing	

translocation	of	AR	to	the	nucleus	in	the	ISK	cell	line	in	a	dose	dependent	manner	

(Figure	41).	Therefore,	ISK	was	used	to	assess	if	hormones	could	modulate	MIP	

expression	in	the	monoculture	assay	by	directly	acting	on	the	hormone	receptors	

in	 these	 cells.	 Of	 the	 moderately-differentiated	 cell	 lines,	 HEC1A	 and	 RL95-2	

maintained	both	ER	isoforms	but	showed	loss	of	nuclear	AR	and	PR	(Figure	38-

39).	The	poorly	differentiated	MFE280	cell	line	also	maintained	both	ER	isoforms	

but	 has	 lost	 AR	 protein	 expression	 and	 showed	 only	 a	 small	 population	 of	 PR	

positive	 cells	 (indicating	 heterogeneity).	 The	 hormone	 receptor	 expression	

therefore	 follows	 the	 differentiation	 state	 of	 the	 cell	 lines;	 with	 the	 well	

differentiated	cell	line,	ISK	showing	the	expression	of	all	four	receptor	subtypes	

studied,	 whereas	 the	 AR	 and	 PR	 expression	 was	 lost	 in	 cell	 lines	 which	 were	

poorly	differentiated.	Enzalutamide	could	be	used	to	ascertain	the	AR	signalling	

effects	 in	EC	cell	 lines	 in	 future	studies.	With	regard	 to	 the	MIPs,	 there	was	no	

significant	change	in	AGR2	or	S100P	mRNA	levels	with	DHT	treatment	in	the	ISK	

cell	 line	 (Figure	 43)	 using	 RT-PCR.	 In	 contrast,	 AGR2	 is	 directly	 induced	 by	

androgens	in	prostate	cancer	cell	lines	(Hrstka	et	al.	2010;	Zhang	et	al.	2005).	In	

the	 present	 experiments,	 it	 is	 possible	 that	 the	 greater	 sensitivity	 of	 qRT-PCR,	
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might	 detect	 reduced	 levels	 of	 RNA	 that	 were	 not	 detected	 in	 the	 PCR	

experiments	 using	 gel	 electrophoresis	 read	 outs	 for	 the	 signals	 as	 opposed	 to	

fluorescent	 signals	 from	 the	 qRT-PCR	 experiments.	 	 As	 well	 as	 the	 detection	

method,	 the	 conditions	 used	 could	 also	 be	 changed	 to	 reduce	 the	 effect	 of	 the	

background	hormone	levels	on	the	observed	result	by	potentially	replacing	the	

CSFBS	 entirely,	 or	 using	 a	 lower	 concentration	 of	 it.	 Reducing	 and	 removing	

CSFBS	removes	vital	factors	required	for	cell	survival	and	growth	that	can	alter	

the	 output	 produced	 in	 response	 to	 the	 stimulus	 potentially	 enhancing	 the	

observed	 response.	 Further	 examination	 of	 the	 optimal	 time	 point	 for	 the	

experiments	by	doing	a	time	course	could	overcome	this	issue,	if	examining	the	

response	 at	 the	 mRNA	 level,	 possibly	 using	 4,	 6	 or	 8h	 treatment	 times	 to	

demonstrate	 changes	 in	mRNA	 levels.	 This	would	 clarify	whether	 shorter	 time	

points	 than	used	here	may	more	 accurately	 represent	 the	hormonal	 effects	 on	

MIPs	 expression	 in	 the	 cells	 and	 will	 also	 need	 further	 confirmation	 by	

examining	 the	 protein	 expression	 levels	 at	 a	 later	 time	 point.	 Considering	 the	

main	 focus	 of	 subsequent	 work	 was	 to	 assess	 S100P	modulation	 (Chapter	 5),	

only	AGR2	and	S100P	levels	were	assessed	the	hormone	regulation	studies	and	

only	 S100P	 in	 the	 co-culture	 models.	 S100A4	 has	 already	 been	 shown	 to	 be	

hormone	responsive	 in	EC	cell	 lines	and	as	such	 the	 findings	would	not	add	 to	

the	field	of	research	if	repeated	here.	

Another	important	aspect	that	needs	to	be	taken	into	account	is	the	interaction	

between	the	endometrial	epithelial	and	stromal	compartments.		Although	we	did	

not	detect	direct	effects	of	DHT	on	the	epithelial	cancer	cell	lines	in	monoculture,	

the	 effects	 of	 hormones	 in	vivo	have	been	 shown	 to	 act	 in	 a	 paracrine	manner	



Endometrial Cancer Cell Lines as a Model for Metastasis 

181	

and	are	necessary	to	produce	the	anti-tumour	effect	of	P4	(Janzen	et	al.	2013).	A	

study	assessing	the	stromal-epithelial	interactions	in	vitro	using	prostate	cancer	

cell	 lines	 cultured	 with	 conditioned	 media	 from	 human	 prostate	 stromal	

fibroblasts	 demonstrated	 AR	 phosphorylation	 induced	 cell	 growth	 and	

anchorage	 independent	 growth	 (Shigemura	 et	 al.	 2009).	 Whether	 MIPs	

expression	 is	 modulated	 through	 this	 paracrine	 signalling	 mechanism	 was	

assessed	by	using	 the	 co-culture	of	 the	 ISK	and	RL95-2	cell	 lines	with	primary	

endometrial	stromal	cells	derived	from	endometrial	biopsies	taken	from	healthy	

patients	 without	 cancer.	 	 No	 statistically	 significant	 differences	 in	 S100P	

expression	 were	 detected	 with	 any	 of	 the	 hormone	 treatments	 (Figure	 44).		

Potentially	 the	 use	 of	 primary	 stromal	 cells	 may	 have	 introduced	 additional	

layers	 of	 confounding	 factors	 that	 increased	 the	 variation	between	 the	 results.	

Although	 more	 clinically	 relevant,	 the	 human	 primary	 cells	 senesce	 after	 a	

limited	number	of	passages	in	vitro,	which	varies	from	sample	to	sample.	The	use	

of	 an	 immortalized	 stromal	 cell	 line	 or	 pooled	 conditioned	 cell	 medium	 may	

overcome	 the	 variance	 between	 primary	 cultures.	 Viability	 of	 the	RL95-2	 cells	

treated	with	E2,	MPA	and	DHT	was	consistent	across	all	samples	tested,	but	only	

E2	 increased	 the	number	of	 cells	 in	 the	 sample	 compared	with	 vehicle	 control	

(Figure	45).	 In	 the	RL95-2	cell	 line	 that	does	not	express	AR	and	PR,	when	the	

cells	were	co-cultured	with	stromal	cells,	they	showed	a	slight	increase	of	S100P	

mRNA	 expression	 with	 DHT	 treatment	 compared	 with	 the	 methanol	 control	

(Figure	44).	E2	and	MPA	treatment	slightly	decreased	S100P	mRNA	compared	to	

the	ethanol	 control.	Testosterone	 (which	 is	 less	metabolically	active	 than	DHT,	

that	 can	 also	 be	 metabolized	 to	 E2	 and	 DHT)	 has	 been	 shown	 to	 induce	 OE	

response	 elements	 in	 EC	 cells	 through	 paracrine	 interactions	 between	 stromal	
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and	cancer	cells	(Matsumoto	et	al.	2008).	Although	the	RL95-2	cells	co-cultured	

with	stromal	cells	derived	from	normal	patients	did	not	proliferate	in	response	

to	DHT	 in	 our	 laboratory,	 cancer-associated	 stromal	 cells	 have	 been	 shown	 to	

respond	 differently	 to	MPA	 and	 E2	 from	normal	 fibroblasts	 and	 that	 high	 and	

low	 G	 fibroblasts	 react	 differently	 from	 each	 other	 also	 (Pineda	 et	 al.	 2015).	

Normal	patient	fibroblast	cell	medium	was	shown	to	reduce	the	proliferation	in	

ISK	cells	(Arnold	et	al.	2002).	Whereas	cancer	associated	fibroblasts	were	shown	

to	 increase	 proliferation	 in	 HEC1A	 cells,	 but	 did	 not	 increase	 proliferation	 in	

endometrial	 hyperplastic	 cells	 (Subramaniam	 et	 al.	 2013).	 Ultimately	 cancer	

associated	fibroblasts	may	act	differently	from	the	normal	stromal	cells	used	in	

these	experiments	and	assessment	of	MIP	expression	 in	co-culture	with	cancer	

associated	fibroblasts,	both	with	and	without	hormonal	treatment	would	offer	a	

novel	way	of	assessing	how	hormones	may	influence	MIP	expression	in	vivo	in	a	

more	representative	in	vitro	model	system.		

Although	no	statistically	 significant	 changes	were	detected	 in	 the	 small	 sample	

set,	 increased	numbers	of	 samples	would	demonstrate	 if	 the	 trend	observed	 is	

confounded	by	variance	in	the	samples	or	if	the	effect	is	truly	not	significant.	Also	

changing	the	protocol	to	use	an	immortalized	stromal	cell	line	could	reduce	the	

variance	 between	 samples,	 as	 this	 would	 remove	 the	 patient-to-patient	

variability	from	the	differing	sources	of	stromal	cells.	

Preconditioning	 of	 cells	 for	 maximal	 signal	 detection	 is	 a	 useful	 strategy.	

Understanding	 how	 hormones	 influence	 the	 downstream	 signalling	 cascade	 in	

cancer	 cells	 can	 highlight	 novel	 ways	 in	 which	 to	 inhibit	 cancer	 cells	 in	 vivo	

especially	in	the	context	of	EC.	Although	a	significant	change	in	the	MIPS	was	not	
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demonstrated	 using	 the	 experimental	 conditions	 tested	 further	 assay	

optimization	 may	 result	 in	 the	 trend	 observed	 becoming	 potentially	 more	

profound	if	the	baseline	conditions	of	the	cells	prior	to	treatment	can	be	reduced	

to	 the	absolute	minimum,	without	 impairing	 the	survival	of	 the	cells.	This	may	

show	a	clear	effect	of	the	hormones	that	may	not	be	obvious	when	the	cells	are	

grown	in	favourable	conditions.		

Using	 CSFBS	 to	 maintain	 cell	 viability	 during	 the	 experimental	 process	 will	

reproducibly	 prime	 the	 cells	 to	 respond	 to	 the	 hormonal	 treatment.	 This	

highlights	 the	 importance	 of	 the	 optimal	 preconditioning	 for	 the	 cell	 line	 of	

choice	 in	 endometrial	 research,	 for	 translational	 research	 in	 hormone	

modulation	studies	in	vitro.	Further	work	using	CSFBS	at	a	2%	concentration	in	

the	laboratory	was	able	to	elicit	changes	in	other	experiments	using	the	cell	lines	

and	repeating	the	work	conducted	here	with	CSFBS	would	be	one	of	the	logical	

progressions	from	this	work.	

	The	reduction	of	signal	to	noise	ratio	when	using	hormone	treatment	is	vital	for	

the	 use	 of	 an	 EC	 cell	 line	 as	 a	model	 of	 EC.	 Creating	models	 that	 simulate	 the	

interaction	between	stromal	and	epithelial	cells	within	the	endometrium	and	in	

EC	 will	 produce	 data,	 which	 is	 more	 clinically	 relevant.	 The	 important	

communication	between	the	two	cellular	compartments	inevitably	plays	a	role	in	

cancer	 therefore	consideration	of	 this	aspect	 in	 the	 in	vitro	 studies	 is	essential,	

but	the	exact	experimental	conditions	need	to	be	determined	to	produce	robust	

data.	Models	using	RL95-2	and	primary	human	endometrial	 stromal	 cells	have	

been	published,	particularly	they	are	used	to	study	endometrial	receptivity	in	the	

context	of	embryo-implantation	and	infertility	(Evron,	Goldman	&	Shalev	2011).	
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Potentially	using	a	similar	model	to	investigate	the	paracrine	signalling	between	

the	 tumour-associated	 stroma	 (Arnold	 et	 al.	 2001;	 Pineda	 et	 al.	 2015;	

Subramaniam	 et	 al.	 2013)	 would	 be	 a	 desirable	model	 to	 study	 EC	 compared	

with	using	normal	stroma.	 	A	recent	publication	showed	that	cancer	associated	

fibroblasts	 induced	 proliferation	 whereas	 stroma	 extracted	 from	 hyperplastic	

tissue	did	not	induce	proliferation	(Subramaniam	et	al.	2013),	indicating	that	the	

cancer	associated	stroma	could	have	different	mechanisms	and	interactions	with	

the	epithelial	cells	in	a	co-culture	model.		

4.6 Conclusion	

In	 conclusion,	 the	 EC	 cell	 lines	 under	 study	 in	 this	 thesis	 represent	 versatile	

models	for	the	study	of	hormone	responsiveness	in	EC.	In	particular	the	study	of	

androgen	 signalling	 in	 EC,	 with	 the	 use	 of	 Enzalutamide	 to	 inhibit	 the	 AR	

signalling	 cascade.	 	 From	 the	 perspective	 of	MIP	modulation,	 the	 experiments	

conducted	in	this	thesis	have	ruled	out	the	48h	time	point	to	be	a	suitable	time	

point	 to	 investigate	MIP	mRNA	 levels,	 since	 the	 signals	detected	 for	AGR2	and	

S100P	was	reduced	at	that	time	point.	However,	there	was	an	apparent	trend	of	

AGR2	mRNA	 to	 increase	with	DHT	 at	 24h,	 indicating	 that	 the	 gene	 expression	

may	be	altered	at	an	earlier	time	point	and	with	different	concentrations	of	the	

hormones.	 In	 the	 co-culture	 assays,	 although	 no	 significant	 differences	 were	

shown,	the	experimental	model	proves	the	feasibility	of	the	transwell	co-culture	

model	and	many	optimisation	steps	for	further	future	experiments	to	develop	a	

clinically	 relevant	 in	 vitro	 model.	 The	 experiments	 described	 here	 further	

facilitated	 the	 choice	 of	 cell	 lines	 for	 the	 last	 part	 of	 the	 work	 carried	 out	 as	

described	 in	my	 thesis.	 Since	 the	main	 focus	 of	 the	 project	was	 to	 interrogate	
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S100P	in	EC,	 the	subsequent	experiments	were	tailored	around	this	aspect	and	

the	use	of	the	high	S100P	expressing	RL95-2	as	the	main	cell	line	for	use	in	the	

shRNA	knockdowns	of	S100P	and	the	hormone	sensitive	(expressing	all	steroid	

hormone	receptors),	low	S100P	expressing	ISK	cell	line	was	used	as	a	control	EC	

cell	line	in	the	following	chapter.	
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Chapter	5 	The	 Effect	 of	 Knockdown	 of	 S100P	 Protein	 Using	

Lentiviral	 shRNA	 in	 the	 RL95-2	 Endometrial	

Adenosquamous	Carcinoma-Derived	Cell	Line		

5.1 Introduction		

The	 endometrium	 is	 the	 main	 target	 organ	 for	 ovarian	 hormones,	 regulating	

cellular	 functions	 including	 proliferation	 (Valentijn	 et	 al.	 2015).	 In	 agreement	

with	this,	EC	is	also	a	hormone	responsive	cancer.	S100P	has	been	implicated	in	

a	 multitude	 of	 cancer	 types	 including	 hormonally	 driven	 cancers	 such	 as	 the	

breast,	 prostate	 and	 associated	with	 unfavourable	 prognosis	 in	 gynaecological	

malignancies	 such	 as	 ovarian	 cancer	 (Basu	 et	 al.	 2008;	 Schor	 et	 al.	 2006;	

Surowiak	 et	 al.	 2007;	Wang	 et	 al.	 2015b).	 In	 one	 study,	 higher	 S100P	 nuclear	

expression	was	associated	with	shorter	overall	patient	survival	and	disease	free	

survival	in	stage	II	breast	cancer	patients	and	elevated	S100P	mRNA	levels	also	

correlated	with	reduced	relapse	free	and	distant	metastasis-free	survival	 in	the	

entire	 cohort	 (Maciejczyk	 et	 al.	 2013).	 In	 the	 same	 study	 lymph-node	

involvement	 was	 correlated	 also	 with	 elevated	 S100P	 mRNA	 expression.	 In	

another	breast	 cancer	 study,	S100P-expressing	 tumours	 conferred	significantly	

worse	outcome	for	patients	than	those	who	had	tumours	that	were	negative	for	

S100P	(Wang	et	al.	2006b).	The	same	study	also	found	that	increased	intensity	of	

S100P	 immunohistochemical	 staining	 for	 S100P	 was	 associated	 with	 reduced	

patient	 survival	 as	 well	 as	 demonstrating	 that	 S100P	 positivity	 was	 an	

independent	 indicator	 of	 death	 in	 their	 patient	 cohort	 (Wang	 et	 al.	 2006b).	

S100P	 protein	 overexpression	was	 shown	 to	 correlate	 positively	with	 positive	
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ER	 status	 as	 well	 as	 with	 the	 presence	 of	 high-risk	 lesions	 (Maciejczyk	 et	 al.	

2013;	 Schor	 et	 al.	 2006).	 The	 published	 data	 linking	 S100P	 with	 hormone	

receptor	 expression,	 S100P	 expression	 and	 other	 unfavourable	 clinical	

parameters,	 such	 as	 reduced	 survival,	 highlight	 the	 potential	 link	 between	

hormone	regulation	of	S100P	as	well	as	S100P’s	metastasis	inducing	properties.	

S100P	 has	 been	 shown	 to	 directly	 interact	 with	 ER,	 mediates	 tamoxifen	

resistance	in	the	MCF-7	breast	cancer	cell	line	(Lee,	Asare	&	Rajnarayanan	2016)	

and	has	also	been	proposed	as	a	prognostic	marker	for	metastatic	breast	cancer	

(Peng	et	al.	2016).	

S100P	mRNA	is	upregulated	by	a	synthetic	androgen,	R881,	in	a	prostate	cancer	

cell	 line	model	(Averboukh	et	al.	1996).	S100P	overexpression	has	been	shown	

to	 increase	 AR	 expression	 in	 a	 prostate	 cancer	 cell	 line	 (Basu	 et	 al.	 2008).	 In	

endometriosis	 patients,	 S100P	 was	 shown	 to	 increase	 in	 the	 window	 of	

implantation	 and	 further	 increased	 late	 in	 the	 secretory	 phase	 of	women	with	

endometriosis,	 in	 both	 the	 stromal	 and	 glandular	 compartments,	 whereas	

glandular	 S100P	 was	 not	 shown	 to	 change	 across	 the	 menstrual	 cycle	 in	 the	

fertile	controls	(Hapangama	et	al.	2012).	In	the	normal	endometrium,	S100P	was	

shown	to	be	highly	expressed	during	the	mid-secretory	phase	of	 the	menstrual	

cycle	and	is	induced	by	P4	in	both	the	stromal	and	epithelial	cell	compartments	

(Zhang	 et	 al.	 2012b).	 S100P	 mRNA	 has	 also	 been	 shown	 to	 be	 significantly	

increased	 in	 EC	 compared	 with	 age-matched	 normal	 endometrial	 tissue,	 with	

increased	S100P	mRNA	levels	observed	in	higher	grades	of	EC	(G2	and	G3),	but	

protein	 levels	 or	 subcellular	 location	 were	 not	 determined	 (Guo	 et	 al.	 2014).	

Contrastingly,	 a	more	 recent	 study	 found	 no	 difference	 in	 S100P	 protein	 level	
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between	endometrial	adenocarcinoma	and	normal	aged	matched	tissue,	but	did	

detect	 differences	 in	 adenosquamous	 carcinomas	 and	 endometrial	 squamous	

tissue	by	immunohistochemistry	(Jiang	et	al.	2016).	One	significant	deficiency	in	

this	study	however	was	 the	small	 sample	size	of	patient	 tissue	(31	EC	samples	

and	21	normal	controls),	only	12	of	which	showed	squamous	differentiation	and	

one	endometrial	squamous.	The	authors	did	acknowledge	this,	however	they	did	

not	give	important	details	of	the	nature	of	the	normal	controls,	except	that	they	

were	collected	during	routine	hysteroscopy	examinations.		

Experimental	 over-expression	 of	 S100P	 in	 the	 HEC1A	 cell	 line	 using	 transient	

transfections	resulted	in	increased	proliferation,	invasion	and	migration	(Jiang	et	

al.	2016).	Untransfected	HEC1A	cells	have	considerably	lower	levels	of	S100P	in	

comparison	with	 RL95-2	 (11.7	 times	 less)	 but	 similar	 to	 the	 levels	 in	 ISK	 and	

MFE280	cells	(See	Chapter	4).	Guo	et	al.	used	siRNA	technology	to	reduce	S100P	

levels	 in	HEC1A	and	 ISK	 cell	 lines,	 and	although	 they	demonstrated	 the	 S100P	

mRNA	levels	to	be	reduced	by	60	and	55%	respectively,	they	failed	to	determine	

the	protein	 levels	after	gene	knock-down	in	both	cell	 lines	and	this	 is	a	serious	

flaw	 in	 the	 published	 studies	 (Guo	 et	 al.	 2014).	 They	 reported	 that	 siRNA	

treatment	reduced	cell	proliferation	in	both	HEC1A	and	ISK	cell	lines	by	25	and	

20%	respectively	and	also	reduced	nuclear	β-catenin	(Guo	et	al.	2014),	however	

this	 study	 used	 transient	 transfection	 to	 knockdown	 S100P	mRNA	 (Guo	 et	 al.	

2014)	and	the	changes	in	β-catenin	were	larger	than	the	changes	in	S100P	mRNA	

level	 and	 considering	 the	 higher	 risk	 of	 off-target	 effects	 using	 siRNA	 than	

shRNA,	this	effect	may	not	entirely	be	due	to	the	S100P	knockdown.	
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The	aim	of	this	chapter	is	to	study	the	effect	of	S100P	on	EC	related	activity.		This	

is	best	done	 in	the	controlled	environment	of	cell	culture	using	an	endometrial	

cell	 line.	To	achieve	this,	a	suitable	cell	 line	was	selected	on	the	basis	of	S100P	

level	and	malignant	potential.	

The	RL95-2	cells	were	found	to	have	the	highest	S100P	mRNA	and	protein	levels	

amongst	 the	cell	 lines	 tested	 (refer	 to	Chapter	4).	Of	 the	 four	EC	cell	 lines	 that	

were	 available,	 the	 RL95-2	 cell	 line	 does	 not	 have	 a	 typical	 epithelial	 growth	

pattern	and	is	able	to	 form	tumours	 in	the	CAM	model,	so	exhibits	some	of	 the	

more	invasive	characteristics	than	the	ISK	cells	that	were	unable	to	establish	in	

the	CAM	model	(Chapter	4).	Therefore,	RL95-2	cell	line	with	the	highest	level	of	

both	mRNA	and	protein	for	S100P	was	selected	to	be	the	most	appropriate	cells	

for	 assessing	 the	 functional	 characteristics	 of	 S100P	 in	 the	 knockdown	

experiments.		

5.2 Methods	

5.2.i RL95-2	Puromycin	Dose	Response	Curve	

The	 S100P	 shRNA	 lentiviral	 vector	 confers	 antibiotic	 resistance	 for	 puromycin	

upon	the	cells	that	have	incorporated	the	plasmid	and	this	allowed	the	selection	

of	 the	 RL95-2	 cells	 that	 were	 transduced.	 After	 transduction,	 the	 cells	 were	

cultured	with	puromycin	at	a	dose	that	would	be	lethal	to	the	untransfected	cells.	

Prior	to	this	step,	the	lethal	concentration	was	determined	for	the	naïve	RL95-2	

cells	using	an	MTT	assay.	Cell	densities	of	1x105	to	5x105	in	96-well	tissue	culture	

plates	were	treated	with	a	range	of	puromycin	concentrations	(from	0.5-2.5μM)	

over	3	or	7	day	periods	of	treatment.		
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S100P Western Blot Optimization 

S100P	 western	 blotting	 required	 a	 considerable	 amount	 of	 optimisation	 as	

described	 below.	 S100P	 was	 initially	 detected	 in	 the	 RL95-2	 cells	 by	

immunofluorescent	staining	(refer	 to	Chapter	4).	When	the	same	antibody	was	

used	to	assess	the	S100P	protein	levels	by	western	blot,	no	~11	kDa	product	was	

detected.	 Therefore,	 a	 series	 of	 protocol	 optimization	 steps	 were	 trialled	

including	repeating	the	experiment	with	higher	amounts	of	protein,	changing	the	

lysate	buffer	used	 to	 extract	 the	protein	 and	 including	 a	 sonication	 step	 in	 the	

extraction	method	(refer	to	Chapter	2	for	finalized	protocol).	

Lysis buffer and protein lysate sample preparation 

Protein	 lysates	 were	 prepared	 using	 three	 different	 lysis	 buffer	 recipes;	 RIPA	

Buffer	 +	 Roche	 protease	 inhibitor	 cocktail,	 RIPA	 Buffer	 +	 2%	 SDS	 +	 Roche	

protease	 inhibitor	 cocktail	 or	 0.5%	 SDS	 (v/v),	 50mM	Tris	 pH	 6.8,	 1mM	EDTA,	

150mM	NaCl	and	a	protease	inhibitor	cocktail	(hence	forth	referred	to	as	the	in-

house	buffer).	

The	 lysates	prepared	with	 the	 in-house	buffer	were	 sonicated	prior	 to	 heating	

with	loading	buffer	but	the	other	versions	of	lysis	buffers	were	not	sonicated,	but	

heated	and	serially	pipetted	to	shear	DNA	as	a	sonicator	was	not	available	at	that	

point.		

The	 finally-optimized	 method	 for	 detection	 of	 S100P	 included	 using	 lysates	

prepared	 using	 lysis	 buffer	 (PBS,	 0.5%	 SDS	 (v/v),	 50mM	 Tris	 Buffer	 pH6.8,	

Protease	 Inhibitor	 Cocktail),	 sonication	 briefly	 for	 20s	 bursts	 until	 the	 sample	

was	completely	lysed,	and	heating	with	loading	buffer	(5x	buffer	recipe:	6.25	mM	

Tris-HCl	 pH	 6.8,	 2%	 SDS	 (v/v),	 10%	 glycerol	 (v/v),	 100mM	 DTT,	 0.2%	
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bromophenol	 blue	 (v/v))	 to	 95oC	 added	 to	 make	 1x	 concentration	 for	 5	 min,	

allowing	to	cool	just	prior	to	loading	the	samples	in	the	gel.	Samples	were	always	

run	with	 a	 protein	 ladder,	 Precision	 Plus	 Protein™	Dual	 Color	 Standards	 (Bio-

Rad,	 Herts,	 UK)	 to	 indicate	 size	 of	 bands	 detected.	 ECL	 select	 Plus	

chemiluminescent	solution	was	used	to	detect	bands	subsequently	exposed	to	X	

Ray	film	and	developed.	

5.2.ii FACS	Staining	Optimization	Process	

Schmid	 et	 al.	 (Schmid,	 Uittenbogaart	 &	 Jamieson	 2007)	 published	 a	 method	

utilizing	a	dual	staining	with	Hoechst	33342	and	7-AAD	to	distinguish	cells	based	

on	their	ability	to	take	up	the	dyes.	This	FACS	protocol	required	adaptation	for	

use	with	the	RL95-2	cell	line.		

The	concentration	of	Hoechst	33342	and	7-AAD	dyes	required	optimization	for	

the	 human	 endometrial	 epithelial	 cells,	 from	 the	 published	 protocol	 that	

originally	utilized	human	thymocytes	(Schmid,	Uittenbogaart	&	Jamieson	2007).	

The	 detailed	 optimised	 final	 methods	 that	 were	 adapted	 from	 the	 suggested	

protocol	 are	described	 in	Chapter	2.	Treating	 cells	 in	one	 laboratory,	 and	 then	

transporting	them	to	the	other	laboratory	where	the	FACS	machine	was	located	

and	 running	 the	 samples	 there	 presented	 another	 set	 of	 logistical	 challenges.	

Initially,	 staining	 of	 the	 cells	 with	 antibody	 was	 performed	 in	 the	 parent	

laboratory,	 then	 the	 cells	 were	 transported	 to	 the	 FACS	machine	 for	 analysis,	

however	variations	in	transport	times	resulted	in	variability	between	biological	

replicates.	
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5.3 Results	

5.3.i S100P	Western	Blot	Optimization	

The	first	two	lysis	buffers	were	compared	using	the	SC2	cell	line.	Cells	from	

one	 culture	 plate,	 split	 into	 identical	 cell	 pellets,	 were	 tested	 to	 find	 out	

whether	 the	 lysis	buffer	 altered	monomeric	 S100P	detection	 in	 the	EC	 cell	

lines.	 Only	 the	 positive	 controls	 used	 for	 S100P	 protein	 detection	 (HT-29	

and	an	S100P	inducible	Hela	cell	line)	showed	any	monomeric	S100P	in	the	

RIPA	based	lysis	buffers	(Figure	45A	and	45B).	Bands	of	a	higher	molecular	

weight	were	detected	when	using	 the	R&D	Systems	antibody	 (Figure	45D)	

but	 no	 bands	 at	 all	 were	 detected	 using	 the	 Cell	 Signalling	 Technologies	

antibody	by	western	blot	in	the	positive	control	or	EC	cell	lines	(not	shown).	

The	BD	antibody	was	used	with	RIPA	buffer	 lysate	alone	and	RIPA	buffer+	

urea	 (see	 Chapter	 2	 for	 recipe),	 and	 the	 R&D	 systems	 antibody	was	 used	

with	the	lysates	prepared	with	in-house	lysis	buffer	and	RIPA+	2%	SDS.	
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5.3.ii RL95-2	Puromycin	Dose	Response	Curve	

As	expected,	the	naïve	RL95-2	cell	line	is	highly	sensitive	to	puromycin.	The	cell	

density	at	the	time	of	antibiotic	treatment	altered	the	sensitivity	to	the	drug,	for	

example,	 at	 the	highest	density	 (5x105	in	 a	 single	well	 in	 a	96	well	plate)	 IC50	

was	 achieved	 at	 3μg/mL	 concentration	 of	 puromycin	 after	 3-days	 exposure,	

whereas,	at	lower	cell	densities,	the	measured	IC50	was	achieved	between	0.25	-

0.75μg/mL	concentration	after	either	3	or	7	days	of	puromycin	exposure	(Figure	

46).	

Figure 45. S100P Protein detection by Western Blotting. A) Western 
blot of RL95-2, MFE280, Ishikawa (ISK), HEC1A and HT29 cell lines for 
S100P using BD antibody from pellets lysed using RIPA based lysis buffer or 
with the RIPA based lysis buffer with an increased urea concentration. B) 
Western blot of; RL95-2, MFE280, Ishikawa (ISK), HEC1A and HT29 cell 
lines for S100P using R&D systems antibody from pellets lysed using RIPA 
based lysis buffer or with the RIPA based lysis buffer with an increased SDS 
concentration (plus 2% v/v). C) Western blot for S100P using S100P induced 
HeLa and HT29 cell pellets prepared using Tris based lysis buffer. R&D 
systems anti S100P primary antibody and anti-goat secondary antibody 
(information provided in Chapter 2) D) Representative blots of RL95-2 cells 
using RIPA and Tris based lysis buffers to detect S100P protein in the RL95-
2 cell line, using the R&D systems anti-S100P antibody. Buffer recipes listed 
in Chapter 5 methods section. The positive controls showed bands at the 
appropriate molecular weight but no monomeric S100P molecular weight 
signals were detected in the RL95-2 cell line using either lysis buffer. MW= 
Molecular Weight, SC2= RL95-2 transfected with scrambled control and KD2 
= RL95-2 transfected with shRNA S100P i.e. S100P knockdown. Tris Based 
Buffer= in-house buffer. 
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Figure 46. Puromycin Dose Response Curve for RL95-2 cell 
line. RL95-2 cells were exposed to a range of puromycin 
concentrations (0.5-2.5µM) for A) 3 days and B) 7 days with cells 
seeded at densities of; 1.25x105, 2.5x105 and 5x105 per well (and 3 
days at 1x105 cells). Graphs represent MTT assay absorbance 
readings normalized to the absorbance readings of wells seeded 
with the same number of cells without puromycin treatment, 
displayed as percentage of control. C) Half maximal inhibitory 
concentration (IC50) of puromycin for the RL95-2 cell line at a range 
of cell densities for 3 day and 7 day exposures. Graphs prepared 
using GraphPad Prism The naïve RL95-2 cell line was very sensitive 
to puromycin treatment and longer treatment times also increased 
this sensitivity, but increasing cell density reduced the cells 
sensitivity at both time points.  
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5.3.iii TCGA	Data	Analysis		

The	TCGA	dataset	 (as	discussed	 in	Chapter	1),	was	 interrogated	examining	 the	

data	on	RNA	expression,	copy	number	alteration	and	somatic	mutations	 in	586	

EC	samples	using	Illumina’s	BaseSpace	Cohort	Analyzer	application	through	the	

NextBio	 Research	 platform	 (Kupershmidt	 et	 al.	 2010).	 In	 516	 cases	 of	 uterine	

cancer,	more	than	95%	showed	an	upregulation	of	S100P	expression	compared	

to	 the	 H19	 dataset,	 which	 was	 similar	 to	 that	 seen	 in	 the	 S100P	 mRNA	

expression	 in	 breast	 and	 colorectal	 cancers	 (Figure	47);	 both	 the	 latter	 cancer	

types	 have	 shown	 S100P	 expression	 to	 be	 clinically	 relevant,	 predicting	 poor	

outcome	 (Dong	 et	 al.	 2014;	 Maciejczyk	 et	 al.	 2013;	 Shen	 et	 al.	 2016;	 Weidle,	

Birzele	&	Kruger	2015).		



Endometrial Cancer Cell Lines as a Model for Metastasis 

197	

Very	 few	cancer	cases	 from	the	TCGA	dataset	 showed	S100P	mutations.	Of	 the	

198	 endometrioid	 cancer	 samples	 included	 in	 the	 analysis	 for	mutations,	 only	

one	cancer	was	shown	to	have	a	missense	mutation	(0.51%).	The	low	mutation	

incidence	 was	 similar	 to	 that	 seen	 in	 colorectal	 cancer,	 whereas	 no	 S100P	

mutations	were	detected	in	the	breast	cancer	samples	(Figure	48).		

Figure 47. S100P mRNA expression in disease. TCGA datasets were analysed 
using the BaseSpace Cohort Analyzer through the NextBio Research platform. 
RNA Expression of S100P in TCGA datasets for all samples divided based upon 
condition. Red bars represent upregulated levels and green bars represent down 
regulated mRNA levels compared with normal tissue. Upregulation and 
downregulation of S100P is shown in all condition groups (excluding the Asthma 
and Glioma groups). Of the 516 cases of uterine cancer tested the majority of 
cases showed more than 2-fold up regulation of S100P. 
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Figure 48. Mutation Status of S100P in distinct conditions sourced from 
the TCGA dataset. TCGA datasets were analysed using the BaseSpace Cohort 
Analyzer through the NextBio Research platform. Mutations were only shown in 
four conditions including cancer of the head and neck, colorectal cancer, 
malignant melanoma and uterine cancer. In all 198 cases S100P mutations were 
only detected in 0.51% of tumours from Colorectal, gastric and uterine cancers.  
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Looking	exclusively	at	EC	cases	compared	with	the	normal	control	datasets	from	

376	samples	of	endometrioid	(Type	I)	EC,	revealed	that	the	95%	of	endometrioid	

EC	 cancer	 subtype	 showed	 upregulated	 S100P	 mRNA	 relative	 to	 the	 normal	

dataset	 (Figure	 49).	 However,	 there	 was	 no	 significant	 correlation	 between	

S100P	mRNA	 expression	 levels	 and	 patient	 outcome	 (Figure	 50).	 Proteins	 and	

mRNA	are	the	functional	elements	in	a	cell	however	they	do	not	always	correlate	

with	 each	 other	 and	 as	 such	 investigation	 into	 S100P	 protein	 levels	 were	

warranted.	

Figure 49. S100P mRNA in Uterine Cancer. TCGA datasets were analysed 
using the BaseSpace Cohort Analyzer through the NextBio Research platform.  
S100P mRNA levels from patients obtained including 376 patient cases (excluding 
datasets without complete information). Downregulated samples shown in green 
indicate a fold difference of ≤-2 or more and the upregulated samples shown in 
red indicate a change of ≥+2 fold difference compared with unchanged expression 
in cases indicated in grey. 
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5.3.iv Choosing	the	Most	Appropriate	Cell	Line	for	S100P	Knockdown	

S100P	 protein	 detection	 using	 western	 blotting	 required	 several	 optimization	

steps	detailed	in	Figure	45.	Ultimately	an	optimized	protocol	was	used	to	detect	

S100P	 in	 the	EC	 lines	 (Chapter	 2).	 Based	upon	 the	 expression	 of	 S100P	 at	 the	

Figure 50. Uterine Cancer Survival. TCGA datasets were analysed using the 
BaseSpace Cohort Analyzer through the NextBio Research platform.  Kaplan-
Meier Survival Curve for Uterine Cancers with high and low expression of S100P 
mRNA from the TCGA dataset. Analysis includes cases classified as endometrioid 
carcinoma only. p=0.68. A slight trend towards lower S100P expression 
indicating longer survival probability, but increasing patient numbers and fully 
mature dataset will be required to assess if the trend is significant. 
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mRNA	(more	than	15	times	higher	relative	expression	than	the	other	cell	lines)	

and	 protein	 level	 (the	 only	 EC	 cell	 line	with	 detectable	 levels)	 (Figure	 15	 and	

Figure	 23).	 RL95-2	 was	 chosen	 to	 be	 the	 most	 appropriate	 cell	 line	 to	

knockdown	S100P	protein	out	of	the	four	EC	cell	lines	available.		

5.3.v S100P	Knockdown	using	shRNA	

	S100P	 shRNA	 incorporated	 into	 the	 target	 cells	 using	 a	 lentiviral	 plasmid	

transduction	was	deemed	to	be	the	most	appropriate	method.	The	transduction	

process	with	the	S100P	shRNA	lentiviral	vector	is	detailed	in	Figure	51	showing	

Figure 51. Lentiviral transduction and transfection protocol overview. 
Workflow of S100P knockdown process using lentiviral plasmids to stably incorporate 
anti-S100P shRNA into the RL95-2 cell line. 
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the	 representative	 workflow	 used	 to	 produce	 the	 S100P	 knockdown	 and	

scrambled	control	cell	lines.	The	lentiviral	plasmids	sourced	from	Origene;	of	the	

5	provided,	one	shRNA-containing	plasmid	was	selected	(subsequently	known	as	

KD2)	and	the	scrambled	control	(subsequently	known	as	SC2)	was	used	for	the	

functional	work	after	screening	for	the	level	of	S100P	knockdown.	The	plasmids	

contained	 separate	 antibiotic	 selection	markers	 (for	 selection	 in	E.coli	 and	 the	

RL95-2	cell	line),	a	TurboGFP	expression	vector	(enabling	transduction	efficiency	

quantification	and	selection	by	FACS	 (if	 the	 transduction	efficiencies	were	 low)	

and	tracking	within	the	CAM	assay)	as	well	as	producing	a	stably	transfected	cell	

line.	A	scrambled	control	plasmid	was	also	provided.	This	scrambled	control	was	

constructed	 from	 the	 same	plasmid	 construct,	 but	 instead	 of	 the	 shRNA	 target	

sequence	 for	S100P,	a	 scrambled	control	 sequence	was	 incorporated.	Using	 the	

NCBI	BLAST	program	(Coordinators	2016)	to	search	for	any	sequence	similarity	

with	off	target	endogenous	proteins	to	ensure	that	the	sequence	showed	that	the	

scrambled	control	 is	unlikely	 to	be	complementary	 to	any	other	mRNAs	within	

the	 target	 cells	 and	 thus	 that	 side	 effects	 from	knockdown	of	 other	proteins	 is	

unlikely	 (data	 not	 shown)	due	 to	 the	 high	 E	 values.	 Lower	 E	 values	 represent	

more	 significant	 matches	 between	 the	 enquiry	 sequence	 and	 the	 hits	 in	 the	

database.	

	

5.3.vi Transduction	Efficiency	of	Lentiviral	Vectors	into	RL95-2	Cells		

The	 first	method	 for	 assessing	 transduction	was	GFP	 expression	 by	 examining	

the	 cells	 under	 a	 fluorescent	 microscope.	 Transduction	 efficiency	 for	 RL95-2	

transduced	with	plasmids,	S100P	shRNA	was	higher	than	the	scrambled	control	
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but	 transduction	with	 both	 plasmids	 showed	 that	 using	 increasing	 amounts	 of	

viral	particles	(which	contained	the	plasmids)	resulted	in	increased	percentages	

of	 transduced	 cells	 (Figure	 52).	 Transduction	 was	 followed	 by	 an	 antibiotic	

selection	 step	 using	 puromycin	 to	 select	 for	 the	 cells	 which	 had	 successfully	

taken	up	the	lentiviral	vectors.		The	antibiotic	selection	caused	all	of	the	non	GFP	

expressing	cells	to	die,	probably	due	to	the	stress	of	transduction	and	antibiotic	

selective	 pressure.	 The	 puromycin	 concentration	 used	 for	 this	 antibiotic	

selection	 step	 was	 determined	 by	 a	 MTT	 survival	 assay	 over	 a	 range	 of	

puromycin	 concentrations	 and	 cell	 densities,	 as	 mentioned	 previously,	 the	

density	 of	 the	 cells	 could	 significantly	 affect	 the	 sensitivity	 of	 the	 cells	 to	 the	

antibiotic.	 There	 was	 a	 negative	 correlation	 between	 cell	 density	 and	 the	

antibiotic	 sensitivity,	 where	 there	 was	 a	 greater	 density	 of	 the	 cells	 the	 less	

sensitive	they	were	to	the	antibiotic	(Figure	47).	This	could	be	attributed	to	the	

fact	 that	 the	 untransduced	RL95-2	were	 highly	 sensitive	 to	 puromycin,	with	 a	

previous	 studies	 published	 using	 medium	 supplemented	 with	 1.5-2µg/mL	

(3.1813µM)	puromycin	to	maintain	lentiviral	plasmid	expression	in	RL95-2	cell	

cultures	(Fan	et	al.	2017;	Marshall	et	al.	2017)	also	commercially	available	CAS-9	

expressing	 RL95-2	 cell	 lines	 are	 available	which	 use	 puromycin	 selection	 at	 a	

concentration	 of	 0.5.	µg/mL	 from	 AMB	 good	 (Cas9	Expressing	RL95-2	 Cell	 line		

2017).	As	such,	a	very	low	concentration	was	required	to	completely	kill	the	cells	

after	7	days	of	treatment.	Greater	cell	densities	and	the	manner	of	growth	of	the	

RL95-2	cells	could	have	a	protective	effect	against	the	action	of	the	puromycin.			



Endometrial Cancer Cell Lines as a Model for Metastasis 

204	

	

	

5.3.vii Confirmation	of	S100P	Knockdown	

Adequate	 knockdown	 of	 S100P	 was	 confirmed	 using	 qRT-PCR	 and	 western	

blotting	to	show	that	the	mRNA	levels	as	well	as	protein	expression	levels	were	

reduced.	Of	the	four	shRNA	plasmids	(A,	B,	C	and	D)	which	were	tested,	plasmids	

Figure 52. Transduction and transfection efficiency of RL95-2 with 
lentiviral vectors. Viral transduction as a percentage of RL95-2 cells expressing 
GFP were compared with untransduced cells. (A) Representative images of the 
transduction efficiency using the Scrambled control (SC2) and S100P shRNA (KD2) 
plasmid using 200uL of viral particles. Scale bars represent 400µm (B) Graphical 
representation of data for all the viral particle volumes tested. Graphs prepared 
using GraphPad Prism. Error bars represent SEM. Increasing amounts of viral 
particles resulted in increased percentage of transduced cells.  
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C	and	D	increased	the	S100P	mRNA	level	in	at	least	one	pool	of	cells,	plasmids	A	

and	 B	 reduced	 the	 mRNA	 level	 by	 varying	 degrees	 (Figure	 56).	 RL95-2	 cells	

transduced	with	plasmid	B	resulted	in	the	KD2	cell	line	reduced	the	mRNA	level	

by	97.6%	(Figure	53+54)	and	therefore	this	cell	line	was	used	for	the	subsequent	

experiments	 detailed	 in	 this	 chapter.	 Alongside	 the	 shRNA	 plasmids,	 a	 control	

scrambled	 control	 plasmid	 was	 also	 transfected	 into	 the	 RL95-2	 cells	 for	

comparison	 with	 the	 shRNA	 transfected	 cells,	 to	 act	 as	 a	 control	 for	 the	

transduction	 process.	 The	 scrambled	 control	 sequence	was	 examined	 and	 run	

through	 BLAST	 to	 ensure	 that	 the	 sequence	 did	 not	 target	 any	 known	

mammalian	genes.	All	200	hits	 for	 the	query	sequence	had	alignment	scores	of	

less	than	40%.	The	top	5	hits	all	had	a	max	score	of	30.2	with	a	query	coverage	of	

51%	and	an	E	value	of	59,	indicating	that	the	sequence	was	unlikely	to	target	any	

mRNA	within	 the	RL95-2	cell	 lines	 (data	not	shown).	The	S100P	protein	 levels	

were	shown	to	be	either	undetectable	or	greater	than	90%	reduced	in	the	stably	

transduced	 cell	 lines	 by	western	 blot	 in	 the	 S100P	 shRNA	 transduced	 cell	 line	

(KD2;	mean	=	0.114,	SEM	=	0.065	and	SC2;	mean=1.156,	SEM=0.4057.	P	value	of	

KD2	 vs	 SC2	 p=0.006,	 one	 tailed	 t-test)	 (Figure	 55),	 whereas	 a	 similar	 level	 of	

S100P	protein	was	detected	in	the	scrambled	control	transduced	cell	line	when	

compared	with	the	levels	of	untransduced	RL95-2	cell	(UN	mean=1.397±0.3009	

SEM	and	SC	mean=1.156±0.4057	SEM,	p=0.5620,	two	tailed	t-test)	(Figure	55).		



Endometrial Cancer Cell Lines as a Model for Metastasis 

206	

	

	 	

Figure 53. S100P mRNA Expression in Transduced Cell Lines for 
Selection of the Best Plasmid to Use for Knockdown Studies. Relative 
normalized expression levels of S100P mRNA in all knockdown cell line pools 
using one of the four S100P shRNA plasmids analysed using Bio-Rad CFX 
manager.  The graph depicts the S100P mRNA levels for; RL95-2 transduced with 
the scrambled control plasmid (SC1, SC2 and SC3 shown by blue bars) and 
RL95-2 cell pools transduced with the S100P shRNA plasmid (KD1-KD8 shown by 
red bars) HT-29 cells (used as a positive control, shown by the black bar).  
Plasmid Sequences shown in Table 5. All four shRNA plasmids were used to 
make individual pools of S100P knockdown cells; A was used in KD4, B was used 
in KD1, KD2, KD3, C was used in KD5, KD6, KD7 and D was used in KD8. SC2 
used as the reference point for S100P mRNA expression percentage knockdown 
(i.e. SC2 = 0% knockdown). Graph prepared in GraphPad Prism. KD2 showed 
the largest reduction in S100P mRNA levels compared with SC2 scrambled 
control cell line converted into a percentage knockdown of the control (97.6%). 
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Figure 54. S100P mRNA levels after transfection with scrambled 
control and S100P shRNA plasmids. mRNA levels of S100P in scrambled 
control cells (SC2) vs. shRNA S100P knockdown cells (KD2) normalized to 
YWHAZ and PPIA mRNA used as reference genes by qRT-PCR calculated 
using Bio-Rad CFX manager. Graph and statistical analysis prepared using 
GraphPad Prism. Two tailed t-test (***=p<0.0001). Error Bars represent 
SEM. Biological replicates of n=3. SC2 (normalized to a mean of 1±0.06779) 
vs KD2 (mean 0.0921±0.00435) S100P mRNA levels were reduced by 
90.79% comparing the expression of SC2 to KD2. 
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5.3.viii Morphological	Changes		

Observing	 the	 cells	 in	 culture	 demonstrated	 subtle	 phenotypical	 differences	 in	

the	 cells	with	 S100P	 knockdown,	 comparing	with	 the	 SC2	 transduced	 cell	 line	

and	 the	 untransduced	RL95-2	 cell	 line	 (Figure	 59).	 The	KD2	 cells	 appeared	 to	

have	 fewer	 protrusions	 from	 the	 edges	 of	 cell	 colonies.	 	When	 stained	 for	 the	

Figure 55. Assessment of S100P Protein Levels after S100P Knockdown 
Initial screening western blot confirming effective knockdown of S100P protein in 
2 cell lines. (A) Western blot for S100P knockdown RL95-2 cell lines (KD1, KD2), 
scrambled control RL95-2 cell lines (SC1, SC2) and untransduced RL95-2 cell line 
(UN). Recombinant S100P protein (rS100P; 2µg) and HT29 cell line (10µg total 
lysate) used as positive controls. GAPDH used as loading control. C) 
Densitometric quantification of western blots performed using ImageJ. KD2, SC2 
and UN values represent the mean of triplicate blots. Graph and statistical 
analysis prepared using GraphPad Prism.  Error bars represent SEM **=p<0.01 
two tailed t-test. 
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epithelial	marker,	Pan	Cytokeratin	the	S100P	knockdown	appears	to	have	more	

concentrated	 Pan	 Cytokeratin	 expression,	which	 could	 indicate	 changes	 in	 the	

cellular	cytoskeleton	or	cell	shape.	With	potentially	less	surface	area	adhered	to	

the	 culture	 plate	 surface	 and	 a	 more	 rounded	 cell	 with	 fewer	 protrusions	

accounting	for	the	stronger	signals	in	the	cytoplasm	of	these	cells	(Figure	56).	

	

	

Figure 56. Cell Morphological Changes after S100P Knockdown. 
Phalloidin and Pan Cytokeratin staining of Scrambled Control (SC2) and 
Knockdown (KD2). Fewer protrusions from the KD cells were evident in 
culture as shown by the IF staining with phalloidin stained cells (indicated 
by blue arrows) and the cytokeratin appears more concentrated in the 
cell membrane in the KD2 (indicated by the yellow arrows) vs the SC2 
cells indicating changes to the cell structure. 
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5.3.ix Proliferation		

To	 ensure	 any	differences	 between	 the	 SC2	 and	KD2	 in	proliferation	observed	

were	 not	 due	 to	 the	 knockout	 affecting	 the	 ability	 of	 the	 cells	 to	 adhere	 and	

establish	after	trypsinization,	a	plating	density	experiment	was	performed.		Both	

SC2	and	KD2	cell	 lines	were	able	 to	re-establish	after	passage	at	a	very	similar	

rate	with	 less	 than	0.005%	of	 cells	determined	as	unviable	 counted	within	 the	

media	 after	 24h	 (data	 not	 shown).	 Proliferation	 was	 assessed	 by	 MTT	

colorimetric	assay;	the	normalized	absorbance	at	570nM	was	greater	in	the	SC2	

cells	(mean	0.30±0.008	SEM)	compared	to	the	KD2	cells	(mean=0.245±0.01187	

SEM)	 at	 the	 24h	 time	 point	 (p=0.0022,	 two	 tailed	 t-test)	 (Figure	 57).	 Linear	

regression	 between	 the	 slopes	 of	 the	 SC2	 and	 KD2	 absorbance	 readings	 from	

24h-72h	showed	significantly	different	values	indicating	that	the	number	of	cells	

is	 significantly	 different	 between	 the	 two	 cell	 lines	 KD2	 and	 SC2	 from	 24-72h	

(Figure	57)	and	since	the	initial	adhesion	and	survival	of	cells	were	similar,	these	

observed	differences	are	expected	to	be	due	to	the	changes	in	S100P	levels.	
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5.3.x Migration	

Using	the	transwell	assay,	migration	toward	a	chemoattractant	(in	this	case	FBS)	

was	 dramatically	 reduced	with	 S100P	 knockdown	 in	 the	 RL95-2	 cell	 line.	 The	

KD2	 cell	 line	 to	 migrate	 through	 the	 transwell	 membrane	 was	 observed	

compared	with	 the	 SC2	 cell	 line	 (two-	 tailed	 t-test;	 t=4.812,	 p=0.0086)	 (Figure	

58).		

	

	

Figure 57. Assessment of S100P knockdown on proliferation. Absorbance 
measured from MTT assay of scrambled control (SC2) and knockdown (KD2) 
cells seeded for 72 hours. Graph and statistical analysis prepared using 
GraphPad Prism. Error Bars represent SEM. Linear Regression showed 
significant differences between the slopes (F=12.2145, p=0.001412) with KD2 
cells proliferating at a slower rate than the SC2 cells.  
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5.3.xi Chemosensitivity	

Paclitaxel and Doxorubicin Dose Response Curves for RL95-2 Cell Line. 

The	 naive	 RL95-2	 cell	 line	 was	 more	 resistant	 to	 doxorubicin	 than	 paclitaxel	

(Figure	59).	 S100P	knockdown	 resulted	 in	 increased	 resistance	 to	doxorubicin	

and	 paclitaxel	 (Figure	 60).	 Both	 the	 SC2	 and	 KD2	 cell	 lines	 were	 significantly	

more	sensitive	than	the	naïve	RL95-2	cell	 line	to	paclitaxel	than	to	doxorubicin	

(Figure	60).	This	suggests	that	the	transduction	process	has	rendered	the	RL95-

2	 cells	 to	 be	 more	 chemoresistant.	 However,	 when	 we	 tested	 the	 differences	

Figure 58. Assessment of S100P knockdown effect on cell migration. 
Transwell migration of scrambled control (SC2; 237±45.92 mean±SEM) vs 
Knockdown (KD2; 15.3±3.67 mean±SEM) cells after 24h (2-tailed t-test; t=4.812, 
p=0.0086), Graph and statistical analysis prepared suing GraphPad Prism. Error 
bars represent SEM. **=p<0.01. The assay demonstrated the reduced migratory 
capability of S100P KD2 cells compared with the SC2 cells. n=3 biological 
replicates.  
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between	 KD2	 cells	 and	 the	 SC2	 cells	 using	 lower	 concentrations	 of	

chemotherapeutic	agents,	the	S100P	KD2	cells	showed	relative	chemo-resistance	

(Figure	 60).	 A	 2-fold	 dilution	 series	was	 tested	 to	 ascertain	 the	 IC50	 for	 each	

drug	for	both	the	SC2	and	KD2	cell	lines.	The	initial	experiment	yielded	an	IC50	

between	 0.1	 and	 1μM	 for	 doxorubicin	 and	 between	 0.001	 and	 0.01μM	 for	

paclitaxel	 (Figure	 60).	 Using	 the	 2-fold	 dilution	 series	 over	 the	 concentration	

range	 identified	 in	 the	 10-fold	 dilution	 experiment	 to	 ascertain	more	 accurate	

IC50	values.	 For	72h	doxorubicin	 treatment	 the	 IC50	values	were	0.140μM	 for	

the	 SC2	 cell	 line	 and	 0.145μM	 for	 the	 KD2	 cell	 line	 (Figure	 63A).	 For	 72h	

paclitaxel	 treatment	 the	 IC50	values	were	0.00425μM	 for	 the	SC2	 cell	 line	 and	

0.0065μM	for	the	KD2	cell	line	(Figure	63B).	At	0.002μM	of	paclitaxel	treatment,	

the	 absorbance	 readings	 were	 increased	 from	 the	 0.001μM	 reading	

(reproducibly)	(Figure	60B),	which	could	be	attributed	to	the	nature	of	the	MTT	

assay	detecting	an	 increased	metabolic	 effect	 in	 an	effort	of	 the	 cells	 to	 export	

the	drug	at	very	low	concentrations	before	the	concentration	became	lethal.	The	

lack	of	this	response	seen	in	the	scrambled	control	cells	may	suggest	that	such	a	

mechanism	may	be	prevented	by	S100P.		
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Figure 59. Chemosensitivity of Untransduced RL95-2 Cells. Graphical 
presentation of data from MTT assay demonstrating different sensitivity of 
untransduced RL95-2 cells to A) doxorubicin and B) paclitaxel over 24-96h treatment 
period with 0.001µM to 10µM concentrations. Graphs prepared using GraphPad Prism. 
Error Bars represent SEM. From this data, 72h duration was chosen as the best 
condition to assess changes in chemosensitivity with S100P Knockdown.  The inhibitory 
concentration required to reduce the cell numbers to 50% of control (IC50) is indicated 
on the graph with the dotted line. Doxorubicin IC50 was only achieved with 96h 
treatment (0.057µM) and 10µM resulted in 50.6% viability of control cells. Paclitaxel 
treatment resulted in IC50 concentrations of <0.001µM with 96h, 0.056µM with 72h, 
0.008µM with 48h and 0.087µM with 24h incubations.  
	

Figure 60. Effect of S100P KD on Chemosensitivity of RL95-2 Cells. 
Viability (measured with MTT assay) of scrambled control (SC2) and S100P 
knockdown (KD2) cells after 72h of treatment with A) doxorubicin and B) 
paclitaxel concentrations (0.0001-10µM). Each data point n≥6. Graphs were 
prepared using GraphPad Prism. Error bars represent SEM. S100P knockdown 
resulted in increased cell survival with higher concentrations of both agents 
compared with SC2. The inhibitory concentration required to reduce the cell 
numbers to 50% of control (IC50) is indicated on the graph with the dotted 
line. Doxorubicin IC50 was 0.140µM for SC2 and 0.145µM for KD2 cells. 
Paclitaxel treatment resulted in IC50 concentrations of 0.00425µM for SC2 and 
0.00644µM for KD2 cells.  
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To	 confirm	 the	MTT	data,	where	 S100P	 knockdown	 induced	 chemo-resistance	

after	 72h	 treatment	 by	 a	 secondary	 method,	 cells	 were	 dual	 stained	 with	 the	

Hoechst	33342	and	7-AAD	stains	and	analysed	by	FACS.	The	experiment	yielded	

three	distinct	cell	populations	of	cells:	the	living,	dying	and	dead	cell	populations	

that	 could	 be	 gated	 based	 upon	 their	 uptake	 of	 both	 dyes	 (Figure	 61).	 	 This	

confirmed	the	chemo-resistance	response	seen	with	the	KD2	cells	in	comparison	

with	 the	 SC2	 cells.	 There	 were	 significantly	 lower	 numbers	 of	 dead	 cells	

(p=0.0451,	two	tailed	t-test)	after	72	h	of	treatment	with	paclitaxel	in	the	knock-

down	 cells.	 	 With	 doxorubicin	 there	 was	 a	 significantly	 higher	 percentage	 of	

dying	cells	(p=0.0218,	two	tailed	t-test)	and	significantly	lower	numbers	of	living	

cells	(p=0.0019,	two	tailed	t-test)	in	the	SC2	vs	KD2	after	72h	treatment	(Figure	

62).		
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Figure 61. FACS analysis of RL95-2 Chemosensitivity after S100P 
Knockdown. Density dot plot examples for FACS analysis of RL95-2 transfected 
cell lines with scrambled control vectors (SC2) or shRNA for S100P (KD2) dual 
stained with Hoechst 333 (x axis, DAPI-A) and 7-AAD (y axis, APC-A) after 72h 
treatment with DMSO, doxorubicin or paclitaxel to determine, living (bottom left 
quadrant), dying (bottom right quadrant), or dead cell (top right quadrant), 
populations. Gates were set based upon DMSO controls for comparison with the 
other treatments. Quantification of this data is shown in Figure 62. 
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5.3.xii CAM	Model	

The	above	in	vitro	experiments	examined	the	functional	differences	between	the	

S100P	 knock	 down	 and	 scrambled	 control	 cell	 lines	 in	 a	 2D	 mono-cellular	

culture	 system.	 The	 in	vivo	 behaviour	 of	 cancer	 cells	 has	 been	 shown	 to	 differ	

when	the	cells	are	grown	in	a	3D	system	and/or	in	contact	with	other	cell	types	

in	 multicellular	 models.	 A	 recent	 overview	 of	 the	 current	 2D	 and	 3D	 culture	

Figure 62. Quantification of Chemosensitivity of RL95-2 after S100P 
Knockdown. Quantification of the FACS analysis of dual stained scrambled 
control (SC2) vs knockdown (KD2) cells treated with paclitaxel (PAC) 0.1µM, 
doxorubicin (DOXO) or 10µM DMSO 0.001%. Graph and statistical analysis 
prepared using GraphPad Prism. One tailed t-test * = p≤0.05. Error Bars 
represent SEM. Biological replicates; n≥4 S100P knockdown increased 
doxorubicin chemoresistance of the RL95-2 cell line compared with scrambled 
control cells.  
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models	 available	 has	 been	 published	 (Duval	 et	 al.	 2017).	 Animal	 models	 may	

elicit	different	 responses	 to	chemotherapeutic	agents	or	 tumour	cell	behaviour	

that	 may	 be	 more	 clinically	 relevant,	 therefore	 the	 effects	 of	 S100P	 on	

tumourigenicity	and	chemosensitivity	of	 the	RL95-2	cell	 line,	were	determined	

using	the	CAM	model.	As	demonstrated	in	Chapter	3,	RL95-2	cells	were	able	to	

establish	 tumours	 on	 the	 CAM	 (Figure	 33).	 Initial	 experiments	 were	 then	

conducted	to	assess	the	impact	of	the	chemotherapeutic	agents’	doxorubicin	and	

paclitaxel	on	the	chick	survival	(Figure	63).	The	suitable	dose	to	be	used	for	the	

doxorubicin	treatment	concentrations	used	in	the	CAM	model	was	calculated	by	

reference	 to	 studies	 on	 mice	 by	 Sun	 et	 al.	 using	 3mg/kg/day	 doses	 of	

doxorubicin	 (Sun	 et	 al.	 2009)	 which	 was	 the	 source	 of	 the	 in	 vivo	 dosage	

information	 provided	 by	 the	 manufacturer	 Selleckchem.	 The	 doses	 used	 in	

mouse	were	converted	to	the	CAM	by	considering	the	weight	of	the	egg	and	also	

by	 considering	 the	 volume	 of	 the	 acellular	 liquid	 and	 semi-solid	 material	

included	in	the	egg.	The	final	concentration	used	for	paclitaxel	treatment	in	the	

CAM	model	was	selected	according	to	a	previous	publication	on	paclitaxel	in	the	

CAM	model	(Scialli	et	al.	1995).	For	both	drugs,	particular	attention	was	given	to	

a	 dose	 that	 would	 not	 be	 significantly	 embryo-toxic	 as	 that	 would	 prevent	

obtaining	 any	 data	 on	 the	 growth	 of	 RL95-2	 cells.	 For	 example,	 the	 median	

concentration	 between	 the	 in	vitro	dose	 and	 the	 dose	 that	 reduced	 survival	 to	

76%	in	mouse	studies	or	in	the	previous	CAM	study	for	paclitaxel	was	use	for	my	

experiments;	doxorubicin	was	used	at	3μM	and	paclitaxel	was	used	at	0.02μM.	At	

these	dosages,	average	survival	of	embryos	after	doxorubicin	treatment	without	

any	RL95-2	 cell	 inoculation	was	100%	and	with	paclitaxel	 it	was	78%	 (Figure	

63A).	 The	 chick	 survival	 seemed	 to	 be	 reduced	 with	 the	 combination	 of	
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doxorubicin	 and	 the	 inoculation	 of	 either	 transduced	 cell	 line	 but	 not	 with	

paclitaxel	treatment	(Figure	66).		

	

The	 differences	 in	 the	 ability	 of	 the	 SC2	 and	 KD2	 cell	 lines,	 to	 form	 visible	

tumours	 were	 tested	 at	 E11	 and	 E14	when	 the	 CAMs	were	 inspected	 using	 a	

dissection	microscope.	There	was	no	statistically	significant	difference	in	tumour	

formation	with	 KD2	 cells	 compared	with	 the	 SC2	 cells	 at	 E11	 (p=0.1142)	 and	

E14	(p=	0.1088).	However,	there	was	a	slight	reduction	in	the	tumour	formation	

Figure 63. CAM Model of Testing Chemosensitivity of RL95-2 Cells in vivo 
A) Percentage chick survival with paclitaxel and doxorubicin injected in to 
allantoic sac. B) Percentage chick survival with eggs inoculated with scrambled 
control (SC2) and knockdown (KD2) cells with treatments of Doxorubicin (Dox) 
and Paclitaxel (Pac) Data only available for 3 independent experiments for KD 
Pac and error bar represents SEM. Percentage tumour formation of each cell line 
at C) Embryonic Day (E) 11 (n≥4) and D) E14 (n=3) without chemotherapeutic 
treatment. Tumour formation with S100P knockdown cells compared with the 
scrambled control RL95-2 cells at E11 (p=0.1142) and E14 (p= 0.1088).   
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by	the	KD2	cells	at	E11	(33%	vs	45%)	and	at	E14	(44%	vs	59%)	seen	but	this	

was	not	significant	(p=0.1142)	(Figure	66).	

The	 effect	 of	 chemotherapeutic	 agents	 on	 formed	 tumour	 visible	 on	 E11	 was	

attempted	by	treating	the	tumours	on	E11	&	E13	with	the	agents.	The	tumours	

were	still	visible	on	E14	when	they	were	harvested	and	subsequently	examined	

for	 KI67,	 Bax	 and	 BCL-2,	 cell	 fate	 markers.	 IHC	 showed	 an	 increase	 in	 Bax	

staining	 in	 the	 doxorubicin	 treated	 tumours	 between	 the	 tumours	 formed	 by	

S100P	knockdown	cells	(Figure	64).		

		

Figure 64. Immunohistochemical staining of S100P Knockdown (KD2) 
RL95-2 cells grown in Chorrioallantoic Membrane (CAM) Model. 
Immunohistochemitry of excised tumours of S100P knockdown cells (KD2) grown 
in CAM model sectioned and stained for Ki67, BAX and Bcl-2 after 72 treatment 
with doxorubicin (DOXO) or DMSO (V) as vehicle control.	
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5.4 Discussion	

The	work	 described	 in	 this	 chapter	 has	 contributed	 to	 the	mounting	 scientific	

literature	 that	 suggests	 an	 important	 role	 for	 S100P	 in	 endometrial	

carcinogenesis	(Jiang	et	al.	2016).	The	establishment	of	an	EC	cell	line,	in	which	

the	S100P	protein	 is	 stably	knocked	down,	allows	 investigating	 the	 function	of	

S100P	in	vitro.	Some	of	the	predicted	S100P-related	functional	alterations	to	the	

EC	 cells,	 such	 as	 cell	 proliferation,	 migration	 and	 chemosensitivity	 have	 also	

been	demonstrated.		

S100P	overexpression	 is	reported	 in	several	cancer	 types	(Aishima	et	al.	2011;	

Bartling	 et	 al.	 2010;	 Basu	 et	 al.	 2008;	 Beissel	 et	 al.	 2007;	 Dakhel	 et	 al.	 2014;	

Hamada	et	al.	2011;	Jiang	et	al.	2011;	Lin	et	al.	2008;	Shen	et	al.	2015;	Surowiak	

et	al.	2007;	Whiteman	et	al.	2007).	The	 functional	 relevance	of	 the	high	S100P	

expression	 seen	 in	ECs	 (Guo	 et	 al.	 2014;	 Jiang	 et	 al.	 2016)	 and	 involvement	 of	

S100P	in	endometrial	carcinogenesis	is	not	fully	understood.		

The	S100P	protein	is	highly	expressed	in	the	majority	of	EC	samples	compared	

with	 the	 normal	 endometrial	 samples	 according	 to	 the	 TCGA	 data	 set	 (Figure	

50).	 Endometrial	 adenosquamous	 carcinoma,	 which	 accounts	 for	 25%	 of	

endometrioid	EC,	has	been	shown	to	express	high	 levels	of	S100P,	even	higher	

than	 in	 endometrial	 adenocarcinoma	 (Jiang	 et	 al.	 2016).	 The	 RL95-2	 cell	 line,	

which	 was	 utilised	 in	 the	 knockdown	 studies	 described	 in	 this	 chapter	 was	

derived	from	an	adenosquamous	tumour	(Way	et	al.	1983)	and	in	keeping	with	

the	tumour	of	origin,	 these	cells	expressed	the	highest	 level	of	S100P	gene	and	

protein	compared	with	the	other	three	adenocarcinoma	derived-endometrial	cell	

lines	used	for	work	described	in	this	thesis	and	also	 in	all	 the	other	cancer	cell	
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lines	of	endometrioid	epithelial	origin	according	to	the	CCLE	database	(Chapter	

3)	(Barretina	et	al.	2012).	This	data	is	corroborated	by	the	mRNA	study	by	Guo	et	

al.,	which	examined	S100P	levels	 in	samples	collected	from	EC	patients	(Guo	et	

al.	 2014)	 and	 also	 with	 the	 work	 conducted	 in	 our	 laboratory,	 which	

demonstrated	 increased	 nuclear	 expression	 of	 S100P	 in	 higher	 G	 ECs	 (Data	

unpublished).	 Jiang	 et	 al	 2016.	 presented	 data	 from	 a	much	 smaller	 cohort	 of		

one	 endometrial	 squamous	 cell	 carcinoma,	 adenocarcinoma	 (18	 cases)	 and	

adenosquamous	 carcinomas	 (12	 cases),	 which	 may	 have	 under-represented	

S100P	 expression	 in	 EC	 (in	 particular	 with	 drawing	 conclusions	 from	 one	

squamous	 cell	 carcinoma).	 However	 their	 data	 does	 show	 relatively	 higher	

expression	 in	 the	 adenosquamous	 and	 squamous	 cell	 tumours	 compared	with	

the	adenocarcinoma	 tumours,	which	corroborates	 the	data	 in	 this	 thesis	of	 the	

RL95-2	 cell	 line	 showing	 much	 higher	 mRNA	 and	 protein	 levels	 of	 S100P	

compared	 with	 the	 other	 three	 cell	 lines,	 which	 are	 derived	 from	

adenocarcinoma	tumours	(Figure	15	and	23).	Of	note,	in	this	study	Jiang	et	al	do	

not	give	any	information	about	the	characteristics	of	the	patients	or	the	normal	

controls,	which	could	skew	the	data	in	one	populations	over	the	other.		

S100P	knockdown	induced	a	morphological	change	in	the	RL95-2	cells	with	KD	

cells	 showing	 fewer	 protrusions	 and	 a	 more	 rounded	 appearance	 when	

considering	Pan	CK	expression	pattern.	These	changes	may	be	associated	with	a	

more	mobile	cellular	phenotype.	S100P	knockdown	in	the	lung	cancer	cell	lines	

CL1-5	 and	 A549	 was	 shown	 to	 alter	 the	 morphology,	 which	 induced	 a	

phenotypical	 change	of	mesenchymal	 to	epithelial	 transition	 (MET)	 (Hsu	et	 al.,	

2015).	However,	the	authors	did	not	observe	a	change	in	proliferation	(Hsu	et	al.	
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2015).	The	process	of	metastasis	may	 involve	 transformation	of	epithelial	 cells	

into	 a	 mesenchymal	 phenotype	 known	 as	 epithelial-mesenchymal	 transition	

(EMT).	 EMT	 occurs	 to	 allow	 the	 cells	 to	 migrate	 from	 the	 primary	 site	 for	

distant/local	 spread	 or	 to	 invade	 the	 lymphovascular	 or	 blood	 circulation	

systems	and	then	to	extravasate	into	distant	secondary	sites	(Kalluri	2009).	The	

S100P	modulation	associated	induction	of	MET	and	EMT	in	lung	cancer	cell	lines	

(Hsu	 et	 al.	 2015)	 may	 suggest	 a	 facilitator	 role	 for	 S100P	 in	 the	 metastasis	

process.	 S100P	 also	 has	 been	 shown	 to	 alter	 the	 levels	 of	 transcription	 factor	

ZEB1	that	 is	known	to	regulate	EMT	 in	 lung	cancer	cell	 lines	(Hsu	et	al.	2015).	

The	S100P	knockdown	cells	behaved	differently	 in	 culture	 compared	with	SC2	

cell	lines.	Therefore,	further	investigation	into	whether	there	is	a	change	in	EMT	

or	MET	markers	with	 S100P	 knockdown	 in	 the	 stable	 S100P	 KD	 RL95-2	 cells	

could	unravel	this	possibility.		

The	 S100P	 knockdown	 dramatically	 reduced	 migration	 of	 the	 RL95-2	 cells,	

(Figure	63),	 the	 first	major	step	 in	 the	metastatic	cascade.	We	did	not	examine	

the	exact	mechanism	of	this	observed	change	in	cell	functionality.	However,	the	

available	 evidence	 listed	 below	 may	 provide	 possible	 mechanisms	 for	 S100P	

knockdown	 to	 affect	migratory	 behaviour	 of	 the	RL95-2	 cells.	Du	 et	 al.	 (2012)	

have	 shown	 that	S100P-induces	dissociation	of	NMIIA	 filaments	and	 leads	 to	a	

weakening	of	FAS,	reduced	cell	adhesion,	and	enhanced	cell	migration	in	a	breast	

cell	 line	 (Du	 et	 al.	 2012).	 S100P	 has	 been	 shown	 to	 bind	 to	Ezrin	 that	 acts	 by	

directly	 linking	 the	actin	 filaments	 to	 the	cytoskeleton	(Koltzscher	et	al.	2003).	

Ezrin	 was	 shown	 to	 bind	 S100P	 is	 in	 its	 biologically	 active	 dimeric	 form	

compared	with	mutant	S100P	that	cannot	form	dimers	which	did	not	bind	Ezrin	
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(Koltzscher	 &	 Gerke	 2000).	 Upon	 binding	 S100P,	 the	 inactive	 form	 of	 Ezrin	

changes	its	conformation	to	expose	the	F-actin	binding	site.	Positive	associations	

between	S100P	expression	and	RAGE,	S100P	and	Ezrin	and	RAGE	and	Ezrin	have	

been	shown	in	malignant	melanoma	tumours	(Zhu	et	al.	2013).	S100P	has	also	

been	 shown	 to	 bind	 to	 IQGAP1	 (Heil	 et	 al.	 2011),	which	 forms	 crosslinks	with	

actin	 filaments	and	accumulates	at	 the	 leading	edge	of	migrating	 cells.	 IQGAP1	

forms	 a	 complex	 with	 β-catenin	 and	 E-cadherin	 which	 binds	 to	 the	 actin	

cytoskeleton	through	alpha-catenin	(Briggs	&	Sacks	2003;	Mataraza	et	al.	2003)	

and	nuclear	 levels	of	β-catenin	where	perturbed	with	S100P	knockdown	 in	EC	

cell	 lines	(Guo	et	al.	2014).	Cell	density	regulates	the	subcellular	location	of	the	

β-catenin	 in	 human	keratinocytes	 and	 it	 is	 translocated	 from	 the	 cytoplasm	 to	

the	plasma	membrane	with	high	cell	density	(Dietrich	et	al.	2002).	This	protein	

translocation	 is	 thought	 to	 influence	 proliferation	 and	 play	 a	 role	 in	 contact	

inhibition.	 Contact	 inhibition	 is	 a	 process	 lost	 by	 cancer	 cells	 and	 so	 the	

dysregulation	 of	 β-catenin	 by	 S100P	 could	 feed	 into	 the	 dysregulation	 of	 cell	

migration.	 It	 is	 not	 known	 whether	 the	 observed	 effects	 of	 S100P	 on	 cell	

migration	 in	 the	 RL95-2	 cells	 occurs	 through	 these	 pathways	 and	 further	

examination	of	these	particular	pathways	is	required	to	elucidate	the	mechanism	

by	which	S100P	facilitate	migration	in	the	RL95-2	cells.		

S100P	 has	 another	 binding	 partner	 called	 S100PBP	 that	 alters	 cell	 adhesion	

through	its	regulation	of	cathepsin	Z	that	interacts	with	the	αvβ5	integrin	(Lines	

et	 al.	 2012).	 S100P	 has	 been	 shown	 to	 increase	 migration	 and	 invasion	 by	

interacting	 with	 integrin	 α7	 in	 lung	 adenocarcinoma	 cells	 (Hsu	 et	 al.	 2015).	

Integrin	α7	acts	by	initiating	the	signalling	cascade	that	increases	focal	adhesion	
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kinase	(FAK)	and	AKT	resulting	in	 increased	invasion	and	migration	(Hsu	et	al.	

2015).	 The	 involvement	 of	 these	 proteins	 in	 mediating	 the	 proliferation,	

migration	 and	 invasion	 functions	 of	 S100P	 observed	 in	 the	 RL95-2	 cells	 may	

shed	light	to	their	involvement	in	EC.		

In	 PDAC,	 S100P	 was	 found	 to	 be	 highly	 expressed	 in	 primary	 and	 matched	

metastatic	 liver	 lesions	 (Barry	 2013)	 Furthermore,	 S100P	 knockdown	 was	

shown	 to	 reduce	 metastasis	 of	 lung	 cancer	 cell	 lines	 in	 experimental	 animal	

models	(Hsu	et	al.	2015).	In	epithelial	ovarian	cancer,	high	S100P	expression	was	

highly	significantly	associated	with	lymph	node	metastasis	in	a	study	by	Wang	et	

al.	(Wang	et	al.	2015b).		In	summary,	S100P	associated	with	metastasis	in	other	

cancers	and	the	phenotypic	and	functional	changes	in	migration	demonstrated	in	

this	project	indicate	S100P	as	a	relevant	biomarker	of	metastatic	potential		

S100P	over	expression	has	been	shown	by	others	 to	 increase	cell	proliferation	

and	knockdown	has	been	shown	to	reduce	this	effect	 in	the	majority	of	studies	

including	ours.	S100P	over	expression	in	a	study	using	ovarian	cancer	cell	lines	

resulted	in	increased	proliferation	but	no	effect	on	migration	or	invasion	(Wang	

et	 al.	 2015b).	 In	 the	 RL95-2	 cell	 line,	 S100P	 knockdown	 reduced	 proliferation	

(Figure	57)	and	this	 is	 in	agreement	with	 the	previous	reports	of	similar	effect	

upon	 S100P	 KD	 on	 the	 DLD-1	 and	 SW620	 colon	 cancer	 cell	 lines	 (Jiang	 et	 al.	

2011);	 and	 the	 over	 expression	 of	 S100P	 in	A2780	 and	 SKOV3	ovarian	 cancer	

cell	 lines	promoting	proliferation	 (Wang	 et	 al.	 2015b).	 Studies	 using	 fibroblast	

cells,	 prostate	 and	 pancreatic	 carcinoma	 have	 also	 demonstrated	 that	 S100P	

stimulates	proliferation	(Arumugam	et	al.	2004;	Arumugam	et	al.	2005;	Basu	et	

al.	2008;	Gross	et	al.	2014;	Liu	et	al.	2017).	Contrastingly,	S100P	knockdown	in	
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lung	 cancer	 cell	 lines	 had	 no	 effect	 on	 cell	 proliferation	 (Hsu	 et	 al.	 2015).		

Therefore,	 the	 S100P	 induced	 cell	 proliferation	 may	 be	 cell	 type	 specific.		

Extracellular	 S100P	 has	 been	 shown	 to	 bind	 to	 the	 RAGE	 using	 co-

immunoprecipitation	 studies	 and	 the	 effects	 of	 S100P-RAGE	 signalling	 cascade	

were	negated	by	inhibiting	RAGE	by	using	an	antagonistic	peptide	(Arumugam	et	

al.	2012).	Activation	of	RAGE	on	the	other	hand	stimulated	proliferation,	growth	

and	migration	of	many	other	cancer	cells,	including	pancreatic,	skin	(melanoma)	

and	breast	(Ishibashi	et	al.	2013).	

The	 main	 therapeutic	 avenue	 available	 for	 the	 patients	 with	 metastatic	 EC	 is	

chemotherapy.	Metastatic	 process	 requires	 EC	 cells	 to	migrate	 and	 proliferate	

and	 a	 potential	 novel	 adjuvant	 therapy	 that	 can	 enhance	 the	 sensitivity	 of	 EC	

cells	to	the	chemo-therapeutic	agents	will	potentially	have	an	important	clinical	

role	in	improving	patient	survival.		The	work	presented	in	this	chapter	describes	

that	 the	viral	 transduction	process	 itself	 increased	 the	chemo-sensitivity	 in	 the	

RL95-2	cell	line	in	vitro.	One	previous	report	has	demonstrated	that	the	lentiviral	

transduction	 process	 can	 affect	 cellular	 function	 (Castellani	 et	 al.	 2010).	 For	

example,	in	a	study	evaluating	the	effect	of	transduction	using	a	lentiviral	vector	

bearing	a	green	fluorescent	protein	gene	on	airway	epithelial	cells,	transduction	

was	shown	to	cause	cellular	cytotoxicity	and	a	decrease	in	cell	viability,	and	was	

harmful	to	the	epithelial	cell	barrier	tightness,	as	demonstrated	by	the	decrease	

of	 trans-epithelial	 resistance	 (Castellani	 et	 al.	 2010).	 Susceptibility	 of	 RL95-2	

cells	 to	 chemotherapeutic	 agents	 may	 be	 a	 result	 of	 increased	 influx	 of	

chemotherapeutic	agents,	but	further	studies	are	needed	to	examine	this	aspect.	

The	use	of	polycations	(such	as	polybrene)	to	increase	the	lentiviral	transfection	
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efficiency	 can	also	affect	 the	 cell	 response	 to	drugs.	 Studies	 aiming	 to	 improve	

the	efficacy	of	chemotherapeutic	agents	(such	as	doxorubicin)	have	shown	that	

treating	 cells	 with	 polymers	 with	 drugs	 or	 chemically	 binding	 the	 drugs	 to	

polymer	carriers	can	alter	the	caspase-dependent	apoptosis	signalling	pathways	

in	 ovarian	 cancer	 cell	 lines	 an	 enhance	 the	 pro-apoptotic	 of	 doxorubicin	 in	

human	breast	cancer	cell	lines	(Minko	et	al.	2005;	Minko,	Kopeckova	&	Kopecek	

2001).	However,	when	 the	 two	 transduced	 cell	 lines	were	 considered,	 the	 one	

where	 S100P	 was	 knocked	 down,	 showed	 relatively	 higher	 chemoresistance	

compared	to	the	scrambled	control	cell	line.	Therefore,	it	is	tempting	to	conclude	

that	 in	 the	 context	of	 S100P,	 cells	 lacking	S100P	became	more	 resistant	 to	 the	

treatment	 with	 chemotherapeutic	 drugs,	 doxorubicin	 and	 paclitaxel	 when	

compared	with	the	scrambled	control	cell	line,	which	retained	S100P	expression.	

This	suggests	that	S100P	can	modulate	chemosentivity	of	the	EC	cells.		

Contradictory	to	the	present	data,	S100P	silencing	was	shown	to	sensitize	colon	

cancer	 cells	 to	 doxorubicin	 treatment	 (Bertram	 et	 al.	 1998).	 S100P	 has	 been	

shown	 to	 bind	 p53	 and	 HDM2	 and	 reducing	 p53	 phosphorylation	 and	 causes	

therapy	 induced	cell	 senescence	 in	 response	 to	DNA	damaging	 treatments	 in	a	

breast	 cancer	 cell	 line	 (Gibadulinova	et	 al.	 2016).	The	 link	between	S100P	and	

chemo-resistance	 that	we	observed	could	be	 in	part	attributed	to	 the	observed	

reduction	 in	 cell	 proliferation	 that	 was	 induced	 by	 silencing	 S100P	 in	 RL95-2	

cells.	 Chemotherapeutic	 agents	 such	 as	 paclitaxel	 work	 by	 targeting	 the	 fast	

proliferating	 cells.	 Depending	 on	 the	 specific	 cancer	 cell	 type,	 targeting	 S100P	

may	 have	 therapeutic	 utility,	 in	 conjunction	with	 other	 treatments.	 Due	 to	 the	

available	 conflicting	evidence	on	 the	effect	of	S100P	on	cancer	 treatment,	 each	
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and	every	cancer	subtype	will	obviously	need	to	be	investigated	individually	to	

ascertain	the	cancer	cell	type	specific	effect.		

In	 the	 CAM	 assay,	 RL95-2s	 cells	 produced	 tumours,	 we	 failed	 to	 detect	 a	

statistically	 significant	 difference	 in	 tumour	 formation	with	 S100P	 knockdown	

cells	compared	with	the	scrambled	control	RL95-2	cells	at	E11	and	E14	(Figure	

63).	 However,	 there	 is	 a	 slight	 apparent	 reduction	 of	 the	 tumour	 formation	 at	

both	 time	 points.	 Further	 future	 work	 with	 increased	 numbers	 of	 tumours	 is	

necessary	 to	 confirm	 this	 possibility.	 This	 is	 further	 justified	 with	 the	 in	 vitro	

observations	included	in	this	chapter	showed	that	S100P	knockdown	decreased	

proliferation	and	inhibited	migration.	

HEC1A	cell	line	also	formed	large	tumours	in	the	CAM	model	and	as	such	could	

be	used	in	the	future	to	assess	several	parameters	pertinent	to	EC	research.	For	

example,	 overexpression	 of	 S100P	 in	 the	 low	 S100P	 expressing	 HEC1A	 cells	

using	 lentiviral	 transfection	 could	 offer	 a	method	 of	 assessing	 S100P	 effect	 on	

tumour	formation,	invasion	and	potentially	assessing	the	impact	of	treatments	in	

a	preclinical	animal	model	as	well	as	testing	potential	novel	therapeutics	which	

target	 S100P.	A	 novel	monoclonal	 antibody	 has	 been	developed	 for	 pancreatic	

cancer	 and	 has	 been	 shown	 to	 reduced	 tumour	 growth	 and	 metastasis	 and	

increase	 sensitivity	 to	 treatments	 when	 used	 in	 combination	 (Dakhel	 et	 al.	

2014).	 The	 CAM	 model	 could	 offer	 a	 relatively	 quick	 and	 cheaper	 way	 of	

assessing	 other	 cancer	 types’	 suitability	 for	 such	 treatments.	 S100P	

overexpression	 was	 shown	 to	 be	 a	 strong	 predictor	 for	 metastasis	 in	 NSCLC	

patients	(Diederichs	et	al.	2004)	as	well	as	showing	increased	angiogenesis	in	a	

mouse	 model	 xenograft	 model	 (Bulk	 et	 al.	 2008).	 Investigating	 the	 effect	 of	
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S100P	knockdown	on	the	release	of	angiogenic	factors	to	the	CAM	would	be	one	

of	 the	 additional	 investigations	 could	 be	 investigation	 in	 the	 future	 with	 the	

model	 used.	 Potentially	 from	 the	 large	 bank	 of	 images	 collated	 during	 other	

studies	 then	assessment	of	 increased	or	decreased	angiogenesis	by	monitoring	

the	 formation	of	 the	vasculature	 in	 the	CAM	in	response	 to	 the	cell	 inoculation	

(knockdown	compared	with	scrambled	control).		

S100P	 over-expression	 has	 been	 implicated	 in	 tamoxifen	 resistant	 hormone	

sensitive	 breast	 cancer	 (Lee,	 Asare	 &	 Rajnarayanan	 2016).	 Following	 on	 from	

this,	an	in	silico	screening	has	detailed	the	interactions	between	S100P	and	ERα	

which	 further	 supports	 the	 suggestion	 that	 S100P	 overexpression	 is	 a	

mechanism	of	tamoxifen	resistance	in	breast	cancer	tumours	(Zhou	et	al.	2012).		

As	 such	 the	 interaction	 between	 S100P	 and	 ERα	 is	 being	 investigated	 for	 the	

potential	intelligent	design	of	an	ER	inhibitor.	Currently	S100P	is	being	assessed	

as	a	 suitable	drug	 target,	 in	particular	 its	extracellular	 role	 in	binding	 to	RAGE	

(Dakhel	 et	 al.	 2014).	 Cromolyn	 and	 its	 5-methyl	 analogue	 have	 been	 used	 to	

inhibit	S100P,	however	due	to	problems	with	the	specificity,	bio-distribution	and	

bioavailability	of	 this	 compound,	 further	development	 is	needed	 (Penumutchu,	

Chou	&	Yu	2014;	Prica	et	al.	2016).	This	demonstrates	that	S100P	is	being	seen	

as	 a	 targetable	 protein	 in	 other	 diseases	 and	 as	 such	 in	 EC	 in	 cases	with	 high	

S100P	 expression	 (adenosquamous	 tumours	 in	 particular),	 a	 S100P	 specific	

inhibitor	 molecules	 could	 be	 developed	 as	 a	 potential	 targeted	 therapies,	

although	more	study	is	needed	to	assess	the	feasibility	of	this.	

Further	 work	 into	 the	 morphological	 impact	 of	 S100P	 protein	 level	 changes	

could	 indicate	 the	mechanisms	 by	 which	 S100P	 exerts	 its	 effects	 and	 provide	
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potential	 druggable	 targets,	 to	 specifically	 stop	migration	 and	metastasis.	 Such	

treatments	maybe	used	prophylactically	in	patients	with	disease	which	is	likely	

to	metastasize	or	to	prevent	spread	of	disease	in	patients	unsuitable	for	surgery.	

5.5 Conclusion	

This	work	has	resulted	in	producing	a	stable	EC	cell	line	in	which	S100P	protein	

is	knocked	down.	This	knockdown	model	can	be	used	to	further	study	the	role	of	

S100P	 in	 EC	 and	 whether	 it	 could	 elucidate	 any	 functional	 effect	 in	 EC	 that	

maybe	targetable.	There	are	obvious	potential	problems	with	combining	S100P	

inhibition	with	conventional	chemotherapy	since	S100P	knockdown	reduce	cell	

proliferation	and	as	such	were	shown	to	reduce	the	effect	of	chemotherapeutic	

agents	(since	they	act	on	rapidly	proliferating	cells)	in	vitro.	However,	combining	

DNA	 damaging	 agents	 with	 S100P	 inhibition	 maybe	 one	 suitable	 avenue	 to	

pursue	in	the	future.	Further	work	is	also	warranted	to	examine	the	use	of	S100P	

as	a	prognostic	marker	for	EC.	
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Chapter	6 	General	Discussion	

6.1 Introduction	

6.1.i EC	

The	 hallmarks	 of	 cancer	 as	 defined	 by	 Hanahan	 and	 Weinberg;	 (Hanahan	 &	

Weinberg	 2000,	 2011)	 highlighted	 the	 six	 functional	 capabilities	 acquired	 by	

cells	that	go	on	to	be	cancerous.	These	are;	becoming	unresponsive	to	stimuli	for	

growth	and	inhibition	that	result	in	uncontrolled	proliferation	and	evasion	of	cell	

death.	 These	 are	 important	 for	 the	 initiation	 of	 cancer	 and	 cover	 three	 of	 the	

hallmarks	 of	 cancer.	 For	 EC	 the	 already	 hormonally	 responsive	 nature	 of	 the	

tissue	can	result	in	increased	risk	of	EC	due	to	increased	OE	levels.	Overcoming	

the	 tight	 regulation	 of	 cell	 cycle	 progression,	 and	 senescence	 facilitate	 tumour	

growth	and	to	support	this	growth,	the	formation	of	new	vasculature	is	required.	

For	 EC,	 spread	 of	 the	 disease	 occurs	 locally,	 to	 begin	 with	 invasion	 into	 local	

tissue,	however	advanced	disease	can	result	in	spread	beyond	the	primary	site	to	

secondary	sites,	known	as	metastasis.	

EC	 is	 a	 hormonally	 responsive	 cancer,	 therefore	 hormonal	 regulation	 of	

endometrial	cellular	function,	extending	to	their	dysregulation	in	carcinogenesis	

need	 to	 be	 appreciated	when	 considering	 any	other	molecules	 associated	with	

the	process	of	endometrial	carcinogenesis.	Using	cell	lines	for	in	vitro	studies	for	

early	scientific	discoveries	is	standard	practise	in	cancer	biology	research.	There	

are	many	 endometrial	 epithelial	 cancer	 cell	 lines	 derived	 from	patient	 derived	

endometrioid	adenocarcinomas	of	various	degrees	of	differentiation.	It	is	known	

that	 the	early	and	well-differentiated	endometrioid	(Type	1)	cancers	retain	 full	
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hormone	 responsiveness	 whilst	 the	 more	 aggressive	 and	 less	 differentiated	

cancers	 lose	 the	 classical	 hormone	 responsiveness	 and	 hormone	 receptor	

expression.		

	

6.1.ii Cell	line	models	

The	main	advantages	of	using	cell	 lines	as	a	model	 for	EC	are	 that	 they	offer	a	

stable	experimental	system	that	 is	 relatively	easy	 to	use	 in	 the	 laboratory	with	

good	reproducibility.	 It	 is	also	easy	 to	manipulate	multiple	 targets	 in	 these	cell	

lines	 and	 cell	 line	 culture	 is	 widely	 used	 to	 investigate	 individual	 cellular	

elements	 and	processes.	There	 are	 a	number	of	 commercially	 available	EC	 cell	

lines	 that	are	discussed	 in	greater	depth	 in	Chapter	3	(information	provided	 in	

Table	 10).	 Another	 advantage	 of	 using	 these	well-established	 cell	 lines	 is	 that	

they	 are	 being	 utilized	 by	 multiple	 groups	 providing	 extensive,	 generalizable	

data	 than	 that	 is	 possible	 from	 a	 single	 laboratory.	 One	 such	 initiative	 to	

collaborate	 and	 share	 data	 has	 been	 launched	 by	 the	 Sanger	 Institute.	 Sanger	

Institute	curates	in-depth	analysis	of	commonly	used	cancer	cell	lines,	as	part	of	

the	COSMIC	and	Cell	Line	Project	(Forbes	et	al.	2017).	For	obvious	reasons,	cell	

line	authentication	 is	paramount	 to	maintain	 the	 integrity	of	data	produced	by	

individual	 groups	 using	 the	 established	 cell	 lines.	 Authentication	 can	 be	

ascertained	by	several	methods	including	STR	profiling,	which	was	used	for	the	

work	described	in	this	thesis.		

Furthermore,	cell	morphology	and	behaviour	in	culture	dictate	certain	aspects	of	

tumour	biology	that	can	be	studied	and	careful	scrutiny	of	individual	cell	lines	in	

different	culture	conditions	is	needed	to	confirm	which	assays	are	most	suitable	
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to	 answer	 particular	 research	 question.	 The	 four	 EC	 cell	 lines	 (HEC1A,	 ISK,	

MFE280	 and	 RL95-2)	 show	 very	 different	 characteristics	 depending	 on	 the	

parameter	under	investigation,	and	that	was	determined	by	the	use	of	multiple	

methods,	which	included	2D	VS	3D	cultures	and	in	vivo	models.	As	a	panel	of	cell	

lines,	the	chosen	cell	lines	offered	a	reasonably	wide	range	of	differentiation	and	

invasion	properties	with	regards	to	the	parent	endometrioid	tumour	of	origin	or	

in	vitro	behaviour	of	the	cells.		

The	CAM	model	is	a	well-established	technique	that	has	been	used	for	decades	to	

investigate	angiogenesis.	CAM	models	have	not	previously	been	used	to	examine	

the	effect	or	tumour	formation	and	chemosensitivity	in	EC	cell	lines.	It	has	been	

shown	 here	 that	 the	 CAM	 model	 can	 be	 used	 as	 a	 relatively	 cheap	 and	

reproducible	 animal	model	 to	 produce	 tumours	with	 EC	 cell	 lines	 that	 can	 be	

used	to	explore	the	in	vivo	role	of	particular	protein	of	interest	and	protein	and	

RNA	expression	levels	of	the	molecule	of	interest	can	be	measured.	

6.1.iii MIPS	

Metastasis	or	the	migration	and	growth	of	cancer	cells	in	distant	as	well	as	local	

sites	away	from	the	primary	site	are	the	main	therapeutic	target	for	prevention	

of	 cancer	 related	 death.	 Particular	molecular	 signature	 of	 cancer	 cells	 that	 are	

able	 to	 metastasise	 and	 the	 expression,	 regulation	 or	 functional	 relevance	 of	

specific	 molecules	 in	 the	 metastatic	 growth	 are	 findings	 of	 fundamental	

importance	in	formulating	therapeutic	strategies.	

There	is	considerable	evidence	for	the	involvement	of	the	MIPs	proteins	studies	

in	 this	 thesis,	 of	 	 S100A4,	 S100P	 and	 AGR2	 in	 the	 induction	 of	 metastasis	 in	

cancer.	These	MIPs	have	been	 found	 to	 increase	metastasis	 and	other	 features	
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associated	with	poor	outcome	 in	 cancers	originating	 from	multiple	organs	and	

cell	types.	In	breast	cancer,	they	have	been	extensively	studied	and	have	shown	

to	be	an	important	prognostic	indicators	and	therapeutic	targets.	

6.1.iv Hormone	regulation		

Human	 endometrium	 is	 the	 primary	 target	 organ	 for	 ovarian	 hormones	

(Hawkins	&	Matzuk	2008)	with	EC	classified	as	a	OE-driven	disease	(Kamal	et	al.	

2016).	 Circulating	 levels	 of	 OE	 and	 androgen	 in	 post-menopausal	 women	 and	

their	cognate	receptors	(and	PR)	are	also	prevalent	and	aberrantly	expressed	in	

the	 post-menopausal	 endometrium	 (Figure	 1).	 In	 the	 context	 of	 EC	 cell	 lines,	

characterising	 the	 cell	 lines	 for	 the	 expression	 and	 functionality	 of	 hormone	 is	

paramount	for	their	use	in	vitro	and	in	vivo	models	that	mimic	these	cancers	are	

pivotal	 to	 EC	 research.	 The	 effects	 of	 hormones	 on	 AGR2	 and	 S100P	 have	 not	

been	 investigated	 in	 EC	 and	 there	 are	 no	 published	 studies	 examining	 the	

function	of	S100P	plays	in	EC.	

Therefore,	 the	 following	 pertinent	 research	 questions	 were	 addressed	 in	 this	

thesis;	

1. Are	 the	 expression	and	 subcellular	 location	of	 three	MIPs	 similar	 in	 the	

selected	EC	cell	lines?	

2. Are	MIPs	expression	hormonally	governed	in	EC	cell	lines?	

3. Are	there	any	in	vitro	functional	changes	relevant	to	metastatic	growth	in	

EC	cells	when	S100P	expression	is	reduced?	

4. Is	 it	 feasible	 to	 use	 the	 CAM	 model	 as	 an	 in	 vivo	 multicellular	 animal	

model	(using	EC	cell	lines)	to	assess	the	effects	of	drug	treatments	in	EC?	
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6.2 Key	findings:	

From	 the	 work	 conducted	 in	 this	 thesis,	 several	 key	 findings	 have	 been	

discovered.	

6.2.i Are	 the	expression	and	subcellular	 location	of	 three	MIPs	similar	

in	selected	EC	cell	lines?	

The	 publically	 available	 large	 TCGA	 dataset	was	 used	 to	 examine	 S100P	 in	 EC	

samples	 before	 embarking	 on	 in	 vitro	 studies.	 This	 is	 a	 very	 useful	 resource	

available	 to	 EC	 researchers	 and	 provides	 guidance	 for	 subsequent	 molecular	

studies	 of	 cancer.	 In	 the	 work	 described	 in	 this	 thesis,	 we	 used	 this	 valuable	

resource	 to	 guide	 and	 evaluate	 the	 clinical	 relevance	 of	 the	 in	 vitro	 /	 basic	

science	 studies	 to	 clinical	 use.	 We	 believe	 this	 approach	 has	 further	

authenticated	our	findings	as	well	as	justified	the	work	that	was	undertaken.	

The	work	described	 in	this	 thesis,	has	highlighted	the	very	 important	aspect	of	

EC	 research	 in	 identifying	 and	 selecting	 cell	 lines	 from	 those	 that	 are	

commercially	 available	 for	 the	 project	work.	 In	 doing	 so,	 a	 useful	workflow	 to	

characterise	EC	cell	 lines	 for	their	hormone	responsiveness	was	developed	and	

published	(Figure	65).	Four	EC	cell	lines	were	characterized	for	the	expression	of	

three	known	MIPs	and	then	further	examined	the	in	vitro	functional	relevance	of	

S100P.	 The	 cell	 lines	 examined	 were	 of	 a	 wide	 range	 of	 differentiation,	 with	

increasing	histological	grade	and	declining	differentiation	of	the	original	tumour	

that	the	cell	lines	were	derived	from	the	chosen	cell	line	retained	the	phenotype	

the	 parent	 tumour,	 and	 were	 dissimilar	 to	 the	 primary	 benign	 endometrial	

epithelial	cells	in	the	way	they	behave	in	culture.				
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6.2.ii Are	MIP	expression	hormonally	governed	in	EC	cell	lines?	

The	 same	 panel	 of	 four	 EC	 cell	 lines	 have	 been	 characterized	 for	 the	 study	 of	

hormones	and	specific	targeted	inhibitors	in	EC	cells.	In	particular,	the	study	of	

androgen	 signalling	 in	 EC,	 used	 enzalutamide	 to	 inhibit	 the	 AR	 signalling.	 To	

investigate	 MIPs	 modulation	 by	 hormones,	 the	 experiments	 conducted	 in	 this	

thesis	 utilised	 a	 48h	 assay	 time	 that	was	 later	 found	 to	 be	 an	 unsuitable	 time	

point	 to	 investigate	MIP	mRNA	 levels,	 since	 the	 signals	detected	 for	AGR2	and	

S100P	were	reduced	at	that	time	point.	Therefore,	an	earlier	time	points	should	

be	utilized	to	examine	this	aspect	in	the	future.	

Since	 the	 main	 focus	 for	 the	 project	 was	 to	 interrogate	 S100P	 in	 EC,	 the	

subsequent	 experiments	 were	 tailored	 around	 this	 aspect.	 The	 high	 S100P	

expressing	 RL95-2	 was	 chosen	 as	 the	 main	 cell	 line	 for	 use	 in	 the	 shRNA	

knockdowns	 of	 S100P	 and	 due	 to	 the	 expression	 of	 all	 the	 steroid	 hormone	

receptor	 proteins,	 (albeit	 low	 S100P	 expressing)	 ISK	 cell	 line	 was	 used	 as	 a	

control	EC	cell	line	in	parallel	to	the	RL95-2	cells.	

As	highlighted	by	data	presented	in	Chapter	4,	initial	examination	of	the	cells	for	

their	expression	of	hormone	receptors	are	important.	However,	some	important	

pitfalls	 exist	 with	 this	 approach,	 and	 they	 were	 also	 emphasised.	 The	

characterisation	of	 the	 cell	 line	 for	 the	 expression	of	 steroid	 receptors	 (or	 any	

molecular	marker	of	interest)	need	to	be	examined	initially	using	more	than	one	

method;	 PCR	data	 on	 the	mRNA	 levels	 cannot	 be	 taken	 as	 confirmation	 of	 the	

existence	of	the	protein;	and	the	presence	of	the	receptor	does	not	mean	that	the	

expected	response	to	steroid	hormone	can	be	elicited	in	vitro	without	providing	

further	 specific	 conditions	 that	 are	 particular	 to	 the	 cell	 type.	 Since	 even	 the	



Endometrial Cancer Cell Lines as a Model for Metastasis 

237	

poorly	differentiated	ECs	retain	some	hormone	receptors	thus	possibly	hormone	

responsiveness,	and	since	hormone	modulation	is	an	attractive	therapeutic	and	

prognostic	strategy,	this	data	is	very	useful	for	future	research	in	to	EC	modelling	

in	vitro.	Due	to	the	cancerous	origin	of	 the	cell	 lines,	 they	often	contain	several	

genetic	mutations	 (along	with	 the	driver	mutations)	 that	may	 result	 in	 altered	

protein	expression,	either	by	expression	level,	subcellular	compartment	as	well	

as	 translation	 of	 structural	 and/or	 functional	 variants.	 Splice	 variants	 and	

mutated	genes	encoding	for	receptors	can	result	in	augmented	responses	to	the	

signalling	 hormones	 so	 receptor	 functionality	 is	 an	 important	 parameter	 to	

ascertain.	Particularly	in	EC	research,	protein	expression	does	not	mean	that	the	

resultant	protein	is	functional	and	this	need	to	be	clarified	also	in	the	context	of	

in	vitro	experiments	using	different	inhibitors	etc.		
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Figure 65. Endometrial Cancer (EC) Cell Line Workflow. A methodological guide for 
work with cell lines to test several parameters. Published in Parkes et al 2018 (Parkes et al. 
2018).  
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The	recent	shift	in	the	classification	of	EC	towards	using	molecular	classification	

instead	 of	 the	 Bokman	 system	 will	 require	 the	 confirmation	 of	 previously	

studied	 biomarkers;	 since	 the	 previously	 logical	 candidates	 may	 offer	 better	

patient	stratification	for	disease	progression	and	help	to	predict	the	response	to	

treatment	 to	 the	 new	 classification	 system.	 The	 genomic	 classification	

methodology	used	to	categorize	patient	samples	currently	has	prohibitive	costs	

for	the	clinical	application	but	a	recent	study	has	applied	the	same	categories	but	

assigned	 patient	 samples	 into	 the	 four	 proposed	 groups	 using	 IHC	 that	 is	

routinely	available	in	hospital	pathology	departments	(Talhouk	et	al.	2017).	This	

could	open	up	a	wide	 range	of	other	biomarkers	 that	 could	be	used	 to	 further	

differentiate	 patients	 and	 allow	 their	 stratification	 for	 clinical	 trials,	 tailoring	

personalised	 treatment	 based	 upon	 an	 individual’s	 particular	 tumour.	 In	 this	

context,	further	prognostic	markers	that	can	be	detected	with	IHC	in	EC	samples	

but	also	with	a	functional	relevance	to	cellular	function	may	be	useful	in	patient	

stratification	in	the	future.	Comparisons	between	the	current	ESMO	classification	

and	 the	 ProMisE	 study	 showed	 that	 the	 both	 methods	 classify	 ECs	 into	

completely	different	subsets,	and	as	such	previous	clinical	trials	using	the	ESMO	

classification	may	not	have	yielded	positive	outcomes	of	novel	therapeutics	due	

to	 the	diversity	within	 the	patient	cohort.	 	This	also	should	 feed	down	 into	 the	

stratification	of	EC	cell	lines	based	upon	these	new	criteria.	

The	 cell	 lines	 used	 for	 this	 project	were	 STR	 profiled	 and	mycoplasma	 testing	

was	 carried	 out	 to	 ensure	 the	 identity	 of	 the	 cell	 lines	 and	 also	 monitor	 for	

mycoplasma	infections	that	have	been	shown	to	alter	cellular	responses	(Drexler	

et	al.	2002).	The	importance	of	cell	line	authentication	is	demonstrated	by	most	
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high	 impact	 journals	 requesting	proof	of	 cell	 line	 identification	 to	confirm	data	

generated	by	using	cell	lines	as	well	as	mycoplasma	testing	as	standard	of	good	

laboratory	practise	(Almeida	et	al	2016).	

The	technologies	available	for	EC	research	are	constantly	evolving.	For	example,	

the	in	vitro	culture	models	in	EC	were	predominantly	limited	to	2D	culture	for	a	

long	time.	Over	the	last	few	years,	3D	cultures	have	become	the	more	commonly	

used	 method,	 presumed	 to	 better	 model	 the	 in	 vivo	 environment	 and	 this	 is	

further	 justified	 by	 several	 publications	 comparing	 2D	 vs	 3D	 culture	 showing	

different	responses	to	treatments	and	to	a	variety	stimuli	(Chitcholtan,	Sykes	&	

Evans	2012;	Grun	et	al.	2009).	Since	there	is	an	argument	that	3D	culture	models	

are	a	better	 representation	of	 the	 in	vivo	 tumour	environment	and	considering	

the	cost	of	such	experiments	are	becoming	more	accessible	for	researchers,	it	is	

to	be	expected	that	there	will	be	a	shift	in	focus	from	2D	to	3D	culture	models	for	

in	 vitro	 experiments	 for	 EC	 research	 over	 the	 next	 decade,	 with	 2D	 culture	

providing	 the	 base	 of	 the	 basic	 science	 platform	 from	 which	 the	 other	 assay	

development	can	follow.		

As	part	of	this	project,	albeit	limited,	co-culture	experiments	were	conducted.	In	

the	 co-culture	 assays,	 although	 no	 significant	 differences	 were	 shown,	 the	

experimental	model	proves	the	 feasibility	of	 the	transwell	co-culture	model	 for	

future	 experiments	 to	 develop	 an	 in	 vitro	 model	 that	 is	 physiologically,	 thus	

clinically	more	relevant.	The	value	of	monoculture	models	is	that	there	are	fewer	

confounding	 factors	 with	 that	 system	 but	 the	 deficiency	 is	 the	 loss	 of	 the	

complexity	 of	 the	 paracrine	 and	 direct	 interactions	 between	 the	 multiple	 cell	

compartments	 in	a	monoculture	study.	 	For	the	co-culture	experiments	used	 in	
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this	thesis,	primary	normal	stroma	was	used,	as	this	was	available	for	use	within	

the	 laboratory.	 Potentially,	 future	 optimization	 of	 co-culture	 experiments	

utilizing	immortalized	primary	stroma	either	by	transfection	with	telomerase	or	

using	cancer	associated	stroma	(or	transformed	stroma)	originating	from	cancer	

patients	would	offer	novel	ways	to	assess	the	hormonal	regulation	of	MIPs	in	EC.	

Studies	have	been	conducted	showing	that	normal	stroma	can	inhibit	epithelial	

cell	 growth	whereas	cancer	associated	 fibroblasts	may	 increase	 this.	Obviously	

this	 would	 introduce	 several	 confounding	 paracrine	 mediated	 factors	 that	

requires	further	work	to	assess	the	true	impact	of	these	factors	in	the	final	data	

derived	using	the	different	cell	types.		

	

6.2.iii Are	there	any	functional	changes	relevant	to	metastatic	growth	in	

EC	cells	when	S100P	expression	is	reduced?	

	

The	successful	lentiviral	transfection	of	the	RL95-2	has	resulted	in	an	optimized	

assay,	which	can	be	adapted	 for	use	with	other	shRNA	sequences	 incorporated	

within	 the	 plasmid	 backbone	 used	 for	 S100P	 knockdown	 study.	 S100P	

knockdown	 induced	 a	 morphological	 change	 in	 the	 RL95-2	 cells	 that	 may	 be	

associated	with	a	less	mobile	cellular	phenotype,	which	was	corroborated	by	the	

significant	reduction	observed	in	the	migratory	ability	of	the	S100P	knockdown	

RL95-2	 cells.	 It	 can	 be	 envisaged	 therefore	 S100P	 plays	 a	 role	 in	 metastasis	

process	of	EC,	since	migration	is	the	first	major	step	in	the	metastatic	cascade.	In	

the	RL95-2	cell	line,	S100P	knockdown	also	reduced	proliferation	agreeing	with	
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previous	studies	 in	other	cancer	cells.	 In	summary,	 the	 in	vitro	phenotypic	and	

functional	changes	in	migration	of	the	EC	cell	 line	RL95-2	demonstrated	in	this	

project	 indicate	S100P	as	a	relevant	biomarker	of	metastatic	potential	relevant	

to	EC.		

When	the	two	transduced	cell	lines	were	considered,	the	one	where	S100P	was	

knocked	down,	showed	relatively	higher	chemo-resistance	compared	to	the	cell	

line	transfected	with	the	scrambled	control.	Therefore,	it	is	tempting	to	conclude	

that	 in	 the	 context	of	 S100P,	 cells	 lacking	S100P	became	more	 resistant	 to	 the	

treatment	 with	 chemotherapeutic	 drugs,	 doxorubicin	 and	 paclitaxel	 when	

compared	with	the	scrambled	control	cell	line,	which	retained	S100P	expression.	

This	suggests	that	S100P	can	modulate	chemo-sensitivity	of	the	EC	cells.		

The	data	presented	in	here	therefore	clearly	demonstrate	significant	changes	in	

RL95-2	 EC	 cell	 line	 upon	 knocking	 down	 S100P	 protein,	 and	 the	 observed	

changes	may	prevent	the	metastatic	process.	Larger	sample	sizes	using	the	CAM	

model	 in	 the	 future	 may	 be	 able	 to	 test	 the	 in	 vitro	 data	 to	 confirm	 the	

involvement	of	S100P	in	vivo,	in	metastatic	growth	of	ECs.	

	

6.2.iv Feasibility	 of	 the	 CAM	 model	 as	 an	 in	 vivo	 multicellular	 animal	

model	(using	EC	cell	lines)	to	assess	the	effects	of	drug	treatments	

in	EC?	

Due	to	the	nature	of	the	CAM	model	(being	an	in	vivo	model),	it	has	the	potential	

to	 have	 many	 experimental	 challenges	 that	 need	 to	 be	 considered	 by	 the	

researchers.	This	model	needed	optimisation	prior	to	its	use	to	generate	robust	
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data	 in	a	particular	assay.	Factors	which	are	specific	 to	egg	production	and	the	

nature	 of	 the	 material,	 for	 example,	 reduced	 fertilization	 of	 egg	 batches,	

infections,	 embryo	 death	 prior	 to	 E14	 due	 to	 inherent	 defects	 in	 the	 eggs	

themselves	or	related	to	injection	trauma	etc.	can	contribute	to	reduced	numbers	

of	 tumours	 that	 are	 formed,	 hence	 available	 to	 analyse.	 All	 of	 these	 factors	 in	

combination	will	need	the	utility	of	multiple	batches	of	eggs,	which	can	result	in	

longer	assay	lead	times	or	requirement	of	repeat	experiments.	Alternative	ways	

of	 assessing	 the	 tumours	 that	 are	 formed	 in	 the	 CAM	 include	 detecting	 RNA	

levels	by	PCR	and	protein	levels	by	western	blotting.	These	methods	also	require	

specific	 optimization	 to	 counter	 the	 background	 signals	 provided	 by	 the	 chick	

tissues,	 standardisation	 of	 tumour	 cells	 against	 chick	 cells	 and	 would	 then	 in	

combination,	 provide	 further	 confirmatory	 information	 as	 to	 the	 effects	 of	

interventions	tested	in	the	CAM	model	system,	besides	IHC	as	a	single	technique.		

Although	the	data	presented	in	this	thesis	has	confirmed	the	feasibility	of	using	

the	CAM	model	as	an	 in	vivo	multicellular	animal	model	(using	EC	cell	 lines)	to	

assess	the	effects	of	drug	treatments	 in	EC,	we	failed	to	conclude	on	the	 in	vivo	

assessment	 of	 S100P	knock	down	on	 chemo-sensitivity	 of	RL95-2	 cells.	 Larger	

sample	size	using	 this	now	optimised	model,	 and	 the	stable	S100P	knockdown	

cell	line	in	the	future	will	assist	in	conclusively	answering	this	question.			

6.3 Limitations	and	Future	Studies		

As	 with	 the	 majority	 of	 research	 projects	 there	 were	 limits	 on	 the	 scope	 and	

experiments	that	could	be	conducted	during	the	PhD	project.	However,	there	is	

significant	amount	of	data	generated	during	 the	course	of	 this	project	which	 is	

presented	 in	 this	 thesis.	 These	 data	 paves	 the	way	 to	 inform	 studies	 in	 to	 EC,	
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using	 cell	 line	models	 and	 S100P	 protein	 in	 particular,	which	 hopefully	 in	 the	

future	 will	 have	 useful	 translation	 potential	 in	 to	 clinical	 practise.	 This	 thesis	

contained	work	carried	out	on	cell	lines	derived	from	Type	I	EC	parent	tumours,	

thus	data	may	only	be	relevant	to	that	type	of	ECs.	However,	assessment	of	more	

EC	cell	 lines,	particularly	 those	 that	represent	different	EC	sub-types,	using	 the	

algorithm	 described	 in	 here	 would	 be	 possible	 and	 will	 be	 of	 interest	 to	 EC	

researchers.			

The	anchorage	independent	assay	is	a	well-established	method	for	assessing	the	

invasive	potential	of	cell	lines.	These	experiments	were	initiated	during	the	PhD	

project	but	could	not	be	optimized	for	use	in	this	thesis.	They	would	have	added	

to	the	story	of	S100Ps	effects	in	the	functionality	of	RL95-2	cell	 line.	Therefore,	

further	 work	 on	 optimizing	 the	 conditions	 for	 this	 assay	 in	 the	 future	 could	

involve	 testing	differing	concentrations	of	agar	and	 the	supplementation	of	 the	

growth	media	used.	

The	 main	 bulk	 of	 the	 work	 described	 in	 here	 examines	 the	 functional	

consequence	 of	 the	 loss	 of	 S100P	 in	 RL95-2	 cell.	 As	 shown	 by	 the	 successful	

incorporation	 of	 the	 lentiviral	 plasmids	 into	 the	 RL95-2	 cell	 line,	 this	 same	

method	 can	 be	 used	 to	 incorporate	 plasmids	 that	 over	 express	 S100P	 in	 the	

RL95-2	 cell	 line	 and	 assess	 the	 functional	 consequence	 of	 gaining/	 inducing	

S100P	 in	 EC	 cells.	 The	 same	 method	 can	 be	 utilised	 to	 test	 the	 effect	 of	

manipulating	S100P	in	the	other	EC	cell	lines,	representing	different	EC	subtypes	

in	 the	 panel	 to	 over	 express/	 knock	 down	 S100P.	 Our	 use	 of	 lentiviral	

knockdown	 of	 S100P	 gene	 in	 the	 high	 S100P	 expressing	 RL95-2	 cell	 line	 to	

assess	 some	 of	 the	 key	 features	 of	 cancer	 cells	 produced	 interesting	 data	 but	
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further	characterisation	as	 to	 the	 impact	of	S100P	knockdown	particularly	 in	a	

multicellular/animal	 model	 suitable	 for	 longer	 term	 cell	 growth	 than	 14	 days	

could	 provide	 further	 clinically	 relevant	 information	 on	 S100P	 function	 in	 EC.	

S100P	 protein	 can	 be	 detected	 at	 the	 protein	 level	 in	 EC	 cell	 lines	 and	 this	

expression	 can	 be	 downregulated	 using	 RNAi	 technology.	 RNAi	 does	 not	

completely	knock	out	the	expression	of	the	gene	of	interest	but	down	regulates	

its	 expression,	 therefore	 very	 low	 amount	 of	 the	 gene	 product	 will	 still	 be	

expressed.	To	further	improve	upon	this	work,	CRISPR/CAS9	technology	can	be	

used	to	completely	remove	the	gene	of	interest	(in	this	case	S100P).		

This	work	has	resulted	in	producing	a	stable	EC	cell	line	in	which	S100P	protein	

is	knocked	down.	This	knockdown	model	can	be	used	to	further	study	the	role	of	

S100P	in	EC	and	it	could	possibly	be	used	to	elucidate	any	other	functional	effect	

in	 EC	 that	 maybe	 targetable.	 There	 are	 obvious	 potential	 problems	 with	

combining	 S100P	 inhibition	 with	 conventional	 chemotherapy	 since	 S100P	

knockdown	reduce	cell	proliferation	and	as	such	were	shown	to	reduce	the	effect	

of	chemotherapeutic	agents	(since	they	act	on	rapidly	proliferating	cells)	in	vitro.	

6.4 Conclusion	

This	work	clearly	pave	the	way	for	future	research	to	improve	the	morbidity	and	

mortality	 associated	 with	 EC.	 The	 limitations	 mentioned	 can	 be	 addressed	

appropriately	in	future	studies	and	the	important	methodological	advances	and	

the	development	of	a	stable	S100P	knockdown	cell	line	will	facilitate	advanced	in	

vitro	and	in	vivo	experimental	strategy.	
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8.2 Research	Outputs	

8.2.i Conference	Attendance	and	Poster	Presentations		

8.2.ii ESGO	2013	

Abstract:	 Endometrial	 Cancer	 is	 the	 most	 common	 gynaecological	 malignancy	

which	is	increasing	in	incidence,	a	100%	increase	is	predicted	in	some	European	

countries	 by	 2025.	 Current	 therapeutics	 includes;	 hysterectomies,	

chemotherapy,	radiotherapy	and	hormonal	therapy,	all	of	which	are	inadequate	

for	 treating	 late	 stage	 disease.	 Local	 or	 distant	metastasis	 result	 in	 significant	

reduction	of	survival	rates	therefore	preventing	metastasis	could	be	a	promising	

therapeutic	 option.	 A	 panel	 of	 metastasis	 inducing	 proteins	 (MIPs)	 have	 been	

found	 to	be	up-regulated	 in	breast	and	prostate	cancer	and	shown	 to	decrease	

survival	rates.	The	MIPs	(AGR2,	S100A4	and	S100P)	have	also	been	shown	to	be	

aberrantly	 expressed	 in	 endometriosis	 (a	 benign	 metastatic	 disease	 of	 the	

endometrium).	 S100A4	 and	 S100P	 bind	 to	 calcium	 and	 increase	 cell	 motility	

whereas	AGR2	is	postulated	to	be	involved	in	the	unfolded	protein	response.	
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Figure 4. Densitometry analysis of PCR gels and 
Western Blots for AGR2, S100A4 and S100P levels in the 
HEC1A, ISK and MFE280 cell lines    
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Introduction 
Endometrial Cancer is the most common gynaecological malignancy 
which is increasing in incidence, a 100% increase is predicted in some 
European countries by 2025. Current therapeutics include; 
hysterectomies, chemotherapy, radiotherapy and hormonal therapy, all 
of which are inadequate for treating late stage disease. Local or distant 
metastasis result in significant reduction of survival rates therefore 
preventing metastasis  could be a promising  therapeutic option. A panel 
of metastasis inducing proteins (MIPs) have been found to be up-
regulated in breast and prostate cancer and shown to decrease survival 
rates. The MIPs (AGR2, S100A4 and S100P) have also been shown to be 
aberrantly expressed in endometriosis (a benign metastatic disease of 
the endometrium). S100A4 and S100P bind to calcium and increase cell 
motility whereas AGR2 is postulated to be involved in the unfolded 
protein response.  

Aim 

Cell Line Differentiation 
status 

Invasive 
 Potential 

HEC1A Moderate High 

ISK Well Low 

MFE280 Poor ? 

To characterize three established 
endometrial cancer cell lines 
(HEC1A, Ishikawa [ISK] and MFE280), 
of varying differentiation and 
invasive potential, for MIP 
expression and steroid hormone 
receptor status to develop a model 
to investigate MIP functionality. 

Methods 
The expression and cellular location of the 
MIPs were addressed using 
immunohistochemistry, immunofluorescence, 
reverse transcription PCR (RT-PCR) and 
immunoblotting in cell cultures. 

Figure 1. A) DAPI stained B) phase 
microscopy image of endometrial 

cancer cell spheroid  
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Results 
ISK and MFE280 have relatively low levels of S100A4  compared to 
HEC1A. In contrast HEC1A had the lowest level of AGR2 compared to ISK 
and MFE280. The protein levels correlated with RNA levels for AGR2 and 
 

IgG 

AR 

ERα 

PR 

Figure 2. Immunohistochemistry staining of HEC1A, ISK and 
MFE280 cell lines for Control (IgG), Androgen Receptor 
(AR), Oestrogen Receptor alpha (ERα), Progesterone 
Receptor (PR). 

HEC1A ISK MFE280 

Discussion 
The comparison of 2D and 3D highlights the importance of studying cells 
in under tumour simulated growth conditions, which will provide valuable 
information about protein function in vivo. Modulation of MIP expression  
could lead to novel therapeutic strategies which prevent cancer 
progression to late stage disease. 
Considering the nature of the organ, as a target for sex steroid hormones, 
assessing the hormone receptor status of the cell lines demonstrates the 
impact of potential treatments using these cell lines for in vitro study and 
translation to in vivo study. 

Figure 5. Immunofluorescent staining of HEC1A, ISK and 
MFE280 cells for A) AGR2, B) S100A4 and C) S100P. Images of 
Protein of Interest, DAPI and Merged  from left to right. 

Results 

S100A4.  S100P RNA was 
highest in the highly invasive 
HEC1A cell line and lowest in 
ISK, which is reported to 
have low invasive potential. 
MIP location varied between 
the cell lines and also 
differed in ISK cells cultured 
under 2D and 3D conditions. 
ERα expressed in all 3 cell 
lines but PR expression was 
lost or sporadic in HEC1A and 
MFE280 respectively. AR was 
present in all cell lines but 
the ratio of cytoplasmic to 
nuclear expression varied. 

A 

C 

MFE280 

Figure 3. Immunofluorescent staining of ISK cells grown 
in 3D spheroid sections stained for AGR2, S100A4 and 
S100P. A) Protein of Interest B) DAPI and C) Merged. 
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8.2.iii University	Poster	Day	2015		

Abstract:	 Endometrial	 Cancer	 (EC)	 incidence	 is	 increasing	 and	 preventing	

secondary	 and	 metastatic	 disease	 confers	 increases	 survival	 rates.	 MIPs	 were	

characterized	 and	 tested	 as	 potential	 therapeutic	 targets	 in	 four	 cell	 lines.	

Receptor	 expression	 and	 MIP	 levels	 differed	 between	 cell	 lines	 as	 did	 sub-

cellular	 location	 between	 2D	 and	 3D	 conditions.	 Modulating	 MIP	 expression	

could	lead	to	novel	therapeutic	targets.	
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Introduction 
Endometrial Cancer (EC) is the most common gynaecological malignancy which is increasing in 
incidence associated with the obesity epidemic. Current therapeutics are inadequate for treating 
late stage/metastatic disease, therefore preventing metastasis is an urgent therapeutic need. A 
panel of metastasis inducing proteins (MIPs) have been found to be up-regulated in breast and 
prostate cancer and shown to decrease survival rates. The MIPs (AGR2, S100A4 and S100P) have 
also been shown to be aberrantly expressed in endometriosis (a benign metastatic disease of the 
endometrium). S100A4 and S100P bind to calcium and increase cell motility by altering cell 
adhesion; whereas AGR2 is postulated to be involved in the unfolded protein response as well as 
proliferation and survival. 

Aim 

Cell Line Differentiation 
status 

Invasive 
 Potential 

HEC1A Moderate High 
RL95-2 Moderate Moderate 

ISK Well Low 
MFE280 Poor ? 

To characterize four established human EC cell lines (HEC1A, Ishikawa 
[ISK], MFE280 and RL95-2), of varying differentiation and invasive 
potential, for MIP expression and steroid hormone receptor status to 
develop a model to investigate MIP functionality. 

Methods 
The hormone receptor and MIPs expression, subcellular localisation of 
the cell lines in 2D culture and grown in a chorioallantoic membrane 
model (CAM) model (3D) were determined by immunocyto/histo-
chemistry, qRT-PCR and immunofluorescence (2D).  
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Results 

Discussion 
The comparison of 2D and 3D highlights the importance of studying 
cells in under tumour simulated growth conditions, which will provide 
valuable information about protein function in vivo. Modulation of 
MIP expression  could lead to novel therapeutic strategies which 
prevent cancer progression to late stage disease. 
Considering the nature of the organ, as a target for sex steroid 
hormones, assessing the hormone receptor status of the cell lines 
demonstrates the impact of potential treatments using these cell lines 
for in vitro study and translation to in vivo study. 

Results 

A B C 

RL95-2s expressed the highest 
S100P and AGR2 but lower 
S100A4 mRNA levels (fig.1).   
Location of the MIPs protein 
also varied between the cell 
lines and also differed in ISK 
cells cultured under 2D and 3D 
conditions. S100A4 localised to 
nucleus in 2D culture but 
cytoplasmic in the 3D CAM 
(fig.4 + fig.5). ERα expressed in 
all 3 cell lines but PR expression 
was lost or sporadic in HEC1A 
and MFE280 respectively. AR 
was present in all cell lines but 
the ratio of cytoplasmic to 
nuclear expression varied. 

IgM 

AR 

ERα 

PR 

Fig 3. Immunohistochemistry staining of HEC1A, ISK 
and MFE280 cell lines for Control (IgM), Androgen 
Receptor (AR), Oestrogen Receptor alpha (ERα), 
Progesterone Receptor (PR). 
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Abstract 
Endometrial Cancer (EC) incidence is 
increasing  and preventing secondary and 
metastatic disease confers increases 
survival rates. MIPs were characterized and 
tested as potential therapeutic targets in 
four cell lines. Receptor expression and MIP 
levels differed between cell lines as did sub-
cellular location between 2D and 3D 
conditions. Modulating MIP expression 
could lead to novel therapeutic targets. 
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HEC1A on CAM - S100A4 
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HEC1A on CAM - AGR2 

Fig.4 Immunofluorescent antibody stains EC cell lines (2D) imaged using confocal 
microscopy.  Controls are host animal IgG. 

Fig.5. A)Histological representation of 
HEC1A grown on CAM. B) HEC1A and ISK 
grown on CAM stained for AGR2 and 
S100A4. Stained by AK. 

The less invasive cell lines (ISK, MFE280) have relatively low levels of 
S100A4, high AGR2  compared to more invasive HEC1A (fig.1). The 
protein levels correlated with RNA levels for AGR2 and S100A4. The 
HEC1A cell line invaded into the CAM (fig.2), ISK was unable to invade.  

Fig. 1 Relative ratio ofmRNA levels of MIPs in the EC 
cell lines (2D) normalized to PPIA and YWHAZ 
reference genes by qRT-PCR. 

Fig. 2 
Brightfield 
and GFP 
images of 
HEC1A grown 
on CAM 
excised and 
inverted to 
demonstrate 
vasculature 
(top panel) 
and in situ 
from above 
(lower panel). 

A 

B 
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Abstract:	Endometrial	Cancer	(EC)	is	the	most	common	female	malignancy	in	the	

western	world	and	its	incidence	is	increasing.	Some	European	countries	predict	

a	100%	increase	between	2005	and	2025	with	increasingly	younger	women	also	

being	diagnosed.	Preventing	spread	beyond	uterine	cavity	or	identifying	patients	

whose	disease	is	likely	to	metastasize	could	aid	in	stratifying	patients	for	optimal	

treatment.	 S100P	has	 been	 found	 to	 be	 aberrantly	 expressed	 in	 endometriosis	

and	 other	 hormonally	 driven	 cancers	 such	 as	 in	 breast.	 We	 aimed	 to	 assess	

S100P	expression	in	human	tissue	and	function	in	endometrial	cancer	cell	lines.	
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Introduction 
Endometrial Cancer (EC) is the most common female 
malignancy in the western world and it’s  incidence is 
increasing. Some European countries predict a 100% 
increase between 2005-2025 with increasingly younger 
women also being diagnosed. Preventing spread beyond 
uterine cavity or identifying patients whose disease is 
likely to metastasize could aid in stratifying patients for 
optimal treatment. S100P has been found to be 
aberrantly expressed in endometriosis and other 
hormonally driven cancers such as in breast. We aimed 
to assess S100P expression in human tissue and function 
in endometrial cancer cell lines. 
 Methods 
S100P expression and subcellular location assessed in 
161 human endometrial samples and in 4 established 
endometrial cancer cell lines by qRT-PCR, western blot, 
immunohistochemistry and immuofluorescent staining. 
Lentiviral vector (shRNA) knockdown (KD) of S100P (or 
scrambled control (SC)) was used to study the functional 
impact of S100P on proliferation with MTT assays, 
migration with transwells and chemoresistance with 
FACS/MTT.  
 
 
 
 
 
 
Invasion into the chorioallantoic membrane (CAM) was 
used to assess S100P knockdown on the tumour 
formation potential. 
Human Sample Results 

Results 
Significantly increased nuclear and decreased cytoplasmic S100P 
expression were observed in cancer samples when compared with 
healthy post menopausal samples. S100P expression was highest in 
the RL95-2 endometrial cancer cell line at mRNA and protein level. 
Stable KD resulted in over 90% reduction in S100P at mRNA level 
and the protein was undetectable. In KD cells, reduced proliferation 
but increased chemoresistance to doxorubicin and paclitaxal 
treatment was observed. Both KD and SC cells were able to form 
tumours on CAM.  

S100P, a calcium binding protein and its 
implications in endometrial cancer 

Discussion and Implications 
The changes in subcellular location of S100P in cancer samples 
indicate a functional relevance. In vitro experimental data suggest 
that S100P reduces functional parameters that are important for 
metastasis (proliferation, invasion) but also decreases effectiveness 
of chemotherapeutic drugs. Increased chemoresistance could also 
be due to change in proliferation of the KD cells. These preliminary 
evidence suggesting S100P to play a role in endometrial 
carcinogenesis requires further study into its usefulness as a 
therapeutic target in the future. 

C Parkes1, A Kamal1, D Moss2, R Barraclough3, D Hapangama1,4 
1Department of Women’s and Children’s Health, Liverpool Women’s Hospital; 2Department of Cellular and Molecular Physiology, Institute of Translational Medicine; 
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S100P Cell Line Knock Down Results 

Figure 3. S100P expression in 4 endometrial cancer cell lines a) mRNA levels by qRT-PCR and b) protein by 
western blot H=HEC1A, I=ISK, M=MFE280, R=RL95-2 cell line lysates b) RL95-2 S100P expression after 
transduction with anti-S100P shRNA vectors and scrambled control c) mRNA levels by qRT-PCR and d) 
protein by western blot. e) Transwell migration by KD and SC cells after 16h serum starve and 24h 
migration. UN= untransduced, SC= scrambled control, KD= shRNA S100P knockdown, rS100P= 
recombinant S100P protein as a positive control. All qRT-PCR results normalized to YWHAZ and PPIA 
reference genes. Error Bars = SEM. *= P≤0.05 
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Figure 4. Comparison of Knockdown and Scrambled Control cell lines a)Proliferation assay by MTT over 
72h. b) FACS analysis of cell viability with 7-AAD and Hoechst 33412 staining after 72h Doxorubicin and 
Paclitaxal treatment c) Dose response curves of Doxorubicin and d) Paclitaxal by MTT viability assay after 
72h treatment e) RL95-2 cells at E14 growing in CAM model, in situ image and underneath CAM image 
upon excision. SC= scrambled control, KD= shRNA S100P knockdown. Error Bars= SEM, *= P≤0.05  

b) 

c) 

e) 

d) 

Figure 1. Time line of CAM assay protocol. 

2 

d) 

e) 

a) 

In situ Tumour Excised Tumour 
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Assessing	 Estrogen-Induced	 Proliferative	 Response	 in	 an	 Endometrial	 Cancer	

Cell	Line	Using	a	Universally	Applicable	Methodological	Guide.	

Parkes C, Kamal A, Valentijn AJ, Alnafakh R, Gross SR, Barraclough R, Moss D, Kirwan J, 

Hapangama DK.	

Abstract	

OBJECTIVE:		

Translational	 endometrial	 cancer	 (EC)	 research	 benefits	 from	 an	 in	 vitro	

experimental	approach	using	EC	cell	 lines.	We	demonstrated	 the	steps	 that	are	

required	 to	 examine	 estrogen-induced	 proliferative	 response,	 a	 simple	 yet	

important	 research	 question	 pertinent	 to	 EC,	 and	 devised	 a	 pragmatic	

methodological	workflow	for	using	EC	cell	lines	in	experimental	models.	

METHODS:		

Comprehensive	review	of	all	commercially	available	EC	cell	lines	was	carried	out,	

and	 Ishikawa	 cell	 line	was	 selected	 to	 study	 the	 estrogen	 responsiveness	with	

HEC1A,	 RL95-2,	 and	 MFE280	 cell	 lines	 as	 comparators	 where	 appropriate,	

examining	 relevant	 differential	 molecular	 (steroid	 receptors)	 and	 functional	

(phenotype,	 anchorage-independent	 growth,	 hormone	 responsiveness,	

migration,	 invasion,	and	chemosensitivity)	characteristics	 in	2-dimensional	and	

3-dimensional	 cultures	 in	 vitro	 using	 immunocytochemistry,	

immunofluorescence,	 quantitative	 polymerase	 chain	 reaction,	 and	 Western	

blotting.	In	vivo	tumor,	formation,	and	chemosensitivity	were	also	assessed	in	a	

chick	chorioallantoic	membrane	model.	

RESULTS:		
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Short	 tandem	 repeat	 analysis	 authenticated	 the	 purchased	 cell	 lines,	 whereas	

gifted	cells	deviated	significantly	from	the	published	profile.	We	demonstrate	the	

importance	of	prior	assessment	of	the	suitability	of	each	cell	line	for	the	chosen	

in	 vitro	 experimental	 technique.	 Prior	 establishment	 of	 baseline,	 non-enriched	

conditions	 was	 required	 to	 induce	 a	 proliferative	 response	 to	 estrogen.	 The	

chorioallantoic	 membrane	 model	 was	 a	 suitable	 in	 vivo	 multicellular	 animal	

model	for	EC	for	producing	rapid	and	reproducible	data.	

CONCLUSIONS:		

We	 have	 developed	 a	 methodological	 guide	 for	 EC	 researchers	 when	 using	

endometrial	 cell	 lines	 to	 answer	 important	 translational	 research	 questions	

(exemplified	by	estrogen-responsive	cell	proliferation)	 to	 facilitate	robust	data,	

while	saving	time	and	resources.	
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0005.	

Hormones	and	endometrial	carcinogenesis.	

Kamal	 A,	 Tempest	 N,	 Parkes	 C,	 Alnafakh	 R,	 Makrydima	 S,	 Adishesh	 M,	

Hapangama	DK.	

Abstract	

Endometrial	cancer	(EC)	is	the	commonest	gynaecological	cancer	in	the	Western	

World	with	an	alarmingly	increasing	incidence	related	to	longevity	and	obesity.	

Ovarian	 hormones	 regulate	 normal	 human	 endometrial	 cell	 proliferation,	

regeneration	 and	 function	 therefore	 are	 implicated	 in	 endometrial	

carcinogenesis	 directly	 or	 via	 influencing	 other	 hormones	 and	 metabolic	

pathways.	Although	the	role	of	unopposed	oestrogen	 in	 the	pathogenesis	of	EC	

has	received	considerable	attention,	the	emerging	role	of	other	hormones	in	this	

process,	such	as	androgens	and	gonadotropin-releasing	hormones	(GnRH)	is	less	

well	 recognised.	This	 review	aims	 to	 consolidate	 the	 current	 knowledge	of	 the	

involvement	 of	 the	 three	 main	 endogenous	 ovarian	 hormones	 (oestrogens,	

progesterone	 and	 androgens)	 as	 well	 as	 the	 other	 hormones	 in	 endometrial	

carcinogenesis,	to	identify	important	avenues	for	future	research.	

PMID:	 26966933	 DOI:	 10.1515/hmbci-2016-0005
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S100P	in	Endometrial	Cancer		
	
Abstract		

Rising	endometrial	cancer	incidence	is	projected	to	continue	due	to	the	obesity	

epidemic	 in	 the	 western	 world.	 Treating	 obese	 patients	 with	 surgery	 for	 EC	

comes	with	greatly	 increased	risk	compared	 to	 surgery	on	patients	with	 fewer	

comorbidities	 and	 alternative	 treatments	 are	 needed.	 Targeting	 proteins	 that	

allow	EC	cells	to	migrate	could	be	one	way	of	combating	this.	Stable	knockdown	

of	 S100P	 protein	 showed	 decreased	 proliferation,	 migration	 and	

chemosensitivity	 in	 the	 highly	 expressive	 RL95-2	 cell	 line.	 In	 a	 chorioallantoic	

membrane	 model	 the	 invading	 cells	 into	 the	 chick	 tissue	 showed	 increased	

S100P	 staining.	 In	 patient	 samples,	 S100P	 staining	 was	 weak	 in	 the	 healthy	

postmenopausal	women,	negative	in	endometrial	hyperplasia	and	comparatively	

much	stronger	in	the	cancer	samples.		

	

Manuscript	in	preparation,	intention	to	submit	within	the	next	few	months	for	

peer	review	publication.		


