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Abstract

Mesenchymal stem cells (MSCs) are a heterogenous population of multipotent cells
that are capable of differentiating into osteocytes, chondrocytes and adipocytes.
MSCs reside in various areas such as the bone marrow, fat and dental pulp. Recently,
MSCs have been found to home to the tumour site and engratft in the tumour stroma.
However it is not yet known whether they have a tumour promoting or suppressive
function. We investigated the interaction between prostate cancer cell H22Rv1,
DU145 and PC3F YR 062yS YINNRé RSNADGSR a{/ ao
extended periods in proate cancer cell conditioned media and analysed for
molecular and functional phenotypic changes. MSCs conditioned thi2 bone
metastatic cell linePC3 were found to be the most responsive with a secretory
profile rich in preinflammatory cytokines. PG&ducated MSCs secreted increased
MCRL1, osteopontin, 18 and FGR2 and decreased sFltin comparison to untreated
MSCswhich was sustained following prolonged growth in complete medpost-
conditioning. PC3 educated MSCs are larger in size and have a reduced migration and
invasion capacity that is dependent orxpmsure to PC3 conditioned medium
+AYSYyliAy I yR hdeadasedir PAUSBducatREAWSCshinicomparison to
untreated MSCshowever they do retain the capacity to differentiate to osteocytes
and adipocytes. Interestinglyhe migration of PC3 cells was increasedards PC3
educated MSCs in comparison to untreated MSCs and of the three cells lines
examined (22Rv1, DU145&RC3), the effect was specific only to PC3 cEllken
together, MSCs develop an altered phenotype é@sponse to PC3 conditioned
medium which results in increased secretion of prdlammatory cytokines,

modified functional activity and the chemoattrach of PC3 cells.

XVi
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General Introduction

1.1 Prostate Cancer

Prostate cancer is the fourth most common cancer worldwide andsée®nd most
common cancer diagnosed in men. An estimated 307,000 deaths were recorded
globallyin 2012, with 519 occurring in IrelafCRI, 2014ARC, 201R Incidence
rates are known to be higher in Western and Northern Europe, North America and
OceanialARC, 2012 This increased detection rateas least partly due to greater
use of the biomarker prostate specific antigen (PS#9 patient biopsies, though
data collected from migrant populations to western countries also suggest
environmental and lifestyle factors play a rglaRC, 2012 Although use of PSA as a
biomarker for prostate cancer has led to owd#agnosis and overeatment, the
screening is associated with reduced mortality in men who would not otherwise be
screened(Attard et d., 2015 Schroder et al., 20)2Worldwide, 75% of cases are
recorded in men over the age of @terefore PSA screening typically begins with men
over the age of 5qCook et al., 1969 Depending on tumour grade and stage o
invasivenesspatients may not choose immediate treatment and partake in active
surveillance, or they may be recommended radiation therapy, androgen deprivation

therapy or a radical prostatecton{ttard et al., 201%h
1.2 Prostate Cancer Bone Metastasis

While prostate cancer can metastasise to tissues such as the lung, liver, pleura and
adrenals, the most frequent site of metastasis is the b@ebendorf et al., 2000
Patients suffering from prosta cancer, when treated, havemyear survival ratef

>99% in the USASiegel et al., 20)5and >90% in Irelan@NCRI, 2014 However,

when the cancer advances and metastasises to the bone #yed survival rate
drops to around 25% the USAColeman, 199y

What makes the bone microenvironment favourable to the metastasis and
proliferation of prostate cancer cells however, is still largely unknown. The likelihood
of a cancer cell reaching and imlnag the bone depends on itility to pass through

the endothelium migrate through the circulatory system and extravashten the

blood vesseto the metastatic sitgClarke et al., 2009



General Introduction

1.3 Molecular Mechanisms of Bone Metastasis

Most cancercells ina primary tumour do notmetastasise but camowever be
reprogrammed to gainmetastatic function. During this process the cell must
downregulate its epithelial characteristics by reducing the expression etelébhnd
cellmatrix adhesion molecules and gain mesenchymal properties such as motility
and the capacity to breakdown ¢hextracellular matrix (ECMBehrens et al., 1989
Liotta, 1986 (figure 1.1). This process is known as the epitheitemesenchymal
transition (EMT).

1.3.1 Loss of Ceth-cell Adhesion

Celkto-cell contact in prostate cancer cells occurs through the binding of adhesion
molecules such as cadherins and selectins. The role-cafdEerin in celto-cell
adhesion and its involvement in the transitioha resident tumoucellto an invasive

cell type has beewell studied(Behrens et al., 199Birchmeier and Behrens, 1994
Bussemakers et al., 199Perl et al.,1998. Ecadherin is a transmembrane
glycoprotein that binds catenins intracellularly allowing it to bind cadherins on
neighbouringcells. Changes in the binding ofc&dherin tob-catenin orin the
expression levels of either component can |l¢éaa loss of cellular adhesion, a crucial
step in the EMT(Takeichi, 1991Bussemakers et al., 199Bryden et al., 1999
Birchmeier and Behrens, 1994 study by Bryden and colleagues suggests that the
level of Ecadherin is reflective of local tumowgrade where well differentiated

tumours expressed the highest level eE&dherin(Bryden et al., 1999
1.3.2 ECM &gradation

The @pacity ofprostate cancer cells to migrate and enter the bone marrow is
dependent on the cellular secretion of enzymes that degrade the B@#rix
metalloproteinases (MMPs) and serine proteinases, particularigkinasetype
plasminogen activator (UPA), play aeah the breakdown of the ECHart et al.,
2002. MMPs are zinbinding proenzymes, regulated by tissue inhibitor of
metalloproteinasesl (TIMP1). MMRS9 is activated by MMR and high expression of

both molecules, coupled with low expression of TH/Fhas been associated with
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metadatic prostate cancerMorgia et al., 2005Brehmer et al.,2003. Prostate

cancer cell secretion of MMPs is @amportant step irthe metastatic process both at
the endothelium and at entry to the bone marrow stronffdontague et al., 2004

Hart et al., 2002

UPA is a serine protease that binds to its receptor resulting in the conversion of
plasminogen to plasmin, which is involved in the activation ofquitagenaes, an
important factor in the degradation of the ECMart et al., 200 The molecule is
also involved in the activation of MMPs and it has been shown that by decreasing the
expression of uPA, the level of bone degradation due to prostate cancer metastasis

isreduced(Festuccia et al., 1998ong et al., 2008
1.3.3 Passage through the Endothelium

Metastatic cells can migrate via thgmphatic and vascular systemletastatic

prostate cancer cells must pass through the endothelium to enter the blood vessel

by intravasation at the primary tumour site and exit by extravasation at the secondary
metastatic site. Passage through the endatbhm requires interaction with and

I RKSNBYyOS (2 (GKS SYyR20GKSf Adzy Ay ¢KIG Aa |
(Honn and Tang, 1992 Key proteins involved in the binding of prostate cancer cells

to endothelial cells include-Belectin, Eselectin and integrinavb3, asb; and asb:

(Romanov and Goligorsky, 199%ng et al., 1993
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Primary malignant neoplasm Neovascularisation Local invasion Migration

Trans-migration Endothelial binding

Figure 1.1. Metastasis to the BoneMetastasis to the bone from the primary tumour
site occurs by a series of steps including detachment of the tumour cell from adjacent
cells and the cell matrix, intravasation into the vascular system, immune system
evasion, migration, extravasation througie endothelium and transnigration into

the site of metastasis. Image taken from Clagkal. 2009 (Clarke et al., 2009

1.3.4 Homing of Metastatic Cells to the Boneotigh Giemotaxis

¢tKS WwaSSR YR a2AfQ KeLROGUKSaAa gl a 2N
sKSNBoe Ol yOSN)I OStfta IOl Fa (R®et,WBMBSRQ |y
Subsequent research has further developed this theatjich suggests that the

secondary site provides a microenvironment preferential and complementary to

certain tumour cells. Another aspeto thistheory is that chemoattractant factors

are released from thesecondarymicroenvironment that bind to corresponding

receptors on the circulating tumour cells allowing the cells to home towards that

specific organ.

Metastatic prostate cancer csllare attracted to the bone by factors, namely

chemokines, which are released from the bone marrow. The chemokine, stromal
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derived factorl (SDHF), is expressed by endothelial cells at the bone marrow, which
binds to its receptor, CXCR4, which is exprésseprostate cancer cells. Both factors
have been shown to be increased in prostate cancer bone metastasis, where the
more aggressive the metastadise more CXCR4 is expresg€&dichman et al., 2002

Sun et al., 2003

More recently, ¢her factorshave been showto attract prostate cancer cells to the
bone including monocyte chemoattractant protein 1 (MEP, osteonectin and
osteopontin(Loberg et al., 20Q@acob et al., 1999 halmann et al., 199%ngelucci

et al., 2002. MCR1 is a member of the-C chemokine family, originalfgund to be

a potent chemoattractant of monocytes to inflammatory sit@3eshmane et al.,
2009. Recent studie have found that MGPR is expressed within the bone marrow
microenvironment and promotes the migration and invasion of prostate cancer cells

(Loberg et al., 20Q6.u et al., 2006
1.3.5 Osteolytic and Osteoblastic Bone Metastasis

Bone remodelling is a process that occurs continuously in order to maintain the
structure and function of the skeleton. This is achieved by bone resorption and
formation, with osteoclasts, osteocytes and osteoblasts being the principal cells
involved in thesetwo processes. Breast cancer bone metastasis is considered to be
predominantly osteolytic and prostate cancepsteoblastic, althoughboth bone
resorption and formé&on are increased in patients with prostate cancer bone
metastasis in comparison tbealthy patients and patientswith benign prostatic

hyperplasigGarnero et al., 2000

Osteoblasts are derived from mesenchymal stem ¢®ISCs) and play a major role

in bone formation through the synthesis of bone matrix dadher differentiation

to osteocytes (Pittenger et al., 1999 Osteoclasts are multinucleated cells
differentiated from monocytes following the binding of their receptor RANK with NF

¢, tAIFLYR ow! bY[ U0 2 ySudaeal, 2989)90St@odldstk Gradk OS f f
down the bone tissue by secreting acid and lysosomes containing acid phosphatase
Ff2y3 gA0K (KS N NI yoR: yRegriyisTon the2membrane surface

(Suda et al., 1999Therefore, the production and function of osteoblasts, osteocytes
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and osteoclasts are linked and disruption of any of these processes, as occurs in bone

metastatic cancer, leads to disruptionbone homeostasis.

To investigate whether osteoclast activity creates a hospitable environment for
invasive breast cancer cells, studies have used bisphosphonates to inhibit bone
resorption (Mundy and Yoneda, 1998Bisphosphonates inhibit the function of
osteoclasts and havieeen found to reduce the incidence of metastases and rate of

death in breast cancer patien{Biel et al. 1998.

Osteolytic activity is also elevated in osteoblastic metastasgsobisphosphonates
have also been used to treat prostate cancer patients and the treatment was
successful in reducg skeletal related events anone pain(Sad et al., 2002
Endothelirl is a protein produced by breast and prostate cancdsdbht binds to

the endothelinrA receptor expressed by osteoblasts. This interaction stimulates an
increase in bone formation and osteoblastic metastasd@reatment with an
endothelinA receptor antagonist was found to decrease bone metastases and
tumour burden in micgYin et al., 2003Guise et al., 2003 Although these are not
yet curative therapies, they do confirm the significance of cancer cell/bone marrow

cell crosgalk to achieve an optimal efronment for tumour growth.
1.4The Tumour Microenvironment

It is now understood that tumour cells do not act alone. Cancer cells interact with
0KSANI adzNNRBdzy RAYy3 a0GNRYIl FHOYR gt KSRS axy il SN
in increasel release ofro-inflammatory cytokines and growth facto(Betras and

Ostman, 201D The tumour is in a chronic state of inflammation and has been
RSAONAOGSR Fa | Wg pidoyak 200K This inflABna®iibtadeS I f 4 Q
drives the recruitment of responsive cell types such as macrophages, myeloid derived
suppressor cells and MSEllard, 2004Hall et al., 2007Young and Wright, 1992

Crosstalk between cancer cells and cells of the surrounding strproanotes tumour

progression and creates a dynamic E@Mourable for the invasive tumour c¢Bato

et al., 2004Sung et al., 2008
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Tumour infiltrating macrophages can become activated by the stromal
microenvironment and are referred tas tumour associated macrophages (TAMS)
(Mantovani et al., 2002Sica et al., 20f). Depending on the stimylmacrophages

can be polarised toward an M1 or M2 phenotype. The M1 phenotype can be
activated by interferongamma (IFNO | YR f A LR LRt &al OOKI NAR RS 3
to have cytotoxic effects on tumour cells. In contrast M2 macrophages are activated

by L-4, IL-13 and L-10, promote wound healing and angiogenesis and are
phenotypically similar to TAM#&llavena et al., 200&ica et al., 20Q8antovani et

al., 2002 Solinas et al., 2009

The tumour stroma variebetween each cancer type and the heterogenous nature
of the tumour makes it complicated to studyt is important to develop an
understanding of what drives necancerous cells toward an activated state, what

that activated state is and what it subsequBnineans for tumour cell progression.
1.5Mesenchymal Stem Cells

MSCs arenultipotent cellsoriginally found to have the capacity to differentiate into
osteoblasts, chondrocytes and adipocy(P#tenger et al., 1999 They are generally
characterised by the tri-lineage differentiation capacity and by surface markers
CD73, CD105 and CD@mbminici et al., 2006 They can be sourced from the bone
marrow, adipose tissue and dental puironthos etal., 2000 Huang et al., 2002
Friedenstein et al., 197®ittenger et al., 1999 They are also found in circulation
and are known to home to inflammartyp sites(Chamberlain et al., 200:/Due to their
capacity to home to injured tissue, research has suggested aagparfunction for
MSCs in multiple tissues including the I {@gtiz et al., 20038 liver(Sato et al., 2005
brain(Ji et al., 200¥and heart(Wu et al., 2003 MSCs can evade the immune system
(Ryan et al., 200%nd arealsoknown to have immunmodulatoryeffects(Fouillard

et al., 2003Horwitz et al., 2002Pereira et al., 1995

MSCs reside in theome marrow stroma alongside haematopoietic stem cells (HSCs),
osteoblasts, osteoclasts, adipocytes, endothelial cells (ECs) and mon(®stbma

and Pamer, 200&Chitteti et al., 201D MSCs may play a supportive role for HSCs and
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have previously been used to enhance ldagn HSC engraftment in human

transplantation(AlmeidaPorada et al., 20QMaitra et al., 2004

Knowledge of these characteristics as well as their differentiation capacity hagicause
excitement in the field of regenerative medicine and use of M%( potential for
therapeutics in a range of fields such as cardiology, immunology and neurology.
However, in the &ld of cancer researatecent studies suggest thddSC activity may
contribute to poorer outcomegAme- Thomas et al., 20QKansy et al., 201&Karnoub

et al., 2007 Prantl et al., 201

1.5.1Mesenchymal Stem C&lbmenclature andPotency

A subpopulation of bone marve cells was initially discovered by Friedenstein and
colleagues that had an osteogenic differentiation capaitjedenstein et al., 19730

The cells were subsequently found to be clonal and plastic adhéfertenstein et

al., 1970 and later studies by Pittengest al. demonstrated their multilineage
differentiation capacity (Pittenger et al., 1999 However, the non-skeletal
differentiation capacity of these cells has not definitivegen provenin vivowhich

KFra fSR (2 O2yU0UNROSNERE& NBIFINRAYy3I dzal IS
Moreover, MSCs are a heterogenous population of celfgagoning subpopulations

with differing differentiation capacitie@Horwitz et al., 200p Alternative terms have
beenusedd dzOK & WYdzZ G0ALRIGSYd YSaSyoOKeylrt adal
Wa{/ Q G2 YIFIAYdlIAy I O2Mawizetias, 2@ oA GKAY

MSCs were found to express embryonic stem cell or pluripotency markers which
differed depending on the source. Bone marrow derived MSCs were found to express
Oct4, Nanogalkaline phosphatase and SSEAdipose and dermis derideMSCs
were found to express Oct4, Nanog, SCa{Raline phosphatase and SSEAvhile
heart MSCswere found to expressOct4, Nanog, SOX2 and S&EAhe full
differentiation potential of MSCs has not yet been elucidateohwevermore recent
developments hve showna wider range in differentiation potentialaside from a
capacityto differentiate into osteocytes, adipocytes and chondrocytesich as

myocyte and neuroimnduction(Wakitani et al., 1995open et al., 1999
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1.6 Mesenchymal Stem Cells and Cancer

In recent studiesit has been shown that MSCs can also home to tumour sites and
contribute to tumour growth and progressidfrantl etal., 201Q Suzuki et al., 2011
Karnoub et al., 20QKucerova et al., 20)0Analysis from human prostatectoas
showed that MSCs represent@d1-1.1% total cells presit in the tumour(Brennen

et al., 2013. MSCs have beeiound to increase the metastatic potential of tumour
cells by promoting their motility and invasiveness as well as having a role in the
creation of a metastatic niche at the secondary g¢Kkarnoub et al., 200MNabha et

al., 2008 Duda et al., 201,Corcoran et al., 2008

As the tumour microenvironment exists as a heterogenous population of cells and
each cancer type has its owunique characteristics, it is difficult to establish a
universal role for MSCs in tumour development. Research shows conflicting results
as to whetherMSCs are tumour promoting or suppressiidppp et al., 2011 This

has led to investigation into whether exposure to tumour cells can alter the MSCs
into an activated state with the possibility of a duale similar tomacrophages
(Waterman et al., 201,0Naterman et al., 2012

1.6.1 Mesenchymal Stem Cell Chemotaxis to the Tumour

Ex vivoexpanded MSCs were shown to home to gliomas and ovarian and breast
tumoursusing magnetic resonance imagiagd bioluminescent imagin@yVu et al.,

2008 Kidd et al., 200p The mechanisms by which MSCs migrate towardui@our

are not yet fully understod, however the interaction between cytokines and
chemokines secreted by the tumour and the corresging MSC surface receptors is

currently being explored.

Several studies havettampted to characteriseMSCs based on their chemokine
receptor expressiomwhich could give insight into their chemoattraction towards pro
inflammatory tissue¢Sordi et al., 2005/on Luttichau et al., 2008Vynn et al., 2004
Honczarenko et al.,, 2006Von Liuttichau andtolleagues showed the functional
expression of chemokine reptrs CCR1, CCR4, CCR7, CCR10, and [G@KQ@Rb6
CXCR4 on human bomearrow derived MSCs(Von Luttichau et al., 2005while
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Wynn and colleagues found that a small subset of MSCs expressed @¥@OR4t

al., 2004. The interaction between CXCR4 and its receptor ligaDéwv 7 is known

to mediate the migration of HSCs, endothelial progenitor cells and primordial germ
cells(Levesque et al., 200Petit et al., 2002Yamaguchi et al., 200Boitsidou et al.,

2002. The interaction between CXCR4 8Fmh Ay a{/ OKSY2 il EA &
wasthus consideredMany studieshave showrthat MSCs migrate toward SBF" A Y

a dose dependent mann€Ringe et al., 200,/Sordi et al., 20055hi et al., 200,/Stich

et al., 2009. Additionally, an upregulation of SBFh gl a F2dzyR Ay NI {
derived MSCsniresponse to colorectal canc€M, and the MSCs were found to
migratein vitrotoward the tumour cellsin anSDFv hdependent mannefMenon et

al., 2007.

MCRL1 is expressed within the tumour, including the primary prostate cancer tumour
(Lu et al., 2008Dwyer et al., 200) Although not all studieare in agreemen(Ringe

et al., 2007, there is a growing body of evidence to suggest that M@Pa key player

in the chemotaxis of MSCs to the tumdwyer et al., 200,7Xu et al., 2010Zhang

et al., 2009. Loberg and colleagues found that MC#s a potent chemoattractant
for prostate cancer cells in a dose dependent manner which resduitéhe activation

of the PI3kinase/Akt signalling pathway.oberg et al., 2006 MCP1 has also been
implicated in the promotion of invasion and proliferation of prostate cancer cells
(Loberg et al., 2007.u et al., 2006

1.6.2Mesenchymal Stem Cells at the Primary Tumour Site

MSCs have been implicated in the promotion of tumour growthumerous cancer
types such as follicular lymphom@meThomas et al.,, 2007 head and neck
carcinoma(Kansy et al., 20)4glioma(Hossain et al., 20)5breast(Karnoub et al.,
2007), gastric(Li et al., 201} colon(Zhu et al., 2006and prostate cancefPrant! et

al., 2010.

Karnoub and colleaguethowedthat co-injection of bone marrowMSCs with one of
four breast cancer cell lines (MCF7) led to accelerated tumour growth, yet, co
injection with all cell lines (MDMB-231, HMLR, MDMB-435 and MCF7) led to

increased metatasis(Karnoub et al., 2097 Similarly, in a more recent study it was
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found that ceinjection of bone marrow MSCs with the triple negative inflammatory
breast caner cell line SUM149resulted in inhibited primary tumour growth but
increased invasion and metastafiacerda et al., 2035These findings indicate a role
for MSCs at the tumousite in the promotion of metastasis possibly through the

inductionof EMT in primary tumour cells.

An increase in tumar growth was alsdound in mi@ following ceinjection of
adiposetissuederived MSCs with the prostate cancer cell line MB2al18b(Prantl

et al., 2010. Bone marrow MSCs were also found to stimulate the proliferation,
migration and invasion of the pstate cancer cell line PC3. Thi$ect was inhibited

by blockingd NI y & F 2 N A y 3 (¢CDNIRYe &t ., 2012 hia Biddar study,

¢ DCi aAf Sy Qissyederivey MSCRradudditlse adhesion capacity of PC3
cells(Lee et al., 2013

Some research groups have investigated the tumour promoting function of MSCs
isolated from the tumar, arguably a more realistic approach to understanding the
role of MSCs within the tumour microenvironment. -Dgection of MSCs isolated
from head and neck carcinon{im et al., 2018 gastric cancefKansy et al., 2034
and gliomagHossain et al., 20)%ith tumour cells into mouse modelresulted in

an increase in tumour growth and progressidnterestingly, Li and colleagues found
that MSCs isolated dm gastric cancer stimulated increaseuioliferation and
migration of gastric cancer cell linBGE823 and MKM28) in comparison to boe
marrow derived MSCs or MSCs isolated from rmemcerous adjacent tissue. They
also found that they secreted moreascular endothelial growth factofVEGE
macrophage inflammatory proteil, TGP 1, 1-:6, and IE8 while blockade oflL-8

attenuated the tumour promoting function of the gastric cancer M@@ al., 2015.

1.6.3Angiogenesis and Vasculogenesis

MSCs can differentiate into pericytdsCsand cancer assuated fibroblasts (CAFs
(Rajantie et al., 20Q4Al-Khaldi et al., 200Mishra et al., 2008Spaeth et al., 2009

ECs line thenner vessel wall and pericytes surround the EC layer, and it is thus
considered thaMSCinflux may contribute to the increase in angiogenesis noted at

the tumour site(Rajantie et al., 20Q4AFKhaldi et al., 2003 Human bone marrow
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MSCs were shown to have the capacity to differentiate into cells expressing
endotheliatspecific markers kinase insert domain receptand fms-like tyrosine
kinasel (FLTF1) in anin vitro study usingvEGFHn the conditioning mediunfOswald

et al., 2004. The differentiation of adipose tisstaerived MSCs to ECs was found at
the site of the primary tumour in prostate cancer along with tumour grof®Rhantl

et al.,, 2010. In contrast Rajantie and colleagues found that, at both VEGF and
tumour-induced blood vessels, a splpulation of bone marrow stem cells
differentiated into vascular murgeriendothelial cells that were morphologiba
indistinguishable to pericytes and engrafted in close contact with ECs, however, bone

marrow cell derived ECs were not deteci@hjantie et al., 2004

Conversely,undifferentiated MSCs may support the tumour vasculature by the
release of angiogenic factors. MSCs are known to releasagiagenic factors such

as VEGF, platelet deed growth factor (PDGH)-6, fibroblast growth factor 2 (FGF

2) and FGF (Kinnaird et al., 2004Menon et al., 2007Suzuki et al., 2031 These
factors can also increase the proliferation and migration of ECs, leading to further

promotion of vasculogenesis and angiogengsianaird et al., 2004
1.6.4Cytotoxic Resistance

One of the major difficulties in the treatment of cancer is the development of drug
resistance. Sensitivity to chemotherapy is decreased as a result of genetic mutations
within the cancer cells as well as changes in the gene expres$idrug targets.
There is now evidence to support that the tumour microenvironment could provide
protective mechanisms against cytoxicjBaguley, 2010Tomida and Tsuruo, 1999

Meads et al., 2008raylor et al., 2000

In research by Straussman and colleagues an extensive range of cancer cells including
head andneck carcinoma, melanoma, breast, pancreatic and colorectal cancer cells
were cocultured with 23 different stromal cell lines. Cybaic resistane was found

to be frequentin co-culture with stromal cells and particularly to targeted agents
(Straussman et al., 201.2Bone marrow MSCs were found to cause increased
chemoresistance in leukemia cells.-Gdture of the two cell types resulted in

deaeased apoptosis and an increase in the expression-Mdi« a finding only
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reproducible when cells were in direct-colture suggesting cetb-cell contact as
key to the protective mechanisifito et al., 2015 Xia et al., 201p Interestingly,
inhibiton of SDAMh k/ -/ wn AYGSNI OlAz2yad RSONBIFasSR

resistanceof leukemia cell§¢Zeng et al., 2009
1.6.5Role in Immunomodulation

MSCs have immunosuppressive properties, activation of which would be
advantageous to the growing tumour. MSCs inhibiteT and Bcell proliferation(Di
Nicola et al., 200Xrampera et al., 20QZorcione et al., 20Q@ocelliTyndall et al.,
2007), induce the apoptosis of activatedcélls(Plumas et al., 200%nd have been
found to inhibit dendritic cell differentiation and functidZhang et al., 20Q4Nauta

et al., 2000.

Althoughnot extensively studiedthere is evidence to suggest that MSCs have an
immunosuppressive function within the tumour. A study by Djoaad colleagues
found that subcutaneous emjection of B16 melanoma cells with murirne
marrow MSG into an allogeneic murine melanoma tumour model lead to tumour
growth, whereas when the B16 melanoma cells were rejected when injected alone
(Djouad et al., 2003

MSCs have beeingwn to produce nitric oxide (NO) in the presence @Ells, which

in turn, inhibits Fcell proliferation through suppression of STAT5 phosphorylation
(Sato et al., 200Ren et al., 2008 It was found that cenjection of the melanoma

cell line, B16FO0, ith MSCs derived from p53 deficient mice formed larger tumours
than when using MSCs from a wilghe mouse. Accordingly, the p53 deficient MSCs
expressed more inducible nitric oxide synthase and were found to have a greater
immunosuppressive capacity thaneir counterpartsthrough the suppression of-T

cell proliferation(Huang et al., 2004
1.6.6Role in Tumour Suppression

In contrast to the research described above there is evidence to suggest tha MSC
canalso have an inhibitory effect on tumour growth. Suppression of tumour growth

has been noted in breast cancg8un et al., 2006 Y | LJ2 & A ®Rakoadt AL D2 Y I
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2006, hepatoma(Qiao et al., 200Band melanomgOtsu et al., 200Pmodels MSCs
derived from the umbilical cord and adiposissue were implanted into a breast
cancer metastasis mouse modahd found to inhibit metastasis to the lung and
reduce tumour growth through PARP and caspas#eavage, which could in turn
induce apoptosigSun et al., 2009 However, MSCderived fromthe bone marrow,
adipose tissue and dental pudpe not functionally identicgKern et al., 2008Huang
et al., 2009, therefore thestudies using MSCs derived from other sources naty

be replicated using bone marrow derived M3ICG= et al., 2004NVagner et al., 2005

Otsu et al. showed that bone marrow MSCs had a cytotoxic effect on the tumaur
melanoma mouse model through the releaskreactive oxygen specieshen in
contact with ECs present at the capillaries. This induced apoptosis of the ECs and
reduced tumour growth. However, the cytotoxic effect of the MSC was only observed
when imphlnted at high concentrations. MSCs seeded onto EC derived capillaries in
matrigel evoked a cytotoxic effect at a EC:MSC rafid:1 or 1:3. Cytotoxicity
decreased when the MSC number was reduced by an order of magriisie et al.,

2009 and given that in prostate cancer MSCs were only found to representl0104

of the tumour experiments using a high ratio of MSCs maybeoteflective of the
tumour microenvironmenin vivo(Brennen et al., 2013 These results may exgh

the difference in outcome obserden studies showing tumour growth promotion by
MSCs. Further investigation on the effect of dose on efficacy is warranted for any
conclusions to be madeaonetheless, when examining the impact of MSC on tumour
biology,the source and specific ratios of MSC to tumour cells reflective of the natural

tumour environment is an important consideration.

Another explanation for the contrasting results is that like macrophages there is a
polarisation ofMSCsdn response tosecreted factors from té tumour that either
drivesthe cells toward a tumour promoting or suppressive function. Waterman and
colleagues proposed a polarisation of MSCs based on downstreahkealeceptor
(TLR) signalling. They found functional differen between MSCs stimulated by
either TLR4 or TLR3 and classified them as MSC1 and MSC2 resp@¢ateisnan

et al., 2010. MSC1 cells were found to have an gatnour effect while MSC2 cells

promoted tumour growth and metastas{gVaterman et al., 2012
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1.7Mesenchymal Stem Cells and Metastasis

MSCs interact with cancer cells at multiggages ofcancerprogression. At the
primary tumour MSCs have been shown to drive tumour cells toward an invasive,
pro-metastatic state. Human MSCs injected alone into mice with mammary
carcinoma xenografts resulted in a 42¥%currenceof metastatic lesions, compared
with 17% in the control treated micéAlbarenque et al., 2001 Similarly MSCs
injectedsystemically into mice were found to migrate to the stroma of primary colon
tumours as well as metastatic liver tumoy&hinagawa et al., 20L0Furthermore,
co-culture of human bone marrow MSCs with MIBB-231 or MDAMB-435 breast
cancer cell line 48 hours preceding ingction resulted in enhanced metastasis in a
mouse orthotopic implantation model, whereas the MSCs had no effect on

metastasis without prior caulture (Chaturvedi et al., 2013

Tracking of MSCs using magnetic resonance imaging in a mouse xenograft model has
shown that MSCs were more likely hometo the lung metastatic site thato the

primary tumour(Loebinger egl., 2009h. A study suggests that tumour cells do not

awayd f SF@S GKS LINAYINER aArAdsS +Fta aiay3atsS C
FNIIAIYSYyGaQ O2yaradtAiay3da 2F GKS YSialadlraao
(Duda et al., 2010 These clusters of cells were found to migrate to the metastatic

site and promote tumour growth. Moreover, CAFs were found to migrate from the

primary tumour to the lung metastatic site in mi@uda et al., 2010

In a study by Kloppt al, it was found that irradiatin at 2 Gy could increagbe
recruitment of murine MSCs in a syngeneic 4T1 murine breast cancer model. The
level of MSC engraftment was found to be 3#Ptumours 48 hours posirradiation
thanin the contralateral unirradiated lim{Klopp et al., 200)7 Circulathg MSCs have

also been shown to migrate to prostate tumnosites but not to the normal prostate

and coculture of the MSCs with prostate cancer cells ledetdhanced prostate
cancer stem cell populations through the upregulation of CCL5 expression in the
MSCs and prostate cancer cells and subsequmwnregulaion of androgen
receptor signallingLuo et al., 201 Moreover, circulatig CD45fibroblastlike cells

were found to be present in 58% of men with metastatic prostate cancer but not in
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any men with localised pstate cancer or no identified cancgébnes et al., 2013
An increased presence of circulating fibroblasts or MSCs could therefore provide

more prognostic information on the development of prostate cancer.

Additionally, a study by Kaplan and colleagues using mouse models found that
VEGFRL1 expressing bone marrow derived cells migrated to and formed clusters in
pre-metastatic sites before the arrival of tumour cells. Interestingly, blocking VEGFR1
function prevented cluster formation and metastasfKaplan et al., 2005 These
studies indicate a potential role for bone marrow derived cells in the creation and

possiblythe maintenance of a metastatic rtie.
1.7.1 Role in the Promotion of EMT

The presence of MSCs in the tumour stroma may stimulate EMT of the cancer cells.
Research has shown that direct-colture of breast or gastric cancer cells with bone
marrow derived MSCs selted in the upegulaion of EMT markers fdadherin,
vimentin, Twst and Snail anthe downregulation of Ecadherin(Martin et al., 2010

Xue et al., 2016 Correspondingly, it was found that MSCs pretreated Withour
necrosis factoh TMFh) and IFN', secreted increased levels of TGRD
Hepatocellular carcinoma dslgrown inCMfromthe TNFh | y R @B § SR
showed marked changes in molecular markers and functional ackexistics

associated with EMBuch as increased migration and invasiding etal., 2012.
1.7.2 Role irthe Establishment of Distant Metastasis

A study by Karnoub and colleagues investigated the effect ofsMi$Greast cancer

cell motility and migration to the site of metastagisarnoub et al., 2007 Bone
marrow derived MSCs were -tojected with breast cancer cell line, MBAB-231,

into mice. The chemokine CCL5 was secreted by MSCs, which in turn interacted with
its receptor ©R5 on the breast cancer cetissulting in increased metastasis to the
lung (Karnoub et al., 2007 Further strengthening these results, studies were
published denonstrating the secretion of CCL5 by M8Gesponse to osteosarcoma
cells(Xu et al., 200pand breast cancer cel®i et al., 201). Additionally, it was

found that the release of osteopontin (OPN) by tumour cells induced the production
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of CCL5 by MSCwhich in turn promotd CCR mediated breast cancecell
metastasis Furthermore, MSCs isolated from the site of metastasis (the lung and
liver) expressed the CAF markersSMA, SDm M = (i £y[TNG)OWWR2 and
MMP-9 (Mi et al., 201).

1.7.3 MSCs at the Bone Metastatic Site

Entry of cancer cellsnto the bone marrow may be facilitated by MSCs through
adherence of the metastatic ceth bone marrow EC&orcoran et al., 2008Several
studies have found that the chemoattraction of tumowglls to the bone marrow is
stimulated by bone marrow stromal cell production of SDKCooper et al., 2003
Zhang et al., 2013Corcoran et al., 2008 Prostate cancer cells were found to
express the receptor CXCR4 and migrate and invade in respo88&toTaichman

et al., 2002 Singh et al., 2004Bone marrow derived MSCs were found to promote
the transmigration of breast cancer cell lines (MCF7 and T4@iD¥ss bone marrow
ECqCorcoran et al., 2008Tacl expression in the breast cancer cell lines was found
to play a key role in bone marrow EC transmigration and the adherence of the
metastatic cells to MSCs through the regulation of CXCR4 ansh 8DFLINE RdzO(G A 2 Y

the breast cancer cell€orcoran et al., 2008

Cells of the bone marrow including HSCs, megakaryocytes, macrophages and
myeloidderived suppressoretls have been implicated in developing a hospitable
metastatic nichgPark et al., 2011 Howevergiven the plasticity of MSCs and their
role in bone remodelling it seems likely that the establishment of tumour cells within
the bone marrow would result in cellular cresgdk that would disrupt bone
homeostasis. 81e morphogenic proteid BMPR4) within the bone marrow has

been shown to stimulate the production of sonic hedgehog (SHH) in prostate cancer
LNCaP cells which enhanced BMBponsive reporter signalling in the nmsmi
stromal cell line, MC3TFB1, leading to increased osteoblastic differentiation

(Nishimori et al., 201

An interesting studyby Josephet al. investigated the interaction between HSCs
derived from the bone marrow of mice implanted with prostate cancer cell lines that

formed either osteoblastic or osteolytic metastatic lesions. They found that HSCs
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derived from the mice with osteoblastic lesions stimulated osteoblastic
differentiation of MSCs through BMP2 signallmgile HSCs derived from mice with
osteolytic lesions enhanced the differentiation of mixed marrow marsgear to
osteoclasts through 16 signallingJoseph et al., 2032IL-6 may have an important
role in crosgalk within the tumour associated bone marrow maenvironment.
Production of It6 in multiple myeloma by bone marrow stromalls induces tumour
cell adhesion and osteoclastogengdikomas et al., 19981ichigami et al., 20001L-

6 secretion in MSCs was found to be stimulated by neuroblastoma cells within the
bone marrow which in turn activated osteoclagsra et al., 200P 16 was also
found to act on neuroblastoma and ntgplle myeloma cells within the bone marrow
by increasing cell proliferation and sival through activation of th&TAT3 pathway

(Ara et al., 2009BrockeHeidrich et al., 2004
1.8 Cancer Associated Fibroblasts
1.8.1 Origins and Characteristics

Cancer associated fibroblasts (CAFs) are a heterogeneous population of fibroblast

like cells with a tumour promoting function. The heterogeneity may be due to varying

cell origins and the molecular constitution of tumour stroma from which the cell fate

is determined. CAFs have been found to originate from bone marrow MSCs,
fibroblasts and by transdifferentiation of epithelial and endothelial c8lsaeth et

al., 2009Evans et al., 20Q0Zeisberg et al., 2007The mechanisms by which the cells
RAFTFSNEBYGALFIGS 2N 6S02YS WL OGAGEHGSRQ | NB
i KlFa 0SSy aKz2gy (2 AyRdzOS (KS IKkjighs 2 (& LIA
et al., 2010Shangguan et al., 20]12eisberg et al., 20Q0Talon et al., 2014

CAFs arenorphologicaly similar to myofibroblasts with both expressing the marker
hayY220K Ydza Of Swhith@ssamblaooférfi aohtiactile stress fibres
(Kellermann et al., 2008 omasek et al., 2002To identify CAFs and distinguish them
from fibroblasts, MSCs and other cells types, gihesence or increase in the markers
-h{al'y FAONROC I A {FSPL), JtbhEAaCivalidN Praten (FAP),
vimentin, type | collagen and platelderived growth factor receptors (PDGFR)e

often used(Sugimoto et al., 20Q&paeth et al., 20QMishra et al., 2008Liu et al.,
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2006 Anderberg et al., 2009In comparison to fibroblasts, CAFs have been shown to
have an increased proliferation rate and a greater production of collagens, growth
factors, preinflammatay cytokines and MMP@uganim et al., 201 Madar et al.,
2009 Guo et al., 200&rez et al., 201(Eck et al., 200SBternlicht et al., 1999

1.8.2 Role in Tumour Promotion

One of the defining functions of CAFs is their ability to promote cancer progression.
CAFs were found to have a greater influence in the &drom of breast and prostate
tumours in comparison to normal fibroblasts usingrivomodels(Orimo et al., 2005

Olumi et al., 1999 Further studies have shown CAFs to increase cancer cell
proliferation, invasiveness and adhesi@a et al., 2013Subramaniam et gl2013

Cai et al., 2012 One of the mechanisms by whicAES promote the development of

the tumour is through the release of growth factors such as hepatocyte growth factor
(HGF), TGF = SLIARSNXI f 3INER ¢ i ®yaFet &, 21GIri@aD C0O | Y|
1999 Kalluri and Zeisberg, 20p&ecretion of HGF by CAFs has been shown to induce
the secretion of uPA and uPAR by breast cancer cells, promoting their invasive
capacity and inhibition of HGF has led to the resistance of lung cancer cells to tyrosine

kinase inhibitorfWang et al., 200ledeszko et al., 2009

Studies have shown that CAFs release-@D@rimo et al., 2005Sugihara et al.,

2015. CAF secreted S gl & F2dzy R (2 LINRBY23GS | y3a
endothelial progenitor cells to carcinomas, prote tumour growth in carcinomas

and increase the invasive potential of pancreatic cells through interaction with
chemokine receptor CXCRa@rimo et al., 2005Sugihara et al., 20)5Interestingly, a

recent study by Feig and colleagues in pancreatic cancer revealed a potential role for

CAF derived SBFh Ay AYYdzyS S@lFaiazys & FRYAYAAZ
resuted in rapid Fcell accumulation and cancer regression in a mouse mbaiag

et al., 2013.

1.8.3 MSCs as an Origin for CAFs

Evidence to suggest CAFs are derived from MSCs was faandMostudies whereby

genetically tagged bone marrow derived cells, injected into mice, were found at the
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GdzY2dzNJ 6 AGK Ye@2FAONROE I &ad Y 2NhdkdftypeIe | YR
(pro)collagen(Direkze et al., 20Q4Ishii et al., 2003 Direkze et al., 2006 A
subsequent study in a murine ovarian carcinoma xenograft model, found that bone
marrow derived MSCs engrafted at the tumour expressed CAF matR&sFSR;

SMAand TN-C(Spaeth et al., 2009

Further evidence to support the hypothesis that CAFs can originate from MSCs comes
from in vitrostudies where MSCs are cultured letegm in tumour cellCM In a study

by Mishraet al. MSCswere cultured for up to 30 days the breast cancer cell line
(MDAMB-231) CM (Mishra et al., 2008 The conditioned cells expressed increased

f S@Sta 27,3Dma! I yR{ tGAYSYUGAY | yRrowthih Ydzf I (¢
both in vitro andin vivomodels(Mishra et al., 2008 Longterm culture of12 - 16

days inCMtaken from ovarian cancer cdihe, SKOW3, induced the expression of

CAF markers in MSCs and elevated secretion@fl#ading to increased tumour cell
proliferation (Spaeth et al., 2009 Interestingly, TGF may be involved in the

transition as bone marrow MSCs transduced witlergtiviral vector whichinhibited

TGF k &Yl R aexdegded & degyedse in CAF markers whenditioned for

10 days in breast canceell CM in comparisonto naive MSC¢Shangguan et al.,

2012. Furthermore, treatment of MSCsitw the endoplasmic reticulum chaperone,

GRP78, activatedGF k &Yl R aA3dylffAy3a YR AYRdzOSR
phenotype(Peng et al., 2003 Taken together, it is clear thAGH L rea I Yl 22
in the transition from MSC tGAF, however it is unclear to what degree it affects the

secretory profile of the cells and their functional characteristics.

On the other hand, it must be noted that MSCs and CAFs share many similarities. A
study has shown that CAFs share many of theesammface markers as MSCs such as
CD29, CD44, CD73, CD90, CHabCD117, have the capacity to differentiate to
osteocytes, chondrocytes and adipocytes, and express viméRannescu et al.,
2011). Nonetheless, CAFs were found to have an increased proliferative cagaaity
secrete increased VEGFGH 31-4,Il-m n | Y RPagniscfet al., 201)1 Due to

the lack of specific CAF markers it will be necessary to define whether MSC derived

CAFs are more likely to be MSCs in an activated statesponse to tumour cells.
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1.9Mesenchymal Stem Cells and Candérerapeutics

Although MSCs can promote tumour growth and progression as described above,
their capacity to home to the tumour site raises the possibility of using them as
vehicles for novel therapeutic approaches. MSCs that were genetically modified to
produce tumour necrosis factor apoptosisducing ligand (TRAIL) have been shown
to reduce tumour growth following intracranial implantation into an invasive
glioblastoma mouse moddlSasporas et al., 200p and in xenograft pulmonary
metastatic mouse models following subcutaneous injection of the transfectedsMSC
(Loebinger et al., 2009aWhen used in combination with targeted inhibition of X
linked inhbitor of apoptosis protein (XIAP), MSCs genetically modified to produce
TRAIL resulted in decreased numbers of metastatic lesions in an xenograft pancreatic
carcinoma metastatic model following intravenous injectimohr et al., 201Q.
MSCs, engineed to producelFNi | f a4 2 lcaN@&diree guavivar of glioma
mouse modelg§Nakamizo et al., 20Q05Reduced growth and extended survival was
also shownn a mouse melanoma model following subcutaneous inoculation olsMSC

retrovirally transduced to express the cytokinelR (Elzaouk et al., 2006

MSCs could potentially be used to deliver active drugs to the site of the tumour, a
system which significantly reduces the level afeskffects currently observed in
current drug therapiesised in the clinicAdipose tissuelerived MSCs, modified to
express cytosine deaminase, which converts the-gnmay 5fluorocytosine to its
active form, were found to inhibit xenograft colon cancembour growth following
subcutaneous administration of modified MSCs in immunocompromised mice
(Kuceroveet al., 2007. Research by Pessina et al. used a drug transport method that
did not involve genetic manipulation. MSCs were primed with paclitaxel, which was
releasedslowlyfrom the cell§Pessina et al., 20).1While preclinical studies support
the potential of MSCs as therapeutic tools, a better understanding of their tumour
promoting function could lead to more targets suchla§or SDRwh = LJ- NJi A Odz |

the treatment of bone metastasis where major progress has not been made.
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1.10Experimental Model

The aim of this study was to investigdke interactions between MSCs and prostate
cancer cells. We developed amvitro experimentalsystem to examine the response

of human bone marrow derived MSCs to lelegn growth in prostate cancecell
conditioned medialCM) We used the nommetastatic cell lineg 22Rv1, the brain
metastatic cell linegg DU145 andhe bone metastaticcell line¢ PC3 to generate the
prostate cancer celCMthroughout the duration of the study. The MSCs were initially
conditioned for 48 hours in prostate cancer c&M followed by longterm
conditioning experimentsfor 10, 20 and 30 day duration®Ve exanined the
conditioned MSCs for molecular and functional changes and investigated whether
the MSCs retained the classical characteristics associated with MSCs such as
expression of surface marker CD73, CD105 and CD90 and the capacity to
differentiate to adipocytesnd osteocyte¢Dominici et al., 2006 We also considered
whether the conditioned MSCs gld induce a functional response in the prostate

cancer cells.
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Materials and Methods

2.1 MSC Isolation and Characterisation

Male human MSCs were provided by the Regenerative Medicine Institute at NUI
GalwayBonemarrow was aspirated from the iliac crests of healthy volunteliSCs
were isolated from the bone marrow aspiratéisrough direct platingand non
adherent haematopoietic cells were depleted following-1ID days of cultureThe
MSCswere confirmedto have the capacity todifferentiate into osteocytes,
chondrocytes and @ipocytes Additionally,the expression of cell surfacearkers
was estalished using positive markers CD105, CD73, Cayibthe negative
haematopoieic markers CD34, CD45 and HRR using flow cytometryThe
differentiation and cell sudce marker characterisation wgserformed by Ms.

Georgina ShayREMEDI, NUI Galwayjor to use.

Cells isolated from four male donors were used throughout the duration of the
projectat ages 38 (donor 1), 25 (donor 2), 20 (donor 3) and 26 (dorfsed appendix
table 1) The age of the MSC donorsadmot represent the age cohort of prostate
cancer patients; however MSCs derived from younger healthy darensseful for
preliminary proofof-concept studiesThe MSCS welisolated atpassage 0 or 1 and

used experimentally up tpassage 7.
2.2 Cell Lins

Human prostate cancer cell lines PC3 and DU145 and 22Rv1 were obtained from
Americantissue culture collection (ATCRA, USA)PC3 and DU145 cells were
originally derived from the bone and brain metastatic site, respectively. riime
metastaic epithelial cell ling22Rv1was originally derived frora xenograft that was
serially propagated in mice after castratiomduced regression and relapse of the

parental,humanandrogendependent CWR22 xenogratft.
2.3 Culture Conditions

All cells were culdzZNB R -Minynhumh Essential MediunD f dzii | a(Gibcat
Thermofisher, MA, USAupplemented with serotyped 10% FBS aodtaired 100
dzyAtGakyY[ 2F LISYAOAttAYyS>S wmnn >3akY[ 2F adn
Antimycotic (Gibcp Thermofisher, MA, U§AThe MSCculture medum was
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supplemented with 1ng/mFGFZPeprotech NJ, USpandthe cellswere grown and
usedexperimentally apassagef¢7. Culture medium was changed eveng2lays,
and cells were passaged at -80% confluency using 0.25% trypsin
Ethylenediaminetetraacetic acid (EDTA) (Siglm@, USA Cells were washed with
Dulbecco's phosphatbuffered saline (BPBS) (SigmaMO, USH and trypsinised at
37°C for 5 minutesr until the monolayer detachedComplete meaim was added

to the detachedcells following trypsinisation and the resulting suspension was
centrifuged at 300 x g for 5 mutes at room temperatureCels were counted using
the Countesg Automated System (ThermoFisheMA, USA using Countess®
Chamber Counting Slides (ThermoFishek, USA Thepellet was resuspended and
re-seeded inT 75 or T175 flasks containingmplete medim. Theculture flasksvere
incubated in a humidified 5% @@nvironment at 37°Ghroughout growth MSCs
were grown inb dzy Of 2y u  OS NI A T A S Reatedy{RsheiSdmftilid, 2 v u
ThermoFisher, MA, U$Aell culture flasks and the prostate cancer cell lines were

grownin cell+ cell culture flask&drstedt, Nimbrecht, Germany
2.4 MSC Growth in Tumour Cell Conditioned Media

PC3, DU145 and 22Rv1 cellre seeded into T175 flaskontaining 25ml complete
medium PC3 and DU145 cells were seeded at a concentration of 1.7cellOper

cn? and 22Rv1 cells were seeded at 2.3 % ddlls per cridue to different growth

rates The cells were grown for 4®ursat 37°C withb% CQuntil they were 6670%
confluent. The medumwas subsequently removed from the flask and centrifuged at
300xgforlOmumed @ ¢ KS AdzLISNYy I GFyd 61 a NBY2OSR
pore syringe filter (WhatmanMaidstone, UK The filtered supernatantor CM was

frozen at-20°C and used within 30 days.

MSCs were seeded at 1.1 x3Xlls per criinitially and up to 2.8 cells per ém
following extended growth in PCBM The MSCs were grown throughout the
conditioning period in dl:1 ratio of complete and conditioned media which was
supplemented with Ihg/ml FGF2The use of 1 ng/ml of FGF2 in the culture medium
allows growth at a low seeding density bfl x 18 cells per cri The 1:1 ratio was

determined based on early optimisah experiments so that the MSCs were exposed
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to a sufficient amount of complete media that would not affect survivak medim
was changed every 2 to 3 days depending on cell conflugiheycells were passaged
upon reaching a confluency of -BD% and wre immediately reseeded in CMCells
were harvested for experimentation at day 10, 20 and 8030 day conditioning
period was used to allow time for cell differentiation to occMSCs that were
treated for 30 days in PC3 CM were removed from@h&andgrown for 12- 16 days

in complete medim prior to experimental use.
2.5 Cell Freezing and Thawing

Prostate cancer cell lines westored at -80°C and MSCs were frozena liquid
nitrogen dewar. All cellles were cryopreserved in mediucontaining 90% FBS and
10% dimethyl sulfoxide (DMSO) (SignwO, USA Cells were harvested and-re
suspended in 1 mL of freezing mexti at a concentration of up to 3 x $@ells/ml
and pipetted into cryovials (Nun@hermoFisher, MA, UgA he cells werplaced in

a Mr. Frosty (Nalgen&'hermoFisher, MA, Upi a-80°Cfreezerand after 24hours
the MSCs were frozen a liquid nitrogen dewar. When it was necessary to thiaev
cells,the vialswere takenfrom the liquid nitrogendewar and slowlyhawedin a 37°C
waterbath. Oncethawed, the contents of the cryotube ere removed usg a p1000
Gilson pipette and placed gently into a sterile 15ml tubgarstedt Numbrecht,
Germany containing 10mlcomplete medum at room temperature In order D
remove the DMSO used for cryopreservation, theells wee pelleted by
centrifugation at300x g for 5 mintes. The spernatant was discarded and the cells
were resuspendedn completemedium. The resuspaded cells wereglaced in a
flask containing completanedum and the flask was gently rocked to evenly
distribute thecells. The flask was placed in the appropriate incubat@7°C an®%
CQ.

2.6 Growth Factor and Cytokin€uantification using the MesoScale Discovery

Platform

Secreted cytokine and growth factdevels were quantified using MesoScale
Discovery (MSIMD, USAtechnologyMSD(MD, US)s an electrechemiluminescent

based immunoassayhat uses96-well carbon electrode plates preoated with
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capture antibodiesthat can detect up 10targets per well MSD assays use
electrochemiluminescent labels that are conjugated to detection antibodié®
analytes boundo the capture antibodies ardetectedusingantibodies conjugated
with an electrechemiluminescentabel.Electricity is applied to the plate electrodes
by the MSD platform leading to light emission by SULRAQG labels. Light intensity is
then measured to detect and quantifindividual analytes in the sampleThe
electricity is decoupled from the light sigrallowing only labels near the electrode

surface to be detected.

MSCs were cultured for short and long term periods in prostate canceC®hirior

to use. Shorterm experiments involved8 hours of growth in complete magh
followed bya 48hour conditioning period in 22Rv1, DU145 and PC3 CM followed by
48 hoursin fresh complete medim. For longterm conditioning experiments MSCs
were treated for 10, 20 and 30 days i@®CM. MSCs treated for 30 days in PC3 CM
were then grown fod 2- 16 days incompletemedium. To collect sample for the long
term studies the conditionswere consistenfrior to sample collection. €lls were
seeded ontaa petri dishcontaining 10ml complete meglin at a concentration of 8.6

x 10 cells per cri Supernatant wasollectedafter 24hoursand centrifuged for 10
minutes at 300 x g to remove any remaining cells. The supernatant was then frozen
at-80°Cuntilused I OK + aal e gl a OFNNASR 2dzi | a LISN
MD, USA See table 2.1 for the lowemtit of detection ofthe cytokine and growth

factor analytes used during this study.

Analyte IL6 | I8 | OPN | MCR1 | VEGF | PLGF |sFlt1 | FGF2
Lower Limit| 0.7 | 0.7 |50 10 6.4 0.96 8.9 2.2
of Detection

(pg/ml)

Table2.1. MesoScaléiscovery System Lower Limits of Detection
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2.6.1 Cytokine Detection

The assay plates used for cytokine detection include a custom made kit to detect IL
6 and IE8, the Human Osteopontin KOPN)and the Human ME1 Tissue Culture
Kit (MCR1).

Standards were reconstituted in the assay diluent provided with the highest
concentration at 10hg/mL followed by1:4 serialdilutions. Standarg and sample

were added at25f LISNJ ¢Sttt o ¢KS LI UGS é6Fa aSlft Sk
set at 700 rpm(orbit: 3 mm)and left for 2 hrs at room temperature. Detection

I YyGAOG2RE ¢ &l pdr wal. Sk platé was gealed and incubated on the

orbital shaker for 2 hrs at room temperature. After the incubatperiod the plate

was washed 3imes using 200> [ -PBS + 0.05%ween 20. MSD Read Buffer was
addedat150-f LISNJ gStf |yR LI IFiSa 6SNBE NBIR 2y
reader (MSD, Maryland). Thegnalwas measured bylectro-chemiluminescence

and analysed using the Discovery Workbench 3fveoe (MSDMD, USA

2.6.2 Growth Factor Detection

The Human Growth Factor KiMEGHplacental growth factgrsolubleFltland FGF2)
was used for growth factor detection using MSD technolo§tandards were
reconstituted in the assay diluent provided with the highest concentragiodng/ml
followed by a 1:4 dilution serie¢. KS 6f 201 SNJ LINRPJARSR g6+ a | R
per well and the plate was incubated at room temperature on thetatlshaker set

at 700 rpm(orbit: 3 mm)for 2 hours After the incubationperiod, the plate was

washed 30 A YS & dza A-FBS +0.0580 Twelen Mandard and sample were

I RRSR 3G wp>f LISNI gStftd ¢KS LIFGS 61a &S
700 rpm (orbit: 3 mm)and left for 2 lours at room temperatureThe plate was
washed again@ A YS & dza ABBS + 0:105% Twedn dDBtection antibody was

I RRSR G wp >[ LISNI gStfad ¢KS LIXIGS 41 a

QX
ryy

2 hours & room temperature. After the incubationgsiod the plate was washed 3
GAYSa dza A-FBS + 0.06%ween[20. SD Read Buffer was added at4%0

per well and plates were read on the MSD Sector Imager 2400 plate reader (MSD,
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MD, USA The signal wameasured by electrehemiluminescence and analysed
using the Discovery Workbench 3.0 software (MSD, MSA

2.7 Cytokine Screen using Proteome Profilers

The Proteomd’rofiler Human XL Cytokine Array Kit wasd to test for cytokine and
chemokine secri@on in supernatantgrom the prostate cancer cell lire?C3, DU145

and 22RvEnd fromMSCs conditioned until day 20 30. A proteome profiler(R&D

Systems, Minneapoli®JSA is a multiplex membranbasedsandwich immunoassay

Testcells wereseeded onto a petri dish containing L complete mediumat a
concentration of 8.6 x Heells per crA Supernatant was collected after Bdursand

centrifuged for 10 mintes at 300 x g to remove any remaining cells. The supernatant

was then frozenaty nc/ dzytiAt dzaSo 9F OK | aale gla O
guidelines (MSPMD, USA

Proteome profiler membranes weggdaced in blocking buffer for 1oar, after which

1 mlof sample diluted with 0.5 ml of blocking buffewasaddedand membranes
were incubatedovernight at 28°C. The membranes were wshed 3 times for 10
minutes usin@0 ml ofwash buffer followed by a 1dur incubation periodim n >t 2 ¥
detection antibody cocktail on a rocking platform shaker at room temperaftine
membranes were then washed 3 times for 10 minutsing20 mlwash bufferand
placed in2 ml of StreptavadirHRP for hour on a rocking platform shaker at room
temperature. The membranes were then washed 3 times for 10 minutes 26imgj
wash buffer The membranes werescannedto visualise the bound proteirby
chemlluminescence detectionusing WesternSuré! ECL substrate(LFCOR
Biotechnology NE, USA and the membranes were scanned on thdCORGDIGit
Blot Scanner (. CORBiotechnologyNE, USA. Histggram profilesvere generated by
quantifying the mean spot pixel densities from the array membrasmg image
Studio software (Image Studio Lite Version,4.BCOR Biotechnology, Cambridge,
UK and fold increase was calculatday comparingthe conditioned MSCsto the

untreatedMSCs
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2.8 Protein Detection byWestern Blotting

MSCs that had been treated for 30 dayswith P& SNBX (1 SaGSR F2NJ h { a
and FSPé&xpressio® a2dzaS &1 Ay FTAONRO T (PepidtachMIS NS G N
USAfor 5 days to induce a myofibroblakke phenotype and were used as a positive

O2y iNRf F2NJh{a! YR C{tm®

2.8.1Protein Collection and Measurement

Petri dishes or flasks containing cells betweefv66 confluency were washed twice
with D-PBS, cells werthien lysed on ice for 15 minutes with an appropriate volume

of RIPA buffer (SigmaO, USAcontaining protease inhibitors (Fish&cientific,
ThermoFisher, MA, USéat n0.1283164(. Samples were then centrifuged a2,000

x gfor 15 minutes at 4°C. Sup®tants were transferredo fresh tubes and stored at
-80°C. Protein concentration was determined using the BCA assay (ThermoFisher,
MA, USA.

2.8.2Western Blotting

NuPAGE® Sample Reducing Agent with NUPAGE® LDS Sample Buffer (Life
Technologies) was ad&e (2 wmn >3 LINRPGSAY &l YLXS Fda |
the necessary volume using distilled water. The samples were then boiled at 95°C for

5 minutes. Equal concentrations of protein from each sample vpdaeed inthe
appropriate well of4-12% precas NUPAGE® Bigis gels (Life Technologjes
ThermoFisher, MA, USANUPAGE® MES SDS Running Buffer @dfendlogies
ThermoFisher, MA, U$Was prepared at a 1:20 dilution with distilled water and used

to run the gelat 120 V for approximately 60 minuteBroteins were transferred to
nitrocellulose membranes using the iBlot® dry blotting system Tlat#nologies).
Membranes werestained with Ponceau S (SigmdO, USAstain to assess equal
protein loadingwhich was subsequentlywashed off using tris btdéred saline
containing 0.01% tween(TBST) (25 mM Tris; 3 mM potassium chloride (KCl); 68.5

mM sodium chloride (NaCl) (pH&igma MO, USA Membranes were blocked in 5%

milk (SigmaMO, USAIn TBS for 1 hour at room temperatureMembranes were
thenincubated in primary antibody in 5% mdKkutedin TBST, overnight at 4C. See
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Table2.2below for antibodydilutions anddetails. Membranes were then washed 3

times for 5 minutesn TBST, followed by incubation with either IRDye 800CW goat
anti-rabbit or IRDye 680LT goat amiouse secondary antibodies {COR
Biatechnology Cambridge, UKin 5% milk in TB® for 60 minutes at room
temperature in the darkSee Table 2.Below for secondary antibody detail§he
blots were then washedith TEST followedby one 5 minute wash with-BBS The

blots were imagedising the ODYSSEY® CLx ImagéORIBiotechnology B\ USA

Antibody Application Dilution Company Product #
Anti-h { a, ! | WBI/IF WB-1:1000 | Sigma MO,| A 2547
mouse, IF¢ 1:500 USA

monoclonal

Anti-Vimentin, | WB/IF WB-1:1000 | Cell Signalling 5741
rabbit, IF¢ 1:500 Technology

monoclonal MA, USA

Anti-FSP1 WB/IF WB- 1:1000 | Merck ABF32
rabbit, IF¢ 1:200 Millipore, MA,

polyclonal USA

Anti-FAR WB/IF WB- 1:1000 | Merck, OP188
mouse, IF¢ 1:300 Millipore, MA,
monoclonal USA
Table 2.2Primary Antibody Details

Antibody Application | Dilution Company Product #
IRDye 680LT wB 1:20000 LFCOR 92668020
Anti-Mouse IgG Biatechnology
Cambridge, UK
IRDye 800CW | WB 1:15000 LFCOR 926-32211
Anti-Rabbit 1IgG Biotechnology,
Cambridge, UK

AlexaFluor 48§ IF 1:500 Invitrogen A-11001
goat antimouse MA, USA

IgG

Alexa Fluor® 59 IF 1:500 Invitrogen A11012
goat anttrabbit MA, USA

1gG

Table 2.3SecondaryAntibody Details
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2.9 Immunofluorescence Staining

Immunofluorescence staining was used to test and visualise protein expression levels
and localisatiorwithin MSCs that had been treated for 30 days with B&BThe cells
GSNBE G(GSadSR F2N) GKS LINBaSyOS Maude skin{ a! >
FTAONROT I AGa 6 S NBPepiotedh NG, SIBAforsSh dayé to dinbuce a
myofibroblastft A { S LIKSy2G&LJS YR gSNB dzaSR |l a |
FSP1.

Cels were seeded in 9&vell cell+ plates(Sarstedt, Nimbrecht, Germarjyat a
concentration of 5 x 10cells per well and culture87°C in 5% CgQuntil 60-70%
confluency was reachedhe wellsvere washed m D-PBS, andixed for 20 minutes

in 10% formalin (ThermoFisher, MAUSA at room temperature The wells were
washed 3 times for 5 mines inD-PBS followed by permeabilisationDAPBSTriton
X100 (0.1%) on a shakewice for 3 minutes The cells were subsequentijocked

for 30 minutesin 1% BSA inBBS at room temperature and incubated with the
relevant primary antibodydiluted appropriatelyin 1% BS& in DPBS$for 1 hour on an
orbital shaker Primary antibody was not added to wells that were designated
WaSO2YyRI NB Sef the 2.0@r aniiboBytdétdisihe wells were then
washed 3 times fob minutes inD-PBS. Theorrespondingsecondary antibodyvas
prepared in BPBS andhe cells were incubated for 30 mites in the dark on an
orbital shaker at room tempeture. See table€.3 for antibody detailsThe welswere
washed three timesn D-PBSand the cells werethed 0 A Y SR 6AGK 5!t L
(Sigma MO, USA in DPBS for 5 minutes at room temperaturgshich was
subsequently washed off during thr&eminute washes. The plates were scanned and
imagestaken using thelperetta HTS imagg system (PerkinElmer, QHSA at 2

times magnification.

2.10 Gene Expression Analysis using Reale PCR

2.101 RNA Extraction

RNA was extracted using an RNedsini Kit (Qiagen Hilden, Germanyas per

Y I y dzF | O G dzNB MECHverd iaivéstedolfowirt) 30days oftreatment with
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PC3CMand centrifuged for 5 mutes at 300 x g to form a pellet. The pellet was then
resuspendedin358 t 2 F f & & A &l volorde©fi7@ddthanolyas sdided and
theresulting70f ¢l a F RRSR G2 Iy wbSlmiddlediddhy O2f
tube. The lid was closed and samples were centrifuged for 1&nsiscat 8000 x g.

Theflowli KNB dzZ3K gl & RA a Ol wiBhDiferRWRwas added. Se 2 F |
samples were centrifuged for 15 saws at 8000 x g. The flethrough was discarded

YR pnn >f 2F GKS gl aK odzFFSNI wt9 4l & IR
15 seonds at 8000 x g. The flethrough was discarded anché samples were

washed againin509f wt 9 & 2 f dids AtB000 x¥g2TNE spin cYlAmMyis were

then placed in a new 2 ml collectidnbe and centrifuged for 1 mute at full speed

to dry the membrane. The spin columns were subsequently placed inlngwnl

collection tubes and 20 n > f -free bvatel Bas added. The samples weénen

centrifuged at 8000 x g for 1 mite. The samples were quantified using the
NanoDrop 2000c spectrophotometer (Thermo Scientific, Delw&edd quality RNA

was considerd to have a 260/280 nm ratiof ~2.0 Samples were stored aB0°C.
2.10.2 cDNA Synthesis

cDNA was synthesised using the Tetro cDNA Synthesis Kit (Biaion, UK To

generate the cDNA synthesismix; I 2f A 32 O0R¢OMYy LINRAYSNEBI WM™
>[ p- w¢ O0dZFFSNIIYR M >[ ¢SGNR NBJISNRERS |
added to 1> ®ftotalwb ! & ¢ KS @2f dz¥YS | R dmaiedvrteri 2 H n
in sterile 0.2 mL tubes (EppendorHamburg, Germany Samples were then

incubated at 48C for30 minutesand the reaction was then terminated by incubation

at 85°C for 5 minutes using the Veriti Gradient Thermal Cycler (Applied Biosystems
ThermoFisher MA, U$ASamples wer&ozen until use at80°C.

2.103 Reatime PCR

Predesigned KicqSt®tSYBR Greémimers (SigmaVO, USAwere reconstituted in
molecular grade d¥D (SigmaMO, USA G2 + &ai201 OawadsSy i NI
storedat-Hn e/ ® 22NJAy3a aiz201a ¢S NBandstored G |
at-Hn s/ @ t NA Y Sibthied ® taleR.¢. Ofaster middBas preparesing
p >[ H- {SYywhC!&REZI K oMn2ING NRF LU YSBAINE >n & n
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NEOSNES LINAYSNI FYR v >[ GSYLXIGS O5b! |y
with nucleasefree water. Samples were added to a@&ll PCR micrplate (Thermo

Scientific ABgene) and each reaction was carried out in triplicate. The cycle conditions

for reattime PCR were as follows: 95°C for 2 minutes followed by 40 cycles of 95°C

for 5 seconds and 60°C for 20 seconds. The StepOne Plus Real Time PCR System
(Applied Biosystemsyas useddr each runThehousekeeping gen&86b4 was used

to analyse the relativexpression othe genes of interes Relative gene expression

data was aalysed using th& ICT method.

Gene Name Forward Sequence Reverse Sequence
IL6 GCAGAAAAAGGCAAAGAA CTACATTTGCCGAAGAG
IL8 GTTTTTGAAGAGGGCTGA{ TTTGCTTGAAGTTTCACT
(batch #HA06611482) (batch #HA06611483)
SPR GACCAAGGAAAACTCACT| CTGTTTAACTGGTATGG(
(batch #HA06611494) (batch #HA06611495)
Vimentin GGAAACTAATCTGGATTC4 CATCTCTAGTTTCAACCC
(batch #HA06611476) (batch #HA06611477)
FAP GAAGAGGAAATGCTTGCT| CTAGGATATTGTTCATC(
(batch #HA07359817) (batch #HA07359818)
TNC GAATCTTTGCAGAGAAAGI AAGTCTCTTGGAGAATC
(batch #HA06611468) (batch #HA06611469)
MMP9 AAGGATGGGAAGTACTGE GCCCAGAGAAGAAGAAA
COL1Al1 GCTATGATGAGAAATCAA( TCATCTCCATTCTTTCCA
(batch #HA06563647F (batch #HA06563648)
COL5A1 TTGACGAGAACTACTACG/) ATCCCTTCATAGATGGTA
(batch #HA06611462) (batch #HA06611462)
RUNX2 AAGCTTGATGACTCTAAA( TCTGTAATCTGACTCTGI
(batch #HA07359815) (batch # HA07359816)
tt! w! AAAGAAGCCAACACTAAA( TGGTCATTTCGTTAAAG(C
(batch #HA07359821) (batch #HA07359822

Table 2.4 Primer Sequences
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2.11 Flow Cytometry

Flow cytometry was used to analyse MSCs treated withGNIf®r 30 days based on

the expression of MSC cell sugamarkers CD90, CD105 and CD73 using the BD
Stemflow Human MSC Analysis Kit. Cells were harvestedeandpenled in DPBS
gAGK M: C.{® ¢KS OStf a2zt dajldnangsh Fisher FTA i
Scientific, ThermoFisher, MA, US4 ensure a single cell suspension. The cells were
counted and diluted to a concentration of 5 x8k&lls/ml. The following antibodies

were added to separate tubes: FITC Mouse -Autiman CD90 (5ulperCR € up ®p
Mouse AntiHuman CD105 (S5pIAPC Mouse Antdiuman CD73 (Sulhuman MSC
Positive Cocktail (20ul) anguman MSC Positive Isotype Control Codk{@0ul).
Sample was then added at 100ul per tube and left to incubate in the dark for 30
minutes. The tubes were washed twice usingPBS with 1% FBS to remove the
antibody. FITC Mouse Antluman CD90PerCR & u p ®p a Hdma® CD1G50 A
andAPC Mouse ArHuman CD73 were used as compensation controls and a no stain
control was used without antibody. Samples were analysed using the BD FACS Canto
I, with at least 100 events collected per samplBates were defined as positive or
negative according tdiefluorescence intensity of thisotype control Collected data

wasanalysed with FlowJo v10.0BldwJo, OR, UyBoftware
2.12 Cell Migration
2.121 xCEliggence Method

Migration was assessedusing the xCElgence method to test the functional
differences between untreated MSCs and MSCs treated with PC3, DU145 sdNPC3

for 10, 20 and 30 day3he xCELLigence system (XCELLigence RTCA DP Instrument)
measures cell migration in reéime. The instrument analyses avGplatel6which is
comprised of 16 welleach containing amodified Boyden chambeusing the
XxCELLigence analysdatform (ACEA Biosciences, San Diegbg plate consists of

two separable sections whereby cells seeded in the upper chamber migrate through
the microporous membrane toward the lower chamber that contains a
chemoattractant in this case 10% FB¥he plates can be used to measure cell

migratiofy 2 NJ Ay @l dA2y (GKNRdzZZK y >Y LIB2NBa 2F |
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onto gold electrodes on the underside of the membra@ells adherento the

microelectrode sensorare measured byncrease in impedance

Complete medim containing 10% FB (stimulg) or serumfree medum (SFM)

(negative control) was added to dawvell in the lower chambeof a CIMplate 16at

I @2tdzyYS 2F wmcn >f®d ¢KS dALISNI @Kl Y CAaNIsd la
to each well The plate was allowed to equilibrate at 37 forl hour. A background
measurement wasaken using the RTCA DP Instrumetells were harvested and

washed in SFMThe cells were then resuspended to a concentratafr2 x 10
OSttakyYt Ay {Ca YR mnn >[ 61 & | ReBSR LISNJ
for 30 minutesat room temperatureto allow the cell attachmentafter which the

plate was placed in the RTCA analyser &iC3ih 5% C£O Cell impedance was

measuredevery 15 minutes ove24 hours.
2.12.2 Ceculture using the TransweMigration Method

Untreated MSCs and MSCs that had been treated for 30 days wittCRIG®re

seeded in triptate in a 24well cell+ plate (&stedt Numbrecht, Germanyat a
concentration of 5 x 10cells per well and allowed form a monolay&he medium

gl a GKSY NBY2OSR YR NBLIXIFOSR gAGK pnn >f
of either SFM or medm containing 10% FBS (negative and positive controls,
respectively).L y & S NJird poré gize 124vell format; BD Biosciences, Belgium)

were placed ineach well andPC3, DU145 and 22Rv1 cells were harvested and
brought to a concentration of 1 x {®St t ak YI X wmnn >t 2F GKAO
insert. Based on previous optimisation studie€3 cells were allowed to migrate for

30 hours, DU145 for 24durs and 22Rv1 for 48dursat 37°C in 5% GOThe inserts

were then removed and washed irEBS. The inside of the insert was swabbed with

a cotton bud dipped in B’BS, and the outer membrane was stained with 0.25%

crystal violet for 10 minutes. The insertere then washed with #2BS and allowed

to air dry. Images were recorded using an Olympus CKX41 inverted microscope
(Olympus, Germany) with attached camera and cells were counted using Image J

software (ImageJ 1.48v).
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2.13Invasion Assays

All invasion ass/s were carried out using the xCELLigence System as dedaribed
section 212.1 with the exception that the upper chambensere coated with
matrigel™(BD Biosciences, Belgium) at 1 mg/mL diluted in $f¢tigel was added

G2 SIFOK dzLILISNJo@KI>Y0 NI 6K ApDK 5fl toersfeY SRA I (i
an even coating@f matrigel in the wells. The upper chambveas then placed at 37°C

for 4 hours to allow for polymerisation of the matrigdhvasion assays were

incubated for 48 hours.
2.14Proliferation Assays
2.14.1 Monoculture Proliferation Assay

Changes in cell proliferation between untreated MSCs and MSCs treated for 10, 20
and 30 days in PC3 c€lM were tested using the alamarlle assay. Cells were
harveged as described in section®.The cellsvere seeded at a concentration of 1

x 1@ cells per well of a 9évell cell+ plate (SarstedNimbrecht, Germanywith one

plate allocated per timgoint. After 24hoursmedia was apirated from each well of

a 96well plate.Fresh complete medmg & F RRSR (2 SIFOK ¢Sttt |
F2ff26SR o0& (KS resaRiRniddnfar2Bfue(Sigia MQ; WSA Thae

plate was left to incubate for 6durs at 37°C after which thehe fluorescence was

read at 560 nm using the Wallac Victor 3 1420itNabel counter (PerkinElmer, QH
USA. The first reading is referred to &ay @and the assay is then repeatesery

48 hours until day 8.

2.14.2 Proliferation ofPC3 €lls in Untreated and PC3 EducatstBSC derived
Conditioned Media

Conditionedmediawas collected from untreated MSCs and PC3 educated MSCs that
had been treated for 30 days in PC3 &N The conditions were consistent prior to
sample collection. Cells were seeded onto a petri dish containingpll@mplete
mediumat a concentration of 8.6 x 10ells per crh Supernatant was collected after

24 hours and centrifuged for 10 minutes at 300 x g to remove any remaining cells.

The supernatant was then frozen-&0°C until use.
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PC3 cells were harvested as describeddction 2.3 and seeded at a concentration

of 7 x 16 cells per well of a 24vell cell+ plate (SarstedNimbrecht, Germanywith

one plate allocated pertimeoint.¢ KS ¢St ta 6SNB GKSy FAftfSR
MSCCMor PC3 educated MSCM at a 1:1ratio with complete medim. After 24

hours the d&amar Blue assay was performed as described in the previous sethien.
FANRG NBFRAY3I Aad NBFTSNNBR (et everpd48Wduise n Q
until day 6.

2.14.3 Coculture Proliferation Assays

Untreated MSCs and MSCs that had been treated for 30 days irCRIG8ere
harvested as describedinsect@dm I YR & SSRSR Ay imdoreisifad S NIi &
(24-well format; BD Bioscrees, Belgium) in complete mediuaha concentration of

2 x 1G cells/cn?. The inserts were placed in &¢ll plates with each well containing

nnn >t 02 ¥idhddhé &lls W&defk to grow for2 - 3 days.

PC3 cells were harviesl as described in section®and seeded at aoncentration
of 7 x 18 cells per well of a 24vell cell+ platein complete medm (Sarstedt
Numbrecht, Germany with one plate allocated per timpoint. After 24 tours the
alamar Blue assay was performed as described in the se2tibhl After the fist
reading (day Q)the MSCcontaining insertswere placed in each well with the
exception of the control wils with PC3 cells alone. The alamduebassay was

repeatedevery 24 lours until day 3.
2.15 Cell Morphology and Size

Images were taken of untreated MSCs and MSCs treated for 30 daysGMRGSEg

an Olympus CKX41 inverted microscope (Olympus, Germany). Theweedls
harvested as described in section 2.3 and an aliquot of cells was mixed at a 1:1 ratio
with trypan blue(Sigma MO, USA Images were taken using an Olympus CKX41
inverted microscope (Olympus, Germany) and tti@meter of the cells vas

measured using cellSens Entry version 1.5 (Olympus, Germany).
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2.16 Adipogenesis
2.16.1 Adipogenic Differentiation

Untreated MSCsand MSCs treated with P@3M for 30 days were tested for their
adipogenic differentiation capacity. Cells were hateel as described in section32
and seeded at a density of 2.0 x*Xlls/cn? in each well of a 24vell cell+ plate
(Sarstelt, Niumbrecht, Germany The cells were incubated at 37°C with 5% (@Dl
they formed a monolayerapproximately 2¢ 3 days Once confluent, 1 ml of
adipogenic induction medmwas added to each test well and complete medwas
added to control wellsSee table 2.5or adipogenic induction medm components
and concentrationsThe plate was incubated at 37°C with 5% D3 days after
which medumwas removed from all wells and 1 ml adipogenic maintenance unedi
was added to each test welbr 1 day See table 2.5 for adipogenic maintenance
medium components and concentrationghese two steps were repeated until 3
cycks in adipogenic induction mediuand maintenance medm were completed

and maintenance medm was finally left on the cells for a fimer 57 days.
2.16.2 Analysis and Measurement of Adipogenesis

Following completion of the differentiation induction period the cells were analysed
for adipogenesis. This was achieved using the Oil Red O stain (M@n&SAto
visualise cellular lipidropletsandreali A YS t/w (2 FylftéasS GKS

(see section 2.0). Primer seqences are described in table 2.4

A working solution of Oil Red O was made up by diluting 6 parts of Oil Red O stock
solution with 4 parts distilled water whictvas left to stand for 10 mintes. The
solution was filtered usingVhaman no.1 filter paper(Whatman, Maidstone, UK).
Medium was removed from the wells followed by 2 washes witBS. The cells
were then fixed with 10% Neutral Buffered FormdliinermoFiker, MA USAfor 10
minutes to an hour at room temperatureafter which the plate was washed with
distilled water. The wells were then covered with the working solution of Oil Red O
and left for 5 mimites at room temperature. The stain was removed andeggcstain

was cleared using 2 ml per well 60% isopropanol. The plate was then washed using
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distilled water until the water was clear. A working solution of Haematoxylin (Sigma
MO, USAwas made using a 1 in 10 dilution with distilled water and added th ea
well for 1 min. Excess stain was removed with warm tap water and images were

obtained using an Olympus CKX41 inverted microscope (Olympus, Germany).

Once he images were taken the watarasremoved and théil Red Qvasextracted

usid o pn > { opahdi’whichwaa2thdMJplaced in separate 1.5 ml tubes
(Eppendorf Hamburg, GermanyThe tubes wee centrifuged at 500 x g for 2 mites

to remove ay debris. The extracted stain wadded to a 96vell plate (Sarstedt
Nimbrecht, Germany Ay G NJA LJ A Ol (in8 the absoraamoe washd LIS NJ &

using the duabeam Cytofluor 4000 fluorimeter at 520 nm.

Reagent Final Concentration

DMEMO6 5 dzft 6 SOO1
Modified Eagle Medium),
high-glucose(HG)

Dexamethasone 1mM 1uM

Insulin Img/ml 10pg/ml

Indomethacin 100mM 200uM

500mM MIX 500puM
Penecillin/Streptomycin | 200U/mL penicillin

100ng/mL streptomycin
FBS 10%

Table2.5. Adipogenic induction mediuncomponents and concentrations.
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Reagent Final Concentration

DMEM (HG)

Insulinlmg/ml 10pg/ml

Penecillin/Streptomycin | 100U/mL penicillin
100ng/mL streptomycin

FBS 10%

Table2.6. Adipogenic maintenance mediumomponents and concentrations.

2.17 Osteogenesis
2.17.1 Osteogenic Differentiation

Untreated MSCsand MSCs treated with P@3M for 30 days were tested for their
osteogenic differentiation capacity. Cells were hanessas described in section2.
and seeded at a density of 2.0 x*Xlls/cn? in each well of a 24vell cell+ plate
(Sarstedf NimbrechtGermany. Thecells were incubated at 37°C with 5%,Q6Xil
they formed a monolaye approximately 2¢ 3 days Once confluent, 1 ml of
osteogenic induction mediunwas added to each test well and complete meadiwas
added to control wellsSee table Z. for osteogenic induction medm components
and concentrationsThe plate was incubated at 37°C with 5% &4 the medium

was changed twice a week for £3.7 days.

Following completion of the differentiation induction period the cells were analysed

for osteogenesis. The level of osteogenic differentiation is assessed by measuring
calcium using the StanBio Calcium Liquicolor Test (Stanbio, TX, USA) and staining
deposited calcium with Alizarin Red (Sigmi, USA Realtime PCR was performed

to analyse tle expression of RUNX2 (see sectiodOR. Primer sequences are

described in table 4.
2.17.2 Alizarin Red

Cells were washed twice inEBS and fixed in 90% Methanol (Sigi&, USAfor
10 mirutes. The cells were washed and 2% Alizarin Red Sol(dituted using

distilled water and brought to a pH of 4413) for 5 mimtes. The wells were then
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washed in distilled D and lefto dry until microscopy upon which water was added.

Imageswere obtained using an Olympus CKX41 invema&droscope (Olympus,

Germany).

2.17.3 Calcium Assay

The mediunwas removed and wells were washed twice witf’BS, followed by the

I RRAGAZ2Y 27F

Hnn >f¢ 27F

nop

a

/] ftd ¢KS OS¢

into individual 1.5 ml tubes (Eppenddiamburg, GermanyThe tubes were left to

shake overnight at 4°Ghe samples were then centrifuged at 500 x g for 2utes

to remove any cell debris and the Stanbio(Kiianbio, TX, USWas used to measure

GKS O t OA dzy

Ay S OK

al YL S T2fft26Ay3

iKS

The standard wasiade up in triplicate t@ 96well cell+ plate (SarstedNumbrecht,

Germany in volumes presented in tab28%
Ay  volinded A A:0 bolution df Yindimgnreageht and
[ I £ OA dzvy

iKSy | RRSR
g2N]J Ay3 ReS

g AGK

6{ G y. A2

M N

> {

2T nodp a |

[ Aljdza 02 2 NJ «

each of the wells. The absorbance was read using the-lwkeh Cytofluor 4000

fluorimeter at 595 nm.

Reagent FinalConcentration
DMEM (LG)

Dexamethasone 1mM 100nM

Ascorbic acid-® 10mM | 100uM

i 3f & O0SNERLIKj]10mM

FBS** 10%

Penecillin/Streptomycin

100U/mL penicillin
100mg/mL streptomycin

Table2.7. Osteogenic induction mediurnomponents and concentrations.
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| 2y OSy (NI A 2y Volume per well
0 0

0.05 nop >t

0.1 Mmoo >

0.2 H >

0.4 n >f

0.6 c >t

0.8 y >f¢

1 M >t

Table2.8. Stanbio Kit Calcium Standard Dilutions

2.18 Cytoxicity Assays
2.18.1 Cytoxicity Assays in Monoculture

Cells weréharvestd as described in section® The cells were seispended in fresh
completemedium at3 x 1¢ cells/m (MSCs) or 5 x t@ells/ml (PC3 cellghdm n n >

of cell suspension was seeded into each well of a celwebplate and cultured
overnight in 5% C£at 37°CA range otoncentrationsof docetaxeSigmaMO, USA

originally diluted in DMSO and further diluted in complete nuedi was prepared.

The MSCs were treated with a range af ® n n ofdacetaxel and PC&ells were

treated with arangeof @mn >a 2F R2OWniA ESd 2 FRe nOf A i
mediumin the wells was replaced with the drug dilutiosausd controls oDMSO only,

and incubated at 37 °C in 5% 4 a further 72 hours. Following thitje meda

gl & NBLIX I O8 Reshschnipketenadum witk an addedn n >[ 2F pecn
resazurin Thecells were incubatedor 6 hours at 37C. Plates were read using the
duatbeam Cytofluor 4000 fluorimeter (Applied BiosysteifisermoFishedMA, USA

at excitaton 530/25 and emission 620/40. A percentage (%) survivalecwas

calculated based on the generatedlues and the IC50 was determined using the
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untreated cultures as reference comparison for uninhibited (100%) groitta.IC50

value was used for furthexxperiments on MS@nd PC3 cedlytoxicity.
2.18.2 Cytoxicity Assays in €alture

Untreated MSCs and MSCs treated for 30 days in ©K&3vere harvested as

described in section.3. TheMSCawvere resuspeded in freshcomplete medim and

seeded into the 0.4m microporous upper chatbrer wells of a HTS Transwell-@&ll

Permeable Plate (Corning) at a concentration of 2 4cElls/cn?. The cells were

allowed to form a monolayer. In the meantimim a separate plate?C3 cellsvere

harvested and resuspended a5L0OSt ft ak Y YR wmnn >t &l a |
bottom chamber. The PC3 cells were left 24 hours to allow the cells to attach.

Following this, theoncentration determined to be thEC50 in previous experiments

using docetaxel and paclitaxel was made up in completemmedi Yy R mnn >t &
added to the appropriate wells of the bottom chamber. The upper chamber
containing the MSC monolayeptaced over the wells containing the PC3 catid

the plate was incubated for 72olrs at 37°C with 5% GO 'he alamar lue assay was

carried out as described in the previous section.
2.19 Statistical Analysis

Statistical analyses were performedth GraphPadPrism software 6.(GraphPad
Software, Ldolla, CA, USAJrror bargepresent thestandard deviatiorfSD) on most
graphs andvere calculated using GraphPRdism.In graphs representing rediime
PCRthe error bars represent upper and lower limitSpecific statistical tests used
were paired andunpairedd @ dzR Stg'sts @ dwo-way ANOVAsand allp values <

0.05 were consideredtatisticallysignificant.
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Molecular Characterisation of Prostate Cancer Educated MSCs

3.1 Introduction

The tumour microenvironment is a chronic site of inflammati@vorak, 198%
Tumour cells release priaflammatory cytokines and chemokintgat attract innate
immune cellsto the tumour which in turn release factors that activate the immune
system.This cytokine rich miliestimulates growth of the tumour and its invasive
capady (Hanahan and Coussens, 20I4SCs have been found to migrate towards
inflammatory sites and in normal tissue have a reparative fundtioiz et al., 2003
Sato et al., 2005Wu et al., 2003 Recent studies have shown a role for MSCs in
tumour promotionand althoughthe mechamsms are not yet clear, they have been
found torelease and respond to cytokinas the tumour site(Li et al., 2015Dwyer

et al., 2007 Menon et al., 200y Additionally, tumour growth relies on new blood
capillary formation and MSCs have been suggested to contribute to
neovascularisation through the secretion of growth factors including \(&@&tiki et
al., 2011 Kinnaird et al., 2004

The first part of thisstudy aims to investigate the secretory profile of MSCs that have
been exposed to prostate cancer c€Mfor up to 30 days and to assess whether
changesn the secretion profile occur and tifiey are sugained after the exposure
period. Particular focus was given to the secretion of cytokines, chemokines and
growth factors. MSCs were initially grown for ah&ir period in prostate cancer cell
CM however it was thought that given the plasticity of MS&knger conditioning
period may evoke cell differentiation or a permanently altered state of activation.
The cells were thus grown for 20 and 30 day periods in 22Rv1, DU145 and R&C3 CM
allow time for cell differentiation to occurMSCs grown in each different prostate
cancer celCMvaried in their cytokine and chemokine secretory profile in comparison
to the untreatedMSCsparticularly DU145 and PC3 conditioned MSCs which showed
the greatest snilarities. MSCs exposed to P& CMhad the most diverse secretory

profile and these cells were chosen for further validation studies.

It cannot be concludetrom the datathat the cells are differentiatingowever, they
did show asustained responsen cytokine and growth factor production after the
conditioning periodand were thereforeil SNY SR WS RdzOl (1 Sdtthe T2 NJ
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study. With this in mingwe considered it important to molecularly and functionally
characterise the educatedMSCsbefore aldressing their effect on tumour cell

function.

The second part of the study focuses on whether the educa#siCsdisplay
alterationsin the molecular characteristiecdassicallyassociated with MSCandthus

were analysed for the presence of MSC cell surface markers CD105, CD90 and CD73.
Also, MSCs are considered as a possible arfgiancer associated fibroblastSAFs

and in previous research it has been found that kbeign condtioning of MSCs in
breastand ovarian cancer cell CM resulted in the formation of GMishra et al.,

2008 Spaeth et al., 2009 It was therefore relevant to this study to determine
whether PC3 educated MSCs could be characterised as CAFs and swethey
analysedor the presence of the CAF markefrs{ a! ¥ C{t mMX C!t I YyR

The MSCs used for this studsere derived from the bone marrow of healthy male
donors at at ages 38 (donor 1), 25 (donor 2), 20 (donor 3) and 26 (donor 4) as
described in section 2.IThe age of the MSC donorsefmot represent the age
cohort of prostate cancer patients; however MSCs derifdom younger healthy
donors areuseful for preliminay proofof-concept studiesThe MSCS weiisolated

at passage 0 or 1 anased experimentally up tpassage 7PC3 and DU145 celise
human male cellsoriginally derived from the bone and brain metastatic site,
respectively. Th@umanprostate cancecellline, 22Rvlwas originally derived from

a castrate resistant mousg&enograftmodel of parental CWR22 (section 2.2). The
subsequent cell line 22Rv1 is androgen independent through a mutation in the
androgen receptor and is hemetastatic.MSCs and canceelts were grown in ta

same MSC complete growth mediuhroughout the duration of the study.
3.2 Results

3.2.1 Shortterm Conditioningof MSCs with ®state Cancer Conditioned Medium

Increases Growth Factor Secretion

MSCs have been showmsecrete preangiogenic growth factors that could enhance

neovascularisation at the tumour si{€uzuki et al., 201 Kinnaird et al., 2004 We
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therefore considered an increase the secretion of growth factors in MSCs in
response to factors released by prostate cancer cdlle impact of conditioning
MSCs for 4dourswas initially investigatedollowing the 4&our treatment, the
MSCs were growrof a further 48hoursin freshcompletemediumin order todetect
factors secreted by the treated MSCs alddescribed in section 2.4The samples
were analysed for the secretion of VE@Rgcental growth factor®IGH, soluble fms-

like tyrosine kinasd (sFlt1l) and FGF2 using the MesoScale Discovery system as
described in section 8.2. The experiment was repeated using two human male MSC

donors.The lower limit of detection of each analyte is described in table 2.1.

MSCs derivedrom donor 1 and 4 showed an increase in the secretion of VEGF
following 48 hours of treatment in PC3 and DU145, @Mile MSCs derived from

donor 4 but not donor 1 showed an increase in VEGF secretiomving 48 hours of

treatment in 22Rv1 CM (figure 3A#B) Overall, pooling data from both donors, the
difference was statistically significant in MSCs treated with PC8 CM A NB R a (i dzR S
t-test; two-tailed; p<0.01; n=2 biological replicates) and DU145 CM A NS R & (i dzRS'y
t-test; two-tailed; p<0.05; n=2biological replicates) but not 22Rvl Chaifed

a (i dzR Stgst) t@étailéd; n=2 biological replicates).

MSCs derived from donor 1 and 4 showed an increase in the secretion of PIGF
following 48 hours of treatment in PC3, DU145 and 22Rv1l CM (figure 3)1 C+D
Overall, pooling data from both donors, the difference was statistically significant in
MSCs treated with PC3 CM (paigedi dzR Stgst)tRaitailed; p<0.01; n=2 biological
replicates) and DU145 CMY A NB R adstdaroSayfed; 9<0.001; n=2 biogical
replicates) but not 22Rvl CM.J A NB R  &téstizRvS-tiled &=2 kiological

replicates).

In a similar trend to the VEGF secretion (figure 3.1 A+B), MSCs derived from donor 1
and 4 showed an increase in the secretion of-&Rlllowing 48 hots of treatment

in PC3 and DU145 CM, while MSCs derived from donor 4 but not donor 1 showed an
increase in sKHt secretion following 48 hours of treatment in 22Rv1 CM (figure 3.1

E+F). However, the overall difference was not statistically significanS@dMreated
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with PC3 DU145 or 22Rvl CMLY A NB R  &tésgz@v&tylilédQrie2 hiological

replicates).

The cellsvere tested fa the secretion of FGF2 howevyéhe levels were below the

limits of detectionand the data is therefore not shown
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Figure 3.1 Secretion ofGrowth Factors from MSCs exposed forld@ursto Prostate Cancer
Cell CM.The MesoScale Discoverysteem was used to quaitatively detect growth factor
secretion in MSCs treated for #@urswith PC3, DU145 and 22Rv1 QWECs devied from
donor 1 and 4 showed an increase WEGHA+B) and sFit (E+F) secretion following
treatment in PC3 and DU145 CMhile MSCs from donor But not donor 1showed an
increase in VEGF (A+B) and-8HIE+F) secretion following treatment in 22Rvl GABCs
derived from donor 1 and 4 showed an increase in PIGF sec(&itbYfollowing treatment
with PC3, DU145 and 22Rv1 GbBierall, pooling data from both donors, the difference in
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VEGF secretion was statistically significant in MSCs treated with PEIICM NS R
test; two-tailed; p<0.01; n=2 biological replicates) and DU145 ClM @ NB R

in MSCs treated with PC3 CMJ( A NB R

replicates) and DU145 CM.J A NB R
replicates) but not 22Rvl CNMIJt A NB R

DU145 or 22Rvl CM.J- A NB R

represensthe meanof technical replicates SD.
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3.2.2Secretory Profilef Longterm ConditionedMSCs

This study aims tmvestigate the impact on MSCs following lelegm exposure to

the secretomederived from prostate cancer cells. To this end we examined the
molecular changes that occur MSCghat were educated irPC3DU145 and 22Rv1
CM for20 days The cells were theharvested, reseeded andjrown for a further 24
hoursin fresh complete meidm to ensure assessment of tidSCsecretion profile
alone.The cytokine and chemokine screen was performed using proteome profilers

as described in section?.

UntreatedMSCsand 22Rv1 educated MSCs share a similar secretory grofilever,
densitometry analysis shows 22Rv1 educated MSCs have decreased production of
plasminogen activator inhibitet (PA}L) in comparison toDU145 educated, PC3
educated and untreated MSCfggure 3.2A+B)DU145 and PC3 educated MSCs were
found to be more aave in proeinflammatory cytokine production (figure 3A8).
DU145 and PC3 educated MSCs showed similar levels oiY®EN, (also known as
chitinase3-like protein 1) FGFL9 and IE17A secretion(figure 3.2A+B)Nonetheless,

PC3 educated MSCs had theagest response to the 20 day treatment in relation to
cytokine production andexreted elevated 6, 11-8, endoglin (CD105), MARIL-11

and macrophage migration inhibitory factor (MIF) in comparison to 22Rv1 educated,

DU145 educated and untreatddSCgfigure 3.2A+B).
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Figure 3.2. Cytokine and Chemokine Secretory Profile of 22Rv1, DU145 and PC3 Educated
MSCs.Proteome pofilers were used to screen tneated MSCsand educated MSCs for
cytokine and chemokine secretion. Untreat®iSCsand 22Rv1 educateMSCs showed a
similar secretory profiléollowing 20 days of treatmeniyhile DU145 and PC3 educated MSCs
showed the most activity in cytokine and chemokine production (A). Dansity analysis
revealed that 22Rv1 educated MSCs secreted decreased RAtomparison to DU145
educated, PC3 educated and untreated MSCs (B). Both DU145 and PC3 eiis&®d
showed an increasi the production of OPN, Y#D (also known as chitinasklike protein

1), FGFL9 and IE17Ain comparison to untreated MSCA+B) PC3 educated MSCs secreted
elevatedIL-6, I-8, endoglin (CD105), M&PRIL:11 and MIF following 20 days of treatment

comparison to untreated MSGCA+B)
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3.2.2.1Secretory Profile d?C3 educateSCdollowing 30 days of Conditioning

MSCs were fountb be the most responsiven terms of cytokine and chemokine
production to PC3 CM in comparison to 22Rv1l CM and DU14#&(kiMing 20 days

of conditioning(section 3.2.2)We then treated the PC3 educated MSCs for a further
10 days with PC8Mto evaluat whether a longer treatment period could induce a
more enhanced response. MSCs were treated fal&@s with PC3 CNhecells were
then harvested, reseeded andgrown for a further 24 burs in fresh complete
medium to ensure assessment of the MSC seorefrofile alone. The cytokine and
chemokine screen was performed using proteome profilers as described in section
2.7. Similar to the 20 day treatmeniMSCs treated for 30 days in PC3 CM showed an
increase in the secretion of OPN;6ILIL-8, endoglin (CD05), MCPFL and MIF with
additional detection ofinsulinlike growth factor binding prote#2 (IGFBR),
Dickkopf WNT simalling pathway inhibitor 1 (DKK), VEGF andxtracellular matrix
metalloproteinase induce§MMPRINiIn comparison to untreated MS{fgure 3.3
A+B).
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Figure 33. Cytokine and Chemokine Secretory Profile of PC3 Educated MSIGsving 30

days of conditioning As with the MSCs that were treated for 20 days in PC3 CM, MSCs
treated for 30 days in PC3 CM showed an increase in the set#t®PN IL-6, I1-8, endoglin
(CD105), MCGR and MIF with additionatietection of IGFBR, DKk1, VEGF and EMMPRIN
following 30 days of treatmeni+B.

3.2.3Cytokineand Chemokin&creen of Prosta Cancer Cell Conditioned Medium

TheCMisolated from 22Rv1, DU145 and PC3 cells (as described in s2ebiovas
screened for the presenaaf cytokines and chemokines using proteome peoil(as
described in section 2)7nsight into the secretion profile of the cell lines used in this
study will aid in deciphering what active factors released by the cancer cells
contribute to molecular and functional changes in the ededaMSCsPC3 CM
contains the highest level of secretion factors including BAbre" =~ -&(dlso
known as CXCL3)ipcalin2, IL-8, Angiogenin, MIF, F&FE Thrombospodin-1 (TSP
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1), Kk1, growth differentiation factorl5 (GDHS5), I[L:17A, granulocyte
macrophage colony stimulating fact@&M-CSFand EMMPRINfigure 3.4) DU145
cells sharea similarsecretion profilewith PC3 cells in thproduction of Gre» ¥ 9 b !
78, 11-8, Angiogenin, RK1, L-17A, GMCSFkind EMMPRIN. However, DU145 CMswa
the onlysupernatantto contain detectable levels ofrokinase receptor (UPAR) and
VEGHKfigure 3.4) Although 22Rv1 cells wereuiod to secrete the highest levef
angiogenin they showed the lowest levaflcytokine and chemokine production with

the only other detectable protein being M(figure 3.4)

PC3 Conditioned Media
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1 -
11 2 -e 2 PAI-1
9 6 - 3 Gro-a
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17 o= 3% A9 5 m- 5 ENA-78
13 12 8 4 -
- 19 6 Lipocalin-2
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-
15 - ]53. 8 Angiogenin
9 MIF
16 7 - 3 10 FGF-19
17 5 11 TSP-1
- - A
PR = - 12 DKK-1
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A 14 GDF-15
15 VEGF
9
16 IL-17A
17 GM-CSF
3 - oo 18 EMMPRIN
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Figure3.4. Cytokine and Chemokine Profile of Prostate Cancer CellThesecretion profile

of the prostate cancer celCMused in this study was assessed using proteome profilers. PC3
cells showed the highest level of cytokine and chemokine production with the release of PAI
1, Greh ¥ -98& Llipocalir?, IL-8, Angiogenin, MIFFGFO, Thrombospondifl (TSFL), Kk

1, GDHL5, lI17A, GMCSF and EMMPRIN. DU145 CM sharesimilar profile in the
production of Gré" = -98& I-8, AngiogeninPKK1, Il-:17A, GMCSF and EMMPRIN with
the addition of UPAR and VEGF. 22Rv1 cells werel fmusecrete the lowest level cytokine
and chemokines ygiroduced MIF and the highest level of Angiogenin.
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3.2.4 Quantitatve Validationof CytokineSecretion from PC3 Educated MSCs

Selected cytokines shown to be secretgdPC3 educated MSCs in sectiR.2 were
quantitatively analysed using the MesoScale Discovery system protein
quantification(described in section 2.6.&nd reaitime PCRor mRNA quantification
(as described in section 2 1Mue to the reduced quality in mRNA from one of three
donor MSCat the time of analysismnRNA from only two MSC donevas used during
this study.The cells were harvested at 10, 20 and 30 day {romts as described in
section 2.3 and placeid fresh conplete mediumfor 24 hoursin order to assess the
secretion ofthe indicated proteins byhe PC3 educated MSCs without the presence
of PC3 CMAdditionally,MSCs treated for 30 days in PC3 CM were then gfowan
extended period12 - 16 days)in normalcompletemedium to assess whether any
change in cytokine secretion was dased. Gene expression was analysed at the 30
day timepoint only. OPN, MCH, IL-6 and IE8 were chosen to be quantitatively
validated.The lower limit of detection of each analyi® described in table 2.The
secretion of SDMmh gl & S @I t deAnzyBefnkedzimiyhasortinft &ssay
method howeverthe proteinwasbelow the Imits of detectionin the supernatants
collected from untreatedSCsaand PC3 educated MSCseschtime-point (data not

shown)
3.2.4.1PC3 Educated MSCs Sechateeased Osteopontin

MSCglerived from all donorshowed an increase in OPN secretion following 10 days
of treatment in PC3 CM. While the untreatMtECsecreteda meanof 38.7pg/ml of
OPN, the PC3 educatétiSCsecreteda 4.5 fold increase t75.5pg/ml with donor

3 cellsshowing the highest increagéigure 35 A) and overall the differencewas
statistically significan{LJF A NB R  &téstzv&-iléd @<0.03 n=3 biological
replicateg. PC3 educated MSCs fromribrs 1 and 3 show the same trend following
20 days of treatment secreting 423 and 459 pg/ml respectiwdiyCgerived from
donor 2did not respond to the 20 day conditioning period with Ogddretionat a
similar level o the untreated MSC§igure 35 B). However, overall, combining data
from all donor MSCs, the differeneeas statistically significanfLJ- A NE R & (0 dzR Sy (
test; two-tailed; p<0.(; n=3 biological replicat@sAll donor MSCsesponded to the

30 dayexposure to PC3 CM with an increase in Qfitfdre 35 C) Untreated MSCs
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secreteda meanof 72.7 pgml while the PC3 educatedlSG secreteda 5.6 fold
increase at411.6 pg/ml and the difference between untreate1SCsand PC3
educated MSG® was statisticaly significant (J- A NB R  atéstizRvdtailed@ a
p<0.0001; n=3 biological replica)g$igure 35 C).The PC3 educated MSCs continued

to secrete higher levels of OPN followigendedgrowthin complete mediunpost
conditioning particularly inMSCdrom donors 1 and 2, howver to a lesser degree.

A meanof 47.5pg/ml was detected in the untreateMSCswhile a 4.3 fold increase

at 206.5pg/ml was detected in the PC3 educatttECgostconditioning and the
differencewas statisticallysignificant (J- A NB R atdstdzioSayfed; 9<®01{in=3
biological replicates(figure 35 D).

Furthermore, gene expression analysis showe9#& and 33.0old increase in the
expression of SPROPN)MRNAIn 30 day treated?C3 educateMSGfrom donorl

and 3, respectivelycompared to the untreated MSQ3verall combining data from
both donor MSCs, the resultas statistically significanfunpaireda i dzR Stgst] Q &
two-tailed, p<001; n=2 biological replicat¢sTakentogether, MSCs exposed to PC3

CMfor 30 days results in @ncrease in OPNroduction
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Figure 35. Quanttative Analysis of OPN Secretion from PC3 Educated MSEN. secretion
was quantitatively measured using the MesoScale Discovery systatishically significant
increase in OPN was detected in all domMBCdollowing 10 days of treatment with PC3 CM
(LI A NB R atestlrRcafléd;(p&0.a{in=3 biological replicat¢$A). Following 20 days
exposure to PC3 CNMSCglerivedfrom donors 1 and3 responded with a increase in OPN,
while MSCs derived frordonor 2 had a similasecretionlevelto the untreatedMSCgB)
MSCs from alllonors responded to the 3@ay treatment with an increase the secretion
of OPN which overall was statistically significant(paired & (i dzR S-iést; Qwio-tailed;
p<0.M01; n=3 biological replicat¢$C) The 3aayconditioned MSCs grown for an extended
period incomplete medium sugained an increasen OPN secretignparticularly mn MSCs
derived fromdonors1 and2. Although the seation was at a lower level to the 30 day time
point, it was found to bestatistically significanfLJr A NB R atéstlriRdtailed (p&0.ad
n=3 biological replicatggD).Data represents the meaof technical replicates + SGene
expression analysis usirgipowed an overall statistically significanupregulation in SPP1
(OPN) expression (unpaired (i dzR Sty'sij @vé-tailéd, p<0.Q; n=2 biological replicatgs
Valuesfor gene expression analysigere normalised to the untreated ctmols (E) Data
represensthe meanof technical replicatewith upper and lower limits
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3.2.4.2PC3 Educated MSCs Secheteeased MCR

MSCs derived from all donashowed an increase in the secretion of MCi®llowing
10 days exposure to PC3 CM ahd differencewas statistically significanpaired
a 0 dzR St¢st] @étailéd; p<0.01; n=3 biological replicajeFhe wntreated MSCs
secreteda meanof 1257.83pg/ml of MCR1 while the PC3 eduted MSCssecreted
a 1.5 fold increase dt881.5pg/ml (figure 36 A). MSCs derived from donors 1 and 3
maintained an increase following 20 daggposure to PC3 CM whidSCs from
donor 2 showed a decreaselhe overall difference after 20 days of conditioning
however, was not statistically significant paired & (i dzR S+tgsifi; va-tailéd; n=3
biological replicates(figure 36 B). PC3 educated MSCs from each dosloowed a
consistenincrease irthe secretion of MCH following 30 days of conditioningvhich
was considerably increas@adonors 1 and 2n comparison to previous timpoints.
A meanof 831.5pg/ml was detected iruntreated MSCsupernatants whilehe PC3
educatedMSCs secreted a 3.6 fold increase in MC&3017.1pg/ml and overall
combining data from all donorshe difference wa statstically significantpaired

a 0 dzR Stgst) tRaitailéd; p<0.0001; n=3 biological replicajeigure 36 C).
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Figure 36. Quantitative Analysis of MCR Secretion from PC3 Educated MSGKCR1
secretion was measured gquantitatively using the MesoSbaeovery system. There was an
increase in MGR production in all donoMSCs that had been treated for 10 day®{D3 CM,
which taken togéher was statistically significat (LJ- A NB R atdstiaRoSajleil; (p<0.01;
n=3 biological replicatgs An incease was found iMMSCs derived frondonors 1 and 3
following 20 days of treatment but not donor, Bowever overall thedifference wa not
statistically significantLd: A NE R &téstizRvB-tfiiédQ &=3 biological replicatgsAll
donor MSCsshowed an increase in MdPsecretion following 30 days of treatment in PC3
CM. A noticeable increase was found €3 educated MSCs frodonors 1 and 2 in
comparison to previous timpoints and aken together the differencevas statistically
significant(LJF A NE R &tészivGdiléd p<0.@01; n=3 biological replicatgsData
represents the meanof technical replicates SD.
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3.2.4.3 PC3 Educated MSCs HréiSecretion

An increase in 16 secretionwasfound in all donor MSCthat had been treatedor

10 days in PC3 CM and overdie tdifference wa statistically significa (paired

a 0 dzR Stgst) @étailéd; p<0.01; n=3 biological replicatgsThe untreatedVISCs
secreteda meanof 13375.9pg/ml, whereas thePC3 educatedMSCssecreted
224795 pgml (figure 37 A). Similar to MCH. secretion at the 20 day timgoint
(figure 37 B), a increase in thesecretion oflL-6 was foundin MSCs derived from
donors1 and 3 exposed to PC3 CM 2frdays but not iMSCglerived from donor 2

and the differene was statisticallysignificant (J} A NE R  &tésgRStgilédQ a
p<0.®; n=3 biological replicate¢gfigure3.7 B). The increase iL-6 secretion found

in MSCderived from donor was maintained at the 30 day tim@oint but not in
MSCs derived fromahor 3(figure 3.7 C)The increase in 1& secretion from donor

1 MSCs that were treated for 30 days in PC3 CM was not maintained following growth
post-conditioning (figure 3.7 D}urthermore, using gene expression analysis, MSCs
derived from two separate donor@ote - limited mMRNA was available from donors
and so not all donors were included in-RTR experimentsndtreated for 30 days

in PC3 CMlid not show upregulation in 4& expression in comparison to the
untreated MSCsand overall, combining data from both donor MSCs, the difference
wasnot statistically significant (unpairedl (i dzR Stg'sti @étailéd; n=2 biological
replicate9 (figure 37 E). Taken togetherPC3 CM exposure does not induse

increase inlL-6 production following 20 and 30 days of conditioning.
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Figure 37. Quantitative Analysis ofL-6 Secretion from PC3 EducatddSCsIL-6 secretion

was measured using thlesoScale Discovery system. An increase was found in all donor
MSCs exposed to PC3 CM forddys andoverall the difference wa statistically significant

(LI A NB R atéisgzvStyilédQ@<00al; n=3 biological replicatp$A). MSCs derived
from donors 1 and 3secreted an increase in-8.following 20 days exposure to PC3 @il
overall combining data from all donorghe differencewas significantl(J- A NBR & G dzZRSy (i
test; two-tailed; p<0.6; n=3 biological replicat¢¢B).Following30 days otonditioning, he
increase in H6 secretion was maintained IRC3 educated MSCs fratonor 1only (C), this
however was not maintained following lo#tigrm culture in complete medium post
conditioning(D). Data represents the meaaf technical replicates + Sene expression
analysis showed no upregulation ibf6 in MSCs that had been treated for 30 days in PC3
CM Valuedor gene expression analysi&re normalised to the untreated controfg).Data
represensthe meanof technical replicatewith upper and lower limits.
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3.24.4 PC3 Educated MSCs Secrete Incréb$ed

A consistent increase ih-8 secretion was found in all donor MSCs exposed to PC3

CM for 10 days. Untreated MSCs were found to seclieeat a meanof 23495.5

pg/ml, whereas the PC3 educated MSCs secretedl8 foldincrease atl58654.1

pg/ml andthe overall difference wa statistically significant.g- A NS R atéstlzR Sy (i Q:
two-tailed; p<0.0001; n=3 biological replicat¢Bgure 38 A). Following 20 days of

exposure MSCs derived from donorvere the most responsive to PC3 Qb to

646442 pg/mllL-8). Overal] combining data from all donorghe difference between

the untreatedMSCsand PC3 educatedSCsat day 20 wastatistically significant

(LI A NB R atéslziRStafled Q& 0.@i n=3 biological replicat@g€figure 38 B).
Furthermore, a increase was found ith-8 secretionin all donor MSCs exposed to

PC3 CM for 30 day$he meanIL-8 secretion in the untreatedISCswas 32703.9

pg/ml while the PC3 educated M§€ecreteda 6.5 fold increase &12227.2 pg/ml

(figure 38 C).Theincreaselike at the previous timgoint, wasmost pronounced in

donor 1 MSCand overall combining data from all donorshe difference between
untreatedMSCsand PC3 educatedSCsvasstatistically significanLJr A NS R & G dzZRS'y

t-test; two-tailed; p<0.6; n=3biological replicates

A considerablarop was notedn IL-8 secretionfrom donor 1 and 3 PC3 educated
MSCsfollowing longterm culture incompletemedium (figure 38 D). Nonetheless

a statistically significanincrease in the secretion of-B.was foundbetween all
untreated MSCsand PC3 educatedSCoost-conditioning(LJ- A NB R atéstizR Sy (i Q
two-tailed; p<0.01; n=3 biological replicajesTaken together, MSCs secreted
increasedL-8 following 10, 20 and 30 dagxposure to PC3 CM, and anrease was
sugained following logrterm culture incompletemedium. The results were further
validated using gene expression analysiarthermore, MSCsderived from two
separate donors antteated for 30dayswith PC3 CM showeah upregulation in the
gene expression df-8in comparison to the untreateMSCshowever overall, given
the variation in expression between dongrhe difference was not statistically
AAIAYATAOLF yi 0 degtltwolailed R-2bioibgic® Spyicated Higuile 38
E).
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Figue 38. Quantitative Analysis ofL-8 Secretion from PC3 Educated MSQuantitative
measurement of H8 secretion was assessed using the MesoScale Discovery Platform. All PC3
educated donor MSCs showed an increask-Bisecretion in comparison to the untreated

MSCat all time-points and this was maintained in 30 day treated MSCs that weltered

for longterm in completemedium (A-D). The level of increase was consistent at the 10 day
time-point (A), with an overalltatistically significant differenc&.0 A NS R adstgaRoS y (1 Qa (i
tailed; p<0.0001; n=3 biological replicate®onor 1PC3 educated MS®sd the highest

production at the 20 and 30 day tiroints (B+Clhich decreased considerably following

long-term cuture in completemedium (D). While PC3 educated MSCs derived frdonors

2 and 3 were more fluctuarih their secretion patterngA, B+G)PC3 educated MSCs from

both donors sugained an increasepost-conditioning The overall difference between

untreated MSC and PC3 educated MSC secrst@sstatistically significant at the 2paired

& ( dzR Stest) tQdGitailéd; p<0.6; n=3 biological replicat¢and 30 dayfLJr A NER &G dzRSy i
test; two-tailed; p<0.®; n=3 biological replicat@sime-points and postonditioning(paired

& ( dzR Stgst) @étailéd; p<0.Q; n=3 biological replicat¢sData represents the meaof

technical replicates = SBene expression analysis shows a similar trend wih@&educated

MSCs conditioned for 30 dayshowedupregulated IE8 expression Valuesfor gene

expression analysigere normalised to the untreated controlg).Data represergthe mean

of technical replicatewiith upper and lower limits

65



Molecular Characterisation of Prostate Cancer Educated MSCs

3.2.5 Quantitative Validation of Growth Factor Secrefrom PC3 Educated MSCs

Selectedyrowth factorswere quantitatively analysed using the MesoScale Discovery
system (described in section 22§. The cells were harvested at 10, 20 and 30 day
time-points as described in section 2.3daplaced in fresttomplete mediunfor 24
hoursin orde to asses$C3 educated MS&&cretionwithout the presence of PC3
CM. MSCs treated for 30 dayn PC3 CM were then grown an extended pe(id;
16days)in completemediumto assess whether any ahge in cytokine seetion was
sugained.VEGF, PIGBFIt1 and FGR were chosen to be quantitately measurd.

The lower limit of detection of each analyte is described in table 2.1.

3.2.5.1 PC3 Educated MSIosnotDisplay Altered/EGF Secretion

In contrast to the result®btained in the shoterm experiments (section 3.2.1),

there was no clear trend in the increase or decrease of VEGF secretion at any time
point (figure 39 A-D). Themeansecretion levels in the untreated MS@as 1906

pg/ml and 1850pg/ml in PC3 educatetMSCs and overall the difference was not
found to be statisticallysignificantat any timepoint (LJ- A NB R &tésgaRw& y (0 Q a

tailed; n=3 biological replicatgs
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Figure 39. Quantitative Measurement of VEGF Secretion in PC3 Educated M&TEE was
quantitatively measured in untreateMSCsand PC3 edtated MSCs at 10, 20 and 30 day
time-points (AC) and in 30 day educated MSCs grownafoextended periodn complete
medium (D). No trend was observed in the increase or decrease of VEGF at afoiithe
(A-D) and nostatisticallysignificant difference between untreatddSCsand PC3 educated
MSCswas found J- A NB R atéstzRwdyaile® =3 ibiological replicatesData
represents the meaof technical replicates SD.

3.2.5.2PC3 Educated MS@s notDisplay AlteredP|@ Secretion

Similar to the results obtained for VEGF, we obseéraecontrast to the results
obtained in the shorterm experiments (section 3.2.4¥ therewasno clear trend in

the increase or decrease of PIG&cretion at any timgoint (figure 31- A-D). The
secretion levels in the untreated MSCs ranged between 1.6 and 68 pg/ml and
between?2.2 and 77.6g/ml in PC3 educated MSCs and overall the differemae

not statisticallysignificantat any timepoint (pt A NE R a-testzRv8-tiled) 8=3 {

biological replicates
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Figure 310. Quantitative Measurement of PIGF Secretion in PC3 Educated M3GBE.was
quantitatively measuredising the MesoScale Discovery sysiamntreatedMSCsand PC3
educated MSCs at 10, 20 and 30 diaye-points (AC) and in 30 day educated MSCs grown
for an extended period in completmedium (D). No trend was observed in the increase or
decrease of PIGF at any tireint (AD) and nostatisticallysignificant differencéoetween
untreatedMSCsand PC3 educatedSCavas found (J- A NB R atdstdnRoSafldd:ma3 o
biological replicates Data represents the meanf technical replicatez SD.

3.2.53 PC3 Educad MSCs Secreiecreasd sFlt1

A decrease in sFk secréion was observed frorRC3 educateMSCdrom all donors
at the 10, 20 and 30 day timpoints (figure 3.1 A-C).Donor 1 MSCs wertae most
responsive to PC3 CM exposure and the decreaseswsiained in PC3 educated
MSCdollowing longterm culture incomplete medium, while donor 3?C3 educated
MSCs were the only cells notsagain the effect (figure 3.1 A-D).Following 30 days
of conditioning, mtreated MSCs secreted a mean of 20.1 pg/ml ofsmithile PC3

educated MSCs secreted 8.4 pg/r@lverall combining data from all donorshe

68



Molecular Characterisation of Prostate Cancer Educated MSCs

difference between untreated MSCsand PC3 educatedMSC secretion was
statistically significantlJr A NB R  atéstlziRStafléd &3 biblogical replicatgs
at the 10 day (p<0.0520 day(p<0.®), 30 day (p<0%) time-pointsbut notin the 30
day educatedSCgost-conditioning
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Figure3.11. Quantitative Analysis of sFlt Secretion from PC3 Educated MSEHEIt1 was
quantitatively measured in untreateMSCsand PC3 educated MSCs at 10, 20 aDdl&y
time-points (AC) and inPC3educated MSCs grown f@an extended periodn complete
medium (D) usinghe MesoScale Discovery systeiti.donor MSCs showed a dease in the
secretion of sHiL at the 10 dayA), 20 day(B)and 30 day(C)time-points. The effectvas
sugained in donor land donor 2 MSCgost-conditioning (D) Overall the difference
between untreabd MSCand PC3 educatdd SCsecretion wa statstically significantgaired

& ( dzR StestitRaitailéd n=3 biological replicatdsat the 10 dayp<0.05)20 day (p<0.5),

30 day (p<0.D) time-points but not in the30 day educatedMSCgpostconditioning Data
represents the meaof technical replicates SD.
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3.2.5.4 PC3 Educated MSCs Secrete Increased FGF2

While the MSCs growth medium waspplemented with 1ng/mFGF2, it was not
added tothe mediaused during any assa#ll donor MS€conditioned with PC3 CM

for 10 and 20 days showed an increase in FGF2 secretion in comparison to the
untreatedMSCgfigure 3.2 A+B) Untreated MSCs secredeameanof 40.9 and 21.0
pg/ml at the 10 and 20 day timgoints whilePC3 educateMSCsecreted 147.8 and
189.5 pg/m| respectively The increase continued in donor 1 and 2 MSCs following
30 days of conditioningandthe meanof all untreatedMSCsnd PC3 educatddSCs

was 47.2 and 111.9 pg/ml respectivéfigure 3.2 C).PC3 educated MSCs from all
donorssecreted increased FGpast-conditioning;however, it was lower on average

in comparison to previous timpoints. Lhtreated MSCssecreted a me@a of 22.06
pg/ml, whereas PC3 educated MSCs secreted.8 fold increase abl.4 pg/ml.
Overall combining data from all donorthe difference betweenntreated MSCand

PC3 educatet¥SCsecretion wa statisticallysignificant (JI A NB R adstixioS y (i Q a
tailed; n=3 biological replicatgsat the 10 day (p<0X), 20 day (p<0.0), 30 day
(p<0.@) time-andin the 30 day educated1SCgost-conditioning(p<0.0001)
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Figure3.12. Quantitative Analysis of FGF2 Secretion from PC3 Educated MS&ER2 was
quantitatively measured in untreateSCsand PC3 educated MS@s10, 20 and 30 day
time-points (AC) and in 30 day educated MSCs grownafoextended periodn complete
medium postconditioning(D) using the MesoScale Discovery syste@3 edoated MSCs
from all donorsshowed an increase in FGF2 secretion at the 10 and 20 dayptimes (A+B).
The effect was suained in donor 1 and 2 cells at the 30 day tip@int (C) and 30 dayeated
PC3 educated dondviSCsfrom all donorsshowed an increse in FGF2 secretigmost
conditioning (D). Overallthe difference between untre@d MSCand PC3 educateSC
secretion was statistically significantLg- A NB R &téstizRvS-t4iled) =3 biological
replicateg at the 10 day (p<0.0120 day (p<0.01380 day (p<0.0D) time-points and in 30 day
educated MSCspost-conditioning (p<@001). Data represents the meamf technical
replicatest SD.

3.2.6 PC3 Educated MSCsSihmw an Increase in the Expression of CAF Markers

MSCs argostulated to beCARprecursosand it has previously shown that lotgrm

conditioning in breast cancer and ovarian cancer tumour cell line CM induces

expression of CAF markgidishra et al., 2008Spaeth et al., 2009 In this study a
key question was whether PC3 CM coutduce a CAHike phenotypethrough
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upregulation of CABssociated markerdmmunofluorescence, @stern blotting and

reattime PCRsee section2.8,2.9 and2.10) were employed to establish whether

PC3 educated MSCs produmeincrease itCAFassociatednar] SNBR h {a! I @AYS
FAP and F3Ras well as GRassociated factor§NC, COL1A1 and COL5A1. M&Cs

used in the experiments were cultured for 30 days in PC3 CM.

3.2.6.1 Protein AnalysisPC3 Educated MSCs do mofressan Increase inCAF

Markers

PC3 educated MSCs were tested for firetein expression ol C Y I NJ SNE h { ¢
FSP1, FAP andmentin using immunofluorescence staining (figure 3.A) and

western blotting (figure 33B).CAONROf I 4G4 6SNB GNBd G§SR ¥,
induce a myofibroblaskike phenotypd Y R 4 SNX dzaSR | & | Ll2aAdaAa
FSP1 and FA®pressionwhichare indicative of fibroblast actation. Furthermore,

¢DCi | OGAGlIGSR FTAONROE I &40 a tpiEaddfBAFr&Endh { a!
myofibroblast morphology(figure 3.8 A). Images from the immunofluorescence

staining are representative images taken from three independent experiments using

MSCdrom three donors.

Using immunofluoresence stainijgg{ / & $SNB FT2dzy R (2 SELINBaa
and untreatedMSCshowever, the vast majority of ells did not form stress fibres

(figure 3.8 A). Moreover densitometryanalysisof the western blotimageshowed

GKFd t/ o SRdzOF 4G4SR a{/ & LINRRdJzOSR RSONEBI a5
to the untreatedMSC¢gfigure 3.3 B+Q. FSPExpression wabarely detectablaising
immunofluorescence staining and could not be detected using western blot imaging

in PC3 educateMSCsand untreated MSC#igure 3.8 A+B) FAP was found to be
expressed in both untreateMSCsand PC3 educated MS@&sd PC3 educatetMSCs
showed amA Y ONB I &S Ay ONARIKOG aLkRda | NRPdzyR (KS
fibroblasts (figure 3.3 A). Finally, vimentin expression was shown to be decreased in

the PC3 educated MSCs using immunofluorescence staining and doralts

analysed using western blottif{§igure 3.13 A-Q). Overal, PC3 educated MSCs do not
expressincreased { a! T C{tmM |IYR GAYSYlAy®d
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Figure 3.B. (Overleaf)
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Figure 3.B. Protein Analysis to Detect the Expression of CAF Marker in PC3 Educated MSCs.

¢KS LINRPGSAY SELINBaarzy 2F /1 C YIENJSNAR h{a!=z
AYYdzy2Ft d2NBaOSyO0S adrkrAyAy3d o!0 yR 6SaiaSNy
be decreasedn PC3 educatedMSCsfrom all donors as shown following densitometry
Fyrfteara 2F (GKS ¢SaidSNYy SMAZidnotiorn stés fibresin 0 @ ¢ k
the PC3 educateMSC2 NJ dzy i NS 6 SR a{/ & Ay O2YLINR®az2y G2
FSP1 expression was barely detected in the PC3 edubté€tand untreated MSCs using
immunofluorescence staining and was not at all deteaisthgwestern blot imaging (A+B).

FAP was expressed in the untreateSCs and PC3 educated MSCs using
immunofluorescence staining and a higher level of bright spots around the nuclei could be
detected in the PC3 educated MSCs in comparisontothe untréd8@& dza Ay 3 ¢ DCi (N
fibroblasts as a reference (A). Vimentin was found to be decreased in the PGRextiMSCs

as shown fromimmunofluorescence staining and in all donors analysed using densitometry

of the western blot image (AB+D). Images from the immunofluorescence staining are
representative images taken from three independent experimeamgg three separate

donors.

3.2.6.2 Gene ExpressioAnalysis:PC3 Educated MSCs do nqgtrégulate CAF

Associated Factors

Realtime PCR was used to analyse gene expression of vimentinTRBFRCOL1A1
and COL5AIh untreatedMSCsand PC3 educated MS@sexpected based on the
protein analysis shown in the previous section, vimentin was dowrated in the
PC3 educated MS@sm donors 2 and # comparison to the untreated MSQ@gure
3.14 A). Similar results weréound with FAPexpression f{gure 3.14B). Overall,
combining data from all donorshe difference betwen untreatedMSCsand PC3
educated MSCswas statistically significant in the gene expression of vimentin
6 dzy LI A NB R -test; (veziaiey; p<0.85 n&2 biological replicat¢sand FAP
(unpt A NB R a-testzR®-tailed) p<0.601n=2 biological replicat@sHowever,
TNC, COL1A1 and COL5A1 showed varyingex@nession between donorgigure
3.14 CB) and overall combining data from all donorghe difference between
untreated MSCsand PC3 educatellSCswas not statistically significant for either
Tl OG2NJ 6 dzy LI-tdstNtiBoRailetl, in<2RiSlgicaraplicates
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Figure 3.4. Genetic Analysis of CAF Associated Factdrse geneexpression of CAF
associated factors in PC3 educatd®&Cswvas assessed using réahe PCR. Vimentin and
FAP were found to be downreguéat in the PC3 educatddSCdrom donor 2 and 4A+B.
Varying expression of TNC, COL1A1 and COL5A1 was found betwessated MSCsand
PC3 educatedMSCYD-B). Overall, combining data from all donors, the difference between
untreated MSCs and PC3 educaM8Cswas statistically significant in the gene expression
2F QGAYSYUAY O degstdwdtaildRy<os raZRuoi6dical felicdtey and FAP

0 dzy LI A NB R-test, ivizRifed, p<0.801 nF2 biological replicat¢sHowever, TNC,
COL1A1 and COL5A1 showed varying gene expression between doe&pran( overall,
combining data from all donorshe difference between untreateMSCs and PC3 educated
MSCswas not statistically significant for either factor (unpairgdi dzR Stgst) @ étailé;
n=2 biological replicatg¢svValues weraormalised to untreated controlanddata represents
the meanof technical replicatesvith upperand lower limits.
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3.2.7 ME Cell Surface Marker Expression

MSCs are characterised based on their differentiation potential and on the presence
of cell surface markers CD90, CD105 and ¢D@®hinici et al., 2006In this study,

flow cytometry was useddttestwhether PC2ducated MSCs maintaineell surface
expressionof these markerss described in sectionPl. Varying results were found
between donorMSG, withMSG from donor 1 and 2 showing the most similarities
(figure 3.B A-F) CD73 expression was similar between untreaM8Csand PC3
educatedMSCdrom all donor cells analysed (figure BQ@+F+I). Fewer PC3 educated
MSCdrom donois 1 and 2 were found to be positive for CD2@bile no change was
observed inPC3 educateSCsrom donor 4 (figure 3.3 B+E+H)The expression of
CD105 was found to bat 98.1% and 99.0% in untreated MSCs from donor 1 and 2
respectivelywhereasthe expression was &9.6%in PC3 educated MSCs from donor

1 and88.9% inPC3 educated MSCs from donor 2 (figures3)Linterestingly two
populations were found in PC3 edued MSCs from donor 4 when fluorescently
stained for CD90, which was not observed in the other doWi&@G (figure 3.5
A+D+G)The expression of CD90 was found to be at 97.1% in untreated MSCs from
donor 4 whereas the expression was at 72.2% in PC3 edddslitSCs from donor 4

(figure 3.5 J).
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Figure 3.5. MSC Cell Surface Marker ExpressibmtreatedMSCsand PC3 educated MSCs
were tested for the cell surface expression of CD90, CD105 and TG $opulations of

cells were found in the PC3 educated M8@% donor 4when fluorescently stained for CD90

(G), whereas this was not observed in cells from donor 1 and 2 (A+G). Fewer PC3 educated
MSCdrom donor land 2(B+E)expressed CD10&hile no obvious change was observed in
cells fom donor 4 (H). No cledifference was observed in the express@CD73 between
untreated MSCsand RC3 educatedMSCsfrom any of the three donorgC+F+l).The
percentage ofexpression of each surface marker within each population of cells is
represented in a tabléJ).

77



Molecular Characterisation of Prostate Cancer Educated MSCs

3.3 Dbcussion

Itis now established that MSCs can form part of the tumour microenvironi#engé

Thomas et al., 20QKansy et al., 2014ossain et al., 201%arnoub et al., 20Q7

Prantl et al., 201 The key question is how they interact theltis still unclear as to

whether MSCs ha a tumour promoting or tumousuppressive role or whethehe

function isdependent a the conditions(Klopp et al., 2011 MSCs may interact with

tumour cells and cells of the tumour stoma through paracrine signalling. On the other
hand,MSCs have the capacity to differentiate to sevelifferent cell typessuch as
osteocytes, chondrocytes, myocytes and neuroasd it is possiblehat MSCs
differentiate at the tumoursite (Pittenger et al., 1999Vakitani et al., 1995 open

et al., 1999. It has been suggested that MSCs may contribute to angiogenesis at the
tumour through differentiation to endothelial cells or pericyt@ajantie efl., 2004

AlKhaldi et al., 2003 Particular attention has been paid to the proposal tM$Cs

are a source of CAlsd studies have found that lortgrm exposure of MSCs to

breast and ovarian ceBMinduces a CAlke phenotypgMishra et al., 2008Spaeth

et al., 2009. Another possibilitywe can consided & (Kl 0 GKS a{/ & 0SC
F3a20AF0SRQ 2NJ WIOOAGIKGSRQ Ay NBauwwRrkyasS
a cell with similar characteristics to the original MSC but with a tumour promoting or

tumour suppressive function.

The aim of this study was to develop iarvitro experimental approacko examining
MSC and prostate cancer cell interactions. The M&@s cultured for up to @ days

in 22Rv1, DU148nd PC3 CMo examine any potential paracrine effects of prostate
cancer secretomes on MSO%e cytokie and chemokinesecretoryprofile of the

cells wasassessedising a proteome profiler array. The PC3 educated MSCs showed
the strongest response to the conditioning and so were chosen for fudbtailed
characterisationlt should be noted that MSCs are a heterogenous population of cells
and MSCs derived fromftkrent donors can also have a heterogenous response.
MSCs derived from donor 2, for example, showed a different trend in response to the
PC3 conditioned media, particularly in OPN, MCPR&,dhd IE8 secretion following

20 days of conditioning. For thisason it is important to assess the overall trend in

cytokine and growth factor secretion.
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Early experiments focused on shdéerm treatment of MSCs with prostate cancer cell
CM. MSCs were treated for 4®&urswith 22Rv1, DU145 and PC3 CM followed by 48
hours in fresh complete medium. The resulting sugrnatant was tested for VEGF,
PIGEF FGFand sFHi1 secretion. VEGF and PIGF are key factoemgiogenesis and
vasculogenesiand both are secreted at a baseline level in M8Qsnaird et al.,
2004). Moreover, MSCs have been shown to be active in promoting angiogenesis in
wound healing anégschamic heart disease®Vu et al., 2007Tang et al., 2004%adat

et al., 2007. The 48hour treatment resulted in an increase in VEGF secretion in all
treatments and a near twold statistically significant increase in PIGF secrgisee
section 3.2.1) However, no consistent increase was observed in the -teng
treatments at the 10, 20 or 3@aytime-points (see section 3.2.5.1 and 3.2.5.Zhis
could be due to a less robust experimental procedure in the early experiment where
only two donor ceb were tested and the cells were counted and plated 6 days
previously whereas in the longerm experimentdMSCs derived from three different
donorswere usal and the cells were plate24 hoursin advance. On the other hand
the MSCs may va an early response to prostate cancer cellt6M differsfollowing

continuousexposure.

Interestingly, sFHL was consistently decreased in the PC3 educated MSCs in
comparison to the untreateMSCsatthe 10, 20 and 30 dayme-pointsand from all
donor cells(3.2.5.3) sFIt-1 is anegativeregulator of angiogenesis and functions by
trapping VEGF and PIG8hibuya, 2011 Several studies have found that sEltan
inhibit tumour growth and angiogenesis angbne marrow MSCs genetically
engineered to produce sFltasa delivery vehicle to the tumowrere shown to have
therapeutic potential(Mori et al., 2000Lin et al., 1998Goldman et al., 1998Hu et

al., 2008. Therefore while PC3 educated MSCs maintain a comphrtevel of VEGF
and PIGFEecretionto untreated MSE, thar effect would be more potentgiven the

decrease in skl secretion

FGF2vas increased in PC3 educated MSCs fatmostall donors analysed at each
time-point (section 3.2.54). Although the increase in FGF2 secretion was sustained
in PC3 educated MSCs pasinditioning, the level of secretion was lower to what

was observed during the exposure period, which could be due to a loss of paracrine
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signalling following removal of the PC3 CMc(®on 3.2.54). FGF2 is a known
promoter of angiogenesis and it has been founde expressed in PC3 and DU145
cells(Connolly and Rose, 1998ronauer et al., 1997Higher levels of FGF2 have
been found in theprimary prostatetumour in comparison to the nenancerous
surrounding tissue anstudies haveshown the increase to be localised at the tumour
stroma (Giri et al., 1999Berger et al., 2003a 2 NS2 JSNE ¢DCim ai0AyY
shown to induce FGF2 expression in prosteéacerstromal cells which led to
increased tumougrowth and metastasiérang et al., 2008We found a statistially
significantincrease in FGF2 getion from all PC3 educated donor MSCs at the 10,
20 and 30 day conditioning tirgoints (see section 3.2.5.4pimilarly, m a study by
Nishimoriet al., it was found that ceculture ofpre-osteoblastioVIC3T3E1cellswith

the prostate cancer cell line LnCaRd BMP4 stimulated FGF2 production in the
MC3T3EL cellsvhich in turn stimulated LnCaP proliferatifdishimori et al., 2012
FGF2 is expressday osteoblasts and is known fgay a role in bone development
and homeostasif-allon et al., 1994Coffin et al., 1995Vlontero et al., 200 It was
foundthat FGF2egulated the transeiption of bone sialoprotein (BSP) in MCF7 breast
cancer cellgLi et al., 201pand turthermore, FGF2was found to maintain MSC
osteogenic differentiain potential during proliferation(Tsutsumi et al., 20Q1

Quarto and Longaker, 2006

Following the chemokine and cytokine screen of the prostate cancer cell educated
MSCs it was revealed that DU145 and PC3 educated MSCs shared a similar secretory
profile while MSCs conditioned with the om-metastatic cell line 22Rvbad a
comparable profile to untreatet1SCsMSCs were highly responsive to tRE€3 CM
andafter 20 days of coritioning were shown to secrete OPN.@LCD105, MIFMCR

1, I8, 1-:11 and FGH9 with the addition ofDKK1, EMMPRINand IGFBR after 30

days of conditioning.These factorsare each known to play a role in tumour

progression.

It has been shown that FGF19 is expressed in PC3 and DU145 celhtinesthe
prostate tumour stoma and interaction with its recept&GFRl, stimulategrostate
cancergrowth progressior{(Feng et al., 201,3akhova et al., 2009 MIF islikewise

expresed by prostate cancer cells, which we also detectetersecretory profile of
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PC3 and 22Rv1 cells (see section 3.28) hasbeenfound to promote tumour
growth and metastasi@Meyer-Siegler et al., 20QBleyer-Siegler et al., 20Q&{ussain
et al.,2013 Meyer-Siegler and Hudson, 1996GFBF2 was found at a higher level in
prostate cancer patients than control patients aBMMPRINvas showro be highly
expressed in malignanprostate tumourtissue in comparison to necancerous
tissue (Han et al., 2009Cohen et al., 199Xanety et al., 1993 EMMPRINs an
activator of MMPR1, MMR2 and MMPR3 and thus may be active inducer of metastatic
progressionGabison et al., 200Q5It hasadditionallybeen found toco-localisewith
MMPs in prostate cancer and can indicate poor prognosis in patigtdas et al.,
2009 Madigan et al., 2008 Furthermore, knockdow of EMMPRIN in PC3 cells
resulted in a decreased capacity for the cells to form filipodia and an increase in the
expression of adhesion and gamction proteins, indicating ele for EMMPRIN in

the metastatic functiorof PC3 cell&Zhu et al., 201

The detection of H11 in PC3 educatelSCsupernatants is interesting as-1ll isa
known inducer of bne resorption through the promotion of osteoclastogenesis and
inhibition of osteoblast activity(Girasole et al.,, 1994 A study by Zhang and
colleagues found that growth of bone marrow derived endothelial cells in human
melanana cell (A375M)CM induced production of H11 and theCM from the
stimulated endothelial cells was shown to promote bone resorption of neonatal
mouse calvarigZhang et al., 1998Both A375M cells and PC3 cells form osteolytic
bone metastatic cancer and perhaps this is due to the stimulation of beswrption
promoting factors from cells at the metastatic s{ighang et al., 1998&emeth et al.,
2002). Additionally,DKK1 is a Wnt antagonist and has been found to inhibit bone
formation in osteoblastic prostate cancer bone metastg$isudi et al., 20111 PC3
cellstransfected withDKK1shRNAinduced increaseasteogenic diffeentiation of

the bone marrow stromal cell line &Tin comparison tanormal PC3 cellhereby
suggesting a role for Wnt sigling in the stimulation of osteogenedidall et al.,
2005). PC3 cells were isolated from a bone metastatic patient and their interaction
within the bone marrow microenvironment, in this case with respect to the resident
MSG, could drive the creation of a favourable niche for tumour cell growth while

consequently disrupting normal MSC function and bone homeostasis.
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MSCs educated for 30 days in PC3 CM were chosen for further molecular
characterisation and the secretion of BPMCPL, 11-6 and I8 were selected for
quantitative validation.Prostate cancer cells have been shown to secret6, IL
including PC3 cells, although it was not detectied our proteome profiling
experiments(see section 3.2.3Chung et al., 19991L:-6 has been found tinteract
prostate cancer cellm an autocrine and paracrine manneowever, the results are
conflicted as to whethethis stimulates tumour cell growth or suppressi@hung &

al., 1999 Okamoto et al., 1997Giri et al., 2001Lou et al., 2000Mori et al., 1999
Hobisch et al., 1998 Anincrease in secretioof IL-6 wasdetected in the cytokine
screen in section 3.2.2 in MSCs conditioned in PC3 CM for 20 and 3&Hdaxver,

no consistent increase could be quantitatively detected in the three MSC donors
analysed at the 20 and 30 day timeints(section 3.2.4.8 The increase in all donors
that was observed following 10 days of conditioning and in PC3 educated MSCs
derived fromdonor 1 at each timepointvould suggest a role for tumour stromal
MSCs in the paracrine signalling eblbetween factors released in the PC3 CM and
the MSCs as no obvious increase 6 kecretion was detected pesbnditioning
(section 3.2.4.3)

IL-8 was consistently increased in PC3 educated MSCs from all donors analysed at
each timepoint (section 3.2.4.4)While,the increase in H8 secretion was sustained

in PC3 educated MSCs pasinditioningsuggesting MSC reprogrammijrtge level

of secretionwas lowerto what was observe during the exposure periofsection
3.2.4.4) This drop in secretion levetould be explained bwy loss ofparacrine

signallingollowing removal of the PC3 CM.

Interestingly, MSCs isolated from gastric cancer tumours wkrend to produce
increased H8 in comparison to MSCs derived from adjacent-ancerous tissue or

the bone marrow The tumour derived MSCs were found to stimulate tumour cell
proliferation and angiogenic activity in an8ldependent mannefLi et al., 201p We

also detected H8 secretion from DU145 and PC3 cells but not 22f&U$using a
protein array (see section 3.2.3)-8 interacts with chemokine receptors CXCR1 and
CXCR2 which are present on prostate cancer cells, endothelial cells, neutrophils,

monocytes and MSQ#lurphy et al., 2005Kim et al., 2001Schraufstatter et al.,
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2001, Gordon et al., 20038i et al., 2013 An increased presence of8lat the tumour
could thus have enulti-layeredeffect. In astudy of isolated clonal populations of PC3
cells secranhg low to high levels of 48, upon injection into the prostate of nude mice,
the PC3 cells secreting high levels e ikere found to produce fast growing,more
highly vasculasied tumours with an increasedcidence of metastasia comparison
to the clones producing low levedf IL-8 (Kimet al., 200). Similarly, neutralisation
of IL-8 using antiserawas found to inhibit PC3 mediated tumour growth and

angiogenic activity in a mouse modpkloore et al., 1999

Anelevation in serum K levels was correlated with prostate cancer and particularly
bone metastasis in male patienfisehrer et al., 2004 Moreover, IL8 was found to
directly stimulate osteoclastogenesisperipheral blood mononuclear e (PBMCs)
and indirectly through the induction of RANKL expression in osteol{Bstglre et
al.,2003. Further research showed that breast cancer cell lines with higher osteolytic
potential in vivowere found to express higher levels of8lland neutralisation of {B

in CMcollected from these cells reduced PBMC differentiation to osteocl@sadre

et al., 2009.

MCRL1 secretion was slightly increased in the PC3 educated M&@&d from all
donors following 10 days of conditioning in comparison to the control and in two of
three donors following 20 days of conditioninge¢tion 3.2.4.2 However, this
difference was increased by over tviold in PC3 educated MSCs from all dien
following 30 dgs of conditioning (section 3.2.4.Z hissuggests that the change in
secretion is dependent on a losigrm conditioning period and indicates that cell
reprogramming could be occurrinddCR1 was found by numerous studies to
promote prcstate cancer growth and progressi@ru et al., 2008_oberg et al., 2006
Loberg et al., 2007&alcedo et al., 200&hang et al., 201@oede et al., 1999Like
IL-8, MCP1 has also been shown to exert a tumour promoting effect through
stimulation of angiogenesis whereby MHnteracts with its receptor, CCR2 on
endothelial cell§Salcedo et al., 2@) Hong et al., 2006 In this study MSCsom
three different donors treated for 30 days with PC3 CM showed increasedIMCP
secretion in comparison to the untreatddSCsinterestingly,PC3 cells transfected

with 1L-8 targeted shRNA showed decreased proliferation in response to-MGP
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compari®n to naive PC3 cells suggesting an8 llmediated sensitivity or
responsieness to MCR (Maxwell et al., 201¥ Furthermore, IE8 and MCHL in PC3
CM were foundto stimulate osteoclast differentiation of human bone marrow
mononuclear cell{Lu et al., 2007aMizutani et al., 200P Several studies have
attributed a role in bone resorption to MEPwith endothelial cells and osteoblasts
being a potential sourcéCai et al., 2009Li et al., 2009Lu et al., 2009Lu et al.,
2007k Loberg et al., 2006Kim et al., 200pb MSCs educatetty bone metastatic
tumour cellsto secreteincreased MCR might be another source for MCGPand IE

8, both of whichcontribute to osteoclast formation.

Finally, OPN secretion levels were quantitatively validated and the strongest
response to PC3 conditioning sveound in all donor MSCs after 30 days of treatment
(section 32.4.1) Increased OPN levels wefeund to be corredted with prostate
cancer progression and an indicator of the presence of distant metastases
(Khodavirdi et al., 20Q€&astellano et al., 200&orootan et al., 200Ramankulov et

al., 2007. OPN deficient mice when injected with B16 melanoma cells developed
decreased bonenetastasis in comparison wild-type mice (Nemoto et al., 2001l

OPN has several functions which serve to promote metastasis at different stages of
progression. Tumour cell invasiveness can be modulated by OPN as it was shown that
OPN can induce MMP and MMP9 expression in PC3 celsu et al., 2010Desai et

al., 2007 Gupta etal., 2013 and uPA expression has befund to be mediated by
OPN inbreastand hepatocarcinoma cel(®as et al., 2004V et al., 2006 Chen et

al., 201). Secretion 6uPA and MMPs increase the tumour cells capacitgtoodel

the ECM and invadeut of the tumour. OPNis a chemoattractant with adhesive
propertiesand can facilitate invasion through the binding of integrimainlyh i 1,

hy g hyis hise hg1andhs 1,0n many cell typegHu et al., 1995Liaw et al., 1995
Denda et al., 1998rokosaki et al., 1999The integrin J 3is expressed on PC3 cells
and the binding of OPN toj 3 has been found to activate the Bkinase signalling
pathway and mediate PC3 cell migrati@heng et al., 2000

OPN is expressed by several bone marrow resident eceith as osteoblasts,
osteoclast progenitors anglays a role in bone remodellinyamate et al., 1997

Ishijima et al., 200KleinNulend et al., 199/ We found a consistent increase in OPN
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secretion in PC3 educated MSCs from each donor following 30 days of conditioning.
Interestingly, a study found multiple myeloma derived MSCs secreted an increased
level of OPN in comparison to healthy bone marrow céfldzisinska et al., 20D8

OPN facilitates ostasdastogenesis by mediating osteoclasttility andanchorage to

the bone mineral matriXIshijima et al., 2001Chellaiah et al., 20QReinholt et al.,

1990 Ross et al., 199¥amate et al., 1997 Changes in OPN production within the
bone marrow couldtherefore disrupt bone homeostasiss expression of OPN in
breast cancer has been found to be associated with osteolytic bone metastasis
(Ibrahim et al., 2000Adwan et al., 2004 Another more recent function attributed

to OPNs thestimulation of CAF formation fro MSCsn breast cancefWeber et al.,

2015 Sharon et al., 2015Mi et al., 201). MSCs isolated fronung and liver
metastases in anouse xenografbreast cancemodel expresse€AF mgf SN& ,h { a !
FSPL, TNG SDFv M | Y R2 andedtin a OPN dependent manileti et al., 201).

/' C GNYyaAixGAz2y gl & F2dzyR G2 0SS Rdz2S G2 NB
MSC integrin receptor@Veber et al., 201p

The aim of the seand part of this study was to evaluate whether the PC3 educated
MSCsretain the classicalcharacteristics associated with MS@s whether they
transitioned into a CAkke phenotypelt has previously been found that lostgrm
conditioning of MSCs in bretasancer and ovarian cancer resulted in the transition of

MSCs to CARMIishra et al., 2008Spaeth et al., 2009 It was therefore a relevant

guestion to ask whether PC3 educated MSCs could be characterised a3 €#eiss.

thisg S €221 SR G LINRGSAY SBE EBLEFAR NG wmedi® /! C
and geneexpression of CA&ssociatedfactors TNC, COL1A1 and COL5A&ction

3.2.6.1 and 3.2.6.2We found that rather than an increase in the expression of CAF
YFN]SNBE GKS t/o SRdzOFGSR a{/ & SELNB&aasSR
and FAP mRNA. Lexpressiorof FSPivasdetected in the untreatedMSCsand PC3

educated MSCs using immunofluorescence staining, while no expression was
detected using western blot analysis2 NS 2 GSNE GKS @AadzZ t A&l GA;
using immunofluorescence staining revealed that the protein did not form stress
fibores ard the cells did not have the myofibrobla#te morphological features

associated with CAKsection 3.2.6.1)From this we can conclude th&tSCs treated
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for 30 days with PC3 CM do not transition into CAFs. What is interesting hqugever

the decrease irexpression of" { a! Iy R LJ NI A.O2iz K NI € a 'OA ¥V §
vimentin are structural proteins and vimentin is a mesenchymal cell mékkar et

al., 2001 Ivaska et al., 2007Change in the expression of these factors would suggest

a possible changm cell type or celllar function which will be discussed in further

detail in subsequent chapters

Analysis of MSC cell surface markers CD105, CD90 and CD73 also suggest that the PC3
educated MSCs are altering their molecular phenotype though the restdtaot as
consistent(section 3.2.7) While CD73 cell surface expression did not change in
responseo PC3 CM here was a shift in CD105 expression in donor 1 adered
MSCswith fewer PC3 educated MSCs expressing the surface marker than the
untreated MSCswhich may correlate with the increased secretion level detected in
the proteome profiler in ection 3.2.2However, this result was not found using cells
from donor 4. On the other hand, assessment of CD90 cell surface expression
revealed two populations of cells in PC3 educd#®8Cdgrom donor 4 but not from
donor 1 or 2. This suggests a donopdedent response to PC3 CM and perhaps even

a divide in responsiveness within the donor population due to the heterogeneity of

MSCs.

In conclusionPC3 educated MSCs ssfe increased tumour promoting factors in
comparison to naive MSCs. Many of the factors detected in PC3 edubt®€n
supernatants are also known promoters of bone resorption such-4§,1l-8, MCP

1 and OPN. Given that PC3 cells form osteolytic bonastetesn vivo(Nemeth et
al., 20032, their interaction with cells within the bone marrow microenviroant
could create a supportive niche for growth which results in a disoaptf bone
homeostasis which in this case leads to increlassteolysisWe also discovered a
donor dependenshiftin the expression of MSC cell surface markeiRC3 educated
MSCswvhich suggests a change in gglenaype within thepopulation Transiton to

a CAHike phenotype was ruled ouwts the cells did not increase time expression of
h{als C{tmX C!t 2N GAYSyUuAyterbyalSIFR G

vimentin expression which could mean a change in cell structure or function.
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4.1 Introduction

MSCs have multiple functions within the bodeveral studies have reported the
migration of MSCs to the heart following myocardial infarct{@ulic et al., 2001
Barbash et al., 2003Vu et al., 2003 as well as the lungrtiz et al., 2008 liver
(Sato et al., 2006and brain(Mahmood et al., 200B8during injury This migratory
function allows MSCs todme to injured tissue and contribute to repafklthough

the mechanims are not fully understood, there is evidence to suggest M&Cs are
stimulated to migrate to these tissues through the release of cytokines and
chemokines present in the inflammatorsites that bind to their corresponding
receptors on the MSQ€hamberlain et al., 200Rustad and Gurtner, 201®%/ang et

al.,, 2002 Ji et al., 200¢ The tumour microenvironment is a known site of
inflammationand the factors released by the tumour stimulate the homing of MSCs
to the primary site whereby they form part of the stror{itéarnoub et al., 20QPrantl

et al., 2010Wu et al., 2008Kidd et al., 200p The mechanisms by which the MSCs

interact with the surrounding cells haver, are still largely unknown.

The aim of this study was to determine the functional characteristics of the PC3
educated MSCs and assess whether they differed to naive MSCs. The question then
was whether any observed functional change wastained folowing growth
without the presence ofCM Firstly we examined the migration capacity of 22Rv1,
DU145 and PC3 educated M3@®wing5, 10 and 2@ays ofconditioning The PC3
educatedMSCsvere found to have the greatest response to the conditioning and s
were more robustly examined for their migration capacity at 10, 20 and 30 day
conditioningtime-points. As movement from the bone marrow to the blood vessel
requires the MSC to breakdown the ECM and invade, the PC3 edud&€dvere
alsoexaminedfor their capacity to invadeMSCs under normal conditions can self
renew and growth withthe addition of FG-2 §ee section 23) allows prolonged
culturein vitrowhile maintaining a multipotent statél'sutsumi et al., 2001The PC3
educated MSCs were thus tested for their proliferation rate to assess whether the

conditioning period at 10, 20 and 30 day tispeints would impact this function.
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MSCs are functionally characterised by their capdoitgifferentiate to osteocytes,
adipocytes and chondrocytg®ittenger et al.,, 1999Dominici et al., 2006 Bone
marrow resident MSCshave an integral function in bone remodelling apky a
supportive role for HSO®ruder et al., 1998Majumdar et al., 1998 Therefore,
disruption of their function within the bone marrow could haweajor consequences

on bone homeostasisNe therefore sought to determine whether PC3 educated
MSCs retained a similar differentiation potential to the untreated MSCs. The cells
were tested for th@ capacity to differentiate to adipocytes and osteocytes following
30 days of conditioning in PC3 dceM

The MSCs used for this stuadsere derived from the bone marrow of healthy male
donorsat ages 38 (donor 1), 25 (donor 2), 20 (donor 3) and 26 (dénas described

in section 2.1The age of the MSC donorseafmot represent the age cohort of
prostate cancer patients; however MSCs dedifeom younger healthy donors are
useful for preliminary progbf-concept studiesThe MSCS were isolated at pagsa

0 or 1 and used experimentally up to passage@3 and DU145 celiee human male
cellsoriginally derived from the bone and brain metastatic site, respectively. The
human prostate cancercell ling 22Rv1 was originally derived frona castrate
resistant mousexenograftmodel of parental CWR22 (section 2.2). The subsequent
cell line 22Rv1 is androgen independent through a mutation in the androgen receptor
and is normetastatic.MSCs and cancer cells were grown ia §ame MSC complete

growth mediumthroughout the duration of the study.
4.2 Results

4.2.1 Longterm Conditioningof MSCsn 22Rv1, DU145 and PC3 CM Redtluas
Migration Capacity

Initial studies were carried out to evaluate the migration capacity of 22Rul145
and PC3 edwated MSCs following, 10 and 20 dagonditioning periodsisingMSCs
derived fromdonor 3. Cell migrationpotential was tested in realime using the
xCelligence syem as described in sectionl2.1with the cells in serum free medium
migrating towards medium containing 10% serurMigration is measured by

electrical impedance as the cells migrate through pores in the upper chamber of the
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ClMplate and the@l £ dz§ A & 3T A O 3Wselécted MSOE & sindilaf RSE Q @
migration capacity followig 5 days of conditioning with the untreat®&SCs showing

the greatest rate of migration (figure 4.A) and the differencewas statistically
significant between untreated MSCs and MSCs after 5 days of treatmen22iil

CM (two-way ANOVAp<0.0001)DU145 CMtwo-way ANOVAp<0.0001)and PC3

CM (two-way ANOVAp<0.0001) Aiter 10 and 20 days of conditioninthe 22Rv1,
DU145 and PC3 educated MSCs show an obvious decreased rate of migration in
comparison to the untreatedVSCswith the DU145 and PC3decated MSCs
consistently showing the lowest rate of migration (figure 4+B) The differencavas
statistically significant between untreated MSCs and MSCs after both 10 and 20 days
of treatment with 22Rv1CM (two-way ANOVAp<0.0001) DU145 CMtwo-way
ANOVAPpP<0.0001pnd PC3 CNtwo-way ANOVApP<0.0001)
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Figure 4.1Migration Capacity of 22Rv1, DU145 and PC3 Educated MBt&smigration
capacity of 22RvI)U145 and PC3 educated MSCs teated wsing the x€lligencesystem.

The cells were conditioned for 5 (A), 10 (B) and 20 (C) days using MSCs from &éhibe 3.

all cell types showed a similar rate of migration at the 5 day {imi&t (A), the untreated
MSCs consistently showed the greatest rate of migration ah dimee-point (AC) and the
difference was statistically significant between untreated MSCs and MSCs after 5 days of
treatment with 22Rvl CMtwo-way ANOVA, p<0.00Q1puUl145 CMtwo-way ANOVA,
p<0.0001)and PC3 CNtwo-way ANOVA, p<0.000MNonethelessan obvious decrease in

the migration capacity of the 22Rv1, DU145 and PC3 edudd&dsvas visible at the 10

and 20 day timepoints with the DU145 and PC3 educated MSCs showing the lowest rate of
migration (B+C)The difference wa statistically significanbetween untreated MSCs and
MSCs after both 10 and 20 days of treatment with 22Rv1(i{Giglway ANOVA, p<0.00Q1)
DU145 CMtwo-way ANOVA, p<0.0008nd PC3 CMtwo-way ANOVA, p<0.00Q1Data
represents the meaof technical replicatez SD.

4.2.2Migration Capacity of PC3 Educated MSCs

The ell migrationcapacity of PC3 educated MS&ssvalidated using MSCs derived
from three separate donorm reakttime using the xCelligence systas described in
section 2.12.1with the MSCs in serum free mediumigrating towards medium
containing 10% serunMSCs were treated for 10, 20 and 30 days in PCR@ivito
experimental useMigration was measured by electrical impedance as the cells

migrate through pores in the upper chamber of the GiMte and the glue wasgiven
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& WOS fihe 30rdglyRr8ae gells were subsequently grown daorextended
period (12 - 16 days)in completemediumto test whether any chage in migration

potential wassugained.

4.2.2.1PC3 Educated MSGhowedan Increased Migrabn CapacityFollowing 10
Days of Conditioning

MSCs from three donors were conditioned for 10 days in PC3 CM. The cells were
tested for their @pacity to migrate towards mediucontaining 10% serum. The PC3
educatedMSCdrom each donor were found to migi@ at a greater rateeompared

to the untreatedMSCgfigure 4.2 AC) The difference in the migration rate between
untreatedMSCsand PC3 educated MS@ss statistically significant in MSCs derived
from donor 1 two-way ANOVAP<0.0001)donor2 (two-wayANOVApP<0.0001and
donor 3 (two-way ANOVAp<0.0001)Overall, combininglata fromall donorMSG,

the difference was also found to bestatistically significant(two-way ANOVA
p<0.0001)figure 4.2D).
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Figure 4.2. Migration Capacity of PC3 EducaM8Cs Following 10 days of Conditioning.
MSCs treated for 10 days with PC3 CM were tested for their capacity to migriat the
xCelligence systenThe PC3 educated MSfoam each donomwere found to migrate at a
greater rate tothe untreated MSC$A-C) The difference in the migration rate between
untreated MSCsand PC3 educated MS@ss statistically significant in MSCs derived from
donor 1 (two-way ANOVA, p<0.00Q1donor 2 (two-way ANOVA, p<0.000and donor 3
(two-way ANOVA, p<0.000Dverall(D) the differencewas statistically significarftwo-way
ANOVAP<0.000]. Data represents the meaof technical replicates SD.
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4.2.2.2PC3 Educated MSCs Showedecreased Migrabn Capacity Following 20
Days of Conditioning

MSCs from three donors weimnditioned for 20 days in PC3 CM. The cells were
tested for their @pacity to migrate towards mediucontaining 10% serum. The PC3
educatedMSCdrom each donor, particularly 2 and 3, were found to migrate at a
decreasedate in comparisorto the untreated MSCgfigure 4.3 AC) The difference

in the migration rate between untreatedMSCsand PC3 educated MSQ&s
statistically significant in MSCs deriviedm donor 1(two-way ANOVA, p<0.0001),
donor 2 (two-way ANOVA, p<0.000Bnd donor 3 (two-way ANOVAp<0.0001)
However, overall combining data from all donor MSQbge difference wa not
statistically significan{two-way ANOVA(figure 4.3D). This could be due to the
limitations of combining data from all donor MSCs as naive MSCs from different

donors will have varying baseline migration rates.

94



Functional Characterisation of Prostate Cancer Educated MSCs

A 20d (Donor 1) B 20d (Donor 2)
2.0- 0.8
1.54 0.6+
3 3
he} 1.0' - 0.4'
£ £
3 0.54 3 0.2
o o
0.0+ T T 1 0.0+ : T T 1
10 20 30 ‘ 10 20 30
-0.5- Time (hours) -0.2- Time (hours)
C 20d (Donor 3)
2.0+ —— Untreated
1.54 —— PC3 Educated
3
2 1.0-
£
T 0.5
(&)
OO"V T T 1
10 20 30
-0.5- Time (hours)
D 20 day
2.0
mm  Untreated
1.6 3 PC3 Educated
< .
k=
£ 1.0
3
o
0.54 m
0.0 hﬁ T T
0 4 8 12 16 20 24

Time (hours)

Figure 4.3. Migration Capacity of PC3 Educated MSCs Following 20 days of Conditioning.
MSCs treated for 20 days with PC3 CM were tested for their capacity to migrate using the
xCelligencesystem. The PC3 educated MSCs from each donor were found to migrate at a
decreasedrate in comparisonto the untreated MSCs (8), though the most obvious
difference was found in the treated MSCs from da@rand 3 (B+C).he difference in the
migrationrate between untreatedSCsand PC3 educated MS®asstatistically significant

in MSCs derived from donor (iwo-way ANOVA, p<0.00Q1donor 2 (two-way ANOVA,
p<0.0001pnddonor 3 (two-way ANOVA, p<0.000Bowever overall(D)the difference wa

not stdistically signicant (two-way ANOVA)Data represents the mean dkchnical

replicatest SD.
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4.2.2.3PC3 Educated MSCs Showadecreased Migravn Capacity Following 30
Days of Conditioning

MSCs from thee donors were conditioned for03days in PC3 CM. The cells were
tested for their capacity to migrateowards mediuncontaining 10% serum. The PC3
educated MSCsfrom each dono were found to migrate at adecreasedrate
comparedo the untreatedMSCgfigure 4.4 AC) The difference in tamigration rate
between untreatedMSCsind PC3 educated MS@asstatistically significant in MSCs
derived from donor 1(two-way ANOVA, p<0.0001jlonor 2 (two-way ANOVA,
p<0.0001)and donor 3 (two-way ANOVA, p<0.000Xverall, combining data from
all donor derived MSCthe differencewas statistically significartwo-way ANOVA,
p<0.05)(figure 4.4D).
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Figure 4.4. Migration Capacity of PC3 Educated MSCs Following 30 days of Conditioning.
MSCs treated for 30 days with PC3 CM were tested for thpmaity to migrate using the
xCelligence system. The PC3 educated MSCs from each donor were found to migrate at a
decreasedate in comparisorto the untreated MSCs (8) The difference in the migration

rate between untreatedMISCsand PC3 educated MS®@ss statistically significant in MSCs
derived from donor {two-way ANOVA, p<0.000Hpnor2 (two-way ANOVA, p<0.0004nd

donor 3 (two-way ANOVA, p<0.000Xverall (D)the differencewas statistically(two-way
ANOVAPp<0.05. Data represergthe meanof technical replicatex SD.
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4.2.2.4PC3 Educated MSSkow arincreasedMigration CapacityPostConditioning

MSCs conditioned for@Bdays in PC3 CM were subsequently growircamplete
medium for an extended periodo decipher whether the decrease in migration
capacity seen in the previous figure wasgained. Migration towards medium
containing 10% serurwas tested using the xCelligence systémcontrast to the
previous findingwhereby 30 day conditioned MSCs r@efound to migrate at a
decreased ratein comparisonto the untreated MSCs the PC3 educatedISCs
showed an increase in their capacity to migréatowing growthwithout PC3 CNh
comparison to the untreated MSC%he increase was fountb be statisticaly
significant inthe PC3 educated MS@em donors2 (two-way ANOVA, p<0.000and

3 (two-way ANOVA, p<0.0004yt not from donor (two-way ANOVAn comparison
to the untreated MSCfigure 4.5 AC).Overall,combining data from all donor MSCs,
the differencewas not statistically significanftwo-way ANOVA).
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Figure 4.5 Migration Capacity of PC3 Educated MSCs fmtditioning.MSCs treated for
30 days with PC3 CM were grown &or extended periodh completemediumand the cells
were subsequentlyested for their capacity to migrate using the xCelligence systdra.PC3
educated MSCs fromionors 2 and 3(B+Cwere found to migrate at an increased rate to the
untreated MSCs (&) The difference was found to be stttcally significant in MSCs from
donors 2(two-way ANOVA, p<0.0008nd 3 (two-way ANOVA, p<0.00Q1Hut not from
donor 1(two-way ANOVAHowever, he overalD)differencehoweverwasnot statistically
significant(two-way ANOVA Data representshe meanof technical replicateg SD.
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4.2.3Longterm Conditioning in DU145 and PC3 CM Reduces the Invasion Capacity of
MSCs

Initial studies were carried out to evaluate the invasion capacity of 22Rv1, DU145 and
PC3 educated MSGasllowing 5, 10 and 20 dagonditioning periodsusing MSCs
derived from donor 3. The invasigotential of the cells was tested in retine using

the xCelligence system as described in secti@@.2.and theMSCsnvaded through

a layer of 1 mg/ml Matrigel towards medium contaigii0% serumlnvasionwas
measured by electrical impedance after the cells invade through the Matrigel and
pores in the upper chamber of the Ciate and the valuevasI A @Sy I a WYOST f
Following 5, 10 and 20 days of conditioning in DU145 and PCBBEMSCs decrease

in their invagon potential in comparison to theintreated MSCs(figure 4.). The
differencewasstatistically significant between untreated MSCs and MSCs after 5, 10
and 20 days of treatment with 045 CM (two-way ANOVA, p<0.000&hd RC3CM
(two-way ANOVA, p<0.00Q1yhe 22Rvleducated MSCs show a similar invasive
capacityto the untreatedMSCsand do notshow a statistically significachange in

their rate of invasion following 1@ays of treatmen{two-way ANOVA However, the
MSCsshowed a statistically significant decrease in their rate of invasion follo®ing
(two-way ANOVA, p<0.000&ajnd 20 dayqtwo-way ANOVA, p<0.000aj treatment

with 22RvICM (figure 46).
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Figure 46 Invasion Capacity of 22Rv1, DU145 and PC3 Educated MIBEmvasion capacity

of 22Rv1, DU145 and PC3 educated MSCs were tested using the xCelligenceTdyesteatis

were conditioned for 5 (A), 10 (B) and 20 (C) days using MSCs from donor 3. WRARwe
educated MSCs showed a similar rate of invasion at tt&) &nd 10 day(B)time-points to

the control, the DU145 and PC3 educated MSCs showed a consistent decrease in their
capacity to invade at each tirmoint (A-C) The differencewas statistically significant
between untreated MSCs and MSCs after 5, 10 and 20 days of treatment with DU145 CM
(two-way ANOVA, p<0.000ahd PC3 CNtwo-way ANOVA, p<0.000Ihe 22Rv1 educated
MSCs did not show a statisticallgraficant change following0 days of teatment(two-way
ANOVA) However, the MSCs showed a statistically significant decrease in their rate of
invasion following (two-way ANOVA, p<0.000&hd 20 (two-way ANOVA, p<0.000dxnys

of treatment with 22Rv1 CMData represents the meawf technical eplicatest SD

4.2.4PC3 Educated MSCs Showed a Decreased Invasion Capacity Following 30 Days

of Conditioning

MSCs from three donors were conditioned for 30 days in PC3 CM. The cells were
tested for their capacity tanvadethrough a layer of 1 mg/ml Matrigabwards
medium containing 10% serunisee section A.3). The PC3 educateSCsfrom
donors 1 and 3vere found toinvadeat a decreased rate comparéd the untreated

MSCqfigure 4.7 A+C)lhe difference in the invasiamate between untreatedMSCs
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and PC3 educated MSCs wstsitistically significant in MSCs derived from donor 1
(two-way ANOVA, p<0.00QH-onor 2 (two-way ANOVAP<0.0a) anddonor 3 (two-
way ANOVA, p<0.00QIhe weralldifference, combining data from all donor MSCs,
wasnot found to bestatisticallysignificant(two-way ANOVA(figure4.7 D. We also
analysed the gene expression levelMiP9, a factor involved in ECM degradation,
in untreated MSCs and PC3 educated B8t were conditioned for 30 days. We
found that PC3 educated MSftsm donors 2 and 4xpressed decreased MMP9 in
comparison to untreated MSCs (figure 4.7 E) whigdrall, combining data from both
donor MSCswas found to be statisticallgignificant gnpairedd & dzR Stgst) @& U
tailed, p<0.(®; n=2 biological replicatgs
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Figure 4.7. Invasion Capacity of PC3 Educated MSCs Following 30 days of Conditioning.
MSCs treated for 30 days with PC3 CM were tested for their capacity to invade through
Matrigel using the xCelligence system. The PC3 educated MSCs from each donor were found
to decrease in their capacity to invade in comparison to the untreated MSC}\#th PC3
educatedMSCsfrom donors 1 and 3 showing the greatest char{g§e-C) Overall (D) the
differencewasnot statistically significanftwo-way ANOVAData represergthe meanof
technical replicatex SD.The gene expression levels of MMP9 were gsed in untreated
MSCsand PC3 educated MSCs that were conditioned for 30 filags donors 2 and 4nd

found to show a decrease irexpression oMMP9 (E)Overall, combining data from o

donor MSCs, the differenaeas statistically significarfuinpaireda i dzR Stgst) tRdtailéd,
p<0.05 n=2 biological replicat¢sData represers the meanof technical replicatesvith

upper and lower limg.
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4.2.5Proliferation Capacity of PC3 Educated MSCs

PC3 educated MSCs were tested for thealiperation capacityusing the samarblue

assay as described in section 2.14The MSCs were treated for 10, 20 and 30 days in
PC3 CM prior to experimental use. PC3 educated MSCs after 30 days of conditioning
were grown foran extended period12 ¢ 16 day$in completemediumto decipher

whether the cells would retain any change in their proliferation capacity.

4.2.5.1 Proliferation Capacity of PC3 Educated MSCs Followindal@ of

Conditioning

The proliferation capacity of MSCs treated for 10 days in PC3 CM wad tesig
the alamarblue assay (see section 2.1% The proliferation rate of the PC3 educated
MSCs was found to be decreasecamparison to untreatedMSCs fromall donors
(figure 4.8).The proliferation rates begin to separate by day 8 dimel differene
between untreatedMSCsind PC3 educated MS@asstatistically significant in MSCs
derived from donor 16 LJ- A NB R -tedi; deR-&aed; @<0.011 n=3 technical
replicated, donor 2 (LJ- A NB R  &téstizRe-tailed) §<0.001; n=3 technical
replicated and donor 3(LJ- A NB R  &atésgzmStyiladQ@<0.05; n=3 technical
replicates ). Overall, combining data from all donor M$S@se difference in
proliferation rate, taken from values at day 8jas statistically significan{paired

a (i dzR Stgst) @étailed; p<0.001; n=3 biological replicajes
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Figure 4.8. Proliferation Capacity of PC3 Educated MSCs Following 10 days of Conditioning.
MSCs treated for 10 days in PC3 CM were tested for their proliferation capacity using the
alamar lbue assay. Readings were taken every 2 days. The PC3 ed&@saverefound to

have a decreased rate of proliferatiam¢omparison to the untreateMSCdrom all donors

(A-C). The difference between untreatedMSCsand PC3 educated MS@s day 8was
statistically significant in MSCs derived from donoiLdl (A NBE R AtéstzvStgiladQ a
p<0.001; n=3 technical replicaesionor2 LJ- A NB R atdstdaRoSaflell;(p<0.00; n=3
technical replicatesand donor 31(J- A NB R  ateébtizREalléd p&0.®i n=3 technical
replicateg. Overall, combining data from all donor MSCs the differemas statistically
significant LJ- A NB R  &téstzRvE-diiéd) $#<0.@01 n=3 biolodral replicates Data
represents meanf technical replicates SD.

4.2.5.2PC3 Educated MSCs Decrease in their Proliferation Capacity Following 20 days
of Conditioning

The proliferation capacity of MSCs treated for 20 dayBC3 CM was tested using
the damar due assay (see section 2.1% The proliferation rate of the PC3 educated
MSCs was found to be consistently decreasetbmparison to untreated MSCs from
donor (figure 4.9. The proliferation ratesvere distinctlyseparatel by day 8 andhe
difference between untreatedMSCsand PQ educated MSCs wastatistically

significant in MSCs derived from donofLDl A NB R &testlnkcSailan; Q<0018
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n=3 technical replicatg§sdonor 2(LJ- A NB R  &tésgAvStgilédQpx0.04; n=3
technical replicatesand donor 3(LJF A NB R s &tésgzvGtgiladQp<0.G; n=3
technical replicates Overall, combining data from all donor MSCs the difference in
proliferation rate, taken from values at day 8jas statistically significanfpaired

a 0 dzR Stgst) @éitailéd; p<0.0@01; n=3 biologral replicate

Figure 4.9. Proliferation Capacity of PC3 Educated MSCs Following 20 days of Conditioning.
MSCs treated for 20 days in PC3 CM were tested for their proliferation capacity using the
alamar bue sssay. Readings were taken every 2 dape FC3 educateMSCsshowed a
consistent decrease in their rate of proliferatidrom each donor in comparison to the
untreated MSCYqA-Q. The difference between untreateMSCsand PC3 educated MS@is

day 8wasstatistically significant in MSCs derivedr donor 1 LJ- A NE R atestdaRaS y (1 Q &
tailed; p<0.01; n=3 technical replicajedonor 2 (J- A NB R  atdstdaRoSajleid;(p=0.01;

n=3 technical replicatgsand donor 3 1(JF A NS R  &téstizRvB-tfiled) #<0.06; n=3
technical replicates Overall, combining data fronall donor MSCs the difference wa
statistically significant LJ- A NS R a-iestzRBoyfaiied;a p<0id01; n=3 biolowgal
replicateg. Data represents meaof technical replicates SD.
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