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Abstract

The t heegfafpieanddy and i mmunomesehahypymgl pst eom
( MSdss) wel |l .esMSaCosl ihsahveed been empl oyed as cel |
i nfl ammasge®d yconditions. MSC potency can be
cytokine ilLleepasung, of -i MSCa mmat opryo cyt oki ne:

incubation period to enhance their secreti

previously demonstrated the potenti al of (I
all ograft esvuerrv,i van , alhloavd e M&SiCc damabt | ih@ad n shee e
established. Given the <clinical benefits of

whet her cytobpkRcnehbedensmagomodnol| ianhowayepaneéna
i mmune.Tbel lags m of this project w-a 8 f It @ mmantveersy
cyt oki oemMNifhagn d-1b) dn MSCs , an dtelt eor aapsesuetsibc p ot
MS ENBVAb| g i amiln ehvommune imelal nmusrsianyes model of

bur n.

To generate cytokimoa-dler cMSeCsse dwecreel lcsu |l tFRUMBed v
media or media cohN®andry U & EbYbesahted in
significantnuebeanidgmil yipcegtul at ed expression
and-LAD ™M8/¢®a| so showed a significant upregul
tantreat etiSEMSCkt was al sd N&b tmlbild @aigses btihtat
mitochondri al activity by downregul atlinrng mi t
vitrnd®YPpotently sulpperps epsr$ohdiC amatait mulyat ed
bone mharriowmed macrophages ( BMDMg heeapmrde sss igonn fc
CD206. Mor eover, mul tiplex assays r-B¥vealled t
18, CXand6l Isecr etMSE€En MAcooghbge@ere supernatant
MS ENBIbs t | mu.| aMdidoint i WAy gn MBipamrtel8is e @D ED
and "CID8l ymphocyte proliferation, "C®lBialned pr on
CDXLD2GD6T | ymphosuptset V®U\npHat ently suppressed
| F-NTNRE I 2, -1171A a8 dft amTME8EE€ mpchaowclytt ter e supernat

Gi ven t hien etfdrimsa co/fi nmmoadtuel aatnido na doafplt S evrev @ dnmfurnce
MS ENBVAb] 1 wtihtersoe cel |l s weneveebestethéothasape

in a mouse corneal al kal i burn model
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Corneal inj by WasOH mchudedk central cornea, f
of the corned"®Warmd PB&S@r MS€ubconjunctivally
O and day 3) and miceEmwplrey imogidptriedalf ocdo Helr

(OCTd visualise the internal structuotehlh of

MS EN®EVU 3 nd Wi omoted anterior chamber depth
al kal i bur n, however had gneo aenfdf editd omotc orense
corneal thickness compared to™™™Pe8dnchyW&®ntro
treatments exhibited increased expression of
was no di f f er eenxcper Resrsd MMP known to be invol v
heal i ng, i solated to the <corneal epithel i un
involved in extracellular matri x ddgrmaudeaeti on
cell analysis from the dr%%¥admi hysphaniodesr

i mmunomodul awiotr yd ic@apraaninftl ya mmead roa pyhagean-tii ncr e
i nfl ammadrooyhages, reedxpreds siicowpridg wl atedd e x
CDZLD2Z%o0ox'H3 |l ymphocytes.

OverTaNfland-1blli censing yielded a uni quantpihenot

i nfl ammatory mi criome nainidmornwmermt i n both
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1.Cdor nea

1. AnBtomy and Functi on

The cornea is a transparent and avascul ar | &
anterior segment of the eye. The natural cur
of the anterior corneal sdmoanat ereincrurin efgr d dite
focus light onto ¢$é&egnefettihida Bdyte tcloe npas taert iso r.
barrier between the eye and the outside env
pat hogens that coulld.cdheecionjneaycandiisnfseof
three <cel loumpars eetlpaiydadhresl i @ m, stroma and endot
membrane | ayers referred to as BbMmA® 6sh onemt
i Figur,e tlhel epithelium is | ocated superior t
as a physical barrier to the auwnabi dei worf dry
continuous renewal of epithelial |l ayer s. B a
epithelium | ayer saptoptaonedp t e er adbantdsgoend thies
construction of tHé. dl8epasatiepgthieei abithgk
environment is a tear film, composed [df el ec
Thsil ayer functions to prevent infection and
clearing debris and3mahet 8owmngosi bagkr acabt

t o, is inferior to the epithelial | ayer . Thi
which Iimits its barrier capdBliITihtei ssragnai as
for >90% of <corneal thickness anTdhihsasl aay erroll
bet ween Bowmandés | ayer and Descemetotl hgger,
fibtledhe Descemetds | ayer | ies superior to
endot hel i aThememdloa yherl .i al monol ayer I's the f
single | ayer mai nt ai ns ewastuerri nlge vceolr nwiat hitnr a
delivery of nutrients from the/ & TRadues Hhwmpu
sites within the endothelial |l ayer, it can d

Due to the presence of gap junctions within

corneal counterpartasaadbaherefoagafinéls ootn



A

[ N
Anterior Chamber/ = i MucinC :\; ¥ _i :\;J»-,«

Chapter One: I ntr

B Lipid Layer = s

Corned ———8M88 = Aqueous

Aqueous Humor \ —
Limbus Epithelium sTe =]
Iris L4 D000t
Bowman'’s Layer C_

Pupil

I

Conjunctiva

Lens

Ciliary Body i /
. bF ) Stroma
Vitreous Humor

Sclera —

- N

Keratocytes

Choroid

Retina - L — Collagen Fibers

—

Descemet’s Membrane E
Endothelium C_ [Te s s s &)

=

Figure 1. 1: Anat omy | mége haed apy e dl afnadponb eteal taiace t
overview (Bt t het eyal | gyCBashwhayshefcpenetrati on
epithEeityamsclepp)udadlitindasmpeditetred pat hway.

1.1 mmune Privilege of the Eye

The term i mmune privilege is a complex proce
i mmunol ogi eI I proeemsesf the eye, [%nwh®48ir
upon discoekienialgl ogmaafts placed in the anter

rejelétit¥mhis had previously beenlldb wbmplhios lea
t hat skin transplanted from a mouse onto t

i mmedi alttell yhd andt ure of the eyesd i mmune pri
mechanisms; (1) the ieyesa& hpeh yrs iacvaals chud rarrii érys,
and t heiert ilmlad@db atrire eai,bowhat aond cfol adll le i mmu
f actaonrdssgndhreegul ati on of systemic i mmune r e
associated i mmune®dé¥hatavas¢ AICAI Dhiature of
invadingraesengeng cells (APCs) and effector

body, thereby 6édshutting offd o0hega.oicWlintairmatoarp
t his protects t he ocul ar compartment from

inflammdtTbe i mmune privilege of the eye i
physiologi cal and i mmunol ogi cal adaptations
reaching the ocular surface. Disruwdgtmmumet o a
privilege and poses ribkW%lto the function of
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Streilléfilmr teheradd t hel%vod kDobdYbéyheatalwavi ng t hat

simply has a different i mmune response compa
a react-aohigenall ®he pl acement of a foreign

a suppressor i mmuonni t ¢yf -sva eat iitigheen ierf o vecr teTn t sup
| ymphocyt érseq@uildatCbrdy T | ymphdeytesa W®hiehs}) he
tumour antigens/cells are added to the anter
compl ex i nenyutnoek i mred pat hways Kiamp | ammine tatled er
demonstrated that thmajiontrbidstocompvaitQi @il Il iotgy
mi smatched tumour cells into the anterior ch
elicited subsequent [&8% iMi cger afhtata oceepeti avrecde tihre
cells prior to skin transpl anThat iodnrs errevjeedc ti end
tolerances(ACAhAhDyomeah-d&mdt i gens that come i nt
ocul ar surface are deviated by F4/ 80 macroph
by Comd ‘D8 ector T |lymphocytes, nat dtBEl kill
APCs stimulate NK cells t#®d)sewheétcdh ¢hdmdleirne
T Ilymphocytes, i nduci-nnmge dihfel celxpBmgrso oyt eosf, awh
el ected as thérmaiemtii myt! fgg althNerl gg@g re’dddipaan t e d

that a downregul mane®hormi rce e @CH v iy dnd tho rt h e
aqueous humour is critical for appropriate A
in eovoel ates with the | oss of the ACAI D me
chamber canb®X®&cmget e eTGmal [p2l g mmetnetr eedpthi anbgel lyi, u r
al so beiem ¢$bowe an i mportant component of AC
type cytokined ypred ridfdduneismegguud2ati on of infl a
via ACAID is a key component in protecting

i nfl ammat ory processes

1. Ma3 ntenance of the I mmune Privilege
The cornea is an avascular structure, whioch
This avascularity has been |inked to the | a

recelpt(oMEGFRand -3¢E@GF@®nNsedhe ep. thredseaealr d ag/petror
decsdpyr VEGFventing membr allfé am@aépi aog aoygi oagt
from occurring-Adysiigwhalbs ttiongs tVIiEnBE®2at?& hiel dadk

of bl ood vessels protects the cornea from A

n
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organs, i . eandplmpehn ntoadebi nd® asnmdd *CeDi8t e vadbe T
l ymphocytes, thaféhymaaloriyngesppmpmese. The mig

restricted within the cornea andderasveal rAePsCus

prels®@neWhile there are residentarndemalté tiimmuwre
present within the ocular space, thewHe,cel |l s
CD80 or CD86 mol ecules. The |l ack of MHC mol e
al so render them i hlvy mplbd @y tteos ,c ytteort nmexd ca nC D@
s pblit?b

Devoid of blood vessels, the cornkachlasno cawe

bar rtihéatts po sisenstshges alqoeodus and blldérfh er evtliomall
agueous imaanhiecroimpanntt hoefaeyedmposed of endot h
and -pniognment ed cel | | ayer erfetciinlaila royatrérgieplo g ksie
compartment a«fomphesreeyteibnearild epi t hellfABmt and e
barriers are composed of tight junctions tha
bl owlli, ch i ntercepts the passage of infiltrat
further cofmplbicaudatairondrd uid and bl aodl ans Mo Nd,
agueous. The presence of these barriers aid
systemaintaining the i mmune privil efgromand
attacking the oclflamhenser banvi eosmeartti mat el

homeostasis t%3% protect the eye

The aqueous humour is a transparent fl uid s
and posteri or ¢ hmambnerash horfa gtchud 3deryTeh eaensds ui d h a
protein concentration and functionl$®ltDhemai n
aqgueous humoual prhesinamn ¢d¢ yt eofst i mMSaht i maghi bbr m
suppersenses i nfl ammatory activsanynbfamamarophagye
produeidiTomi s prkegdvsion filommméa s saycctaillvhayice d phages
t owarndt sif | amanat er saacttii welcyedphages. WBNWPITHTr ex pos «
incapable of stimulatingnfl é&dfaereidh-s eacnrde ttihoenr
throulg®i g b4l i“Aldhe mai nt einmmupeei ofi | egel ars al s
t he aqueoansathuumdurcso mp-bdkds obi(panldTmBd&cr op hage
mi gration inhibitor factor (Ml F)  c ovimapsl ceancetnitv e
regul at ory [ 4ton eiimt f cCtRPdqueouvsethmmourmbaand el |

mai ntain i mmune privilege and ACAI D, which i
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dot*xotnl al “&ki gall i ghted the i mportance of th
fl ammat osyb st tiiamjeeocltsifmwnp olf y § S nhaor ihdend( f oot
C3H/ HedNs urlitceed i n | oss of aqueoushi@hfutmeorur i
mi ni swthriacthi omna,s i ndi cat edish yl1l, tL Haan mwnperrcer gousl i ast i
cdlopha-U)BleNFwelemndiR2@Rdshj echéo@ was a maxi mu
ncentration presentandhehiabitheyatwaseauppbutb
rassf ter LPS administration the aqgueous humao
pabilities. -iTnhfel apmneasteonrcye noofl eacnutlies ai ds t he

m of the I mmune response, maintaining I mmu

summary, the i mmune privileged nature of
chani cal and physiological barriers that
ul ar space. The presence of i Mmmuomeuppres
dultahtee sphemcetsyipdee ndf i mmueegi €tedeACPel dofd ndiue e s

stemic tolerancmaitmhamomd arasainsi gens and

.Corneal Al kal: i l nj ury

der nor mal heal thy <conditions, the avascu
ivileged environment. dhpboiptmeaodc edmu pes visle
rneal transplantation, ensurriisnkgpd avsdoalks s

althy dot®r.nethdwebveedrs, di sruption to this i mr

Il l owing breech of athdepin otce etaisiermf |panonmauteatriy

tokines, angi ogenepsriosmoatnidn g aythabchtaomdysi dodgneda € s 0
at priombdfexitmmeune cel | s ilh’t dmirg s kadc u Inadri va hd
ceiving a corneal transpl ant and whose oc
acement of a graft into a highly infl amed

thin the%% itlst 5 years

rneal i njury, causedpedryt umdahnaintincaatle sora cch
flammatory signals from [P3dmaAyg&adl bne nebemi
polp°Rlinldi can penetrate through the ocul ar t
ere they can damage the trabcuvlai smesahwbdu
stroy the ocular network and result in gl

sual transp®a® efmey daymd egadiattyed i nffli dmmat ico |

c
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agents and proteolytic enzymes released fron
of effector i nnate and adapti ve-i mmmammatcoerly
mi croenv?fr @hnithlet r e lamm@ms oa@mthi py mphangi ogeni c
VEGAR, VEGFC/ DS VEGIFR3lI ates neovascul arisatio
(Figune mMmedi ating the tranmspoondamyl demphlei ¢
|l ymph nodes, to stimulé@télnapve T | ymphocyte

Stromal/Chemical Model \
59 - :
w o  MMPs (S Damaged
n® MMPs epithelia
o € Saasie s ";c‘elk
e CXCLI1 b
= FIBROSIS ¢
\'/ A - s >
© °CCL2 . 2 Myofibroblast °, ° ’
o - * o~ L ;
MMPs deave 3¢ .. Monocyte = - ANGIOGENESIS
. Y IR A = —~ eutrophil
and directly o or — A
o 0'2 " A infiltration l :
reduce CCL2 - CCR2 ,
expression N 0i® >
v Fibroblast
b l" 28°¢ , £ . Growtn !, o / '
Restorative 20l W PN octors O ", “PHAGOCYTOSIS
macrophagesrh C(,j‘ s w e h ;
produce ol P 0 Keratinocyte
MMPs ( j MMPs decrease “. .
\ 3 eevnsssore DY T
- ‘ profibrotic .
macrophages VEGFs

Figure 1. 2. c &chweomlantdi cheoafl i ng f ol | ovignngg! &i rcd
cascades induced by <corneal neehteantilcoapl Mdiltfsa ondays eisn o
i nfiltratainodn pofo moRglisogemfesi s and fi bf8lsi s. Adapt

There are several distinct popul ati dA¥ of /
Macrophagedldeemdr MH@Casgel i deally positioned
trabecul ar networ k, a @Pamit mgehecatMiaacmopbagp®s:
the iris can stimulate activated [T4 Renpihderytt
DCs are present within the conjuncti V! and ¢
Il n a healthy cor nedaes cernivbierdo nanse nitmmaltQusr ea rdeu e
MHG | exptbé d anmman ure DCs have a high capacity
however, have | ow T | y mpahnadchyet el asetki immfl lagdtoa ryy
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mol ecul es, CBB0l nantdheCD8abse of an inflammator
via their processing of an anlt,i g&eng 0 aapndde gD 8¢
secr etionnfgl ammat or yT N®&t HKE nAé%p,0 peu.lga.t i on -of r es
l'lLangerhans cells (LCs) are present in the e

via inflammatory stimuli, exprpersessiegtadD8o0n/ CLC

Ant i-pgreensent ati on commaomrlcyonadac yr d ywipthlaitn ct loe
nodesspl easn APCs migrate to circulating napyv
expanded, all oreactive T |lymphocytes migrat
|l ymphocytes can be priicnyaroitloyx i cca tTe bl bycnhpshiodcnydt net
MH Gl annef€l4£tor Twhympbhodc WMHiEspr eoemms etdhe APC
surfa€bPa4l ymphocytes can be further subcatego
Th9 subsetls?] a@BAh dTr*€@8l ymphocyt eisnfneadnnaatteo rp
responses within the ocul ar s pa-tef Ifaorhrhaotwd rny
cytokines and encouraging f'*lbTbsief haedt exclky
secred ENB&EMNI2) Lt heefvhhiach emesul ts in the furthe
T | ymph/obt¥ ties vital for the proliferation of
of this cytokine is t®&qgliwhedhf wil ThWRi [dd esg ul
Thhapeeviboeuvesnicyor rectly cl-asaésl Aimmmdt asysockeéel g,
t hatcdapireiymaned| a4 @f p aosniag malpkln o gacroargn e a | all og
transpl alft. 7 ffehjlerc tpioprul at i ons -ihrafvleammatmor yl eme d
in -medilated autoi mmunel’dirseasmatdiédTdgad Rphsoirtii
secret®, |an i mportant cytokine in [ARlutrop
Al ternatively, Tregs aupprienspsoirntga nt n fmeadm naat t oc
mai ntaubnongmunity vi a-inié apgnmad wectyi ¢t ofki agsi,
exprFox®P3, an important -mofeammat 6/8y Anesitpuads e
conducted [B%i gllii ettt eadl t he i mportance of Fo
expression can result in a fatal aut oi mmun
polyendocrinopdt mkedantsgmaiathely (X PEX)

Both Thl7samsheatdqss edg@r i ved *Tr olmy nmpahpovcey te@ Bl oa rhd
dependent -bppratthiwayTG&Br their di f fioefr egsit g raitfi iome
i mport@egea abteel ance in the Th17/ Tf% gA rsahtiifot fi
Th1l7 wupregulation can downregul ate Treg expa
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previously stated![8tAdtermaatmatdiyd ahtehmpivteir s

result in autoi mmune condilt8fbns, e.g. multip
As wound healing takes place, it i's -i mport
i nfl ammat emy | amdnad mtriy i mmune r e.spAdnserst itroud «

infl amed microenvironment caopdefalatbdsf wbuo
event uall®® cdmrhiiog nfi ngmnparto r yu ppir@malelsigreq e s i s
downregul ating the i nfdmudk enfc aurnmaugiien gc endrsmatlo
wit hicnort&a Current treatments, which will be
promote thi$ htheerag®tiugnighvi & ipan énlvdaiydseggd i at i on 0

infl ammatory processes.

12 .Clurrent Treatments for Ocular | njur
Ocul ar burns are an ophthal mic emergency an
further destruction of thetaiomnead! ai £t nmnwe
The eye must be O0deoxdawmtusmt aated&i af t hbegat.
mi croenvtia o medd ! tTHhymepH s a critmcgltaoafaether t
injury to the postetioenr ac mamb’@luAadf presegye
treatments (ascodP¥adcertoifdédsttenmret glesdc®Gnsdact |
anti by°dtairces t he gold standard for ocul ar c¢he
fectionjumnepiaonstagdttpromote wotueardm hiesad | of

n
orticosteroids and antibiotics cdmrmadulotn, i

c
gl auaom@ati bi ot %! Cowgitstcoscaeroi ds are often
penetrance of topical drugs to the <corneal
concentrapobastiaamldly higher (°kciTthendeamaigead:
intraocul ar space can cause elevated intrao
heal i ngc ampgt &caasnl ens and optic nerve, further
| ofl$8l Nsotner oi-idmafl | aaommait ory drugs (NSAIDs) are .
inflammation, however, [8%. W8t promote reepit
Due t o -ttehrem Isoindge ef fects of topical drugs, it
stem <cel |l or keratoplasty transplant i n CQ
inflammation whil e pr omatnign g orr exestmol t milghfrircat la toinc
Lmbal -csdglelm transplantation (LSCT) i's an opt.i

b



Chapter One: I ntr

harvestedr érametdi oongunctwhvwgihel d mbaw abdthogmnt

cel lwi,aeokwheaction of | i mbal c eolfl st hfersoem po aodcaev
however, #equn riemmumnmb&G’l pApnroersiesgitome cioubdt ben t h
Sshdgretrm use of <corticosteroids and i mmunosup
corneal bed, which wourlids kiGe edhu & hteo btuhren dvii scrtu
privileged stlant utsheo fc aashee ocforanetar,anspl ant pro
to control i nf Itaemmnsautrieo nt haadte qturaatneslpyl ant ed mat

the I mmumMHGCysmamched antigens would be targ
i mmusnyest em and t hreapideaswiédd ywaldfiPdedve ous wor k b
all'’derformeddameost epr ost hesi s (OOK®Yeiocplaa
surface disease. Trixd rpreco ¢ edu rhas mama & lfelest ehd am
i
f

nsertion to the scleral/conjuncitainad oas cah ai
un
requiredofB ombht lpg eparation prior to 4+ nsert.i
on

ctional cornea and was recommended f or \Y

C suming for ,padie®entgeonssientists

At present, no treatment can recover visual
an al kal ialburcro,urvalgiilngg Teepethel azateamn.cl ini
current treatment gap for ocular injury pat:

that can both promote tissue regeneration an

1. Mesenchymal Stromal Celll s

1.3ntroduction

Mesenchymal stem/ str éaermelmad @lplos et MECs)t eanr &€ en d
from the bone -pnagg olwy oFr ijatPéesni edensteian su
i solated a popptlati cel 06 &l immaddadd ediofff emud ntii at
forming unit-Fji bp®ead¥% wWakU further divul ge
pl astic adherent oandi tbeitoesntteioasthed eidy mimgt e s,

adi poicytwisThe term mesenchymal stem/ str omal
stemke nature. MSCs can be isolated from va
bomarrow, umbeht ahklInpuosbcplde,, | uatgt’ti $BPaepi co®rmn

pl ethora of research conctehrenrien g sMShGxs caonnds etnhse

on what mar ker s -apec idfefie nliritievred gyt iIMBGrCal Soci e

M N
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(1 SCT) constructed the midnifrheaelr eartiitagrei & ett ave:
haemat opoi et iAcc csotrrda nmagl tcoMB Ihsi smudsetf ibne tploans,t i ¢
positive for surface expression frnaelgat 8 ve&D
expression of CD45, CD14, CD34t bppot@itliba.l M

di f feriemtta athenletaig e cel | types; osteogeni c,
i néa’des
MSC multilineage potential and easatbfacbkioVa

candidates for regenerative medicine where t
has previously demonst-clateridcaheamapealtinci balhe
allograft [t*?ah®plldtetp&ttit&d mpot ar @il &Y% wod ad ct
heallilthlgstitdkest elodd¥ t.entr 1 Sreost onl yr epassadd sy e a
regenerative propertieduebtutt eihra viemnguennoesruaptperde
i mmunomodul atThhepgepptreoempteirali es can be exploite
prionf | ammatory microenvirobomsemid$t wittohwiam dsan a
i nfl ammarteopayr,atpirwe microenvi Flotlment and prom

1. MSZs | mmunomodul atory Potenti al

MSCs have been demonstrated to have potent
properties, capable of skewing cellular phen
Barthol olmévniegti aally reported the psdtnen2t0i0a2l. t
Barthol omew showed tdheati vtehde biarbfowsni awsS Cosf sd ogma
t he sur vi-miad matfc IVEHAC dpoanrotry asnkdi nt hgirradf t s. The i
was believed to be via t he sspuop(pbteeRs)shii grh | afg htth
the i mmunomodul atory effects offY'MSQB)rend hper i
t he f oddootiihoegscur rent modul atory knowledge of

i mmune system will be discussed.
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{ interferon -y
*Promeratiw T 110
‘L Monocyte maturation
f -4 Macrophage polarisation
Apoptosis
nducti 3 >
Tl etien F q—'T(;FE—B—";—DIOO——— -6 : ; ¢Oxldaﬁve8um
TR“"""MK ! & ¢Emavasatlon
: PGE,
VAT D0
¢A‘“ e a5 &lmademmy
ve \
@Mam,a‘m ‘ ) .LFmItferatlm
) cprotoxicity
J MFa
FiguBMSQs Modul ate Components of l nnate and

Secretion of Chemokramges aadamt ey ttdtbimnBesrphy et

1. MSEs Modul ation of I nnate | mmune Sy.
The innate I mmune system, populated by macro
initi almecdefaeinsan of t he I mMmmune system. Macr

respondersdo to Lith% IManemeatpcrayg esi carael scrudel y

Subseésting -ast atvmrtichdi)h a miheatl as-gctciav atyad] | anc
i nfl ammal e yanattii weetl egyd ) . Macrophages are high
phenotype depending on the sig®aibsf lpammaetndr y
macrophages are stimulated and can conti nu
inflammatory -siLBaaANHsl i1lbd 46g.r daFcdNt i ve (OR@Y)en sp
nitric oxide (NO) and indd¢tihiNéd!/inf I a mma toori y
macrophages are-istlhiammat edy-t9ia-4 madl3s , -0/d5Fg . [
| 16 12/MSCs secrete sol ubl eb Ipe disad tagr(Ra@Bidi #cLIE®Rd i n
and WO ch can nsfk eawnmaat @ o pthoavwgaersd sa mat mmhd raanmat or vy
phenoét?WpéMESCs can -erét ammhebdr ypariond u laantmmd o r o f
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anttmfl| ammatmeiyng phagocytosed and polarizing
ocycl ooxyg@Xdas &£ GERQ, INO. The phagocytosis o

al so been |linked t e ,t hNeOr Nafhadnu ergeid wlt a toino ro f o fl |
This modul ation has been | inked to the relea
the activation of macrophage intracellular m

angdkew cel | pheamioi fylpeemptreodwieetyds €Fhe abil ity of
skew macrophage pol ari zaitn oainidmaosl inbvehdiun gdleyno n s
etlldYemonstrated that autol odWwHGIBI2VESIClsn gc oul d
d

erived myeloitfdregés) sparadofrgix®@ corneal al | o

]

evetaH eetd MSCs do not directly promote Treg e
|l udgrived myeloid cells initially. Ther secre
from maccaphages attraancdt "CDIdf yroplwaoc CtDels. T |y
can either then engul f ¢timdd e mmaltlog yorp haerne t g7k
stimuli in theé'ltmj ¢5Pbeéesvisrtaundnye nitndM8@s esamnha
pronmohe deveaehdapmemdsdi onegul at ory monocytes/ mac
prol eamgeckal all ogr a¥! Sirminlsght Fale, m oksos it evtiaw dahido

that "WBCBR 2D @roducing monocytes were ident
human-(MSMCStCr)e at edt mmoeaer hedamaics bfl ec tgaSnse 6 pr
6)dependent manner, these cells migrated to t
corndalogr aft survival . MS Cs -bwlelrSeb , ablsland how
PGE22Tlhis study indisgteadrhicmaits tal athioomm hott hMdS C
mi gratiedm mawdt hon the diwmndammahery panbpert.
effectivadhyseedxewmtehe hypothesis that MSCs c.
properties via-inlhé asnenateryomyookanes and c¢ch

212291 previous research has shohwrsftleat sMSEen

administration. Thi s may be due to them be
phagocytosed by <circulating i mmune clkl'?t's ant

127]

I nterestingly, pM&ICaraltae @ hhdjeamnsahtobwng utgoh a t «
mitochondri al t [rl&hespfoerrt.e dP htihnante yMSeGs aclan depo
mi tochondritaollttkansThkle®spwgmal ( repression and t#F
engul fdeM$@®ed extracedlVel)arwhvedhi cclaensTL(EMI G er

signalling and cytokine secr et i oinn filna nmmaactroorpy
phenotype. 't was furt hearheastoacbhloinsdlhre da tthoa tmal
under oxi dati venedsitarteesds twiaans [fEd/r t | whi ch [
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bi oenétiFet'Ndsli ti onallly2b uModr rtilbsdatn dMSIC aalct as
for mitochondrial transflé?flo dperloinvoetrei npgh angiotcoy
suppreasns lpprmomat ory cvy tTONK| nkb,i s1e diruentaino ma ce og.h a
lung i njifW¥Ply model

MSCs have also been reported to modul ate dei
Dendritic cells ariempiéménteaet toonset] fgebdr &vine
protecting the i mmune sly%t elm*df rédtlempalimvad i vieat
acute respiratory distress syndrome (ARDS),
dendritic cells into regulatory dendritic ¢
which could alleviate nagcletttdhabwaed t haurpri Bed

cell s, activated via LPS sti-imu|l] aCD®®, and s @DE&
stimulatory mol ecul es and raitluruatiinogn wna rhk evrS C
etl'¥leported a sign6 fandMt&HInocwienagd e hiere clof ma
dendritic cells with the conditioned media o
increased Hdvalngd CDEBMHCD86 sur f acreo mxtpa ke stsh e
e X pr eostsyitoont-bxymphadcyt e as sColcLifeotne dd epnrdarti etiinc 4c e(l
linked to the-tmpawmsuctttomoito adid ( ATRA) , W
pol ari z alt0i canidpflooduci ng hel p¥fl T | ymphocytes

Treacly*%%htveasiti gated the effecmi ematocbad atmoi
MSCs on <corneal all ograft durdiayal prAosi nhogl
transplantation resulted in 100% survival ra
To determine an aalmiongVsSCesiadvenae s$umebnpencti v
da-¢ and day +1, with both single and @doubl e
survi val of t,hec ocnopranreead tach |amfgdraayfbblgee nien jce dSICos
no effect on allograft survisralv.eaAreal yas issi gon
increase "CDROEdadlbati ons of mi ce that recei
Addi t iiomiattrhogvvaes a not abl e ilnc rae &mwiwinina Amat oray
macrophageprioanrf Kk @amgntait mulyat ed macrophages comp
syngdmeiad ed macrophages. | nt er estriensgtliyn,g tshtea
macrophages resul twad dasmitainh k a ppothearoa tgyyapg @ .o nl tt ow
proposed that MSCs were not travelling to tfF

their I mmunomodul atory effects on -asnsnoactiea ti emn



Chapter One: I ntr

l ymphoid tissue (CALT) . Thi s research high
potential of allogeneicpdE8Csicmaltgsidenthemeag

1. MSLs Modul ation of Adaptive | mmune

Di Ni cdf3Indt Balk t holl'bfdierwstets holwed t hat MSCs
l ymphocyte prolifespacibdoncbwitondeaosnornool ycl
Krampeltl@ddeemomdtrated the inhibitory effect o
cognate peptides, resulting i nopdreocd uecatsieodn .| ylm
specul ated that MSCs hinder T | ympthiomwylta&tso rfy
mol etWfleisn a noncognate fashion, indicating t
T Ilymphocytes thldt° MS§€euhtaee beengshmhswn to |
of prolciyteTaoatxymphocytesttwkhi upr pgaoamaR@exdRE xpan
Treg |ymphocytes ind*%cohdaifdae magnsatit atmod et Is
intravenous admini st rpdaritoyn alfl e esnuegieon eMC d o «
MSCs could significantly prolong corneal all/l
i ncreaskoxm3 €DpP4 on the average day of reject
was i n conjunction wpt lbblbeame keexdp rresdsuican .onTh
al so highl i elcttd dv atth aotn tolfe spyrodyied en @t MBrCsl avn g h
survival desopni tien a nrfeldaumemat ory cel |l popul at i

the i mmune sys tdeonm orre giummuense arne sapnotnis € 48 ol4@lx er

A mechanism through which MS Cs can exert t
| ymphocytes is via tht'é!] Necriest i@ nc mommoMNO gians e
mol ecule | inking the innate and adaptive i m
synthase (dNOSBSPrtihsvsesech sof orms within rodents
neur onal NOS (nNOS) and inducible NOS (i NOS)
as well asl'faar hplgdgessecr €t ceMS@d cNaOp rfer koenmw

infl ammatoophageanahbiomwfalraimmaeabdby?yp&i mil arl vy,
secretion of NO from MSCs can skew eff-ector

inflammatollry3> Bad dp'?etattéshowed that a mediato
T lymphocyte proliferation was via NO secret
the inhiTbicteildn T@R emgptucred( T | ymphocyte proldi
production via suppression of &T ATr50 dpuhcotsi pohno.r

M p
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believed that NO can regplptue atleemdhe/ Thuadcle;
to apoptosis compdr ét* tNd3!Tshex rseu kesde tfsr om MSCs
soluble fatdpr-fl)Gan ei ndiCOeBoCDRI3r e g |l ymphocy
phenotypes wi t h a significant I nhi bition o]
autoi mmune di sleld4%e (EAE) model

NO ars I mportant regul ator of <cellular prolif
mechani sm of MSC i mmunomodul atory properties
was shown to increase the proliferatandn of

keratinocytes i h'*a 5FRhe iwohin@i tmoarelof NO r es
healing. NO also acts as-banwdadsd dudiial acthbérhoat nadx i
Whil e vasodidsaemomas may nkegative 1| mpact on w
infiltration of i mmune cells from the draini
of i mmune cel I"§ t pgmpDopriongfsl a@nindadc roradayhages, sl
their 1 nfl amnaot oar ymoprhee nTor feygp easnadt arnyt i.nmamcartoep h a g
immune cells, e.g. macrophages, neutrophil s,
the further secretion via MSCs cami tpggpenpt e
activated pMPRKei gnkIShleNEDg h(as al so been shown t
the |l acri mal gilnafnlda nfroalt loorwi nsgt ipmudas pdst amubat
enhancing te!d8H neooloamdineoyy,en acaal(sloDOi) bi t T
l ymphocyte proliferation via catabolising tr
T Il'ymphocyte proliferation and induce | ymplt
| ymphocyte growth and survitdehdri DOccaaeal las$ s
induce T |lymphocyte anerg'yflangmphompte dmegg
when | ymphocytes are unabl e ,t o rdesrpeocrtd itnod u

peripheral | ymghlocyte tolerance

2 is a vital cyt'olki perpTodyeaepdokbyt €EBD4 |t f
Thl and Th?2 subset factteésvat dd agbhdhocyres ep
simultaneously suppressing t'Re. ®Bpoder eamttiiagt

stimul ati on, T |l ymphocyt e2s sceacnr epri codhusc, e wehn & h
preferenti al esxppeacni sfiiocn colfo naghst.i glemti & rad s tf iom g It yh
and survival of Tregs,anktewdnedi L deseli o pmeée mt S
thymus and survival in the per2pHe0§GoTMmangse

all'>emonstrated tha2 v iha& -samtndg eant ieadn To fl ylmp hoc
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in the inducphosphofry8aaTdn [df’'l STATHernmsusa T
component for the devel opment of various | mr
of -2l Lsignalling. STATS5 plays an integral ro
l ymphocytes, via regulationvafed2hed4ld-CIBL ar r ai
| 15 afd lals wel | -masr@pamgldo anatl ean y n@S FYa<Tt or
144, 14Alcting independently, STAT5 is incapabl
of -2lflher ef2ories laL nece 58lrgT AcToSmphoanse nkeen s hown
producti on a-rld saebadrvdtiai ocno nopfedlelpmegn dve nth $TAT3 b
to enhancer-8$ gwintehitidcausdef Lci ency in STATS5 he
an inhibitieapre$siFoxp8n Tregs, which coul d
autoi mmune | ymphoproliferatiWe 2dicamasd umnh
downreg-6l akxpréssion on Tregs, previéhing the

O6 Gorman <c¢l ai med that the increase in STAT
FoxH3egs2toedihetion. It wag oygmphvedgtebapr v
2, the initial *"Tesxemesndwrtshiwme rté&tefFldhyRigstshios d or
t heory that t2h ef rsoert rceotnivoenn t o fo nlal T |lymphocyt
sti mulhethmnest o suppress the further activation
cl assical feedback | oop. Thi s mechani sm hi
autoi mmunity and collateral dahdglddimasn dlhso
been highlighted to negatively regulate Th1°

Th17 and [¥%kghicel bsal ance is vital for mair
mi sbal ance resulting in autoi mmune di seases,
e . HAESIWhile little resear2ham@sSTATVE®sitm gadre
bur n, previous research has hi ghlighted t

transpli@ft &%) on

Zhang *%th d1997 geneti callg® feunsgiionne eprreadt waynn |a.n2d
subconjunctiinval fiumijleymaMHoOmed mouse cor neal tr
hypot hesised that thi-medraaemhmeandwbumdrabuppm
A l-ddavse -20(frU4B8Qughand) an i nhibitory effect on

however a high dose resulted in serious inf]l
whil e a subconjunctival and thtr pperl iotngreaalc
allograft surviittgdimi nTashwirledlarain d 2t atlahp eerei tdaary

prior to corneal t r ass psliagnntiaftiicoann.t | o seilnegv aw

MT
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CDLD2Box™Pp3opul ati ons within the draining |y
transplantation. I nterestingl-ygpr ddaeacieigvaGD4a
| ymphocytes -2r amesg@pKanpatsion and a signific
| ymphocyt-2str dotemdrnnt al so significantly incr
allograft compared to control $'%iThe siigmart a
of -2l Lhas been established vlitab . k'fddbcdkl obdctk! oert i
demonstrated that -2midceeved epi cswemstt anni dlL |y
spl enomegal vy, and wer e mor e susceptible t
aut oi mmemeodrydaehhi2ai s a vital component to en

mai ntaining the Th17/ Treg balance to mediate

As predesasi ped, MSCs are characterised vVvia
can differentiate them from haematopoietic
used CDS8®©Oi mal abory marker on APEX?217A%"CH8Mega
is primarily expressed on dendritic dél'ls, m
1731 This immunogl obul i n-4hasn Hhihgh safrffiarciet yoff o
thereby downregull gtmpmeocygt eli faemrda tfiumettbns t
However, according to the I SCT, CD80 is not

whereby CD86[18% pwi e stlsaflRdynp dvitsaé si sed t hat MSCs
Fox'H3 egs via CD80 on their cellular surface.
CD80 expression was shown to be expressed

foll owaogi patei eonTowictohn fliFNN t hat CD80 had a f

i mmunomodul atory properties, Mittal silenced
a corneal transplant model. The silencing of
foll owing aeotateabntcamppled to the mock cont
resulted | Foa3iemgesr dasequiemci es. Th1l popul ati

i n GDBIOenced cohorts, suggesting that -CD8O0 i

|l i ke |lymphocyte subsét’s!Iftolil 0 wimmpo rttramts ptl a nrt
mouster aidressigmeed to have Il ittle variance to
wi || ex hi bi te xhpirgehsesra rodare rolfowe®mpar ed to additi

their haplotype -Hh"! ®KXipsoesdhses qmu eosft iMHC t hat , i
can expres<oCGD8et hviagreinabl e ?Bbet wheeresdomgan $ on
CD80, and additionally overl ooked mar ker s, C

My
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1. I herapeutic Application of MSCs 1in
MSC therapy has beenprHeehves tciadg ataendd icnl i narciad

transpl!dhtla®uiromagdo wpahvee sshown the i mmunomodu

MSCs in corneal transplant models W% h*°bofHh
110]

Previous research has also shown the therape
healing following cldffreemln salrkaaleid k thren.ef¥Yac td
MSCs in a rat corneal al kal i burn model Vi a
repaired corneal surface epithelia compared
showed a sigmiifmnct@ddéB8appdaigrcas oin the corneal
untreated group.| abmmelelriemsg,i nM3 §s, wdrae Dndt f ou

cornea by day 7, however these cells did se
Addialiloyn, it was concluded that MSC treat meni
burn.

Ye ¢dtétlavestigated MSC treatment in a rabbi
demonstrated that systemically administered
signifying MSCs natur al homi ng abi Hirteiags dan
r#b ts had significantly | ess neovascul ari sa

groups. MSCs we rad pshimd Wwn mu e c @SeMAmersds v i,émead t i n

it was hypat h&MSiCsedgrafting resulted into tI
promoting wound healing. However, thi!$?2lhypot
who demonstrated that MSEVpordenhtohbd thedldfar
f i br otbolyaosftisb riotb lommesst $ uded t hat MSCs can rever
fibroblasts, which can prevent the productio

corneal str oma.

Rece@hbepnldthwdsti gated the poerintéedl MOBEs hiumaa
corneal al k alx 1°MiSrCjsu rwye r o cseulb.conj unctivally a
after the al kal: burn was conducted. Chen f
opacity within 14t rdeagytse tcrogripsawaentld ¢ iog PiBfSi c an't

epithelial proliferation and colbwremaThewoas nwa d
also a signihitlEbmoedaygt eonhemo-AMCPLpacntdant p
met al | o PrvwMPO)iexgpgessi ons within th®ictbrirneahec

M ¢
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i nnat e i mmamitenfslyasmuime,oo yhages showed an incr
CD206, while i NOS was considerably reduced,

prionf | ammmdroayhagaes -anftvhatmat 6¥8! response

1. d.itsemg str&nkegnees tlwe | mmunomodul at
MSCs

MSCs have the capacity to be potent i mmune
therapeutic eifrifelca mmattoordanspiegpnal s Wit hit&! t h

MSCs require a stimulus to O6activated nt hese

vi by exposure to an infl ammawiotaryoemipomsa e @V it r
i nfl amamad 9annftlia mmatt ok iy &&),) 116 TG&HL 1 F-HLP. I hi s

exposure to inflammatory sti mul. can upregul
recruit immune cells to their | oc¢althiherset o e

findings ardadlmmdrilsed in

Krampera®flet stal de mo n sotprr atdeucc etdh abty ITEFN ymphocyt
promoted the i mmunomodul atory <capacity of I
| ymphocytes and [NMlucehkesedRehi €t ras-eiamch by
combi natTiNofh| MbiotthlUc ouilndht bet acti vati onTand pr
l ymphocytes vichetmbok i m@X C)®Btgiacmnrd CIXCL 10. Ren ac

investigated other i NnfFGSFmmaddr howgveki haser e
i mmunomodul atory eff éti ki mohlumBa@sds.a | Hamukceols ae tM.
(hnMSCwithcombi nati-o T N&®fand BMILnt erestingly, t

combination resulted bme@epttoohngea flachart iloa
chain re@efhamrcde v &tFeBils iBg rceell llisng, which further
p3BAPK signalling, | iniadd6drLacdcuwec tEmageid&lhati o
highlighted the differenandalBBlyscet okinesl
capahlilpe egful a2 i anmgd2CRAGKEP r es s TOMWal boweceul d upr .
programmed -U&$lt he xlpirgeasnsd b-dal cammed coul d upregt
expressi oAl WhmihlieciRPDon did not i nhi bit MS Cs

| DO was ess-emediadt dorMIEN mmunomodul ati on.

As previously disotsaednat PY mel acnugligea, t i sveec r
bacteri a, t hat <can s tap mond falt &mpniwedcaroaypyhpaeg e sL PtSo

H N
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agoni st4, odreldeRNt on the surface of APCs and
and adaptive i mmune respothepasndéemiSdame n ME N imu
pat hways via TLR4 t ol#Plowaenégt®®ate taslts il i acbeendsa pnoge
of MSCs with LPS and the 4 eg&elLtekiMSisgavatth o
LPS protectedo/ MP@slutedmapopAktsi gatvhvaayP | 3XKr i

regul ation of <cell survivali nofyiMSQsi |uarrdeyr, g oY
all’®th cemS$@sd prior to transplantation into an
|l i cewasnghown to significantly increase the
MS Cs , while promoting MSC prolif eriantdiuocne dan c

apoptosi s.

A disadvantage to the use ofiedMBE€snalancytacslgi
be attributed to the expense of these cyt ok,
variations in chemical structure of cytokine
producTlthsere is also difficul tly®?2l lypbkxnachhby
utilised as an iIneemMS8E@sigy 8o metdiead wie®irBMSCs

MSCsaiye originalahypdercvedviromméirthb tempamne
the benefits of nor moxic and hypoxic cultur
i ncrdehseexpansexmi mdeMicsgEased rate of MSC sen
normoxi c controlthehwmhialce emashi ai rsitm@ mal cel
culturing ehB®rbpemedtt osenhance thié®°d&haarin
et [*3flound conditi onevlSCmecciud t ireth BNder hyp
accelerated skin would healing in a mouse m
TGH 2T, GH 3, 4b ] 6, 8, L V-EGE i s clear that externa
and chemokines, and culturiegclhhfhdME&L€st heaidrerb .
elicit an i mmunol oge fcfdérdcoyn eviSfCisci ent t her apeu

MSC treatment has been li nbreecdealgswe eTdNfiet hi n ¢
lcombination strategy has Thotmgdhledbteeen ee mp b
allogeneic corneal [t%¥8ynsstpelnanctasl,| yINNBIUpHDYN | st e |
| i #ealn syngenei ¢c MSCs in a rathere nead alfdrogpm
increase in CDl1lb/c+ MHCI I+ expr esusnitnrge aG 45
all ograf whemampmirendt s o untreated control s, w
TNRV b MSCs . 'CORBo x'@3 ewgesr e significantly incr e
boT NI/ 1IBMSCasnd unt CeathewhatMS an exmahsoodebécT
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within the -BliplbeMesSri@ roefatNFi satde.monstrated t ha
increased accumyleguil an oofy pnytee mti idalcelllO0s and
with increases i n spldemiimiTrge dosy mguotr mrecté s vail tl
recipients tUl &bdMSeQA dwdiitthi oMA Iy %Plelpyomtcedett hat
infl ammabdriyealNGMSCs coul d significantly ©pro
transpl ant survival, presnewmivias g ulwat ihs astiigonn f
compared to untreadd MSEE&n ttrodlovd G thda du nd n clem

egul atory eifmhpernrt amt CID&Fr37T amdudewhopopeégubmteon
cell assoA)iMS€dpito(iferati andanMHGI hfdéercant nag
' icencing Imoidtihf iTeGIF t he cel |l ul ar phenotype an
t hhencreasd iex pMHEGsi onn JdodurldtivorniadVypods TWAF h

anCb3/ CbeiBvTatyeniphesysignificaand ygD§ Emdpultedy tCe 4
proliferation, with alL$igrpfesanbnup-béduleagti
treated MSCH.1t rwhaitlmeeniGFhad no effect on NO

-

ignificant Il ncreasae MhysPEmR2 c empdmes-bbonati
ignificantly i ncfFeoaxsHe3de gd g evwgiutemicn etsh eo fd rCabidn i |

S

S

significant decreases inexdgmaegsitonr afel CD8O0 e
expressd hg MH@Gmd Lynch both investsediaM®@s t he
on corneal all ograft transplant survival, n
exerting their i mmunosupp#feddiavanae fofr ¢ c tch ewmiod
cytokines, resulting ['?2.pYi8H onlyies mésoagral t

progress wiINB/Il®Yiagkoeak subconjunctival adm
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Table 1. 1. Synopsis of studies investigating



Paper MSC T Mo d el Out come Mechani sm of Action
Treat mer
Reatlt& Muri ngRecombi Combinat ioow tdf eli®lgbr TN I FNsynergizes to indu
BMMSC resul ted l ymphocytginhibit T | ymphocyte
Syngen CD8T Lymphocytes secret-gNO secretion suppress
and -ONFmpar e d. CD4 and acts to suppress
NO producedi mduacegd oM$I@e |ChemokilnFeds TNE, | 10, | 1b)
i mmunosuppression. produced by | icensed
Licensed ioralsite of injury, where
infl ammatory cytokines. |secretion.
onjun

DuijvegMuri ne TNBiSnduqhMSC and MSC maj|l F-DIh MSCs al | ey inadtuecdke dT
aljterl B MMS C mu Htiineage reopraegiydownregul at ed i nfl g
hBMISC|{144hr s MHCGl el evated of lgranul oaytdausct TDn | ymp h
Xenoge€ mouse MSCs, froéd pavddiniggeh§scompared to vehicle ¢
| F-3h MSCs al | evinadtuec dTEBHReduced infl ammati on
Mi gr atliFdBlhMBE® sites of i nfl ammat ©N§ | #6a ciI0A ,s-9 |
| F-ddi d not alter c¢hemd
I nhi bition of Th1l inf
Hackel |[Human Iy Significant-8i aofledHdNRJIIFANTr i pl e ' icensing i nd
al|ter] nasal 000U/ m ol Ubcombi nati on. towar ddE6MMBiBa slelcr et i on
mucos 3 b\ MSCs sti muT Nflleddb awiet hsen {TN&J 416 | i censi ng U poR €
MS C | FNsecreted from T | ymphaugment i ng-MAPK/pSBeld5

(nmMS( to respond l ymphocyterespons®. to | FN
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Engli shHhMuringTNBR( Ih@/ nln vitr(MSCs l'icenBdHandWNM hndi viiTNEHanHdFdNuse different
afjresl BMMSC || F-d( 0 significantly inhibited|MLR suppression.
All ogg200ng/ mL TNE FDlcombinati on signiiTN® and FdNi ncr eas2e a®QaX
PGECOX, KGR h significanexpression,l F%®%unduxrlsy
6hr incu TGH 1. expression and | DO se
TNEN Fi nducketl PPpression/l mmunomodul ati on ;amed i
I F-al one, induced | DO eXsignalling pathways.
SullivgMuringTNBR(Bg/ mIn vitr¢Balb/c MSCs have higher|{Suppression of o STtNdbHd
afjtosl BMMSC || b more sensiithifveammat @emry I|{1bwvas not correct e-dB bv
(10ng/ mL MSCs . AdsBlor curcumin.
| 16 FVB MSCs have gpoetaetretri aolgMi gr atory capacity ot
(100ng/ m MSCs . aB f ol | oiwnfnlgammat ory M
| 6 di d not-oBa ptait \havtagy . NF
4hr incu
Par kl12hBMISC|{100g!I MmN |[Acut e | Fenhances i mmunosupprel DO is rlkBbdprrienMe d oMSCs
19hr s I nfl ammiBortezomi b -DR,d-6 TINS | HL&A T l ymphocyt e i mmunae
upregul ates!| F8IO deoddiong tKynureni ne.
BortezomColitis|TreatmdmandfBortezomi b gKnockout of | DO i n M
5hr s effect following idiopaflymphocyte proliferat
Treat mémtdhamd Bortezomi bjUpregul ati on of FMlciaand
progression in body wei¢indicates i naBol vement
l ength of col on. Upregul ati on of | E¥pD
Bortezomi b, regul atig
activation within the
Treat mérihamd Bortezon
colitis, decr eTaskel Hibp L
6, -117l1A,-23I,L et c. An upr
a
i

nd increasedO0 t medd 4
nfl ammati on.
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Noonel?§Human |5 0gn/ nhLF-dN I'n vitrq¢l FdNlicensing upregul atedNK cel | suppression
Umbi | i inhibitingFdercoamttitbpemnsefcsecretions, siogni fPiGEant
co+ d 48hr | F-lupregul ates inhibitorexpressi-bl,ncfrel@aGrd | D
deri ve and downregul ates activiqgUpregul ation of NKL A&n
MS C CD94/ NKG2A3. ULBP1
N K i nhibition 0]
NKG2D/ Perforin/granzy
MH Gl expreddgFidmMmsConbl o
fromméli ated phagocyt

Mur phy Rat -MBMC|50ngT NE |[MHG TNRJ UbMSCs significantly|TNEN 44b syngeneic MS C g
afjttol Syngeng50ngl il |[Mi smatc|proliferation via NO pro|/lymphocyte suppressi
Corneal|Del i vadmy/l &6 MSCs signi ficlincreda&€e,ofi ncreasin
72hr inc/lTranspl|{corneal allograft surviv|PGE
TNE/N 416 MSCs significan|{Productiadrn rdfouN@d t o
CD1™MMHCtdxpressing *lal l ograft survival v
monocytes/ macrophrages winfand | ower exXprassodq
and spleen of transplantjcytokines.

TN/ 416 MSCs significantl/Accumul ati on of MS
expr esBsNfannlddlbi n | ung tis|demonstrate reé@erioge a
cell s t o-waf a mmar toir \y
suppressing T Il ymph

medi at "DPRHFORAI egs.

Lu Ee2°Murine |[1ng/Tmf |[In vitr|{ProliferatiameriofedAdWPDssOsteogenic different
Adi posses increased 3 and 7 days amineralised matrix f
derived72hr inc replaced with nor mal me d| BMP2 protein expre
TNFJi nduced osteogenic dilincreased TN 6 Wwic e g

Upregul ati-2n expr eBsMA adMNE | hi ghl ughteigndg at-2 oma tol
|l icensing TNEdecreased Smad1/ §
pat havdahyr Tt eeat ment ,
expression in adil pl&s

|l icensing exposur e.




Chapter One: I ntr
Upregul ati on of Er k
pat hway
Lynch [Murine-|50ng/ mL |[MHC TGH 1MSCs significantly |TGH®1 MSCs i nhibited
aljtozl MSC TGH 1 Mi smatcldownregul-latexdpMHLsi on on|l ymphocytes independ
Syngene Corneal | TGH 1MSCs significantly with increased | evel
72hr inc/Transpl|{proliferation, TUlpreeggsul at|i ndi cating s heddb hogo
TGH 1IMSCs significantly cul ture.
surV|vaI and reduce | evelSecreti onp and pPrCGeEs e n ¢
node believed to medi at e
expansion-2 whvhl COkKe
Prolonged corneal al
increase i n Tregs,
effector T | ymphocyt
L1.
Horie |[Xenogen!l Wb( n@/ mVentil ayNapve and |l icensed MSCs|Significant-10ncKé&ds g3
aljzozl free TN, i nducedledema, restoration of al|lfollowing fresh MSCs
cryoprg(50ng/ mLinjury |[LicensedMhNSMproved pul Attenuatiendd a8 datddlle a s
hMSC | F-d wound repair. via epithelial cel |
(50ng/ mL Restoration of alveol ar Decreasedpr 8aein c ¢
24hr inc correlated wi t h re
permeability.
Licensed efficarcegutbrlg
antibody, highlight:i
alveolar function.
Significant-10 nfcolelacwi
MS Cs
Var kouHuman I F-d E. colilEnhanced Bur-votateadfrat Reducti on i n al veol
al|203] Umbilig(50ng/ mLPneumon/foll é®WDNMFEY treat ment . foll owlimhmd MSEV tre
codeéer i Mo d el Reductionapontenl abobaygen/fdownregul at ed c oTnNoRe
MS €E Vs 8 Isr al vepoelrameabrkestyprati on offrestoration of pul mo
Xenogen synt haseompco®nti at i on
l evel s.
| - MSeEEV significan
bacteri al phagocyt 03
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macrophages, l'inked
oE. .colii

Chen hB MMS € Hypoxia [SubcutaHypoxia significantly i-flLow oxygen environm
al|tosl CM Wound MSCs and wupregulated mRJIparacrine secretions
Xenogen24hr , 4 ¢ TGHB 21,446 | 6, -8I. L Hypoxic conditions s
i ncubat.i Hypoxi-dS@BM significantl yof V-BEGF i nducing a
contraction compared to mi gration and prolif
encouraged function
| 66 an& ddcretion i mp
repair.

Secretioni rodu diylploexi fc
promot e cellul ar a

conditions.
Yao [étf{Rat -MBIMC|LPS Acut e LP-8ISC reduced fi bmgoicar|The increased éxprR@igl
Syngeng(0Q® Obg/ nmyocardli mproved cardiac functiqvivwia -MSPCS significad
48hr inclinfarct|fraction, wupregulation ilmyocardial survival.
L P-BISCs enhanced surviva|lLP®SC significantly-
infarcted heart and reduldependent signallin
LP®SC significantly incrimyocyte apo-M&E€si st
TLR4GMBEIi gnalling pat
fibrobl ast gr owt h -Ifia
growth fat}Yoand (é¢pm&

factor (HGF)

HY



1. MST Routes of Admini strati on

The route of administration for MSCs is a vi
potential, and different model s may require
through the tail vein of a Mmoluemrg damsnealeva
sur Vvidval®. *'Purthler investigation founduMSCs c
to the érymiidiowd c al and mechanical condi t
adhesion prolp?84.t39ék woDdmeMSLtsudi es, this engr a
rapi d, wi t h researchers detecting t his (I
admi nils?P%.a1%’ftner estingly, the administration
prior to cell transplantation significantly
|l uhy’§' Due to the anatomical distance betweer
hi gher dose of MSCs and ¢bdl di’Bdambint et spst en
subconjunctival admi ni str-pasea, eavects thadas
target systemic eff-eetb aodtaeaoasuwi hg desedeéen
MSCs through local wdmidpustedtians [ébwhelmgastd
range “o0f1°88d0%x10s.[?%Phaeetighted the therape
MSC vs single MSC subconjunctival i njection
that the admi®MBE€6t adea yo nofoft r2axnlsOp| awopeamadi bhr

significantly prolonged corneal all ograft st
of -4l Lan-d 01 Bnd reduction of t hle2%8Fohmip/aTrhe2d rtahte
administration of MSCs via topical, subconju
treat corneal scratch injury. Subconjunctiyv

promising results with rexpres Diniemfilosafmo@n @ e &
cyt oKkTiNfeasn d-1bl TLopi c a | administration was the |
del il%%Yyhe cl eairsdibadwveawStdsg e noe natd hoefr e t o t he
by holding the eyelids open to allow the cel
MSCs via lacrimal [8@treteéoast iamgl yb,l i $ikkd kniga
subconjunctival and intravendcws nedrmi ripst hat i
closur-epianidebl, eaMhiizat issurbconj unctival resul tec
compared to int?2¥vemoutshi deldatealyotih ilsagales
subconjiuaarcd | v @sitnetmiacvedprbusery of MSCs can be
efficimedi at mng ocul ar I nfl ammati on compar €

admi ni strati on.
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1. Augd ol ogous vs All ogenei c MSCs

P & 2 W

/‘4 :
| 4 P Lung Tissue
MSCs \

Dental Pulp
Adipose Tissue \ ‘
\ Umbilical Cord

Bone Marrow

Muscle Tissue

FigurSchlemati c of MS$hQsmddies d megle fnra@m using Bi o

The source of MSCs is important dudeerovede

BMSCs <can act via diBWMSENFEI me c)e\IIC.sstmss of lraotne
fremdtclhh shsauvee otwhmeéhiarr act eri sti ctpbbehetgpoegbasket)
parent tissue, which &&relledadetmuwsedreMBEEdi bawv
i nvest i grad palr datni arheo fs as atl dliltiet &2éd Ad'plegare |l at i b

muscl er egemsed dnt | atet, radtiivwe ati ssubdowevisol at e

chall engiangs otua cfei ndhat can promote <cellul ar
myogeni cl?2pdtCamtriealt | y, at time of writing, t|
i mmunol ogi cal benedeti voefd DeMStdasé.t aplu | mulsycsl ea |
interesting source of MSCs, due t o .praemmgar at i
ewll?'Pepoddaretdal puslpp!| sair é md d @imonat ory macrophag
anitmfl ammat ory phenotaynple awicae | @Claz ede ovoautl ido rh «
model . A cl ear di sadvantage to dent al pul p

heterogeemrtt dly wpdlp cells, e.g. dent al pul p s
dent al follicle stem cellssepacdadbdthlaeract ee

from their subpopulwannolnisahllTddssi Eoal dareshht
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for each subsl@tNadiet inoontmil d eyflieiré w@edd MSCs hav
utilised in wound healing in diabetic studi e
proddeéiiT™hél harvesti rugnbdfl i MRCs cforraamfd aenr tcehida
birthtfi $dee i s electhedvelesamedintagewadtbee be
in Itohve efficacy [DAAdMPO s @sedli ateidenMMSCs have bec
i wound fmeuwl ssage r eacsoshas¥’st!luThé onsol ation of ac
be nvalsutthe ,s st emavel & grgbpfrequency yield of
amplification,toshed ebyl lacd i 2@y ealhyrlac dwmilobad t h
i nhibitifnl yorthplCdadyt es and expazmusitameoft r Bae gne
adi posenM8isnridBaMMISYar e i sol ategprdcecredotgheissir gi

i segarded as invasive. A clear disadvantage
andli ffi acguyoingtary donors BMMSChEi arsubbetn
frequently wused??°hamcd ihacal bsent utg®%i,s?éd i

di abei?éki dneyl?dY ge*dee-8ost di seddle 2fddweH DY) o
the multiple sources of MSCs and <cl ear het
paramount to ensure reproducibility between

mar ker s t hat coul d i ngdu bfsasrte aa crmoonrdd th eome foiveeira

Si mitloaitmpeor t ance of the ti,s stuhee MISOOSO ra rseo uirscoel

al so caompamdnt for therapeutic success. Il n a
date of surgery is known, it would be possi.l
and cuheésesocetthssy can have their BMMSCel |l s

i solation can be traumatic on theabodyeateqt
unnecessary burden on a pat3élnAd dpirteipemalnigy f

health and i mmune status of the person is v
regenerative capabilities as a mmuusygtramiac t |
di seases, i.,eptatiaabestign, ficpms | ylihigeacthatshe
been shown to bei na MSQndiffifcamdntfiaacttibwe®! pot e
reported MSCs isolated from ol der patients
proliferative and osteogenic capabilities co
and 45 yQhaorusd hoelPfiffi.@th|l alght ed t he eacrdleireirvesden e
MSCder ifvedn ol devi pgamnicendt &y decreased cell e
potential, comparSdl It&Fdepudigecdr pageeans. sex

significamt M8Cf ehbhesa.pebBWhiCowee ftsfoilcaatceyd| € r a md
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female donoOs8 letawesewi ftlBa gae sraEmy|emad iez ed omfo r s
exhi iitged fyiecdaunctd-6 &Rd a decr evaes ednidinf epremltii fae
pot emmnidalcel | sur f aced,ex@bleds6s7 daymodmp@D 2SS EA 0 m:
dondms s study n ep oangti endy -BSfCast ea si gni fi cant

adi pometnaccd i mdwvli athedn i ncr e &as & eima | cdonmepoahr oeady st o
mal e dSomurlsar | y[,238%ipeogsilgdeitd iadant reduction in
ti me, hi gher | evels of a/led wmpemed gr ela t leynndpl hDoG:]
MRNA expression in femal e .ddUBdLCrss i sommdareadd fitr
donors were also shown to have(Iskhigend efqincdarn)t | y
CD138306. r eccecpmpoar)ed t oT lanssdt eiddld grhdri gy.ht ed a s ex

variability, potentially rel aaegodto méireo pa wd
femal es, and that this factor -MSCsdsf aro cblei nc
treat mentgsr edancar ef fect onMPYCGsowdan kiened s €d
s callpe pr oduccutlitounr idnhdd Dfitfécaelltlhs st atus of a donc

i mportant.

Di abetes can sighefapaentiygy fmpagt omdeddc MECET
reduced migration towards cytokimes aheée seeu
ti d%3FeD?*@lbetic cells can also be highly sensc
high glucosé?3¢phRtkatpraes emse of ROS iwiptahirn a
the function %2 Phegenstodi e® ciwigghmaitght ntgh @ c
agseeand health stdaetsuisr etdo tehnesruarpee utthhec out c o me

achieved.

Il n the case of i njuri,est hissuchhammsotc orenefad r ead
autologous MSCs would not be readily avail atl
donor s more otphteirnaapl e uit AWt eetiihea cabyneal tr al
model s, MSCs demindedrfameml| antevwddtho ma smad ic ie
antigens, have been shown to h@WEortfifneci eqgt
furtherpara yt hiummd el Aned aMSG6 ¢@goowen tb*°lbe i m
Firstly, these cells c-Aankedotblseeemed 6 axpanae
thawed f olPr°Grhérfalffesmomstrated thatbealiltoger
transplantatiboaamgr pf 6v iddoen BSrCeamioir a l and cel
respomwsae. plrtevi ously believed tahnadt |tahded eoxfpr N

contributes to the MSCs i mmune privileged st
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innate i mmodhe sestemaurface expr essstiiomuloaft otrhy
mol ecul es a@aiyd okelneasanaf chemaekiomessi ha ana ril nyp a «
must be considered that the allogeneic admi
death following administration, whiléf*Smay | i

Al l ogMd®€@s care viewed asnfHawimag op gnoanutd ad rmtmg n
propeMSdsesc.an suppress all odbRs gleinbidtri oenofpr ¢
CD%and *CD8 ymphocytamaaet abbhease i h?‘Tlhegenambe
di fferent mechanisms through wH?f%hl tMS@Bay claa
MSAirect or indirect ianteraacatgi cwrnyd owii tnfe ARQT
antipgemsentation.tAadditymphadtyt esISCs can r el e
to ensunmeadi M3 @d T | ymphoN®t-2l71s v BEEIsts | oann lee
dependent on the disease or condition type t
admi ni st fZ%iWhre nr oMiStCes ¢ amisterd mpfrloammat ory cyt ok
| F-NNt here was a clear inhi éi aied optiiNenesz.cr |
| D&,nd-21 by all ogeneic T Iltymphocygedbi ¢t Amdled F
i nhi bitoPDBunahdePlpPads hways, which are effector
fundtiibchdi ti ahbhbggneic MSCs have been shown
phenotypes, yi el diTnhge-choebtteurroeg eonfo uhsu maens uUMS Gs. w

stimulated B | ymphocyte populations can i nhi
and i mmunogl obulin producti on, belieV¥%d to
253Nash!l?fdt mposed that MSCs can induce a spl i
T lymphocyte and B | ymphocyte compartments.
Al l ogenei¢c MSCs have been clearly shown to b
treatment of mamydifeélaisheabumeceslss of-clliimieaasli n
model s ilreve sitst O @t apdethern TcN &/ L16d fi ¢ eanl sl eodgBevh e i ¢

MSCisn an established corneal alkali burn mod
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l14Research Hypothesis and Aims of

Priionf |l ammat ory cfalolko gneen eliicc eMiGsn gpiroi owi tbo ad
enhance their i mMmmunosuppressive and i mmunor

promote corneal wound healing following corn

14 . Ali ms of Research

This thesis addresses the foll owing specific

1.Tol iseanl l ogenei c TMEC 4D avy tt hkamdke s abMSEs s
i mmunomodul aadmmriyncatpacanyg admapyYiwveoi mmune
2.To eval uat e t he t herapeutic efficacy 0 |
subconjunctival administrianiowinvon a corne
3.To assess the iIimpact of MSC administrati
i nt eigm iMiyv o
4. To evaluate the immune phenotype of dr ai
i mmune i nelliedd odweilnigv driyseedofal | ogenetioc tMSeC

subconjunctiva



Chapter Two:
Met hods



Chapter Two: Me t

2.1 Ani mal EShi aiahs Apgpdoval

Al | procedures that invol vedaaReisnealrsc hwearned aEp
CommitA@GRECYNni versity of Galway. These procec
granted by the Health Products Regul atory Al
speci fi ef rpeaet hfoaggednl dnt pa dteandard chow diet, a
standing operating procedures in the BRU A
Bi omedi cal Science, Un4l @eereski dmafl @f B@albway , CI5t
and FVB mice were purchased from Charles Riv

2.2 Il solation and Cul ture of Prim

2.2.1 Balb/c¢c and FVB MSC I sol ation
MSCs were isolated from t me ¢&o2n eweneakrsr oow do)f. BA

wer e eut hamniassepdhyxi at iCoOn . Foll owing confirm
di sl ocati on, the fur was sprayed with 70% e
incision was made in the peritoneum to expos
hindliocombe #Mobd connective tissue were-hrigpmoved
joint. The tip of the femurj awiamst itsol ¢ par atne
hindlimb. The tibia was separated from the f
and another incision was made at the ankl e

muscl e and tissue iweer ef orrecneopvse da nwdi tshc aal psetle rb e
i eceol d PBS.

I n a stefrlid@®od ami marepi physes of the femur a
was then flushed out wusing a 10ml syringe f
medi um. The marrow was collected and filtere
r edsuia | clumps were gently dissociated using t
by centrifugation at 400 x g for 5 (liarbdtees a
2)1 Cells were fihmedInT 5 efeldeesdk sat@mdk CiOn il atr e ch oa |
conditionsy, Wrebhb5#Wed@0Da was added eveayg 3 da
achi.evkkdlherent <cells were then detached witdl
were characteris-8d Battwéencphbsawesednot uUsSE
FVB cell s were not useadhdbd#MBdrd upass avdeyr eh0 s |
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derived from bone marrow pooled framdlBVHONO
MSCs respecAtlilvelxyeri ments involving these MS
(n=1)

2.2.2 Media Change

Cel | meMIEMi,m Qi bco) was changed every three
conditions for MSCs , encouraging availabild@
componeMedi a was warmed initially to 37AC to
shock. Cells were initially observed under t
media was not indicating contaminatnisan,y.andadn
a sterile cell culture hood, medi aewaandetae

medi a was added to the opposite side of the
cell selThe warces @Bi7&dC angd 5% CO

2.2.3 Harvesting Cell s

When MSCs POdé&a&c hceodnfT@ency, cells were trypsi
decanted and the cells were washed briefly

with garbyigdsitny to disassociatebmdltliypsf nomashad
to the cells and the flask was returned to t
adherence. The cells were visualised under t
surface bDtfhd hfel d4dla pweddd @arctoluy atgaep di ssoci ati o
added to neutralise trypsin and to resuspenct

spun @ 400 x g f or 5demawauttedst. h eVacsea lel npedlilae twa

in odmlesh media. 100l of this solution was
2.2.4 Cell Counting
A haemocyt omefteerr owvalsl ubsceglhtaissg coversl i p was

haemocyt dmebér res0spended cells wed®8@Ppi pett
Trypan bl ue. Trypan bl ue divs taibn g¢u iwwstHadbst eb ddtowm

dead cell s present with disrupted or damaged
the intracellular componentwi tof wihaeblceldmrd iw
Tot al vi abl e cell s wer e ctohoen méodfr acned | csa | pceurl al
solution and in total resuspended in the 15n
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2.2.5 Cryopreservation

Cells were required to be cryopreserved to
Cell s wer 8 &f FB85elmoniddre met hyl ated sul phoxi de
crystallisation of cells frozen in |liquid n

trypsinised ,aadpresuspehyede sdcertiebreatn o eQted |l | sc
were resuspended®pteor fvoiram aw epreel-deeatlt; @ ullxaltded .F B
then added to resuspend sBhercell soaocdyopl ks
and placed in a O6Mr Firsoospryodp a ean scuornet ati ennepre rcaotn

a steady rate. The vials were then removed a

2.2.6 Cell Recovery

Cel | vials were taken from |iquid nitrogen a
t hdaw mogeneNhteyw t hawed, the cells were transf
Cells were quickly transferredatmed dé&ml med
neutralise the presence adff BMPOs ewlemaridaan b
Cells were then transferred directly to a fI
was changed the fahyVyowemgi daywpgt DMBE®mov e

2. 2.7 Generation of murine bone marr ov

BMDMwere isolated from the bnoingeel naweelws obl @B
Ani mals were easphwnxsaedi oma E®l |l owing confir
di sl ocati on, the fur was sprayed with 70% e
incision was made in the peritoneum to expos
hindlimbe #Mod connective tissue wer e-hriggmoved
joint. The tip of the femup wasnt sbbateg@gaant
hindlimb. The tibia was separated from the f
and another incision was made at the ankl e

muscle and tissuerwérefoemepsd awidt scal peé be
i eceol d PBS.

I n a stefrlid@®od ami marepi physes of the femur a
was then flushed out using a 10ml syringe f|
The marrow was coll ected and filtered throug

cd umps were gently dissociated using the pl ul

oy
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5000f cell suspensi on-twags Etprpemdfoerfr eachdt c eantg
for 5 minutes. The supernatant was pipetted
200WACK buffer (Gibco) to remove red blood ce
suspension was th@Reomaeuopks e obh¢avicd Ap r8dPe ni t
cells were counted using a haemocytometer. T
mi nutes and r esPuqipe3nmle dp eartwedell 5l xpllddt ea. 6Cel | s
mai ntained atf 7A€ day$% EwWery 2 days, 1. 5ml
each well and 1. 5ml of fr-eéay diedi ar evatsi aatdidoe
peri od, cells were washed with 2ml PBS to r e
was t hefnoSrathdedtes at 37AC to detach the cell
medi um was added to neutralise trypsin and c
at 800 x g fourntSedmi nutes and co

2.2.8 Lymphocyte I solation

Lymphocytes were isolated frommi el 2s pMeecekrss
ol d) . Ani mal s wedgaes pehwytxh antii soend Viod | @i ng con
cervical dislocation, the fur was sprayed wi
An incision was made in the peritoneum to exX

Il ymph nodsepsl eaennd wehree i s olcaotledd PaBnSd plna cae s tiemr ii
hood, single cell suspensions of | ymph nodes
plunger of a 1ml syringe in a 9ttangellsdt edCe
by centrifugation at 800 x g for 5 minutes.

(Tabllpamounted using a haemocytometer prior

Single cell suspensions of the spleen were o
of a 1ml syringe in a petri sdirsah.peQellalhsd dw ebry
centrifugation at 800 x g femowedn oeltles. wad
resuspended in 2ml 5ACKmbundtes d¢iibce®)t d okfyse
was neutralised by adding 10ml T |l ymphocyte
centrifugation at 800 x g for 5 minutes and
90% | ymphocytgtelB®Wwspphenon was ugsbdl bwr al |
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2.3 Culture of Cel | Li nes

2. 3.1 M®RWOs el | Cul ture

Mous-8282% cells wmrProbeasoerdAfsbin SGemstlrig Ap
University of Galway. This cell | i neCSpgrr)aduc e
M-CSFk s required for the efficient di fferent
progendbDR6rsells wePfPeelslexe di®@ 925mibxmMT @b mp dR2 al

in T175 flasks and incubated atTB&ABedi mmnwa
then collected after 72 hours, transferred t

minutes to remove floatiantQOAE€l t® awnd debrmas

di fferentiation medium. -BBb& cehfbluwetreapdsm

continued to be collected every 72 hours.

Table 2.1. List of media recipes used for ge
Murine MSC Medi um

Reagent Vol ume (500mlFi nal Concent

ME MU 445 ml -

FBS 50 ml 10%

Penicillin/ S1{5ml 100U/ mi peni

1000g/ ml str ¢

BMDMedi um

RPM1640 355 ml -

FBS 50 ml 10%

L-929 Conditi ¢75ml 15%

Sodium Pyruvi5ml 1mM

Noessenti al 5 ml 1X

L-Gl utamine 2(5ml 2 mM

b-Mer captoet hg5000l 500M

Penicillin/ S1{5ml 100U/ mi peni

100X 10009/ ml str ¢
T Ly mp hMecdyituem

RPM1640 4 30 ml -

FBS 50 ml 10%

Sodium Pyruvi5ml 1mM
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Noerssenti al 5 ml 1X
100X
L-Gl ut ami ne 2(5ml 2 mM
dMer captoet h{5000]I 500M
Penicillin/ S{5ml 100U/ mi peni (
100X 1000g/ ml str ¢{
L-929 Medi um
DMEM (4. 5¢g/ 1L 445 ml -
FBS 50 ml 10%
Penicillin/ 5 ml 100U/ mi peni
100X 1000g/ ml str

2.4 Cytokine Licensing of FVB MSC
FVEFriendMSBCsuweBe seedédimar aT 1d7e5n sfiltays kosf an
with 18ml MSC growth media and incubated at
Aft earr, s2tdhe medi a was removed and replaced wi
cont a5 0nnign/gmUa nTANF5 0 nl§ (Prlpr ot ech) ardtsc ug e me eat d
MSC andNW¥cr especti vehlrys. c Arfttreal 7&nd | i cense

charact e hneestendodvsi adescri bed bel ow.

For t he CDex0p eirnigmebnitttsoeod €EPB0I i nBii dli ¢ p&€ad no.
100 was added at a final concentr d0ingd mé f 1
TNBRand 50nl9amd il hwiutblat e ehl rl7s®

2.5 Characterisation of MS C

2.5.1 MSC Adipogenic Differentiation
For MSC differenMS&taod " W¥cedepseetdes, at a

2xiper well of a 6 well plate in 2ml MSC gr o\
conditionsaCeniltsh we eCCal | owed to reach conf |
2-3 days. Once confluency was reached, cel l s
inductiofmamb2ii @ms( added to the test wells.
growth medium. After 3 days, test well medi a
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(Tabl2p @was added for 1 day, with control we l
|l nduction and maintenance media were given f
media remaining on the cell s f orrea tthoetnalwaosfh
twice with PBS and fixed with 10% neutr al b
room temperature in the dark. A working stoc

by adding 6 parts OilpaRdd @isttodHK edo lwattiean v

was all owed to stand for approximately 10 m
What man npapdrFdl | bewrng fixati on, the for mal
again washed twice with distilled water befc
and test well s. The well pl ate was then sl o\
Red Otsoh over the cells and all owed to sta

mi nutes.l TRreea @ stain was then pipetted off

added to remove excess Oil Redno®@ adt, avied | sT hwee
t hen washed twice with distilled water. A s
distilled water was made up and added at 50«

approximately 1 minute ahdpwwhtser wand washked

water . The well pl ate was then httakminc rfoosrc omi
Foll owing photography, tap water was removed
to the surface of the cells to remove Oil R
|l east twice and all Il soprecppreoldowadstubans Ee@

were then centrifuged at 500 x g for 2 minut
a -wel | plate in triplicat eViamxdo pal bastoer braenacdee rr e
El merey eslUhts weead wihtemm Mdaon absorbance of ea
a bar chart.



Chapter Two: Me t

Table 2.2: Recipes for Adipogenic Induction

Adi pogenic I nduction Medi

Reagent Vol ume (100m|Final Concent

DMEM ( HG) 87 . 6ml -

Dexamet hasongl100 Ol 10M

| nsulin 1mg/ nlml 1009/ mil

I ndomet hacin [200O0l 2000M

500mM MI X 1000l 5000M

Penicillin/ Stlml 100U/ ml peni (
100ug/ ml str ¢

FBS 10 ml 10 %

Adi pogenic Maintenance Med

Reagent Vol ume (100ml Final Conce
DMEM ( HG) 8 8 ml -

I nsulin 1mg/ 11ml 1009/ mil
Penicillin/ Stlml 100U/ ml peni (

100ug/ ml str ¢

FBS 10 ml 10%

2.5.2 MSC Osteogenic Differentiation

For MSC diffoetenMyE@tesoad "M@ @ere seeded at a

2x ipoer wel | of a 6 well plate amA@mli MSICo gmao x
conditionsa vitwelbP% @WOGre assigned as contr ol
test wells. The cell s;umearid itrhceulcaetldd aver®e7 AQ
changed3edayy. 20nce confl uency rweamnso & ed,ccheeldl,s 1
were washed with PBS. Tawml3kofaeshddgdnit o madtr

test wel | | and standard MSE€. médeumewhs wdded
the coulBdedays 1@Ont il the condition of the mo
and cells were harvested.
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Osteogenic differentiation of MSCs was deter
Red working solution was prepared by dissolywv
water, and pH adjusted to betwdaen (&Hihmand 2Me
was removed from all wells and cells washed
fixedcoindi @2% met hanol (Sigma) for 10 minute
with distilled water anidngs tsaoilnuetd owi tfhoral5i zm

temperature to stain ftfemoastdecgéhsswashElde ws

water to remove any excess stain. The cell s
wells prior to imaging on an Ol ympus inverte
Cal cium content of test and control wel | s,

measured using StanBio Calcium Liquicolour K
instructions. fMealhla wealsl § eanod eadel | s rinsed w
well were scraped and adddéd t0a 5dah HEd p € r5d gmia )
500of O0.5M HCI was added to each well to ai
pl ate and pooled into thelseamen Epwpendbeh aht
overnight. Seri al dilutions of 10mg/ dL st an
generate a standard curve ranging from 0.05
added in triplicattatteo @209D8Iwelfl wfolr&t nbgo tstod m
binding reagent and working dye) was then ad

mi nutes at room temperature and protected f|

VicXopl atePerliderEl mer). A standard curve was
and calcium content of the samples were inte
Table 2.3: Recipe for Osteogenic Differentia
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Reagent Vol ume (100ml )Final Concent |
| scoves MEM 77 . 5ml -
Dexamet hasone 100l 100nM
Ascor bi-e A@mM 0. 5ml 500M
@Gl ycerophospt2ml 20 mM
L-Thyroxine 500l 50ng/ ml
FBS 9 ml 9 %
L-GI ut ami ne 9 ml 9 %
Penicillin/ Stilml 2 mM
2.5.3 Surface Marker Characterisation
MSCs were characterised by plasti osaebegereance

analdi polgieméeages. MboTadv MMECPMSICe characterise

cytometry for the surface expression of posi
SCA) and absence of negative MSC mar kers (CI
t hleSE?°%] Cel | s wer e a90 % weodn ftlou ernecayc handd0 det ac |
using O. 255D At r(yQisbhicno) for 3 minutes at 37AC.
medi a and pelleted at 500 x g for 5 minutes
uisng a haemot@ebmsetwer e lt r an svedtbrod&/d opre rp | vad lel
washed twice with FACs buffer. Suxcfoa¢egma rkle
anti boalblds dil uted in FACs bOfdferls omian dtiensala
protected from |Iight. After staining, cells
in G@PBPACS buffer Cc CAADRV aan nggd SWITaOXi | ity dye (
samples were acquired on the FACs Canto 11 (
using FlowJo_V10 software (TreeStar Inc.). P
one ( FMO)cometgrabtéilMe si ze and gr anuilAaraintdy SWer e

A, respectivel y. Rie aodh cSEYOIEOsXt we eesgat edniase

Tabl e 2. 4: Li st of antibodies used for flow



Chapter Two: Me t

Target|Fluoroc Vol um¢ Manuf ac Cat . |
Andnious e Al ex FI U 1: 80 Bi ol eg 11661
Andmouse APC 1: 80 Bi ol eg 12721
Andmous e ( APC 1: 80 Bi ol eg 12041
Andmouse PE 1:160 Bi ol eg 10220
Andimious e PECY7 1: 400 Bi ol eg 10302
An-4dmio u s e-1 FI TC 1:500 Bi ol eg 10810
An-mio u s elL 1 APC 1: 80 Bi ol eg 12431
Andmious e PE 1: 80 Bi ol eg 10510
Animiou s e APC 1: 250 Bi ol eg 12311
Animouse ( FI TC 1: 250 Bi ol eg 10120
Andimouse ( APC 1: 250 Bi ol eg 11731
SYTGAAD Per CP 1: 100 Il nvitr S1034

2.5.4 PAatioidnd DAPI Staining

To visualise MSC nucl ei and filamentous acti
5x4ion a 6 wel | pl at e. For wvisualisihpgasnldi cens
2 ml of growth medi a-Utdbwaasi na dndgehdb 6ffaay’ nili n ITiINEe r
MSCs, cell s were &I01% weodh ftl au egnrcoyw waarst irle arcth e d .
from the wells and cells were washed with 1
parafor mBF¥eShydms )( and | eft in the dark at r
20 minutes. The wells were thearnewashhed, t wide

media aspiration disposed of appropriately i
Cells were permeabi-l06ed Swgma) OdilPoufTedt on K
temperature for approxéeimas ewgr é& wasnheedst hAgea
for 5 minutes-coaghigaAeplwalrlkoindgi sol uti on was
stock in methanol (Abcam) was diluted at 1:2
for approxi matredwyr € 0adm qwatees dtoaieni ng. The ¢
with PBS for 5 minutes per wash. To accur at e
diluted 1:1000 in PBS and 1ml was added to t
for 5smi G6altks were again washed for three ti
PBS was then added to the cells and were vi

488nm fluorescence.
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2.5.5 Mitochondrial RBE¥Bi ration Profil
To assess thelilfieensohg THR MSC mitochondri

i ncubated at 37AC, I n ner mdoxd calcloomw® @ %bos r e
confl uency. Via optimisationnoprnoaaeeabnesdetsy  difS
3x10D4n XFp cell culture microplate (Agilent)

of the 8 well plate served as controls and f

incubather87 AGr 18 normoxic fbaedS¢albbosse wseéms &
wells (Agilent) were hydrated with 2000l Sea
chambers surrounding the wells (AgiiC&®nt) an
i ncubator. Fol eatvbngei M&ECbamedoa, w8s made up
Tablbean2l. pH was adjusted using 1M NaOH to en:
passing the media through a 0.20m filter. Th
Seahorse microplate was aspirated ofaswSaly med
medi a was then addeli at aQ@ionfclu baantdoorp.k alacewd h b g
dose oligomycin, FCCP and rotenone/ anti myci
sensaornrdcd dge and the microplate was sl otted i
run under Mitochondrial Respiration. The dat

Controll er Software 2. 6.

Table 2.5: Recipe for Seahorse DMEM Base Med

Seahorse DM&EM Bmms e
Reagent Vol uin@l Y Final Concent
Seahorse XF 10 ml -
Gl ucose 4001 10mM
Pyruvate 1000l 1. 0mM
Gl ut ami ne 1000l 2 mM
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2.6cCbtur e"NYHOoMISAI | ogenei tnMatt pg

2. &hkhracterisation of Macrophage Surf.

Foll cmvil @y i n@eb,atoddiofnf erenti ated BMDMxWére se
cells perwavel | r@dnd ®&ttom plate in 1000l BN

fomr6 To i nidufcleanpmact ory pol arisation,-o 500l
(Peprotech) at a fiimala cfadncad n wieod tuiamobd eodf 0 €1/ 0N
overnight. The neaxstpideaytde dt,ehlel smewld rae waass hed t

PBS using a 10000l pi pette tip. 10ng/ mL LPS
added to BMBMTI of oirniddufclea nmmatiory Ipodfarreadmbhnn
mur i pPde alMbl3 | LPeprotech) at a final concentra
15001 was added to macrophages overnight anc
Pr-ionf | amamednd my | a nenaitmoulyat ed BMDM wer e washed
to remove the inflammatory stimulus and 200 (
1,000 (1:50), 5,000 YTRamMBEY®" YPwed 6, @@8@e@ltb) w
500l MSC media. The BMmdB 7vACr, e i ou Intou rmeodk i fco rc 07
5% £0Changes in surface antigen expression \
isecti onABt 5bB®8dies used for analysi gawfi emacrtr
26.

Tablée Rist of antibodies for analysis of BMD

ny
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Target|Fluoroc Vol um¢ Manuf ac Cat .

Andmouse (FI TC 1: 250 Bi ol ege|101206
Animouse (APC 1: 250 Bi ol ege|l101212
Animouse HKPECY?7 1:400 Bi olege|l116662
An4miousPed I[Bi otic [1:80 Bi ol ege|l116404

St rAePPC 1: 800 eBiosci|17431872
Animouse (BV421 1:80 Bi olege|104726
Animouse (PE 1:80 Bi ol ege|l105106
SYTGAAD Per CP 1: 100 l nvitro|S10349
2. 6. 2 Quanti fication of cytokine s e
supernatants
Cel | culture supernat armtext fi romenT 22 6prda li yneend sf «

of -ipmfol ammatory cyR68k1iaaasTNEXORD,7dl,2pl4l0 and

| Ub)a nd -iannftliammat orFy eey tAckbil€@@&€s T @G, -LIDL-C S5,

and CCL17) usi ng E trnhuelatniaE @ENDpf brw assay
MacrophageRawialBogl egend) , as per manufactur e
acquired via FACs Canto |1 (BectonEDatkinso

Analysis Software Suite (Biolegend).

2. 7cCGbtur e™Hf NS CAlI | ogenei c i Lyr
vitro

2.7.1 T Lymphocyte Proliferation Assa\)
T |l ymphocyte proliferation was assessed by
(Invitrdehymphratotes were resuspended in 1n
for 20 minutes at 37AC and protected from |
mi nutes using a vortex. CTV was neutralised
were |%=fmi fwtres t o -frleoneotvienganGTVi.rekel | s wer e
centrifugation at 800 x gemormred| mewasbdsedawd

PBS. -pCofsVitive T | ymphocytwesl |werrceu nsde ebdcetdt oonmetd
density of 100,000 cells per weCD3/i-@D2BO0OI

n o
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dynabeads at a conxdt i gtmipd o cqy fix ). 16: OB, ople r 2
(1:1031°0t: R2)VTRABMS ENFV wer e added to the well
l ymphocytes alone served as a positivea cont
negative control. Cel |l s, wé bod ODMcsbl at ed sats s 3
proliferative rate of T |l ymphocytes in the

from the plates via aspirating supernatant

Samples were then dweletoVygodotmmranahercedttiof ag
for 5 mimrdtdadhet axepelsl. rTehmoa esdu,pcealnlas amdr evavga S
with FACs buffer prior to stainincgonfjaurgaCkal,
anti boabl@s Hor 15 minutes at 4AC and protect

t wice with FACs buffer and resuspended i n
AADvanced dead cell stain (lnvitrogen). Samp
(Bect ononDi cwkiitnhs at | east 100, 000 events acqu

were gated based on unstimulated control s.

generations were gated based on CTV dilution

2.7.2 Regulatory T Lymphocyte I nducti c
T lymphocytes wewed |s geodiendd dmttd oangd® el Asepar

wel | in 2000l medi uIGDBMNEDRBI Myhabed dwi talh an t
of 0.62501 per 100, 0XO0I°QTL : I5x0Hi@ 1 old Y ¥® T ( B) bc o
MSETRo IMSEN®'® wer e added to the wells. Control
Stimulated T | ymphocytes alone served as pos

served as negative control sz GeédflGd hviekrdeo i n c |
assess the I evels of reghé apmneyedceé yomphME@g e

were detached from the plates via aspiratin

FACs buffer. Samples were -whdlebbodt omcpl at &r
centrifuged at 80 x hgd Hdoswl Ibau.pmermeuddeesndt, cowegd d IS
were washed twice with FACs buffer prior. D «
the cells with fixable LI VE/ DEAD violet stai
from Ilight. The cell s wer e tShuernf awaes haendt itgweinc e

performed via multicotonjugatktdaahtobodi esr e
and CD2mI7. 2Cel |l s were stained in a final vo
4AC in the dar k. tQelcles widrhe FtAlCsn bwd Sread and

pn
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staining usEm@XR®B/i Drsan anrrciepti on Factor Stain
per manufacturerods guidelines. The cell s we
buffer overnight at 4ACemdwedneat| siawashed t
per meabilisation buffer. -FoexIPH3 awetrieb o dy c udbia
permeabilisation buffer to a final volume of

protected f-spencilfiight sn tENioonli iIngid wdgayganc oi sotype &

control stimul ated T |l ymphocyte wel | s. T
permeabilisation buffer and resuspended in 2
Samples were acquired via BRBAGsh GQANT@ alslt (1Be0c
acquired per sample. Data was then analysed
2.7.3 Quantification of cytokines i n s

Supernatants fr omsexRar@mmnmreantan aluytddd efdori nl ev
cytoki n@IlsFNITIRF4 ) 15) 46 ) 19 ) 10,13, U7AMNTFR2)

which are collectively secreted by Th1l, Th2,
LEGENDPBMmebatnial yte fl ow assay kit (Mouse T Hel
per manufactureros Il nstructions. Sampl es we
Dickinson) and analEyDsaetda iAm atl hyes i LIsSE GBONDOpaerxe S

Tabl7e Rist of antibodies used for flow cyton

TargelFl uoroc Vol um¢ Manuf act Cat. n
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An-4mio u s FI TC 1:100 Bi ol eqg¢g 1002014
CD3

An4dmio u s PECY?7 1: 400 Bi ol eqg¢g 1004114
CD4

An-4mio u s FI TC 1:400 Bi ol eqg¢g 116004
CDh4

An-4mio u s APC 1: 250 Bi ol eqg¢g 100712
CD8

An4dmio u s APC 1:400 Bi ol eqg¢g 104508
CD69

An-4mio u s BV510 1: 80 Bi ol eqg¢g 102042
CD25

An4dmio u s PE 1: 80 Bi ol eqg¢g 1264014
FOXP3

SYTGAXAD Per CP 1:100 I nvitro S10349

LI VE/BD¢g BV450 1: 800 I nvitro L34955

Fi xabl e

Dead Ce
Ki t

2.8. AssaydNilfo Keaser e

2.8.1 Griess Assay

A Griess assay was perfor medcdlol qauintturfey < thpe

20lof Griess assay s tOdonfd aadeal Iwacu latdudreed rheod i Qu9ns,

p H
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standard at 100 &M lcd nsceernitalatdiolnut iAo was per
in cell culture media with ceQlbf cst aodar d/l
supernatant sample was added to each well o f
and Griess Solution B were created and mixed
(Fi gur.e @BBI)ess assay working solution was th
absorbance was then raeddnalbit8e20pm rngeagphn
in the Griess assay.

Griess AsNaN3bamMar d

Reagent Concentrationl/
Cell Growth Me 10 ml
Sodium ni#frite 0.0345¢g

Griess Assay Solution A (5

H20 48. 5ml

Sul fani |l ami d¢ 0.5¢g
Phosphoric Ac 1. 5ml

Griess Assay Solution B (
H20 48. 5ml

(n

brom I LIKGKe&f oSiKet S nomp 3
RAKE&@RNEROKf 2 NAF
t K2ZALIK2NARO I OA M®p Y]
2.19n wiowse e model of corneal chemi

2.9.1 Ethics

Al procedures involving |iv€amaeRead#dar avler a@nec
Et hics oAOREG)etehe UaVeagiomydeft ed under i nd
project | i censes granted by Health Products
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ani mal experiments conformed to the Associ at
(ARVO) Statement for the Use of Animals in O
housed in a dpecei ffiacdpdrt g gdtreadndar d chow di €

under the standing operating procedures in t
Bi omedi cal Science, University of Gal way, |
from Charles Riwere La#ltdweaewedkMisalsiramdg t he ti me
Al l procedures were performed by the autho

confirmed by ttDhéoldaesdghe@Bedtli et ,

2.9.2 Corneal chemical burn i nduction
Femal e C57®8L12/16) mecdee (randomly al h=06c,atmeidlt hi nt o
serving as napve healthy <control s. Mi ce we
0.05mg/ kg buprenorphine half an hour prior t
take effect. Mi ce were placed sinaawad eiamdane
filling this chamber with 5% i sblf ¢ ertahaeene i n

guickly transferred to a face mask where th
i soflurane 28utrlgi thl mama®sthesia was reached
breath pattern was recorded. Ani mal refl ex w
5 minutes to ensure the animal was not- consc
2% ddperg on respiratory rate and depth of ai
by cutting a round phgca Z%fre@rdce lanfdi Istoeark i m
a Mdium hNyaOWaeli dei ¢n for 20 seconds. Excess
touching the perimeter of the disk onto ste
mi croscope, and using sterile forceps, the s
ofetheft eye for 30 seconds to generate the
filter paper did not come into conrteancav ewd,t h
and the eye was gently washed with 5ml PBS f
The author performed all the described proc
Mi ce were iHR®&ctbddbepeeynpwo8d8phi nBERSwibhd¢ otwa mgo u $

surgery for pain management .

Subconjunctival administration of treatments
and on Day 3. Briefly, the conjunctiv@l was g
insulin syringe with a 29G needl*MS&tfbmched
MSEN®EVE So] utions were injected | aterally int

pn
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conjunctiva and sclera unti.l the bevel of t|
sl owtdmi nissnckerreaedl e carefully removed. The s
fully absorb into the space before mice were
2.9.3 I njury monitoring and assessment
2.9.3.1 OCT imaging and damage assessment

Optical Coherdm®m€d) Tomagi aghwas performed on
uninjured contral ateral eye served as a heal
in a clean anaesthetic chamber which was fil
mi nuttoesi nduce anaesthesi a. The mouse was t he

anaesthesi a was% maionftlalsirmende atndl 1L/ mi nut e o0X

was reached once pedal refl ex was | osotf. OCT
£anna Johnston, a PhD student in the Tissue
within the College of Physics, University o
system (Telesto I 11; Thorl abs, [ 3n c(. N A =NOe.w0 5J5e,
| ateral resolution = 130m) operating at the
@76 kHz rate was used to perform all i maging

at the same distance froor the &dequi siTthieomp awe

perfrBame scan, with a pdfkieewsadofze2.05mmOmn Xndi

Corneal thickness measurement was perfor med
200?21 Ten | ocations were drawn perpendicul ar
the cornea, and these measurements were then
in the same fashion, whereby ten dmsatoohhbhe
corneal eaddt hdleisemmeasur emeDasmmager endbdenotb
corneas was based on five parameters: cornea
the endothel i um, |l evel s of innfelramma tccdhraynbreat, e

def or mat i-gouna. n tAl tseetmive scoring chart was cons:!
Gerry Fahy MD., and OCT imd@gbaswdrendésiveghat
to each sTabkpubel( See

2.49 sol ation of mouse tissues for ex Vv

On Day 14, mi ce were humanely sacrificed by

cervical di sl ocaltatoemr. alCoa emrevaisc alndandp soubmand

pp
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excised in order to perform furtheM Ramal ysi

MS ENBI0: r e gt ed mice.

2.49 1 -Pmfol ammatory Markers in the Cornea

RFgPCR was performed to determine | evels of i
Foll owing sacrifice at day 14, and wunder a s
mar k the corneal perimeter ande.wahlhes ccrssady

t hen placed i nt o -firnedei veipdpueanld olr.f5smiwiRNa sReNAIl at
4AC for up to 5 days.

To begin RNA isolation, corneal ti ssue was [
pestle (Ther mo) . RNA was extracted from the

| sol ate Mini Kit (Meridian BiosciSampéger, weok

eluted inff686&l wktNaseand RNA content was qua
(Thermo Scientific). c¢cDNA synthesis was perf
Synthesis Kit (Thermo Scientidg,icwi tflold ofwii mal
of 2001 . 10l c¢cDNA was wused per wel-lbatnad quant
(sEBa&bl9%e. 2A No Templ ate Control (NTC) and Rev
were included to ensure there was no cont ami

sampl es, resmpeCRiwas ypeAfidr R&8d according to
a rteiamhe PCR system (StepOne Plus, Applied Bi
par amet erFsi gsuhroew@.mle e xwase smade rel ative to tt
GAPDH, and fold change was relative to the a

Tabl9% PRist of qPCR primer probes. used for an

Gene Source Assay | Cat al ogl
GAPDH Ther moFi s|Mm9999991({4331182
Scienti fi
Pax6 Ther moFi siMmM0044308(4331182
Scientifi
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MMP 8 Ther moFi s|Mm0043950{4331182

Scienti fi

Holding Stage Cycling Stage

Mumber of Cycles: 40 .
[ Enable AutoDelta
Starting Cycle: |1

100 —|
95.0°C

100% 00:15

75—

50—

25 —

Step 1 Step 2 Step 3

Figure 2. 1: He atiimfm@g@gP CRcsestfem real

2.492 Analysis of i mmune cel |l freqguencies ar
cervical and submandi bul ar draining | ymph no
Foll owing euthanasia, cervical and submandib

mice and prepared i,ntas adsJaodililwehix t0gd .IsSs swemnes
added to eaenvmel dWweolVit oonff pd a®@ and stained witdh
panel s TBaolwedBSHBani ni ng was per $ecmednad .| sduarfial
stains were incubated for 15 minutes at 4AC
samples were incubated with Fixable LI VE/ DEA
30 miamtudcem temperature and protected from |
stained for sur fuadocees aartt i4gheCns Sfaomrp | Ie5% miemr e t h e
resi dual upbound dye and incubated in fixat
washing in permeabilisation buffer (eBi osci e

stai Anso usse2 0GDFaonxd®B room temperature for 90 m
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with permeabilisation buffer, resuspended in
Al | samples were acquired on the FACs Canto
analysis was conducted wusing FI|l owédmatVchledd s o
mi ce were included as a baseline for i mmune
Tablled 21 ow cytometry panels used for anal ysi
day 14.

Fl uorocVol ume Manufac|Cat. No
Live Cel
Panel 1
CDh4 FI' TC 1: 400 Biolege|116004
CD8 PE 1: 250 Bi ol ege|100707
CD69 APC 1:80 Bi ol ege|104508
CD4 4 PECyY 7 1: 400 Bi ol ege|103030
CD6 2L BV510 1: 80 Bi ol ege|104441
SYTOGAAD Per CP 1: 100 Il nvitro|S10349
Panel 2
CDh4 PECyY 7 1: 400 Bi ol ege|100422
CCRA4 APC 1: 70 Bi ol ege|131212
CCR6 PE 1: 167 Bi ol ege|1298014
CXCR3 Bv421l 1: 100 Bi ol ege|l126522
SYTOGAAD Per CP 1: 100 Il nvitro|S10349
Panel 3
CDh4 FI TC 1: 400 Bi ol ege|116003
CD8 APC 1: 250 Bi ol ege|l100712
CTL-A PE 1:80 Bi ol ege|106305
SYTGAAD Per CP 1: 100 I nvitro|S10349
Panél
CD11b FI' TC 1: 250 Biolege|101212
H2 Kb PECyY 7 1: 500 Bi olege|116520
I-A b Biotin |1:80 Bi olege|116404

py
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St rAePPC 1: 800 eBiosci |[1743187%2
CD8O BvV421 1: 80 Bi ol ege|104726
CD86 PE 1:80 Bi ol ege|l105106
SYTGAAD Per CP 1: 100 I nvitro|S10349
Panel 5
CD1l1c FI TC 1: 250 Bi olege|117306
H2 Kb PECyY 7 1: 500 Biolege|116520
I-A b Biotin |1:80 Bi olege|1164014
St rAePpC |1: 800 1743872
CD80 Bv421 1: 80 Biolege|104726
CD86 PE 1:80 Bi ol ege|105106
SYTOGAAD Per CP 1:100 I nvitro|S10349
I ntracel
Panel s
Panel 1
CDh4 FI' TC 1: 400 Biolege|116004
CD8 APC 1: 250 Bi ol ege|100712
CDh25 BV510 1: 80 Bi ol ege|{102042
Fo x3p PE 1:80 Bi olege|l126404
LI VE/ DEABV450 1: 800 I nvitro|L34955
Panel 2
CD11b FI' TC 1: 250 Bi ol ege|101206
CD206 APC 1: 80 Bi ol ege|141708
LI VE/ DEABV450 1: 800 I nvitro|L34955

2. 10 Statistical Analysis

Aliln wixtprea i ments were performed at | east t
presented as mean N SD, unl ess ot her wise st
anal ysed by Studentodés T Test. Comparison be

On-&wa WNOVA, foll owedhody tTakteytdos @wrsrtect for m

appropmi aetxep@r i ments wer e pec¢/f,ortnoe dwhaisc hg rnoiucp

p
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randomly assigned. Al data are presWanyt ed ac
Anova with Sidakoés correct iWanys AINOOV Amwili ttihp I Teu |

correction for multiple compari sarce WwWaed weaml

groups, as appropriate. Differencesp<idetOWwWeen

For illustration purposes, |l evel s of signif
repreEé®nos, ** p<iDe Prle s en*t*p<0r. drle s eannds * * * * r
p<0. 0001. AlIIl statistical analyses were perf

(La Joll a, CA, USA) .
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3.0 Chapter Experi ment al Desi gn

Isolation, Generation
and Characterisation of
FVB MSCs

Section 3.3.1 to 3.3.2

e O 4 )

Pre-Activation of MSCs with Investigating Immune Cell
TNF-o/IL-1§ for Improved Immunomodulation by MSCs
Efficacy: and TNF-o/IL-1p MSCs:
*  Morphology, Cell Size and * T Lymphocyte Co-Cultures
Granularity, Cell Count —— * T Lymphocyte Supernatant
*  Phenotypic Multiplex
Characterisation * Macrophage Co-Cultures
*  Mitochondrial Respiration * Macrophage Supernatant
*  Nitric Oxide Profile Multiplex

\ Section 3.3.3 to 3.3.7 / K Section 3.3.8 to 3.3.11 /

Tabl eSch.emati c overview of ch aspctheermae X @ ep ri erseem

sequence and progrchagpitenmr .descri bed in this
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. 1Int roducti on

MSCs a-haeemahopoietic stromal cells which can
ti ssues, e.g. bone mar rié W, e4ddihi p2o0sOe6 ,t itshseu el,S Qi
to standar di sree seenaddeheddaogeeedSG6f criteria to d
are defheeHtibnyeage craprmrewdly, AlNEteapiabialli ty of a
to tissue anul tswrrd aglea Athit’d MR @s exrpe etshsd woghht t o
homeostasis and mediate i mmunomodul ation wi't
paracrine and chemotactic signalling, t here
medi ators to pronuoltief Tesuenf epmmatang bBavir
by damagedl d¢elslssies, can activate and drastic
the release of immune regul ator $2GUTthi-asM8@t

medi ated rreailldaser @aan al t-enkfdapmanony pamdiad ptr iy
t i slddts

The i mmunosuppressive potearhtaingle da sesxgpooisautreed t\
i nfl ammat ory ,c et akliNH Nsbi lghSa4 8I.L When aidmi ni st
Vi, voMSCs are exposed to aeamausnhihambdmmi or seovwe

and cytokines tooalni dintnaitremwumas wpmrpes svie Li mmt

10, -BLG6R macrophages and T | ymphocytes. It i
condapttndent -ianmdde peoardteaadt mechani s ms, t hereby
ti ssue healing*®and®hg'd%fthoswenveiryvalcan be depe
and |l evel of inflammatory stildmULi?®Present wi
Il n response to inflammatory st ipmuonif | wimmm@it o r ty

macrophag@&dfaddrcet ecan stimul at e TtNHEf rfourr t het
surrounding innate i mmune E?€%lITsh,e en.i g NiFd wetvred p
Ucan further promedt edntibh%Stlh T 8l&a o d-ibicb mbdfi nlalt i on
can result in an inflammatory cascade of sti
|l ymphocytes and additional i nnate i mmune ¢

i nfl ammatb®r y2¢%lt at e

Mur phy'*démanstrated that prThdagdbynigemei c M
vivaad mi ni strati on provi des additional sti mu
compared sead MAPCiceunterparts within a corne

experi ments demon setxrpaotseeddi mthda & pnmveStCesr yp rset i mu | i
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uni que characterisation phenotype t hat me d
l ymphocytes by increased productseadaygngeéna&iOc i
MSCs administered prior to surgery did not
indicating that MSCs require an infll&Mmator
This study indicates the effectiveness of |

efficacy t hienyf iclatnr aetxienmg iomf | ammat ory cel |l s.

LicensM3Ii@s owith various cytok,)| e TNB maiveat i o
yielded promising results in thé™prr&#fdml atti
all’®8lhowed itcleatSICs g wilfi &hl olnle upr-@ guk2®iX-8ldLa h

CXCR4 comparssed touuohkipant sTNMaredFedb mbenat ngn
has elicited an i fcraenads gldeMex@triecrs i wimi lod diLm
overall potency, creating aad *dD/8nepchtocwed esu p |
mai nt ai-apoagt anité¢ functions to é¢EallRffe s olay mp
showed NBaakFdc ombi nation significantly incre
and CXCL10, thetébgndACErABEBgi BB, TNHagdl i ght
| F-dcan triggeact avatoiuenntde © 8 mtfpilr @ammat or vy me ¢ h
Additionall yi' PldMumphyhetexapdneigeni of aFcoPdhea
model following systemic admihi sewia®hfn of =
and-1blA combi natoijoiba o BENFWaANs proposed by Murph
while therapeutically eflti¢tTRretcomkeldbwatiedn i m
ei the®or -bFNewsignificant supmpd ¢@B8 gmpbhbc DM
subsets, TNWNtibpootwcing significant secretion

MSCs have been shown to beiafpaomasiong. gdi sa
al kallt®oph ticddr neall*®t t%pslprakiBlar t2h? ) tsPhMeded s
2721 gudhbst di seddSle 2(@BvHD)abl e Bdwkeét \whiisleea steh e(i
are discrepancies surrounding MSCs, their po
attributes discussed in Chapter One, MSC tr
corneal allograft survi®Wal?Candgabluevihatsi pg ea
that cytokine |licencing significantly i mpr o\
MSCs, i botamidnovinvomurine and rtarta meopldd st &6tfi ‘dfo r
110ty t oki nmul ati on of syngeneic MSC models ha
group and others in corneal transplantation

cytotoxic lymphocytes amd!| pommat oz gt imaar ® ph ¢

cn
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mor e-iafmt ammat ory phenotype. T Isei ds seyf nf geecnte i wca sc
indicatingnathbt 8muelowmsgauxtred to activate the
phendt°¥peThe administration of allogeneic M
all oanti bodi es, which can challenge the i mr
attr @cionfnlga mmayjtmplyocynaes opmadages to the MSCs

thereby inhibited'®by'THMEC expcreatsi-oimsmaf chadl
mar kers couldonhobprggemuae aersponse for an i mi
response, whereas syngeneic cells are being

mi croenvironment aanpdr iwiilnfdg?!%sdltd fired ademitvae i ndi c &
MSCs require an activation stimul,uswhioc h cmay

be attributed to their secret ome.

The hypot hesi s for t his chapter wpet entat

i mMmmunosuppressive proper tiirmaadmr ogpdcamtei M anmiu nle
due to phenotypicalTNBIHWOI atcieavei eh@qei med fprrem
tested |icensed MSCEo iinnvaes tail d aotded e ¥d® Cmoydped t.
wer e c emistedf®lV/ bi n vi The phekenoeM®Pe@sd,ofbased on

surface characterisationjcwasiegedssugateed E
of MECseMSEs wereubdltsoedowi th activated all ¢
prionf | ammat ormacgtoiprhualgetsedt o deter mine the ir
MS ENBVD 3 ndr wepabl e ofi ndlltaermianrpr @henotypes t

infl ammatory state

3.lRy pot hesi s and Objectives
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3. Hybot hesi s:

The Il icensing

Three: |l nvestigating the inUl/Mlbtr o

|l icensed

potentialnfdrmdmarntoiryn afaéddagtid ven i mmune cel

3. A. 3ns:

in
MS C

ofwinmMINFINED i FYBe MSEs the i mmunoc

| s.

1.TdicensE&VBuMBEse -iwiftlhammeat or y-Ua g t-thikainmde s, T

char actleirciesh&CGtdpbenot ype
2. To t eesftfoetichtec emn\SB2 dMBEG@s t he

adaptive

3 . RBesul

t s

3.3 sbl at.

To isol at e

cul tured

i n

T-175 fl asks

i mmune cell s.

on and Character.]

sation of

MSCs , bone marrow was flushed

MSFC BwA)E Buornee mmeadrirao w

and cultured in a

i sol at es

monol alyiek e

through cel |l mar k

moadl ul | cagt ennoenitce f a n d

E
fro
wer ¢
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mor phol ogy foll owing i n(chuibg@du B)EMS Casn dw eardeh ecruel dt 1
up to passage 4 and characterisation protoco
cytometry for positive and negative markers
MSCs wpakysed by flow cytometry andMR®nIf,i r me
Cb29, CD44, CD73,(FiChUuN&) a.adl(n Segxaptries& D Iohnb ,of
CDl1lc, CD8g Famadairr4/38A (D))

3. Ad2 pogenic and Osteogenic Different

Tomeet theM8B8FCBt ecied | ef must demonstrate mul ti

MSCs to adipocytes, MSa&Ld i pvaigrechuont li tonnr eadn di nmasg |

medi um or contr ol medi um. Foll owing the cul
formalin fixed and stained with Oil Red O,
MSCédi d not show signs of adi gddeae3uaeiis +qddmpar,
di fferentiating into adipocytes observed vi:

quanti fy (IFi gdudBKlieivie)l)s.

To differentiate MSCs to osteocytes, MSCs we
medi um or control medi um. Foll owing the cult
stained with Alizarin Red tocetlésti MBECsl sEa
nor mal MSC medium di d not( Fitgdu (8B )pfdns)iltei vMeS Cfso r
cultured with osteogefkFicgldm@) NS Osst .ad inletdu r peads
osteogenic media exhi biune da bhsi ogrhb acnocnec ecna mpaat ri €
cul tured i n FinaoBun2gl ()jmeid)i ad via StanBio Cal ciu
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(i) (ii) (iii)
LI ; ] —= 3 0.20+ e
A ¢ S 8 0.15-
£ c
o ] g
e 5
YT é 0.10]
R E . :
a9’ 8. é 0.05
F o e |
. M '
° ".‘
S o5 . 0.00- T
Control Differentiation
(i) (ii) (iii)
e — TR 100
3 s —
s S tas 80 ==
» \ =
2 Bae" E
L Sl g s0
iR e S
o ® p i 5 40
[3)
& . 20

o

1 T
Control Differentiation

Figure 3.2: Qsipogemic Bnfdf erAnt i Réd o sofl uMS
used to determine adipogenic differentiation pot
O st ficoed r pilaidd pddgiefnfiecr ent(iigugdt wéli cati on of Oil
absorbance readBMlyi zpalratne Reedad®rsol uti on was uUsS:e
di ffereficioattirdioseafreddgeni cally (digiGetéefiicatednwel
content within control and osteoge+0.cO5Sveld sp<0Ds
***p<0.001, ****p<0.0001, comnmpaairleedd tsot uMiSEN tcbosn tTr C

c o



Chapter Three: Il nvestigating the inU/Mlbtro in
' icensed MSC

3. Prdinfl ammat or yw nCgy toofk iMiECsLi cen

Previous research lhiace isd8nde sw i talf épdrmdinb &éor y her
inflammatory cytokines significantl*§ &%fI14%n
This licewmdengecretion of various growth fac
can mediate tissule?’teTpaiern hamadoteh & gheep & u & imenoum o t
MSCs were cultured i n medtian fcloannnaaitnoiTrig cay tcookn
U( 59y / ml ) -1ba n(d§ Ol .l FNPMYE€ orh rsEi g3u.(3®.Phase contr a
mi croscopy demonchamaedelal ssinghplbwicpgy aod2o0f
(Fi gu.rGR )NMSCs receiving nornaAi glng(BR gaple@ mpar e
i nfl ammat oirnyd il ciacteends-i bnyg ead d&csopifn dgluer at i on.

Priionfl ammatory | icensing resulted in a signi
untreat &d g3u.€3gl))s) As the viability of( Fiiguem®s ec
3.@8)(i)i}) was hypot 8% pad thhat edMBCed prolife
compared to untreated (delglus(@ igwbbulsagnesfzea
reduced foll owing | i cenf)i nsgi,gmiiftihc(aénitzBeyr3girracnruc
©)( i)v)

To invesdtmpad&ttenotripd ol o dgliNdkall bl i tce@cémgeexert s
cells were fixed in f orDaPlli rstaan dhisntgaitme dvivsiuta
alteratI"h®di MsiCayed a more elongated 6spinc
the-ipfdammatory | i M8€Gsish g(afgdue®), ¢ compar ed t
MSETR Fi g3u.rAd). ( MY®B %3 | so had |l ess confluency o
compared to tHh& confluent MSC



_ 12 hr Ohr 72hr
MSCs seeded Media replaced with MSCs
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containing 50ng/ml
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50ng/ml IL-1B

mm vscU™®
B VvscTNF-aiL-18
(ii) (iii) i
) . . iv
8x106 . 100 100000 e (iv) 80000
-
— = go4 80000 -
_ 6x10° 3 60000
f= (3
2 . .
3 2 60 < 60000 5
O 4x108 = g Q 40000
E S 401 L 40000 @
6 = 20000
2x10 3 204 20000
0- 0- o "

Figur:ie TN LI cenSiigngi fi cantly Affects Cell
Granul (@aANiISCy . wer e phirtad ede tf tolr e-(Apidbil a rc eincNM I F e

i nculbwd tiTaNHIl/ b me di a hfrdsi c@B M5 Cs were then harvest
subsequent (Bdpephméongy. cOIMSLIRa a d nMJoNE/ 16 (C)
ComparisoMS® &t mkSeCh®" 1 o(rice | | peaountiaglkl v(iiaibii)l ity
forward scat t(eirvi)dlree s c@aR$ @)y amdckca (SSC). Data re
**p<0.01, ***p<0.001, MSCRpyapaodtoaidl, ecd mptau cean tt dos
(n =)3.
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Figure 3NRYJUEMBChbi MoECpbaltigiifccahé moesscent micr
Phal IDoAIPdi nSt ai ni ng | magéagisodu MStCio)d ovinid lotwnfeBd)i & 2a n ¢
TN b (i ¥ 4(,ixi1)0 (amM@Q representative images shown.
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3. PhenoChpiracteri s {®n of MSC
Following the clear mor ph'¢lReongd cMECHiitt f waenc
next hypot hesiinsfelda mnhaatto rtyh es tp rmou | i exerted on

phenotypically alter the expression of <chara

MSEN®/N U wer e characterised by multicolour fl
| i censiquwr fomc euesteddr kteor sd(eHiigBie) eMiShGes e x pFieg B 1 ® n
35 ( AMHE) was unchangétfamaeat MEEH. HOSV@ ver , t he
expres(siOpi@3dae€d®9)4 were significantly upregul
(1@oD29 (a9adb wer e signi fi clamttdrye dtoiwng leyg,u | Rart ceedr.
LigandLl) (Wds al so si g(nvN@ogcatnitviey elppgeegsusl iadt.nesd
B) 0Ch11hAD1(cK4/)B8qia@p86 expression were unche
negati VNRA{flbterreat ment .
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Figur €haracteri sa¥i®nAa)RdprMS@ntative flow cyto
ofmedi an fluorescence intensity for ocne MS&snur f ace
MS ENBI 5 o rfiMH G ( idD78, CDY @i ®D20yvS)ch( vRDBL1. (B) Histogr
for cell surface expr esiGDlolh®dD1 Indefgda/X@iOmE) 8WSXC ant i
axis represents Databoedpr éd antretbactainsctaiecaanl K5 i YD,i f
assesslemdpaby edai |l edo st udempasedV ftoeps<MS D 5, ** p<o0.
***p<0.001, ") *p<0.0001 (
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3.3 mnune Tol erance Malrlk ebxsp rCbDs7s3i camnd P
MSCs can exert their I mmunoepeud ead o typancd f f e

independentl'8MecrBaniissman enzyme aafnde xctartaad eyltli
adenosine, directly responsi bl e [28% rThehap
dephosphoryl ation of adenosine triphosphate
adenosine monophosphate (AMP) and adenosi ne
of the immunosupprésd| Vee maccomuhariooment a
l inked to the inhibition «f ghallymmlgoantagmpmao
in suppredandndDd y@aphocyt el 2853f fCDr7en taica tsi am
wi t h CD39 t o -immeftlaabnonhaitsoer y p rAoT P rel eased fr
i mMmmunosuppressive adenosi ne, regul ating t he

infl ammasomé®‘Matireophagas are high-mgdisatned t i

regul ation, thereby can undergo phenotypical
l evel s, -iefgammatory -i nfolwamiddsSi oM/t CD2 7 4 i s
transmembrane protein vital ier hsghpiyessnpng

cancer models and progression ©b#5ca¥Berscel
expressed both on the surface of MSCs and se
has been reported to be sl ENstimnahd Fompr e
activat-i bnpat hwdy can medi ate T | yimmp hadancdyrtoe a

in vivwppreadilmgnmatory signalling and promot
[288]

Progressing from the morphol ogical and pheno
surface TINEINUOEF i ng, we next ai med to comp.

PBL1 | evel BENflebwmad@rdN (O ml-i)nfplraommat or Yo st i mu
assess TMiW tlheir F-0i ncreased CD73 expression, M
nor mal medi a tDNBENWeé malyiibg duy /r oll F-Do:ndy / ml )

forhrBal b/ ¢ MSCs were i nhal gdte¢dgaadt edsepemtdreanlt
di fferences betAdecenno sM®@ ¢omamus.ti on has beer
producENfwhioéh in turn can trigger further p
of diacylglycerol -spredcighas phatBipdPpiPliitbmset oo (
al so been i mplicated in the wupregulation of
microenvi¥®bhmemtas dNFKHAlbegt o hiacessigmgfi cant
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upregul ated CD73 cbhRylairccanctidnigdb awlhriolbe andni f |
change i n( FixBdreesA)) ©in) (i i

Simil alkl yex pPDeasrsd loyns evdh sh d $nlcauvbiant g om2 oTfiNFfhor ma l
U/borl F-imedi a. TMRIV Uepreviously showed a sig
compared to Infedrneaslul medi a,n a si ¢gnli fa xcparnets siim
compared t(oFiagér €gBoUIp-Bi( e g 0 l) altle se xPpDr essi on, a
JAK/ STAT signalling pathway, whi-icihf lcammdtuarty

secr é%%lbns
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Figure 3.6:-LCD&aBecangrBPONYd e Ceonwer e coul t ur ed
wi t lcooutoki nherss Folrl Wi ng t-hl swerC®78nalnyls &d) Av)i a f | ¢
(IMedian fluorescence intensity f(oreprheseaeretl dt iswe
cytometry analysis histdq®dndMedflan €ebresoehaeei at
surface exapgdrlesgsnide pr e ePPDati ve fl ow cytometry ana
expression. Data rstpateisetniteal asi gnafm aVa IO WA,s a
Tukeybs mul ti pl eho c*opmpla.rlibs,on * *pposOt. 0 1, ***p<0.0
n=)3. *p<0.05, ***pP<@. OD1 n=x_***p<0.0001 (
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3.Midochondrial Respirat®Pdh Profile o

The presence of mi t ochondreigaul iad ti macrealll- fsed f h
renewal , dapoprtaemgi § antmuomre,>%® i utl oacthioonnd r i a ¢ an
and regul ate adenosine t mpirplacphatne CATRPUIl @
synthesis [d%° Daet yneabardssm by which MSCs ¢

pot ent habtuhgels r ability to transfer mi t ochond
revitalizel%fhTalues tredc cwwdrlys of function of re
oxygen consumption and intracellular ATP | e

[297]

We next hypat hesheseaedr i al respiration of MS C
TNREV Wbl i cencing. MSCs naturally generate AT
glycolytic¢?%Heambowesmpecul at @ldt ¢ rdad o w-ihnigs pwc
i nfl ammaitrmoulyati on. Cel hesesivtiereer iimc uhdedtilérido |f omre d

lmmedia and traekfefealdot e apl 8rien ftohre itrh er ersepn

medi a. To conduct seahorse anal ysi s, t hree ¢
injected into the wells to inhibit ATP synt|
mi tochondri al respirati omM/extygemardbdohyud mp tci

(trifluoromethoxy) phenyl hydrazonal ( mMEQP) am e

potenti al and stimulate the maxi mal respir at
Lastly, a mixture of rotenone and antimycin,
are added to completely. inhibit mitochondri a
The oxygen consumption rate (OCR) i s ofn esse
mitochondri a, monitoring the cellul ar bi oer
availability of oxygeR®®dhdtotcher a¢s®Or s sesls

functionali%lyWe ff aumsd utehBlaa d whod malMSICevel s of
respiration al ong T&%&s hiowjealc thioo it hmaoigrets, i MS ©
decline following eddcEh gf7il)iEiifr eadei npaat i
showed (HW4¥wMSCcl oserphon gtoymealretdi ¢ o a mor e
MSETR Fi Bu¢7B.) )

Addi tional ly, ewet riancveelsltuilgaanE é&d)mtidhidl o 'l M®@ r a
MS ENPVD Vg ENBVUb was shown to have an increase

MSETR i ndicating a mor e fgdlylcmw v dliesT thif ncurl oaet ni voi n

Ty
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(Fi g3B(Ae (i JI(nitie)r)est i ngl vy, |l evel s of ECAR r ema
stressed mitochPingdur@al(j achdyvaawtong that thel
cellul ar et aveelni bas&adt eéne and stressed mitoc
Toshed | i gnhetc hmami sme d antiutrorci hnogn dwii tahU# 4B | o wi n (
|l i cencwaeg meet tviagatoauds par ameters |i nr epsrpafrialtiit

(Fi g39 eThere were no signifiTcNefltilbdi teecenge
compared to untFieg@eBacant malddi)aramalonr, espi r e
(iRriogt ofiNaggmikt,ochondnbsamp@A)DOM mmroducti on, how
was a decreasihy®Pltitbsnd mudlalt owinng i ndi cating |
severely affects the respiration and functio
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3. NiTric Oxide Secr8%'#n Profile of M

When activated, MSCs secrntdtaeg mamer dee ns clhwlwl
to mediate their | mmuTGHdlipNO X,s sliDGl P &@p2ke, ritllLe
60303, 394N OS has been described as a key medi at
involved in the production of NO. At | ow | ev
and i Thhdduucbesheotwse ver at high concentrations NO
inhibit T Ilymphocyte prol f¥*élrTantiisoche ave ar eSgrAITH
T lymphocytes to dampeme i gnyruldiehtlimcedsrpdoi ndg@ G8s i 1
wi TNl Ub,ot F-di ndsame upregul ation of i NOS and s
attracting adaptive and i nnat e i mmune cell

suppressed by the [dtrounding |levels of NO

To deter miTiNgJl wihleit hessi mgl ated the producti on
the super ndtfamdsEN¥owdSE anal ysed by Griess
48, 7 2htaincde (k6 B A Dashowedqni ficantly increas:c
foll owamgh®®Bcenci ng c ¢&hfp ahroewdd eodhME8: enci ng he
no significalnfi gBueQeB) .TiopjdeN@®r mi ne i f NO can
when the |Iicencing stimuli has been ThRmoved,
Ul 1Ibme di a hfasrd 7t2he medi a was removed, cells w
was added. The supernatanhsanubMée tOleeé¢rcanalky:
NO. Low | evels of NO were observed however
MSETR Lésedemnd replated supernatants were the
foll owishg mpop Bit Bo@deB)l) Mhi l e there was an incre
oxide production following 48hr remghatimc@ndo
chanlgiesensing of MSCs was shown to signific
72hr and 96hr incubation periods, which sig

control medi a.
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3.3.mBnunomodul atory Pr o dresAlolfo grevhBe

l nnate | mmune System

Macrophages are regarded as the ofiold $towragp
initiation 8% i*Midlcammhtaiges act as APCs, whi c
pat hhogens via pathogen associated mol ecul ar
from apoptoti c doarmamesdcrocti iad eade Imod ewibd®ar 3P att
These signals are detected via céi%. S%hiace
antigen presentation drives the activation

i nfl anmmaiteoslywel | as repair of damagéd®t 53 ue

Macrophages are haematopoi et i-lcy ncpehlaltsi cr et siisdsiu
have specific functions within their residen
by alveol ar macr ophage, nec¢®ldlsa gr o phra glewsn gc
present as onegeacti hp-asctiappaoHdihsa mmat or-y (cl a
act i vmaanetdn)f | ammat or yac(ta lWagpeadadiirnve !l gn t heir p
signals from their sbU¥Fflodowe ngr mimaoreaph a@ea
pl astic and ar e i nterchange-abFfFéammavtidgrcyhi og
i nfl ammat or yt heee pehrechiotgy peen of t hle®®8%drroundi ng

There can be misconceptions regarding the pt
of -sdtd mufif ac ®®D®6 and CD86 on APCs, functioning
of T I ymphocytes, they c-anfliammarercy!| gi pealr.
upregul ation of CDS8pbr-ioondhamenatsespcinaceeepprgb:
of CD80 is present on all subsets of macroph
delineate [P4®*s I phesotiynpertant to note that n
di st iardgais,erd on their e xapca s wrad i oo nd tkeir swplleilc u &
si gnaddsichdd’e.sM&®% r ophages plaasatnidci, g hley r phenot
interchangeabl e depending on the stimul:. t he
meaning they can swit chThbiest wpeheenn a tnyf g ea noneatt eorr nyi

of macrophages and their responding secreton

Pr-ionf | ammad¢mooyhages are classically idéntifi
and CD86 on their cel | ROBFf ama, t mreo dsuecctrieadtni
inflammatory c-Ut tdikli R&lsi6 Pe-iogf | & Ndfaltlog ymai nt ai
i nfl ammatory si gpnhaa gso cwyg & oh$iiong gt rhse amodd yi,nt r ac el

yp
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presetnhdrseegnai ns on their cel | surface to ac
i mbal ance or pwrenrfalca mmeatitioiacdynre dofi nf | ammati on ¢
various autoi mmune conditions, el3g%, ¥gkd¢emi
Al t er nan-ti nvfell aymmead roapyhalg @ s a ebtye rtihsee upf egGD2 @6 i o
| 10 Andi-haaad sectreatfilammaft oaryt gy t-1dod,i1n3els ( e .
TG 321 AF4!lnf | ammacr ophages are vital for dat
signals and to initiate and maintaimrovound
infl ammadroapphages by phaddédc®y Whpisilbmfgl arteltudsay
stimulft €ED8®Drd iTkle T | wmphdE gtmemgroaphages pro
Th2 anpoplulegtd xomanidn fnlgarmmdatiory and regul atory
i nfl ammasomepr-iofif hialmana t d roy, mahcer ophagast i vati
i nfl ammadroopyhages can be detrimental to the
fibf3@ésliMacrophage subsatde |viama tnetlicheremaht ooy e/d , a ¢
and this harmony between the subsetsl3%% crit
Di sruptions to this balance may | ead to chr.
via disprpapoftacmmatelr y, or Vvia excessive ti
dy sr egua it i folna nmfend rod 3¢ 0o 757!

To investi gatmmS®&HE omo tBean thi/acl , mefic-e wipthlarged Bal |
MSETRas contradll oNM86Gei dTRENVB FMEER®/ Y wi t h Bal b/ ¢
macr ophages stth antuw ilata lieodlb Enlidig®'Om|l ) and LBSi GlLOngt
p r-ionf | a mpnlae o gatyydp ei n ¢ u bhar (sE d g3fllo(eA ) A Ba )b/ €TRMSC
served as our syngeneicy cofntupnl i ¢ ®n sceodmpay reg
unlicensed and | i cEmised7Zepogernewas MBESs I mi s«
resear ch wi twhaisn tohuer tlianbe paon cht at which effec
more pr o mi warst .obs e M8 EW! P had FN& deelcirleiatsye t h
fluorescence i n(kingBli2)@@)(iieMHG e s aina@h ialhfrteaardy o n
CQOMHG laan@ O)icD86 but n6 BEigiCD80tsoamul ated p
infl ammactoophages. Si mi | anSI€yRandy md dFodgBecn e Ba |
MS€Thad no s ingmuinfoincoadndtlf @tcdr y

While we did not findstimgmldi cecrant mdli ééelresc
foll cowiung unkl wgeheidd dMSC,ndwegnendcir eatshe exp|
CD8®n Bal b/ c fmalclr owiudgwaistFdy BAS ENEVE cD8O0 acts i |

conjunction iwsiadanmoO8y6 parnedsent oprebensunface

y C
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CD80 cam kRinder €D2& adr |l gmpbAocyt€end lraimmae o rty
or -antiammatory sli3gHdling,erreesdsp édgfieyp @ iMjietdt ailn e2
the presence of CD80 on both human and C3H
i ncl usi-olni coeédn diFnNg .

We next investigated the presence of -CD8O0 o
stimulatory molecule present on the surface
stimul ate TWe ympphotclyd issed t hat CD80 was pr
MSEWe first gated MSBCpulbatsmao © op ICads bIMSICr e s

(Fi gu3(ed)31lh compargdrdanif | taonpnapg mtryp |l on'SAnNnBVB MS
FVB NS had higher fluorescent intensity e
syngeneic YBlaFibd c3(eBPIViel next gat ed p®dpaud adrn o@D
and found that there was no expre$§i dwBof (
MSETRand FVBY®WM8&dhering to the |1 SCT for defin
stromdl’®CEFepgu3z@® (3Tid) )further ensur epdmuultataidan «
were not interfering witlhetfpleaprdséhvRa lob/ €D
MS ENBIVE Evp  MBEnd FVBY™WM8&nd analysed via flow
presence of ehdd,ammatogy pacti vated macr oph:
(Fi guB¢).)3.We f ounédl #ibhlaitcemMMF ng significantl
expression of CD80 on the s-unfhaematf oFYBmHKEC
expression. We f-UlIfifibkdérd fnoun du ptrreagtul BN t he e
Bal b/ ci nMiSiCc,at i ng t hat -dGDp80n dnanyt loec cairgtema&ien o
which could | ead tapewmdsd <i brloyd ud ralt a mme d Weh enre x t
the effects of oatGDh8ms atnida nbri d 0,r . weVieast-abl i sh
CD80 (Biolegend) was opti mal I N suppressing
MS ENBVAOE | gy r3D) 8.i JWec ud ot ur e d"NEABY i MShC pfrloa mmat or y
macrophages, with and without CD80 inhibitoc
i nhi biting expressioni noffl a@nbnda@ ooy smhbcmopbatge
untreated astriomthlagteesd mher e waN¥"htor eedtfeed t wii tr
CD8(0OFi gu3(® (3.i1) )

The downreguHatedaxomr e@isiondidCaonnma ¢ oo yhages evol\
hypot hesi sprteisadpgriamft|i ggramad lbaryi shms icohuilFHMB ed v
MSENBI@b | t uWe next invest agiamfelda rmiheet oparges d nud «
mar kers CD204d4.CDR2d 6An gi mageé ycoprotei narthiat i s

yT



Chapter Three: Il nvestigating the inU/Mlbtro in
' icensed MSC

infl ammalt ariyzati on, required for i mMmmune hom
predominantly expressed on innate liafhwee ce
observed a significant i ncrease in fluoresc

macrophagel%VBoN?lWLWd:ogulture commamdd atmonadc @m ty
st i mumaactreodp hages, i ndicating t haptiornfilcemmeatdo rFy
macrophages caseecileoettiaODa0thi ghar skewirmog phe
i nf |l ammait mu lya(tFeidg3ugteeA ) 6 1).1 )A(rigliinjassean enzyme r e
t he conver stiocornniotfhiame-aanmd wutrreedaortiinsh pat hways,
to regulate macrophage phenotypes rl@gdired
Conversely to CD20&&akbeveéelgn, f Acghhhygedecreas
groups campaf edmmattiowyt ed (nra cgBud (peBila)g @i

yy
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MSC added
IEN-y+LPS at 1:5 ratio
A o -

: \
—_— —_—

Balb/c bone marrow harvested from femur and tibia. Plated for 6 days in
macrophage media until differentiated to BMDM.
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Expressi onAB®Irm/fci |IBeo-Der iMaed oMacr ophages ( BMDM) v
the femur and tibia bones of Bwdlbl/ cplmdtce .u rcCteil ll sd
to BMDM and trwaelslf eplratde t@n dd-o®Dt6d mu P 8w eerifeS @asd che d FaN
a 1:5 @Ba&PiMo were selected based on size and gran
and exclusion of deasdt adenlilnsg . viPao s$yti ema cWid @ eixigpietey:
mar ker CD11b was usedBMDM dceslclrsi.mi G2t leb ,fl r @dm dn,o nC |
MH Gl | positivity gates were based on their respe

y @
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FigB812e Al l ogeVfland MS€C“YHave No Significant Ef
Macr opSuwrgfeac e ERKrpomé § a mmant.o BMDMt wemulkeatcedt ured f
with BREAER/ FNBE O r MBENY 2®and anal ysed fod,express
MHG I, CD80 (aAdhem86ic of the role of -CD80 and C
presentbiinngdicnegltlosoeCD2bt T | ymphocdy tteo pdoown  rfeeguwaltat
' ymphocyte (pPBr)yRlIdipMersatnit@an.i ve f | ow ely teoxnpertersys ihoins to
BMDM,itio)t al peemdcéhtagescent MHCganhsethaephepat€D1l1lb.

(C)Rédpnesentative f | ow eclylt oenxeptrreys shi( adritodogarl aBm DoM, MH
perageaet(dfitJorescenteMHEDeREintegsent ati ve flow cyt
hi stogram of CD86 (et &lsspaomidi ®mht) 8y OMc eoft i nt ensi
CD8GE)Rdpnesentative flow cytometry bQiteojtoagram of
perceanmndafiBb Jor escenD8i0Ont eDnastiat yr eopfr eseat edt asamean
significanceOmway asboOv¥aedTukayds mbbtpegdDeOBbpmpar
**p<0.01, ***p<O0.nGEBLI, Mm§& gafd*app<tOe.dO OfOrloom (Bi or ender ) .
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Fi g8 @Al | ogenENfCH*MSCpl ay Signi ficant CD80 Exp
Bal b/ ¢ &d™MAl IMSgewWB$Cs were cocul tured with Bal b/ c
via flow(&aGatoimed ryt.r atAergly CflpdorlpludDaltlibons of(B)CD8 0 e
CDl1lpmpul ati on was analysed @8O xpoemparpdodD s0I
i nfl anmpmlteaorriysed BMDMs ( macr o-pdhmd) eisiCP.$Ipompuwll att @ b nw
of CD86 was anal yrsVeBdS QQ) Pres esscef @ade C®OB0 on surf
Bal MBE™R BaMShEN® W FVBISE™TRand M8B8VW Y were conpraoc ed t o
infl ammadroopB)dd®BE80 neutralizingvamyii be diorCogmt 0 Gg
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statistical signvifGneavaryc ANWAVA, adakeydd bmbbtipl e
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To shed | ight on the pathways -dwlithgr easc,t iwa't
i nvestigat ed Itrhtee rpfreervoanl eRecdgRIpattaonsityn f F a enimat o 4y
macroph®gganaandransducer and Act owdti imud adfe dT
prionf | ammadroapyhages.

TLRs, part of the PRRs previously discussed,
system response to inflammatory signals. T
pat hwayRaBl3@KNReB, Nwhen activated, can create a
triggering a response from Jmed8jradcéebl ulma
anbacteri aparaansd tak*MWhrislponskeiss pirsontr ammait o rfy
macr opmdgpa i zati on, It al so target-mediR&Ftded a
demet hyl ati on whi ch i a&n-itcirfulca narha dfroooryy htalgee ir redspc
[332]1 ] RF4 orchestrates regulatory functions wi
[333. 33%4¢sponsgsebfecfor JaHfd ediemftémemtoinati on an
Tregs, and for anhmef Ipa@rmmad racap hiaogne sf.orl RF4 i s n
interferon, however, an inhibitiondd. PREL4
| RF4 has also been implicated i n-MSQwpipa etsise n g
downregul ation ofl3bBRE4gdrsi canr eigmp @arttoarst ro
i nfl ammadroaoap/hage r disgBpas édsvayi. aWehédypothesi se.
woul d be increasedl tftwd di owlii ltndgm mMSdd rcyo macr op h a

anitmfl ammatory effects previously shown by |

To investigate the | eveMSCoduwll tRFrde ,f owd osmi anign
and gated -maskdr D@MPipdgat) € A)l nt er e@@ttihregley ,was a
significant frequency increase in | RFE expr
however not for eithegriiftoredt memtesacenEVBNMSEGS
(Mwhen gat edt menr eCDilalsh an increased eXYpfressio
comparmednf b ammattiowvayt ed macr ophages.

STATIl a vital transcrpirponif 6 manpnalt aciyopat-ar @emg.ui A
production is wupregul atseudr faancde soec yTe imaydmpeht oi ch
activates-asboeciracegt byrosi neAKt) naSsi®ls JThnses
activation provokes the stimulation J6%38STATI1

3401 STAT1 is believed to initiate macrophage
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t owaapmrsionf | ammheaob¥*yp@&@h%d presence of STATI1
i mpl i ctahtee de nihna n ¢ ermeednita toefd MSA ympRAb¢yte suppre

To investigate tddsegoddck tol 8 TSAITIAYrld 4 sMeo rc ya fo me
and gated mas&aer o(CmDipgidib €B.) )I nterestingly, W
freqguUeaEBdWL B) @ir fl uorescence exprpeosiloammaat éd ey
control YAhdFBRY " BEec AMNSEENT Y“O(F i g 3154 Bi) (H9gwever,

there was a significant i ndMSEYY EfiromSTAI1Lbe >
popul édFi1i gnsSERY).SITAT1 expression on MSCs <can
i mmunomodul atory capacity and induce product
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MSETRmr MBENYYMSCs and analysed for the expressio
STAT(IA)Rdprnesentative fl ow cyt omeitin)fy alhi pteo @ e a1 aq f
on CDIl1l)huorescemngcaet eidntoenn(sBDREP)esentative fl ow
hi stogram of S(TTA'DI aé x preegxceind m'g(ei vdatoedescen €Ot
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3. y90kine Secretion Profile of BMDMs
We have previouslITyNfElhibivhcehei eff ent abFogenei

characteristic and phenotypical alntfédraantmadrmg vy
stimuli. The inhibition of mitochondrial res
l i cencing coantd fbac-twod | iammmawtomreggul ati on and
odnitmf | ammadroapyhage markers. The macrophage

further itheightfanichnt @on and phenotypical al t e

exp@pre on.

Supernat gniosa f Ifampnalt @amriys e d mact ophagesal oo e,
BalWRc FVBYTROSC FVB NWi4E orhr®w2r e analysed- for |

i nfl ammateomy | amdnad mtriy chemoki nes and cytokir

MSENBIbg j gni ficantly i n(cRiegdaé¢a] tKiCe (LXQrid))i, on
CCHl7 6anidiL8 comppardiomd | aonmat omacsoipmalgeased howe
no eff(diiNfloeveksel s-inofl ammat ogrya ncuyltoockyitnee ¢ o
stimul at(Ge@&F f actgdrycoprotein responsible for
neut rlédphhaisl ssi gni fi cMBEYN i neactademacnophages
control and ot her ( MiSg3uét(eBelatb meé 8t agmpoep Ot r opi
undergoi ng skewed pi hnefnloat nynpaet o® fn f laanmdmad potr oy r
depending on its exposure to sti-Bnuddcri et itdre
significantMSENY'Hcoempaeddi ho control, but not
( Fi gBue(eC)) )

Supernatants wer e-blalils®, aM@C y(s@@LpHAA2 pTAGF and
| 2 3. However, measurements were below the de

be quantified (data not shown).
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caul tured YW t WVBral BYWYB®and evaluated for -the | e\
infl ammat ofUyl (8 C-CTIHEH La nidn falna mm&SEr-§ )l LShemoki ne s
and cyafokérmeE&hels were quantified BEuMd mrgo phhaeg eBi
Paneipl k3 . Data represant esdi asal meagniOniSaynce wa
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3.3.IMmunosuppressive PropefNi®¥sonof A

Adaptive I mmune System
T lymphocytes are i mportant components of th
generated within the | ymphoid tissues and

activated by [¢4°r MatabphggeAPCand dendritic
|l ymphocytes, binding to the MHC mol ecddi®es an
3471 The continu@Qus$ reoecmpenil ofmeofatiibg T | ympho«
and proliferpmpbatiyftéeésdrtbwrng activation, T
mature into effTecltyomp Hhoapelledsst heCDdnti gen bin
recept ofT loyrmpQiDd8c ytthees anti gen i s parestmde edAP©nN
surf3g@tleEf fector T <cells can rapidly kil i
infl ammatory cytokines to alert other member
chemotacti-chsmghahkebngnd cytokinéd.cdAldlds t car
accel eredtle responses ah(dc yftuattdxeirc )e nTh alnycnep hCaDc8y
via APGx oedfldt Thare are discrepanci B on t
| y mp hoacnydt é€@D8 y mp h ac yetfefsect or devel opmdnt . So
| ymphoarygeessspponsi bl e for ™"Thel yanop haoncdyttieasmt o h u &
product i20®32 0¥ bdwever ot héms | g ma tiencdyetpeesn d €D 8 |
secr e eftohreoiwn s udtdna®fRedi ti onall vy, F&@ports
l ymphoaziye esniecessary for a 6robustdé "Feconda
l ymphocwtieasnteemosirse | aa etdeirapdapedsils gand ( TRA

continuossdlyl i madatcre alfd®lcel | activati on

Tregs are a subpopulation of T Ilymphocytes
supressing otlhyemp hioncfyntdetsr attii mggy iTmmu n e-s elofl er an
di scrilmMPhait’®lbegs reside withiympbplodthi d ytmphsu é
circul atory Tregs can be recruited and und
damaP&DATI y mphocaynt epsr esent as two distinct |
(Th) ~cell s, and Tregs. Th cell speamnfact imeat:
e.gy.tot oXTi d yGipghowhit ke Tregs can suppress the
of TH3®el®fl'§ egs e x piraensds FbooxtPh3 ,Cm205% h vital for
t ol ermamnmcenedi at i h3§2!tTirsesggee craenmerierd mmaeoant i esp
promoting t hei nsfelcanenia toonr yo tt Qainadi G eact eng. ohL/
by imiting their efforwymphpopoymts mMultaing e hfee @tr
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secreti-onf lodmmatoolr*§3l Fyeglsi mease O6anergi2cd and
naturally, ho#%ever, driddwirreedmti &ti on and pr o
mechani sms for #2heiTrhee ppeswrrep ete®@sleldD@B Treg
medi ates apoptosis of effector proliferative

remai n2i nagn d Lme di alt3*ltThheei ri nspuorrvtiavnac e of Tr egs

the i mmune response has been extensively stu
| acking in FoxP3 develop | ethal ' ymphoprol i f
of serum i mmuannodg | rodbudlitn i n autoreactive ant.i
| PEX2, 3653]

To assess any inhibitory effect OBAdydD&neic
|l ymphocyt esBalWMER cAiMBCITead MSB®'Yynder @or moxi
conditions and cul-dwlrtedr @ natT 1 :y5apdOddSyICé&1208or a
stimulated | ymphotbteplasenssoodfat(@alghlr)@MAmmiT e.

|l ymphocytes were also stained with Cell Trace
of stimulated T I|l-gmbhocygdtdewi tah dMEs&cluslsteulrcdosy nwehr

i ncubatherds Folrl ®8i ng i ncubation, proliferatiyv
T |l ympphpopuwtati ons and >3 generati onBi gwerree a
317)( B.)

Firstly,""##9%RadSE€l ear i ahi 6D 8yompyh pecfyfteecftesr at i o
represented from f I &w g3l§ €Hme(tilryy5 halsdldg rMeSnTs

ratfFVwe . NI%€¢%di d not (&1 iRl eBtheequencyoonfl1CH3
rati o, however for 1: 10 frequ(einioy abngrdobrf é
frequebcfyn aqnudency of >T3 ygmepnheorcayttieosn c@®@Bp ar ed t
|l ymphocytes were significantly inhibFVBd. Th
MS Cvetwc ompar edV thon dB aFIVIBf tMSeCay mdhocy t e s

Si mi IFayB yNIiS®¢" had cl ear i nohni bOIEHTY ymphecyse
proliferation as representFadduiedmofil)yosw aryd on
(ili:)10 MSC rat iPWB NS8&“8died tn ;mtg(l &, (BAD B))(tih)e
frequencgD4f | gphplimecytleds or 1: 10 ratios, howe
inhibition P6fldrowling &BRdTbdFr¢Bb dtSIC 1: 5F\aBid 1: 1
MSCENT 2 had clear i ndna(biitpdray efrfod d tfGED3alt i on o
l' ymphdoyt doth 1:5 and 1: J(O0fin@dguescyanfweldl ga
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FVB M8 had clear i ohi ©0@DB3Ilymphpept €f er ati ol
represented in fl qwi g3RtDé B¢ o(rig): hi(atidyo amMsC

ratios. InterédStandgFyYyB ML Bal b/ si ghiHhican
CDTD8T | ymphocyte 1:5 frequéldccayy!l howevees owint
significant in¢iledseomma/ Bi MR Ehmar ho signi f |
ef felEtgadle @BRBR)h(ei f requ€bdy hofwe@23I exhi bited
f oritiot al prolifernafiiggquénegyuehcy3agdnerati on
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syngeneic Balb/c¢c MSCs were cultured at 1:5 (1 M

' ymphocyhres(Bmph®6ytes were selected via cell S i
to disregard doublets and Ilive/dead discriminat
CD3 COBZ%2and 'CD8ell s were used to determine | ymph
based on respective FMOs. Tot al prnoplhiofceyrtaet ipoena kwa

Generation proliferation was gated from the thir
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Foll owing proliferative T |ymphocyte cultur
Tregpansion. The'CObtrasssionstdfy CDh4destigated.
early activation marker of T |Iymphocytes, [
dendr i t3%%8! fcuenlcltsi oning in the regulation of
product tHonf laafmmartaowry cytokines, and a | ink t

FoxP3+435klt sis also vital for the pathogene:
possibly be involved in the regulation of 1|y
is highly exPrlesmeidnoynthe€dDB8umour [ffkroenviron

CDLLD2GD69and "CD35D69popul ati ons wer e al so
CDZLD25GD6Rhalkseen identified asTraeqovwit RWisnuba et
bearing mouse model .doThti seypprpadatFonP3df duec
for CD25arbowepeor tTeGdbla md ex @& @&ERlewnilLl e t his d
necessarily classify them as Tregs, a popul a
of CBhAS FoxP3, the potential of this subset
i mmunomoauwldathigml|l i ghting different pathways

BalWRc FMB8™Rand M8B8"Y®'dwere cultur edc ounnddietri onnosr
and cultured i-oulTt urydnpatbd Yyl 5 i¢oasnOGMi3t/hCD2 8
stimulated | ymphocytes i salhat aedbcfudrdmr ®pl eve n
l ymphoeawtld uces werehisncobdoawd nffoir nt2a6ati on,
fluorescence i nC@RME5I tCDWEEED CD 4COB2,5GD6 @A Nnd
CDLD2Boxp3 popul ations wer e Faingaullyes e3d. 2vi a f |

't was obser vifanvadts CERYB hMYCsignificant red
frequency of CD4+ cells within 1:bymphdbCGyamd
cont(rFoilg@2) (eA) Further, FVBYW4a%had uandsitchmitf i can:
i 0Fi B EeP()f requency of CD4+CD69+ hwiwtelwienm s1: 10

was not (sihib)worfeecent intensity.

Addi ti(omiagB@3y@)(itlhe frequewcyhobCDEP&Pul ati ons
were shown to increase withitRaamlEVBY¥h#®P ee r at
treat meantdigwerled) B(AP)her e was an filncoreasc emgt tirret
significant comp.arked ¢oMBagddy @ (¢diomloy t she 1:°
rat iFOVBWSEN®'had a significant frequ@bD&Y incr
category which( wage3)(ep()sihoaownesdoent iIintensity
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Finally, the '"éRPEesB3 oax pife CDibdn glwads VBnal y s ¢
MSEN®EVU ywas only Eeifffequieneyi mncrease within t

ef fect f VYD tnoh dret FVBIfefildguowreasecenmt i ntensity d
MSC treat ment s.
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Figurle Ga®2ing Strategy for Flow Cytometry An
Surface and I ntracell ulTarl yBnrphtoe y ne £ xwerrees $ s 0ln
nodes and spleen of Bal bCE3/nGD28 aancdt isvtaitmuolna tbeeda
added to alLbéewmblintpl @adateed all ogeneic FVB MSCs o
cultured at 1:5 (1 MSC to 5 |lymphocytes)hms 1:10
Lymphocytes were selected via cell size and gr a
l'ive/ dead di scrimination was condiuwtasd used SYDO

l ymphocyte discr,i mCheza8di o xPBd web&9 further selec
FM@
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Figur2ze AL RdMSeCdiind MSCLES|i gni ficantly I nhibit
CDA4T Lymphawc@itersi ficantly Pro@b6'@s Exwwaens MR
: LymphocyStyemgRatiMs€E€Bahtd/ al | ogeS2éfasd FMB8BNT
Uidbwere cultured at 1:5 ancdullt:ult Grivafteimd€Cda 3it CDP 81 y mj
stimul ated l ymphocytes. Lymphoclygesi tivavfietyadli scr i
percent afgerofl: 8P41: 1(OB)amdi 31 : e rfcekithyumgg.esardce i nt
of TWMHK®or 1:5), 1:10 and 1:50 ratitad.i sbhbatalrepmge
was ass msaead) VAINGOV A, Tukeyb6s muhlofei ppd . 0cbo mp*a*r g s@.
***p<0.001, AP®P**p<0.0001, (
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for 1:5, 1:10 and 1:50 rasiasi sDiatal reipgeisktint audc
On-way ANOVA, Tukeyobs mu-h o, c*ppl<ed *EF mPa Nils on* * g @st0
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ANOVA, Tukeyo6s mul thioptl pe< Oc. Omdp, a r*i *spp<n0 . pOols, t * * * p <0 . |
(n =)3.
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3. 3CWltloki ne Secretion Profile of Sti mu

To assess the phenotypic characterisation
regul a¢t wl tyu rceos , we investigated the | evels
Subsets. SupeCDhait @@2iBmuU Iratime gamP & lo bdywletsu rceod wi t
Bal M$&™F FVBYTRSI@ RMYBV® 2°f orhiw@ace!| | ected and a
vi aBit bkegend EHGHNDMDleax CyTtaobklipn e3 .Planel

Table 3. 1: Cl assi fi catsieocnr eotfi ofn hperl opfeirl essu b s e
Thl Th?2 Th9 Thl1l7

TNR n n

| F-bl n

I k2 n n

| 6 n n

| 4 n

| K1 0 n

| K1 3 n

| 5 n

| kO n

| k17 n

Th-dssoci at e dFicgy2H)eldT M B ) F-dandC)2wer e signi fic:
inhibited fol™N#iacg oB¥B 1MSC 1: 10 and 1:50 r
Balhod FVB"AMS® had a signi2fiseamteti mmi lbvii tiho
and 1:50,-asabcioatediBiMt(dRhilmWesgdgrcd 13 wer e al |l
significantly reduc¥ 4% f pehomeny ( FMBwaMSEr |

significantly upregulated in dYY%thpatmenrt .
Al t er n@Hlitsr edhygwed no signi ficant difference
There was a signifacandi adatiddlgremaclennenl IThtli7e
groupsssbhho at €d)c ywaoskianleso significant™reduc
Uib a s wel |  a$"Amalt FVEBBAAM®/A, a cytokine secret e
and Th1l7 subsets, was al so anal ysed, howevVe

detection andquleteffored Werme anmtot shown) .
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Table 3.2: Summary of MSCsiModwibtariamdinc @aned mammnien

resul t.

Il n vitro FVB M3 ( Compar € FVBISCNA'E0% Qo mp a
Pr-onf |l ammatory) t ®r-bnf |l amjnat ory

Macrophages

MH ClI - -

MHGI | - -

CDh80 - -

CD86 - -

CD206 - Upregul ated

Argiflase - -

| RF4 - -

STAT1 - -

KC (CXCL1]- Upregul ated

TNRJ - -

CCrL 7 - Upregul ated

| K1 8 - Upregul ated

G-CSF - Upregul ated

| k6 - Upregul ated

TLymphocyt es

CD3 - Downregul at ed

CDh1a - Downregul at ed

cDs8 - Downregul at ed

CDZCD69 - Upregul ated (1:

cChbxD6O®D25|Upregul ated (1:5Upregulated (1:

chbaxDbD60®D25|- Upregul ated (1:

CDXD2% o x'P| - -

| F-Nl - Downregul ated (

TNR Downregul ated (1Downregul ated (

| k2 Downregul ated (1lDownregul ated (

| k6 - Upregul ated (1:

| L4 Downregul ated (1Downregul ated (

Il K10 Downregul ated (1Downregul ated (

| K13 Downregul ated (1Downr egullatledd, (1

| 5 - -

I K17 A Downregul ated (1Downregul ated (

| k9 Downregul ated (1Downregul ated (
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3.4 scussi on

I n this chapter, t he T NFilU Aol mocdeun saetdo rayl |poog eenne
and therapenot watseb miveasdecy gated. We sh¥bWed t h:
and al Fyaeweéflcd not inhilbiitemrsleydng roayt e, ol
all ogen@fc® weSSCe shown t-onfplr@mmdateorayntphenoty

nhibition of prol iefxepraantsObog®@O@F yimphpltyd etse @ar
TregsMd®' % 3| so significantly reduced tahned f |
upregul ated CD206 expressi®war enaatsphahew
significantly express CD80 -spethtic markace,

| mhis d¢hapvaesr estTaNbAliishbHedc enBamng can signi fi
phenotype of MSCs baseMSE&W'#¥weweciydemeifiyedn
superior ability to -cmoldulrme easmamusnecaecmpasedi
counter gddfand sMpege’i®ic Bal b/ c

TNARV LIBMSC Cel |l Surface Phenotype
FVB MSCs wer en i Mi®simhi e thadctayhlit rddytpeest t he al |

potenti al in ocular inflammatory conditions.
express FRdenBubtnaet etdhnat can result | h3%®laMany on:
ocudmd vari ousmoodtehl esr hdaivsee afsopec used on Bal b/ c
as MSC droemirpi eonrt%% r B ot sr , t he popul arit
and beingttamea adod omoduocs e strain for research s
resuwhtid.e both strains are i1nbred, thereby
replicates to enompe loafe pangldyu cu shiidng tsgpedihfei ¢
further investigati oBriseulidd sipmmene hiolwet a p& st
model mi miammunol ogi cal mechani sms during corn
setti Rgl |l owi ng a odorsyemd e nterian sgn dabBnaall d /ogeare d ¢
C57BL/ 6 wmithout amy etrlvemdpewnt,i cobot h BtaHe/ c a
al | oggermaefitc,c, with 40% of C57BL/ 6 mice rejecti

Bal Yy ngeargieatidt wvowner , Bal b/ ¢c had considerably
i mmune infiltration to a syn@Q®:hRlL/ch gmiadn®@r € on
pronounced formation of inflamed anterior s\

t he aggressi venetsrsa nastg IrvahitostidhfiChi&élBehdh.by F4/ 80 ¢

MMC
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mar kers were used to assess the infe]jéecaedo
grafts hatadequéamgphefror both syrgemparedanaod ®Bla
mi clee. i's i nteresting to note that 80% of Ball
compared to 60% C57BL/6 syngeneic grafts,

syngenei c Thin af woriksueghli ghted that a-C57BL/
ri skanspl anets emoatah nboutl edged t hat both mouse
i mmune responMas uyana& g ghthii grh.t ed t hat C57BI

hi gher rejection rate to Balb/c following al
of infil tmatdi Fgld @Dhébi nfl amed cornea. C57BL/
of Ilymphangi ogenesis compiagmat dloe ® ad di/heee d lo | tl 1
Bal bdel mos regarded as the gold standard, du
rate as CS5/hBla/l®d/ mi aneo.d e | I's suited to cornea
positive results compared to C57BL/ 6. From
C57Blc/o6 neal all ograftalso &ded8d$s bt ef ftibea @ipeud
resgdfst SHoéwever, the factisemainmg riolvatr amfgies t
fal se percepteonsvenahoweat ment wi ll be whei

studiesa peabapswhyl soi mahyspudiedhedal hoi c¢&
setlt®i®1 ¢ VB wer e e lpeacrtteydd aasl |a gétnreiircd MSG treat
parctoyndiitni man< | i nical setting and to possibly
and highdegknhdentamechani sms. While the init
t hipmdty mechanism in a corneal atlol ogwiatf d h ste
corneal al kal iMSQgeurvye,d vahseraen FaMB o@Z=hERlLl /c6 t alel

i njured mice

TNREV Wbl i cencing of MSCs induced significant
MSE™R a significamtuanadduocireasiend cell granul
siAa. inflammatory stimulus can significant]l

the O6spindled anKl ienkehiylemoast racedr ¢ hat t |
mor phol odgoyl | owiln g e nofFiINNBMBSMCsS corresponded wi t
i mmunosuppressive MSC phenotgpeompmpuaes e ktao
etl3&Teported ewhayr tMSrCs TINHa @ldidbendh | mittah ned a fi b
shape and did not underfguor tnhoerrpM®ICgohglii icgahl tadc e ch n

di fferent tissues ciamflraempandr @i $stfiemelnt ] y to
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I n this chaplthe®l/ libei Jounhd ctamadt y altered the m

al so showing potent inhibitory anmorn pnmalnogwp
was accompandé erddd nblyenrd eiducrea a skel di ngkrledrid® berta eil y e d
mor phol ogi cal c hiannf gl easmnfaa lolroywisntg nmpurlous t o i mm

vissuppression of T | yxmphooyisesi ut ar @8MBiAnhg st o
presany@NBV/Ibl i censed MSCs demonstrated both
potent | mmunos upTphree sisnicvree apsreo pienr tgireasnul ar i ty
be indicatiivnef I[tahnama ttohriys sptriomél Us mihdavtcesn ¢ el
was that we did noa -ArTArDv epsotsiigtaitvee aopro pRIo/sAmsn ev
foll M8Cngulture, we counted dead cells via 't
effect on cell edleat ht hWe hyfploammasti sry sti mul
capacityhoweWwWBi®@®es not necess aA ifluyt uirned u cnes icgehl
be to determine i f this licensing stimulates
count elRpartng. studies hawae ophioghlad agriMiSé&@d i o iht:
i mmunosuppression fiohl oPwwvotga *dé&tmd sod isit &24%'i o a |
repor toecdampFBNRgul ate apopsdnd ci mgteengetsk a ben.rgy. fRa cC
(| RFA¢r e wBNBaldilbi nf | uence a-pBoaptdo sFiass LY if&1 dNUFc t i
Priionf |l ammat ory stimulation of MSCs can inhil
more -sitkesstructure, howeverthehapeutoiecs @foft e
of the MSCs.

MSENBI bW e mesitive for standard MSCTBRHEact er |
14 i cewasnghoswgnitfoi ccahSECy saltface phenemsgpeed
unchanged, while both CD73 and CD44 were sig
and -1Scwmere significantly decreasENfE/IBhi s su
| icencing actively i nhCbhb29 samet Bcdpnoodi vedai
di fferentiatildhl.a%Pd proliferation

MS ENEVEL wer e shownegtBoblaltont he cel.lPreuirbase wor
investi epgpandougeldFNpr e.glu lhaatsi anre poofr tRel t Hi s act
induceldilgRBIETINRIYybare believed -Ltlo WIFpE, ecqul at ¢
transcription factor, necessarpriohblk annhaet or g
cyt ok’ RS this chapter ""Wbfeshpowsd bHhohath- BSATL1
4 foll @ewilnagreomwfltdmmatoor yT hmea cur porpehgaugleast.i on o f
t hBKSSTAT pat hway can indoawhki thecamofdurct hem /|

MMY
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aBe x pr easnsdi-loFhD over gx prnefslsuiecnci ng t he expansi on
expression of Th2l3%Ahddi ThbDREKlewexoneassi on h
significantl y -Lclorerxeplraetsesdi owi,t hpIRaly i ng a maj or
respo®iklRBE4 asBdr BlFal so refjot waed viodope df éend r e g
genes response f olr®8l Why hphdbeytoe df Ut et secm@pe o
be of i nterest to highlight t he pathwiay i n\
foll dMWdglbpotentially i mplicasthi.ng additional

MS ENBIbY j sp| ayed an increase in MSC markers w
CD4i4s a gl ycoprotein with alt3@%lTehiisn wael If oaudcht
upregul ated on TOWE. GDMraf aecxep roefs sMIGQ dimst e en
surface of memory T | ynopfh opcryetveiso,u sa iphdiuediel lirael:
|t has al so weeh-i abfammat edy macr ophage

i mmunosup¥Pte@E73onis an enzyme involved in tbh
hydrolysis of AMP to adenosi ne. This mechar
Il ymphocytaen da cutpirweigtuyl ati omt ofal Inpefuaxpamabsonn
i nfl ammatory macr op hiangfelsa mnoawt aorlr &iys® - pats &mMddrt ey paen t i
lbwer e shown t o significantly Iliywmphaadytpmrsola
encodaapefl| ammatory macrophagedhwvsam&p2bave
medi ated via the upregulation whi CiD4do wmind iC
i mpromednomodowoimptairen™ o MSC

Previous research within our | ab, and ot her
corneal tr dah%pl'a% hbMnedveelsstli gated the i mmunoma
of tplairtds MSCs in an all ogenei cparotryneM$Cst r(anm
related to corneal donor or corneal’Fox"Ee8pi en
Tregs and pol-anfilzammatnormy eCodrliodb /acel | s- t owar
i nfl ammatory phenotype. Thigslomodulra&tsip@omswas (
all?*dr oposed timatt i giemeptr ealend ati oMSICE ) all li kg é

promoted r espeamstaspeswicthi casThad Idevi ati on, reg
and tolerogenic DC maturation, whedihattedl!l al Ip
MSC rejection. I n transplantation model s, th
seqii tecejection pathways elicited from donor
i mmune systems. We propodb#ahtnldilbisr v emautl iag d toen

all ogeneic MSCs. While allogenei c MSdcrseinpary e

M M
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MHG expression, this marker is inhét%éwely r
proposed that the |Iicensing of MSCs coul d me
towar ds a nmdraeammantoiry characterisation. The
PBL1 expressionT,Nfipitbegukasedgvicauld promote
and hide the allogenicity 6é6%°°these MSCs fron

Proceeding from the observed upregulation of

an i ncrease I NATAPTPiI sprpdodutcead. ivh at lhxi dhat o)
phosphorayndat C®O@3 directly promolt?8% . Wt ocho
hypot hesised that, due to this Il ncrease I N

production wouThebehepapeguwt a¢c echechani sms by
damaged tissue has been partially attributed
site of injury. MS Cs c ant ot rnaenisgfhebro o0& hreeap It eheykd
damaged omidecdédtddéde recovery with healt h
investigated via the increased oxYygwint hc oATSRI
capable of dampening and downrelg®iPaspingei nhe
increase in CD73 expression, mitoch®o®drial r
% reatmepaar ed™ es MBTHEV dhave previously bee
in the depolari z,attimhee o©d mbpiottecnhts traidmuylai d ownr

mi t oc Hofrnudrcitai on  and i nhi b3i%fTimeg doWwnrpgaobdact
mitochondraadresdisuatie&d B a gl ycolwhtiicch nmiacsr ¢
been observed to be much |l ess effective in A
respil t%Hoiwerver, ATP production has only been

when nutrients and resources lamteersecsatricregliyn,
respiiraffbpaoi ent I n mai nttai ntihneg scaenhel ud taa n dfaurn
respivriaat ipornoduct i oncadi dasmitno maidnlthlitid eMS € aft u m
that cells haveée*’mbtabgl ycofyekcbehviyonment
604231 which was shown to beé'¥ihcegiutared wiohl
i nfl ammat or yMimaoccrhoopnhdarg easl. respi r at i ecrcatni dre
of IROC!ITWi thin the TWmMNEV Hfecnavni reolninceintt ,t he produc
various adaptive and innate immune cell s. De
an inducer oap csputppw iess sbored se€creted by macr oy
|l ymphocyte function and?*i°ne“itlmm FfoxPBeJeagclk,
s hownT Nfilaithl i censed MSCs significantly upregu
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to ueldi aSICs. Thi s i ncrease can upregul ate t|
mi tochondri al respiration. This i nhibition i
of the el ect rrdmWet rhaynpsoptohrets i steaitnhat this upr
directly inhibits mit &bl i akn sdemwlic atidlé oan
explanation as to why we did not see an ant.i
ATP production. Additi ond$EW'Y¢ire Ipe oatutcrt ii w
the i mmunosuppressive properties eliTheed or
secretion of NO from macrophages can ohhibit
STATS5 phosiphdmhlidtei dmwniredude adi gl FTERhocyt e
and downregul ate T | ynmphidhcey tper ocdyut cotkii onne opfr oMiC
stimul attlAKSVTIATZ Bshegnawhimdgepsald ¢h weaxypr essi on of
product %Al Tofe NsQ gni fi cant increase shown in
related to the expression of SdATLWHIielsendwd ol
cannot | ink the incwietalfRdprexgpu etsisom,n wd CDWVE
increase in NO PpYob%admimum ofnroodnu IS D ry effect s
anitmfl ammatory phenotypes orFuT tlhyemp h cmovyetsda d gaa
the pathways a®t%wauled Hviigat Iyt the under | vy
Ami RNA proffiNléPcoful MS@i ve i nvalfwalklte oinmsiidlyt
|l icensing strategy and provide further char

secretions

Modul ati on of Macrophage Phenotype anc
Macrophages are highly plastic and can actiywv
they encounter within the microenvsitrath@neont .
infl ammac¢ooyandeisntliammacoopgh@ygEsese subsets
categorised by ssetaecRmiomefpraensmaitom yhades med
infl ammatory signals and functDemenfdoirngt iosns u
signals from the microenvironment and neighb
alter theli“‘f®Tmhedcvamyeor i nfl ammatory signal s,
investigated mepa-ma f lod mmarchoiolpihtaigreg and sti mi

inflammatory phenotype, medi B%*f¥Hg restoratio

APCs ex-Bt bmul abory mol ecules CwWw80chAndu@D86 o]
reguldatreetsti nuD4at i gmpbbcytes. T Iymphocyt e:
signals for acti vaptrieosnentTi Ry bainntd sy etrfd whiH AP C

MHM
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induces a confirmational change on CD3. Th
pat hways via the stimulation of tyrosine ki
t yrobsaisneed activatif’hTmios ifnt(ddada)l ul ar acti v:
of -sd¢d mul atory mol ecules CD80 and CD86 on th
or CALAfor downregulation) on Sthiemull atyonrpyh osciy
from actiavnadt EID8CDMp hocyt es st i mel,atve at tal &x mi
produdti®l @amd recruit additional innate i mmune
injury [¢Signal 3)

Whil e™f8®di d not aff ecna ctrhoep hfargeegsu ehmacryM BoEfs , Ml
CD80 or @b86fiwd t-haandoMHECaMAHCdecr eased tren
prionf | ammat ory macrophage clantdr 8ii€. eBlse nd X @il
APCs to transfer proteins to T |lymphocytes t
in this eppe EOBHEMHCIc)amNdMHID8 | ymphocylt*é® act i
41%ur finding that CD80 is presentTNMElI/isurfac
1pis in agreement with a [§tMidy ad o rfdwontded iy
transpl ant mopmreéesenthadn COD&t0Oh ilsuman and mur i n
foll owtodng ceRBEIi ng. CD80 was further attribu
expansion, which was further supported via t
reducti ompainmsi Onneigs esxi | emc ivnegs ad ft e@D8 O accel e
all ograft rejection compared to, thket Dawngh I B
significant, mhitghprglus adtesi gnmiehidc MBEFoxP3 e
Uriby v e g tTrhe st .may MBGgestantbreéert their i mmunos.
t heexpression of CD8O0. Our research has showl
expressi oaml Bomhiwhr dgsul ANEKLGiod d ioavd tnignga t hi s
st rdae pne mbearkteand potentially could be human d

The presence of CD80 MS\[Cst asdMS&ckuohaBal bf cF]
a strain differencéhtehetffcocakg bé MBLoOrI hamni f
Different murine strains mMdasaxhibdntt geiff eh a
which could accur at eAsy huemdn sc ad xp rheusrsa nd idfofneorr
phenotypes, it could be applicable to i1inves
di fferences and why some tredti mentitagdldamay t o o
unanticipated Mar kgmr e va opursd sysi tnat ed, C57BL/
transplants at a more accel’€5atBdd 6r anti € ec (i@ 3

MHH
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shown to have a higher genetic propensity t
compared to ,CXRH/tHdWbumiede t o differences in g
gr owatnhd, deve*?Hlpmemer, it should be noted t hi
funding | imitations and the . Tekatetpreffewves
investigating thlé@! gpmrd,seinrcec ot rCDBOtti onuCBB O v
mol ecul es present on APCs, it isl'9Yn tkgard
sur fodc APCs, CD80 and CD88, bantdi vat dngEgcsyt o tC
respelc’ti!weel ynypot hesise that the presence of
absenCcbe860for APCs, cHuwidt bi midgh oafCfTILAI ty, pro
and di sr2upsemneeliLpm.esence of CD80 on human
foll owinfil pmmat ory stiimuwhexpglreaeesr aneanxach t
MSCs can mediate their i mmunomodul atory pote

And nfl ammat oryarmeaaceepbageasal i n medi ati ng t
promoting wound healing and t-issuammapaiy . f 3
can lead to accelerat éd?lftitbaroeshys tameds ee vpeantt huv
regul M$&#'“> upregul ated the expr-esfl ammaotfor ¥
macrophages, -iinddiacmantait gy prmpo!| ar i-zmatli @ammatt ow g
phenotype. CD2D6f I ammapoi memaaot 06 pRyR ks mheker
cel | surface and CG2aAletumrge gouhlaagtoicopnn disso $ 1 e2ldi e
| 6 sedf?@Ftwhinch wemabsephadevsacM8Cooelst urod.l o
This activation is believed t“Grflbeemediahgdyy
e X pr ewpsrieogna h-iaik felsa mmac moyhages via adenosi ne
mi ce were shown to have redutedcompeat sd of o
upregul ation in2¢DNDGBE6 empy edbei omedi ated in t
upreglulfatsedr eti on and CD73 eWlpirles si¢@ meutomrda It h e
CD73 medi at ed expression df vb at héa h&D2naG o ray
macr ophages, awe dpde quwltatflionedx p mensAsngaar aeogpeh a g e
foll owiT Wy Magw | tAreishasse an enzyrhgnetdi att esi ¢ rhi
met abol-asgi oifmn@film@ammad ory macrophadgegdOS Ar gi n
to form NO, and by argilhasebeenf o mmewpiernt ijg th i i©mch
bet ween -1AraNohSa sfeor [ “2fAgignibmesm® i nhi bit NO pr o
uncouippOSngn compaengitniomes tbti hg i n the gener &
peroxynitritiNO®EWehhaeassh oW o seatr eM@Cupregu
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| evel sanaf piti©Osi bl e t his additi ecnuallt uNsGe uspetcerde ttil
competition bletavedindikds gi.mliaismi t ati on to this
have not investigated the -8lO| 58 doaheusled Hiod Hloiw
t he HINOfSeatnd -Arlgawasen NO production

The macrophage secretion profddvwenscanr aimn deifc:
foll owiung ucoe WSEHW'#ie@bhanced t heCSFecrae trieognu loa
of neutrophadntorcaltdairomeandophil infiltration
and CXCR4 expression on peripher-@fFbseodetiea
has been |l inked to therepmradlenrngandedud propihe di n
pol ari zatlf?Thh eofupThelgul at eidn fsleacmnea ti cothyX Cokcf ¥ fporkoi T
CCL17 dridollllowi™WY1RSECmul ati on does not neces
mi croenvironmemtat desmoinsftiramed, t he compl exit
mi croenvirdegeeés aofl activation required by
medi ators. CXCL1 adtoy assu#?lcipheirdealt yt rGacFt.lainnt k e
CCL17 also actse astavathemoboacflT | ymphocytes
thymusl ymphocytlé3°pbTFToduéuinb®i ba bfghlLy depen
exposure to other cytokines withi-2, lIBlecmnhcr o
induce the sxicrecytomt coxfi cl FINKlcyermp Isqg c yetnehsa nan
responses, FasL expriersfsli ammaatnodr ya rmpal cilrféypl hnagg ep
Additionally, Al@en bexmosed odkrogn skt | cwand | yctt 0s \
product rionnf loafmnaanttoir y macr ophages,-1Bnchewsvag,

can result in accelerated [dd’di ogenesis, whic

As previoubl wastatgdijfltantly \FpPegpoated fo
prionf | ammat or yAsmadcer ofprhoargest.s r ol e i n ®Hprnesgul a
| argely dependent ommi ctrhoee ncvyithoekn pmeehst cwi stthrionmatlh
(HSK)Ys Lhas been implicatedTNRtacprogokgnprgd

of VEGF an,d rMasPul ting in inkympbeadgliddige negsei
Additionall vy, i bl lttbecpnedéescepofi M@BENe tol er
Treg e X pugprr seigauiihT eddevel opment , and " Tnduce

|l ympho©®plt eernatively, it -6hacsanbeperni nseu ggaecsrtcepdh

4 mediated activation4d4Ry p mamatheénrgsLi SgTnAaTl 3l | wige
myeloid cells modul alt*? M omat3fbphbh@aghpbdnohegp

syste®i antbbody neutralization foll owing cort

MH N
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expansionTiagd¥soaR8 reduction in Th1l frequen
contidmbkes.rol-6 iod Illdrgely attributed to 1its
microenvironment, whiHacnitnddmmdat er mi wefd®% opse
437]

't is i mportant to note that we did not asse
MSCs can naturally s&écr BlBR ULDOY?6KMeed ncd watre d:
prionf |l ammat ory macrophages as a control for

MSCs. We di d™ {%cdo it chratts MSSiCgni fi cant Hy ,upgriegu
18,-CSF a+®di NKW UMbl i censing may have upregul at
cytokines from MSGQs,I amrmasttoirnyu Ineatcerdo pphraoges t o
in the presence of MSCs. We did HOTtoHdrtd, si
suggesting either this I|licensing strategy u
phagocyt o8NP py _SICI ammat ory macrophages St

profile.

The compl edenypymandt hon a8 <«hko wdiastes ddifaenigle abi |
ma c r o pphhaegneo taynpde st h e i nfluence cytokines and
mi croenvi eontmewdt i orh of signalling pathways
one -imrfd ammatory cytokine and not anot her , i
required for some receptors to activa+te. Th

i hBmmator-yndahdmaatiory factomrsantce maidntoaiun airm

Modul ation of T Lymphocyte Phenotype &

T lymphocytes are vital for I mmume Rkior ckirmog c
CD80/ CD86 on the surf ace nofT ABRQGrsp htoo€yHRE2s8 /c@GThL
hel per | ymphoccyyttoetso xaancd TCO8 mphocytes and can

memor yya@B4*'CD®hi ch can stimulate otlHéY CiDlmune
T lymphocytes can be crudely defined by Thl1
category can Oshared markers and cytokines ¢
each [dtBset

I n this chaptTéfll Uwlei d ®@umidng hsitgni ficantly in
of CDXOBZand 'CD8T | ymphocyte popudall omat iims v
rel ease of NO from MSCs can inhibit prol if e
STATS5 phoslpA9TATHRtaomi vati on 2s aMhs cc hd ecpaenn d e

MHDPp
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incrseas€&asl. The2 dsehcovera sien of lIymphdt&#es tr e
can be l'inked to this i nhibition of STATS
prol i fidlativimiblseaerrdtsevhi ERN can $nifmalmaniaé¢ opy
macrophages to incredé® ANOSraadi WOl pyrotdh2tc
| 4 an®, Iwhich can inhibit*4TNh@®cpreadwant iodn NC
MSEN®EVU 55t entially attracts proliferating T
chemotaxis, where they are exposed to NO anc
CD#Zand *dD8Bmphékiylt Ese secretion of NO from N
proliferating T |ymphocytes to MSC |l ocation
and STATS5 is directly inhibited and wupregul
downregul amindn'CoBnpd»LiYt es

The expressaminymghCdDywtde surface is regarded
and believed to boepatch warhhS @8l Mcvama prhoemoNFe t he
expression of CD69 following T4l xmphmicyati e
research is that ewpreisdi nomt off i @®BG®i. nd tt weul d
mul tiple timepoctnonttiréymphdcaseess when CDG6!
MS ENBVbYE r o at me'dTt | y@p2®Dcytes are vital for i mm
the surface of Tregs while suppressing effe
2A44%e gatedxPbDe8si on Was ek serssC@BM5 al ternativ
anffound that this subset si g"MP'HM tcramat me nitnc
Alternati VéfypoHhesesedTrag g@BMeds pedprddssi ng
but wene, Wh25e Trege arxChrZéssg wicrcaud at el y gat e
prime indicator apgpdmeytlons eddr’sEls €cOL5al cl
that'COB&EGD6I | ymphocytes had negative expres
secretiiong | ht-b ThGoFwe v er , found that this subse
proliferation viabklodf aberebkhpreosidnbEGEI ect
TreWkile they may be a potenti al new cell p
|l ack of expression of FoxP3 would indicate
|l abell ed a subset of Th2 I[drd]lTshol 7a ndad lyisneeda ttihoir
CD253nd hypothesised that, deBymphocwsest esetlal
|l 10 andhBwekP2r2,nobtutl Lt hat these cells are in
al-sensiFurwnvtimhggrest i gati on of this | ymphocyte
and reproduci bl édexpatiemeéehmtes chanclaycrd@ird csyatt @ s0.n
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Tregs are a key regulator of the 1 mmune s

infl ammatory respon-s a6l aammdat &% pResnd giiga Usr or e s

conducted i n our |l ab, and others, have sho
administration of MSCs foll owi ng ccrxmpeaald al |
FoBHTr ét’s 102, 103a4dld? .t $°9 hla*Pfibyu,n dY atnh aett saulbconj unoc
of Tregs following a corneal al kal i burn si ¢
Wehypot heqil $ od) etmM&1°cMSICd i nduce Treg expansi
an increasingMSONE'dUmeerrcey ntortencdapabl e of induc
of luorestceaspagsi on. As Tregs are <critical
mai ntenance of i h*%ldammatsorpy spsridbd ees stehsat t her ¢

| 2, -110L an®dlpTrGFs ent t o parcocleil feerWdbttel eTirwveeg s howed |
t hat prol fded a'lCD8ley nplhdocyt es wer€D2Z@mMED i t ed,
l ymphegpaasionis possible that the inhibito

this assay.

Tregs seftiwhti e hTEGR directly i mknédd |[H@OdEHEe sec
HoweverbbwdasGFbel ow the | evel of detection to
supernatants. As a ' Y%pad,swgnifbuodnt-dowMSE
|l 10,51 &nd ¢toampared to stimul atreal alt keleytniopolwo c y
expr eosfisrieagas f ound f V' ¥waenud t M3 @ .1 yl rbolltieNs t i n g
sand -OWMéEre siygnddwrmrmagul at o rleawimegt MSE o w
anitmf |l ammat ordy amadB Kde s e | Iglud @Atdbddwtnir @hBA | wa s

al so significantly downregul at ed, whi ch ca
producTNaan &1 L

As we saw in our macrophage supernatants, T

increase pirmdukction ™ WoP{ ovanme MSC Whi krowrn t
generate Th17 cell produc-bliTorne,g idti fdamendiir &
expah®®ftlohhe downr eljulldandnurmdetlelct abl-kl readi
suggests alternative signalling pathways ma:
despipregul at'CD2AGD6fandD4i nhi biand @& | iCDelr at i v
l ymphocytes. Unfortunately, this is beyond t
| arger group of cytokines andsiagmephadtilisMmgey C
i nvol ved
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|t i's again iIimportant to note that we did
expression of these cytokines. MSCs can secr
accurately depict whether these Isempladcyyiness
foll owing MSC exposur e. I nt er-4stl13b qalnyh, 1 TMBFC s
when stimul ated. Fr om-4o varn-diBelshuelrtes ,siwe i $ h cwn
foll owi ngcuMQr € owith stimul at ead st ilmurhmh ecdy
l ymphocytes al one. MS C & Ivahreen ksntoianmkl ¢apt ecg tc 0 le it
responsible fodfl|l skmavi ogy prmmune-i cfl & ssmattoow ay
phenotyp#awasT®GEI|I ow | evels of detection in th
evidence that these cytoki neisngcredotsuercer ewtieedh fh
rather than solely secreted from MSCs.

Concl usi on

Overall, al TV Bearreei cf uMEA i onally superior to
MSETR el | tihnertaepriness of | mmun ovmo@utdriag ®VEPY e f f i c
ability t o-i isfulpgommatsor yr ophenotyp-esf lamdnat ¢ 0y

phenot ywesnext sough%'%ijon erv amumrit ee MBE&d e | of

injury to detiemmeihti ewheyhensant veaws| at abl e

MHY
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4. 0 Chapter Experiment al Desi gn

6 estigating MSCs TNF-o0/ IL-ID Gmune Cell Distribution: \

Efficacy in Vive: * Draining Lymph Node

* Administration of MSCs TNF- Isolation
a/IL-1p In Model of Ocular + Corneal Tissue Isolation
Chemical Burn * PCR Analysis of Corneal

* Animals Observation Tissue

* Opacity Recording * Flow Cytometry Analysis of

* OCT Imaging Draining Lymph Node Innate

» Corneal Stroma and Anterior and Adaptive Immune Cell
Chamber Depth Recording Populations

K Section 4.3.1 J k Section 4.3.2 to 4.3.3.7 /

Tabl eSchelnati c overview of @k aspctheermae X @ ep ri erseernr
sequenpreogarnedssi on of experiments described in th
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4.1 I ntroduction
The cornea iIis a transparent, avascul ar tissl
This transparency and | ack i afflobflhoeo dc ovrensesae |i ss
as an i mmune privileged organ, consisting of
of the bodydls! iTnmusn eprsiyvsitleemye can Dbl ock the i
deviinggopwar ds a more tolerant I mmuni t-gr afntd el
inteff d©eul ar i nj urciheesmi cealg,. cnaenc hdainsircuaplt t hi ¢
result in an infiltration [dfl i AmMkaticel I 8acd
l'i pophilic, meaning they can penetrate thro
per meate through to the anterior and poster
ciliary Dbotdrygbelceunls&f! afrfedt wdrkaged tissue can
enzymes in conjunction with the inflammator
surrounding tissue, ch®éattiAdk adn ibnufrinsmendi sa o
ophthal mic emergency to prevent the further
vision acuityl®jAs ¢ dhmpli etmailnye Ipostvi |l ege of th
the breakdowmuefoutsh-aealbli doadtbhollarri ers, and bre
mat riimmune <cells infiltrate the eye via ves
mai ntains an inflamed microenvironméfitheand p
i nidfitail@ptbocedures entail protecting and mai nf
progression of tissue damage via irrigation
corticosteroids to promote tissue regener at
prevent further il £fromaticroywtdest dudtrie@an men
encoureapg et hreel i al i zation andl®afd®'diher pptol emigtel
of corticosteroids can | ead to other corneal
susceptibillty Aoposndieklté onntervention woul d
thickness keratopltastghieglowke&iolk ar € hi-yadaer swi t h
[459]
Foll owi ng t he i nitiati on OAPGw tali maltiheb ucronr,
neutrophil s, macr oiphh@amgeesr, gedenmr it hiec acelal sof
chemotacti €°?m@blkeasrei cmd hsl ammatoberypcbemoki nes
( TNF,I F-dl, 416 ,MMR9) as wedngiagepediycnphadgipogen
mol ecul en, (VEGF t o stimul at e endot hel i al p
infiltration of i mmune <cells from tchheusley mptl

MO O
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extrushenaaf erd?89tGrcdwmtmb ¢fiGEc,t oprdsart iev ed gr owt h
(PDG&ENncourage the proliferation and migrat.i
pat hways t hatK/ SamNFaBli‘gder

To be applicabl e i n -ftrhieencdliyniacpapr osaectht ifnogr, oac
be through topi daldmti mersd ge utriecgihseleasd fitphastndr e
couded admini stered by thepmdathiaedmti £ tthems enene
assessed for t he treat ment of repbatedi amac ol
degeneration, diabetic retinopathy. However,

can reach t h%2liTnhtiesn dveadu ladr eblme a hi gh concern

deep into the posterior chamber, ,c atursabnegc udia
mes hwomrk[?P’dnsacri mal secretions can rapidly d
and the reflexive blinking can increh*él | acr
Additionall vy, some treatments mayporteegnutiirael | ty
restraining the eyelids to ensure tlréZat4hént
Whil e topical hadmirniss tbreanteifa t s, I . e. ease of
dr awbacnkasy anrbch e ba&p edtfiicdlelnt to minimise infl
i nvasive ocul ar chemical burn.

The potenti al treat ment with MSCs has been

Previous research from our group hascehseswed
MS Cs I n corneal all ograft t r apsipr falnad mmad toarsy
macrophagesantaoawhadmaamotyype and éXpadp’sidh of
103, 1Al | ogeneic MSC treatmsemel fc&tuol sile @ atdrypesactdm e
due to the ease ofl''8lpgodnt watcitowvabhndMSEt @ardang &
previously Gheem! Ehanwry db§’et bal successful in p
healing in a rat al kal:| burn model , i rhi bi ti

infl ammaltlorggxpansi on

Di fferent routes of admini sihr avtiisamrc hh awse sglsd
administration through the tail wvein in mur.i
this systemic administrati on nifdd mprad irs/i rpd el
and expansli'®®n, OMEClsr engesr e found to become tr:
di sappeathr wiatndi ni n72 cti ons rceegulisr é.SdC.«lrxgleo n u

ensur e a ctohnecreanptepuattidco modul ate tH&ni emesei syl
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Byrread*&flound that mulltiicehes PRI®Gxa/gkbdsnl ofPBS,
administeredresdtraedacthegl! liynwjury and restor
pneumonia model, i ncreasing neutrophil apop

cytokindgshi sWhisl ea consi derable concentration
efficacy invinaulat ilpolceald oigmgisetc t atliolmios beamol e dd ¢

on the severity and type of disease model

Subconjunctival injection has been used for
epithelium barrier. Due to the subconjuncti\
drugs to permeatidtdmhipenethraceornkea eépe devoi
vessels, the conjunctiva is rich in these Ve
cell infiltration toltlhdhantemijamcethambeéens @
r esiodlelnytmp h 6<yltiesport ant for ceomrd eddAdiMdmuane p
popul ation of |lymphatic endb)t hmddrddp’heme eulr on

are vital for tissue homeostasis, coll agen d
extracel |l ul al#?% ahter icxo ntjuurnncotvievral vessels func
chamber and subconjunctival space tb*’%he ¢

Foll owing infshammaati ed, wWAPIKCi n the ocul ar spa
in the conjunctiva to the submandi bul ar and
|l ymphocytes into effadt @DB38laynmdp hnoecnyotreys . CDl4dh e s ¢
mi grate to the ocudaflammhaoeyactes®®i €89 pn

Shuk!l d2% londaudcted a study comparing the eff
administration in suppressing the inflammat.
corneal iSvjSWCrsy . wegx1 0r esGispBEB8edandn déabDi ver ec
subconjunatrapktfloyrt onetat Ayenousl y foll owing

receiving topicallo®Dfp|MSeOat aiomi wer BB§i aed kep
45 minutes to all ow MSCs tiontardéhvwearea u B od cdimisruik
MSCs were shown to be effectivelUSimma swmpp rTessFs i
bl,t hereby reducing opacity following injury,
the | east effective met hod fiinb rammsdiuspir mgnod o mig e
eptheli Z&®1 0. upregul ated foll owing corneal
conversion of keratocytes t o myofibrobl ast
myofi brobl asts cannd esscuartr iinng cdouren etaol tohpea cfiotryr

extracell28ilar matri x

MO Pp






