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1 Chaptlemtdoducti on

11 Tumouri geoaeboseandl cancer

Cancer is a highly heterogeneous disease char a
the i mmunMedaspdbems& Wei Abeomrgdi2rOgt 1o st atistics
Research UK, in the UK in 2014, combi ned cance

with a répemtced oifn ~352, 000 new cangt€ancearses I ¢
Research. UKn22Q086) in Engl angeé&r Wafluery iaMlalé ccaomthbe rn

was ~50 % with marginally higher survival i n wo
however, exhibit a wide range i n suwrewirvalu;r-can
vival compared to ~1 %litn mamernde etri andenmncdera.ndAs
are shaped by the i mmune system and how the i mr
apy is required.

111 Col orectal cancer epidemiology

Col orect al cancer (CRC) is the foornmaetsitoinnadf tprra
frome | artgpe ttheewalnus. CRC is the second most co
wi de. In the UK in 2014, there was over ~16, 0C
incidence of ~41, 000 n(e@ua nccaesre sReisne.atrhcenc pulke m2c0elubs
rates are more common in men that i n women and
cases di agheosaged n7 p-2®@mH3dved n(2011 iwyeBngland
survival was ~57 % and t husyehairg hseurr vtihvaanl trhaet ec ofr
cers. Di sease occurrence varies worldwide witt
(pawuwtiarly Europe, North America & Oceania) 1|ik
tors including diet:; with inciidHaggeas i&n Boesvdleg
20Q9)Such increases have been attributed to cha
i n devel pgengear.etaRiasdk fR2&O99grs of di sease are a
ronmental /|l ifeshylase Ttaosoampti on of red and proc
excessive addsowel |l i m$ adie sseuacshe /agse nfeatmicl yf ahcitsotrosr y

tobgywkilsease, di abBrtemsnamdetobeals.i t3014)

1.1.2 For mati on of CRC tumour s

CRC is a heterogenous disease that can devel op
through multiple driving pathways. The majorit)
der of the mucosa resulting liinf dryastpil ars tdfc epietnkt
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di vision at intestinal crypts most commonly re
which can progress t o Pwanlzi gdnea nlLte oand e&n olSal rc@ri engoarai:
dysplasia is driven by the gradual acqguirement
Commonluy radg mut at iAdesn oontactuoru si gpeohbbifef @ nieg , ¢ d loir
exampl e, which is a tumour suppressor gene piyv
cellul ar (pProoweilflereaiadhournlio®@e€nsi s, however, can o
of mutations in cellular maintMARKREBKSsi §GEI i ng
bps Pat hesaywseDNA ama scéhpmae ch arfiFems o0.nWh2o0 1el )g e n o me
sequenci ngcalnea dmalgesi s of genomic organi zati or
mours driven by errors in DNA repair, termed mi
di stincthpferoomtmared tumours which aréTHeiven Db
Cancer Gene Atlas et al. 2012)



12 T cells as part of the i mmune system

The first |line of-cdalelf elnzre dodrdariessmaambi|ltthe sur
are the physhcapsbhateers.thatoeder to survive,
act and exchange mat gmwiha&lt heromxtylgies ¢éeéhvioughme
system or water, food and therefore energy thr
barraemest cprevent pathology derived from the ceée

case of cancer. As a result, the organism util:@
known as the i mmune system, t o imeeddi aetnet iptrioetse.ct”
net work can be broadly categorised into two co
munity.

121 I nnate i mmunity

l nnate i mmunity incorporates the physical barr
cellular and hmal emalklearu pf achteorisnmnedi ate response
These innate i mmune processes can be triggered
(Janeway & OMe)dEbiritexampl e, innate cells such ac
dendritic cells, express pattern recognition re

nal s termasgspait abgeénmol ecul ar -apsastotceirantse d( PPAaMPe u

patterns (DAMPs). I n response to their activat
and cellular debris through phagocytosis and si
rel ease of siclydlmlke nremsl,echhleenokli @meisnfalna@ammsmanad i y mmé
tortso trigger a response against the insult or
described as acute inflammation, whereby bl ood
temperature is incrkeasedimand medi atarsaadesdéu
I nnate immunity is characterised by its | imite
time. This property is as a result of innate re

122 Adaptive i mmunity

Thadaptive immunity arm of the 1 mmune system i
time as a result of adapting to encountered pat
the organism. This functionalihtey viastr aquiayeofby
aggressors exhibiting | arge variability and f a

i mmunity mediates the process of i mmunol ogical

Adaptation is aebhiévedreeogugh i ome osppat hogen

tors t hat , unl i ke i nnat e receptor s, ar e highl

-3-



processes. The pathogenic materi al recogni sed |
be in threotfedirnns ,0fshport peptides, carbohydrates,
variable receptors thetltecegripso®ralfioirgamds i drod
form) or the T cell receptor (TCR),. rel@xaetriecdp

which are generated and developed in the pri mart

Whil st innate i mmunity does not adapt over ti
the initiation and function of an &aeaptisve ei-mm
cruited to opsonised antibody targets on cellu
formation of the membrane attack compTleegxl al MAC)
et al.. QrOulcli)al | vy, for this thesis, the communi
professional antigen presemgiiengngelthe JTARE@Cd) 3
against antigens.

123 T cel |l s

T cells are a lymphocytic cell type that are d
expression of the highly variable antigen recej
abl e emetdwef f erent T cells and is thus clonotypi
uni que TCR gene sequences and therefore a unigq
this highly variable receptor, gEnselolrstameualsl| a

the specific recognition of a vast array of ant

124 Generati oM oél It hemepertoire

T cells are a highly heterogeneous cell popul at
a pool of clondthpichdi ceTCR,sdebtienee (T cell C
trained to distinguish pathogenic 6foreignd mol
from t heamtoisgens)el fTo achieve this function, T
celveldeepment and Tthiey miecusd el @edt whm.ch i s a vast p
types termed the T cell repertoire. An overvie
cell repert oisec tdreesrcirli Ibfeisdd uirag elh ilisn

1241 TCR generation

The generation of T cells bearing diverse TCR s
of CBenes during the devel opment of tTheeddts- i n
i cqaéner atlifuomn YdifeC RO f ITECR otchfer om a genome that enc
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Fi gurielOvervi ew of TCR generation, T cell develo

Haemat opoietic stem cell s (HSC) mi grate via b
di fferentiate ipmtod dt lpe ogemmodbor | ¢y @QLP) before ci
l ineage to form double negative (DN) thymocytes
rearrangermemnt c&odld nMTsCRoccurs and wupon which a su
TCRchain choymmictyst ets Ufld ntelngeT CROAchange@dasS06Ri at es

theTpcell recBphainal phBROR pdn heurmpfreece of t hymoec
acquisition of boelkeEtDdr saiTtCRAECOB Inncoppesi ti ve (
thymo€ypynesguent rear rUcrhgpgé ments dfr itgpere@R al | o wi
of UCHRain pairilhbpPt ohyonomyT @R which travel thro
cortex where they wunder gwHCp onsoiltei cvuel essé heexcptri eosns ea
thymic corticalUmpathahpgameces!| whi FERdo not si
due to insuffi-dH@ndar di adhjngctted sted fdeath by ne
cel |l deat h. DP thymocytes whhiec ht hpyansisc pnoesdiutlilvae v
they undergo negative selection. Based on nega
(TSAs) presented oncAamds daittehithhytmobe ymedulalra de
signalling or licewveedldoercttheopeceph€PReasr na
idepending on TCR engagement with MHC TSAs and



ap

proxi madenegs 3i x1®dr der to bind nea(rDdawifds n&te p

Bj or kman 1988)

During theU®florcneatlisoon tonfymocytes which commit

co

mmon | ymphoid progenitor (CLP) <cell s, upon e

TCR gene assembly, firstly bVioalHseodmaitcikc. erte caolmb ilr

Th

is process is termed V(D)J recombibhation. Wi

are a number of genetsegoéenessitwo (Odnstantt eé€)

variable (V) segments. Cat al y sli sa-Bbdy( RIARGEL r&e ¢ o mk
RAG2) allow the recombi nat i stno off o rom ea obfa redaiccha toe
chain skiquemeg Slc.o2aa z & Swalnses oT @Bcrdhta)i n i s conse-
qguently transcribed, translated and transporte
preCRchaidpgg@gTassoci ates witH F@m3 i ngmppedinheed t. sLO®
abilityTGERBIKIBe compl ex to successfulbryepgsiegnal t
sentfsi pasei ti wm sebkepcin TLCRNn gBhoehmedlip@®m0 GGRu)ccessf L
recombi natbcohnaitnoa @dCIEC®RRR i n recombination is hal
simultaneously) and the&Bt hcyenholc yltien eiasgecommi tt ed

Foll owing acquisitiorrebér §pot he &D#d allgedan€d8 ob |

S

triFggaered 1ARMangeméns ef mt habllTo@s st heex cTe@R i

di ffers in the constituent gene segments: one ¢

vV a

riable (V)| bggmBlmegcsuTs<CRcrounctiaai ns no diversity (

TCBchain diversity is gener@fBedathr&ugwaWdone20

Whi |l st the selection of di fferent combinati on

t o

of

the TCR repertoire, f urotnbdrn auvd roina ttphraoocuegshs it nt
junctional diversity.UaDurBlgtdRublee osnbri amd ¢ @ nb «©

catalysed by RAG1/ 2 recombinases form hairpin

me
st
st
mi
se
ge
ar

nts. Consequently, the DNA irrepp ani re nednsz yl neea vA rntge
randed palindromic nucl(eMa ad&te .2 @MMRgesnec esi n(gPl el
randed extensions are consequently capped by
nal deoxynucl eoti dyld tlnagrmag fear d sbeed(@meagelne tgepnrdeh re e
gméBthat z & Swalnhsiosn pProplcle e asmdecooas-equentl y
rmline encodedcescleothdej seqti ons between r ¢

ranglégde nTeBR t her e iisb ea wseiemg |Vel witseengereisiamsn ar r an g

TCRgenes t her e Jiabreet wenon jWDh catnido nDsJb.c hfAas na erxehs wlitt,s

a

fuevakerof diversitlfDaomsake®j.00o kinhe TGRS)
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TCRp locus
________________ I
V D J C D J C
52 1 6 1 1 7 1
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="

Fi gurieTCIR. Iene rearrangement UBTCCR.orm the highl

a)oOrgani sati obn ocfust ctenT&@Rning variable (V), di
constant (C) gene segments (top). The number o
def iamedumbers below segment | abel s. Conseqguent
and C segments results in the formation of an ¢
bYrganisati dhootistheatTiCiRni @eg( V), joinieng (J) a

segments (top) Ugedeagébembbegl) TCRbell ed as in

cContribution of gen & fsCGRy nhei ngthsl itgoh ttihneg etxhper easdsdei
of-gPbne incorpor bdhainn;i nd ®l dthreeadpGdBhd | abel |l ed as



1242 Shaping the T celll repertoire via positive

Having arUamd dHERER and expr eS@E€Rtt tehecareddqu
surface of devé&ligpireg lgd@yemwaztyedsTCRs are sel ect
tiondltalerant to self through the process of ¢p
processalb caelalt er apertoire that is restricted t
(by positive selectiomeaanhggvivegh{boasserebaient § 0«
forms the basis of cdfiC®,l Whicceh |hawvod éalarnecaedy Fi

sel ecti onUcwiatim t(he sglyi, beaddpr goi 6hh® process of
(Hogqui st .etHead®nt s@®R29 bound to MHC mol ecul es
cortical epi t helUBraCIR ecaerlil nsg ttoh ydneovceyl toepsi nwghi ¢ h, at
both CD4 amdepD@®remed doubl ey npoocsyitteisv.e T(ARRS) whhi c |
able topdopiMHllcCs embf ecul es with sufficient affinidH
ceive consequent survival signals and are abl e

UBMCR without sufaciictiyenftorbiMHd nagr ec adpel et ed t hr ou
over approxi mat e(l &t r3i6t ehokuyr set( ianl .mi Z®kD)3)

Secondly, W®H@abilmediTngel |l s migr atheeyt oundheer gtohy m
negative sel @oetpitarmdmatMHCns esserkesented by medul |
cells (mMTECs) andl Gahlylneigco sd eén dirdivdamc 2c@e0l4l)}ss pr es en
of tissue specific B@ACRgehschTSAE)vepbycanhdodgt g
expressed TCR above a certain threshold, signal
from the T (Kelplplregp.erf@ilsr.ewh®8h) engage MHC pres
weakly are licensed for-ltheep#lricehledy.whA cpho retxih
hi gher end ofibadtiimadttisec hidgalf 8w itfot ebr et hdyemae teedd

caldleyi ved regyl atebtry By (eXpression of t he Fox
consequent expHesshoaittohbel GDu2nBclt 2 )o n a | consequenc
be described to foll ow.

Once they have undergone gdyinmoicwd easnd eraesgattihwe

napve T cells which survey and sample the perigj
outcome of TCR generation, T cell development &
ertoire of &app’mModxli maceclédpothbepest al. 2006)

125 T cell types

T cells represent an i mmune cell that exhibits
ngtpic variability. As a result, T cells can be



subsets based onpashsee sthyep ec eolfl TsCuRr ftahceey mar ker s e
face and ultimately the funstyisommthdy peef oi mmwa
T cell types and sedbtsiewist difscass ediiniinndhadghad, soif s t
out | iFliegdu3ien 1.

Tcells are separated into two disbpirCikt cel | t

expressioniddefelheswhttdr se€mked pentoromndéi Mhat &

oo cel |l function is not f ul laybluen dtea srt eocoadg n ihsoew e
array-pefptmare | igands and are thought to be i mp
pat hqoeamsg our out & THOR dexyp r20sl3iJdin oeelfli nvetsi o h ema k
up the majority of T cells in the periphery an
B cell UEBERptdospnotnidseeantiygearicOogmadkeest |y as
of the antigenic protein or, for example, on t
6conveltbfliCRsalbd nd to peptide derivatives of ant
on thepaaeaségeati on cfaamicejdprohi ptoceimpati bil ity
6Conventional 6 T cells therefore survey the per
bearing peptide |igands for which their expres:
I n contriasWfBofmaepbs such as invariant-natur al

associated invariaahcodéeWMAmBrohwhih J&aEM)I Tecel | ¢
the 6unconventional 6 T cell fractionGovhiegh do n
et al.. NeOviebr)t hel es s, upon binding of I|igand al/l
triggering, consequent activation and clonal ex

tivated T d¢e€tbm derdcwvleedgmwisgodelllig,antdo the re

stimulatory cytokines or immune regulatory fact

The functional fate of T celll triggering is ¢
number of different surface alhbl delalns,crtilpdr o narl
maj or tyIpecsel ICSDBacel CB8defined by their express

coeceptors. Commi t ment to either I|-hba®@adeowmccur
the rest hkBECRenoombisaeldti ng in two functionally
Commi t ment to either | ineage occurs prior to ni
a number of different models including (a) CD4

signal s(tcr)e nsgttohc hoarst i ¢ binding of CDB4r mai €D8 d
2002
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1 1
Conventional Unconventional

ap T cells ap T cells
|
I 1
CD4* T cells CD8* T cells
—> MAIT
— Tyl cells — CD1b restricted T cells

> Ty2 cells
—> LDN5-like T cells
—> T49 cells
[ Tul7 cells —> GEM T cells
> Ty22 cells

—> CD1c restricted T cells
> Tgy cells

> tT., cells — Type | & Il NKT cells

> pT4cells

— HLA-E restricted T cells
+— Tr1 cells

L= T,3 cells

Fgur @ Olv.er viUélw coefl | | ineage subsets:

Schematic overview of t hdlrldelelagseumsetvsa.rioucsel |
corresponding restriction | {Damg &gMay})i nsz shq
Godfrey et al. 2015)

Tu= T hedkpdr foTlicutppehel pegidlcgdtmegulTatcet ¥y ST cC €
tideg t hdmusTvegdipyg peri-pgbermahtd MAI'T =-aMscosal ed
i nvari ant T oceerinkésnoe GEWM rmpc o li @kl b/cd/udt er of
di ff er ebn/tci/adt, NaNaKuTL &=l kil dEer Humah!| teuvBbAyte ANt |

-1t



The primary difference ™ scdalhles rexmersagd cECRg Wh i
tides presented-lon nmbH@ ccullaesss tlheg MHG ul t of whi cl
beagi presentiTngceclelsl,s.onClt4he ot her hand, expres
sented on MHC ;alhas sf ulnlc t molmeduilosdsen § esq feaitc emor e  di

from enhancing to regulating adaptive and innat

1.26 CD4T ed | subset s

The range of effectCDh4dl faaliclts oins medif atrence db pya f
tion in the periphery of*Tarmrcteilden wmpeoxnp earnite ngceend
into various subset@GDWeéi hedchy bbecnant égacti sed

ngly opposite functional phenotypes: those th
those that perform O6regulatoryé or homeostatic

(7]

igned due tb® BsBhgnaxpressibokered i mdlngc ulreasn secrd

—

actors.

1261 T hel per cell s

T helypecel(lTs are generally described functional
ber of di fferent mechani s ms, i nebudiesgl thaegre
consequences on the activity of innate and adaj
whi gghhelTl s enhance i mmune networks is dependent

T cdbltbeng the processebedbidietagdctiim8n mi nfler des
tivation of napve TP aled deigystiiomkgi thhiae np rt ehsee nd e r ofe

nment trhees wllitfsf eirnre n€C D@AH4cied 1 tsa besfeftesc.t &Erach subse

-

deftimedp dlyari sation cytokine which signals t

nw T
o d® O O

ri ption factors which initiate this different

(@)

ytoki ne pudceflill esudbfsetthe T

The T heul pes,ubéseealimpl e, i s ommlddrrRiLsa ddiafl fl & mg ,

ntiatedxphe otatijehmesmfge i fi ¢ transcr i pptetod f actor
haracterised by the expr ess(ikKai kooR OcOtd Eahienf | a mn
uncti on @lfceddtsi,vathed udamdr eltdhe&se cyft-BlkkFKEes (suc
2, UTRMNF)i,nvol ves the -medvatati obmmohite] |l for ex
timul ation of batnrtiigggeenrh pnyge sadsnsttedmei d marmsur i d dri ot e a s
t alandototBg acti vatNanhhah mbAafoprhthig@BLdescri pt

unction, wilt@spohesesstontidmours, wil/l be descr

- 0o O = " O o
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I'n contR2ashset,hefollceaerl-dliseldamgctler i sed ehegi ft he |
transcription fa8tand @ghnATGcamdnGATHL cPYLbki nes
| 10 a#dAxd Mols mann & CofZBEfmaectl®B89fluncti ons include
and cl ass switchiShogdnat oe tl ,gaBw.iatntt9i @bgoyds eecguent i nf | u
cells and eogqiAmi mhi2l0 1&2ct iDwat iedn al . 2010)

Tv17 cell s, polarised uhdendan@h ah ©emaeénrdon mel t
l 12 are driven to oJfOtirfdresemitptaiten bfyadther RaOMRDd ar e
ex pr estshieons ibbdginay tuo(le aniek 0o et L&l exd0k&EB hbhgeT
i mplications in neutrophil ( Miexamottoneatd nalo. s20 e
study of 125 col,ameect &l At g@oer epptley st ®mo 1 gn at
infiltratiogritgmplvec ewietplat ( Easolproignesial . 201

Findld8 yan2lcytokines are able Tofpblacubar ahdl
(Adceltlhs oughore xpfr etslke Bcl 6 transcri pftuminhdractor
| 66 anadX Eto et. allh.e eOHce)lcles t h g efroi matli cwrendfr es i
ondary |l ymphoid organs and .Ahsasmmaraypwodd datph é v e’

Ssubsets i Fipgueseendt &d i n

1262 T cell s with regulatory function

CD4T cell s possessing regul atotroy fwmprtd sosn iammeu nd

and are essenti-badbl emamae nt Bheai mgstsetharacteris

function is terTmed ctehd , r evdhd Icaht carrye Tc h(ar act er i s e
surface marker expr ésasi on( SkaokdaRBuhceh D irPabnBsBclr ni tpita toir
offfegel | s can obpomudrarimderg SGRHNnalling where diff e
tory phenotype is induced by FoxP3 expression t
(Pollizzi & Powell 2014)

Tregel | s, in response to antigen encounter, rel
pacity 40c¢ hblagsd-3IfLiISakaguchi &Addallil@d® ysuppr ess
effector T ceddtsactthrmagthancidsldsge.l | Borcaax emhglee .t a

presentation through competitive blockate of AP
acce®si shi et Mat &egedl0l8s) can modul ate APC expr e:
CD86-sicgnal |l ing mol eculgeasndt hrriopupgi hn gt rboyg ot chyet ostuipcp rl
CTLA(Qureshi .etl nalaidedq2@1®)nare able to modul ate |
by 6moppingé of the2 Tt tcreddghyrtohwdihrr ehditegpha ivamfef il i t
(CD25) thus resulting Piam deifyfaenc te&kd cill t.¢ eRl0lDI7d)gp r it ¥
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an unknown mechani s-mphiekipr @esy i-k3mnol, ygdeul ltdselisG r e -
qguired fTodjuogthHuwaig et al . 2004)

As wel | as 0O0GCl@eslslic,al @t Frex PB cel | subsets wit
been described, howeverf,aclea aka r kfe rssu bthsaevte d p ent it fei
terisation and functional distincg3cehl!l §rbavet he
been shown to be distinct rmeglblatohwat sabsethan
by high expbesshonmpfi d&Fi ons i n qrtuiklanawdy eltas:

al . .19I19t6)has been postul g3ced | Haowevemwon,t hast amb
peripherdlldgel il sddoedt o contradicting evidence
tial (Cwkrsaetet .al . 2012)

One distinct T cell subset with regulatory fu

which is characterised by the &8XxX@EGrgétsiaon et at
2013)Tr1 cells express high | evéells amfdbtihGd i mmun
also | ow |-V &l sal &f LWMhAN st -41 aecxkpi rigeg8isllilloinms ky &

Bl ankensteTnl260660b)s are able to modul ate the p
killing of myeloid derived APCs thMagganit het r e
al . .200els)pite a highly suppressive function, Tr
considered a phenotypical(lVy ediratienctalre@0lO&t) or

1263 T cel | pl asticity

Des iltasssi finsab s edeslplfsT Texhi bit plasticity and c¢
into shifting functiophHdili alyaona. ebdeNglntay PO n3gs o foe
examplrtercamd veed lhtlcEe Itlo fTuncti-bat bgx,hndddii mptT

ing a capacituyeflor chhbgettiscet MareroZ@10) pl asticit
ThandegLUbaés® occursSdgi Whadgastcamebd determined in
menntharacteristic odyet hgere(lithdd) wl ateariw efdunfct i on
be induced peripheralidcel bpgdlolesTwhT bae&lolhgei asidon
regul atory functi otherairvegetl elfgme(dSpeh i pheemat diyver
occur whemelnlagstvenclount er p-Mh@Quaogégieao caddrt isa

consequenltefyunic(hAlppanset ol ou & v.on Boehmer 2004)
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1.3 Antigen speciGD4 aetisvsation of

Within the perdD#hecgl/ |l sisampaeimagti gen present
and, upon bindilngprecgmateed MBE g gemi,ngnicomrms eqd &

signalling and aCD#Tv ateildns. tToh emoaubnit! iat yr essfpons e
dependent on the immune microenvironment and t
interfadcddbed evlelese nanpdr easnegntgi ng cell s. This inte

nol ogi cal synapse,pMHQ hiimt ewhaiccthi,ont hies TkCGeRy t o i
specific functional response. Upon activation,

ferenticaf@erandupset specific functions which mi

131 Structural features of the T cell receptor

AnUBTCR is a heterodi mer iUangdr@ctheiinn sc ognepnreirsaet de do fb
matic recombinatidry @dabedsscumbbteadpbwanud €ERe wa
first des¢ Gabedl®diawBt) IO 6TCR is formed by coval en
and BcGRi ns via a membr anel olraovxeirmael eHa sahl|l.Pp GLROA8e9 )
chain fod4 mget domhgmisrane proxi mal constant dom
di stal vari &blger} VLITHHMaeasnai chomai ns are-eemcoded by
V(DJg&dne segment seadid@asdc rwihbtade imignm h hies Vconstruct ¢
V-andgelse gment shi swhiiolnstt r\ e® ekt nfer smFgvigeunrjes 1(. 4 b
Associ at iUam doodd mtatiensV resul ts in the highly vari
binding B CRCbo&é6t hhe .et al. 1988)

The surface of the antigen binding site is co
bi ndiiegmed complementarity determinUf8¢ regions
3lnd ORRIN8K Davis & Bj.or kTmtaen v1&r8i8gdbi | ity withi
generated during TCR gebDandbrdwanmag enteCQBER1I n bot |
CDRhland OBR2 encodedewiet lsierg memaadi dnd yt hiss i maric e
variable (V) déokmaownsasecombnnanodoyi al di ver si ty
represent the germline encoded segments of t he
CDR3 |l oops exhibit highed vyartihaebijluntcyt iacsn s hbeeyt va
V(Dddgments angdeamei hdust@D®@B bopTlegqgience i s di
from-J hjeurVcti on about which junctional diversit
Further moODeRO3 ¢ thpg &ncoded by two junchiemmes via i
segment &tothe. TER a fMbleosoupl ti,s-gtehlenloC DRBnencoded
exhibits increased viadmuieabiol jupncetcommaldedi ver GDR 3
V-D and ubhcti ons.
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b)

TCR a-chain:
Va Ca
CDR1 CDR2
| |
\' J C
TCR B-chain:
Vg Cp
CDR1 CDR2 CDR3
| | I |
\' D J C
Fi gu4idh@or cell receptor (TCR) and its highly v

alartoon representation of the strwchaiaesof th
and blcChRai ns associate and ahe deovbalSdmgtalty Hlhien k e
membrane proxi mal region of the TFICIRKke Thhemaiensr
classi UiVdCh asdb@ the membrane distal edge, tF
determining region (CDR)aclcoopms nggtyg) oma&ke ampd tl

binding site. |l mages(Hdehkaadedt falbom PDB2) 4 GKZ
b)Contri buti on ofUandengémseesmttloedh'IéCVFRormation of
antigen bi ndeisnug tsiotfe saosmaa i ¢ r e c oUamidnavwt e on . Var

encodedUWwly amCtRYDLRgene segments, respPamcdively.
Chare encodeldC-bygdtBRiOBIRTM@R segment s, respectivel y.
|l oops of bhethr&@CBnchdedgemye segpmdntgisea CORSd by
t he UVBRj uncthiosn.e nGRI3e ®V-b-y jt hec TIC&n .
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132 Presentation ofl lanmadlgecnwsl ébsy MHC

Unl i ke anti bodi es, TCRs do not biod op datevel
on pathogeni cUBECRstbesd bmsigads presented on
cel l repertoire. Due to positive selection dur
the ger tdama BigEBMRs, theeTisebhapepgetborecogni se
presented on MHC mol ecules and tHuWsarktCRs edar el a
20009; Dai. eAs ad .r @90WI8f), TCRs are Orestricted6 t

antigen presentation and recognition all ows exc¢c
ity to adaptive i rmmuniotny.ofMoarneta vgeern,s porne stenne sur
detection of intracellular antigens which are i
1321 MHGI I mol ecul es and t IhCD4FT ceo®lllesin presentin

As previously eluded to, cl| @aswoi ccdlasMH#G : mdMHCe wll
mol ecul d9 (@MHC MHC <cl assl ). mond ecwmarss ,( MHICe MHC
proteins arbBueaocodedkbygHltHe ecaoantpil waxt iodn genes whi
over 200 individual geintelseisnvdoe vet pdiese nd éd ¢ oinb
antigens IbynoMHRQGul es and, teasti wnl | be the foc

I n humadd, pMHEGenting mol ecuD&DParaBhQehcoided by
Whil st elalc hmoMHCc ul e i s ds tfruncctturoanlallyl yr esliantiddaran s

bet ween different MHC mol ecul es exi st, particul
foll ow). For example, there aDRBAlgn®orsd WRIDIOOh kae
fines tlhle nvMHCe cluR1la c dHdrAd i nigP Dt oa ntdh el MGT/ HLA dat a
(Robi nson. eiUmatl el 2,0 1t5he v arlil atgiemress mentdwead n eNMHG
by a single individual all ows the pres-entation
1 mol ecul es, thus, increasing theihemmed of p
the | i gRathmemmeseeTH®9§¢nes encoded by MHC [ oci

and thus variable between individual s. I ndeed t

region within (tPhoet thsu nga. nS Fgeevd diibeE®l) ecul es, t hese
geneenapt gssed porno fceed #iGo finai b cht i on .

In the periphery, professional APC function i
types including: B cell 6Kammbadashi c&cEEHOGEenndO:
Il expression, however, 0c aAP @semh anydauscheid & nL anrwfne ro
sthc as mast cell s and -heaoesnmian copphoiilest,i cb ucte | dlss os uacrh
theli @Bhicadl st Farlof e2s0s0i 70)n a | APCs ,-l howelvecul expr

sulyve he body via constant uptake dbrswhobke an
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cell s through phamgd cprteossa nst ppaea phtwiradyes ndod reicvual tei sv east

their surface. Upon activati onn bdye nidnrnatiec pcredd es
macrophages or by B cells in response to anti ge
professional APCs can enter the | ymgDdlt i c syst e
cells in seconddrtyanloy Mdp hleeink i smrsg a2ms0 3 )

1322 Processing of alnlt ingeelnesc wlnegso MHC

Presentation of plelptmalee ewplido pelsaoni tMHICl y occur

of extracellular antigens through the endocyti
are interhaebssedabyApCos, processed to peptide
cell reperltlioi meell et tMHCA R 9prt)gaekne ucan occur t hroug
of different processes and is cell type depend

whol e cell s through plhlageormstoingeesn rperseud @ nitmegt ii aan MaHi C
vi {Harding &. GBucel 1992an specifically internal
endocytosis through(tLthrez8veedhi aet@P@®@or (BCR)

Acguiredsaariegcompartmentalised into | ow pH
whol e proteins through | ysosomal pr otWaaltyssi s b
1997)Endocytic vesicles fugaswothabkedmntMHE€oul eénv
containing vesidllesotmpaframmanthe CMH@keaguentec!| ea
sults -liln mwdlCecul es boasdowi ahaedbhiemedpriparitde ( CL
which prevents early exchange of peptides into
t he MHCmol ecluM,e sCLHLPA r e mov aln g sf ocra ttahley seexcc haalnlgoew
tides capabl d lofatbian dhfi pghneMHG f& iQriet€&e ws e uéBObYy,
peptide I-loladmadl eMHLClI es are transported to the c¢
surface i n toa dtere tTo @ealelserndpertoire.

1323 Characteristics of pelptimcel pceksestati on on

MH Gl | mol ecul es are approximately 60 kiba heter
anfdchain each anchored to the plagmBa omemlerntarme .v
1993)Each chain elrigkaenidocemsaianss trwos ullg i ng in a fo
portion witR1ldo w2i (FH du ke HePT tbeambr an & 2ammd x i ma |
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C PFR

81

Figuriestruxctural features ofl pmptéedelsepr esented

afartoon and stick representderioedopbephedst ( ma
presented-ldn ntohl e dMHI® HIhAe dasHBBAInbbEt ructure, comp
ofUchain (pabehgiimk()palnad glricla) ddima maZfMbrl | g

The peptide is presented at the membrane distal
bJyop down view of pepti de ebibnidnidnigng ngbrBolovhee oofp eth
The peptide | i es -paabrodteh eab tbse dUonefd ildecdpblibidn ahéel i ces.
Col ourag as in

cYop down view of the MHC (sdefiaced pepdidg (é&p
Pepti deesicdouees r( bl ack) are bound into the P1, P4

a two amiteomaoaiadl Neptide fl anki ng rteesrinmdiuneasl ( N |
peptide flanking residues (C PFR).
Al i mages gener @Gadbbcem PDBal 1FY¥®P96)
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domains exhibit | essttuwarbandbngraendle(thoar EDd at v e C
2012)At the membrane distldl moddaecafl ei,h dblaves/®a i, a it
domains combine to form a peptide binding gr oo\
to TCRs arMHCGl badeldeclthes, the peptide binding d
Uanbchains of the MHC. The resultingphiratdiely grc
bsheets that form the O6fl(BoodvnofettBbhepdP®OBdeecdi
nature of the groove is constructed from two he

in patall el orientatioinndiomgnFgpngad)e LOME | Hesldi ¢ al

portion tWdaamaliinnessi ddeheof the groove isodiscont .|
helix fohUhoeweidx bsyt rauct ure, | inked by anoflleexi bl e
cul es, the sdeaelebi mdi ntghegrpeoptei are in an open
i mplications i nl It hree $ti rniddHoeyd adedgMidi€Cd easl . 201 3)

1324 Binding ofepttdipdecope-ltt o MdH@cul es

Through elution of peptides from MHC mol ecul es
culesdbdi ff erseemtuemerptsi didaaice e r we e-d p ebopiefpitcl d b e
mot(Fal k etElaulc.i dlax 9 lo)n -roefs otl huet ifoinr sstt-rhuicgno bk e- of a
cul e -ORHIbAgh! i gtlpedy mbap hofc MIdIC i ndoulveesec €l ¢ ® cused
on the aUkfMmbkptii dehe g Sgreomv eeAs aad . r d99I41)l, each N
mol ecul e has a motif of preferential peptide 0c¢
mol ec thlee diimmetcti on (Rfammee s memiedgedherl 99t5hese st
showedetptppdes bound oifntpe pad | deer jbei stbédpdonlgy morckleit
resi,dwéhs ch despemi hecapéphietd MHGot e ORILle HIOA
exampl e, is described to have fou(Jbnedi ey pocl
2006 )These concaved pockets make extensive cont ¢
the | argest binding leisldirathy. oDu @ etpa i tdlree t foo MLt i o
points to tHd (démtdi doee,ptNMHE@®s deeply into the gr-r
mat ( 8hern & .Wiuleey 01l-fkdl) cpaeamor maltli opne potfi deHQ i n d i
grooved, MWdCecul es are abdel civmytpbh odl pgpbetdasea
20 ami (ddoddiacdhd .etMHLl .mod Oclcu)l es, however, maint a
binding 6cored which facilitates t-lhi€i@ajerity
1.)5¢c FobRHbAkonamemdi ng core residues of a pepti
P6 and P9 pockets WwBiehnad&cWolrey he9péeptidres et
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1325 I nflueapkei o0é& fsliadokdM$h@ preept i de present ati on

The ability to facilitate |l onger peptides is er
and beyond thEhepeprtopgergyobyvemoni guel ee KHG i s 1
ally obsedvend | ier uMie@ whi ch have Tanfdi eexd ewmisd tom
of peptide |l ength results in 6bulgingd out of 1
i n peephte(itigohltl and .etT heaels.e 2®Is3)dues whicdi mgtend o
coJi@ MHC s yarteenser med the peptide flanking resi

The role of PFR4 bondmalgtciodnes eeqoutehid @ &itCdrh o b e
fully eAnali yaaitus dokfe elst hent edg white Vegalbegme ep
thmaatuprardtgssechly-at |l geygmphoma cell l' i nes, showe
abundance péptpresenwiedcoenpnerded oPFR® core nin
bindi fgNedsroen et Sach hdgher abundanicnec rwaass eldat er
pMHC -hiably¢ PFR cont aitnitmge papthiadaesed s ohPe@s al . 109
Subseghénstlinwcrteased pMHCnElLl al hdettlyv adaismus-hionrwn t
rindplesenpedtsiyesdvih mtr e | engt-the romi nbabl e hamiNh aC
PFRsmpathedabil ity tGD#%ctcieVdtndac Nasramotgbnfantgeel o et
20Q02)H8apwt 6 Angsehleog evti aalp. MHC st anbcirleiatsyli mpgs BPaFyRs , t h
at both teirmiritMéi&d | pwed iTdvehishisthof onfese resi du
did not impact clone activation. Together, thes
i ed, -baontdht €W mi nal PFRs pri marcielly prcdmotagd i enhart
enhanced peptSudceh pfriensdeinntgast ihoanv.e been supported
wher e | nanaétaSrendi Mla | pfrleadn ket ewde et gat i ednelt & hoo eMiHCg
affiamidt w predicted2®pwasnad0IoaBunljdetnedet &H8. 2008)

133 Structur al and biophys-icaenghgemenherbgt T CRs

Understanding of &toev @gNHRG rmolnac uloe £ olgams been dr
soluble TCR and MHC mol ecul es ugiBiigemampdtysalc.al
2012)Such technigues have beemMHA® pdy tde mo: nfurmem
study of -ypeailfiamtT@Rx bi ndi ngs pceocg nfaitce TpGRost ibd ens
tumaer i ved pregélenedechat &gdVns ey 20@A2al Pehg ef
di fferpMHCTERst ems has revealed a number of di
that gemer &ICIRy edngfaige ment of pMHC mol ecul es and,
rul es governing binding( Rwyldpbhh ee tT. GGRD artedpOelrétdocirrieb ia
TCR engageméntretsor MEICed anti gens, hd wWever, far
stricted counterparts. AsSD4a celslustengaeges tlseikmoc
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Despite parall eltsi onn asntdr uged-huler rad h goarggeam®hst@ by T
occurs at a comparatively weak affinity compa
(Bri dgeman. eTthiasl .1 02w 1a2f)f i ni ty i s athyt fiobh dtoeve dt o
by fast di ss)xcBioantiifoanc er. aefid s | @K f1i9i9t)y at whi ch T
pMHC antigens is gouwdromed whyr rtetbey MHEHRsr e etsntird ct
mol ecul es bind at higher afdolne teyt.taManm €dOET)c | a

the affinity of TCR engagement is also depende
antdet TCR6s antigen binding siPel ednafhsakt ed00d8
resul t, variation in binding strength is obser:
epitopes on the (Pame€CoMeC. enilbHasd caurldemyd M) of t he pe
al so appears to influence the aff-dar ipyeedf cogne
tide antigens, for exampl e, have been shown to
derived from eidehéevedehhcetdtgicala.mdAodrl 2TICRs r est r i
to MHC mol ecules, this exact affinity range i s
cognate IpMHC unmeasurably | ow affinities. Howeyv
experiment al mu(l LLii neetr saalt.i o2n0 OeSfAfnelretesgi mat al of 200

tial affinity range-l bemoatepnulTERSIOA N OHp WKEN 5
(Bridgeman et al. 2012)

The mode of binding between TCRs and pMHC occ
on the membrane di sl a#bdesmaifasewhbifchhies TERMMri s
CDR | oops, ddsycAl bedCRsettesasi bed structurally,
'l ligands with a filcéhdimoli atierwcwisddmbigret lye wT @
and tbhehdiCR interacts pch aieRoislsyy owmint eThiad . @D 15
larity is al sl repitiicated TGRMéICgagement . As a
I'l engagement is not parallel to the |l ong axis
the peptide at an angdre dcoaneidng han Pplcad.s sTheg
TCR engagemént @fccbHGa magl ytsoi sa onietaavai | abl e str
average 76 A wiltlii R sas jraamm. ee Tohfe ldedx @ ® At5))on t o t h
geometr y-DiRdg aeBLAi cted TCGChR, vdanxduicegdserde fwloimc han
bound its-pepgnaRRIHi @il frhever sed polarity and at
Beringer .etThael rez@Wl13) of this ablpedemaklebdi "€RNg
engaged -DR4¢ mélLécul eUaisdinng drhley .TCR

Analysis of the CDR Il oop contribution to bind]
exhibi hatomgmoi n -Ibli nrde sntgr.i aMiH&cCd TCRs gener al ly bi
the germline encoded CDRIgeamd i QR 2 nlcooodpesd WHDR 3s t

-22



|l ocated centrally to the antigdremigneaegitna@al si t260 0
Thi s obsertvheet ihoymp oltende stios t hat TCIRIs maglee halredswi friel
via CDR1 and CDR2 6écodons6 allowing for CDR3
(Garcia etTlhese 20019¢s, Ihewavyeshowmppewnrt fiéeebi bdi
TCR to two peptidesl Ibomoildehdiuclhad e hg e edH@ di f f e
print of |i¢Madzanghgamen007)

TCRs have been shown toreattibvitty heghl|l diegg eiet
single TCRs can |diind ndorfEVeorbdandtr gpdegpet etk € sad at RrOe 2
of the CDRs suggests that the surface interfac
TCR, may exhi bi't hnkaradnte sp ssacthiGecirrttoyjsaswhi Wi | s on
1999Y)ructural studi-lels mdl elcClRIse sa nidn pIMHLCat ed and
ever, have shown that, in contrast, minimal CDF
and that | ootp feégeximédity bisndhoto the same pep
di fferddt mdi{@Houllasrd .et al . 2012)

-23



FiguriEnlg.aggement-l ofby MHCTCR:

aXartoon and sti ciknfrlewe eesteinteatT OR (odaratnoon; bl t
to an #drefrlivedzgepti de (stickbl mohé&dRpe edkeAt ec
(cartoon; pale pink/pale green). TCR ebngagement

ovefmndiov bi

bYop down view of CDR I-lolops Wri fnadd erda modv ie@®@R R2h@D R IMH
primaril gldbimadnt ¢ MEBCREINI OPR2marilylbind th
domai nUac®R®DR3eract primarily with thies bound
influenza modeUb,i nalrsl yovtelre t @RRIpepti de -fl anking
terminus. CDR |l oops coloured according to inset

Al l i mages gener @ledsf HemnEbBe &#FYal. 2000)
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1331 I nfluence of PFRs on -ITICRpreeangamteend npp e ptf i dMdHsC

As wel | as ehdhtaamlkwii Inigt yMHdCescri bed previously, P
in pMHCengda&dguerhemtn. i nteraction was evidenced by
infl-ueazaive HAL1.7 TCR in complHAduswietpht itdlree hen
presentkldRIWwhere al dcteotteaticte it TeRCh eamwek etnhe N
terminal-1lIfy sHiredsgi gy eP wiak Horsrees oleada Mdr eadtv. @ 12,0000 )

of tlhereRsi due eofept biopepregpsiaindtnreed i n decreased HA
|l i fef({Aterander. eTltogaelt.heY993)hese datrami mradv iPdFeRse v
i nfl uenciangge meGRuseanigd cehl functionality.

Similarly, analysis of the contributdon of PF
terndimRsl are able to modul ate binding, in part.i
i dues that el e nitftehet B@ mpeplGo ®PIEIRMee.g lanlde edQO0 1)
di srupti-oaermfnaheP&r oV ednpélpVi de, which protr
bi nding groove, abrogated theZawWwalidet ¢tt @al ac2i00a
I n additi on, modi f i ctagdriminnaof fa arme&s itdou ei nitnr otdhuec
charged arginine TrCRsiadfufeisnibtoyt ha nidn cTrCeRa sreesper t oi r
DR1 restricte@dCoindél etenala. mddt2 Thidele!l afrmadraetpr alv.i
thevidence of TWCR hen @ardqRessmme mptot ent i al capacity f
TCRindihmgpugh introducti on -todr rbiarsdlc RFER i dues wi

134 T cell activation and priming through T cel

Engagement of TCR mol ecules with sufficient caj
the actiehtsonhobudhct he pTheae easfsf iofi tTy cefl | TGR ghr
pMHC correlddegrseavidfh T(hceed 4 @ @&t JTahlat wary i n whi ch
TCR transduces this Iligand discrimination and 1
currently disputed; with evidence for a number
ki netic seg(rleagnaetsi o&n , Vihasl eee i2a0(1\20)k 1 ¢ g & r damdy clo9n9-5)

formational / mechanisticvamodeérs, Mamea g.s& Datshesrk
Neverthel ess, the functional consequence of TC

signalling cascade about the TCR/ CD3 compl ex wt

The process by whkihnckdadticgéhsi raaxpemter antig
the first time is termed T cell priming. T cell
l ation throug®PoltlheziICR&allPowelsl ua@®r4)stood that
requires, firstly,réedbeptporswmiceh olfod dlei CdHDIA tcloe
the EER/compl ex TE@RIi ¢hj ggponng, resultse in a phe
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chain I TAMs. This signal is cascaded tbrough ¢
the TCR/ CD3 compl ex. Conseguent signal transduf
tion andt cronslegaire nt r aha | torcaart 9 omi tfi ANFFAfTact or wi
genes. This process is defined as the O6signal i
transduction alone due to TCR trineggaryi nd,r ohuagve
the induction of (sAupppplreensasni v& Bgoeunses itoatrigse t2s0 0 3)

I nstead, induction of activation requires a s
vi ded bsyt itniue actoor y (rRfwlldad wlze Q@DE2DX81 | o2BLédyati on
i mmune synapse is enabled by the expression of

Upon CD28 recruitment atottriaemsidmmunensyreamusgde,s s
| ocation of the i mmune-aBma sMoerre otvrearn s ctrhirpotuigohn pfhao
of RAS by CD28 and the 6signal 16 signalling mo
to all ow t MAdliac ttihviartdi otnr aonfscr i pti on factor. As
transduction and consequent |l ocali sa®wB,on of th

AR1 and NFAT, napve T cells are |licensed for ac

As a result o6ébrtbegnagui2réemenhe activation of
modul ate the priming of the T cell response to
| i gands CD80/ CD86 expressi(Her tdar ieng hamdteiexzlenl ) p
cCb80/ CD86 are only expressed on activated dendr

tion through innate signallimgmpmagcesses befor e

As mentioned previ oCP#ly,ced In usnubbesre tosf edxiifsfte.r ernht
of napve T cell s, upon priming by APCs, is det «
signkadi ko et Wplon 2p0r0i8Mi ng of napve T cells throl
within the microenvironment influence the func
This process G msethesbhsées géner atsieomoas desc
1.2.6.

Antigen experienced memory T cells, however,
to inducd Loantdiowna teitolrnl .suxth0 c)el | s, a | ower thre
quired for activatisem mualatmoyglsi gndadedreaag o0fs cdi
T cell @Rdeéewvtagddarmnm & Katsi kis 2009)
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14 5T4 as aUffiodel | of mmunity to tumours

Strong evidence of a rolT odl ltshei n mmumEer essyssit regn
shown by a nwrhbdmumofurs tmodied s'amd nmeadel nyit i2rilyhe | a
I n 1994, a role for dwvaes iinnmpl laincreatt eodr yi nc ytt uonko unre pl
the Meth A mouse fi IirDd garirec cema td o moluROMmo chelgat i v
| FON ecepto®N (tIFMour s exhi bited enhanced tumour
BALB/ c mice. Thijisn deuncheadn cbeyds i ggrsosw tiohf,wd N8 hotwhon
to rem@&rurmdiNrs i nsemsliuciede tetcohd DS 1 e

Il n 2001, evidence of a role for adaptive i mmu
gener at i on’konfo ctkh eo RAMG®RD k e an. eltn atlh.e s220°0slt)udi e s,
mi c e, which effectively have no functional T o
rates usi ngantthhe et Mgl cdad |t umour model providin
phocyte involvement in |imiting tumour growth i
the tumour | imiting capacity by the ianmune sys]
| FoN.

I n 2 0bi,rect *T odeel losf aODM professi-o@amal va®Canpr e
tigens was revealed wusing MOPQ3aln5s gmmu e moweleo n
tumour (Godehay .etHeale., 2Mi %) bhéaTdiCRgrapmohockens
for a-atnurmagwem expressed by i mplanted myel oma t ul
on a SCID mutated background) weteansegeéestanmi te
exhibigtedmadnaumghburdebhatttwmeushbmpl antation r es
ment of macrophages to the t umeauwer isvietde ,p epdn sdesgsu
MH Gl | mol ecul es, subseguediD4Taccte lviast iiomn tohfe tluymopu
and subsemueretf freecltedasecyt oki nes. These studies

rophages pr edseernitviendg atnutmsogueric $ f'T c c €EDesur n t he obs

ability to suppress tumour formati on.
141 The tumour i mmunoediting hypothesis
Postulation as to why the immune system is abl e
| ance, yet i mmunocompetent indi vidual s stil/ d

tumour i mmunoefDunngetypght W02 )ypot hesi sed t hat
tem shapes tumours by adding a selection press

advantage to the tumomecwimpetemsur enmentn &hianh
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was evidenced by the transplant of tumours deve
deficient environmen'tnsi.cel uamodu rtsr agn sopilna mitne eR AiGR2t o
were suppressed at a olwinghehi lRrMe@2e c 6 mpat ¢ mimo WT s m
and transpl dinmmaadnoaod mp RAGERH a Wkamarc eelthi sl .o bxZ®0C 1)
vation suggested that tumours grown in i mmunod
tumours grown i #d utmberabsmenne tgf &amtiwas consequ
mour s igwm oavn i mmunocompetent envitruonmoment mmame t i
and that those grown in the absence of an i mmur

into a tumour variant -whmocbr hacdhmeniotyedéhws aivio

of i mmunocompetence, highly immunogenic tumour
exhibit | ow i mmunogenicity have a selective ad:
in a state of equilibrium wiht hcetlhles ienvneunnteu aslyl syt
due to the escapetuw@burt ummmusi fy.omThing il ed to t
stages on cancer immunoediting, known as the tt
Equilibrium and Escape.

142 Thl responsuegss to tumo

As describedlt @lrlevdiofufser enti ation is achieved by
T cells by profelsaimpmnladr iAPICrsg( ksedgkroa llelic dameé.i t2 ConSs

consequeglnek |l opoonT arsi gantei rel ease of an i nfl ammat
| F-NTNBTNFas wel | a sylpar uot mool t-@ gnegu-B 21T L
Anal ysis of the genetic profile of |immune cel

patients revieah gdfmniuanti t yx mrsesoxs i ated genes such
| FONGr anzBy neen decn@@&ati vely correlated with tumour
t haylti Mmuni ty is an overal/l coGaledrmtet dddche2 @ &6)
of t hteumeorutri functi on ybecye ltlusmoiusr asdpesciilfatsce dTi bed | F
previiyous movaR foufn olnFNon tumour mouse models sug
| Fod n t uMmDiugtse et Sayln e rigoi9sdr)idc@NIey ,abllFeN t o i nduce
cell senescence and thus arrestvd uanowgemredpgecciye
and NADPH (d¢lxibdaskesa. etbiFmddu c e260 16ppCe gul at i on on t
cells and thus may cont reinbu oRRNmFdlet hHeriorugrhe a £ and
of cytotoxic T cell(Rdaoppearatetdoale.bornm@sindolereMc el |

showom i ndulcle eMHG essi on on tumour cells and thu:
antigend3 tel C®4asoRa sr gsudlhtl bofd elaFuN ebBEF Nei gn 201 2)
l'ing also induces the poosamsiagdnoPdni CXCALridp ewl
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(Angi ol il laos ewelall .asl19s9br)ves as a che(noiau tetact an
al . .2011)

As wel | as having a direct oRef freeclte adsres tod moluFrN c
broader etfdrmacdr oinmmaumniity. Asohea su dobeede nt os hporwenv itoou s
macrophage activation at tumoudernrsived avht icdens
CD4T ceCtbmay et. aMo.r e200v0e5r), such macrophage actiyv
of mammour factors such(Manteawaahi.vetoalhgeBO0O8pErcCiI

143 Regul atory responses to tumours

As a result of t hypmi es esnetleedc t @ rotni gaegnasi ,n sTCR edIfon
ceased aff-amtiitgenso cer fent er-ddrhi@vedpded;,i pRETFE as
through acquired expressi Mabbyt&eP.bolkiPe3 20@Hh5F

the-deelifved nature of tumour -amtigems, twhe hgerme
of t+swmpewr fgied [tsT as a consequence of <central t ol
tumour s. MoreaoavVat,j cantfgemruyei BD4ishhe malh aen oen o
can |l ead to T cell anergy ambmdad kead poimhegi ni

offreuncti on and the di-téer emticdalPiods] itzaip &r iPphwvee
2014) ndeed, human breast tumband hhue meendshe
alter napveorfRekf |l epolalardasm@at®rrgst, however, anal
T cell repeceliosmpaokedFihaymF a3 MCA i nduced t umo
revealed |little overlap in the repertoires of e
thktgonversion does not signifiTcgaltly ceantdi bgt
t umo(uHisndl ey .et al . 2011)

Many studies have f Begueslelds oinn tchaen cferre gpuaetni ceyn tosf
i mpact on tumour progression. Fom .eg&klamphéep t he
ovarian tumours has been shown (tCaré¢ced2e@édjpé wit
I n a cohort of 42 patients wiThgeelplist,heildeant infaile

CD4CD253 cell s, were shown to be elevated in th
heal t hy( Woolnft reotl shdnd i T2¢Q@mB,) s, i de@bD2BoixéRl® lalss CD4
have been shown to be increased in both the pe
patient s( GMiarhk eCReCt Rarhov 210 0®6f) such regul atory <ce
tumauwmt ispenrCiDMMT cc el | irre swiotnrsce s

Infiltration of other suppressive T cell subs
generati ngespgnund @agd ory tumours. Trl1l cells are th

with regulatory function as a result of chroni
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of -1IQLVi ei ra .etTral .c&l0lI0sA)have been shown to be e
hepatocel | u(l Red-@&oamrzai Ineozmaes wd bke R0 bignfaead!| ood o
and neck squampuas$ i(eMmltnid acpaartchiinioMear ealver20@8@)Y i chm
a highly suppressive T cell subset infiltrating
sion of the | aténdP)asddchadGedapeptheaen i dentif
in Cardiff and implicated in potMesSsiung pot ant
2013)t is possible that t-heke delktlkst edddertli 5i at
3 and CD49b-mas keusf doe dol cells wildl l'i kel y a
Tr1 celilrs ramlde tihre t umours by all owing methodol o
T cells with reguGaglorgnif.uatctalon 2013)

Nevertheless, these cells with regulatory phe
|l evel-80oWwhith suppresses dendritic celelg-and ma
ul ati on of-stMHBu laantdorcyo mol e c ul eosf wlalTsc ywed K i naess tbhye
CD4lT cebbadso et Ad .a 20dd9dlOt jnl ehel seouml correl at e
mel anoma diseassuggegtr-ke@@gprrodowotiengfr eédqul atory T

all owing tumolutralpurma.retssalon 2011)

144 5T4 is a cancer antigen expressed on solid

5T4, al so known as TwWnefpchtoibvl aatsetd gll rypiftpil tlodt reyi nF aocrt
a tumour associated antigen (TAA) expltadsed on
der , breast, cervi x, endometri um, l ung, oesoph
t umoiwarss showmmumy hi st ol (ogd wtahH a Islt ad tmitenlg.o hli % W)l o g i
staini#tganfsfroomed ti ssue, however ,elils ds nsiotneed t
detected staining in oral sitecGAl ipaet.i @awsl a20¢1)
a result of this restricted expression, 5T4 ha
l ogi cal therapy. Due to itsoekpltessiopmobhagptl a
cl assi foined faorettiaagie n .

5T4 is a single pass transmembrane glycoprote

and average glycosyl atedome|l &cot &M wEUYBRE i oh s 7 :

modul aWNolTsi ghal |l ing by Bb-cnahtiebniitni nsgi gcnaanlolniincgaland p
canoniNcTalat MW&ywg e rSmehientk et dlt 6s20uh)xtion is |
dependent on the short intracellular domain as
into epithelial cell s was not @blvda e¢traoviemdu od e

wild typer $0drg. etThalhi d®968ésol ution structure
cellular domain ofmédég aoF aitgwits tl ed(cAhder meaticch r
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al2014)Whil st potenti al INTgagdahbt agpofsnceganr bd
scribed, no lIligand or signalling partner mol ec!

by which 5TM#MTariogdrud laltiersg War e Neewt t el eégysundeest oo

i nNWignalling, aberrant expression of 5T4 in h
mi gration and therefore metastatic capacity. 1n
exhibit increasresd omotaisl iweyl |a nadsn day $iie@acbsl entor @ lh o |
2002)

Expression ofat5Thi gihs forbesgeurevnecdy i n human col or

of 72 colorectal canc®runpautrise mtss ,s h85vn% beyx h imamutne
st ai(nSitnagr zyns k.a lent tahle sla9m®e2)cohor t , presence of
a correl-ategmdsipoowi th a five yeaars curswiodalgirca
determi fedmpar B@4t ot u/nbo W6 {(pBatthiTednytnss k.a et al . 19 ¢

145 | mmune responses to 5T4

Knoewdge of the immune response to 5T4 in either
Il i mi t-2@0 p.r eDespite this, devel opment of a cancé

mune responses to S5(TMulamyameat wals. d20@2)poped

I'n healthy 4 meradictitteall®IBs5hdve been detected i |
of a hea(lRehdyc hdeonnkoorr eSucaH .r s0pPBne rsvweonrneobbeBOe
tested donors from which cultured T cell l'ines
Consequent anealiyseids poefptiTdde € st evedledd trmnlt-dei tHdo A
ecule Cw7 from the donor. Subsequent cultured 1

expressing autologous presenting cell s.

Si mi lexr WypHtoesponse rates to 5T4 whole protein
CRCatpi ent bl ood sampl esgelhosweuvnemma s kdeedp | ae tri eosnp oonfs
5/ 14 plaCliaernktes et |l ml a &2006Yy o fopbrTadt irvees p@OMG epsa tiine
7/ 19 patients were cl| as<xilfliSopdbtasass BuUsrgsamiyd sde p
responses were in¢Beasasdetdhlilis/ PDLREtaisenti n r es |
be attributedT tguptphree sdeepcerneaapsoee hi ndue t osf ewer 5
requtmieg enngo v a l to unmask 5T4 respoisesmwhrich cor

i n -gpprer ati ve pat i eonptesr actoinvpea rpeadt iteon tpso satmch heal t hy

vitcnd t unedspe&ENses to an overl apping peptide I
sponses were detected in 100 % Tfguhmeealrtshy wddarhor
di sease progresegSicuamri ret CREG exm@tditBrtosi T ac @lelt ect ak
respompe rmmoweVgr, di dyeaarnt t wnmd wrenrcec brrence ré
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negatively correl aitaes weixthhi btiutneodu rb yr eac udrirfefnecree nt
noembryonic (a@ahaurgrenet( CEA) 2015)

Few studies have begun to identify T cell epi
esponsehdal t5ilf'y deainors and tumour patients at t
ential-l fpredMHCt ati on reveal ed pepitni deeintkrpoi t op e s
| ater cheaxr acimveoraceidnat d ShCRQ| pat iedds tad .r e2s0u0I 8t), t
urther epitopes of 5T4 haed theAchklLaMZlemoli é+ ed w
culias shoewn vhgs@onses i n-Afad@®2¢ dlual e dtL &l pati e

Subsequent d'lt eccetlilesn sopfec@GD8 ¢ t o two -A2) these e

usi ngdegT 4 eld mHICt i mer cHhi & Mmendneguniwtaosr ead T cel | | i n
mul tiple (healthy and Try&kmali ecdlMafit®ecardilrRoma)e ddr
epi thoTpgeswas shown to be naturally processed on

toxicclMoomel gr own against this epitope was abl e
cell carcinoma cell Il i ne.

A study into the potCGhffii ae¢l recbigohtight ed thHhd
T cell s werien deeutietcotraebd fef dane Ihle all(itBh eksod aln eerts al . 2 C
Such responses, however, weécel les hsamngoges srudprioagp r e
thBtgel |l s may play a role in dampeniOQD#Ti mmune r
cel l epi G dmes)sof e 5tTod i HDLRM dwas | depnrto dfu ceidn g | DN
cells were detectable in TDRehéeéaldbbmpssculCbuoeed

guently, 5T4 recspoatsersi avieatee sWwiotwim ttumour st age.
From studies in mice, it has -DBenamdpodhmesdqser
antiumour T cell response, central orol5ddamae emu ¢
been detected in the thymus suggesting that, a

by thymic antigen presenf(iCagticeol 2G1l2\leeag keregak
out of b5Wads isnhonwncet o enable eméddinaedld acGD8 body
responses as a result of 5T4 wvaccination compa
Moreover, no.geal bBsi ohaaé ntni beondhyd ndecegpsl leCD@ sponses
vaccination rienplweitled niycpee thol 4 evel s observed in
fore been hypothesised that removal of 5T4 ex

repertoire moragercogepttiivoen tamdsTeffector® functi ol

B16 tumours in such micemikcewanérsswasnmuot tlya lwt
via 5T4 vaccination, thus, suggesting a role fo
data highlight how the induction of tolerance 1

|l enge of cancer( AZlhcwientatalon 200d6)cacy
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146 Potential therapeutic enhancement of i mmuni

|l mmunity to 5T4 antigens in both humans and mi
mec hani sms. aCdngdid ye matt kyeninmeoaddidnigemdonw acci nia vir
( MVA) vaccine emdadiTn@vakE)( M4sS been developed
i mmunity in cancer patient<lihhicalvamodienes sihewe
burdeedused ‘Ci26heubiT#hae tumour model and where
tumour was maintai ned( Mulxr ynaonn tehtsl hapl @ s tR2r0t0l2e) & tg @ el n
munity in vaccinated mice was COHTseqgealeint Agd s h
anti body med( ldd reRdyogonmmuenti tayl . 2006)

Vaccination of 22 met MYyART4/cTrcod aoxEcitrala pmhad e

showed that the vaccine is gensepeltl yiwehkbutoheéri
ant i b(oHla rerso p, Connol IFyu,rté@ter morter,20@ @vebnitn adfi o MVA
5T4/ Tr ovaxE i n5fcloung ruonucrta coinl ,wiftohlcihreinmo t eheeir da,p eaurt d
agents in a phase 11 trial of seventeen metast
ment oniediFaNt ed T celrled mmureiltly liim ecsu(lHauw moypwacci n
et al.. 12n00b70)t h t hese-5TAi amsyummisexaensat spfe can tvie |l
correlidthedurvival and over bBabkt of pathéentst erl

classiddiledgbgplrt ed tObygra@afphtyumour bur den.

Despite some promi sing detod otriecntand ¢ aptaeat di a&wmid tesh
MVA5 T4/ TrovaxE these CRC pat{EBatsopo Gonnalllew,r
2006 Harrop A alre2wlotr) further knowledge of n
sponses to 5T4 is required in order to design b
cel l medi ated resp'olnsed |i narlnmudiing ‘tEcitatb y@RB8 t hr o

i mmuni ty.
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15 LA&G as a modul ator of i mmunity

Lymphocyte aXt(ikBAGI ah spekemown as cluster of di-
i's an i mmune checkpoint receptor which has i mp
to its perceived rol e iimarstuipgpulldasrsliefslpo@se@isne r e !
has recently been branded as a promising therarg
ity i1 Scamceor.etDeaslp.i t2e0 1t1h)i s i n t3er esatr,t itchud afru nyc te

mol ecul ar |l evel, is not fully understood.

151 TheAGgBenepantein sequence

The LAG3 gene was first isolated and -2haracter
dependent NK c(eTrli d b eale. dtltetraneads B&B&s)sn endg aesi gphot e X
spanning ~7 kbp at the DNA | evel which was tr a
MRNA transcript was not detectable in resting
activated with PHA, hgeoe etymoymglyocphal get Bva
gene revealed a domain organi d&ti odm mao mtsai mi nsg
transmembrane domain sequéengergndTli@ashout eyt 03
l ular domainslwepbpeDdesignahedm®mbrane di st al t o
charact ertiysptediickgof( @ml)v foldpywedkgpy dbohddas CeD2
Wit hi A ytphee DV domai n, a novteylp-€siekggu epnrceed ifcetaetdu raer r
mentswobserved: an addition 30 aminobacid inse
strandsurfe. 1. 7D

1511 Similaritiegetcepttivpe CD4 co

Al though the protein se3juaemd eChd nmos obgayr ebleyt waebeonv
l evel s (~20nwepi deaitntyequagdldGBexami aanhimmnenofof |
tors teidgh@i gt a structur al -rheocreod toogru.é& ARG Br stthiey , CO

gene was | ocated to chr omosome CID24 T(rli2epble3l) eatn dali
1990; | sobe Seetc oanl@GD4Hi@IAGIX hi bi t simil ar intron/ e
i safToinebel .Feutr tahle.r nlo9r%0,) it was observyvyedet hat C
domains within its extracellular portion. Thes

tween D1l waend B3 det v@emr dRemany ®&Xh3 baneédCb4 bot

Tfsuggesting that both mol ecules evolved through

The biggest simBl amidt YDHetwasers hbA@G by evi denc
bi ndiMHEG bf mol ec u3ieod bwhilchAG CD4 is also a I|igand
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a) LAG-3 b) LAG-3 D1 Domain

ey Ig-like V-type
v ] b1
eV CEEOINYS
C2 D2 ol [e] || |a c| |F| |c| [c]
N N L N
C2 D3 k COOH
C2 D4 30aa ‘extra loop’
™
CcT

Fi gurieOvleor#di ew of the s3 gdicemeaien ianrfreanm geme G

a)Domain arrangement a8 pnbeeied segomntbe SAGU
suggesBspha&esses foukeexomaldglslagiBdrngllge transm
domain (TM) and a short cytopltayspi ekglamai f CT) .
(V) whilst D2-ttyqp4€D4k gc odholnadi iensse IC2et al . 1990)

2D schematic rep¥ePéentdodmaéde dwqlLédce inferre
ni daetmoonrs t@®@rtiecedbdaln. eThaglp¥e HDMA)Y n contains at
mino acid (aa) O6ext rbas tlrampmé sneodu etriycpee alcet tew e e
donmaH=nsNer mi nus,-t €0@HN&gs C

=~ 9

r
0
4 e
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overview of theLA@BMHENIt ienvti@reactei of ias descri be
ter 4 .

152 Expressi 63 boyf iLmim@une cel |l s

LAG i s expressed on a number ohedtc¢é&f3dksiesnL AGel |
expressed on actdDZdane dCb&€tHbhatr dr est Bohgr €s99i409 n

of EBAGymBBMCs stimubmtP@EA stilmu$é atmodetresuabl e
3 expression after two days, maxi mal at day ei
LAG expression*&iC8pucsT bheeadl)ICOAiI wi mr €3/ CD28

bead activation aYecesédgabhleg 24tkroeds &fAGer st
48 hours and retur ns( Steqab aed.eldiiZ@Ge 2apftt4esrs i96n haotu r

—

ranscription | evedliinsraetpedthed Sian rieguned cBRPR e 2 |
s well as at t hds plreonecdynt dse vefC. @7 BIL/RE kmiame et
002)Si mi |l 8rlex,prleAGi on Tn3o udseet escptleedn oocny t2eB4d er i v e
ndeed, exAQ3e i dbmwtadfdTINK cel |l s was significant
o Bddahnd "TD8el | s.

- = N D

LAG i s exprestd&SUChin9Tthutmanal | s extracted direct
bl ood without itrhewsirtemau(i @degmeimatniofeli mill.-8r210y1,3)L AG
expression is det ée@h2d5nIxtH 3ocne lal ss uibns epte roifp hCelrdal b
this subsetf uonfctcieolnlasl layr act i-3v eu parnedg untaayt iroenp raess ear
guendegofi (Ltaimbs aschi lAGeadpr L0sli0mg viowdnc ekl s,
generated by the tr-eht mentedf nmhnopawii bl M8HCand
met hodol ogi cal L w&\ ed fh sg¢eQi eeroicbastnegs et. al . 2016)

LAG is also expres't)eB oalibis teditvianeridat(iCobnl 90f PB
cul t(Kriessi el ow. efthelki P®0iBgpressi A6 by B cell s i
that @8f exdAB&ession on T celd3sexphrlkasist oat olhowet i
cells was only obsecuwletdurien wihteh parcetsievnactee do fT ccoe |
bendcogenousl!|l y gr,oduhceerde.f orleAG may be a surface n

medi ated by T cell s.

Final I-3,i 4 Aéxpr essed atBhaARDC-Al pel vaesl nsa cbyyt oG Ol 1dce n
dritic cell cWgmploGgan etnl ai ee2809 Ngl-8, bgxphesegi on

i mmune cells is detected both as a membrane boi
a secreat efl-3LAGer med -3so(lstBbAE ComG eqgqBens| detektAG
able in mouse and human serum of which pDCs art
contr i ICDHEAT ome Wbysk man et al . 2009; Tal eh®%99e@) al
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pDC express8i imsofbeleAGshown to have both a cell
homeostasis as well as having an influence on T
153 I nhibition of T cel-3 activation through LAG

Given the evidenc&3o0fandil MHICmMmg cthetowwveemeLAuncti or
LAG have focused-3omntTicC@4rldlse ofi rlsAG i n¥k i ghts i n

in the suppression of T cell resgSpdmusuHEn was r ev
antigencspeatf o@D%If ched m@ncdeotn easl.. 11mMc9wdb)at i on of
antAG3 antibody in T cell activation axs.says res

This process was shownLA@ hbhetabodgebl| spgkaidei & a
on mitomycisniouCl#E i orl bf cl ones. usSi mg3d biAGe xper i
sion proteins i ¢phihidg migle deox gialdCs 4 IAlGg T cel |l s res
of T cell activati-dnmayndf ahmatsi srugtge skt ismiLtAGT c e
presentation and Haartidv &1t i Hahv.ii Mg Bobh)s3dnswned i tomat L
causes the downregul ati ompedi fTi cemanmaaet | viatt i wans
that-3LM@y interrupt (HERhCPB .eit@rrochsl.dlilied8)ng of |
proteins o tMHEC reesspsfiancge ciend Itshea edsaudntreedgul at i on
CD3 expression as shown by flow?tpnfobmetitpadndg
to the reasdnasigodihated A\Gi th t he TCR/ CD3 compl e

After review of thien ehxupnearnisme nitts wlaess clry betdh e s i
mec hani s osfuplpA@ssTi ocnelof aGlidi vati on may be thr
binding-IflorwiMHC -t be e(fHDdarcdo et Rdl | dwWi9rbg on fr om
studies in humanéunbbiwewmealitifABas shown to be
mi ¢ domai-h wHi cLchAGconsequtentll ¢yc ksaudgeg esft e@D4 hanga
LAG may not be the &nimedmeadhaniTsWeaedkKimdinh®eitb iatli.
2002)Transductiom dfntwi lad Tt wped ILAGbri doma c¢cl one
speclidmne &ctivation, however, this effect was o
3A9 clone and not The€PUa dephgeet vcrti at .t he ne
functi oB whsLAGpendent on CD4 expression. Simil
transducti on &f centsrturuccat edde fLAG ent -3i whildéd cyto
resulted in tégull aotsisomfi nl rceeddonse to antigen.
uni que cytoplasmic KIEELE motif abrogatned funct
vilbg rest o3r ienxgp rLebsBB’"amoic k o(uWornkintaen & Vi gnal i 2
Her e, us-l hgtt Aes @&n,iLA @noruesset amoadteilon resul ted i n
specific -PehedsgtFodki ndsaniTshmes nreyc-Bwhmecdnhi altA~eG an
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i nhibitory signal into the T cell is currently
the intracellul ar domain vi a3 ah ausnibgeueen EdPO cruenpeen:
(louzal en. eTthiasl .pr2o0f0&igdgs socemamed protein is a 465

no obvious homol ogues.

Bi ochemi cal anal ysdrmrt ofaft hleAG@xrxptebsninognselitasa
presence of oligomeric3apsoduat soa({bihetoathte
2004)A 54 kDa fragment which corre3pwaseshownt he
to aswbthatell-31langthelL&a&lI | surface. A compreh
dence 8f oLAGer mi sation is described in Chapter
products, however, raises-3i mpdi adaedoappneslkleof
activation. ThroA@Ghfubeoonoseoost CDdBstother ml ea
sLAXL was shown to be dependent on 8Bhlki membalane
2004 )Moreover, this cleadadpy Wwae smsmbowhl|l bprbeeps
and ADAM17 which act as & rfeugnuclta toonr yb ymecc heaanviasgne
guent rel8aseomftbhAQTiceltl. adunrdfea@ddey ) f 83r mat i on ¢
c

|l eavagiersét mut ants rendered cells unable to prol

LAG function through-ldn ciamt ebrea cr€Dtérno ovail ti hs eMH O
i nhibition,3,hoavevekascrLiAlGed previ ousl vy, i s expre
munceel | typ€OBT nccelHUdgBirmdg et Aalr.o |-B9 Qo) iLMAKG bi ting T
activati*fdonceéelhl £DiBs | ess arbwd wmftsi.k3A\Ge vreadrtypei es s,
CD8T céehl sietdu@eed t heoirnelreeassponosfe ItFON cognate ant
which was also shown to be defféemdent ebnakt he20}y
Il nitial studies havelidantdi-fioed LeAGadbesndormomel
LSECtAdLNE@hG ch i s expresseluoat ealbautche Ibd midi eragl Ims
expl ain"Thowal€Dsthoadul aBeedxlpyekAGon.

154 Ef fect -3ofenlg@ement on dendritic cells

As wel | as mediating a c&lal sotexmisbict ®efd ecel lor
ul atory effect on3 ienntgeargaecnieintg OAfP Ca8,. s dLhAeGb L AGTf or
3: Fc fusion protein, exhibits an-demmuwreas tdiemu!| a
dritiCAmnctkrildas®02) LLAGFEc 2was shown, firstly, to b
i mmat ur-lel MHXCpr essi niand emdreirtviad i oel lag t ri buted t
MH Gl | mol ecul es to clustered in-3o0Fgawiasedabliepit
i nduacrephm | ogi cal changes and phenotypic matur at
regul ation of CcCDhb80/ CD86, CD40 and CD83 in a s
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mol ecul e LPS. The c¢onse3qufem t matuu rceodnedremedisr itthiact «
|l ess antigen and instead shifted function towal
proliferation of CD4+ T cedulst imed inm xtelde | prme
LAG: Fc matured dendritic cedilas. | Elasseidhatdhhesd®
solubl e fiuiss oablpeoteiati mulate dendritic cells

munity in a similar capacity to that of LPS.

In a wider stud3;,F¢hlei edifegt sooWwhaelA& PBMC pop
and it was Shdwnctoludtd LbAGY Bbliln dp d soi(tBiOvV éponwehlelad |
et al.. T2h0e0s7e) cel | s werderatvterdi etnadd itto cmyell disd
smal | number oifn gmotnoo ctyhteesse. cBeilnlds, howeWer, resu
and CCL% pa(nMll Pconsequent "edcfteictatri ome noofr yCO8 cel | s
promot igbni mrhunli ty. Thi*slT &cetlil wataisonn o nBRGH uence
treat merCts awfasPBMow to be cell contact dependen

I n apparent contrast to t3heexprreewsisceuwds ode stchrei bse
Tregel |l s was shown to instead inhibit dendritic
' 1 expresseffgectel Wass o Bngdemdmitciec whelrlebiynt er a
required to inhibit dendritic c(elilamgtdtvaali.on2Q
Upoenngagement | oeExpMHE€ssi ng dendritic cells in t
LAG exprebbingd@dgkbhscwere able to inhibit mat
as indicated by decreased expredgsiion edft h@D8 60.T
Tregel |l s depd,eteomvfe-HtAiGBnael OF or in the absence

of the cytopl3ashiad noaidf fofctLAdGh t he ability to
and requeltedcoat bscug g elshte steh adtatdaendr i ti c cel | i n
a direct mechani- m mtearn adteldh peywltAlGs MHEg cel | s
signalling through the T cell

These studies therefore presentLbAc®dndm adenng r
dritfancellbmportantly, these stu8ikg whrghi hhes
experiments are constructed. Obser3veidn aac tsioviaut-i c
bl e form wher enadsr iitn hci daradlnlodn ramdisedidbirmne bound se
with the addition of peptide specificity. One r
is that soluBletheloaghe cofealvh@e, -sp@acpfiomopereodi
motion of ddmnudraittiiom ovenlill smm al |l owi ng antigen sp
cells presenting exhmaditetddd elgw | & t30. gl et rebrongae a s
tivel vy, di scordance may be observed due to dif
artebdhceffel8tdi mér iLALt Borcbymot eeul AG
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16 LA&G and cancer: a potential therapeut

161 | mmune checkpoint inhibitor therapies

| mmune checkpoint therapies are a class of the
tumour s oy mdduleagtuil at or y( Sshiagrnmaal s& aAn dT ihpsamt nhg@a0y1s5 )

central and peripheral tolsdryganéenmuerdcdhignii smp,oidae
reactivseyftowhnbat preveHoughgt or P&ttt GV r0t0at ) s e
This bal aneelifn ddelcfri/miman i on is tuned by the

that govern atmmamiofy.r Mogdluat ory signals within
ance towards reactivity to self may facilitate
checkpoint inhibitor therapies are to enhance

pressur e (0Smh atrumao W& sAl ISiusdin md@u3)at i on, however,

tuning the i mmuneesydystemi hdiwardasaabkel &t ri sk to
munity.

l pi |l i mumab, f oQT LeAx a mipnchei,b ittaorrgyetnsol ecul e whi ch
|l ow |l evels on napve effector T cells but is upi

i ntrudael Ist ores of memoCVyLAexprse sleadjoatett md . c €l
competes with CD28 for binding of CD80/CD86, t
and instead promoti ng Klatcselkli si n2h0iGb9i)ltii ppCromg dB20geuset ne
bisndand COLé&fckmcatliloonwi ng the continuation of CD2E&

Mor eoQVTeLiAj s expregeetdsoand is required for maxi
2000) . I pilimumab is Glehddicgme dnesuah et h antmulmien dieh ¢
of i pilimumab opsonised cells, a concept discus

ex VvVobvepromote cygtedtlesxiimi tmelafnoima patients (Rom

Currently, two emmpheschavkpapptovhal for use |
t hNeat i onal I nstitute for Heal tttheand e@drme nEx odl It
or metastatic mel anoma. The sYee rtwoy atnhde rna pveou tuinca b
(Opdi voE)claornealmoannot i bodi es that tar@melAthe i mmt
and-l1RDrespélodivetyal. 202100Bh opemdntasn heav e lsh Rvn
efficacy in the treatment of met astatic mel ano

and combined therapies where tr eaat npernotg roefs sa omo
free ourlvibSvaront hso pcdmpraurn@d9 amomnmtehds ni vol umab al
6.9 mohahk)n etDaspi 2&1&6)i ni cal success in pat

benefit of currentsbboewokpodetwhehmbhngorespanmse
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cant8rngh et HHdweweil5)trials are currently wund

i pilimumab combined therapy in metastatic CRC (

162 I mplicati@nexpfresAGon in human tumour progr

Exhibatahg€p&MAwiLt2hGf uncti on i s reggppresdsfifoe dbpht
i onf@aHuanyg et Ad .a200<&031t of T cells with regul

—

supprestsimagurm@nitmmuni ty, it ha3 cbhoeretnr ihbyutoetsh etsa sie
escape byGdludbarg & Drake 2011)

I ndeed, in a study of 45 patiBermrtxprwistsh oMo dvalsi

—

ected on Ilymphocytes infiltr ttiemag biemtgo (HR&E s ¢
ia i mmunohi Saadhe mieklo ragio.v eBUIO 6L)AGI s wer e detec
i gher frequencies in the peripheral blood of H
ompared to patients i ins ugg sstsii @ eahpadt e lslesGotnh ynag

O o0 o <

orrelateswatéd seeemasey.

In the described sBudikpsesbildh pvadsx paroda sssciodarmh G n ¢
of FoxP3 and tBusxpuegesdtosmd wasG di 5T, dgredtl sfr om ¢
Gandhi et lal coh®0a@apt -3'Te ncretiadhsmeirtth onfe | ladM® ma and
rect al tumour sites wERex'EBRACIDRZIFc tceed | ma iwhley et a t

~—~

subset of cells were increased in peripheral bl
(Camisaschi &€hialsuk®d00)of <cell s exhibited an
produci ngo sthpep riemmsuinv-E0 cynkd G®Etsi drial ash'al ysi s o
and BAG cells from PBMC of hed®lctedy sdcemxdrishirtewe a
pressive capacity to inhibictelTl ccednt giah@lsieXse raa tri
data show that -StFhixX€DAODEZEtceolf|l L A®Gre residing i
well as peripheral blood and have a direct supfj

Similar observati osimacleldve | nemgn cWentteeat .mpaahlt d e Ist
In a study of 53 patoxehR@3DECD 2 3n ccreelalsse dw enruembdeer tse cot
found to express high |l evels 08 betCda#boi nhi bi
anRiBL. The phenotypic consequence df0 tamjds TWwd&s, o
rel ease. -sAnad@l Ii nl mmep cancer "Patekhssweraffbundt
press the same inhib8tany (@dloégrmelne setbAatlr.call2s00l 57)
f or r edwicreadl aomlte ar anhceep atno cvelrladl a rmylcAaEBacdisn o ma ( H
al soobsefpliedet . aExpk6&83 obhe padt IBtAIGIi r-spe ¢ HBIV{
CD8T <cells within the tumour sites of HCC pat

mat ched peripheral bl ood and, once again, i mpai
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Together, these data highlight howi @ @&ells wi

mour context express multiple inhibitory mol ec.!
pat hways to mediate T cell suppression. This r
of EBAGxpressing T cell saltbgettisng Acf asuembudal, | s
the combinational targeting of multiple suppres
163 | mplicati @ne&x@fresAGon in human colorectal ¢

Expression p3atetxehrinbsi toefd LbAYG T cel | s a@ad itru noalr-s,
orect al cancer, however, preferential detecti o
Tr 1 elri kTer 1If sbheénoobéar ved.

Anal ysi'§ okl CB4extracted from matched tumour,
of CRC mpeavealindd the presencceeldfs a hpaap uweartei ocnh aor
by the surface ex@TEk4Aslioomg oW tLhAWPL A DBEOr, e speci |

tumour(Saeltomeet ahese0dasdd)l s, i sol ated -Ifirkbem CRC t
phenotype characteri-$86d BynbagbhbeEdbpsAmedil en of |
via fluactktiscaned cell sorting (FACS) enabled th

of this popuwl astivipopw.e sbsd@Hy AR s hlys, exhi bit an app
50l d suppressi veFoxdH3geeiltlys.compared to

Definition of Trl1-3calnlds CD49Idx gromcsuirmgnt A has
study of Trl cell i( Gfaigl t mat .e eAtmaaldy. sSCIRID 1d3f) mio ucr esl |
in 108 matched CRC tumour and peritumour al sanmn
range of T cells(Chehnl &r €hedn B&bhieds)et upnactuiresnt s, h
of Fdx.€8l 1 s were detected b-8tehl soi htcbbhdfngquhbrt
cexpressed CD49b (sTubls ecte-3'€CBicEG | wel | as a

164 LA&G bl ockade and depletion in ani mal di seas

There is currently no puBl bsbettadat arodepheteéff
However, there are ongoi ng eflfiindaeayA Gt frairaaritsi a s s ¢
bodies in cancer patient A8 Amtobedveswabné& pue
Chapter 5. Nevertheless, rationale {f3orf utnlte deve

tion has been displ ayseed i n ani mal models of di ¢

Evi dence3 faog d AtGher apeutic intervention target
both the SalN fibrosarcoma and MC38 colon aden
bl oc kadle aonfd3PDAGGhr ough a combi nedt ernetde ravfetneri ode
tection of palpable tumourWooeastuldled @Qhd 2MODaTr
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CRC tumour model |, al | tumour bearing misce in tt
(0 of 10 mice tumouDIErtereateedr mdag, 504)outl nofan

—

umour free after &L @&dayrse.atlendt enmiecset ienxghliyhi taendt ic

rat e, however, al | mi ce st iurl fdreevee | aofpteedr tduanyo ubr0s
nation treaA@eanddhnaesul ted in reduced tumour
both con3 rmdygoebAmé&ntdl aadcecRD ment (8 of 10 mice t
day 50). Analysis ofluntl ebat e dlk aadrede3olfife@i®iacl eedd itnh-a
creased nunbFedspoésE€DBg T cells in the tumour

noaraining brachial and axillary | ymph nodes (N

I nterestingly, a second stuflyL-aAGaxpsésngi hpecel

n autoi mmunity demonstrates-LAGS etehmé Pagp i e©rppos
t al.. I2n0 1t1hyi s study, it was-3hepptrlkdadsihegececeehadt
ore depletingoattdi datpéndetdd é ldigs dasceel | s in a T

- 0

aut oi mmune disorder. Th3 sdev@lsetdiecsmpi may tthavefdrr
of EBBAGxpressing T celliwhiwthhhawrtgauibmmwmre @ atnertti
(Okazaki .et al. 2011)

Nevert hehluensasn, pnroinmat es wer e -ghril flieadepr ovi ¢ ihn t d

tive (PPD), a-t mpdehypér slehaiytiidovn tof-L @t ant iad mi
antibody desigBedxpoeddmhgtieal &r eadt. m&r0tl 19f ani
withLA®Bt before challenge indeed resulted in ref¢

admini stratid® wihtehroaupty .a nfthéing epdr cstyenptt ioonrs roenp | e
ani mals challenged t wo-LA&ysbuaf taelrs ot reexahtinbeintte dwir
sympt oms -cchuarl il regn gree s i L ABe eikrst earf teerrt iaonnt.i Thi s ti

gests that treat mesntti nwga se fafbelcet toov ehra vteh ea ppeerrisoid

Together, these two studies-3shdwrtalpaetutdwcrsr, entn
/11 clinical trial s, have contrasting hypothe
clinical studi ef-3L&aGt matmetcdraga tsimasfed f Dhisfctr i mg -

nation in favour of enhanced tumoud# bmobmoigtyy r e
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1.7 Ai ms of Thesi s

The overall aim of this t@RHI sel $recmonesedy tohe
tumours through mol-pRMHChRri staedaesi oh t het MERCco O™
cancer and its -impieldimentfholydMyhlees ebAG]I hypot he

effecicamcanT iCkx4 | respondee apemasbboptemaluses
key cell intrinsic mechanisms including (i) we:
pMHC interactions, and (ii) negative regul atio
LAG.

To e x plsorhey ptott hheers,i slofhearda Itlhrkeeey obj ecti ves:

- To measure TCR -dihnidgeng oér itwendup MHC at t he

l evel to expdaoneemwhEBCRerweamd iengaged weakly

- To study andpmMEG@sbredLAG3at thestrldtulral b

l evel
- To develd®d manhocl onal antibodies f3or the st

This would be achieved fTreallly n dgomacpdicode htad stt hu
antigen 5T4 by mol ecul ar -herailwesk speogt ithe epicts@em
sequent r e c orgend dGiDevhe gl I5Tell ones deri Ved from F
outcomes of these mol eChid ptr 8 essdd &iiddhleys,e afr iec idescy i
CD4T cel | i mmunity to tumours would be analysed
t hei i bi tory -3mowteicwuH ehdsAGbeen i mplicated in t|
CD4T cell s infiltrated risnt ol tc owas ehcyt pad tmaegsdi soet ch et
bi nd tlol MiMCl ecul es using a higher affinity inte
t hus, has potential to i mpedeThle ceutlc mamds vaft itot
functional ahadlys maskiameael Idye,t at h e-L d\é&3n earnattii boond ioefs a
would be performed through the generation and f
bodies again3tphoamainn LA&ner ated through the i
gener aantoh3 odnt i bodi es shoul d3 asitdrfuucattcuirie®s ns tamd i e
may possess future therapeutic poBeaxpraéssinngh:e

cells in thdhtumpowgresst ext t hi sed Cinmpi et i on al |
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2 Chapter 2: Materials and Met hod

NB. A full 1list of reagents wused is available i

21 Generation and charactterwiesdticemlofcl N

211 Li st of materi al s

2111 Anti bodi es
UL AGFI TELtuorescein i s-0b gjadarwhaunnaatne-3L(AFR diIC¢ 17 B4

iTiEnzo Life Sciences
UCDAPGEAI | ophyc ocy)ycaonn jnuag shiBe@a n CDAMi d It Bmeti e c
UCD4PBPaci fic -Bumak @€D16clAnmnedBbbG&Begend
UUCRI TEI Tc® nj u g ahtuentd BB@R | o n el Bli P& gend
PEUNnconj ugmhyddoeamytihrin-BiPElegémathe PEOO1

2112 Buf fers

Phosphate Buffered SailOxnoeB digu/llb eSacdi udmAdec W IPBrSi)d e
Potassium chloride, 1.15 g/ L Disodmum hydr
di hydrogen phosphate, pH 7.3

PBS:PBS, % TWw®en 20

Dextrame®©O.O&6fMEMri 5 mM Sodium azi de, 1 % BSA,

Mammal i an Cel | %0e ECBErg DBVISION er :

2113 Cul ture medi a

RORP MI 1640 mediua,am2 mMLReInO O illU/imhSt&r d @00 ¢ i n .

R5RP MI 1640%meECSa, -GEBMt d&mi nenLPelriocillU/imL & 100 O
Streptomyci n.

R1®RPMI 1640 %nd&dCiSg, -QImiMt & mi nmlPeln0iOcillU/immL & 100 O
Streptomyci n.

CD4T <cel | me RiPM (1T6EAN) e FiCaS,, BMmMt &mi nenl. 100 | U/
Penicil |l maSt& e @t0o r@)gdi n, 0. 0e29vs HEtPIES&SI, dmiMn dN oan
1mM Sodium pyruvate, 2002 U{/RrLo lhaumainnE)ecombi i

2114 Peptides

ST4AGLDGRLRLARLALVLLGWVS
ST4pRARARRPPLABRLMABAGISRL
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5T4pBBYLYLNRKGI KKWMHNI RD
Al l peptides synthesised at 90Pr% thaigrdaryctsol ubi I
Ltd. (H&KpPshire,

212 Cul ture of cell s

T2 (174 x CEM. NIP)9 XEATCEE(BRhceforth T2) and T2
sdrace exprkERBlsetdhrHobuAgh | enti vir al-DRle)n ewedred io/le-ry
tained from and produced by Al exanddrol Grgemairss hi e

BLCL cells were generated by Dr Chroilsogkalsl and
BLCO2 anRI1T 2onveelrles cul tur edziaR1l B 7méelddi, a bR €& CO
cultured in suspension by renewing culture med

density®amfd Zc ! L€/ mL.

5TAeacti ve Werce |l rhaicn toaierse d Scheyl lcsu/l-mEulrii nnpg? 4att e s3, X
replacing half the culture voTG@QMewitthrewt thormsg q
nous dispersion of t e weelklss iiTn ctehé weéloln.esEwe
conjunction with Dr Garry Dolton (Cardiff Uniyv
PBMC feeder cells from three separtatnd nhgaPlHAR)Y d

perfor med.

213 Generatioemracft i y€4 T cel |l cl ones

Three CDA4 +e sT scpeelcli fcilconf or t hree distinct 20mer

& 5T4p38) derived from the full Il ength 5T4 prot
University) wusing meheh oTd ocleolgly laisb fodutt ¥ a énkeodn iephr geavli -
2016) n brief, PBM@&s H®®fdeo nosro luastiendg fdeoms i ty gr ac

gati on by extraction of the buf fAxiSho)at dIl ayer
centrifughtceinl. s Cdre enriched from PBMCs by m
CD4mi crobeads (Mitoesggudnbtecpl anddelalt s aper oxi

wel | oeldboyda om pl at e. Pl ated wndAdAsT weatorexpa
CD3/ CD28 DynabeadsEt( Llai fcee | T e cthon obl édagtiMersa) fi toe ro f 1
14 days culwelles ohdi vée deapanded cel |l l'i brary v

pool of three b51Tx4EN) etiitiner eplr PR L alceas!f | (F2as anti ge
senting cells. Reactivity to pweitndgeemaysmdeltiemrk
i mmunospot assay (ELI Spot) according to manuf ac
positivoexfporsiskFNn in the presence of 5T4 pepti
panded by cul turlixnkd podl d doel Ihpewpist. d&Actovated
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were consequentolcyapemuriecMieldi lelanyyiilo BN ébt ®chsequent

riched |line was tested for individDBlL celaksi vi
as APCsobB/ilaSploRN as desgcmThbednpeabeduédTd cel l I i
cloned by single cell seri al dilution cloning
individeali veTd4 pepti des as described to foll ow.

214 Peptide sensitivity cytokine/ chemokine rele

T cell peptide stimul atciudn uad gy g epvdecrvd dpeerlf Bréme
cl ones-DRilt msTantigen presenting cells (APCs) wi
5T4 derived peptides. One dragy rpadtoegd tion th%® meddi
night. The following day, T cell <clones were c¢
PBS and resuspendedcelinl KR5mime eDBRalmiaclteal A sy AvekrAe0 ¢ 0 U |
washed with 10 mL PBSdiaamdaxtl*@&.u&eé miied i n R5 me

T cells were peptide specifi eDaRI1l ywisthi bl aitle b f
cells resdandxM2PiCs 4Anxdld cells per well, respe
cognate peptidemwdira ptepacedcHmt®ADt 16nOtanfe ¢
peptide at each conceftPrCatciudn uwaes taoddod mt @a tfh e e
OL, thus resulting in a f4maMMopdmtiadleidoad manen tnre:
contr ol wells were incubated with nolp®&pgtide ar
pol yhydroxy®HRandbheers). All conditions were per
were cultur2d oQ@erniPBPhCO at

The foll owwegedaypuncaltl 500 rpm for 5 min an
anal ysis of theiorTNBalnela-ddd Bef tluneaxmp olskuN e of T ¢
cognate peptide. ELI SA assays were performed u:

ufacturecdbk OPR&D Sy s taernesa) .9 6l nweblrli epfl,atheasl fwer e ¢
room temperature with rel evant% cBaSpA.u rSeu paenrtniabt cadny
and serial diluted protein standamids &aereoomcul
temperature before inkulbami b wittempgert &tod | aweidb
by str éaptraswirdiidn sh per orxd am steag epHeRrPaBtel2 e enh ne ac h
bation step, well s were walsheldasttHryee EtLil 8B&As pWwiat
devel oped using HRP substrate colour reagents

ance at 450nnm mEaswrpddt e -abhddprbance reader (B

-4 7



215 | FNel ease ELI Spot assays

T cel l activation camswslatysr ivea lep @D R®de madt bl o -
gous BelICAPCamsd consequent | evel ofl FiMeleddseacti v
Enzylmenked | nBluhgimts s@Mabt ech). One day prior t

clones weR%® medckiteedover ni ght .

Firstwey,| LI Spot plates (Millipore) were incu
washed three times wihtulmamh®BcSapdinudr ec oaantteidb ond yt ho vaenrt
eC Prior to use, unbounedd cfarpotnu rwee |alnst iabnodd yw ansahse

with PBS and consequently blocked with 150 OL ¢

I n order to prepare APCs, cells were first <co
PBS, resuspended in R5 andweplltagpelald °cled dxsw®lelr s o
well at a volume of 180 OL per well. Peptide w

derived peptode8c dmoemtlirOati on in RO media. 20 ¢
various concentoat helntdlPréea stuca dfdeerdm a f i nal vol u
resulting in a final Pteop®M.0d@APCesn wene? aqud 0 ns rean g
% GDo¥3 hours after which cells were washed t wi
bound peptide. -DA thelrocwka snhgi nwge,| lasntwer e i ncubat e
clone antibo@gy fCel |l 8 Wweratné@d¥Xt washedaand res¢u
concentr afdelnl so/fmL1 xaln0d ptcaetlelds (p5eOr One;l 5 x 1oOnt o

ELI Spot pkateivBTF cell clones were counted an
clones (50 OL) were added poldedPBswePbsbfi vaec:
wells were iwoabubatred Wi wgeultsse da nAdP Cpse pwteirdee i@ nc ub e
ni giBt7 &tC, .5 % CO

The foll owing day, cultured cells were remove:
with PBS, i nodidbtad cetdi ovn thB W iFNEdvashrk dhd wmuyr t i mes
and incubatedalwkahi serpepipoaphadiLas)e fcoanjlu gheotuea (a3t
temperature in the absence of [|ight. ELI Spot p
wiht PBS before bei ndgriodetmieikaliede usgunbosgtpriacaticea sree a g e
ki(tBf ad). Once spots had devel oped, the colorim
well s of the plate with tap wfadreeg . bdihreg diemad @ag

anal ysed using anCeilnmulnaors pTeetc)hanrmod loygsyerL i (mi t e d
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216 MHCI | Mul timer staching ofcBTH clones

MHGl | mul ti mer s, were assembled within 24 hours
ofPhycoer yi mbien |l eBEdext ramer backbone (I mmudex)
biotinyl &ddtLte@RiRpempdanamer s per st-AiL MR1IBimotl iercwll &tse d
were pracscedliaesRi.i@n

T cell clones were counted via 9%ceedrhasc yptea mestt ari
to FACS tubes for analysis. T cells were washe
centr i f uBg0alt iropnm aftorl 5 mi nut es, resuspended vi a

satani b for e3® MHOGumwelst iamer3s7r were made up to a
OL per stain in dextr agherr Hbuafmfiidnratdeceedn tdiirfeucgteldy &
nate T cell c¢clones without washing after dasat:.i
for 30 minutes before washing wi t-lhE PBe&c o 185d ari yn e d
antibody for 20 minutdsnigat or etCeadIsi @@t ®i) tt h emB S
for viabLillViEE/yDEUAMDEnNgFi xabl e ¥l obvetr ®gad) Ceblt 5t a
room temperature and t hEeGD4sRQL A@HBH| TGICRsurface
FI'TC) for 20 min on ice where appropriate. St a
(BDBi osci ences) cor r e cAi-Mogu sfed o imgecBergpksn s@B D Bino sucs
ences) bound to corresponding conjugated anti bo

compensat®DI1RBs)i bgound compensation beads.

217 Biophysical awHLl ysniterafctT O s

I n briedmdctghbere sequences which encode the T cel
reactive T celll clones (D821, D104 & C112) wer ¢

(Cardi ff Qbnnisvterruscittsy )f.r om sequencsiiolgictbalt ad evemed id

ficatto omBla ntCHRexxR r acel | ul ar domai n sneagtuiemec es b
di sul phide bridge UOendvde®@mshanteflomdedsT@RBR pr e
| i s(hRdul t eOr0 3BCRand -BCRai ns of -rtehac ttihwee eT 5cTedl | c

(D821, D104 & C112) were cloned into the pGMT7Y
nucl ease clonsegtiadn dUBRIdi fledRai n i ncl usi on bodi
processed from cell lysates and refoladnedd by gr ¢
TCRchains through denat ur aendtBaulatl eyrs.iest aasl .p r2e0v0 o

SPR binding anal ysibBl A2 @f e ISIPRr mends t w ssime gt a as
previigogCwosl e et bBhBbROMMY sensor chips (GE Healthec
were immobilised with prepared biotinyl ated p Ml

i din trof &acheyp ss adeceBicdbn Beepamed Dbiotinyl ated pMH
-4 9



i mmobilised to streptavidin pMHCethoCdMébubkensbo

mobilise ~500 RUCBfbinhndand. wad8HE&ssayed using a
equilibrium approach wusing i mmobilised pMHC mo
ment al l igand and soluble TCR as experiment al é
218 Cryeprervation of generated cell l i nes

Generated cel |l l ines and clones wereoafyapreser
ent cells at a viability of more than 90 %. Ce
for 5 min at fAdedmMded pimn amammalsiuan cel |l freezing

into cryovials ahAC/cmiod etdo ad fai8 @it seit ddghpar at ur e
FrostyE FreeThmgr Gon$Sai@aetri fic) after which cel
phasgeildi nitrogen storage until required.
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22 Generati o-hl omoMe&l€ul es

221 Li st of materi al s

2211 Ol igonucl eotide reagents

PGMTDRJIiCl oned by Dr Christopher Holland (Previo
PGMTDR}b & Cl obgd Dr Chri stopher Holl and
pGMT-OR&TCl obgd Dr Chri st opher Holl and

2212 Buf fers

Bacterial Cel0 rnmMsTrsi SwffE&FOMMMpEACERH 20O .; 1
Il nclusi on Bodoy0 Wadibs¥ urfriXda @@, mM ONa2enMED T A ;
pH 8.1
Il nclusion Body eRé&fudpmMenssi d®O0OBuwmMf NNaEGl 8.2 mM EDT/
Urea Bu& fMrUrAe a, 20mM Tris pH 8.1 and O0.5mM EDT
Urea Bu& fMrUrBe a, 1 M NacCl , 20mM Tris pH 8.1 and
MHGCI | ref ol &gH wfcfeero:l ,, AMMEADEZRIMS NaCll. 48 g/ L (13
mM) cysteamine hydrochloride & 0.83 g/ L (3.7
CAPSI uti ons Ob uMCeyrc:l ohedtpt amane3 uCABSIi gH aktl.d5
Neutralisa300 nmMuSddirum phosphate; pH 6
Bi omii AviAdO t YM mBe cBuffer; pH8.3
Bi omiiAviBdiagmM ATP, 10 @&BD MWegBDi( cAtci) n
d-Bi ot i niMuifdb@dg: -di ot i n
Sample | oading Moufrfiesr, @©04 00)8: % Bromophenol bl ue,

pH 6. 8
Reducing sampl & MDiotahdii ontgh r(gMM t>Xxi ,DTO.)008 % Br omo
bl ue, 10 % SDS, 40 % glycerol; pH 6.8

2213 Cul ture medi a

TYP meldeiga/:L Tryptone, 16g/ L Yeast Extract, 59/ L

Sodium chl ori de.

2214 Peptides
5T4 AGDGRLRLARLALVLLGWVYS
5T4pARARRPPLAELAALNLSGSRL
5T4pBBYLYLNRKGI KKWMHNI RD
HAPKYPKYVKQNTLKLAT

-5 1



Al l peptides synthesised at 90 % purity sol ut
Pr otReisrearch LtdK) (Hampshire,

222 Construct iDoRnl obfacHleA i al expression plasmids

The eesxspiron pl asmids f eDR1t hneo | percoud uecst iwoenr eo fd eHsLi Ag n
previously into the pGMT7 expression plasmid b:
topher Holland (Previ(Fuslyy eagf. eCHD&d.d fkaW9miovtes s i
consisted of the eDtRAg Del0lluRaAHhY @8 mf PAUR]S HL A
HLARAconsi sted of the exDRBRBke(Unil arotdiomR0 29,
[ 319K 9gr. the producti éOrR1ofmob iectuil reysl, ataed hHL A c ol
HLAORMi ot i-mt )t awag cl oned pirewvmionasl ti dtnicn yldat iao:
quenGeENDI FEAQK| EWHETagE) l i gabDRAD* 0L 061 t BequHlnAc e
descriitaed, fl exible I'inker (GSGG).

223 Producti ehR1Iofi nHcLlAusi on bodi es

2231 Cul turing off.reedinlsi nant

pGMTYRAand p®WIo/r pGMIDEFt plasmids werRo-transf ol
settaEcompaBeal seri&Eweheri chliNosvajgleins descri bed

secRidnd4TBree individual colonies were picked

30 mL of TYP mewith ss@pbgmmht edrbenicillin and
shaken at 220 rpm to ®OD50h éetcwmederdemMsdtgnatO 6d.C
cultures were consequently transferred to 1 L T
icillin amBd ALt wr2edd ratm. Expression of recomb
addi tOi.o5n noMp yoEDe thij@ | act osFdehe( | BEéentufita)yes ha
reached an OD600 of between 0.4. and 0.6 after
Bacteri al cells were harvested by centrifugati
suspended by vortex and homogenisat2®nACn bact
Samples before and after | PHAGH pfdmrEi r mat weneoh#

protein expression.

2232 Processi mR1lofi nkblAIsi on bodies

Frozen cells were thawed at room temperature ¢
Sonopul sevi WMB 7230 M{0Balmeal el i n) at 60 % out put power
one second on, one second off oscillation cycl e
iteration of freeze, thaw and sonication as de
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were treateddeox nr il l6(O0ODNAY ejipafeosr, 2shthaken at 220

AcC. Lysed cell suspepeidncwas rpdiulgatednbywthil@h
and washed in 100 mL of inclusion body wash bu
mogeni sation. Lysdeddcaltl | palstettwwi wer dywauccess
resuspension in inclusion body wash buffer, as
nous material. Washed pellets were consequent|

body r eshusfpfeenrs,i opmed g eed ¢k dc doryt rhii fglhgat i on at 10, 00
resuspended in urea buffer A by homogenisation
to a final centrifugation at 10, 000emapmufférer20
A by harvesting the supernatant fraction after

2233 Purificat-bBh ohcHuU&Ii on bodi es

Unpur eDRHLAi ncl usi on body preparations solubil i s
tered using vacuum f i Ihtarnagteido nc harnodnag wrgir faipendy luys i
Trap Q Sepharose High Performace anion exchang:i

anKTA FPLICTApure fast protein |liquid chromatogr
tein was bound to i oend ebxyc h aomg ec ccoolmpnrentsi tainodn eulsuitt
gradient of NacCl containing urea buffer B. EIl u

anal ysed for pr ePtA6GIEn pruraicttyi onsi rc RBRScnhianign shi g h
were analgmedat ooncbgt DNA using a NanoDrop ND1C
alysing protein concentration (Absorbance at
(Absorbance at 260 nm). Fractions containing an
due t o bcloen sciodretraami nati on BWRt chBNAs RROeAGeédr HOA
unt il use.

224 Ref ol di n-DRaf melLAcul es from inclusion bodies

Ref ol ding of hDERIlermdliemeuliecs HlLkaAs achi eved by i n:
of HIRdand -BRBAchaimst he pr esenRl orfe setxrciecstse dHLpAe p t
previ ous|(yFrpauybslers.heebd mby/[-DR®OB QWU t i nclusion bo.
ies and 5 -DRAILN olfusHLoAe baoddeds twkerkrcaoled oMAHC buf f e
sup

being |l eft ti®@6i houbatatfdr AT2 Refold mixture wz

vV a

pl emented with 0.5 mg/L peptide. Ref ol d mi x:

cuum filtr attiedn taond ovonhwoueret of approxi mately
ul ar weod fgtht ( MWEOaf | owE <crossflow concentratio
Con

of approxiumsatnegl yl 02 knbba MWCO centri fugal filter

centrated refold was thenmntwaskeadraitteld 500 amh
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225 Purification of funcDRbnmdl heuleeodi meri ¢ HL

Concentrated refolds were purified using ant.i
an i mmodHiLIDR eadnt i bodg)UHLADR3 adlfomity col umns wer
usiPigerceE Protein A (TlcePmoBi ©néenSaitenoni Ki ¢t)

ufacturerés protocols by crosslinkingacgeymg of L
Cardiff Uni ttepos$sit mmopeAr ibead spr (Rtediodl ded pr ot ein
affinity columns equilibrated in PBS by fl owin

ti messpdwinfic proteins were washed from the col
ci frioct epi ns using CAPS elution buffer. Eluted pr
equal vol ume of neutralisBbR1I opr dtudifrerrsampleéesi w
centrated to a volume of 1 mL usinggl@okDa MW
manufacturer 6s protocols (Millipore) and furth
(SEC) wusing Superdex 200HKRAg&IPLEE®pupéeumPECon
system (all GE Healthcare Life Scieonpcreisat.e SEC
buffer subR1ltimakted&llAes were filtrated into the
appl i cPatoiteensn. concentration was analysed using
measuring absorbance at 280 fMmfm ainantcsal gard eart eetde (
the ExPASy P$IloB Pawiasns tlorodt i(j ute of Bioinformat.i

226 Bi otinyl atDRdn nofl etluA e s

Bet ween affinity and SECseaiidn BR1 omo Isd celplse sa s
refol ded-DRibtth iHlcAusi on bodies were biotinylate
(Avidity). AffDRDtymopuectiiesd WeEAe washed by di
crgbtisation buffer and concentrated to 700 OL
HLAMRDt samples were thenBisamipd eAnenitead OOl tBi dmio
OL-Bd otin 500 OM and 2 OL BirA enzymeatddidity)

overnight at room temperature after which, exce
crystallisation buffer and concentraeetdi oo 1 m
2.2.5

Bi otinyl-DaR4detd rmdlAecul es were assayed for effici
shift assay. 5 OdRDof whaiso tiinncyulbaatteedd HLisA h 5 Og of
|l ysgd SBSGE for the format-DRbt rod p tcaovmpdrienx e n dHelLr/

reducing conditions.
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227 Polyacryl amide gel el ectrophoresis

Produced protein sample was analysed for qual.i
gel el ectr PAIGED esxApnpaftSeDISy 5 Og of protein to be
with sample |l oading buffer. Samples run in red
sample |l oading buffer (containing 1-PAGETT) and
analysisampltepawedes1®hBidar i BolPtl&is4 Gels using |
MES SDS Running Buffer in a BoltE Mini Gel Tanlk
run at 200 V f oRa®5Powenr puasd nhO0 Ga apBla whear b osruaptpo ryi e(sB
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23 Struxlt uanal yslils noofl eMHuG e sChbhys Xal | ogr ap

231 Li st of materi al s

23.1.1 Buf fers

Crystal 10 lnvf Ters, 10 mM NacCl, pH8.1

232 Preparation of protein sampl es

Puri fieldl pmMHICecul es proesckuecdddease od6ultirmeedi nnto
buffer during SEC purificati-&n mgMddnLc arsdé amgt rsapt e

tration columns for crystallisation screening.

2321 Vapouridnf€asdition screening

p MHC | samples were screened for crystal f or ma
screening pl at eRo bsbeitn su pGruysp hnogikR b Aot ()n.st r ument
Crystallisation screens were performed using a
mi sed for the formationT QR cpoMipd,exEAGR capydt plMd
TCR/ pMPPQ i mProeadei n crgseaehl ((BE®PEW ne.t Crly.s t2a0l1 2f)or -
mati on wasd adssion ¢ ctrvece ncedPABEr @ir DX EeMmlsecul ar

Di mensi dBScreed PEGIGRLt( HIBa Bi oscience GmbH)

screens wer ENSEPRLKUDPEZ AIBAWRI Vo |l u npel aReesse rRwdibri n's

I nstrumebysdi §p€nsing 60 &L qaurod 2s0cO ereln osfo | nuotti hoe
reservoirs and sitting drop wells, respectivel
pensed into sitting drop wells to formea final
seal ed i mmeQieaatreMuye Eu sSidrdgoil eg uSme etDs mensi ons) an
ing a Formul at Fox mRbakrdmapgenlkcy {fter applying
were incubated at 18 AC, imagddyahd 8caednedf 6db
by irregular intervals thereafter.

2322 Crystal microseed condition screening

p MHC I mol ecul es were also screened for crystal
sion with the inclusion ofl Ihodwmoyhsotgonaoseeds heCerey

mi croseed stocks were prepared from successfulll
pPMHC using a MicroSeed BeadsE kit according to
search) . Formed crystalrso weerryes tfalr sar ucsrhuesrh eidn ussi

screening plates. Crushed crystals were then ¢
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mothémguor solution from screening plate reserv
bead tubee® dvogroeu svloy tfeoxr 30 sec, -2k eéapturesn ainade famd
at8s0 AC after use. Mi croseed experiments were s
di ffusion meth®&edabncEpsy Xkt alsuXpverltls D&n dp | Ba £y X
(Qai #éna)ye reservoirs were first filled with 50

drops of 1 OL crystal screen buffer, 1.5 OL of

prepared on crystal supports. rHoasnege dn gs tdor cokp sa nde r
seri al dilutions of 1:10 and 1:100 within the
crystal seed stock sol uRliatned rwenr evhs edl ¢ dhelyy wteir
supports to wellsscirpenbdt édratcr g8t AC Boadmati o
foll owed by irregular interval s Lteh erae affitcaro swssi-|
t esn) .

233 Crystal harvesting and data collection

Crystals were cryoprotectee@d lygy yzaodi i dmtefd 0 nb ¢
crystal scrpent bafedrcr¢syals were picked from
mounted | oops (Mol ecul ar Dimensions). Picked cr
nitrogen, transf Souedet  DDEamemnodr agghpucks and

nitrogen untii |l compiratyi adn féfradaft ancdhbt actwiaen.co
Light Source (Didcot, United Kingdom) via a Bea
cipal | nwelsitd ratt oDr aPi erre Rizkallah (Cardiff

stream of | iquid nitrogen wereadsffaiBo0Dedi 66rna
i mages were collected by rotation bpfngriystal 3 t
A of rotation perraysx pwerug ede tRedtledctwesdi xg a Pil a
234 Determination and analysis of crystal struc
Obtained diffraction images were processed usir

Phasesl wedeusbng mol ecul ar repl acemeas anmPHABE
(McCoy. 2G6Gé6bé¢rated mol ecul ar model s were anal yse
ni pul ati onEnsn eO&RI Camwdngumwt2atddonal |y refined th
TLS refinement ( Mss hnugd oRVE FeMACBI . cd b0 kdakngderR e of R
Computational analyses were performed using t hi
computati(®wnah esti Reefi2a@dl)model s were subjected
MACS5 refinement and visvualised wusing PyMOL Mol
LLC. ) . Contact tables were gener ahtoend sucsriinpgt NCoO
annotate contacthtttype /(/aguv aihludbb lceo nf/rbagm:cemac!| ach
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https://github.com/brucemaclachlan/annotcontacts

24 Generation of a sBabtglkexpresesing LAG
241 Li st of material s

2411 OIl i gonucelaggeetnitdse r

LAG. pUCGwstom synthesis by Genewi z

P2A. rCD2. pErLNfsxvJames Ril ey, University of Penn

pMD2iAscdddgene plasmid #12259

pMDLg/ piRRREEgene plasmid #12251

pRSRevAddgene Plasmid #12253

p EL N4 xow prGATeAGCTCTAGAGCCBEBTGBP Custom synthesis
Eurofins Genomics

pPELNgxw prGCAGCAAGT TGGTGGCACCGCGGELAE@GBE®BMM synt hesi s
Eurofins Genomics

2412 Anti bodi es

r CDREPhycocyanin cahj Calt gMd2uaanmettiibody-3dil one OX
Bi ol egend

LAGPEPhycocyanin -comaoe¢h iG&dtamtoil ycl onal Il gG an
TR&D Systems

2413 Buf fers

FIl ow cytomet rPyBS( RRC)2 Pa fFHGCeSr :

TE Bulb®6bemM Tris,&plHmnM . BEODTWA t h HCI

HEPES buf f er.esd nwWatHEPPES, pH 7.3 with HCI

Calcchiimori d)so( @Q&2CI6 n Ml2Cia C |

HEPES buf fe28d mMINael: , 50 mWMaHRE®RP EBSH 2. & wniMt h
Na OH

2414 Cul ture medi a

R10 m&kdiMd: 1640 %keCdSi,a ,2@IMd tLa mi nmmlLPeln0iOcillU/i n & 10
OgrLSt reptomyci n.

D10 m®&dibeicco' s Modi fied E%HLCE, MBGHMutba niiDnVEE,M) 1, 0 01 |
| WiLPeni ci | | imhSt&r d ®t0o ®ygd i n .

TYPAgar nleedg/ak Tryptone, 16g/ L Yeast Extract, b5¢g
g/ L Sodium chloride & 15 g/ L Agar Bacteriolc
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TYP meldeiga/:L Tryptone, 16g/ L Yeast Extract, 59g/L

Sodium chl ori de.

242 Cel | |l ines and cul ture

The JT.3RT53 Jur kat cellB3E)nevacADO®CEI hleBl from Dr.
(Cardi ff Universi 9Y) %a&C&® flOowedDMSODocKhie Human
293T (HEK 293T) ce8Il2Il6lEhneva(sSATo®OAE@m iR from Dr.

di ff University) as a fr ozesn wetroec ki niint i9a0t eld HQO X
culture by rapt dBybedfharwd nwa steilwegr mad 1BR1 ML medi ar
Washed cells were centrifuged at 1500 rpm for 5
i n 5 mL ewarfnreeds hR10r emedi a. Cell s were transferr
J. RT3J@aurkat <cells (henceforth Wenrskuabts)e gureditdel |
cultured ati RIOe@edba% COulktavr ecdlils wesgensi on
culture media three times per S®amedeKcendi®n/tnali.ni ng
HEK 293T cell S7werCe 2idull%t @meeddi aatas an adherent m
by passa®yy@®oconéatutcy.

243 Constructi@3nlemtavLi AGl delivery vector

An expression constructeqauemsies toifn3h vorlannt phiced & :u | |
P18627) flanked by TETAGAXKaIzZakkGCEEGIUEN CanNn(ds i t e (
start codon (ATG) and a 36 Xhol restriction si

expression systems antdacheri wathynsyhehep8C5&dve

244 Cloning o3 Itdamrt iLVAIGr al delivery vector

The synt hesi se3d cfowmlslt rluecntgt(hdels/AG i bed in 2.1. 3)
third generation |l entiviral ammeasn sRielre yv,e clnarv e(rks|
Pennsyl vani a)clcoaviangi PYJA al isekhdd rat CD2 (r CD2)
the multiple cloning site (P2A.rCD2. pELNsxvVv).
such that ful -3 laeanRy2an bhiunnkaéne LaAG expressed unde

single promoter in one continuous open reading
2441 Vector and insert digestion and purificatic
Al restriction digests were performed accordi

Fast Di gels tOgb wfff dérh.e 3ynomesi se®d. LA&sppl bed wnt h
a commeURY®@wdt or was doubl e di gersesetdr ii mt iao 2 Oe rhdo

cl ease reaction for 30 minutes at 37 AC. Li kew
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digested in a 20 OL Xbal and Xhol restriction

The resulting digestioagprodacgel wetrectanabphoeeds

efficiency using an ultraviolet transilluminat
mobility for the digested insert and digested
(Bi oline)ed werroem etxhcei sagar ose gel and purified

Kit (Qiagen).

2442 I nsert |ligation and transformati on

Purified Xbal/-X¥hohsdirgeanddXhalG/ Xhol digested F
samples were analysedsiong absambamspecatr opBOLt o
measur ement of DNA <concentration. Ligation of
P2A. rCD2. pELNsxv vector was achieWpdofoyi nsienth at
(a 1:2 molar ratmTé4 DNAveeicgaoasei aser DNAwlitdhase bt
gies) overnight at room temperature. Ligation |
formation by transforming 1 OL of tEesclhiegati on

richia. iQellil s( E.Agdadlent Technol ogies) as descri

2443 Transf or mat i ons cohfe rciocnpieat.e nGo | B (E. col i)

E. batierial cells were transformed by thawing
i ce. Thawed cel | ©lowfe rler geamtcitudoran efdo wi 5 hmilnut es , m
via agitation before incubating at 42 AC for 2
for 5 minutes before b-agag medi aival yusel dcshd:
mg/ L car bewsif oirlmaitn.onTrmpd ates were incubated ove

analysed for the growth of distinct bacterial (

2444 Screening for successful construct formati c

Pl asmid DNA from bacterial caod aornsi pelsa ktsee | feicrtsetd porl
pared using a -prtapmikd tDMAcmiradi ng to manufact.
Research). Prepared plasmid DNA was analysed vi
DNA in a 20 OL Xbal and Xhoflormr e3Q rmicnutoes eatd od
descri beldy Coemmsieque nt digestion products were al
phoresis for a digestion produc3t ionfs etrhte nPoolse ctu
colonies by restrequieanl ycaeahyesgdwbyeDdAbseque
Central Biotechnology Servi p&d NE@GEBWRIELCsxdi ff Un

repwr i mer s dseescclriidhneld MiIAn sequencing results were c
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sequence of the desired construct by the mul ti

(EMBL European Bioli.nformatics Institute

2445 Production-3o0fP2tAh e CDAG ptElaNssf er vector

A sequencing positive c3oRP2Aco@GD2rmEANS ovchenti
fer vector was consequently inoculated in 400
carbeni cil I3 sdaekr miggpedtu dOnt pl asmi d DNA was
from the cRuUntealienkBsiHigPar e Pl asmiod dFinlgt é ro Maxniud
turerds protocols (Life Technol ogies).

245 Generatiom ocefncaodiAM@ | entivirus

LA&G encoding | entiviralcapgeartuinclcehsl owed rde ¢ e raenrsd!
LAG. P2A. rCD2. pELNsxvVv ptMDa2n s&, e rp MDeLcgt/RmrR RaEnkd- pt RnSeV

aging vectors i(mbtud | HEK ZHEXTZ 998I8Igse!l | s wer e prep
confluency by replenishing culture media with

DNMAarticul ates were gener aotfedT Boyb uffifredrg | pyH c&.nb,
pMD21&&g pMDLgI PBRER&8¥nd &BBB HEPES buyifrf etrlread wat ¢
order d ebsecfroirbeed bri ef |l vy vb8t ®yi ngf LA&Geondl vy,
3.P2A.rCD2. pELNsxV9DtamsBbuneireentadddeachdi n the or
scribed before briefly vortefxi HEPEBhibrudIfy,r ewhis

was added dropwise to the transeemperanbumexfore

mitno all ow DNA precipitates to form. The transf
the culture media of HEK293T cells under gent ¢
cel l monol ayer. Treatatde HEK2dRBAi g8t/ | Ien@iivel @ h ;@

% G&fter which the transfection mixture was r e|]
tiviral particles were harvest3e/d ea@t®pLCQ4 hour
0.45 Onmrd lcdetredintby ul t r BES®4n6yfrof udy altd w@e mat 4 AC
centrated virus was resuspend8edd A v3i0a0 fdla solf fRrl

on dry ice.

246 Lentiviral transduction of Jur kat cell s

Jurkat cell s wer e attreadn3ddR@Ecle.dr D 22 hl e rtei vgiernvesr by
1bcell s seeded in a 48 well plate with increasi
OL and 150 OBy aenGe rm.idFrol Abwi ng overnight incu
containi ng dmel duitaedwaout wusing 1 mL fresh R10 med

days wuntil cells reached maxi mum growth capaci:t
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247 Fl ow cytometri e amalnyssdiusctdfonL G ficiency

2471 Fluorescence antibody staining of Jurkat ce

Transduced Jpré&pareelfsr wanei body staining by ¢
by a ratio of 1:2 wusing fresh R10 media one dse
transferred to a 96 well pl ate and washed twic
mm and resuspension in 150 OL FC buffer. Washe:
LAG expression in separate -PEnglle 1508i di expenot
LAGPE (1:15 dilution) antibodi@scellspewerni @ elvys
twice in FC bufféy mesdepenidbegd pne200udL FC bu

2472 Fl ow cytometric analysis of fluorescent ant

Fl uorescent antibody stained JuBk&®rR@D2I1 entr an:
tivirus were anal$sedcpressir@Gb2aadBd EFEAGSCanto |
Consequent data was analysed using the FlowJo (

248 Limit dilution cloning of transfected Jurka

A single ceBHk ctdrli iedneLA&s c¢cl oned by | imit dil
transduced wi #3h PRRAO r@ID2ofl emAG Vi r al preparati on

was counted three times using a haemocytometer

t ha cOe.l |l s were seeded into all wells 30f a 96 w
e@ndsl %,LOd monitored regularly for cell gr owt h
well s containing multiplied celdasyswerfe caud pgaumrdce ¢

into T25 tissue culture flasks after a further

cl ones wer e s3creexepnreeds sfioorn LUASG n ¢ etclRe dmr7ot oc ol ou
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25 Mol ecul ar and bi oph¥MHGEIal bannadliynsgi s o f

251 Li st of materi al s

2511 Anti bodi es
UL AGFI TELtuorescein i s-o0bhij aaghauensatne-3L(AFR diIC¢ 17 B4

TEnzo Slkiifeemces
UCDAPGEAI | ophyc ocy)ycaonn jnuag shiBe@la n CDAMi d It Bmeti e c
UCD4PBPaci fic -Bumak @€D16c|AnmnedbBbb&Begend
UUCRI TEI Tc® nj u g ahtuentd BB@R | o n el Bli P& gend
PEUnconj ugphtyed earytihr i n i(BAE)L ecgleonnde PEOO 1
UL A &: Unconj tLgda® ed| amiégKilrirdBldy provi de®® ibyy Prof e
Triebel (Prima BioMed, Sydney, Australia)

2512 Buf fers

TBSB buffer: 20 mM Sodium citrate, 86 mM Sodium chloride, 100 mhrginine, 0.@ %
Tween20, pH 7.4 with citric acid

252 Characterisation of cel | l i nes

Mul ti mer stainingLA@C8panmfdodmRdadWancé&RTs produc
as desceicReadnnd nMOLCTel | s provided by Angharad LI ¢
MOL-B cel lcaal waered in suspension by renewing cul
week, maintainiyngfcolnlds fOtx| 8lO8 ;mhsBT ERd CRG

expression by each of the three described cell
body staining for flow sceggaimbBisT ggpantobotdi as ol
i secti. &n 1AMt i body staining was perofforamerdACad8Ss s

Canto Il flow cytometer (BD Bioscience).

253 Mul ti mer st a3celnlgs of LAG

PEconjugatidd dMEG r amer s wer ©R4dsddAKPIKEYgd uninrog HL.

mers i nto multismects. dnsblagstcirv é eao nitnr ol mul ti mer
from-ARL Ah TsReRT I L A) monomers kindly provided by |
University). Cells were stainedlasedssaiinbead p

according to a pr otTaucnoglatpgu keltt bahl & 8 e2p0flebl)i ows ng a
steps. Cell s wecreel Icso upneteerds eaenidn oltxFLAOBS ft ubes f or
were washed with 4 mL of PBS and tg@aCeldl swvi t h
were first bl ocked AW t(hl 7uBhdc omlj awrgea)t ea@r aintri el eva
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CDAPQyYy or PBS fsoampulnebsl.ocAkfetder bl ockade for 1 hr
washed with PBS antl i moubameds wfoh B®MBCmin on i

with multimers, stained cell s wWe&Er s ewwaontdead ywiatnh
body ford268taminedanfor |l ivel/ ddayd Stali hedaseldksc]
anal yseAC®nCanto 11 flow cytometer |I(yYBBELBi osci er

DR1 3bA€ PKY) mul ti mer staining of theAndagemate T
SbhauenbQarrgdi f f pUenrifvoarsnsedde § sriclR2é d ni6n

254 Anal yBA&MHIGI'l Dbinding via surface plasmon r

2541 Pr epar aptriootneionf sampl es

LAG: Fc protein was obtained t ®®oiucg hTra ecboelll a bPorri
Bi o Med, Sydney, Austr-gradge BBMphe E€xpmendsed iGNV
suffiCbiemese ha(nEBHQ)r coevlialrsy che s 3rOi bmegd( rlr sex\vad oeuts | y
al . .191926GFc sampl e was gel filtrate&PRnergpérest
ment s. Bi ot-i Inymat edu IM&HE dmeesr cer ipbreeddsap ce®@liv) izaosu s |y

Spodopter & sffrodgii meneda d-BRLACPIr® was kindly prov
dr SahauenbhihAg h 5ERTFI LA) monomers were kindly pr

Crowt her (Cardiff University) as a negative cot

2542 I mmobilisation of streptavidin
Anal ysA&Mélf | i nteracti onsBlwecrog GPpersfucrf med @nh as |
resonance (SPR) instrument (GE Healthcare Life

by injddtmMgmBliodfet hyl ameatolpylopayn Bodi i mi de (EDC)
N-hy krysuccini mide (NHS) which was combined dir
mately 5000 response units (RU) of streptavidi
chip by injection of 200 Og/mL streAptdavicdhi)n sol
Finally, the chip surface was deactivated by in

Sciences) .

2543 I mmobilisation of pMHC mol ecul es

Prepared biotinylated pMHC mol ecul es were i mmo
chips byfipMBEE€t moheoules at a flow rate of 10
di stribution of pMHC mol ecul es across each f 1l o

desired Iigand concentration was | oaded onto s
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result of |igand injection. Remaining free stre

biotin.

2544 Measuremend3: WMEHCILIAGbi nding by SPR

LAGMHG | binding was measured using immobilised
i ment alndl isgppdnkd:ld&c LAL experi mental analyte. Al
at 25 ARCFcLMAMB|l ecules were serial di luted by ha
concentrations (typically 10 #Bg/FruL watsi &lelq@ge/nmL )
injecd®edLAmin for 30 sec over all four flow cel
foll owed by a dissociation period of 300 sec at
l yte was r d@damedeadhdi lRUr ecaulr vBelsA ewearl eu ad i alny svedd 1i ms
(GE Healthcare Life Sciences). Response unit «cf
sensograms by subtraction of background bul k e
tive control flow cdlll d mnrodom | @ xspedr irmermptoanls eMHIQ i
analyses8:é6ft bAGdi ng were performed in Bl Aevalu
ka/ kd fitting function. Equilibrium analyses w
sqguares or dMincahrayelditisan oki ndétei ¢ equation in Graph
Sof twar e, Il nc). Applied analyses are detailed i

ted using GraphPad Prism vb5.
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26 Anal ysi s -3o0ffFc LAGd | MWNC a negati ve st ai

microscopy

261 Sampl e preparation

LAG: Fc was provided by saFoceodelraibcorTartii eobne [wi (thhr i P
Sydney, YAfutséemr adm@aour agement ( Br a3:nFsc Bwaeswefror, muC-a
| ataslcescr i bed( Huaervd oeudsnldyl pradt@iedécdoncentration of
in TBSB buffer. For ne3gatci wialsy tseeirh tamedr bsecapgon
of 20 Og/ml in TBSB buffer.

pMHLCI was producedc 2@ etsicea i thefd®IRdi g t dif t Hie A
5T4pl2 pdpfTi)de BMEFRwWas serially diluted to a con
in TBSB buffer and combi Bed catpra plairle dnoalsa rd ersactrii
fort h3:LB\NGL ) .

262 Preparation of grids

Negative stain electpanenmhi acocscdpynggtiodsanwepei |
the imaging of macr omol e c(uRaame sc oenip | @hxrebs@ @oIf&4 i)l onw
coated 400 mesh copper grids (Ag8SC7®20eNtnfic)
Sputter Coater/ Gl(dQwoDbDiusnc MerchemobSygtiem Ltd) for
prepar&8d FCAGY: BENIG compl ex samples were pipette
over icdidtt @an4gbeAfor 60 seconds. Excess prote

using What mamE pdMdperl (GEl tHeal t hcare Life Scienc

three times in 40 OL droplets of deionised wat
t ween washes. Washed grids were next incubated
acet a(tSAgdmai ch) for 3 seconds, 10 seconds and |
excess stain with filter paper between incubat.i

at room temperature before being stored unti/l [

263 Data coll ection

Negti ve stained grids were imaged at Research C
with access through a visitor21a0c0c eLsasB 6g rtarnatn.s nb ast:
el ectron microscope (JaOElataSAL USQiBD&e q-lhiap med wi
couple device (CCD) digital i maging camer a. Mi

fication at an acceleration voltagsephefrizga@d kYV
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aber rCaotfi olnn Omm. Grids were edpsafelhbo Mdi cmaxi mum
graphs were collected with a 0.5 second exposur
Om.

264 | mage processing

LAG: Fc o03: B&IG compl ex negative stain micrografrg
EMAN2. 1 scientisfiing Tsawmagd ee tp r@fcoec2887 hg steps wer

t hrough -lciomemalmadsed executi on of EMAN2.1 progranm
i cal user interface (SUpnpojpeotjrmranagor.kfgy.ow pr o

2641 Mi crograph selection

Recordedr amphks were curated fore2janadl itayadpe. pvyi ew
removing micrographs with poor contrast. Microc
and drift, asphedicatedr bynoompl eteafT@dn2bi ngs,

power spectrums, were also removed from conseq:!

2642 Particle picking

Particles from raw coll eet2dd xinairtc gprgagc taiphes vex ien g
gr am. Single particles were pickédrmididbBal | vy wi
and 224x224 piB&Ls PockekdGparticles were outpu
tion as particle stacks in . hdf format.

2643 Parti eplrocersesi ng

Particle i maoqdg awdr & (fadifrfd)te c ofr & 2 ¢ thifyod st & d

estimation of defocus values in conjunction wi
CTF parameters were refined by calculation of
plitude contrast of 60 %. Pbay ttilcd egé margatsi ome r @

flipped i mages.

Particle imagpsowessefiluthheugpréiltering of hi
mask application ande?2mage2diogpymat esaltubhnomsnaog
moved from parusiscilaens luosw nma sasf (Faiwatveerl ewigtthth a f c u
Similarly, | ow frequenoyfnw@iaseseswasn hemghv edswi tfh
of 200 3:fFoo dnAder3 B0ABR 1 . Furthermor e, a circul |
0.9 X itchhee puadrxthsiazé i near dr op.Fofmmfaldfy, 4 pmirxelcd ew
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were normalised to bring mean pixel intensity .

particle images across al/l i mage stacks.

265 2D cl ass averaging

Prper ocde spsaer t i cl e i mages were processed into repi
erence free c¢l| aseZrfe fcian eF2odn3 pafpcer o PRAF t he

top 1000 particle images with bestesi gmalougd n
15 iterations of refinement.

266 I niti al mo d e | buil ding

I nitial model s were built from cl ase2ianwvier ages
tial moddul pyple ini-3:ikckd a®dPRAGCGwér ¢ AGener at ed
betwegd®mf5the highest quality class averages, Ww
6 iterations of refinement. Generated initial
of quality score defined by the program.

267 3D refinement

Particl e gkanteasaettesd amd t i al model s were used to
tions -dfFd AGIBd PIRAG us2mgf i ne_ _Madgl pywere gener a

refined viafmulstti ppltearrtduinmd with particle i mages
and a | ow resolution target of 35 . Each refin
(Cl symmetry), t hrough at | east 8 rektteement i
avail able (speed parameter value of 1). Generat
starting model for further refinement rounds wi
tion targets. This iteratgercerwmfcesss avlawst ircerp ea
quality. Mo d e | resolutions are calculated acco

(Scheres & Chen 2012)

268 Vi sualisation of model s

Single particle r3ecFochswemuet v olbGESaHoIf G lelidin@isai n g

(Pettersen ®urfadce 20Wd4Y) mes weuod fr erad aireed usi ng
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27 GeneratiaM&famtnitbodi es

271 Li st of materi al s

2711 Anti bodi es

Mo u#H&®&PHor se MReardoxsihdase aAf fMontisPeu rlegrGGroa G ma bt )
SpecNo3il&3B4i7Jackson I mmuno Research Laborato
Mou$é TEI TC GoMousAmtli g ClonhRUMo! y&I5dDaN1
Bi osciences
WLAGFI TEnhuman-3LAGonié&EnzHB4 i fe Sciences

2712 Buf fers

PBS.PBS, Wrwk®en 20

FC buPBS®WFZS

Red Blood Celll5%ysmMs ABmdbhieumClc)h| o0 deM ( Rélt as s i
bi carbonag)t,e O(EKIHEYO enedi ami net e,t rmmthcet2 cwiatch ¢

HCI
272 Cel | ' ines and cul ture
Genermotusck B cel | hybridoma cel l;i hi R&® wmedeachy

mai ntai ni mgspemnisktomse aat d e nisbiatn yix1 &¢ e Iblegd /walen 5
Mouse B cell hybridomas cel | I i nesl twerree whreyno pr «
required aseds dnnizib drde&ipnggct Widld tyPd&RTJurmkat (W
LAG"Jur kat3-:JROAGcell s were ocelctRuidead®? as descri bed

273 I mmuni sation of mi c e

The generati on, initial cl oriumma na3LdBGEL & ISIA kg1 e
bri domas tihnr owigNma niheat | waaskiomdlIinyi ceer f or med by

coll aboration with Professor B. Paul Morgan ( Ca

2731 Preparation of antigen

Antigen was pre@arefl bydnafmd ufAwsiigon prot206 (Adi
Q. of phosphate buffered s@l iofeFe(eRBIS)Camgl eob mb i
Adjuvant i 6CFAruadoés incomBidmaradhidvadhe( BRA) ¢

adjuvant were mixed via vigorous vortex to forr
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2732 I mmuni sation schedul e

Four C57BL/®Bi mhtwenvwseardes ubcut awe @@3g imfj elcd mam

LAG3: Fc emul si fied MinceCBMegrreasedasnt| pebdoosted w
of EBAGE ou |l silfHAe,d asn adte sfcau rb esdealklse rpgpes afdali -owed b
tional weoebks ¥ 8 anhd weheakl |gedonxgsero &t wa $ riosno leatcend

mouse viandaiskcrkek@ed pfearn fi c anti bodewywzgyrmeducti o
l'i nked i mmun &g 6 )Sse nd e sacsrsialilfendfé tmm ufsel Iwd w.h hi ghest
activity vadamiErLibsStAei raead2 @t AS: Fc, intravenously
adjuvewatdays before sacrifice and splenectomy.

274 Generation of a mouse B celll hybridoma I ine

Mouse spl enocyhyesf owecrieng stoheatheadr vest ed mouse sp
using thfe plauaygiemge® and rinsed through with RI1
pensi on. Harvested splegpocytsas pwaride dc e mt rliOf und.e
cell lysis buffer and incubated for L10gmidnutes
at @rodsuspended icnulR1Wr ende daitau Baffnide Cf usi 8n COCul t u.
nocytes were fused Sp2APh@ATELIER1GRLdE)ruisvee d

myel oma cel | |l ine via polyethylene glycol <celll

275 Singl e cehh-tBEonniynbgr iodfo mas

The parent B celll hybridoma | ine was serially |
tions by a dilution factor 3df,%tCWerOdC I|nmoonniintgo rpeldat
regularly for celltpgoowtBubhhdrmedeh|l soasbhmpitir
ence for wells seeded at the highest di lution

reactivity screening via ELI SA and fl ow cyt ome

repeated md ®Bhisedoindemati on of <cloning. For 't he
B cell hybridomas were counted and serially dil
96vel | pl at e. Cel | growth was monitoresdnghe f i
colonies of divided cells were selected for re
to ensure clonality. Consequent wells containi

pl ates after 21 days of ft¢alsksrafaed antfarThert
fresh R10 medi a.
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276 LA&G: Fc reactivity screening by ELI SA

Specificity of antibody contained within B cell
3: Fc was tested usi ng -aar edai r%6t eveeH e SpAl acappt edc Wi
OL of 1 Og/ nBL: Fhau nparno tLeAi®o uirn aRB 3 7f cerC.1 Pl at es we |
with 10®B&A bh BPBS for 1 hour at 37 eC-followed
T. 50néAtodl | hybri daews &lupair Inattesrdet rmoduidseed stea ac o a
pl ates for 1 hour at 37 eCGCT.beRloatee swaweri en gt It e el
wi tnlan-BMousl®&P secondary antibody (Jackson I mmuno
luted 1: 2000 ¢eirr WBSheHB| athe-Bewnd mess avh g hel@®B S
substrate colour reagents and stop solution (RE&
on a microplate -abddrbance reader (Bio

277 LA&G reactivity screening by flow cytometry

Speci fincgiitboyydgf cantained within B cell hybridon
serum f3orwasAQG ested by fl ow dytdomegtpreyl Raing &lay s i( VT
and -BAGr kat3-x:JROAGd e vsed copieddn¥RT an8&JRAGcel |l s were

counted aealdl € plld&ted into wells of a 96 well p |
buffer by addition of 150 OL tofi fRUQ altu fofneratanlds 0
for 5 minutes. Cells were resuspended in 40 OL
supernatant (neat), FC bufferxohpegaltl@e andntro
(positive control; 17Bd4f ed oinencd) 20 idécé uft ®ron3(

washed twice with FC lhyufamdar t hash desaursipeead emr, e wit
in 30 -Mblu-faentG conj ugate (1:50 dilution, BD Bi os
absence ofckl bt weBetawastded twice with FC buffe
analysis on a FACSCanto |1 flow cytometer (BD
FI ow JFol ovwlJOg ,( LLC
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28 Production and chdarA&k taenti islkaddioes of an:
281 Li statodédr mal s

2811 Cul ture medi a

R1-0 gne d iR#® Ml 1640 %hegddSa,, 200Mu tLami nmLPendCillU/i n &
100 mOYt/r ept omyci n.

28.1.2 Buf fers

NaOH washO.bmufMeSodi um hydroxi de

Glycine elOtloM Buy€kene, pH 2.5 with Hydrogen ¢

Neutralisalt iMnNTrbiusf,f e’)H 10.5 with Sodium hydroxi

Endotoxin | ow Phosphate Bufifleaxrvéd B89 aléihn €S olu lubme ¢ «
chl ori de, 0.2 g/L Potassium chloride, 1.15 ¢
Potassi um Hddshpyyhdatogg,enph 7. 3

PBS:PBS, Wrwk®n 20

Western blotl50y$dvisi bnfé&@IromMii sTe, 2 %-vOv Triton X

FC buPB®WFZES

Sodium pldehat @ddr . MM sodi um acetate pH 4.5 with /

TBSB b-RfOf ewrM Scoidtiruamn e, 86 mMM Sodauvmi ohweri 6ep21
Twe20, pH 7.4 with citric acid

Gl yci nebpHfLdr M Gl yci ne, pH 1.5 with HCI

2813 Anti bodi es

anMbu4®P conjFUgdii'ceac2-Manse | gG (H+L) Secondary A
conj NoA2 4€5Ther moFi sher Scientific

Mou$é TEI TC GoMoushemt!| PoCyohenaNo. (GRBRUBIMO 1
Bi osci ences

l gG2a i sotymeo tjowdasted digs@tay pédBrcobhéegehd

|l gG2b i sotympeo rjouwduasteebd gpfs@ pe ¢BINdro®dgend

AntLiIA&G (1UB4Ynj uglaA@®@d chonieKiln7dB4dy provi ded by P
FR® i c Triebel (Prima BioMed, Sydney, Austra

AntLiA&G 3JIBE2Unconj uglaA@d chmommieKiln3dH2y provi ded by P
FRI® i ci dbel (Prima BioMed, Sydney, Australia;
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282 Production olff A@urainftii éod da retsi

2821 Cul turing of cells

Large scale cul tur iLmMg3 aamndt ipluacdife < awa o np erff arnmae c
| aboration with Dr Emma Jhoynbersi d(oGwarsd iwfefr- eU nciuvl etrusri
|l gnedi a using | NTEGIRMTEEGRA | Bico ¥d askcse i AG t o ma

facturero6s protocol s.

2822 Purification of antibodi es

Anti body samples were purified from culture suj
conjuncti dnAwPtihmanFPLC system (GE Healthcare L
cati on, FPLC system was ¢l eaned with NaOH wash
onto affinity columns equilibratadl i shepPB8quBc¢
l i bration of affinity columns with Glycine el ut
fractions -fiinltloe dluwbiNtshi tp5r@l i sati on buffer. Fract.i
i ndi catdsgpebtyr &, wemael dorad g rsterdatiend ca endot oxi n |
MWCO centrifugal filter units (Merck Millapore)

protein concentration and stored in aliquots at

283 Western bl ot characterisation of antibodi es

The abgdeénaeryatodh& amttii bodi es to detect whole pro
was performed agai-RIsutr kcaetl Ic ellylssataensd oWT LIAUG kat ¢
cultured as dgsToipeddpc ®wilyssatwesr,em5hcaw liviewsrtee d f

by centrifugation at 1500 r pm, washed with 10

Western blot |ysis buffer. Cells wer@gfoortexed
5 min at 4 AC. The r esul tsisnagy esdu pfeorrn ap ramtte iwia sc ohl
using a NanoDrop ND1O0GBJUThkeat dauddiadtcieflilc ).y slaA &
normalised to an equal protein concentration b\

LAGJurkat-JamndaWTcel ladl gsad-PbEHeD&s seéeoscri bed
ousy by Il oading equal volume of each 0e#ib | ysat
Onmpo !l yvinyli §PV®F)| membdanes using a BoltE Mini
moFi sher IStviemtPoVIiDIFEBF.i | t er Prepndorr a8a@sdwiThlrer moFi ¢
Scientifiwe) wertd [AI0&® % i sopropanol (Fisher Cher

washing in deionised water. PVDF menbalatnles, fil
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Transf eanaBwfefmbrl ed i nto transfer modul e accor di

(ThermoFi sher Scientific). Membrane transfer we

Obtained bl o3tts me&r duomdaesrh eadg i tTa tainan bil o ckERS f or
in 5 o0%ewls ki B3 Pme mker Foo)ds Bdroocukpe dL tnde mbr anes
washed as above, cut and incublaA@d maAbpanatel vy
night at 4 -ABS& PRarnitmabroyd i serst iwere prepared from |
ditleud GgomR in 5 % wh®B&.sWAimmedpmiimary incubati
were washed and i ncubMauesde-HIR g Gc o5 j nulg act fe dg osaetc oanndi
ti body (Ther moFi sher ScientificPB&i Ifbbrecdtl: 5, 0C
room temperature. Probed membrBRnesc&Er ECwaBhes
Western Blo{(fThegmS8&Ds hemd Skli etng i impEFLLE dsn-ng a
ageohemi | uninmaegsi cnegnftme d mo Fi s he rOpSdimeand idfxipoes wa s
det er mi nmeydE Golyfma per sof t war e.

284 Fl ow cytometric characterisation of antibod

The ability -loA&@ganéeibbddeantb bi-Bdwasraasessdag,
by stai-Blumwgk&atAGcel | s acnydt cammeatt3yyRG dLcAedl 4 sf wewe cou
and pl at®eel &4s LinxdOwells of a 96 well pl ate. Ci
by addition of 150 OL of FC buffer and pelleti
mi nut es. Anptriebpoadrieeds avterneul ti pl e concentrations
body samples of known concentigtimnPBd8et€elmli : e\
resusperdefd -EMB56n ice for 30 min. Cells were w
as descrilhyednpr e \hiemus esudpEehEeBd ¢ on@P/gile aat i 2

(BD Biosciences) on ice for 30 min in the abse
with FC buffer, resuspended ins200rOlanmaC ylsufsf e
FACSCanto 11 flow cytObmeat enred( B R tBSgwsFdi cemmadoy)s.e d

vio (Fl owlJo, LLC) Grnadp hGRaadp hSpoafdt wParri es,m 15n ¢(

285 Anti lBBondy gen kinetic analysis by SPR

Characteri-sA®@i amtofooddiytaindbi §46 i nteractions wer
Bl Aclb2®0 surface plasmon resonance (SPR) instru
ing a single inject-3.0hc kwaeti oo NS marhgdo m At
chip by EDC/ NHS amine actbeeati édn 4 @ppodoxingatas!|
1,500 responsSe Foniwtas dfomid A @wi acedl 14s by i njectio
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Q/mL 2ABc diluted in sodium alcrke®@atrt pBlody 5s bhmf
pl es were prepared by gel filtration into TBSB
measurements were madet byodlh¢ sncai 6d0 oR0ANnakygyba
consequent dissociation period of 1200 sec. Chi
tion of glycine pH 1.-bi bsuddieat. i dObtsad meagrasm CWeE
conformityetmokelnetusi m@atBl Aevaluation v4.1 sof
ences) and pl ot t eGr aiprh PGrda pShoH at dw aRrei,s nmh n5¢ (

286 Anti body competition analysis by SPR

Anal ysis of compet-LABonanftarboldii msi nvglsA ¢poeraal toir me ¢
3000 SPR instrument (GE Healthcare Life Scienc
LAG: Fc coated CM5 -EA@Bs amrntdltbiopdd essndvearet iprepar ec
secii 8n Experiments were pe@f/omimed Laitgaan df lbd w dri &
saturation was first -lak@ianveidbobgyi hpec200nse¢ a
di ssociation period ofbf3@0scsemBlaeaboi 08 §.sAdoaiwyw
of competition was performed byLAR MpRAari sodhi eof
with and without previous dat@ rarti iolmo dy. pOhiemd i
regenerated arsd deeastca iloyal psedi ous

287 Mol ecul ar bA@dMKH&dE bifnding

Bl ockade3 : oMtHHA AGIi nteraction SWP&Rs ape rdfesaaormdidoauws ii mg
2. 9sidng -IMHGis i mmobil i 8e#cl|l agamdadygdelLNnNGth the
tions. Prior to SPHEcamalayyite WwaBGMilhAGbated wit
(1lgG2a isotype control) 17B4, 13E2 063 F6F7 puri
anti body s ampjlecst emke roev ecro-l il mmaomi bi & € dsndgdHt@incanl y s e d
2.5. €onsequently, titraitli3ng) cGoMceninatbansedowi &
LAG: Fc amgecbed as descri bed--L Ahearmathiibodiye st otr
bl ock-l MHGuUIl ti mer bi3h@8 ngeltlos JWRas LaAsGsagedons de.
2.5.3
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3 Chapter 3: Mol ecul ar "&andeklkelt al

sponses to 5T4

31 Abstract

Recogni towmao faduenttodule antCyddncB8THUHsbhas been detec

healthy donors and patients with colorectal can
deteriorates with tumour stage due to increase
mours. ConsequemtdfgDt4llc dicaerl al c treersipsoantsieo t o 5T4 ant

and epitope | evel s houd pt iamadl urnedseposnt saem dtdn §tTHen S

antigen. To this end, usi-mgadticed¢ |l clachéyvaweémna g
seintsi ve to 5T4 peptiwle coyppiotka mees by prechwmnisreg t O
usi ng -IlpfpMH@QI | t i mer staining and surface plasmon
antigen was shown to be mini mal ttoi ounn diert ecd lalb |
based assaryesl eecasge.. IIFPN or der to gain insights i
5Tgeptide presentation to thdelTCRedepeptodeeprte
on HDRR1 was solved toetelbegd.aThiatsprasentedrp
of fering mini mal hi gh enthal py contpaecptt ipdoei nt s
flanking irecl wédiesng nal Chairpin | oop, however, sl
tide away fer ddm ntdh e@ gp ggptoiodr e and thus availabl e

as wel l-optsi malhRRIdPAi ndi ng mot i fspempay deontmmumwtge n

city. These studies therefoderdesdr peeptide &am

andveal novel structldr gle pghedreo meareas enft aMH® n .
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32 Il ntroducti on

CD4T cell s can detect the occurrence of cancero
tides f rdoemm itvuendo uprr ot ei ns. These t unmruac eassseod i at
by antigen presenting cells (APCs) into peptide

via major hi stocompati-bi)impl eompbésex -IPlepssde | Db
complexesl Y pMHE i n tur'd rceitab gtnhvesierd aryt iCPAN s p e«
receptor (TCR). The abidleirtiw etdo pseuyftfiidoeoske eotnt MWEHECr e
and consequently form ¢tlhli sanidn tceorgancatti ec AT (hRe,t wgeoewne

cel l activation amdastplhoer seo mgadunesnt TIARBURX Pr es s

One such TAA recogni ea olfaonetCibgletr 5Tde b(l ast s gt
coprvhn#éé¢tni vated I nMAbFtLlowhy ckhac¢tsorexbhk essed on mc
whil st rareleyalaxpr eafdiud o otd skstuleatlee @ 00Bh a coho
colorect al patient s, 85 % (ft ap &tyinesrktas Telwe sad . 5 TLHO
propédratvieedhi ghl i gbntidalb Thhamlserm ot I mmunot her api
5T umours directly or through the enhancement
cancef(Stetmsde BPpk4) fically, a modified vaccini

5T4) termedafTrewaxy unaded «as eapohdagseeg bin/el | clini
trial i n col or(ektararlo pc aentclea| pl@ik f@ikégdtle model s and
phase Il studies, i nebiTVdi dueanlesroantsec €i @@t ean wi b & d y

againgHabildp 201 2)

321 T cell c¢cl ones as &DMbdedl If orre spg airdsyd ntgo t 5he4
Study of human T cell responses to antigens at
l evel has been enabl ed by t he sgeequee natt i noani notfe nhaun

in culture and theirGenmealftsibsncet | tbeopesteandl
that defines their clonotype, provide a snapshc

such as tumour aancttiegreinssatliiokne obfT 4. heChfawrncti on an

mi ght give an indication as to the i mmunology ¢
ge(MMat suzaki. eTlthealgenZ2ela%)i on of T cell cl ones &
heterodi me(rDenpod eetud @dsu.i £i0t0Ot7g mour r e asc ttihveer eT- c el
fore provide a model for the study of tumour |
l i gands, presented by MHC mol ecul es. Character
gens, such as 5T4, thereforephdlopewalaindlat é eti te |

i mmunogeni ci ty.

-7 7



322 Anal yTs icneg | recognition through structural a

Recogni ti odneroifv etdunpoeuprt i de antigens is dependent
presented on MHC mol ecules with sufficient aff
The degree of T deal lppadthiev alfifoims it FClnthb weds cog!
pMHC( Cor se et Tahlus ,20qlulanti fication of the affin
mour reactive TCR is a direct measurement of t
via the recogmivednpepgt 5de anti gen. Detection 8
aftiynhas been performed mostly by surface pl asr
Bl Acoerei es of( Brnisdigremmaealt s 2012)

SPR instrumen-t esatlitneeaw | nehaes uraebme nt opfr otheei rki net
interactions. This is achieved through the det
attached to a gl ass dsuarnfda caen cahn al yltaey eirne ds oMi utthi ¢

over the surface chip via a microfluidics flow

change in refractive index of I|ight at the angl
gl asaschai gponsequence of the change in mass at
real time binding of proteins is detected and

uni tsithRUmeasur édds S®Rf shgniabn of tthiem&. nfernomss ol

an interaction can be elucidated and, t hus, t he

SPR experiments have been used extensively in

action affinity where pMHC tSaPdgrRg esde nwsiotrh chhii gtsi nv i

higqfhfinity interaction between biotin and stre
MHC mol ecule to be immobilised in neutral buf f
of i mmobilised MHC.i €Ggnseqgpk®HCIys MmMERsbred by f
the chip surface. These standards in T cell bio
by SPR data in order to describe differences ir
ant i(gBrnisdgeman et al. 2012)

Such biophysical studies hav-eeabbtoiwvmetatelCRs
recognicegntahei tumour der-opedmahtiwgaehkhsi hdG@&ngchi s
OM) in both tHe anahiMHIEt esenMiEdd@ antigens compar e
pat hogesneidaitn gre nsp=( t2y5p ¥BMLIGNDK Col e Mdr eedv.er2,007)
tumour rRachdwe We€en described structurally des
pMHCI below the detectabl(EeDsregqsattiality2®d7)SPR |

Understanding TCR engagement by SPR affinity

tur al techniques has therefore enabled an undeé
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epitopes recognised by TCRs a&tc ghsiigiti oanfufcihn idtay ac c
has therefore begun to describe pMHC surface v
response and residues within epitopes which co
standinglofprMde@nt ed epetdopempho-wdeveonMBCpamt s.
particular, the fulpepkidatf bbikiMHiCcopttrdpeaesi oo
TCR bindidgscgiHbbedand .etT heaels.e 2C®Ip3)ide fl anking
which extend o4t o&f ndihemgcoregi dHC have been sho\
on TCR irercogfailg MACI( Sawmlt ®Angel o eRuial .et20a0l2; 22a0v
Thus, a comprehensive wunder sltlanpdtiensge |oifg alnCiRs einsg :
to be achieved.

Knowl edge of what makes an i mmunogenic TCR ep
of altered peptide | igands (APLs) with the aim
pMHC | igands. Suchesmiognédctdi enbaceae-l peptdi de b

order to incre@€khem maunajeariz2éib@y vel y, modi fi ca
with the aim off| emhhgaage mgntp MH)C TCRs have also b
i fications havegkeposioierthanohparpbaed residues
MHGI | presented epitopes in order to optimise T
(Cole et Bhde@Ol1l2modi fication ofl pneoplte cduel eesp i it aovp
been incorporated into tumour vaccinations and
in the context ¢Pahmklsanema SdrcthilddrbPe-t At rens t o
stricted epitopes not yet been succesrsifwedy de
peptide epitopgp&€hiemmenogéni QIOtlyB)

Toget hevi xXh8@8PRcrystall ographyt hercdfnorgqa ede c@ami b
efficiency of the TCR/ pMHC axis to present and
therefore describe the effectiveness of the T c
structural and bi ofjp iyesriicvaeld upnedpetri sdtea nedpii nt go poefs 5¢ o
structure | ed design of enhanced antigens thro

mour vaccinesT4duch as MVA
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3.23 Ai ms

cCD4T cel | r e speornisveesd t e pbtTidd e a n-t [ oglewencsu lpe e seernd edle
tectable in healthy donor PBMCs as well as i n g
however, negatively correlated with progressio

(Martin Scur Anat yaldsi pddadlsBeti®d4neosmponse t o 5T4 wit
periphery thereforehere®ifdesi arayel® dr endopdeerhseo Tt ot
antigen. Such effectivenesbsl i molgeoveresedt bypt ae
derived peptide epitopes andr daoat iswe hT@RsS .t opes

As a result, thhese aehampdalelr aiam &¢fo anal yse at th

structural | evel, tHe efefciocgine ntciyo no/fp rtehsee nTtCaR/i MHC
peptide antigens. Due -DBBL1helebmambhal et yasf weéehl
abidofitgel |l ul ar and protein reagents, t-hese stuc
DR1. The overall aim of this-acmapter is divideoc
) To review the current availabl e -dleartiavaed det

peptaindé gens
(i) To assess the MHEarceB4lrecet l ol oheST4

(iTo characterise t he -rfeuanctD#ioerceell | s ecrl vinteisv ittoy p

antigen
(ivVTo assess theaxhiilviet yT a¢fel83T4£ 1 ondd to bind t

(W Togain structur al i nsights ipretpd itdlee amdli gg@unlse

MHG | mol ecul es.
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33 Sel ection of 5T4 epi troepaecst iamed cglemmreersat

Prior to this project, current daltla mdleepcepti de
was revi-dwedvedTpgepti de epit o DT tdhaltl wrea p kmsoe
were consequently chosenCDdbrceliclreehomgs aspe siefl
peptide antigens.

331 I mmunogenic epitopes of 5T4

Previoushshuduesgwoup in Cardiff have highlight
within the periphery of both a cohort of healt]
in the thesiBeorheuwx..28Miadht hsiteuwudi es characteri sec

epitopes pr elsle natl &de4ioens eMHCsi nc wlithmrpepdDUy o©d | |

epitopes within 5T4CRéEnr rachhiecedd by news| ttwr é nafi v
and consequent -<¢efpdesipokicn atiicom ecsfpobnTsdes wi t hin cul
vilaFoNEL | Sipodi cated T cell activation. Her e, si xt
viously been mudegenfredisasgi mooled peptide sc
responding cells in a number of individuals of

epitopes for which t hpeepet iwdhes sap epcriefsiecn cTe coefl It upne

hi bitiedaticon in response to stimulation in both
(Figure 3.1; all data and figur.es adapted from
I n general, responses to the candidate 5T4 pe

pad et o patients as signified by an el evated av

al | pe&ptgiudeyg 3( Da&pite exhibiting strong freque
responses to immunogenic pepti dgesst itnh eh epaalttiheyntd
hort . I n individuals that did respond to each

was (greater compafFiegute®) el bhegx ammite ol T4 pl2
in patients was | ess otnhamI|X0 ,% h(clieXpion Hikee anleta
(measured by ELI Spot) in those-frnégpdrmder2s Owane a
spot formi ntrudetubriseld¢ s ¢5%mddrs dfnc sh/ela0 t hy donor ¢
h

as shown tdhirsecloogsnsi tafon5Tcorrelates with color

—

hought to be the result of CD#neugnuel arteogruyl alt iceen It
sets in ad¢{8oced di sahse2013)

I'n healthy dondcCDdl @elplts deersgpeacbhdercved in 50
individuals against five peptiTadbse BIAwe| | pag,

showing a consistent response across donor s, t !
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peptidefiasd quyphEold crdelllEL | Sapootays. As a resul t
scribed dat a, it was CRHsardd trieastpostsedy ooft htels
healthy donors would provide an undseswmushamadi ng c
5T4 is mediated in individuals without disease

response against 5T4 antigen.
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N

5T4-derived peptide

O
e

Mean IFN-y responses

Healthy donors b) CRC patients
50 % 50 %
38 1 ) n=6 K1 e—
F — J=
 — T
4 n=4 4+ 1n=6
26 n=§ 26 4—1n=12
f — 1 n=16
| — L — P
E =15
fF————n10 = n=15
- 1 n=7  — T
20 1 ] n=§ 20 1 ] n=15
4 n=8 4+ n=ll
12 1 ] n=9 12 4—1n=17
 —T) |
- In=10 4 I n=16
| — | — T
24 1 n=9 22— =17
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Response rates (%) Response rates (%)
d)
150 - 300 1
P12 @
p26
1001 ¢ 2001
pag P12
h2 g ® [ ]
p20 @
501 1001 ® p20
p2
p26 338
°
0 L] L] L] L] L] 0 L] L] L] L] L]
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Response rates (%) Response rates (%)

FigurieAvailable data describing i mmunogenic 5T4

aAnalysis of the pecamrditdagtee r 2FEXPpiom)s gt FoNhe ki Qift
i ndicated CDHT i valtli olnii md sf irdoumothueraeldt hy donors vi a
with queried peptide. 5T4 responses in healthy
pepti des o(blselrds/)edwdrne more than half of donors. [
exhi K25 infpcesl/11s0 above bafcklgd oiumar easle aalh owwe b ack
nval ues represent number of donors tested for e

bAnal ysi s emft ageerpsesponse rate of caajtiopdate 5T/
el iCcD4T cel | activation of lines cultured from
patients showed an overall decrease in percent e
cPbBpl ot of pereemadtag,e ae)@osesrfi breadt iioon of the n
observed relshppdf/EB e(lrhesdn in healthy donors. Fiv
exhibited both high response rates and a str ong
d)2Bpl ot of pereematageames magaictjud eCRG peetsicean thse
Response rates were | owered in CRC patients, ho
magnitude of response compared to healthy donor

NB. Al l sresapbndaetda ucshnagsnedx fr m Bleesi s, 2015.
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332 Clone generation strategy

Having reviewed five potential %SIT4d edpi troepsepso nvshei
in the periphery of a cohort ©bdb3heelusreyd donor s,
gener a'tTe c@bD4 c | emeelsl yulsp nrga tal eT gemyer@rt i Gar rayp pr
Dol ton (Car dqiTfhfe alkreirv.eert® iadlg.l) 12 0cllGo)nes were gener e
CDZenri ched PBMGBRthreamm tahry HloMppe)fiDR16) (

Cul tured T cednrsi cfhreodm |la bh@BRi4hy \awddress lexqpes sf ul |
screened for peptide reactivity against the co
|l ater indi ViFdMueale apseeptiinderse.sponse to peptide was
tion criteria dwéet o ntylweeefltipt adgti iMeadtsi on and it
medi ating T cel I( Dingnhuen ietty Tahlios tlsOelbde)c s &aN was ach
rel ease HEelL Sgpsdseady biyn r e pdpiudes etdoRHByTAp ho bl as -
toid cell line (LCL)DRY eqe&rzitesrkg nesé&lyl dthutagr meld
presentation @fR1p emtsysienxdgpyterHDRsld ucceeld sT2f avour ed
selection of T cel-DRIcI| (ebhReBsl *rOelsOtlr)i.ct ed t o HLA
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Origin Length (aa) Sequence Domain origin

5T4 p2 5T4,; 5 20 AGDGRLRLARLALVLLGWVS Signal peptide

5T4 p12 5T4,11130 20 FARRPPLAELAALNLSGSRL Extracellular LRR 1-2

5T4 p20 5T4 41010 20 QONRSFEGMVVAALLAGRALQ Extracellular LRR 4-5

5T4 P26 5T 4051 570 20 YVSFRNLTHLESLHLEDNAL Extracellular LRR 6-7

5T4 p38 5T4,1 300 20 LLVLYLNRKGIKKWMHNIRD  Transmembrane/Intracellular
Tab3d .dll mmunogedieci 8&8d peptides selec'fTeadelobr
clones
aa = amino acids, LRR = Leucine Rich Repeat
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34 5T-Aeactife c@D4 <cl| onésx admehyivipldefalomb | o «

Threerebalcdt i ve T cell (d| GDeBBiveh ewage nelraned :i n r
5T4p2CGDi pPk0dbned i nS5Tepamadn §B.iGdyhd ch was c¢cl oned
responb4pild

To examine their molecul ar phenotype, each cl
and ced lesprdaci-oacept d CRamhidiot her ¢ é3mo Ilenc wired elr AG
to characterise t hen fyvunratoiho c | ofn et hwease exlaam ense d
response to coghate peptide preskatpdodunctinoml
functional cytokines/ chemokines in response to

tive sensitivity of each cl one.

341 Clonotyping

To clarify the clonality of each generated T ¢
TCRsxpressed by each c¢clone, the transcribed TCR
through TCR clonotyping performed by Dr Meriem
firmed each T cellamdoheritwed nfdre b nd ecuvicel ngtun @alsr e ¢
shown by three i nfchebpd O Be n a b b § o incefit tytipheass ¢( sequenc
characteri se -rteharcetei vienicgluoen esT4wi t h di fferenti al

which the transl ated protein sequence is known.
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TCRU TCRD

Clone  Antigen TRAV TRAJ CDR3 TRBY TRBJ TRBD CDR3
GD.D821 5T4 p2 19 23 CALSEGLIYNQGGKLIF 7-2 1-5 2 CASSLESGLANQPQHF
GD.D104 5T4pl2 12-1 45 CVVNRYSGGGADGLTF 2 2-7 2 CASRGGSSYEQYF
GD.C112 5T4 p38 23/DV6 57 CAAEDQGGSEKLVF 5-1 2-4 2 CASSLVDGDIQYF

Tabl eéUBI. Que cl onot-ypacwieMd hTe®n® T4
TRAVT =cel | recep,t of RRI pelal vraegdoapntliarg ,al phRa =

Co my

mentarity deter miTnicred | rbeegviac n,ta GMARBNC eI | recept ol

befaining ® dKRIBDbedoeptsesity.

-8 7



342 Unstimul-atadtbVée T cell clones are competen

I n order to assess whether eaerhecTe pcteolrl rcelpdrea ew
thus | iable to antigestainmdl awi t-bOQRDDAE dbeohdd celsan e
and analysed by flow cytometr y.e xEparcehs scil oom eo fe xThG
and Cbécepitour)d. 3GR.aD821 and GD. D104 clones exh
ogeneity i n antriegceenp troerc eepxtpasrie gasnidoincas t lBoyfu89 aan d
live T COHCRdJuUpbesti ve, respectively. Whilst t

typic cells v €Ralduosibr oaedl gel | s were | imited
clones highlightiintgy ann olvGeR aelxlp rheestsei roong eanmmeo n g st
tion. Such heterogeneity was caused by an o0bs

compared to GD. D821 and GD. D104 clones as signi
of TR el l s. Sgoahadowmr of CD@IR ciesl Itsy paisc aal riens ul t

T cell @@dlilvegosnet al. 2016)

Having established that each of t-hec@ptrtel | cl
each clone was next checked rfhirbictomrsyt 3nmailtd cviel e
whi ch, as discussed further in Ch@pitamg 4et caln.
2008)L-AGexpress'tehl by &€bAoss all clones, was mi
| i@R4T cel |l s exp mdrs Dii n @ rRyih@wuorder c3hILeba( r esul t , i n

| ated culture condrietaicores ,T tcled lgenomatsed ppPEATr ¢

antigen stimulation as indicated by the cell s
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a) GD.D821 GD.D104 GD.C112
1054 0.3 % 99%| 98% | 1 11% 88 %
%10 -
(6] ., ]
n_ .l-l E
< 4024 ' . 4
b= 3 E
S 5
o g i 3
0.2 % 02%| {16% 0.1% 0.1%
0 10° 104 105 0 10° 104 108 102 104 108
TCR FITC-A
b)
105 86 % 1% ]99% 06%| J99% 1%
¥ 104 j ] -
8‘ E u 5 =
o ] @'\n " ] @r‘
< § 3 __ .
v : i : - — - -
D : - —
a _
i .
01%| {01% 0% 0.1% 0%
104 10° 0 103 104 109 0 103 104 10°
LAG-3 FITC-A

Figuriesu3.faace expressionrehataoeedTi satioonl oheST
aFlow cytometric arxlpyeissi ofn @RdatcdrdvtehCR e eb T4 c
Each c¢clone exhibited expreseiceptof hesthnadncige
% of CDATC® Quad
popul ationses2Dt

[
r
ptkowve oéptwo independent exper.

ant gates set according to F
bl ow cytometric an-8l exipseocti CDdcactth&AGCGAHr el !
clones. Each clone exhB83bsueflameniemaressaoni ag
% &MD4c el | s edkeptreecstsadnligeQuUaAdsr ant gates set accor di
negative con2bopl popul api esment ati ve of two i nde
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343 Determination ofr eracdti rviectlTi creDBf c3 Dhes to HL

Whil st t he setlheectgieome rcatiitoerr icaf ftorese c¢cl ones i nc
activate in tib®Rlpreperece o@ff edleAting cell s, suc
possi bi lpirteys emft agelofn bet ween T cell to T cell o]
pressed on the surface of the T cell c¢clones ther
for the abilbasyatsurebgase mM&NEEeT Siprotr ef[sgende ac
to peptide pulsed APCs pé&rflocméd saperoweT | gelalnc
presenting cells (50,000 per well).

Each of the threaeatgemrerTatceed 574 ones showed p
| FONn response to overnight incubpuileedwiBt hyaut
pbbl astoi dLCle)l I prl e nent(iBnd Fakel llSspoakbiyg li @evn3 by
Each cl one eXHhdbe lteeads emacxampadr ed t o PHA contr ol
BLCL presenter™ phtl sedr wis pbnd Dnegq upievpatliednet ansu nsbhec
of FoNpot foramsegguaeihg (o approxi marelkpohB@@. % of

I n order to i ndiDRatnmo Ireecsutlrei sc,t -DoBl nontokbaedekel Poefs Haki A
a pawRamtniti body, after péeptudat pahswhghamdceélkf
t hheFoM el ease by each correspondiDiRy ntoo gencautl ee sT wcaesl
most effective on 5T4p2 presentation to GD. D82
ground | BoMeellse asfe [(o~lkOaOd e% . b Li kewi s e, bl ockade
5T4p38 presentation FoNoelGDa sCel 1Ry ab6 @ g &t edBI| oc k ac
presentation to GD. D104 had a | espemafkedaeff ge
tion and IcFo\nskegd®st suggesting that (i) t he GD
restrictDeRd, blyi i HLA he GD. D104 may exhibit increa
to the GD. D821 and GD.C112 clones or (iii) the
the restmdlcdcecu eHLcAompared to 5T4p2 or 5T4p38.

I'n order to test whetsheepre nedeesnptotd @ nteo ecxbgmat e c
presemtudddlR@rs Tctehlkes were sti meldatced wiotnlc eh@ r taf
of pepiM)dean(di,0 amad yagai for t-bk kfdekadefompah
clone aEtgun).i 8AM PED. D821 and GD. C112 exhibited
tion of activation, respectivel vy, whi | st GD. D

reduction in peptide concentration.
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a) GD.D821 GD.D104 GD.C112

+ a-DR Ab + a-DR Ab + a-DR Ab
peptide media peptide media PHA peptide media peptide media PHA peptide media peptide media PHA

146 8 u 9 154 248 - |11 179 . |11 250, 4 164 - 26 Bl [14 180

b) GD.D821 GD.D104 GD.C112
- 250+ -
Q 2 200 = e
N 0 = 3 ‘2_
> > 150 = i
£ " ZI £
% E 100 i : s
i I :
T T =]H F— T [ X i
Peptide + - + - + - + - Peptide + - + - + - + - Peptide + - + - + - + -
aDR - - + + - - + + a-DR - - + + - - + + DR - - + + - -+
B 10° Ed 10°¢ E 10° B 10° E 105 E 10
[Peptide] (M) [Peptide] (M)

[Peptide] (M)

Figurigvad3 .idati OR obsHLAcktiacnh i cED#4 cl ones:

a)] FONELI Spe9says on T ekeacthveeT5T4I | clones showi
activation of T cell cil ooelat indVim ewipinla $-20 pep bV d|
pul sed ault®U opgroeusse nBt e-s p &€ @ ilFdNise | ePaespet i (dpee pt i de) i s
compar epde pttoi dneo controls (media) and i s abrogate
peptidelLgul ppdsBUJDRr Abgl b-enbebabi oo with corresc
cel | Pchlyotnoeh.a e m@a BAy)l ugasiitni ve contr ol oWwelcles I i ndi c
Ione response. Inset numbers repreBlein$potaw spo

ells representative of experiments performed i
b) Maakgbsdoumdact ed quauwnstficfsi cfaotri oans aopfg slIfFaNs me & o wn

at *40d®MOconcentration-sepfecptpti desprpei de) W
compar epde pttoi dnee) cast wel | ( asoraeblreoddB® i tbyno oK i n & N( +)
compared PB)S. cPRIndtrtodd (mean values are backgroun
peptide control and calculated from experi ment
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To further narrow the HLA rreesdaatiicudeosh as | It hel
being i ndeed-dreagsdtvreidc tpeedpttiadesTiRdAesnehteed | en €heh
the three cloneBNweérasanangs ecdt feplu lascad vpart @ soenn th-
ers which -BRPpraes st Hd Ao mloy eMH@ er ha-DRhed&lell 4) i n
compari se@R1t aulU-WEe!l Il s (T2

As with autologous presenters, each T cell c |
activation of T cel |l bBFod cisn aioangpteepdt dbdteoamea inac roena
contFAioglurfe. 3SU@ah acti vati oR 1lwaesx porbessesiD\dg] cienl |HL A
only and not -DoRdls edrevfeidc iWM)tH xped Misdi(mM® di-rect evi c
DR1 restriction; includi-b@Ltéoes PmMBbULDY mifFlopet ex
by ®Rt bl ockade. MorebDReblockichgsoonaoeomoraatabr og
of Folndi cated activation of ealRhl Tr epelldt e | prnees @ n
cells. Sensitivity otfr erad hc ammpareed otl d oavietdo lao ¢ 0 u
experiments described previousl|l yDRAl presenesr & X
compardedlLtso eBcept GD.D104. Similarly, only the
°M peptide,i suglgese¢iing the mogturreendsidbi ve t o an

These data therefore s-DBW dhnrebe¢ pepgui dememecf
of the genmhdHdatedi €P4T cel l cl ones. I n addition
the deffarehticiencypepttile Preeaslelntadti ionmataixars ¢
threeedmtE4ive T cell-DR1lopessdndedbhre8THepLAdes.
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a) GD.D821 GD.D104 GD.C112

T2-DR1 T2-DR1 T2-DR1
+ a-DR Ab + a-DR Ab + a-DR Ab
peptide media peptide media peptide media peptide media peptide media peptide media
57 [ 3 1 236 1 170 |t 22 1 1 2
T2-WT T2-WT T2-WT
peptide media PHA peptide media PHA peptide media PHA
fo 2 140 2 2 211 4 4 193 . =~

b) GD.D821 GD.D104 GD.C112
601 250 I
2 2 2
7)) 7))
> 40 > >
& £ " &
"620 ‘c 1004 ‘s
S o @ o
P Z 501 =z
0 3 0- ——— e K S SEDN———
DR1T ++++-- +++ + - - DR1T ++++-- +++ + - - DR1T ++++ - - ++ ++ - -
Peptide + - + - + - + -+ - + - Peptide + - + - + - + -+ - + - Peptide + - + - + - + -+ - + -
a-DR - - + + - - - -+ 4+ - - aDR - - + + - - - -+ + - - aDR - - + + - - - -+ 4+ - -
E3 10 E 10 E 10° E 10 E 10 E 10
[Peptide] (M) [Peptide] (M) [Peptide] (M)
Figurisval3 i4dati-OR1o0f eblL Ai-rce a cotni” Woe c &4 sc |
a)l FONELI Sposays on H4kacthveeT5Tél | clones showi
activation of T cell cilmanesat inD mMwiptodnnsdetO et op eopvteir

pul sedr BR$f exxR1e)d a(nhid2 | D-RVI()T2pr esenspresi bPept iFdNe
rel ease (peptide) -DwRals porbesseernvt eed s-@véecpotmpdBe? eao nttor on
(medi a) and was abrogated by the bDbI-DRXing of
present &dDRcAb) spRoubabi oo with corrveaslpeomtdi ng 1
responses are nentuldW3eTr2zpeed sewnt er PR1I PHA wel | s i
| FONr cel | clone response. |l nsets(nssfjcbRer ss e retpa e s €
ELI Sweltl s are representativetef. experi ments per

bMean background subtract ed fgcu anotri faiscsaatyiso na so fs hi
performedama@ MNMOconcentrati ompeocfi fpiecp tri edsep o nPseepst i (
observed c epneppatriedde-)tcovnntahoPRdssithgcboODpRarred t o DR
nul |l ) DRrlesenters.orAeblrecaddeR ioyno oK i nFN(+) compar e
cont-Jolwaé also obseanmsfleomiad PrRelsent er s. Pl ot
background subtr agdpetdi dey ceodqnativvodlt eadt df macom exper i
duplicate (error bars = SEM).
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344 Functional cyt oki ne rDeR1le apsree sienn treeds p50Tnds ee ptiot o

Having observed differeneesacitn vee nlsicteilMi tcyl oanrecs
soned that prcdhuceée odief maryent functional mar ker s
clone was subjected to T cell activation assay:¢
peptpirksent edRbyomMHILW expressing cells and funct
lease measurkidg tbiye EL.ISSA (

3441 MI Hb

Each clone, in response to titdeatived epeptéedesa
sent edDPRIn cTel | s, produced titrating almounts of
(Figur)e. BE®dah bélt ede sexilsii ti vity to peptide withi
resulted in a similar maxi mal chemokine releas
to cognate pepti dseo fa’si¥l0i pnedpitciaddee.d BD. 82 IECGvas t he
sehsivepf EAO Maxi mfarlesMdoPnse for GD. C112, and con
of an acsemnaie¢ei ECty value, proved difficult to
concentrations®>MdMf DPepgitde iHaicwmar kBirnd oMl A cel |

vati on, al | three T cell cl ones were indeed res
DR1.
3442 | FN

Anal ysi glt wd 1 hienfTl ammabexpregtsobinndy kBNh cl on
that the GD. D8@Aesndri&preddd@acerls in response to
ti Beglr)e. 3Whibl stl Fowds cpoesi bfe in thelsFeNtwo cl o
release was not detected until “MighdcGbhcPhO4ati
16M)The maxi mal Fobwg!l ¢ aes eoft wo cl ones was not de:
guirement of such high concentrations of pepti
| FoM el ease by GD. C112 may be hamper ecdonbcye nt-he so
trations8M.above 10
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calcul ated.
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bBackgr ound Fsh
descriabed in
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[Peptide] (M)

0O pelbriedekn

and KDAORLLID ndOIRARdLrewisemt i ng
ntrations of cognateearpdpotgi(dheg.o nD as:
fsotdli meg (firmoametwhiicmh MClI ar ;

Ereapebaments SEdMr f or med

peri ments.
bteace eidn

btease¢ eidn
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On the other | Rbbryd ,GDr. DlldOals evacsf r obust and det e
concentrati ofM) .ofl mpegpddidtei dn,0 max‘Mmalr*Mrié®l ease ¢
peptide was ¢heattdhgteeamdroqets. As a  &dul t | t he
producitrreqaciT4e T cell clone to cosgpra™M pepti de
pepti de. These | @ldteamah ingghlai gdhao dt hmar ker for T ¢
GD. D11l one, however, stimulation of GD. D821 an:
tration of péxpteilkemastea i nduce

3443 TNHAR

Each clone was nexfTN®Eeste@sponseheoclbpeeasdeof L
ducti onUrcefl @ladFe mwceh consi stent thrPhiughoat3.the t I
I ndébpdD821 and GD. C112 kFpnesucwhischnweesppoasee
exhibited robWsh respasseofoTNBwer tit‘rated co
M orM1O Similarly, GD. W1 G4 ralspongreodwcédwWBENF pe
trations suggesting that this cldogt olsi naesstr o
GD. D821 exhibitlednsntieasgdt oNpepti de seompar ed
of MO pepti de. Despi tse aanu eu nfdeest esrrisngi trifaNtfl tey EoCf GD.
producti-tat of h@NFi ghest testabiMd a®mrswdrterdatiino nt

hi ghedlt eTHBRse quantified out of all three cl on
3444 Summy of cytokine/ chemokine profile
Each of t-heathiree H5Tdell c¢clones produce three n

sequent fdmicRodod;-OMFPresponse to cdeRilatoe |l pept i d

expressing cel lcsyt okhien g/ed lreeamek iofe ealtdhwever, occ
of sensitiviTagbl)s.udEndp rilefaddn d mONtFr ongly i ndicate
thesee@maT4ive T cell a@alsawrbese Ddleorfd evlelds fwiotnmh itrh et hle

eral ol maochheal thy donor.
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Clone Restriction  Antigen MIP-1 b IFN2 TNF-U

GD.p821  HLA-DR1 5T4 p2 +++ (-6.3) +(n.d.) +++ (-6.1)
GD.D104 HLA-DR1  5T4p12  +4+(-7.0) +++(-55)  ++(-5.3)

GD.c112  HLA-DR1  5T4p38  +++(nd)  ++(nd)  +++(n.d)

Tabl eS8mBary-refaciTa4e T ceHdmaliome sent wiktiinwi/tcy t

Scored sensitivity to release stated cytokinel/l c
of pepti de. Sensitivity graded fronalleastat sedn

| ogsgEWCal ues are recordesgvalnueparfeonrt héebBeG1l12 ogd&Ll
determined (n.d.) due to | ack M. sbiFdllbeddagy at
| ogsBv@ s al so not deter mi ned Foduesl ¢ oS ap g puirDed & .0 1 €
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35 Mi ni mal dreetceocgtnaibtliecera chhyi veeT 4 cel | cl one

Di fferenti al sensitieactiievsetd® aaltl gehomegs tmay 5¢
eachdbemédved peptide exhi biftarn ¢gblRalA, d iafnfde rheemntc eb ipne
ti-dleA stability, and thus molR1 altiigand heorddrictt
(b) TCR engagement by each of the T cell <cl ones

tion of both or kKd)JgBEHGeenfageémenst ouhAs watresul
bi ophysical anal-yR1 semdJagomgeamatt ebyp HeadAch T cel | |
using recombi naddriyv epdd Riilove d e ST Meesacdand e5TM4 cel

clone expressed fTeRsi vteon eassss aoyf tphree seent ati on/ r ec

351 Predicti-der iofed Tplepti de biDRdli ng affinity to

To give an indication as -dtea itvlheed petfiaRiltdiea If oaf fH
each peptide was anaf fyiseidt PBtto pdiedgctled pepdi de
neur al net wor WNeg rMHAI[ d\ti i2d 1B ene r&v dAssn d uzthQ9)each pe
sequence was predi eDRelda(lt loe.c &5pTadbpl 2y abnidn d5 THALPAL 2 we
fied as predict edDR1 r(oln@5 0bi<n d5elr smayo ravihdid Asit f iI58d p
a weak bindex00 ICM)0. =This analysi s, t herefore,
guality «w@fefreaceh pPEHPti de to be presented to eac
ami nation of the predimrg etdoDcRdllr & i rgend-o @thit oefa a5 Ts4upb3
peptide sequence based on the known preference
pockets;blmosR4 naorntd aMm9d whyesr,e rlhersgpecti vel vy, are n
(Cole & Godkin 2016)
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Peptide epitope Predicted binding core Predicted affinity I1C, (nM)

5T4p2 AGDGRLRLARLALVLLGWVS 14.1
5T4p12 FARRPPLAELAALNLSGSRL 8.0
5T4p38 LLVLYLNRKGIKKWMHNIRD 77.5

Tabl eéPBedi ct i-doenr iovfe d5 Tpdept i de bi ndiDRdl core and a
Underlined peptide sequence = predicted binding¢
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352 5THAeactive T cell clones-IBi mdilpoorelrys to cog

Having shown T celll clone sensi-DRtitgeath peptl
clone was anatysed bbobndt belilr enauplothidmenrgs MHC f | ow

3521 ProductidprofvedTMMmONoOomers for T cell cl one

To study the ability aferT @R dblipiHiGntgo gt eos ,c olgincgah le
tionalDROOHLmMonomesuscwestul | yi mprwidthroee di fh g o mf hum
HLAR1 mol ecul eB. pomidiug edetimods deBraydberd etreal
1999 )EachersiTueddDRAHIMAN O meere swduuldwe bi otinyl ated,

itate multimerisation, as shown by characteri st
bi otinylDRUchaHhA in the prRisegmie MIMbG sbvept aehnd
pHLBR1 monomen wasbsehbdbwncti onai3ckey lisntaesr aletsicon |
in Chapter 4 (data not shown).

3522 Mul ti mer st-aeachpgvef THddl|l cl-bhemoilwethl esgn
Gi ven t harte aecatcihve5Tl4 cel | clone successfully act
derived pepti d®RAreceancthedfon hdLAhree T cell cl

nat e-d&mMidved IpMHA ng dex tDrRad menoil seecdu | el iAunsiisregd an
protocol for the samtiingerng rodabDdotbitwoen fTeitcnaallys 26114 ;
et al.. RLilrbg t hi s met hodol ogy, l ow affinity an
mutimer staining and -haaet ibkeenMd8edi ¢toedtRi mel
(Tungatt .et al. 2015)

Despite this proteaclhjokoWwesgseb}! ait hed5pdorl y wit
5Tderi vedRAHIMAI Fiignednes PnNnTy the GD. D8S8R2di medne m
with cogratAleRLETrp2Fi gner)ls &s 7ahown by a small [
tramer positive celrlrsel (e4Danid L Aciome r&o) e anntdroo | (0

an approximate doubling (91 % increase) in geo
HLAR1 5T4p2 multimer stained (gMFI = 222) comp
sity obserbD&d wmeh BEAined control ( g MF I = 116
exhi bi tbeRdL HLTAM p 12 mulFtiigmel Sbh&Fipnshggbtly above
(0.05 % tetramer positive) compared to irrelev
signifi&dibgraa8de -DR1IgMF4p(HLAMFI = -DRY¥, irrel

= 108) . Similarly,DBD. 8ETA4p38xmMubttmdr HEAf ect i v
groundDRHLAT4p38: 0.04 % tetr-DR&r PodORtPveetran
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DR1-5T4p2 + SA
DR1-5T4p12
DR1-5T4p12 + SA

| DR1-5T4p38 + SA

o
o
<
|
w
-
o
(]

| DR1-5T4p38

FigurigGeh.ed ati on of-dbiovedDRABIMADG oNE4L s :
SDPAGE analysis of puDRIX imandmerts nrydadleded HLIAt K

peptides from i nclBil.siicoonl-mmaidiice 1 gp rc ohadc & cheoings . Ea
DR5T4p2 5TARL 2 a5nTdd pBR] showed characteristic ¢
mobility of bDPRUcihray lnatwhe nphHhA ubated with strep
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positive characterised by a -HeOAR1thME 5S.1%B,i ncr
irrel evBR1L pHLBGBr)e. 3. 7c¢C

These data, with-HLHA2RZ xrceeqpad g moint iodn 5004 p@QD. D82 1,
tically undetectabl e eianctteirvaec tTi accre | b e tcweoenre st haen d5 T
enhanced meot hdoedtcelcag il eoppMtad fii mtietrya cTtCGRon s . Detect e
5T4-H2AR1I multimer binding to GD. D821 suggests |
t he B8dL4PR1I antigen with the stromgeaecti ad fT nc ely

cl ones.
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GD.D104 GD.D821

GD.C112

a) Irrelevant multimer Cognate multimer

- i . 1004
R 0.033% | 1 . 4.96 % 222
E o
o . » 60
.| T 3
< 102+ E © 404
o
o a 20- L
Ly T T T L T mm ¥ T T Ll T T 0 T T T T T T U
0 10° 10¢ 10% 0 10° 10 108 0 102 10° 104 108
Irr-Dex PE-A 5T4p2-Dex PE-A PE-A
b)
. ] 100
I B 0.018% | 3 0.053 % 144
] 80 -
T 10 . 1 - 108
L 3 < 60
< T Q
<Dr 103 E &) 404
)
03 1 20
mm ! 1 LA | Lhb | k 1 mm ' 1 LI | Lhb | 0 T T 1 LR | L |
0 10° 104 10° 0 10° 10 105 0 102 10° 104 108
Irr-Dex PE-A 5T4p12-Dex PE-A PE-A
c)
] . 100+
it I 0.019% | 1 i 0.037 % 113
= 80_
<>'\,-|c|4.. > ' _,'.' - 108
8 . y - £ 604
< - Q
3 102 j O 404
o ]
o ] 20
™™ L | Ll | T T ™ T T ™ 0 y J-n{- T L | a1
0 10° 10% 10% 0 10° 104 105 0 102 10° 104 108
Irr-Dex PE-A 5T4p38-Dex PE-A PE-A
Fi gurieMi i mal st aiemicng voef T5 Tcde | | cGll lo nrews| thiymerog:n a

a)Fl ow cytometri ccDRInamylst ismeorf sptHatinai cntgi vef ctl loen e
GD. D821. 2D pl ot s Cibidngunlltifigradirl & i Wwh e nt ehselc &ci ongenda twei t h
mul ti merDek) Tdopr2 i rr el eDveaxn)t wmutlht i oneset( I mumber s
percentagécelf|l snullhipmamrent gate. Histograms repr

observed when <gtoaij ugdtwidime otglfdat RE kY| tompar ed t ¢
mul timer (grey),; i nset numbers = gMFI Pl ot s an
experiments. Di spl ay'ednpgl etsl gmmpbedcghebive, CD:¢
b))l ow cytometri cDRan arhwylsti ismedrf tspilbkia@di dpgil2e cl one
GD. D104 as adescribed in

cCFl ow cytometri ¢cDRiln arhwylsti ismeorf sptHbiAdea oagi wd dlhen &
GD. C112 as adescribed in
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353 Mini mal bi nArdeiancgt iovfe 5TTAR t o 5T4PRB present ed

Having ohaervdadaet b4 T cell clones all ex hit
stainingllvimulMHGOMmer s, it was hypothesised that
cl one bouneaecrogvneat R HobTddl ecul es with a weak affi
the binding affinity offatCRyeeXprcessed!| onpeshdi 5’
and -lbeTaAr i nRIHLMo |l ecul es wer e pr oducaetdt eampd ende a s u
through surface plasmon resonanT€R(&SPRNesdadt s
i nclusion bodies using methodol &gi @&plptendprxoduce
3a)( Boul ter .ethemslp.i t20®X)pre&si,corl offoladil eadtlai 5T 4 i
reactive TCR encounterdgpeallyx®gtsoéceéedbe (bueki
TCRs, onl-RX heFr4¢a38t i ve GD. C112 TCR waisn abl e to
viasoindicated by charGmT€Rd saii rcsr @ampicengi BSd So f
PAGE anAppyesndsi XxABalysis of GD. CDR2 %HTCTRpB8B8neiag
SPR resulted in a small but increasinAhp-signal i
pendi.x Such binding, wehkdéetiectabbaggaseedchti on
GD. C112 TCR expresaxdd viey Tt tied |54 one and t he 5°
HLAMR1, however, further SPR experiments wusing
guired to accUrCRt dlinwdmeags afdinhey.
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36 Structural <chafmfdct empo Hfaipeesse mtfeé by HL/
DR1

The abiCD#lt ycefldrs t o recognise tumour derived pe
ability to both present andcntedo@mi dviddCseuccuhl epse p
such aB»RIHLA n order to theref ordee rgiaviend ipnespitgihdtess
able to be presented on tDhRI ranmdcdstlb) cttlea MdHICe an
acteristics of theopepgtuildess bmpmuea steatrtd evidHtCop efpbilki dbeT
bound D®R1HWAre studied through recombinant pr o
viaay crystallography.

361 Producti o-bRbfpmHdsAenting the 5T4pl2 tumour

anal ysi s

Protceiystal lisation generally requires a highly
sampl e. Due to the I|I-DR1yretfppidc @lli0y &) etawmg eard f 1 HL .
purification step, as publ i shedt gpcceelvifoars,t hwea sp |

ductionDRI MHeAEcCgUe)s SE.e&an & Wi Thgsdoms2) hodol oc
all owed sephhirmdiimogqm wds mofnr acDhRbnlsedmriomg belumtdi din
ti @amall | owed the highly sefrfeidcipernat-eptudfFpiigd@ rcaat g iomg
3.8b For thD&®1l1lsmodecHLAsSs were refol dede-in the
rived peptides, 5T4p2, 5T4pl2 ander5iTUe®B 8p & ptri ca
successfully refeldednwbtHdesi mblabtain milligr

protein sample required forFsgueend3n@cof cryst:
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a) Inclusion IB purification: DR1ap +
—| body (IB) > lon Exchange peptide
prep. Chromatography  [1—,,| refold
v
Anti-DR affinity
DR1a Chromatography
. . F""* """ H
Inclusion IB purification: ] Biotinylation !
> body (IB) » lon Exchange @ || bLe==—eoee——- -
prep. “| Chromatography [~ v
Size exclusion
chromatography
DR1
B v v v
Crystallisation screens SPR analysis HLA-DR1 multimers
b) Wash (mL) Elution (mL) c) p2 p12 p38
FTM1 2 3468 2345678910 M -+ -+ - +
240 240
165 165
125 125
93
93
72 - 72 ~
57 57|
42 42|
31 31 .
24| q 241 N .
18 ) 18]
15 15
|
8 8
4.0- 1.5 i
Wash Elution
3.0
o 1.0
§ 2.0-
1.0- 0.5

0.061234567891011120'06123456789101112
Figurieerd.d&uicti éDrR1of5 THIpA Y fory xt al |l ogr aphy
aEnhanced protocol fDR1t mel pcodestrehobfdedLiAn
desirednpeayptiimtila nd bPDRI| usi on boHl. esoAmirdo du oend oif n
an -BRtaBntibody affinity chromatogngphyi eshepndf
size exclusion chromatography is shown (green)
anal yses described. Bi otinylation step requirec

b SDPAGE and spectrophot omethetri n(gA 2s80p a R)t | ama loyf s
nomi nding wash -DRakitm@dinsg ahdmlangliuti on-fraction

DR1in viefodd. FT = flow through, M = MW mar ker.
CcBDPAGE anal ysi s -DRf1 r5efffdb2d@a@® HorAot ei nedgdampl es
for crystal |l iDRat isoatmptl reisalesx.hihli A ed shift in el e

nomeduei cpopmMpared to reducing (1 ™M DTT, 5 min 9
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362 Opti mised crysthR1U ibsTadtpilo2n of HLA

HLAR1 mol ecul e sprreesfeonlcdee doplli2ns atahde2 5 TB8PHP38 were sub

crystallisation screening. Each protein sampl e
using two commercially available screens (Mol e
as well -pMHChepTICRi sed protein(Buyekakltiahti @
Primary screens were performdd® atgg/ muhtiugli @gc em
drop vapour ,sddaddrmudsdroyn.s dragdenrs were performed by
prepardd MBEdwD.s

From the paneériofed hpeprpt i5dieds ;r ag/r yddtfdlrsacd uiotna b

obtained DRl tHGHe pHPRRicpopunpd ePrd mary <crystallisat
yi el deddif fefwr amaotnabl e crystals intbeinguMOPE. @aad F
Such crystals, whilst exhibiwernedmraacdhsado miee -c
dl e or-Dismahs$i &nal crystals whiclfigere. Blo®bsuit
order to optimisedidtifgbatcal cfgsmat sowereoharvest
form-nmi sreddeed stock frofmimbhnhehonamecoyst hhsgw
through <c¢crystal Fhmigurmrks Sddcbcrcegmsitmy s( were obt s
screening of wtaacdbk,usc om camwmtsrexetdiThhembaadnbdf teysta

owt h condi tiToanbsl .ea rQé tbau tnleidn e&d yisn al s wer e haryv
Di amond Light Source (Harwell K TadK)e.t®. & resol ut

«
—

363 Hi gh urtedsoonl struct-lulr eprods almtrdiidd @dT pept i de

Coll ected diff-DRxtS Ohpdatat od rmMHdsAol uti on of 1.9
information obtained viaDRa@l etobubaturepl 208medD

|l i shed onStéren PddBh dalr. e flLi9@edd unt i | convergence
(TablThBe 6BHIRA 5T4pl2 structure was solved as tw
unfiar med by crystal contacts thr oughpopuetn diihxe mol

5 Some crystal contachb®@l1w@y ewimahllien ba tfwb&mi IDIRA | o
domai n, and the rigid central. pkipitBebe accadr e r es
Ar-4 al so made a few canttaadlt mi walt ht a flf |DeRde p ec il ic
Suaclhntarceda sdeAppkedi *fhBse contacts are highly u
influence peptide stihle exhtaée ms ipwe it cveretma athse dpaedd ¢
and -BRA (detailed to follow) areditomes ylnantekt royf r

mat. es

Broad analysis of the obtained strbBct,wmolei show

to conf ADRI1ItetHuUctures of similar resolution pl
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TOPS D1 %PS F12 » PAWGH) e

FigurieOp3.idmi sed g-bBWt BTdplBRLArotein crystals th

apchematic overview of crystal condition well |
i n whmahypscr eendi fyfired ddteadblneoncrystall i ne mater |
mi croseeds for crystal optimi sati on.
b)Stereomi croscope idrnafgfersa chtiagbhllei gchrtyi sntgaln ofnor ms 1
screening condia)i ons as outlined in

c)Stereomi croscompes o matgie® nDddnm efmfisrgdoeDiRin gHT3Ap 1 2

crystals grown at 4 mg/ mL via han@i0g Mrop i
Sodi um/ pot assi um -Tprhioss pphracdpea n el . plH )W Boi sp2 @ m&n PE G
wi mhcroseed stocks producedadnmibm combined cryst
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HLA-DR1 5T4p12

Crystallisation conditions

Primary screening

Screen conditions

TOPS D1 0.1 M Hepes pH 7.0, 15 % Glycerol, 15 % PEG 4000
TOPS F12 0.1 M Tris pH 7.5, 0.2 M Amonium Sulphate, 25 % PEG 8000
PACT G10 3?2;\8 ;ogléglggéaéssmm phosphate, 0.1 M Bis-Tris propane pH
Protein concentration 4 mg/mL
Total drop volume 200 nL
Seeding
Parent seed protein Self (HLA-DR1 5T4p12)
Parent seed screen conditions TOPS D1, TOPS F12, PACT G10
Seed dilution volume 1in 100 (5 mL)
Seed dilution buffer PACT G10
Reservoir buffer PACT G10
Protein concentration 4 mg/mL
Total drop volume 3L
Tabl eCB3y St allisation codDRilt 5ddp 12r emywhiactls MleA e
TOPS =p NIKR Opti mi sed Protein Scr%tnMDEPA®O -= PAC"
| ecul ar Dimensions), % = % w/v
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(3PDGuNnther vest FHALIRAL B304pL2: RMSD = 0.714 ). All
gl obul af Udo maJidmi2syérie resol vablerandrges$ofdbed t|
DRUand BR2RIai ncsowmalnent |y compl ekieddi ogfgromoveaebet
UanmddomaFngu()e. 3.10

Within the binding groove, the presented 5T4p
hel dc mwoalaetnotpl ypar édshielt f 1 oor ¢ d@sntwiduhcatiends ,f r o m

in an extended conformation. The olplenbiemdierdg co
grooves allowed the extension of 20 ame no aci d
nonamer bindiDRgL.c dPrree scefncHL o f the 5T4pl2 peptid
omi t map analysis, whereby the peptide model w

map pweearkes anal ysed for plr eflemnac e dpa basnemin tyesnasf, denss
vation of positive difference map peak density
peptide sequence, confirmed theapredskehceaectoifonh
and thus not a consEgg@ng3elbd refinement bias

Of the 20 ami nbemmi dal Bheéyr ebiedNe was unabl e
ck of di scerni bl e Kioqwuurienud.Mbldel leichg oaf dendet
ckbone positioning of t hreo opveep twiadse aweihtiheivna btlhee

vel siwtfi [-B8m@NeCr mi n al flanks required some app

a
a
e
contour llevedetefrioration of electroanddehsity &
ermini caused @&ani $otcremisef d ns mlsapgmemet Br s, an
f model flexibility and thus, quantified the g
hr ee -tneorsnti nNa |F ArRePsPad d e $ wpt emmomsitn eaCl-SGRB Flages (

ure )3SuUudk incfeaeaserias8B8i gnment indicates inher

extremity.

! Difference map peaks highlight areas of disagreement between the modelled structure and observed
electron density data. Positive difference map peaks represent areas of observed electron ddnsity whic
have not been filled by the modelled structure. When the modelled peptide is removed from refinement
during omit map analysis, positive difference map peaks should resemble the omitted peptide.

2Sigma (G) is a statistical parameter which descril
in terms of standard deviation from the mean electron density of the entire map. Thus areas of electron
density with high 0 crterporne sdeenrdffdeviehynectats adts fs altdntgun e |
level that determines whether a given point is visualised as containing electron defsityl Ae v e | of 1.0
is generally used for presenting wanbewsedtosneddl el ectr o
flexible protein residues.
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HLA-DR1 5T4p12

Dataset statistics

Space group P12,1

Unit cell parameters a=56.96, b=121.29,c=68.96 U90 . 0 A, b =190.0P
Radiation source DLS 102

Wavelength 0.9795 A

Resolution range 60.657 1.95(2.007 1.95) A

CC-half 0.995 (0.589)

Total reflections 239,331 (17,960)
64,792 (4,807)

99.6 (99.8) %

Unique reflections

Completeness

Multiplicity 3.7
1/ 8.3 (1.3)
Rmerge 10.0 (91.3) %

Refinement statistics

Phase determination Molecular replacement (PHASER)

No. of reflections used 64,762
No. of reflections in R, set 3,165
Reryst (%0) 19.31
Riee (%) 24.11
Asymmetric unit (ASU) parameters

Number of copies in ASU 2

Number of non-H atoms 6,784
Deviation from ideal geometry (RMSD)

Bond lengths 0.0191

Bond angles 1.8659

Chiral volume 0.1086
Overall Wilson B factor (A2) 39.2

Ramachandran statistics (MolProbity)

Most favoured 756 (98.1 %)

Allowed 15 (1.9 %)

Outliers 0 (0.0 %)
MolProbity clash score 2.42
MolProbity score 1.48
Tabl erDatrégeducti on and r ef i neDielnt5 Tsdtpalt2i ssttircusc toufr et
DLS = DiamondDAat ghet iSmiupmiceghi beses represent s
data in the outer mostRareedasngu at eodeghaeati onRMSD
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Figur @éR8f il®ed crystabDRstpuesenti od HLApl2 at 1.

Cartoon represenbRliebhroéttsoévpdesléedti ng the 5
representat i difa nWfabgleunet)a)doneRinsb o beai wst h DR
(green) as depicted by front, topthnd shédeopeéee
ended peptide binding -gepomvedks apdm®inddedyf It @apkivm
resipdruoetsr ude away from the peptide binding groo
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Omit map analysis

Figur eD&8n iltox anal ysis of pept-DRE TDhgb2mati on
apPpmit map analysis of observed difference map p
Presence of positive di ff draenndc en onta pn epgeaatkisv e( gpreez

me s-B; Owitlt)h highly related density to modell ed p
C = magentah!l WOe)= vealdi,ddNt ed the presence of 5T4p
bsStick representation of model | elde &tTrdgprl 2d eresit ti
map cont odarnaeddiQagytbely. iMmesh). Peptide el ectron den:

of the 20 amino acids of 5T4pt2rwinkalné®hebser ve

cgStick representation of aobrT 4(pbll2u ep etpad omdeed ;&8 o) @ U £
21 to fi8Otor Banal ysis indicated d akitghl w $4t0g9b |
flanked by stabi Hietryni endtleerradiidnagC tfol adbmokihngN r egi on
of termini exhiybiatsed nhdii cchaft éetde @ inscirteca s> 80n. B
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364 Definition of the 5T4pl2-DRdre epitope prese

PrevEbluSpmd ELI SA experi ment sraactciride@D.tbhEe04£ 0T
clone activation in responBEAEDAARNL 2@ Rl) apgr a-
sent ed-DRyl WInNAy expressing cells. Likewise, pre:
as i mmunogenic in healthy individuals and col o
to the full l engt h 2t0i cami nfo talce dn csreagmeern cpee p tDied e
hi bitedDRPly fHArA 5T4p 12 yhabde ennote xppreerviinoeunst al |y def

The peptide binddingopeckées of afldCcally defi n
presented by each satlrlueclteu rDeREoi fd gHIpA 2, sdé¢ fviedi t i o
nonamer peptide binding core of 5T4pl2 was achi
HLAR1 bindi Rgggre®o8dmh?2agreement witha2the pred
descri beldy pgrhalwsinQgi < ore was defined to the centr
( FARRRELAAISKBISRL ; binding core bold and wunderl:i
i mmunogenic epitopeaeirrwasAssderginmedtfrodmtihELd pept i
t heref orten,e belfdipnle2d pepti de taecommmailnfadasnkx (&AR
and five 4amirmonat¢ci dl @nk (SGSRL).

365 HLADRDresentigde xhTdbits mini mal potential TCR

Binding of cognate TCR toupeptanadscopnesgneetd tom
T cel l signalling is mediated by the ability of
residues on t hMHC ognbri fnede pepltinde. As a result,
governed by pepbirtlg ahome, dpaitvedufrom peptide
orientate in a memwagynd rdims ttanle dVHCe cbtiinodni ng gr «
all ow the formation of ent hal pically favourahbl
MHC and TcORgBmrit ¢ége man. eGomslequedntt2l)y, the di mensi
of such orientated simdei mhaelnectisng uUEGRarwi tah ka

antigen which can form a network of electrostat

Anal ysis of the struéetRur g eosfe ad Teddp T 2h eb d u rkee I tyo rt
in TCR cont adtdewictolrien b(i SnEdipheFtt ddbadld shown by
residues protruding awayYifgnom® .3h0v28mBArkei ntdieng
core pepofi deTedxghiboned a mostly flat surface vol

obvious TCR contact residuefs.GITh® ichapgeidt icamdd

within the peptide and projects perpendicul arly
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ARRPPLA
6-5-4-32-112 3

Figurei Dfiaition of t he core peptide r
residues within:

aSphere and surface representation of the | ar¢
(magenta spher eBR1 wmdlhe ou IbeheeIBRIBERe Pre).t i de
flankingpgutesideued the binding core are also sh
DR1 molecule (light pink spheres).

bptick and cartoon representation of the define

as a))narhce potential TCR contact residues within
from the peptide binding groove. Orientation o
arrowheads and -DBLrébspdndgngoBLAIi on. tleedu7 at p
parallel to the MHC molecule and is therefore p

as a sideways arrowhead.
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available to form hydrogen bonds o4 esaminhabidiydge
positioned Asn8 is available for hydrogen bondi
positioning of two short arnd phmat(ikl ad)anasnewerlels i
buri al of Leu at P77, which provide little cont
hi gh enthal py TCR contbaledtypreepdii diee doifanrdd Ty lcZoe ret
N B

366 I ntramol ecul amedii mtt @r aac th aoinrsgiemr mi wram ifh anhhkhe o
5T4p1l2

Anal ysis of -DRle 5sTod pvle2d sHLrAuct ure demonstrated a
tacts in the core peptide binding region of 5T4
hi ghl ixgrtnelede structures which protrude away fr
hibiting a degree of i nherent i sotropic displ e

conf ormati onal features.

At t-ther Mi nal fl ank, the gdptti cceo nrfeomariartd d ni rb ya

with the MHC molecule through a n8tf wBrd&anaof i nt e
Pr-o of which these interactions, and their con
cussed in detaié¢ 1lateracitnogenekbnbahdétiaskeoMer

of th€ 1 MHCnding groove and heldUthaipeptabsdei ba
al i sFeidgurne 3.)1.0;Thiosp evxiietw from t he binding groov
| oo@i om® c on nghcetliinkg atnhde b3 rdieh g x-gf Moo whebttron
sity for the pepd, dendbatckdbobreghbash Ritgetdé (as
3.)1lawvas observed as a result oftpthdemohatctunbar C
sequently, the exact | ocale of such atoms are
from the MHC where they exhibit mobiéimiynalin sol
flank may be free tiontcemdaatciton hwei tTHCRt tehrg@uagrhi d
Ar-4 or the aromati6c. phenyl group of Phe

I n comparitsemmi raal tfthlearCk, the 5T4pl2 exhibite
truded away from the MHC Dbindi frgugger po.vIEhi 8 t he
hairpin |l oop was medi ated through few inter mol
Serl12 inter &ohiolg, wiith fdbe72vdW interactions, w
the turned peptide above itself by the MHC.

Theeree turning of the peptide strand was ins
|l ar contacts midwhnd.3 hk2pepsulde o6f these inter

-116



of the final tthreeeni nesi dme® @t oske pCoxi mity of
boundary. Such contacts within the peptide wer ¢
Serl12, forming a ttigrhmi melv grlentkhuatfn rSefsdetmbd ed t
acteristifetsuronf. aT hiyspet uriln was medi ated by resid
assiigmdd&i +3 respectively, according to conventi
ofbt ur ns, reisHdd wasSeédrbaght Wit hdasn nie ajs udrfe dL ebuedt w(e
atomsgure .3.Thb resulting diiMepldanald i&Rgtés{ about
formed to typical avebtgemivgafrwe.s3.olb3scer ved i n ty

The presencaf of méadhd @nttbuyr it miche r act i ons bet ween
chain to Leu9 and Serl0iereeabtdedsthooagbdthef b
Serl2 side chain hydroxyl group. This side cha
bet weenSeér 12 hydroxyFi gudeg L2UB3dadkonylo @ccomm
i nteraction, meashtrurdn altai2r. Bi n ,t urhre waypeoddned
turn was consequently m&l g-3dbtldseotr Asdaohrastiul |
recognbocmedl Het ween the badkben®) canbohsgtkbbneeas
i +3Serna2riterion fhomuraolsasdinfithat iobseosfved hairg
i) was marginall y-obd @t &iadebeanhdesr g(ékne.rdalj )Jc.utAt t hi

however, these atoms would stiNb expsetaknceniwa
wer e made btedwmmiemalt hlkeaiCrpin | oop amreppraeidghxbouri
5.
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V<TOoO CoOWmMO TWOT T O T

SO

S >SS oy —

Oy < @

S~ 0O~ O

A= A

o — ~

°i4’1 = '54.2°

Leu9

i+1

er10

Py = +1.9°

Gly11 Gly11
Oy, =+93.7°
Wieq = +140.8°
i+1 i+1

Ser10 Leu9 er10

urdéHadi.rlpin tur n ftogrmmitnaln faltankeofC 5T4p12:

i ck

repraeemiatailodf lafinkCng regfidant of ; 504pd 2t

ran gle3 09 bounBbR1 ohiHgthA i ghti ng a hairpin
ramol ecwiahi cohhactpeptide (refladiasches) Fowf
ermol ecul ar cont act s -L(ecuyladn wdearseh eosh)s ewivtehd .r e s i

erminal flanking region of 5T4pl1l2 h4 ghlightd.i
12 (.md@tecmmsa)of Leu9 and Ser12 (denoted i an
a di st abt aug ntsy gi<cral0 o f) .

er mi nal flankingbhpeagiotmt el &imdi&@ baadr al

10 and Glyll. Observed di hedral &ngtes: confo
6By . +AR0s +AF0.3 A0

e
S

mi nal

(3.4

flankingbheghbngbfi 5J4phe& obnadc k nof e

ewAr bonyl and Serl12 amide dubeondeofcduitst ance

i). Hairpirnmatuirath o sl & eibweard,L eed dc o

erde2 chain hydroxyl (bl ue dashes)
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367 Enhanced intermbl BTdpaDPhlbnliLaAgcoont acts t hro

the extendedi gemowrri ved peptide

The 5T4&@mk2ive T cell clone GD. D104 exhibited s
DR1 only expressing cell s-DiRUt 5di4¢d Lirtheetmad t dDiers pd ft fe
this, 5T4pl2 wias €mmu@rigdanelcl $ 0 I n order to stu
ti onmmoenogenicity by 5T4&mlMeED RIdi 5194 pt1o2 MHCH, u ctth
was interrogated for theandteompl egMH&r opept adt

3671 Anchoring of the 5DRplI2npeppodatitog HLAuUCIi ne
bi nding pocket

Di fferencR alnl eHLeAs are characterised by polym
groove which alterpeéemtei cae rlaiyg arkldIsp rreeslteenct wlrbel s Han
therefore between individuals. As -DR raddwelltesof

have preference for binding different peptide n
et(sRammensee.lentc haobri Thgp AZIMHG was characterised b
HLAR1 bindiFngumet BBilf@ddi ngt rdeiudiyes PdHt (Al ab6) an
are within preferential and -xRPIn vbeinntd ioRngaglp orceksei tdsu
ure 3)(1Cml&d & Go.dk$SwmcikO0dlbassi cal intargoaodons ¢
|l i gand -ORIr, HLMA accordance with the-DRrledidet-ed af

scribed.yrevious

I n contrast to counterpart binding -@omwtcik-et s, i
ma | residue for -DRile whB cphodhlantt i @i HloA binding |
and aromatic resi dhiiegur(dfy3 AsPodechTrphé&r el aj)e(cu
|l i shed structures in the PDB descDRBi Ml l euci
structures asBilygBeéddbaesaushagnpDRdnpiPtreot tkiBe Praal2
size of the | e ulpHhnetbPds elB\2a |b8Sad nA® ISRF KBRHL A

P1 pocket were able to contact Leul.

The interactions between Leul andtBEG weneatch
fifteen van der Waals interactions d&nduaesingl e
3.024d 1| iTatbd e SBmdh interactions are comprised of
backbone (7/ 16 cont awittsh) abluitp h artoirce ssiidenicfhiaciann ta
The most contacts with bLduw6l hvbearce sc)o mthriicbhu tmeadd et ¢
interactions through the Leul Wiindeercancaiend aw & hb :
peptide Bycklhomaghhnt wo van der Waals interactdi
tribution to bindindi waermeti agedi throbhghp8&pt b8
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Peptide MHC Contact

Residue Atom Chain Residue Atom Distance (A) Type

Peptide backbone contacts

Leul N A Ser53 C 4 VW
N A Ser53 O 2.8 HB
cu B Asn82 ol 1 3.47 VW
cu A Ser53 o 3.82 VW
C B Asn82 ou1 3.69 VW
o} A Phe54 cl 3.77 VW
o} A Phe54 cuil 3.32 VW

Peptide side chain contacts

Leul Cb B Asn82 ou1l 3.95 VW

Cb A Ser53 O 3.78 VW

Co B Val85 Col 3.95 VW

cul A Phe32 cl 3.79 VW

cu 2 B Asn82 (@) 3.94 VW

Ccu 2 B Asn82 Co 3.9 VW

Cu 2 B Asn82 ou1l 3.51 VW

Ccu 2 B Val85 Cb 3.89 VW

Cu 2 B Val85 Col 3.69 VW

No. of total contacts 16
vdwW 15
H-bonds 1
No. of contacts with peptide backbone 7
vdwW 6
H-bonds 1
No. of contacts with side chain 9
vdwW 9
H-bonds 0

Tabl éC8ntracts enabl anghbeubhgmetli 8T dg12 at posit
vdW = van der Wafafljsprlx &4 . Wydr cagaenoffonds (=< 3.
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Fi gurt£4ABchoring of 5T4pl12 via partial occupancy
aBtick and cartoonT4ppp2 epemttiadd o(nc wrfe trheegi on =
= pale pink sticks) and assignment of peptide
HLAMR1 binding pocketsUpHowWnwardbhaueowheadsn.

bpBurface, sti cknst aatnido ns pohfe rteo pr edporwens eviDeR of 5T4p
coloura)yd Sphemes highlight peDR1i doei nrde snigd upeosc kbeut r:

cpurface and stick representation of t-he conca
DRU(surfaaa-PRb(luwer)f ace, green) chalsnisdeofc hwhiinch
(pink) of the 5T4pl2 peptide (white) partially
dBtick representation ofIpecpotnitdaec trse sniadduee b(eptiwneke)n
at the P1 bintdiimg peorxtkiede fldioradliernt gi txd eMHC.v alne wd e r
contacts (black da®DREdhai mes @ sUad uéd s BSrdHIL A
green) asDRMlhlaias rtetsdVhadfedsh dP he¢3a28 2 bl ue) .
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of Leul andnisBkéeheredbobe i mpacted by side chai

phatic nature of the Leul residue, no hydrogen
Leul side chain. As a resul t, anchorage of Leu
by side chain Ilinked hydrogen bonds, despite pr

such amanAMsnBax 58ef erence, andkrkaorn ivegl @funti vee rismfl |
HAosipeptide t o t heDRPLL ipso cnkeedii adtfe dH LbA& 3 ac ¢ mt act s
MHC and the Tysshwhesi doal psetHAusi ng( Stheer ns aemte ¢«
al . .1994)

36.72 Peptide fl aokhhgobaORdtu éds ndi ng

Whil st the core #Hilndiersg rredieadn pefptMd@s i s typi

the ability of peptides to be selected for pre
by residues f 1l anki nbge tchoen sciodreer erde.g ilonnd eneuds,t ianl csroe
i ng l ength have suggested -laln & fiffnl wieimgdeo o f p ¢
comput at $aomtad Arygel o et al .. 2002; O6Brien et al

The 5T4plRkeplheotedRLovHAAA neowakr&ntofi moemr act i
cludi mgWhé&racti-baedandl189% RHoguarlg c3omltBmatkisnd t h
defined nonamer core binding reteomiamdk 5fT4pl?2
( FARRPP) and ftieremiamalnof laanmk (CSGSRL) . I n order
of theseefl duTkdsmlg2o pept i deRAiI, ndihreg ntuanbklr A of c o
each residue in the f uTlalbleedBgst®hr gteipftii edde fwoars tqluea
contribution of contacts perFipewprndg d. Febsi due t «

Anal ysis of the distribution of contacts thro
i dues boundDRNInthi n diengH lgtoxcwkre tbsy i ncreases in col
P4 (Leud), P6 (Al a6) and P9 (Leu9) as expected
binding by r exipduadse Wil tahdlai mtghsaeg svyieddue Of t he 11
dues, fivatriesutdedst @€ ope pDtR1d et hixionudgihn gt hteo fHlrAna
contacts between the compltexrmdi palpt-8 |daeR onndg MACg
& PRI oas weltleransi ntanhe fG anki nBPBARAEULAASSRIer 12 ( FAI
highlightedei pepoideg underlined).
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FiguréeTBBe 16ompl ex interaction nBRWwork between &
aptick representati onrofoff) albletcwenetm ctthse (5=T<4 pAL 20 pj
and resi dulshbloufe)tbhaeg dIRL chai ns.
bReduction of t-bR1 5catmptlctt onedtL,vbor k t o t he numbe
by each single amino acid within the peptide s
sequence are presented as a hoinsttaocgtirsa no bssterravteidf ia
the 5T4pl2 peptide chain. Simplification of th
MHC binding by residues within thepeetptdae bi
flankinggregi)duasd. =t onotacdke toefr npionseidt idouneal <cert
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Peptide to MHC contacts

Residue Position vdW H-bonds Total

N-terminal peptide flanking residues

Arg-3 P-3 23 3 26
Pro-2 pP-2 9 1 10
Pro-1 P-1 8 1 9

Peptide binding core region

Leul P1 15 1 16
Ala2 P2 9 2 11
Glu3 P3 11 0 11
Leud P4 21 3 24
Ala5 P5 5 2 7
Ala6 P6 11 1 12
Leu7 P7 13 1 14
Asn8 P8 9 1 10
Leu9 P9 21 1 22
C-terminal peptide flanking residues
Serl0 P10 9 2 11
Serl2 P12 4 0 4
No. of total contacts 187
vdw 168
H-bonds 19
No. of contacts with peptide flanking residues 60
vdw 53
H-bonds 7
No. of contacts with peptide binding core 127
vdw 115
H-bonds 12

Tabl eC@n®Bri bution of peptide residues to 5T4p1l?2
vdW = van der Wafafljsprtsx &4 .W0Wydr aganofofonds (=< 3.
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3673 Peptide to MHC -tcommiarcals faltanlkiendgc regi on

Binding of pept-tirale ntado MHG nakt wahse mdi ated via t
dues (P10 & P12 respectively). At Ser 10, extens
(I'lUand A6 b PrmsHpamd Byrméd ns were made throu
of el exeéemoinet emal udi ndgitgwao éh.\BdDEdgpeint eb otnhdes p(ol ar
group side chain of Serl10, these two hydrogen
and therefore the Ser10 side chai mudgihd an diti gfhaci
ener-gpynH. Such inabil-bopdsowifbohmMsCdeeshdurs Hw
the relative proxi mi bwhiodh trheemaion ead tad m mki sotfa lAr
this, the SemiiDdhydtexpwbhhndwhdbfE5Poomhmbng weaker

i nteractions.

Despite the hairpiermoopl obbankedf abT#h&2Ccaus:c

from the binding groove, di scussed previous, S
the MHC throsgheit weenathieo SeUERgsi ¢ e3 Shenb haand
to Ser 10, contacts between MHC and Ser 12 were
not wutilise the hydroxyl group of Serl2 to for

ti omis h Ultlwe7 20 f which were contributed by side
observed contacts between peptide and MHC by Se
of ttheer nd n al hairpin |l oop away fromethé@& MBC mo!
MHC contacts was a correlate of theermcnahse f

flank of 5T4pflacter sabpahybdiysBprevi ous.

Overall, antaelrynsiinsaloff Itahnekihg r egi on reveals pr
pedeiresidues and the MHC, however, such inter:
ot her regionspeftcifheapbtptitde peptORile bbiinnddiinngg ¢
pocket d nwiatdhdiinn.i on, i ncl usi on anfd sRIZ nhea wee sn a ucet
ous structur al advantage to cause enrichment

redundancy of the hydroxwl terdae ofaicmnitmni bat ho
MHC bi.Ndvegt hel ess, sucltenaftietraadc tp emtsi oo sd d mpled
DR1.
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a) Ser10 at P10 b) Ser12 at P12

Asp578

Pro568

Figurégl Bt@bmol ecul ar cetnetrantitnsalb eftlwaenekn -otfh e5 TG4 p 1 ¢
DR1:

a)Stick representation of 5T4pl12 peptide (whit
i nteractiUrgeswidtuBassDRIAK QX 6e) bardi DRBRAS P6E D56

and bBygobOen). Van der Waals contacts (=< 4.0 j)
bonds (=< 3.4 j) shown as blue dashed Iines bet
viath side chain and peptide backbone but show
bonds with neighbourinlg. polar residues such as
bptick representatiani ghl bgdpllBAgpEptilde( magenha
DRUr esi d2UeMilnlienval contacts were observed inclu

bonding between the Serl12 hydroxyl group and ¢t
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3674 Peptide to MHC -tcommiarcals faltankiendN regi on

Compared-ttomt hal Cc otretrem marl & npkeitpht g dide gfilon made
times as many to-DRL ¢(a@abBtaompawetdht BLAS, respec
involved the three most pADZi alodr-¥FPgiodues t o t}

Two consecutive prolineidesbdondsngrorr malmate
contribution to binding, creating contacts witdtk
peptide binding region residues out-$waree t he bi
quantified as i ghtr osdWtihmteer alshi idmhe sma dhec | auari -n
tacts at positi-bondl1lt oahdtde apmipgiugriiee 3Ibalovidd carre
contacts wer e2whbesr eer vaebd nfdagrb eR rideBleanc Kk then a ot e d
SerUFair tdtelri diisMH@ge stilddowe& i mal t oa st hkee yP 1t op osctkaebti | i
of the 5TA4Fpilg2u rpgelpBteildicdo t he cyclic nature of the
ever, no obvious advantagk antd eM mi ctheerénmst ooff dpi
interactions to the MHC by side chain atoms, wz¢

Whi |l st -Zamtdh-lRRardoe contri butions to MHC binding

of two consecutive pr ol itnheer miensa |d ufel siafraklo lltdom eedx htihbe
kink in the peptide chai-8t awar ¢ sUctshee wnR Rotr loyx | prad i
UXomain of the peptide binding g¢gr3mdbwe.e Thies ki
linking regiithe !l b elshwebaumndtth eb Bloima i mf tCohemsequent| vy
3was able to form a network of contUcdtas nwith f
(Tabl9e 3.

Quantification of 26 umdmde) clhat aadrs tAragd MHCW
mol eshbwehdat-3 Amagde tt h-emdmasul ar contacts out of
throughout the | eBgtchondfactled peppttirden.g Arfg fi ve
Gl yWiserUby making extensive vdW interactions Wwi
backbon&F@gdr &ddg. Mbst contacts however, were med

charged side chain of arginine (backbone cont ac

I n addition to vdW inter aceneorngsg n Beso-rift.20ctiss i ncl
bondgthk) bed3 waead ®©hg MHC. Firstlys3 ichentlaadclkeon
the hydr oldyels corfi bSenrgs53how t he pepltli dree shtarcikdtoende
tides can make inter act3iFdngsu rwi .t3hFlTedeh shthib@ rat p o s
chaisofNBArmgadebowd Hnt er aclainan b @iE2boGley48ar bonyl

Such interactions wer e -3ensabdeedc hbayi nt haen dl eintgbtsh poof

-12-7



guanidinium end group andédDRbhusiapi bdi pgedberpapt
hanced by argining.i Balcthsiion eatacpo ointsi direrk des
fi xedrNni nal flank that, for 5T4p1l12, theoreti ca

HLAR1 and thus mayenimpmtcaintirtgot ennmuinalgl y
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Peptide MHC Contact
Residue Atom Chain Residue Atom Distance (A) Type
Peptide backbone contacts

Arg-3 C A Ser53 0o 3.84 VW

O A Ser53 N 3.78 VW

O A Ser53 Chb 3.67 VW

O A Ser53 (O)e] 2.82 HB

Peptide side chain contacts

Arg-3 Cb A Alab52 cu 3.84 VW

Cb A Phe51 C 3.83 VW

Cb A Phe51 0] 3.67 VW

Cb A Ala52 N 3.8 VW

Cb A Ala52 C 3.73 VW

Cb A Ser53 N 3.93 VW

Co A Arg50 C 3.96 VW

Co A Arg50 (@) 3.43 VW

Cu A Arg50 C 3.97 VW

Cu A Arg50 (@) 3.71 VW

Cu A Gly49 0] 3.3 VW

NU A Gly49 o) 3.85 VW

C A Gly49 0] 3.67 VW

Ce A Ala52 (@) 3.93 VW

Ce A Ser53 Chb 3.89 VW

NH1 A Ser53 Chb 3.58 VW

NH2 A Ala52 C 3.8 VW

NH2 A Ser53 cu 3.96 VW

NH2 A Gly49 C 3.81 VW

NH2 A Gly49 o 2.75 HB

NH2 A Ala52 o 2.99 HB

NH2 A Ser53 Ch 3.91 VW

No. of total contacts 26
vdw 23
H-bonds 3
No. of contacts with peptide backbone 4
vdwW 3
H-bonds 1
No. of contacts with side chain 22
vdw 20
H-bonds 2

Tabl &l 8t &r mol ecul ar contacts medi-:ating peptide
vdW = van der Wafafljsprlx &4 .W0Wydr agemnotofonds (=< 3.
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a)

c)

Pro-1 at P-1 b) Pro-2 at P-2

G

ﬁ Ser53a Val858
Val858

Phe51a

Arg-3 at P-3 d) Arg-3 at P-3
H-bonds

Figurel BtmbT ecul ar cont acetrsmi meatlwefdna ntkheo fN 5T 4 p17°
DR1:

axtick representation of 5T4pl2 peptide (white
(magent a) i nt el(abcltuien)fy,a miditshigi bS8 6 3gr een) . Van de
contacts (=< 4.0 j) are DHoowrs ds<wiBadadk j§hsHheod
dashed | ines between contributing atoms.

bptick representation of 5T2p(lMa de mtdd )n gi ratse i ac ts
P h elbAll alb B.e rU%

res
rUp Bl ue) asb(werldem)s.Val 85

cptick representati op=2of4.v@ar3 )aeb ypWasadisi acwinRg ct
interacti dit owiStgha3Q31 ybiiQue) . Contri but3i omast o MHC
medi ated mostly thr ou3ghsiidnet ecrhaacitni oantso nbse.t ween Ar
d)Stick reprels@emd atonhaotBs Hbned-DiuRideckh aArmg resi dues
descri bi ng -3b accakrbboonney | Arign tlarnadc tsiindge wcihtahi nSeNH23 c o
backbone car Baomdy | &IT#&E2 lGd nydt 9di st dmae sofwealel i nhn é&
intermedi at3e Orgnge 2. 75
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37 Di scussion

CD4T cells have beendehowrdt anteégeqgnsi sa HT4man c
and | oss of this recognition (Scamsertrbakkn Proob-Bed w
tection against tumodtumoumati onmiine modedtsed f wi
5T4 bearingb7V,4cacsi mee IMVAa s -5tThde Bo ocoesltli nigmnoufn iatnyt,i h
a rol e*Tf ocre| @D4pionp tthhaeer ape st i ¢ response to vacci:r
sented in an i ChammatetAsatand®dt®Rl)t , anal ysis
of T cells circulating within individual s, t he
a mol ecul ar explanation of the Bdieidrtiiveeld cualiigteyn
Mor eover, anal ysi s odertihwee dabpdpttiydet oa nptriegseennst abr
describes how epitopes are selected for presen

i mmunogenicity.

I n these studiCdDd] delrleeclgemes awer e shown to b
derived peptides predD&RAt edhies et lté ooremsmn ewelreecofgeH
peripheraHLBKIRIOdnof. afhhe T cel |l climnemmxt-rion r esy
hi bi twlpcheanolt ype with all c¢clones capable of prod
| Fdind -UNRFese clones therefore did not display
the-dseelifved nature of the 5T4 peptd diendinvii weals .

sensitivities to antigen with different | evels

Despite ability to activate in rebPRénsg-to pe
pressing cells only, DRG0l ploemged swat hdiewrg gvveedt B B
peptides indicated poor antigen binding by the
using enhanced protocols for (tThuemngdhdtte ®tti ard .o f2 Ol
trgqwanti fy this -dvemakvédnpgéeptgi oé &ddifgénsmpol sol ubl
ecul es were produced for biophysicafleantaillwesis
TCR andebipked i des pr eDsRelnt eTdh eosne HLtAudi es, howeyv
pered by an inability toi prodeceobawoneudl oafngh
efficiency. Despite this, udihg TGR sexpgéesddRDb
57Ap38 reactitvlee GWe&LK 1@ngagement of cognate ant
staining analysis was replicated at the protei:
hibit some binding t-DRT4p8®&epersetrbriccsd pantt éht & c
l ow affinity thaatquueadindo ddhéugu efnutrityner .experi mer
Toget her, t his mol ecul ar anal ysi s of 5T4 TCR
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pMHCI tthye TCRs expr ersesaedt ibwe eTaecahe $5lTwle Abneyappea

cel l clone is irrsooinsthhowentiby pEpteceéldle activati on

pMHC structur al data was sought tpdMHELr awni-de fu

teradtqoinegf tstomuct ur al -ldlatpee dr sqepgirtd idneg eMdHQG opes v
|l iterature has been hampered by the comparative
conformationall yprcoreients MHALC|I es. A4l adeesvied, t
xray crystallogpaphtedstouther PDB drle cvoausnt-l y ou
terparts. Enabl ed byDRiIfmoi eégubpbpes fcDRE&i ahl o$ at
compl exed with 5T4pl1l2 was achieved and the stru
t he penpdtiindge choir e of the epitope, the residues w
the residues available for TCR contact.

The 5T4pl2 pepti-DR1peebkiebteddbfyeWwlLdharged/ pol @
core peptide and t hwsarkay ngramgleanemtt tby onlud ¢ i med
Asn8 exhibit tkRetdmllyyolwindws thipgph nts for TCR
the GD.C112 focuses binding to the peptide cor
|l oop bindingi ¢é obaeckwmondeapewael | as the mini mal
the partially buried Leu7 at positions P2, P5

Anal ysipse pdfi dtehd | aorfk i5ATg} pris i cthweve ver , highlight
t het e mi nal fthaki pgotegdensa away from the pepti
thus available for TCR binding. Thibg uhrai rogi n |
which such structdiagsadr ifleeadi upg reesb RibpAvisee sbhtereinct ed HI
GAG ppea(dZeavRauliaz et . al nd@&RI4d z dkedscali.pénal bapr

structure that, when mut at ed, i mpacted activat
hairpin | oop obser vetderim n5aTl 4 pclazr,b otxhyel cahnadr gherdg 13
to the vacinity of the mapt if demiihmadiprnyg icnaree.ac3

with TCR and facilitate binding.
Aside from the potenti al invol vement in TCR b
an interelsltimgpenvwH@®na in peptide binding. I n s

descibiZbaevdRlua z ., et hal st r DRtlu r5elT 4pfl 2HIpA ovi des a fu
example of secondar yt esrtmiurcaglurfel anokiirfg rielgitohne al
evidence of structr aorerodesd |i MHtEs e ngreeqlt gpebmp-t fi Idaern
erally thought to be flat and exhibitindittle e
compari soln gproesMHCQ ed peptides whildHo|l ¢tamdf et mal :
2013)As showR1bw THIpA 2, extension of peptides at
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result in an extensiopeoftepeptdidénwtidald, &abrga
of the described hairpin |l oop in 5T4pl2, pepti

groove, increasing the peMHd dseu rhfeaicgeh tv oal nudmet hhee ic

The observed hlay raGilSyewa ¢ SSESwhiedhuiemlter ent |l y v
geometrically flexible, due to the central gl y
secondary structure motifs. Analysis -toefr-the SG
mi naldepefpltaan-Rdf SA4HPL12 compared to the same res
structure of tHe&ehaat ievecddadl2riviled @l sr dlet wa en
peptidda nastidgien pr &3 grutred 3WdiBims{ not exhi bi ting

-

ic conformity to the SGS sequence omsdrhwed bo
verall structure 05T4 haentsieggaure na-@ & Jisbiogunrindt i tea t H Lv,
y a root mean( RMJWLYH aeice bd v idat7i9ein upon alignment
n botlhR1IHL5AT4p 12 and t heRM3ID i aL.6¢5T#5) pri ot ePiDB :

o O

4CNM vsDRHILAA T4pl2 =vdtirT®m)of OthlserSGS sequence i
native folded 5T4 shows that the SGS sequence
centr alObgleyrcvian e ho ns torfu cstmarya lb ep aroalskedlvpdes enMEE
pepti des tohnel yopdeune ethoded nature of the groove ar
on extended peptide flanks; thus allowing fl anl
ble motifs irrespective of the MHC mol ecul e.

Despite the observedI pomerbishadimgnghoWwncley !l s,
has been shown to be i mmunogenic. Consequently,
to HIWIRA and thus contributed to this i mmunogen
HLAR1 5T4pl2 was fiont drhreogiantt eractions medi atin
Buri al of P1 (Leul), P4 (Leud), P6 (Al a6) and
binding pockets and provided a | arge network o
t he MHC. nAsoifgnnhe s peptide binding core define
presented by APCs -DRsli g nad immega rmoitdefalanHlL A hus ad
the 5T4p12 iGnliynmuemwlheinncor poration inso the P1
subpti mal . Despite numerous contacts with Leul,
all owing for incorporation of | arger side chai.l
works with the MHC mol ecul e. fhoBecobsacwved Wy
i ncorporation of tHUMARLIneySbhemmoeMewd ptephdlPases
the -BIRA 5T4p12 structuretidescdfRildAhawl ehé oPadcy

modate and bind | eucine residues thapbpdghsinter:
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Yisp = +1.9
7 Gly11 Gly127
y O,y = +93.7 i °i+2_= +60
Y = +140.8 w1 = +146

O =542 i+1

Leu9 Ser10

Figure& S S38r
protein:

Yy = +37

Leui25 "'Seri26
RMSD = 0.794 A

ugtur al par@bbelusn db ¢DoRvieHdam &5 That i ve 5T

a)Stick repr €&senmiahabonolpafexphinbiisedadthy5 TL4epuld2

(magent a)
di stances

bEquival e
structure

BEDARULn A ntdo tHileA par ameters of geometry t|
are col ourd/ycodeuwt tDerclod rtecs p®Inydli In ga raen «

nt stick representationaodfi tthhem ddqguen
of nat(i&Zhea b Tedtc padPID.B s2p0P1BMN)M) r esi dues Le

Ser 12&){ wil l ength 5T4. Di stances ahd angl es ar

cAligned

sti ckbTdkspbroessrech tiad®R 1l hmA dpgart &FT4t he nat |

protelim both struceruvreeds, abpoautaltlhed sS@&S et wrbns sequ

root me an

sqguared deviation of 0.794 | across t
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t he sftirrects hopwi ng ohcbepormae¢ioesi dues into the P:
DR1.

Contributions toe pvMH@ i th@! é&d mildé s gby ot heh peptid
been previously identified to al soe2 iaancd uRIZe0 r es
(Painter & Swuehni2d®®2rnctions were in the form
bone wilam dS«faf 3 t2h e ok i t i oUanan dosapsgmhee P10 posit
Despite thi spepctoindter ifbludtnikoitnhgorfr exiteinels ng out of
binding region is currently | ess unddrasntkssod an:
to enhance peptide to MHC binding has not been
peptide held within -DRé MHCZCplAa sheucblwved HhAs
provide an excellent model gf oregtitoen icrotndrmri dgadtiioo
binding.

I n HORAL 5T4pl12, the single amino acid througho
the most contacts wit-B MHAGtewwarsi Matlt rfil bantke d Stuoc hA
therefore sug3gersee itdoatt rt bbius edrg o MHC binding o
that of a peptide residue within a classical bi
tacts were mediated by the arginine si3de chain
may beepential for the enh®dRdedThienddbomdyf opept
have been dependent, however, on the diproline
the peptide to Oahlaien twhwialrdts @steciBrRgL at op t he T

Toget her, anal ysi s -ahdts€rrmicrtaulr afl | adlrakt sa hait g htlhieg
di splaying a degree of mobility, agpephdideat ed
flankinganeskfdubst conformatipempal det buiadimegs ttoh
potentially thlel ree®BC@RsdrydcodntMHCbuting to the
peptide MHC surface vol ume

371 Future directions

The work presented in this chaptebTdescweldes tF
peptide antigens through the study of three e
efficia@ncoelledfe to respondftiwectammteidgdryabi | ity for
bind to cognate pMHC but al 0 phesabil sughfpep
resul t, experi ment al g u abnRtli ftioc abtiinodn aonfd tphree saebnit
derived peptide would provide a better wunderst a
affinit-RL oi rHLtAhesf foibcsieernvceyd and sencliomneitVhiod e
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could be achieved througbRepsi dppbseadi hg BBbE®

predictions described in this study.

One | imitation of this studyvisbekat sWwhiwhst ot
i mmunoigren¥icroagh culturing and measuring respor
ence of synthetically produced peptide sequence
are naturally protksepsdinlyr pagth wialye aMidCt hus pr
sional antigen presenting cells. Neverthel ess,
protein has been sheownvBidMebeasemEhb§potcasnaays
with who(€l arbeéeenMateo2®06)primary responses
been repeatedly observed i n lboortdhe rh etad tahsys adyo nvolr e
each epitope is naturally processed by APCs, fu
clone activation assays similar to those descri

APCs proelelsspeMHG de antigens wuswually by the wujy
endmalo or | ysosomal pat hway for protein digest:.i
5T4 epitopes as part of the presented 5T4 pepti
to APCs and the resuWditngggmddsgasnpdRr emhartdi ypyado f
product s, the relative abundancy -dodr i5Teddp 1Re pp-r e
tides, and the other peptides in the | igandome
peptides frmrpitttogpes Wd t hi ncobed5S5ahpa2bpeptdedeifi

Determination of ttheea mampart ehmadea pofn tiloepCregqgi

could be assayed through T cell c¢clone activatio
clone. Such modificabhsendsgocaeawimgp!| e ralnywl-d e mouac:
terminal flanking regions and alanine scan mut
contribution of each residue to TCR ebrimmidnianlg of
flank. Such expehembettsetrimea mi@d shaovw ow y | and Arg
brought back to the facinity of the peptide bin

t hr ougemthhiaghpy i nteractions with-tarmCR.all rhaadddii
| oomubbywti on of the central Glyll residue withir
in dihedral angles could be assayed by mutat:i
flexibility such as proline.

Ultimately, the <contr idbuwntgi otnh eo fGDe &cliD 4 r & CiRd uve

comprehensively revealed by the soDRIngThbf t he
pl2 and the GD. D104 clone TCR. Such studies wou
the GD. D104 TCR whi chfidiidenrceg/f.ollch baudtdi dti ompoordue
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affinity between GCEDR®DILAP1IZA,CRasanidnddHLAated by mu
acquicsfitcompl ex crystals may prove <challenging
bet ween TCRbl amd| peltiBeenhaol ved despite an i na
by either SPR ¢Demgl it mat . s 280.7i DuwBcehr isntgrewrc teur aall
would reveal theermiweal nf wankihng hege.€i on pl ays i

372 I mplications of this study

I'n the studies outline@&D#In ctehils icnrmumtee rr, e sapnoanl sy
antigens has reveaktadtitthhe Ppreekehcel ohed5T#dhat ar
exhi bapgt ismdl e mpdvHLelme ntn afesponse to antigen, th
from the peripheral bl oodulbiinat heaht hphdaonboypex
evidence to the surveillance of tumour antiger
TCRsi owlh are abderitwediandt isegdrd-kl pmelseatlkds onl MHE

to descri be thiasntpirgeesnesnttaa i Tonc eolfl sset-BRdugh t he
5T4pl12 structure, a number of IintBLARULIi ng obser
able to present a new peptide epitope. Firstly,
effective anchor for -DRl. PSe dd mdli yn,g tphoicsk estt rou c t
peptide fl amligihng cromgiidbddyetoubbeabi ndRhg of pe
and consequently suggests a preferenecde ifnor | ar c

—

n
het eNmi nal flanking regi ofR1T hbiTrdd Isyt,r uecltuucried aptri
e

second modean eMHHOnplpecoff i ¢ phenomena eirmimedt i de
flanking regions can form ordered hairpin | oop
vol ume presented to the TCR repertoirc. Finall
terminal flanking hairpin | oop resembled the f
protein. This consequently challenges the dogma
held in an extended conformati om diecbadaeadybgtt
similarity to the native antigen.
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4 ChapteMol4acul ar characteBisatio

MHGI | Il nteracti on

41 Abstract

Lymphocyte at(ibhBfGiiosn egxepmreessed on a number of
acti Ch¥Tedcel |l s and suppressive T cell -3subsets.
functioAasmhadiaocygy receptor and consequently 1|
antigen stimulus. 30 QCdIEXpellssi ernt o&sdtteédd fhrassm t
i mplicad eidnLfAGppressing T celll i mmunity to tumo
mol ecul e as a potentiatumaugetit mmoni epyhaahcemght
or remov-al ©OhelLAGNIt ilmawevedleA G rsi peodb.r IHer e, t he
role @f ilsAGnterrogated-3t lbrionudghn gt teo sittusd ypuafatl A
I'l. Through cellul ar s-B3awas$ nghawn b olwi-rcgtmulet ir
I'l molecules. Thtseirinsedaptobbewpbeteébhnhy surf e
resonance where td~e 1n8o d@&M)altlef ecaM@iaignei myn w@akby LAG
defined. Mor eover, prel-3 mhaugygt efé ovitd negatis\e
mi crosco@w naweéel hd a future vi-2wanho-l MHEsshgdkhgi gh
resol uti drecditnri watewsr.alToget her, tBedes mblleculoarbi
MHG | wi t hamobideirtay eproviding insigh3si mnsintioat &e
T cell inhibition.
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42 Il ntroducti on

Lymphocyte aXt(ihBAGIi en agsnegle pass transmembra
number of i mmune c@D%ax di YOBISude lilgsc,ett syaBedel | s,
cells and plaxcmddysBoiflLdAltcd e ndni t s best *Hescri bed
cell siltwherlreen nhidowtt @ (clerlile baecltLi®ZGBEAEEP)ornessi on by
CD4T cell s is wupregul ated after TCR mediated st
tectabl eayast,-agpaovseamatd on in T cells extracted fro
chal liemgeEdg ga et al . 2014)

Upon cell sur f a3c ei se xtphroeusgshitont,o LIAcGcal i se t o t he
an i ntwirtalkc tiIMld@mo I( Hou walr @ls9€Qt6 ) adubhsequently, suppres.
signalling m®dhad ellle dry 4dMdGwn t o be dependent on
mi ¢ (Warikman et BULUrtRO&O2%uppressive fwmghti on ma
competitioh bomdMHG wietcre(ptto@r C Dd.t Tchibd . s ilgPrOabl) | i n ¢

me ¢ h anrhiastmse ntad Ime diAaGt ed suppression of T cell si
however, i nveelreemerntt ad fe da ac a Ag3saosrsyo gpiraottesdi m t er
may be i(mpduzalteerd et al . 2001)

As well as a role in maintaining T cell homeo:

LAG expression has also bédeamcitmmlni codt erde giuln armmai
subsets such *agull ad vinrg)LIHuReyYP Bt (Ah . ac@@i0”di) on,

mour infiltrating |ympmaoytebo¢(€bcbLa) emncactpdt
an upregul-8tegpressLAG compared to T cells ext
healthy colon and were n@tudependbdte@BDdadB)xPAGe
3 expression, in conjunction with CD49b, i dent i

regul altsortyercneddd type 1( Gaeggluilaantiore®i (mflr.)r210y/e3 )it hi
subset of <cells has al sat(bPreedhGamzpalliectaltdet)d ailn. t u1

Together, these -3tadi @smaiolpaédl maht a ménGBlbe respo
tumours, either through involvement of suppress:
|l atory popul ati é&nds.unTthe oma soim® sgfcthL K@ | bes mesdi at
interactioh wihilhMdGnsequ&nwiltyhimpéiicamense LAEGN:

421 Current wunder s3 almidmahigndpFt & AIGHC

LA&G was first hy pot-hE sentsukl de st ou pboinn dc IntaonaMH @ r i s a
LAGBs a gene upregul ated (uPproine melt.ievBautd lo.nr &9 4 jy-m
i ng, in these early studi-8swi whstbasadreadyhdest
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I l i gand, CD4 ,Lazzpth arheed gee nreeilgehvbed ur i n@D4£ hr omos o
(LAG: chromos@m&€DB2 chp DInepslaZme als2 ,wedthiematsr osni mi | a i
rganilLsaagp3i@dDn.enes exhibited regionsiofpogsdmuneange

—~+ O

ranslated to structur al similarity at the gen

charact er i-lsitdiamaoi fn fcoounrt aligni ng pr ot ei ns.

The first experim8niakteeacdebowwet haMHEGed ¢t h
he charactlearggdsae i pmoadct haet the protein | evel

f monocl onal an3i pbo@Baisneargaad. nefttr idohAG el 9k9i2dney d
i brobkaesgtCO81 1 s exdprebsounmghLiAGansf ddt isounf fadher

—

-+ O

cient B lymphocytes. SucBC@fhdgiosretwasrgobswerthe
of MHEell lines. This adhesion wasHdbRgated tF
( MAnel D1.-HRA ) aganl | ( mMAbU AIG nemMh 491)o mea 1amhmB4)
tibody and thus indirectly -BndindaltMHQ raont eii mtser
expressed on the surface of cells. Beotkgde of
shown to have functional cons g dHwueant adeasl .. o nl 9t9e) a «

Specific cellui3arbi ddat exgt itwa MHECchAEved t hrough

sion of a -3s oprudbtleei nLAsGampl e constructed through

fragmenwstallisable (Fc) doomhi BBAGdh etnltee f @x tt rha d eslr
LAGS: Fc) . This protein moltDRAuU Iter asnpsef ceicftiecda | fliyb rsof
l ines as well as‘celimed owme sHEAroluagdhs slelcondary s
cyt ormiddturay d et Nd .s ulcoh9 6s)t ai ni ng-twasf ebsedvedntino
or HUA<eINIl lines and were again abUoAghted by t

MmAb whose epitope had-3beoeortdomBioFmnd ghreo d AiGme L A (

Extension of these fl uor estcietnrtatd tngi ncionngc enx [ eal
LAG: Fc were useldaxelldisai s-BHHlwAdbboAGd tex pMHG s -
ing cells with far superior capacity to CD4: Fc
down tHolld0OO0 ower co0@G8eRhRtrptobaeisnodt(Obpard dett oalC.D
1995)Using Scatchard pl ot3Fdadi mdioisen w8ie LAGI di ty
was dedupodd 6t00 naM Kat 37 AC. M@r Favelol, MHICec béeddi r
consequent intera-ttjionhhat €D4¢3 wantdh n®HAL hcad mpeAtGe
the same binding sg tneur iSiemidearri vaenda | fyusseiso nu spirnot e
hanced bindikhg w®wbél MG ressing celllCs dompvar Edaho
et al.. 2002)
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Bi ochemi cal adn:aHcy shisn doifn gL AeChabl ed r elgli onal I o
binding dofBai MramMmclh®&Gomwm ¢ he two extracellul ar
of EBBA@Gnd consequent fusB3®daDRoFkgGbchBtisedf 6hm
of E3AQ o -ttelrani M al (dHeRrdomai mHi.s 19 vdi ng site w
down to a 30 amino acid additional l oop sequenc
mutational analysi sLAS3dmedinaegdeatiheempproesonhygC
cells. This extra3loompwrnedubhogqCP4tandA&Bs a r e
that-3LAGNndi nlgl twc dMHCr ed at a higher aflflinity tc
t hrough r esiidtuleisn ctome au miegfluev | oop sequence.

422 Evi dence3 ommulLtAiGmer i sati on and i mplication or

Evidence of oligomerisation of CD4 mol ecules a
Simil ar i trieecse ptte@rtynagdy Acloor m mul t i mers at the cell
increased funct itHonaas aweildi tdys dsotpa l#2did udaeh @s oceltv e n
al . .19@art)a t o support such hypothesestilwas showt
membrane distal-3Dlodomaide doepd6i ndea-pesti ta f ol
whi ch were abll3e ftumnmcrtenoonvad -l lbfeGh @i, ng hr B MGt at i on
D109 E, and RIAIBAansf ect edelilng or-&dddSabkd ttAGbiI nd
MHG I via adhesiotrassdecard, wBhdmwacddbt gpe oL AR
wild type blihdi Hlgus o MHK&E€s e nAiult abtiinodnisn gi nwhiitbhi tae dd
negaltiikvee effect and thwmswasggeguéedetdhlathidnedaet i ¢
i ng. From this data, a propo3edomoaiehs whemhmemyt
di merization -dinhdBhAhAG@si wel (LAS the3ligaMdCDbi ndi
') was (swgngnasHiiesgbud).ei ™M . 1

Support for this described mode3 ma@rsdnesliluac-i dat
tional <cleavage products i n mur i3n e osryrsetsepnosn.d i Hegt
to the extracellul ar pordudrofnawasdeshpiwtne tadbd ocad
brane anchoring transmemblkbianet aa@fhcgoeg) asmiect |
domain cl eavaagper epcriopd utcatt ewda sw3ctchi d ud |l homogy hi ¢ AIG
tion with f3ulthh el ecnegltlh SLUAr(d ac e . Further evidence
via the membrane distal D1 domain was achieved
LAG constA@ C®d4ochi meric constructs-3 wlereby t
repl acedofwiGDnd .t hSauuch constructs once more revea

domain on observed oligomerisation.
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LAG-3 LAG-3

R88 .
 oner D109 oo g
|| R115(|| B

D3

D4

™

CT

Fi gurieMod.el &f bliAad@i nlgl tandHEot enti al ol igimeris

Schematic overview of -3t hoel ihgyopnoetrhiestaitcibomno daenhdg oMaHsQ
propodledrhy et BRAGwWADLIProposed to contain two bi
(LA AGE) site and a3MHet ejobypdtnfgLaAGE e. Homot vy

proposed to be mediated bR1IX%swhiulest i metl airdo tnygp i
was proposed to be mediated by residueecitncl ud
mut agenesi s studies. Di meri-8atwaenfuht beghetvhdel
notetecti-ommohopreoi-Bi tasiog pAGdBcDlwHemat he L
was exchanged for theLeqetit iaMl en2 O Ghén)saniembao fa n@D 4l c
, CT = cytoplasmic tail domain
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Toget her , these indirect functifondil mamidc bfi o ms
of EBA@&Gt the cell surface and therefore implica
al ity -3ofbilnAdG@ nligl tmo IMHLCul e s .

423 El ectron microscopy and surface -platsrmom- r e s

tuf@ncti on

Thecdéeded avi di-3:yFo afl- tutepdHECOL MGI) i s used in the
describe the3pbuentyonoaf ohAGnhibition of T cell
high affinity HAtW<or&kemaino®& WighaMHC2003; Li et
2013)Whil st the dlescswed baernd adiaHd/tspsloéc LIAGs t o e x
hanced binding compared to CD4: Fc molecul es, t
potenti al contribution of avidi t3y tenhfrfoeucgths tahse aF

portion-3dfc.LAM®dreover, di fferences-3ilhc obseér ved
CD4: Fc mol ecules cannot be categorically attri
t ween3LAGd CD4l If.orThveHCabi |l ity of the dimeric fu
bidn mul tiple |igands may, for example, also be

mol ecul ar fl exi-3b:iHc tayn db e@Dvle:efhc LMod ecul es. Thus,
describe the monoval 8ntf olbdl IMHICmg ¢ @t il qair e § whi ¢ W

can account for the effects of bivalency are r e

Despite growing inte#3eotn iTh ctehd fhometoisdtrmasos, |
di seases including cancer -Zanaxpgrhes ¢ihreg apelults ¢ t
under standi ng3 ot HuueniecuirieomMG and t he natu+ e of t he

1 has advanced | ittle since the studies descr
structur al and biophysical treec hann dgpuneosio éf ieoinr n it nh-e
teractions. As a resul t, i ndirect fluorescence

the Scatchard plot are considered outdated and

ur e pprodtedinn i nt eurrafcatcieo npsl assuntohn arse ssonance ( SPR)

Whil st previous groups h3avper cetnediena vsoaunpelde st os wir t
study -8f stAGcture at -rhaiyghcrryessall dtoigam pwhiya »w uch
produced solubleapd otseidn (&bl &@rtebbé,cpegssonal c
the onBypLdGein sampl ei ®uadidsuamfewnltieyd @ rno duhcee d i t
the di m8riFc EAGiIi on pr otley m,y deagdraith eoch sp rt ehweir cewd

l i an exprsdsesn airsed t o produce this fusiron prote
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transl ational glycosylation, has rendered the g
tein crystals. Nevert hel3eskFsc, csathu dbyen gofbst bah enteisdd nuus

techniques such as single particle transmissi ot

The mol ecul 8r. Fxi z2tea keefs L A@ protein sampl e amen
by negative stain EM. Using thiagrafdcemiglhiie¢c h pa c
high mol ecul ar weight stain, such as wuranyl ace
around-moHecludvar wei glfiRamest et nRétep@i0ddé¢gri ds al

sequently analysed undescapéd¢ ramesmelsysi @innegllecpr
can by imaged. Collection of multiple EM frame:
iviewsd. These particle views are S3cesdcrtihbeed by
parameters ofd whiec e &4 refen adeygshiess of t hese particl
to genedamenshoral reconstructions of proteins
evehTang et &lirs200prmrrticle images are summat ed
tion of Bimeegenedl actwdees pboymscl e I mages are group
similarity in Aviewso of ¢t hheoipsreotreaitn oandn tphaust ii

Consequent 3D anal ysi s detses nsiunness atnhde, raesl aat iroenss
spatial 3D coordinates for c¢classes. Subsequent
and 3D analyses yield reconstructions of prote
i. This resoltuad ochue atngec bestHidteii mft maspgr ot ei n
and, t hus, structur al i nformation achieved throc
the protein (sBioedkaecea eehtnmeadle.pe2 n0g9 )t he nhmmbes, of

however, improves the accuracy and resolution ¢
ondary stri(Zhamg feéatalre=008)

As a result, negative stain electron microscec
overall protei3n FstrnsctauBedebrbhAGedGat the cell
negative stain EM does not yindlod matto ming raesxadlywst

3 Euclidian space is the space that encompasses botitlitreasional plane anddmensional space

4 Euler angles are the angles that describe the orientation of an object-dither3ional component
of Euclidian space. This orientation is described by three ardles: whjch represent the angle from
the 3dimensional planes x,y and z, respectively.

5> Electrons passing through a sample will interact strongly with heavy atoms and weakly with light
atams. Proteins are generally made up of atoms of low mass, therefore interact weakly with electrons and
are said to have low mass contrast. Proteins tend to exhibit a relatively even distribution of mass, thus,
internal structural featuréseffectively differences in madsare difficult to resolve.
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over al | shape and quatkFea nmay aitd uwn dieres tod n diAnxg
LA and itdéds indéraction with MHC

424 Ai ms

At prtéhsearet i s cwuorrr enetstoyl untoi ohni gdhat 8 tpohatredescri be
ture and despi t-3 Eividiemgkbt of MELAQ St ruct ur al and
characteristics which determine such binding ar
t hrdeanensi onal3 faorled boafs eldA G n S eoquserd e mb3avdhe & hp rLeAc
i's thought to resembbe. 8WhakEdBekAGshown to Dbinc
to MHC expressing cells in a seBikbsndingtudi MBC
1 has been sphbowheanAtke@aepooseigumnence, no direc:
affinit3 fodr-ILIMKBCas been accurately defined usir
kinetic analysis.

As a result, the overall aim of Bhisatehapteonyv
wt h MHC using biophysical techniqgues3 awsi twel | a s
and without its-lputdahisieosvidigathlde dfMiAiCia® wnisng sub

) To devel op -3a esxtparbelses ilngG cel | -3 Mi cel &s a mod

i) To measure miullt ibmeLmhigMiHios usi ng fl ow cytc

(i) To meastBr i AG nigl tat Mighteo tperiont elienv e | using
pl asmon resonance ( SPR)

(ivy To try and estabmbabvbA&afffiinfMHelgl Mol ue of

(v, To gain ins3ghtsuctntioe LAIGrBudhk tvha ntwdy

tive stain electron microscopy
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43 Production ofcaeldtdblnee LAG

I n order to study the3mahdt MH®8mM itrmhtee rsduatfiacre off

exprecseslilnsgy and facilitate the studies-3describec
cell ' i ne was produ3x emgr otTehien f(ulUni plreontg:t hP 1L8A6R 7 )
cl oned 'igretnoe rtahtei o3n | enti viral tr alnsrfiedglviecettor p
al . .19®Bi)s concdmrtuaxcitn® dvahlidc®Ga P2-&l ¢awnikeg &t f CD:
(rCbh2) marker casseERl@pr ruonmgoetrelri bevedoh hiei tt wtaicke n
duction through the rCD2 marker which is know
l entiviralcedél ilvereys .i n T

Wild type JRT T3.5 Jurkat cells (henceceforth J
3.P2A. rCD2 lentivirus, resulting i#Ft{lgaarecet ect
4)2 After transduction, 9Bi gghoifngedl Bi gvlerer alCd(
ciency (data not shown). -Af PBA. BCDAaysans$decaced:

% and 78 % of cells we3 eepprséagsiven,f oregsg Lt iandl
gradual | oss of(Fcgngerdkc®R exgeressoomai ntain a

popul ati-8nerpreds&ing cells and prevent untransi
l ine was subjected to | imit Adiclludtifreoghufod.oh.izhg 1t c

Thi s edeswl tt hr eieAEC®neb4d Q& REL11. Each ci83one exhi
expression as shown by no negative gt aixning po
presgvFdn JIRBCIBAG 435, D4 = 340, E11 = 372). Due
of EIAG t hheA&ZRF cl one was selected foaA&Gf uture st
JRT AMIWIRT B3A@ el |l s as wed lcalsl tlhienaeMOLWhi ch woul
as a-3CB&ontrol, were anal yseeé famrd &€Oplr eexPircer sd

(Figule 4.
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a) JRTWT JRT + LAG-3 lenti

100 1 100 79 %
. 801 80 1
% 60 60
o 40 40 4
20 4 20 4
0 Lpppereer T oy r 0 ey oy o o
0 102 10 10¢ 10° 0 102 102 104 10°
rcD2 PE-A
100 7 78 %
80 -
=
g 60 -
© 40 4 ]
20 E
I v ; : e Y " r
0 102 10 104 10% 0 102 10 10¢ 10%°
LAG-3 PE-A
b
) JRTLAG-3*C8 JRT LAG-3*D4 JRTLAG-3*E11
1001 435 ] 340 372
80 .
=
g 60 4
© 40 4
20
0

0 102 10° 104 100 0 102 10° 104 105 0 100 10° 10¢ 10°
LAG-3 PE-A
Figuri€Eeodmati on of3€C&hecdlRIT ILIAlGe via | entiviral d

aFl ow cytometry hist og3 aenx porl eostssi ocorf irnC BvRilladh dt yLpAL
and transduced JRT Iline foll e3wi hgntlie)nti kenti v
transduction resulted in fluorescence intensit
unstained control (Presylias ngeleldi @k )umisfmtp i inre dL A
(greyJtraRsesducti on, N9 n% ovferteheporsegulvtearftor t he
mar ker and LA&" % of cell s

bFl ow cytometry hi3stexgmramspglomt § ndfA &rcad@ ncesn s e qu e
c8, D1 &gé&nerated from)tBach i ol dohe&aex pstheoshsné a

by a shift in fluo3estannedi Openk)tygompalLdd t
(grey) l nset numbe3 sstraeipmiesge.ntAlgIMFl A@Bde LAIGones
as shown by no negative population exhibited ir
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JRTWT JRTLAG-3*C8 MOLT-3
100 1
80 1
g 60 }
[=]
O 40 1
20 - ]
R e . a—— A
0 102 108 10¢ 105 0 102 108 10¢ 105 0 102 108 10¢ 105
TCRFITC-A
100 A . K
80 N ]
S 60 1 ]
[=]
QO 40 ] 1
20 ] ]
u* T " T T - L |
0 102 108 10¢ 105 0 102 108 10¢ 105 0 102 108 10¢ 105
LAG-3 FITC-A
100 b
80 ]
g 60 1
[=]
O 40 E
20 ]
0 LS e e e
0 102 108 10¢ 105 0 102 108 10¢ 105 0 102 10 10¢ 10°
CD4 APCy-A
Figuriecsud.flace characterisation of T cell derive

FI ow cytometry

JRT AGand

MOLd&IAISSI.RT oI | s

hi 8t aqirdamsD40fs uUTCRABUIRBRE pWE SSi on

expr8soped@Rvd, L AG

LAG'C& el |l s expd eswstedn d AGB4 cend sM@lxTpr essed
3. Each <cell |l ine showed | ow expression
FMO/ unstnairnoeld =cogr ey.
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44 MHGI | mul ti mer s3*chelnlds t o LAG

Having generated A8'csetlalbllyi reex pasesassimogdet for T ¢
3, it was hypoltlhensu lsteidmetihga@®@hcosuH Cds btihnrdkough a TCR
pendent iintler-BMdCi ADABUIRT, WMIHRT BB el | s were
stained usi ngDPE deterl d medr HLWASi ng a protocol op
teradtTuomat al.. S0aliFrRiTng3Xa@Ec el | s whR1Ih IHLfAl uenza
HAosimiUl t i mers resulted Bnrempdedste detl ¢ct icompaf eld
and -ARAmul ti mer lLcA®I RDIAE Iwshielxshti bFitedd @e@od st ain
Staining oktpLAGe ORILlI gnuwitti meHIlsAresul ted in 19
enhanced staining compar edA2 omblatcikrgelDoRl nanir | eeivteh e
A2 multi mebLAStaephetng oWt s4Sucthi aretreesul ted i n
in fluorescenebeR1li nsttleditsni éBUCGciern | BE ilognudbye. (4To en -
sure observed multi mer staining did not arise
experiments describedl webyg baveBHidpwide.s4Dei-si ngl |
spite the ob3RT viBA&Gsetlaisnibm®g HohfAl t i mer s only, suc«
was poor compared -DR1lstaf hivengprp@®@€EHAhe dHodnate T
clone (DCD10) wdree ed dt8e 4 ®ii geedd)ghws4Tthiinse rwas i n s
of JRTBABAG x hi bi t3i mepgmd ilveGpopul ati on, describe

In order to confirm t h3telthe -IbRpls dmuklietdi nsetrasi nw ans
i ndeed medi-3a,hetdebfye ¢tAGolh | d hlkei LA Ganti bo-dy <cl one
DR1 multimer stainingnwowabdpabRBalgABC elllinsd eleaf, o rper e
mul ti mer staining abrogated the shift in fluor
HLAR1 mul(Fiignede)es 4To confirm antibody bl-ockade h
A2 mul ti mer s -3straeipnlierigR céfie ILhMed 061 mer A@d eap Inetng of
cell s, corresponding bl ockade experi meadts were
in no significant i npiagcudleondMbaebgeoundnst airal By
(OD4) was not able to -BRYI omalt WiRThEIMM el s g of |

(Fi gudge. 4.
Since CDh4 al so1 bimod £ c t be sHICad ibeu 21 yviwe aak i nt
(J°nsson ,et talwas20k@sonedCD%ealt | 3 -biymMHEt | smeasni

may be ob€PAVAERZIMOLFBte | | l i ne, however, showed no
of muilcteil mesr u-BRbhgmWHLAI mer-&2c onmp &i eéivag o dAs a
resul t, no shift in fluorescence inteAhXlity was

mul ti merFgsutrdeh &bE.ng (
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Toget her , these-3daxprebewnghat!l LAGare able to
MHG I multimers characterised by a small shift
medi at ed thr ofigdhh LAtGai ni ngowhabanbarficuaariplaMa® | e
restricted cognate TCR i nt er3acteipdnetaen d uwa sCDMo tr

cel | l i ne.
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a)

SSC-A
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Fi gu4ieSpse.ci fic biDRIi mulafi tglcel t e: LAG

apbD flow glyoomemte lytMHGe r LsAGI RT nWT ocfel I s (Il eft)

LAGC8 cells (rAzghmygl!l twiimér HRLRAYr my) t ome HE A( bl acKk ]
wer e mialbtoivree rb a ckRT ol8AC@C eiln s st ai-RI i ltthi nielrAs

onl y. Il nset number,s c=olpoeurc ecnotdaegde ansu ldte sncerri bed.

bFl ow cytometry -mubkt oogeamsalif afMHIGg latsi ngn no i nc
fluorescence intensi t-§JRWTaicmdlnlgs asbtoadi&n eedMOwiitnh LH
DR1 mul ti mers. I ncrease in fluoresce8C8 intensi
cell s st ai-hRld bwA® hnnokkL Ai mers. Col obys as descril

cExampl e gating stratleigwA oFeB | g mpphhgl yEea gplt € an
showhRT si3& el | s st ai-hR1d mwiltthi niHelLrAs .

d2D flow cytometry Tpktetl otl cogné&d D DEDDBRL st ainir
mul ti mers wused i n experi mentosf dlesccerlilbeal.o nPee pex
significantly enhanced -spacini ngL ABamiehdil sg oO0D pery
eFlow cytometry dmustogeramsA@I RMAWT odel I s (I eft
JROIAGC8 cells (righbR1wsmhntaiimeeids evik edh WILIAh unconj |
antA&@8 mAb c¢clone 17B4 (orange; daBREd¥3peci fmed i ¢
shift in fluorescence i-ARehevelysi égrembpvby @3B

f FMO subtracted gruanitn fex@aétrdn iomejotfs 78 sbkr obkddae
influenbRY MHLIAt i merRTs ti2/ @ iend sofonl y as shown by
g MF | compared to media only control. Bl ockade
stai AR RT ANl WRTo BB el | sA2winmuh t i mer s.
gQRuantificabDRbnbiondRALGAIABCc el l-ishnpuleat ed with cor
(medi a), irrel eviaAM@ mAb (L7VB4)) PBPeraeniage bini
background saoalbsenmcéeeddf gMFeDmML rboiln dilmg.kade of
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a) c)
250 3 DR1 DRA 200+
< 200 4 3150_
O 450 o
7, = 1004
? 004 LEL
2% ® 801
:, : ' . x . " » ' 0+—t
0 102 10° 10¢ 10° 0 102 10° 10¢ 105
Multimer PE-A o o=
s
™ (]

Fi guBieNo4 .observed DRAdiImug to m&E@BAted | ISAG

abD flow cytomemuyt pmet slsdH@ CMEMIYL-Bofcel | s wi th

HLAM2 mul (gmey)p-DRrl HiIuAti mer s *clkelldsk)wer Mu letqgiumevra
wi th beDRM1l HARMD mul ti mer s. |l nset n & mhceorl so ur pceordceedr
as described.

bFl ow cytometry -mubkt ogeamsaaif qaiMHBi@g latsi ngn no i nc
fluorescence intensity staintitARg -DRAdo waul|l R MOneirrs . c
Col ours as degcribed previous

CcFMO subtracted quantificati omn) oSt agluidn gi nofe x p e
CD4MOL-Bcel |l s witRhn2eiDRAemuHitA mers exhibited no

compared to FMO.
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45 LA&G DbindBRHLWIi a a moderate affinity i

451 LA&G: Fc as a moded3 fpumdtionof LAG

Study of the mol e3c uhaasr bfeuerbng/t htadmp eatfiefdf AG ul t i es i
LAG protein samples t@& fadcitlhiet bt e pthlys i ctaldy ewfe
were concentrated on -Pprprdaitce inng wiea oprrbd chuamtti drA Go
domain -dfi i AtBofnoorme r bBc  baootdlliiSn s ect cel | s. Product
protein wasf faeltlex,t albd we v enr production yield wa
erate sufficient protein mass for biophysical e

not shown).

Through a coll abo®®&iiconrwiebkl| P{@FfemaoBi BMed,
LAG protein was instead -d3bFaihed( timapdee diomim.
1995)This con8twuwuctietdLABe fusion 08 theaextra
human |1 gGl Fc¢c domain in order tonfdimenmn. fTlmicg i
di mer 8fhbhé&dGbeen used exBehsineceli wynt oadepcreivbeuls
and as a t h(eBraipgernuan ec. eafghealItLpAr@o0tOe7i)n was -obt ai ned
grade pr otien ng lewewuwehsfisiatdi mms e h anCGsHG)r coevl a rsy.

452 LA&G bi ndBRHLIAndependent of peptide and expr

In order to directly det er3nimiendidl It dinedihecout | eei sn,
LAG bindi rRgR1t owatsd Aabsys asyler f ace pl asmon resonance
ments were desigBedctasamalayyd el AGd MHC mol e
i mmobilised toFiSPRRas.ehsor chips (

To first codfkae mditdhanotlIAlGmolde tB &p s ea

anal yte f eAr2 kiomopil exheTdb Bl Ap tt hete. -Bné&eed, LA
xhibited no i#ARemacsshownwbtyhnidl Ab&efrieddv biehdi
ence subtraEtegdébs.eaN@gbamdgi fgo wBARA alsd enrgv e d
oncentrat-3 oasaloytd AGp to 57 OM. As a resul t,

(2]

- O o oo @
-

ormed using referehzei mmbdlirlaicge @& nf If o w mc eHILIAS .

I n contBaft, bbAGd sp-PRLfcompl §x e:dz:pepAhi dbe HA
S shownA2yr effLéAr ence sulbt gaGeedSsemsbigndamsg (wa s
cent rdetpieomhesrte bi ndi ng was det ecdarbd een tdroamni am o
nal yte BiOndiln@Mb thalAecudledsee mbays pepti de presen
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a) LAc3Fe b) HLA-A2 hTERTs549.545

analyte E. coli
: . BDD. M EEEEEEEEEEEEEEEEEEEEE -
% | 600-
400
: : ;I ! 2004
i : : : :I D. LJ L L] L L] L L] L] L |
Fe1 HLi‘fgm HEE_L HL';‘}E‘,'M 0 10 20 3$im42(52?:) 60 70 80 90
C) HLA-DR1 HA;p6.315 d) HLA-DR1 CLIP
E. coli S. frugiperda

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Time (sec) Time (sec)

FiguriBi adéng3oFcLABRIHLAbserved via SPR:

aartoon schematic describing formul-atFon of S
as analyte injected over MHC i mmobul esedvesenso
i mmobilised via coupling of streptavidin to seil
b)SPR anal ys3i:skFcofi n[£AGti on o®ABr commbbkédsevd t HL
hTERBspepti de. Sensograms r ef eriegnacned scubatitrraoclt efd o
(F&EX1 as sah)o weax hiimbi t ed no binding a3crkFocs s a t
concentrations (57 OM to 0.11 OM).

cpPPR analysbacehndavpadpbardti n g3 .oFc LBABR IHIpA oduced
fr&m kyhi vief ob di nsgen me tdbe gpdrmet iHAe . Binding was
in KARA reference subtfFf&£S8t ad ahroawoadr avsms dEC2ct ab
all concentrations throughout a dilution seri e:¢
dSPR anal ysi sc)ah owddemaogernthleadd ¢imthe na f bi3A@icn g o
HLAMR1 produdedidiifpeirdaect cells expressed with
Binding was observed -A2 néffercemcensulti @aantsed ns d
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within -Dhl HiLPAdiansg wedclkeats i ndRbeaxpepmes 9if o HLAY s
as shown by eqgdRIl Ipirmdiurceg dt-vii Mk &d cOLlviaP feédnr syt r uc
i nsecFi gedde.s4Br oad observati-dnFofbitmaeRKg nteda i HIsA

wer e hasitcrhéear act er i-satde by nrdadafsed.s tono f f

453 LA&G: Fc binds i mdRObiviitsltedwedd kA bi val ency

To determine the monoB3ahedd MHUCt hei mpdeebWwewgnl kA
ited by the&:dicmdruisd olnApea puieriend wass e rcddt er mi ne
vari ous s i,/mkmha daenleloiunsg kcur ves were applied to ob
concentr ait7i oM oe8f: EDAGand comparedffiar asi svedll @a
anal y@damnd orffest dpat &amgudesPAn overview of the car
model s testelalblse dée.sktri bed in

No model demonstrated perfect matching to obs
however, kinetic data wast bdbemotdalesacf i biendibiygtIny
mul tiple analysed analkRjtgaufaeoMBentt antoanaépgsegrt
can exhibit altered kinetics at different anal
that sati sf3y: Fujlecitpiloen LcAcodancentrations di fficuldt
single intermediate concentration of analyte (I
parable kinetic parametersFitgufehidee, -2bB&r ved i
binding was best described bIRDbi valent binding

This model can be rationally applied to the b
ecu(As& B) bind to form a complex (AB) which wu

second mol ecule of B forming a heterotrimeric

Qég Qég
o 2 o o — o v ar
(0] O — 00 O — 00O
.Qé .‘@.‘Q .Qé ;@.\Q

(Eq. 4.1)
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Kinetic

Binding Model Parameters Rate equations
1:1 e Kon Q06 6 TNz on o [
Langmuir A+B = AB Kot 00 Q¢ d 6 QDD
Q06 S0id b 5 0 BES
Kont a5 ¢JQex 0 O € ‘A0

Bivalent A+B == AB+B = ABB Koff1 QEEO0 0 0 CZX "@Q0 0 0

analyte Kon2
koff2 ’Qb(')(’).. L v TN L e, o
—  Qégd 66 T QD66
Qo
Q0 6 0tad 8 0f OEE
konl 'Q(‘) EQO © ¢ @ ©
Two-state . Koff1 MNEGOH 6 Q8 QOO ©
+ —
reaction A+B == AB = ABX Kon2
Koff2 AR E oo
QOO0 W, , .. v o) rron s
a5 Qégo 6 Q& QN6 w

Tabl €¢Cadn.dli dat enoldien di ng@ ‘@esFcrbbadDRG t o HLA
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a) Global b)
800+ Xz =128 800+
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Fi guTidd Ad3: Fc bindDR& ewmhHbAts bivalent analyte
alBGlobal fit analysis of reflerFei@deOMuybbiradted 6

i mmobilised -DBEB25f RU)edHLWi th three candidate mo
bi val ent asalayteramadti wa. G| obgaolo df iotvteirnagl la nfailty
the bivalent analyte model. Observed sensogr ams
bl ack dashed viahee® windh kimeeti ¢ deri ved di ssoci
cal cul ated as i n Hq adn a6l yatcec obridnidnign gt.o Cooirvrael sepno n d
pl ots are shown below each fit.

byocal fit analysis of the ref e3r:efcc ebisnudbitnrga cate
OM t o i mmobDR1 saesd dHdashc rLiobceadl ifni t t i ndg aangd oycs i s |
overall fit with the bipwallaret tean agll yotbea | moadhell yan
&Z=B : | wat ues indicate better model fit
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I'n the bivalent anal ytaeamekd,éd: & nd mkaiky ewhrehf our
describe the rates at which the two compl ex st

These rate constants are described by the foll
Q00 o w s mevmen s e xox s s 2
Y ¢OQéE 0 O Q¢ N6 QEGO 6 06 cJQ¢ QB O 06
(Eq. 4. 2)
Q60606
Qo

VEGO 6 6 ¢JQe QD 6 6
(Eq. 4. 3)

Application of thioc tbhev adysntte nma ntad iyn g souwcil e a
foll owing schematic whereby Eq 4.1 has-been mod
DR1 system being studied:

a1 T I

Qér Qég
0 66O (OY=—=1008DFO'Yy OPp=— 0 0&DgO pdO"p
Q¢ 'MWQ Q¢ QQ
(Eq. 4. 4)
NB. Schematic drawings of bindiimd eareencfeorofi Ibling

sites -3oonFcL MORIHLsAhoul d be made.

Whil st3:IFAGbinding was best described by the b
that di sso@i &tci amexfpelcA@dly occurred with fast
seconds. Such fast kinetics aweththpiashénoyf d
demonstrated by contamtsitdg exrg ibnthari aa@t iodnsanitn bGHa
determine t he contri HDOBDAAY (AB) t Heor maattieosn oafr
D OGO 'YIO'Y( ABB) formati on kticmedv ersg! It heb skernweead c
bi val engkn®imda mdiy. wer e cal cul ated f Fomukenetic
4 abnd ar e Telplda t4e.d in
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Fit [Analyte] (UM) Rmax(RU) RI(RU) 62  Koni (1/Ms) Kofi1 (1/RU) Konz (1/s) Kofi2 (1/s) Kpi (M)  Kpz2 (M) Kp1 (uUM)

Local 7.1 1190 6.6 39.6 7.24x10* 0.439 9.70x10° 4.30 x10° 6.06 x10°° 4.43 x10? 6.06
Global 01771 962 4.671 16.9 27.6 5.22x10* 0.380 6.00x10° 4.10 x10° 7.28 x10° 6.83 x10? 7.28

Tabl éBidv &l ent analyte mBdEt bandbBDBRfete BHBEALAG
[ AnakEyCehcentrati e Focf amgleycttee,d RIAG: Response u
RnaxM& i mum anal yte bindBogkcapacitcyiinveRURDdeRI| e f 1

G ZB : | @@l ues i ndi cfaittet ibnegt.t er model
Kpse the affinity equilibrium association const a
Kpo= the affinity equilibrium dissociation const
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These kinetic parameters can tciocn sdeegruienetd yd ibses c
tion affinity constant measur eme3ntkFsc wbhiincdhi nget
Specifically, thewhi€thndefyi noensthat mEnoval ent ¢
tiont,hanaf fi nbst ywhiombs t dvesftli edfets ctohnep obnie nt |, can be

Firstly, the monowadeesnctr i afefsi ntibt&oWidOornasatta notn Ko f

foll ows:

Ann

0D OEDD ¢cOP——0 6 DGO 'Y
(Egq. 4.5)

Asrasult, the affcantyecoalstanhat €& from defin
descr iThbddaZsnf ol | ows:

0 =——

(Eq. 4.6)

Similarly, the equil bsgbriwhnimchli desfoicmnead i blme clboing a
of observed kinetics due { @b edofpo smasi 6ol bbwsh

0 0 8DEGO 'O —=1 6 &DIO VO "V
(Eq. 4.7)

As a result, tbhbpr @dfhibetgakconkbavbaed { Kom defin
descr iThbddazsnf ol | ows:

v =——

(Eq. 4.8)
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Anabgfsithe kinetic derived equithariumedcsesspbci
bution of bival ent3:eFd elxinrsdihmeg o bwsagsp enei dnmema3s a s
signifraebdcitkKyataedkxcess of mbd mlee . cdTnhcuesn,t riart i @wmd
achieve occupancy of 0t H&BgO Mg Yehign comceéntretions of c omp | e
the preceding 6 &DdO Y complex was required. As a result, the observed kinetics are dom-
inated by 1:1 binding with minimal contribution of bivalency. These data suggest that, in these
SPR experiments, LAG:Fc bound poorly to multiple MHdI molecules.

Similarly, deconvolutionofthk i net i ¢ deri ved equi Iphwbhriicuhm di s s
describes the monovi&ddaatn@ivnatnedr atch e roenf obreet weeepnr e :
esti maf ediAt® fodrDRHILAat 6.1 or 7.3 OM using | oca
spectTavbel2ey & .Fi gur &i Ae¥ic fitting ofkihienhdicsg sSVy:¢

however, can |l ead to inaccuracies bBnregucukdted
Mor eover, affinity values calculated from kine-
feé¢particularly at HHigh |igand concentrations

454 LAG&G Dbi ndBRHLWI th mipaf bmol ay K

Having shown Ftch ato dlnAGVMHENa bint &lr acti on esti mat
cromol ar range, further SPR experiments were p
monoval é&ntbilnAlG ADR1t.0 THliAs was achi eved using ste
kinetic affinityesponaécabaéeededr dwmraistsg ctihe st e
atiwhn ch is manifested in sensograms as a plate
preferable over kinetic analysis when fast Kine
sbrt injection ti mes3.: Fichibsi ddshlg lsteos cHadsAe sft ard i leAIG
whereby steady state at multiple injection conoc
injection afigahelCéal sacé¢mti nne oaf fa nmorye bayc csutreaat
analysis ceomds ast tehrtorugdhe t hi s anahygiad fesypo ki n

are obtained.

In order to deduce a-3mdn anwdIr@R it,oadHleAndy yst atr e
peri ments musuchethat mohat edserved binding i s e

by monovalent binding. This is a8hFevwhlehfoas

6 Mass transfer effects can manifest as artefacts in SPR experiments whereby at high ligand densities
observed affinity increases as dissociating analytes do not diffuse away from the ligand surface back to
the tulk flow path of the flow cell. This causes faster rebinding of analyte. Such experiments are said to
be mass transport limited as opposed to kinetic limited.
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evidenced by kinetic analysis described previo

bivayenln order to observe binding dominated by

|l ent binding can be achieved by | owering the d
|l igand density increases the spatchipdssthace
as a result, reduces the availability of a sec
presence of bivalency can therefore also be co

ncreasing bivalenhsbgondnhgi obaeastei nanthsepve
schematic overview of the effect of |igand den
Figu8&e 4.

To this end, diffeD&1t wasncembbatieersd o©D HLAwW
enschlirp such t hat3:tFlte aemfafl ¢gdcte dfi NdAGg t o | ow, i
nd densitiesFicooufjed Her st uidnedegdse in | igand de
inetics by | engt-rhaetne ngf. FHbiAgud@des lr. a @ dveietite n t

escribed kinetBrcFmobdehding, of-hda®n&|l wagt hekehyg
ri butable to bi-¥akFenat bhingheg bifgdmdc densitie
kinetic analysis, atdt hiBAGicgldeée sit nbit-pek#di dehsiany
rate once more -3uggedoemgnohaef LIAGI eddDRILy engage

o X 9 o

—

mol ecul es.

I n contrast to higher | igand densities, senso
ki netioc sexatnednsni on of di s s3a cricathiionnd.i nAgs aat rleoswu IIti,

exhibited sensograms char actternies tmocn oovfa | keinnte thiicns

behaviour. Il ndeed, l ow |igand denisctmodehsbigt al
ting (data not shown). As SPR data at |l ow |l iga
binding, in order to det8r mbDRLAmMoaoval ane¢ m@mdho
sensograms were analysed wuinrdel: 1 hbei madsisrugnpma doenl ¢
|l ecul ar interactions:

Q¢ ¢

0 0 — 060
¢ "QQ

(Eg. 4.9)

-16-3



Bivalent Binding Character

 Affinity

Low ligand density

Intermediate ligand density

J9)0eieyd Bupuig Jus|eACUOl

Ko
High ligand density

avisy il HE N EEENNEEN NN ER

Figu8ieefd4.ects of | igand -Iefhcsiliyvalnemdys:erved LAG
Schematic overview ocbntkekatefatéons odf |ligmameasinng
of EBBAGc in SPR experiments. At |l ow |ligand dens
DR1 |l igand mol ecules (greeBiBtuédYyedsgiayg)y ensed
sterically bi-DRAd tulgtaingll emoMleA ul es. The observe
domi nated by monovalent kinetics and thus affi
density (bottom) spabR1lall idgiasntda nncoel ebceutlweese ni sH LdAe «

LAG: Fc is dabmel ttiecPRE®i nHLdand mol ecul es. The ob
therefore dominated by bivalent kinetics and t
bival ent binding charactefif.eausesraasecrpepasaéfi
Arrdwedction represYehntghiincrease from | ow
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Il hbhe Langmuir 1:rle biisndd nsgi nmpldee Whoseatigithedon s peci e s

is described by the following single rate equation:

Qo0 ., .
— Q¢O 06 Q& 00
Qo
(Eq. 4.10)
Applicatmomowd!| ¢mti sanal yte model to the syste

|l igand density engagement &f F@ s$easc ommod laichard am
spati al separation of | igand, i's visualised by
modi fied to include DRIms ysft etmhéd eli AG: Bad utdo eHdL A

D OO 0P ——= 0 6 5DIO'Y

N¢ "QQ
(Eql 4.1
As a result, a steady state derived affinity
l ow | i gaAtd dteemasdyt yst ate, the ppguoahibeioaal buhdi e

the molecular ratio of unbound to bound componeé
steady state the ratédo@igoPpprmat egwabft ohe compl

— % ¢ HHEDO0Y  QE BREDFOYY = O
(Eq2 4.1
V¢ 5 6AMOOY Qé "B'G SO P
(Eq3 4.1

V¢ QO 6 DOHOY
Vet 0 OSDGO'Y

(Eq4d) 4.1

As the affioghiiy egemstvahenf(Kto
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0 & WO Y
D 6 SO P

(Eqb5) 4.1

As swchn Ke calculated from plotted steady st

of concentrations. The rel ati-loins@éap begweesni avh
sqguares ordinary fit i-Mematcenonr hadektorvop mott caice dMi
protein interactions:

0 & BGOOD 6 DGO P
0 0 0 &D®

0 6 SO P

(Eg6 4.1
| SPRxperiatesndrsesgpgonsal iék¥araen observed measur
Ld "'BOgOopcompl ex formation, thus:
U s Ko ()R O [ e Ko (217 00!
Y'Y . T—~
V] U 0 Dw

(Eq7) 4.1
As) ODIO'Ya Ods t he maxi mal complex formation whe
YN s an obserivesdipacsmplee xo f ) o sDyptpd dows cal cu-
| atasd t he maxiYiuriobgesatedr atY¥d. bTmidd nigs daehimed

experimentally providing high concentrations o
available ligand mol ecul es orr astueclhy tchaatc utl haet esda t
model fitting. As a result:

vy 0 6 SAOY

0 0 & DO
(Eq8 4.1

Il n order ©o ndeteelrondDavehh e equation is reduced t
wh ebn 0 6 DGO

. 0 & 8DROY

Y'Y

00"@O® U O &D®
(Eq9 4.1

n 0 0 FDOOY
¢ 0 0 D®

(Eg2b 4.
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Y'Y —
(Eq.l 4.2

Therefomd, tthikei nter a8t Fonab&tliWwmwars tAGcul ated
concentrafli & a¥Y YA@gh ally tio. é-a)l.f

Using this @eesactrei baendalsytseasd,y t he -3mobnionvdailnegntt oa f
HLMR1 is cal culFdtgautbeatdMaBe v &M, (ta@péi eqti oinb of

rium anal ysies atnal ihntgérr rhe dJiaamtd densi ti—es resulte

thus, furtheB:&cibdending LAGewpaki mewndlsedegi gne
bivalent binding

Since the | owest |igand densstwitkse¢eent malyutsit

bi valent binding, thwaloceal coldared hmoacesdim@idt: oK
i ng magalocvelrat e the monoval ent affinity. I n o
assumpti-oenefbiomei ng, r PP Ri ata¢ adansiitnyt ewas anal
analysis. Global and |l ocal fitting of the bival
4.7 revealed an equil b)brfiaurm tdh es smman av d loen tc oafsft
3 toDROLAwi imi haa sange as shown bFy gafgei [4i.br i um
This similar kinetoincvalaitedatdes itviead asdumpttiyon tF
sity -sstteaetaedyanal ysis was predominated by monova
Langmuir binding ki MTegteitehsea hchatb&eom@eptefridne t he
LA forDRILA o be 13 OM at 25 AC and consequent |
I'l restricted -TCR binding to MHC
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QL
~—

Response units (RU)

Response units (RU)

Response units (RU)

2)
'

b)
Low ligand density (244 RU)
300 w———bessrresesasaeniaaeeas - = 200
e
2004 L2 150
=
= 1004
100+ ?
| o
S sl A Kp=13.1 (£2.4) uM
0~ wn
Q
v L AJ L L L L] m L] ¥ AJ AJ L L]
0 20 40 60 80 100 120 0 10 20 30 40 50 60
Time (sec) [LAG-3:Fc] (M)
Intermediate ligand density (792 RU)
6001 — 600
=)
3
400 2 400
o
=
Q
2004 )
200
" 5 [LAG3Fc] 2mex = 3 uM
i Q 2
04-2 A\ é
0 20 40 60 8 100 120 0 10 20 30 40 50 60
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1600+ S 2000
14004 | 4
12004 2
10004 g
8004 [ p
6001 Q R
4004 | S 500 [LAG3Fc] % =1 uM
200- o
0- L4 \J LJ L u LJ L L) m CI L L) L] LJ L] LJ
0 20 40 60 80 100 120 0 10 20 30 40 50 60
Time (sec) [LAG-3:Fc] (pM)
— Bivalent kinetics at intermediate ligand density ———
Global
600+ 600-
400+ 400+
2004 2004
04 04
0 20 40 60 8 100 120
(Figure | egend overl eaf)
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91 A2 bi ndBRIHLWA t h micromol ar affinity

gu
PR anal y83iBcobi hdishly itromddiAl i sed at | ow (244
92 Wi)gmand3659 RU) | igand concent-3aF¢cohs7 Tit
1

R
OMHLM®RI dwi t h prolonged kinetics to higher
reference subtracted: Fensogr amws .| ilBRdAmdi ndge ncfi
exhibited kinetitcene hliraditegilkitnet ods one
b)St e.atpate anaifdydics bomdDRG &b WaAAYing | igand cc
analysed from sensagy apmbotatsi e sRUi bedr ease fro
steadygte (25 seconds into inje8tFons)lUnadgri i hte

assumpt i-tooneofbiomde3n gno rimAGlafd) i wiatsy deHoinné d w( i ns et
| i gand d)enfsort yl oowmn llyi gaantd 1d3e r8N tuy adDiRdyn b(o tihodpi )In A

was observed at | owBrFcowhenttaghaaoadsdehsLABG wa
df ference in satandtriitbhbuttathbdeentctraaseni nsbhival en
as spatial di stance betweenbilvaglamscspésqgdaot efais
by obserivted®ien( iofset att ei mtnalr médyih | i gand densit
cKinetic andl ¥si biodbRHYGato iHLtAer medi ate | i gand

exhibited some bivalent binding as shown by ki
3: Fc bindilag3a®OMOaosc awe Ifli tas nlg (right) at the
percepiY8d2KOM) described aasi mal aul abteadtvehlyest e
analysis hesiwas bedl ¢ml ated through the first s
constpamtcckbordance with the bivalent binding moc
equi valent to a monovalent affinity.
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46 Preliminary sSsutdudeyumteglahaAGGve stain el
croscopy

There is currently no-3st aandt easallt dakmowlesdgé bao
domain organBsati bmsefd bAGi nterference at the
homol ogous proteins whose structure may have b
about h3®wfULAGti onal Ityhei mprimughees soynapse resultin
(C. €. J. Workman et al. 2002)

This lack of structur al data Bapretemmedampod e
suitabl-redolruthi gim ayt wdiyesd abdy oxgr a3p hFyc. fTuhsei osno | purbol
tarRiused to -ORbcliimaeéi Hd Ai s produced in Chinese h

i's poansl ationally modi fied ¢tlo niknecdl ugd ey caopspyrl caxtiit
Triebel, personal communi cat i éonrsmu.l iagn lminghs yf or
unl i kely due to carbohydrate flexibility and he

mi croscopy techniqgques for protein samples have
l uti ons neraay nogr t h(ag § old maca Bu1h6 )t echni ques are n
on crystal formation and, thus, can be perfor me
enhaed techniques are enabling the sBuf&g,of s ma
which have previously b€enffaoetmall 26185)udy \

Despite advEavh cheass eidn neertyhoodol ogi es, access to
struments is |limited -aéeqeirkistewt edcdqqad ofeqsampbke
resolution before preceding to high resolution
' i minary results -Bnsefb@otuset bhded:gHncetditéd Gsea aurd y
atomesol ution usimrdeonégani vi@ csbacopy with a v

atomesol uti ol aisti m@gn cmiy@r oscopy.

461 Col l ecti@8nFaf ab3GFLcAGDRHL Megati ve stain EM d

I n order to gain knowledge o03: Fhepnovebapé, sagze
wel | as validate the quaBi Fy whstBbBeéeupretdeby pe
EMF{ gul®. 40bt ai nment of EM dataset£3:fficr atndr equ
LAG: Fc in compRéxpwbt bi HLsfraiidnse do pwtiitnma Itlhye cont r
ur anyl acet Bt gul® utmoidndd eidn from met hodol ogi es
(Rames et W@din@0drdil)ds prepared ulBdé&mdt h&dGdescri
3: Fc combinkPR1 wvé he HiLatgiemhe sat mébdd@dn i0Of0i0Ocati on usi
transmission electron micrdskopehdwe&dM)t havti ctrioe r
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a)

me X3
—t— 30 min
blot blot blot blot
45° 40 yL 2% UA 2% UA 2% UA !
20 pg/ml 60 sec dH,0 3sec 10 sec 60 sec Image
LAG-3:Fc
* HLA-DR1

b) LAG-3:Fc LAG-3:Fc + HLA-DR1

13 miraphs T 195 micrographs
2,062 particles 3,219 particles
Figut@Pdeparation of samples and collection of

aSchematic overview ofornr hpr oepdrs antiisernd @efonné g atin
3: Fc aB8BdFcA®RHLAOmpl exed sample grids for i magi

mi croscopy (TEM). Protein samples were applied
three times wibthodei eamideedowatget hree consecuti\
acetate (UA) for time periods indicated. Grids

bOverview of curr3 nkc da®@dbdBRA®RADAS ampGes . Ex amp
mi crographs atobOkRt X2m@gkNVfacatel eration voltage
coupled device (CCD) camera (top). Example part
picking in the EMAN 2.1 8ofFtwprnetpatksgexbboit
contarmdt homogenous particl 8s Fac +DbRHL Addndatca ogtrapl
exhibited |l ess contrast and heterogeneity in p
sizes indicated bel ow.
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samwlae homogenous and devoiidiafedl arog eviasg gorl eeg aotl
sation or fFdlgumer i4Dale0the3n c-tc IsAGigl e particl es we
suitable for single particle rec8n&cr werieomol A
l ected from which @62 |l pamitied| easat weete pfckRed f

reconstruction analysis.

| maged3:LFACG gri ds codDRIlex dvd weivtelr , HleA hi bi ted sar
ity and soméi aqyumae.e dhdWemt hel es s, mi crographs w

particlmd aof taw sil i ghtly enl arged size suggest.i
tot al of 195 micrographs were consequently <col
particles has been obtained. Due toamdei hetero

l' i mited size,,at he rveassemmeatt oduwittastkelte f or singl e |

anal ysi s.

462 A single particle r-2chassuvnufcac®nemnmveltdhipe LAG

The 2,062 part-BcFe dWwasasabjetnteddn ot rsu eitgil en panm 4
using the EMAN2./0ITopnjetctMwbrX@d s wsymmetry r est
model s were buil t8gfernoem a2k dc Ifasosm gpvaeartagdses e x hi
tooi se rati o. Fromfti mesle rieciotn3d Fumnwed omsa o i & VA&
iterative refinement through gradual inclusion
get s. Refinédmeotwmodél £ AGestraining for differern
t he prhoitbedtineodenxt gr oup symmet r y eis.oel.utnoons y ninmeetrre
LAG: Fc exhibits asymmetry and does not posSses:s

di meri sation interface.

The refined recof3stffcuaspmambmalws wiid®@ t hree di
gl obul arFidgounige. n4&E adlc h gl obul ar doshhapedombli eesl ¢
with approximate maxi madQ d{wedshonbebofghtl50deptl
from front). One gl obiumeanrs idomsai(n6é % xxh i6b5 tjs) samad i
the Fc portion of the molecule. The second two

i) and appearance and t Hus olmpkoenleyn trse prfe s ehret ftulse

"EMANZ2.1 is a software suite comprised of software packages that allow analysis of raw mltrograp
data to particle reconstructions (protein models).

82D class averages are the resulting particle image generated from the summation of particles assigned
to similar views (class sums).
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FigureéeSidndilei plae recon8t FocbyoneghtLAGES stain EN

aBD single particl-2: Fecohswnubyi sorbéacéAGol ume
dcontour -Be¥Fel exbhABGitiksehapansiubbdyge envel ope as
view. dTep d&nviews show t he gdloodenidhasrr dn aFtcu rdeo noafi nt
The approxi mate over3l Fc damende foints3j@ flandi ik 5hd AXG 1
height, depth; as viewed from front).

bMeasurements of the-3glFaebsiagle@eomairhnhscdfe LARAGONS
The reconstruction suggested two globul ar doma
smal |l er domain (bottom of mod| andvhFch dbmiehsyg

respectivel y.
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