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CHAPTER 1

Background and Research Objectives

1.1. Head and Neck Cancer

Head and necskhtcmosercomsmomecancer worl dwi-de, wit
50%MHead and neck squidmHNSEIGESred | swchasrecti nefmahead a
originamianagsdlroenpi thelium in theadoraalcowavist yf,0orp b
head and n@akd ocanwvddys raodamsd mabyalklty | but eds@Ero t oba
excessi c®nasluasnpliolon, whereas cancers in the oroph
papil |l oma¥vThruuesNS(CECRY) be i et wipdBd(tHPRWend -RPY¥Yati ve

(HP)¢d anS&eéandard treat mentsidmoge HNSCECheaemmnt hercd puyd,e 1
combination thereof, however, these treat ments |
patients widgdl npoaadrdipriooginass these traditional tr
been made in the wfaygr oH,NI@&Lnyeeltye dt hteh edegpedeapmeein t
growth factort rercaepiteosy. (EGHFMR)Ii s hpiagthileeyndesnhee s s ed
EGFR t lteertayxfiagn@abshown priomi shegelrtplaauigmtismpr ovem
overall ssinlelmiaval Smisniideal from tr adfiddwnead tamer abp
i mmunot herapy has also becomemamumpepcahackpoiemat mir
agapnsgrammed celPDl)deapt digpammed RdRAGLtIhaVv e gaadent |
been appreviende atsh efriarpdaenstet ast aeC.dl HABBGR kpoi nt

i mmunot herapy hassdurmwirwali bdryd magugloNECOfvehatafldnt s
responsesthatleas ddwTdhlse Z®% t ors regulating i mmuno

poorly understood owing in part to the compl ex i

1.2. The Tumor Microenvironment



The tumor microenvironment oifs aa wdydnea nviacr ieectoys yosft

that can interact with cafoepocelli ®naond itmfel TMEC
tumor types but generally includes tumor cell s
extracel | (UuE@M) mattiraIxl vy, cells within the TME we
tumorigenesi s, but we now know these cells play
including tumor initiation, invasion,Figtiavasat

Understanding the complexity whtl cbat pnuaomps oee

therapeutics to enhance cancer treatment.

Primary Tumor Site i Site of Metastasis

Initiation Progression Invasion Colonization

vy sy

(-9 >

¢ Pre-metastatic h

iche

P Aﬁ Do-rrn-al:y /

i ig i
n {E on /’ LA

Dissemination ‘
®

L/ ®
® - o ¥ o . S .
Epithelial Cell o Tumor Cell B Cell Monocyte _* Dendritic Cell Neutrophil
a@s Endothelial Cell —=m- CAF . T Call * Macrophage ~ | Eosinophil . NK Cell

Figurlenfll. lence of the tumor microenvirddma@nedon t

from deanMios/£enor mal host mi croenvironneunnmorwoul d
however, tumors manipul ate the cpddmotainmg facyiors
antdbacilitate increased proliferation, i nvasi on,
plays a role in metastasis through the formatio
survival, promoti on of teaxsttraatviacs adtoironhaficgyn daencdonaotuet o

with Bi oRender.

Il mmune cells are a major compormsamtpraefs st teu MOME g
dependi ng oAs tthuemocrosn tfeaxrtm, a process called i mmu

system can function as both an extrinsic tumor



1.3.

Il mmunoediting consists of three phases: eliminat

innate and adaptive arms of the i mmune system ac
t umor cells avoid i mmune deismmonurcdd®mi candeldi V@
(equilibrium). This immune resistant tumor <cell

progressively gftbwing tumor (escape)

During the pro,grtelsesiiommuwre ac ampreorrt ment wi t hi n t

(¢

hanges t hfat ont ama tviaernyt to patient. Typically,

environment characterizedTbgelal deamedaBlK callcyta

-

egul atory T (Treg) <cell s, Mytallmosdcidaredechacuppt
(TAMs), @amdottimord neutArdap tii b ad akINs CDAd macr op
skewed towdd dmamatiory phenotypes (Th2 and M2, re
are pushed towards a state ©PhTHeftypée vef mammume i

found within the TME can greatly i mpact patient

T Cells in the TME

CD8T cell s,cwll stooxiad | BEdlsyanpdhocrye ecf (ICAde maj or ce
TME that <can direc,t ltyheerldafndrnea,t ea thiifgphceert kbl wredeaerr .
corresponds to better 'ITdgaocd si-amdo dinar aaddya mteisg
target the cells expressing -mbdmated hApbpiagi ha
of the apoptoti-Fas’lCPdHB8M deeaallhsercugh Fasdi fferent st
and often possess a hyporedpionsl vExhauatedkiowre
characterized by a progressive |l oss of effector
| i kel ,POCZLAdavhd -B'ARGe i nvi goreaxthiandgs itehdéesssebecome a p o

treat ment avenue in the clinic as seen by the ri
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Figure 1. 2.*'TEfcfeddt exfha@B38 i o nEfofne datiddnmoac E@Bd Ir &kdddr
cogmantteéognen he bumoodwecee |cyt ot oxi ¢ .moElxehcawlse se dt oC Dk8
cells have high expression of inhibitory recept
cesFrom enmlhewyi oortcti on and Feisgcuarpee ncaed d wlietaht hBi o R

I n addition to CThel pdcheelrles aprree saelnsto ithD4t he TME
into various subtyp@éblvncThdali ogl Tk Itau @chrRihgeamitc &

they often provide help to CTLs and.BTbél celtae e
also directly affect tumor cel lg TahaFnodu2ylhL Tthz pr c
cell s stumaer iag@mioc f un citnifol na nbnya tsoesayrcdm & ars§4, tacarhsd

| 18The role of Th17 cells in the TME isxkiomittr ov.
bot ht pmmr i gent omamidgemit®h p* operktsesan increase

function of*Tcytedtl sxiacs @28 | as r edusceec rTerteeg ciyntfoikli

| i k-@a 7AL17IA52 11,L a2n2d tlhtat can dr i ve a ntguinoogre niéfsniusn iatnyc

21



1.4.

Regulatory T cells are another T cell subset
i mmune hoanredsprasvyenti auboinmmuuai t yost i mmune sys
tumor ,i nThriebpgst CTLs and-t pmeweinmmpddéadct icwentaritbiut i n
i mMmmunosupprErseglsseo TcME.t ri bute t o-2i mmmrsusnppp roeas s iC

4medi ated supppeesiean i mfg aretlilgenand the 3%%cretioc

Cancer-associatedribroblasts in the TME

The tumor netbhemai cal acomponent of the TME that
invasion, 2@ndMamgt odt dhiese str oma tasismfcli tae reade & i arre
(CAF) . CAF are activated fibroblasts that gener
TME!Can@associated fibroblasts can originate from
endot hel i al cell s, adi pocytes, pericytes, stell
fibr dbDuaes tthoe ttehreogeneous nature of these cell s, {
the WmhHEOdiul at e canEed) Pamey roefs st-shoensney It autmiorg funct i
mai nt emfancancer stemness, promoti on of angioge
promotion of tissue invasion, me%CAEl canrepnogi &
to cancer stemness tbBraudhepamac iCiAtffre ssiibpo®luill md i

enhance sthrennWhEHtvdni n -BPRAERYI /ghphi higadsF can

promote andgihegesraegiadh gwiogehi prbactors | ike vascul
A (VEGFAYhem@XKine | igand 12 (CXCL12), fibroblast
derived growtthCAFacrteomod{edrd GFQM i | it ate iwmcaeabed

producti on of -ccroolslsalgiennksi,n g maetnrziyomeost,ei mases x ( MBb
proteoglycans, at’dTbithematECiMx ps bit efi msss -tcaan al s
mesenchymal transition (EMT) which fagidimotae ®s

tissue | metashdadsiatsidonal | vy, CAF s epcrroartoet i ontgh efra cttiosr

hyal uronan and proteoglycan | ink pret iPpAl1 anKHAPL



exosomes coh8@kai an3MBRPMRCRAF have also been reporte

phenomenon called the fAReverse Warbrug Effecto
glycolysis and transfer intermediate metabolite:
cycle ao68% OKWHs | eads to the increased producti

accelerated cancAF dellvio!l pleneibhber mein éthnuomoed gemao ¢

functions can also aid in the3% eAmeoltchpeme n tmpoofr traens
CAF pose in the ToME hi si ntntagier aenfdf eacdta pan ve i mmun:
progreiisclbnwil |s bles ddwe ngtsleyw(dseere dseettaniiloantdtr &3t t o
tumpromoting functions, CAF havenatsai bierq phowe
exampl e, depletion of myofibroblastic CAF in pé
enhances tdm&i mgtawlly, inhibitinght desfmopmatsit o

through deletion of sonic h¥tgedolg danlclreqmere sp it ardn
has al so been shown to suppress tumor growth via

of i esmumprsii on



1.5.

Promotion of tissue
invasion and
metastasis

N e

Cancer-associated
Fibroblasts (CAF)

Tumor cell
proliferation and
survival

Immune cell

regulation

Maintenance of

. 5 N\ i —
ECM remodeling stemness

Common Markers: FAP, FSP1, a-SMA,
PDGFR, NG2, POSTN, PDPN, TNC,
desmin, CD90, DDR...

~ N

Chemo-resistance

TME metabolic

Angiogenesis 2
reprogramming

Fi guB.e Clazaseoci ated fibroblasts play amdampedt an
from Zi?2aQAF etavad several identddrnyiafgf ercatr kea \se raasl
involved in tumor fFoirgnuartei onma daen dwiptrho gBri eosRseinodne.r .
Cancer-associated FibroblastHeterogeneity

CAF comprise a vastly heterogeneous stromal cel |
depending on scgédpoeuWidthhpenheanadeceht ®RNAssBaglben
(scRNAseq) technol ogi es, the extent to which we
i mmensely from previous identification tools suc
hybri dbepemadinng on the tumor type and tissue, CC
artehree main CAF subsets recognized across mul ti
i nfl ammatory CAF -p(rieGrem)t,i nagn (€A (LilaghaOeA Ft) hr ee CAF

were first discovered in pancreatic saaodr their



functions can varfyiBAFwaend tMmMywAFr tayge more comm
identified in many cancers such as breast, |l ung,
can*®@ér apdrhddt as wiwlheilcyhi éipst gadue to their®>propos
Thus, ap Wy en i deanstu f s eetdndmr s birnecalsutd,i nlgi ver, P2
can‘éef 57

my CAFchaeracterized by tamdai giumicg@GMaroenma daeltiing ta
healTihreggy are most commonly idesmodildmbabddd exat ien
and are often found d#f°r eCAtFl gearfadnead elmy t lmeitrhee xt
i nfl ammatory c yt ocaknidn eGX CsLulc2h aass wWwellT hewpsatLg 6 @oegpd
from tumor <cells and function primarily in i mmu
medi 8t.%¥®he function of apCAF in the TME has not
MHC c¢cl ass || and are capable ofwipe talypelnatiEitnigv eal nyt i

participate in anti*§eRuptbsembaeionti hsthetTKREROUV

other two signals requi rsetdi niuolratT ocne la n da cctyitvoaktii noen



Myofibroblastic Inflammatory CAF Antigen-presenting

CAF
¢ Collagen deposition ¢ |nflammation ¢ T cell activation?
e ECM remodeling e Immune cell recruitment e T cell recruitment and
- - e Smooth muscle e Immune cell suppression infiltration?
Functions in contraction e Cancer cell activation
the TME e Wound healing and growth
e Cancer cell growth and
metastasis
ECM remodeling: COL1A1, Inflammation, immune Antigen presentation:
COL10A1, COL4A1, MMP3 modulation, chemoattractive =~ MHC-II
mediators: IL-6, IL-11, IL-8,

Tumor-promoting cytokines:  LIF, GM-CSF, CXCL1, Immune modulation and

Receptorsand " /") "3 16 CXCL2, CXCL8, CXCL10,  complement regulation:
Secreted Factors CXCL12, CCL2, CCL8 CXCL12, CXCL14, CFD

Complement regulation:
CFD, C1QA, C1QB, C1QC

Figure l:as.soCarmcerd f ihbrghblyashted eaoeg e a.eloduasp t ceedl | |
from La\itr ed mrli.mary CAF popul ations have diffe
medi ated through expressi dmcdlfhresamairdkues sr € deptear s
can vary bet wdagmureamomare twipge. Bi oRender .

I n addition to myCAF, i CAF, and apCAF, thheére a|
di ffer between cancer types. Unt i | recently, CAF
high stromal content such CAAsF maomrproesd ttii @ narn c HrNe
beginning tol he20bhvesPugamedt al . performed scRI
patients and identified three CAF subsets corres
and CAER)these two subsets havelAydiffedbébbi hedody
two distindtn QAMmQgs whosheutcsc al Cdr alndc £r2c icrh@amacn &@ameé &
hi g3MA expressi ohl, QAleFssp efcatciivieiltyat ed i ncreased pr ¢
renewal of cané%lrakabhlssi sBRHOTEMEAFr e a pri mary

popul atiobhhianh WMN8CCate tumoempde§iegsnenpainduECN

met atedlft¢dec 921, Zhang et al. combined RNAdeéegly a
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datasets to identify eight CAF clusters,®?three
Several othemai stadinesdsd HNIP@T aCGAF ni mtfo t he three
(my CAF, i CRF PowCAFMHA"&Ent®AE hat ditT veeeldD8dysf unc
and res'fTricet ICD&filtration YGovev~eEARPHDAEABRL fied
CAF were associatedlT wietlhl iihndriagdteadty @M8 al squan
carci(nooPsaCC) patients highlighting the fdfhctiona
These various subsets found in HNSCC display d
associated with either Ittuenmoari npsr ougnrcel sesairo nw hoart sfuapcpt
an -aombr phenotype-pratmioéei nghaheaot ymer and vice
mechani sms that gwiildle ICA&d pthe naan yerhanced knowl ¢

affecting the tumor microenvironment.

Cancer-associatedribroblasts in Immune Regulation

One of the major functions CAF have within the T
(Fi g)dAB lkamewn to aid in facilitaitti mgr adi i enenulny sw|
factors or remodeécnlgy ov¥i anatri x on whi#tawhmor mmune
| ocalizati onFoarnde xrangplae,i o8AF havien rbaeteen cienhnbuwne t
recruitment and activation stCGXGLse,VviGXXAn:dKki ne:
CXCcL166, -8ILL-111L,-33MCSF, Canfl®3In parlttb cuM&BF,an@CL 2,

CXCL12 have been shdwn tthenddacolat i menmonbgmepmntEes s i
MDSCs M2nghe i®% ypAK can alsosdoeicatued TA&wEN@chphi | s
thentablaeahibit ih ¢elslpofsemcrtteic@BrdAEAF recruit mast
CXCL12/ CXCR4 signal i ngasandaeol nesehd mc € A& umadEi] otnys ©
inclaodl hggen | aanhdcprodonttaohni oh’?2cAdd diatgienmod lyltyi,c

are a maj orbisnourhee TOME ™W&H ch can decrease NK cel



as well as theig‘@ahdFlhayeta siegnieftiecdrtN effect

i mmune system as wel/|l . CAF canheecnuuiftaBEBH& e etpad
CD73, ando DpPrPdmot e Tr’@JgCAF fd &m e aottshaeDr#Td hccwh | s
favoring a tumor promoting Th2 G2, ThACLEAmune r
1, 61,113, azn6d."P Eurt hemsmgme f i CARe FPDe&idnfmacnte respons
by hindering their infiltratiaceman ptcloi fdenmra&ftcitdi1y,
speci fTcc&€DIBs -1t hRRugmdPFas/ F&¥sL engagement

CAF were originally thought topopnotatbone ohl ¥
stimulating CAF haveFoeceneimplabpe CAHFI Popwe maae d.on
shown t o enhancaen dlgpcFedl d uvcstialéobinunl aptainocrr ea® MIACAE ancer ,
help foster an immunostimulatory TME and del et

mmunosuppression “@Addittuimomalplryogrsevwd roal studi e

correlation between speciélilc EAEI isfudbrsattiso m,n da bCD
fundBiAsn evildensubst anCAE&| occeinpd riostiatt y& siodfe rtshendi ng
interplay betiveramme ICIASE. aAadcor di ngl y,difsuritntcear CiArF
subpopuwulnedmmonei scendéGdbathgytes st and t-medsabpHduehc €EAF

in the TME.
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/

Quiescent
Fibroblasts Tumor secreted
— factors,
> exosomes,
— biomechanical _
e signals <4—— | Immune signaling to
——— activate fibroblast
Fibroblast
activaton [

B7H3, CD73,
CXCL12, DPP4,
IL-6, JAM2, OX40L,
PD-1, PD-2, PGE2,
TGF-B

PGE2, PVR,
PDPN

Neutrophil T Cell

Chi3L1, CCL2,
CXCL1, CXCL12,
CXCL16, IL-6, IL-8,
IL-11, IL-33, LIF

CXCL12

Myeloid Cell NK Cell

. Mast Cell ‘
Figurg8idndling between CAF and i mmune. Acdealpltse dp | a
from Barr®Temamdc @ulr® can drive fibroblast actiyv
through biochemical graebabnxl)i. o @Ad-h sreica alt ec weag i (0uU s
to alter i mmune <cel | sbaatnpdr o montuen ef icherl ghhslr Edate) asci tginve
Figure made with BioRender.

Cancer Immunotherapy

The purpose of i mmunotherapy is to reinvigorate
has become opreonoifsitnhge tmeesrtapeuti c opti.Ansubset he
of i mmunobhater bpy greatly emoplbwvedchotkbep@memeh year
enhanced utmoe dmutnicti on of T cellandythai Gartd gands

antibodies that bl ock the nor mal i nhibitory pro



i mmune system frEbxmamelieag omMeir@cddbtviecbaodiees target
CTL-A@pi | i mumidome | i)muB@bi vol umab, pembrolj zamadb, é
PDL1l(taezol idcumabhammre!| uyMdBDBL i s a receptor expresse
activated T-LtebD2 s ahed sPPpndsoethemncell s i ncl uc
macr ophages, CAF, Umdelr tmonomalced dsdi ti ons, when

over actlLiloe, DE® and inmatcarogpdtdsg ewiTt acneH Disn hi bi t s cyt
funct i bwmave adapted id ro vtehregemtdphete €9 oB R8Tt cel | s

from KkillindFitch)edTtlaAmars calmid arly exprasdebdi adsa
B71/ B7 whi ch i s aex ppgeessseendt (AaRy).scBbWwever, tumor ce
over explr/eB7sacidd c k poi nt bl ockade-CiTrhphu mrcetl h eeflSa ppyn AP
cell inFeg@ditekprns e the rmMmimg checlkmmcamwmge bp 0 kiad
of p asttidebnlorse spond t.Patireat mer itd@&triiaspryl argely bas:
bi omar ker expression Mi/ tRHl oexvp roeusss it carr Agseitdsé ibieri onhge
specific genes, thereumoe omuhat Momamabkeldkeint Bcl n
an@BNA damagé&?Hoewsepvoenmgyd oposed tbawenayd«terso be verif
scal e pr osptewcddirgtee cflaicntiocrasl gsui ding resi stance me

unknbwndering the identisf.ication of reliable bio



PD-L1 binds to PD-1 and inhibits T cell killing of PD-1/PD-L1 blocking antibodies permit T cell
tumor cell ) activation and allows T cell killing of tumor cell

Immune attack
Tumor cell death

T cell Tumor cell i Activated T cell /_\

\ Anti-PD-L1
antibody
Anti-PD-1
/‘ antibody

Figdr & -1/FFDL checkpoint blockade promote®Dcl ear al
1/ ROcheckpoi nusmaerha bdddctiohodi telse-1®PDéd e p-lPH gand
st hayt oCDRTi ccel |l s are able to kill bywethéeémagureel
made with Bi oRender.
CTLA-4 binds to B7-1/B7-2 and inhibits T cell ; CTLA-4 blocking antibodies permit T cell
killing of tumor cell ' activation and allows T cell killing of tumor cell
Antigen-presenting cell i Antigen-presenting cell Anti-CTLA-4

antibody

Activated T cell

B7-2

Tumor cell death

Tumor cell

D
‘D i
©
oSV
Ve

bl ockade promotes.CTile#dar ance

Fi gur.€TlLl-Acheckpoint

checkpoi nusemarhd dodi ot ti eobno d i tehseTtL-@hr b € espokhaantt o CDRB i ¢

T cells are able to kill Wy eadAptuiragseennd. e IfHlg sgawiletl roaudt
with BioRender.
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t

t

t

I'n addition to checkpmonbcbbpnekadetéebdbhgned at e
arget t umor amdeicriefcitc cayngt o tgoexnteax i B E |l Fomorex ampl e
rastuzuamab fwvast F DHAE Ra2p pinoly edheantieat ment of br
houghtinbi bBcti by HER2 homodemediokhategmnm!| andngi ¢gimh
f expressi oA .Rift utxhiemarbe d esp taonrautsheedr i snu o chees scfl U In i A
irst mAb approveadmHdbdgkt hés t B &R hikeunxti ymmapbh obmian d s t
n the B cell surface and triggers the iMmmune sy
videnced by these and other mAbs empbhsesyéécbmetl
n i mportant modal ity in cancer treatment and cc
i scovered.

Anot her popular i mmunot hEARp etehl d iCahpi yneea ti me ratnt a @
eceptors (CAR) are fusion wsepeeptforcs dowimah namnedx
omain for a-stiwmatabnhoandicgadall itnhger aQAYR i nvol ves

nto a patientodés T cells using retrovimomtli ygerct ol

5

d putting those tcoelatst abcakchkeé himnotsou nishuet cpedstesirf eum ty CtAc
ate 9tsarCPelt ed CARs used to treahiBacelhdbeandht i
ates of remission i A2 a&luttho ulgyhdfpQddciyltsC AlRal veeu k £ ara
uccesB,tiICARapy in solid tdmer $sohaslack béennasgu

xpressed tumooranmntiagT nceeklilnsg ionft oCsAURh @ i vamot n It hm

nd |efsfsecotfor functi on. Despite theselchatmbérmrsges
esCARg herapy in s@elwi didtviaemacresneand-taugltasangCARCI
ave shown promising °esults in preclinical mo d €

CAF Association withmmunotherapy

n recent years, CAF have bemermucniees fepot atl t ommunbDlt

For exegmpelcd,i na cal model of pancreatic ductal ad
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expressing high Il evels of fibrobdPdbsl htblckadeor
Similar-tg| |l sRNgl seequencing revealed a CAF popul :
aPDL1 i mmunotherapy in a ©Distiicradt tCAfR lipdfgpout! i dftliiaatid
in breast cancer were al soaPblhoiwmmunootther apyo aieas
mel anoma andpdtuffgn Tcheersceerst udi es have implicatect
i mmunothesiaptyancere hbweeeral sohdbeen reports of (
respéan<LaAF population with strong interferon re:
potenti al is associated with better res’®onse t
Additionally, a highly metabolic CAF popul ation
associated with increased i mmune cell infiltrati
drastically better responlsewtme C mAlFal it Mhea apy e¢ o
work outlined in this dissertation describes anc
HNSCC patients t hus de monsttrhadri anpgebudt h ecfailrceigaelnt CA
populs&ti vemhteme®t ypi ¢ hetietr oigenreot yhéeRy€APil reg ott r adt
roles in the regulation of rAdsddgadn&aFadinmy,olevé me @an

i mmunot herapy regulation is |ik-abkgocnhlednnc.et!| bn

Prostaglandin E2

Prostagl andi ndser(iPvGesd farreem Itilpe dset abohasmpbbayachat
rosien i nfl.Ammahidanic acidvifaamr bedi mMBEéenbonti eady me
(cyclooxygenase, | ipoxygenasas weyhlromabgimmegmapudiseo ,
reacbuon®$Gs are formed through the cyclooxygenas:s
COX (al spr csatdd geldaG/ H )s ytnh &ata s en® t a bporl o szteavihbAcchs nt o
encomphbhesparsost agl andi n and °%tThhreo mbioxsathe i1po bidsum s

constitutively expr es2s edpirre sasililbolne i s a inmfuygh minat 1



cytohkiikes 2LLL anad®>CTONE can al so be dmawtche dindot ovrasr
hypowiba botlh a@Gx® COXt abolize AA into prostaglandi |
and i mmediately converts into PGH2 whsEBGBE2,s the
PGI 2, PGD2,t hA@Fth,o xBBA®YPMRE2( i s the most widely s
prostanoids and its role in cancer RG@GH2 iqif d@aanmsa
through Gpmogotoaipn odoupl e)dd a¢ &Ilclepd cER 1 &PeRisor s. Th
of EP receptors: ,EPelac hEPWwIi,t hEP®Bi, f faenrdecHtR4e d iifeice b r a
contractiansediegate@s ocal ci um mobilization and i nd:/
and EP4 are relaxant recept orPs (whAiMPhH mendli aitned uicre
muscle relaxation, and EP3 is an inhibitory rec
smooth muscfPeGE2e Icaaxna tfiuonnct i on as bot-hnfaha mmauaooyp
medi at or . It has been shown to play important rc

repair and®%®egeneration

1.10. PGEZ2 in Cancer

PGERPlsay significant role in tdard mpamfl@rnr mo ndiofff & rue
within the TME dependi ng BGESRihgen arleicnegp ttohrr oiutg hs i Egf
shown to enhance tumor <cell proliferation, i nv
hepatocel |l ul as malalr cé¢ elolmal um@ nc anc¥etoP(QERCRC) , al
signaling can activate mulbtapkeeaimncbBbd8Kjc ERKf h
pat hwawii ch tiunifol s edinetleadnmat i on,, a nudmof’i®YfFriac wit ohn

eff eRGEs20 fgnal i Ed 3t mecooungthr over si al abowomehaepBPB:
a role in angiogenesis and mal i gnanex pprreosgsrieosns i
absent ciamst®omecqoher &P¥4 receptosevenrnalpeegul atkdd
breast, col on, prostand, PGEZr w . fpfrieodnig,etraamd romnk ie mal

mi grati on, tahmd ungeht a'shtiBzicseceiphgrgnbREBERHBeen | inke
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poor prognosi s i n sevVvpeaotadtnhcaarandcpeer ubktoiaca dt eakrggbecth.¢ o g m
efficidamtrgh@E2l therapies i s compl i-ccaant ceedr obuys PcGH

within the TME.

PGE2 in Immune Regulation

Al t hough many of t he document ed -pfruomoottii onrngs, HFPGHE2
known to have a pleiotropic role in immune cell
suppressive PGEctposasesswed | both i mmunosuppress
propamtdiesbeen showel bodreglul af®dkKcdelolns amd hT nc e
PGE2 plays a role in MDSC devédlumgme min, t ma tpu roantoit
i mmune %ddi bhonally, PGE2 has also been-report
infl ammatory M1 pheinoftlypramatoonmayr dd2 amh eanncttiy pe ac
expression of f amottodHSuwepreassiP\GE2 can al so have
effects on macrophages-i byl ammavoloirkpé&,flélkelc erdi bh o
287 k' ¢dss is known about the interpHay lbedmwesemo WrC
inhibit NK cell cytotoxic function and!d@ynt okine
addition t ®GERc rcainvapae, df fTectd | dmat akatGip2 e,

has been showomnmboiigecduce TMRophenotyp€sabyg  &8ltr

required for WTHR1Hdwéver entiGERi osn gnal i rpg-ot hr ou g
infl ammat odiyf ferlel8i medonat add®h 1Fi mixlpaarnlsyi,o nP GE 2
induce and restrain regulatory T cell?2.dFtéfmf erent
studies hauwédrei mwed sattii pantsend p "Detewbba B8G6&E2t hede COE
of PGE2'Torc eCD8 md diimaotre d manutnii ty are not well know
of these studies have expl'dreeglisditheotughf obedts

influenced by 2P G®i2miilnart hteo TGMF, the diverse inf
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cells makes it difficult to fully wunderstand t&h

environment .

Research Obijectives

The studies in this dtbeerpbpaeioh a@i AItHMETEO EAFI| E
tumor i mmune microenvironmentWeanmndti nonnun ottoh ea hagry
subpopul ations within HNSCC and their associati
Additional l ynv aedsipjean®@MF csoubpopul at i opnr e(dtiscGA R)e to
favopabl entt r@apomses r el attim nbsehtitperwiurhd efr cted i &t
have on T cel |l medainadt ecch eicnknpuoi endie & snpha mbsl & & @ nt he m

medi ating esspbaseeand rmmunotherapy will guide



CHAPTER 2

Materials and Methods!

2.1. Clinical Design and Tissue Collection

Bi ospeci mens were harvested from a winpgdawi efit ®pp
(oral cavity, oropharynx, Il arynx, hypopharynx) v
with curative intent (NCT03238365). This study v
Hel si nki gui delines and amprnrovedi bnal heeVaerderm
#030062) . I nformed written cpnsenttwasampdlidi ced
enrolled patients were treated with 1 month of

def i miutrigmeas5y ) ( Hal f of the patients received t ai
response rates beéetwe@mnstemea edwpatokratss were req

ni vol umab bi ognsdy -ipaossgw e kgl i pvre dc & | annotation wusing

was used to delineate paired-rswmpjoencdter spaditbme nbsot
pabsreat ment ti mepoints, fresh specimens were coc
fixation, and processcseldl foramodhi ptud ki ca ngde su enmyd

RNA or data quality, onl y b3u2 ko fa ntdé lesli MmN Apeas @ gune 15

anal yses.

2.2. Tissue Dissociation
Fresh HNSCC tumor specimens werwd tdholslteacctpad myrm i

mg/ mL), peniciahdi amp20o® eUfimin, B (250 mg/tmk) . Tur

Portions of t his ¢ h a p tObradovih, aAv, Eravds.e @ HKorres,eM. eetc dl. e d fro
Immunostimulatory canceassociated fibroblast subpopulations can predict immunotherapy response in
head and neck cancéllin Cancer Res2022.




2.3.

214 mem zed pi ecesm idn ssheepsa rasntde@dbiled e sStues @ etnds i on UuUSi N
Bi otec human tkuinto r( Miilstseonedi®d&®HtBd gont cerc , t ghéeh 3NDi €l M LenSy i
OctOossociator ( Mi-Q X42n7y)i fgonlaolnaedcigre tHFUr3edr 6 s i nstruct

cells werdeoralkiehyodtseeduencing, flow cytometry ana

Singlecell RNAseq

Samples were procecsasleld deeon epeaendp rddess igasnt RIN&s e q) u
Chr omibuimbBdar yBaead SktnomlhDcs) , foll owing the man
After GelnBidad oinnreverse til&nysdreisp toifonP GRe aacnmpiloinf,|
performed to ofbdrai RNADNASI| iulsreary generation. Lil
t hmeanufacturerés user guide a6d08efequeprdi ng BEhnet
expression data were processed with Acellranger
gentes generateicesnt €elm Ranger fope rgfuoarlmetdy dceof natur
produced for eachgemam.ltesva, bamd ometsr.itxs.vmt s f il e

f oorach sample, such that the enxpmkeesioh vohnhi gae hm
identifiers (UMb)etafjgedcoborebpNAnding to that gge
the R version 3.6.1 programamvagl|l aebhver 8emeat , pwbl
used to fwrotnh eeacleggldladl ittty t hose with fewer than 1
mortehan 1,500 unique UMI counts, and fewer than

. 3Silngekkl Data Processing

Gene expression UMI count matarnidc essc afloérad giarchR sSenp
SCTransformpenfimomamdatmowmegul ari zed negati veshki nomi
variable genes. Scaled data byomleermnah psaitngnt he
Findl ntegrandomnAnelyoras eDat a, with defaottugadam
22,90@Qulil ghy cells (meanpd&dtMilerctouunti AABIRRAG imegt b@tnt

posteatment f o mepaihntpsat i ent-t r(eRatmeenrtt;tlr @ a8, G85N7tp ;opx



Patient2trdadbénptrredatidn tp;o s R arteiaethnieBiltlt, 4 @easttpreen t
Patientd4re4a® memit ¢ e & Viheep OWpadtralrect ed dataset was pr
50 principal components usi ngf urhteh eRu nrPeCdAu cfewn citni
di mensional vi sualRun&tMA®Nn f sima ¢ & o sl venagr nt haentdh oPde aur
corredsattihoben di stance metric betwéeenvaeh!| al gdohet ¢
sil heoereereptoil miszdtaican ng the resolution with ma
scdmethe range of resoluti ohTfthriesmrG.sul ttead 1 .n0 ainn
clustering on gereacébx meaeisstCexlnl. s Widrhé ncomput ed
regulneettomoyr Kk i nf er ence beyo rsruemromti exp uSedigr |daxdsef arhne 1 C
nei ghbors of each delslt amyxeRear son correlation

For each single cell, i nf erteme eSiorfglceeR | p a cykpaeg ¢
prel oade e NEIODeDp rrieteircem ciencl udes normali zed gene
buRKNAseq samples generated HBW® Bisepnchtcahtd ENE@
pure popul ati oinmmuonfe scterlolnsaS t(aMradr ¢ elmesr gan d201 3 ; tr
Consortium, 2012). The SinbkeeReahgeanchhmndompdua
of t he 259 r eafnar etnhceen saasnspilgenss, bot h a | abel of t
correlation to thwvealiuned icvo Ypuuatl e dcoebl @ ¢ ikagndidedat of cor
to that celwi tthy pael |c comphaerfferdealule ntcyp 63 nglliedRudaatb e | s
among | aRxe I0s. Owbi tahr e pGeon ee cB xepdr e snsta aointfAlpdmd d >oir ma tMi o n
and Pr¢uUMAP)omspace, such that | occaolniczoartdiaonnt owi t
unsupervised clusterideger dinsaig e b yoipstehdni @ lewsotlLeorusy «
al gor itthhenr eafroer e | abel ed as a prepieudmrededilinglyel
l abel within that cluster.

Differential gene expfeddi €¢h uvuasnahihapmiites r d&nm pweteend
by the MAST hiumpgll @emenotdeed ,i mst he Seurat HionddAl | Ma

change threshold of 0.5 and mofmi huBd5 frandi oatlr
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resulting gene marrkeesrtsr ifcare de acoh tchlouwsset ewi tahr el og f
nonzeexrpor ession in at | east 25% of the cells in t
S3R2gul detowdmmfker ence

From the integrated datased¢h medmdicd K psr sved ieo It wsntp
summi ng SCdormamtsdmpltnte counts for thellObye®east
correlation distancec!| VAstteort awe rod <KOMp Imed atCe | d smmp
from celaucsht er . Al l regulatory net WABAKBe wal gorietvle
ARACNe was run with ulsOioOngb olo t7s8t5r atpr aintsecrraitpitoinosn f a
gement ol ogy mol ecul ar function dfagdatbhars eaati vdaQ:yo,
GO: 0003677, ndidRANDBOBOB28, Atranscription regul at
and GO: 0045449, #Aregul ati on coff atcrtamssc r(iap tmaomrud)l ,|
not overl apping \Jiatch ot hd i 6t andawriilgtiwmpon genes
fitranscription cofactor act idv,idb5 ,s iogn aGdl: g0 epdast2t
genes (annotatedoces&Odbhtabagecabk GO: 0007165, e
cellular component dbatabaebbO0h80&EHI®O®OSBRLas Mma nm
and 3,620 s@uUafmctamad kes sGO: 0005886 AMRALNeGOss000
only run on these gena&ctsievisteys@n@esot®i M mvitt lpr o
meaningfulredowhatoewmtargets, and we dnoetnwotr kasp p |
for proteins with no knawthi wiitgmaflomgwhirch ramaetce
di fficult itno ebriporleotg.i cPaalrlaymet er s were seéebl eoanero

and Ml (mut uRvYali md otr hrlfet s b@minguoed by per muting th

a nul IEamtohd egleene | i st used to rra’n ARACNe is avail
3PBotein Activity Inference
Protein activity was inferradghoi tdalm, w@llogflaylr

ARACNe netw®drCkKs anstd alrmd alnnt Agpcdtoed geneoé&xpress

single cells from each pAatciHemrtt e g rBetceads sec alheed SgCel
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signature is as$sreadiynnhermal i gednat ur ee xcpormepsasriionng
in the dataset, VI PER ndnoanéioaThenr pauvbhmenegrVwR
1,239 praceinmstwi shhccessfully inferredlfPERM ARA
inferred protein activity matrix was | oaded into
into its first 50 principal components using the
t wobmensi onal vi sual i RamiUMAPEpacei armns i wieatr mmea nhdo d
Pearson correlation as the distance metr4c betw
optimized Louvain algorithm,nfaer feod gelnle teympe elsas
over to i dewtusyerl asetéer type | abel s. Di fferent
identifiedoptyi mieseod ut o mpat adwasi ngedoot sunawped
bootstraps, andatbpcpuetRwalaed.e The kerdt ibrye pi pel
as in ObradovVvit€©l asdecotékebhgoesnts were normali ze
separately for each pdtriecantmeatrid eanded mopostt eslaynp F e ¢

differedoceatimngteoeatsmasentpolstequency distributior

Association of Head and Neck CAF Signatures with Immunotherapy Response

Fi broblast cluster oviemallddiVvh PER, €1 4 sdelrli :n gf rodmal
and subclustered, with diffetepttambenptweaesmeaphbDi
compared as in the analysis of initial clusteri:
neck CAF (HNCAF) <cluster was defined on the bas
cluster. I n the deaetndsetprofRNAIsidmibd/dla utl rkiaall bpatn a
subsequent respespoenk®)a®blo dr mmuondi®hevea@ypplied VI
transformati omelulsi ARACMe -seddnvgal reksa MY zbognts fr ol
treat mBNB elguldkctoanpuanredd a di fferenti al protein ac
most wupregulated in responders to most downregu

cluster marketraaesfionmelbe sVQREBERU e s@pfonrdes pso rfderms
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RNAseq was computed by gene set enrichment anal

anfPlval ue determined by 1,000 random permutations

papi |l | opmasviitriyse s@tPV es prevent ed CATFv eernsruisc hhmenmatn
papi |l | onmeagvaitriusgr ¢ HPY. Cl i niHNaCIASFagaatuatebowi bh ou!
further tested in The Cancer Genome Atlas (TCG

ARACNend VI PER as -bashaowme . n Gamplliezed enri chment S (
ranking nMlePEERed protein activity in each patient
applying GSEA. Nor mali zed enrichment scores for
than zero (|l ow) or gr e é&Meeire rt hoauni wzge rsob s(ohciigaht)i,o na nw
survival time was -pdRkaleude ,alsouncgld we mtaht ¢ the@ Afo gi s a
with i mprovedPoaWkh.eC®9Y, smadiecaS0IZ Uy &7 Yatdy BMCAF

1 enrichment i's associ &t=&d 0Widtlh wedsaeboGvaBakl as
773 days)ythwe ploibysadpt reesamphemepopolfathess &N
di fferetnumdrCGtAy pes wintvio |l hviegie ngt rfchreaald and neck s
(HNSgEancreatic adenocarcinomac@PAAD)o,s agaroamamyg UCSE
invasive carcinoma ( BIROHQL,) ,c hloilvaenrg i hecpa tcd cneolmau | &
and plotted the distributi otny pef ttoh easses eesngrpiecerlmetn

specificityHOMCAFhei gdabhurtbsed

Digital Spatial Profiling

NanoString GeoMX digital spati al profiling (DSP)
panel expression among three regions of interes
AnDS8, -a@MA, -PaanntdK, and DAPI stains were used fo
ROl s were selected on the basis of high abundan

fibrodSIMeAsS)t.s ROl s wer eposspiltiitv ei-matrpda PRaannKIC o mponent s,
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expression evaluated separately in each. To fur:

with functionally exhaubBysedmEndelglesnne wetagpmlrii &d |
0 and HNOAF kers as well as ceenlrli cenxneant $2%if@mad sp ugbn
cor rdmloatmal i zed enrichment scores for these popul

CAF Phenotyping

To assess phenotypic concordance bet wee-n pri ol
S1/S2/ S3/ S4 subtypes descr i*fetdndi ni CtAFFd mg EAFEi g b
described in the s%!twenghaovfe ppenrcfrceramd ctc painrcveirs e
fibroblast phenotype marker gene sets amo-ng our
S1/ S2/pHh3e/nD4t ype matching, we sorted S1/S2/S3/ S4
described by Cdsatnad asnudb sealulesma dRyeSs ergf oorf meala cbhu | «
popul ati on, appl i etdeVli FRERI UVARIAICN es inregIweo r kesl, | and
protein activity of each popubkaecohiagaigshtuhes
ranked from moprnegulfateerde npgpr @atl ¢ iyn ua adtoiwnirteyg utl @t end
protein ac$inN$2/NS3I/INSACAFWe then performed pairwi s
gene sets (by VIPER p-Bbt 82 hS adcisdlinvaptéwgrége sa mowleg hG AgF
findingsSlt hgaetn eCAsFi gnature was significlntMNES enri
7. #3111 1x0f, HMNMCAFNES P=6%104,, and-3HN GHERS P44 .x4

10y CAS2 gene signature was not signific&B8tly en
signature was signif-#cgeheysEn0cEDKEFD, f andHCULERAF

signature was signifR2caenkey senTsRNERISA) f o u HINICAFe ¢
CAB1 subtype nlwekeer dgaemeectdegt ss ested by GSEA for

with resulting enrichment scores plotted-by HNC

inferred mafwkeerre gdeinreecsdtys tested by GSEA for en
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2.8.

resulting enrichment scores plotted-l1bar BENEAFIi c bl
for i CAF signature&€ anmdce cecalrliched HNEPAHRwICAtFy psiicg n
classification scheme highlights the distinctio

scRNAseq and prior CAF classification paradi gms.

Receptorligand Interactions
Receipigand interactions -gureaienedfeelrle dt yopmeadvewsii rtg

recdlpit@and interactions repor tt®&dThmnst h@&lsRo&BENT EA

pairs was filtered to identify pairs where the |
l evel, in at | east one subpopul ation, across pa:
activanetdhen subtype, based on VI PERbpradtoeviic a&d
al2z” We further filtered these pilnottetreadc ttihoen sn utnob etrh
recéelpitggand interaction pairs inferred between fi

CAF Isolation and Culture

Fresh HNSCC tumor speci meabkl|l weuepeonoicerssas desc
HNCAG/ (3t s CAR)umo-c esi shnmgdresi on was <cultured in DMEM
FBS, streptomycin (100 mg/ mil3) wearkd& men iBd/i Ifliibmr o(b
grew out . -IFort uHNeGFAFd i nsguisepensi on was cultured in
#1201) supplemented with 2% FBS, streptofycin (
weeks Caun37l fibroblasts grew out. To verify CAF
using TRI zol (Il'nvitroge®RNAE$6896 GBEA HNCA\Fs asrutb t fy @
protein activity signatures were then perfor med
cell type proportions by CIl BERSORTX . Fi brobl a

approximately 80% confhuehaweptengdalflor emepe wi mén tC:
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2.10.

passaAbkesexperiments in chapt-emmar twelricz @eFCoE me d
i mmortalized at earily pEtsagqes oo<hbd)d prBABEei CAF
puihd ERT plasmid (Addg-Ampho#tli7@tl) ovainrduspQlackagin

Bi ologic2Ps42NBW2re transfected into 293FT cell

#L3000008) . 500, 000 tsCAF cel ld owmelrteurseedce deewde ri mi gl
were then transduced with retroviral supernatant
with 1 Og/mL of puromycin for 10 days. Monocl ona

l' i miting dilrweticoun.t utre@AH nweDMEM supplemented wit
Og/ ml) , penicillin (1200 U/ ml), HE P E Sa-h(uln®i dmM)i,e dar

at mosphere.

T Cell Isolation

CD80orCD3T | ymphocytes were isolated from the per
Peripheral bl ood mononucl ear cell s (PBMCs) wer
Il mmunobiology and T cells were iswliadatadjhde$omt PB
Human CD8 T Ce(lBi ollsebfdatdird#chjeo 8ort HuWmedrd Bl Tat i
Kit -{eBjeond #480022) according to manuftemamrer s
infiltrating l ymphocytes (T1 L), fresh -dH&aBSCC +tu
suspension as d'elddrsi ved ecalicwd .at@RZ2fFr omus pensiuomo
magnetic bead sort wit@eltlhel MaHjra tSiaorny Hhiwtmmam dDIX e’
cultured in DMEM supplemented wipehnilcO% |k BS,( 19tOr

HEPES (10 mM), Gl-Gthad/amL) 1t ,3 ahd@mildi ii 88 &£Omos p

T Cell and CAF Coculture Assays
t sCAF were cocultured diagrecGD3.etFoli ndit ratcos veadd ¢ sl

of 25,000 CAF were plated in DWMEMI spbptemeniAtder



attached t o ptrhiemaprlyh thelerhdcr® , W&®mWe added to the CAF
sti mubeaadon( Gi bco # 1113QiDn) aa np9l% @ ufl it e df ecart @bo s B A

dawsedia was refroewed hapteay 33. ciél daywewetbulbtrumwe
ng/ mLbalinrGdedm a was renewed on days 3 and 5. Cocult
days to preserve TIL viability. Fol |l ofwomgf liamwub
cytometry.

For ch@&pB8Terce3d,l s wadrten dtiavien edDkCRi cAlgeugae n(dl : #1d6203 1 O :

15 minutes in PBS. Cells were then washed and
contai RADnMP G/nRiir e 8RBI0OO0 (el ddMADORRABD 2860 8 &a4ng i
BB515 (BD: B0bs b6l h®NBD:27 H44-mBIBV421 BIolE@.end
#329920, RRI D:), ABRINIBYTBH42( Bi @ D6 gxi4nxd0 3 2RRI D:
AB_ 256)58-B8GIAE ( 1Bi200l0egend # 37888861 KRFKIDODBAB_ 2
PE/ CyT: 4Bi00 | e BmMAR 1 2RRAB: 2561598el | s wer e t hen w
per meabilized, and stained wi t h an -Petfrarcien | u
Per CP/ Cy5Bibol(elgelmdd ,#353314), aRRG&ErDamtABrhe2 XBA1 8V Lor 7
(1: 1B0iO0o,l egend #372222,)) .RKleD:| sABve27283B®sequent |\
cyt ometaCytueski nAgur or a .

For ch@&p®8Tercedl,l s were harvested and stained wi
#423102) for 15 minutes in PBS. Cells were then
cocktail coD&®&BCnihgladtiBiol egend #3BDIBIVA4,21RRI D:
(1: 100, Biolegend #329092D| #BB3106: (AlB 1100006 0BB 2 B,
#56556 8, RRI D: -NRG2RREH 4358300 ,anBiiol egend # 3751014
and -Gnut®3¥785 (1: 100, Bi 6 Degd&m®Bd 27383830, RBI I s we
fixed, permeabilized and stained witheaforhnbra

PerCP/ Cy5.5 (1:100, Bi ol egend-Gir3ahnxdyAnee xBRRII bor ABO
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(1: 100, Biolegend #372222, RRID: AB 2728389).
cytometry usi ngMaelBID AMLISCzd re.st a

For trcamcwletlat dl0,0dF0 pri(mahaptCArF 3) or 50, 000 t
were plated in ODMEM <S@OpplIFBBentned he | owe@n chambe
pore size, oQor#3idlgst €B401 "Z0C,eC 0 0ODITOC D &
pl ated in DMEMiI sapadloémdagmBtSed n t he wupper chamber
incubated drmyB7wi t anenwed aon (dcahyasptEramd Sr 5 day
renewed on dalkol3l olwihnagptisr€CAUWb)aatnidonT, cel |l s were ¢
i solation or flow cytometry. tsCAF collected fo
(1: 200, Bi olegend #423102) for 15 minutes in PBSES
stained arhtyr awi€tODHtAle @ex i Fl uor 647 -9(7eBBi,0s RiRé bc e
AB 2802310). Cells were subsequently ahMCleyted b
Anal.yizerrl |l s collected for flow cytometaCytelere a
AurorB@ FACSC¥leddt AABRl yZeow cytometry analyses w

l'ive single cells.

Conditioned Media Collection

Conditioned media was-stobmlblkeated Troml IC®3£GD28r e
CDhD3/cobe8mul ated T cells cultured with tsCAF (Coc
tsCAF (Unstim Coculture CM), .ard,t000AF scCAIFt wred d s
in 96 well plates and all owed to att'dcletld st werE
then added to the tsCAF with or without CD3/ CD2

CM, fresh media was added to tsCAF i'mnstebtdsofvi Tl

CD3/ CD28 stimulation beads were plated in new
collected on days 3 and 5, combi ned, and centrif
at80AC until further wuse.



2.12. Conditioned Media Assays
Primary Hhumael COD8were cultured in conditioned me
CM, and Unstim Coculture CM) for 5 days with med
CD8T cells were harvested and stained for flow cy
media assays, T Cell CM and Coculture CM were
filtered wi-1f Bentohnf Ubal aRBIUFICONOD 3R2FiI))gma Aledroiveh
|l arger than 3 kDa. &a0®whé&éBSi Wwasraddmddbackotensu
primary HTOmaeal COD8were then cultured in the filte
refreshed every other day. For boiled condition
collected as described above andvabsoialledowiend 1t000 AG
10% FBS was added laakbitld tens Pré mad lylg shawemrne CtDBe n
in the boiled conditionedhank dewerfyrotbhedraydawi tFh
assays, primargehlusmaweC®8cul tured in 100 nM PGE2
PGE2 (Cayman ChemiicRhGE2¢ 100aDBMEA®M) Che&8mi c al #14350
Chemical #12010), or PGH2 (Cayman Chemical #1702

day.

2.13. Inhibition Assays
2. 1PGCGE2 I nhibition Assays
PGE2 biosynthesis -Wasellihhtbtubdui @s t2s CiiAnklyi k& iwtoo rd
(celecoxib or indomethacin). tsCAF and T cell s w
100 OM celecoxib (Cayman Chemical #10008672) oI
#70270) and supernatant s 8Wlercee lclosl Iweecrtee d.h ePr icnual rty
deficient conditioned media for 5 days with med

inhibited on Ttseddasi wst ht aeatR@B2irsecept O s EP2
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cell s wer e cul tured in conditioned medi a wi t |
MedChemExp-18966#HY100E20B ONEOP4 antagonist-, MedC

50901), 0045D8DM8PF-SEHDR2OM fONO 5 days with media

day. Foll owi ndT i melulbsatweme IKdDB8vested and stained
above.

I1NFKB. | nhi bition Assays

For €0Xnduction experiments, t sCAF were culture
regul ar media: T cel |l condikBi omkeidbimedi a bvéemhoxat h

OM BOTawwédsd to tsCAF one hour prior to tRe addi:t
expression was assessed Tafdelrl oevxepenriigrhen tcsu,l taared
coll ect &B-i mihiomi N&d t sSCAF cul tures de'sTcrcieldd aveo\e
then cultured in the conditioned media with CDS3

every other day.

1y3 okine I nhibition Assays

For €£20Xnduction experiments, tsCAF were culture
regul ar media: T cell conditioned mediaa@W2@ h or
Og/ mL-Ib( 51 LOg/#w()1, O@g/ mL), or al |l *tThrceeel | c cenxbpien e dme

conditioned medi a-lamiansh ichaoltleedcnthendd i ftreodnp tIeLCAF cul t u
above and primarcyl hsmavrer@D8 hen cultured in the

stimulation fdora 5 edays hwidt evmey ot her day.

Hydrophobic Fractionation
Coculture CM was collected as descphoea a@abtovacta
column (BiOo2t0a0@r ®w@96eparate the conditioned med

hydrophobicity. Column r esi nanaa st-daganti ilrvedbtr ead ewdi twh t
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Me OH: H2 O. Coculture CM (30 mL) was | oaded onto t
positive pressure at a rate of < 10 mL/ mDnpute by
2) 1: 4 ,®We OH): H2:.0, MéDODH3 HO5Me @H1HMe Od): HLOO0 % Me OH,

Me OH:2CIH The seven fractions wer e2 d(rHRLC imr ovgarcauno;
I ndustries), resuspended i n DMEM, and filtered v
Primary HhHimaal C®OP8were then cul tCQDr3¢d dCDi2r8 tshe nsud vae n

5 days with media refreshed every other day.

HPLC-MS Analysis of Coculture Conditioned Media Fractions

Generation of metabolomic arrays f odf%.a%dtnijveicttyi owne
(20 OL) of combined acmg/vreL fwearcet isoenpsa rFa2t eadn do nF 3a &
mm col umn (PhodmrRddk)hewi t#l00a&G 1 mL/ min fl ow rate us
Scientific) and the following mobile phases: A)
acetate and5%®B)adéd ovmitterri/lI9e wi th 10 mM ammoni um
Omnipore 0.2 Om PTFE membrane (Millipore Sigma #
0-1 mi n, -800%mAnNn, 11 i near g&5 dmiem,t Ition edr%4 dr;a ddile nt
50 min 1089% Binb0es | inear -5 amiirnmtt et 01 A0O% %A A; TI
gradient prodramnysa®dDWa il | i near -45 andiine,ntl itnoe
gradient t-d61m0% B ndBDO %g AT ABMA %t A. FI 81 was sp
Model) 6&wda h 750 OL/ min sent to an Accella PDA det
to a TSQ Quantum Access Max triple stage quadrup
a HHBSlellectrospray ionization source for mass sp¢
positive and negative ion mode with polarity swi
4 kV; sheath gas pressuwrerlsmusie (brbi tprsag g m)i;t raougx
V; tube | ens of fset 50 V. For negative 1 o0on mode

(nitrogen) ; auxiliary gas pr-8ssuyretil®dep&Z2nb.nioff f
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2.17.

Fractions were collected everywermnil nbDteee pMedg il n il md ¢
Scientific #12566121) with a volume of 750 OL pe
2 (HPLC progr am; SP IndustLCi aveye Frasautsipemsiegen e
sterilized with a 0.45 Om filter (°STi ccred |5l dweirceh t

cultured in the fractions with CD3/CD28 stimul at

Molecular Mass Determination via Reversed Phase Liquid ChromatographyFollowed by

Tandem High Resolution Mass Spectrometry (LEHRMS/MS)

Optima gSacdgellvénts for the mass spectrometry ane
Scientific, USA. I-PEE Y, dP-SEAGER28 n dRRGD2s a(nednt PGH 2)
purchased from Cayman Chemical Company.or Sd mmloersa
Technology (CIT) at Vanderbilt University using

as previousiy Blreisefrliyp,edt he dried fractieonated s

met hanol : water (50:50 v¢éLv)antdo da |cuarecde ntor aat ifoinn ad f
ngl in acetonitrile/water with O0.1% Jvioa mi €v earcs &c
phase | iquid c¢hEeloniantjoegertaipohny v(od1u8me )6 f ol | owed by |

high resolution mas sHRsMSe cMSr)o miesti rnyg a rheel ymseitséh o(dlsC o

13Spectral featum/gzai (rrs§t evetrieon mpiomea,ed and proce:
(Ndn near Dynami cs, Waters Corporation, Mil ford,
within Progenesis QI wusing accurate mass measur e
retention time, and fragmentation spectrum matchi

iMmMouse 8. PPPary

gPCR
Tot al RNA from cells was isolated wusing the RNe

DNA was synthesized wusing the SuperScript VI LO



according to manufacturerds instructions. gPCR
Mi x (Applied Biosystemg$iimedp4obDes dAppTaeMamBinsy
gene expression wpBTcmé thdctoefld xtphsed stgd rogheet gene w

to the reference gene (HPRT) and the mean expres

2.18. ELISA
The | evglnotelllFNculture supernatants was measul
(BioLegend #430104) f ol | owhieng emwaenlu foafc tPUGEE2r G sn icrusl
was measured wusing a HrMostoacd loanmdi n( CBRZ mAIn| SCA e kmii
according to manufacturero6s instr-ictéebhscoSubpeur

described above.

2.19. Bulk RNA Sequencingof tsCAF and CD8' T Cells

t sCAF amdc€DBs were cocultured together in trans
for bul k RNA sequencing. 50,000 tsCAF "Wercel plsat e
with CD3/CD28 stimulation were plated in the up]|
at 37AC irhumi &i%f iCcOd at mosphere for 5 days. Medi
incubation, "Ts€CAF| andeC®8col |l ected, and RNA was
RNeasy mini7&104) Qi BN MNrowabsg esneen tf otro next gener ati
Il T umina platfor m.

2. 1RNA Sequencing Analysis

Raw data (raw reads) in fastghdwsenapgpemwlerscitrfiiptsd.
(clean reads) were obtained by removiNngndedosw cC
quality reads from raw dahd. GEt cbhéesaamenti me,
calculated. Al the downstream analyses were ba

genome and gene model annotation files were down
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the reference genome was bendtclusesamgr ddladat ewve.
reference genome using Hips3atwasv 2usfe d .t o ecaad wrrte Ctoh
mapped to each gene. And té@denb&P&M oh ©hehl grgeh
reads count mapped to this gene. Differential e
package (1.20.-W9l.uelsnewagresuddijimgt ed using the Ben
for contfraollslei ndgi stchoever y r atwal uGe nes0 .widi hf cawmn da dij yu
assigned as differentially expressed. For Gene
according to the degree of diff etrheentpradd efxipmred sg

was tested to see ifboittt omaewfenhiechéedtat the top

Statistical Analysis

Al guantitative and statistical anal yses were
packages desva it ihb etdh ea beoxvcee pt i on of CAF compositi
Statistical analyses of these assays were perfo
gene expression was assessed adeltlhes tsamigvier ceaeld d4f
i mpl emented!*Pnaseéudaff eldent i al VI PERstacteatchy wi
Benj dHoonhber gt ensidt t mgl eorrecti on. Comparisons of
nonpar ametr i e uWi Itceosxton arnadnksur vi val -ram&l|l yteesd .wdrm
cases, statistical si gnRvfailcuaen c e swa st hdaenf i0n e0d5 . a sD ea

tests used can be found in the corresponding fig



CHAPTER 3

Immunostimulatory Cancer-Associated Fibroblast Subpopulations Predict
Immunotherapy Response in Head and Neck Cancé

3. Abstract

Purpose: Canceassociated fibroblasts (CAF) have been implicated as potential mediators of
checkpoint immunotherapy response. However, the extensive heterogeneity of these cells has precluded
rigorous understanding of their immunoregulatory role in thetumicroenvironment.

Experimental Design: We performed highmensional singleell RNA sequencing (scRNAseq)
on four patient tumors prgeatment and pogteatment from a neoadjuvant trial of patients with
advanceestage head and neskqua mous cel | car ci noma -litheampy, wer e
nivolumab. The head and neck CAF (HNCAF) protein activity profiles, derived from this cohort of
paired scRNAseq, were used to perform protein activity enrichment analysis orphge2 @rental
cohort of clinically annotated bulk transcriptomic profilEs.vivo coculture assays were used to test
functional relevance of HNCAF subtypes.

Results: Fourteen distinct cell types were identified with the fibroblast population showing
significant changes in abundance following nivolumab treatment. Among the fibroblast subtypes,
HNCAF-0/3 emerged as predictive of nivolumab response, while HNCA¥as associated with
immunosuppression. Functionally, HNCAF/ 3 wer e f o u n ddependentrPEEdIMe e TGFD
3" exhaustion of CD8T cells, increase CD10RKG2A* resident memory phenotypes, and enhance
the overall cytolytic profile of T cells.

Conclusions: Our findings demonstrate the functional importance of distinct HNCAF subsets in
modulating the immunoregulatory milieu of human HNSCC. In addition, we have identified clinically
actionable HNCAF subtypes that can be used as bionsarkezsponse in future clinical trials.

2Selected from Obradovic, AGraves, D, Korrer, M. et al. Immunostimulatory caneassociated fibroblast
subpopulations can predict immunotherapy response in head and neck Cincgancer Res2022.
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2 ntroducti on

A n+ DBl i mmune checkpoint i nhi biftierrsshten(elr @lp)y droe
recurrenth/emat asntda tniecek |'s guamd o' may¥e{ HNBCEr al | res
can bew2a@&@%, with increased respbkxps ecismitoinmams w

infiltr@tlitn!dWhTi lceeltisi scddpepdenkty machani sm, there
cel Iswlbgrop ulnattihkenst umor microenvi memdmant ngT VIE)S proe
| ¢t®“*Recent studies chhanweesvecg e etded i bmatb!l asts (CA
this résitst hedcee,l dolienmumomodul ati on TiIMESsEi°F 1 wunc

I n human breast canceSl tfoouSi4ddemEneridcedy pens t hE@AT
expression of sd fxi bfriobbrloabslta sa ¢ tnavrakteibastCOR Gad t ei n  (
s mo arniulks c | e aSavtAt)i,n f(ishpreach If &t (pE PR e pdaartighweedvt h f act o
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3. 3HNCAEGE can predict aPDlnibdalc kd wnmtgc eaamd itbamdi es

To test for the potenti al gener avlei znaebxitl i p & r foaofr
enrichment of HNEABnatotesnaacossi TCGA, by tumo
withshrogmal cell content . Enri dementctharaltysesre
specific to HNSCCenwhiiclhemethNCAFs m®u Eep |bernoeandtl@yr yo bFsi
SAB)Lntriguingl gnr HOBIE AME npta ni csr eha tgihce sawhe maohc a rsc ikmaoom
t o be unr es dibrasiede itmmu@®P®p hleempygtr 8BYy. FHMCAF

phenot ynaitcalelsy t he previously defimenddar@3AlF. popul
To externally v@a/l3daatpotoanmtriddNELAfrer etredical on,
enrichment of protein activity signatwireghd i n anc
1 i mmunotherapy®? pbmbmakiemzbioab statistically sicg
HNCAGF and 8NGOk ker gternecast miemt prsea mp| e 8 b o4 g upeanttil eyl

responded to pembrol i zuonfa bHN@/AH iwd & thi ngnmume t hes @aQ



in an i rmcheppam@bédnt Al t hough not -@anénHMCAR®Oady sHN
of this cohort a |l esror ircehvneeanl t€ doifan HsNeQpHo ferid celairegn. p r €

36 AHNCAF, which showed the strresmppedter v eroariplarerdr
respohRid@®ahd, (al sbhehbiwvgtdest predictive area under
(AUROC) , with ami 8WROCano fi ndpc8om@eaneaend wist h report
of -IPD t umor spcroorpeo r(tAWRMOC £10c6Ebpi amd (POBRAA v=e¢ scC
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3.

4Di scussion

I'n this study, we used protein activity profile
l ongi tud-cahl siragberiptomics HNSCC data set, t o
subt Wpesook advantage of the |l ongitudinally haryv
trial to show t hat athnwo BINUCbhatFyep epsr,e dHNGAFR e of f avor
t aaP Bl checkpoint bl ockade therapyl/ 3Mocreddwerhavwe

i mmunosti mul ant oCYP8B et ékks whill eceHINCAFRT e associ

i mMmmunosuppression. From a functiona&l/l 3pdri paodtl iav
prevent inducticrel|lodf phenekfipesiead &ar e *Tacseslolci at e
cytotoxicLtfyi bHONEBAERSts, in concdelalstexkcaustil an ei m
cell aipropmiossiggesting contrasting roles for thes

HNCAZFZ and HNGABtypes has yet to be defined.
Proteirnbasxdd viltystering with VIPER has previo
expr édsasod cPaursd eweé njave corroborated this with

subtypes compared toibawedwictAhsbenghgwpr asei ot

identify CAF in HNSCC by single cell sequencing
VI PER allowing for a more granul 8.°°WNec twerree aafl stoh
to integrate the major subclasses of CAF identi

HNSCC CAF dat a. We s howeXl ,t hirdoeungthi fG SSEIA itnh abtr eGAsF
HNSCC sampl'EAHMasbroba%Asts, correspond to three o
HN C ACG-, HNIC AFand -3HENCKAiFef f er and col | e &duesn fburetahse
cancer and identified eight subgroups “Yuweonly
performed GSEA of these five subgroups but were
in our HNCAF sudmp€pkl atWeo ndksi:d efenmqm@A R hsit g ntahteu r eec
significantly enriched on €tpeapaotiesr iuwe el N GAYF

of SAF and Kieffer and col lsepaegudadsi cmadyi flher elnee st



heterogeneity between breast and THHMS@A@ ad gwel It h
contrast to“*gehe adgresenpnwe have f@undhat CIAF
relatively specific to HNSCC amid the other CAF
hypothesize that tumor intrinsic faepocisf mayChl

subpopul at tOo)nswh(iHNCAWFOnspeci fic CAIF csablpd plud ad e ro

from mesench¥y>irdl stem cell s
Despite the incomplete bi olswugiscalsru nvwbe rks tianntdrior
novel clinically actionable biomarker for HNSCH

i mmunot herapy with mAWBs -IPBrgrd eMaggi nece@TLA a

use as frontline t hre rcaapniceesrl. fthtpetsfl ACCE€ oarsd dotitve ng

remain | argely wunknown, making it di fficult t o
Accordingly, there remains an unmet need for r e
patient s etl iemit 2 atni ocann do fo pl CI treat ment . I n receni
influence resi stance t o checkpoint i mmunot her a

adenocarcinoma showed that depletion ofseAtFo exp
aPDL1 bl dc kSidnei | arly, scRNAGAK pepwladteidom dRRLCAi5a
respoaPsbe 1t ommunot herapy in a &2 imuirctaHert marad, fdirs
popul ations identified i n breast cancaPrBl wer e a
i mmunot herapy r esmansleunign &wellcednoersae st udi es hav
pri marilcyontri butors to resistance; dhioswe vnecrt, CAhF
subtypes and their rionmeu niont hreerda payt irnegmatihnes epfofoerclty
abilpngvitde a higher resolution GAFtwepeantqueeHN
specific CAF subtypesspenpeetdoct mmanofhetapycah
our fuhchdongbk sugagl/sdt ftihbarto bHNGH Fsc i girderet aic rinmvree p

response elidcireedettyi MBu oocellelTampoydul ati on. For F



currentl ywheevtahleuratt mgse CAF subtypes behave diff
HNSCC versumoHPYV

Previous studies have typically shown CAF as p
shown tocptéevenfiTtrati oantaidg@ereadknt | mERBoahHdsvieE
Fa8’°*CAF have also been shown to sdgpraetkia PD cel
and through recruit'méh®Whot eregufarmingTthbel | snmu
some HNCAF subtypes, our woirkf hawmmatlt soyesolabdl s
subtypes, whi ch actcehsb ac tpirvoanioitoenr aonfd Tcyt ot ox
i mmunosti mulatory functi-0h3 wbeehatvigpewmamaedi mwd & C/
(tsCAF). On the basis ofblspirgenva loiunsg stthurdo vegsh i SIMAD 3
of -PDexpressi on, we hypothesize thaty tisChAiFb inta yP D
1/ TBMexptbdsdil ohough our data sOt/r3o nagrley ismngugneosstt it
the inability to spoputhésensel bsatmapbtal hmptuat
cells used in our functional studies dobansoetd encc
approach to selFAPCABNdNnsoOort sCRBE9iasndahmNEGAFEFIi ve
investigation. Re c e ntCIAW, htawmeo rb ereens tdreinootnisvt e a@ @1d0 ¢
PDAC which are mediated bly QOCh@A ba dhaipgthilvye oi vmenrulnaep s
my CAF gene signatur e, whliecmo nlsa s aaksdot pr &ei o wsroy
Because the tsCAF we describe here are distinct
surface marker expression, we believe GCARY repre

I nterestingly, we fo0O0h8 wh@fhc€bd8sl i ndeced HAHNCA
thaeexpoessed NKG2A. NKG2A is an inhibitory rece
enr i cthiemdonifn | trat'TngelTrk snliCDEAMNKSECA | i gation with |
E reduces cytotoxicity and effector f&ncCtliion cardoc

trials combining NKG2A blockade (monalizumahb)



promising re$UulWhsi lien iIHNSGC not clear whyi NKG2aAi in
CD8T cells, our findings suggest HNCAF character
NKG2A inhibition along with other 1 Cls. We foun
bet ween t-0k3 HANCAFac¢cTivalktlks, CBDBi ch suggests that
either a surfaOf3l ogaadcompbNEAF in the extracel

To our knowl edge, NKIG2e labegy cleasshieem @ sODB8 at ed wi

our finding here provides a clear | i'Afkckeét weamd
the tumor stroma. Future studies will need to be
NKG2A expres'’sTi omeladns 8 | ocalized to stromal re

HNCAG/ 3 cel |l s.
Plasticity of CAF subtype* f%wmed alusso ChAere ma twealsl
excellent framework to develop st rpartiomdil esnmiad of g

t sCAF phenotype rather thah phendtmmuen,ostu@pbes i

i mmunot herapy. Qur characterization of each CAF
network | ends itself towdrn@nt lif s t ©iter astieggnya.l sF utrh
formation and activation, possibly by targetin

g e nceatt PI® yo° r pharmacologically, Wia tchue r ©mcloy r eiantd
Critically, t his study highlights a much great
previously appreciated and demonstrates the crit
effects in tersms onf oancemepr aqirde response to i

treat ment s.



CHAPTER 4

Crosstalk Between CD8 T Cells and Immunostimulatory Head and Neck Cancer
Associated Fibroblasts Promotes T Cell Activation via Prostaglandin E2

.Abstract

Responses of head and neck sgBBImoiummunee | ¢ hceacrkep ¢
i nhibitors (rci) ar e variabl e, l'i kel y due, [
mi croenvirosamemubkatdingediaantceed fi brobl asts (tsCAF
neck CAF associated twi theELf atvine abhdenrlesipmopses! | L
mechani sms that drive. thosumadesostiandobhhar enwvuaolc)
i mmunot herapy responseo,nsvwa pi rhwd smeiedna it esdCIAEhH eatnile [Ca
cell typePDBlarig@lt.edWebydi scovepredas ttahgalta ntdsiA FE 25 e(cR @&
features associ at*eld cwiltth famkdn oend Q@R8I IF t he r
exhaustive phendugpeées nakb@2 AGDsts@u3ei den't memory phe
HowevasCAF syPGERsii s dfeppeaToderdtdi art ed dachteikBNaR i on
COXPGE2 signaling.pa&tuhrwafyi nidn ng$s G Alanomalt @ ay learpr
crosstalk "Becweééns @pn@ tsCAF and highlight the i

regul dtirregg plo@se in human HNSCC.

Selected fr&€moGsaadets HFetCeddrs @D& | mmunosti mul at
Can®Associated Fibrobl asts HRroosnoatdela€Coknim@enli Ic aA ¢ toin
Biolo@gwp24. I n review.



4 .

Pntroduction

Head and neck squamous cell carcinoma (HNSCC) i
mortality r athe0i%’sDehsipgit easadd4@ncements in tradi
i ncl waidng@t herapy and chemotherapy, little 1 mpro
sur vivadH n recent years, immunotherapies have r ¢€
checkpoint inhibitors (adacd) s-lbiame dtbleeroanei esd afnarar
met astati.c DMHNSSLCiCt e the success of <checkpoint i m

response rates remainiasDueow oast 2ed % nnmme nHsNeS CcCo mp |
mi croenvironment ( TME) , the factors medi ating
undoubtedly, involve several cel | types within
i mpl i cataesde icaatnecce rf i br obl asts (CAFY® &s®?plo’tehd i al
CAF comprise a vastly heterogeneous stromal C
TMEHepending on subpoputfiatsi @APahdveaheen shpwn t
i mmunosuppressive and i mmunostimulatory qualitd.@
di fficult to fully wunderstand their roles in t
pancreatic duwotmal sahdbeveac adrecpl et i on of CAF expre
activation protein @FBLPY) bilndhderkddnideed | me $ yonsnel t o pl
identified distinct CAF populations associated
mel afd ma ung?*® camader bl a°*deCAFcahaee been shown
i mmunosuppressive TME thassgbi ahedPmanyed phalg &= o f
suppres’8omanderlkegul at.fr%OnT tched | st N eTaSaeMgCrAd-, hdaesl et i
been shown to induce an i mmunosuppressive TME art
aSMACAF may have an itmport a“hmMem arlegsrti rni atnitMe CAF h
been shown to mediate adapti’f{éFommaxamplespo@ARlsc

| F-dproduction to stimulate®tbesti mmanhoGARI ciutby yp



identified i rP3hoitdh | urfeyjahsatd nomeenmec ears soci ated with b
particularly to tyraPdDlnemkimatskeriaafhy.bi Tlhoe se asitdu
heterogeneous roles CAF can play in tumor i mmuneé
to better understand how these variations affect
of FCAon therapeutic response, further investigat
Chapter 3 detailmdl ttihpl @ deeingtiifnctatCAmlR Ddbset s

stimulating &€A&o (¢ alC)Edi cHNdGwhdesc i at ed with better
Te work outlimedvidedhaptsemr o g clinical i ndi ca
selectioaPHloli mmaeodvher apy in HNSCC. However, fur
better understand how tsCAF regulatd hi sismwrbatph er
investigate the mechanisms behind the role of t
relationship bet*weecneltl'SCAFEDBrsd aC@8et lod drmhiecikpyi
i mmunot herapy and out of al/ cell types, tsCAF

CD8T cébks chaphereBdr e, studying the relationst
provide valuable insight into tsCAF involvement
data indicate that reciprocal "Troeslslt &l Fkka poptacBitra i n
cycl oo x3pgreonsatsaeg | amBFC @QX-PE2E2 ) NFpat hwa yn a cstCilAvikra ttiuornn ,
t sCaeectre@GE2 reduces exhaustive phenotypes and i
phenot ypeéels coenl IGD8 Exhausted T cells are characte
l oss of eft/@dhtidre fTfumctTi ¢ared | s can control tumor

potential &7%f Gatbeiolrist yofofl QIsCAF to transition T ¢
states all ows greater potenti al for i mmune <che
i mportance of understanding relationshi Estbet we:
deci pher immunotherapy response mechani sms. Und

i mprovement of existing i mmunotherapies as wel/l



4. Resul ts

4. 3t.s1ICAF reduce exhaustive phemotypesT amal CBBdwica

reciprocal crosstalk

The previdesnmonbtbpbaae€AF iisolated from patients
favorabl eaRPs pormue ottFli il pi €T @ssess the i mpact
phenotypes, we -icnomoou lttadriezde dh TBSRCTAF derived from

confirmed by !Jwinteh sdtginduTluateed|l sCD8eri ved from p
mononucl ear cells (PBMCs) in healliTH y¥& edxohnaoursst.i vlen
phenotypes andNKG@ZArmaspgphe COtIIBecxlilrse Ch8&npared to

al omieglIB-C) . t sCAF induced an elaralnydd TExkMnebsdnoni naol

T cell s, indicative of activitdmdd, TIiklell yw-@ddieby oa
medi at ed Suepgpull earfreiugptebArBy.. | n addition to promoting
also increased the expression of the ¢cVtoéebksci !
(Fi4lD). Taken together, these TWlatce |ld wsp mowvaty tfhatm te

phenotypes and towards Trm phenotypes
The mechani sms by whilTchetbCpRenegvhbavwetalCé®d8not

work shown in tdhegpesetvd cassaedhrapttery mechani sm be
PD1 and3 TomM*TTD8el |l s when cocultured in transwel
mechani sms furtHh®ercgelwes cwiltthirwahiCDISe , t sCAF, or

T cells, tsCAF, o7 cedulst widad togCAH/t CHi84LE) CD3/ CD:
I nterestingly,d rTelcaetlilvse, tcoo nsdtiitmuolnaetde medi"B fr om

cel | exhaustion or Trm mar ker s; howevetT, ccednldsiti
reproduced the previously obser Vledc eelixigdk,u(sanadn a

Supplement afDy . FiThese dal@ sUlg gedtl sstrienhuelaastee ch G 28§
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D)Pri mary humamrelCID8 derived from PBMCs wer e c
(unstimulated), with CD3/CD28 stimulation (sti mi
(+tsCAF) for 5 days. Representative flow plots
conditions. Percentages werEB)Egpaent menhedl bgef bpwf
primary Himaal IC®P8i n various conditioned media (C
stimulated T cells, tsCAF,atendd Tt SEAF-s¢t ®@u ICIDBE DT
celFDRsr.i mary hHumaael C®P8derived from PBMCs were cul
CD3/CD28 stimulation for 5 days and subsequently
were quantified by flow cytometry. Graphrseshown
On-#a y ANOVAGeWE(BHEerenhoqse c0(rection; n=3 bi ol o
examined i ROOt. rOiFpA0i*dd R eq*. *0*0 1 R O0*. *0*0*0 1 .

. 3CDBT cell amrdstsss@AK induces an inflammaCAFy as:
without mar ke €D®BT ad dlelr itnrganshcer i pt o me

To further elucidate the ra@l atildmrs hiwe buestewde eRIN At
(RNMAQq) to asses’sl tceCAFtamhsCDP8 ptomics in the pre
before and afteFi 42A)a.n shviedrlarcoltiudalurcel stering re
the tsCAF transcriptome f ol 1Towienlg sc o cwhletrueraes wihtel
t sCAF onTthbel CDBranscriptome was miniMag2B)\when co
Top differentially expressed genas CiOB celCASF wWeorle
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Consistent with this finding, Gene Set Enrichmer
related Hall mark, p®&Rtelawdyysnei, n anmnsCKEGIGolI*Towehfsco:q
(Fi g2EanSluppl emend?r.y IFhi gcworng rast to tsSCAEel t se wiars:
minimally altered following coculture, with KEGC
significantly alteredT pcdalhlwsayc cconulitdhirep@é-H)wi t QD 8t
I nterestingly, nicotinamide is an integral C 0 Mj
i mplicated in prevénCbhbhecTtceblyexhheaesei bhnding:

stimul a'tTedcedD8 induce widespread transcriptomi

i mmunostimulatory functions in tsCAF. I n contr
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cells culturedTatehks (€EDB)ur &€®d8in transwell wi t
cultured alone (tsCAF), and Tt €£@AF sc ( IctoR)u éHiewirtre tt I
map with hierarchical clustering of di f€erenti a
Vol cano pl ot di splaying all/l significant di ffere

t sCBF. Heat map of 10 most different icaoldiyn gu pgreengeusl a
cocul turepatrseCdAFtE)c oBuGAFe pl ot of top differentia
in coculture tsCAF)Votmmpamedl|l bd Ws&ApAFaying all
expressed genes bet wee) ClB&8atamadp coofcutt heir 4d 0 Ch® s

upregulated and dodnhngguyleatsd i pr ctoeiumnH)urGGSE@AD8 ¢
enrichment plot of KEGG nicotinate and nicotinan
to CD8. n=4 Dbiologically tiinodreependent samples for

. t.s3CAF secrete a heat sensitive, minimaceéeyl hydr
phetppes

CAF have been shown to impact i mmune cell functd.i
extracellular vesicles, cytoki!d®$ Td nktd giidn ntgo c de
the class-sefcrtehedt @ARFOdrcehht phethetygp€OBT we f il
cell coculture conditioned media to remove mol et
vesicles and cytokines. Il nterestingly, the 3 kDa

to reduce exhausti velrpnh erhetnyop ¢ easaldlnd ,oC DiISBMdiucat i |

tsCaeécreted factor is a smal.l mol enabFed3aAXcl udin
Whil e some small mol ecul es, |l i ke peptides and
met abolites and nucleic ©éil8#%0 aaesexs atheehgat hs

tsCaeécreted fach oael It sCAFUICtIDBr e conditioned medi
CD8T cel | cul ture. Boiled coculture conditioned I
T cell phenotypes, -denrdiivcead ti Mg k& dhlaitn gt hfea cttsoCAFi s

t emperRit48B)e.s (

To further delineate the c¢class of smal/l mol ecu
t he mol eacsuslees sweads using solid phase extraction (!
from tsCAF¢&€DI8 cocul ture was initially filtered

fractionated from | ow hydrophobicity t-polhargh u.



compoldhd@&bD8cell s were then cultured in the resul
and Trm pRieg3@t . ypEle (T calltlerpihregr od g/tpievfirtayc ta bosneart vea
coculture conditioned media correl-sttierdu lwd ttihn g rfaa
resides in fractiondiydD)h Newer hwnwdacocphobitgi megt
performed to further natesrtdwnutlhaet iindge nmoil feiccua tei dory
2 and 33) (aF2d Fexamini ng i t-peviftthr maernwvcea sleidg wpihd s@h rh
combination with masS9 .s Usd-tMGo kel iCg p{ HPLCng t he ¢
in between a fraction coll ector vaenrde tsheep droantied tii
I-mi nute fractions. At t he same ti me, correspondi
switching mode wusing a triple quadrupole analyz:
into six dif fperigdretntdgfoyupshetd ndelvi dual fractions
testi hnlg.c &€IDI8s were cultured in the pooled fracti
-40 for indivbEdppl e Reuyds® s meAmton(g t he i1 dentified f
-36 retained the hidgheBtanabitloi tiynwNt&2mmeadDLDB P D

cell s, i ndi-ctait mwnlga ttihreg Tf a&aetldr wRis43R)r.e shfesnste sisnmetnhte
the corresponding mass spectrometry data for th
this region with md)znmafss3 51o. Icchairmgen degpa8Flov e TRt anni
finding was validated by repeating the analysis
the peak of interest and confirmed t hatiatihilengnew

factor FagiGiHyi.t y (
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(coculture CM) was filtered t oA eamo vheo ialneydt hfionrg 2



degrsaedres ihte avteB) mo IPedumaegsy" Themah sCld&ri ved from
ured without stimulation (unstimulated), Wi
filtered/ boiled conditioned media wit
n/ Tr mymam@8ocyempti cowf hydrophobic frac
n (SPE). CondfiT icoenleld cnoecdu lat ufrreo nwatss CFAIFl/tC
t edl abryi tdye gurseien go a)PoCoB mM&P¥E boédmamhCB8 der i v
s were cul turCewd tihn CtDIBd CfDr2&Bc tsit o nmau | salt @ vom
|l east hydrophobi &FFmrdcRE71 olmesi Mg atnlde 3md
conditioned media thatCwerde beemb ihnyedd oc
-M$BP LsGeparated into 48 fractions with <corre
N*TCx8& I |l s were culturend fwirt 5 Q@D3y/sCD 281 Fs2t/iFndu Ip
F3 crude extr-40t)Jeaeratmed rlaxt H®eh € @8Bd subs
ustion/EfYr mHNVa Ckrealsy i s of F2/ F3 with biologi
where the chromatogram shows) sulmmpdrtantl| pt e
ion is delayed by 1 min, e. g. fraction 34 ¢
JHPL-S was performI;él%Iexocnep:tZII-FFBL(aswaJs;treLdn ga ra da re
lter the retention time of tAeclkil dlsoguiea &I Icw
CD3/ CD28 stimulation-MSorn F2/d8By < riurd eF 2/xR 3 apcrt
generated by adjusted gradient HPLC and sub
H®W® Canal ysis of F2/F3 ran on adjusted gradie
and the chromatogram shows SHymmeéeericemtageasn
ified by flow cytometry. Graphs shown-as mea
ANOVBewigGtFkere nh ous eA-BD)r roerc tOrodwWanfa rAWN 8¥BHAe ( n =3
ogically independentPO9a malO6 ¢ 6 & R@0MmFOn0eld i*n* *t*r i
0nd,zZ;mass to charge ratio.
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.3P.HE2 secreted by tsCAF reduces exhaustiTon mar k
cells

The abundant featur?® fidemtidffCAB/ICD&bcattuoers cdnod
t hat corceldtsdimal &ati on activity prlRM$/eMS was
analysis. Accurate mass det er ndenraitvieodn fraecvteoarl elda c
chemical f3Om/za36f.cH}770. 4M ppm), and was sel ec
The METLI N database was queried for known compol
that prostaglandin E2 (PGE2) has the same- chemioc
derivegdlti Tmecleddti ng factor. However, PGE2 has seve
solely on chemical formula and fragmentation pat
matches from the MEHRMSNMS8angbeemméyciLLl |y avail

PGE2nnpir ost agl anfddE2 JiEspor8¢g st agl aingdlaGEE2 E2 pBostagl an



(PGD2) , and prosthigd..aed8mp H2e nfelnGtde@r).y -KLROMS/ MS

analysis of the fivenGEMehadreheas @ame PGERemanhidor
as the metabolite of interest isolated from F2/F
it had two additional peaks, wiFtihg .4 Bde Tante anud it mip
peaks are | ikely due to PGH2 instability, result
with*TCD8Bel |l s in the presence -bDEPOCER3/ G2d8 PsGH 2musl ha
siimmar activity *fTocehat cofcul ¢ GARI/ EO.diLtiikoen eRdG HRe, d
i SPOGE2 is wunstabl e i n haagufddeu s-2c chroduirtsi obnesf owiet hi ta
PGEB2° This suggest s -it$P@GE&c taindi tPYGHRe ena yf hemc& used
from the conversion between these compounds. It
temper®®t wheéesh is consistent with our finding tha
(Suppl e rraugtdd)r.y

PGE2 is synthesized via ttlel anaZ ge@@X iecs aac i kde vy
pathway enzyme —responsi b8’e Pfewi cpusodattudoers oha
inflammatory pathways 2°ddodberteh ®seax pweé agisRm Acefd C
2 expression in tsCAF cocul tulr ecde lilis Pi{TrGEXwwae!| | s
significantly increase’l icreltlsCA mpaa Eldigdoe d swiAtFl
El evated gene expression watsi meonPfGR merdd ucsd rnrge | gau
expression was establHRHisgieR .us iCogn sfilsave ndy twd neht royb
L GMS, BENgA and flow cytometry, increaSAdi netveCAF o
cocul tured witTh csetlilnsulcaa nepda r(E0d8g. 140A t ELKAEN atl ogpet He
data indichteeltlhatstCiDBul at e t2s, CANh itcoh o veeardesx ptroe st
and secretion of PGE2, the metabolite that in t

phenotyp'els cied | GDS8



4 .

d.nGhi bition of PGE2 biosynthesis and &T gomallli ng
phenotypes

To further wvalidate PGE2 as the factor secrete
phenotypes, we inhibited both PGE2 biosynthesi:
prevented by-2i whthi i hgbe €0OKXn dho mmeotchua ctiummr eo rd fc e IseCcAd
T cel ITs.cedD8 cultured in cocult wiia&ahse dndiitoinomad -r
|l evel sl/olffB MRARIhd CD103/ NKG2A exprEsséeFdigs 44 dmtirseat
suggests thaX2jnanbditoonseqbtie@Oly PGE2 biosynthes
to &DBErcel | phenotypes. To demonstrate this eff
l ack of all prostaglandins, we inhibited PGE2 s
receptors (EP20441h8Dd&8,edanvd thPAARB-2G8 bi peddaovinit ha n
expr esse’dl areSluCasmsl (e nfrelungt 464) y. Il nhi bition of EP2 or
sufficient to p*TTevceenltl tchoec utlst@WAF/ CGDo8Bndi tT omeldl me d
phenotypes but Dbl dclhpirryeboell EBRAsastdeBPly obser
i nduced "Tr meCD8phiegdbt.y plehss s( suggests PGE2 signal
EP4 receptors and dual inhibition is necessary
further support that r*@dccplitbesabndros€A&l kebat wwee

PGE2, whichT acletlelr se xGhe8usti on and Trm phenotypes.
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of F2/ F3 fr*oimcted CAF/o@u8 t urB)L EHORMISI/tM So naenda | nyesdiisa .o f
from coculture conditioned mediAa Chmpmatagrtaomspr
summed ion intensC}Piresnairy Mmdignawil CO8medé ved fr om
cultured without stimul aZ8 ost i(nmuunlsattiinoun a(tsetdi)mu lwaitt
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(RQ) anBTGSEOXpfin tsCAF and )Reopcruel steunrteadt itvseC AfFl. o w
and quantificaf2i exp(esghoh oh COXGHPGERdDd | eovedlIst u
conditioned "iedied | fsSr @aho@@8 *Tt scCeAH sa/ltosn@GA F ocro cCDI8t u
by ELI SA (n=6 biologically independent Hampl es
Conditioned medi a was coll ecsedmulradtife dc e@D8s ulot U
CD3/ C®oeBmul afTedeCD8/tsCAF w2thnhirbiwidhoutlCOXOM
or 10061 &Moxri b. Prirmacegl lhaa mbher iCO88d fr om PBMCs wer
conditioned media with CDPrCDma8 ys thiTmulral tCbBdBnd efroirv
from PBMCs were cul t used 1v8i9t418 ) o ra-Avidi-2tBHBa}u t@ GEIRA2g o nPi F
for 5 days. EP2 and EP4 antagonists were used at
admini stered together. dGramalsy zsehdo winy aRe-filfeegatne dN Mx
ANOVA @eit $oserenhouse CcGH)r edbntpiaoinr e(d -tSé diFeit s 3t
biologically independent samples ROOA®@IPPOAIOLN tri
* *PO0 . 0 0 1RO0* *0*0*0 1 .

4. 3CDBT cell dacawmeidndddwcexPpOX¥ ssion abBn tsCAF via N
Next, we set ouftT tcdedildeadi f gct be2 bx&tr eisnsd uocne si nC
and subsequent REERI gpmraldiurcg i bans MNeFe 2 shk@wre stsd ownp
human fi®brobéanstere we procreedicat dd iimdlecttiiagmt @
NKB in tsCAF. To tteGAF tdulst urweed tirre aT™ edelkB condit

inhibitor, benzoxathiole (BOT) ,2 asmmxdprodseirovredc amps

T cell condit Fodg®AConedii @t en to nwe2t( he xrperdeuscsel do nG O Xv e

thakBiNFhi bition also | ed tFd 48B3 cr dasédr PBE?2 psseés

NKB actiiwmnattiscClPAF-medi #G&E@ T cell acti vaNKBoni,n we s
t sCAF during culture wi th T aoal y z-&cTRB&MDa Nd ned
CD103/ NKG2A exp'Mfesei bs onl CD8ed iFn 4B5Chi sl obndi ti c
of KBEFin tsCAF showed a tnheel fdefg ttcoo@npEDe8c e |l 1l ephresal y
suggestT ngmedtdh att ed ackB vaitgmoal ionfor NFponsCAFei §or
produ(Et 45D)n.

Al't hough mul tipl &BgcyCID&cienlelss ascpteidviaftiTetdfNIAL Y B e x p r ¢

( I-Fb) , lanidA1a) Sgppl e ment®@BDy , Fiwtpaivceh been shown to in
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n human fikKB6blTastdetei mi NE &2PGERatixons ofn tils&€ AEC

ytokines, we exogeniN&silly aeadiitda d Lt escCArRb iamants howe

hree cytoki®2esXxpnI3wuppldenddidedr.y We next empl oyed

nti bodies against each <cyt olkicneel lasc anndniitbiiotnoerds n
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hibitiaom-lbwad NRFot abl e -2t oi nadburcotgiaotne bGOXT cel | o
owevela i hhi bition signi f-Rcanxtplryesdeohie@dhsig dt sCCQX
urthermore, simuliN&GAnbuanrldhbhibhei on2ddédxrxpde €OXon
ompareldi mnloi biLt Fio4p. mE bneadditi oA ¢x¥pressecerd,dCOX
hat tsCAF celiucedaindi ¢ me@mN&@madbka aRldné ut ral i zi ng

ntibodies secreted | esBN& GHIL, awidtsth btwi ingl & hien hmio

ignificant decFiedgx¥e. iMKBRBRPGH2Z Iwawndlest ¢ 0o assess w
fTN& -1lblL. anldi hhi biti onmédpacéd PGERel | activation
onditioned media from tsCAF cultured in T cell

nti bodies against "Th e &liHg5€)e. cByalaoihkni nilebsi,t itoon GD&d
nhi biTtNi&o nlbp fanrldshawed a significant redurction i
xhaustion and Trm padkehst yplkiss opeL®Brla,giNGgHyests T
n d-lblalr e , in part, responsi bFiedgbGo.r PHLKESN ptrogaitch @
ata indicaeéekl CDE8EB i vattewayhei n t sl&AFt, o0 iinn-brace «@O

XxXpression and PGE2 producti ofnl whildh tion atluremr feexe
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T cells in various inhibited tsCAF conditioned
tsCAF cultured alone (not activated) or in T cel
without i nhi kB,t-d&,ls oagqg ailbiEs ta nMF b mbiD)Bdi mary human
CDS8T cells derived fr omkBRBIMGCs iwerde cowmldti uri@G@d eidn me

with CD3/CD28 stimulation for 5 days and&) subseq
Representative flow plot (RetkprasdigunaonifsCAFI

or in T cell conditioned media (T Cell CM) with
TN&(20 Og/im(p, OpL#a (), O@d/ mL), or &)PGEt2hrleeev ed smbi
conaned media from tsCAF cultured alone or i n

neutralizing anti boda,eslbladali mhi kiltl ort&)Pagariammsytb i T
human*TCD8el | s derived fr om-1aRiBiiCisb iwearde-1lotru-1atNF e d i
trkipnlhee bi ted (alll i nhi bitors) conditioned medi a
C. Percentages were quantified by flow cytometr
Repeated MeWasyur KO V@hecieglGEle e nhous e c-4 r rbd ootl io@ri ;c ah
independent sampl eBD-6x aani newaA) rrRIQOIr iDEO0 & &GP A * *

OO0 . 0 0 1R O0* *0*0*0 1 .

tsCAF

(1m-3)| (NkG2a)t

CD8* T cell

Figur@r ds $t al k bet we'®eln ctedCAPpreomo t@E>x8.@0D8TI catl il sn v
secrete various -tayt @akFaall,, ItLon calcutdiBvnagt ¢ ntath e ngF pat



in tsCAF ane&€ iexpures sCOX.-2HexphtesassednCOX¥ads to
synthesis and secretion which thdncad¢ilis o¢o tileaul
I'TI & exhaustive phenot yNpke&2 Arnnd p hnednuoctey p@&»x1l 0 3A A =
Aci d, PGG2 = Prostaglandin G2, PGH2 = Prostagl an

.Pi scussion

In this study, we uncovered reciprbcaé¢l Ilcs oslsatal &
the *CTD&el | repertoire to phenotypesbl asheckpbedt
i mmunot herapies. "UOpoel hest seat et elaft@iad oriskBl uicrec | NUF
signaling in tsCAF, w h F2c he xrperseuslstiso ni na ndu bPsGeEg2u esnyt
secreted by tsCAHF «red | st iamdyadfenschnaClRBD i ve phenoty
towar dsNIKC®ZAM3m phenotypes™ T ExhHdussteexdpe€CD&nce pro
effector function andsttyitmkerer @soidart bbniahdb
ultimately contributest®8 d nt hceonfta'idlsicred TefimelK®IB bi
activation and efficient effector functions ai
gr oW ht°Trm cells are prognosteami tofe liftrdln dovaardoresrusr
been implicated in the sucdtles’SThefr ed me ek p miunt fiim
that tsCAFT paéelmes CtD8 be more amenable to checkpo
previously observed association between tsCAF an
with HNsSeCeC chapter 3)

PGE?2 has been widely studi ed i n t he field C
i mMmmunosuppressi ve. However, recent standeanthiave
infl ammatory properties regardingiiommwmpe cc e&loll er e
tumor i mmunity. For exampl e, PGEZ2 rmfalsammatno sy ofwa
| i k-6, tih, L ar2d3 liln mald rbipth agaes al-iswof i amdmateoraywtfiact ol
10'and prombke MBENGtypeéarly, PGER2&a8idh nb’llbddidd pr om

phenotypes in T cells as well as regulatory T <ce



on CD4cell s have been extensively document ed,

relationship betWweed@?PPSHRr endweDB8nc-omét adimat mow
function of*TPGE2 I eni @GD&hi ch"TPG@GE2 | st itmoulbeset d £ sGD &
mor e-lTirkre. This funct iTonc elclc umesd itahtr dBu gidwe tADsBE@ A F 0 h «
induce PGE2 pr@Qduaethiicm VvinaT Gmdedl lasl.t eATst c@RSt € dI ICOS
secrete multipleaBf actgoanbi hbatni hdCA&. NFnlat hi s st
and to a TNM&asned-lbjelxatcetnitvikBt @ att hevAF i dndesCbt edl y, t

additional factor-2a itmdauctciomn riibhalt editrmg COEE2 it se

nduc e'°60d suggests a positive feedback | oop for
COX expression has been broadly associated wi
angiogenesis and metastasis as well!®&dsHowe@peomr,t i
correlation2 éepweesi €OXand head andcortckovamsiea
I n some studies, a significant -2a sesxopcrieastsiioonn haansd |
overall survival in paf&vwehitlise watthe rhesatdu diineds nleake
or no signi f2?%4°%3CGo nccoorrrdealnattliyan al t hough the majo
protective association between COXft amgnatiomy dmr
(NSAI Ds) and HNSCC risk, some?2%%ufkRegarsuggsesst ouo
suggest Tt hcaetl ICDBe-8i axpde €EOXon by tsCAF may enhan
wi t h HNSCC. Whi | e this study i mplicates NSAI I
i mmunotherapeutic treatments in HNSCC, GaXdi ti ona
2 in various cell types, wil!l need to be consi de
Al t hougme ®PiGER2ed T <cel | pol ari zadhoar weod eansg 3§ @d il
bet ween tsCAF and f avor(ashd ee d hmarpthdrt thiledr nagply srteusdpioe
to fully appreciate the role of tsCAF in regul at

other cell types in the tumor i mmune microenvir (



reciprocal crosstallk ddeeltlwse erne st sICAIFn ga nidn CID8c e | | a
an i mmunostimulatory phenotype, Whicceh lisn ttouwranr dcsa
phenotypd.nfThimmaprooay crosstalk via the PGE2 axi ¢
novel finding that further supports i mmunoregul

complexity of CAF in Iimmune response.



5.

CHAPTER 5

Conclusions and Future Directions

Lmplisation

Inhi bition of i mmuhabedeme& pa icdreea ¢dpnielpltasrr soefv er al

typlers.a nor mal host enmmuomemehéeckpibenfiminedcelplhono$
effectoranfdampt dows® i mmune responses |tho thmai rctoaitre

of cancer ,t hedheelwiktpioomabfrewseptor smore efficient
cytotoxjtahrBbygelleading to Ct he heedteabgd regsprieenst todv e i
dur abl e irnesmpaomyseselvied tommesastatic settings, b
nummdr patients wWhhfeeoc thnorts riemsfplomednci ng resi stanc
underanadoldiikKdley bet weFeur tthuiemmbmeo rieppmesse compl exi ty
hi nder s tdheec iapbhielri ttyh etsoe resi stance mechani sms
OQur work described in chapaseubt3yQitcBeonfni friesgoas:t
aPDBL i mmunot herapy among HNSCC patients. We per |
HNSCC tumors before and afniddentri tmot he it swi pict ni
popul aCAGmHMMNCANL 2 3 and)Of thAK esubset s-Qarnd eHMNONACA F
Subsse(tcol | ect B Cavleysatgenrinieidcantl y enrichaddamosg t |
treatsmuegngte st i ng mafgatbet sihdvFol ved i n preventing
i mmunotlUredampyt andi ng | Cls rweislils thagnkcpea inmpcrhéannd e snp o n
gui de patiWhil éajnieelt d od uamat ic@ns ome, ptandyendarse a
costly, cpaousseem ¢ i @ | $§ iy dhea veef fveacrtisa,bTdemded dti icmg ypati ent
therapy is usually guided by expression of pred
commonly wused DI omae&lepai MtorlblIPdxX@rdes saircen ,PDt umor

repair deficiency and higbimaurmkaer smuwutreaet inor alal waryd



identifying patinTwmewloo swidlrli viegpoedi stance to
making iti derfteilfcyablt eppbedmat keesof responmoye.l Her
CAF popul ation (t sCAF) pr @B Plcaheveek pafimnocoti mécapy
suggesting this CAF popul atfioon pcaduleddd wesvaded i a
l'imitation to clinicali dternan sflya tnigo mhirsk btriad elra aiks Ca
i denviagieam@d signature. Thkeltatarofs@hASumpplghd & d e
tsCAF as a biomarker in the clinic.

CAF are highly heterogeneous with different pu
and tumor type, t hus maki ngditfhfeircawletu.t ilct sity anew
di sti-nemopirgeni ¢c CAF popul ati ons -amnurstt e rbeed stpleeri & g
be successful. CAF are also highly plastic and
another thbhe eoakbhingl for thepapeoti agr €AFogrud
i nt o -ctounnsotrr ai n%°nlg°Ascwchotriydpitetselry ,clai ni cal i mplicatio
herésnthe polarizationthof aoaneéhdNCAFhesubbhdpesta
composaiitdisonin the devel opment of strategies to

infl ammatory tsCAF phenotype r alhphetAd &vyvhptulgeh i mn

i'sS not curwleatt | y a ktniobwsno dirda srtes i ntlo, ttshCeA Fp ocotre nHN G
combining this strategy with i mmunotherapy coul o
I n chapteamcd4vered reciprocal crosstat¢k| et vaten

contritbhhpios st bl e role tsCAF hdsfiriomghegolcaltitongel @
met abol omics, we discTowerldd tsteatr ed claiflvdbtit cdas€C D8 n
TNR)t hat | kRBdusciegnNaH i amd | ssult sSe€CPAlFe nCOXp rexpu lestsii mm a
PGE2 sySebested PGE2 taame tCR& alsldg d a &-ET | RED

exhaustive phenot ypwkeG2 Arnnd p hnediutctey peBL 08e | | pheno

conducive to checkpoidute itromusehdeasctipg hfacds pb hsehaea



function and are known to contribute to the fa
contributing t% YYherfheucdeogse, ofskledlabieldi PGCEQf ttos C4
phenotypes and reduce exhaustion phenotypes <coi
patients. Hionwcel veearr, a Whte t iha g PGE2 x@rvedsldiXbni mpr ove
i mmunot herapyw HONSQENsaess been associated with wo
HNSCC in some ca$%% BAddi hbobnahl gt hets@i ssichnadr t
nonsteroinddlamematory drugs (NSAI Ds) in HNSCC hav
t herle tindoawvn about the combination of 2R8®uUDs wit |
findi ngNSAluDQgesénpcdodued def fi cacy of | mmunot herapeu

but further investi getoisamuliast errequired to support

.Pimitations

A limitation of these st udi esmistsiesy st haarte trhoet tas CpAUr
they consist of two di-GfaemenBWEAPIi sabt mmest aHNL
si ngdlel dddpar atnisqg4® o fr o MNEBINKE ACFwh 8 u ne t a ptadhsussi btl hee
l ack of a pure cell pafruhdidoageayv etoNud Adla hdca viBN QA F e c
hawe mi |l ar assdcdespooss anmndhappear to ber ptheinmt y
act ibwaistelydu s tSeoir,i nig# NICiAFeda gy d BNCAFe s d usicininlonBe TM
and thpueé oHNCAF HNCoApFul ati eshmowwaeslilmd bar Tefcfeddt ¢
phenotypes to those s.eeFnurwihtehr moiree mixaesde ¢ ogru | gaetni e
activity profanhe s3NEBANRBAEI|I osely connected and me
acttiiwan states of the same CAF population. Furthe
the immunotherapeutic and phenptrypgiee ds d miwli & hi tai
popul ation which we termed tsCAF

Anotihmpot i axnt aés toualst @rtelsent edi & ntnh éniadt udies soefr ttah

experi menhsaisWhylseprovide valuable insight into



types, there are many <characteristics iof wihter of u

systleinkse <compoleelxl cienltler acti ons, hi stol ogy, envir
si grmalds t foixeyrgte n  {PrTehdiserntss an i mportant considerat
derived PGE2 and its role in regulatiangntienktunot

depereddmrtct s -2boatnhd CPGE2 have in the tunpassdimmuen e
t h@®@X/ PGE2 iwodiiadt i siyner gi z e wwirtshe nl @le sgeeth §ceccu lad e
t sCAF@haCD8cel las seoausikugidnt er het weaed C€PBIl s and oth
typeist hin Ther @adM&r e, 3D orgawbudoeldtttuere se ramap s ul
physiologically Guerlreevmatnlty ,e ntvsiQAoFn nsetnutd. i eisn avriev on ot
experi menehaent ieoqui val ent CAF popul ation tsiClAF not
i denticfurcraeteiltdage nen sdgnavadefr omThushaenuosnalinyp t ek | e
mouse models are those in which human tsCAF cell
mi c e | npdoitceanttiiimagly sfCair studdesi vedpatehegtafts (PDX
involve the transplantation of resected tumor t
mi c e . PDX would theiometiumall| ynodkel owohorni minng t
investigation of tsCAF effects within the TME in
severarls ftacow sau@ms iacsert he success of PDX establish
or i gpiantailent tumor, viability of i mmune cell s, ar
response. PDX smocdcee &5 thalviley vlreed i nt HNSLTLCd bEh@&m eq f
coul d PDXvemtt abnlgi sihn ¥t f cgRXextti on ,wa&€ABucce.
stmildht not survive or .Fwerttah exr mdhired ,r aad wri antad if mm
is difthcewivehtBDX given the Ilhaaragpdfokderess necesdi
i mmune ce3dltCosnseyqiueal | vy, PDX models might not b
investigate the role tsCAF play in the tumor i mn
When assessing HNSCC tumor progression or resp

status of the patient. "dNSCRROa&mchd wisi Wwiwdhe du nii mtu



tumor | andscape guiding thetAhpSCQC egepmearrseael Iryatreess p
better 'tphraritediP¥t-@afodae dtreat ments I akle astoirematyhed
HPVHNSCC mostly affects younger males without a
contributes to the bectatnecre rp.r oAgdneoi stin gor nsaie | mu, nvéatntt ei $1 B
di ffer drastitaab!l gRWeteweanneHPY t he presancerof v
hence the importance of defining HPV status whe
Despite dnffleeencmser i MHAYnstamnwisrdomennpt seem t
as dewiced by r eé&én’tHo ek aneocrael ctormparleshensi-temonder s
i mmune regul attiaomnd 'htéa\wceeern iSPW equired before a c¢
made regarding HPV statUsfontummuoerbyhewaphadeapo
of HPa&mples and therefore could not evaluate wh

bet weermndPMWRWIOT s .

.Buture Directions

Si nHPeV status gredtulmprafi fmemauing tyNECEr mMmsnampoaevtt @& imit
HNCAF phenotypes and more i mportantly, how it af
the tsCAF population would stil!l be associated
HPV sthtuesfuture studies shouftws elHtRMmomre .t SACARF tpr
patient samples with adeqgsuhaothee dHPoM liencfteecdt iaonnd rtespC
for i mmunotherapeutic correlations in this cohor
al so xlmeamimea t heysaequir i ah ammsmaaobahwehoemnp ys erpeas mad re
by HPV. skantulsér mouédf beui defallnecfi onal studies fo
wemperformed ‘andb'@RINMIgHB\Ye N their differing i mmune

Our work suggests the tsCAF poplulcahte coknp ccionutl db Ibo
i n HNSH®D welviemi c al i wnip Il le mieigkdeelttjeacmt sCAF based on o

t wo surrogQurer ematr ksetrisdi es hadef f marolgeerds ofnori dtesn@A



have not been ,sutckterssffaurld e afsu tod r e/ emtaorrkkesr sihdoeunl tdi fcic
for tAAGAR.iomadil hg, af suhaogtahe pmakkreshlbdi e
mar keul d theed eamteeidfuyi val ent CAF.population in mice
As previoushywabtwuwed, of he he experi ments present
Il i mitation.ekWhirlienent atfi @as imnalye natt -dileleiisv etdi noer, g apnao
(PDOs) are a viable option &udeshoas|l dtheli @sf bave
PDOs can better recapitul-tag el It hien tbearsaicct i omar, a cat
complexity of primary PuFBhmentcbapaost@ferd &fr oditDo rcs |
t he TBE i mmor ttahnet i nfl uence”"Tt scGAH sh acvoeu | @in hce®&rda & g e
envirohmenabakpresent. Furhhee moregni tis€C@ARRt ciomf Idu e
types found wit haifrnftebcte oV MEat hatomayirbuteisamai oft
progr.esSdonrdingl vy, another future direction sho
with other cell types such as taGmareckhbwn mgeio
wi t h stpheecsieflilc t ypes to influence tumorigenesis al
thaset-beéel | inpgleayaca iomisti cal rohe wepWhédtthennt ke«
interactfiosasepwautt d mor i geni canedn vihreotnhneerntt hey i nf |
medi ated regul atr emaiofhs iamotu bteht ubse ermepagyui res furt he
The work performed in this dissertatiwashpri mar
only CAF subset to have a significant associat.i
ot her HNCAF (popnkd,,attg mehswhi | editrheagftfleayay homunot he
responses, they could still wiltalyi n optoectfMiEt erro | 3e,s
det ertmitdNeCdATa rceon s i d ea etdyipg @AV ietH NeC AFZ & roe s i tdoe abeed
typmy @AF Homtelvee f ahc HNBAdnd HBNCAHNS®G a«vermrt hough
the i CAF and myCAF subt@prssthadiee  erermegyetddlv a4 Natnl F
i mMmmunosuppressi vet riod epaansithiel ITtWME , hAdmsdti ntoito nbael el ny |, f

have yet nBofyuimwowtisomnaglaHNCAFi andaHblEABRtiymet he HNSC



TMET hu s, futurehatradhes HNECAHNLCAFand -4HN®OARI T at i on

and determine their respective roles in the HNSC

.€oncluding RemarKks

The findings out lhinghdl ipghteéihti seldv eamelntEAdfnem b s et

(tsdMAF)regul ating I Cl rmesippmpaeien fi lIna mowadasny tfhN KC D et w
CD8T ed | ¢4GARdin the HINSCICs CME. s ud sredv egle preeassce namsd n
popul ation associated withhhtshd epotieanmiuinalt hteo agiyr
i mmune checkpoi nt-mdacdcihathéed i pol &Ti iac eFtGiE2n dd we\DSr

role tsCAF play in regulreetsipmogngah & @lsp d iunmTthhiiesnmen a
work adds to the vastlyderenbasoganecsus heatcui ¢ i @fal
characterize tbBeimmpdneimndduwlpatci e famrdUli tmnaantod Ihye,r
the work described hereowil UngeoGAemmogi@bmi o ms i
heterogemmenompdul atforCyABaAdinedt a mend no trheg wlpayt i on i

t HENSCC .T ME
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