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CHAPTER 1
| NTRODUCTI ON
1.General Chapter Overview

This awhaptebtdecextracel,| umachariss md eo f( EVY |
and secret EdMnarfgoam dc eEVY sf,uncti ons, with a spec
secretedhieyp&lbds .addwipromnwildeg aonf otvheer viiietwer at ur
concerning the "Tnliel pemenael b CHD4tidsuengnfl a
asthma pat hogwinselsmmar iFazenawHat, iid known about E
type 2 lung inflammation, both in terms of ho

reactions and potential functional <consequenc

It is known that EVs can faciliint avtiet rcoo mmun
HoweWhWe®mVmediiantteer cel | ul ar communi cation in the
resposse®t knownhownidememstnandelnlgcowd el BYS eas no
bi omarkers and t Hewrdepelgat iomse s § agieldmwsrea sced lelds b yl
cytolndes hemohkaivneesbecome t he targets of numer oo
mal a,diienscl udi ng canceaem,d adhleeirwgoprukh eprde sermtsed i n
di sses¢alkussenoast hma ocassnadaemsdalnd how tTi xedd EVs
i nfl ammadl| ita maetrevley as a foundadnt be fondéadmenthet
that EVs may pl ay i n ¢ o mirhuen iwoartki npgr essiegnntael ds hienr

i mmunol ogy with the fresh | ens of EV biology.

AT henly true voyage of discoveryéwould not ©be

eyesMar cel (Threo Catpl 92 e)
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1.2Basic Concepts in Extracellular Vesicle Bi

Ectosome EVare |lipid bilaye
del i mited particles s
into the extracellul a

Exosome
Plasma

membrane c ar r y b icoanrogl oegchuel ye

were first visvualized
mi croscopy in 1967 by
who described dplatel
mi croparticles that <c
separated from pl as ma

ul t racen%ErVisf wgatei on.

Figure 1.1 Schematic of the intracellular origins of exosomes
versus ectosomes. Exosomes are derived from intraluminal
vesicles (ILVs) of multivesicular bodies (MVBs), while ectosomes
bud directly from the plasma membrane.

initially described t

selective shedding of
transmembrane receptors from cells when, in 1

reticulocytes secrete EVs carryilmg tthhee |tarsan sffo

decades, a flurry of EV research has made it
of cellul ar waste products, EVs also play a Kk
homeost asi 3T hainsd sdeicsteiaosne .wi | | provide an overvi

i ncludingc o pgesme siist,er acti oaspeaevditfhi EVAF@eus cen

secrete’d hel @4 cel |l s
1. Exxracellular Vesicle Biogenesi s

AExtracell ular vesicleo is a simplified te

secreted;bomemdbrrpaanrd i cl es. Al though heterogeneo



t wo categories, exosomes and ectosomes, based
from intraluminal vesicles within multivesicu
mul tivesicular bodies fuse Wistoh rteHe rpgleals mao mes
mi crovesicles or microparticles, are released
membr ane byFdisg )STh.wsarsilubsecth @ ninews lil @n icsonvse ro f

exosome and ectosome biogenesi s.
1.2E20%0me Biogenesi s

The |'ife of an exosome begins at the | imit
formed from the invagination of the plasma me
regul ate the trafficking of inteirmsalfirzeemd tntad et
Gol gi network to the plasma membrane or | ysos
recycled s degeadedsome matures, sections of
i nward and separate from the membrane to crea
vesicles that have the same topol ogy faesr rtehde ¢

to as a mul fivesicular body.

The formation of intral unmendab couratkid neg leesx ¢ an
requi rtedn$port (ESCRT) machi-hheryg.complteédx scpmpa
he pat grcoyifdeb treogul at ed t yr osisngnrélinmrsadsdea p(bHgRS) and
mol ecul e (STAM), binds ubiquityl ated proteins
and all ows for -Ocliunstneircirnogd conia iEnNSSCRofln t h-8 endo s
subsequentl y-lrear apmp | Et®A&Dmprogesssdo rddf0 1 ( TSG101
vacua@rlatser hi ng (VPS) ub2 8, uas\ s Prigttesind 1 ( UUBAP1) .

|l then retitui ascESMPCREXKSePBRosB@BoNtY f-orm a s
O



compl ex that invaginates the portionyobobfhtelkhe e
proteinll EtSICRgTger s t hel assambbwpbeEXxESGRPoOosed ¢
chrommodnfpyonegi nhelhtairgyeslipcat arnbo@yWMP) 4, CHMP
CHMP1, VPB8E0 esmalethmer adamcd or associdtled | BiTtlh . E $
ATPase VPS4 is finall yllirlectrauimeedli aatned saccitsss ioonn |
intral umi”"Pdle ESCIRAl enachinery canulil gwi bel ated
cargmds intralumi-Biaktevastchgs pras eAbGX (ALI X)

ubiquitylated proteins a®d allows for the byp

Il ntraluminal vesicles camdaepeodeatf memédadni
example, the tetraspanin CD63 causes the accu
multivesicular body, and this may'%daomot,r itbhuet e
activation of neutral sphingomyelinase 2 and
membr ane can | ead to inward buddilfgt?and the f
Additionally, phosphoryl at éad rdegrfroatéhtet osrma | | G
receptor (EGFR) has been shown to |l ead to the

of ES&ERTM.ally, a component of t heYVESRTmaranc hi n
pr oteegiun reedosomal sor,t icnagn 1d e(NFeRKE@EpPLJloing@weind at e s
endosomal membranes and is sufficient for the
of other ESTRWuisnrtortaeliunnsi.nal vesicles can be fo

the resulting vesicles are heterogeneous.

Once intraluminal vesicles are formed, the
the Ilysosome or plasma membrane. How this sor

Liu and coll eagues reportedphospthat eetelo pherrs pih

M



phosphate on the multivesicular body membrane
a protein complex involved in tethering vesic
which then traffics the mul t'®\DésSio@Gezlhar egodwndt
St ahl posit that the fate of the multivesicul
endogdempendi ng on. i Thegnky pcoenrimeasiitnz ec atntoeett i ons
formation of a scaffold that includes the VOa
VOa3 subutmhése conditions exist at the ti me of

primed for maturation to a multivesit®ular bod

Trafficking of the multivesicular body to
requires the microtubule components of the <cy
dynein aninkpaesieowhaed smépgriomnubul es associ at
bodies and control their ABlotail@® tRyecao2tadahdnem
dyneknn&8siamd dynein, respectMivet gtaudmd ieehtee e ar
pr oteins (MAPs) bind to microtubules and regul
control the movement of endosomé¥iinmlary,anher
of multivesicular bodies @argdwidch oatdepartsit)
determined by posttransl ational modilficati ons
component TTrStGelrGfle rmourgeantee d15 (I SG15, <call ed | SGy
causes multivesicul ar b%AFfi s, tmulttriaddicc uloart hk

recruit -adti Gadttials @dopmadatneimayn@ 8iC12B ( TBC1D2B) i

RAB, which would normally sort Aheée hmwlgthi wasihc
work must be done to establish gener al rul es
versus the | ysosome, it seamgpatelwsaetn tt hien [tihpa dl i



membr ane of the multivesicular body as well a

the ultimate fate of the intral uminal vesicl e

After the multivesicular body arrives at t
release intraluminal vesicles as exAB&6masd Sm
RAR7al/b function in docking of thée&*mMaltivesic
Additiomdilkeg, ( RAle) GTPases RALA and RALB are |
mul tivesicular body with the psbhaMhemembr ane
et hy !l masleen sifa tdteexcet | prad tirencgept or ( SNARE) proteins
me mb r’4®é.l | owing fusion of the multivesicular

intral umi nal vesicles are released as exosome

I n addition to originating from the endoso
organel |l es. For example, multivesicular bodie
amphi somes. Al though amphi somes araempthyi psiocreels!l y
can fuse with the plasma membrane 28nd rel ease
Addi ti onaHliy,e evxeossiocrhees can ar i s e efrriovne dt hvee sfi wcd
with the multivesicular body to produce intra
mi t ochondr i &lanprl coboehimies cotf h @b i ahe 20 ( TOMM2O0)

mitochleressdhoipkdt ein 70 (HSP70) 2&nidn amiltyo ¢ hcoerrdarmii ad

generation in the inner | eaflet of the nucl ea
mature into -dacliead wmolvel oepei cul ar bodies, wh
membrane to r¥Ttws,e almtaeowepie. i s defined as a
from intraluminal vesicles of the multivesicu

of vesicl eorwiante | daafrdf ecroenmptiorss t i ons dependi ng o

>



1. 2Ettd@some Biogenesi s

Unl i ke exosomes, which are released upon f
pl asma membrane, ectosomes are released direc
areect osomes released from the plasma membranes
apoptosi s, actomyosin coadiratceédoacabry@adtisatadf
prokienanse 1 (ROCK1) and subsequent3fphhiossphor vyl &

cont miacdar eases hydrostatic pressubleelmn the pl:

out wgr3d.

Healthy cells also release ectosomes from

about ectosome bitbhgenosi ekosompnemedbit ogenesi s

with the cdnpdesprgi 6fc sites in the plasma m
mi crodomains. One family of protein that orga
family, mapassptodns oeiMdp anief ipec @ltley nst.etraspan
tetr aisptasmrianct i ng proteins and |ipid% - 3®nto 100
Tetraspanins can interact with many cl asses o
enzymes, transmembrane adhesion molecules, me
intercellul ar *Fiegmalsipagi mel atslbes nteract with

tetraspanins (including CD63, CD9, '°¢4%8nhli,s and

dual ability toi naltediacg ovi i dri pdilolisew s staeti mas p a
to build tetraspanin enriched microdomains on
tetraspani ncsarignmeosrigmaoorzpoagati on in ectosomes,

tetraspanins CD'¢.,TéCD@>,pamnchsC@d k. considered 0

m niimélbr matstivuodni efsorof EVs (MI*SEV) 2023 guidelin



To form ectosomes, membrane microdomains m
curvature through modi fication of the | ocal I

phosphatidyl choline, the most abundant ephosph

cylindrical ardMbdaimifclaat omi odyeémese | ipid sp
shape of the | ipids and thus encourages curva
conversion of phosphatidylcholine to |ysophos

ratiham two and 4dshapledr anhdr @ r osodedd st i counrav d tyu r ec.h

i n membrane asymmetry can | ead to curvature.
dependent ATPases that transl ocate phosphol i pi
membr ane, alter phdo stphhuosl icpind rs ybrumeet®tyo ame mbr an

Membr ane proteins also p.Ba-sasmphrtr phhes(i BAR)E mb
domai n ipmrduee nsurvature through a domain that
such as clatdAri bianddtoalmeendlriamé$ namddst abinl it
bendi ng the membrane, some proteins, I|ike epsi
membr ane to i nduXxer dmsmd mdred e npartad toeni.ns (i . e.
KvAPnd t he aquaporin AQPO) can even induce spc
the memMbmteeesti ngly, some proteins, includin:
curvature and have preferences for being sort
the i ncor poprraottienitnoSoe/mathressree cur vature al so deryg
forces generated by actin and myosin, which a
l i ght chai ritmydisingalplr c@TeHos yfalait b® nABMRF Y3684 and A
Ulti mately, to form ectosomes, outward buddin

VPS2,



me C

mi ¢

gen

I n additi
hanism of
rovil li,,
erate ect

m micr ovi

nsmembr an

centrate

on to the generation of curvature
ectosome biogenesis, ectosomes a
r & n 3° Pwitdlioicay t feishemsur oepi thelial ce
osomes f™%omm e rhtee rtd cpyst eosf, nti hcer opvrid d L
' I'i ti pphsasied dmeoperrdermrtotoen nt, h enyadcstiin
create mPMrgdamangscat!| mi teavel hi
to the extymacweed | udmd tmae se xr dtetha «
s 0 me .s°Mi egrr maesd niersi carrees drheosught t o f o
ched in integrins, which allow th
, Sphingomyelin, and cholesterol,
exhsacehiF@icmal Imat ré xttosomes can al
uctures on a cell 06s swrrffaacee t hat

e prot-eownpl,edurcdhcaplldc( PDdHB &I M) 0 mC

at theritéclpsmiodr cdodmai na &l esd eirt

case -odupd e@d oteedenpt ors, ectocytosmoyi nsge ms

recept PP hfurso metmbe amel Iprotrusions, which h

mbrane dyn

Al t hough

much of t he

ESCRT machi

t

h e

i ched in

mbr ane mic

amics, are prime sites of ectosom

the subcellular sites at which ex
same membrane processing machiner
both exosomal and ectosbomami mgmbr

rodomains and sorting J&&rmeo in th

nery has also been found to contri

pl asma membr ane, as knocking down ESCRT c



VPS4, results in r edulreods ogpehairgeati imamg? ofal Hald gelso
Addi t iionntaelrlayc,t i o A osfu btulme t E& GRSEb Onhgowmittahi ni n g

protein 1 (ARRDC1) causes TSG101 to | ocalize t
endosome to mediate the formation of ectosome
sci s?dindrerestingly, this mechanism of ectosome
hu mammunodefvi cusn¢hl V) to bud from the pl asma

except in the case of HIV the rol é°0of ARRDCI1

Il n addition to sharing biogenesis componen
with exosomes typically ranging between 30 nm

di amdtehrus, the two are difficult to distingui

have characteristics of an exosome (i .e. smal
the |Iiterature, such as CD63), maryamet ulandege a,
some scholars argue for more holistic definit
that the membranes in a cell are interconnect

ispectrumo of pl asma me mbmreatnvwebiahnsa niyn tcraascee, | |wiilt

strong evidence, such as microscopy, that dem
terms fAexosomed and Aectosomeod IS Iinappropria
Il n this wor k, | have chosen to focus on th

mi xture of particles rather than defining spe

ectosomes, which are extremely hvatldr augseen @ chies
general t erdm siAisEeMotlaitarogtoest hat in the context
bi ol ogi cal process, such as tissue inflammat.

mi xture rather than iendihwi cewmdli reomp xrnamtes wob &

N M



effect, and individual components may wor k in
the mixture is understood, one can start to t

this case EV subpopul ationedi byduaembyi ng t hem

Al t hough | did not perform experiments to
that understanding the basic framework of EV
aboluthe behaviors of cel |I[ES@yhraadd kkdinmdg odn ds tri emoud |
l ead to the pboedudthieomedfl ENK?2 contlacits with
actively empl oye oyt tegrnme)Rlijrdasn et?ycqare g s e EVs
may c@aulyd (the EVs carcayggumemictd ®@ane xawnfdace endo:
cytoskel et al componenwWhatorseveer Wbhbpbéeogygamne
does it originate? ddain gonevsEIVI cainc tp & t3&vintelt énletry p €
the EVs are able to participate Arne ctohnemuEnvisc at
attached to matrix |like in t?#MewcassabkRo margr a b
they display phosphatphadseyti e nidnptrdddiisa tsenloy
ul ti matwelaynw EVWhahci sonhb&e( codpmoe inbbicmemse B ft thhaev eE

bul ky components that may prevent Whafriom ins:

size and charge, both of which may AQffect its
Al t hough the work detailed here is wultimately
produce EVs is vital for understandi ngghthow t h
sai d, AForm and functipomishadl dnhbenome, | oine
12.T2 Cel | Extracellul ar Vesicles

T cells orchestrate diverse i mmune respons
all ergies and autoi mmunity. To effectively coct

NN



with other cells in the | oc-mkEdmatedenandr erpmenr

signals, including Ekitsaseh cadtmpiremewisitives y( BV
the |Iiterature concerning clarcepdds EVpUr parctl audd i f
12. Z. el l Extracell ul ar Vesicle Biogenesi s

T cel |l EV biogenesis pathways have not bee
what i s known about T cell membr ane dynamics
described previously, a potentialr gpgaes.t uf ec elfl
bi ogenesis has primarily been studied in the
cel | (APC). APCs Ilicense T cells to participa:

cell 6s cognat e prapjthret o ¢ o mpodmeil leixnit(eMHtC)ag f whi c h
cell recognizes through itsr&ceptbgaeiceptof (|

TCR by the peptide MHC complex triggers a cas

activationd®ThfestthevEndedesl linclude alterations to
expression, and rearr an’dlTehnee natc toifn tchyet oasckteil ne tcoyn
activation flogrt tfhorrenes rae asscoanfsf:ol d f or signaling

the IR, forms protrusions on thaen3lgur fadd esvso ff o

the devel opment of a structdire called the i mm
The i mmunol ogical synapse is the interface
starts to form i mmediately following |igation

napve T cells and as ewipekliy nd$ #se Tniorenutinensl ofgoi rc
synapse consists of thrseer anmaghbce o wlchdtumsa vwerr scol | e
(SMACs) that appear silmhmhkeadisbtad BMAICs éd&EMAC)

outermost edge of the i mmunol ogi cal synapse a
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proteins2hihkke pé@D4dpher al SMAC (pSMAC) is centr
i n the adHhymploafo ptrestsesicnanatieggen 1 (LFA1), whi ch
intcelt |l adlhaersmMobecul e 1 (1 CAM1) on the BAPGBgeg and tF
centr al SMAC (cSMAC) is the most centr al regi
in TCR interacting with pé&pthims PNHG rcecsmpi [negx eys,
signaling is terminated in the ¢cSMAC, and thi
and degradatl?PdAdbweverhei "CRdAdditi on to being in

that the TCR is also shed by T cells in ectos

TheanidCD3 chains of the tTgQRe dc ofnopllleoxwianrge TutbR
engagement, and the ESCRT compomnyants SHRR. and
TSG101 is requiredydtoed th@R smirdrn oigl SHRBbS qiun tt ¢
recr ui t3Encglaagtendr iTnCRs ar e known -meod ibaet d dteerr choad i
indeed, TCR engagement results in the phospho
the recruitment of cl&%@Iratnhrtion tihe rpd arsunat enke mt
mi croclusters by HRS i mmediately foll owing en
and | &wMtthin five minutes, HRS and t-e other
recruit subsequent ESCRT machinery, which | eat
cSMAE.he release offethesembadsegaP&EMRs tThER act i
signaling continues, theydtC&hkd , c oanlpll ®ewi g ctohme sc |
egpsin 1, which has ayldowdatubsittrpates;® ' mPnexicihag
Epsiinndduces inward curvature of the plasma mem
compifelxus, the fate wikactlbosoMER @Esheddiocgt osi s)

regul ated by the affinity of <cl|l afihg®nl adapter
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A. Immunological Synapse: Thi's t e mpor a I

T Cell

- TCR Ectocytosis TCR Endocytosis reg ul ati on i s i mp

/‘ﬁ\ shedding and endo

| i kbedsypr ve a pur pc

dSMAC: actin oo . in ensurin optim
ggmﬁg%EgJ HTCR <Clathnn @ Ubiquitin [] ngsd @ EPSN SDynamm g p
B. Kinapse: o TCR Ectocytosis and Trogocytosis and APC activatio

TcR_pirc Synaptic ectosome

ARRDC1 (TSG1071

P

LFA-1 8 ICAM-1

gVPSVAc(in () Arroct O'rseun ” TCR ﬂpMHC Tlc.wfw ] LFA-1

bearing the TCR a

sufficient to ind

calcium signaling

Figure 1.2 T cell extracellular vesicle biogenesis. (A) Clathrin-mediated ectocytosis (left)
and endocytosis (right) of the TCR following engagement of the TCR with cognate peptide MHC
at the immunological synapse. (B) Formation of TCR-enriched T cell microvilli particles (TMPs)

by a combination of ARRDC1-mediated budding and antigen-dependent trogocytosis by the downstream o f MHC
APC during kinapse.

engagement in cog
APC<ST.hese ectosomes also carry CD40 |ligand and
pr odu’CTthiuosn,. ect osomes may be involved in activ
TCRs internalized by endocytosis will continu

endosome iosnkegohamh@dpepti dAdethleRAER. cannot b
endocytosed, it remains on the pl a¥ma membr an
| mportantly, t hleo gded uecdti cosno nnefs TICrRbanp @ mdee rctS,MAL
ESCRT components are not recruited to the TCR
mol ecul es®Addei tpiresainlty, this mechanism of ect
i ndependent (af ptrrocgegscsytimsiwhi ch one cel,l #fAnibb
often triggered)bgcamgeé gietn sd¢ gwmras i wlygen the T ¢

supported |lipid bilayer (a planar bilayer | oa
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meant to mimic an APC) that is incapable of g

trogoé¥ytosis.

The i mmunol ogi cal synapse is a temporary s
will separatft®efoom ahd APCer the formation of
the T cell searches an APC and detaches from
stable structure called a kinapse. When a T c¢
memédme in contact with the APC is flat; howeve
micrd8Wikkei! microvilli are unigque compared to
of epithelial cells for example, T cell micro

reforming, shrinking and gr owieryg diampd agr & hiarrra

similar t°%9 filopodi a.
Microvilli are important for T cell functi
endothelium despite forces generated by bl ood

ti ss%easileed, ensetbmenh O&l o known as CD62L),

on endothelial cells, at the tips of T cell m
cells to |ligahecthaniwhemnlt aylfedbdiotitdbealpl ana
is enriched at the tips of microvilli, and T

for cognate pepaidecd®HIC compaexs nearly the e
within one minuteiofusingfimtbteviactango wisded mi
solve the problem of the glycocalyx, a dense
glycosyl ated protei h% aocmet lpe od eri fna ceo mpfo naelnlt sc
|l i ke CD45 and CD43, protrude up to 45 nm from

about 7.5 nm, creating a physical barrier aga

NP



compl'@&®¥%crovilli breach the glycocalyx barri

contact with the!%eptide MHC compl ex.

Il n addition to these functions, T cells al
producti on. During kinapse, ectosomes are she
combines trogocytosis and direct buadien@wfalyom
from the APC, microvilli are separated from t
microvilli particles, o or TMPs are then furth
facilitated P ARRDOI mamsmmaVthacotdb80nkegi Bsdi a
1. B°YMPs are enriched in the adhesion molecul e
signaling molecules, but they do not carry CD
formation of t he 9 niifilinso |loigkieclayl rseyfnlaepcstes. di f f er
pat hways. T cell microvil |l particles induce
costimulatory molecules CD46°AdaD80.,onarnd yCD&d e
TCRmicrovilli from T cells during activati on,
met abolic reprogramming to aerobic glycolysis
clonal &Wmaroinednusion, T cells shed ectosomes
membr ane, during i mmunol ogical synap-se and ki

medi ated exocytosis, trogocytosis((Fiagnd 1di rect

I n addition to ectosomes;l iTk ec evlielssi cnhaeys ,a lasl ot
definitive data that convincingly show the pr
activation induces the formatieniof smgthuf ecmn
changes to the T dEhnmicsr ostmudpraie teszni tyegrs y(sMTedG).

transl ocates to the nascent i mmunol ogical syn
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t he Golgi apparatus and secretory vesicles, |
APEl2.Because there are more multivesicular boc
cel | activationt hetshiasts Tanc ealtltsr ascetcirveet eh yepxoo s o me

synapse. tinhciybigtliyocne rodlla (neA@)t i kvienaseegul at or of

results in both decreased formation of multiyv
cells, correlating the formati bt Hbtwemwlrt, i & es it
aut hor s knowledge, there have been no studie

with the plasma membrane and subsequent rel ea
and coll eagues descri bedetleatielhidoeslodmoermmaimbs @ ner
in the tetraspanins -ICD8rlo taenidn CIDS5G1, 0 It \hea nEdSICVRSTS 3
associates with endosomes. By el ectlriockne mi cr os
domai nso spont aneooudsucye bsunda lolut(walr0dOs nno ipr di an
characteristics of exosomes but that would cl
from the plasma membrane. Howkeedomaheasexbat e

membr anes oédngdgecseithes khadk and white definiti oz

—

suggest s hrad y rmeemiba aanred iant erconnected and t he

spectrum rather than dichotomously being one
122. Z cel | Extr aCerl Jaudda rF u\hecstiicol nes

Regardl ess of biogenegied dpatthwahyeAsT cceellll oF
di scussed above, T cell EVs car my hlmmmel TCR si g

chains of CD3, and CD4 or CD8 plus associated
ki na¥Nasnlgimp h o ye e@irfoitcei n t yUrCHs t°nikb®wed wners,e gl t hou

these kinases are present in T cell EVs, tyro
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TCR Complex™* indicating t hat TCR s
‘ v Skl ter mi nat’@\Ude vienr tEh\esl .e s s |

TCR-associated

xxxxx

TCR compl exes carried

Cytokine receplors/ kinases

coreceptors, cargoes appear to rem
Cm JO
.....\. (RNAfragmems a s t h e ly r &8 | ﬂtﬂw Et ar g e t
microRNAs'40.144145 . .
..)gg‘;n?;kﬁzgsm.m APCs, including B cel

gDNA/mtDNA™

5:55;:,39% \ dendri,whereetflbhisyd can

cognate peptide MHC c

Adhesion
molecules'*12!

and induce calcium si

Graphical depiction of cargo types identified in the
literature to be carried by EVs secreted by T cells.

ant ideeorendent? ¥°§shi on.

[Figure 1.3. T cell Extracellular Vesicle Cargoesj

Thewmsrei ggitrualleeswar ri ed out i n model s.Tdhife t he I mmun
i mmunol ogi cal synapse is an incredibly c¢close
synaptic cleft is just 15 nm at iits narrowest
compl exes!At nt eractdi stance, an EV does not nee
destination. I n fact, here the |line between t
woul d physically contact the target icred | as s
guestion is whether T cell EVs can act at a d

peptide MHC complexes carried by EVs have ind
coll eagues havepsmhiimMie a m alt ecald ilEddigwveasgrfotgni zed by

celalnd cross dress convéegmpbonabWeendei toc cet |

cel l EV and asctoA®®ds ealt TCRMmpanmamede D& &0t ure 1
T cel |l EVs also carry other membrane prote
incl MHCng!l asslelyt arkd mdeptooar scaepdODZBguUr.eepi | i n
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D120 dhlemoki ne recepléomtsi mul &t. orCXCrReAdept ors (i

I i gaird)h®t egrins and other ,a8A& CPDATdp®Ipd osli ss |
i nduci ng IASgiagad)e,y meGD B'Péleemoki metsaxXiine.
CCLD4%4nd cytokd3mesIl}ENE#Enkilnhg an individual EV
di fficullitkelayy ®&E&Isi ver mul tHopweev esry,n e rng issotmec csais(

car jjmaeese been shown to change the behavior of

Thus far, one of the emerging functions of
bystandeég&rorT exalnmpd e, foll owing activation thro
carrying FAS ligand that participataeni hmpocéehl
mechanidampfe®ni mel | i mmdh*el! i es dibéngsielsat sreyxc r et ee | |

EVs can tbanvedlppceredsds i mmuheotighcmubnh&pbe EV cC
secreted by reguilmmomgsTppreeé¢s SS5cannyB i hiese Il IL
EVs coat Idump mhgct mdemdtieonl ymphocyte exhaustio
t ol et?Addet iroengaulllayt,ory T cel |l s al $d uscd ceroeti ed aBs\es
CD73 amd-aEYoci ated Cdd8ncwsonephusphate to ader
which suppresses tTh ec iephrlasliftifreca leigjudbat of yCD4cel |
EVs catrhreyicnegl | surfacedghycompproeEs cébLuropi l

proliferati elrdeipre nal emid m maimithiegg n o mot e itnolve rvaon c e
model of skih®fTthuasnmridWsindead aloyh . pacelilcsil arly r e

cekkeem to be vidant clolmpiddgedt s mmbni ty

T cel |l EVs hav er ead uslof tbeecetnb gshhsorwont; etlols pegp as |

ot her | miome ecxadnipi$veatTe  eCD4s s ecrtehtee cBMso kcianrer y
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Cargo Target Function Reference Il FoNand these EVs pri
: macrophageBnto res
w Fas Ligand T cell AICD Martinez-Lorenzo P 9 p
etal., 1999
vitodweHlirereept or 4
Neuropilin 1 T cell Suppression Campos-Mora
et al., 2022
0CD?3 T cell Suppression Schneider et ( TLRA4 ) I gan d
al., 2021
i popolysacchari de (
: Suppress
Endothelial : ! Kaur et al.,
f con Tool | pmesenese | "ot . .
t hset mu | aittroerr foefr on
ss+IL-35 ggzllll Suppression Sullivan et al.,
2020 . A A
gendsSTI N&s@®2a6-3 6
'.'_o - IFN-y Macrophage Prime STING Hansen et al.,
J tivati 2023 : :
actvation cycduiamosi ne
ﬁ miR-150 T cell Facilitate Hansen et al.,
activation 2023 .
monophoamegmatse ne
{ Let7d T cell Suppression Okoye et al.,
2014 monophosphat® (cGAM
# miR-4443 Mast cell IL-8 secretion Sheg‘aqegf al.,
Il mi vt eTseel | EVs
>DNA " Dendritic Suppression Torralba et al.,
S cell 2018 increased the survi
L~ tRNA Facilitate Chiou et al., . .
) fragments Teel activation 2018 t umpaarin g mil C e tre
Figure 1.4. T cell extracellular vesicle cargoes, targets, and functions. Table
depicting known targets and effects of T cell EV protein and nucleic acid cargoes. wi t h Clé% MPel | s have

al so been sBYsncaorgecget-ber ebepmbos@bdad) nand
act on endothelial c e lvd s c ¢nldaomhdgted Mftati e ot hei r r e

( VEGE)

| n addadtitidnmgadtdympehot e iest hceayr, cdr c gnhly BVS o si gna

targevinmel esargodde nooosctumeentled nucl eic aci d

cel |l EVs is microRNA. Mi c-coRNAg RNMARKRNABat apes
transcriptionall y?!?fe RINIAst eavegend iexpr eesicon.bed
bet weewnmwiEVsl i 2007 when L°tvall and coll eague

transfer mi RNA to huhffhemans RNAekbrxtameblLght BEXWs
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t hat of t,heorpartenctancedilffer, | ikely due to sel
intoTE¥se is evidence of sorting mi RNAs into
the selective recruséemanatefi moR#Ansat esphhat
membr ane of the amalhti vesgs atf a mmiBINtdiyvesi cul ar &
bindi ngt lpatotreéasgni ze speci fi.@¥SEheuen aase daltla
suggestastshoacti aetMed mi RNAs promote aEarn vien £ toanma &
dendritic cells have beef5656h @awiud @naERtsr a nos foe rh efru

dendritic cells, and these mi RNAs modWPate th

Li ke other immune ¢eB Icéfiffigpmets ! t@allaingd,r i tic ce
macr op'fMaglesc,el | s secr et eP&Edksagiomg ad fni antg Imd eRSNA .
mi RNAs is selective, as T cel |l -®RE&btuitv aitnicorne arseeds
the | evES50 oif "BnE¥Ra usle5MmitRar get s t heMYBwahrsdript.i
in turn promotes +tlpopgw@eaedi cel b mMaeg amsti EV
mechanism to dispose of mi RNA spé¢tPinedse etdh, att haen
mi RNAs released by T celbgsntebhltbwhed TGER s$hbm
targeting transcriptsl*“thatefhoreeyefucellds fmay al
Areseto and rapidly change theandt dtarnasnosgiitpita nos

bet ween cel l ul ar states.

The typesToteml REXs carry aassobieafedcini BN,
perform vary based mo RNAheepentextre of T regul
t han t hat of wlhh lc ho rmaflyh ér7effaleetcttsonal di fference:
T regulatory cells are suppriensfsliavmehd twohriyl.e Th1

regul atory c&NAsl7&dr d s fTehrl tcleé | mi t hrough EVs,
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suppression of prol iofbogr dthieo A*fa npE\agsésdorcei taitoend o f
mi RNA may al so acti vadtei v aniBdvVds aT cogd-thig4d 3Ini aRadteievdg t
mast i melalinddr @r omot e mast <alfll asnenat etr-8'dfc yo fo kti me
Therefore, depending on the context and the 't
celelr swcds i vat ed ef f e eatsosrocTi actealaly)mb e(RINAu@Iplr eBE¥ i v e

activating.

Ot her nucl ecan aael scoacarigead by T cell EVs. On
fragments of tRNAs. T cell activation induces
anddegradbattbase t RMNAt flsr@iapgpedrrittss T cel | acti vati

|l i kel®™m0 Rdescri bed above, T cells dispose of tI
acti v4dlt icen.l EVs have also been described to c
mitochondr t*%€IVs( dteDNA).d from T cells transfer
and subsequently activate the cGABfBamMet payh
genes, | SG%hntaesr estingly, the mtDNA is | oaded i
independent of autophmagy, hiarvekei aat iad g etr matt i mteD
activefliMesbrrtaence. contact sites between the mul

reticulum have been described t e abre yiihfgo rEtVasn t

Mi tochondria make physical contact with endos
i mmunol ogical synaps&® R&rhamgs Tmoed d haedi valk ao
membrane contact sites at the i mmunot bgs e al S

mt DNcAont aining EVs in T cell s.

I n conTlaslilbnEVs carrysaowvcaraitetdy cafr giormmu 1 é

cases, have Dbeeintshdeprpomtsicmalt @@l It and ot her tyj



celTlhesse functions have ipnr ivimaesoioeyi hgent dgmbhnseh

to understand the roles of PT eaeHdlgauEeSstdur i ng

foviagaual summary of the d¢dangaoad uectoowaosrni ng
1.3 T cells in Chronic Lung I nflammati on
Human |l ungs prlhecess overnri 10e@@® day, and w

contend with a hddusopf pokiouanpsart p°dlheen, vi
pul monary i mmuegusyppeemtioscwel!l with these inv
system is the first |Iine of defense. Large pa
airways due to biophysical mbneaedaiact s oanodofarc
respiratory epithelial cells and mucus produc
sneezing, and swa?! Molwuesgakspeksnthems a myri a
peptides produced by ddewawnsepist he’ds naalciteerf ks f
particles may descend into the small airways
macrophages and coated with surfactants produ

surfactants can bind and opsatnhioee®msi reuen dir

homeostasis, alveolar macrophages are the pri
and they can directly eliminate pathogens thr
or recruit additional I|0kdeytenfl ammhegrareo

al veol ar macrophages al so s ec8,etheo talr aocfh i wdhoinci hc
neutrophils to aid ih°®tlfé trhes g msad et d mmuen ep asty
the infection, the adaptive i mmune system wil

and this includes T cell s.

l11
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Dendritic cells are the bridge between the

dendritic cells include plasmacytoid dendrit.i
type | interferons, and convemttiaomtailgédé ntda iTt ic
The antigen presenting capability of pDCs in
pDCs are not strong antigen presenting cells
hand, c¢cDCs, which extend psraompelcet iaonntsi giennt,o ctahne
t he mediastinal l ymph nodes (the draining | ym
CD4T c&W%I'$% erestingly, T cell activation duri:
the I'ymph nodes, as CCR7 knockout mice, in wh

nodes, dhoovelCID4act i v aMyicoonb a cnt erreisupnm ritsuebfetzacru.l o s i
an asi ddgegnpei-deargiswceed IEVs ful fill the role of t
out Dendritic cells in the lung senlskBSpathoge
peptidoglycan, unmethylated CpG dGMCSIFedoti des
chemoki ne8UMIiBUandMRRNTES), |l ipid mediators (p
and other inflammatory mol ecué¢elsascsemact eplhdgye:
stromal <cell s tthirommu grhe pad ti dkren r(eHe.gep.¢ wirosiclt Cn

receptors), cytokine r-éseptecsptior ), SGRe mdNIiFI

CCR6, CCR7), and lipid receptors?9aAdnest asglnan
pat hogen or inflammatory signals, dendritic ¢c
the upregul asiomubéadt MHEL, mecbecul es | i ke CD80 a

receptors that all ow t hreaidnenndgr iltyinmcp hcté®old eso | mik
in the draining | ymph node, the dendritic cel

it to participate iDnentdhrei tiincf |caenhnhast oarlys or essepcornest

l11
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that will cause napve T cells to differentiat
and 3iitgpmurm respond to intracellular pathogen

pathogens, respectively.

14Type 2 | mmunity

Type 2, or allergic, Il mmunity i s enigmatic
response to common microbial components share
LPBhat composes t he -noeugtaetri vcee Ibla cwaelrlisa,o ft yGrea n2
by diverse and seemingly unrelated stimuli. H
ani mal dander, pollutants, c¢heonkiecalysp,e h2e a vnymumm

responsesotylpe ®Rogmanuni dtytosptbaectttbhbeobuody

parasites, specifically, hel minthsimmkrei ttyapiew
involved ias hwelelbsaaticfaammadeny pboauesses e
themselves evolved. Theories about the functi
the resolution of inflammation, protection of
ti ssue tur naowerex paomnsd rper e we nvtein o m5°8 SRhadl aednavpi tri ovnerr
type 2 i mmune reactions, such as asthma, food
cause considerable morbidity and mortality, w

suffering from ¥Peepifibiegt bvaladd cag gyf. al l ergy,

|l earn abogi chowfaéalaimemati on arises, how it 1 s m
14.T1 cell s in Type 2 I mmunity

Type 2 immune responses are orchestrated b

i nnate | ymphoi d TtTelhlesl p(elrL @2 s()T ha2njd c@&D44s,. These

l11
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| 15, a-bd@.nl Lvitkb€@€2s predombnatnd3 yLwhioldaac®Eh 2 Lcel |
predomi nant-4 yapd3lditha sl seems to be due to dif
remodeling downstream of signaling in I LC2s v
indudeelklpression unless multi pl1%e'ifCo2usndasr eof TC
transcriptionally very similar to Th2 <cells b
antigens. Il nstead, | LC2s, -rwehsiicdhe natr ec eglelnse,r arl d syr
from the epitheliu@b, -3l8Lc hdoamani t het gpoaeehii my mpho
(TSD,P and neuronal f at/t®dtrh®, cleil K es , n eowr drhed iort hig.r

activaPe€dn btyhe | ymph nodes and then must migr e

Al l ergens differ from other types of |1 mmun
necessarily innately i mmunogeni A.PCBhteltye rae feo rneo,
they must provoke a damage response in the ti
aeroall ergens, perturbations to the respirato
For exparnoptieea s ¢l iald epagmeaisn from papaya and prot
house dust mite febesweeheapietheéelghal joakhkt s onis|
of the'dtarassead epithelial cells secrete damac
S100 proteins, and high mobility gr2u,p3blox 1
and TSflhR.se signals activate | ocal acmémndgrinti c c

mat ur e, and migrate to the | ymph node to inte

How napve T cells in the Iymph nodes are p
pol arization requires4 anxposesel tiong hactciyt akii o
factor STAT6, which enhances GRAFAE&ATAISSsIi on of

binds at multiple sites inl kl#le5 d&d® 3acnydt oiksi ne |

>



necessary and sufficient®bPtodrthecpokédli2szat bdan
required to polarize Th1l cell $%Howkveuhsaesentt
evidence that dendritic cells are required fo
produsté€8dme groups have shown that ba4ophans,
mi grate to the | ymph nodes, present antigen t
all ergy oirndbwadduanilner gi ¢¥FPnwagdi nf bmammatéceinl
pol arize to Th2 cell s-4i whteme TfRs snge ad fi ngx 0 ge
acti V¥ %Fehdu.s, | ow | evelds exfpresdo@anaoay lalct i n &
to prime Th2 polarization, which is amplified
argue that T cel-Th2 acgel Ipd airn zteldeetiloy ripghl @nroi dzeast
is not complete until they migrate into tissu
differebonaTkeRdeebls (i.e. TSP ndwhd t,h Takc i cvelt
must i nteracderwiviend tclayé eBkBidnsease dl LT SL Pt eteoc rbeet e i c
l 13 in the lungs of mice infected with hookwo
draining Woproveallsesd fipat hogenic Th2 cell so
45 in all ergic inflammygttcroena tcnaenn tb ewiitnhd uTcSEldP a1

TNFRSF family membnedrucgeldu cTaNcloRr atfti @cmoi i lpdy® dft heuisn, ( GI T

Th2 cells may be induced through several diff
depending on the stimulus. However, it seems
l ymph node where cell s are eprtihnee dc ed n dd sf inreicsehses
confirmed and the cell i's Ilicensed to engage
Met abolic reprogramming iIs also an i mporta
| mmedi ately foll owing activation, T cells inc

l11
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and T cel*?% hf2u nccetlilosnss.eem to be the most glycol
hel per subsets (Thl, Th2, and Th17) and expre
GLUT.°Bater, once Th2 cells are in the tissue,
met abbdMasnmal i an target of rapamycin (mTOR) se
in cells amrselwaetléd i snmgmal s, such as TCR sti mul :
multiprotein complexes, mTOR!%ATNORC2x ils (rmeTgQR G
for polarization of Thl1l and Th2 <cell s. Il n T c.

activat

of

M2

whi c

macrtr

transcr

mor e

r e

recepto

ti ssue

depends

macr oph

CCR3

an

downreg

ion offamd oselimmkamadsesguiCadedr kii maisee 1 (
h promot el PHE nadllly,pdlygprei 2atiimmmu.ne cel |
ophages) all ex-PpcCcteiswatped oxe copgaeo P r @a mm:
i ption factor that regulates | ipid met
liida nte toarb olliips m bDins trheq uiirsesd efsgr PRPRA&K e xp
r, ST2, by Th2 <cells in the | ungs and

hax (pa.okduaceTh9l cel |l s) 4°F AUman allergic

owing activation and priming in the |y
to participate in an i mmune response.
on chemokines, includimgyCe€p1l11 hanhdaCC

ages, eosinopRi?¥Ehe amac epgthers | fyonp htolt e/ ¢ ¢
d CCR4, respectivel vy, are preferential

ulate the I'ymph node homing receptors

egress armhtBfyacaddrei on, Th2 cells rely on si
cell s. For exampl e;33basxseplewiheiscliicit nvae 2sle bys L
of I CAM1 on |l ung endothel i al cell s antdosubseq
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the lung ti ssue -idudruicnegd haol ul seer gdi ués®PaMfGantaeyc & Inlf 4 an
al so contribute to the expresgsasoaubartbobel adae
mol e/CIAM)L(n |l ung tissue tBPOugd tskeey edri minvefi T
and fully differentiate, Th2 cells provide a

di scuss the role of Th2 cells in the |l ungs in
14 . A2t hma

Asthma is a chronic inflammatory disease o0

peopl e w8t diwi deharacterized by airflow obstr

whee?29%8msg.hma is a heterogeneous diseaseypad ca
2 endotypes based on pathogenesis, with type
and -tnyopne 2 ast hma eceehoasriancotpehriilziecd, btyylpoiocgal | y neu
infl anfmBéeienl will focus on type 2 high asthm

ast AMfaype 2 high asthma can fuithhepi beocl akbkef
asthma, which is generated t hr ouxy)hataa aprts ete i
asthma, which is thought B@slpe xdamiew dmtperdi marsip
di sease (AERD), which is characterized by dys

respiratory reactions in respdh’se to cyclooxy
14.12. T cell s in Asthma Pathogenesi s

The i nnate I mmune response, particularly t
all ergen %sémMdiweiverati omce they are established
role in the pathogenesis "df cellsrgirc oastlomal |

reduces |l ung eosinophilia and airway reacti vi

l11
©



mouse model of sheep red bdoddcedl hi swaygi ti za
i nfl anfmAiti way hyperreactivity, or excessive n:
the muscarinic receptor agonist acetylcholine
recombHdacai vami ng gene (RAG) defidoenodot mdieeel w
airway hyperreactivity in respoAseetr,gibhdtuway
reconstitution of RATG delflisireensc um sc ea iwri i chy CHDyr
suggesti A delalts Cdhrde nec eesnstaroyf faadrr wtahye hdyepvee Ir cey
response to all ergerflYsheenrsei tiisz aatlisoon saonnde cehvail dl een
i mportance of Th2 éeelplrsodiuncimumalm 2a sctell rhas. alrle i

of patients with ast hmdAlctompug ke derttbiffiemd Dty ¢

are relatively rare in the airways of patient
all ergen), they increase following allergen ¢
airways in reponse to allergen.

I n the |l ung tissue, Th2 cell &4 ,p5loflulcantdhe
l 13.-41dignals 4hrecgpt ohe(l L4R), whi-4h i s com
rece(cthmari n and eithechahe, coemmdly pied ARaItleed otr h e
t he I0LlBaRi n, which i s4 crad d¥&gk otrise gtnyagd es Itlh rlol g h
JaB/tHBA?°F44 is a pleiotropic cytokine; it affect:
macrophages, mast cell s, ,-4bpsopht és,pa@lnar iepat ih
cell s tbé?Rhuxs ecselilso,type switchi A% idhdc rferaosne sl gt M
permeability of endotheli al cells and their s
VCAMP> 8% arizes macrophage$?Tnadward the M2 ophé

survival of mas?#8 88|l sndundebasbehekxpression o
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akt3tS so it shares somed?blird¥l8gi sahotunaphabhe

olarizing T cells or inducing class switchin

hyperresponsi vepeosuaznd omucdusg

c

ONnWEr eases airwa

ontractility and causes lgypbéredédawd iadlyspoer pl a

egul ates enzymes of the arachi deln3i csiacniad inmegt

eads to decreased prostagtarfdiammBa2 orwhicgls trea

eukotri ermBissipgmnanlarmdgy acts o

n eoSRnpnopbmpesad

f a spelrihfaiin lan3Rbthai ao mmbn c h-3i ta nsEhSEVe sa nwdi t h

akl/ 2 a&’Bi5Spromotes eosinophil maturation, p

ecr uit’HEeéfsti.nophils are hypothesized to be inyv

ue to the presence of eosinophilia in the ai

esponse of patienths amlRb{Ldéogeasetangasti hmal

Dendritic cell Smooth
~ muscle cell

—> Contractility

Proliferation

Figure 1.5. T cells in asthma pathogenesis. (1) Allergens damage the epithelium and
promote the production of alarmins. (2) Dendritic cells activated by alarmins sample antigen
from the airway lumen and migrate to the draining lymph node where they (3) activate cognate
T cells. (4) T cells are polarized to pro-Th2 cells by the cytokine IL-4. (5) Pro-Th2 cells migrate
into the lung tissue where they are exposed to alarmins, which triggers their final differentiation
to Th2 cells. (6) Fully differentiated Th2 cells secrete type 2 cytokines which recruit and
activate other effector immune cells.

ON



exacer B¥tlFh8 nnsi)c.e, but -5noatl sion ahcutmavnast,e sl?’tdnd mat
Final9 yi,s Inhethaasacwelrli zed as the other a@anoni c;
tha® kBkpressi omyimphiomyneassaedol at ed fflruoind br onc
(BAL n response to seg’hée®dt ali galal sr gém oulgal It direg
of the spebafncahtdPBheviideakinbd a4 AF58S acts on

mast cells to enhance cytokine produc®t3dh, pr
and macrophages toa gpgromoe el eapd eBANDBESOECLS5,
recruits T cells, MbéFfheptees ypan® egsiokomieisl pr
synergi ze t o driiavier waasyt hcnoan sptartihcotlioogny, i nf | ammat

hyper sercirge)tsi on (
14. Zu2rent Clinical Management of Ast hma

Mild to moderate type 2 high atopic ast hma
corticosteroids i tagotnhestaddidtriugrs dfhalhetcause
|l eukotriene receptor antagonists if the patie
corticox*Beveirdsasthma generally requires the a
|l gE (omal&Hbz¢mepbp)ikumab -B8Rd( beslt atdiRmamab) | LI L
(dupilimab), and*&®GrLtPi ddetzempeil disnadbne gener al | )
l ung function, but they can cause adverse eff
patients d’0°Adtdi reepahdy, around 20% of pati el
respond to bi°€vegi cnt patapnés. who do respond
about 20% achiAER® mpami enten.are treated with s
patients with atopic asthma, including inhale

| gEs5, 1 a-A818BL and | eukotriene receptor antagon
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dergo aspirin desensitization requiring dai
section dJéYBMomeesvaelr ,p AIE\RDs .t ends to be resistan
ually recur?°*Bethowengusuegeéeryreatment optio
sease in al/l patients, dauthmerwatuantesdi nod o

e devel opment of new therapies to improve p
Ex3racellul ar Vesicles in Ast hma

EVs are abundant in respiratory biofluids
em an attractive prospecBALiEs bcolmae&kteed floy |
l ine into the trachea and then withdrawing
ncentr atBAhFasf bEeVesn ime &tsou’Ba0d / fmLomah@ t he

ncentration of EVs i n sl uBedL!I luitreisnd ufniguild niiag

0 t£3i°n&EMs. are also present in na&8afh® ining fI

maj ority of EVs found in respiratory biofluid

SO

du

me contribution from al?’kRofllaammatceso opyhalyasg a:

ring asthma are reflected by the EVs presen

Airway EVs in general are increased in the
althy controls by A%meemrxdrftiicall d-gterr e@keidrmhE Vama
creasBAL&fNn nilcee with induced allergic airway
owed that i mmune cells recruited into the a
crete EVs cardg$’edddimi iRNMmal | y, EVs carrying I
sophils are increased in the nasal | avage f
ntrols and patients with ché%Ffhri carioncosimpos

EVs in the airwayisn awistre ¢clh3a ntigrieesa tinme nats tahl ntae. r
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cargpde<£fVs secreted by humanabdoombuaebk epesbekE
the ability to promote the p3°8I°PHh% dduantainen armsd h
airway EVs ar eDR narnidc hheGJAMIn athldA depl et ed of pho
compared to cJdhAitdrdoilt iacinrawayy ,EMse.rt ai n mi RNA spe
t hhe¥ and -0 @RNAaamsel gesf i cant l,agn dl oawtnlr eerg ud @md eide s ,
member s 03f4 tfhaeamselig i fi cantly upreguBAltFed i n EV
compared to tBAL¥LELiftrwoimeciontkmdbwn about how EV
during an active infl admasewiylat eaddi enns. aHgwae
clear that inflammation that occurs with asth

reflect an influx of immune cells and changes

Il n addition to documented broad changes in
asthma, there is also some evidence that EVs
pat hogenesi s. EVs secreted by B caearalrs ofwrom pa
derived mast cells can both induce polarizat:i
presenting awtpiegen itco Talcleét gemnd nmaisat cel | EV
OX4 85 A8 i tionally, EVs secreted by eosinophil
increase nitric oxide and reacti v ' BX®srgkhyspe
my el-doerdi ved regul atory cells isolated from the
mitochondria to?°fTakehl sogktbegh EWNsese studies
perturbations that occur during asthma cause
produced by the types of cells involved in as
cell s.r Hoavwse vtieches e stiumi eist iwe r ree |pmarsdeodr en erwif e rEcVe |

communication in the tissucarigoemotvé&down.t Add
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observed functions are | argely unknown. The ¢

potenti al new tTi edsiaspsi eensit lafltoir® dpdarteisesn tbso.t h gaps.

15Concl usi on

The field of EV biloAlhooguygh smucel ahta sv eb eye mn elwe a
decades about B, band edhiegm itsf, id maankig opmdl peddig ee x i st .
For example, many EV biogenesis studies, even
Jur kat wheilclhs | i kely do not faithf Aldldy tn emlail d at,
EV functional stsuidmpehse & iyetntde mmso tf loactu sdlomm@pd s atca@ ¢
celltsdtatmay occRurnailn yt,hes pteicsiisfuec. cargoes resp
of theoen i dEme i wWorkli.pressesseerdali nottdhhisddress thes
knowl edge asi mgdasthmeéhme dweést ka,n dt hfeu nccatrigoons o f

effectom T woelalcg i vati on st at esi n( reisdmeod i ovro act

during active al |l eTrhgiisc dvecrckvh § e d n $a& ammevag/li ormo. d e
of ‘lEa&ysed commonathergnc airway inflammation t}F
virtual |l ymeadilatiendnsupnaet hol ogi e
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CHAPTER 2

TH2 CELL EXTRACELLULAR VESI CLES PROMOARDEOSI N

PROLONG

Al RWAY EOURIPAHI LTIYAPE 2 | NFLAMMATI O

AdaptedBuhnomiGEBg s B8EBI| aAtM , New®&mba,n HHPu(a2 025)
Mouse Th2 ¢
car gdJ IAl Il e

el | extracellular vesicles promote
rgy CboO 4 )Fnntdse.6 B,

. —— 2.1 I ntroducti on
Airway (
Inflammation U ) SECEV ) ]
= oI ) - As desicrhiabpetder 1

HDM

A o= @
OVA 5 o,
i o ) 7_ F1-4 . .
. P 7z cocure EV composition chan

VAN all ergiiafadiammay i on.
BAL Fluid l In vitro _ : In vivo
~.  Papain #-
| ekl > Our own work su es
Smg!gy\r/g;igifyﬂow RNA-seqt g Q g g
Flow cytometry
Membrane-GFP ¥ i i
LIHMQQ@WQ!EVS J compositional chang
g A: partly due to secre
&e: b‘lsm
T cell EVs are increased %O Activated Th2 cell EVs R b y I mmune cells rec
in airway inflammation. promote eosinophil survival. \_»_J_/J
Figure 2.1 Chapter 2 graphical abstract. (Left) By single vesicle l undgusr i ng i nfl ammat.

flow cytometry, T cell EVs are increased in the airways of mice with
induced allergic airway inflammation compared to controls. (Right)
EVs isolated from TCR-stimulated Th2 cells activate Jak/Stat i mMmmuneeaaelvled EVs ar
signaling and promote survival of eosinophils in vitro and in vivo

during type 2 inflammation.

i ncreavedai nways of

with induced alcloamwpairce-dinrffolaamems idiomwe v ®d s .t he ¢ty

mmune cell

S that &amdttrh e uftuen dtoi ean s waafy tERWoess e E

controlling ast hma Heetrheggewde stcied | a roee dnborta nken ot vang
conjunction with mouse models of allergic air
cells to EVs pdwersiemg alnl drhegei aiirmfalyaimma¥ Vtorno  We

sol ation t

>

ncreased i

echni quegd of racsms epsrsi marey eT fceecltls ocoufl tT

ainidr #d wroi ng active al |l eWegifco uanidr wahya ti nTf |caenhn:

n the airways of mice with induced
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t heYs secreted by Th2 C€Birlosmoatcet ievoastiendo pvhhitlo asguhr

anidn andoprolong aiduwawngeodgyipro hHiugnml i nf | amma

2.2 MaamrehMe taHh sd s
2. Anlil mal s

All animal studies were performed after obtai
Ani mal Care anmTidGEét CROMAY2@eDd T onddCGAGRIB uo/ J)
mice (JAX 0075760DciknCefree -t@dotsske d ) 7 7 BNi k/ J) mic
012837) to generate mice on a C57BL/ 6 backgro
with mGFR.cRAlel mmionebe used were wildtype C57BL/ ¢

were used between 6 and 16 weeks ©bfeagtaanti w

Al l ergen chall enge -amldi tsaln siinji eattiiom waerrde rped rf
anesthesia. All fluid and tissue collection w
2.2sdl ation of murine CD4+ T cell s

Spl eens and inguinal, cervical, and axillary
mi ce between the ages of 6 and 12 weeks, and
the spleens and | ymph nodes tThroealghs awgm0e Oims ol
from spleen and | ymph node single cell suspen

Dynabeads Fl owComp Mouse CD4 Kit (Ther moFi she

i nstructions.
2. Po3 ari zation and activation of Th2 cell s

No-hi ssue culture treated plates we-hamptepared

|l gG (ThermoFisher 31115) overnight at -4AC, wa.

oT



CD3 (BioXCeRC1C)oandl@ddy/ (Mi axcal I Clone 37.F¢
hour s. | 3To | caetlelds CvDedr e s-b o o dCalh3e a ME@iDakh,tp 1l &t e

ng/ md (Reprdtdéchazdid4idmtreghfmlr omntgiamma ( Bi oXCel
in opTmi-kEeeesépbkbenmedi a with added expansi on
A37050®&rl1)3 days. On day 3,Ckz/-@BR2Bvegtei melmotviean
rested in opTmi zerd4 merdd a6 @i i/Nmadtlall InCga/nnecle r1 U nst i
Frederick) for an additional day. Medi a was ¢
with 104nghml 6L W/nmildalyL 4 and cell s were reste
day 5 of culture, peldabazé&dDbIh/h@Damitftilsatwes ei pl

opTmi zer medi a2 wanrsdt irée | G/t mld Iflor 6 hour s.
2. 2sd!|l ation of EVs fmows i 2e scteeldl acnudl tauwcrteisv at e d

On day 5,beff ocgwel trierse¢ i mul ati on, Th2 cell s were
pell et cells, and supernatant was coll ected.
2,000xg for 30 minutes to pelletofargsetedl Thp
EVs. Th2 <cells resultingsfroml 2a66ggfoent6r hbug
was subsequently collected and subjected to 2
was used f orvatseod aTthi2o nc eolfl akMsi. EVs were i sol a

by size exclusion chromatography -3%)i ngr thEVIQX®

column3%) Ca®r manufacturer instructions. The
voleunwere coll ected for the gqEV100 column, anca
void volume were collected for the gqEV1I0 colu

were then concentrated usingluporafsilgmati on

UFC710008) .
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2. . xell viability assay

Rested and activated Th2 cell viability was a
488/ 570 (Il nvitrogen R37601) peycerhdrmrsuifwaateur eawrag
with the EVOS FL fluorescent microscope (Ther

the i mages were quantified using Fiji (https:
2. Natmoparticle tracking analysis

The concentration of EVs was analyzed by nano
(ParticleMetrix) with a 405 nm |l aser in scatt
ti mes ,amd PB&Sasurements were performed using 1]

setting of 65. Data were analyzed using Part.
2. drAansmission Electron Microscopy

Activated and rested Th2 cell culture media w
2,000xg for 30 minutes and then fractionated

exclusion col-8mhspét zmanufCaO00Ourer mnesweweti on:
pool ed and concentrated using ultrafiltration
UFC710008). Resulting concentrates were | ayer
2 0 %, 10%, and 5% Opti Prep (StenmC25 I MTeecbtnoseg
mM EDTA, 10 mM Tris HCI pH 7.5 in PBS. Sampl e:
gradients. Gradients were ultracentrifuged at
buoyant density of EVs dveulet n aoé ratt reidf, ugle d ud te d:
hour s. Resulting pellets were resuspended in

300 mesh carbon coated grids f or 20L 0ansde csotnad sn efd
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with 2% uranyl acetate. TEM was performed with

100 keV using an AMT nanosprint CMOS camer a.
2. 2n&8vuction of allergic airway inflammation w

A solution of 10 mg/ml ovalbumin protein (OVA]
A5503) was prepared by resuspewdiandg PBSmg VORA
K812). For sensitization, 5 Ol of 10-gma@/dml OV,
PBS and 100 Ol Imject Alum (ThermoFisher 7716
solution was mixed by gentle rocking at RT fo
femal e C&EMBdA/MAimGe bet ween t heelkgewernd i6njaendt
intraperitoneally with 200 Ol OVA+alum soluti
combined with 1f5r®HepRBBmpeeumboak (50 Og OVA

chall enged by oropharyngeradi casapiirrvaayi ommi coef 02r0 2

vehicle control on days 7, 8, and 9 foll owing
foll owing sensitization.
2.2n%Yuction of allergic airway inflammation w

A solution of 100 mg/ ml hDdesematdophamioi desx Pt &
(Greer Laboratories I nc. XPB82D3A2.5 Lot 3487
mg/ vial , protein bradford 29 mg/vial, endot ox
159. 7 mg HDM in 1.-69d3del PPB8af AR esk8kivanagl sSioncgkls
of 10 mg/ ml HDM were prepared by drhdei RBES100
For challenge, 4 wul 10 mg/ ml HDIM rwale dEBBbipree d

~

mouse (40 Og per mousebcRrMalmiingded bfe¢ waleam CHhEB

nmMm



6 and 12 weeks were challenged by oropharynge
mice or 20 Ol PBS vehicle control on days 0,

on day 17.
2.2l.ddduction of type 2 airway inflammation wit

A solution of 5 mg/ ml papain from papaya | ate
resuspending 50 mg pamaiamdei PBS0 rmRlorpltdramd eegte
40 Ol phagmacde uPBSawas administenreodwhy derypehat
C57BL/ 6 mice between the ages of 6 and 12 wee

foll owing chall enge.
2. 2Cdlll ection of bronchoalveolar | avage fl uid

Mi ce wer e eudimerailzadedd omy B e di aph-gagmgeewalse ,pun
and a 0.5 cm incisiongwgeatmuaateer nwa hei ngarcthed
in the trachea, andolldmPBS8.®&2sOiml tsheedriend awce
ti mes to col | eBAL BA Ltwatsalc eanft r+3F .uggerdl at 250xg f
cells, which were used in subsequent flow cyt
centrifuged at 2,p000dxg floarr g0 cmeild wtleag tdoe br i s,

was used in EV studies.
2. 2CdI2l ection of lung tissue for flow cytomet:H

To distinguish circul-aéesndenmmummuncel tel Fsomn
i mmune cell s weC@P@45 aPE| @Homwbd hBiadd ¢l 460Ic)e sv,i a | «
retordital i AQ De4cSt i POEn. oMi caentweér enpeeséetdewi zbdlacé
Cb45 PE diluted 1:6 in pharmaceutical-grade P

MN



orbital sinus. Mice were allowed to recover f
i nhal ati oBALdoIl Il eoomiingn, t he | umrgps dnma pH eaacretd we
into complete media on ice. The right | obe wa
mi nced using a razor blade, and digested by r
coll agefaosstiridmumShigsnaoICRBi7éddgdgmand 5 U/ ml DNa
for 45 minutes. A singled cheyl |prseussspiemg itolme wdhisg €

through a 100 Om nylon cell strainer.
2.2SilBgl e Vesicle Flow Cytometry

Single vesicle flow cytomet(rLyunmvanse xperffl@mwmed tuw
456/ 51, 528/ 46, 583/24, 611/31, 792/87, and 7
Cell Stream Calibrat4®o@0hl Reagearnt mdumi aecexu CSr i 1
every experiment. Sgmprheaelsl wearet iaclqgal i d eetde atsii aan
| aser intensities set to 1% and all other | as

mi nut es .
2. 2Cdl4l FI ow Cytometry

Cells i sBAhdEredl Umgpm i ssue were counted using &
stained with two panel s Tafnr€dDdat IFbdaCi € €eBi Ok iley
RM4& , 0D 2)CD&MET (|l nvit r-é.gkeMm)BR) on eCrDB35a MtPIC

Il nvitrogenl,1;¢c415mR¢ BQ) Myankod/d3-PymhE(l Tonbo

Bi osciences, -4810dnC0 )(5SM8nlnd,d -G305P.e5sr B D Phar mi nget
E5-P440, 56ED24p, Pacwific Blae ¢lTonboMMBAO®DJI, 2B C

an€Cbllc FITC (eBiosclleiBdsp, &iDdbemMPLl ]l nv¥itrog

4
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3F11;042). All antibodies were diluted 1: 8.

eFluor 780 (0s88B®i50s aitemcediduti on of 1:500 to di

cells. Compensation control ctwar d rprme proruesdce flry
nodes at the time of the experiments. Flow cy
FACSCanto 11 flow cytometer with three excita:

fluorescence channel s. zEIdowsé¢ yntgo e towy od stod t we

Ashl and, OR).
2. 2Ail'sway hyperresponsiveness

Mi ce were anesthetized with 88§umgékgraeheobnao
was placed in the trachea. Mi ce were then mec
vol ume of 2 -RéquBiayi V@eCISKBQ hj nBont.r eMailr,waQuu et
resi stance (Rrs) was measured witf+ i ncreasing
met hachb00 nmg /( BAIL drSiigma for each mouse. The ma

and reported for each concentration of methac
2. 2Bdme mderowed eosEqoghilen 8MDIi ati on

Femurs and tibias were dissected from C57BL/ 6
The bones were cut, and 10 ml | scovebds Modi fi
flushed through the bone cavity tasdpséonsge t
through a 100 Om nylon cell strainer to creat
|l ysed by incubating the cells in Ack lysing b
was hed. Resulting bone maré4W CEhérsmakirehemcl!

suppl emented with penicillin/streptomycin, HE

no



Lglutamine, betamescapti a¢t manm mlo, amons ( Ther mo
20% FBS (Gibco). Cells weirgaod!| (8ddowvamh 2100
ng/ m stem cel | -0f3ac tfoorr (fPeuprr odtagycsmeaz2hsd@ t demt & iwn
10 ngbml( Peprdtteclhi o218 days with media change

were used in experiments on day 12 of culture
2. 2Edsinophil functional studies
2.127.a Mi croscopy

Day 12E8MDere deposited onto a glass slide by
mi nutes. Slides were stained using HARLECO he

manufacturer i nstructions.
2.127.b Chemotaxis assay

500 OFeomBeidi a was addewleltlo wed |8mogdorae 2s4i ze tr a

(ThermoFi sher 140620) and the transwell i nser
equilibrate at 37AC for 2 hours. Recombei nant
bottom or top well at concentrati-&ss weffed, 20
|l oaded into the top well and incubated overni
cytometry wusing the Luminex Cell Stream.

2.127.c Eosinophil peroxi dase assay

Day 12Eo8B8MDer e washed and-freegu&p a&yhlduetdatnhi nnLep, h e2n50 |
HEPES, and 0.1% BSA at a c&dblcemdlrlag i werr e fa dbdedc

triplicate tditshaewelullsveadie ek eda®é t he pl a

mnn



37AC fofTh@ldobum. i onophore A23187 (Millipore S
wells along a doEo®e weérte aitn ownhataemdd &BtMD37AC for
peroxidase substrat-Phewagl pnedaamdnby ( @88) n§ MD
P9029) to -HOI0O, mMMH T8 . ®@3QCCGIQOr minng i 46ill ed water

concentration ORi glhPtD bweai@owded Ouas@eMe dH f or a f i nal
of 1.1 OM. 100 Ol peroxi daese asnodbsiat ade f was 4a
100 HOQwads added to stop the reaction, and absc

Synergy HTX microplate reader at 490 nm. Tot al

the cells wi-tthO Opr2i%o rTrtid oamd Xi ti on of peroxi da:c
2. 2EM 8t reat ment -dbdr ibwence emagirmovp hi | s

EVs were purified from rested and activated T
described previously. Samples were sterile 0.
using nanoparticle tracking anawersa spl &tne d aiyn

~

Ol completweRPMplane86and °B¥semtrtat el withi4s

2. 2AdM@i ni st r aitni ovni voof EVs

EVs were purified from activated Th2 cell cul
previously. Media not conditioned with cell s
Samples were sterile 0.22 Om fingeoedrtEVYI eon

tracking amdaltylsé sconcentration of °EVs/ #408 ©Ohe ¢

using pharmaceuti cal grade PBS. Mi ce were ane
control by oropharyngeal aspiration.
2. 2E@Di nophil death assays

ne



2.220,.a Eosinophil membr ane permeability assay

EVs were purified from rested and activated T

BMDBEos on day 12 of cul PEOVse/ nMerfeort r24atheau rmd .t hF d

treat ment , cells were washed and stained with
0865) at a 1:500 dilution per manufacturer in
permeability to thewdyget wmset agsayed by

2.220.b Eosinophil caspase 3 activity assay

EVs were purified from rested and activated T
BMBEos on day 12 of cul PEEV®/ mlerfeor r@ ah e@uwr svi t Fo |
treatment, caspase 3 activity was assayed usi
E13183) per manufacturer instructions. Caspas

caspase 3 was asgyayed by flow cytometr
2.220.c Eosinophil Annexin V binding assay

EVs were purified from rested and activated T
BMBEos on day 12 of cul PEAVse/ nMe rfeort rée aht ceuwdr sw.i t Fho I°
the presence of phosphatidyl serine on eosino
binding using the Dead Cell Apoptosis Kit Ann:
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Figure 2.2. A system to specifically label T cell EVs in vivo. (A) Graphical depiction of the Lck-Cre

mTmG mouse model and size exclusion chromatography (SEC) fractionation of T cell culture media. (B) Lc®r e mT mG

Flow cytometric analysis of mGFP labeling of immune cell types in the spleens of Lck-Cre mTmG mice,

including CD4* T cells (CD4*TCRB*), CD8" T cells (CD8"TCRR"), B cells (CD19%), natural killer cells (TCRB-

NK1.1%), macrophages/monocytes (F480*CD11b*), and neutrophils (Ly6G*CD11b*). n = 4, 2-way ANOVA mi c e b y

with Tukey's test for multiple comparisons. (C,D) Quantification of mMGFP* particles detected per second in

Lck-Cre mTmG T cell culture media by single vesicle flow cytometry following (C) Triton X-100 treatment

and (D) proteinase K treatment. n = 3, 2-way ANOVA with Sidak test for multiple comparisons. (E) Western ;

blot of lysates obtained by SEC fractionation of Lck-Cre mTmG Th2 cell culture supernatant at 6 hrs of oval bumin ( OVA
culture. Equal loading volume between fractions. WCL = whole cell lysate.
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Figure 2.3. T cell EVs are increased in the airways of mice with induced allergic inflammation. (A, J) Graphical depiction of (A)
ovalbumin (OVA) and (J) house dust mite (HDM) airway inflammation models. CTR = control (PBS challenged). (B-E, K-N) Quantification
of the number of (B, K) T cells, (C, L) eosincphils, (D, M) neutrophils, and (E, N) macrophages in the airways of (B-E) OVA and (K-N) HDM
mice following induction of airway inflammation. (F, O) Quantification of the percentage of mGFP* T cells in the airways of (F) OVA and (O)
HDM challenged mice. (G, P) Averaged histograms depicting the number of EVs corresponding to mGFP fluorescence intensity in (G) OVA
and (P) HDM mice detected by single vesicle flow cytometry in BAL fluid. (H, Q) Quantification of mGFP* particles in the airways of (H) OVA
and (Q) HDM mice. (I, R) Quantification of the number of mGFP* particles per mGFP* T cell in the airways of (I) OVA and (R) HDM mice.
(8) Correlation between mGFP* particles and eosinophils in the airways of mice with induced type 2 airway inflammation (OVA and HDM
experiments combined). n = 10 OVA, 8 HDM, 4 independent experiments, simple linear regression. (T) Correlation between airway
resistance and the number of mGFP+ EVs in the BAL fluid following induction of airway inflammation with HDM challenge at 50 mg/ml
methacholine. n = 12, simple linear regression. (B-) n = 6 CTR, n = 10 OVA, 2 independent experiments, two-tailed Mann-Whitney test.
(K-R) n =7 CTR, n = 8 HDM, 2 independent experiments, two-tailed Mann-Whitney test. Error bars represent SEM, ** p < 0.01, *** p <
0.001, **** p < 0.0001. By flow cytometry, T cells were defined as TCRB* and CD4* or CD8*, eosinophils were defined as Siglec F* CD11b*
SSCheh neutrophils were defined as Ly6G* CD11b*, and macrophages were defined as F4/80* CD11c*.
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Figure 2.5. The quantity and morphology of secreted EVs does not change following stimulation of Th2 cells through the
TCR. (A) Graphical depiction of Th2 polarization of primary mouse T cells. (B) Quantification of IFNy, IL-4, and IL-13 producing
T cells following flow cytometric analysis. n = 3, 2-way ANOVA with Tukey's test for multiple comparisons. (C) Quantification of
EV production over time by rested and activated Th2 cells by single vesicle flow cytometry. n = 3 for 0.5-8 hrs, n = 2 for 24 hrs.
(D) Representative images of live/dead-stained rested (top), activated for 6 hours (middle), and activated for 24 hours (bottom)
Th2 cells. (E) Quantification of T cell death at 6 and 24 hrs following activation. n = 4, one-way ANOVA (vs. rested) with
Bonferroni's correction for multiple testing. (F) Quantification of EV production by rested and activated Th2 cells at 6 hrs of culture
by NTA. n = 3, two-tailed t test. (G) Average size distribution of EVs produced by rested (light orange) and activated (dark orange)
Th2 cells at 6 hrs of culture as measured by nanoparticle tracking analysis. Histograms represent averages of 3 samples. (H)
Mean and (l) mode size of EVs produced by rested and activated Th2 cells at 6 hrs of culture as measured by nanoparticle
tracking analysis. n =3, two-tailed t test. {J) Transmission electron micrographs of EVs purified by density gradient from rested
(left) and activated (right) Th2 cell culture media, magnification 1100x. All error bars represent SEM.
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Figure 2.6. Eosinophils differentiated from mouse bone marrow recapitulate eosinophil functions in vitro. (A)
Representative flow cytometry plots of day 12 bone marrow-derived eosinophils (left) and lymphocytes (right) stained for the
eosinophil markers Siglec F and CD11b (top) and assayed for forward- and side-scatter (bottom). (B) Light micrographs of day
12 bone marrow-derived eosinophils stained with hemacolor staining kit at 40x and 100x magnification. (C) Quantification of day
12 bone marrow-derived eosinophil chemotaxis to the eotaxin CCL11 by a transwell migration assay. n = 3, one-way ANOVA
with Tukey's multiple comparisons test. (D) Quantification of day 12 bone marrow-derived eosinophil Eosinophil Peroxidase
(EPO) production in response to increasing doses of the calcium ionophore A23187, n = 3, log[agonist] vs response with
variable response (4 parameters). All error bars represent SEM, * p < 0.05.
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Figure 2.7. Th2 cell EVs promote eosinophil survival in vitro. (A) Graphical depiction of EV purification from Th2 cell culture media
and treatment of bone marrow derived eosinophils. (B) Representative experiment showing quantification of percent survival of rested
(left) and activated (right) Th2 cell EV-treated eosinophils by dye permeability assay at 24 hrs-post treatment with 5x10° EVs/ml. n = 3,
two-tailed paired t test, representative of 3 independent experiments. (C) Quantification of eosinophil survival by dye permeability assay
as fold change over the non-treated condition at 24 hrs-post treatment with 5x10° Th2 cell EVs/ml (representative experiment showing %
survival is shown in B). n = 9, 3 independent experiments, one-way ANOVA with Tukey’s multiple comparisons test. (D) Representative
flow cytometry plots showing % Annexin-V and permeability dye-stained cells of eosinophils following 24 hrs treatment with no cytokine
or EVs, 10 ng/ml IL-5, or 5x10° rested or activated Th2 cell EVs/ml. (E) Quantification of Annexin-V* permeability dye- eosinophils following
6 hrs of treatment with 5x10° Th2 cell EVs/ml. (F) Quantification of caspase-3 activity in eosinophils following 6 hrs of treatment with 5x10°
Th2 cell EVs/ml. For (E & F), n = 3, one-way ANOVA with Tukey's multiple comparisons test. (G) Quantification of eosinophil survival
following 24 hrs of treatment with increasing doses of Th2 cell EVs, n = 3, log[agonist] vs response with variable response (4 parameters).
(H) Formula for calculating the estimated physiological concentration of T cell EVs in airway lining fluid during allergic inflammation. NPT
= nanoparticle tracking. All error bars represent SEM, ** p < 0.01, ™ p < 0.001, *™** p < 0.0001.
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Figure 2.8. Th2 cell EVs prolong airway eosinophilia and eosinophil survival in vivo. (A)
Graphical depiction of papain airway challenge and BALF collection along a time course to assess
eosinophil kinetics after aspiration of a single dose of 3.5 pg papain. {B) Quantification of BALF

eosinophils in mice not treated with papain and at 48 and 72 hours following papain challenge. n = BALG EV treat e
4. (C) Graphical depiction of papain challenge and activated Th2 cell EV or sham control

administration. (D-F) Quantification of (D) BALF eosinophils, (E} lung tissue eosinophils, and (F) :

blood eosinophils in the lungs of sham and Th2 cell EV treated mice at 72 hours following papain mi c € had reduce
challenge. (G, H) Quantification of macrophages in the (G) BALF and (H) lungs of sham and Th2 cell

EV treated mice at 72 hours following papain challenge. (1, J) Quantification of CD4* T cells in the (I) + :

BALF and (J) lungs of sham and EV treated mice at 72 hours following papain challenge. For (D-J), AnneXxa po pl toti c

n = 8 sham, 11 EV treated, two independent experiments, two-tailed Mann-Whitney U test. (K, L)
Representative flow cytometry plots showing % Annexin V* viability dye-cells of eosinophils in BALF
of (K) sham and (L) Th2 cell EV treated mice at 72 hours following papain challenge. (M)
Quantification of Annexin V* viability dye- eosinophils in the BALF of sham and Th2 cell EV treated
mice at 72 hours following papain challenge. n = 11 sham, 11 EV treated, two independent 2 ngl)
experiments, two-tailed Mann-Whitney U test. By flow cytometry, eosinophils were defined as ' '
SiglecF*CD11b*SSCMs", macrophages as F4/80*CD11c*, and CD4* T cells as TCRB*CD4*.
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2. 3.h2 cell EVs induce survival and activation
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Figure 2.9. Th2 cell EVs induce anti-apoptosis genes in eosinophils. (A) Principal component analysis of gene
expression differences between sham treated eosinophils (n = 3) and activated Th2 cell EV treated eosinophils (n =
3). (B) Volcano plot depicting differential gene expression between activated Th2 cell EV treated and sham treated
eosinophils. Genes with adjusted p value < 0.01 and |Log,FC| 21 are shown in red. (C) Diagram depicting KEGG
intrinsic apoptosis pathway genes, their relationships, and corresponding Log, fold change in gene expression
between activated Th2 cell EV treated and sham treated eosinophils. Genes that are upregulated in EV treated
eosinophils are shown in boxes with warm colors, genes that are downregulated in EV treated eosinophils are shown
with cool colors, and genes that are not differentially expressed are shown in white. (D) Heatmap depicting KEGG
extrinsic apoptosis pathway genes and corresponding normalized DESeq reads for those genes in sham treated and
activated Th2 cell EV treated bone marrow eosinophils.
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Figure 2.10. Promotion of eosinophil survival by Th2 cell EVs is mediated by Jak/Stat signaling. (A) Gene set enrichment
analysis of activated Th2 cell EV treated vs sham treated eosinophils. Shown are gene sets with q value < 0.05. (B) Heatmap depicting
KEGG Jak/Stat signaling pathway genes and corresponding normalized DESeq reads for those genes. Statistical analysis was
performed using the R package DESeq2, and all p values are adjusted for multiple testing. (C) Diagram depicting Jak1/2 signaling
downstream of a cytokine binding to its receptor. (D) Quantification of eosinophil survival following 24 hrs treatment with increasing
doses of ruxolitinib (5, 25, 125, 625, 3125, and 15,625 nM) and 5x10° EVs/ml. n = 5, 2 independent experiments, simple linear
regression. (E, F) Quantification of eosinophil survival following 24 hrs treatment with rested or activated Th2 cell EVs or IL-5 and (E)
1.6 uM ruxolitinib or (F) DMSO vehicle control. n = 4, 2-way ANOVA with Sidak’s correction for multiple comparisons. (G) Gene set
enrichment analysis of activated Th2 cell EV treated vs sham treated bone marrow derived eosinophils. Shown are gene sets
downregulated in EV treated vs sham treated cells with q value < 0.05. All error bars represent SEM, *** p < 0.001, **** p < 0.0001.
Differential gene expression analysis was performed using the R package DESeqg2.
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response to activated Th2 cell EVs, wé&igsed t
2.@0. Eosinophils cultured with aetpienalteend Th?2
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results support that activated Th2 Ilcel VIiEVD a
anidn angoprolong eosinophilia i Outrhaaltana@litshor c
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CHAPTER 3

SURFAQH EIRLEURBI BRARRI ED BY TH2 CELL EXTRACELLUL
POTENTLY PROMOTES THE SURVI VAL OF EOSI NO

AdapteduhmnogmiGEBg s @ e, B G, Bl att, AM, Newcomb, LT
Mouse Th2 cel |l extracellular vesicles promote
cargdJ Al l ergy ,C560 4 )}1lnOn6ds0 6 B

3.1 I ntroduction
- Stimulation
PR SECEV
| Chaptwe Round that E T ) e Th2
) F1-4 y Fo-12 ]
cells stimulated through e | te eosi
s
sur vaidvalhat eosinophil s t e el tivat ed
. . day1 day2 day3 ]
cel |l EVs are enri chaktSatn = — : ol ved i
Anti-IL-3
signaling compared to eo @ﬂ_, ted wit
contFriogl. X2vel @Adi ti onally 0:—>

aCt i Vat ed-m@dzatedl pEVmOt TheEVsurfacecargo"_.3 @ hi |

promotes eosinophil survival.

sur vi val akaSetingirsa loinn a N (/ Figure 3.1 Chapter 3 graphical abstract.
gj gJ Through treatment of eosinophils with
combinations of EV-associated IL-3, free
o H i ; ; ; IL-3, and IL-3 blocking antibody, we
abro @ @t theedk AJ 2 inhibiti anI gj conclude that EV surface IL-3 promotes b (
eosinophil survival.

2. DAEKSSat gnat ymigcalsl y i nitiatea when

cytokines bind tadt ytrhoesiirn er ekci enpatsoerss aarmed sJubseque
phosphotrajti% aet Ben translocate to thedakcwmnl eus

be activat edhdiyn coynmeadni-4lel® , (et e. ), Lcl ass 1|1 C
10, -oJeNFE. ), gpl30 subu#rbi,tllrLe cerpd ot atyid m kM, m eest
bchain cyBokil heGBSIF(JfalR cadmo be activated by gpl
cytokines, cdrad scdhbomay hokyhekines and can be

singhain recepteryttlyt ko ine tsi? fiBie.cpruosl ea ctthien ,c oennco.
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chain family of cy3t,okliLnaers@SFKgM mmrsi cad tafcallL r ol
survival wedchaoesettonj btetshiastg ai\Ws tsheec rheytpeod by
cell s carmbcyha nc ocnymoonk i nteh aotn stihgenaak®t st watr hioracouegoht el

survival in (Famgge™'.°dosinophils
3.2 Materials and Met hods
3. 2Probteinase K treat ment of EVs

EVs werated wi t(hPKpFiostheeirn aBsidoké@ Qent et BR230139)
varyi ng,mdixlewt it hroshmagitblay ed at 3-§ACdibronetoael
culture medi a pr occeosnsteadi npianrga I cleellll yc wlittunr eE Vme d i
PK and used as a sham control. Foll owing the
size cdntlrtiefrugalmi con UFC5100) and centyfifuged
through containing PK was discarded, and the

e X pneernit s .
3. Zy2o0kine Arrays

EVs were purified from activated or rested Th
gEV100 35 nm co#Humerse Epbpacenonatéd and pool ed
fractlionser9e pooled for free protebnonféaeral ysi s.
(Millipore Sigma R0278) and 1 Ol HALT protein.
(Ther moFi sher 78442) on ice for 10 mins. Samp

where a Mouse Cytpolkei xn elDiGhceonvoekriyn eA s4sda ymeAlr.r ay (M

3. EV3-BLEnzyme Linked | mmunosorbent Assay (ELI
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EVand frewepeoper nbi eanrdersa m da cTthi2vatedd cul tur e
according to manufTahcet urBoeutsuea mislit k ucé i BhESA kit |
M3000) was us3ed nt &Vd estaenptl elsL. ELI SA pl ates wer
instructions, and concentrated EV-3sampgleed i wenr
was perfonmedcperemainstructions, and absorba
Synergy HTX micropl ate r eagtehhs .atA 4s5t0a mdma rach dc Wbr
prepared per manufacturer instructions and us
values. Absorbance values at 540 nm were subt

i nstructions.
3.24t4 Blocking

EVs purified from rested and activated Th2 <ce
or 100 &@u/umk8 drBtiioXcel | B EBOF28)2 ,0rc lisnoet yMR2 cont |
BE0OO083, cladne fMOPB0 minutes anhcBBACedIS®et hl an
or isotype control for use as a°B/\esh/inll eorc oeng ura
vol ume of vehicle were then administered to d

hours at 37AC. Viabingi mgmbasneheermeabdssedyus
3. EV5vs free protein assays

SEC frakct(imWnsfrladt2i dfg)eeampdodein fractions) w
Th2 cell culture media using the I zon gqEV1O00
fractions were concentrated ncsintg ai3d 0 nk ah ed ILt
concentrated EV fractions and the free protei

above. BMDEs were treated with incr&asing con



(Pepr otle3c)ha 2638 c i-A,t edr -3fLaee libcubated for 24, /4

37AC. Viability was assessed using membrane p.
3. Bt@atistical anal yses

Data were expressed as mean values plus or mi
interquartile range depending on the normalit
determined through tests denot ®&adi Prtilsen fLiOgur
software (GraphPad Saffuwamndé, <L . D&l was CAnsiH

significant.
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3.3 Results

3. 3lLt3 i s a surface cargo carried on activated
A B c Il n our <cul 3ure sys
1000 100 100000
- O Rested EVs x
g0 MAchawdEs g 3. wasA0x more abundant
S TS SE
i Sl c3 ot her beta chain fam
& 1 A4 QE
04 01 5 aneCSGMin prepar af
IL-3 IL-5 GM-CSF EVs: IL-3
[ Rested Th2 EVs
D Rested Activated Bctvated Thz £V of pur i fi ed EVs from
104_1% 104_12% 20-
sl [ v cul tkirg2s) .( Activated
10 107 .“_d
< 510 Th2 cell EVs carried
10°4 10% 3 y
= E - 5
10' ] S T, L of 6.9 pﬁEVﬂO(ml n =
50K 100K 150K 200K 50K 100K 160K 200K 0TI T
FsC-A éz 1.73, max = 21.3, SE
E ax10° Restec‘itThE cell 100 F 1.5x107, Actwate"d Th2cell 400
cultures ’ cultures .
Dol — = = - (Fi 82B) The amount of E
£ M T &y N
£ 40 g g g associ-atsidgniLfi cant | \
et 2 O s5x104 3
# 2x100] - * =
1N 1| increased upon actiyv
0 I.:I I.:I'.:'. 1 0- L1
12 3 4 5 6 1 2 3 4 5 6
raction SEC Fraction .
e e the FCBAB). Consiste,

Figure 3.2. IL-3 is carried by activated Th2 cell EVs. (A) Quantification of the

concentration of IL-3, IL-5, and GM-CSF in rested and activated Th2 cell EV SEC

fractions as measured by cytokine array. n = 3, 2 independent experiments, 2-way : :

ANOVA with Sidak’s correction for multiple comparisons. (B) Quantification of IL-3 wi th pu bl ished dat a ’
present on SEC-purified rested and activated Th2 cell EVs measured by ELISA. n =

4, paired ratio two-tailed t test. The limit of detection (LOD) is defined by the : :

manufacturer as 0.125 pg. (C) Representative flow cytometry plots (left) and re q uirre TCR stimul at
quantification (right) of percent of IL-3* Th2 cells in rested conditions and after re-

stimulation through the T cell receptor for 6 hrs. n = 3, one-tailed t test. (D, E) :
Quantification of EV number by NTA (left y-axis) and IL-3 concentration by ELISA p roduce lar g S q uant|
(right y-axis) in SEC fractions 1-6 collected from (D) rested and (E) activated Th2 cell

culture media. The LOD is defined by the manufacturer as 2.5 pg/mL. All error bars : 28 .

represent SEM, * p < 0.05, ** p < 0.01, ** p < 0.001, **** p < 0.0001. (Fi 82CD)2*Pn activated

cel |l cu3dwawr eesn,rilcthed in fractions containing t
nanoparticle RirgeERi.ngCydmkli weissc@n be carried
withiW*E¥Y93?8Was degraded by proteinase K in E\

this cytokine is €a83A] ¢ &8s & us bt h3kabcesiunpgpoag ®© ©
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surface cargo, -3equeale amdercttedofobyl IELI SKign | vys
33C, )D. Finally, following surface shaving of E°
not support eosinophil pruotveivmlcgarngqaiwas i mgqui

funcFEi 83&-)(.
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