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ANOTACIJA

Vezis ir viena no biezak sastopamajam saslim$anam un naves c€loniem attistitaja pasaulé. Krits
vezis ir biezak sastopamais véza veids sievietém, savukart prostatas vezis — virieSiem, un, neskatoties uz
modernas medicinas un zinatnes iesp&jam, joprojam ir daudz neatbild€tu jautajumu par véza attistibu,
diagnostikas iespgjam, rezistences un recidivu veidoSanos. Ekstracelularajam vezikulam (EVs) ir biitiska
loma starp$inu komunikacija gan fiziologiskos, gan patologiskos procesos. Saja p&tijuma més méginajam
noteikt EV dazadas lomas v&za attistiba — tika analizéta véza Stinu producéto EV ietekme uz citam audzgja
mikrovides S$inam, piemeram, imiinsistémas Sinam un fibroblastiem. Talak, mé&s meklgjam EV RNS
markierus, kas var€tu noradit uz veza klatbiitni, ka arT audzgja uzvedibu kimijterapijas laika un pec
operacijas, un ar1 fiziskas aktivitates laika producéto EV ietekmi uz prostatas vézi. Mgs izveidojam 3D
heterotipisku sferoidu modeli, izmantojot v€za un iminS$iinas, un paradijam, ka iminsist€mas S$inas
mijiedarbojas ar véza $unu producétajam EVs un uznem tas gandriz fiziologiskos apstaklos. Turklat més
demonstrgjam, ka prostatas v&za pacientu urina EVs ietekmé normalu un véza saistitu fibroblastu
transkriptomus, ka arT 1 ietekme ir loti heterogéna, tapec secinajam, ka véza EVs veicina audzgja stromas
$tinu heterogenitati. Nakosais, ko m&s analiz€jam, bija kriits véza pacientu plazmas EV RNS profils, kura
mges atradam vairakas mazas RNS, kas spgj signaliz&t par kriits audzgja klatbiitni organisma un darboties
ka diagnostiski biomarkieri, ka arT tadas, kas varetu biit saistitas ar atbildi uz neoadjuvantu kimijterapiju un
varétu noradit uz slimibas recidivu péc operacijas. Nakamaja petijuma més noskaidrojam, ka fiziskas
aktivitates laika producétas EVs ietekm@ prostatas véza attistibu, izmantojot ortotopisku zurku prostatas
véza modeli, kur m&s paradijam, ka fiziskas aktivitates laika producgtas EVs satur atSkirigas EV RNS un
tas var aizkavet prostatas véza attistibu zurkas par 35%, ka arT samazinat metastazu veidoSanos. Kopuma
Sis pétfjums apstiprina, ka EVs var spélét dazadas lomas véza attistiba - sakot no citu §tinu ietekmes audzgja
mikrovidg, lai veicinatu audzgja veidosanos, Iidz signalizéSanai par véza klatbiitni un atbildi uz terapiju, un
pat audz€ja attistibas aizkavésanai.

Atsleégvardi: ekstracelularas vezikulas, vézis, mikrovide, diagnostika, biomarkieri, prognostika,
fiziska aktivitate
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SAISINAJUMI

KV — kriits vezis

PV — prostatas vézis

EV — ekstracelularas vezikulas

TME — audzgja mikrovide

TNBC — triskarsi negativs kriits vezis

ER — estrogéna receptors

PR — progesterona receptors

NAC — neoadjuvatnu kimijterapija

PIN — prostatas intraepiteliala neoplazija
mCRPC — metastatisks kastracijas rezistents prostatas vezis
PSA — prostatas specifiskais antigéns

NK — dabigas galétajsiinas

LGD - Latvijas Genoma datubaze

RAKUS — Rigas Austrumu kliniska universitates slimnica
NTA — nanodalinu izsekoSanas analize

TEM — transmisijas elektronu mikroskopija
GFP — zalais fluorescentais proteins

SEC — lieluma izsl€g§anas hromatografija
PBMC — periféro asinu mononuklearas Siinas
HC — veselas kontroles

CAF — véza asocigtie fibroblasti

DEG - diferenciali ekspreséti géni

LOOCYV - krusteniska validacija

IncRNS — garas nekodgjosas RNS

piRNS — piwi mijiedarbigas RNS

miRNS — mikroRNS

snRNS — mazas kodola RNS

snoRNS — mazas nukleolaras RNS

tRF — transporta RNS fragmenti

NR — nereaggtajas uz terapiju

R — reaggtajas uz teraapiju

PBS — fosfata buferéts fiziologiskais $kidums
REV - skrgjeju EVs

SEV — mazkustigo EVs

CTC — cirkulgjosas veza Siinas



IEVADS

Pétijuma aktualitate

Laundabigi audzgji jeb vezis ir viena no biezak sastopamajam slimibam un naves c€loniem pasaulg,
kriits vezis (KV) ir biezak sastopamais laundabigais audzgjs sievietém, un prostatas vézis (PV) - virieSiem.
Ekstracelularas vezikulas (EVs) ir nelielas ar membranu ietvertas vezikulas, kuras ir atrodamas praktiski
visos kermena Skidrumos, ieskaitot asinis, siekalas, urinu, pienu utt. Atkariba no EV biogenézes, izskir
dazadus EV veidus — eksosomas, mikrovezikulas, apoptotiskos kermeniSus. Lai gan kadreiz EVs tika
uzskatitas par mehanismu ka Stinas atbrivojas no atkritumiem, pédgjos gados ir paradits, ka tam ir bitiska
loma starpsiinu komunikacija gan vesela organisma, gan dazadu slimibu attistiba. P&tijumi ir paradijusi, ka
EVs ir arT nozZimiga loma laundabigu audzgju attistiba.

ST promocijas darba ietvaros tika pétita EV loma laundabigu audzgju attistiba — gan to ietekme uz
apkartéjam Stunam audzgja mikrovide, izveidojot jaunu, heterotipisku 3D sféru modeli ka arT petot véza
producéto EV ietekmi uz audzgja mikrovid€ esosajiem fibroblastiem, gan to darbiba ka v&Zza biomarkieriem
pacientu plazma un urina, ka arf fiziskas slodzes laika producetu EV ietekme uz Jaundabiga audzgja attistibu
dzivniekos.

Merkis

ST darba mérkis bija iegat biologiski un kltniski nozimigu ieskatu ekstracelularo vezikulu loma un
pielietojuma laundabigu audzgju attistibas laika.
Uzdevumi

1. Izveidot 3D heterogénu véza S§tinu un iminSunu modeli un analizét véza Siinu producéto EV
uznemsanu imainsunas.

2. Analizét normalu un véza asoci€tu fibroblastu transkriptoma izmainas péc inkubacijas ar PV
pacientu un veselu viriesu urina EVs.

3. Analizét plazmas EV RNS saturu KV pacientém, kuram tiek veikta neoadjuvantu kimijterapija pec
audzgja kirurgiskas iznemsanas, atrast tadas RNS, kas var tikt izmantotas ka diagnostiski un
prognostiski biomarkieri.

4. lzveidot ortotopisku zurku PV modeli, lai noteiktu fiziskas aktivitates laika ierosinato EV ietekmi
uz audzgja augsanu un metastazu attistibu zurkas.

AizstaveSanai izvirZitas tezes

1. 3D heterotipiskais sferu modelis var palidz&t novertét EV ietekmi uz imiin§inam vid€, kas
iespgjami tuvu lidzinas audz&ja mikrovidei, un dazadas imiin$iinas véza EVs tiek uznemtas
izmantojot dazadus endocitozes celus.

2. PV pacientu un veselu virieSu urina EVs izraisa atskirigas transkriptoma izmainas, tad€jadi liekot
domat, ka Sie efekti var kalpot ka funkcionali PV biomarkieri.

3. KV pacientu plazmas EVs satur daudz dazadas RNS, kas var kalpot gan ka diagnostiski, gan ka
prognostiski biomarkieri un spgj atskirt audzgjus ar labu atbildi uz NAC no tiem, kuriem atbildes
uz NAC nav, turklat tie var bridinat par iespgjamu slimibas recidivu.

4. Fiziskas slodzes laika producétas EVs var aizkavet PV attistibu zurkas, tadejadi paradot, ka EVs ir
viens no mehanismiem, ka slodzes labveliga ietekme var tikt parnesta pa visu kermeni.

Iss metozu raksturojums

3D heterotipisko sféru modelis — tika izveidota PC3 prostatas véza $tnu Iinija, kas producg EVs, kuram pie
CD63 proteina ir pievienots GFP, paraléli tika izdalitas PBMCs no veseliem donoriem un abi $ie §tinu veidi
apvienoti kopa 1:1 sféru barotng ar vai bez endocitozes inhibitoriem. P&c 72h tika analizéta EV uznemsana
PBMC:s.

FACS — plusmas citometrija, ar kuras palidzibu tika noteikta EV uznp@muS$o imiin§iinu proporcija PBMCs,
analizgjot to zalo fluorescenci.



Imiincitokimija — EV uznemsana dazadas §iinas tika analiz&ta ar1 ar imiincitoktmijas metodi, apliikojot GFP
fluorescenci dazadas $iinas.

Transkriptomu analize — fibroblasti tika inkub&ti ar urina EVs; p&c inkubgsanas tika izdalita RNS un
veidotas jaunas paaudzes sekven&sanas bibliotekas, lai noteiktu transkriptoma izmainas $tnas.

EV izdaliSana — EVs tika izdalitas no plazmas un no urina izmantojot lieluma izslégSanas hromatografiju.
EV RNS analize — No plazmas EVs tika izdalitas mazas RNS un no tam tika konstruétas jaunas paaudzes
sekvenésanas bibliotekas, lai noteiktu mazo RNS izmainas EVs.

Ortotopisks PV modelis — veicot laparaskopisku iegriezumu Zurkas védera lejas dala, zurkas prostata tika
ievaditas ortotopiskas PV Sunas.

Zurku fiziskas aktivitates modelis — dzivnieki tika paklauti piespiedu skrie$anai 1h divas no trim dienam,
ar iesildiSanas fazi un aktivas skrieSanas fazi.
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LITERATURAS APSKATS

Laundabigie audzgji jeb vézis ir heterogénu slimibu grupa, ko raksturo abnormala §iinu augs$ana un
to izplatiSanas pa organismu, kas var novest pie letala iznakuma. Latvija, tapat ka lielakaja dala attistito
valstu, vezis ir otrais biezakais naves c€lonis péc kardiovaskularajam slimibam, savukart, prostatas (PV)
un kriits vézis (KV) ir attiecigi biezak sastopamie laundabigo audz&ju veidi virieSiem un sievietem. Siem
un arT citiem audzgjiem galvenie riska faktori ir saistiti ar di€tu, smek&Sanu, alkohola paterinu, zemu fizisko
aktivitati un iedzimtibu [ 1, 2]. Galvenas laundabigo audzgju pazimes ir to §tinu spgja saglabat proliferativus
signalus, S$tnu metabolisma deregulacija, izvairiSands no programmeétas Stnu bojaejas, genoma
nestabilitate, vaskulatiras inducgSana, audz&ju veicinosSs iekaisums, augSanas supresoru nomaksana,
izvairisanas no imiinsisttmas Siinam, replikativas nemirstibas iegliSana, un invazivitates un metastazu
aktivacija [3]. Klasiski kancerogenézi iedala Cetros posmos — audz&ja inici€Sana, audz€a promocija,
laundabiga parveidosanas un audzgja progresija [4]. Kopuma audzgjs sastav ne tikai no véza §iinam, bet to
ietver sarezgits $tinu kopums, ko déve par audz&ja mikrovidi (TME — tumor microenvironment). Ta satur
dazadas Siinas, tai skaitda véza Slinas, imiin§iinas (T $tinas, B S$itinas, NK $iinas, audzg€ja asoci€tos
makrofagus), stromas Stnas (audz€ja asoci€tos fibroblastus, audzgja endotélija $iinas), adipocitus,
mezenhimalas cilmes $linas un citas, atkariba no audzgja veida [5].

Kriits vezis

KV ir biezak sastopamais audzgjs sievietem, kas atbilst 31% jaunatklato audz€ju, ka arT otrais
biezakais ar v&zi saistitais naves c€lonis, attiecigi atbilstot 15% ar v&zi saistito naves gadijjumu [1, 2]. KV
ir loti heterogéns, tam var but dazadas kliniskas izpausmes, molekularais paveids, morfologija, attistibas
veids un atbilde uz terapiju [6]. Tas ir saistits ar dazadiem riska faktoriem, tai skaita vecumu, paaugstinatu
svaru un zemu fizisko aktivitati, un genétisko predispoziciju — visbiezak mutacijas BRCA I un BRCA2 génos
[7]. KV Klasificé péc diviem parametriem — vai nu péc ta histologiskajam ipasibam, vai péc molekulara
subtipa. Histologiski — KV var bt karcinoma, kas attistas no kriits epitélija audiem, vai sarkoma, kas attistas
no kriits saistaudiem [8]. Molekularie subtipi KV ir Cetri — luminalais A un luminalais B, kas abi ir estrogénu
receptora (ER) un progesterona receptora (PR) pozitivi, HER2 pozitivs un triskarsi negativs kriits vézis
(TNBC - tripple negative breast cancer). Luminalais A un luminalais B subtips tiek saistiti ar labaku KV
prognozi, savukart TNBC tiek uzskatits par visagresivako subtipu [9]. KV terapiju bieZi izv€las atkariba no
ta molekulara subtipa, tacu dazadi petijumi ir paradijusi, ka svarigakais faktors ir KV stadija — agrini atklatu
KV iespgjams arstét, un ta 10 gadu izdzivosanas raditajs ir pat 90% [6].

Terapijas izveles galvenie faktori ir recidiva risks, sagaiditais ieguvums, blakus slimibas, toksicitates
un molekularais subtips [10]. Ja audzgjs atklats agrina stadija, médz pielietot art neoadjuvantu kimijterapiju
(NACQ), kas ir sistemisks kimijterapijas kurss pirms operacijas, lai samazinatu audzg€ja izm&ru un uzlabotu
kosmétisko operacijas iznakumu [11]. HER2 pozitivu audzgju arsteésanai biezi izmanto Trastuzumab un
Herceptinu, kas abi ir anti-HER2 mé&rkéti agenti, kurus lieto kopa ar klasisko kimijterapiju [12]. Luminala
A un luminala B subtipa arstéSanai visbiezak izmanto endokrino un kimijterapiju, savukart TNBC — tikai
kimijterapiju [13]. Lai gan terapijas iesp&jas ir kluvusas arvien pieejamakas un plasakas, biomarkieri, kas
spetu agrini detektet KV, ka arT paredzet terapijas iznakumu, butu loti noderigi. Visbiezak lietotie KV
biomarkieri ir CEA (karcinoembrioniskais antigéns), CA15-3 un CA27-29 (transmembranas glikoproteina
MUC-1 oglhidratu saturosie protetnu antigéni), kuru paaugstinats Itmenis agrina KV tiek saistits ar sliktu
prognozi, tacu to jutiba ir tikai ap 7%, kas paaugstinas lidz 60-80% metastatiska KV [14, 15]. Tomér
joprojam kliniski nav pieejami KV biomarkieri, kas var&tu paredzet ta atbildi uz terapiju vai iespgjamu
slimibas recidivu p&c operacijas. Petjjumos visbiezak ka biomarkieri tiek pétitas cirkulgjosas veéza un
iekaisuma $tinas, cirkul§josa audzgja DNS un nekodgjosas RNS (miRNS, circRNS) [16].

Prostatas vezis

PV ir biezakais véza veids virieSiem, kas ir atbildigs par apméram 25% jaunatklato véza gadijumu,
ka arT tas ir otrais biezakais ar vézi saistitais naves c€lonis virieSiem. Galvenie PV riska faktori ietver rasi,
vecumu, gimenes anamnézi, lieko svaru, smékésanu, alkohola patérinu un dictu, kas bagata ar dzivnieku



izcelsmes taukiem un piena produktiem [1, 17]. PV visbiezak attistas prostatas aréja zona no bazalajam vai
luminalajam prostatas epit€lija Stinam [18]. PV attistibu iedala tris posmos — pirmais, pirmsvéza posms jeb
prostatas intraepiteliala neoplazija (PIN), kuram raksturiga luminalo §tinu hiperplazija un bazalo $tnu
zudums; otrais, androgénu atkariga adenokarcinoma jeb lokaliz&ts PV, ko iedala divas stadijas — latentaja
un kliniskaja, kuru raksturo pilnigs bazalo stinu zudums, bet ta augsana ir pilniba atkariga no androgéniem;
un treSais — androg€nu neatkariga jeb kastracijas rezistenta adenokarcinoma [19]. PV primari metastaze
kaulos, veidojot osteoblastiskus saaugumus, un sekundari — plausas, aknas un pleira [20]. PV S§tnu
diferenciacijas pakapes un audzgja pakapes raksturoSanai izmanto Glisona indeksu, kas tiek noteikts péc
histopatologiskiem kritérijiem. Pastav piecas pakapes un Glisona indekss tiek veidots no divu pakapju
summas — pirma pakape ir diferencétas Stinas, bet piekta pakape — pilniba nediferencétas siinas. Ja Glisona
indekss ir zem sesi, tad audzgjs tiek uzskatits par indolentu, ar labu prognozi, savukart ja Glisona indekss
ir lielaks par 8, audzgjs tiek uzskatits par agrestvu ar paaugstinatu metastazu risku [21].

Nemot veéra, ka PV ir biezi sastopams audzgjs vecakiem virieSiem, dauzas valstis tiek veikts PV
skrinings, nosakot prostatas specifiska antigéna (PSA) daudzumu asinis, tacu §is metodes biutiskakais
trakums ir tas zemais specifiskums, 1pasi ta sauktaja ‘pelekaja zona’ — kad PSA limenis ir tikai nedaudz
palielinats, kas ir sastopams ne tikai PV pacientiem, bet arT pacientiem ar dazadam prostatas ieckaisuma
slimibam un labdabigu prostatas hiperplaziju. Otrs, ne mazak butisks, trukums ir PV pardiagnostika un
parmériga arst€Sana [22, 23]. Tapéc nepiecieSami papildus biomarkieri, lai uzlabotu diagnostikas
specifiskumu, ka arT noteiktu PV agresivitati diagnozes bridi. Viens risindjums ir dazadu markieru
apvienoSana viena testa, ka piemeram PSA, PHI (totalais PSA, brivais PSA un p2PSA), 4K punkti (totalais
PSA, brivais PSA, iPSAun hK?2) [24]. Paslaik PV diagnostikai pieejami tris urina biomarkieru testi — ExoDx
Prostate (IntelliScore), kas ir urina EV tests, kas PSA ‘pelékas zonas’ pacientiem at$kir zemi agresivus
audzg&jus no augsti agresiviem; SelectMDx — analiz€ divas mRNS (HOXC6 un DLXI) pacientos ar
paaugstinatu PSA, lai atSkirtu agresivu PV no neagresiva; un Michigan Prostate Score (MiPS), kas apvieno
PSA ar urina PCA3 un T2:ERG ekspresiju [25, 26]. PV arsteéSanas metodi izlemj balstoties uz dazadiem
kliniski patologiskiem kritérijiem, ieskaitot PSA, audz€ja stadiju, histologisko tipu, Glisona indeksu [18].
Ekstracelularo vezikulu tipi, biogenéze un uznemsana merksindas

EVs ir nelielas, ar lipidu dubultmembranu apnemtas dalinas, kuras ekstracelularaja vide izdala
praktiski visas organisma $iinas, tas var saturét dazadas RNS, DNS, proteinus, taukus, un tam ir bitiska
loma starpsiinu komunikacija [27]. EVs sastopamas visos kermena Skidrumos, tai skaita asinis, siekalas,
kriits piena, urina, sperma un citos, tapec tas ir interesanti merki biomarkieru mekl&jumiem un skidrajam
biopsijam [28]. Paslaik ir raksturoti dazadi EV tipi, kuri atSkiras p&c to biogenézes veida, funkcijam, ka ari
dal&ji p&c izméra un to sastava. Galvenie EV veidi ir eksosomas (30 — 200 nm), mikrovezikulas (100 — 1000
nm), apoptotiskie kermenisi (50 — 5000 nm), tacu ir atklatas arT pavisam nelielas bezmembranas dalinas —
eksoméras (ap 35 nm) un superméras (zem 35 nm) [29-32], EV biogen&zes mehanismi ir attéloti 1. attéla.
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1. attéls. Dazadu EV subtipu biogenéze. Eksosomas tiek producétas caur endolizosomu celu, mikrovezikulas caur
plazmas membranas pumpurosanos, apoptotiskie kermenisi — caur plazmas membranas burbulosanos [33].

EV uznemsana $tinas notiek caur dazadiem endocitozes celiem, ka kaveolina medita endocitoze,
klatrina-mediéta endocitoze, fagocitoze, lipidu raftu mediéta endocitoze, receptoru mediéta endocitoze un
makropinocitoze, ka ar tiesi sapliistot EV un meérksiinas membranai un caur tieSu liganda un receptora
mijiedarbibu. EV mijiedarbiba ar mérkStinu nepiecieSama, lai nodrosinatu EV efektus uz to — gan
mijiedarbojoties ar receptoru, gan parnesot savu kravu (DNS, RNS, proteinus utt) uz meérkstnu. Turklat,
EV uznemsanas veids atkarigs no dazadiem faktoriem, tai skaitd mérksStnas veida, EV veida un ir skaidrs,
ka viena $iina EVs var tikt uznemtas caur dazadiem celiem [34, 35].

EV funkcijas laundabigos audzéjos

Ir paradits, ka EVs ir biitiska loma starpStinu komunikacija, ka ar1 tas sp&j piegadat dazadus proteinus,
metabolitus, lipidus, un nukleinskabes no matstnas uz mérkstnu, un, atkariba no matstnas veida, EVs var
raisit gan pozitivus, gan negativus efektus. Saja darba galvenais uzsvars bis tiesi uz EV dazado lomu
laundabigu audzg€ju attistiba, tacu ir batiski pieminét, ka EVs ir nozimigi mediatori homeostazes
nodrosinasana praktiski visas fiziologiskajas sistémas, ka art nodrosinot imtinsistémas atbildi uz dazadam
infekcijam [36]. Laundabigos audzgjos EVs darbojas gan lokali — audzgja mikrovidg, gan art sisteémiski —
palidzot audz&jam izplatities pa organismu un metastazet.vai Pirmkart, agresivaku véza §tinu EVs spgj
inducét laundabigu fenotipu gan normalas Stnas, gan mazak agresivas véza $iinas, parnesot dazadas
aug8anu rosino$as molekulas, ka miRNS-122 vai cirkularas RNS vai aizsargajot tas no Stunu naves [37, 38].
Otrkart, véza $tinu producétas EVs var inducét véza asociéto fibroblastu (CAF) veidosanos, parnesot tTG,
TGF-B1, VEGF, SDF-1, CCLS5 fibronektinu uz normaliem fibroblastiem [39], un ar1 pasi CAF var producéet
EVs, kas ir iesaistitas véza attistiba [40]. TreSkart, véZa Stnu producétas EVs var piedalities angiogengzes
veicinasana TME, piegadajot proangiogénas molekulas un inducgjot endotelialo $iinu proliferaciju [41].
Ceturtkart, véza EVs var izraisit imiino toleranci, nomacot dazadus imtinstinu darbibas celus un ierosinot
apoptozi hematopogtiskajas cilmes $iinas, dendritiskajas $tinas un perifero asinu limfocttos [42]. Piektkart,
véza EVs piedalas ari terapijas rezistences veidoSana, parnesot ar rezistenci saistitus proteinus,
nukleinskabes un metabolitus uz citam $tinam, ka ar pat savacot uznemtas zales un izvadot tas no véza
Stinas [43].

Papildus tam, v&za §tinu producé@tas EVs piedalas arT metastazu veido$anas procesa, jo tas var inducet
epiteliali mezenhimalo parveido$anos citas véza $tinas un parveidot véza Stinu metabolismu uz zemu-
glikolitisku profilu, kas rosina metastazu veidoSanos [44]. Tome& EV loma metastazu veidoSana



neaprobezojas tikai ar to darbibu TME, un dazadi petijumi ir paradijusi, ka véza EVs var doties uz attaliem
organiem un veidot tajos premetastatisko nisu, lai uzlabotu véza §tinu iedzivoSanos metastazu lokacija, un
organotropisms tiek noteikts ar uz EV virsmas atrodamajiem integriniem [45].
EVs ka veZa biomarkieri

Petijumi ir paradijusi, ka véza Stinas produce Iidz pat 10 reizu vairak EVs neka normalas Siinas, tapec
ir pamats domat, ka liela dala kermena $kidrumos nonakuso EVs véza pacientiem ir saistitas ar So slimibu
[46]. Tapec EVs var tikt izmantotas ka véZa Skidras biopsijas — minimali invaziva metode, ar kuras palidzibu
varétu realaja laika sekot Iidzi slimibas progresijai, ka art EV satura analize varétu sniegt informaciju par
atbildi uz terapiju [47]. P&tfjumi ir paradijusi, ka laundabigu audzgju pacientu plazmas EVs ir bagatinatas
ar dazadam miRNS [46, 48], kas liecina par to spgju atskirt v€za pacientus no veseliem individiem. Lidzigi,
ir atrastas miRNS un proteini, kas varétu liecinat par terapijas efektivitati [47].
Fiziskas slodzes ierosinatas EVs

Fiziskas slodzes laba ietekme uz veselibu ir zinama jau izsenis, ieskaitot tas pozitivo ietekmi uz
kardiovaskularo sist€ému, nervu sistému, imiinsistému, ka ar svara kontroli un kopgjo labturibu [49]. Paslaik
tiek uzskatits, ka lai panaktu maksimalo ieguvumu veselibai, fiziskajai slodzei ir jabiit regularai, ar videju
intensitati un vismaz 30 miniites garai, bet ir skaidrs arT ka pat neliela aktivitate sniedz savu labumu. Dala
no Siem pozitivajiem ieguvumiem ir saistiti ar muskulu $tnu producétajiem miokiniem, no kuriem viens ir
IL-6, kas ir iesaistits NK §tnu mobilizacija pelu melanomas modeli [49, 50]. Ir paradits ar1, ka fiziska
aktivitate var aizkavet dazadu laundabigo audzg&ju veidosanos, uzlabot pacientu dzives kvalitati un fiziskas
spgjas, samazinat kimijterapijas ierosinato toksicitati un pat uzlabot terapijas efektivitati [51]. Jaunakie
pettjumi ir paradijusi, ka fiziskas slodzes laika asinis tiek pastiprinati izdalitas EVs, kuras satur dazadas ar
slodzi saistitas biomolekulas, ka citokinus, miRNS, proteinus, lipidus [52]. Liela dala 11dz §im identific&to
slodzes EV miRNS ir saistitas ar insulina sekr&ciju un atbildi uz brivajiem radikaliem, savukart protemni ir
iesaistiti signalu parnese, imtnsinu proliferacija un glikolizg [53, 54]. Kopuma tiek uzskatits, ka §is EVs ir
iesaistitas audu mijiedarbiba slodzes laika un Stnu aktivacija, ka ari fiziskas slodzes ierosinatajas
fiziologiskajas izmainas [55].



METODES

Kliniskie paraugi no PV pacientiem un atbilstoSas veselas kontroles

Prostatas v€za audi un pacientu urina paraugi tika ievakti Rigas Austrumu kliiskas universitates
slimnica (RAKUS). Svaigi audzgja audi operacijas diena tika ievakti RPMI-1640 barotng, kas saturgja
antibiotikas. Urina paraugi no pacientiem tika ievakti vienu dienu pirms operacijas, apstradati, lai aizvaktu
stinu paliekas un uzglabati -80°C. Urina paraugi no tas pasas vecuma grupas veseliem virieSiem tika iegiiti
no Latvijas Genoma datubazes (LGD). Pettjums tika izpildits atbilstosi Helsinku Deklaracijai, ar pacientu
piekriSanu un apstiprindgjumu no Latvijas Centralas mediciniskas &tikas komitejas (Iémums Nr. O1-
29.1/488).

KV pacientu paraugi un paraugu ievakSana

RAKUS KV pacientes tika piesaistitas laika posma no 2019. gada junija Iidz 2020. gada oktobrim
un to slimibas progresijai tika sekots lidzi 18 meéneSus pec operacijas. leklauSanas kriteriji: ieprieks nearstéts
invazivs primarais kriits audzgjs, kura diagnoze ir apstiprinata ar adatas biopsiju, diagnozes bridi II vai I11
stadija, vecums 18 — 78 gadi, izrakstita NAC. IzslégSanas kriteriji: asins parlieSana pedejo seSu menesu
laika un citas onkologiskas saslim$anas. Asins paraugi tika ievakti un apstradati divu stundu laika, un
uzglabati -80°C. KV un apkartesoSie normalie audi tika ievakti operacijas laika un uzglabati RNALater
Skidruma -20°C. Plazmas paraugi no 30 veselam, atbilstosa vecuma sievietém tika iegiiti no LGD. P&tfjums
tika veikts atbilsto$i Helsinku deklaracijai, ar rakstisku pacientu piekriSanu. Paraugi tika uzglabati LGD,
procediiras tika apstiprinatas Latvijas Centralaja mediciniskas €tikas komisija (pirma atlauja Nr. 2007 A-
7, atjaunotas atlaujas Nr. 1/19-04-05 un Nr. 01-29.1.2/6407). Klmisko paraugu izmantoSana tika
apstiprinata Rigas Austrumu universitates slimnicas Biomedicinas &tikas komisija un Latvijas Centralas
mediciniskas etikas komisija (atlauja nr. 1839).

Sinu kultiras

Prostatas véza fibroblastu primaras kulttiras tika iegtitas atbilstosi iepriek$ aprakstitam protokolam
[56]. Audzgja audi tika sasmalcinati un audzeti RPIM-1640 barotng ar 10% FBS, 2mM L-glutaminu un 100
vienibas/ml primocinu, +37° 5% CO2. Kad $iinas sasniedza monoslani, fibroblasti tika atdaliti un talak
audzeti DMEM-F12 barotng ar papildinatajiem tados paSos apstak]os.

Cilveka dermas fibroblastu Iinija Hs68 (ATCC), tika audzéta DMEM-F12 barotng ar 10% FCS, 2mM
L-glutaminu, 100 vienibam/ml primocina, tados paSos apstaklos.

Zurku prostatas véza $tinu Inija PLS10 tika izveidota no kimiski ierosinatas prostatas karcinomas
zurkas [57, 58]. Sinas tika audz&tas RPMI-1640 barotné ar 10% FBS, 2mM L-glutaminu, 1x antibiotiku —
antimikotiku, +37° 5% CO2. Eksponencialas augSanas fazes laika Stnas tika tripsiniz€tas, saskaititas,
resuspendétas PBS un turétas uz ledus lidz injekcijam. TieSi pirms injekcijas Zurkas prostata, Siinu
suspensija tika sajaukta 1:1 ar ledus aukstu Matrigelu. Svaigu Stnu suspensijas tika veidotas katrai
dzivnieku grupai.

Imunofluorescence

1x10* Hs68, PCF-54 un PCF-55 §iinas tika iesétas 24 bedrisu platé ar DMEM-F12 pilno barotni un
audzetas 24 stundas. Tas tika nomazgatas ar PBS un fiksétas un permeabilizétas ar metanola-acetona (1:1)
$kidumu 20 miniites -20°C un tad blokétas ar 2% BSA. Siinas tad tika inkubgtas ar 1:50 atSkaiditu aSMA
antivielu (sc-32251, SantaCruz Biotechnology, ASV) pa nakti, +4 °C, un ar Cy3-anti peles sekundaro
antivielu (115-165-071, Jackson Immunoresearch, UK) 1 stundu, tumsa, istabas temperatiira. Tad Stnas tika
mazgatas ar PBS un uznestas uz mikroskopijas slaidiem ar ProLong™ Gold Antifade Mountant ar DAPI
(Thermo Fisher Scientific, ASV), un inkubgtas pa nakti, +4 °C. Fluorescence tika noverota ar Leica
DM3000 mikroskopu (Leica Microsystems GmbH, Vacija).

GFP-CD63 vizualizacijai PC3 S$iinas tika fiks€tas ar 4% paraformaldehidu un Pro-Long Gold
Antifade Medium ar DAPI (Molecular Probes, ASV). Attéli tika uznemti ar Zeiss LSM780 lazeru skan&joso
konfokalo mikroskopu (Carl Zeiss Microlmaging, Vacija). Atte€lu ieguve un apstrade tika veikta ar ZEN
2010 (Carl Zeiss Microlmaging, Vacija) programmatiiru un ImajeJ (National Institute of Health, ASV).



3D PBMC un PC3-CD63-GFP sferas tika centrifugétas uz poly-L-lizina apstradatiem slaidiem un
fiksetas ar 2% paraformaldehidu 10 mintites istabas temperattira, blok&tas ar 2% BSA 30 minttes un tad
inkubgtas ar anti-cilvéka CD3 antivielu (1:50, SK7 klons, BioLegend, ASV) vai anti-cilvéka CD19 *1:10,
SJ25C1 klons, BioLegend, ASV) 14 stundas +4°C. P&c mazgasanas, slaidi tika inkubéti ar kazas anti-peles
IgG sekundaro antivielu, AlexaFluor568 (1:400, Thermo Fisher Scientific, ASV) 1 stundu, istabas
temperattra, tad fikseti ar Pro-Long Gold ieslégSanas vidi un aplikoti ar Leica DM3000 mikroskopu (Leica
Microsystems, Vacija).
EV izdalisana no urina paraugiem

EVs tika izdalitas no urina paraugiem, izmantojot izméra izsl€gSanas hromatografiju (SEC),
atbilsto$i miisu laboratorija izstradatai metodei [59], ar nelieliem uzlabojumiem. Sakotngji, urina paraugi
tika atkauséti +37°C un uromodulins tika aizvakts paraugus centrifuggjot 15 min 10 000 x g, +4°C. Tad
paraugi tika koncentréti l1idz 1 ml, izmantojot 100 kDa centriftigas filtrus (Merck Millipore, ASV) un
frakcionéti ar 10 ml CL2B sefarozes kolonna. Eluats tika ievakts 12 secigas 0.5 ml frakcijas, un katra
frakcija tika merita ar ZetaSizer Nano ZS (Malvern, UK). Frakcijas, kas saturgja 30 nm un lielakas dalinas,
tika koncentrétas lidz 100 pl ar 3 kDa centrifiigas filtriem (Merck Millipore, ASV). Izolétas EVs tika
sadalitas alokvotos un uzglabatas -80°C lidz izmantoSanai. Tiriba, izm&ru sadalijums un koncentracija tika
noteikta ar elektronmikroskopiju (TEM) un nanodalinu izsekoSanas analizi (NTA), izmantojot NanoSight
NS500 (Malvern, UK).

EVizdalisana no PC3-CD63-GFP Siinu barotnes

EVs tika izdalitas no PC3-CD63-GFP §tinu barotnes p&c 18-19 stundu inkubacijas, atbilstosi ieprieks
aprakstitam protokolam [60]. Isuma, barotne tika centrifugéta pie 1000 g 10 min, lai aizvaktu mirusas $iinas
un $tinu atliekas, un tad pie 10 000 g 30 min, lai iegiitu mikrovezikulu frakciju. Talak supernatants tika
centrufugéts pie 100 000 g 70 min, un eksosomu bagatinata nogulsne tika mazgata ar PBS un ve&lreiz
centrifuggta pie 100 000 g 70 min. Visi centrifug€Sanas soli tika veikti pie +4°C.

EV izolesana no Zurku plazmas paraugiem

EV no zurku plazmas tika izolgtias ar SEC, izmantojot qEVoriginal/35nm vai qEV10/35nm kolonnas
(IZON, ASV) atkariba no plazmas tilpuma. SEC frakcijas tika analiz&tas ar ZetaSizer Nano ZS (Malvern
Panalytical, Apvienota Karaliste), un tas, kas satur EV, tika koncentrétas, izmantojot Amicon Ultra-0.5,
Ultracel-3 Membrane, 3 kDa centrifugas filtrus (Merck Millipore, Vacija). RNS sekvenceésanai EVs tika
apstradatas ar proteinazi K un RNazi A (Thermo Fisher Scientific, ASV), lai likvidétu visus brivos proteinus
un RNS, kas nav ieklautas EVs. EV vizualizacija tika veikta, izmantojot transmisijas elektronu
mikroskopiju (TEM), savukart izméru sadalijuma profils un koncentracija tika noteikta ar nanodalinu
izsekoSanas analizi (NTA), izmantojot NanoSight NS500 instrumentu (Malvern, UK).

KV pacientu plazmas EV izoleSana un raksturoSana

EVs tika iegutas no 1 ml plazmas, izmantojot SEC kolonnas, kas sagatavotas no 10 ml Sepharose
CL2B (Cytiva, ASV) TELOS SPE kolonnas (Kinesis, ASV). Plazmas paraugi tika ienesti kolonnas un eluéti
ar PBS-DEPC, iegustot 15 frakcijas pa 500 pl. Frakcijas, kas satur dalinas, kas lielakas par 35 nm, tika
savaktas un koncentrétas 1idz 100 pl, izmantojot Amicon Ultra 3 kDa centrifugas filtrus (Merck Millipore,
Vacija). EV kvalitate no 4 pacientiem un kontroles tika novertéta, izmantojot TEM. Visiem paraugiem tika
veikta nanodalinu izsekoSanas analize (NTA) ar NanoSight NS500 instrumentu (Malvern, Apvienota
Karaliste). NTA gadijuma EVs tika atSkaiditass 1000—4000 reizes filtreta PBS. Katrs paraugs tika ierakstits
piecos 60 sekunzu video, izmantojot sekojosus iestatfjumus: 25°C, 0,944—0,948 cP, slidna aizvars 1259,
slidna pastiprindjums 366 un kameras [tmenis 11. Datu analize tika veikta, izmantojot NanoSight NTA
Software v3.1 Build 3.1. 54.

EV uznemsana normalos un veZa asocietos fibroblastos

EVs (1x10® viena parauga) tika iezimétas ar PKH67 zalo membranas krasu (Sigma Aldrich, ASV)
saskana ar razotaja protokolu. Lai nonemtu lieko krasvielu, tika izmantotas Invitrogen™ Exosome Spin
Columns (MW 3000) (Invitrogen, ASV), pievienojot 100 ul 1% BSA. Hs68, PCF54 un PCF55 §inas (1x10*
Stnas katra bedrite) tika ies€tas DMEM-F12 barotng uz stikla segstikliniem 24 bedrisu plat€s un kultivétas



24 stundas. Péc tam $inam tika pievienotas ar PKH67 iekrasotas EVs (1x10* EVs/3iina) un inkubétas
dazadus laika posmus (1h, 2h, 4h, 15h, 24h vai 48h) mitrinata 5% CO2 atmosfera 37 °C temperatura. Katra
laika punkta Stnas tika fiksetas ar 4% formaldehidu 10 miniites 37 ° C temperatiira, mazgatas ar PBS un
uznestas uz stikla priekSmetstikliniem ar ProLong™ Gold Antifade Mountant ar DAPI (Thermo Fisher
Scientific, ASV). Konfokalas fluorescences attéli tika veidori, izmantojot Leica TCS SP8 konfokalo lazera
skengésanas mikroskopu (Leica Microsystems GmbH, Vacija), un standarta fluorescences atteli tika ieguti,
izmantojot Leica DM3000 mikroskopu (Leica Microsystems GmbH, Vacija).

Fibroblastu apstrade ar EV's un Sinu RNS izdaliSana

Hs68, PCF-54 un PCF-55 §iinas tika iesétas ar blivumu 1x10° §iinas viena bedrité, 12 bedrisu platés.
Péc tam katrai iedobei tika pievienotas 1x10° EVs (kontroles $inam — PBS), un $iinas tika audzetas 48
stundas. P&c tam Siinas tika mazgatas ar PBS un lizétas, izmantojot 1 ml TRI-Reagent® (Sigma Aldrich,
ASV). RNS ekstrakcija tika veikta saskana ar razotaja protokolu. Lai aizvaktu lieko DNS, saskana ar
razotaja protokolu, tika izmantots DNA-free™ (Thermo Fisher Scientific, ASV) DNS nonemsanas
komplekts. RNS koncentracija un integritate tika merita, izmantojot attiecigi NanoDrop 1000 (Thermo
Fisher Scientific, ASV) un Agilent Bioanalyzer ar RNA Pico chip (Agilent Technologies, ASV).

Fibroblastu RNS sekvencesana un datu analize

Transkripta sekvencéSanai 200 ng kopgjas RNS tika aizvakta rRNS, izmantojot MGIEasy rRNS
aizvakSanas komplektu (MGI, Kina). P&c tam tika izveidotas transkriptoma bibliotékas, ievérojot MGIEasy
RNA Directional Library Prep Kit (MGI, Kina) razotaja protokolu, sadrumstalojot RNS 250 bp fragmentos.
Bibliotekas garums tika noteikts ar Agilent Bioanalyzer un High Sensitivity DNA microchip (Agilent
Biotechnologies, ASV). Bibliotekas koncentracija tika novertéta ar Qubit® fluorometru (Thermo Fisher
Scientific, ASV). Bibliotekas tika apvienotas cirkularizacijai saskana ar razotaja vadlinijam un p&c tam tika
sekvencetas, izmantojot MGI DNBSEQ-G400 sekvencétaju.

legiitie neapstradatie dati fastq formata tika analizeti, izmantojot ad-hoc R skripta darba plismu, kas
ietvéra adapteru apgrieSanu, izmantojot cutadapt [61], nolastjumu kartéSanu, izmantojot STAR [62] pret
Ensembl cilvéka genomu (GRCh38), laujot uzskaitit tikai unikalus kart€jumus, izmantojot Rsubread
pakotni [63] ar Ensembl cilvéka genoma anotaciju (GRCh38.p13). DEG analizei nolastjumi tika
normaliz&ti un analizéti, izmantojot DESeq2 [64] paketi. Atlasitie DEG (adj. P<0,05 un abs(logFC)>0,5)
tika paklauti GO terminu analizei, izmantojot GOstats [65], un bagatinaSanas analizei, izmantojot pakotnes
rentrez [66], GO.db [67] un ShinyGO [68].

EV paraugu Western Blot analize

EVs tika karsétas 5 mintites 95 °C temperatira ar reducgjoso Laemmli buferSkidumu un péc tam
ievietotas 10% SDS-PAGE gela, 100 uL plazmas atbilsto§s EV daudzums viena josla. P&c atdaliSanas
proteini tika parnestai uz nitrocelulozes membranam, kuras pec tam tika blokétas ar 10% beztauku pienu.
Membranas tika inkub&tas pa nakti +4 °C temperatiira ar primarajam antivielam pret TSG101 (Abcam,
#ab15011, 1:1000 atskaidijums), Calnexin (Abcam, #ab22595, 1:2000 atSkaidijums) un PDCD6IP/ALIX
(Santa Cruzc Biotechnology, #sc -166952, atSkaidijums 1:1000). Pec mazgasanas ar TBST membranas tika
inkubgétas 1 stundu istabas temperatiira ar anti-trusu IgG, F(ab")2-HRP (Santa Cruz Biotechnology, #sc-
3837, 1:2000 atskaidijums), kazas anti-peles m- IgG BP-HRP (Santa Cruz Biotechnology, #sc-516102,
1:2000 atSkaidijums) vai HRP konjugétu antiviela pret CD63 (Novus Biologicals, #NBP2-34779H, 1:2000
atSkaidijums). P&c vel vienas mazgasanas ar TBST, izmantojot Amersham™ ECL Select™ Western
Blotting Detection Reagent komplektu (GE HealthCare Lifesciences), tika noteiktas imtinreaktivas joslas,
un attéli tika uznemti ar Nikon d610 dSLR kameru (Nikon), kas aprikota ar Sigma 35mm /1.4 DG. HSM
Art objektivs (Sigma).
Transfeceto PC3-CD63-GFP sinu SDS-PAGE un western blot analize

Stinu lizati tika sagatavoti, divas reizes mazgajot $iinas ar aukstu PBS un péc tam pievienojot lizes
buferi (50 mM Tris-HCI, 300 mM NaCl, 1 mM EDTA, 0,5% Triton X-100, pH 7,4), kas satur proteazes
inhibitoru kokteili (Roche Applied Science, Vacija). Siinas tika lizétas uz ledus 20 miniites un péc tam
centrifuggtas pie 20 000 g 10 minites 4 °C temperatura. EV nogulsnes tika atkartoti resuspendétas lizes
buferskiduma (50 mM Tris-HCI, 300 mM NaCl, 1 mM EDTA, 0,5% Triton X-100, 0,2% SDS laurils, pH



7,4). EV lizati un $tinu lizati tika sajaukti ar uzneSanas buferi, 5 miniites karséti 95 ° C temperattra un
ievietoti 4-20% gradienta TGX gelos (Bio-Rad, ASV). Peéc SDS-PAGE proteini tika parnesti uz PVDF
membranam (Whatman, Vacija), izmantojot Transfer-Blot Turbo Transfer Pack (Bio-Rad, ASV).
Membranas tika apstradatas ar peles anti-CD63 (H5C6 klons, DSHB, ASV) un trusu anti-GFP (Santa Cruz
Biotechnology, ASV) primarajam antivielam, kam sekoja HRP konjuggtas sekundaras antivielas (Jackson
Immunoresearch, ASV). Bloti tika vizualizgti, izmantojot Pierce SuperSignal West Dura Extended Duration
(Thermo Scientific, ASV) uz Universal Hood II Bio-Rad skenera (Bio-Rad, ASV).

EV un KV audu RNS izdaliSana

Pirms RNS izdaliSanas EV paraugus apstradaja ar 1 mg/ml proteinazi K (Thermo Fisher Scientific,
ASV) 30 miniites + 37 °C temperatiira. Proteinaze tika inaktivéta, karsgjot paraugu + 65°C 10 mindtes, un
péc tam paraugi tika apstradati ar 10 ng/ul RNazes A (Thermo Fisher Scientific, ASV) 15 miniites +37°C
temperattra. Talit péc tam EV paraugi tika lizeti, pievienojot 5 tilpumus QIAzol lizes reagenta, un EV-RNS
tika izdalita, izmantojot miRNeasy Micro Kit (Qiagen, ASV) saskana ar razotaja protokolu. RNS tika eluéts,
izmantojot 12 pl RNazes nesaturoSa fidens. Lai noteiktu koncentraciju un kvalitati, RNS tika mérita,
izmantojot Agilent 2100 Bioanalyzer un RNA 6000 Pico Kit (Agilent Technologies, ASV).

RNS ekstrakcijai no audiem no audu paraugiem, kas saglabati RNAlater (Thermo Fisher Scientific,
ASV), tika nogriezti 45-50 mg paraugi, parklati ar 700 uL QIAzol lizes reagentu (QIAGEN) Lysing Matrix
A mégenés (MP Biomedicals) un divreiz homogenizgti 40 sekundes ar atrumu 6 m/s, izmantojot FastPrep-
24™ jerici (MP Biomedicals). Ar garu un 1su RNS bagatinatu frakciju diferenciala ekstrakcija tika veikta,
izmantojot miRNeasy mini un mikro komplektus (QIAGEN) saskana ar razotaja protokolu. Garas RNS
frakcijas tika paklautas kolonnas apstradei ar RNase-Free DNase Set (QIAGEN), bet 1sas RNS frakcijas
tika apstradatas, izmantojot Ambion® DNS-free™ komplektu (Thermo Fisher Scientific, ASV).

KV pacientu plagzmas EV RNS un KV audu RNS sekvenceSana un datu analize

Mazo RNS bibliotekas tika izveidotas, izmantojot CleanTag® Small RNA Library Prep Kit (Trilink
Biotechnologies, ASV) saskana ar razotaja protokolu. Iegiitas bibliotekas tika analizétas ar Agilent 2100
Bioanalyzer un Agilent High Sensitivity DNA Chip (Agilent Technologies, ASV). Bibliotekas tika attiritas,
izmantojot Blue Pippin DNS Size Selection ar 3% gelu Blue Pippin Cassette (Sage Science, ASV), nosakot
cieSu mérka garumu Iidz 140 bp, tadgjadi izveloties izméru diapazonu no 126 Iidz 154 bp. Bibliotekas
koncentracija tika mérita, izmantojot Qubit, un bibliotekas tika atSkaiditas péc vajadzibas un sekvencétas
ar [llumina NextSeq500 instrumentu, izmantojot NextSeq 500/550 Mid Output Kit v2.5 (150 cikli)
(Illumina, ASV).

Transkriptu bibliotékas tika izveidotas, izmantojot MGIEasy RNA Directional Library Prep Kit
(MGI, Kina) saskana ar razotaja protokolu. Biblioteku garums tika mérits, izmantojot Agilent augstas
jutibas DNS mikrocipu uz Agilent 2100 Bioanalyzer (Agilent Technologies, ASV). Koncentracija tika
meérita, izmantojot Qubit® fluorometru (Thermo Fisher Scientific, ASV). Péc tam bibliotekas tika
apvienotas atbilstosi indeksu kopam, cirkularizetas, saSkeltas un péc tam sekvencétas ar MGI DNBSEQ-
G400 sekvencetaju (MGI, Kina).

legiitie neapstradatie dati FASTQ formata tika analizeti, izmantojot ad-hoc R skripta darba pliismu,
kas ietveéra adapteru apgrieSanu, izmantojot Cutadapt [61], nolasijumu kartéSanu pret Ensembl cilveka
genomu (GRCh38), izmantojot Bowtie2 [69], vairaku skriptu parvietoSanu un nolastjumu izlidzinasanu,
izmantojot ShortStack [70], skaitiSanu, izmantojot Rsubread pakotni [63] ar GRCh38 un miRbase,
GtRNAdb, LNCipedia, IncRNAdb, piRBase, piRNABank un piRNAdb anotacijam. Lai novertetu dazadu
RNS biotipu att€lojumu EV, nolastjumi, kas karteti ar parklajosam pazimém cilveka genoma, tika pieskirti
§ada seciba: miRNS > tRNS > rRNS > mRNS > pseidogéni > snRNS > snoRNS > piRNS > IncRNS >
miscRNS. Transkriptoma bibliotekam lastjumi tika kartéti, izmantojot STAR [62]. DEG analizei nolasijumi
tika normaliz€ti un analiz&ti, izmantojot edgeR pakotni. Vairaku testu korekcija tika veikta ar Benjamini-
Hochberg procediiru, un korigéta (adj.) p vertiba <0,05 tika uzskatita par nozimigu. Logistiskas regresijas
modelis tika izmantots, lai izveidotu biomarkiera modeli, kas noteiktu diagnostisko vertibu vai prognozgtu
reakciju uz NAC, un atpakalejo$as eliminacijas pieeja tika izmantota, lai izslegtu mazak informativos
markierus. Lai novértétu modela robustumu, tika izmantota savstarpgja atstasanas parbaude (LOOCV).



Zurku plazmas EV RNS sekvencéSana un datu analize

RNS bibliotekas tika konstrugtas, izmantojot CleanTag® Small RNA Library Prep Kit (Trilink
Biotechnologies, ASV), iegiito biblioteku kvalitate un koncentracija tika analizeta ar Agilent Bioanalyzer,
izmantojot Agilent High Sensitivity DNS mikro¢ipu (Agilent Technologies, Vacija). Bibliotekas tika
attiritas, izmantojot Blue Pippin DNS Size Selection ar 3% ggla Blue Pippin Cassette (Sage Science, ASV),
nosakot cieSu mérka garumu Iidz 140 bp, tadgjadi atlasot fragmentus, kuru izmérs ir Saura diapazona ap
140 bp (133—-147 bp). Bibliotekas tika atSkaiditas pec vajadzibas un sekvencetas ar Illumina NextSeq500
instrumentu, izmantojot NextSeq 500/550 Mid Output Kit v2.5 (150 cikli) (Illumina, ASV).

legttie neapstradatie dati fastq formata tika analizgti, izmantojot ad-hoc R skripta darba plismu, kas
ietvéra: adaptera apgrieSanu (cutadapt [61]), lasiSanas karté€Sanu (bowtie2 [69]) pret RGSC zurkas (Rattus
norvegicus) genomu (versija Rnor 6.0). ), vairakkart saskanota nolasijumu maina (ShortStack [70]),
skaiti§ana (Rsubread pakotne [63]) ar RGSC (versija Rnor_6.0) un miRbase [71] anotacijam. DEG analizei
nolasfjumi tika normalizeti katram paraugam, nolasijumi, kas karteti katrai pazimei, tika saskaititi un
analizeti, izmantojot kvazi-iespgjamibas F testus ar edgeR [72] pakotni. Atlasitie DEG (adj. P<0,05) tika
paklauta GO term analizei (GOstats [65]) un bagatinasanas analizei (rentrez [66], GO.db [67], org.Rn.eg.db
[73] pakotnes).

Darbs ar dzivniekiem un eksperimentu dizains

Eksperimentalas procediiras ar dzivniekiem tika apstiprinatas Nacionala dzivnieku labturibas un
gtikas komiteja (atlauja Nr. 121/2021), un tas tika veiktas saskana ar nacionalaja likumdosana pienemto
Direktivu 2010/63/ES.

Kopuma no Charles River Laboratories, Vacija (F344/DuCrl), tika iegadatas 37 naivas SPF viriesu
kartas Fischer 344 zurkas. lepazistinasanas laika dzivnieki tika nejausi sadaliti biiros pa pariem vai pa trim;
Dzivnieku izmitinasanai tika izmantoti individuali ventilgjami biri GR900, HEPA ventiléti ar SmartFlow
gaisa apstrades iekartu (Tecniplast, Italija) ar atrumu 75 gaisa mainas stunda. Piekluve autoklavétam
tidenim, kas paskabinats Iidz pH 2,5-3,0 ar HCI un standarta grauzgju baribu (4RF21 (A), Mucedola), tika
nodroSinata ad libitum. Visos biiros tika nodroSinati apses koka pakai$i un materials migam (Tapvei,
Igaunija) kopa ar zurku kartona majinam (Velaz, Cehija) un apses grausanas klucidiem (Tapvei, Igaunija),
un buri tika mainiti ik péc 7 dienam. Dzivnieki tika izmitinati SPF telpa kontroléta temperatiira (24 + 1 °C)
un relativaja mitruma 40-60%. Dzivnieku veselibas uzraudziba tika veikta saskana ar FELASA
ieteikumiem [74].

Visiem dzivniekiem tika nodrosinats vismaz 2 ned€lu aklimatizacijas periods, kura laika tie vargja
pielagojoties apgrieztam 12 h gaismas/tumsas ciklam (tums$a faze iestatita uz 10:00-22:00; redzamas
gaismas intensitate <25 luksi), un p€c tam tie tika izmantoti, vai nu regularu fizisku vingrinajumu (t.i.,
piespiedu ritenu skrieSanas modelis) modeli, vai ortotopiska PV izstrade (PLS10 zurku PV modelis [58])
Abos modelos katrs dzivnieks kalpoja ka eksperimentala vieniba. Pirms procediiru uzsakSanas dzivnieki
tika identificeti, tetovgjot to astes, izmantojot AIMS™ NEO-9 jaundzimuso tetove$anas sistému saskana ar
razotaja noradijumiem.

Piespiedu skrieSanas trenini

Kopuma 16 F344 zurku t€vini 7 ned€lu vecuma tika sadaliti divas grupas - fiziski aktiva un
mazkustiga ar 8 zurkam katra grupa. Sis grupas lielums tika noteikts, pamatojoties uz pieejamajiem datiem
par vidgjo EV koncentraciju plazma un prasibam 6 ned€lu injekcijas periodam singéna PV modela
dzivniekiem. Otraja nedg€la p&c ierasanas un aklimatizacijas pie apgriezta gaismas/tumsas cikla zurkas tika
iepazistinatas ar piespiedu skrieSanas riteni (Lafayette Instrument, modelis 80805A) bez Tpasa brauksanas
reZima. Visiem 16 dzivniekiem sakas 12 dienu apmacibas posms (sakot no 9 nedelu vecuma). BrauksSanas
atrums un ilgums S$aja faze tika pakapeniski palielinats. No §Tm 16 zurkam 8 labakie izpilditaji tika iedaliti
skr&jeju grupa, bet atlikusas 8 zurkas tika ievietotas mazkustigaja grupa, kas tika izmitinata kopa ar saviem
sakotn&jiem biira biedriem.

Skr€j€ju grupai regulari piespiedu skriesanas vingrinajumi turpinajas kopuma 5 nedglas, tai skaita 4
nedg€las regulara skrieSana. P&c 4 nedelu regularas fiziskas slodzes, pirms un péc 1 stundas ilgas skrieSanas
tika panemti asins paraugi no astes vénas. Taja pasa diena mazkustigajam zurkam tika panemtas asinis,



ieverojot to pasu protokolu. P&c 5 nedelu ilgas regularas fiziskas slodzes visi dzivnieki tika dzili anestezeti,
un tiem tika veikta terminala asins savakSana, izmantojot sirds punkciju. Asinis tika savaktas atbilstosas
mégenés un centrifuggtas, lai ieglitu plazmu EV izolacijai.

Singens, ortotopisks Zurku PV modelis

Ortotopiska PV izstrades modelesanai tika izmantota 21 F344 zurka — paraugu daudzums, 7 dzivnieki
katra grupa, tika aprekinats ar statistiskajam analiz€m, izmantojot G¥Power programmattiru [75] un nemot
vera public€to audzgju un ta izmera variacijas [58], paredzama efekta lielumu un izv€l&to statistisko testu
rezultatu analizém.

12 nedélu vecuma katram dzivniekam tika veikta laparotomiska operacija aseptiskos apstaklos ar
2,5% izoflurana anestéziju. Tie tika injicEtas ar 5 x 10° singénas Zurku prostatas $tinas (PLS10) 50 pl
tilpuma, kas sajauktas ar 50% Matrigel, prostatas prieksgja daiva. legriezumi tika aizverti ar Suvém un
kirurgisko limi. Tika nodro$inats oftalmologiskais g€ls, un p&c operacijas subkutani tika ievadits silts
fiziologiskais Sskidums. Dzivnieki sanéma meloksikama injekciju operacijas laika un 3 dienas péc tas. Péc
trim dienam vini tika atgriezti savos buros, riipigi uzraudziti, un vinu briices tika apstradatas ar furasola
Skidumu. Kopa 7 zurkas 2 grupas katru dienu tika implantgtas ar PC $iinam; viens dzivnieks nepardzivoja
operaciju.

Sakot ar 5. dienu p&c implantacijas, zurkam no visam pétijjuma grupam katru otro dienu tika veiktas
intravenozas injekcijas caur astes sanu vénu. Vini sanéma 100 pl EV $kiduma, kas satur 1, 5 x 10'° EV PBS
vai PBS. Visa PV attistibas laika dzivnieki tika riipigi uzraudziti, lai konstatétu cieSanu pazimes, ievérojot
IACUC politiku Nr. 012. Audzgja izmers tika noteikts palpgjot. Pec 6 nedelu ilgam EV injekcijam visi
petijuma dzivnieki tika humani eitanizgti, un terminalie asins paraugi un interesgjosie audi tika savakti un
fikseti 10% buferéta formalina. Tika izmeériti primarie audz&ji, un audz&ja tilpums tika aprékinats,
izmantojot formulu: audzgja tilpums = (platums) 2 x garums / 2.

Dzivnieku eksperimenta izmantotas statistikas metodes

Vienpusgjs Mann-Whitney tests tika izmantots bez pien€mumiem par datu sadalijumu, lai salidzinatu
audzgja tilpumu un metastazu skaitu dazadas dzivnieku grupas. Mes izmantojam Fisera notiekto (exact)
testu, lai novertetu atskiribas starp dzivnieku ar un bez metastazém proporcijam dazadas grupas.
Statistiskajai ticamibai tika pienemts nozimiguma limenis <0,05. So statistisko analizu veik$anai tika
izmantots GraphPad Prism 7 (GraphPad, ASV).

PBMC-PC3 Siinu kopkultiiru eksperimenta izmantotas statistiskas metodes

EV uznemsanas eksperimenti tika veikti biologiskos dublikatos, un dati ir att€loti grafikos ka vidgjie
+ SD. Mann-Whitney U tests tika izmantots, lai salidzinatu EV uzpemsSanu limfocitu populacijas un
novertetu endocitozes inhibitoru ietekmi, un atskiribas tika uzskatitas par nozimigam, ja p < 0,05.’

PC3 Sunu kultiura un transfekcija

Cilveka prostatas véza epiteliala stnu linija PC3 tika iegtita no ATCC (Manassas, VA, ASV). PC3
Stnas tika kultivétas Ham's F-12/DMEM (1:1 maistjums) ar Glutamax (Invitrogen, ASV), kas papildinats
ar 7% FCS (Sigma-Aldrich, ASV), 100 vienibam/ml penicilina un 100 vienibam/ml streptomicinu (Sigma-
Aldrich, ASV), 5% CO2 mitrinata vidé 37°C temperattra. Lai izveidotu PC3-CD63-GFP §tinas, PC3 Stinas
tika transfecetas ar pEGFP-C1 vektoru (Clontech, ASV), kas satur GFP proteinu, kas savienots ar cilvéka
CD63 zem CMV promotera. Transfekcija tika veikta, izmantojot FUGENE® 6 transfekcijas reagentu
saskana ar razotaja noradjjumiem (Promega, ASV). Transfecétas Siinas tika sort€tas, izmantojot GFP
ekspresiju, ar atrgaitas FACS Aria IT SORP skirotaju 15 ml mégeng, kas satur 3 ml barotnes. P&c tam §is
Skirotas Stinas tika nogulsnétas un uzturétas barotné ar Geneticin (Thermo Fisher Scientific, ASV). Péc
divam nedelam GFP ekspres€josas Stinas atkal tika Skirotas ar to paSu protokolu un tika uzturétas pilna
barotné ar Geneticin. Saja bridi PC3-CD63-GFP $inas tika raksturotas, izmantojot imiinbloté§anu un
imincitokTmijas analizi.
3D heterotipisku sferu kultiitas veidoSana

PBMC tika izol&tas no Cetriem veseliem brivpratigajiem virieSiem, izmantojot BD Vacutainer CPT™
$tnu sagatavoS$anas mégenes ar natrija heparinu (BD Biosciences, ASV). Péc divam mazgasanam ar PBS



Stinas tika saskaititas un nekav€joties izmantotas eksperimentiem. Petijums tika veikts ar Latvijas
Universitates Eksperimentalas un kliniskas medicinas institita Etikas komitejas apstiprindjumu, un
brivpratigie sniedza inform&tu piekriSanu. Lai izveidotu 3D heterotipiskas sferoidu kultiiras, PBMCs tika
sajauktas ar PC3-CD63-GFP §iinam attieciba 1: 1 un kultivétas bez seruma DMEM-F12 barotné (Lonza,
Sveice), kas papildinata ar 1x B27 (Thermo Fisher Scientific, ASV), 2 mM L-glutamins, 1x antibiotiku-
antimikotisku Iidzeklis (Thermo Fisher Scientific, ASV), 20 ng/ml hEGF (RnD Systems, ASV), 10 ng/ml
hFGF (Santa Cruz Biotechnology, ASV) un 0,5 mg/ml hidrokortizona (Sigma-Aldrich, ASV). Lai
nodro$inatu heterotipisku sferoidu veidoSanos, Stinas tika iesétas liela blivuma (5 x 10° PBMCs un 5 x 10°
PC3-CD63-GFP stnas uz 1,5 ml barotnes) 6 bedriSu suspensijas plat€s (Sarstedt, Vacija) un kultivétas 72
stundas 37 °C temperatira 5% CO2 mitrinata inkubatora (Panasonic, Panasonic Healthcare Co., Ltd.).

Sferoidu apstrade ar endocitozes inhibitoriem

Sferoidi tika audzeti ar vai bez $adiem endocitozes inhibitoriem: etilizopropilamiloridu (EIPA)
(Cayman Chemical, ASV), nistatinu un Dynasore (Sigma-Aldrich, ASV) (visi 20 mM) 72 stundas.
Savienojumu citotoksicitate PBMC un PC3 $tnas tika parbaudita pirms analizes, izmantojot CCK-8 testu
(Sigma-Aldrich, ASV) atbilstosi razotaja noradijumiem.
Pliismas citometrija

P&c 72 stundam PBMC - PC3-CD63-GFP sferoidi tika savakti, sadaliti, izmantojot Accutase Skidumu
(Sigma Aldrich, ASV), un mazgati ar PBS. Siinas tika iekrasotas ar anti-CD3-PerCP eFluor 710 (klons
SK7), anti-CD8-eFluor 450 (klons SJ25C1) (abi no eBioscience, Thermo Fisher Scientific, ASV) vai anti-
CD19-PE (Santa Cruz Biotechnology, ASV) antivielam 1 stundu istabas temperatiira tumsa un analiz&tas
ar BD FACSAuriall plismas citometru. Fluorofora kompensacija tika aprékinata, izmantojot $iinas ar vienu
kraso$anu, un no rezultatiem tika atnemta kontroles un autofluorescences procentuala dala.
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2. attéls. Petjuma izmantoto eksperimentu dizains. A — KV prognostisko biomarkieru pétijums; B — fiziskas slodzes
laika ierosinato EV ietekmes uz PV Zurkas pétijums; C — 3D heterotipisko sferoidu p&tijums; D — urina EV ietekmes

uz fibroblastu transkriptomiem pétijums.

Jauns 3D heterotipisku sferordu modelis, lai petitu EV medi¢tu audzeju un imiino

Sunu komunikaciju

3D heterotipisko sferotdu veidoSana

Lai izveidotu 3D heterotipiskus sferoidus, PC3-CD63-GFP Stnas tika sajauktas ar svaigi izoletam
PBMC:s proporcija 1: 1 un péc tam kultivetas ar augstu Stinu blivumu suspensiju kultiiru platés, izmantojot
augsanas barotni, kas nesatur serumu. P&c 72 stundu inkubacijas perioda lielaka dala sferoidu sasniedza
izmeru, kas parsniedza 200 pm, un katrs sastavéja no vairak neka 200 atseviskam §tnam. Lai noveértetu T
un B limfocTtu sastopamibu un telpisko izvietojumu Sajos sferoidos, tie tika piestiprinati ar poli-L-lizinu
parklatiem priekSmetstikliniem centrifuggjot, un paklauti imtnkrasoSanai, izmantojot antivielas, pret
cilvéka CD3 un CD19. Sis analizes paradija, ka sferoidu populacija satur gan T, gan B §iinas (sk. 3. attélu,

A un C), ka ar1, netika noverots izteikts limfocTtu telpiskais sadalijums sferoidos.
Kvantitativa EV uznemsanas noteikSana limfocitu apakSgrupas

Lai kvantitattvi noteiktu GFP mark&tu EV uznems$anu dazadas limfocttu apaksgrupas, 3D sferoidi
tika novakti, dezintegréti, markéti ar anti-CD19, CD3 un CDS8 antivielam un analiz&ti ar plismas
citometriju. Rezultati paradija, ka ievérojamai dalai CD19+ B §tnu un CD8+ un CD3+ T §tnu no diviem




petamajiem donoriem bija pozitivi GFP signali. Tas liek domat, ka p&c 72 stundu kopkultiiras no PC3 §tinam
EVs tika parnestas gan uz T, gan B limfocitiem. Tom&r GFP Iimenis $ajas limfocitu apakSgrupas bija
atSkirigs: GFP tika konstatets 43,0-54,3% CD19+ B sunu un 15,7-24,1% CD3+ T sunu (sk. 3. attelu, E).
Turpretim tikai 0, 3-5, 8% CDS + T §tnu uzradija novérojamu GFP krasojumu, kas varétu liecinat par ipasu
véza EV mérkéSanu uz atskirigam T Siinu apakSpopulacijam.
Veza Sunu producéto EV mijiedarbiba ar limfocitiem

Lai izpétitu v&za Siinu produceto EV mijiedarbibas mehanismu ar limfocitiem, kultiveésana tika veikta
tris atSkirigu endocitozes inhibitoru klatbiitn€ vai bez tas: EIPA, kas inhib& makropinocitozi; dynasore, no
dinamina atkarigo endocitu celu inhibitors; un nistatins, kas inhib& caveolina/lipidu plostu izraisitu
endocitozi. P&c sferoidu dezintegréSanas, Stinas tika imiinkrasotas, izmantojot antivielas pret CD3 un CD19,
un analiz€tas, izmantojot pliismas citometriju. Tika paradits, ka EIPA pievienoSana samazina EV
uznemSanu CD3+ T $iinas par 12,3% (p=0,008) PBMC parauga P3 un par 12,5% parauga P4 (p=0,15)
(skatit 4. attlu). Turpretim EV uznemsanu CD3+ T §iinas neietekméja dynasore un nistatins. Sie rezultati
liecina, ka dalu EV CD3+ T S$iinas internaliz€ ar makropinocitozi. Neviens no parbauditajiem endocitozes
inhibitoriem neietekmgja EV uznem$anu CD19+ B $iinas (skat. 4. attelu), paradot, ka B §tinas neinternalize
EV. So novérojumu apstiprinaja fluorescences mikroskopija, (3. attla) kur ir redzams, ka ar GFP markétas
EVs tika dalgji internaliz&tas viena no CD3+ T siinam (3.B attels), kamér tas palika saistitas ar CD19+ B
Stinu virsmu (3.D attels).
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3. atteéls. 3D heterotipiskais PBMC un PC3-CD63-GFP stinu kopkultiiras modelis. (A) 3D heterotipiska sferoida
imunofluorescences attéls, kas markéts ar anti-cilveka CD3 antivielu (sarkans). (B) CD63-GFP-pozitivo EV
uznemsana un lokalizacija CD3 + T §tnas. (C) 3D heterotipiska sferoida imunofluorescences att€ls, kas markets ar
anti-cilveka CD19 antivielu (sarkans). (D) CD63-GFP pozitivo EV saistiSanas ar CD19+ B stinam. Kodoli tika
iekrasoti ar DAPI (zilu). (E) GFP pozitivo Stnu procentualais daudzums CD3+, CD8+ vai CD19+ §tinu populacijas
PBMC no diviem veseliem donoriem, attiecigi apziméti ar P1 un P2.

EV uptake in CD3+ cells EV uptake in CD19+ cells 4. attels. Ar GFP iezimetu EV uznemsanas
analize CD3+ un CDI19+ s$iinas. GFP pozitivo
CD3+ vai CD19+ siinu patsvars péc 72 stundu
kopkulturas 3D heterotipiska sferoida modeli
endocitozes inhibitoru EIPA, nistattna un
dinasora (visi 20 uM) klatbiitn€ tika analiz&ts ar
plusmas citometriju. P3 un P4 ir PBMCs no
P | S5 I diviem veseliem donoriem.
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Prostatas véZa pacientu urina ekstracelularo vezikulu ietekme uz ar vézi saistitu un
normalu fibroblastu transkriptomiem

EV uznemsSana fibroblastos atkariba no laika

EV uznemsana atkariba no laika Hs68, PCF-54 un PCF-55 §uinas tika analizéta ar fluorescences
mikroskopiju, izmantojot ar PKH67 iezim&tas pacienta PC-55 urina EVs (5. attéls). Pirmas stundas laika
EVs redzamas ka atSkirigas fluorescgjosas vienibas, tomér, laikam ejot, fluorescence $iinas izkliedgjas, un
turpmakajos laika intervalos §tinas EVs uzkrajas. Proti, sakotngjo 24 stundu laika uznemsanas atrums Hs68
stnas Skiet nedaudz lénaks, salidzinot ar PCF-54 un PCF-55 §tnam, tomér lidz 48 stundu atzimei §is
atSkiribas bija liela mera izlidzinajusas, noradot, ka pec 48 stundam lielaka dala EVs bija vai nu
internaliz€tas, vai piekerusas Siinu virsmai.
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5. attéls. Urina EV uznemsana Hs68, PCF-54 un PCF-55 $tnas dazados laika punktos.

Hs68

PCF-54

PCF-55

Ar prostatas vezi saistitu fibroblastu un dermas fibroblastu transkriptoma izmainas urina EV
ietekme

PV pacientu urina EV ietekme uz normalu un ar PV saistitu fibroblastu (Hs68, PCF-54 un PCF-55
$tnu) transkriptomu tika pétita, veicot RNS sekvenceéSanu. EVs tika izolétas no 3 PV pacientu un 2 veselu
individu paraugiem, tostarp PC-54 un PC-55, kuru audzgja audi izmantoti PCF-54 un PCF-55 fibroblastu
Imniju izveidoSanai. Katra RNS biblioteka tika iegiiti vid€ji 29 miljoni nolasijumu, no kuriem 91% tika
unikali karteti un saglabati. DEG analize, izmantojot DESeq?2, atklaja biitiskas izmainas génu profilos pec
PC-EV un HC-EV iedarbibas visos fibroblastu tipos (6. attéls). Diferencialas ekspresijas analizé tika
ieklauti tikai protetnus kodgjosi géni un garas nekod&josas RNS. PCF-54 §unas tika atrasti attiecigi 75 un
30 DEGs, ko regule PC-EV un HC-EV, un 14 no tiem parklajas, savukart PCF-55 $iinas tika atrasti 31 un
56 DEGs, tostarp 19 parklajosi (LogFC >0,5 un korig. P<0,05). Tikai 2 DEG, ko regulé PC-EV, un 3 DEG,
ko regulé HC-EV, bija sastopami gan PCF-54, gan PCF-55 §tnas. Autologo EV regul&to génu skaits butiski
neatskiras no ta, ko abas $tinu Inijas izraistja alogénas EVs. Hs68 §iinas PC-EV un HC-EV mainija attiecigi
183 un 246 transkriptus, un 125 no tiem parklajas (LogFC>0,5 un adj. P<0,05). Tikai 12 no PC-EV
regulétajiem géniem un 24 HC-EV regulétajiem géniem bija sastopami gan Hs68 §iinas, gan ar vézi
saistitajos fibroblastos (apvienoti PCF-54 un PCF-55).

Mgs nenoverojam bitiskas izmainas visparpienemto CAF markieru, tostarp a-SMA, FAP, PDGFRB,
FSP1 un vimentina, ekspresijas Itmeni Hs68 un PCF-54 §iinas, kas tika apstradatas ar urina EVs no PV
pacientiem un veseliem virieSiem. PCF-55 Stunas tika konstatéta mérena PDGFRB ekspresijas Itmena
pazeminasanas gan ar HC-EVs apstradatajas Stnas (LogFC=-0,34; adj. P=0,0004), gan ar PV-EVs
apstradatajas $tnas (LogFC=-0,24; pielago. P=0,02).
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6. attéls. Transkriptoma izmainas fibroblastos, kas apstradati ar urina EVs. Vulkanu diagrammas, kas att€lo DEG
PCF-54, PCF-55 un Hs68 $iinas, kas apstradatas ar urina EV no PV pacientiem (PC-EV) un veselam kontrolém (HC-
EV), salidzinot ar neapstradatajam S$tinam.

Biologiskie procesi, ko ietekme urina EVs

Lai izpétitu DEG biologisko nozimi, tika veikta GO terminu bagatinasanas un klasteré$anas analize.
Analize paradija ievérojamu skaitu biologisko procesu un celu, ko regulé PC-EV un HC-EV visas pétitajas
Stnu Inijas. Hs68 $iinas visnozimigakie bagatinatie celi bija saistiti ar normalam fibroblastu funkcijam -
arpus$iinu matriksa organizaciju, $tinu un organu morfogenézi un dazadiem attistibas procesiem - un
lielakoties tie parklajas starp S§iinam, kas apstradatas ar PC-EV un HC-EV (87. A attéls). Gluzi pretgji, PCF-
54 Sunas loti atSkirigi reag€ja uz PC-EVs un HC-EVs. Lielaka dala procesu, ko ietekm&a HC-EV, bija
saistiti ar $tinu energétiku, oksidativo fosforilaciju un mitohondriju elektronu transportésanu (ATP6, MT-
ND2, MT-ND1, MT-ND5, MT-ND6, DDIT4, MT-ND3, MT-ND4, ATP8 utt. samazinaSana), dazadi audu
attistibas procesi (COL18A1, COL7A1, BGN, NTNI1 un ADAMTSL4 samazinasana un CENPF un KRAS
paaugstinasana) un reakcija uz glikokortikoidu signalu parraidi (DDIT4/REDD1 un MT-ND3
pazeminasana KRAS paaugstinasana). Savukart PC-EVs ietekmgja pilnigi citadakus procesus: hromosomu
segregaciju, metafazes/anafazes pareju un mitotiskas varpstas organizaciju, kodolu un Siinu daliSanos
(CENPF, CENPE, ASPM, BRIP1, HELLS, RB1, CCNB2, KNTC1, USP16, SPDL1, NCAPG utt. .) (7. B
att.). PCF-55 §tinas gan PC-EV, gan HC-EV stimulgja dazadu hemokinu un citokinu (pieméram, CXCLS,
CCL2, CCL13, CXCLI, IL1B utt.) ekspresiju, kas tick inducéti, reaggjot uz interleikinu-1 un regul& $tnu
hemotaksi un dazadu imiino $tinu migraciju. Tomér PC-EV 1pasi ietekmé&ja apoptotisko signalu regulésanu,
$tinu adhézijas molekulu veido$anos un $tinu reakciju uz baktériju izcelsmes molekulam (87. att. C).



7. attels. GO terminu bagatinasSanas analize parbauditajos fibroblastos (Hs68 — A, PCF-54 — B, PCF-55 — C), kas
apstradati ar PC-EV un HC-EV. Hierarhisks klasterizacijas koks, kas apkopo korelaciju starp nozimigiem celiem, kur
iesaistiti DEG fibroblastos, kas apstradati ar PC-EV vai HC-EV, salidzinot ar neapstradatam $tnam. Celi ar daudziem
kopigiem géniem ir apvienoti kopa. Lielaki punkti norada nozimigakas P vértibas. Celi, kas ir kopigi ar HC-EV un
PC-EV apstradatam $tinam, ir izcelti zala krasa, celi, kas ir unikali ar HC-EV vai PC-EV apstradatam $tnam, ir
iezZIméti roza krasa, celi, kas ir bagatinati ar [idzigam, bet ne identiskam génu kopam ir atstati tuksi. Paraditi 30
nozimigakie celi ar pielagoto p<0,05.

Ekstracelularas vezikulas — RNS biomarkieru avots kriits véZa noteikSanai
Skidrajas biopsijas
EV RNS sastavs KV pacientem un veselam kontrolem

Netika noverotas statistiski nozimigs biblioteku nolasijuma skaita vai garuma atskiribas starp KV
pacientém un HC. Vidgji 1,3 miljoni lasijumu tika kartéti pret cilvéka genoma versiju GRCh38. Lai
novertetu dazadu RNS biotipu saturu EVs, nolastjumi, kas karteti ar parklajosam iezimém, tika pienemti
$ada seciba: miRNS > tRNS > rRNS > mRNS > pseidogéni > snRNS > snoRNS > piRNS > IncRNS >
miscRNS. Visbiezak sastopamie RNS biotipi bija IncRNS (28, 3%) un mRNS (27, 3%), kam sekoja miRNS
(18, 6%) un piRNS (19, 9%). RNS biotipa frakciju salidzinajums atklaja, ka miRNS, snRNS, snoRNS un
tRNS atvasinato fragmentu (tRF) procentualais daudzums bija lielaks, savukart IncRNS frakcija KV
pacientem diagnozes laika bija mazaka neka HC. PostOp paraugos miRNS un snRNS biotipu izplatibai bija
lidziga HC (8. attels).
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8. attéls. EV RNS sastavs. Vijoles diagrammas, kas parada katra RNS biotipa procentualo daudzumu plazmas EV
paraugos. Statistiskais nozimigums tika noteikts ar Vilkoksona testu, un p vertiba <0,05 tika uzskatita par nozimigu.
PreOp, diagnozes laika punkts; HC, veseligas kontroles; PostOp, septinas dienas p&c operacijas.

mRNS biomarkieru kandidatu identificeSana

Salidzinot mRNS profilus starp EV no BC pacientiem diagnozes laika (PreOp) un HC, tika atrasti
263 DEG (adj. p<0,05 un abs. Log2FC >1), un lielaka dala jeb 253 bija daudz biezak sastopami PreOp BC
EVs. Génu ontologijas analize paradija, ka Sie géni galvenokart ir saistiti ar translaciju, proteinu mérkésanu
uz endoplazmatisko tiklu, oksidativo fosforilaciju un elektronu transport€Sanas kedi. Salidzinot PreOp EV
ar PostOp EV, tika konstateti 13 DEG, no kuriem 8 tika samazinati p&c operacijas, kas liecina par to
iespgjamo izcelsmi no KV audiem. Lai identificétu potencialos diagnostikas biomarkierus, tika mekl&ti
mRNS, kas parklajas abas DEG kopas, ka rezultata tika iegiti 7 kandidatu mRNS. STm mRNS bija augstaks
Itmenis PreOp krits véza EVs, salidzinot ar HC EVs, un to daudzums samazinajas PostOp EVs. Lai gan
tiem bija augsta specifika (1), to jutiba bija ierobezota (zem 0,19), un atseviski tiem bija merena
diskriminacijas sp&ja ar AUC diapazona no 0,55 11idz 0,59, lai atskirtu PreOp kriits vézi no HC (9. attels).
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9. attels. mRNS biomarkieru kandidatu identifikacija. Punktu diagrammas, kas parada atlasito mRNS biomarkieru
kandidatu EV Iimeni (normaliz&to nolasjjumu skaitu) HC un KV pacientiem diagnozes laika un p&c operacijas. HC,
vesela kontrole; PreOp, diagnostikas laika punkts; PostOp, septinas dienas p&c kriiSu operacijas.

Biomarkieru kandidatu identificeSana nekodejoSos RNS biotipos

Lai identificétu iesp€amos v€za izraisitos biomarkierus, mes izmantojam Iidzigu pieeju
nekodgjosajiem RNS biotipiem,. Miisu miRNS analize atklaja 206 miRNS, kas bija vairak sastopamas
PreOp kriits véza EVs, salidzinot ar HC EVs, un 43 miRNS, kuram bija samazinats Itmenis PostOp EVs
salidzinajuma ar PreOp EVs. Proti, 33 miRNS parklajas, piedavajot potencialus no kriits véza atvasinatus
biomarkierus. To vidii visefektivakas miRNS diagnozei bija miR-224-5p un miR-200b-5p, kas sasniedza
attiecigi AUC 0,72 un 0,70 (10. A att€ls). IncRNS gadijuma miisu analize identific€ja 382 IncRNS ar
augstaku [tmeni PreOp kriits véza EVs salidzinajuma ar HC EVs, ka arT 25 IncRNS ar samazinatu ltmeni
PostOp EVs, un 14 parklajas starp abam kopam. Daudzsolosakas IncRNS kriits véza atSkirSanai no veselam
kontrolém bija Inc-IFT122-2 un Inc-GSR-2, kuru AUC bija attiecigi 0,72 un 0,66 (10. B attels). Turklat mes
atradam 12 potencialus kriits v€za biomarkieru kandidatus starp piRNS, 23 starp snoRNS, 3 starp snRNS
un 5 starp tRF RNS biotipiem. Starp Siem kandidatiem SNORD3H un SNORDIC uzradija visaugstako
diagnostisko veiktspg&ju ar AUC 0,75 un 0,73, kam sekoja piR-27570 un piR-32949, katrs ar AUC 0,67.
Visefektivaka snRNS bija RNU4-11P ar AUC 0,67, un visefektivakais tRF bija Lys-TTT-4-1-tRF3T ar AUC
0,62 (10. C un D attels).
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10. attels. RNS biomarkieru kandidatu identific€Sana nekod€josajos RNS biotipos. Punktu diagrammas, kas parada
atlasito RNS biomarkieru kandidatu EV Itmeni (normaliz&to nolastjumu skaitu) HC un KV pacientiem diagnozes laika
un péc operacijas. (A) miRNS; (B) IncRNS; (C) piRNS; (D) snoRNS. HC, vesela kontrole; PreOp, diagnozes laika
punkts; PostOp, septinas dienas p&c operacijas.



Biomarkieru modela izveidoSana

Lai izveidotu biomarkiera modeli, kas atskir PreOp KV no HC, tika izmantota logistikas regresijas
pieeja. Sis modelis, kas ietver astonus RNS biomarkierus (3 snoRNS: SNORD3H, SNORDIC,
SNORA74D, 3 IncRNS: Inc-IFT-122-2, Inc-C90rf50-4, Inc-FAM122C-3, 1 miRNS: miR-2 un 24 1 piRNS:
piR-32949), sasniedza AUC 0,905 (p = 1,6 x 10-8), jutibu 0,82 un specifikumu 1 apmacibu datu kopa,
paradot ta specigo veiktspgju. LOOCV demonstrgja modela robustumu ar AUC 0,902 (p = 3,4x10-9), jutibu
0,88 un specifiskumu 0,90 (11. attels A, B).

Turklat p&tijuma tika petita EV RNS biomarkieru saistiba diagnozes laika ar dazadiem BC kliniski
patologiskiem parametriem un histologiskajam iezimém. Tika konstat&ts, ka vairakiem RNS biomarkieriem
no dazadiem biotipiem bija speciga saistiba ar ER un HER2 statusu. P&c tam tika izveidoti biomarkieru
modeli, lai prognozetu ER un HER2 statusu (11. attéls, C-F). 5 RNS modelis vargja atskirt BC pacientus ar
ER+ un ER- audzgjiem, sasniedzot AUC 0,924 (p = 9,2x10°) apmacibu datu kopa un AUC 0,887 (p =
0,00038) LOOCYV. Lidzigi 6 RNS modelis efektivi atSkira BC pacientus ar HER2+ no HER2 audzgjiem ar
AUC 0,976 (p = 4,8x10°°) apmacibu datu kopa un AUCE9,929 (p=3,2x10°) LOOCV.
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11. attéls. Biomarkieru modeli. (a) ROC Iikne 8 RNS biomarkieru modelim, kas atskir BC pacientus un veselas
kontroles; (b) BC vs HC biomarkiera modela atstasana krusteniska validacija (LOOCV); (c) ROC likne 5 RNS
biomarkieru modelim, kas atSkir BC pacientus ar ER+ un ER-audzg&ju; (d) ER+ un ER- biomarkiera modela LOOCV;
(e) ROC likne 6 RNS biomarkieru modelim, kas atskir BC pacientus ar HER2+ un HER2- audzgjiem; (f) HER2+ un
HER2 biomarkiera modela LOOCV. ER, estrogéna receptors; PreOp, diagnozess laika punkts; HC, vesela kontrole.

Visaptveross ekstracelularo vezikulu RNS kravas raksturojums krits veza
pacientém, kuram tiek veikta neoadjuvanta kimijterapija
EV RNS saturs

Vidgji katrs EV RNS paraugs saturgja 4,2 miljonus neapstradatu nolasijumu, un péc kvalitates
kontroles, adaptera apgrieSanas un fragmentu, kas ir mazaki par 15 nukleotidiem, nonemsanas palika
aptuveni 2,4 miljoni nolasijumu. Apméram 61% no Siem nolastjumiem tika veiksmigi kartéti pret cilvéka
genoma versiju GRCh38. Domingjosais RNS biotips, kas konstatéts EVs, bija garas nekodgjosas RNS
(IncRNS), kas veidoja 26% no kopgja daudzuma, kam sekoja matricas RNS (mRNS) 25% apmeéra, ar piwi
mijiedarbojosas RNS (piRNS) 18%, mikroRNS (miRNS) 17% un transporta RNS fragmentus (tRF) 4%
apmera. Turklat, tRF, mazo nukleolaro RNS (snoRNS), mazo kodola RNS (snRNS) un piRNS frakcijas bija
lielakas, savukart IncRNS frakcija bija mazaka KV pacientém diagnozes laika, salidzinot ar HC. Nakamajos



tris laika punktos So RNS biotipu frakcijas saglabajas salidzinosi stabilas, tacu 12 méneSus péc operacijas
IncRNS, piRNS un tRF frakcijam bija tendence tuvoties HC paraugos noverotajam Iimenim.

RNS biomarkieru identificeSana reakcijas uz NAC prognozéSanai

Lai precizi noteiktu RNS biomarkierus EVs, kas var paredzgt pacienta reakciju uz NAC jau
diagnozes bridi, més veicam diferencialas ekspresijas analizi, salidzinot pacientes kas atbild€ja un kas
neatbild&ja uz NAC divos galvenajos laika punktos: diagnozas bridi un NAC beigas. Mes identificgjam
diferencétas RNS ar Log2FC> 1 un adj. p<0,05 un koncentrgjamies uz RNS, kas abos laika punktos bija
konsekventi atSkirigi parstavetas, jo tas, iesp&jams, ir saistitas ar pret zalém rezistentiem audzgjiem. Pec
tam més salidzinajam $os atlasitos biomarkieru kandidatus ar HC un starp reag€tajiem un nereagetajiem
visos turpmakajos laika punktos, ka arT starp audz&ju un blakus esoSajiem normaliem kriits audiem. Mg&s
analizéjam mazas RNS (miRNS, snoRNS, snRNS, piRNS, tRF) mazas RNS bibliotekas, kas izveidotas no
audzgja un normaliem kriits audiem, savukart mRNS un IncRNS tika parbauditas pilnas transkriptomu
bibliotekas.
miRNS

miRNS diferencialas ekspresijas analize reagétajiem un nereagétajiem diagnozes laika identificja
48 DEGs, no kuriem 42 uzradija augstaku limeni nereagétajiem (12.A att€ls). NAC beigas tika identificéti
29 DEGs, tostarp 23 miRNS ar augstaku limeni nereagétajiem (12.B att€ls). Sesas miRNS bija konsekventi
paaugstinatas nereaggjoso pacientu vidi abos laika punktos, un tie tika izvéléti ka potencialie biomarkieru
kandidati (12.C attels). Sis miRNS vargja efektivi atskirt reagétajus un nereaggjofos, bet ar augstu
specifiskumu (Sp = 1) un salidzinosi zemu jutibu (Sn =0, 15-0, 25), jo tas bija nosakamas tikai nereagg€joso
personu apakskopa. Japiebilst, ka neviena no §$Tm se$am miRNS netika atrasta HC EVs. Turklat miR-190b-
5p un miR-331-3p biezak tika identific€tas pacienteém, kuram slimiba progresgja 18 ménesu laika péc
operacijas, salidzinot ar tam, kuram slimiba neprogres€ja, lai gan ST atSkiriba nesasniedza statistisku
nozimigumu. P&c operacijas vairumam pacientu miR-12113 un miR-34b-5p Iimenis samazinajas, savukart
miR-190b-5p, miR-331-3p, miR-152-5p un miR-132-5p limenis netika bitiski samazinats p&c operacijas.
Visas §1s miRNS, iznemot miR-12113, bija sastopamas gan KV, gan normalos kriisu audos, tacu neviena
no tam nebija ieverojami augstak ekspreseta veéza gadijuma. Tas liecina, ka audzgja audi, iesp&jams, ir viens,
bet ne vienigais $o miRNS avots asinsrite.
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12. attels. Atskirigi ekspresétu miRNS analize starp nereagétajiem (NR) un reagétajiem (R). (A) Vulkana diagramma,
kas parada DEG starp NR un R diagnozes laika. (B) Vulkana grafiks, kas parada DEG starp NR un RS p&c NAC. (C)
Venna diagramma, kas parada DEG parklasanos diagnozes laika un p&c NAC.



IncRNS

IncRNS diferencialas ekspresijas analize atklaja 42 DEGs starp reag€tajiem un nereag€tajiem
diagnozes laika, un 40 no tiem bija augstaki NR grupa. Peéc NAC pabeigSanas tika identificéti 49 DEGs, no
kuriem 47 bija augstaki NR grupa. Tomeér tikai 4 no Siem DEGs — Inc-ALX1-2, Inc-KLF17-1, Inc-DPH7-
1 un Inc-PARPS8-6 — bija konsekventi atskirigi ekspreseti abos laika punktos. Inc-ALX1-2 un Inc-KLF17-1
sp&ja atskirt reag€josSos un nereaggjosos ar augstu specifiskumu un to daudzums samazinajas péc audzgja
kirurgiskas iznems$anas. Tomer tos vargja atrast ari 2 kontrol&s (6, 67%), kas norada, ka So RNS izdali$anas
plazmas EVs nav saistita tikai ar véza klatbutni. No otras puses, Inc-PARP8-6 un Inc-DPH7-1
pirmsoperacijas paraugos atskira reagétajus no nereagétajiem. Tomér to limenis palielinajas péc operacijas
gan reaggjoSo, gan nereagljoSo grupas, kas liecina, ka to izdaliSanas, iesp&ams, ir saistita ar audu
bojajumiem un/vai briicu dzisanu.
mRNS

Parbaudot mRNS profilus reagétajiem un nereagétajiem diagnozes laika, tika konstatéts, ka tikai
viens géns GKAPI ir atskirigi ekspreséts. GKAPI uzradija ieveérojami augstaku [tmeni (Log2FC 12,86;
adj.p = 0,02) nereaggjoso pacientu EVs. Tomér ir veérts atzimét, ka GKAP1 mRNS tika konstatéta arT 20%
HC un palielingjas reagétaju vidi NAC laika. Tas samazina ta, ka uzticama prognostikas biomarkiera,
potencialu.

Citas nekodejoSas RNS

Izp&tot dazadus mazus nekod&josus RNS biotipus, diagnozes laika tika konstatgti attiecigi 16, 6 un 6
DEGs starp reagétajiem un nereagétajiem no snoRNS, snRNS un tRF, bet piRNS netika identificéti DEGs.
Jaatzimg, ka tikai viens no Siem DEG, SNORD111, saglabaja savu atskirigo ekspresijas Itmeni péc NAC.
SNORDI111 nav sastopams HC EVs, un tam ir augsts specifiskuma Iimenis, bet zemaka jutiba (Sn = 0,15),
prognozgjot reakciju uz NAC.

NAC inducetas RNS

CenSoties identificét NAC ierosinatas RNS, kas potenciali varétu veicinat zalu rezistenci vai slimibas
progreséSanu, més veicam $adas diferencialas ekspresijas analizes:

1. NAC-BC pret Dg-BC, lai precizi noteiktu NAC inducétas RNS.

2. NAC-BC pret HC, lai identificétu KV raksturigas RNS.

3. Nereaggjoso personu salidzinajums ar reagétajiem (vai pacientiem ar vai bez progresésanas) NAC
beigas, lai identificetu RNS, kas saistitas ar sliktu reakciju uz NAC vai klnisku progreséSanu 18 ménesu
laika p&c operacijas.

Misu analize paradija specifiskas RNS, kas atbilst Siem kriterijiem: piecas piRNS (piR-28104, piR-
22021, piR-25412, piR-33202 un piR-19110), ¢etras miRNS (miR-651-5p, miR-370-5p, miR-4326 un miR-
539-5p), divas IncRNS (Inc-CCR6-1 un Inc-JHY-2), divas snoRNS (SNORA7IE un SNORD115-6) un
vienu snRNS (RNU6-677P). Sis RNS tika inducétas NAC laika, kriits véza EVs bija ievérojami augstaka
limeni NAC beigas, salidzinot ar veselam kontrolém, un uzradija augstaku limeni nereagétajiem neka
reageétajiem. Turklat, analiz€jot pacientus ar un bez progres€$anas, tika identificétas divas snoRNS
(SNORD28 un SNORDI115-5) un viena piRNS (piR-33202). Svarigi, ka abas analizes tika atrasts piR-
33202.

Fiziskas aktivitates ierosinatas ekstracelularas vezikulas aizkave prostatas véza
veidoSanos

Piespiedu skrieSanas vingrindjumu ietekme uz plazmas EV limeni

EVs tika izolétas no zurku plazmas pirms (Pre-RUN) un tiilit p&c piespiedu skrieSanas vingrinajuma
(Post-RUN), un EV daudzums, izmérs un tiriba tika novertéta ar TEM un NTA. TEM attéli atklaja, ka
lielaka dala dalinu bija no 30 lidz 160 nm diametra un dalai no tam bija kausa formas morfologija. Tom&r
lielakaja dala analiz&to paraugu bija arT mazakas dalinas, kas, iesp&jams, parstav lipoproteina dalinas, un
neliels skaits lielu dalinu ar diametru 200-250 nm. NTA paradija, ka lielaka dalinu dala bija diapazona no
36 lidz 200 nm un EV koncentracija bija robezas no 6,5 x 10° [idz 1,9 x 10" dalinam uz ml plazmas. Tom&r



netika noverotas bitiskas atSkiribas ne EV izméra, ne koncentracija starp paraugiem pirms un péc fiziskas
slodzes.

Izmainas EV RNS satura slodzes laika

Lai izpétitu vingrinajumu ietekmi uz RNS saturu EVs, més veicam RNS sekvencésanas analizi divas
grupas: skréjéju grupas pirmsskréjiena un pecskrgjiena, ka art mazkustigu individu kontroles grupai (katra
grupa n = 8). Kopgjas EV RNS analize, izmantojot Bioanalyzer, liecinaja, ka primarie RNS fragmenti bija
diapazona no 20 lidz 150 nukleotidiem (nt). Kopgja EV RNS tika izmantota, lai izveidotu RNS-seq
biblioteku bez ieprieksgjas izmera atlases. Pirms RNS ekstrakcijas EV tika apstradati ar proteinazi K un
RNazi A, lai likvidétu RNS, kas pievienotas EV virsmai. Vidgji katra biblioteka genergja 5,9 miljonus
neapstradatu nolasijumu, tacu péc kvalitates kontroles, adaptera apgriesanas un filtréSanas, kas ir 1sakas par
16 nt, viena biblioteka palika vid&ji 2,85 miljoni lasijumu. Kopgjais nolasijumu savienoSanas limenis ar
Rattus norvegicus genomu bija 51, 5%. Rsubread pakotne [63] tika izmantota lasiSanas skaitiSanai,
izmantojot RGSC zurkas genomu un genoma anotaciju (versija Rnor 6.0). Rezultati paradija, ka lielaka
dala nolastjumu tika kart&ti ar matricas RNS (mRNS) 73, 8%, kam seko mikroRNS (miRNS) ar 13, 6% un
ribosomu RNS (rRNS) ar 6, 7%. Citi biotipi, pieméram, garas starpgénu nekodejosas RNS (lincRNS),
mitohondriju rRNS un apstradati pseidogeni, katrs veidoja mazak neka 2%. Tomer, izmantojot miRBase
anotaciju, tikai 0, 6% no kartétajiem lasTjumiem tika uzskatiti par nobriedusiem miRNS, kopuma
identificgjot 194 atSkirigas miRNS.
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13. attéls. Vulkanu diagrammas, kas att€lo biitiskas izmainas EV RNS satura. (A) EVs péc skr&jiena un pirms skr&jiena
no fiziski aktivajam zurkam. (B) EV no aktivajam zurkam, salidzinot ar EV no mazkustigajam kontroles grupas
zurkam.

Pec tam m&s veicam diferencialas ekspresijas analizi, izmantojot edgeR pakotni. RNS ar ekspresiju,
kas konstatéta mazak neka 4 paraugos, tika izslégtas no analizes. Miisu mérkis bija novertet, vai RNS saturs
EVs, kas nonacis cirkulacija piespiedu skrieSanas laika, atSkiras no miera stavokla, salidzinot EVs péc
slodzes ar EVs pirms tas. ST analize kopuma identificgja 20 DEGs ar korigéto p vértibu, kas mazaka par
0,05 — 10 paaugstinati un 10 zemak ekspreséti slodzes laika (13.A attels). Interesanti, ka visi Sie DEGs ir
proteinus kodgjosi géni, un citos RNS biotipos atskiribas netika novérotas. Génu ontologijas (GO) terminu
bagatinasanas analize Siem DEGs paradija par tadu génu bagatinasanu, kas saistita ar nesalocitu proteinu
saistiSanos (korigéta p vértiba 0,048).

Lai novertetu slodzes ilgstoso ietekmi uz cirkulgjoso EV RNS saturu, més salidzinajam pirms slodzes
EVs ar plazmas EVs no mazkustigam kontroles zurkam. ST analize kopuma atklaja 52 DEGs ar korigéto p
vertibu, kas mazaka par 0,05, kas satur 50 proteinus kod&josus génus un 2 miRNS (13.B attéls). Interesanti,



ka tikai vienpadsmit no $§im RNS uzradija augstdku ltmeni pirms slodzes EV, salidzinot ar EV no
mazkustigam kontroles zurkam. GO termina bagatinasanas analize atklaja tadu g€nu bagatinasanu, kas
saistiti ar molekularam funkcijam "seléna saistiSanas" un "oksidoreduktazes aktivitate, iedarbojoties uz
peroksidu ka akceptoru” (abi ar adj. p vertibu 0,025).

Slodzes ierosinatu EV ietekme uz prostatas véza attistibu

P&c tam més parbaudijam piespiedu skrieSanas laika izdalito EV ietekmi uz PV progresiju. Isuma,
mes izolgjam kopgjas asins plazmas EVs no zurkam, kuras tika paklautas piespiedu skrieSanai vai piekopa
mazkustigu dzivesveidu. Péc tam §is EVs tika intravenozi ievaditas F344 zurkas ar ortotopiski injicétam
singénam prostatas véza Siinam PLS10, kas ir modelis, kas iegiits no kimiski induceéta, kastracijas izturiga
metastatiska PV, pamatojoties uz autoru sakotngjo protokolu [58]. Zurkas ar PV sanéma §is EV injekcijas
6 nedéls, kas atbilst parejai no 1. posma uz 3./4. PV attistibas posmu. REV grupa sanéma Post-RUN EVs
no skréj&jiem, SEV grupa sanéma EVs no mazkustigam zurkam, un PBS grupa sanéma tira PBS injekcijas.
P&c sesam nedelam audzgju masas tika noverotas visu zurku prostatas. Ir svarigi atziméet, ka lielakajai dalai
dzivnieku, kuriem bija audzgjs, Iidz noteiktajam beigu punktam nebija nekadu cieSanu pazimju. Tomer
divas zurkas no katras grupas tika humani eitanaz€tas pirms noteikta sesu ned€lu beigu punkta cieSanu
pazimju d&l. Pecnaves analizes atklaja, ka abiem Siem dzivniekiem bija audzg€ju masas, kas bija veidojusas
arpus sakotngjas injekcijas vietas, izraisot urinizvadkanala saSaurinasanos, kas ir izplatita komplikacija, kas
noverota ortotopisko grauz&ju PV modelos [58]. Lidz ar to Sie dzivnieki tika izslégti no datu analizes.
Pirmais iznakuma raditajs bija primara audzg€ja apjoma novertgjums un grupu salidzinajums. Vidgjais
primara audzgja tilpums bija 4532 + 1396 mm?® REV grupa, 7000 = 1882 mm® SEV grupa un 6841 + 3291
mm® PBS grupa (14.A attéls). Statistiski nozimigas at3kiribas tika novérotas, salidzinot vidgjo audzgja
tilpumu starp zurkam, kuras san@ma no skr&jeju iegiitas EV, un tam, kas bija SEV grupa, ar 35%
samazinasanos primara audzgja tilpuma REV grupa (Mann-Whitney p-vértiba = 0,0159). Tomer atskiriba
nebija statistiski nozimiga, salidzinot ar PBS grupu, iespgjams, neliela dzivnieku skaita un ieveérojamo
audzgja lieluma atskirtbu d€] $aja grupa. Ir svarigi atzimet, ka visiem primarajiem audzgjiem to centros bija
noveérojama nekroze (14.B attgls).
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14. attels. Slodzes izraisitu EV ietekme uz prostatas véza progresiju. (A) Primaro audzgju tilpumu salidzinajums starp
grupam péc 6 nedelu ilgas EV vai PBS ievadiSanas. Punktu diagramma ir paraditi vid&jie audzgja tilpumi, Gisas ir
standarta novirze; punkti apzimé atseviskus dzivniekus. Mann-Whitney tests tika veikts, lai novertétu atskiribu
statistisko nozimigumu starp grupam. (B) Reprezentativs piemérs ortotopiskam PLS10 $iinu izraisitam prostatas
audzgjam (ar urinpiisli) un nekrozei, kas konstatéta vairuma audzgju centra.

Papildus audzgja tilpuma mérisanai més novert§jam makroskopisku metastatisku veidojumu
klatbiitni, atraSanas vietu un daudzumu. Rezultati paradija ieverojamas atsSkiribas starp atseviskiem
dzivniekiem un grupam. Metastazes tika konstatétas dazadas vietas, tai skaita s€klas puslisus,
mezenteriskos, giizas un zarnu limfmezglus, ka arT plausas (Tabula 1). Netika noverotas nekadas statistiski
nozimigas atsSkiribas ne metastazu skaita, ne atrasanas vietu zina starp pétijjuma grupam. Tomer ir verts



atzimet, ka distalas plauSu metastazes tika noverotas tikai kontroles grupas, nevis zurkam, kuras sanéma
Post-RUN EV injekcijas (REV grupa). Sis novérojums liecina par $o EV iespgjamo aizsargajoso lomu véza
progresijas kavésana.

1. tabula. F344 PV modela zurku makrometastazu kopsavilkums.

Grupa Kopgjais Zurku Metastazu atrasanas vieta*®
metastatisko  skaits ar  Plausas Ve&derpléve Mezentérijs S&klas  Aizkunga  Zarnas
veidojumu  met./Zurku puslisu  dziedzeris
skaits sk. grupa
REV 4 3/5 0/0 1/1 1/1 0/0 0/0 2/2
SEV 8 3/5 2/2 2/1 0/0 0/0 0/0 4/2
PBS 18 3/4 11/2 32 1/1 2/1 1/1 0/0

* Kopgjais metastatisko veidojumu skaits dotaja atraSanas vieta / dzivnieku skaits ar metastazeém dotaja atraSanas vieta



DISKUSIJA

EVs spélé daudzveidigu un daudzpusigu lomu véza attistiba, to funkcijas ir ciesi saistitas ar §tinam,
kas tas razo, un iesaistitajam mérka Stinam. Misu p&tijjuma esam noskaidrojusi mijiedarbibu starp audzgja
§inu producétam EVs un imininam simulétd audzéja mikrovide. ST pétfjuma dala ir paradijusi
mehanismus, ar kuriem imiin$tinas uznem vé&za Stnu producétas EVs, atklajot audz&u radito EV
iminmodul&josas 1pasibas. Turklat mes veicam EV ka potencialo biomarkieru analizi divos izplatitakajos
veza veidos, proti, kriits un prostatas vézi. Miisu petijumi apstiprina audzgju atvasinatu EV sp&ju kalpot par
véza biomarkieriem ar gan diagnostisku, gan prognostisku vértibu. Visbeidzot, miisu petijums ir paradijis
mehanismu, ar kura palidzibu fiziskas aktivitates ietekme audzg€ja augSanu un attistibu, proti, ar fiziskas
slodzes ierosinatam EVs — tas parada EV iespg&jamo fiziologisko lomu v&Zza attistibas konteksta.

Audzgja Siinu EV loma audzéja mikrovideé

Ir parliecinosi pieradijumi, ka EV ietekme uz mérka Stnam ir atkariga no EV koncentracijas, laika,
izolacijas metodes, tiribas un izméra [76-79]. Miisu merkis bija izveidot modeli, lai izp&titu EV medigtu
mijiedarbibu starp audzgjiem un saimniekorganismu, kas piedava nepartrauktu véza stnu producétu EV
avotu gandriz fiziologiska limeni, novérSot vajadzibu péc EV izolacijas. Tas tika panakts, izmantojot
kopkultiiru sistemu, kura izmantotas san€méja imiinstinas $tinas un PC3-CD63-GFP $inas, kas veido 3D
heterotipiskus sferoidus, un kvantitativi tika noteikta GFP mark&tu EV uznemsana, izmantojot pliismas
citometriju. Miisu modeli tika izsekota CD63 pozitivo EV parnese, tacu butu lietderigi atkartoti izveidot
eksperimentu ar dazadu EV markieru mark&Sanu, jo ne visas EVs satur CD63 [80].

3D sferoidu kultiiras tadas 1pasibas ka génu ekspresijas modeli, $tinu polarizacija, §tinu savstarpgja
mijiedarbiba, mijiedarbiba starp §tinam un ekstracelularo matriksu, ka arT skabekla un metabolitu gradienti
ir pielidzinami tiem, kas novéroti véza audos, padarot 3D kultiiras par fiziologiski nozimigaku modeli
salidzinajuma ar tradicionalajam 2D S$tnu kultiram [81-83]. Turklat TME satur fibroblastus, dazadas
imiinas $iinas, asinsvadu Stnas, pericitus, adipocitus, un audzgja un stromas $iinu attieciba var ievérojami
atSkirties starp dazadiem véza veidiem, ka arT véza slimniekiem [84, 85].

Miisu petijums liecina, ka EVs efektivak mijiedarbojas ar CD19+ B §tinam neka ar CD3+ T $linam,
ka art dazadam T $tnu apakSgrupam ir atskirigas spgjas mijiedarboties ar véza producetam EVs. Interesanti,
ka lidzigi ka iepriek§ publicetos pétijumos, kas paradijusi, ka no audzg€ja atvasinatas EVs T S$iinas
galvenokart ietekme, izmantojot $tinu virsmas signalu nevis internalizaciju, tika konstatéts, ka B Siinas
neinternalizé EVs [78, 86]. Tom&r musu rezultati liecina, ka dalu EV T Stnas tomér var uznemt ar
makropinocitozes palidzibu, ko ietekmé submembranas pH [87]. Sis uznemsanas veids varétu biit biezak
sastopams augSanas faktoriem bagata TME. Miisu modelis, kas izstradats, lai atdarinatu TME apstaklus,
nodros$ina nepartrauktu CD63 pozitivu EV piegadi gandriz fiziologiska Iimeni, izvairoties no novirzém, ko
rada EV izolacija no $tinu kulttras barotném.

Sie atklajumi liecina, ka no véza §iinu producéto EV internalizaciju un ietekmi uz imin$tinam
ietekmé ne tikai mérka $tinu tips, bet arT specifiskas EV razojos$as $iinas, izcelot sarezgito mijiedarbibu starp
EVs un iminStnam audzgja mikrovide. Vairaki pé&tijumi ir paradijusi, ka audz€a EVs var izraisit
imiinsupresiju dazadas imtino $tinu apakSgrupas, tostarp B §iinas, T $iinas un makrofagos, palidzot véza
§Gnam izvairities no iminsistémas un atbalstot véza progresésanu [88]. Sajos imiinsupresivos efektos ir
iesaistiti dazadi mehanismi un celi, kas dazadiem v&za veidiem var atSkirties, uzsverot EV mediétas
iminmodulacijas daudzpusibu véza konteksta.

Ir paradits, ka véza EVs spéle butisku lomu fibroblastu fenotipa un funkciju ietekmesana, veicinot to
parveidi par CAF [89, 90]. Sie pétijumi galvenokart ir vérsti uz EVs, ko producgjusas véza §inu linijas.
Misu petijuma mes petam urina EV ietekmi uz fibroblastu transkripcijas profilu, jo Tpasi tiem, kas iegiti
no PV pacientu audiem. Ta ka ievérojama dala urincelu EV PV pacientiem ir saistita ar prostatu vai prostatas
vézi [91], tas sniedz unikalu iesp&ju izpetit no pacientu audz&jiem iegiito EV funkcionalo ietekmi.

Fibroblastu kultiiru atbilde uz EVs uzradija biitiskas atSkiribas, ar veseliem prieksadas fibroblastiem
(Hs68) bija vislielakais EV reguléto génu skaits. Interesanti, ka, lai gan abas ar prostatas vezi saistitas
fibroblastu primaras kultaras (PCF) reaggja atskirigi uz prostatas véza EVs (PC-EV), salidzinot ar veselo



kontrolu EVs (HC-EV), nebija unikalu celu, ko izraisitu PC-EV. Tas liek domat, ka ietekmi uz dermas
fibroblastiem var attiecinat uz urina EV apaksSpopulacijam, kas raksturigas gan prostatas véza slimniekiem,
gan veseliem individiem, vai arT1 PC-EVs var neaktivizet atskirigus intracelularos signalizacijas celus, pat
ja tos uznem vai tie piesaistas pie adas fibroblastiem. PCF-54 §tinu gadijuma to transkriptoma reakcija uz
PC-EVs bitiski at$kiras no atbildes reakcijas uz HC-EV. HC-EVs samazinaja vairaku ar mitohondriju
funkciju saistitu génu ekspresiju, noradot uz iespgjamu mitohondriju elpoSanas nomaksanu, lai gan $is
efekts var biit dinamisks un atkarigs no laika. Turklat apstrade ar PC-EV unikali ietekmé&ja 58 génu
ekspresiju PCF-54 Siinas, tostarp tos, kas kodé proteinus, kas iesaistiti $§tnu daliSana, hromosomu
segregacija un mitotiskas varpstas veidosana, kas liecina, ka PC-EV var traucét So procesu reguléSanu ar
VEzi saistitos fibroblastos. Tomér, lai noteiktu par Siem efektiem atbildigas EV apakspopulacijas, precizus
mehanismus un 1pasibas, ir nepiecieSama turpmaka izpéte. PCF-55 $iinas gan PC-EV, gan HC-EV izraisija
vairaku hemokinu, pieméram, CCL2, CCL13, CXCL1, CXCL8 utt., ekspresijas paaugstinasanos. Sis
rezultats atbilst iepriek$ publicEtam pé&tijjumam, kas parada, ka EVs, kas izdalitas no metastatiska kunga
véza $unam, veicina specifiskas CAF apakspopulacijas veidosanos, kas razo CXCL gimenes hemokinus
[92]. Misu petijums liecina, ka EVs ir nozime funkcionali daudzveidigu fibroblastu apakSpopulaciju
veidoSana, un ir nepiecie$ama turpmaka izmekl&S$ana vienas $tinas Itment, lai izprastu faktorus, kas ietekme
fibroblastu reakciju uz EV signalceliem, kas potenciali ietekm€ imiino $tinu piesaisti, zalu rezistenci un
citus audzgja mikrovides aspektus.

Ir skaidrs, ka no audzgjiem iegiitas EVs mijiedarbojas ar dazadiem Stnu tipiem TME, vai nu iekliistot
$ajas Stnas, vai mijiedarbojoties ar to virsmas receptoriem, un §Is mijiedarbibas var izraisit dazadus audzgju
veicinodus efektus sanéméja $unas. Sis pétijums vél vairak apstiprina, ka audzgja EVs ir spgja
mijiedarboties ar imiin§iinam, fibroblastiem un, visticamak ar1 citam TME §tinam, un uznemsanas vai
saistiSanas ar §tinu virsmu, ka arT izraisitie procesi ir atkarigi gan no EVs razojo$ajam $tinam, gan no imiino
$tinu mérkiem.

EV ka véza biomarkieri

EVs ir ieguvusas ieveérojamu uzmanibu ka daudzsoloSs ar vézi saistitu biomarkieru avots skidrajas
biopsijas. Tas piedava potencialas priekSrocibas salidzinajuma ar alternativiem avotiem, pieméram,
cirkulgjosam audzgja $inam (CTC), bezstinu DNS vai RNS. Sis prieksrocibas ietver to lielo daudzumu
asinsrit€, salidzinot ar CTC, to aizsargajoSo lomu molekulara satura pasargasana no degradacijas,
molekularo 1pasibu transport€Sanu, kas saistiti ar mates $tinu specifiskajam 1pasibam, un to sp&ju parnest
§1s Tpasibas uz recipienta §tinam [93, 94]. Saja pétijuma més pétijam EV limena un to RNS satura dinamiku
dazados kriits veéza arstéSanas posmos, parbaudot korelaciju starp RNS satura izmainam un kliniskajiem
rezultatiem. Paaugstinats EV Itmenis plazma ir konstatéts pacientiem ar dazadiem audzgjiem [95-97],
tostarp KV [98]. Vismaz dalgji EV RNS krava atgadina to producgjosSo Stnu RNS, tad&jadi inform&jot par
fiziologiskajiem un patologiskajiem procesiem to izcelsmes $tinas [94].

Miisu pétfjuma mes redz&jam, ka KV pacienteém diagnozes laika ir ievérojami augstaks EV Iimenis
asinis, salidzinot ar veselam bez véza kontroleém. Lai gan bija sagaidams, ka pec operacijas EV Iimenis
var€tu samazinaties [99, 100], statistiski nozimiga atSkiriba starp EV Iimeni diagnozes bridi un 7 dienas péc
operacijas netika novérota. Tas vargtu biit saistits ar kirurgisko procediiru, kas potenciali izraisa palielinatu
EV razosanu dazados kermena Stnu veidos, un EV Iimenis neilgi péc operacijas neatgriezas normala
stavokli. So lieko EV izcelsme joprojam ir neatbildéts jautajums. Viena iespgja ir, ka ar audz&jiem saistiti
apstakli, piemeram, hipoksija un arpus$tinu vides skabums, stimulé véza Siinas producét EVs [101-104].
Vel viens izskaidrojums var€tu bt tads, ka EV daudzuma palielinasanas ir sistémiska reakcija uz audzgja
klatbtitni organisma, jo ir noverots paaugstinats EV Iimenis arT pacientos, kuriem ir ar v&zi nesaistits
stavoklis, kas liecina, ka dazadas slimibas vai audu bojajumi var izraisit EV izdaliSanos [94].

Petfjuma veiksmigi tika identificéti daudzsoloSi biomarkieru kandidati dazados EV RNS biotipos
kriits véza diagnostikai. Siem kandidatiem bija augsta specifika, bet mérena vai vaja jutiba, kas nozimg, ka
tie bija sastopami tikai dalai KV pacientu, ka rezultata individuali tiem bija m&rena diagnostiska vertiba.
Tomér biomarkiera modelis, kas sastav no 8 RNS biomarkieriem (3 IncRNS, 3 snoRNS, 1 miRNS un 1
piRNS), uzradija iev€rojamu diagnostikas precizitati ar AUC 0,902. Lai gan modelis uzradija sp&cigu



robustumu savstarpgja validacija (LOOCV), tomér nevar izslégt parmeribas iesp€ju, jo triikst neatkarigas
validacijas datu kopas. Ja kadi markieri validacijas datu kopa nesniedz vajadzigos rezultatus, tos var aizstat
ar tikpat efektivam alternativam, neapdraudot modela veiktsp&ju. Svarigi, ka dazi RNS biomarkieri korelg
ar ER, PR un HER?2 statusu, sniedzot papildu ieskatu audzgja pasibas, izmantojot uz EV balstitas asins
analizes.

miRNS ir plasi petitas EVs ka EV RNS krava. Vairakas miRNS, kas identificetas ka no KV atvasinati
biomarkieru kandidati, ieprieks ir konstatétas plazmas EVs un saistitas ar KV attistibu vai progresé€Sanu.
Piemé&ram, miR-224-5p, kas atrodas mezenhimalo cilmes $iinu producétajas EVs, regul€ bitiskus procesus
kriits véza stnas [105, 106]. miR-200b-5p, kas ir miR-200 saimes loceklis, ir saistits ar epiteliali-
mezenhimalo pareju un metastaz&€m, un augsts ta [Tmenis norada uz mazu slimibas brivu un vispargjo
dzivildzi [107]. Turklat, plazma esoSa miR-485-5p, kas darbojas ka audzgja nomacejs dazados véza veidos,
liecina par aktivu véza Stinu miR-485-5p saturosu EV sekreciju, lai samazinatu ta intracelularo limeni [108].

Saja petfjuma ka KV biomarkieri tika pétitas EVs ietvertas snoRNS, snRNS, piRNS un tRF, kas
parstav jaunu pieeju. Sts RNS klases ieprieks nav identificétas ka KV biomarkieri. Ir paradits, ka snoRNS
vada ribosomu RNS modifikacijas un spélé lomu audzgja veidosana un metastazes, ja véza gadijuma tas
tiek deregulétas [109, 110]. snRNS ir splaisosomu komponentes, kas saistitas ar g€niem specifiskam
splais€Sanas izmainam audzgja [111]. piRNS, kas darbojas ka genoma mediatori, ir saistitas ar v&za
progreséSanu un metastazeém, ietekméjot génu regulaciju [112-114]. tRF, kas iegiitas tRNS SkelSanas
rezultata, piedalas génu nomaksana un translacija [115, 116]. Sis pétijums paradija snoRNS, snRNS un tRF
bagatinasanu KV pacientu EVs, noradot uz to potencialu ka vel neizmantotiem véza biomarkieru avotiem.
Turklat EVs no KV pacientiem saturgja mitohondriju kodetas mRNS, kas liecina par no mitohondrijiem
atvasinatu EV apaks$populaciju; tomér ta izcelsme un funkcionala nozime véza slimniekiem joprojam nav
skaidra, jo o mRNS Itmenis p&c operacijas butiski nesamazinajas.

Parbaudot EV RNS saturu, tika atklatas arT 6 miRNS, 4 IncRNS un 1 snoRNS, kuram bija ievérojami
paaugstinats Iimenis pacientés, kuru audzgjs nereagéja uz NAC (NR), salidzinot ar reagétajam (R)
diagnozes bridi un visa NAC laika. Zimigi, ka §1s RN'S molekulas nebija nosakamas vai tam bija ieveérojami
samazinats Itmenis plazmas EVs no personam bez véza, padarot tas par loti daudzsoloSiem biomarkieru
kandidatiem, lai prognoz€tu pacienta reakciju uz Kkimijterapiju jau diagnozes laika. Arvien vairak
pieradijumu liecina, ka daziem pacientiem Kkimijterapijas zales, ko lieto NAC apstaklos, var izraisit
metastatisku slimibas progresésanu [117, 118]. M&s identificgjam 14 RNS, kas parstav piRNS, miRNS,
IncRNS, snRNS un snRNS biotipus. Turklat 1 piRNS un 2 snoRNS var€tu signaliz€t pacientiem par
slimibas agrinu progresésanu. Kopuma sis pétijums atklaja, ka ievérojama dala plazmas EVs KV pacientém
rodas slimibas vai tas arst€Sanas rezultata, parnesajot dazadus RNS subtipus ar diagnostisku un
prognostisku potencialu. EV RNS sastavs KV atskiras no veseliem individiem un dinamiski reagé uz
kltiskiem notikumiem. Tika identificéti specifiski RNS biomarkieri, kas paredz NAC reakciju diagnozes
laika, un tiem bija augsta specifika, bet ierobezota jutiba, analizgjot atseviski. Turklat tika atklats vel viens
RNS kopums, ko NAC induce EVs NR pacienteés vai pacient€s ar agrinu progreséSanu, un tam ir
nepiecieSama turpmaka izmekléSana, lai noskaidrotu o RNS funkcijas.

Paslaik klinika pieejams tikai viens uz EVs balstits tests, ExoDX Prostate (IntelliScore), savukart
ClinicalTrials.gov ir uzskaititi 36 kliniskie p&tijumi, kas saistiti ar eksosomam, v€zi un biomarkieriem
[119]. Lai gan laboratorijas p&tijumos ir identificéti daudzi potenciali uz EVs balstiti biomarkieri dazadiem
véza veidiem, to pareja uz klmisko praksi rada ievérojamu izaicinajumu, tade| ir nepiecieSama stingra
tehniska un kliniska validacija [120]. Sie uz EVs balstitie biomarkieri parasti iedalas tris kategorijas: ar EVs
saistitas RNS (piem&ram, mRNS vai miRNS), DNS vai olbaltumvielas. DaZzos p&tijumos pat ierosinats
izmantot ar EVs saistitus metabolitus un EV skaitu ka potencialos biomarkierus [94]. Tom&r p&dgja pieeja
var saskarties ar ierobezojumiem, kas saistiti ar kontroles grupas atSkirtbam EV ltmenos un iesp&jamo citu
patologisko un fiziologisko procesu ietekmi, kas var izmainit EV cirkulaciju.

Misu pétijums par PV pacientu urina EV ietekmi uz fibroblastu transkriptiem apstiprinaja, ka §STm
EVs ir atskiriga ietekme uz fibroblastiem, veicinot stromas Stinu daudzveidibu TME. Turklat misu
atklajumi parada, ka PV pacientu urina EVs potenciali varétu kalpot ka jauna funkcionalo biomarkieru klase
PV, kas varétu palidzet agrina slimibas diferenciacija, 1pasi labveliga stavokla gadijuma, kas pazistams ar



ta [éno progres€Sanu un ierobezoto nepiecieSamibu pec tilit€jas mediciniskas iejauk$anas. Tomér misu
petijuma galvenais ierobezojums ir salidzinosi nelielais paraugu kopas lielums, jo noveroto neviendabigo
reakciju del ir nepiecieSams plasak novertét pacientu urina EV ietekmi uz Siem fibroblastiem, lai
identificeétu kopigus markierus EV iedarbiba no agresiva un mieriga PV pacientiem.

Fiziskas slodzes ierosinatas EVs ka véza profilakses Iidzeklis

Fiziskai slodzei ir visparatzits pienesums veselibai, un p&tfjumi atklaj to tieSo ietekmi arT uz veza
slimniekiem. Lai gan dazada veida slodze var uzlabot véza pacientu dzives kvalitati, So priekSrocibu
mehanismi joprojam nav pilniba izprasti [51]. EVs, kam ir pieradita butiska loma starpstinu komunikacija,
tagad ir intereses punkts, petot ka tas var€tu veicinat fiziskas slodzes raditos veselibas uzlabojumus.
leprieksgjie petijumi ir paradijusi, ka slodze var palielinat cirkulgjoSo EV Iimeni asinis [121-125], tacu
misu petijums, kas ietvéra 1 stundu ilgu skrieSanu zurkam, neatklaja biitiskas izmainas vidgja EV
koncentracija un izméra. Sis neatbilstibas var rasties no treninu veida, intensitates un ilguma atskiribam,
kas ietekmé EV izdaliSanos vai dazadu Stnu tipu EV aizvaksanu. Turklat atSkiribas EV izolacijas un
kvantitativas noteikSanas metod@s var veicinat pretrunigus rezultatus. Imunoizolacijas metodes, kas verstas
uz EV virsmas markieriem, varétu sniegt dzilaku ieskatu EV dinamika un to izcelsmes Stnas [126, 127].

Lai gan m@s nenoverojam biitisku cirkulgjoso EV Iimena paaugstinasanos slodzes laika, miisu RNS
sekvenceSanas analize liecinaja par butiskam atSkirtbam EV RNS satura, kas iegiitas no zurkam pirms un
péc piespiedu skriesanas, kas liecina par aktivu EV produkciju ka atbildi uz slodzi. Lai gan selektivie RNS
Skirosanas mehanismi dalgji nosaka EV RNS profilus, tie liela mera atspogulo producetajsunu sastavu,
laujot mums izdarit secinajumus par Stnu tipiem, kas iesaistiti EV razosana slodzes laika. Starp 20 DEGs,
kas tika atrasti EVs péc slodzes, visi bija proteinus kod&josi géni ar atSkirigiem ekspresijas lIimeniem
dazados audos, jo Tpasi aknas, s€kliniekos, plausas, muskulos, smadzengs, timusa un nieres, kas liecina par
$0 organu iesaisti slodzes ierosinato cirkulgjoso EV kopuma produkcija. Sie DEG bija saistiti ar vielmainas
procesiem, Saperona funkciju un imiino regul&jumu, tostarp leikotriéna signalizaciju, T $tnu attistibu un
germinala centra B §tinu darbibu. Interesanti, ka misu analize neatklaja bitiski izmainitas miRNS,
salidzinot EVs pec slodzes ar EVs pirms slodzesa. Turpretim nesen veikts petijums, ko veica Oliveira et al.
identificgja 12 atSkirigi ekspresétas miRNS Zurku seruma EVs péc skrieSanas uz skrejcela [123]. Lai gan
astonas no STm miRNS miisu pétijuma paradija dazas atskiribas, tas nesasniedza statistisku nozimigumu.

Turklat, salidzinot slodzei paklauto zurku EVs ar mazkustigo kontroles zurku EVs, tika atklati 52
DEGs, uzsverot slodzes ilgstoso ietekmi uz cirkulgjoso EV RNS saturu. Starp pazeminatajiem géniem bija
tadi, kas saistiti ar oksidoreduktazes aktivitati un seléna saistiSanos, pieméram, Gpx3 (glutationa
peroksidaze 3), Pxdn (peroksidazins) un Selenof (selenoproteins F). Japiebilst, ka $ie geni ir saistiti ar
oksidativa stresa markieriem, lai gan miisu petijuma dati liecina, ka oksidativa stresa markieru bazes limenis
ir zemaks slodzei paklautiem dzivniekiem neka mazkustigiem dzivniekiem [128, 129]. Papildus Siem
DEGs, divas miRNS, miR378b un miR35, kas tika atrastas skr&jéju EV, bet nebija sastopamas mazkustigos
zurku EV, spélé lomu dazados fiziologiskos procesos, tostarp insulina jutiba [130] un aizsardziba pret
insulina rezistenci [131].

leprieksgjie petijumi ir pétijusi fiziskas slodzes ietekmi uz ve&za sastopamibu un progres€Sanu
dzivnieku modelos, demonstrgjot tas aizsargajoso iedarbibu pret v&zi un ta sp&ju samazinat audzgja augsanu
un metastazes dazados modelos [132, 133]. Tomér miisu p&tijums bija pirmais, kas pétija fiziskas slodzes
inducetu EV ietekmi uz v€za attistibu, Ipasi metastatiska PV zurku modeli. Miisu rezultati liecinaja, ka
regularas sldozes inducétu EV injekcijas zurkam, kuram ir audzgjs, samazinaja primara audzgja augsanu
par aptuveni 35% un, iesp€jams, aizkav€ja plausSu metastazu attistibu. Ir svarigi atzimét, ka pétijuma
ierobezojumi ietver nelielu paraugu kopas lielumu un ievérojamas datu atSkiribas, tapéc Sie atklajumi ir
indikativi un tos ir nepiecieSams validet lielaka dzivnieku grupa. Turklat turpmakajos pé&tijumos bitu
jakoncentrgjas uz izpratni par fiziskas slodzes izraisitu EV biologisko izplatibu, uznemsanu, intracelularo
likteni un to ietekmi uz san€mgja $tinam. Rezumgjot, miisu petijums uzsver, ka vingrinajumu izraisttas EV
var mainit cirkul§joso EV RNS saturu un potenciali ietekmét audzgja fiziologiju, kas liecina, ka prostatas
v&Zza pacientiem ka terciaro profilakses pasakumu vargtu noteikt regularus fiziskos vingrinajumus.



Ir pieradits, ka fiziska slodze uzlabo imiino $tinu infiltraciju un aktivitati gan TME, gan sist€miski,
noradot, ka ta var aktivizet imiinas funkcijas organisma [134]. Nemot véra to, ka EVs ir iesaistitas reakcija
uz slodzi un var parnest tas labumu in vivo , ir ticams, ka EVs sp€l€ lomu imiino $tinu aktivacija. Tas saskan
ar milsu pétijuma rezultatiem, kur fiziskas slodzes izraisitu EV injekcijas zurkam izraisija aizkavétu
prostatas audzg€ja augSanu, iesp&jams, palielinatas imiino $iinu aktivitates vai infiltracijas audzgja de]. Lai
to izpetitu talak, ir nepiecieSami papildu eksperimenti, tostarp audzgja audu analize, lai novertétu imino
Stnu infiltraciju, un audu transkriptoma analize, lai identificétu ge€nus, kurus EV injekcijas varétu biit
izmainijusas, atklajot specifiskos mehanismus, kas ir pamata ietekmei uz audzgju. Lai gan m&s noveérojam
nelielu metastatiska sloga samazinaSanos starp grupam, ir nepiecie$ama turpmaka apstiprinasana lielaka
kohorta, lai apstiprinatu Sos rezultatus.



SECINAJUMI

3D kopkultiru modeli CD3+ T S$iinas vismaz dalu véza $iinu producéto EV uzné€ma caur
makropinocitozi, savukart CD19+ B $iinas véza producétas EVs neuznéma.

PV pacientu un veselu viriesu urina EVs fibroblastos un CAF tika uznemtas atkariba no laika, un
to ietekme uz fibroblastu transkriptomu bija loti heterogéna.

Salidzinot plazmas EV RNS saturu starp KV pacientém un veselam kontroleém, tika atrasts astonu
biomarkieru modelis, kas spgj atskirt KV no HC ar AUC 0,905, p=3,4x107°. Turklat tika identific&ti
pieci biomarkieri, kas korel&ja ar ER ekspresijas [Tmeni un sesi — ar HER2 ekspresijas [imeni.
Visaptveross KV pacientu, kuram tiek veikta NAC, EV RNS satura raksturojums atklaja sesas
miRNS, cetras IncRNS un vienu snoRNS, kuru Itmenis bija ievérojami augstaks pacientém, kuras
nereagéja uz NAC, turklat tika identificetas 14 RNS, kas NAC laika tika inducétas nereagétajam
un tris RNS, kas NAC laika tika induc@tas pacient€s ar agrinu slimibas progresiju.

Fiziska slodze mainija EV ietverto RNS saturu gan 1stermina, gan ilgtermina, turklat slodzes laika
producétas EVs aizkavéja PV progresiju par 35% un, iesp&jams, samazinaja plausu metastazes.
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ABSTRACT

Cancer is one of the most common diseases and one of the leading causes of death in the developed
world. Breast cancer and prostate cancer are the leading types of cancer among women and men
respectively, and even with the advances in modern medicine and science, there are still many questions
around the development of cancer, diagnostics of cancer, therapeutic resistance, and recurrence.
Extracellular vesicles (EVs) have been shown to have an important role in intercellular communication
both in physiological, and pathological processes. In this study, we examined the many faces of EVs in
cancer. At first, we developed a 3D heterotypical spheroid model consisting of immune and cancer cells
and found that the immune cells interact and take up cancer cell-produced EVs in near-physiological
conditions. Next, we studied the effects of urinary EVs from prostate cancer patients and healthy males on
the transcriptional landscape of normal and cancer-associated fibroblasts (CAFs) and found that they elicit
distinct transcriptional responses in different fibroblast lines thus suggesting that EVs contribute to the
generation of functional heterogeneity of CAFs and leading to the idea that the effects elicited by circulating
EVs from cancer patients may serve as functional biomarkers of cancer. Further on we analyzed the plasma
EV RNA profile of breast cancer patients and found several small RNAs that could be used as BC diagnostic
biomarkers and several others that were associated with the response to neoadjuvant chemotherapy and
could signal of the disease recurrence after the surgical removal of the tumor. Finally, we studied the effects
of exercise-induced EVs on the progression of prostate cancer using an orthotopic rat prostate cancer model.
This study for the first time showed that exercise-induced EVs delay the progression of prostate cancer in
rats by 35% as well as may attenuate the formation of lung metastases. Overall, this study confirms that
EVs can have various roles and applications in cancer — from affecting other cells in the tumor
microenvironment and promoting tumor formation, to signaling of cancer presence and response to therapy,
to even delaying tumor progression.

Key words: extracellular vesicles, cancer, microenvironment, biomarkers, diagnostics, prognostics,
exercise
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ABBREVIATIONS

BC — breast cancer

PC — prostate cancer

EV — extracellular vesicles

TME — tumor microenvironment

TNBC — tripple negative breast cancer

ER — estrogen receptor

PR — progesterone receptor

NAC — neoadjuvant chemotherapy

PIN — prostate intraepithelial neoplasia
mCRPC — metastatic castration resistant prostate cancer
PSA — prostate specific antigen

NK — natural killer cells

LGD — Latvian Genome database
RAKUS - Rige Eastern University Hospital
NTA — nanoparticle tracking analysis
TEM — transmission electrone microscopy
GFP — green fluorescent protein

SEC — size exclusion chromatography
PBMC - peripheral blood mononuclear cells
HC — healthy control

CAF — cancer associated fibroblasts

DEG - differentially expressed genes
LOOCYV - leave one out cross validation
IncRNA — long noncoding RNA

piRNA — piwi interacting RNA

miRNA — micro RNA

snRNA — small nuclear RNA

snoRNA — small nucleolar RNA

tRF — transport RNA fragments

NR — nonresponder to therapy

R —responder to therapy

PBS — phosphate buffered saline

REV —runner EVs

SEV —sedentary EVs

CTC — circulating cancer cells



INTRODUCTION

Relevance of the study

Cancer is one of the most common diseases and causes of death in the world, breast cancer (BC) is
the most common malignancy in women, while prostate cancer (PC) — in men. Extracellular vesicles (EVs)
are small membrane-enclosed vesicles found in most if not all body fluids, including blood, saliva, urine,
milk, etc. Depending on EV biogenesis, different types of EVs are distinguished - exosomes, microvesicles,
apoptotic bodies, mitovesicles, migrasomes, oncosomes, exomeres and supermeres. Although EVs were
once thought of as a mechanism for cells to get rid of waste, in recent years it has been shown that they
play an essential role in intercellular communication both in the healthy body and in the development of
various diseases. Studies have shown that EVs also play an important role in the development of malignant
tumors.

Within the scope of this doctoral thesis, the role of EVs in the development of malignant tumors was
studied - both their effect on the surrounding cells in the tumor microenvironment, by creating a new,
heterotypic 3D sphere model, as well as by studying the effect of cancer-produced EVs on fibroblasts in
the tumor microenvironment, and their action as cancer biomarkers in patients plasma and urine, and even
the effect of EVs produced during physical exercise on the development of malignant tumors in animals.

The aim
The main aim of this study was to gain biologically and clinically meaningful insights into the various
roles and applications of EVs in cancer.

Tasks

1. To develop a heterotypic 3D cancer and immune cell model for analyzing the uptake of cancer-derived
EVs in immune cells.

2. To analyze the transcriptomic changes of normal and cancer associated fibroblasts after incubation with
urinary EVs from PC patients.

3. To analyze the plasma EV RNA content in a longitudinal cohort of BC patients and to search for
diagnostic and predictive RNA biomarkers.

4. To develop an orthotopic rat PC model to assess the effects of exercise-induced EVs on the progression
of the PC and the metastatic burden in the rats.

Theses for defense

1. The 3D heterotypical spheroid model can help assess the EV effects on immune cells in an environment
that resembles the TME, and the tumor EVs are taken up by immune cells via different endocytosis
pathways.

2. Urinary EVs from PC patients and healthy males elicit different transcriptional response in fibroblasts,
thus suggesting that these effects may serve as functional biomarkers of PC.

3. BC patient plasma EVs contain a vast variety of RNAs that can serve both as diagnostic and as prognostic
biomarkers and can distinguish between tumors that have good response to NAC and those who do not,
furthermore, they can even warn about the possible recurrence of the tumor.

4. Exercise-induced EVs can delay the development of PC in rats, thus showing that EVs are one of the
mechanisms how the beneficial effects of exercise can be transmitted throughout the body.

A brief description of the methods

3D Heterotypic Sphere Model - A PC3 prostate cancer cell line producing EVs with GFP attached to
the CD63 protein was established, PBMCs from healthy donors were isolated in parallel, and both cell types
were combined 1:1 in sphere medium with or without endocytosis inhibitors. EV uptake into PBMCs was
analyzed after 72h.

FACS-flow cytometry, by means of which the proportion of immune cells taken up by EVs in PBMCs
was determined by analyzing their green fluorescence.



Immunocytochemistry — EV uptake in different cells was also analyzed by immunocytochemistry by
looking at GFP fluorescence in different cells.

Transcriptome Analysis - Fibroblasts were incubated with urinary EVs; after incubation, RNA was
isolated and next-generation sequencing libraries were constructed to detect transcriptome changes in cells.

EV isolation — EVs were isolated from plasma and urine using size exclusion chromatography.

EV RNA analysis — Small RNAs were isolated from plasma EVs and next-generation sequencing
libraries were constructed from them to determine changes in small RNAs in EVs.

Orthotopic PC model — orthotopic PC cells were injected into the rat prostate through a laparoscopic
incision in the lower abdomen of a rat.

Rat physical activity model — animals were subjected to forced running for 1h on two out of three
days, with a warm-up phase and an active running phase.
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LITERATURE OVERVIEW

Cancer is a heterogeneous group of diseases characterized by abnormal cell growth and their spread
throughout the body, which can lead to a fatal outcome [135]. In Latvia, as in most developed countries,
cancer is the second leading cause of death after cardiovascular diseases. Prostate cancer (PC) and breast
cancer (BC) are the most common types of cancer in men and women, respectively. The primary risk factors
for these and other cancers are associated with diet, smoking, alcohol consumption, low physical activity,
and heredity [2, 135]. The main characteristics of cancer include the ability to maintain proliferative signals,
the deregulation of cell metabolism, evasion of programmed cell death, genomic instability, induction of
angiogenesis, tumor-promoting inflammation, suppression of growth suppressors, escape from immune
cells, acquisition of replicative immortality, and activation of invasiveness and metastasis [3]. The classic
model of carcinogenesis divides it into four stages: initiation, promotion, malignant transformation, and
progression [4]. In general, a tumor consists of not only cancer cells but also a complex group of cells called
the tumor microenvironment (TME), that includes various cells such as cancer cells, immune cells (T cells,
B cells, NK cells, tumor-associated macrophages), stromal cells (tumor-associated fibroblasts, tumor
endothelial cells), adipocytes, mesenchymal stem cells, and others, depending on the type of tumor [5].

Breast Cancer

Breast cancer (BC) is the most common cancer in women, accounting for 31% of newly diagnosed
cases and the second most common cause of cancer-related deaths, accounting for 15% of cancer-related
deaths [1, 2]. BC is highly heterogeneous, with various clinical manifestations, molecular subtypes,
morphology, development, and response to therapy [6]. It is associated with various risk factors, including
age, obesity, low physical activity, and genetic predisposition — most commonly mutations in the BRCA I
and BRCA?2 genes [7]. BC can be classified based on two parameters: either by histological characteristics
or by molecular subtype. Histologically, BC can be a carcinoma, that has developed from breast epithelial
tissues, or sarcoma, that has developed from breast connective tissues [8]. Molecular subtypes of BC
include luminal A, luminal B (both estrogen receptor (ER) and progesterone receptor (PR) positive), HER2-
positive, and triple-negative breast cancer (TNBC). Luminal A and luminal B subtypes are associated with
a better prognosis, while TNBC is considered the most aggressive [9]. BC therapy is often chosen based on
its molecular subtype; however, various studies have shown that the most important factor is the stage of
BC. Early detected BC can be treated with a 10-year survival rate of up to 90%, regardless of histological
or molecular type [6].

The main factors influencing therapy choices are the risk of recurrence, expected benefit,
comorbidities, toxicity, and molecular subtype [10]. In early-stage BC, neoadjuvant chemotherapy (NAC)
is sometimes recommended before surgery to reduce tumor size and improve the cosmetic outcome of
surgery [11]. HER2-positive tumors are often treated with Trastuzumab and Herceptin, both of which are
anti-HER?2 targeted agents used in combination with traditional chemotherapy [12]. Luminal A and luminal
B subtypes are typically treated with endocrine therapy and chemotherapy, while TNBC is treated with
chemotherapy alone [13]. Although treatment options have become increasingly available and diverse,
biomarkers that can detect BC early and predict treatment outcomes would still be highly useful. The most
commonly used BC biomarkers are CEA (carcinoembryonic antigen), CA15-3, and CA27-29 (MUC-1
glycoprotein antigen), with elevated levels associated with a poor prognosis in early BC, but their sensitivity
is only around 7%, though it increases to 60-80% in metastatic BC [14, 15]. However, clinically, there are
still no BC biomarkers that can predict the response to therapy or the possibility of disease recurrence after
surgery. Circulating cancer and inflammatory cells, circulating tumor DNA, and non-coding RNAs
(miRNAs, circRNAs) are often investigated as biomarkers [16].

Prostate Cancer

Prostate cancer (PC) is the most common type of cancer in men, responsible for approximately 25%
of newly diagnosed cancer cases, and it's the second leading cause of cancer-related death in men. Major
risk factors for PC include race, age, family history, obesity, smoking, alcohol consumption, and a diet rich



in animal fats and dairy products [1, 17]. PC most often develops in the peripheral zone of the prostate from
basal or luminal prostate epithelial cells [18]. The development of PC is categorized into three stages. The
first stage is the pre-cancerous stage, known as prostatic intraepithelial neoplasia (PIN), characterized by
hyperplasia of luminal cells and the loss of basal cells. The second stage is androgen-dependent
adenocarcinoma, or localized PC, divided into latent and clinical phases. In the clinical phase, there is a
complete loss of basal cells, but its growth remains entirely dependent on androgens. The third stage is
androgen-independent or castration-resistant adenocarcinoma [19]. PC primarily metastasizes to the bones,
forming osteoblastic lesions, and secondarily to the lungs, liver, and pleura [20]. The differentiation and
grading of PC are determined using the Gleason score, that is based on histopathological criteria. There are
five grades, and the Gleason score is the sum of two most common grades within the tumor, with the first
grade representing differentiated cells and the fifth grade representing entirely undifferentiated cells. If the
Gleason score is below six, the tumor is considered indolent with a good prognosis, while a score higher
than 8 indicates an aggressive tumor with an increased risk of metastasis [21].

Since PC is common among older men, many countries conduct PC screening by measuring the
levels of prostate-specific antigen (PSA) in the blood. However, this method is limited by its low specificity,
especially in the so-called "gray zone," where the PSA level is only slightly elevated, which can be found
not only in PC patients but also in patients with various prostate inflammatory conditions and benign
prostatic hyperplasia. Another significant limitation is the overdiagnosis and overtreatment of PC [22, 23].
Therefore, additional biomarkers are needed to improve diagnostic specificity and determine PC
aggressiveness at the time of diagnosis. One solution for specificity is to combine various markers into a
single test, such as PSA, PHI (total PSA, free PSA, and p2PSA), 4K scores (total PSA, free PSA, iPSA,
and hK2) [24]. Furthermore, currently there are three urine biomarker tests available for PC diagnosis:
ExoDx Prostate (IntelliScore), which is a urine EV test that distinguishes low-aggressive tumors from
highly aggressive ones in PSA "gray zone" patients; SelectMDx, which analyzes two mRNAs (HOXC6 and
DLX1) in patients with elevated PSA to differentiate aggressive PC from non-aggressive PC; and Michigan
Prostate Score (MiPS), which combines PSA with urine PCA3 and T2:ERG expression [25, 26]. The
method of treating PC is determined based on various clinical-pathological criteria, including PSA, tumor
stage, histological type, and Gleason score [18].

Extracellular vesicle types, biogenesis, and uptake in target cells

Extracellular vesicles (EVs) are small, lipid bilayer-enclosed particles that are released into the
extracellular environment by virtually all cells in the body. They can contain various RNAs, DNA:s,
proteins, lipids, and play a crucial role in intercellular communication [27]. EVs are found in all bodily
fluids, including blood, saliva, breast milk, urine, semen, and others, making them interesting targets for
biomarker discovery and liquid biopsies [28]. Currently, different types of EVs have been characterized,
which vary in their mode of biogenesis, functions, and partially in size and composition. The main types of
EVs include exosomes (30 — 200 nm), microvesicles (100 — 1000 nm), apoptotic bodies (50 — 5000 nm),
furthermore, very small non-membrane-bound particles called exomeres (about 35 nm) and supermeres
(below 35 nm) have been discovered as co-isolates with EVs [29-32]. Mechanisms of EV biogenesis are
depicted in Figure 1.
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Figure 1. The main mechanisms of production of different EV subtypes. Exosomes are produced through
endolysosomal pathway, microvesicles — through budding of plasma membrane, apoptotic bodies — through blebbing
of plasma membrane [33]

EV uptake in cells occurs through various endocytic pathways, such as caveolin-mediated
endocytosis, clathrin-mediated endocytosis, phagocytosis, lipid raft-mediated endocytosis, receptor-
mediated endocytosis, macropinocytosis, as well as direct fusion of EVs with the target cell membrane
through ligand-receptor interaction. The interaction between EVs and target cells is necessary to facilitate
the effects of EVs on them, both by interacting with receptors and by transferring their cargo (DNA, RNA,
proteins, etc.) to the target cell. Furthermore, the method of EV uptake depends on various factors, including
the type of target cell, the type of EV, and it's clear that in a single cell, EVs can be taken up through different
pathways [34, 35].

Functions of EVs in malignant tumors

It has been shown that EVs play a crucial role in intercellular communication and are capable of
delivering various proteins, metabolites, lipids, and nucleic acids from the mother cell to the target cell.
Depending on the type of mother cell, EVs can have both positive and negative effects. In this work, the
main emphasis will be on the diverse roles of EVs in the development of malignant tumors. However, it is
essential to mention that EVs are also significant mediators in maintaining homeostasis in virtually all
physiological systems, as well as in providing the immune response to various infections [36]. In cancer
EVs act both locally, in the tumor microenvironment, and systemically, helping the tumor spread throughout
the body and metastasize. Firstly, EVs produced by more aggressive cancer cells can induce a malignant
phenotype in both normal cells and less aggressive cancer cells by transferring various growth-promoting
molecules, such as miRNA-122 or circular RNA, or by protecting them from cell death [37, 38]. Secondly,
EVs produced by cancer cells can induce the formation of cancer-associated fibroblasts (CAFs), transferring
tTG, TGF-1, VEGF, SDF-1, CCLS5, and fibronectin to normal fibroblasts [39], and even CAFs themselves
can produce EVs involved in cancer development [40]. Thirdly, EVs produced by cancer cells can
participate in promoting angiogenesis in the tumor microenvironment by delivering pro-angiogenic
molecules and inducing the proliferation of endothelial cells [41]. Fourthly, cancer EVs can induce immune
tolerance, suppressing various immune cell pathways and triggering apoptosis in hematopoietic stem cells,
dendritic cells, and peripheral blood lymphocytes [42]. Fifthly, cancer EVs also play a role in the
development of therapy resistance by transferring resistance-related proteins, nucleic acids, and metabolites
to other cells, as well as by sequestering taken drugs and removing them from cancer cells [43].



In addition, EVs produced by cancer cells are also involved in metastasis, as they can induce
epithelial-mesenchymal transition in other cancer cells and change the metabolism of cancer cells to a low
glycolytic profile, promoting the formation of metastases [44]. However, the role of EVs in the formation
of metastases is not limited solely to their actions in the tumor microenvironment, and various studies have
shown that cancer EVs can travel to distant organs and create pre-metastatic niches in them to improve the
engraftment of cancer cells at metastatic sites, and organotropism is determined by the integrins found on
the surface of EVs [45].

EVs as Cancer Biomarkers

Studies have shown that cancer cells produce up to 10 times more EVs than normal cells, providing
a basis to believe that many EVs in the body fluids of cancer patients are associated with this disease [46].
Therefore, EVs can be used as cancer liquid biopsies, a minimally invasive method that could allow real-
time monitoring of disease progression. Additionally, the analysis of EV content could provide information
about the response to therapy [47]. Research has found that plasma EVs of cancer patients are enriched
with various miRNAs [46, 48], which indicates their ability to distinguish cancer patients from healthy
individuals. Similarly, EV enclosed miRNAs and proteins have been found that could indicate therapy
effectiveness [47].

Exercise-Induced EVs

The positive impact of physical exercise on health has been known for a long time, including its
positive effects on the cardiovascular system, nervous system, immune system, weight control, and overall
well-being [49]. Currently, it is believed that for maximum health benefits, physical exercise should be
regular, of moderate intensity, and last at least 30 minutes, but even small amounts of activity provide some
benefits. Part of these positive effects is associated with myokines produced by muscle cells, one of which
is IL-6, a cytokine that is involved in the mobilization of NK cells in a mouse melanoma model [49, 50]. It
has also been shown that physical activity can delay the formation of various malignant tumors, improve
the quality of life and physical abilities of patients, reduce the toxicity caused by chemotherapy, and even
improve the effectiveness of therapy [51].

Recent studies have shown that exercise leads to increased release of EVs in the blood, which contain
various exercise-related biomolecules such as cytokines, miRNAs, proteins, and lipids [52]. Many of the
exercise-induced EV miRNAs identified so far are related to insulin secretion and response to reactive
oxygen species, while the proteins are involved in signal transduction, immune cell proliferation, and
glycolysis [53, 54]. Overall, it is believed that these EVs play a role in tissue crosstalk during exercise and
cell activation, as well as in the physiological changes induced by physical activity [55].



METHODS

Clinical samples from PC patients and corresponding healthy controls

Prostate cancer tissue and urine samples were collected from patients at Riga East University
Hospital. Fresh prostate cancer tissue was collected on the day of surgery and stored in RPMI-1640 medium
with antibiotics. Urine samples from prostate cancer patients were collected the day before surgery,
processed to remove cellular debris, and stored at -80°C. Urine samples from healthy men of the same age
group were obtained from the Latvian Genome Database. The study followed the Declaration of Helsinki,
with informed consent from patients, and approval from the Latvian Central Medical Ethics Committee
(decision No. 01-29.1/488) for research on anonymized patient samples.

BC patient study population and sample collection

Between June 2019 and October 2020, BC patients at Riga East University Hospital were recruited
and followed up for 18 months after surgery. Inclusion criteria: previously untreated invasive primary breast
cancer diagnosed by core needle biopsy, stage II to III at diagnosis, age 18-78 years, and prescribed NAC.
Exclusion criteria: blood transfusion in the last six months and other oncological diseases. Blood samples
were collected and processed within 2 hours, then stored at -80°C. BC and adjacent normal tissue specimens
were collected during surgery and stored in RNALater at -20°C. Plasma samples from 30 cancer-free, age-
matched women were obtained from the Latvian Genome Database.

The study adhered to the Declaration of Helsinki, with informed written consent from patients.
Samples were stored in the Latvian Genome Database, following procedures approved by the Latvian
Central Medical Ethics Committee (first approval No. 2007 A-7, renewed approvals No. 1/19-04-05 and
No. 01-29.1.2/6407). The use of clinical samples for this study was approved by the Committee of
Biomedical Ethics of Riga East University Hospital and the Latvian Central Medical Ethics Committee
(approval No. 1839).

Cell culture

Prostate fibroblast primary cultures were obtained as described by Navone et al [56]. Tumor tissue
was minced and grown in RPMI-1640 complete medium with 10% FBS, 2mM L-glutamine, and 100
units/ml primocin at 37°C in a 5% CO2 atmosphere. Once cells formed a monolayer, fibroblasts were
separated and grown further in DMEM-F12 complete medium with additional supplements in the same
conditions.

Human dermal fibroblast line Hs68 from ATCC was cultured in DMEM-F12 with 10% FCS, 2mM
L-glutamine, and 100 units/ml primocin at 37°C in a 5% CO2 atmosphere.

Rat prostate cancer cell line PLS10 was developed using chemically induced prostate carcinoma in
rats [57, 58]. Cells were maintained in RPMI-1640 with 10% FBS, 2 mM L-glutamine, and 1x Antibiotic-
Antimycotic at 37°C in a 5% CO2 atmosphere. Cells in the exponential growth phase were trypsinized,
counted, resuspended in PBS, and kept on ice water until injection. Just before injection into the rat prostate,
the cell suspension was mixed with an equal volume of ice-cold Matrigel. Fresh cell suspensions were
prepared for each batch of animals undergoing laparotomic surgery.

Immunofluorescence

Hs68, PCF54, and PCF55 cells were seeded at a density of 1x10* cells per well in 24-well plates with
DMEM-F12 complete medium and grown for 24 hours. After washing with PBS, they were fixed and
permeabilized with methanol-acetone (1:1) at -20°C for 20 minutes, then blocked with 2% BSA. Cells were
incubated with a 1:50 diluted aSMA primary antibody (sc-32251, Santa Cruz Biotechnology, USA)
overnight at +4°C and with Cy3-anti mouse secondary antibody (115-165-071, Jackson Immunoresearch,
UK) for 1 hour at room temperature in the dark. Subsequently, cells were washed with PBS, mounted on
glass slides in ProLong™ Gold Antifade Mountant with DAPI (Thermo Fisher Scientific, USA), and
incubated at +4°C overnight. Fluorescence imaging was performed using a Leica DM3000 microscope
(Leica Microsystems GmbH, Germany).

For GFP-CD63 visualization, PC3 cells on glass coverslips were fixed in 4% paraformaldehyde and
mounted with Pro-Long Gold antifade medium with DAPI (Molecular Probes, USA). Imaging was carried



out using a Zeiss LSM780 laser scanning confocal microscope (Carl Zeiss Microlmaging, Germany) with
the appropriate equipment. Image acquisition and analysis were performed with ZEN 2010 software (Carl
Zeiss Micro-Imaging, Germany) and ImageJ (National Institute of Health, United States).

The 3D PBMC - PC3-CD63-GFP spheroids were centrifuged onto poly-L-lysine-coated slides, fixed
with 2% paraformaldehyde for 10 minutes at room temperature, blocked with 2% BSA for 30 minutes, and
then incubated with anti-human CD3 antibody (clone SK7) (Bio- Legend, USA) (dilution 1:50) or anti-
human CD19 antibody (clone SJ25C1) (BioLegend, USA) (dilution 1:10) for 14 hours at 4C. After washing,
the slides were incubated with goat anti-mouse IgG secondary antibody, Alexa Fluor 568 (Thermo Fisher
Scientific, USA) (dilution 1: 400) for 1 hour at room temperature, stained with ProLong Gold antifade
reagent with DAPI (Molecular Probes, USA), and images were acquired using a Leica DM3000 microscope
(Leica Microsystems, Germany).

Isolation of extracellular vesicles from urine samples

EVs from urine samples were isolated using size exclusion chromatography (SEC), following the
method by Endzelins, Berger et al. 2017 [59], with some adjustments. Initially, urine samples were thawed
at +37°C, and then, uromodulin was removed by centrifugation at 10,000g for 15 minutes at +4°C.
Subsequently, the samples were concentrated to 1 ml using 100 kDa centrifugal filters (Merck Millipore,
USA) and fractionated using 10 ml Sepharose CL2B columns. The eluate was collected in 12 sequential
0.5 ml fractions, with each fraction measured using Zetasizer Nano ZS (Malvern, UK). Fractions containing
particles larger than 30 nm were pooled and concentrated to 100 pl with 3 kDa centrifugal filters (Merck
Millipore, USA). The isolated EVs were divided into aliquots and stored at -80°C until further use. The
purity, size distribution, and concentration of the EVs were assessed using transmission electron microscopy
(TEM) and nanoparticle tracking analysis (NTA) via a NanoSight NS500 instrument (Malvern, UK).

EV isolation from PC3-CD63-GFP cell media

EVs were isolated from the PC3-CD63-GFP cell-conditioned medium after 18-19 h incubation as
previously described [60]. Briefly, the medium was centrifuged at 1000 g for 10 min to remove dead cells
and cell debris, and thereafter at 10,000 g for 30 min to pellet the microvesicle (MV) fraction. The
supernatant was then ultracentrifuged at 100,000 g for 70 min. The exosome-enriched EV pellet was washed
with PBS, and centrifuged again at 100,000 g for 70 min. All centrifugation steps were carried out at 4 °C.

Isolation of EVs from rat plasma samples

EVs from rat plasma were isolated through SEC using either qEVoriginal/35nm or gEV10/35nm
columns (IZON, USA) depending on the plasma volume. The SEC fractions were analyzed with ZetaSizer
Nano ZS (Malvern Panalytical, UK), and those containing EVs were concentrated using Amicon Ultra-0.5,
Ultracel-3 Membrane, 3 kDa centrifugal filter units (Merck Millipore, Germany). For RNA sequencing, the
EVs underwent treatment with Proteinase K and RNAse A (Thermo Fisher Scientific, USA) to eliminate
any free proteins and RNAs not enclosed in EVs. Visualization of EVs was achieved through transmission
electron microscopy (TEM), while the size distribution profile and concentration were determined by
nanoparticle tracking analysis (NTA) using a NanoSight NS500 instrument (Malvern, UK).

Isolation and characterization of BC patient plasma EV's

EVs were obtained from 1 ml of plasma using SEC columns prepared with 10 ml of Sepharose CL2B
(Cytiva, USA) in TELOS SPE columns (Kinesis, USA). Plasma samples were loaded onto the columns and
eluted with PBS-DEPC, yielding 15 fractions of 500 ul each. Fractions containing particles larger than 35
nm were collected and concentrated to 100 pl using Amicon Ultra 3 kDa centrifugal filters (Merck
Millipore, Germany). The quality of EVs from 4 patients and controls was assessed via transmission
electron microscopy (TEM). All samples underwent nanoparticle tracking analysis (NTA) with the
NanoSight NS500 instrument (Malvern, UK). For NTA, EVs were diluted 1000-4000 times in filtered PBS.
Each sample was recorded in five 60-second videos using specific settings: 25°C, 0.944—0.948 cP, slider
shutter 1259, slider gain 366, and camera level 11. Data analysis was conducted with NanoSight NTA
Software v3.1 Build 3.1.54.



EV uptake in normal and cancer associated fibroblasts

EVs (1x10® per sample) were labeled with PKH67 green membrane dye (Sigma Aldrich, USA)
according to the manufacturer's protocol. To remove excess dye, Invitrogen™ Exosome Spin Columns
(MW 3000) (Invitrogen, USA) were used with the addition of 100 pl of 1% BSA.

Hs68, PCF54, and PCF55 cells (1x10* cells per well) were seeded in DMEM-F12 complete medium
on glass coverslips in 24-well plates and cultured for 24 hours. Subsequently, PKH67-labeled EVs (1x10*
EVs/cell) were introduced to the cells and incubated for varying durations (1h, 2h, 4h, 15h, 24h, or 48h) in
a humidified 5% CO2 atmosphere at 37°C. At each time point, the cells were fixed with 4% formaldehyde
for 10 min at 37°C, washed with PBS, and mounted on glass slides with ProLong™ Gold Antifade
Mountant with DAPI (Thermo Fisher Scientific, USA). Confocal fluorescence imaging was conducted
using a Leica TCS SP8 confocal laser scanning microscope (Leica Microsystems GmbH, Germany), and
standard fluorescence imaging was performed using a Leica DM3000 microscope (Leica Microsystems
GmbH, Germany).

Fibroblast treatment with EV's and cellular RNA extraction

Hs68, PCF-54, and PCF-55 cells were seeded at a density of 1x105 cells per well in 12-well plates.
Subsequently, 1x10° EVs were added to each well, and the cells were grown as a monolayer for 48 hours.
Parallel untreated control cells were cultured as well. Following this, the cells were washed with PBS and
lysed using 1ml TRI-Reagent® (Sigma Aldrich, USA). RNA extraction was performed according to the
manufacturer's protocol. To remove DNA, a DNA-free™ (Thermo Fisher Scientific, USA) DNA removal
kit was used as per the manufacturer's protocol. RNA concentration and integrity were measured using a
NanoDrop 1000 (Thermo Fisher Scientific, USA) and Agilent Bioanalyzer with an RNA Pico chip (Agilent
Technologies, USA), respectively.

Fibroblast RNA sequencing and data analysis

For transcriptome sequencing, 200 ng of total RNA underwent rRNA removal using the MGIEasy
rRNA depletion kit (MGI, China). Subsequently, transcriptome libraries were constructed following the
manufacturer's protocol of the MGIEasy RNA Directional Library Prep Kit (MGI, China), with
fragmentation into 250 bp fragments. The library insert length was determined with Agilent Bioanalyzer
and the High Sensitivity DNA chip (Agilent Biotechnologies, USA). Library concentration was assessed
with a Qubit® fluorometer (Thermo Fisher Scientific, USA). The libraries were combined for
circularization per the manufacturer's guidelines and then subjected to sequencing using the MGI
DNBSEQ-G400 sequencer.

The obtained raw data in fastq format were analyzed using ad-hoc R script pipeline, which included
the trimming of adapters using cutadapt [61], mapping of the reads using STAR [62] against Ensembl
human genome (GRCh38), allowing only unique alignments to be counted using Rsubread package [63]
with Ensembl human genome annotation (GRCh38.p13). For differentially expressed gene (DEG) analysis,
the reads were normalized and analyzed using DESeq2 [64] package. A subset of DEGs (adj. P<0.05 and
abs(logFC)>0.5) was subjected to GO term analysis using GOstats [65] and enrichment analyses using
rentrez package [66], GO.db package [67], and ShinyGO package [68].

Western blot analysis of EV samples

EVs were heated for 5 minutes at 95°C with reducing Laemmli buffer, and then loaded onto a 10%
SDS-PAGE gel in amounts corresponding to 100 uL of plasma per lane. After separation, proteins were
transferred to nitrocellulose membranes, which were subsequently blocked with 10% fat-free milk.
Membranes were incubated overnight at +4°C with primary antibodies against TSG101 (Abcam, #ab15011,
1:1000 dilution), Calnexin (Abcam, #ab22595, 1:2000 dilution), and PDCD6IP/ALIX (Santa Cruz
Biotechnology, #sc-166952, 1:1000 dilution). After washing with TBST, membranes were incubated for 1
hour at room temperature with anti-rabbit IgG, F(ab’)2-HRP (Santa Cruz Biotechnology, #sc-3837, 1:2000
dilution), goat anti-mouse m-IgG BP-HRP (Santa Cruz Biotechnology, #sc-516102, 1:2000 dilution), or
HRP-conjugated antibody against CD63 (Novus Biologicals, #NBP2-34779H, 1:2000 dilution). Following
another wash with TBST, immunoreactive bands were detected using the Amersham™ ECL Select™



Western Blotting Detection Reagent kit (GE HealthCare Lifesciences), and images were captured with a
Nikon d610 dSLR camera (Nikon) equipped with a Sigma 35mm /1.4 DG HSM Art lens (Sigma).

SDS-PAGE and western blot of transfected PC3-CD63-GFP samples

Cell lysates were prepared by washing cells twice with cold PBS and then adding lysis buffer (50mM
Tris-HCI, 300mM NaCl, ImM EDTA, 0.5% Triton X-100, pH 7.4) containing a protease inhibitor cocktail
(Roche Applied Science, Germany). The cells were lysed on ice for 20 minutes and then centrifuged at
20,000 g for 10 minutes at 4 °C. EV pellets were resuspended in lysis buffer (50mM Tris-HCI, 300mM
NaCl, ImM EDTA, 0.5% Triton X-100, 0.2% SDS lauryl, pH 7.4). EV lysates and cell lysates were mixed
with loading buffer, heated at 95°C for 5 minutes, and loaded on 4-20% gradient TGX gels (Bio-Rad, USA).
After SDS-PAGE, proteins were transferred to PVDF membranes (Whatman, Germany) using a Transfer-
Blot Turbo Transfer Pack (Bio-Rad, USA). Membranes were probed with mouse anti-CD63 (H5C6 clone,
DSHB, USA) and rabbit anti-GFP (Santa Cruz Biotechnology, USA) primary antibodies, followed by HRP-
conjugated secondary antibodies (Jackson Immunoresearch, USA). Blots were visualized using Pierce
SuperSignal West Dura Extended Duration (Thermo Scientific, USA) on a Universal Hood II Bio-Rad
scanner (Bio-Rad, USA).

EV and BC tissue RNA extraction

Before RNA extraction, the EV samples were treated with 1 mg/ml proteinase K (Thermo Fisher
Scientific, USA) for 30 min at + 37°C. Proteinase was inactivated by heating the sample at + 65°C for 10
minutes, and then the samples were treated with 10 ng/ul RNAse A (Thermo Fisher Scientific, USA) for 15
minutes at +37°C. Immediately after that, EV samples were lysed by adding 5 volumes of QIAzol Lysis
reagent and EV-RNA was extracted using miRNeasy Micro Kit (Qiagen, USA) according to the
manufacturer’s protocol. RNA was eluted using 12 pl of RN Ase-free water. To determine the concentration
and the quality, the RNA was measured using Agilent 2100 Bioanalyzer and RNA 6000 Pico Kit (Agilent
Technologies, USA).

For RNA extraction from tissues, 45-50 mg samples were cut from tissue specimens preserved in
RNAlater (Thermo Fisher Scientific, USA), overlaid with 700 pL QIAzol Lysis Reagent (QIAGEN) in
Lysing Matrix A tubes (MP Biomedicals), and homogenized twice for 40 seconds at 6m/s using FastPrep-
24™ device (MP Biomedicals). Differential extraction of long- and short- RNA enriched fractions was
carried out using miRNeasy mini and micro kits (QIAGEN) according to the manufacturer's protocol. Long
RNA fractions were subjected to on-column treatment with RNase-Free DNase Set (QIAGEN), while short
RNA fractions were treated using Ambion® DNA-free™ kit (Thermo Fisher Scientific, USA).

BC patient plasma EV RNA and BC tumor tissue RNA sequencing and data analysis

Small RNA libraries were constructed using CleanTag® Small RNA Library Prep Kit (Trilink
Biotechnologies, USA) according to the manufacturer’s protocol. The obtained libraries were analyzed with
Agilent 2100 Bioanalyzer and Agilent High Sensitivity DNA Chip (Agilent Technologies, USA). The
libraries were cleaned using Blue Pippin DNA Size Selection with 3% gel Blue Pippin Cassette (Sage
Science, USA), setting a tight target length to 140 bp, thus selecting a size range from 126 — 154 bp. Library
concertation was measured using Qubit and the libraries were diluted as required and sequenced on Illumina
NextSeq500 instrument using NextSeq 500/550 Mid Output Kit v2.5 (150 cycles) (Illumina, USA).

Transcriptome libraries were constructed using MGIEasy RNA Directional Library Prep Kit (MGI,
China) according to the manufacturer’s protocol. The length of the inserts was measured using Agilent High
Sensitivity DNA Chip on Agilent 2100 Bioanalyzer (Agilent Technologies, USA). The concentration was
measured using a Qubit® fluorometer (Thermo Fisher Scientific, USA). The libraries were then pooled
according to the index sets, as required by the manufacturer for circularization, circularized, digested, and
then sequenced with the MGI DNBSEQ-G400 sequencer (MGI, China).

The obtained raw data in FASTQ format were analyzed using an ad-hoc R script pipeline, which
included the trimming of adapters using Cutadapt [61], mapping of reads against Ensembl human genome
(GRCh38) using Bowtie2 [69], repositioning of multi-aligned reads using ShortStack [70], counting using
Rsubread package [63] with GRCh38 and miRbase, GtRNAdb, LNCipedia, IncRNAdb, piRBase,
piRNABank, and piRNAdb annotations. To assess the representation of various RNA biotypes in EVs, the



reads mapped to overlapping features in human genome were prioritized in the following order: miRNAs
> tRNAs > rRNA > mRNAs > pseudogenes > snRNAs > snoRNAs > piRNAs > IncRNAs > miscRNAs.
For transcriptome libraries, reads were mapped using STAR [62]. For differentially expressed gene (DEG)
analysis, the reads were normalized and analyzed using edgeR package. Multiple testing correction was
done by the Benjamini-Hochberg procedure and adjusted (adj.) p-value of <0.05 was considered to be
significant. Logistic regression model was used for the construction of a biomarker model for diagnosis of
BC or for prediction of response to NAC and backward elimination approach was used to exclude less
informative markers. Leave-one-out cross validation (LOOCV) was used to assess the robustness of the
model.

Rat plasma EV RNA sequencing and data analysis

RNA libraries were constructed using CleanTag® Small RNA Library Prep Kit (Trilink
Biotechnologies, USA), the quality and concentration of obtained libraries were analyzed on Agilent
Bioanalyzer using Agilent High Sensitivity DNA chip (Agilent Technologies, Germany). The libraries were
cleaned using Blue Pippin DNA Size Selection with 3% gel Blue Pippin Cassette (Sage Science, USA)
setting tight target length to 140 bp thus selecting fragments with size in tight range to 140 bp (133-147
bp). The libraries were diluted as required and sequenced on Illumina NextSeqS00 instrument using
NextSeq 500/550 Mid Output Kit v2.5 (150 cycles) (Illumina, USA).

The obtained raw data in fastq format were analyzed using ad-hoc R script pipeline, which included:
adapter trimming (cutadapt [61]), read mapping (bowtie2 [69]) against RGSC rat (Rattus norvegicus)
genome (version Rnor 6.0), multi-aligned reads reposition (ShortStack [70]), counting (Rsubread package
[63]) with RGSC (version Rnor 6.0) and miRbase [71] annotations. For differentially expressed gene
(DEG) analysis, the reads were normalized per sample, the reads mapped to features were counted and
analyzed using quasi-likelihood F-tests by edgeR [72] package. A subset of DEGs (adj. P<0.05) was
subjected to GO terms (GOstats [65]) and enrichment analyses (rentrez [66], GO.db [67], org.Rn.eg.db [73]
packages).

Animal care and experimental design

The experimental procedures in animals were approved by the National animal welfare and ethics
committee (permit no. 121/2021) and were performed in compliance with the Directive 2010/63/EU as
adopted in the national legislation.

In total, 37 naive SPF male Fischer 344 rats were obtained from Charles River Laboratories,
Germany (F344/DuCrl). During the introduction, animals were randomly allocated in cages in pairs or trios;
individually ventilated cages GR900, HEPA-ventilated by SmartFlow air handling unit (Tecniplast, Italy)
at 75 air changes per hour were used for animal housing. Access to autoclaved water acidified to pH 2.5-
3.0 with HCI and standard rodent diet (4RF21 (A), Mucedola) was provided ad libitum. Aspen wooden
bedding and nesting material (Tapvei, Estonia) together with rat cardboard houses (Velaz, Czech Republic)
and aspen gnawing bricks (Tapvei, Estonia) were provided in all cages, and cages were changed every 7
days. Animals were housed in SPF facility under controlled temperature (24 + 1°C) and relative humidity
of 40-60%. Animal health monitoring was performed in line with FELASA recommendations [74].

All animals were subjected to at least 2-week acclimatization period with the adaptation to a reverse
12h light/dark cycle (dark phase set to 10:00 am—10:00 pm; visible light intensity <25 lux), and then used
to model either regular physical exercise (i.e. forced wheel running model) or orthotopic PC development
(PLS10 rat PC model [58]) An individual animal served as an experimental unit in both models. Before
starting the procedures, the animals were identified by tattooing their tails using AIMS™ NEO-9 Neonate
Tattooing System according to the manufacturer’s instructions.

Forced wheel running exercise

A total of 16 male F344 rats, aged 7 weeks, were divided into exercise and sedentary groups, with 8
rats in each group. This group size was determined based on available data on average EV plasma
concentrations and the requirements for the 6-week injection period in the syngeneic PC model animals. In
the second week after arrival and acclimatization to the reversed light/dark cycle, the rats were introduced
to a forced running wheel (Lafayette Instrument, model 80805A) without a specific running mode. A 12-



day training phase began for all 16 animals (starting at 9 weeks of age). The running speed and duration
were gradually increased during this phase. From these 16 rats, the top 8 performers were assigned to the
runner group, while the remaining 8 rats were placed in the sedentary group, co-housed with their initial
cage mates.

For the runner group, regular forced running exercise continued for a total of 5 weeks, including 4
weeks of regular running. After 4 weeks of regular exercise, blood samples were taken from the tail vein
before and after 1 hour of running. On the same day, sedentary rats were also subjected to blood collection
following the same protocol. After 5 weeks of regular exercise, all animals were deeply anesthetized and
underwent terminal blood collection via cardiac puncture. Blood was collected into appropriate tubes and
centrifuged to obtain plasma for EV isolation.

Syngeneic orthotopic prostate cancer model

For modeling an orthotopic PC development, 21 F344 rats were used — the sample size of 7 animals
per group was calculated by statistical power analyses using G*Power software [75] and taking into account
80% power and 0=0.05, the published tumor size variation [58], expected effect size and the chosen
statistical test for the result analyses.

At 12 weeks of age, each animal underwent laparotomic surgery under aseptic conditions with 2.5%
isoflurane anesthesia. They were injected with 5 x 10° syngeneic rat prostate cells (PLS10) in a 50 ul
volume, which included 50% Matrigel, into the ventral lobe of the prostate. Incisions were closed with
sutures and surgical adhesive. Ophthalmic gel was provided, and warm saline was administered
subcutaneously post-surgery. Animals received a Meloxicam injection during surgery and for 3 days
afterward. After three days, they were returned to their home cages, closely monitored, and their wounds
were treated with furasol solution. A total of 7 rats in 2 sets were implanted with PC cells each day; one
animal did not survive the surgery.

Starting from day 5 post-implantation, rats from all study groups received intravenous injections via
the lateral tail vein every other day. They received 100 pl of an EV solution containing 1.5 x 1010 EVs in
PBS or PBS. Throughout PC development, the animals were carefully monitored for signs of distress
following the IACUC Policy #012. Tumor size was estimated by palpation. After 6 weeks of EV injections,
all study animals were humanely euthanized, and terminal blood samples and tissues of interest were
collected and fixed in 10% buffered formalin. Primary tumors were measured, and tumor volume was
calculated using the formula: tumor volume = (width)2 x length/2.

Statistical analysis used in animal experiment data

One-tailed Mann-Whitney test was employed without assumptions about the data distribution to
compare tumor volume and metastasis counts across different animal groups. We utilized Fisher's exact test
to assess the differences in the proportions of animals with and without metastases between these groups.
A significance level of <0.05 was adopted for statistical significance. GraphPad Prism 7 (GraphPad, USA)
was used for conducting these statistical analyses.

Statistical analysis used in PBMC-PC3 cell cocultures

EV uptake experiments were performed in biological duplicates and the data are represented in
graphs as means + SD. Mann-Whitney U test was used to compare the EV uptake in lymphocyte populations
and to assess the effects of endocytosis inhibitors, and differences were considered to be significant at p <
.05.

PC3 cell culture and transfection

The human prostate cancer epithelial cell line PC3 was obtained from ATCC (Manassas, VA, USA).
PC3 cells were cultured in Ham's F-12/DMEM (1:1 mixture) with Glutamax (Invitrogen, USA),
supplemented with 7% FCS (Sigma-Aldrich, USA), 100 units/ml penicillin, and 100 units/ml streptomycin
(Sigma-Aldrich, USA), in a 5% CO2 humidified environment at 37°C. To create PC3-CD63-GFP cells,
PC3 cells were transfected with a pEGFP-C1 vector (Clontech, USA) containing a GFP fusion protein with
human CD63 under the CMV promoter. Transfection was performed using FuGENE® 6 transfection
reagent per the manufacturer's instructions (Promega, USA). Transfected cells were sorted based on GFP
expression using a FACS Aria II SORP high-speed sorter into a 15 ml tube containing 3 ml complete



medium. These sorted cells were then pelleted and maintained in complete medium with Geneticin (Thermo
Fisher Scientific, USA). After two weeks, GFP-expressing cells were sorted again with the same protocol
and maintained in complete medium with Geneticin. At this point, PC3-CD63-GFP cells were characterized
through immunoblotting and immunocytochemistry analyses.

Generation of 3D heterotypic spheroid culture

PBMCs were isolated from four healthy male volunteers using BD Vacutainer CPT™ Cell
Preparation Tubes with Sodium Heparin (BD Biosciences, USA). After two washes with PBS, the cells
were counted and immediately used for experiments. The study was conducted with the approval of the
Ethics Committee of the Institute of Experimental and Clinical Medicine, University of Latvia, and the
volunteers provided informed consent. To create 3D heterotypic spheroid cultures, PBMCs were mixed
with PC3-CD63-GFP cells in a 1:1 ratio and cultured in serum-free DMEM-F12 medium (Lonza,
Switzerland) supplemented with 1x B27 (Thermo Fisher Scientific, USA), 2mM L-glutamine, 1x antibiotic-
antimycotic (Thermo Fisher Scientific, USA), 20 ng/ml hEGF (RnD Systems, USA), 10 ng/ml basic hFGF
(Santa Cruz Biotechnology, USA), and 0.5 mg/ml hydrocortisone (Sigma-Aldrich, USA).To ensure the
formation of heterotypic spheroids, cells were seeded at a high density (5 x 105 PBMCs and 5 x 105 PC3-
CD63-GFP cells per 1.5 ml of medium) in 6-well flat-bottom suspension plates (Sarstedt, Germany) and
cultured for 72 hours at 37 °C in a 5% CO2 humidified incubator (Panasonic, Panasonic Healthcare Co.,
Ltd.).

Spheroid treatment with endocytosis inhibitors

The spheroids were cultured with or without the following endocytosis inhibitors: ethyl isopropyl
amiloride (EIPA) (Cayman Chemical, USA), nystatin and Dynasore (Sigma-Aldrich, USA) (all 20 mM) for
72 h. The cytotoxicity of the compounds in PBMCs and PC3 cells was tested prior to analysis using CCK-
8 assay (Sigma-Aldrich, USA) according to manufacturer's instructions.

Flow cytometry

After 72 h of co-culturing, the 3D PBMC - PC3-CD63-GFP spheroids were collected, disintegrated
using Accutase solution (Sigma Aldrich, USA) and washed with PBS. Cells were stained with anti-CD3-
PerCP eFluor 710 (clone SK7), anti-CD8-eFluor 450 (clone SJ25C1) (both from eBioscience, Thermo
Fisher Scientific, USA) or anti-CD19-PE (Santa Cruz Biotechnology, USA) antibodies for 1 h at room
temperature in the dark and analyzed with the BD FACSAriall instrument. The fluorophore compensation
was calculated using cells with single staining, and the control and auto fluorescence percentage was
subtracted from the results.



RESULTS

Experimental design
The experimental design and workflow of all the studies are depicted in Figure 2, A — D.
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Figure 2. The experimental design for the studies used in this thesis. A — the workflow of BC prognostic EV RNA
biomarker study; B — the workflow of exercise induced EV effect on rat PC study; C — the workflow of 3D heterotypic
spheroid study; D — the workflow of urinary EV effects on fibroblasts study.

A novel 3D heterotypic spheroid model for studying extracellular vesicle-mediated
tumor and immune cell communication

Generation of 3D heterotypic spheroids

To generate 3D heterotypic spheroidal structures, PC3-CD63-GFP cells were mixed with freshly
isolated PBMCs in a 1:1 ratio and subsequently cultivated at a high cellular density on non-adhesive culture
plates using a serum-free growth medium. Following a 72-hour incubation period, the majority of spheroids
attained a size exceeding 200 um, each composed of more than 200 individual cells. To evaluate the
frequency and spatial arrangement of T and B lymphocytes within these spheroids, they were affixed to
poly-L-lysine-coated slides through centrifugation and subjected to immunostaining using antibodies
specific for human CD3 and CD19. These analyses revealed that the prevailing population of spheroids
contained both T and B cells (see Figure 3, A and C). Notably, no discernible distinctive spatial distribution
pattern of lymphocytes within the spheroids was observed.



Quantification of EV transfer to lymphocyte subsets

To quantify the transfer of GFP-tagged EVs to various lymphocyte subgroups, the 3D spheroids were
harvested, disassembled, marked with anti-CD19, CD3, and CDS8 antibodies, and subjected to flow
cytometry analysis. The results revealed that a substantial proportion of CD19+ B cells and CD8+ and
CD3+ T cells from the two donors under investigation exhibited positive GFP signals. This suggests that,
following a 72-hour co-culture, EVs originating from PC3 cells were conveyed to both T and B
lymphocytes. However, the extent of GFP positivity varied among these lymphocyte subsets: GFP was
detected in 43.0-54.3% of CD19+ B cells and 15.7-24.1% of CD3+ T cells (see Figure 3, E). In contrast,
only 0.3-5.8% of CD8+ T cells exhibited observable GFP staining, implying a specific targeting of cancer-
derived EVs to distinct T cell subpopulations.

Cancer-derived EV interactions with lymphocytes

To investigate the mechanism of EV interaction with lymphocytes, we generated 3D heterotypic
spheroids by co-culturing PC3-CD63-GFP cells with PBMCs from two donors. This co-culture was
conducted in the presence or absence of three distinct endocytosis inhibitors: EIPA, which inhibits
macropinocytosis; dynasore, an inhibitor of dynamin-dependent endocytic pathways; and nystatin, which
inhibits caveolin/lipid raft-mediated endocytosis. Following spheroid disintegration, the cells were
subjected to immunostaining using antibodies against CD3 and CD19, and subsequent analysis via flow
cytometry. Our findings revealed that the addition of EIPA led to a 12.3% reduction (p=0.008) in EV uptake
by CD3+ T cells in PBMC sample P3 and a 12.5% reduction in sample P4 (p=0.15) (refer to Figure 4). In
contrast, the uptake of EVs by CD3+ T cells was not influenced by dynasore or nystatin. These results
suggest that a portion of EVs is internalized by CD3+ T cells through macropinocytosis. Notably, the uptake
of EVs by CD19+ B cells remained unaffected by any of the endocytosis inhibitors tested (refer to Figure
4), indicating that B cells do not internalize EVs. This observation was further confirmed by fluorescence
microscopy, as shown in Figure 2, where it is evident that GFP-tagged EVs were partially internalized
within one of the CD3+ T cells (Figure 3B), while they remained bound to the surface of CD19+ B cells
(Figure 3D).
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Figure 3. The 3D heterotypic PBMC and PC3-CD63-GFP cell co-culture model. (A) Immunofluorescence image of
a 3D heterotypic spheroid labelled with anti-human CD3 antibody (red). (B) Uptake and localization of CD63-GFP-
postive EVs in CD3+ T cells. (C) Immunofluorescence image of a 3D heterotypic spheroid labelled with anti-human
CD19 antibody (red). (D) Binding of CD63-GFP-positive EVs to CD19+ B cells. Nuclei were counterstained with
DAPI (blue). (E) Percentage of GFP-positive cells in CD3+, CD8+ or CD19+ cell populations in PBMCs from two
healthy donors, marked P1 and P2, respectively.



EV uptake in CD3+ cells EV uptake in CD19+ cells Figure 4. Analysis of the uptake pathway of
GFP-labelled EVs in CD3+ and CD19+ cells.
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Effects of urinary extracellular
vesicles from prostate cancer patients on the transcriptomes of cancer-associated
and normal fibroblasts
Time-course of EV uptake by fibroblasts

The time course of EV uptake by Hs68, PCF-54 and PCF-55 cells was analyzed with fluorescence
microscopy, using PKH67 labeled urinary EVs from the patient PC-55 (Figure 5). Initially, within the first
hour, the EVs appeared as distinct fluorescent entities. However, as time progressed, the fluorescence
became dispersed within the recipient cells, and EVs accumulated within these cells in subsequent time
intervals. Notably, during the initial 24 hours, the rate of uptake in Hs68 cells seemed somewhat slower
compared to PCF-54 and PCF-55 cells. Nevertheless, by the 48-hour mark, these disparities had largely
equalized, indicating that, after 48 hours, the majority of EVs had been either internalized by or attached to
the surface of the recipient cells.
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Figure 5. Uptake of urinary EVs by Hs68, PCF-54 and PCF-55 cells in different time points.
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Transcriptional response of prostate cancer-associated fibroblasts and dermal fibroblasts to
urinary EVs

Urinary EVs from PC patients were studied for their effects on the transcriptome of foreskin
fibroblasts and prostate cancer-associated fibroblasts (Hs68, PCF-54, and PCF-55 cells) by RNA
sequencing. These EVs were isolated from samples of 3 PC patients and 2 healthy individuals, including
PC-54 and PC-55, whose tumor tissues established the PCF-54 and PCF-55 fibroblast lines. An average of
29 million raw reads were obtained for each library, with 91% uniquely mapped and retained. Differential
gene expression (DEG) analysis using DESeq?2 revealed significant changes in gene profiles upon exposure
to PC-EVs and HC-EVs across all three fibroblast types. Only protein-coding genes and long non-coding
RNAs were included in the differential expression analysis. Both, PC-EVs and HC-EVs elicited substantial



changes in the gene expression profile of all three fibroblast lines (Figure 6). In PCF-54 cells, 75 and 30
DEGs regulated by PC-EVs and HC-EVs, respectively, were found and 14 of them were overlapping, while
in PCF-55 cells, 31 and 56 DEGs including 19 overlapping DEGs were found (LogFC>0.5 and adj. P<0.05).
Only 2 DEGs regulated by PC-EVs and 3 DEGs regulated by HC-EVs were common between PCF-54 and
PCF-55 cells. The number of genes regulated by autologous EVs was not substantially different from that
induced by allogeneic EVs in both cell lines. In Hs68 cells, 183 and 246 transcripts were altered by PC-
EVs and HC-EVs, respectively and 125 of them were overlapping (LogFC>0.5 and adj. P<0.05). Only 12
of the PC-EV-regulated genes and 24 HC-EV regulated genes were common between Hs68 cells and
cancer-associated fibroblasts (merged PCF-54 and PCF-55).

We did not observe significant alterations in the expression level of common CAF markers including
a-SMA, FAP, PDGFRB, FSP1, and vimentin in Hs68 and PCF-54 cells treated with urinary EVs from PC
patients and healthy males. In PCF-55 cells, a moderate decrease in the expression level of PDGFRB was
found both in HC-EV-treated cells (LogFC=-0.34; adj. P=0.0004) and PC-EV-treated cells (LogFC=-0.24;
adj. P=0.02). whereas the other CAF markers were not altered.
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Figure 6. Transcriptional alterations in fibroblasts treated with urinary EVs. a, Volcano plots depicting DEGs in PCF-
54, PCF-55 and Hs68 cells treated with urinary EVs from PC patients (PC-EVs) and healthy controls (HC-EVs) as
compared to the untreated cells.



Biological processes affected by urinary EVs
To explore the biological significance of DEGs, GO term enrichment and clustering analysis were

carried out. The analysis revealed a significant number of biological processes and pathways regulated by
PC-EVs and HC-EVs in all cell lines studied. In Hs68 cells, the most significantly enriched pathways were
related to normal functions of fibroblasts - extracellular matrix organization, cell and organ morphogenesis
and various developmental processes - and were shared between the cells treated with PC-EVs and HC-
EVs (Figure 7A). On the contrary, PCF-54 cells responded very differently to the PC-EV and HC-EV
signaling. The majority of the processes affected by HC-EVs were related to cellular energetics, oxidative
phosphorylation, and mitochondrial electron transport (represented by downregulation of ATP6, MT-ND2,
MT-ND1, MT-ND5, MT-ND6, DDIT4, MT-ND3, MT-ND4, ATPS etc.), various tissue developmental
processes (downregulation of COL18A1,COL7A1, BGN, NTN1 and ADAMTSL4 and upregulation of
CENPF and KRAS) and response to glucocorticoid signaling (downregulation of DDIT4/REDD1 and MT-
ND3 and upregulation of KRAS). Whereas PC-EVs affected entirely different processes: chromosome
segregation, metaphase/anaphase transition and mitotic spindle organization, nuclear and cell division
(upregulation of CENPF, CENPE, ASPM, BRIP1, HELLS, RB1, CCNB2, KNTC1, USP16, SPDLI1,
NCAPG etc.) (Fig. 7B).

In PCF-55 cells, both PC-EVs and HC-EVs stimulated the expression of various chemokines and
cytokines (such as CXCLS8, CCL2, CCL13, CXCL1, IL1B etc.) that are induced in response to interleukin-
1 and regulate cell chemotaxis and migration of various immune cells. However, the regulation of apoptotic
signaling, cell adhesion molecule production and cellular response to molecules of bacterial origin were
affected specifically by PC-EVs (Fig.8 C).
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Figure 7. GO term enrichment analysis in tested fibroblasts (Hs68 — A, PCF-54 — B, PCF-55 — C) treated with PC-
EVs and HC-EVs. A hierarchical clustering tree summarizing the correlation among significant pathways represented
by DEGs in fibroblasts treated with PC-EVs or HC-EVs vs untreated cells. Pathways with many shared genes are
clustered together. Bigger dots indicate more significant P-values. Pathways that are shared by HC-EV and PC-EV
treated cells are highlighted in green, pathways that are unique for either HC-EV or PC-EV treated cells are highlighted
in pink, and pathways that are enriched in similar yet not identical gene sets are left blank. The top 30 pathways with
adj. P<0.05 are shown.

Extracellular Vesicles—A Source of RNA Biomarkers for the Detection of Breast
Cancer in Liquid Biopsies

Composition of EV RNA cargo in BC patients and cancer-free controls

No statistically significant differences in the read count or length were observed between BC patients
and HCs. An average of 1.3 million reads were mapped to the human genome version GRCh38. To assess
the representation of various RNA biotypes in EVs, the reads mapped to overlapping features were
prioritized in the following order: miRNAs > tRNAs > rRNA > mRNAs > pseudogenes > snRNAs >
snoRNAs > piRNAs > IncRNAs > miscRNAs. The most common RNA biotypes found in EVs were
IncRNA (28.3%) and mRNA (27.3%), followed by miRNA (18.6%) and piRNA (19.9%). A comparison of
RNA biotype fractions revealed that the percentage of miRNAs, snRNAs, snoRNAs, and tRNA-derived



fragments (tRFs) was higher, whereas the fraction of IncRNAs was lower in BC patients at the time of
diagnosis than in HCs. In the PostOp samples, the distribution of miRNA and snRNA biotypes tended to
become similar to the HCs (Figure 8).
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Figure 8. Composition of EV RNA cargo. Violin plots showing the percentage of each RNA biotype in the plasma
EV samples. Statistical significance was determined with the Wilcoxon test and p-value <0.05 was considered
significant. PreOp, diagnostic time point; HC, healthy controls; PostOp, seven days after breast surgery.

Identification of mRNA biomarker candidates

A comparison of mRNA profiles between EVs from BC patients at the time of diagnosis (PreOp) and
HCs revealed 263 DEGs (adj. p<0.05 and abs. Log2FC >1), with the majority of 253 being more abundant
in PreOp BC EVs. Gene ontology analysis indicated that these genes are primarily associated with
translation, protein targeting to the endoplasmic reticulum, oxidative phosphorylation, and the electron
transport chain. A comparison of PreOp EVs with PostOp EVs after surgery identified 13 DEGs, of which
8 were decreased following surgery, suggesting their origin from breast cancer tissues. To identify potential
diagnostic biomarkers, researchers sought mRNAs that overlapped in both DEG sets, resulting in 7
candidate mRNAs. These mRNAs had higher levels in PreOp breast cancer EVs compared to HC EVs and
decreased in PostOp EVs. While they exhibited high specificity (1), their sensitivity was limited (below
0.19), and individually, they showed moderate discrimination ability, with AUCs ranging from 0.55 to 0.59
for distinguishing PreOp breast cancer from HC (Figure 9).
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Figure 9. Identification of mRNA biomarker candidates. Dot plots showing the EV levels (normalized
read counts) of selected mRNA biomarker candidates in HCs and BC patients at the time of diagnosis and
after surgery. HC, healthy control; PreOp, diagnostic time point; PostOp, seven days after breast surgery.

Identification of biomarker candidates in non-coding RNA biotypes

We adopted a similar approach for non-coding RNA biotypes to identify potential cancer-derived
biomarkers. Our analysis of miRNAs revealed 206 miRNAs that were more abundant in PreOp breast
cancer EVs compared to HC EVs, and 43 miRNAs that exhibited reduced levels in PostOp EVs compared
to PreOp EVs. Notably, 33 miRNAs overlapped, offering potential breast cancer-derived biomarkers.
Among these, the top-performing miRNAs for diagnosis were miR-224-5p and miR-200b-5p, which
achieved AUCs of 0.72 and 0.70, respectively (Figure 10A). In the case of IncRNAs, our analysis identified
382 IncRNAs with higher levels in PreOp breast cancer EVs compared to HC EVs, as well as 25 IncRNAs
with reduced levels in PostOp EVs, with 14 overlapping between the two sets. The most promising
IncRNAs for distinguishing breast cancer from healthy controls were Inc-IFT122-2 and Inc-GSR-2, which
demonstrated AUCs of 0.72 and 0.66, respectively (Figure 10B). Additionally, we found 12 potential breast
cancer-derived biomarker candidates among piRNAs, 23 among snoRNAs, 3 among snRNAs, and 5 among



tRF RNA biotypes. Among these candidates, SNORD3H and SNORD1C showed the highest diagnostic
performance with AUCs of 0.75 and 0.73, followed by piR-27570 and piR-32949, each with an AUC of
0.67. The most effective snRNA was RNU4-11P, with an AUC of 0.67, and the top-performing tRF was
Lys-TTT-4-1-tRF3T, with an AUC of 0.62 (Figure 11 C and D).
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Figure 10. Identification of RNA biomarker candidates in non-coding RNA biotypes. Dot plots showing the EV levels
(normalized read counts) of selected RNA biomarker candidates in HCs and BC patients at the time of diagnosis and
after surgery. (A) miRNAs; (B) IncRNAs; (C) piRNA; (D) snoRNA. HC, healthy control; PreOp, diagnostic time
point; PostOp, seven days after breast surgery.

Construction of biomarker model

A logistic regression approach was employed to construct a biomarker model differentiating PreOp
BC from HC. This model, comprising eight RNA biomarkers (3 snoRNAs: SNORD3H, SNORDIC,
SNORA74D, 3 IncRNAs: Inc-IFT-122-2, Inc-C90rf50-4, Inc-FAM122C-3, 1 miRNA: miR-224-5p, and 1
piRNA: piR-32949), achieved an AUC of 0.905 (p = 1.6x10®), a sensitivity of 0.82, and a specificity of 1
in the training dataset, showcasing its strong performance. The LOOCV demonstrated the model's
robustness with an AUC of 0.902 (p = 3.4x107), a sensitivity of 0.88, and a specificity of 0.90 (Figure 11A,
B).

Furthermore, the study investigated the association of EV RNA biomarkers at the time of diagnosis
with various clinicopathological parameters and histological features of BC. It was found that several RNA
biomarkers from different biotypes showed strong associations with the ER and HER?2 status. Subsequently,
biomarker models were constructed to predict ER and HER2 status (Figure 11, C-F). The 5 RNA model
could distinguish between BC patients with ER+ and ER- tumors, achieving an AUC of 0.924 (p = 9.2x10"
%) in the training set and an AUC of 0.887 (p = 0.00038) in the LOOCYV. Similarly, a 6 RNA model
effectively distinguished BC patients with HER2+ from HER2- tumors, with an AUC of 0.976 (p =4.8x10"
®) in the training set and an AUC of 0.929 (p = 3.2x107) in the LOOCV.
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Figure 11. Biomarker models. (a) ROC curve for 8 RNA biomarker model that distinguish between BC patients and
healthy controls; (b) Leave-one-out cross validayion (LOOCYV) of the BC vs HC biomarker model; (¢) ROC curve for
5 RNA biomarker model that distinguish between BC patients with ER+ vs ER- tumor; (d) LOOCV of the ER+ vs
ER- biomarker model; (¢) ROC curve for 6 RNA biomarker model that distinguish between BC patients with HER2+
vs HER2- tumors; (f) LOOCV of the HER2+ vs HER2 biomarker model. ER, estrogen receptor; PreOp, diagnostic
time point; HC, healthy control.

Comprehensive characterization of RNA cargo of extracellular vesicles in breast
cancer patients undergoing neoadjuvant chemotherapy

Composition of EV RNA content

On average, each EV sample yielded 4.2 million raw reads, with approximately 2.4 million reads
remaining after undergoing quality control, adapter trimming, and removal of fragments smaller than 15
nucleotides. About 61% of these reads were successfully mapped to the human genome version
GRCh38.The predominant RNA biotype found in EVs was long non-coding RNA (IncRNA), constituting
26% of the total, followed by messenger RNA (mRNA) at 25%, piwi-interacting RNA (piRNA) at 18%,
microRNA (miRNA) at 17%, and transfer RNA fragments (tRFs) at 4%. Notably, the fractions of tRFs,
small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs), and piRNAs were higher, while the
fraction of IncRNA was lower in breast cancer patients at the time of diagnosis compared to healthy controls
(HCs). Over the subsequent three time points, the fractions of these RNA biotypes remained relatively
stable. However, 12 months after surgery, the fractions of IncRNA, piRNA, and tRFs tended to approach
the levels observed in HCs.

Identification of RNA biomarkers for the prediction of response to NAC

To pinpoint RNA biomarkers within EVs that can predict a patient's response to NAC at diagnosis,
we conducted differential expression analysis comparing responders and non-responders at two key time
points: diagnosis and the end of NAC. We identified differentially expressed RNAs with Log2FC>1 and
adj. p<0.05. We focused on RNAs that remained consistently differentially expressed in both time points,
as they likely relate to drug-resistant tumors. Subsequently, we compared these selected biomarker
candidates to healthy controls (HCs) and between responders and non-responders at all subsequent time
points, as well as between tumor and adjacent normal breast tissues. We analyzed small RNAs (miRNAs,
snoRNAs, snRNAs, piRNAs, tRFs) in small RNA libraries created from tumor and normal breast tissues,
while mRNAs and IncRNAs were examined in full transcriptome libraries.



miRNAs

Differential expression analysis of miRNAs in responders versus non-responders at the time of
diagnosis identified 48 DEGs, with 42 showing higher levels in non-responders (Figure 12A). At the end
of NAC, 29 DEGs were found, including 23 miRNAs with higher levels in non-responders (Figure 12B).
Six miRNAs were consistently elevated in non-responders at both time points, and these were chosen as
potential biomarker candidates (Figure 14C). These miRNAs could effectively distinguish between
responders and non-responders but with high specificity (Sp=1) and relatively low sensitivity (Sn=0.15-
0.25), as they were detectable only in a subset of non-responders. Notably, none of these six miRNAs were
found in HC EVs. Furthermore, miR-190b-5p and miR-331-3p were more frequently detected in patients
who experienced disease progression within 18 months after surgery compared to those who remained
disease-free, although this difference did not reach statistical significance. Following surgery, the levels of
miR-12113 and miR-34b-5p decreased in the majority of patients, while miR-190b-5p, miR-331-3p, miR-
152-5p, and miR-132-5p did not significantly decrease in post-operative samples. All these miRNAs, except
miR-12113, were present in both BC and normal breast tissues, but none of them were significantly
overexpressed in cancer. This suggests that tumor tissue is likely one, but not the sole, source of these
miRNAs in the bloodstream.
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Figure 12. Analysis of differentially expressed miRNAs between non-responders (NRs) and responders (Rs). (A)
Volcano plot showing the DEGs between NRs and Rs at the time of diagnosis. (B) Volcano plot showing the DEGs
between NRs and Rs after NAC. (C) Venn diagram showing the overlap of the DEGs at the time of diagnosis and after
NAC.

IncRNAs

Differential expression analysis of long non-coding RNAs (IncRNAs) revealed 42 DEGs between
responders and non-responders at the time of diagnosis, with 40 of them being higher in non-responders.
After the completion of NAC, 49 DEGs were identified, with 47 of them being higher in non-responders.
However, only 4 of these DEGs - Inc-ALX1-2, Inc-KLF17-1, Inc-DPH7-1, and Inc-PARP8-6 - were
consistently differentially expressed at both time points. Lnc-ALX1-2 and Inc-KLF17-1 were capable of
distinguishing between responders and non-responders with high specificity and declined after the surgical
removal of the tumor. However, they were also detectable in 2 cancer-free controls (6.67%), indicating that
the release of these RNAs in plasma EVs is not exclusively associated with the presence of cancer. On the
other hand, Inc-PARP8-6 and Inc-DPH7-1 differentiated responders from non-responders in the pre-



operation samples. Yet, their levels increased after surgery in both responder and non-responder groups,
suggesting that their release is likely linked to tissue damage and/or wound healing.

mRNAs

When examining mRNA profiles in responders and non-responders at the time of diagnosis, only one
gene, GKAPI, was found to be differentially expressed. GKAPI exhibited significantly higher levels
(Log2FC 12.86; adj.p = 0.02) in non-responder EVs. However, it's worth noting that GKAP1 mRNA was
also detected in 20% of HCs and increased in responders during NAC. This diminishes its potential as a
reliable predictive biomarker.

Other noncoding RNAs

Exploration of various small noncoding RNA biotypes identified 16, 6, and 6 DEGs between
responders and non-responders at the time of diagnosis among snoRNAs, snRNAs, and tRFs, respectively.
However, no DEGs were identified in piRNAs. It's noteworthy that only one of these DEGs, SNORDI111,
maintained its differential expression after NAC. SNORD111 doesn't appear in EVs of HCs and exhibits a
high level of specificity but a lower sensitivity (Sn=0.15) in predicting the response to NAC.

NAC-induced RNAs

In our efforts to identify RNAs induced by NAC, which could potentially contribute to drug

resistance or disease progression, we conducted the following differential expression analyses:

1. NAC-BC vs Dg-BC to pinpoint NAC-induced RNAs.

2. NAC-BC vs HCs to identify RNAs specific to breast cancer.

3. Comparison of non-responders with responders (or patients with or without progression) at the end of
NAC to identify RNAs associated with a poor response to NAC or clinical progression within 18 months
post-surgery.

Our analysis revealed specific RNAs that met these criteria: five piRNAs (piR-28104, piR-22021,
piR-25412, piR-33202, and piR-19110), four miRNAs (miR-651-5p, miR-370-5p, miR-4326, and miR-
539-5p), two IncRNAs (Inc-CCR6-1 and Inc-JHY-2), two snoRNAs (SNORA71E and SNORD115-6), and
one snRNA (RNU6-677P). These RNAs were induced by NAC, present in breast cancer EVs at
significantly higher levels at the end of NAC compared to healthy controls and exhibited higher levels in
non-responders compared to responders (Figure 16). Furthermore, during the analysis of patients with and
without progression, two snoRNAs (SNORD28 and SNORD115-5) and one piRNA (piR-33202) were
identified. Importantly, piR-33202 was found in both analyses.

Exercise-induced Extracellular Vesicles Delay the Progression of Prostate Cancer

Effect of forced wheel running exercise on the plasma EV levels

EVs were isolated from rat plasma before (Pre-RUN) and immediately after forced wheel-running
exercise (Post-RUN) and the yield, size, and purity of EVs were assessed by TEM and NTA. TEM images
revealed that the majority of particles ranged from 30 to 160 nm in diameter and had a cup-shaped
morphology. However, smaller particles that possibly represent lipoprotein particles and a small number of
large particles of 200-250 nm in diameter were also present in the majority of the samples analyzed. NTA
showed that the major fraction of particles was in the size range from 36 to 200 nm and the concentrations
of EVs ranged from 6.5 x 10° to 1.9 x 10! particles per ml of plasma. However, no significant differences
neither in size or concentration of EVs between Pre-RUN and Post-RUN samples were observed.

Changes in the EV RNA content during exercise

To investigate the impact of exercise on the RNA content within EVs, we conducted RNA sequencing
analysis on two groups: Pre-RUN and Post-RUN from the runner group, and a control group of sedentary
individuals (each group n=8). The analysis of total EV RNA using a Bioanalyzer indicated that the primary
RNA fragments fell within the range of 20 to 150 nucleotides (nt), although specific data were not presented.
The total EV RNA was utilized for constructing the RNA-seq library without prior size selection. Notably,
prior to RNA extraction, EVs underwent treatment with Proteinase K and RNase A to eliminate RNAs
attached to the surface of EVs. On average, each library generated 5.9 million raw reads, but after quality
control, adapter trimming, and filtering out reads shorter than 16 nt, an average of 2.85 million reads per



library remained. The overall alignment rate to the Rattus norvegicus genome stood at 51.5%. Rsubread
package [63] was employed for read counting, utilizing the RGSC rat genome and genome annotation
(version Rnor_6.0). The results revealed that the majority of reads mapped to messenger RNAs (mRNAs)
at 73.8%, followed by microRNAs (miRNAs) at 13.6% and ribosomal RNAs (rRNAs) at 6.7%. Other
biotypes, such as long intergenic non-coding RNAs (lincRNAs), mitochondrial rRNAs, and processed
pseudogenes, each constituted less than 2%. However, when employing miRBase annotation, only 0.6% of
the mapped reads were counted as mature miRNAs, identifying a total of 194 distinct miRNAs.
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Figure 13. Volcano plots depicting significant changes in the EV-enclosed RNA content. (A) Post-RUN vs Pre-RUN
EVs from exercised rats. (B) Pre-RUN EVs from exercised rats vs EVs from sedentary control group rats.

Subsequently, we conducted a differential expression analysis using the edgeR package. RNAs with
expression detected in fewer than 4 samples were excluded from the analysis. We aimed to evaluate whether
the RNA content within EVs, released into the circulation during forced wheel running exercise differed
from that in the resting state, by comparing Post-RUN EVs to Pre-RUN EVs. This analysis identified a total
of 20 DEGs with adjusted p-value less than 0.05 - 10 upregulated and 10 downregulated during exercise
(Figure 13A). Notably, all these DEGs were found to be protein-coding genes, and no differences were
observed in other RNA biotypes. Gene Ontology (GO) term enrichment analysis of these DEGs indicated
an enrichment of genes associated with unfolded protein binding (adjusted p-value of 0.048).

To evaluate the enduring effects of exercise on the RNA content of circulating EVs, we compared
Pre-RUN EVs with plasma EVs from sedentary control rats. This analysis revealed a total of 52 DEGs with
an adjusted p-value of less than 0.05, comprising 50 protein-coding genes and 2 miRNAs (Figure 13B).
Interestingly, only eleven of these RNAs exhibited higher levels in the Pre-RUN EVs compared to EVs
from sedentary control rats. The GO term enrichment analysis revealed the enrichment of genes associated
with molecular functions "selenium binding" and "oxidoreductase activity, acting on peroxide as an
acceptor” (both with an adj. p-value of 0.025).

Effect of exercise-induced EV's on the progression of prostate cancer

Next, we examined the impact of EVs released during forced wheel running exercise on the
progression of PC. In summary, we isolated total blood plasma EVs from F344 rats subjected to forced
running wheel exercise or maintained a sedentary lifestyle. These obtained EVs were then intravenously
administered to F344 rats with orthotopically injected syngeneic prostate cancer cells PLS10, a model
derived from chemically induced, castration-resistant metastatic PC, based on the original protocol by the
authors [58]. The PC-bearing rats received these EV injections during a 6-week period, representing the
transition from stage 1 to stage 3/4 PC development. The REV group received Post-RUN EVs from runners,



the SEV group received EVs from sedentary rats, and the PBS group received the vehicle alone. At the six-
week mark, tumor masses were observed in the ventral prostate of all rats. It's important to note that the
majority of tumor-bearing animals did not display any signs of suffering until the set endpoint. However,
two rats from each group were humanely euthanized before the designated endpoint of six weeks due to
signs of suffering. Postmortem analyses revealed that all these animals had tumor masses that had developed
outside the original injection site, leading to urethral stricture, a common complication observed in
orthotopic rodent PC models [58]. Consequently, these animals were excluded from the data analyses. The
primary outcome measure was the assessment of primary tumor volume and a comparison between the
groups. The mean primary tumor volumes were 4532 + 1396 mm? in the REV group, 7000 + 1882 mm? in
the SEV group, and 6841 + 3291 mm?® in the PBS group (Figure 14A). Statistically significant differences
were observed when comparing the mean tumor volume between rats that received runner-derived EVs and
those in the SEV group, with a 35% reduction in the primary tumor volume in the REV group (Mann-
Whitney p-value = 0.0159). However, the difference was not statistically significant when compared to the
PBS group, likely due to the small number of animals and the substantial variation in tumor size in this
group. It's important to note that all primary tumors exhibited significant necrosis in their centers (Figure

14B).
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Figure 14. Effects of exercise-induced EVs on the progression of prostate cancer. (A) Comparison of primary tumor
volumes between groups after 6 weeks of EV or vehicle administration. In the dot plot, mean tumor volumes are
shown, whiskers represent standard deviation; dots represent individual animals. Mann-Whitney test was performed
to assess the statistical significance of the differences between groups. (B) A representative example of an orthotopic
PLS10 cell-induced prostate tumor (with bladder) and necrosis found in the center of most tumors.

In addition to measuring tumor volumes, we evaluated the presence, location, and quantity of
macroscopic metastatic lesions. The results displayed considerable variability among individual animals
and groups. Metastases were detected in diverse locations, encompassing seminal vesicles, mesenteric,
iliac, and intestinal lymph nodes, as well as the lungs (Table 1). These findings did not reveal any
statistically significant distinctions in terms of either the number or location of metastases between the
study groups. However, it's worth noting that distal lung metastases were exclusively observed in the control
groups and not in the rats receiving Post-RUN EVs (REV group). This observation suggests a potential
protective role of these EVs in hindering cancer progression.

Table 1. Overview of the detected macrometastases in F344 PC model rats.

Group  Total Nr Nr of rats Metastatic locations*
of met. with Lung Peritoneal Mesenterial Seminal  Pancreatic  Intestinal
lesions  metastases vesicle
/ nr of rats

per group




REV 4 3/5 0/0 1/1 1/1 0/0 0/0 2/2
SEV 8 3/5 2/2 2/1 0/0 0/0 0/0 4/2
PBS 18 3/4 11/2 3/2 1/1 2/1 1/1 0/0

* The number of total metastatic lesions in the given location / the number of animals with metastases in the given
location



DISCUSSION

EVs play diverse and multifaceted roles in cancer development, their functions intricately linked to
the cells producing them and the target cells involved. In our study, we have elucidated the interactions
between EVs originating from tumor cells and immune cells within a simulated tumor microenvironment.
This exploration has unveiled the mechanisms employed by immune cells to uptake these EVs, shedding
light on the immunomodulatory properties of tumor derived EVs. Furthermore, we conducted an analysis
of EVs as potential biomarkers in two prevalent cancer types, namely breast and prostate cancer. Our
findings underscore the capacity of tumor derived EVs to serve as cancer biomarkers, thereby offering
diagnostic and prognostic value. Lastly, our investigation has unveiled a mechanism through which physical
activity influences tumor growth and development — namely, through the impact of exercise-induced EVs.
This highlights the potential physiological benefits of EVs in the context of cancer development.

Tumor EVs in tumor microenvironment

There is overwhelming evidence, that EV effects on target cells depend on the concentration, timing,
isolation method, purity, and size of EVs [76-79]. Our goal was to establish a model for investigating EV-
mediated interactions between tumors and their host that offers a consistent source of cancer-derived EVs
at near-physiological levels, eliminating the need for EV isolation, achieved through a co-culture system
involving recipient cells and PC3-CD63-GFP cells forming 3D heterotypic spheroids, and quantifying the
uptake of GFP-tagged EVs using flow cytometry. In our model, we tracked the CD63 positive EV transfer,
but it would be beneficial to recreate the experiment with tagging different EV markers, because not all
EVs bear the CD63 [80].

Within 3D spheroid cultures, characteristics such as gene expression patterns, cell polarization,
interactions between cells, interactions between cells and the extracellular matrix, as well as gradients of
oxygen and metabolites closely resemble those observed in cancer tissues, making 3D cultures a more
physiologically pertinent model compared to traditional 2D cell cultures [81-83]. Furthermore, TME
contains fibroblasts, various immune cells, vascular cells, pericytes, adipocytes, and the tumor to stroma
cell ratio can vary immensely among different types of cancer as well as among cancer patients [84, 85].

Our findings indicate that EVs interact more efficiently with CD19+ B cells than with CD3+ T cells,
with different T cell subsets showing varying abilities in interacting with cancer derived EVs. Interestingly,
B cells were found not to internalize EVs, in line with previous studies showing that tumor derived EVs
primarily influence T cells through cell surface signaling rather than internalization [78, 86]. However, our
results suggest that a fraction of EVs may be taken up by T cells via macropinocytosis, a pathway influenced
by the submembranous pH [87]. This route may be more relevant in a growth factor rich TME. Our model,
designed to mimic TME conditions, provides a continuous supply of CD63-positive EVs at nearly
physiological levels, avoiding biases introduced by EV isolation from cell culture media.

These findings suggest that the internalization and effects of cancer-derived EVs on immune cells
are influenced not only by the target cell type but also by the specific EV-producing cells, highlighting the
complex interplay between EVs and immune cells in the tumor microenvironment. Multiple studies have
demonstrated that tumor EVs can induce immunosuppression in various immune cell subsets, including B
cells, T cells, and macrophages, leading to immune evasion and supporting cancer progression [88].
Different mechanisms and pathways are implicated in these immunosuppressive effects, which can vary
among different cancer types, emphasizing the versatility of EV-mediated immunomodulation in the context
of cancer.

Cancer-derived EVs have been recognized for their role in impacting the phenotype and functions of
fibroblasts, contributing to their transformation into CAFs [89, 90]. These studies have largely focused on
EVs from cancer cell lines. However, in this novel study, we investigate the influence of urinary EVs on
the transcriptional profile of fibroblasts, particularly those derived from prostate cancer patients. Since a
significant portion of urinary EVs in prostate cancer patients is attributed to prostate or prostate cancer [91],
they provide a unique opportunity to explore the functional effects of EVs derived from patients' tumors.

The response of fibroblast cultures to EVs showed significant variations, with cancer-naive foreskin
fibroblasts (Hs68) exhibiting the highest number of genes regulated by EVs. Interestingly, while both



prostate cancer-associated fibroblast primary cultures (PCFs) responded differently to prostate cancer-
derived EVs (PC-EVs) compared to healthy control EVs (HC-EVs), there were no unique pathways
specifically induced by PC-EVs. This suggests that the effects on dermal fibroblasts may be attributed to
urinary EV subpopulations common to both prostate cancer patients and healthy individuals, or that PC-
EVs may not activate distinct intracellular signaling pathways, even if they are taken up by or bound to
dermal fibroblasts. In the case of PCF-54 cells, their transcriptional response to PC-EVs significantly
differed from that to HC-EVs. HC-EVs downregulated multiple genes related to mitochondrial function,
indicating a potential suppression of mitochondrial respiration, although this effect may be dynamic and
time-dependent. Furthermore, treatment with PC-EVs uniquely affected the expression of 58 genes in PCF-
54 cells, including those encoding proteins involved in cell division, chromosome segregation, and mitotic
spindle formation, suggesting that PC-EVs could disrupt the regulation of these processes in cancer-
associated fibroblasts. However, the precise mechanisms and characteristics of the EV subpopulations
responsible for these effects require further investigation. In PCF-55 cells, both PC-EVs and HC-EVs
induced the expression of a number of chemokines such as CCL2, CCL13, CXCL1, CXCLS, etc. This
finding is consistent with a previous report showing that EVs released by metastatic gastric cancer cells
contribute to the generation of a specific subpopulation of CAFs producing CXCL family chemokines [92].
Our findings suggest that EVs play a role in shaping functionally diverse fibroblast subpopulations, and
further investigation at a single-cell level is warranted to understand the factors influencing fibroblasts'
responsiveness to EV signaling, with potential implications for immune cell recruitment, drug resistance,
and other aspects of the tumor microenvironment.

It is evident that tumor-derived EVs engage in interactions with the various cell types within the
TME, either through internalization by these cells or via interactions with their surface receptors. These
interactions can induce a multitude of pro-tumorigenic effects in the recipient cells. This study further
substantiates that tumor EVs have the capacity to engage with immune cells, fibroblasts and most probably
also other cells in TME, and the processes of uptake or binding to cell surfaces are contingent on both the
originating EV-producing cells and the specific immune cell targets.

EVs as cancer biomarkers

EVs have garnered significant attention as a promising source of cancer-related biomarkers in liquid
biopsies. They offer potential advantages over alternative sources such as circulating tumor cells (CTCs),
cell-free DNA, or RNA. These advantages include their high abundance in the bloodstream relative to
CTCs, their protective role in shielding their molecular contents from degradation, their transport of
molecular signatures associated with specific characteristics of their parent cells, and their ability to transfer
these traits to recipient cells [93, 94]. In this study, we explored the dynamics of EV levels and their RNA
cargo at different stages of breast cancer treatment, examining the correlation between changes in RNA
content and clinical outcomes. Elevated levels of plasma EVs have been found in patients with various solid
tumors [95-97], including BC [98]. At least partially, the RNA cargo of EVs resembles that of their parental
cells thus informing about the physiological and pathological processes in their cells-of-origin [94].

In our study, we discovered that BC patients have significantly higher levels of EVs in their blood at
the time of diagnosis compared to healthy individuals without cancer. While it was expected that the EV
levels might decrease after surgery [99, 100], no statistically significant difference was observed between
the EV levels at diagnosis and those 7 days after the surgery. This could be due to the surgical procedure
potentially triggering increased EV production by various cell types in the body, with EV levels not
returning to normal shortly after surgery. The origin of these excess EVs remains a crucial question. One
possibility is that solid tumor-related conditions such as hypoxia and extracellular acidity stimulate cancer
cells to release EVs [101-104]. Another explanation could be that the increase is a systemic response to
cancer, as elevated EV levels have been noted in patients with non-cancer-related conditions, suggesting
that various diseases or tissue damage can trigger EV release [94].

The study successfully identified promising biomarker candidates in various RNA biotypes present
in EVs for breast cancer diagnosis. These candidates exhibited high specificity but moderate to poor
sensitivity, meaning they were detectable in only a fraction of breast cancer patients, resulting in moderate



diagnostic value individually. However, a biomarker model composed of 8 RNA biomarkers (3 IncRNAs,
3 snoRNAs, 1 miRNA, and 1 piRNA) demonstrated remarkable diagnostic accuracy with an AUC of 0.902.
While the model displayed strong robustness in the leave-one-out cross-validation (LOOCYV), the potential
for overfitting cannot be ruled out due to the lack of an independent validation dataset. If any markers fail
in the validation set, there is room to replace them with equally effective alternatives without compromising
the model's performance. Importantly, some RNA biomarkers were found to correlate with ER, PR, and
HERR? status, providing additional insights into the tumor's properties through EV-based blood tests.

miRNAs, particularly, have been extensively studied within EVs. Several miRNAs identified as
breast cancer-derived biomarker candidates were previously detected in plasma EVs and associated with
breast cancer development or progression. For instance, miR-224-5p, present in mesenchymal stem cell-
derived EVs, regulates critical processes in breast cancer cells [105, 106]. miR-200b-5p, a member of the
miR-200 family, is linked to epithelial-mesenchymal transition and metastasis, with high levels indicating
poor disease-free and overall survival [107]. Additionally, miR-485-5p, known to function as a tumor
suppressor in various cancer types, suggests active secretion by cancer cells via EVs to reduce its
intracellular levels [108].

This study explored EV-enclosed small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs),
piwi-interacting RNAs (piRNAs), and transfer RNA fragments (tRFs) as BC biomarkers, representing a
novel approach. These RNA classes had not been previously identified as BC biomarkers. SnoRNAs are
known for guiding ribosomal RNA modifications and play roles in tumorigenesis and metastasis when
dysregulated in cancer [109, 110]. snRNAs are spliceosome components linked to gene-specific splicing
alterations in cancer [111]. piRNAs, acting as genome mediators, are associated with cancer progression
and metastasis through gene regulation [112-114]. tRFs, produced via tRNA cleavage, participate in gene
silencing and translation [115, 116]. The study revealed enrichment of snoRNAs, snRNAs, and tRFs in EVs
from BC patients, indicating their potential as untapped sources of cancer biomarkers. Additionally, EVs
from BC patients contained mitochondrially encoded mRNAs, suggesting a mitochondria-derived EV
subpopulation; however, its origin and functional significance in cancer patients remain unclear, as these
mRNA levels did not significantly decrease post-surgery.

Examination of EV RNA content unveiled 6 miRNAs, 4 IncRNAs, and 1 snoRNA, all of which
exhibited significantly elevated levels in non-responders compared to responders at the point of diagnosis
and throughout NAC treatment. Significantly, these RNA molecules were undetectable or had substantially
reduced levels in EVs from individuals without cancer, rendering them highly promising biomarker
candidates for forecasting a patient's response to chemotherapy at the time of diagnosis. Increasing evidence
suggests that in some patients’ chemotherapeutic drugs used in the NAC setting can induce metastatic
progression of the disease [117, 118]. We identified 14 RNAs representing piRNA, miRNA, IncRNA,
snRNA, and snRNA biotypes. In addition, 1 piRNA and 2 snoRNAs could signal patients with the early
progression of the disease. Altogether, this study unveiled that a significant portion of plasma EVs in BC
patients originates from the disease or its treatment, carrying diverse RNA types with diagnostic and
prognostic potential. The EV RNA composition in BC differs from that in healthy individuals and responds
dynamically to clinical events. Specific RNA biomarkers predictive of NAC response at the time of
diagnosis were identified, exhibiting high specificity but limited sensitivity when analyzed individually.
Additionally, another set of RNAs, induced by NAC in EVs from non-responders or patients with early
progression, was discovered and merits further investigation to elucidate their functions.

At present, the clinical landscape features just one EV-based test, ExoDX Prostate (IntelliScore),
whereas ClinicalTrials.gov lists 36 clinical trials related to exosomes, cancer, and biomarkers [119]. While
numerous potential EV-based biomarkers for various cancer types have been identified in laboratory
research, their transition to clinical practice presents a significant challenge, necessitating rigorous technical
and clinical validation [120]. These EV-based biomarkers typically fall into three categories: EV-associated
RNAs (such as mRNAs or miRNAs), DNAs, or proteins. Some studies have even proposed using EV-
associated metabolites and EV counts as potential biomarkers [94]. However, the latter approach may face
limitations related to control group variations in EV levels and potential influences from other pathological
and physiological processes affecting EV circulation.



Our investigation into the impact of urinary EVs from PC patients on fibroblast transcriptomes
confirmed that these EVs exert distinct effects on fibroblasts, contributing to the heterogeneity of stromal
cells within the TME. Additionally, our findings suggest that urinary EVs from PC patients could potentially
serve as a novel class of functional biomarkers for PC, which might aid in early disease differentiation,
particularly beneficial for a condition known for its slow progression and limited need for immediate
medical intervention. However, the primary limitation of our study lies in the relatively small sample size,
as the heterogeneous responses observed necessitate a more extensive assessment of the effects of patient
urinary EVs on these fibroblasts to identify common markers in the effects of EVs from aggressive and
indolent PC patients.

Exercise-induced EVs as cancer preventors

Exercise has well-established health benefits, and research is uncovering its direct effects on cancer
patients. While exercise can enhance the well-being of cancer patients in various ways, the mechanisms
behind these advantages remain incompletely understood [S51]. EVs, which play a crucial role in
intercellular communication, are now a focal point for investigating how they might contribute to the
benefits of exercise. Previous studies have shown that exercise can increase circulating EV levels [121-
125], but our research, involving a 1-hour wheel-running exercise in rats, did not reveal significant changes
in mean EV concentration and size. These discrepancies may arise from variations in exercise types,
intensity, and duration, affecting the release or clearance of EVs from different cell types. Furthermore,
differences in EV isolation and quantification methods may contribute to conflicting results.
Immunoisolation techniques targeting EV surface markers could provide deeper insights into EV dynamics
and their cellular origins [126, 127].

While we did not observe a significant increase in circulating EV levels during exercise, our RNA
sequencing analysis indicated substantial differences in the RNA content of EVs collected from rats before
and after forced wheel-running exercise, suggesting active EV release into circulation as a response to
exercise. Although selective RNA sorting mechanisms contribute to EV RNA profiles, they largely reflect
the composition of parental cells, allowing us to infer the cell types involved in EV production during
exercise. Among the 20 DEGs found in the Post-RUN EVs, all were protein-coding genes with distinctive
expression patterns across various tissues, particularly in the liver, testis, lung, muscle, brain, thymus, and
kidney, implying contributions from these organs to the pool of exercise-induced circulating EVs. These
DEGs were associated with metabolic processes, chaperone function, and immune regulation, including
leukotriene signaling, T cell development, and the function of germinal center B cells. Interestingly, our
analysis did not reveal significantly altered miRNAs when comparing Post-RUN EVs to Pre-RUN EVs. In
contrast, a recent study by Oliveira et al. identified 12 differentially expressed miRNAs in rat serum EVs
following treadmill running [123]. While eight of these miRNAs showed some variation in our study, the
differences did not reach statistical significance.

Moreover, the comparison of Pre-RUN EVs from exercised rats with EVs from sedentary control
rats revealed 52 DEGs, highlighting the lasting impact of exercise on the circulating EV RNA content.
Among the downregulated genes were those associated with oxidoreductase activity and selenium binding,
such as Gpx3 (glutathione peroxidase 3), Pxdn (peroxidasin), and Selenof (selenoprotein F). Notably, these
genes are linked to oxidative stress markers, although our findings suggest that the baseline levels of
oxidative stress markers are lower in exercised animals than in sedentary ones [128, 129]. In addition to
these DEGs, two miRNAs, miR378b and miR35, which were present in runner EVs but undetectable in
sedentary rat EVs, play roles in various physiological processes, including insulin sensitivity [130] and
protection against insulin resistance [131].

Prior research has explored the effects of exercise on cancer incidence and progression in animal
models, demonstrating exercise's protective effects against cancer and its ability to reduce tumor growth
and metastasis in various models [132, 133]. However, our study was the first to investigate the impact of
exercise-induced EVs on cancer development, specifically in a rat model of metastatic prostate cancer. Our
results indicated that regular injections of exercise-induced EVs into tumor-bearing rats reduced primary
tumor growth by approximately 35% and possibly delayed the development of lung metastasis. It is



essential to note that the study's limitations include small sample size and considerable data variation,
making these findings indicative and necessitating validation in a larger cohort of animals. Moreover, future
investigations should focus on understanding the biodistribution, uptake, and intracellular fate of exercise-
induced EVs, and their effects on recipient cells. In summary, our study underscores that exercise-induced
EVs can modify the RNA content of circulating EVs and potentially influence tumor physiology, suggesting
that regular physical exercise could be prescribed to prostate cancer patients as a tertiary prevention
measure.

Exercise has been demonstrated to enhance immune cell infiltration and activity both in TME and
systemically, indicating that exercise can activate immune functions in the body [134]. Given that EVs are
involved in the response to exercise and can convey its benefits in vivo, it is plausible to suggest that EVs
play arole in this immune cell activation. This aligns with our study's findings, where injections of exercise-
induced EVs in rats resulted in delayed prostate tumor growth, possibly due to increased immune cell
activity or infiltration within the tumor. To explore this further, additional experiments are required,
including an analysis of the tumor tissue to assess immune cell infiltration and transcriptome analysis to
identify genes that exercise EV injections may have induced or silenced, shedding light on the specific
mechanisms underpinning the effects on tumor growth. While we observed a slight reduction in metastatic
burden between groups, further validation in a larger cohort is necessary to confirm these findings.



CONCLUSIONS

1. In a 3D coculture model, CD3+ T cells at least partially were taken up cancer-derived EVs by
macropinocytosis, while CD19+ B cells did not internalize cancer-derived EVs.

2. Urinary EVs both from PC patients and healthy controls, were taken up by CAFs and normal
fibroblasts in a time-dependent manner, and their effects on the fibroblast transcriptomes are highly
heterogeneous.

3. Comparison of plasma EV RNA cargo in BC patients and cancer-free controls, revealed an 8-
biomarker model that could distinguish BC from HCs with an AUC of 0.905, p=3.4x10-9. In addition, five
and six EV RNA biomarkers were identified that correlated ER and HER2 expression status respectively.

4. Comprehensive characterization of EV RNA cargo in BC patients undergoing NAC revealed six
miRNAs, four IncRNAs, and one snoRNA that had significantly higher levels in EVs from non-responders
than responders, and additionally, we identified 14 RNAs that were induced in non-responders by NAC and
three RNAs that were induced in patients with early disease progression.

5. Exercise changed the RNA cargo of circulating EVs both in short- and long-term, and exercise-
induced EVs delayed the progression of PC in rats by 35% and they may attenuate lung metastasis.
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