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Streszczenie

Rak piersi (ang. breast cancet ! " Aw NI UOwOENEayT EPI NWEDET 004 OPEO:
orazbbPOEéEéwxVUadaEaa0éwal OOVWOOEDI Dwawx OpPOEUwWOOPOUPOL
dlachorychnaBCjestOEDPT EUNEEEOwWT EDT Ol waEOI NawOEwWOOOI OUUWEDE

9Ew xOPUUEPEODPI w xU&al UAUUGPw OExOPDPI EADEOOI w Ué w
(ang. circulating tumor cellst " 3" UAOw OUGUI wxOwxUal OUOE&aTl OPUWEEUDI
OPT UUNewbpwOUPDOEDPI T Uwbw OOl 6 wOOOOOPAOPET WOEOSIT &1 w
xOx UOEENY wOOOGUI OOwOUGUEwWOUDPET EwUPON&wl 1 Ul UOTT OO
epitelialno -mezenchymalnej (ang. epithelialtto-mesenchymal transitiodm EMT). W wyniku EMT
O00GUOPWOOPOUPOUOPIT wUUE REQPERRWBE WEAEaNwa @ QORI T uwED E
ich przetrwanie w krwiobiegu i OOOOOPAEENYy w OEOI T eaET woOPUaOwW NI EOQO
UIl'T OOwOOUl 71 01 OPT wil U1l UOTI OOOT EPw" 3" Ui Bl Y¥@LODDEPw
wymaga zastosowaniaE OEODP 4 a wOEwx 0abOOP] wxONI EaOEal NwOOOGUODE

6 WEOEET wxUEEawEOOUOUUODPI Nwx OENyY U CGhachitgrystgkO Ul 7 Ol OF
EPDOOOT PE4AOI Nwi 1 6OUa x GPbhknfl opb&adéwej'thonyed EalBE.Oa ET wb i
(ang. CTCsenriched blood fractiad CTCs-EBFs) od 83 operacyjnych chorych na BC. Napodstawie
x0abOOUw I OUxUI UNDPw OE UKGBW, GHERR)D EpdeBalhich WCKI9 uChH1)

i mezenchymalnych (VIM, CDH2, PLSRX wa E1 | PODPOPEOOWOE] EOOYT iEBBwi 1 OOUa
a0EUU0y xOPl wxUal EOCEOPAOPEOOwWI OUx Ul UROXGRY IPAGR)wW x UOOUN
powstawanie macierzystego fenotypu (CD44, NANOG, ALDH1Al, POU5F1, PROM1)

orazi OUOOPEOD] WPOEDWOGCB WpPOOOOwP x ¢ VGDORIEE Qud Tl BBHW"aX"EEWLCE
nax Ual NAEDI w OUE &z el kin@mé&-Gabdlagicznymi. CTCs o fenotypach

epitelialnym (eCTCs), epitelialno -mezenchymalnym (emCTCs) i mezenchymalnym (mCTCs)

PaUUly x OBEépomytywnych chorych na BCw podobnym stosunku ( odpowiednio 36,8%,

31,6%, 31,66 wO" 3" UWET EUEOUI UaaOpPEeawUDPy wOENEEUE&ADI NwET
OENPanuUaeé waXOrNx RLAURN €D44, NANOG i POUSFL P<0,05, wx OUGPOEOD U w
doeCTCs),aDET wOET EQOT T xudDOUU OO EG B wh O wb P&\ GYPKUEA @ WD G0 au
rozmiarem guza (P=0,023) orazZOU O U ODPIT whbanNUaaOwlUaaaobpl Owal OOUwb wE OF
(95% C1 1.0650.41,PAY OYKAB w. E1 EOOTV 7 wi 6" 3" UOwWET EUEOUI UaaUNeE



(P=0,043)iwby OU & a OwU O & Or=8,ueB) Galed B auEQubE € E wb UprddibdyicAiepb E U U OT E E
-EU0Y, »0DIx EUEDUWOwWPaODPODPWOOOXxO1 OUOPI T OwxUal T OeEU
OPUI UEUDUUOPAET wOxPUUNe&EaET wUD@MePE £ QEG GBI OWMPGGUGAE |
NIOT UOEa wbPaOOEENDWOXEUUI wOwlOl PEEAEOSGAUEDOWODE R & OD G
nnEEUE&AD] NLAAGERDE wd" 3" VAR DUBDOODOPEEDEOOEENDW" 3" UAC
EIT EUEOUI UaaUNeé E wadigearémotzyski€ LGECE.OwdOD N
W celu prospektywnej EOEOP&aa w x ONI EAOE4AAaEl w" 3" UwdbPI,aEOI NOP
OxUEEOPEOOwWOI UOEYy whPET wbPaOOEENPWPWET Ul BEMR2wW" 3" Uwd
ET OQOUAET wOEwW! " OwUwoOUGUAET wwzZowd igjdeewva O ¥ B a0l ddDa BESOR
hormonoUl UE x By Ow b & Popaicid bbvirédv@nie v 1 UEEDT OEDPI @l yBOWOB Edw D
Ul O OENE QEEAKXDET w OQGO3Csl zident@ikbwabo na x OEUUEPDI w OEI EQOT
OEUOI UGPuw i x DUl Ob E-abhernh)uorge$ mézenchymalnych (csVIM, MCAM))
w barwieniu immunofluorescencyjnym , a O E U Uy poBrénb unikromanipulacyjnie w celu
dalszej analizy transkryptomicznej opartejo 4 OOE a i DO OP E 0 a wx3Sgq20frazéveana2 OE U U
metoda izolacji CTCsod ET OUAET wOEw! " wET EUEOUI Ua4aOPEEEwWUDY wx O

oraz nie bxéabPEeEw OEw NEOOT 1 waDES/ADIIYDAR DO U EXVAEOU w OOOGUO
odET OUAET wOEwW! " wOOUI T 00 gBkadidtydlpazytywde, tsMiNp$MCAM ;
negatywne), mCTCs (EpCAM -/E-kadheryna-negatywne, csVIM-/MCAM -pozytywne) i emCTCs,
PwOUGUAET wOEUOI Oa @i @DIUa OBEOIOW & dé aw OO OUxUaOOPEOI ¢
procent (54/104) chorych na BC byée Ow "-8 ®&a UapbpOaET Ow Ux O@dheGtEzecigf UGUA ET w
paOUaUOwNI ECOEAT T OPER®EINEODEWWUAT B luusibydEd Raux EET Wus ,
oNEODOOOOPDPI Ow il OO0Uaxbl w OUEAwW bw x OEADE GHoyctOEw 1 1 00
zODPIl OOU&aUUOe WET EUEOBU 06 QIHEa Bbé @ O D oB&akdi@eICTCs
t P=0,037) 0OPI NWAUGNOPEOPEOaOPwUUOx Pl E wa gaRiekaiek OT EPw i b
CTCst P=0,006)0raz z guzami ER-negatywnymi (jakiekolwiek CTCs ¢ P=0,020, eCTCg P=0,001
mCTCs t+ P=0,040) PRnegatywnymi (eCTCs t P=0,001) i HER2-pozytywn ymi (mCTCs

0PI Nwii OGPwWUOI T E&Owl OUxUI URPSw&l Oa OuxIUTTH QEGIEkA w
do- " UOAEIEOT ENOPED] whwx UOET Ua weibshdg, pditzasid @walgent OU O U a x E
04bDYOUAOO] Nwl OU x thhnibiiddienUtansiadi Eoy B btantGE | UOO0E wOOOGUT O
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profilowania pojedynczych CTCs w klasyfikacji BC i prognozie.



Abstract

Breast cancer (BC) is the most frequently diagnosed type of cancer and the leading cause
of cancerrelated death among women worldwide. Despite promising prognoses for BC patients,
these depend strictly on the timing of the diagnosis; in patients with distant metastases,

the prognosis is particularly poor.

Circulating tumor cells (CTCs) are responsible for the formation of metastases.
After crossing the blood vessel barrier, they migrate through the bloodstream and can colonize
distant organs. CTCs represent adiverse population of cells, achieving their heterogeneity,
among other factors, through the epithelial -to-mesenchymal transition (EMT). As a result of EMT,
cancer cells become more mobile and invasive, acquiring traits that promote their survival
in the bloodstream and the colonization of distant niches, while simultaneously losing
the expression of epithelial markers, which form the basis of most CTC isolation methods.
At the early stage ofthe metastatic cascade, the number of CTCs in the bloodstream of BC patients
islow (1to afew CTCsin a 7.5 mL blood sample), corstituting a small fraction of the cells present
in the bloodstream. Therefore, determining the heterogeneity of CTCs and understanding

the biological causes of their aggressiveness requires singlecell level analysis.

As the goal of the doctoral dissertation, the clinical value and biological characterization
of CTCs with various EMT phenotypes present in the peripheral blood of BC patients

were determined.

In a retrospective study, CTCs-enriched blood fractions (CTCs-EBFs) from 83 non-metastatic
BC patients were analyzed. Based on the expression levels of BC cellMGB1, HER?2), epithelial
(CK19 CDH1), and mesenchymal markers (VIM, CDH2, PLS3, the presence and phenotype
of CTCs in CTCsEBFs were determined. Subsequently, the expression of genes promoting
aggressiveness CXCR4, PLAUR), the development of stem-like phenotypes (CD44, NANOG,
ALDH1A1, POU5SF], PROM1), and cluster formation (JUP) were analyzed. The impact
of the presence of CTCs with different EMT phenotypes on survival was assessed and correlated
with clinicopathological features. CTCs of epithelial (eCTCs), epithelial-mesenchymal (emCTCs),
and mesenchymal (mMCTCs) phenotypes were present in BC patients in similar proportions
(36.8%, 31.6%, 31.6%, respectivelymCTCs were characterized bythe most aggressive phenotype
(expressed by the highest levels of CXCR4, PLAUR, CD44, NANOG, and POU5F1; P<0.05
compared to eCTCs), and their presence correlated with lymph node metastases P=0.043), larger
tumor size (P=0.023), and asevenfold higher risk of death in multivariate analysis (95% CI

1.0650.41, P=0.04). The presence ofemCTCs, which potentially have the greatest plasticity



and aggressiveness,also correlated with lymph node involvement ( P=0.043) and larger tumor

size (P=0.042) but did not have significant prognostic value.

Subsequently, based on the results of a comprehensive review and statistical analysis
of literature data describing the recovery rate of BC celllines in a model system, it was assessed
that isolation methods based on negative selection of blood cells and physical properties allow
for more efficient isolation of mCTCs than CellSearch (the golden standard for CTC isolation),

while maintaining recovery rates of eCTCs comparable to CellSearch.

A method for the prospective isolation and detection of single CTCs, regardless oftheir EMT
phenotype, was developed. CTCs from 104 non-metastatic BC patients and 12 BC patients
with distant metastases, localrecurrence, or undergoing hormone therapy were isolated using
density gradient centrifugation and negative selection of CD45-positive blood cells. CTCs were
identified based on the presence of epithelial (EpCAM, E-cadherin) and mesenchymal markers
(csVIM, MCAM) wusing immunofluorescent staining. Then, CTCs were collected
by micromanipulat ion for further transcriptomic analysis based on a modified Smart -Seq2
protocol. The developed method for CTCs isolation demonstrated a similar recovery rate
for epithelial (58.4%) and mesenchymal BC cell lines (66.6% and did not affect the quality of their
transcriptome. CD45-/CD31-/DAPI -negative cells from BC patients were classified as eCTCs
(EpCAM -/E-cadherin-positive,  csVIM-/MCAM -negative), mCTCs (EpCAM-/E-cadherin-
negative, csVIM-/ MCAM -positive), and emCTCs, in which epithelial and mesenchymal markers
were co-expressed. Fifty -two percent (54/104)of BC patients were CTC-positive, with one -third
of these patients exhibiting the presence of CTCs with two or three EMT phenotypes
simultaneously. More total CTCs of any phenotype and CTCs of particular EMT phenotypes
were found in patients with unfavorable clinicopathological characteristics, such as larger
(T2 4;any CTCst P=0.037), less differentiated tumors (histological grade 3; any CTCst P=0.006),
and tumors that were ER-negative (any CTCst P=0.020, eCTCg P=0.001, mCTCst P=0.040),
PR-negative (eCTCst P=0.001), and HERZ2positive (MCTCs ¢ P=0.024).Transcriptomic analysis
(RNA-Seq) of single cells collected from BC patients showed thatless genes were expressed
in CTCs compared to normal cells (NCs). The genes with reduced expression in CTCs compared
to NCs are involved in processes crucial for transcription and transl ation, while two genes
with increased expression are associated with the inhibition of translation ( CYFIPI)

and the protection of cancer cells from cellular stress (KDM3B).
CTCs from BC patients exhibit high heterogeneity both within a single patient and different
patients. The results of the analyses indicate the significant role of single CTC profiling in BC

classification and prognosis.
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(hydroksymetylo)propano -1,3-diol)
TROP2 ang. trophoblast cell surface antigenahtygen powierzchniowy trofoblastu 2
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Wnt/ ¢-CAT ang. WNT proto-oncogenek-catenin signaling pathwayOw 7 EDI DOEw Ual OEODPA

wWnt/ ¢-katenina

YWHAZ ang. tyrosine 3monooxygenase/ tryptophaAdonooxygenase activation protein zeta

UuaxUOIi EOOPE

11



*OPOPEA4AO]I WhWEDOOOT PEGEI GUAIOEE AP OBO rDBE WG HAEM Qa ET wi 1 000axE|
epitelialno 4 mezenchymalnych u chorych na raka piersi

1. 6 U0y x

1.1. Epidemiologia , etiologia , czynniki predy U x O O Uipéognbza w raku piersi

Rak piersi (ang. breast cancet | " Aw NI UOwOENEayT EPI NWEDPET 604 OpPEO
u kobiet w Polsce (24K uWwx U & a x E E @K PRyd> TAK Wb WO E wr9sddxEAJURAl auxg,E OG b
Ryc. 1B), gdzie N1 EOOE &1 7 OP1 wNI UUwb b O EppkoduwnswotverE@ed Aeswal OOGP
a1l OOGBwWT b b 2@Pioku; Ryc. 1B) + w 2022 roku odnotowan e zgony chorych na BC
' wNl UODWEUUT POWOENEayUUU&aalbwxOp OEIT (B12achoybhpaBTOE D1 U wa |
t ut Ohuti wa TpOd@ImManédt woru w 2022 roku; Ryc. 1A) [116 w2 AEEUNT wUDy OwNIi wE(
zxUal PPEAaPEODEOPDwW, PYEA4aOEUOEOPI Nw IhtdmatiriabAgendy EEE w OE |
forResearch on Cancdr ( 1" AOw P w E D41l Duud PDE Q@EaIR8ED EbkUE liczba
AEET OUOPEEWOE w! " wOE arpasaddd PI53u08 o RofDRul Ak 7 wWOPEAEEwWaT ©
+ 2666103 do 1 138 155(0 70,9%) [2]6 w Q9 EET OUOPEOOOT T wOEwW! "wUOOUOEAC
WOUENEET wUOaprPpPOPyUAaEI OWNEOwWPwWwUOaAaPPNENEEAET wUDy OQweE
xOO0Py E4dawU2d wOEEOWE a4y UUOT 1 BRODEE EEGRuEIG BB WEOR EOAET wd
UGNOPualEEyi b 07T EPWOE WU T 1POUEd WL UENDHEHAUUOXx OPUWEOL
PabPOE&EE]l wUPy wa wUGN OBED aull X add@d B OEGEBEOODT wNi U0 wé
AWEOUUY x1 QOWEOwWOxDP] OPwodOl EaE4&OI NGREJUEA wx UOT UEOGPwx U4l

Najistotniejszym czynnikiem O OUI O U N &yEykiémuzachorowania na BC jest wiek;
OENEa&ayT EPI NwET OU Updst mendpauRdinZhaQuibxuddrG U T INBW kw1 uuld & QG ua E B
EaaOO0POGhPwxUaaEaa0OPENEEAEl wUPYywEOwWUOaAaPONUwW! " wdEOD
OUGUEIUwpPaEeUNOOEYwabpbPyOUAOOEwWwbPwxUaAaxEEOQUwWPEAIT UOI

ubUUOUOPEOPEWI OUOOOE O ®@i1NGwD)i | UEEG(pEBaulapEOIOyO@Raul ' ' wx OE O U
40EE4] OPIl wE4Aa00DOGHI®DODOU O R WNO Badfedmasaidioup ] UbUAaTl NwEf
OUEAWOEUODI OPI1 wmniejsyry fpzikied ¢achorOnamananBC [12, 13]

#Ow E4aO00ODPOGPw xUIl EAUxOOUNEEAET w EOw AaEET OUOPEODI
wzrostu i proliferacji oraz apoptozy (m.in. BRCA1/2 ¢ ang. breast cancer gene 1/PALB2
t ang. partner and localizer of BRCAZP53¢ ang. tumor protein 53,PTEN + ang. phosphatase
andtensin homolop [14-19]0w N1 EQOEONT w Ox UGE & w x O E@@NEGNIUIWOT "Ua BOHDE
xUaaEaaldbt wUPy wUl NwE4aOOD 0D wl Wibkafesdsiaddezie@iazieE OP1 wNE !
DPuxUOODPI ODPOPERERONEARYUUEOBNGEDE wpOx 6 wlUNapPOPOWEDI UE
fizycznej) [23-27].
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Liczba preypadkéw Liczba praypadkiw
Rycina 1L AAw+DEAEEWAEEl OUOPEEWOEwWOOPOUPOUawWwPwal OOGPwawx OPOE
rokuw Polsce i (B)ynal PDI[B.DI w

/ UOT OOAEWEOEWET OUAET wOEwW! " wNI U0wauGndtypdbp EOCE wb w
molekularnego definiowanego na podstawie ekspresji receptora estrogenowego (ang. estrogen
receptot ER), receptora progesteronowego (ang.progesterone receptbPR) i receptora ludzkiego
OEUOGUOOPI T OwEaa bbb OE wharaab Gpideral gicwth Uactdr ueapiidd typew
' $11 AOwOUE&awW xOUI OENEeUw xUOODPI 1 UEE a Ngdkyiywhyed U4 Ew pOF
OO0O0GUI OwdOPOUPOUOPAET A8 w- ENE e Un &hg. ovarBlissintivaltEasg OOP DU 1
OEQOOUOPUNT wUPYy wUwET OUAET uwmitawAOiU 0l @E ERYodytpway w pE OT 6
ilub PR-pozytywny, HER2 -negatywny, Ki67<14% i luminalnego B (ang. luminal B + lum B;
ER-pozytywny i/lub PR -pozytywny, HER2-O1 T EVap OaOw * Bt A a-pokyty®@w EOEOw w
ilub PR-pozytywny, HER2-x Qa4 aUapbpO0aOw NEODPI OO0 OpmdyhogaujestEnhjrngeju | " Ow & E
OOU&4aUUOEOwWT EAwWUUEOUUwWUI ETl xUOUGPwWI OUOOOGPwWHwW' $11 u
ang. triple-negative BCt TNBC) [28-30]6 w / UOT OO04AEw NT U0 w UE GridheantdnD OODT w &

wykrycia choroby; w zaawansowanym BC (stadium ( 5 AOw 1 EaDl w OEUI UPUNIT w UP

doOEOI 1 eaEl wOEUA4 é E GrGuacp WaAEOa Ul OG0naGnEEs (obidjtoftystod]31, 32]
acelOl E4al OPEWE4AYyUUOWOOOETI OUUUNI wUby wdE w@&a@H DD pd@EN E
x OUUy x Uw[B3]. ODUOEa w

6EU0OWXxOEQOUI T ODPT OwNnNi wxUOPOGEaPDE WE O QEW OB iwGEuWwWN OB
EOOEEEODOPI wxU&al xUOPEEAEOEwW xUA4l 4w Ol OEUAEW OOOHOOT Ed u
Ol E4al OPEwbPwAEICRINWDBDEED W O&axEEOUOWEWPUxGeEAT UOT wOoi I

mr

A40EE4A 0Pl whaEéeUNaéaw. 2wbwx BEM4UEIBPe awOOOi OUUWET OUAET w
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1.2. Rola przemiany epitelialno -mezenchymalnej w kaskadzie metastatycznej

YT EQaOwawodl ET EOPAOGPOWOUGUaAWOONT wOEXxOPPEEET waE
kluczowych dla przerzutowania jest przemiana epitelialno -mezenchymalna (ang. epithelialto-
mesenchymal transitioh EMT) [36-39]. EMT jest fizjologicznym procesem istotnym w rozwoju
embrionalnym i przebudowie tkanek Ow x OEE&4 E U w OU G UL B 0O uO®E®®U @bl E E é w x
orazx Oé & E & 1UGBUEDUE Sl Q6 & Gioi x OE enou N1 EOOE AT T ObdrduieDEE a b E N é
mobilny fenotyp [37, 38] Podczas embriogenezy EMT ma kluczowe znaczenie w procesach
gastrulacji, formowania cewy nerwowej oraz powstawania tkanek i OEU&4é EGPw aw OPUUO
zarodkowychOw 4 ETOWBPOOEET w EONU&aEeil T Ow OUT EOPaAOUwW NI U0w EC
na uszkodzenie tkanki i stan zapalny [38, 404216 w6 wx UOET UDPI wi ONI OPEWUEQwWS$, 3 u
OO0OGUI OWOEEE OOO0OOPAET WEOwWODI NUE E cdbutloévpikaika (30 B0 wb wET O
POPUUEEéT w bPw b a@®ORWOP,w3dl a1 061 a OBGMOPEOPET w UDy w bw i
OPOI PEUOEOEUUA wbw EOOGRED buEkiwemyER O ekoraukeji tkanek
procesacht EOT BDOT 1 O1 4Pl OQOwapbe GOORRABPUwPbwlPOUATl OPUWEODPAOD

OUaAaPEENEwWS$, SwPpwphEUUOOEET wxEUOOOT PEAOAET wxUaaEa

iDOPE&AaNOOT EDwOOOGUI DauEdireatRONEErELER G b Byl au piePvptaneGbE

0razOO0O00OOPAEENY w®kc®) [36¢48 27 wOD U &

O

"43a00POPWENUAIPOBNEGY wOokBUIOEDEOEOOE

OUAaPEENEwW $, 3w hPpwiUabl wxbPl UPOUOaOw NI UOw 0060x 01 C
PaEN] 001 wOEEaPEéapbPEODI wUGNOAET wi EPI NI OwUal OEOPAEEaA
epigenetycznych [36, 4870].

transcription factors EMT-TFs). SNAI1/2 (ang. Snail family transcriptional repressor 1/2epressor

transkrypcyjny 1/2 z rodziny Snail) [51, 56, 62, 71]TWIST1 (ang.Twist family basic helidoop-helix

transcription factor 1 czynnik transkrypcyjny 1 z rodziny Twist 0 motywie helisa -x y Ghéliga)

[51,63, 7175], ZEB1/2 (ang. zinc finger Ebox binding homeobox 13/251, 71] Ich ekspresja

jestUl T UOOPEOEwW OEw EUOEA&T wPHI OU W w D yIE aQuiARISKXE OPU O E N D
(ang. Januskinase/ signal transducer andctivator of transcription) [52, 53] Notch (ang. Notch

signaling pathwayOw 7 ED1T NOEw Ua 1 O E54B6], BPB/AKD Hang: fhOsgHatilylinositol

3-kinas¢ AKT serine/threonine kinasesignaling pathwayOw ¥ EDIT NOE w U akikaeyODa EE a N (
fosfatydyloinozytolu/ kinazy serynowo/treoninowej AKT)  [57, 58] mTOR (ang. mechanistic target

of rapamycin pathwgy[59, 60] MAPK (ang. mitogenactivated protein kinasesignaling pathway,
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TEDPI DOEw Ual OEOPAEEaAaNOEwW OPOEaw EPEé BOPWHH-CGAEOUAPOPE
(ang. WNT proto-oncogenef-catenin signaling pathwayOw T ED1 DOEw U al G-EaeBiaE Ea NOE w
[63, 64] AMPK (ang. AMP -activated kinasesignaling pathway) [76], oraz regulowanych przez

TGF-¢ (ang. transforming growth factorp ¢ UUEQUI OUOUNeé Ea w Bajaldéspeslu ba U oUu U

i nadrodze aktywacji NF-FB (ang. nuclear factor kapphght-chainenhancer of activated Bells

innymi TGF-¢ [@i7, 7SO WOEUOGUOOP a wE e PORE @R HOODWOEUUPDPEA WOOPO
(ang. 00U OO U w1 E VOB Y fad), infeiledklnyu(dhg. interleukinst ILs; np. IL-6, IL-8) [80-
820wbpaEabPl OEOI wxUal & wO OOGUWGD WHE ORBRIsdHLEr fs BhENau P
O00GUOPwW OOP GasP EMDWIOWT w UEONT w aOUUET wodpevided# UOOPEOE
naabPbyOU&a00ewwma D EEGW OEEDPI Uaaw al b OettatebuarOmaGiv OOpP 1 Nw
t$", AOwOUGUI wEOUapPUNewUal OQODPEEMNE EWEOWIAGPDY OEED OB
EMT-TFsiaEEUUA&T OPEWEET 1 AaNDPOwWE O w0 BXWUE BRI CHEEBmGEGEGON DAEE a U

$,3w OONI w Eatl w AaEPOEUOOPEOI w PUOUUI Ow T bxOOUNDOwW
OOPOUPOUOPT wPaUUyxUNEE]l whwUEOT OWUOEE&4aODPOOAET wEayT
tlenu dochodzido UUEEDPOPAEENDPWE 4 a OOP OE wb O hypaxi@itdichie facdaui Dx OOU
¥ HIF-uYAOWEOQwb x é abE woEwOR-a5)¢ WE WD @3 BT wil OGPwaEEOI E
wxUOOPI Il UEENYDOrBD&I VOGEDODO GOGUI Pal OOaasi BIF AP a ET w
OONT WEONT T wUEONT woObPl AaEOI NOPIT w OF wrB 97101066 98], OEw EUOE
PISK/AKT [99] B w 6 GEAT $100]. W warunkach normoksji do stabilizacji HIF -1Y OONI wEONT 1 w
poprzez E & D Eee fedBtwnych form tlenu (ang. reactive oxygen species ROS) [101],
OUAIBaEaDPI OEOI wbpUOUUI OwbDOUI OUapODPl waEET Gtiesué EAET w x
xOaPOOWEAPEEEWEAUOUOOUAEAODP]I wOEWOOOGUOPwW OOPOUPOUC
ichx UOODI 1ptrétrivdhie uj1e2-104] ROSDOEUOUNE w UEONT w $f A EGIOR D& W & w
DOEUOENyYy wi OUe2ul UNPw2 - ( huw

6EUUQWUGPODPI DwxOEOQUI T OPT wbUUOUOE wWUOOYy waOPEQWI xB’
#- OwOOEai DOEENI wi DPUUOOGCPwWDwWODPOUOL- wbhPaEPUAENEwI O
I OUxUI UNyw OEUOI UGPw Ol al OET @rénowadia EniegeachyrdlfegdE E4 6 Ew E
fenotypu [70, 105108].
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Zmiany morfologiczne oraz utrata adhezji

6UOUUI Ows$, 3wbwOOOGUOEET wOOPOUPOUOPAET w! " wEOET OE4
EalOUaoObPl O1 UUOwI OUxUI UNEWET EUEOUI UaUUAE&etatinEl WEOE w
 KRTs, m.in. KRT-18,-19,-7,-WA wU Ol T EWOEODPN]I OPUOwWEwhbwi DOEOI OUEET wx
wimentyny (ang. vimentint 5 ( , AOWEOQwx UOOUNIT w @doE @D ddikoivanadedtd GU O b w
UEONI wUl EUEONEENEwWi DPOROOOEBEB ® & E 0aud ®OBPEWDE wE OT EC
struktur takich jak lamellipodia i | POOx OEPEOwW EwWw bw OOOUI Obl OENPw EQuw 4
OOOGUOE OP whb uxDER @ OEPUUAE OO0T Nwl OUxUI UNPWEDPEéT OwEUE L
zmniejszona ekspresja epitelialinej Ekadheryny (ang. E-cadherint $ " # Awbwapby OU4&a OOE wi C
mezenchymalnej N-kadheryny (ang. N-cadherint NCAD) koreluje z bardziej mobilnym
i1 00U0axI OUldI0oBu#@ET OEAaDWUEON]T WEOwWaOPEOwbhwUOULUOUUUI
DWEI UOOUOOGPWOUE & wb OE thQUOGPEEGH 1 1 Oub-EAT | Galik3UbeliNID w O O O U E 2
t OCLN),coUOUUOUNIT waEEUUA&T OP1 OuBR@lu/1 EODOA 1 EubaudeEEE G aOud-OUEQu
EOQw apbyoOUal OPEw OOEDOOOT EDw OOOGUI Ow OOPOUPOUOPAET ¢
morfologiczne + AEEUU4&A00& wxOOEUOOT T wOUEaAawWw aOPEOYywOUAaUEE&UUL
wrzecionowaty [121, 122]

9bbyoOU4l 6P WOOEDPOOOT EPwPwWDOPEA&AANDOOT ED

*OO0GUOPwW OOPOUPOUOPT w OUEAwW OOOGUOPwW UOUOOaw pbbBPOIi -
1 OEOUI OPEOOI Ow OEOUOI ETl PAw PaOEaAaUN&éw il OUxUI UNyw EOUa
UUOODPOEA&AOPIT T Owb wDdHPO WHIIUING Qus @EGWD OOT | OWEOwx OE4 0D O3
EITUEEUNeé ElI Nunesnzsmp @ WEE OBOEwW aw 0001 PwuxUOOUNI wOEEAF
nowotworowe agresywnych mezenchymalnych cech oraz aktywuje metaloproteinazy [127],
OUGEN T UEEUNé w EPEEOEw OEEDPI Udaw al pPO&eUUAOOOGUOOPIT NC
fibronektyna czy laminina [128-1316 w6 UOUUI OwE&aPDEeé EODPE wx Obnvaldai®a wg OET O
4T UOOEEA&AOOAET whws$" , wE & a O GEAER aROBMIUR & WwAXIdwd &% U O E (
PAaUOUUUwWIiI 1l xEUOEaUGPOWEA&AaOODPOw b aUO WastulariehtGtiekat OO OE w (
growth factort VEGF)) i cytokin, istotnych w procesie aktywacji EMT wskutek sygnalizacji
parakrynnej [132-1346 w 6 aE4&a Dl OEOI w ET 1 00OPOaw bw E4a00P0ODPw b4
[135,136p w* OOGUOPwWOOPOUPOUOPT wbhUOUUI Ows, 3wl OUynwa OUNEé wa
receptor chemokinowy 4 o motywie C-X-C (ang. C-X-C motif chemokine receptort4CXCR4),
OUGUIaPEOENE WOEWOEEDI UEODIT wUal OEREPIEBt UOOUNEEAET wDE]
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/ Opani Nw paObPi OPOOI w Ol El EOPaOaw xUOOUNéw xI1 Ol UUE

przezOOOGUOPwWOOPOUPOUOPT OWEOWNT UOwWPUUOUOAa OwI O 01 6UI1 O

| U4l

OUOE4&| OP1 WEEUDI VawOEEaAaEwOUPDPOOOT OaEl

( OOUUEPEAEENEwW OOOGUI Ow OOPOUPOUOPAET w NI UOw OUal
Ol UEVUUEUaE&OlI NOw xOEEAEUwW OUGUI T Ow EOCET OE&4DPw EOQw xUa
limfatycznychi OUPDOOORWRZED wpOUaPOEWDOUUEPEAEENEWNT UOwUeéE
WOOOGUOEET wOOPOUPOUOPAET OwOUGUI waEVUaéeawxOEEAEUWS, @
pasywny [139]. Teoria pasywnej intrawazaciji jest wspierana przez i EQUOwN]T wx UOOPI 1 UUN
TUAEwWwPaPDlI UEwW UOUI Uw OI ET EOD E 4136], uorGz=nu iskuiek ar@rb E w OUP B C
lub OEUENUWT UAEwWx DI Upb G yi AEGEI!T TOEBPREGODEOPEwWOOOGUI C
do krwiobiegu [141].

6Dy OUAOT T wOOOGUI OwdOPOUPOUOPAET wx OOOOdiddiew EEUDI U
OPT UEENPwWxEUEOOOGUOOPI NOWOUGUEWAEOEEEEWDET wxUal EOQU
xOeeEal OPEwWODYy ELDAUEOG WOOKIOWGUI win UGEe EwOPUI UEUUUOPI
nowotworowych przez EPEé OQw OOOGUI Ow 1 OEOUI OPEOOAET[WM3tpOPT UEENR
Wx OEOPNUw PE4&T T OP1 Nw DUUODI NeEAET Ow E6Enw xOPUUEeaE]
OUPDPOOOT OAET woOOOGUOPWOOPOUPOUOPT wxOxUal awEETT aNy wd
i w wyniku migracji transendotelialnej (ang. transendothelial migration 3 $, AQuwx1 Ol OUEEND w
podstawnej endoteliumi PEUUUPa wx] UPEAUGPwbPOUEEA&AENE mdus) UOEOP DL
Proces intrawazacji jest dodatkowo wspierany przez E4a OO0OPOPw PaEabDl OEOI w xUA&l
OOpPOUPOUOPT WOUEAWOOOGUOPWUUUOOAOWOUGUT wxOPOEUNSE wa
OUPDPOOJI4BHMAT w

9OENEUNEET wUPYywhPwOUPDOEDI 1 UwOOOGUOPWOOPOUPOUOP]
nowotworowe (ang. circulating tumor cellst " 3" UAOw OOT & w O®E OI0P&a Rl EWOU OE O

iOUT EOGPOWUUVUEDOOPPEEWRUGEEe OwOOPAET wOT OPUOwWOI DEUUEUDA |

Migracja i przetrwanie w krwiobiegu

40eEEWOUPDPDOOOT OawNi UDWEOEW" 3" UwaUxi eOPIl wdHOPaABOL
OEUVUENGOI GUDEPE OPEODI wE4AaOOPOPWUUUI UOPTI dw" 3" UWEDY PPDEE
OEny Ni OPEw T EPOENEE]I w Pw VUUEUVUOI GE Bi6OWH aEGRUE DA NI Wwa ® O
OEEaéawbw EUGHERE YWY ADOEW ET | OUOEEBO OO RfoiksBIE HDT UT w

0O00GUOOPEOWOUGUEWPaPOeapbPEOEWNIT UlbtBIHEwW'DPI "OUwd@EORIZE FORINUE
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cechy charakterystyczne dla OOOGUI Ow OEEDI tya aAalBIxGEI 0w i EOQw UEOOOED
OUGUEPY OU4 BUPBENEé wl|el) BNBL 153/ E 4 Oa w

"3"Uw OO0T éw EOTENOPET w PDPI Ol w Ol ETEOP4AOGPOW EEau
immunologicznegoi 4a OPU4AaE&al OPEwPUOUUI OwEl axO7T Ul EODI T OwWwOUE wx G
[156-1590 w* OOGUOEwWOOPOUPOUOPEwWOONT wkdepd ApE QAdF &®Wux Il &%
xUl a1l OUOPEOAET wOEwWxOPDPI UAET OPOwxOxU&al awOEODNI OPI1 wi

OUEAWEDPEé]I OWEPOUeGEAET wUE4&DE é wb J166J5ERUKEED unBOurOE GaU

OEUOUNéEaw "3" Uw Dw UODI OONOPPDENEEaw PET w UOax0aOEO

#OEEUOOPOOwW xOxU4al aw abbyOUal OPI w 1BGIXH Wi EUGEHRE BDED® wo w
xUOOUGPwWOOOUUOOOAET wUOEe E E UEed arig. pogammenfiéat irecePtar pO x 6 wi/
12 ligandkOw" 3" Uwa Ex OEPI 1T ENé wE OUa b E E N®aukdl O xOFEG BRI GurBud DUE!
odpowiedzi antynowotworowej [158].

/| OxU&al dawi OUOOPEODPT wOOEUUUGP w & w biddundopicaieg” UOw 00O
il OEOUI OPUOwW OUE & w x épateiergtO/Dw3WAORUL" BE ATubauE x 1 PODPENE w UG
przed uszkodzeniem i i UET O]l OUEENé wpPUOUUI OWEAPEEéEOPEwWUPewUxOP
WOEE4aOPEET OWEWUEONTI WEADEEEODI Ow QENAGI0 wd ur 8 O euEBDDW B ¢
UEAPEewbPwUUEOUXxOUEDI wEDPEel Owl éGpOI T OwUOeEEUwWAT OEC
Ux OEEEOPENE E wN I Qupl il EOQUUI x @W@ERE®a ET wOOP OUPOUOP OwO OO
OOOGUOEOPwWUOE EEUw D@6 TG GiDBuEsas %udbra E4a D1 OEOT wxUAal au
/ +3U0wWOExOPPI EOPOwbpxéabPENewOEwWaOODPI NUaT Onaturalil OUx U1 U
killer group 2D receptk wOOOGUI OQw- * Owl EO 18, BrarR Eix OE®U 4 ENAWEDNU AT |
OOOGUI OwElI OEUaAUAEA&AOAEI OwOUGUI wxUl al OUUNewEOUaT I Oa
[166]. Wydzielane przez PLTs TGF¢ Ow x a0 00x OET OE da w toaBosénbA2w ba U OU U
EOUapUNeuwax WAEPOPTI wi EDPI NOPw Ual OEOD A& EEAT™ Mbtah, g/ ( + * ¥
TGF-¢ Ow-F %A w GilbEay OUA ENE w 1 B3O I00N%w E &£@D@EPR (arfgbEEwll Ow ! EO
lymphoma?2) i Bcl-xL (ang. B-cell ymphomeextra largg, co promuje ich przetrwanie [167-171].

) EOOWUEOEA& Ol wxUOEUOUawxUal OPEOawOEUI UPPw" 3" Uwx UC
OOUaEEEaNOawbwUlUUaAOOEAT OPi7a] MOl 6cbrbn® prezd RASCCTGsU O D w
UUUET EOPENéw Ual UT T w Ol ET EODPaOGPw | OaaOEUVUaAaE4ABAaETl Ouw
ponadtlenkowej, katalazy i x1 UOOUaAEE&aaw I OUUEUDPOOOPI NQua3oUGUIT w O
WxU4aaxEEOUwUUAO0OE4] OPEw#- wxUal dwl. 20wO00OGUOEWEOU
UEOPI wuNEOWOEXUEPEwWxU&]l AwpPaEPOEODI WAEUEEwWPwWOUOOI OUa
genomu i AExOEDI T ENé Ew E O NOBAEEN B w OUDERENBDWUOOaOw 1. 2 w O
OEUEaOOT 1 Ol aywxOxU4al AWwEOUAPEENYy wxUOUOOOOAT5. OGP wbwE
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Ol COEEOOPaOwDw Ol UEOPEAET waEOEAaPEODI wi O UT PDw OE W E U
glikolizy [176, 177]

9w UPET Dw OEw OO0OT O7T 7T w EaaOOPOGPwW UUUI UOPAET wbxeéab
oOuUpPbPOOOT OaOOwNI EaODPI woObPI PDI OOPWOEUI Ul Ow" 3" UwxUal U
iIEOUU&T w EOw OEU&AEEGPwW OEOI T eaET Ow i1 Eabl w Eal OENé w OF
zxU4aaUUOUOPEODI OWEOwWOOPI T Owi UOEOPDUOES w

Ekstrawazacja i kolonizacja niszy metastatycznej

6Dy OUAOT T WEEOAET wODUI UEODUUOPAET whPUOEAUNOO@MW wi C
EOUapPOawhPw NIl UOwOExYyEAEQEwW xU&ATl awUGNOl wEaadODPODW O
OUAUAIONOPPPENEW" 3" UwxUal OUEEAEODI WEEUDI UAl@BlUGEEe OO0
$OUVUEPEAEENYyw" 3" UwEAYyUUOwWwx OUGPOUNT wUDPYy wEOwW3$, woi U
EOTENUNEEaAaOQwWEAaA&EUUlI EAOPWEETT 4aNOl OwET 1[09.&adhp wbwUGNC

3"Uw ETEUEOUI UaaUNew UPyw abpbyouUuaddbadw xOUI OENEEé] «
z pojedynczymi CTCs, potencjalnie zeP 41 Oy EUWOE wPET wabbyOUa OO waEOODOI
UPby w bw OEE & a Ob E E[i80]. tEkspryhdwaBe) & EBklastrowanych CTCs mucyna 1
(ang.mucin 14 MUC1)i E4 e UUT EAOE wUGN OPE O b Fadd dusied 6F Qiffeteibtibn T O wK K

chemokinowy 7 o motywie C-X-C (ang. C-X-C motif chemokine receptor ¥ CXCRY7),

a0 E Osiyinuluje ich TEM [186, 187p w " 3" Uw |l OUxUa OUNe w EOEEUOOPOwW E4 &
E1 1 POPUNEEI whHET w4 E OO @dibtéliumE IDAD (188), integrynyd L8O 1BAD

oraz ligandy selektyn [182-184, 191, 192] Dodatkowo, cytokiny wydzielane przez CTCs
U0aoOUOUNEw PaEXRI-OEOPd wuBEGUOI ET POw EOw UOUUOUNT w BOE
nax OpPl UAET OPwOOOGUNBwI OEOUI OPEOOaAEI
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Komérka @ Pytki krwi | Komérki
. nowotworowa Makrofag Egzosom (aktywowane) _ nablonkowe
] @ Czynniki wydzielane przez Plytki krwi ~_~_ Macierz
Neutrofil Limf T o0 . ST .
eutrofi . imfocyt o komarke nowotworowg L 4 (nieaktywowane) ~ . zewnatrzkomorkowa

Nisza pre-metastatyczna Mikroprzerzut

e €]
& ® N Migracja © @ S
.. . . A w krazeniu ) . . . .
. @ .®*e %0 .-
* LY ® LY
Rycina2.$ 01 01 OUa wOEUOEEaAwOl UEUUEUAEAO]l NwugpbOPEANEOWDPOUUEPEAEENE OwO v Aowofwvre JuoauOUeé NT 6P UOwl OU UL
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Po zatrzymaniu w krwiobiegu i adhezji dOw i1 UGE EGIGGEROOOUNE wEEUDPI Uy w O
OUPPOOOT OAaET WOE patad OBE WO P O U 6 EEVBOTCs(ast) B & U PHOBDEO D
UOaOoUaOPOOPEAT Ew OPYyE&aO0BGGHOOBAEL VT EPI NI Ow ODUEOUEU
aktywowanych przez TGF -¢ i VEGF [194, 195oraza PBy OU 4 OO01 NWwOOED O @HASED wb wb O
nabytych wskutek EMT [59, 82, 112, 178, 196w E O 1 EulUIE@®U® Qup,BpayCedyim BvBrakcie
OPT UEENPwW xOO0PyYy Edaaw OOGERRNXDA WP iu GHQI a0 EGEETOs,UDY w Ea
aOEUUyYy x ODDOOK & Db

metastatycznego [198203). 6 aEa Dl OEOI w EPEé OFE w b x § AJOE NEdadlaivf w OOE a | |
al pO& UUa 00 (a3ras) EION a PUWEx Ua 1 NAEDIOPOD w Ua i[20&208)a EEaANOI
DOE U EWEN 4 [a0R]y ®uOT B OT 210)241yotaz T EOQUNE wOEx OpP DI EA wpldOUOO001
215)

Dane literaturowe wsk EA UN&é wUEON]| DTCE BAEOOBHDET GE4aTl OPEwPwWUUE/(
[216], cox OUP DI UE 4 Enbd XIUBD@O@NH # @U@ E a Gyw OBBEEOEET OwbwOUGU:
zazwyczajE OET OE 4 b wE OwU 0 a4 pN\tia)mecharizohyaplizedBdeizenia DTCs w stan
spoczynku U éubogo poznane, jednak fi U G Bitefaturowe P UOE &4 UN é wEOEUW OOGY w
sreOPAaET @EIOW GO déwWtodawe EOT PPEEEAENEé w OEw UGNOAET w i UE

/| OEEAEVUwlT Eaws$, 3w xUOOUNT wubaxuUal uouvuail OPEOPT w" 3"
przemiana mezenchymalno ¢ epitelialna (ang. mesenchymato-epithelial transition MET) pozwala
OEwxUaabPUGE]I OPIl wi xbUI OPEOOI T Owi 1l O66UaxUOwxede EEOQI T O
226 MET DOEUOUN] w OEEAaEDPI w EEI 1 4aNOOT EPOw 4aEOODOOT EPuw
z komponentami niszy metastatycznej [224, 227] wobec czego(pE A EUOPEA W ODI AEOOOOT -
doa OPEOQawi 1 OO0U0axUwoOON! wxudHad BDHEOPET wUDYy WEOWPET wU

1.3. ZnaczenieOU& NEEAET wOOOGUI Owkip@sib OUOPAE]

6EUUOT T WEDET OOUUaE&AOEwWbwxUOT OOUUaE4OE

Metody obrazowe, takie jak tomografia komputerowa i rezonans magnetyczny ,
U&nall EaOadbw OEUAYyEADEOPw EKOAPEDRN@ESOHDOBENOW OOPOI
naOOUl OEENT wxOOPyE&aawOEI EQOT EPé w" 3" Uuvcrethyh®BCODT Owa E |
NI EOEOwWPET wUNaUl EaOOT 1 wEPET OOUUAE&AOEWOEEEOQWEUEADWO
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BEEEOPEwWx OUPPI UEAENE&E wOEIT EOOT 7 wi odpbvidedriod b idn¥a ET wOE wt
chorych 4w OEéalObw T UAEOPW p3hAw Pw PyaeEOPUAIED&ODOOGROD
E & €TCs-pozytywnych [229], zal w innej grupie chorych CTCs wykryto 4 E U G b ©lonyct
z wolnymi (21%) jakDwa ENy Ua OPwby & é E (2RO Mdtaarladnydmanama grupi& w
3173 operacyjnych chorych na BC wskazuje jednak naEay U G&& & GCITs u chorych
zbby OUpaOBal Nwa UG pu@amEctae £ OROBDaAOD wby 4 ¢ RAPWET e ©O00a 0P

.ETEOOT T w"3" UwbwoUéenN] OPUWET OUAET wOEwW! "wbkPbéenNil wuUb
choroby i OP1 OOU& a UU O ¢jednakl) ®b YO 4 & GEE@Encentruje UDy wct®iiych
przerzutowych [232-236] - D1 OOPI NOw EEOI w OPUI UEUUUOPI w PUOEAUNE
prognostyczne CTCs w operacyjnym BC ¢ CTCsx OaaUapbp Ol wET OUI wET EUEOUI Uaa
OU G U Uas#1br, 231, 237]czasemwolnym od choroby (ang. diseasdree survivalt DFS)[157,
231], czaemwolnym OE wx U4l UaAUUGBwBZIOUEeé aEbPy OUaadwlaaaobl Owpk

wznowy miejscowej [237].

6AEGUWOI UOEa wOOEBUODEmBEOBIAwOE xOPDI EADWOEWUI UExDY

, OOPUOUOPEDODI WwOET EOOT E P wb w pdebdakbia po2wald thuEOE BIUQU a E 1
terapii oraz OOUIT e OO 0OBI E 4 OOT, feBnakthhdal ik GsBalBno konsensusu w kwestii
zastosowania tego OEUAy EaAPEwbwxUE®Da Bl &dHO0OOOPESHEI BOOT EPw" 3"
750+ WOUPDAWNEOOwWxEUEOI OUUwxOaPEOENEETI T OWOEWEOEGU WU
jedynie u chorych na ER- i/lub PR-pozytywnego/ HERZ2 -negatywnego zaawansowanego BC.
W przeprowadzonym badaniu klinicznym trzeciej fazy chore na BCOw U w O W&z E |
Ul UExT U0AaEAOEwWaOUUEEEwWxOENY UOEWOE wx OE U0 S OWARIOE OO
czasem wolnym od progresji (ang. progressiorfree survivalt / %2 wOP@UT OwUwOUGUAET wOl
A0UUEEe QWAaEXUOXxOOOPEOPDOEWROEHEE mP UGB UDGPWOODODPEAC
Dodatkowo, monitorowanie liczby " 3" Uw Pw UUEOEDPI w Ol E4al OPEwWw UOONO
odpowiedzina PE4 T UOaQwl UExDPI OwOUE&aAwPwUE&D]I wOOOPI EAOOT EPuw
PWEI OUwU&aaUOE 0D E w O WhkadaEO\WandEilinu@020 onie33T 6suwykrytych
Ol UOEé w" > @@2 E &€ 0E 0 & aduotovrano u chorych po interwencji chirurgicznej
wx OUGPOEOPUwWaWET OUa 0P wOl [239]ORbara shliakbtiuhEul (@025 dpiSieE 1 O
zOOOI| briansndrapid(nataksany, E€ Enwpbé & Eal ODIipuwlOxERREMHBEEMYET EOOT 1
UOUUOOPE é E wb alérseyoDFDiE[210] k
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1 01 U0l 1 6001 iowWisIiNGEGEA WO OGUT OwdOPOUPOUOPAET whwUl

a znaczenie kliniczne

"3" Uw OP1l w UPOUaAew NI EOQOOUOEODI Nw xOxUOEENDPOwW UGNODE
UOEEEUW DOOUDOOOOI PEAOT T OB W 3EWITTUOT UOTT OOOT T wOONI weE
OUGUEP UAT ET OP1 wRNI U0wxOU0U&T T EOCEWNEOOwWXxUOET Uwx OPOEU
epitelialnego do mezenchymalnego [49, 241] Wskutek EAy T EPOPIT Nw$, 3wx OPUUENE w"

UDby wOE WD ET (88,0%F 2ARa4fABDON @b Ul UE U I0WoH 1 undrd0EABApNed Op 0 U b ¢
PwOUGUAET wEOUaAeOWEOWEAYT EDOPTI NWEOUAPEENDPWS, 3OwWET
dOEEEXxUEENPOwWw UOONOPPPENEEE W DOw & Ob Entegenchymal@yOU a x Uw ¢
wWOExOpPPl EADWOEWE 4 a O[b,Qewi UOEOPDPUOOPIT w

 plastycznosé

xeﬂowp epitelialno-meZenchyma/
n

&
-\\’b
@ )
>
&R
S EMT
Qo
<
@
« adhezja « utrata polarnosci * mobilnos¢
* polarno$c apiko-bazalna * reorganizacja cytoszkieletu  « macierzysto$c

charakterystyczymi: fenotyp epiteliainy ¢ EET 1 ANEOw x OOEUOOT 7 @mezénthgntaldya x w 1 x DU
txOEUUVUAEAOOT T Owil O0BANWBUE uGBHICEVDOOEBDOW Ul OUT EOPDAEENEW E
OEEPI U&auUUOT 16

T 0100171 OOOT T w"3"UwxOEwbal Oy El OQwil 60UaxUws$, 3wxU
PEUUOT T wxUOI OOUUaE&AaOewhDwUOOOPOPEAES W 3" UwOwl xbUI
UOUGUAET whaUlUUé&xbeéeEwPaOOPE wdpa | NUAEIPERwaCES Qu U uekal GpuadEs (
OEI ECOT T w" 3" UwOwbUadaupoea wOUOOLEwPBGWEEBWPAOUAUOuU
CTCs (ang.epithelial CTCg 1 " 3" UAWET EUEOUI UaaUNé wUPywEéUNUaaldw. 2
UOUGUAET wbhpaoOUaUObwOol al O mésantngnmaOiCait" rBCTCslu[248].04 kblei
OEl EQOT T w ImeZrithy@dnicd GTCs (ang. epitheliatmesenchymal CTC$ emCTCs)
wOxl UEEaAaNQaQwbwxUal UaU0UOPaOw! " wN[R49,250AWHERZBOE wa wO U (
(ang. HER2-enriched BC, HER2x OaaUapbpOaw! " Awbw3-! " wOEUI UPUNIT wUDPY wk
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PwoO" 3" UwdOPNwbhbwxUaapBR2afwOO00®E YD Oiub mgTEs dbseiw@e 3 " wb
UPYywUwWET OUAET wOEwW! "wawxUal U4 UUE OP [247E Getinbozesr@P w OP N w -
OEI ECOT T wl 0" 3" Uwbwld" 3" UwlwxUal Ua UQDPREUD EED ION@ET WwoOE
MCTCs-EOEEUOPET wOEUI UPUNT wUPYy wawoOOO!l PwEEUERB] NwET Ul
PPyOUal wUaaaoOwbalUUéxbl OPEwx 243 Da 0D CRWECuMRBE OGP au&k E
OUE & wO U 25l 2B DFIRBAL255]i OS[254, 256 w9 PDy OU&A OOEWET Ul UapOOT T w
Eat wUx Ob OE OwsBkdrEstohierh zaawansowania EMT oraz OEEAEDUWET ET wOOOG
OEEDPI UaaUUAETl OwOUGUI wabPbPyOUAENE wxOUI OENEewxUal ualuU

1.4. 1zolacia OU&éNEEAETl w OOOGUI Ow O POAPEUEPAa HIEMIOUA xEET |

t metody, kryteria detekcji, ograniczenia

Negatywna selekcja

odl OUx Ul UND [EEM4) 25280H w6 Dy OU4 OT 7 wOl U ddganmrepseldkgiEa ET wOE
Ox Pl UE uphBEOWw @B UUEOPU W OET Ol UaEaOaEl w OEWHERRED EAH @
P a OUa b E NGDES&@ cluster of differentiation 4% 4 ¢ UUl EAOEWUGNOPEOPEOPEWO
45t x OpU&1l ET OawOEUOI Uwo 00 G U{mbduMilten®i i GCDAS bz ByGeh E |
anti-CD45 beads [260], Dynabeadsss CD45 [261]). - D1 OUGUI wxUOUOOOéawUpPal Oy |
xUal EPPEPEe wUODPI UOPEOREIN kuxiUmE £®POIOWEDEW DH®a ET wUUE x
krwi, takim jak markery granulocytarne CD66b (np. "9CTC-45 " T §282]) i CD15 (resCTC-iChip

[263JA 0w OEUOI Uw 0D OI OE a UG vang.umtlttmarker inm(nordagrietic negative

depletion enrichment of CTCg264]) oraz marker endotelialny CD34, co zmniejsza
xUEPEOx OEOEDI EUUPOwW | E OGN Ouw BDA ki B d)dRaE ERCD

oraza PPy OUAEwWUx] Eal pRRa2dHrasw OT BO0OE&®OEwW Ul Ol OENEWET EUEC
z powodu niskiej/ braku ekspresji Ux1 Eal PE4OAaETl wOEUOI UGPwOEwWwxOPDI UAE
000G (phe266]Cob By ET NOw" 3" Uumdddhé & trakcid biegafyivnej selekcji wskutek
ichxU4aaxEEOOPI T OWUET PAaUEOPEwWxU&AT awOOOGU@BLOUPPwWODT U

| Ga4aUapOEwUlI Ol OENEwWaEOI NOEwWOEwWOEUOI UE

, ONOPPOT T wWPDAOOEENDWOOOGUI Owd 0P G BAUNIHAUR EWwdUOEUD a

od markeraOw OEw OUGUaOw EEAUNI w Ul Ol Gfetyicinago9 markeab OEUw E

X

Opbl UAET OPOPI T OwOOOGUI Owll Gl WOEE uad@OEn0 CLABERD é0AbEDY @aDAY i «

1 01 OENy wEE & U K3 QO OO Igpea-20pE BOEEVEADP]I NwUOaxOpUAl

(@)
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Ol UOEe R WOE " Uw E poaytywhejEsélakcfD W oparciu o marker epitelialny jest
CellSearctr ¢ jedna z metod zaakceptowanych przez 11 OENy wAap OOf@rigbrac® w +1 OGP
andDrug Administrationt %# & O wU N PpilakeyCekliniezaej [271-274)./ O ODOOOwWNT wUEwWOI U
izoluje CTCswoparciuo OET EE®UaT T OUWEET 1 4aNOI T Ow@eddapithéli® uOEE é OC
cell adhesiomolecule + EpCAM) na ich powierzchni, to nadal pozwala na wykrycie CTCs
I OUxUaOUNeEAET woOl al (@&7, 278 2 Oviabi wOfektoindawp UOUUT Ows, 3 w"
UUEEé wl OUxUI UNy wi x b U1 OERCANE EGAD Oretadiphoryhime) selekeilO P ET wNE O
. xEUEDPI w Ul Ol OENPw Ow EOEEUOOPI w OEUOI Uaw UUEOOPPW N
mezenchymalnych CTCs. Zmodyfik owana metoda CellSearcte, E E & U \ha Edelatkowym
UNAaEBUAI]I EDPEDE é wct deksprgntoiaNye Bv  EpCAM -negatywnych liniach
O00GUOOP a[EblEO U@l 1 OWEET T aaNOa w OO0 Gdkndna éelh 4dbeSiGnE OE w E
molecule t MCAM), El ET UNIT w UPyw Ol xl@énobe®be ED@WAED] w ET U
EpCAM -negatywnej populacji CTCs u chorych na BC [277]. Z kolei oznaczenie liczby CTCs
z zastosowaniem x U4 1 EPPEDEéw baOUabPENEEAET w kaby ted Buffdg w x ObP DI
vimentin¢ csVIM), OU GUENE P DEwB ®DP DI UAET OPwOOOGUI OwdOPOUPOUOP A
EMT wskutek UOUEEDOPAEENDPwWUI OUIT O U 72032y 8 UROUD nEinipGHapiuE O B e P E e
przerzutowych chorych na BC x OEw b al Oy El Ow O HeszénieR258E 6 P W®EwW O1 UOEOw
OUANXNDPI UEN& wx 04 a UxOEUWEIPOI QEE)] EOHT EPws x" , wbwbOOat
PauUGNODT w+ DYHERE umht@yénxpbviierzchniowy trofoblastu 2 (ang. trophoblast cell
surface antigen 2 TROP2) [280]), OncoCEE (HER2, MUC1, Ul ET1 x UOUWOEEe OOO0OOPI 1T Ow
wzrostu (ang. epidermal growth factor receptbiEGFR), receptor folianu 1, TROP2, protoonkogen
¢-MET, NCAD, CD3180 w01 41 OET aOEO0OOa wOEUOI U ui2sn) #eg)INPOOCEE D] U4 a L
Chip (HER2, EGFR[283]JA6 w" ay 7 T wOl UOEWEEA&AUNI wUEONT wOEwWI OUxUI UK
OEUOI UGP OwUE O b BED fbgQaomstrichllyam@ncédwifferential immunocapt@eip
[284]) czy OO0 Ox e OEOP a w UDE UE &¥EAR @ @rig.OéénbidedtUglysaminoglycan
binding malaria protein VAR2CSAcoated magnetic beads[285]). Kryterium wykorzystywanym
wx0aaUapOl NwUI 01 OENPw OONI wEaiT wUI DWEOUaPOOT i wi Oaa

¢ NanoFlares [287)).
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21 O1l OENEwWPwWOXEUEPUwWwOwWPeET EDPOT EPDwi PaaEaODI

, T UOEawawll Nwl UUxawOONOEwWxOE4aDPl OPT wWOEWEE4AUNEET wod
(iichxUal POEOOT ED W I OIUEEWwagRHED Aw Ua a EOOTPEEW k DO U WiDEGIE
akustycznej.

"3"Uw EIT EUEOUI UadaUNéw UPyw PDyOU&aéw T Ul EOPEéw Pw xC
4 OENE UN é Elaviiobiegl) Fr¢ stabowi solidny fundament oparcia izolacji CTCsoU &1 ET y w
OOUI OO0 PEHEOOOGUODwW dwUAET wEPGET waxEdUI AEEONBDwi B | B5 OB
OO0l eEaOPw OEET OE4aDPT wOEwW UDI EDI Ozastosomanieudddatkorviegal w UO U OO
kryteium bw E1 OUw pPal OPOPOOPEOPEW OOOGUI Ow i EeVUaabbl w at
(mp. OOO0OEaUGPw OUEW OOOGU] &leuli UPEEQIAIEQD K OPREOKOEOEDI EUU|
UUExOxUOEENDPwW" 3" DwOweEEPNODWUE LODE A[18H.£ O IVGEADODBOEQD |
Ul xEUUNEEAET wxOBU0®EPOEW PET w pPDI OO0OOT EPw PaUGNOPEW
przezOPOUOx OUOPEU& wObDHUE O tépd.10.(Canpatrolee CTC assay[289],

ScreenCelb [290, 291] ISET¢ ang. isolation by size of tumor cell292]). Wiele tego typu platform

PaOETl Ew PEAI T ODUREDI OOEwW OOOGUI OOw EOw OT UEOPEA&AEwW
xUal x UU:Enémuy‘jm QP OEOPEOE WAaEUAOEODI OwRogDaigiw tychal & wO OO
x UOEO]I OGPwa OUUEEé wEayw pragskd unatadl BEFEECAQONREEEGAEW w OEw OPOUOI
x U4l x é a[eodimi. il Parsortixa- Cell Separation System[294], VYCAP [295], CelSee PREP

400e- [296], FCMC (ang. fluidic celltmicroarray-chip) [297], FMSA (ang. flexible micro spring array

[288], MCA (ang. microcavity array [298], 3D hexagonal array [299], CD-PRIMEa- [290], VTX-1

Liquid Biopsy System [300[0wUx DUEOOI wlUa&aé Eai Op/&laop spitaUnidrofiuitio E Ob 1 w ol
devicg[301,302),0Ue0Xx UGEA wUGNODPE a wb wpk &4 @0 AN IEaDsuwrCG EOI 1A A EIBUEENO O
UOAOENEEAET w bw OE OE 8liénthiejw ubytkaneE #B 0OBODT Nw xUal x UU0OL
oraz OE & a U O U QueEru@E®GN E BOE0X QuERITQUUUUUEOD OOT wa wx Op OE U wb a

[293]. - DIl wWwOEwW NI EOEOQw x0O0UATl EawaBUPbaOEOOEEHUOOOGED DWW O &
x UOET EUUE wUOO6NOD b b HIMEEAOWRIE Kk ylud®O [GOEBOFHWO NwNEOOT EPw

0
OOOGUI OOpodczasy tego procesu dochodzi do zmian w x U4l x UUAEAEOOOT EPuw
@)

0]
DOO0GUOOPI NOWEOWUUUUEODPOGOK 0@ 00D b GDIE wapaisdadie D Ow OUP D
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ichxUal PpOEOOT E b uj306) WOpsakipce 4 GI" Dw Ue w OEEA&a DI OE Odaniex Ox U4l &
dOEOEEUOPOwWOEé E E Out OF Nuw® 100 OODDERQIx Vb xOEPEREET wUUA
OPOUOxUa&al x a1 1 O

6 DI O0OO0T T wbDwbeéET EPPOT EDwi PaaE&aOl wOOOGUI OwbxéabEN
w polu akustycznym [313,314p w, | UOEa wEE& UNé El @pdassSAW iNaogotdtdsli ED P OT E &
angle standing surface acoustic way@$5], czipy akustoforetyczne [316, 317) ET EUEOUI Uaa UNeé w!
EUEODPI OwbPxéeabPUwOEwWNarPOUOOT T OWNEOOT 1 Ow 31436 a x wbw i
coUOONODPPEW xU&al xUOPEEA&] OPl w EEOU4AAEI Ow EEUEaDI NRuw
Niw przypadku OP1 OUGUAET wx OEUI OUOWEOQUUUOI GUl UaEAOGAET woor
OO0OGUI OwbOOPOUEOOGPAGLABPPPWOUEAWAET yUAEAT OPI wi UEOET
jakbw xU&aaxEEOUw pPU&AAaUUODET w Ol UOEw EOQUUUOI OUI GaEadaE
xUal x0UUBEOT EPé

1.5. OEOPAEWOEwWx 0abOODI wxiGlldtyEvadyFograniedeniecO OOGUI Ow

HI 01 UOT 1d0Dest wdpowiedzialna za ich UGN OOUOEIDOD U aud @b& Na w
ux OEUUEPaAwWOOOl OUOEUOAET wol ET E[GB,80hredutoviadl[ERD wO O P O 0
oraz odpowiedzii Ox OUOOT EP uRBWOADEOPYy wxUaaEa4a0waUGNOPEOPEC
"3" UwOwUGNOAET wil OOUAxEET w$, 3WGA0EHPERERIBDDEOOREODER
OEwx0aboOODIl wx ONI, &ne @EAa NOODGEU @D w N E O w U ORokitnd, OPOOOwWE
NixPl UbU4&AT wEOEOPAaAwWEEe]l 1 OwUUEOUOUaxUOOUwxONI EabEaa
temu [322, 323] to wysokoprzepustowe profilowanie z URAaEDI Qw Ul Opl OENOOOPEODD
generacjiwykonano dopiero OE wx OE &4 & U O U wE U GhieBul [324826). Offaécvania Te¢o
xUOUOOOe UwU U b O tyaaniethegs rodvejllEEGPBROD 4 WOEwWwx 04aDOODPT wx ONI Ea
OUE&a w x 04 b (@D O (ub akuwbBE IOREEOUT UaUUaOy w OOO0OGUI Ow O
iOOUT 7 O OP1 WPET gpEUUOT EPwWwOODPOPEAD

O00OGPw ET EUEOUI Ua4aUNEEAET w Uby w OE NP B U &l EEA QX u 2
orazOx OUOOT E b é w\l Hynikul tdkiahl wisdRoprzepustowych analiz zidentyfikowano

rzadkie subpopulacie CTCs Ow UOAEDPI NOI NwUal OECUUAT wi OUxUI UNPwT I
OEEDPI UaaUUOT EPOwOI ET Damad @E0dE-EERDaupd -p 08 0Ua000GUOC
AwOOOGUOEOPWUOE EE U wEM:eio00PEE OGP DODGCUOBEAP W OUP DU
ichEOEOPAEwW OEw x0abpOOPi w xONI EadOE4al Nw OO0&Ees0bw x 0Oa
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do monitorowania O1 OO0O0x OUOOT EPwWOUE&A wWPEI OUai POEENDPwWOOOI OUOGE!
podstaw. Wskutek sekwencjonowania egzomu x ON1T Ea OE4aET w" 3" UwbwUxEUOPEODa
pobranych podczas biopsji od chorych z przerzutowym ER-dodatnim BC zidentyfikowano

mutacje de novoPbw T 1 OP1T w OOEUNEEAaOwWw$S1OWEOwWPUOE4&AaAaPEE Ow OE w x
nal O U OO OO (32813804 PKolei analiza transkryptomiczna pojedynczych CTCs od chorych

ER-dodatnich/HER2-UNT OOaET w PUOE&4EéEw OEw OEI EOOTT w xOxUOEE
iOlTEUaAaPOAET w xOEw Pal Oy El Ow 1 OUx Ul pdy Damynh Ifréktjlau OOE UN &
HER2-EOEEUOPET w" 3" UwabPPyOUaEeEwWUDY wbUE & wegatyweU Uy x 1 Ow
"3" UwET EVUEOUI VUaaOPEéeawUPywabbyOUaOO&kixOUEPY wEHNE wi i
iEOQOUAPEENY wT &@@EMmapu)-OGABINT w OEwPET woOxOUOOT T wdOEwWET I
naleczenie celowane w Notch. Potwierdza U Ow b EDEYOWE a wi 1 U1 UOT | OO0 €D w" 3 " |
PaOE&AabPET wUGNO& wb UE N OEREY B BualEs ultl Aluiex<xUB1 p@8P e wE T OUOE ¢
OO00GUOP wi GERQIIARET y waEUe Ul UNT wODI b bl aCEHFERWBAIEQ B wdd O GWES
Ztegobal Oy EUOwxUaal OUOPEODI WEDPEODPOUI OPwE#- wbaOET EwE
xUaawNl EOOE&T UOI NwOOOUUOOPOWEEAWAEOOEE&aaT wlOl OwxUOE
PaUOUUUWBOOU E\assiG # Ow Ol UOEw UNapEOAET wOEI EODPI wEOuwW
zxONl EAOEAAET wOOOGUI-DWAEOPEAGBANUPY wid OE Q&2 [BB wbil UUN:
CEL-Seq[326], CEL-Seq2[334], Quartz-Seq[335]i STRT-Seq[325].* ENEEwa wUa ET wOl UOE wNI

1 OUxUI UNPwOOI38ELEaT WUOUEEOOI

28



*OPODPE4AOI wPhWEDOOOT PE4A O waOEEEP OBO DD dedd@yaIE D OOIOGUIT O

epitelialno + mezenchymalnych u chorych na raka piersi

2. Cele pracy

"1 Ol OWEEEEEwUI EOPAOPEOQAET whwUEOEET wx Wiki&zaeluE OOUOU L

oraz charakterystyki biologiczneji 1 OO0Ua x Gb w" 3" Ukwd &bivdsl@neejEehoythina BC.

DoEl OGPWUAEADECEID®AEIT

@0

(ii)

(iii)

(iv)

Ul OUOUx1 OUapPOEWEOEODPA EwiH O (G HF BB Q& OOE £
i formowania OOEUUUGPwbw" 3" Uwal EUEQAET wawaET yUA&AEa&aO(
OO0OGUI O uwbaddewRjw(ang. peripheral blood mononuclear cells PBMCs)

od chorychnaBCorazOOUI T Ol OP1 whET wpbEUUOT EPwWOODPODPEAOI N
xUal 1l O EwOxDUEOAEI urblagiod0d oWEMDAE!NT wd il OO@Bw x EET u
oraz analiza statystyczna opublikowanych danych w celu x OUGP OEOPEw Ol UOE
oraz wyboru wysokoprzepustowej metody do izolacji pojedynczych CTCswE E é a Ow

w badaniu prospektywnym ¢ opracowanie i optymalizacja metody izolaciji

x ONT EAOE4aaEl w "3"Uw Ow UGNO@EYN Qi b EOBNA & ERuuwd B
charakterystyk y transkryptomiczn &,

oznaczenieODEAEaw" 3" UOWDPET wi 1 00U a x Gb,akérel@anzwl U Ox OD |
UAaET wxEUEOI UUGP wéapahlaghznyod,n0BDOD&EHOOI T O 0PI wa o
biologicznego CTCs o cechachmezenchymalnych w celu poszukiwania nowych

E 1 O Giratediterapeutycznych.
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3. #EOI wbwOEUI UPEéa
3.1. Charakterystyk a grup badan ych

Grupa retrospektywna

W badaniu retrospektywnym wykorzysta no dane kliniczno-x EUOOOT PE4 Ol wx OET OE4eé
przed pobraniem krwi obwodowej , orazE E O1 wOOO1 OUOEUOI wEyEEEI wpabbPODPI O
obwodowej wzbogaconych w CTCs (ang.CTCsenriched blood fractiet CTCs-EBFs) [248]. Chore
Eaeaw Ol E&t@isyteckm Centrum Klinicznym xUadaw &EEEUOPOw 40Pbi UU
Medycznym w okresie od kwietnia 2011 do maja 2013.Jako kontrole wykorzystano dane
0001 OUOEUOI w x GHEODH& & RIOCIWRDPED O w OET OUOPEAT OOw OUGUI u
nnOOpPOUP&UAPUG@OT EPEOEwWPDI OUWET OU A Bti(zakieE 391 482> a OO UD é ¢
OEUAOWAET wOl EPEOEwWP DI @604 &at{(1akds 218 744 G WerGstkid Eharé O w
oraza EUODPI wOET OUOPEAOPwbaUE 4 beé EuEEPRIGMIEDGIEE YPWOE OE K
Komisji! DOl UaE& Ol NWEEEEUODI 1T Ow4 OPPI UUa UGhardkterystykaa E4a O1 T O
kliniczno -patologiczna chorych z grupy retrospektywnej jestprzedstawiona w Tabeli 1.

200x 0PI Ew AaEEPEOUOP E O bdinicad ONVOD ETAK)I il Gatalogiez@ehd w
(ang. pathological TNMt x 3 - , AwOOUI 1 OOO0O0wkI Ee U1 wOE O Bare aul WK DK gQO |
4ée 01 OPpPOT EPwl b |graddtds) bebriivaocthb pbdstpki®imodyfikowanej klasyfikacii
00007 EwPwW1PETI EUEUOOZESW2UEUUUVUWS 1 whbw/ 1wOETI ODOOOWDPO
jako wynik 3+ w imunochostochemii lub pozytywny wynik fluorescencyjnej hybrydyzacji  in situ.

/| OECaxaw OOOI OUOEUOI w O0OUI T 0000w a1 OEODI w aw aEOI EI Of
$0UxT UUGPw dw 208w &EOOI GwEBRpoyytwwng oilub O PRpozytywny, " w
HER2-negatywny, Ki67<14%,lum B BCt ER-pozytywny i/lub PR-pozytywny, HER2 -negatywny,

* Dt A A KU w-podtgvihw ifubh  PR-pozytywny, HER2 -pozytywny, jakiekolwiek Ki67,

HER2+ BC t ER-negatywny, PR-negatywny, HER2-negatywny, jakiekolwiek Ki67, TNBC

¢+ ER-negatywny, PR--negatywny, HER2-negatywny, jakiekolwiek Ki67 [28].
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Tabela 1. Charakterystyka kliniczno -patologiczna grupy chorych na BC analizowanej retrospektywnie.

Cecha Status n %
) <50 lat 18 21,7
Wiek =
as0 lat 65 783
pT1l 39 47,0
pT2 38 458
pT
S VP o ) I 3 3,6
P Bl OOOT T wl Ué
pT4 2 2,4
brak danych 1 1,2
PN pN neg 41 494
pOE]I EOOT 1 wx U¢
dobyaéeGbwEi & O PNP» 42 50,6
G Gl 12 145
sUOxmieBuObP OT G2 43 51,8
histologicznej) G3 28 337
ERneg 17 205
Status ER
E Reos 66 795
PR 18 217
Status PR
PReos 65 783
HER2ney 61 735
Status HER2 HER2pos 20 241
brak danych 2 24

ER#t receptor estrogenowy (ang. estrogen receptprPR¢ receptor progesteronowy (ang. progesterone recepjor
HER2t OUEAOPWOEUOGUOOP a wE & a b Ohutan epidéirial didiiln taétor (dceptautypiE 0T 6 w
negt status negatywny (ang. negative, post status pozytywny (ang. positive

Grupa prospektywna

Do badania prospektywnego wykorzystano x U G E O Polwvadbivé) ad 116 chorych na BC
x Ua a Ny U aunivensyfekiego Centrum Klinicznego xUaaw &EEEUOPOw 40Pbi UU
Medycznym od maja 2019 do x Ef E 4 DI20ROOOE&awWw EQw &EAEUODI T Ow" 1 60U U
przy2 axPDUEOUwW , OUUOPOw DO w/ OOUOPI T Ow " a1l m&ad2e1l Ow* Uaa
StoEa Ul UawET OUIl wEaéeawOx1 UEEaANOI wbwoOb I xuEA@EM P E e a w(
OUUaalOabpEecawi OUOOOOUTI UExPYOwWEWUwhYwpPDOUNIEOR& AT U
, 1 EPEOEwPDI OUWET 6UAET wh 354 Dene Hinidznp tp@dobicageato@dd i U wl k w
Awl UUxawxUOUx1 O0UapOIl TaneWz wx OEUUOOPEODI wp

DoOOUI 7T O1 OPEwWxEUEOI UUGPwUI ET OPE 4 Oa E I o3 A OEaQUPRABUD |
odaEUOPAET wOET OUOPEA&Tl OwEIl 4wi PUUOUDDWET OUOEawOOPOUL
29lat (zakres 28K WW OEUAKG w6 UaauUODPl wETl OUI wOUEAwWAaEUOP] wOET O
nnaUEaPDERAEEOPUOWOAEOEe Owal OEAawWwOOOPUNPW! DOl UaEA&AODI Nw
Medycznego (NKBBN/433/2017 iNKBBN/748/2019-2020).
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Tabela 2. Charakterystyka kliniczno -patologiczna grupy chorych na BC analizowanej prospektywnie.

Chore przerzutowe/

Chore operacyjne zeba OObé
Cecha Status po hormono terapii
n % n %
<50 lat 24 23,1 1 8,3
Wiek as50 lat 79 75,9 11 91,7
brak danych 1 1,0 0 0,0
cT1 68 65,4 1 8,3
o7 cT2 26 25,0 1 8,3
P DI 0001 T wi 03 3 29 L 83
cT4 4 3,8 0 0,0
brak danych 3 29 9 75,0
cN CNreg 81 77,9 0 0,0
@OE]T EOOT 1 wx U cNres 20 19,2 3 25,0
dopPyaeGPWET € prak danych 3 29 9 75,0
M MO 104 100,0 4 33,3
@OET EQOOT T wx U ML 0 0,0 8 66,7
OEOI T eéaEl & Brak danych 0 0,0 0 0,0
G1 26 25,0 0 0,0
G P N ... G2 51 49,0 7 58,4
pUUOxBPI EwaeO
histologicznej) G3 24 231 1 83
brak danych 3 29 4 33,3
ERnes 12 11,5 1 8,3
Status ER ERpos 91 87,5 10 83,4
brak danych 1 1,0 1 8,3
PRneg 20 19,2 4 33,3
Status PR PReos 82 789 7 58,4
brak danych 2 1,9 1 8,3
HER2neg 89 85,6 9 75,0
Status HER2 HER2pos 10 9,6 3 25,0
brak danych 5 4,8 0 0,0

ER¢ receptor estrogenowy (ang. estrogen receptprPR¢ receptor progesteronowy (ang. progesterone recepjpr
HER2+ OUE A OPWOEUOGUOOP a wE 4 a O Gumanepideithdl Grénihuetter xeteptor typp O1 8 w
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3.2. Dane molekularne

W analizie retrospektywnej wykorzysta no dane molekularne pozyskanewe P E41 7 OPI NU&a aE|l

EEEEODPEEIT (248 236 @ HOPODWE OE ODP 4 &4 QTCOEBRWA dhdiyphuna BOGb wb

i zdrowych ochotniczek.

Dysponowano EE 0a OPwa wl OUx Ul UNPwi I OGPwWOOEUNEEAET

@0

(ii)

(iii)

(iv)

v)

OEUOI Ua wOOL0GHO @HEU! O AE D Onjamrhagiopisa ® MERA, kodowan é
przez gen SCGB2A& 1+ ang. secretoglobin family 2A member 2, sekretoglobina2p

i HER2 (kodowany przez gen ERBB2t ang. erbb2 receptor tyrosine kinagg

OEUOI UwOOOGUI OwolOwi |l €64 UODI WE ¥ d @jtokemfh@@zE@W &
¢ CK19, kodowané przez gen KRT19¢ ang. keratin 19 keratyna 19),

OEUOI U wOcTéhGypie @ezenchymalnym ¢ VIM,

OEUOI VUawabbéaEODl wEXCRA mEAR aNd (rokiBae plasminogen
activator surface receptorreceptor urokinazowego aktywatora plazminogenu,
kodowany przez gen PLAUR t ang. plasminogen activator, urokinase receptor

oraz OEUOI Uw OOOGUI Ow i | GBS kedowakya fizézOgert: PTRRC

t ang. protein tyrosine phosphatase receptor typeréteptor tyrozynowej fosfatazy

EPEeOOPI NwUOaxUw" AwbPwET OU wOEBGleképamua EOPI EaaUa

Skorzystano UEONIT w Aw EEOAET w EOQUAE4AECEAET w i OUxUI UNPw 11

preamplifikowanych pOx PUEOOWUAE&AT 1 Ge OROQBWNO&EBEDPEOI WK1 A

(i)
(ii)

(iii)

(iv)

I x Ul OPE (xOdbwash & przéz@em CDH1 ¢ ang. cadherin },

mezenchymalne NCAD (kodowan a przez gen CDH2 ¢ ang. cadherin 2ix OEUUa Oy wt w
(ang. plastin 3t PLS3,

OEUOI Ua w OE E bCosd NANDGT(dhdp UNANOG homebox homeokaseta

NANOG) , ALDH1 (ang, aldehyde dehydrogenasedehydrogenaza aldehydowa 1,

kodowan a przez gen ALDH1A1 t ang. aldehydedehydrogenase 1 family member, Al
dehydrogenaza aldehydowa 1 A1), OCT-4 (ang.octametbinding transcription factor 4

gen POU5SF1¢ ang. POU domain class 5 homebbxhomeokaseta 1 klasy 5 o domenie

POU), CD133 (ang. cluster of differentiation 133w E4 & UUI EAOEw UGNODE
OOOGUOOPI T Owhhprzézugén®EAM £ &hg. prominin 1, prominina 1),

przez gen JUPt ang. junction plakoglobin
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33. MEUI UPEeéa

+DOPI WOOOGUOODI

' MCF-7 (ATCC, nr kat. HTB-22)t OUE 4 OE wOP OP m@BOGUOODPE
MDA -MB-231 (ATCC, nr kat. HTB-26)t OUE 4 OE wODP OmENBCOOGUOOP
f  SK-BR-3 (ATCC, nrkat. HTB-30)t OUE 4 OE wOP OPE wO£BCGUOOPT w' $ 11|

| ONaPOPWPWEOEEUOPWEOwWxONaAaPI OWwUUOUOPEODI whwi OEOE

T / 0nabpOEw#, % 0008 EEOR Uw, OE DVWRP, Brik&s PWRTBA204145 B U O O w
f 2UUOPPEE wxeé OE Ob E wthévinEsarétFrE Gibta qrkad 10870:106)
1  Penicylina/streptomycyna (Gene DireX, nr kat. CC502-0100)

(6061 WOEE4AAOOPOPWUUOUOPED]I wbwi OEOPOPWOOOGUOOPIT K

1  Trypsyna (Sigma Aldrich, nr kat. 59418C)
T 2GO0w i PaNOOOTI PEAOEW EUI O Uphosphérdufiered BaiinétU BBSE OD w @E C
Sigma Aldrich, nr kat. P4417)

Znaczniki

1  Hoechst 33342 [nvitrogen &, nr kat. H3570)

f DPET OOUODP O Edabibydau2feaydindolu (ang . K e-@ldmidine2-phenylindole
dihydrochloride DAPI; Sigma Aldrich, nr kat. MBD0015)
| Ua]l EDPEDPEEE

1  Anty -EpCAM (klon VU1D?9, skoniugowane z Alexa Fluor @

1 488; Cell Signalling Technology, nr kat. 5198)

1 Anty -ECAD (klon 67A4, skoniugowane z Alexa Fluor @ 488; Santa Cruz Biotechnology,
nr kat. s¢-21791)

1 Anty-MCAM (klon P1H12, skoniugowane z Alexa Fluor @ 594 Santa Cruz
Biotechnology, nr kat. s¢18837)

1 Anty-csVIM (klon WM -59, skoniugowane z Super Bright 436; eBioscience,
nr kat. 62-031942)

f  Anty-CD31 (ang. cluster of differentiation 3t E4 & UUI EAOEwWUGNOPEOPEOPE WO
t NOWOEUOT Uw OO0 GUI kidnuds-d, Eskdhilgdvare @ Teaak Red Abnova,
nr kat. HO0007431MT f08)
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Anty -CD45 (klon REA747, skoniugowane z VioBlue®; Miltenyi Biotec,
nr kat. 130-110-637)

Bufory i roztwory

' U OUw Ox é EUA E aoatiNg baffar tpEB;] @ mM kwas wersenowy
(ang. ethylenediaminetetraacetic adldEDTA; Sigma Aldrich, nr kat. 03695, 1% FBS
w 1x PBS

' Ul OU wE O O Oulibskind-bauftat®B (5D @Nuglicyny (Sigma Aldrich, nr kat. 50046)
5% EOQOEUODPOa wUUUOP D E hoviné adiutyabinfituBeA Signiaudldrich,
nr kat. 810533 w 1x PBS

Bufor do barwienia (ang. staining buffert SB; 10 mM glicyny, 1% BSA w 1x PBS)

Inne odczynniki wykorzystane do metod pozyskania CTCs-EBFs oraz pojedynczych

CTCs

Histopaque®-1077 (Sigma Aldrich, nr kat. 10771)

Dynabeadsa- CD45 (Invitrogen &, nr kat. 11153D)

PowerUpas SYBR> Green Master Mix for gqPCR (Applied Biosystemse-,
nr kat. A25777)

Startery o, | UEOOwUI Obl OENI wUUEUHDAi B) GPwx Ua1l EUUEPDOOOUL

oJ6)
.EE4a00DOPwWPWEOEI UOUDEef@2Nall weObwdl UOEaw2O0EUU

nr kat. 2313A)

Triton X-100 (SigmaAldrich, nr kat. T9284)

. ODP1 OOUO0OO0I GUAaEa wx U4 a paiddénfliolégt imRNABHoligedTed®i OO E w
phY ws-AAGAAGT GGTATCAACGCAGAGTACT30VN -+ z Ow! DOOI UUA

Bufor  Tris  (ang. 2-amino2-(hydroxymethyl)propand,3-diol 4 2-amino-2-
(hydroksymetylo)propano -1,3-diol)-EDTA (Thermo Scientific Chemicals,
nr kat. J75793.AE)

, Pl UAEOPOEwW UUDI OUI OUE OGP w dedxyd@leaiide UtpBdsphdies E G b w o
¢ dNTPs; Fermentas, nr kat. R0192)
SuperScript Il reverse transcriptase (200 UfL, Invitrogen &, nr kat. 18064014)

Superscript Il first-UUUE OE WE Ui 1 1 Uswy qrikak @3064GD O U OT 1 O
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Ditiotreitol (ang. dithiothreitolt DTT; 100 mM, Invitrogen &, nr kat. 18064014)
Betaina (5 M; Sigma Aldrich, nr kat. 61962)

MgCl2z (1 M; Sigma Aldrich, nr kat. M8266)

=A == =4 =4

Obl OOUOOI OUAEWUOONODPDEN é E aemplateswitahisgEaligoO D1 w OE C
$ TSO; 1004 , ®-AAGCAGTGGTATCAACGCAGAGTACATIGIG+G -+ 7 Ow$ RDBOOK
1  Woda wolna od nukleaz (VWR @ Chemicals, nr kat. 7332573)
1 KAPA HiFi HotStart ReadyMix (2x; KAPA Biosystems, nr. kat. KK2601)

1 Startery do preamplifikacji ¢ ISPCR primers (a0 5M;
k AAGCAGTGGTATCAACGCAGAGT + z OQw! DOOI UU

1  Ampure XP beads (Beckman Coulter, nr kat. A63881)
1  Alkohol etylowy 99,8% (Warchem, nr kat. 37701),

1  Bufor do elucji (10 mM Tris -Cl, pH 8,5; Qiagen, nr kat. 19086)

6D 0OOT
Gen 20EU0T UwAUEHAH a1 20EUU0T UnOk Ka wok z u produktu

[pz]
ACTB TGACGTGGACATCCGCAAAG CTGGAAGGTGGACAGCGAGG 205
GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC 101
YWHAZ TGTAGGAGCCCGTAGGTCATC GTGAAGCATTGGGGATCAAGA 179
CDH1 TTGGAGAGACACTGCCAACTG AGCAACTGGAGAACCATTGTCTG 151
EpCAM GCTGGAATTGTTGTGCTGGTTA AAGATGTCTTCGTCCCACGC 189
VIM CGAGGAGAGCAGGATTTCTC CGTGATGCTGAGAAGTTTCGT 170
SERPINE1 CTGGTTCTGCCCAAGTTCTC CCACTCTCGTTCACCTCGAT 179
PLS3 TTCTCCCTGGTTGGCATTGG GGAGCTGATCGTCTTGTCCTTA 228
PTPRC CATGGTTTCCACATTCGAGCAAT CTTTTCTGGGGCACCAAGTG 181
PECAM1 GTCCCTGATGCCGTGGAAAG CTCGGAACATGGATGTCCTTC 107

pz ¢+ pary zasad; ACTB+{ ang. actin betaaktyna beta; GAPDH ¢ ang. glyceraldehyd&-phosphate dehydrogenase
dehydrogenaza aldehydu 3-fosfoglicerynowego; YWHAZ ¢ ang. tyrosine 3monooxygenase/ tryptophan
5-monooxygenase activation protein fta EDEé OOw &l UE-OODMOOIGNE BDElmtw Uauvudaald
50000060U0a1 1 OF &y wrREGAMI ¥ GrigEpidlet saddendothelial cell adhesion moleguémtygen

EET T aaNOawxeéeall OwbwoOOBHE (ONE EXEERBINEHDARgDSE € (roteindsé idhibitor

family E member Qw E4¢é 001 Ow UOEaDPOaw POT PEPUOUGPwW xUOUI POE4&aw Ul U3
(ang. plasminogen activator inhibitor, inhibitor aktywatora plazminogenu 1).

1 FastStart Tag DNA Polymerase (5 UAL; Roche Diagnostics, nrkat. 04738314001)
1 FastStart PCR Buffer (10x, 20 mM MgC#; Roche Diagnostics, nrkat. 04738314001)

T E-3/ Uwphywd, wOENEaAOwW1O0ET | w#DET OOUUPEUOWOUWOEUE
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BSA (20 mg/ml, Roche Diagnostics, nr kat. 10711454001)
2U0EUUIl Uawp, 1 UEOOwWUI OP1 OERNTabeWA)EUUT UGPwxUal EUUEE
6 OEEWmNEOOT T w' / +" Qw31 1 UQEsBA2%)1 Uw2 EDI OUDPI PEOwWOL

transkryptomu [338].

6 DI O0OT
Gen Starter x U E b AW iz 20EUU0T UMOF # a wpk 7 produktu
[pz]
EEF1A1 CTGTGTCGGGGTTGTAGCCA TGCCCCAGGACACAGAGACT 290
ACTB GCGTGACATTAAGGAGAAGCTG CGCTCAGGAGGAGCAATGAT 378
GAPDH CCATCTTCCAGGAGCGAGAT CAGTGGGGACACGGAAGG 489

EEF1A1t ang. eukaryotidranslation elongation factor 1 alphadukariotyczny czynnik elongacyjny 1 alfa 1

= == =4 =4

=A =_ =4 =4 =4 -4 -a -4

Odczynniki do elektroforezy

Bufor TAE (50x; EURX, nr kat. E22002)

Agaroza (BIO STANDARD; Prona, nr kat. BS1)

Bromek etydyny (Sigma Aldrich, nr kat. E7637)

, EUOT Uwb bl O0OT EDPwx UO B orkad paar601)wp( OYDUOUOT 1 O

Odczynniki do przygotowania bibliotek cDNA i sekwencjonowania (RNA-Seq)

x ONI EAOE&4aET wOOOGUI O

Nextera XT DNA Library Preparation Kit (lllumina, nr kat. FC-131-1024i FC-1311096)
Nextera XT Index Kit (Illumina, nr kat. FC-131-1001)

IDT> DNA/RNA UD Indexes Set A (lllumina, nr kat. 20027213)

Ampure XP beads (Beckman Coulter, nr kat. A63881)

Agilent High Sensitivity DNA Kit (Agilent Technologies, nr kat. 5067 -4626)

High Sensitivity D5000 ScreenTape (Agilent Technologies, nr kat. NC1874887)
MiniSeq High Output Reagent Kit (2x75 bp; lllumina, nr kat. FC-420-1001)

HiSeq X Ten Reagent Kit v2.5 (2x150 bp; Illumina, nr kat. FC-501-2501, wykorzystany
PWUEOEET wlUe Ul Pwhwi PUOPT w, EEUOT T O

4 U4 é E & hkEebokia

*OOOUEwWa wOEODPOEUOaOwxBOWk &&EBPPOBWOPDGUOHBWET wp
HS 12 Biosafety Cabinet Thermo Fisher Scientific/ Heraeus, nrkat. STEM-GLE-

1228LGZ)

Komory do pracy z DNA/RNA/PCR (Biosan, nr kat. BSO40107AAA)
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* OOOUEwawOEODPOEUOaOwxUal xéabl OwxOpbi UUAEWE Ouw x
(GuardOne? Laminar Flow ; Starlab, nr kat. S80460001)

(IC0O240med, Memmert)

Suszarka laboratoryjna (UF30, Memmert)

Aspirator (Starlab, nr kat. N2400-9000)

Mikroskop fluorescencyjny (ZEISS AxioVision 200; Zeiss)

, POUOU OO x (ZeissPiimov@d ar kat. 41551611000000
Rotator (HulaMixer & Sample Mixer, Invitrogen &, nr kat. 159-20D)
Mikromanipulator (TransferMan @ 4r;$ x x | O E @rldt. 19300001,

Termocykler z gradientem temperatury (Mastercycler X50s Eppendorfe,

nr kat. 631100001

Termocykler do D O OT E andliyl ekspresji T 1 OG b w g@¢ ®FaNTime System

Bio-Rad, nr kat. 185-50-96)

6 DUGP OFIwesE &4 i ODOO@@aw x Pl Ual OPEYTI EOOPEODPEW " 1
Eppendorfe, nr kat. EP022628188

6 DUGP BF @& & {Cénbifu Geus417R Eppendorfa, nr kat. Z366027)

6 DUGP OE w,*PIGsRppehddrfe, nr kat. EP02262020y

6 D U G bworteks Combi-Spin FVL-2400N (Biosan, nr kat. BS010202AAA)

Fluorymetr (Qubit 4, Invitrogen &, nr kat. Q33226)

Worteks z EEEx U1 Ul Ow Odmiejscéva ([IRA >tWerke, nr kat. 0003617000
oraz 000342800p

6 OUUI OUwawEAUNOPODPI O wdikar NHMBEAUP Bl Ewp2 UEUOEE
Pipety automatyczne N1 E O O OE O(Eppdbddiotfaw Research Plus Eppendorfe,

nr kat. 3123000012, 3123000028123000098, 3123000047, 3123000055, 3123000063

Pipetor (accu-jete pro, Brand, nr kat. 17J04632)

Wa EPél EUOE uEMIzerEPulRiQ Editz-Instruments)

Sekwenator MiniSeq System (lllumina, nr kat. SY-420-1001)

Sekwenator HiSeq X Ten System (lllumina, nr kat. SY-412-1001 wykorzystany
wramachUUé UT bwbwi PYODPI w, EEUOT 1 O
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Aparat do elektroforezy zintegrowany z zasilaczem (Mupid 2-One; Advance,
nr kat. MU2)
Transiluminator (Molecular Imager @ Gel Doce- XR System; BioRad, nr kat. 1070-8170)

,EUIl UPEéawalnapEOOI wDbwEOEI UOUDE

Statyw magnetyczny na x UOE GbP ODP w huk w Os-U5 gagné, EThdtrofisher
Scientific, nr kat. 12301D)

96-miejscowy statyw (Axygen, nr kat. L -4880) przymocowany E Owx ¢ a UODwWOET Ol UaE
(Ambion, nr kat. AM10027)

OUODPOPOPaw EOOOwW ET ¢ OE 4 & Rami @Agos NTedanotogi€dE Gb 1 Ow Y
nr kat. GZ-6361504)

Filtry strzykawkowe & w O1 OE UE Oé (Whatmah9 nr kat. WHA9913-2502
i WHA9913-2504)

PUOE Gk 06 m 0 Bm\ratutainers (Becton Dickinson, nr kat. BDAM 367864)

Butelki hodowlane T25i T75 (VWRe, nr kat. 7342311 i 7342313)

Skrobaki do O O O G (Sta@ab, nr kat. CC76060250)

Komora Neubauera (Marienfeld, nr kat. 0640031)

Pée a U PN O b 1 wiopkeE G58032) O w

/| UOEGOOR OODPI NUa 001 NUARYMuUhRecowe® 6 PERDtubes; Merck,
nr kat. AXYPCRO2LC oraz (Ultra High Recovery Tubes, Starlab, nr kat. E14152600
i Protein LoBind Tubes, Eppendorfe, nr kat. 0030108116)

/| UOEGPBDBGPOOPT wOw x OBt @O T (EtarlBbE hrukay. S16050000,
S$16155500,516202700)

Sajdy mikroskopowe (Nunc @ Lab-Tek® Chamber Slidea- system, Merck, nr kat. C7182)

* O E E Gltepfflira do pipet automatycznych (Starlab, nr kat. S111-300Q S111-3000,
S11110006, S11156001)

*OEEGPOPDwawi POUUI Ow E Qsteryins (Stanalk brk&.C5E1288816, O a E
$11263810 S11260184Q S11268810, S11247810)

Pipety serologiczne (VWR®, nr kat. 612-37(Q2, 6123700, 6123698)

Pipety Pasteura szklane (Brand, nr kat. 747720)

Pipety Pasteurasterylne (VWR® nr kat. 162-1747)

Pipety Pasteura niesterylne VWR? 612-2850)
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/| UOEGPOPDwWUA x UwWE OE O O-0ap®@ BIEIBAEE OwOUWOEUS w$ Kk Y
%OODI WEET 1 4 a NDO euO®E ruiRazgnExEMS BI100)
/ & agsEmE OO b POQRERIURA, nr kat. MLL9601)

Oprogramowanie

Bio-Rad CFX Manager (Bio-Rad, wersja 3.1)

Agilent Tapestation Software (Agilent, wersja 4.1.1)
Tapestation Controller Software (Agilent)

2100 Expert Software (Agilent, wersja A.02.10)

Quantity One @ 1-D Analysis Software (Bio-Rad)

Zen Microscopy Software (Zeiss, wersja 3.5 blue edition)
gBase’LUs (Biogazelle, wersja 3.0)

STATISTICA (Statsoft, wersja 130)

GraphPad Prism (GraphPad Software, wersje 80-10.1.2)
ImageJ (WayneRasband and contributors, National Institute of Health, wersja 1.54qg)
R (R Development Core Team)

DAVID Bioinformatics  (DAVID 2021, v2023g4 OEUayEabpPl w O00ODPO
https://david.ncifcrf.gov/content.jsp?file=release.html )

/ UPOI Uw ! + 23w oOE UktysEravBvinebi.ntn®id.gotools/primer -
blast/index.cgi)

Beacon Designer PREMIER Biosoft International; OEU&ayE&abliw OOODPOD

http://www.premierbiosoft.com/gqOligo/Oligo.jsp?PID=1 )
"UOEOw/ UOUI POw UOEUwmpOEUAYEAD]I wOOODPO! owli OUUxUO ¥

BioRender (Science Suite Inc.)

40



*OPOPEAODI wWPhWEDPOOOT PEA DT wabOEEADP OB rudDE FefdylaahE H DBIOGUIT O
epitelialno + mezenchymalnych u chorych na raka piersi

4. Metody

Analiza retrospektywna

4.1. Klasyfikacja a ET y Ua E4a O CizDRie nie EREE NuOOOGUI Owldidryén0 b OUODb a k

na raka piersi

I UGEODPWOEWET OU a hd jakdE @d-x" QualtaUEacPUX PEuNT DT OPwpa Oua U O wt
orazODOPOUOwW NI EOIT Ow aw T1 OGbhbw OOEUNEKRAIBT GDHAE UOIT Ua w
lub mezenchymalne (VIM, CDH2, PLS3X & w/ UT&EEmBtywne klasyfikowa nopodb a1 Oy E1 Ow
fenotypu EMT jako eCTCs (KRT19 i/lub CDH1-pozytywne, VIM-, CDH2- i PLS3 negatywne),
mCTCs (KRT19 i CDH1-negatywne, VIM- i/lub CDH2- i/lub PLS3pozytywne) lub emCTCs,
gdzie markery epitelialnei O1 a1 OE| a O Ekodhspryrcavana.

42. OEOPAaEwl OUx U4 HJiNypUA B sO@rafiuui UEOENEET wOOOGUI Owd
al Uxdflw/ 0apOOw 1 OUxUI UNPw Eaeéew OBd&Edad O®@iagazells) x UOT UE (
zmodyfikowanym wzorem _ " [B3@]) na podstawie T U1 dg@®dklu kwantyfikacji (ang. cycle
of quantificationt Cq) a WEP GET wx OpPUGU & I FEal WyE MuEallaEdp]l Nwil OUx U
referencyjnych (ang. reference genésrefGs)t GAPDH i YWHAZ,zUpb al Oy EODPI OP1 OwOEODPE
(mieszanina cDNA ze zdrowej tkanki piersi) obecnego na OENE]l NwawxéaUl OwWEOw@/ "
ekspresji skalowano dox UGECGEEUN®DPNU& & w | OUxUI UNé w pUGP EBE® WA Ow a
podbal Oy El Owl OUxUI UNPWEEOI T Owl 1 OUOwWNIT NI OPwNI T Owi OUx
Pwx UGEOEET wOOOUUOOOa Bzet OEwWa EUOPAET WOET OUO

Analiza prospektywna

43.' OEOPOEWOOOGUOOPE

+DODPI w O0OOGU-B KBRS, i "MBA -MB-231 (ATCC, nr kat. HTB-22, HTB-30
oraz HTB-26) hodowano Pw x ONAaPEIl w #, $, w aw PaUOOéw AEPRPEUUOT ED¢
nr kat. VWRC392-0414) z 10% dodatkiem FBS (Gibco, nr kat.10270106) i 1% dodatkiem
roztworu penicyliny i streptomycyny (Gene DireX, nr kat. CC502-0100) w butelkach T25 lub T75
dysocjowano od dOE wE U U1 O Ob w xrozéwarwttyiyn @igha huldrich, nr kat. 59418C)
w 1x PBS; Sigma Aldrich, nr kat. P4417) przy konfluencji 70-WY 0 6 w6 Uaa UUODPI wOPOPI wo
EaeawllUaoOpPOwWUXxUEPEAEOI wxOEwOe Ul OwaEOENI OPEwWwOaoOx
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44.. OUI T Ol OPl whPaEENOOU EDw U IEE ey £6RiiuE @tekcii

pojedynczych OU&E NEEAET wOOOGUI OwdOPOUPOUOPAET

. *xUEEOPEOEwWOI UOEEWUOONODPPENEEEWDHOOEODNEDNADUDE @
EOTEUIT Ow bpw xealOPOw PPUOPEOPUwW bPw TUEEDPI OEPI w TyU
i OUOUI UEI OEaNOGalOwbwOlOl 1 EUa bdddatdiah U2 aygoteviBejumOtekO GUT Ow " #
mikroskopowego (Nunc@ Lab-Teke Chamber Slidea- system, Merck, nr kat. C7182),pojedyncze
OO0O0G U QE BT UE O1 w amikréhi2digtlaxér @ (TransferMan® 4r; Eppendorfe,
nr kat. 5193000012Ryc. 4).

/' Ual EwxUaaUlUexbDl OPl OWEOWEI Ul OENPwDwDaOOEENDW xO
OOUI T OBWIOUT Owx @8 QU WaalExil Eal PEAOOT 1 wOUreddvery a® x D1 Ew O
t RR) metody. # Ow OEl Oaw UAaET w x EUE i 500 @upuliSE O®WwaGUREEL OE w 4 E |
ochotniczek. . EUI Ul OwxO0aOUUEeaET w/ !, " UuOEOPEAOOOWOE W x OE
poPDUOPEOPUwWwbwl UEEDPI OEPT wiyUUOT EPOWEOWOPEAEaW/ !, " Ul
Pw" 3" Uwx UGEOEGFGBWM® licgono pod OPOUOUOOx 1 Owi PDIinbaeda Qwmpol b
Zeiss, nr kat. 41551011000000) zUN A EDI OwOOOOUa w- 1 UE E kht. @600, EUDIT O 1 O

0Qi Q0QQ & QA MmO &1 £ O'Q TP £ TIQQ

e aét®ogorag5nsn o Q ¢ 0 60N6Q QT MR
VOoUOI

prtmthp (1)

2x1 Eal PEAOOT I @aO@WIO®EwW w OEY ODP D1 w OET EOCOT EPwWw O00GUI ¢
(EpCAM -/[ECAD -pozytywne i/lub  csVIM -/MCAM -pozytywne oraz CD45/CD31/DAPI-

negatywne) u zdrowych kontroli (n=6, opis grupy kontrolnej w rozdziale 3.1), popoddaniu 5 ml

OExOPDPI EOPOwW I "3"Uw Pw 0" 3" UAwWw a0OEOOPEOOW xUxA,anNAaEDPOP
nr kat. H3570), zawieszono w 1x PBS izliczaD Ow OE w x € 8 B0 N N w gkt E36I 2O Ow O U
pod mikroskopem. PobietUE OQwx Owhy Y wOOOGUI Owa wdRAIER ENDaED QuEEB e OGE
x & aUprPnoROOOWEOQwWx UOEGPT Owawk wO+wOUPPWOEPOEOPT NWOEDNI
Poprocedurze, Hoechstx O4aUapbp Ol w OOO0&GU AEWDARYIB-231)  zliczano
pod mikroskopem fluorescencyjnym (ZEISS AxioVision 200; Zeiss). RR liczono zgodnie
zewzorem (2):
aQORLOE QW QO EH MDd ®QQOT aQ

o Rhe OhE Qo oo PP 2

Y'Y
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CD45-pozytywne Liza pojedynczej
komorki krwi CTCs-EBF komorki

 Markery epitelialne: EpCAM, E-cadherin
/ Markery mezenchymalne: csVIM, MCAM
! Markery wykluczajace: DAPI, CD45, CD31

Threshold

Fluorescence

Cycles
Wirowanie prébki Wirowania_- Barwienie Negatywpa selekcja (_JD45-pozytywnych Poszukiwanie CTCs pod mikroskopem ) Odwrc_)tna t_ranskrypcja Analiza ell(spresji
krwi w celu w gradiepme immunofluorescencyjne leukocytéw przy uzyciu nanoczgsteczek fluorescencyjny i ich izolacja za i preamplifikacja na podstawie genow
usuniecia osocza gestosei magnetycznych pomoca mikromanipulatora protokotu Smart-Seq 2
Rycina 4. Procedura wzbogacenia, detekcji, izolacji i dalszej analizy transkryptomicznej pojedynczych CTCsOwUGN OAaET wi 1 OOUa xEEBQu$, 3wOEWET OUAET wlE
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4.5. Izolacja, detekcja i pobieranie pojedynczych OU& NEEAET wOOOGUI OwdOOPOUD
zxUGEIl OwOOPOPEAODAEI

| By EDOOD GRIGEWDAP OUP D w OERC pHdbidrand Edo ub Gk ux UOEGPIT Ow
Ox & E U a E &EDDA BD atutainer?, nr kat. BDAM367864). Pierwszy 1 mL krwi z pobrania
UpOOODPOOaOPwWwbPUOUUIT DWDEIOR WEYDUE tud) A0 i 8bwoddweji OE N b
rozpoczynano zazwyczaj do 2 godzin po pobraniu krwi . W celu usunb y PBTE, krew wirowano
Pwl YYAT Owl hwsS cA Q& b B Eubuy luspa@iudEGEOUUEPPENE EwO0Oé Owt
xObpanNi NwuPEUU WeauwhknDy BRE a x EEOOPI 1 OwaEEDPé] OPYEDPEwWI Ul
/| OAOUUEEeOT 1 w xBh6EOD W Bwl BIO®* 1 UEUUUA&T w xOOONOPIT Nw E(
i po delikatnym wymieszaniu przenoszono EOQw OOPIT Nw hk uOPuuubxeERIGR E4 001 Nuw
(2mM EDTA, 1% FBS wix PBS) AEPPI UENEEI NwKwO+w U0l Ua&hrdi Owudal
(Sigma Aldrich, nr kat. huy A A K Ow Gnidwanp x W EK Yuy AT Ow | uS" w xUal aw t°
bezx U4 a7l x D Ihahiowadif Bdu&o momentu wszystkie kroki procedury przeprowadza no
doOOPTI Nwhk wdO+wx UOE GP Ob w Oaadcds OEANG WION ' D wduy U uw 4p30 0 a
roztworem 1x PBS i wirowano Pw KKk YAT OQw Kw S" Ow >xdlA izyskania Yosaddb O Ow b
OOOGUOOPT T O8 w.zahkeEzandb W | K Yuw & + wUOT (56 QM blicydyud% BSA
w 1x PBS)i przenoszono doOx e EU4A E &4 OO1 N w5 mw @i HighPRe&pvety Tubes,
Starlab, nr kat. E14152600 lub Protein LoBind Tubes, Eppendorfe O wOUwWOEUS wyY Yt Y huy Whtut
inkubowano z mieszaniem w 4 S" w x U arhid nahokatorze (HulaMixer & Sample Mixer,
Invitrogen &, nr kat. 159-20D) iwirowano x U4a a8 wKY Y AT OwK w8® Dt @A ® & Qui Wwd® OB yuE
supernatantu, dodawano | YY w4 +wUOaUPOUUwxUAl ED P E DERaubel OBJRa EONEEIE
1:400, klon VU1D9, skoniugowane z Alexa Fluore 488; Cell Signalling Technology, nr kat. 5198),
ECAD pUOAEDI EE4T OPl w hohYYOw 0000w t A ° H&BwSammOGaxrUT OpP E OI
Biotechnology, nr kat. sc-21791), MCAM(UOA EDI EE4&1l OPI who |l YYOwOOOOw/ h' hl O
Fluore 594, Santa; Cruz Biotechnology, nr kat. s€18837)csVIM (UO A EDI EE4il OP1 wAyo iy Y OwO
skoniugowane z Super Bright 436; eBicscience, nrkat. 62-0319K | AQuw" #+ vwpUOAEDI EEAI
klon 84-1, skoniugowane z Texas Red, Abnova, nr kat. HO000743AMT08), oraz DAPI
(UOAEDPI EE4aT OPI1 w ho huy O Y E @i D! #OYE Yuhu k KEOWDE U Haul @W Op E D1 1 ¢
przed EOEEODI Ow E Osteryldy®&ESB £1Lai inM glicyny, 1% BSA w 1x PBS) i delikatnie
wymieszanod w/ UGE Oy weORDWKIESPEX U4l 4 wt Y wO b O unddvario @l By Y AT Oiwd w €
KwS" €§)uipoyelikatnym wymieszaniu przenoszonodo Ox é EUAE&A OOI Nw" ! whk wO+ w
AEPDPI UE N é Eupriedniw Iprkygotowanego zgodnie z x UOU OO0 0él Owx UOEUET OUEwW
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OET Ol DAE&AOAaETl wEAaEUUI OwOxéeEUAEAOOAET wxUal BBDPEDEEe] C
CD45, Thermofisher Scientific, nr kat. utubuk + # Awb w" ! 5wl ¥ 0 & ikiv@y tu vk ws + w
"#KKkWpEEEé OOP D UE wo EiNkgbowand purend®mikvd 4%/ " WEREQUUIUD Urekdid® Ua 1 6 w6
inkubacji EOET OEabeé Ow E OuwiinspoityinBEll QAbEO O G U imégue@oriyrdi
EaéUUI EAOEODw UO OO EOBrHEOR EO@IEO®0 B Oin inkubacji w 4 K,
dodawano k w4 + wx U4 | EED4E(Edh REAZAT $Koniugowane zVioBlue?; Miltenyi Biotec,
nrkat. 130110+ + A AWEIT ax OV Ul EOPOWEOwWxUOEGPOPWHBOOERAREBAUMD
i umieszczano na statywie z magnesami (DynaMage--15 Magnet, Thermofisher Scientific,
nr kat. 12301D) nal00O D OO wN1 EQOE&T 7V OP1 wET UOOPEéEwxUal Ewi PPEUEI
CD45-x OaaUapOl wOxeEUAE&AOOl wOET Ol UAaE®HLODOEEw OBDDBODAI
A0ENEUNEEAET wUDPYy wxOw EOOGE B O hroctsh s itpotencjalnia ETCs)
x 0aO0UUEREGAUPOUAIT 6 w/ OwaE OOE E prdidszhai©OTCORBE @G0B0 wOU 0 U ON
x UOE GO&-0DRIU & E &i0U0a Uxul "¢!'GobEEONY 00T EPwl kwO+wabO0OadwudalUp
/| UOE Gwiowano PwKY Y ABlux Ual asuwancdsbg@@atant, a OUEE wOOOGUOOP A w
AEPDPI UENéz&8ndeszand PWltwY Y ws + wlUOAUPOUUwW" ' w- EUDYy xOP1 OwOE
CTCs-EBF przenoszono na jedno z OT OPUw OODPI1 Ol OwLASTEK ERAnuber- Siidec=
system, Merck, nr kat. C7182) i OT O Epp®@ @D OUOUOOx1 Ow i OUOUI UEI OEa N«
oraz fenotyp potencjalnych CTCs OOUI1 T &k fddstawie OET EODODBRWI UNPw OEUOI U
epitelialnych (EpCAM /ECAD) i/lub mezenchymalnych (csVIM /IMCAM ), braku ekspres;ji
OEUOI UGPwWOOOGUI Owl OE G0 I10EIEX@A Bliavk d'ORE v Auupd # Kk Aw OUE &
odDAPI (AOEOQOUNEEITI T OO OGUOPDKBawmx EEOUwW PDy O W4 @ie EEE&IGE]T Ou
OENy UOT 1 wa E D Inoudawp' uBx'UA ax EEOUWEUNT NGOOOUEOO @& E N D w
zawiesinyOw 4 E7 w OPE &4 Ey und' @dpdsajonelbied loOOEARUA EOI Nw OENy UOT EPw
Pojedyncze OO O G (COEs ido EP GET w/ ¢ O & @GuUndrraainych, ang. normal cells NCs)
pobierano A Ewx OO OE é w O b O U Oéaistemand drEEpiebdBrta,gpr kat. 519300001
przenoszono do Ol w O+w xUOEGPI Ow o, 7?8 PGRO ltubés) YMeldia
nrkat. 78/ " 1Yl +" Aw AEPDPI UENé EaET w |, lw4ReconbibantORNEse ODa UN & |
Inhibitor (Takara, nr kat. 2313A) w 1,9 uL 0,2% Triton X-100 (SigmaAldrich, nr kat. T9284))

i przechowywa now -WY ud® talszych analiz.
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46. . EPUOUOEwW VUEOUOUaxENEwW Pw xUkERkDDHODOEENGWOEBAU
U1 ET OPO&ag2 OEUU

, EUl UPEéw al w a0ObPaOPEOAET w x OWedoEavddErejatéamskuy@iO O G U1 Ow x
(ang. reverse transcriptiont RT) i x Ul EOx OPI POEENDw a1 OFE O-Bdgau383h x UOUOOC
oligo-E 3+ Y5 - wophAABGAGOGETATCAACGCAGAGTACT30VN -+ ¢ Ow! POOILGWA wOUE &
mieszaniny dNTPs (10 O, w OENEa Ow %i UOI O U EOuO uEA by @vriedzanii Y uN | X
iabpDUOPEODU wpA Y iykiidowand buawS!" 1OIuByhudl gimacyklerze (Mastercycler
X50s, Eppendorfe, nr kat. 6311000010), poE 4 a Ow ODP | & bréiedZeznitdEd na lodzie.
-EUOyYy pO®P OWOPEOD U w i Y §) Ad >OWG En uOMBESBHW w s + wODbi UAEOD D3
OEE & a 00D OGbTabéld 6), Jp8nawngie wymieszano, zwirowano @A Y Y AT OQw | hw S" Ow h
i przeprowadzano RT w OE U Uy x Uvhéulkack 142uS " wx U4l & w N YuGE Guegiad wwdHiu Ou
matrycy), 10Ea OOPwkYwS" wxUal dwl wOPOwUUUOPYEDPI wUUUUOUU!
przez2min(RTzx U4l é & EQE ©Wwd Pauwk OWOEUUY x OP1T wAYwS" wxUal &whk w
- Pl abpé OEAB®O Bk Ol ufitsbozab@xull G E O D w OAvito@dnE 4B iy @ &S "OGul Hy wU A w
idodawano x Qw hkw +w OPlI UAEOPOaw OEEaAaa00T®m@d» us), EOw x Ul
O U Gpezéprowadzano zgodniezx UOT UE QT Oo wE]l OEUUUEE N BmmU8agyki OFE wb wN W
PWuNWwS" wxUal awl Y wU wgBS Wi 0WEENEKORD B uwsl B<UWAIT AG P A wE
pPaEeée Ubmpikenu AOwW OUEAwWwPAaEeUNENDBT wedamaRiuE® OEEA& OO01 Nw
xUl EOx OPI b OnidsdéZanok WK EOB @ W Foszdseckano WUOUGE DT OWEOWOENET N
dodawano x Ow | k w % + w Grky€rtzénia BNA (Ampure XP beads, Beckman Coulter,
nrkat. t + WWhA O weydhieszané iGrikubawa no przez 8 min w temperaturze pokojowej.
-EUUy x OP1 Qumiesztz&nb WD @6-miejscowym statywie (Axygen, nr kat. L-4880)
przymocowanymdo x € a UOPwWOET Ol UAEA Ol Nwop AoEmnbidave) dkubade U6 w , hy
zbierano OOEUOP Oa wUO&aUPGUOWUPENENEEwWxUaawlaOOwEEawoODIl wod
AwxUadaeeEaO0OOa0wEBxe DO U axPFEe 1 EOPEw® B wdieUa Ea Ol 1
x UOEGPOPG w. UEEWHBDh 3 UOBMEIOw+ wi PPT NOw xUaal OUOPEODI T C
(Warchem, nr kat. 37700, po OENEaOQw x ¢ UOEOD U w U OP Imagnesie &l 80Esu x UGEOD
PoUUUODY EPUwI GistbAopiden ©OGE Ok dodBX0 B wx ONEP DI OPEwUDY
na warstwie kulek magnetycznych. Osad zawieszanow 17,k w4 + WEUT OUUWE OwiCOUE N D weph
pH 8,5; Qiagen, nr kat. 19086), delikatnie wymieszano, ipo UODPI UAE &l OPUwx UGET OwOE U
na000é Owl ie@mOwrB By + wUU X1 podadstotwE OUOOBE ES wl YY ws + wx UOE
/ U G progbhowywano w -I Y w 'S Halsfych analiz.
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Tabela5.2 Oe EEwWODI U4 bhib®

P @i E B B WO U O 1bNuxWONE G EAEBRBO OOGUOEET

CENy 00 * OF E CencE

Odczynnik Producent Nr katalogowy o 4 koncentracja
SuperScript Il reverse Invitrogen o 18064014 0,50 100 U
transcriptase (200 U4IN Ju 9 ’
RNAse inhibitor

R . Clontech 2313A 0,25 10U
PKY uNjqw 4 O
Superscript Il .
i P . p Cox . .. o - Invitrogen & 18064014 2,00 A
firsttUUUEOEWEUI | |
DTT (100 mM) Invitrogen o 18064014 0,50 5 mM
Betaina (5 M) Sigma Aldrich 61962 2,00 1M
MgCl, (1 M) Sigma Aldrich M8266 0,06 6 mM
TSO (1007 M) Exigon - 0,10 hws ,
Woda wolna od nukleaz VWR? 7332573 0,29 ¢

Tabela6.2 O¢ EEwODI UAEODOa wOEE & a 010-b Od w @luix Bd & OBEDIT DOEEEIWDI O

. ENy 006 * OE E G

Odczynnik Producent Nr katalogowy [ 4 koncentragja
KAPA HiFi HotStart KAPA <
11 EEa, PRwaml A K Biosystems KK2601 1250 A
IS PCRprimer qphuY w4 , Biomers - 0,25 Ohuwt |
Woda wolna od nukleaz VWR» 7332573 2,25 t
47.. E1l OEwWNEOOT EDPWUUEOUOUaxUOOUwWx ONI OE&aaET wOOOGU

)y EOOT T wUOUEOQUOL

eEEEUET Obpl Nw x O (GélyinerbsE &ham pictivh #QR), w O U G @mpliifikowano

transkrypt y kodowan e przez trzy refGs: EEF1A1 ACTB, oraz GAPDH,0E ¢ U1 01290 wc¥8u
xEUWAEUEES w/ OwxUaal OUODPE Ob Ureakep (TdbelaER) ® Brnacikierea a OOD OGE
Mastercycler X50s (Eppendorf, nr kat. 6311000010) prowadzono multipleksowy PCR

wOEUUy xURNe EaET BB EuxWA BRIKABOEE Ot Y wlwb wuNk wS" Owt YwUwpk
iPAaEeUNEOD] wOOEE Ob 728 %888l I6 AWDEWED Gluuly | E GuRol0B ul E& TP @y Eud B
ix0aaUabp0é w Préldkly dplfikacji rozdziela no podczas elektroforezy agarozowe;j

(1,5% agarozg BIO STANDARD, Prona, nr kat. BS1) w 1x buforze TAE (EURX, nr kat. E022002),

w aparacie do elektroforezy (Mupid 2-One; Advance, nr kat. MU2) w 100 V przez 20 min,

OEUUyY x OPI1 whit k w,5 wizudliAdwana w Yansunidaorze ( Molecular Imager® Gel

Doca- XR System; BieRad, nr kat. 10768170.

(e

whbwxUGEOEETI wEOEUI NwNEOOTY Equoi OUx

zoyniéaiwé#-

OwbPaUUEUEAENEE]I NwbOOT EPWOEUI UPEe UwpObDOPOUOwWwhwdT A wx

UUEOUOUaxUOOPEADI Bwdpx 0OD & D BedaidedB)U E Oa wb
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Tabela7.2 O EEwWOP] UAEOPOAWOEEAAaOOPORBIBUWEOWOUOUDXx Ol OUOPI T Sw/ "1

L ENy 00 * OF E CercEQi

Od ik Prod t Nr katal .
czynni roducen r katalogowy Dy + A koncentracja

FastStart PCR Buffer
Rpche . 04738314001 1,0 1x

(10x,20 mM MgCl>2) Diagnostics

FastStart Taq DNA Roche

/ ©O0a Ol UEUI wpk Diagnostics 04738314001 0.1 05U
Roche

dNTPs (10 mM) ) . 04738314001 0,2 0,2 mM
Diagnostics

BSA (20 mg/mL) Rpche . 10711454001 0,2 4 mg
Diagnostics

6 OEEwpNEOOT T u Thermofisher 268300025 6,5 -

, D1 UAEOPOEFwWUU Merck - 1,0 44

DNA i i
cDNA 2 pojedynczej : 10 :

*po84a+ WOENEI T Owal wUUE UM U2 eGmOE s Uit 8 OARY W/ +° A
48. OEOPAEwl OUxUI UNPwi 1 OGP wOil UOEE w@/ " 1whbwxONI EaOE
Poziom ekspresji refGs (ACTB, GAPDH, YWHAZAw OUE&Aw 11 OGbw OOEUNEEAEI
epitelialne (CDH1, EpCAM, KRT19, mezenchymalne (VIM, SERPINE] PLS3 oraz OOOGUI Ouw
hematopoetycznych (PTPRQ i endotelialnych (PECAM1)w x ONT EAaOE4AaET wOBIGUOEET w
(MCF-7 i MDA -MB-231), orazPBMCs pobranych od chorych na BC analizowano Ol UOE & w@/ " 16 w
Reakcje prowadzonow UU &1 ET wx OpUGUA&T OPEET wUI-EDODER O quiOFEQU x &
nrkat., + + Nt YAwa wUNaEDPI Owd IRexdIing & CRDieteckom §ystén¥ BidRad,
nr kat. 18550-96), oraz PowerUpas SYBR>- Green Master Mix (Applied Biosystems,
nrkat. | kA KhAw DuaEGEONT OEHL EOAET waEw xO00OECBUASEUAY EADE
i Beacon Designer Tabela3A 6 w6 aEENOOT 1 WHG@E®D IO HE KD WOBET wBHED U1
na podstawie analizy krzywych standardowych, a do EOE OP & w Ujdignke Est@rteus b
zPAEENOOT EPEWEODPUOE w huy Yprawagddhot AW @B U EYOEWNN ewE/E'T luwb E U U
100D OwbhwWNKk wS" OWKYwWEaOOPwhk wUwbwNk wS" OwhwObOwb wt YwsS
UxOUae BOBOOOUUNEEwWi OUOUIT UET OENYy wx WeET QabPwiid 08U UEO
temperatury co Ok wS" & w/ Oa b Cobliaran® DaxpddstavieDiul | E O@qi zixGup UGU AT Ew

Uil ET OPE4AOAET wUGNODé EasEkladiudy EudEEY VR OEuw-OD Wil wa OENEOP
POPl UAEOPOEWE#- wawObObb wADuOGKIRaeAl FEiIQDPLES GRRIUE B w

I OUxUT UNPwi il OGpwOPyE4dawxéaUOoE Ob §Gu*EQE BN Quux(eGIGEDAU F
xQUaAEa&l 11 ¢ @&pRIPWOEOPEUEUOUA& T whKalioratérze e ewsOUEFOI Duit BUEEHE A AN ON
NE U Oy po@idr ekspresji OE OD E 4 b © & énrdraeu(3):

D€ q M@ ni &G Q0 ¢ ®3)

TEaAD] wNEOOwx U @ourdEEDN EBEW oK' e & 008
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4.9. Przygotowanie bibliotek oraz sekwencjonowanie (RNA -2 1 @A wx ONI EaOE4&aaEl wOO
20y NI OP1 w E#- w Pw x UGE OEiprasjaE diliralmN2u N B OréfGsE b
w multipleksowym PCR) mierzono 8 Ewx OOOE & wi OUOUa Ol UUVwpo UBH UwWwK wnOU

JwxONI EabOE&aaETl wo§odh bikdateki doasekwéntjdhdwania przy UnNa ED U w
zestawu Nextera XT DNA Library Preparation Kit (lllumina, nr  kat. FC-131-1024 i FG131-1096)
zgodnie z x UOUOO00éT Ow Ox b UE O @d14)[B23]. ArawiefeE maksPriaini® 1 ng
E#- wbwOENYyUOT EPwkws+wawUNAaEDI OTabBIEE pravadadan® Gb w ba OF
przez50D Ow b w k ktemBdykietze Mastercycler X50s (Eppendorfe, nr kat. 6311000010),
poczymOBI &b e p&énésiohoux UGEOP wW OE w O GéodawandcE Wy @PH Ui OUUw - 3
weceluOEé e Eal OPEw3O0OkwUOUEOUxOaE&daawpUET O OUE&4a KB w

Pofragmentowane cDNA znakowano indeksowanymi adapterami (Nextera XT Index Kit,
nr kat. FC-131-1001 lub IDT°> DNA/RNA UD Indexes Set A, nr kat. 20027213, oba z Illuminas,

Tabela 9) i EOx OPI DPOOPEOOwaTl OEODI wa w OESIB YAl & éud audAB-A0AUINKOU
przez30UOQwhYWEAOOPWNKkwWS" wxUal &dwhy wUOWdkuk QESU Gy < Wi T awktl Y
przez 5 min.

/ UOEUOUA W/ "1wOE4A4AaUVUAEAEOOwa wUNAED] OwkabA63881)w7 / wEIT E
wUOOUUOOUWYOAO6hdw#aUUUa E U Biygatowanycl QiiatekaphucDNRE T O1 OUGP
EOEODPAOPEOOWAEwWxOOO0EE Wl nyYw! POEOEOGaal UGQBEAYUUOIT OU L
i Agilent High Sensitivity DNA Kit (Agilent Technologies, nr kat. 5067 -4626) lub 4150 TapeStation
System (Agilent Technologies, nr kat. G2992AA) oraz High Sensitivity D5000 ScreenTape
(Agilent Technologies, nr kat. NC1874887). W x Uda a x EEQOUOuw 1 (E135u parUza$ad) b |
EITEEUwPw UOOUUOOUwWwYOWohEGw ! PEOPOUIT ObahoByeh-na B& w KNw OC
Ul Opl OENOOOPEOOwawUNAEDI Ow, kO BRA2M002)4 MibiSed High( OOUOD O
Output Reagent Kit (2x75 bp; lllumina, nr kat. FC-420-1001,) lub HiSeq X Ten System (lllumina,
nr kat. SY-412-1001) oraz HiSeq X Ten Reagent Kit v2.5 (2x150 bp; Illumina, nr kat. FE501-2501,

(OOUODPOEOwWUUeUT EwPaOOOEOEwWxUA&l aw, EEUOT T OOw* OUI EKS
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Tabela8.2 0O EEwWODPI UAEODOD O atmadiénad3aalpdbpOGh wE Ow

. ENyUO* OEEOPEW

Odczynnik Producent Nr katalogowy [ 4 koncentracja
. FC-131-1024/
Tagment DNA buffer (2x) lllumina 10,0 1x
FC-131-1096
. . . FC-131-1024/
Amplicon tagment mix lllumina 50 -
FC-131-1096
6 OEEwpNEOOT 1 u Thermofisher 268300025 15,0 -
cDNA z pojedynczej
000GU 0D >0 N

Tabela 96w 20eéEEw OPI VUAEODOA uE OEGR IADOPOEDPw EOhinddwdniyddb w E# - w
indeksowanymi adapterami [333].

.ENy 00O * OEEOPEW

Odczynnik Producent Nr katalogowy [ 4 koncentragja
Nextera PCR master mix lllumina FC-131-1001/ 150 -
20027213
Index 1 primers (N7xx) lllumina FC-131-1001/ 50 -
20027213
Index 2 primers (N5xx) lllumina FC-131-1001/ 50 -
20027213
cDNA - - 25,0 -

4.10.Analiza metod izolacji CTCs o U G N O ferolypach EMT od chorych na raka piersi

tych o fenotypie mezenchymainym OwE OE wOUGUAET wOPT wOEwWOI UOEawbaOOEE
6AaEENOOY 1inodji OTCEG@UT 7T OEwUPY wx Ox Ual 4wl 1 OwoOUBGUaEmiwd 001
spike-in, gdzie EOODPOUNE w EPEw x OEI NT EPEow A0EQé w OPEAEyY w 00O
OO0OGUOOPI NwE GEENU luiU®Fal Nu OENY UOT EPwOUPDWOEPOEOPI Nu
ix OEEENT wUDby wx U/dekekck Q@R U Uupxd OIEENGPE A EwWUDYy wOE&aa UOEODI u
EawOoOUl 7T OPT OwOUGUT wOl UOEawUe wOENEEUEA&AD]I NWOEXxOPD
od chorych na BC, przeprowadzonox U&a 1 T Oé EwOBIUO WEXVOWA WEGDPEOPEWEEEEEC
opisano RR P EUU OT 7 w ddthylni® Bténdardowe (ang. standard deviationt SD, liczba
xOpUGUA&AT EwUI ET OPE4AOAET AQMDGCHDAER BudDd WOE OAUDWESWE OO0 D B
BCOwUGNOaldwil OwasBxEEOHOWT EawbDyEIl NwOPNwWNI EOEwx U
metody, obliczano 7 Ul EiG8D&I b U x GO O b O évmbinguEnizbndSid w %1 OO0Ua x wOENET Nu
OO0OGUOOPI N usho"naugddstawid statusu EMT wi E g Tan i in. (2014) [340]. Wyniki
x OU G b O ERROnatady CellSearckrOw O U G U E w O E @aGEA A Wil E e ieDriDds,
NI EOEONT whPaET PAaUUNT w" 3" Uwb w.dane GérautbweOnykOrEystane Uw i x DU
doxU&al xUOPEEAI OPEw pBdSumOvagew i USEWOUUY x Ol w xOEw ODPOO
https://link.springer.com/article/10.1007/s00018-021-040646#Sec44 (Supplementary file1)341].
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4.11.Analiza bioinformatyczna i statystyczna

Epél él wmOAUUOBOHEBTI Ow Ul UUUwW UEOT w 2 4I0DU OHAEFT w PEODO EDIOW
analizowano testami U Manna-Whitneya i Kruskalla ¢ Wallisa (analiza ekspresj 1 1 OGb A w

oraz - . 5Cw EPUE aa 0 pbptadkamdiuSidaka, Tukeya i # UOOT UEw EOEw x OUGD
wielokrotnych ( x O U G b OFROrBetod). Krzywe Kaplana -Meiera dla OS, zdefiniowanego jako

czas odOx1 UEEaNOI T OwUUUODY B8 B wEb &aheafudédirte] informacii

0OOUEET wWwET OUI rd @stemigGE OO & &' E 4 E U E w hazardritie GIR)w 601 &

xUal EaDEéI]l OwUlIi ddrfidefc®iniepsI©FvECINN deli amalizy ryzyka zgonu obliczano

zUNAEPI Ow EOEOP&aaw WIGNODPGENauano " £aR Hsdotne  statystyczne,

(ang. false discovery rateFDR)E a € a wO O b 0,\WkJG i asdpdua O7 7 wEOEODPanmUUEUa U U
w programach STATISTICA (Statsoft, wersja 13) i GraphPad Prism (GraphPad Software,

wersje 8-10).4 b U x G O Oreddi &ilSuidbliczanozUNAED]I OWOEU4AYy EAPEwWOOODPAI w2 U

Analizy bioinformatyczn e Pw x OUGPOEPEA&A]l w EEQAET w 4w Ul Op1 OENG
dr hab. Tomasz Stokowy 41 OEODPI w a4 w x OOP N U & se@vizncjdnewidrie Ecdld2yay O B
dopasowano do genomu referencyjnego GRCh38.p7 przy URAEPUw ' ( 2 [3Plw | dY3d Kk u
Dopasowane odczyty w odpowiednich regionach adnotaciji genu GENCODE v25 [343] zliczono
DESeq2 [345] Pw T UOEOPPUOUW 1 ¥[348l O OFRIERIKO W x OddrgehOE P E 4 |
z sekwencjonowania x U4l x UOPEEA&A OOl w pw 1w OEI NOOPEéeaw OUAEEODPE
i obliczenie testu t-Studenta.

, EUOI Ua wi Ua U Udiyitheodytésp radpfiodl c@#siRBCs) i PLTs zidentyfikowano
WOXxEUEDPUW Ow OPUUa w E OHuinarx Bdtein Qifasu (Cldskell1: Giytlra@d cells
- Oxygen transport and Cluster 57: Platelets¢ Hemostasis) [347].

&1 OawUOI T ENéEIl wa UGn O niffetehtialp) éxpresseddenct) $ &N A wepb OD % 14 a w
dwiema grupami zidentyfikowa noP wOx EUED U wOwx 04 D OO wb ek I0gzFCE D wU UE U
gdy mediana log2%" AOw I OUx Ul UNy wné iz 06 EOEwW R U Bdhaw OOT
tzax OEPanNU&a00eé 6 whez&U wx O ioBuRa Bu, %O0Owé&. w" " wOUE&awi EPI NOEC
xUdaw UNAaEPUw OEUAYEAPEW YUOEUDOOEOwW OOOUEUDPOOwW 306C
Re-sources6.8[348-350].
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5. Wyniki

Analiza retrospektywna

"1 0l Ow EOEO®@ W jwi Bl e@miln x GbeksgresiB OEUOI UGPw DOPE&aNOO
OEEDPI U4 d ODUWOORE OD E wo O EABE bd@kowthud B (nE83)oraz zdefiniowanie
DET whPEUUOT E®OmuacdwabpeOytedaadllasyfikacjii CTCs-EBFs b1 Ee UT wi 1 O0U0axUws$,
xO0abpbOObéeaw OEw bauUGBQ@BI -OPUiudeibymiirégyworaz fenotypu
apbéaEQawawbby OU §3310oxudEAlAUPRIA OO E®BT EPe wEOwWwAaOPEOawili
epitelialny lub mezenchymalny w odpowiedzi na czynniki 7 UOE OPb B U\iydikil
przedstawione P w0l NwUIl OENPwa OPMEe a wOx UEOPOOPEOI w

51. 1IE1 OUai pOEE NE &MT | Ge0hexEGbhleku nowwvGraivych  u chorych

na raka piersi

3UaaEabpiTEPwWUDI El OwawodUDPI OEabi Uby Edilbdithahch ET wpKk U
naBCEaéeOwx04aavabddBi @ksptdsiOE UOIT UG 8CGB2@2i/lub ERBB2
(Ryc.5). PU G E 6@&GB2A2 i/lub ERBB2pozytywne, OEN& ETl w1 OUxUI UNyw 11 OGbuw i
i/lub mezenchymalnych (n=19)podziel ono na trzy fenotypy :

0] epitelialny (KRT19- i/lub CDH1-pozytywne) t 7 219 (36,8%),

(i) mezenchymalny (VIM- i/lub CDH2- i/lub PLS3pozytywne) + 6 219 (31,6%),

(i) epitelialno -mezenchymalny, gdzie markery epitelialne (KRT19 i/lub CDH1)
i mezenchymalne (VIM i/lub CDH2 ilub PLSXw Eaéaw OOl OUxUaobOOP
t- 62 19(316%) (Ryc. 5).
W Ual 7T EPUw x UG&not&nario uekSdesji epitelialnych lub mezenchymalnych
OEUOI UGPbw" 3" UOw b OEI E wnk fljakddQr@shdydnm@p?2 BBOBEW OEUOI UGP
(pozytywny/negatywny) we  wszystkich CTCs-x OaaUapbpOaEl w xUGEOEEI w xUA&al

na Rycinie 6.

KRT190raz PLAUR (Ryc. 7). Geny VIM, CDH1, CDH2, PLS3 CXCR4, CD44, NANOG, ALDH1A1,

POUSF1L, PROM1iJUPEaé awl OUxUaOOPEOD] whwa BEWOBEAERNDOOHOH WY OADBY
I OUxUl UNPwWwUWAEUOPAET wOOOUUOOPWUUE OOERFeadshorm® UwOEEDY
OEw! " wE a é a wU O 4AGTELpozytywiEe Rya.f6,ERGCY).
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Frakcje krwi wzbogacone w CTCs (n=83)

®
Analiza ekspresji genéw metodg RT-qPCR

()
Markery komorek raka piersi Potencjalnie CTCs-pozytywne (n=37) CTCs-negatywne (n=46)
SCGB2A2i/lub ERBB2-pozytywne SCGB2A2i ERBB2-negatywne

e SCGB2A2 (mammaglobina 1)
e ERBB2(HER2)

!

@
Preamplifikacja nie przeprowadzona*

@
Preamplifikacja zakoriczona sukcesem Preamplifikacja nie przeprowadzona* Preamplifikacja

(n=25/26, 96%) (n=25)

(n=11)

@ ()
emCTCs mCTCs
n=6 n=6
ekspresja epitelialnych brak ekspresji epitelialnych markerow
i mezenchymalnych markeréw ekspresja mezenchymalnych markeréw

®
eCTCs
n=7
ekspresja epitelialnych markeréw
brak ekspresji mezenchymalnych markeréw

Markery EMT Markery
epitelialne > mezenchymalne
e KRT19 (cytokeratyna 19) e VIM (wimentyna)

e CDH1 (E-kadheryna) . g{)sl:gz((r\ll-ketldhegy)na)
. plastyna

®
CTCs-negatywne
n=6
brak ekspresiji epitelialnych
i mezenchymalnych markeréw

Rycina 5. 2 ET 1 OEQw xU4&al EUUEPPENGE BaBCPRCEEROWOEW BudREREA OO w E Ow E OE S@Esa2al illud ERERBRUGIDaull ai b3 fubd auty UWDEEG
zakwalifikowane jako CTCs-x O 4 & Ol wbwxOE&aDI 0001 WOEWOOEUa KRT13 ODAE WM CHR0 PUSD 1 - preadnplifikac]i tiepez epiolvadzGro w
zxOPOEUwWOEE]T NwbOO w
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wil 6O0UaxE

E1 E2 E3 E4 E5 E6 E7

M1 M2 M3 M4 M5 Mé

EM1 EM2 EM3 EM4 EM5 EM6
1 1 1 1

SCGB2A2

ERBB2

KRT19

CDH1

VIM

CDH2

PLS3

status negatywny status pozytywny

jako eCTCs (E),emCTCs (EM) imCTCs (M). Negatywny status markera oznaczono naszaroO w ®dzytywny
naEPpEe O
Poziom ekspresji genu SCGB2A2Ea é wOPNUaawbPbwoO" 3" UwdbNwhD" 3" Uw g
P=0,044), orazpa OE4abPEé wlOUI OEwbwOPI UUOOBWHGCGOHDERNDH QEIONUWT" G
(P=0,087) Podobne 4 EO1 NOWE EIDPUP OPEOOW bPw xU&daxEEOUw OEUOI UGH
(KRT19,CDH1;Ryc.8A),EQwUUT 1 UUNT wo E 8@EB2AE] Euld 4080wl ORERLA wil x B U1
Z kolei mediana poziomu ekspresji genG PO O E Uybhéntezenchymalne markery CDH2 i PLS3
E2a®ENP aneCTCs, neUGNODE EwlDby wik @& OE b QaTdd) §idd gany
teEaéawi OUxUAaOOPEDI w OFEw €COMUI Béiartaus8 04 B8 6D 411
PLS3¢ mediana 4,8 vs 3,4,P=0,305.) | EQOOEA&T T OPl OQwbwli " 3 "NIWAGHEWIN Q&BXIrGEUD (
(CDH2 ¢ P=0,004 PLS34 P=0,002 i mCTCs (CDH2 ¢ P=0,042 PLS3¢ P=0,039 Ryc. 8A), coOONI w
Eail wa b b basdEd)zaanénsowanym EMT b w" 3 " U OEORRGE wOl 41 OET.aOEOODI wE
-EUUy xOPT wlUOUxPOOOWUDYy uwOEWEOEODP&ADI wi OUxUI UNPw I
(CXCR4, PLAURAOw OEEDI UaDad UKANE®,w PQUSF1, ALDH1Al, PROM1)
orazi OUOOPEOPE UPHEWOUER wméepwx ONEPDI 0PI OwUby wiEil ET woi ai ¢

x0abOOwi OUx ICXCRY PLAUR, RAN®G i POUSF1 (Ryc. 8BA6 w1 GNOPET wEae D

auw
gdyx OUGPOaAapPEOOwW" 3" UwOuwi 1 OO0 thazenphymainymb OXCRS Eredbazd wOUE &
3,06 vs 4,18P=0,012;PLAUR t mediana 3,32 vs 6,62P=0,006; NANOG ¢ mediana 3,01 vs 5,87,

P=0,009;POU5F1+ mediana 4,19 vs 6,40,P=0,011;Ryc. 8BAd w9 wO OO0l bwx O0apdOawi OUx
OOCEUN&éEAET wOEUOI (ABDHONE ERPROMAGUWEIEOW EPWOT U w morkehi® ENE ¢ UwE
OOEUUUPGPILWUGNODeawlUPy wx OODPYy Edaw" 3Ry&JBPOWUGCNOAET wil OC
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169
154

131 P =0.002

log,(244°)
o
1

4_

. 14
3 S,
2 v
1-‘ .
0-—CD-W-D—TD-"w b> ¢ ® : o

SCGB2A2 ERBB2 KRT19 CDH1 Vim
(MGB1) (HER2) (CK19) (ECAD)

¢ CTCs-negatywne (n=52) ¥ CTCs-pozytywne (n=19) © Zdrowe kontrole (n=11)

164
157 P < 0.001
14
1 -
3 P < 0.001
124 geeery P =0.023
117 P=0042 b1
P<0.001 P
107 e P <0.001
g‘ H
3
&
@
0
©
o
P
o
o
CXCR4 PLAUR CD44 NANOG  ALDH1A1  POU5SF1  PROM? Jup
(uPAR) (ALDH1) (OCT-4) (CD133) (PKGB)
¢ CTCs-negatywne (n=52) ¥ CTCs-pozytywne (n=19) © Zdrowe kontrole (n=11)
Rycina 7. (A) Poziom ekspresji 1 1 OGb w OOE BGEBEAR E ERBB2 oraz markery epitelialne

(KRT19 CDH1), mezenchymalne (VIM, CDH2, PLS3, (B) markery B O b E 4 & NEXOR4 PLAUR),
CTCs-negatywnych, CTCs-x 04 aUapOaEl wOUEAwWAaEUOPAET wOODHU U Qwlisal Owx OUGP

-EwpPaoOUl UDPIl wxOOE 4 ERBY W 6D GOREQB BE @6 0EDWEDOOI w/ 0aPOOEW OB
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13
P =0.087
12- eerererenas : P=0.073
{ P=0.044 P=0.012
11- H P =0.054
: ittt pP=0.070 -
w 1T g P=0.042
94 : : _I_
of [°|1%] ? P =0.039
e | 7 -
Q .
71 :
% : o e
g ® o l 8
5- o e
: o
ol | e | 5§ . ®
: - ot
3' + ]
2- *
1 o
0-L—lomeH- 5 e —owe-5r el 11 e . . : ;
SCGB2A2 ERBB2 KRT19 CDH1 VIM CDH2 PLS3
(MGB1) (HER2) (CK19) (ECAD) (NCAD)
@® eCTCs (n=7) O emCTCs (n=6) A mCTCs (n=6)
111 P =0.066 P=0.
P=0011 . ®
10- P 20059 R
= ; P=0.073
. P00 p=003s

74 e '.A...:
: O [m] I
& : -
- - A
S — =
o 54 = hd *
2 o, 1 ’ ® B
O
4 e||® . — [
ad g O :
3 K
+* E .
2_
1-
0-——88— —— 08— L 4 it T ®— — —
CXCR4 PLAUR CD44 NANOG POUSF1 ALDH1A1 PROM1 JUP
(uPAR) (OCT-4) (ALDH1) (CD133) (PKGB)
@ eCTCs (n=7) 0 emCTCs (n=6) A mCTCs (n=6)

Rycina 8. (A) / 0400w i OUxUI URNDPw ISCEBZAR W ERBE2UoRE Fnarkety uepitelialne
(KRT19 CDH1), mezenchymalne (VIM, CDH2, PLS3, BAw OEUOI Ua w b CXER aAMAVR), EPDw o

PEUUBIYDYK wUé wx OT UUEDOODI dw/ OabOBEWOBODPE i»a5% Py, wOi EDE D)
ab & Ut&zaires.
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EaOOaET wi UEOENEET

an

5.2. Znaczenie kliniczne UGN OAET wi IERDWakKGH W

nowotworowych u chorych na raka piersi

Epiteliaino-O1 a1 OET aOEOQawbhw Ol al OET aOEOOH fuyi ha@B) & x w " 3" |
ET Ul Uapbe wETl EUEOUI Urangld 40D YDosévidwadd i YW B iwNou OPNwt wa ENy U
ET eO0001l wlwBUGUAET wa OUa téned @MCICsY i, mCTCs ¢ 33%
vs eCTCs+t 0%; P=0,003). UchorychnaBCa wb Dy OU & a O &atub Tea)BIGEFPUOP | DWEAaAYT EDI
obserwowano emCTC (13%)i mCTCs (16%)w x O U G b O E @®T0su@%(Px0,023).

.EITEOQOOT T w" 3" Uwbl wOUPDWET OUAET wOEwW! " wNiI U0wOPI 00U
(Ryc.9A):ET OUI OwUwOUGUAET whaodUalOw" P& YAYVWIEA & bub OO DD w
AT O0OU wb wx OU GpEGEND 800U EOM w Wykrgrd) GNCs (BR=8,17pI5% CI 1,2321,68,
P=0,02;Tabela 11A8 w" Ow P Dy El NOwixiOEaBEcauw 8, JuwdEONOPPDPEé WEEUE
ET EUEOUI UauU0aloy wbET whEUUOT EPWwOODOPEADICNEGEBEET EOOT 1 1
odET OUAET wOEwW! " pOOOUOOD EcCARSADIBARYQ ABA 2 @ hE 4 wa w b Dy OU A
ryzykiem zgonu (HR=7,77, 95% CI 1,8532,68,P=0,005;Tabela 1) w x OUGP OEOPUWEOWET OU
CTCsO1 T EVUapPOAaEI dw 6w EOEODPADI w b BNCTHS ERAaaeCEOD OO P 14 ® @ 1 GE] af
negatywnym czynnikiem prognostycznym (HR=7,33, 95% CI 1,06-50,41,P=0,04;Tabela 11).

Tabela 106 w* OU1 OEENIT wx O 0Dy Egatolagieingii &b @ypenEDO®TEauChorych na BC.
Istotne statystycznie (PGY OY k Aw UGN ODPET wx OT UUE D OO O stasunku @d: wsdystkich OT 7 w OE OF
x U GHA).O

CTCs-pozytywne P
Cecha Status n CTCs-negatywne
eCTCs emCTCs mCTCs

pT pT1 32 26 (81%) 53%) 1 (16%) 0 (0%) 0023
P DI OO0O0T T pT2-pT4 38 25 (66%) 2(5%) 5 (13%) 6 (16%)
pN
POE]I EGOT T PN™ 37 32 (86%) 3(8%) 1(3%) 1 (3%)
xUal UaulC 0,043
doPyaeGPuw pypos 34 20 (59%) 4(11%) 5(15%) 5 (15%)
El € 000aEI
+DEAEEWAE 143 (pN1) 59 46 (78%) 7 (12%) 4 (7%) 2 (3%)
bPyaeGbuw R R . . . . 0,003
El 6 000aE] 2 Kwmax 12 6(50%) 0(0%) 2(17%) 4 (33%)
¢ ‘ G1-G2 45 33 (73%) 7 (16%) 2 (4%) 3 (7%)
pUUOxDBI Eu
I g 0,077
aeOf OBPOI G3 26 19 (73% 0 (0% 4 (15% 3 (12%
histologicznej) (73%) (0%) (15%) (12%)

ERreg 15 12 (80%) 1(7%) 0 (0%) 2 (13%)
Status ER 0,483

ERpos 56 40 (71%) 6 (11%) 6 (11%) 4 (7%)

PReg 16 13 (82%) 1 (6%) 1 (6%) 1 (6%)
Status PR 0,875

PReos 55 39 (71%) 6 (11%) 5 (9%) 5 (9%)

HER2nes 50 37 (74%) 7 (14%) 2 (4%) 4 (8%)
Status HER2 0,060

HER2pos 19 13 (67%) 0(0%) 4 (22%) 2 (11%)
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100

904
P=0.012
804

Prawdopodobienstwo przezycia
(4]
o
L

= CTCs-negatywne (n=52)

101 L cTCs-pozytywne (n=19)
0 N 1 v T T T T 1
0 1 2 3 4 5
Czas catkowitego przezycia (lata)
100
— EETTTTTRTR

'g 907 - L1
>
'g 804
a 704 P =0.005
H
:.;; 60
.g 50+ | )
a2
< 404
a 40
8 304 -~ CTCs-negatywne (n=52)
g 20 *~ eciCs(n=7)
o emCTCs (n=6)

109 L meres (n=6)

3 T T T T 1

0 1 2 3 4 5

Czas calkowitego przezycia (lata)

Rycina 9.6 x & a b wOE 1 A @& fedypuceTCs (B) u chorychnaBCOEWEAEUWEEe OOPPUI T Qwx
Y1 Eadbl w PUUOUOT w UUBKEMMIAW BOf@RHER: LhHO®ENT Wbdpd w * Udabl w xUAal
x O U G b O atestefd Barrank.

Tabela 11 Analizajedno-Bwb Dl OOE4a00POOPEWUA4Aa0EwWaTl OOUWET OUAET wOEW! "
cechy Kliniczno-x E0OOOT PE& O1 w biwad@ad a»Aii & D wlyExu-Ne EGHEG B3l witppU T U a
xUGEI OA8w( U0OUOT we,B3)poghibariea OP1 wUGNOPET wo

) Analiza jednoczynnikowa Analiza wieloczynnikowa
Zmienna
HR 95% ClI P HR 95% CI P
eCTCs 1,40 0,1%11,36 0,75 1,13 0,1210,61 0,92
[oX
%‘ 3 emCTCs 1,65 0,200 13,59 0,64 0,95 0,108,75 0,97
Ecﬁ 5 mCTCs 1,77 1,85 32,68 0,005 7,33 1,06:50,41 0,04
jakikolwiek 5,17 1,2321,68 0,02 3,40 0,6%16,69 0,13
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Analiza danych literaturowych E O U & E & iaefod igdlaci OUé NeBAEG W Ow

nowotworowych

6wElI OUw xOUGPOEOPEwW Ol UOEwWwPAOOEENDPwW PwET Ol OENDw " :
x U4l U G@pidanych w literaturze metod izolacji CTCs o UGN OAET w i1 OOUaxEET w
oraz przeprowadzono analizy statystyczné opublikowanych danych . 6 a AP EODPI w UUEOODP Dé
T eGpOPI WEIT Ul TOENEWA" <3 TUwd) a1 OET aOEOOaOwal whal Oy EVUwOE
Ol UOEAWEEAUNEGE]I NwOEwWI OUxUI UNPwUxI Eal phid §kd Owal pO
EI ETEET w I PA4aEAaOaEIl AOw OUGUaw UOONODPPEeé#&aliay PAaET bact
transkryptomicznej. 6 a OPDOPwx Ual EUUEPDOOI whwlI N3l OENPwa OUUEE a

53.6 aEENO@yskul xDUI OPEOOAET wbwll 41 OET @®EOOWaEGH auBidd G L

raka piersi w testachUa O U O GiNEEERO D 4 y uWiridziyéhl O

, 1 UOEa wUeé Uné Eildatekd) QT4 ddriElBriom | Ee UT woUall UPUOw b é ET
OO0O0GUI Ow OOP OU hadjakinb Bafije Anetoda: (i) CellSearch (pozytywna selekcja
epitelialna), (i) negatywna selekcja QUUPEODIT w O é&dpiesid ®rulaO1 UGP w O1 UOOEa U
i O O O G Lehdotalialnych), (iiAw x 0adalapOEw Ul O CFENE w &P QimsitkEuG G &
CellSearch A OWOUEA wpPYAwOl UOEawi PA4aE4AO]l wp®BEOOAEAELBEEABGEI &
OOOGUI OKB

6Dy OU4&AO0T T wOl UOEWEEAUNE EaEl w GitiecD4s ibéadsa MKDER,w U1 O1 OE
negCTC" I DxUAwDwbéET EDPb OT E D BE VWA GelSEcARREFE408y GFCMEU UOU U DR
%, 2 Ow, " OwUxDUEOOI wlUU a éng. apiraDidafiLiin evicddcharakes/je 1 w
UBby wx OERAEX0Ze(rua a O O ORRbezb B & &Y 6 U wd Bdzyiskinargdh 2000 GUT Ow
nowotworowych ( Ryc. 10). 2 x OT UGEw EOEOPAOPEDAET w EalW&Huw £ 6 B E Nyhus
whbaOOEENPWOOOGUI OwOaelsedddyanteioda EEQ QN & EERLIOEwx OaaUapOl |
w oparciu 0 1 OUx UHpCAMYET EUEOUT UaaUNT wUOH a®@ENDBN U@ D@ 1 D00
mezenchymalnym (ang. mesenchymal BQells ¢ mesBCs 237%&A Ow N1 EOQOE&T T OPI w x 04
nawysoki odzysk OOOGUIT Ow! " wOwi I OO @rgxepithelial BCREN$ epiBEBDEO
P<0,0007). LiquidBiopsy°Ow Ol UOEEw x04aaUapOl NwUI Ol OENPw pbpaobuaau
iOl 41 OET a0EOOI wUGPOPI DNwx O4APEOE wOBONWOU(MWEHEEER NUaé wb:
P<OYYYHNAOwW NI ECEORIOWUOEBW H U U1 Nw UEOTI NwT UUxawUOONODP
owszystkichi 1 OOUaxEET w$, 36 w6 E U U adkCHED do Qatekd) \Eykotrysiuji® D1 Own |
Ual UU4& a wx E O eumGidsivey ((Ryb. 10) [280, 282, 283, 352]

6wxOUGPOEOPUwWBOwW* 0O0HL 4 EVGOOT woOl UOEAaWEEAUN&ET wo
(Dynal anti -CD45 beads, MINDEC oraz negCTG4 " | Dx AwUOONODPPENEe wOUDPeET Oby E
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mesBC, oraznie gorszego RR epiBC- N1 Ea OBl wa wUnNaE pdDdbubeabsOudysk@rm D w E O U D

T OUUAT w11l wCekParchufRY®MAS w) I EOOEAT T OPl Owi UEOENEwWOOOG!
Miltenyi anti -* # Kk w EI EEUw ET EUEOUI UaaUNI wUPyw Ol xUaéwEa&aauU
w stopniu 0,5%) w x OUGP OE 0P Uw E OQDA5abdd8© (R080326@6 w , | UOEawEEA&AUNE&
naUGNOPEEEdRIEEIDP OT EPEET wi baaEadaBkl 0el3éORRER 4, ! " w g/ EL
FCMC, FMSA, MCA, Ux DUE OOl wUUaAeEA ADEWOPOBDOOBUDBAPDDI NDwUx |
lepiejw ET Ul OENPwOl U! " 0QB0OUWUVGEDPE WEIOEUA4ATl whaOUaPENE wl
xOEOUI 7T OPT OwnNi wii Oi-DEOODA Wwewdh HEHEED Bl xuwwOUW UNaAaEDT Ow
doOUPPWEOEEPEOEWNT UUWEUNEWOPEAEEWOOOGUI OwawopodPDbuw
U0OUUBOUW" 3" UwEOW/ ', "UwbwxUGEOEET wOOPOPEADAET 6w

1507 [ epiBCs
140-P < 0.0001 P < 0.0001 M mesBCs
1307 P Do

120-_

“°f
100—~
90—_
80—_
70—_
60—‘
50j
40—‘
301
20-_
10-

Stopien odzysku (%)

o
0

Dynal
FCMC
FMSA

MCA

Miltenyi
anti-CD45 beads

anti-CD45 beads
MINDEC

VyCAP

OncoCEE™
ScreenCell®
Parsortix™
2-loop spiral

8-loop spiral
microfluidic device

"e9CTC-uChip
microfluidic device

Liquid Biopsy®

Celsee PREP 400™

Negatywna m;t.)zytywna . Metody 7
selekcja selekcja fizyczne

Rycina 10. RRs epitelialnych (szare) i mezenchymalnych (grafitowe Aw OOOGUT Owaw OPOPPw! " wbha
UGNOaOpPwdl UOEEODPG w) 1ERaUDEE Qubdrl ECOEDEWMRNG ull CEBERATT 7 OP1 w11 UWEOEWOE
a0UUEeawUPal Oy E[PD,Q€3] 264> 28E FBE, Q8 ,£2890] 291,298, 301, 302, 35356]. Kolumny
PUOE&UNE wi Wd E-O0BOAAEWL) 1 EAOPT wbUPAYOY wAUECEUDAZE@OOORLABEODD
110w EaéawxOUGPOAPEDT waEwW xOO00EewmOxUBEBQEAPIBEA B OBDD G OB iwlNuwds
wielokrotnych.

6a0D0OPw xOPanNUaaETl w EOEOPawW PUOEAUNEOwW NI w O UOEaw
Ol UOOEaUBP&@iOBEROT EPDEET wi Pa4aEAOCAaETl w"3"UwabOd&PEOENE w
naich fenotyp. W x U4 a x EEQUWEOEOP&4a wx UGEI OwOODPOPE4aAOAaET wODI &l
zUNAaEDI OWOEUOI UGbwUxI Eal PEAOGAET wiEPEMBDGHOGED Kl W DOI0@
OEUGNODPI OPT w" 3" UwOEWOO Ul Owi 1 OEUOx Ol UAE&AOAET w9 E
zxUGEI OwOOPOPE4A CaAaGE Ny EOT BOD wréd EDI B E k@ B E10G MBI UupEpUOULE
TEAwpPwl UUxPl wEEEEOI Nw eBENBOAOW UDEEEIOWI wdw Dw OUG



Klinicznei ED OO OT PE4 Ol waOEEa]l OOOOUKB OB EREE WOODGED®aET wi 1 OO0Ua x E

epitelialno + mezenchymalnych u chorych na raka piersi
OOPOUPOUUWEUOT ewOUPDPOOOT O wNT UUwOEW*x3PAUEDBOEBD®OwI C
doOOOGUI Ow @R PWI OOPdw 6w xOUGPOEOPUwW EOw O UOEw | Paa
naOl T EVapPOl NwUIl Ol OENPWOENegwPanNUaéwxUal xUUUOPOT 7 Owp C
PPy OUA&l Nw OENy UOT EPw OUPPOwW EOw bw OOOUI Obpl OENPw &4PbPb\

potencjalnych CTCs u chorych.

_ gorsze niz CellSearch® lepsze niz CellSearch®
""""""""""""""""""" Miltenyi anti-CD45 beads - —_——— - i
i Dynal anti-CD45 beads - ’—O— —_— .
Negatywna . Dynabeads ™ CD45 - —O0—
selekcja | :
i MINDEC —O— -
777777777777777777777777777777777777777 "®9CTC-pChip e =
| CellSearch® + anti-MCAM Ab-coated magnetic beads -
| HER2-coated magnetic particles = '—O—'
i r'VAR2-coated magnetic beads - —
Pozytywna ; Liquid Biopsy ] '—O':D—'
selekcja | GEDI Chip I S— :
‘ OncoCEE™ '_'_O_' — .
NP-HBCTC-Chip | R
Telomescan - '—O—'
""""""""""""""""""""" Canpatrol™ CTC assay —
ScreenCell® ] 7}
ISET — O
Parsortix™ - '_O_" — .
VyCAP - —— e o
Celsee PREP 400™ — — o — 0w
FCMCH —
FMSA - —_—t—
mca- =
f?z";ég:z 3D hexagonal array |
; CD-PRIME™ ——
i VTX-1 Liquid Biopsy System | L
3 8-loop spiral microfluidic device - -
: 2-loop spiral microfluidic device = '—O—‘ -
i ApoStream® —_—
DEP-based microfluidic chip - _
taSSAW - o
1 Acoustophoresis chip - —
L ........................ Two-stage acoustopharesis chip -} ' ' | : .
-100 -50 L] 50 100

@ epiBCs H mesBCs

Rycina 116 w¥ Ul EOPEWUGNOPEEwWwxO0O0PYyEdawl11 0wl xB! " UwpOOeEAwWDwWOI
metodami [260-262, 264, 265, 280, 28286, 288, 29292, 294302, 311, 31817, 357359] oraz CellSearcl?
[297,353,354,356px OOEAEOE WOEwWOUD WS A8 w6 &€ Ua wx OOE & U NRZy NORY ik uk" w(& 80uu( OUECe Gal
oznaczone zaznaczone kolorem grafitowym (epiBCs) i czarnym (mesBCs), podczas gdy nieistotne
UUEUaAUUaE&aOPl w UGNODPEIEWD B & RBEEGAD w GOXAEPAB PFEOT w aEw x O00Ee
EPUE4AaOOPOOPT NwawxOxUEPOew#UOOI UEWEOCEwWxOUGPOEEWPDI OOOU
lub OT U! " UwOPl wEaéawEOUUyYy xOl wEOCEwWxOUaEal 1T GOOfanBtypw Ol UOEOwx OC
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Analiza prospektywna

Analiza CTCs-EBFs OEw ET OUAETl w OEw ! "w adw il UUxaw Ul OUOUxI OU
OUGUUG® @by OUaadwUaaaobpl OwaENYyEPEwbyaeGPwWET 6 000AE
OEUOI UGPwbHOPGRBNIOOME Nibron(®, geByd\WIM, CDH1, CDH2, PLS3 CXCR4
CD44,NANOG, ALDH1A1, POU5FL, PROM1iJUPEa é a wl OUxUa OOPEOI whwaEUOPAE]
najprawdopodobniej wskutek ich ekspresjijw OO OGUOEET wb a U Uy xUul@lEladEu husel u@yUeb b
x OBNYDY wOXxUEEOPEOPEWOI UOE a w U OO nE®mEr®EEANE ulE U UNEU®UA AUOEEING
pOPI PAaOET ENEEI NwOOU3 Ola @k KadHDODOODIeE AONT EAWEADBNTuD O
cechy oraz O1 ET EOP4aAOaw UUONEEI w aEw abpby OU HDOGaw EU NE BabiO
mezenchymalne markery. Opracowana metoda (Ryc. 4) bazuje na (i) negatywnej selekcji
El awbpbal GohBebaty® EMT, (ii) detekcji opartej o markery epitelialne (EpCAM/ECAD)

i mezenchymalne (csVIM/IMCAM) oraz b a O O U Eea (EMS/ED31/ DAPI). Opracowana
procedurad OUUEé EwOx BEDPDOOPEODE

54. 6 aEENOOT 1T wUI1 ET (Gebléch Odetekdjii dojédyreaych OUE NEEAET wOOOGUI

nowotworowych

2x] Eal PE4 OODU n®E@OERA WEEED wOUP D WOE wt wa.E WGEDDWWOE
krwi poddano procedurze izolacji CTCs oraz obejrzano 4 ET y U & Eaidshhy OOOGUI Ow
pod OPOUOUOOxIT Ow I OUOUI UET OEaNOaldw b aDL&EICOIMUDABIGUIT T O1 OP
negatywna ET w O O O G téhopie: OeCTCs (EpCAM- i/lub ECAD-pozytywne, csVIM-

i MCAM negatywne), mCTCs (EpCAM - i ECAD-negatywne, csVIM - i/flub MCAM -pozytywne)

lub emCTCs, gdzie markery epiteliaine i Ol a1 OET aOEOOI w Eaé a wldrieOUxUa o0
w martwych (DAPI -x Qd4aUapOaEl Aw/!, " UwbDrOUEWOOOGUOEET wOwx0O
(CD45-pozytywnych) lub endotelialnym (CD31 -pozytywnych) obserwowano

Pl POeUU&OOOGU O @D T QUGPUIOT BY' W wpE BD@E,DHO,0D 1 ,wkDER OE §

/| Ow ECEEOPUwW hyYw OOOGUI Ow & uMOBD b BenotgpOdpi@iamO b a ET w !
lub MDA -MB-231¢ fenotyp mezenchymalny) E OQwk wO+ wx 1 ¢ O1 NwOUPPwbwxUal xUOFP
izolacji pojedynczych CTCs, oceniano UUOx Pl Ew AET yU4AE&al OPEw pPaEENOO]
OP1 xONeBEQAAIAWOUEAWUU®ARIWEPPAEENDOOY W wbpaEIl PaUapbPEODOD
(Ryc. 12A; mediana 7 4570590 OO G U virawaruw T UEEDIT OE D1 w ik yk (Y Wu@r OFOBBWY Wuulll
xOwEEel NwxUOCEODEDRNBEOXBIWwWLAQOOGUT OwEaGib xu0FEGFAAMOBAE | u
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o fenotypach epitelialnym i mezenchymalnym ¢ odzyskano odpowiednio 58 ,K u6fp i 661 w [5%i W

@l Ul EOPEwp w2 # AwE OE E 0a&i MDA OB @RI RYaut2R). GREpteFebtatywrie %
AENYyEDPEw paOUaUaET w OGOAQUDA MB-14 tuhab DD EIU,P'DWOa ET w OEw O]
EpCAM/ECAD, MCAM oraz CD45/CD31/DAPI przedstawi ono na Rycinie 12C.

55." 1 01 UOT 1 OOOT T wil O0UaxUws$, 3whwoOUE NeéEchdthwOOOGUO]

na raka piersi

-EUUy xOPl OWEOEOPAOPEOOwWxUGEOPwWOE wETO0siikch wOEw! " t
i1 000axUws$, 36w)l EadODl wET OUI wOx1 UEE a N & l0Lal&a Eugxallia |
Ol E4al OPEwUaUUIlI O0OPI 1T OOwWEaeé awp e é Bd uduYukFulpk (h OWuEAQUEEG BOAUR
CTCsx OaalUapOaEl Owawoll EPEOé whw" 3"-wubUWapOwwAIeP LD BPOE
1"3" UwOUE4AwWI O0"3" UwEaeéEwODPNUA E fendthpe umérbnErpriadymu ODE 4 E a uw
t odpowiednio 0 i0vs 1,1 CTCsRyc. 13AA 6 w" I OUI wU GHEOD@yaEuU®w aus@EUT Ub OPb E (
i1 00UaxGhw" 3" UowUwA OK U wpKaCkBAWHBE, %@ AGE) tywkdmdICsa U Ow Ua o
uhuhiOh w opt vk KAWUaOoOOwl 0" 3" UB w4 wt Ok U w qphuAlobkK Aw ET OU
fenotypy CTCs (Ryc. 13BAG w 11 x Ul 41 OUEUapOl w aENyEPEwW paOuUaUaE

na Rycinie 13C.
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1004 1004
904
P =0.400
—
%1 66.6
95+ -
| 70- Ala
58.4
(o]
x x 609 e
] 4
0 0
E E 504 O
o 24 ]
x =
® R
-4 ZK1 u\‘:\‘.‘_ 304
1] = zx2 \
4+ ZK3 \ 20+
iF ZK4 \
A ZK5 104
& ZK6
0 T T 0 T
Po wirowaniu Po calej MCF-7 MDA-MB-231
w gradiencie procedurze
gestosci

Jasne pole EpCAM/ ECAD CD45/ CD31/ DAPI

MCF-7

MDA-MB-231

Rycina 12 AAw+DEAEEwW/ !, "UwxOwbbPUOPEOPUwPwT UEEDI OEDPIT wiyUUOT E
pox U&ail xUOET UOPEOPUWKk wO+wxUGET OwOUPBDBROKOGREDDOELE L LIOEHOOOGD]
z linii BC MCF -7 (o fenotypie epitelialnym) i MDA -MB-231 (ofenotypie mezenchymalnym) dodanych

do50+wxUGEI OwOUPPWOEWAEUOPAET wOET OUOPEAT 08 wwhithpd. OOT wx OU
NaUAEDPODPI wxOOEAEOOwWT UI EOPl wpw2#waw U OUAT ET wODPI AEOI NOAEI
000GUOOPT AW *xBluad OUEU A PP BUAEDNY EDEOPAET w! " w xOEEAEUW PEOE

DOOUOOI 6UOUI UETI OEaNOI T OwbaOUapbPENEEI T OWGBILEOOT T w$x" , Ows'
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P <0.001
90 gg mm eCTCs
5 3 B
: gg = emCTCs
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2 ] | 2 &
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- o B
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(&) ©  SB
= 10 Q 3B
(8] a B
(] - §E
| 8 NG B
0 B
= T B
6 i Ala 8
] g g
’ | .
b ul. 8 I
1 g 8
3 o .
DEmpEm g
04 {B IS B e g SE
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Rycina 13 AAw+PEAEEwW" 3" UwOwUGNOAET wil OV0YCEPBDE OB wWY WUOWED OUEED

Wallisad w/ DOOOPT wODODT whHEOEEMIAL A GOE & P 6 D pedydtdibihe statyslycznie

UGN amx€asuB)' 1 U1 UOT 1 6061 17 wi i O000a x GhAiEsmaytyvdyctucudrnardiu=s4y a ET wU
UOEAEOQOEWNEOOWEEE OOb b UE ud) Rdpredetiatyv 4 ENQ EDE wO 3 wOwWPBdW@UAET wl
na BC.
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5.6. Liczbaifenotyp EMT OUENEEAET wOOOGUI O wéhbrich nhbraRdpietsia E |
waEOI n o dch EnBraké@iiysiyki kliniczno -patologicznej
Jedynie E & O O bbb ETCwszystkie fenotypy ) UGN OP e EwUDy wx O0OBNHa DwET OU

statusie cechycT; ET OUI wéa wb b y-4) gudaaniOPouEgeEasui b By E ichone 2 @iriejsayr B N
(cT1) guzami (mediana 1,25 vs 0,P=0.037;Ryc. 14A).) | EQEONI OQwx OUGPOUN&é Ewb DI OO
x OEUUE P DI worIE®Te EIWD@ER Dy O U-poBytywihyck i «CUGsBdzytyivrgch U
Pwx OUGP OE Ob U wiegamniynOsthtudtel OTCs (mediana 15 vs19mm, P=0,037) i eCTCs
(16 vs 25 mm, P=0.0437Ryc. 14B). UET OUAa E| wa &Ny OR WD meut@®WGHPEDE 0D U w
doET OUAET OwUwOUGUAET wODI whpaUUy x Op Eobsarwowahnd wba BIIUR w E O w
wszystkich CTCs (mediana 1,9 vs 0, P=0,002), eCTCs(mediana 0 vs 0, P=0,002)i emCTCs
(mediana 0 vs 0, P=0.024) (Ryc. 14C). Konsekwentnie, ET OUIT Ow Uw OUGUAET w bac
ODPOI EEI O OUOODY w Epogylywnd (6% s 26 Br0,02; Tabela 12), co OONIT w
T PPDEEE®OHDDI EAOOT EPwHOUT UbI OE N D wohariizjztaanspanyd Nw U x Ob ¢
UOAUDI Pl OwOOOGUI OuLbzbé sybtikich ©B 4 B'w E a é EauUEuEEyain
zOOPI NwaUGNOPEOPEOa ODb w & t3XR0,0065vE © O WEHOO E®E DE auly EITYDQU a «
TUAEOPwWOwWPaAaNUaadwlUOx &r)hwaxWGRGEEOWRG®DEAd&T GOOAET u
CTCsb a U Uy xpddelihgtrend (Ryc.14D). Obserwowanox OOEE UOOwWN| wOEUI U1 Qwx U O
(Kie7-x OaalapOaETl AewavdO®On @ wguzie pierwotny m byéebby OUdaawUwWET OUAE
UOUGUAET wim@CeyRWOOUGP OE OB U w E O w-Eehatywrydh | (mediand 136
vs 20%, P=0009 Ryc. 15AAK 6 w/ Uaal O EENé E w UbywdlEGEBmhiewman, Ul ET x 00
chore zER-negatywnymi 1 U & E O D w OBy RvEristkich " 3 " U w cbddeDERpozytywne
(mediana 4 vsO0 CTCs, P=0005; Ryc. 15B), a podobny kierunek zmian PaUUy x OPEé Ow
gdy analizowano O b E &CE@snediana 0,5 vs 0;P<0,001), emCTCs (medianad vs 0, P=0,048
eCTCs (mediana 0 vs 0;P<0.001 Ryc. 15C), chore PRnegatywne Ea ¢ awUGP OPI NwEay 7T EDI
pozytywne (35% vs7%,P=0,003;Tabela 12). U chorych HER2-pozytywnych OE U1 UPOPEOOwk by EI
mCTCs b w x O U G b @oEcdbyth HER2-negatywnych (mediana 1 vs 0; P=0.024 Ryc 15D).

OEOD & EDE HOOOD WE 4 a w OE | E Odintused AHER?2,3choteuHBR2pozytywne
Eay il E®MNTICEpDzytywne (38% vs 70%, P=004; Tabela 12). Ponadto, CTCs oUGN QA ET w
fenotypachEMTE A4y T EDI Nwb Ux Gé ba UUF x O'P iwéundB BE {86vchdtychu a
AwoOUOw y!'w!"Owl EaPl wUaoOoObwbw!l hiwxUaaxEEOGPw UGN
Ni EOOCERE Y CADWY WAOWEOwWNT UOwWEAYT EPOPOWOOOUI Obi OENe wOEE
u chorych o negatywnym statusie ER (70% vs 23%P=0,033) i PR (64% vs 22%2=0,046;Ryc. 16).

66



Liczba CTCs/ 5 mL krwi

Liczba CTCs/ 5 mL krwi
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Liczba CTCs/ 5 mL krwi
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oUGNOAET wil OOUaxEET w$, SWEOEODPAOPEOD]I wUI UUI OwX!l w/ 1 EUVOOE w(

EIl EQOT 1
Cecha Status n CTCs eCTCs emCTCs mCTCs
- + - + - + - +

cT1 69 34 35 59 10 55 14 42 27

;I’p Dl Gy 1 cT2-cT3 34 16 18 31 3 27 7 21 13
0.83 0.54* 0.97 0.93

cN CNreg 63 33 30 54 9 51 12 39 24
@OET EOQOOT 1 wx cNpos 40 17 23 36 4 31 9 24 16
dopyaeGpPwET ep 0.33  052* 067 0.85

nie przeprowadzono 66 38 28 61 5 56 10 43 23
Limfadenektomia przeprowadzono 33 11 22 27 6 24 9 17 16

P 0.02 0.11 0.15 0.19
G G1-2 77 43 34 71 6 65 12 50 27
pUUOx DI Ewaé G3 24 7 17 19 5 16 8 12 12
histologicznej) P 0.02 0.07*  0.08* 0.19

ERreg 12 2 10 6 6 7 5 3 9
Status ER ERpos 91 48 43 84 7 75 16 60 31

P 0.02* 0.0008 0.07 0.01*

PRneg 20 9 11 13 7 15 5 11 9
Status PR PRpos 82 41 41 76 6 67 15 52 30

P 0.69 0.003 0.53* 0.49

HER2ney 89 46 43 79 10 71 18 58 31
Status HER2 H ER2pos 10 2 8 8 2 8 2 3 7

P 0.09* 0.35* 1.00* 0.04*

Status Status Stopien ztosliwosci Status Status Status Podtyp
cT cN histologicznej ER PR HER2 molekularny
=043t p=0079 P=0847. _P=0.033 P=0.045 P=0603 P=0.008

1007 28 26 5 2;5 3:5 7;) 2:3 64 2:2 32 46 a:s 2

£

o

2

c

-

o

ES
“ “ & 6 10 9 7 7 g
cT1 cT2-4 cN™d cNP® G1-2 G3 ER™? ERP* PR"™9 PRP® HER2" HER2P** TNBC Lum A/B
(n=29) (n=22) (n=35) (n=16) (n=34) (n=17) (n=10)  (n=43) (n=11)  (n=41) (n=43)  (n=8) (n=7)  (n=42)

Il eCTCs E emCTCs Il mCTCs O Dwa lub trzy fenotypy CTCs
Rycina 16. ' 1 U1 UOT 1 OOOT T wil 60UaxOPEwW" 3" Uw b w a E Gatdléydind Dw OE w E T

chorych na BC.
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57.3UEOUOQOUaxUOOPEAD]I wxUOIi POOPEODPI wxONI EaOE4AAET wOU

Transkryptomiczne profilowanie x ONl EaOE&aaET w OOOGUI Ow & 1 xbUOI O
izolacji CTCs pokazuje, N1 opracowana Ol UOEEw OPl w bpaxéabPEw OEw NEOOT 7
x ONT EAOE4AAaET wOOOGUI 08 w6 Ua aNBd O bh uBOuOUNEIUO® QU GH BADUDduW0 B
ETEUEOOIUaéObEéawUDwaOEUiNMNEﬁﬁW&E@DME@ﬂﬂM@@@@]
338 w1 GNAPAIxuWH UNPwk wi 1 OGP wpOE]l OPEO]I woOil UOEHW D/ " 1 AwO
EpCAM, VIM, PLS3, SERPINEL)x Oab OOPéaw OEw PE]I OUai POEENyw il 600a
O00GUI OwawopOPPWOOBHBGUOOPEEWOE UGN EDIT OD padsGiien OOOGUI ¢
ekspresji genu PTPRC, OOEUN& El 1 ®ye."1BKk lEipl Ul Ow OOOGUI Ow Ow EOEUI
OUUEOQUOUaxUOODP] wpUxl e OPENeEaAaOwoOUaUll UPEwOxDUEODI wxOba
UGN OD & WaspuE OPUWEOWNEOOT EPwWOOOGU]I Owa wODOPPWOOOGUOOD
PabaOOOPEOAET w OEw Kt wxEENI OUI OOw khw " 3" Uw pKNU Aw Duw
transkryptomem dobrej jak O7 ERPouddCA S w. EUI UPUNT wUOUwUDY wbdsdiki i O¢é wE a U
OOOGUI OWEOEUI NWwNEOOT EPwbhPwxOUGPOEODUdnaRydt) OIEET Ow OOF
coOONT wEaT wUx OPOEOPEOI whEUUOBOE OP wUCNCS W KivitobiénD. O wOE wNE
OPOl whbhwxUAaxEEOUwWOOOGUI OwawopOPPwOOOGUOOPAET w! " w
I OUxUI UNDPwOI UOE é w@/w'x1UudEaxeEEAIT @B HluGuux@ GET OwOODODE
ichNT EOOAOEEAOP]I wUOOEUaI B OO PRyd 1) WEGTOd nie bbisednOwiaio Gb w$ , 3 1
I OUxUI UNPwOEUOI UG P SBERPIAEIFPEIFODEODG EIT wEm ¢ awlNall wgOw:>
i1 00UaxGhPwOPOPPW OOOGUOOPAET w! "dw- Dl OOPdzidhtew OEUI UP
1 OUxUI UNPw T 1 O6Gbw NE O HEBRUBAEQOPDEAEPEDA EBUlb w x UGEOEET w
wemCTCswx OUGPOEOPUWEOwWI "3" Uwhwd" 3" UWwOEOOUOPEOOWHUUC
OEUOI UGP wl x @M @ediaadvaeEdTast 2,2vseCTCs/mCTCst 0, P<0,001 dla obu),

EpCAM (mediana w emCTCs ¢ 0,8 vseCTCs/mCTCs¢ 0, P<0,001 dla obu)i KRT19 (mediana
w emCTCs¢ 0 vseCTCs/mCTCst 0, P=0,008 orazP=0,013;Ryc. 17D).

OEOPAEwW]l OUxUl UNPwi 1 OGPwOl UOEEw@/ " 1wUOONODPPDEWE
UUEOUOUaxUGPw UPEUUOOOPEOGAET wUI Obl OE Meld B xBIOINDG 80 OND
OONOPPOT T Ow DDW WDOWPEWAwW Pw EEOI Nw 00 Ochtrd nauBCaA D& 000P
ale konkretny wykrywany fragment transkryptu jest nieobecny ( np. wskutek degradaciji
lub niewydajnej RT). Metoda RNA-Seq pozwala na szersze profilowanie transkryptomiczne
tUl opl OENOOOPEOI wUéwUGNOI wi UET Ol OVawEEOI T OwUUEOUOL
WUOAEADPEOlI w KNS waNl 6B OEARES WuOHOGUI Ow xUVUaal OUOPEDO
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a49bibliotek z 22 CTCs (7emCTCs, 150" 3" UAOQwhihvw- " UwOUE& wht wawoo
w

OOOGUOOP & MCRAw, SKkBR-3iMDA -MB-l + vwpb wlUa QwEPDI wx OEUEOI

po testach spikeD O A WO WOEx Op Pl EOPI NWEAUUUAEUENDPwWPDI OOOT EPuwIi U
sekwencjonowaniu. Do Ua Eal T Geé O b askiystycen@dh Qvigkarzystano jedynie dobrej

NEOOT EPUWEGKRI QAWBNOOOPEOPE W pODPODOUOw WYOOWEGHBI) AP ECAET w
ZEOEOPAawWOEUVUAUEOOOWNT EQé w" 3 RywdfA}Y wl Kk AwbwNi EOé w- " wop
A B
1001 r550] (KRR 100.0] [100.0 5]
144 h=ooo
Il 88.9 131 ":‘..“.-?.‘” LG
80 124 : i P<0o01 P=ooo
g, Progn R
7ol "™ ezt i poooot g é
04 Py e i ¢ : i P<o0o
= : H i : ! : jrome :
x 60+ 3z : : : i i i : P <0.001
£ I U U N R I B 1~
£ 5ol P P i he ‘
3 50 %’ i
£ 40 g !
30+
204
104
0 ! r ! r T - T -——— |
MCF-7 MDA-MB-231 CDH1 EpCAM - Vil SERPINET PLS3 PTPRC
przed  po przed  po (ECAD) (PAI1) (CD45)
(n=10) (n=18) (n=11) (n=17)
[ dobra jakose I zia jakosc ® MCF-7 A MDA-MB-231 ¢ NCs

100 154
P=0013
14
90 P =0.006 P=0008
13 e - :
80- 124 PO ; b0t
1144 @ p<po01 : I
704 H F : H
104
-E 60 :3‘- 9|
5 u'g‘ 8 P = 0.020
E 504 S
g w7 P <0.001
o L] sl : .
= 404 g & P p<0oot
5
30
4
204 34
2
10
14
0 T T T T 0- Sty e s amir 3 B
e em m CDH1 EpCAM KRT19 viM PTPRC PECAM1
CTCs CTCs CTCs NCs (ECAD) (CK19) (CD45) (CD31)
(n=17) (n=31) (n=56) (n=65)
[ dobra jakos¢ B zla jakos$é @ eCTCs @ emCTCs A mCTCs © NCs

i MDA -MB-231 oceniana przedi po przeprowadzeniu procedury izolacji CTCs , oraz (C) pojedynczych CTCs
OwUGNOAET wiil O00UaxEES (ur65) Gduclp@chn uy B @)&Parioh 1| OUx U1 UNBw OEUOI UC
epitelialnych (CDH1, EpCAM, KRT19) i mezenchymalnych (VIM, SERPINE1 PLS3 oraz markerGPOOOGUI Ouw
hematopoetycznych (PTPRQ i endotelialnych (PECAM1) P w OO O GU O E &#,1 MDA -MB6231 i NCs

od zdrowych kontroli po procedurze izolacji CTCs oraz (D) w CTCs i NCs pobranych od chorych na BC.

| O4DOOEWODPOPE wh UOEAWINE updd B MudHE | O § 20063 uédynie ésdirie w

(POY OY k A wlpGkaareEl wUé
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Catkowita liczba zmapowanych genéw

Liczba zmapowanych odczytow
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1.6x105
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1%106
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6x105-
4x1054
2x105

MC_spike—
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MD_5-

(et
A

98

oﬁo
080

Q

0

T T
tCTCs pCTCs pNCs tNCs

Liczba zmapowanych genéw

9x1034

8x10°+

7x10% ;
6x10% :

5x103

4x10°

3x1034

2x103

1!103—””

T T T
tCTCs pCTCs pNCs

T
tNCs

Rycina 18. (A)+ PEAEE wa OE x Ob E &A1 utlalOFEGRWES wwOOOGUOEET wawobophwodl
zx1 01l NwQOnDGW OHua uMBER&IDMDWspiket OO O G U O E wa w3 Pviyianlowana

dwxi é 0l RMdOGCRMBrERO@ADDIE 4 EE wa OF x Ob E 0 a@Kiwb® BB Laul)® WU E Me £ b
ekspresji w tCTCs (czerwony), pCTCs (jasny czerwony), pNCsopE ¢y OPUOa Awb wU- " Uwpbbil EPT UO
testem Kruskalla-Wallisai Manna-6 | DU0O1 aE6 w1 EOODwWUAOEOOP&AUNE wOl EPEOE OWE wh
P<0,0L U gaznaczone na wykresach.
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/ UG DPOwi OUxUI UNPw OEUOI UG hamatdpeetam@it W OIOOGHR O BB
w

@]
m B
Zz <

EOEUI Nw NEOOT EPw PUOEA&AUNI Ow NI w OP1I OUGUI w "3" Uw O
OExOUOOT ERy0.pi19l Gaddae to bw b é Ux OD b AowdtwordvE [ pochodzenie,
UAEAT TISWO®PKRaxEEOU w OUGERIEGQUWOEUTI UPUNT wUby w Nl EOOEAI
OEUOI UGPw OOOGUI Ow UOEEEUW OExOUOOT ED Gagd pavadupOx 8 w OO
nax OEUUEPD]I wi OUxUI UNDwOEUOI UGPwWOAOEEAEQAETl wOEwWx0O4
, " ,WEEUPDPOOI wubOOUOOI OUOUI UETI OEaNOPl wxU&al EwOPOUOGO
OOOGUI OAw OUE&AwW 1 OUx UI U D ugiKiwCaraW i e & & © Buwd FuoOU Oé ’E U w
OEx OUOOT Eibdddotellalych, markery epiteliaine oraz keratynOw OOOGUODw x OE UE (
od chorych podzielono na 4 grupy o profilach ekspresji progresywnie PUOEA&AUNé EAaET w
naEl EUEOUI UaUUaOy wOOOGUI OwR@AHEUwWDOOUDOOOOT PEaAOT T Owc
(i) prawdziwe CTCs (ang. true CTCs ¢ tCTCs) + OOOGUOPw x OEUEODT wOEw x O
x04aalapOi 1T Ow EEUPD]I OPEw EPE&éOOPAET w I xDUI OPEO
OEUOI UGhPw OUE4A4w EUEOUwW Ual OEéeVUw OEw " #Kky" #1 hud w
neba OE & UNé ul (paxiom BKspelji genu <4) markerGPOOOGUT Qw U0é EE Uu
immunologicznego.
(ii) potencjalne CTCs (ang.potential CTCst pCTCs)t OO O GU O b w x (phdsténi@l w OE
x0aaUapOi 1T Ow EEUPDI OPEw EDEé OfézanEhymalnick DUT OPEO
OEUOI UGPEUFEIHAU Ual OEéUw OEw " #Kk¥v" #t vdw 3UEOUOL
PaOE4aUNe wREOKUDUEGWOOOGUT Owlde E Biwdsda o @O T
endotelialnych oraz1 OU x Ud KWGEWO T UGb wi kefatyd. OPEOOAET wh
(iii) potencjalne NCs (ang. potential NCst pNCs) + OOOGU O b w x Oppdstakdd w O E
x0aaUapOI 1 Ow EEUPDI OPEW EDEéOﬁ)@zanéhymalnycth OPEO
PaOEaAUNE wRPEOERUOUNGP wuOOOGUI OWwWUOEeEEDGOHGOUOMOOT
endotelialnych, przy braku ekspresj (<4 w OEUOI UGPw I xDUI OPEOOAEI
aboba OE4aUNé wl OUxUI UNywpa KAwWOEUOI UGPwIl xBUI OPEC
1 OUx Ul UNPw paKAw bPYyEI Nw O6BDNw Kw OEUOI UGbw OOOG
i endotelialnych .

(iv) prawdziwe NCs (ang. true NCs¢ tNCs) -OOOGUOPwx OEUEODI wOEwx OEUU

Ual OEé¢ BDDOE OPEOOAET whbwoll al OKiCa®BOOD®I RUEWERE WEIGU G
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/ ONT EaOE4&]l w OOOGUOPwW daw OPOPPwWw OOOGUOOPAET w! "w bacC
OOEUNGEAETI WEDEEOEwWOExOPDPI EADEOOI waEwWwUUU&AaOEODODIT wi x
(KRT8, KRT18 KRT1IX Ow OEUOI UGPb w I REPUOCR,EMUCH, EEPGAM i CDH1)
orazOEUOI UGPw , $38w U" 3" Uw Pw x" 3" Uw pPaOEdabPEeéaw OPUO& u
aleOP1 OU@WIEW w1l OUxUaOOpPEcawill Oaw XOBUKRITE) avE geda EOOT w * .
O O E U NsB1a SCGB2A2(Ryc. 19).
OOEUN&éEAET wOERLDYI Rya ol OBNOBD E & OPI NU&AAET wi O O1 OUGPwOO
#EOI wOPUI UEOUUOPT whPUOEAUNEOwWN! wadENEUNEE]l wUDbyYy w buw
PWEPOUEEWXOEWUPET yOwnNi w/ +30woO0l éawadbUUET wxUadaxEE
CTCs,zEEOU&AAET wEOEODawbaU&aE4lI 1 GOOPENEEAET wUGNOPEIT wlU
pPaeeEaOOOw OEUOI VUaw 1! " Uw Dw / *®B8 WwUgsmH uO W & DD OB i EED Ul
na platformie online Human Protein Atlas [347].

| OEEAEUwWl EAawODE 4 ERWCHDDT WAHGDOWD E £ wRy® $8&) icabd 3 " Uw D w -
Ryc. 18CA8 w. aOEE4AEe OEawUOOwN] whw" 3" wd dddbwitwdrom@iG P wUO1 T E
-"Ubw/ UdaxUUaE4al OPEwWUIl wxOUPDI UEAEwWE OEtOBCSENGY,GNODEOD
EOOPOOPEéawl 1 Oa woOOE U N ébisbrmabpiteiss OF /WO A& Ui N uuEpBs®dinSluupE OT 6 u
protein L - 1/ +UAw xOENI EOOUUOPwW UAEOUOOGPGwW )1 EaODPl w EPE
x OEPanuUaodé wi 0C%)WitaTAEQugXHUN& E1 wWEDEE OOWEaUOxOE4&4OEU
z FMR1 (ang. cytoplasmic FMR1 interacting protein & CYFIP1) oraz E1 01 UaOE4ay w Obaada
(ang. lysine demethylase 3BKDM3B) (Ryc.200 wx | ¢ OE wOPUUEwWl | OGphpwUOI T ENEEAE
40UUEé Ewba U4 HakIUGOODOOE wh

6wEI OUw O60UI T Ol OPEOwW bw NEODPI w xUOEI Uaw &EEOT ENOPE
xUal xUOPEE4& OOOWE OE O payoulGODEG@OPER & wixW®EOWa wapPbeé aEOQ]
x UOEIT UawaET EOOP E hbrakterysty¢ze'da€@ @O0 & Wl OwUOEEEUwWDPOOUOOOOT

cox OUpPDPI UEAEwWODI Ol UOOEaUEUOQawET EUEOUI UwxOEUEQAET w!
E

w
wU" 3" UwaOUUEeé Ewb arabalifig] 1T GOODOOE wb
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Rycina 20. &1 OawUOI 1 ENEEIl wUGNOPEOPI Nwi OUx Ui @niddianej @iB@esic 4 a w 0" 3"
w tCTCs zaznaczononaszaro,ageny OwOE 05 N O O 1O00uHE UONEXEU T kNCEEUN | E Oitna G@dd.wlUa EOU O G
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-log1o(FDR)
L 419 G0:0002181~cytoplasmic translation
1G0:0022626~cytosolic ribosome
R-HSA-168256~Immune System
F 418 R-HSA-156842~Eukaryotic Translation Elongation
R-HSA-156827~L13a-mediated translational silencing of Ceruloplasmin expression
| R-HSA-72706~GTP hydrolysis and joining of the 60S ribosomal subunit
- 417 R-HSA-72737~Cap-dependent Translation Initiation
[ R-HSA-72689~Formation of a pool of free 40S subunits
. R-HSA-9633012~Response of EIF2AK4 (GCN2) to amino acid deficiency
- 116 { R-HSA-2408557~Selenocysteine synthesis
" | R-HSA-72764~Eukaryotic Translation Termination
L 415 = R-HSA-927802~Nonsense-Mediated Decay (NMD)
- | R-HSA-1799339~SRP-dependent cotranslational protein targeting to membrane
o o | R-HSA-2408522~Selenoamino acid metabolism
- 414 ,/' \\\ \’ w R-HSA-9711097~Cellular response to starvation
;\ /\ G0:0003723~RNA binding
\ = R-HSA-9010553~Regulation of expression of SLITs and ROBOs
A 13 E - ( \'\ GO:MZS#ocaI adhesion
Q 'R-ugA-g 695~Neutrophil degranulation
L 112 - ((w | R-HSA-6791226~Major pathway of rRNA processing in the nucleolus and cytosol
- 'R-HSA-376176~Signaling by ROBO receptors
- R-HSA-72702~Ribosomal scanning and start codon recognition
E 411 . R-HSA-72695~Formation of the ternary and sub ly, the 438
. R-HSA-202427~Phosphorylation of CD3 and TCR zeta chains
R-HSA-1280215~Cytokine Signaling in Immune system
410 R-HSA-2262752~Cellular responses to stress
. GO0:0045730~respiratory burst
. hsa04659:Th17 cell differentiation
19 . G0:0042613~MHC class Il protein complex
R-HSA-71291~Metabolism of amino acids and derivatives
8 R-HSA-9012999~RHO GTPase cycle
. GO0:0043020~NADPH oxidase complex
@ G0:0001891~phagocytic cup
T hsa04670:Leukocyte transendothelial migration
. hsa04514:Cell adhesion molecules
hsa04658:Th1 and Th2 cell differentiation
6 . R-HSA-9013149~RAC1 GTPase cycle
@ R-HsA- ~EPHB forward si
R-HSA-9013404~RAC2 GTPase cycle . =
5 @ G0:0005884~actin filament Liczba genéw
@ R-HSA-912631~Regulation of signaling by CBL
4 @ R-HSA-389948~PD-1 signaling
. hsa04662:B cell receptor signaling pathway 132
hsa04650:Natural killer cell mediated cytotoxicity
3 G0:0008380~RNA splicing
@ GO:0005885~Arp2/3 protein complex . 22
R-HSA-9013423~RAC3 GTPase cycle
2 . G0:0051015~actin filament binding o 4
T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
Krotnos¢é zmian
Rycina21.6 aEUEOI wxUOEIl VUawp&. w! / Ow&. w, %Owll EEUOOI Ow* $&&A0OwhPhwOUGUI wa
DOOT Ebauk £ QIGPIUMOPEOa E|l wb wEE Oa& logudFOE.] UOWE wNI I OwOOO0OO0OU w
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6. Dyskusja

Qw UPET Pw OEw OOO01I OUGEUOGew 11 0T UOTT OOOT T w"3" Uw OUE
metastatycznej, istnieje potrzeba doskonalenia metod izolacji i detekcji CTCs. Nie wszystkie
OEI EOPI w UUOUOPEOI wxUOUOOOE aw UOGRHkeD temvtypack, a ET P a E
APeEUVUAEAEWUAET OwOUGUI wpUOU8SAOV@E¢ awWOUBMEBBEABE ©ODBDUWHED
243, 248, 257259, 277, 36B75]

- Dl EOUUOUOPEODI wWUUUEUTI 1 PPwbpaOUabPEOPEwWI T Ul UOT T OO:
N Imetoda CellSearch ¢ zaakceptowana przez FDA technika izolacji i detekcji CTCs u chorych
na wybrane nowotwor y epitelialne [271—274] nadal uznawana jest za 4 é OUaw UUEOEEUE
cechy budzi obawy (47,5% vs 85%b w x O U G b GEre®dy wykor za UUUN&EIEDR EDE e Ow
anty-csVIM) [258],1 Ea MW U1 OWEOUAPEEND WS, 3 wb woO (067 eképkefid wOOP O U
OEUOI UGbwli x b GymOmEAMOGEE WAIPU Ow OwOUGUaAawOxEUUBWNIT U0wb:
UOI T EWOEOPADBAHBOG&EDBWXxU&AAXxEEOUWPAEUE OadgiesvdpmODD wOOO0C
fenotypie [275, 276] . x EUEDI w Ul Ol OENPw OEw 1 OUxUI UNPw EOEEUO!
Ol 41 OET aOEOOAaEl wbwOEEDPI UaaUUAET wabby OUAEGXARERIEW x OF
fenotypach [282, 352] do tej pory N1 EOEONIT wil OUx Ul UNEwOI & EGERaAE®WA ET

EOEOPAOPESEWPW" 3" UwbDaOOOPEDAET whPhwOXEUEPUWOWOEUOI U
UOUUI EAOGEOW T EAawDaOOOPEDT w"3"UwAEETI OPUNEé wEI ET aw i x
gdy ET O1 OwNI1 UUwh & ODEEENEWE 838 1URDWEOEMTHE QW OP EOT wb w

#EOI woOPUI UEOUUOPT wpPUOE4AUNEOwWNT woO"3" Uwp" 3" Uw Ouw E
P a U0y xT1N%adudbych z przerzutowym i 35,5% z operacyjnym BC [47JO0WE wbP wOPEUyYy wx OUU
El OUOEawUwWET OUAET wODI OExOPPEEENEEAET wOEWUI UExDPy wdbD
cechy mezenchymalne[24316 w9 EUUOUOPEODT wdDI b é Eideityfikadj NnCOGsET OP ODP w
AaPPyOUAEwWUAaa&aa 00w U aegahywEeQdveynikl Hetekch 47 E0U3, 258] a utrata

PDOi OUOEENPWOEWUI OEVUWUUExOxUOEENDW" &'tHonyck aalBCy x UN &

|'|'|)

UOUUOUNITI wUaauoEODODI OwoODbi xi eOkT duwondnaCndbal wdi D6OHHX
eYe] éLuEOUdérEljid:IEldirﬂcinielinformacji, dIategoOExObE)i EOPI wWAExUONI OUOPEOT

charakteryzacjiOw Ew U OPT UUDOOOPEDI wOEwWODP]I woOl Eal OPI wUUEOOPDW
x OPUUEPEODIT w876,8T7IHOEECPAHOP OOwx UOET Ua wBEA AN A ampEda0d | Euble Ut
" 3" U wO EnkedoSiatedzhie poznane. Zastosowanie metody izolacji i detekcji CTCsOx 1 UUNé ET Nuw

OEwNapbPaEl wOOOGUOEET wOUPPI UEWAaEUI OQOWEUOT y wEOWPET WEODE

PET WEEUEA&aDPI NwUa4 E & tharekée®zadiNWEDOOOT PE4& Ol Nw
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Analiz a retrospektywn a

W retrospektywnej E4ay E EB BE w O x D pracd doktdrakiéj przeprowadz ono EOE OPay w
I OUxUI UNPwiT 1T OGphw Ol CEBHE évabagactngchu weuwszystkid fenotypy EMT.
"T OEPENDW AEUUOUOPEOEwW Ol UOEEwW OP1 wi PEUEOUUNI wUaaUOE
OUGUENT wEaT waEODPI EAAaUAEAOOEWOOOGUOEODWOUPPwWUAEAT T
I OUxUI UNPw " #KKAOwWw UOwW AEUUOUOPEODI w OExOPDI EOPI T Ow x
obserwowanegow 4 EUOP A ET wOOOUUOOERPIOAEEO®P @O0RAE OEBEU A DOEEN

W przeprowadzonych badaniach wykazanoOw Djédna trzecia (6/19, 31,5%)
CTCx04daUapOaEl w xUGEI Ow pPaOEaabEeEw NI EOOE4&l UO&w 1 OU
i mezenchymalnych, a eCTG i mCTCsx OaaUapb Ol wET OUI wUUE @b BESH wOEx ObE
badanej grupy. 1 Gp OOE & 11 W@ e B E w Gepiteli@hyehGib mezenchymalnych OON 1 w
PUOE&AabET wOE wOE I PAKAT é bua dJEIY GHOSE ténatpie czysto epitelialnym
i czysto mezenchymalnym, jak i fenotypie epitelialno-mezenchymalnym.Jd EOE,@GMIwbal Oy EUw
OEwOT UEOPEA&T OPEwWUUOUOPEODI NwOi UOEaOwODPl wOONOEWEaeé Ow
AEUGPOOwW EDPIi 1 OOU §490 BN jakwi PI*xB&@UUY x OPEODPT w bw OU&éNi 6P
o fenotypach epitelialnym i mezenchymalnym [379] abPédaB&uu bbby OU4a4adw Uaaaob
PaUUy xOPEOPEwWxUAl UAUUGPS w6 wx U4 a x E E-@mBzenctymalhymO wi a EUa E
i1 000axbl OwdDI OOU4& aUUOE w x UnddyvafiémEme26zhymainich teaha D& 4 E O
APPYyOUAENEGEAET wxOUI OENEe wEOwi OUOOPEDOPEwWxUA&ATI UAUUGDH (
UOONOPPPE wWUA4 a E ([BE& 880 Gedrd@d@datet RyAOT 7 wi " 3" Uwbhbwd" 3" Uwbt
UxUaaNEwOOOx]I UEUabPOIl NwOOOOOPAEENDPOWO" 3" Uw VU wWEEUE®
doOEE&DPI Ol OPEwWUPYy wWOEWT UAEOwW xOOOOE OBE E BWH U &Jla WUrEEK
woUéeniaGaWwdw 3" UwET EVUEOQOUI UaaUNée wUDby wbpB®PIWHOwWx OUI OE
OO0O0UI O1T EPI Ow EQOEOPAEwW " 3" Uw OFEw x@alpDubdHpACAIERNA (5 a4 QUE 4 |
xUl EaaaNOI T OwOOUi T Ol OPEWPET wil OO0U0axUwbwil Ul UOTIT OO0

61 EeUT wEEOAET wOD W haBEDWUIWDDPIAEL WEE OWWOEOI T e adbOwlwo
0" 3" UOw OENEe wi OUaTaz3y 249, @baP€daak wola CTCs o mezenchymalnym
i1 000axbl wOPl waOUUEEEwWNI UAE4AT WEOOEEEODPI WAEEEEOE W
metastatycznej. W grupie chorych CTCs-pozytywnych, 61%b a OE4abbB&® Wi UNy wOEUOI U
mezenchymalnych CTCsOw x OEEAEUwl EawUwt iOKUWET QUAET wbhbaUUy x OF
na ekspresji VIM i TWIST1 Zhang iin. (2017)p a OEAEODWOET EQOT 7 wi 0" 3" Uwby OUE
atylko mCTCs u 1% nieprzerzutowych CTCs-pozytywnych chorych na BC, co stanowié O
O0PI NUaawbEUI Ul Ow Ob N wrremwowych (odpivaednio BT,89d) &,E%) [47].
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/| OOEEUOOWOETI EQOT T wi 0" 3" UwbyOUEwWO" 3" UwOOEAEEEWUDY U
xUal UAUUGPOWEWOET EOOT T wOE P kdah khwi Bivbdiwejttl 3choyeh b wk w O+ w
na! " wEaeEwabbe AaEOE w & 3. WO pracy OWN i E2018)révBsiruowano
EOEOOTI PE4AOE wWAaEOI NOOT T wOPYyE4daawbPaUUyxOPEODPT Ow" 3" Uwbu

chorzynaUEOQOE wbP &8 UUOEAQwUwOUGUAET wPEFeOA MOEDO @YU wWud®W DODiudt
eCTCs i emCTCs [381]. Bardziej agresywny przebieg choroby w przypadku detekcji mCTCs

x OUP DI U Béyike apishne w pracy doktorskiej + oE1 EOOT T wO" 3" UwbaoOUabPEODAE
UNAaEPUwPaOObU&aaUUEODI T OwxUal al wlEaBB2 8aAG82ADIM,CDH2,wx EOT OU
PLS¥ w E a € E w & briuétaice W& Bayan ryzykiem zgonu. W CTCs-EBF o hybrydowym,

epitelialno -mezenchymalnym fenotypie zaobserwowano x OEpPanUa 00é w ALEBUx Ul UNYy 1
coPbUOE A& UNIT Owni wprdypadkk Gka jelialyiiiego [382], PLS30ONT wEai wUOUUI E&a O
OEUOI Ul Ow" 3" UwxUal ET OEaé¢EaAaEl w$, 3SOwWET EUEOUI UaaUNegE
WOOOGUOEET wOUPPWOEWAEUOPAET wOOOUUOODG W

Analiza metod izolacji OUE REEAET wOOOGUI OwdHOPOUPOUOPAEIT

Na podstawie danych OB UI UEU U UOP a E ivynikd xUp WIDNGEHm Exfkazano,
NiPDy OU&OT A OUORMHEQUOPEDOAET whwEl OUwbPaOUAaEPEwW" 3" Uwbuwl
OPNw" 1 COAIOBURITE udltzas"gdyGylko OP1 OB Githipa OEAUNé wl OUU&aawUU
OEaauUoOlwl " 3" Uwb wCelsedech®EPDPEQ@EBHaT T OP1 OWNEEOEwWawol U0
tejO1 UOEaAa wNEOOwA é dtudetbtk@iuU UEOEEUE Uw

/| OUGPOUNE EwWE E OI-lu@uwdU BAGr WEK @O0 uEE OV by Owni wi
mCTCs UOONOD wibkanee @l UOEaw i DaaE&aOl Ow O1 1T EUapPOEwW Ul O1 OET
naUal UOOPOwWXxEODI OUWOEUBKBGY uepOEDHD]I O&lOb §BHE B DG TERDWE FulC
fizycznych nie E a ¢ a w E O Uranfadwid sté&sbvane do izolacji CTCs z x UGET Ow OODPOPEa& Oa
coUODPI OGNPWEPE4a] OP1 whb Bi andliZzachw U B & D O w b B aedyfikowsai€ | 6 w
przez FDA w 2022 roku mikrofluidowego systemu Parsortixc / " huw NEOOw UUAEE&T
do wzbogacaniaw CTCsx UGE] OwOUPPGP&EWEudWa BA WU OUPOD WEHEIUDE § C
doizolacjiUal UOODPI T OwU x 1 OBU QWA ul xAQRAOEERasadtR£PD poEval® a E1 6

EEOCAET wOPUI UEUUUOPAET wODPI UPI wal wUOEE WO auE@®dI Evax @l

OEwxOEUUEPDI wi OUxI Ualdl OUGPwxU&l xUOPEE&AOOAET whwUGN
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OENyUOT EPwOUPPOWOPEAEAWEOEEPEOAET wOOOGUI OwOUEawWUI
OO0OGUOOPAaET wOEwWxOEUUEPDIPaEDEDOPEDRABOO®OOGOWEO*xUAIT E
DaOOEENPWEOGEOwWOXxUAaOEOOI T OWOEUOI UEWOONT wUOUUOOPET w
aleOP1 OO0OPI E4AOPI wROAOPE CGEEwWAPYPHOEUPOPEODEWI 1 U1 UOT 1T O
PUAAEEUOOT T wxOU&aEa4AlI T GOOAETl wOl UOEwDha EOEEODRWBT auxWGE D
OOPOPEAOGAET wabDopdDbPEBUWOBaAaUAEAOI NwWUOOPWOEXxODPDI EODI

-EwWEI PPOYywOEI EQé wOT UEOPEAOOEWDOOT 1 WEEDQAET woObUI L
OOUI ¥ GpiyBeinego markera do detekcji mCTCs, co stanowi uzasadnienie kompleksowej
charakteryzacji CTCs z xUGEI Ow OOPOPEAOAET w OEw x0apOOPl w x
co przeprowadz ono w analizie prospektywnej opisywanej w pracy doktorskiej. Definiowanie
mCTCs nie powinno Ox Bl UE1T wl ODx W IOEND wpl@jEtiofdwychG ek EMT -TFs,
OUXHAEx OPPEEENEé waEwWUI T UOEENY wU G N[E8H)BN "usx"Uldu QUFELO AP ONDI Oull
ITTUITUOTIT 00wl OUxUI UNy w OE UEMU, Gliateg® zastbsvianiea WieluO O a E 1
OEUOI UGPwOONI wabpby OUaal wElaf@e EDHeiEd e mE@IDWE W IUVEDIWBD
markera oraz OEUOI UGPw bPa OOUE4AENEEAET Owl EanwxOUaEal 1 GOOI v
(np. VIM, EMT-3 %U A wOOT 6 wUOI 1T ET wi OaxW0 yONPhieskfive(RAE) 50, QM E T w
369, 375]

Analiz a prospektywn a

I E & Uhéwlgnikach analizy danych literaturowych, O1 UOEy wba OOKBEBAPBO& w

w ramach pracy doktorskiej oparto Ow O1 T EUa b @@ w QWD BOER P DE Ga OOEE Ny v
OPbl a4 EOI d@&EMD Wbogaceniew CTCs krwi obwodowejod ET OUAET wOE w! " wOl U
PPDUOPEOPE wbwi UE E b InégatpnnaudelgkdiloDA5& Dia AUB @2 DA ET wOOOGUI Ouw
potencjalnych CTCs. BDOU & Ewx OEWUPET ywi 1 U1 UOT 1 OOOT T wil OOUaxOb:¢
CTCs, PET w EIl U] GE Ry>wE Ok 6w OE Ughtlialrgdh w1 EpCAM i ECAD,

oraz mezenchymalnych ¢ csVIM i MCAM . Wybrane markery mezenchymalne Ué wi OUx Ua OOpPE DI
Pw OPOPEET w OOOGUOOPAET w ! " w Ow Ol a1l OET a0OEOCOaldOw il 00
o niekorzystnych cechach kliniczno-x EUOO0 0T PE4a OaET wb wU éQsilpeDasd, 66,1 wa wO U (
38638816 aUUy x UN&GHIOH®IH@ME &l wOOOGUOEET w &kdisblegulR48Ea ET wUD

(CD45) i endotelialne (CD31) pochodzenie potencjalnych CTCs. 2 UUEUI | BE xUaaN
w opracowanym protokole pozwolPeé na OOUI ¥ O1 OP1 w i1 0O0UaxUw xONI EaOE
epitelialnego, epitelialno -mezenchymalnego i mezenchymalnego,orazDET wOPOUOOEODx UOEE

DaOOEENYy wbhwEI OUWEEOU4&TI NOWEEUEADPI NwU 4 EGptatosan®d b1 NWET E
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Ol UOEEwWODP]I wbaOOOPEEeEWUEONT wxUIl I 1 UI C”)Etés&@fh@dikwiﬁ)ééém ou

NI EOOEal 71 OPl wUaaUOUNeEwPanNUaawl1lwUAET wOUKEUOPET w
(23,7%[341]).

U 48% (50/104) operacyjnych chorych naBCEOE ODPAa OPEOAET wxUOUxI OUapODPI
emCTCs i/lub mCTCs, zal u 26% (27/104) jedynie mCTCs. Podobnie jak w przypadku chorych
analizowanych retrospektywnie , odsetek mCTCs-pozytywnych chorych UGN ODPé BB Y GIOED
OPUI UEOUUOPAET OwbpaOEa&aUNE E wiNCTOAEA) [BAL]DWaltd jednak a Ux U O x O
APUGEDPT wUPET yw OEwW i EQUOwWNT wNI El OwawOEUOI UGPw OI &l
do detekcji mCTCs ¢ TWISTL, x OEOE ODP 1 wN E O w-THR3 §ebtleksirgnowardy ,nd niskim
x0abDOOPI wPbwOOOGUOEET wOOPOUPOUOPAEIODOWEWDDEHAEBWWNT E¢

—;

regulowana x U4 1 4wl EDI NOPwWUUEOUEUDERND NBVE. Dddkevbuabalrd a P UN & E

|'|'|)

EEOCAET wODPUI UECUUOP AESIOB b WO E audEIVOW NEGHWwUOONODPPENE
mMCTCs u przerzutowych chorych na BC [341].

/ U4 al Oé BEaEENG B yEub O Grab% OTTHa déchamikliniczno -patologiczn ymi
chorych na BC, OONOEw aEUP BDF BPOUNDWMWIU Oa ET w UUE U absednoitaad) D1 w UGN (
gdyUba x E0Ua b E O GDEBES @hwBzysikich fenotypach)Ow E Ow U UldetekgjaN 1 Ow Nl
"3" UwbwEEéeadwUxi OUUOOmWII wdVDaGEE BT, BUDYy wORwHET wa OEE
chorych mCTCs-pozytywn a ET w E4ay 7 BHERZEWEBE OO w OUEAw OPEéaw bPaUO«
proliferacyjny. " 1T OUIl wOEw3-! " wEay7T EPI NwbaOEaabPEecawbaUOOEewl
wx OUGPOEODP UwWE OAE (868 IaBhEiOWa ET wa wbbDy ET NwOBNwWNI ESa Quw
91 whPal OYVEUwWOEwW!I EOUOwWN] wUwWET OUAET waw3-!"wEAYT EDI
Kliniczno-x EUOOOT PE4AOé wOUE4Awaeéel wUOOOPEODODPI wgtt ¢OwbdETI EQO)
uRT EOI NWE T ENEEGGNT TwOwp Py OUA B wl DEWYAEGDHODEDAOO] OUC
abbé afefoabdy OU AW dpauE®@T
metoda izolacji i detekcji CTCs OBl wb x é a bE é E w0 E wN EadalizowanychUEDARL adx U O O U
w testach spike-in, jednak OE UIT Ul OQOw EOEUI N w poEr&gh Bd chotyéhOnd BT O w
EaraUER OP]l wOPNU&A wdODNwh wx Uacp@EECEEDIUuLKDJM]IHMEEX@EI(IDJO 106X
NI wOPOPT WOEBREUWAAWEEDOPAOLEODEDPEOV A PwBwUA OEODAET w
podczas gdy CTCsOw EOEw OUGUAET w UOEEEwW OUPDPOOOT Oaw,0P1 w NI U
USEUENOOI wOEwWUa&T Ul 1T w Eaad0db Qérkodrdnidl Wneddadibzaek $trésw UE OP E 1

OOUatEEEaNOaOw OOOUUOOEwW al w UOUOOaw UOeEEVUwW DOOUOOO
i PANOOOT PE4 OO wecd) OOOBE@GRUOPEEADT w EOw AET EOOPEODEW |
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toUGPODI NwOONODPDPOT T wi 1 06U aniskbpriefubtdivech Inetatunp. ERCRY OO E é w
co U O ¢ E O Btasowaria wysokoprzepustowych metod takich jak RNA -Seq wykorzystany

do przedstawionej w pracy doktorskiej biologicznej charakterystyki pojedynczych CTCs.

6a00U4aaUV0UNEEw Ox Uidadibi Edé&ekai G IOMOEWR OEA4aET w OOOGUI Ow
obwodowej pobrano + + w OO OEGUIIBIUNCs) od chorych na BCOw O Updddana
sekwencjonowaniu transkryptomu. ZaobserwowanoO wlNl wEa&ay 7 T ue@x@GUH CO0®EuQUEELE é O
OPEéawl OUxUI UNy wOE U O QGO B4 fullll - O BuBrGOBAEAD XU EI O O U a x
OOOGUI Ow UOEEEUW OEAN baOOBEGOGOE Wémuw | EeVUaabPbl w abEI O
jako CTCs, wprowadz ono ich OO E U a | Co«GBophifjuiu OU x UT UNPwx UOT Ul UapODPI whk!
EI EUEOUI UaUUal0ywoOOO0GUI Owdlwe EEDNDIODIOOCOOPE&EOEUDOI
x04aaUapOli 1 Ow EEUPDPI OPEw OEw OKIIE0GEIuw 0 x®WE Bibk GFAUET |
orazEUEOUw Ual OEeUw OEw " #Kky¥" #+ hOw OUEaw DUEOUOUaxUOOE
OEUOI UGPwWOOOGUI OwUOEé EEUudpDdadddbdaba vy dd dndiadhl E
funkgciji biologicznych.

/] Uaal OBEENEEWUPYy wxEUEOI OUOOWEEODAETl wUAAUOEQAET wt
OEEAa0GBGMMIW UDYy wxOO0DPYyEAawW xOE] UUXxEODW xOEUEBAET wo
zmapowanych OOP1T NwOPOGIP w-OPUMNU4& & wOBEM B yEUNIEIEGEW TCOU x U1 UNBD
potwierdza obserwacjaOw Blu x OUGP OEREsUATEIOuOGP w OPEe Ow OEODNOOe w i
67T UBEBhT 1 OGPWEOOPOOPEeawl 1 DAawOOEUNEET wxOENI EOOUUODP W
dla procesu translacji. Zmniejszona ekspresja RPL15 w" 3" Uw 4 @xWEEDE w NEOOw T e G
E4aa00POwxU4aaE4aa0PENEEaAawUPy tabdwalEd EODPE @O 0aE QOO
uchorych na BC[33216 w ) | EOOE4& T TOEINEGEWEB O OW x OEPanuaododl Nwi OU
$ CYFIPLOOEUNI wE OOy wbOl PEPUOUEWUUEOUOEENDPwWxOxUAITl auw
3911 # EO1 wODUI UEOUUOPT wbhUOE4AUNE wOEwWxOUI OENEe wbOl PEDC
BCOWAEUGPOOWUUOUOPEOAET wUEOOE &abi O]GoR3941% Fa ®bEDBRUEE] EEE D
przedklinicznych i OODODPEA&ADAETl w OPl wEEN& w NI EOE Ouwtdstoviade04a OEE4 O
terapeutyki OOT 6 wUOUUI E4 0PI wi E O OP E 1 huabhadediNIBuEdudNb GAOGGERUAU wi OGP |
ubocznych dyskwaObBi DPOUNEEAET whET waEUUOURBREBEBPTI wbhwx UEOUAET w

#UUT Pwawil il OGPwOw x OEPanNUaKIVBE kodu@ (ExI U3 1 WRaRQUE B v W'U3 'Ua
ObaadOpPaEli woOl OOGPwWI PUUOOGPOWOUGUEW xOxU&al awUUUPE O
naUl T UOEENyYy w EOUUy x @895]. BEBrw ET W @EH Wadiruw b UQWGDEEQEEO Qy w
OOPOUPOUOPAET wxOxU4&Al 4w UPONT wEaAaDPEEEODPI wUITUOEUOUO
OOUE&OPAET w EOE w kabp bGUAUE © BdvBtlotiénienn . - EET OU xKDMEBN y w
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obserwowano w nowotworach epiteliainych [396-400], co abbé A EOI uwdbid ©Ow &a U0 Oé w
ET EUEOUI UaUUabme ao0mbmnbhbeE@OOD wi G398 4000wV O00O0PEODI Ow

W raku jelita grubego KDM3B x | é O bregulfdddey iwE D1 NOPwUal OEGEAaEEaANOI N
x Ox U4l a&w E ledd@ralEzGiBgdddem promotorowym gen Gv O OE UbhedEOE UT OP Oy
oraza EEOT ENODPE & BAmwAXIN2 (ang. axis inhibition protein 2i DKK1 (ang. Dickkopf
Wnt signaling pathway inhibitor 1) [401]. W ODOPEET w O O O GKDOMEBRraktiujeT E @il NOy w
6 O U-CAT poprzez hamowanie ekspresji LMO2 (ang. LIM domain only 2) [399]. Ekspresja
KDM3BjestU G b OltdtradlaOUa UEe UOPEOPEWET UO DG G DI O OQud b OOWAB OP a
agresywnej populacji ALDH1 -pozytywn 8 ET wO OB GOPODPEET wOOOGU Q&= wUE OE
xUOOUNT wOxOUOOT T wUAET wOOOGUI Owo Einn&ekahenU[@dd]ly ubOEUOOPE
OUPPOOOTEGAEIEI AU UPYy wEOw OUPDOEDOE Whad EADO B aurdreUEEG
O0O0GUMA T EUa b OB GibpuxxeCaUmeadialy &2y CTCs [390]. Dane literaturowe
PUOE & UNeé w0 E uwitd@gwantu#errdptoay ¢ regulowanej T EDIT NODWO OGU OE®I N w
EIT EUEOUIT Ua aaE&IEN O U®EHwW N1 OEAEw EOUOUOEENE& W0ROEOUOOE
Nadekspresja KDM3B b uOOOGUOEET wOOPOUPOUOPAET wxUOP gdad DwWE OQwa k
SLC7A11(ang. solute carrier family 7 member 110 O E U N éaftyport€rwaystyny i glutaminian u

EPOOOI PE4AOAET w &b ba B OO preckdaanie Oib@Ex OUOOT Bdzenie.OE
JegoE A DPEEEODT wE4AaO0PwWl Owx 001 OENEOOaOwWET 01 Owli UExI U0a
(O PEPUOUaAwW*#,t! wUé wOE]I EOPI wbOUI OUapdOPi WEEEEOI wxO
wOl Eal OPUwOOPOUP JineNWEWU O ONI EOEOWAEUPENRAT Ownl wbbd
UPEPéNwbPwi EADI WEEEEEKNUOAUEDOHOOPE@BGWET &#wBI E4Al EUUP Ou
EOOeEEODPI WAEEEEOI wxUai brakyki @Camiczdr 41 ODi OWPET weod
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7. Podsumowanie i w nioski
W pracy doktorskiej zaadresowano zagadnienia E O U a E KligidZriego i biologicznego
znaczenia CTCsOw UGN OAET wi |1 OOUaxEET w$, BgraticueE inddd dzddcjiu OFE w! " w
i detekcji CTCs Pa OPOENEEAET w & w bET QEl T §iwUaikEvORDDH e
na wczesnych etapach kaskady metastatyczneD wE 4 by OPwEal OUo
0] zidentyfikowano CTCs o fenotypach epitelialnym, epitelialno -mezenchymalnym
i mezenchymalnym w CTCs-EBF od retrospektywnie analizowanych chorych
naOx1 UEEaNOI T OQw! " OwOEI OPOOOWDPET wEI ET awEDOOOT
AEOOOOT T wEOwWiI OUOOPEBEPEGODDEBUOOGCP ARDYE 4
$O0OUxUI UNEwT i OGPwWOExOPDPI EabE OO aENCRAFEAUR,ICB44a wx UOOU
NANOG, POUSFl) a PPy OUAEE EwUPYy wPhUE&AwWOIl 41 OEEh BBOODECOPWET ET E
im3"Uwbpé aEGREwWONEBEAU0e wET EUEQEUODOE apEéatandOD OPE & OO
doby 4e GPwET e 000AET wOUEAwPPwWwOBHa a0l 6E&GREWODRKEDE NOa

6AEGUW Ol UOEaw OxEUbIefEw ECpuwp ObadaylE &C81"B0a PP Oé w Ul O] OE
anieol OUxUITHAY@D] T Ow UXOEQOU UGw w 1 x b WIUPELGEUE T WPy OUA I
xUEPEOx OE OE DI E UdhdraRtenBtgkOCTEE dN ® Gi6 denotypach EMT i UGN Oa O
potencjalne metastatycznym.

(iif) OxUEEOPEOOwW xUOUOOGew PAaOOEENDPwW Pw EI Ul OFE
E

. xDUEQaw xUOUOOGeéw PAOOEENDPwW Pw ETl Ul OENPw " 3" Uw ET E
technicznymi w UOeé EE&a DI w OQEn @sieiet HikeDOw UOONODPPPEB AP a OUAED
I xPUl OPEOOAET w704£GIUH @twi w" @ al OET a OEO0Oa EMB2200GUI Ow
OUGUIEUEOU]l UaadbbPEéaw UPyw EOEUBNwsrPODECODBP @OWU B EWOXE:!
OxUEEOPEOI 1T OwxEOI OUWOEUOTI UGPwWNT U0wOONODPT wlbauGnNobd

(iv) UwxUOUxI OUapOPl WEOEODAOPEOQAET wOxI UEEaAaNOAaET wl

CTCs,ichi 1 OO0Uaxaws$, 3wbwUUOxDPT Ewil U1 UOT T OOOT EPwWO
zdanymi  kliniczno -patologicznymi  chorych. Na  podstawie analizy

OUEOBUOUaAxUOOPEA&AODOI Nw xONI EAOE4AAET w"3" Uw OOUI T C
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oraz zidentyfikowano zmienione w nich x UOEI UaOw OUGUI w 00T éw Ea
dax Ual NGTEsD E w
i ODE & E & uwJ G Qkeddypach, a bardziej agresywnymi cechami nowotworu, przy czym
PPYEI Nw i " 3" Uw ORUE TUPWPEIOW@w 4a ENy Ua OPanapr ¢ gezend D w ET & O

001 TEUaAPOAaOWUUECNUUDI wUl ET x U GuGPUE EGUEAOA Grauwdr BBCEEuO®

PPy OU4 éharydh z guzami HER2-dodatnimi oraz guzami o PPy OUaalOw xOUI OENE
proliferacyjnym. Co bbby El NOw OENPBDyOUaéwi 1 U1 UOT 1 OOOT T wil OO

uchorychzTNBC.¥ P D E E EoUWHD 1 OPUwx1 POl NwUI OET OENPWEOwWUOA
EMTCTCswa EOI NOOT E BewshykimBldkiHahEj howotworu .

Niemniej, na podstawie analizy danych transkryptomicznych OO U1 7T x0AOOEENY wOOOGUI
i Eevaapbl wabEI OUai b md padfawke | barwiekia® dhmuhadldorgscyjnego .
.A0EEAEWUOOwWOD OER & 'O Exoréladvdn® B Gadymikliniczno -patologicznymi
OO0T éawaOUUET woOOUI T 0001 w OniDVNUBEDD Kd QubaIBEWd/0@E BuGCEIOD 1N10(
OElI EOOT EPé wPWOPEAEEW" 3" UwOwUGNOaET wi xEWEOOH BiEuwa$,é 3u
ETl OUAET wOEwW! " 8 we a o0kEaad adreq aud | EueHkaGpp@itialniedadd BeyOEha a1 w
Ubéy wUaET wOOUI OEE N D frayfadku eéidkdj) OTCHMREWO-OD J0BDIEEDI bul BEUEPE ¢ O E 6
Niwx OUGP OE O®GQEID W @ ODPDuwi 1 OGP w NI UUw i"GBUxUagedPE OAET w
00EODPNOOI NOWIVEBUNBEU NBWE NI E O)OMDTCsRIusUEAERAE LEGXOHE O1 wbhwx U0
translacji. Wt" 3" UwOEUI UPOPEOOwWUGPODI NwendEWRDOABWOR &l 101U Ui
inhibitor translacji. " 4 A 0O0POPwW UOUI UOPT OwOUGUI wbdeEap & auw OFE w "
PpxeéabET wOEWDET wnapO@DON w>OuE Il Wi Ebmd GEDPE & Ol Owbwla O
T1 OGP®NOEwW xUaaxUWEEEBODEODI w xUOEI UGPw 0001 OUOEUODa

w niekorzystnych warunkach .
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8. 3EEI Ol wUaUx| éeOPENEEI

TabelaUl.+ DUUE wi 1 O Gdh GO IOD EXSreEjiiv tCTCs.

ENSEMBL ID ENTREZID  Symbol genu Nazwa genu log2(FC) P
ENSG00000164587.11 6208 RPS14 ribosomal protein S14 -6,91 0,0026
ENSG00000143546.9 6279 S100A8 S100 calcium binding protein A8 -6,83 0,0145
ENSGO00000163220.10 6280 S100A9 S100 calcium binding protein A9 -6,71 0,0032
ENSG00000198034.10 6191 RPS4X ribosomal protein S4 X-linked -6,47 0,020
ENSG00000142534.6 6205 RPS11 ribosomal protein S11 -6,47 0,0134
ENSGO00000089009.15 6128 RPL6 ribosomal protein L6 -6,11 0,0088
ENSG00000149806.10 2197 FAU FAU ubiquitin like and ribosomal protein S30 fusion -5,98 0,0040
ENSG00000011600.11 7305 TYROBP transmembrane immune signaling adaptor TYROBP -5,98 0,0004
ENSG00000147162.13 8473 OGT O-linked N -acetylglucosamine (GIcNAc) transferase -5,97 0,0127
ENSG00000110700.6 6207 RPS13 ribosomal protein S13 -5,92 0,0215
ENSG00000019582.14 972 CD74 CD74 molecule -5,80 0,0030
ENSG00000213741.9 6235 RPS29 ribosomal protein S29 -5,77 0,010
ENSG00000147403.16 6134 RPL10 ribosomal protein L10 -5,72 0,0428
ENSG00000162511.7 7805 LAPTM5 lysosomal protein transmembrane 5 -5,70 0,0027
ENSG00000136167.13 3936 LCP1 lymphocyte cytosolic protein 1 -5,61 0,0011
ENSG00000148303.16 6130 RPL7A ribosomal protein L7a -5,53 0,0112
ENSG00000265972.5 10628 TXNIP thioredoxin interacting protein -5,51 0,001
ENSG00000204287.13 3122 HLA-DRA major histocompatibility complex, class 1, DR alpha -5,50 0,003
ENSG00000143947.13 6233 RPS27A ribosomal protein S27a -5,47 0,0128
ENSG00000171863.12 6201 RPS7 ribosomal protein S7 -5,34 0,046
ENSG00000125691.12 9349 RPL23 ribosomal protein L23 -5,29 0,0246
ENSG00000162434.11 3716 JAK1 Janus kinase 1 -5,19 0,0107
ENSGO00000030582.17 2896 GRN granulin precursor -5,10 0,0057
ENSG00000145592.13 6167 RPL37 ribosomal protein L37 -5,10 0,0008
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ENSG00000021355.12 1992 SERPINB1 serpin family B member 1 -5,09 0,0059
ENSG00000122406.12 6125 RPL5 ribosomal protein L5 -5,09 0,0126
ENSG00000198755.10 4736 RPL10A ribosomal protein L10a -5,07 0,030
ENSG00000132670.20 5786 PTPRA protein tyrosine phosphatase receptor type A -5,02 0,0240
ENSG00000135046.13 301 ANXA1 annexin Al -4,99 0,0045
ENSG00000170776.21 11214 AKAP13 A-kinase anchoring protein 13 -4,99 0,000
ENSG00000008988.9 6224 RPS20 ribosomal protein S20 -4,98 0,0035
ENSG00000165168.7 1536 CYBB cytochrome b-245 beta chain -4,98 0,0001
ENSG00000100503.23 51199 NIN ninein -4,95 0,006
ENSG00000135390.17 517 ATP5MC2 ATP synthase membrane subunit ¢ locus 2 -4,94 0,0068
ENSG00000136942.14 11224 RPL35 ribosomal protein L35 -4,93 0,0099
ENSGO00000197386.10 3064 HTT huntingtin -4,92 0,011
ENSG00000103187.7 23406 COTL1 coactosin like F-actin binding protein 1 -4,92 0,0094
ENSG00000142657.20 5226 PGD phosphogluconate dehydrogenase -4,91 0,0424
ENSG00000182670.13 7267 TTC3 tetratricopeptide repeat domain 3 -4,90 0,022
ENSG00000151092.16 55768 NGLY1 N-glycanase 1 -4,90 0,0006
ENSG00000101347.8 25939 SAMHD1 SAM and HD domain containing deoxynucleoside triphosphate triphosphohydrolase 1~ -4,90 0,0002
ENSG00000108298.9 6143 RPL19 ribosomal protein L19 -4,89 0,0281
ENSG00000168028.13 3921 RPSA ribosomal protein SA -4,88 0,042
ENSG00000149273.14 6188 RPS3 ribosomal protein S3 -4,81 0,0313
ENSG00000138071.13 10097 ACTR2 actin related protein 2 -4,78 0,0062
ENSG00000231925.11 6892 TAPBP TAP binding protein -4,75 0,043
ENSG00000110934.10 51411 BIN2 bridging integrator 2 -4,75 0,0051
ENSG00000128340.14 5880 RAC2 Rac family small GTPase 2 -4,74 0,0009
ENSG00000177885.13 2885 GRB2 growth factor receptor bound protein 2 -4,72 0,045
ENSG00000111913.17 9750 RIPOR2 RHO family interacting cell polarization regulator 2 -4,71 0,0001
ENSG00000114942.13 1933 EEF1B2 eukaryotic translation elongation factor 1 beta 2 -4,71 0,0219
ENSG00000188042.7 10123 ARL4C ADP ribosylation factor like GTPase 4C -4,68 0,049

88



*OPOPE4& Ol whWEDOOOT PEA O w@dEEEAR OBO DBIE W6 HE ED DO GkAE@§HanycE Edhaychnd rdka pi@dt O O O

ENSG00000131236.16 10487 CAP1 cyclase associated actin cytoskeleton regulatory protein 1 -4,68 0,0111
ENSG00000231389.7 3113 HLA-DPA1 major histocompatibility complex, class Il, DP alpha 1 -4,67 0,015
ENSG00000204472.12 199 AlF1 allograft inflammatory factor 1 -4,64 0,002
ENSG00000244754.8 10443 N4BP2L2 NEDD4 binding protein 2 like 2 -4,63 0,011
ENSG00000196126.11 3123 HLA-DRB1 major histocompatibility complex, class Il, DR beta 1 -4,63 0,004
ENSG00000169442.8 1043 CD52 CD52 molecule -4,60 0,004
ENSG00000110077.14 64231 MS4A6A membrane spanning 4-domains A6A -4, 57 0,0013
ENSG00000204323.5 643008 SMIM5 small integral membrane protein 5 -4, 54 0,009
ENSG00000110880.10 23603 CORO1C coronin 1C -4,53 0,0244
ENSG00000100201.20 10521 DDX17 DEAD -box helicase 17 -4,51 0,0242
ENSG00000186517.13 257106 ARHGAP30 Rho GTPaseactivating protein 30 -4,51 0,000
ENSG00000137642.12 6653 SORL1 sortilin related receptor 1 -4,47 0,0011
ENSG00000107290.13 23064 SETX senataxin -4,45 0,0003
ENSG00000005483.20 55904 KMT2E lysine methyltransferase 2E -4,41 0,0155
ENSGO00000170889.13 6203 RPS9 ribosomal protein S9 -4,40 0,001
ENSG00000149311.18 472 ATM ATM serine/threonine kinase -4,36 0,0010
ENSG00000198408.13 10724 OGA O-GIcNAcase -4,35 0,003
ENSG00000101558.13 9218 VAPA VAMP associated protein A -4,33 0,0307
ENSG00000109861.15 1075 CTSC cathepsin C -4,31 0,0013
ENSG00000116251.9 6146 RPL22 ribosomal protein L22 -4,30 0,0218
ENSG00000166974.12 10982 MAPRE2 microtubule associated protein RP/EB family member 2 -4,30 0,0254
ENSG00000143119.12 963 CD53 CD53 molecule -4,26 0,0092
ENSG00000100077.14 157 GRK3 G protein-coupled receptor kinase 3 -4,26 0,0005
ENSG00000127022.14 821 CANX calnexin -4,25 0,0252
ENSG00000102879.15 11151 CORO1A coronin 1A -4,25 0,0094
ENSG00000010810.17 2534 FYN FYN proto -oncogene, Src family tyrosine kinase -4,24 0,0096
ENSG00000163660.11 57018 CCNL1 cyclin L1 -4,23 0,0281
ENSG00000159140.19 6651 SON SON DNA and RNA binding protein -4,22 0,0230

89



*OPOPE4& Ol whWEDOOOT PEA O w@dEEEAR OBO DBIE W6 HE ED DO GkAE@§HanycE Edhaychnd rdka pi@dt O O O

ENSG00000075151.20 8672 EIF4G3 eukaryotic translation initiation factor 4 gamma 3 -4,19 0,0078
ENSG00000065413.18 91526 ANKRD44 ankyrin repeat domain 44 -4,19 0,0139
ENSG00000095787.21 51322 WAC WW domain containing adaptor with coiled -coil -4,18 0,0370
ENSG00000130741.10 1968 EIF2S3 eukaryotic translation initiation factor 2 subunit gamma -4,16 0,0184
ENSG00000102007.10 5355 PLP2 proteolipid protein 2 -4,15 0,0279
ENSG00000125304.8 9375 TM9SF2 transmembrane 9 superfamily member 2 -4,14 0,0090
ENSG00000153914.15 140890 SREK1 splicing regulatory glutamic acid and lysine rich protein 1 -4,14 0,0038
ENSG00000157873.17 8764 TNFRSF14 TNF receptor superfamily member 14 -4,13 0,0041
ENSG00000108405.3 5023 P2RX1 purinergic receptor P2X 1 -4,13 0,0320
ENSG00000120899.17 2185 PTK2B protein tyrosine kinase 2 beta -4,12 0,0155
ENSG00000237550.5 254948 RPL9OP8 ribosomal protein L9 pseudogene 8 -4,10 0,025

ENSGO00000101150.17 7165 TPD52L2 TPD52 like 2 -4,06 0,0143
ENSG00000198830.10 3151 HMGN2 high mobility group nucleosomal binding domain 2 -4,06 0,028

ENSG00000163349.21 204851 HIPK1 homeodomain interacting protein kinase 1 -4,06 0,0170
ENSG00000108848.15 51747 LUC7L3 LUC? like 3 pre-mRNA splicing factor -4,03 0,0240
ENSG00000163162.8 284996 RNF149 ring finger protein 149 -4,02 0,0014
ENSG00000118181.10 6230 RPS25 ribosomal protein S25 -4,02 0,0414
ENSGO00000091527.15 55573 CDV3 CDV3 homolog -4,01 0,0038
ENSG00000126264.9 10870 HCST hematopoietic cell signal transducer -4,01 0,0001
ENSG00000116754.13 9295 SRSF11 serine and arginine rich splicing factor 11 -4,01 0,0016
ENSG00000167526.13 6137 RPL13 ribosomal protein L13 -3,97 0,017

ENSG00000185811.16 10320 IKZF1 IKAROS family zinc finger 1 -3,96 0,005

ENSG00000131469.12 6155 RPL27 ribosomal protein L27 -3,96 0,0478
ENSG00000137841.11 5330 PLCB2 phospholipase C beta 2 -3,94 0,0007
ENSGO00000167978.16 23524 SRRM2 serine/arginine repetitive matrix 2 -3,92 0,034

ENSG00000145287.10 51316 PLACS8 placenta associated 8 -3,92 0,0117
ENSG00000173821.19 57674 RNF213 ring finger protein 213 -3,91 0,025

ENSGO00000111716.12 3945 LDHB lactate dehydrogenase B -3,91 0,0012
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ENSG00000188846.13 9045 RPL14 ribosomal protein L14 -3,90 0,006
ENSG00000110876.9 6404 SELPLG selectin P ligand -3,90 0,0008
ENSG00000081237.18 5788 PTPRC protein tyrosine phosphatase receptor type C -3,90 0,0011
ENSG00000144713.12 6161 RPL32 ribosomal protein L32 -3,89 0,0036
ENSG00000261371.5 5175 PECAM1 platelet and endothelial cell adhesion molecule 1 -3,89 0,010
ENSG00000176903.4 9240 PNMA1 PNMA family member 1 -3,88 0,002
ENSG00000142937.11 6202 RPSS8 ribosomal protein S8 -3,88 0,0377
ENSG00000185862.6 2124 EVI2B ecotropic viral integration site 2B -3,86 0,002
ENSG00000197969.11 23230 VPS13A vacuolar protein sorting 13 homolog A -3,85 0,025
ENSG00000114857.17 4820 NKTR natural killer cell triggering receptor -3,83 0,0108
ENSG00000182372.9 2055 CLNS8 CLN8 transmembrane ER and ERGIC protein -3,83 0,004
ENSG00000104408.9 3646 EIF3E eukaryotic translation initiation factor 3 subunit E -3,82 0,0159
ENSG00000134294.13 54407 SLC38A2 solute carrier family 38 member 2 -3,82 0,0394
ENSG00000124831.18 9208 LRRFIP1 LRR binding FLII interacting protein 1 -3,81 0,0049
ENSG00000151702.16 2313 FLI1 Fli-1 proto-oncogene, ETS transcription factor -3,81 0,0120
ENSG00000111775.2 1337 COX6A1 cytochrome ¢ oxidase subunit 6A1 -3,81 0,0214
ENSG00000101745.16 23253 ANKRD12 ankyrin repeat domain 12 -3,80 0,0166
ENSG00000167461.11 4218 RABSA RAB8A, member RAS oncogene family -3,80 0,0056
ENSG00000213654.9 63940 GPSM3 G protein signaling modulator 3 -3,80 0,000
ENSG00000181555.20 29072 SETD2 SET domain containing 2, histone lysine methyltransferase -3,78 0,045
ENSG00000091039.16 114882 OSBPL8 oxysterol binding protein like 8 -3,78 0,0294
ENSG00000163682.15 6133 RPL9 ribosomal protein L9 -3,74 0,0133
ENSG00000048740.18 10659 CELF2 CUGBP Elaw-like family member 2 -3,74 0,0068
ENSGO00000169398.19 5747 PTK2 protein tyrosine kinase 2 -3,74 0,036
ENSG00000153046.17 9425 CDYL chromodomain Y like -3,73 0,0073
ENSG00000160255.17 3689 ITGB2 integrin subunit beta 2 -3,73 0,0009
ENSGO00000169554.18 9839 ZEB2 zinc finger E-box binding homeobox 2 -3,73 0,047
ENSG00000147526.19 6867 TACC1 transforming acidic coiled -coil containing protein 1 -3,72 0,0088
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ENSG00000123144.10 79002 TRIR telomerase RNA component interacting RNase -3,72 0,0268
ENSG00000254087.7 4067 LYN LYN proto -oncogene, Src family tyrosine kinase -3,71 0,004
ENSG00000150593.17 27250 PDCD4 programmed cell death 4 -3,71 0,0264
ENSG00000163131.10 1520 CTSS cathepsin S -3,69 0,0036
ENSG00000166501.12 5579 PRKCB protein kinase C beta -3,68 0,0001
ENSG00000089280.18 2521 FUS FUS RNA binding protein -3,67 0,0126
ENSG00000005844.17 3683 ITGAL integrin subunit alpha L -3,66 0,0058
ENSG00000157106.16 23049 SMG1 SMG1 nonsense mediated mMRNA decay associated PI3K related kinase -3,66 0,0169
ENSG00000130755.12 9535 GMFG glia maturation factor gamma -3,65 0,0159
ENSG00000183354.11 158358 KIAA2026 uncharacterized protein KIAA2026 -3,65 0,010
ENSG00000110395.6 867 CBL Cbl proto -oncogene -3,64 0,0090
ENSGO00000197747.8 6281 S100A10 S100 calcium binding protein A10 -3,64 0,022
ENSG00000022267.16 2273 FHL1 four and a half LIM domains 1 -3,64 0,0389
ENSGO00000078369.17 2782 GNB1 G protein subunit beta 1 -3,62 0,0112
ENSG00000104894.11 951 CD37 CD37 molecule -3,62 0,0006
ENSG00000181467.4 5912 RAP2B RAP2B, member of RAS oncogene family -3,62 0,023
ENSG00000171858.17 6227 RPS21 ribosomal protein S21 -3,61 0,046
ENSG00000196683.10 54543 TOMM?7 translocase of outer mitochondrial membrane 7 -3,61 0,042
ENSGO00000168066.20 7536 SF1 splicing factor 1 -3,61 0,018
ENSGO00000026025.15 7431 VIM vimentin -3,61 0,0049
ENSG00000135976.17 375248 ANKRD36 ankyrin repeat domain 36 -3,61 0,0259
ENSG00000120708.16 7045 TGFBI transforming growth factor beta induced -3,61 0,0432
ENSG00000169045.17 3187 HNRNPH1 heterogeneous nuclear ribonucleoprotein H1 -3,61 0,018
ENSG00000189067.12 9516 LITAF lipopolysaccharide induced TNF factor -3,60 0,009
ENSGO00000169967.16 10746 MAP3K2 mitogen -activated protein kinase kinase kinase 2 -3,60 0,014
ENSG00000101294.16 81502 HM13 histocompatibility minor 13 -3,58 0,0105
ENSG00000034510.5 9168 TMSB10 thymosin beta 10 -3,56 0,0164
ENSGO00000081320.10 9262 STK17B serine/threonine kinase 17b -3,55 0,0076
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ENSG00000005810.17 23077 MYCBP2 MYC binding protein 2 -3,54 0,0145
ENSG00000038427.15 1462 VCAN versican -3,54 0,0142
ENSG00000113648.16 9555 MACROH2A1 macroH2A.1 histone -3,53 0,0069
ENSG00000152601.17 4154 MBNL1 muscleblind like splicing regulator 1 -3,63 0,0169
ENSG00000144028.14 23020 SNRNP200 small nuclear ribonucleoprotein U5 subunit 200 -3,62 0,0111
ENSG00000138698.14 5910 RAP1GDS1 Rapl GTPaseGDP dissociation stimulator 1 -3,61 0,0219
ENSG00000167863.11 10476 ATP5H ATP synthase peripheral stalk subunit D -3,50 0,040

ENSG00000109920.12 23360 FNBP4 formin binding protein 4 -3,50 0,0347
ENSG00000090382.6 4069 LYZ Lysozyme -3,50 0,0365
ENSG00000100815.12 9321 TRIP11 thyroid hormone receptor interactor 11 -3,49 0,0444
ENSG00000100300.17 706 TSPO translocator protein -3,49 0,0092
ENSG00000067900.7 6093 ROCK1 Rho associatedcoiled-coil containing protein kinase 1 -3,49 0,0090
ENSG00000132274.15 10346 TRIM22 tripartite motif containing 22 -3,48 0,0058
ENSG00000121892.14 23244 PDS5A PDS5 cohesin associated factor A -3,48 0,0187
ENSG00000197629.5 219972 MPEG1 macrophage expressed 1 -3,46 0,033

ENSG00000114867.20 1981 EIFAG1 eukaryotic translation initiation factor 4 gamma 1 -3,46 0,0066
ENSG00000088888.17 57506 MAVS mitochondrial antiviral signaling protein -3,45 0,0115
ENSG00000129534.13 55320 MIS18BP1 MIS18 binding protein 1 -3,43 0,0045
ENSG00000165119.20 3190 HNRNPK heterogeneous nuclear ribonucleoprotein K -3,42 0,0009
ENSG00000105323.16 11100 HNRNPUL1 heterogeneous nuclear ribonucleoprotein U like 1 -3,39 0,0098
ENSG00000162889.10 9261 MAPKAPK2 MAPK activated protein kinase 2 -3,39 0,0418
ENSG00000152558.14 114908 TMEM123 transmembrane protein 123 -3,39 0,0003
ENSG00000077420.15 54518 APBBL1IP amyloid beta precursor protein binding family B member 1 interacting protein -3,39 0,0014
ENSG00000145416.13 55016 MARCHF1 membrane associated ring-CH-type finger 1 -3,38 0,0141
ENSG00000124151.18 8202 NCOA3 nuclear receptor coactivator 3 -3,38 0,0328
ENSGO00000168610.14 6774 STAT3 signal transducer and activator of transcription 3 -3,37 0,022

ENSG00000103811.15 1512 CTSH cathepsin H -3,37 0,0099
ENSG00000103653.16 1445 CSK C-terminal Src kinase -3,36 0,0110
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ENSG00000124795.14 7913 DEK DEK proto -oncogene -3,35 0,0246
ENSG00000100941.8 5411 PNN pinin, desmosome associated protein -3,34 0,0403
ENSG00000111252.10 10019 SH2B3 SH2B adaptor protein 3 -3,33 0,0049
ENSG00000155629.14 118788 PIK3AP1 phosphoinositide -3-kinase adaptor protein 1 -3,32 0,0330
ENSG00000072501.17 8243 SMC1A structural maintenance of chromosomes 1A -3,32 0,0041
ENSG00000069424.14 8514 KCNAB2 potassium voltage-gated channel subfamily A regulatory beta subunit 2 -3,32 0,0018
ENSG00000189079.15 196528 ARID2 AT -rich interaction domain 2 -3,32 0,001

ENSG00000152795.17 9987 HNRNPDL heterogeneous nuclear ribonucleoprotein D like -3,31 0,0464
ENSG00000230590.8 100302692 FTX FTX transcript, XIST regulator -3,31 0,011

ENSG00000111237.18 51699 VPS29 VPS29 retromer complex component -3,31 0,0281
ENSG00000204257.14 3108 HLA-DMA major histocompatibility complex, class II, DM alpha -3,30 0,005

ENSGO00000196628.15 6925 TCF4 transcription factor 4 -3,30 0,048

ENSG00000111670.14 79158 GNPTAB N -acetylglucosamine-1-phosphate transferase subunits alpha and beta -3,30 0,0075
ENSG00000119707.13 58517 RBM25 RNA binding motif protein 25 -3,29 0,0118
ENSG00000089248.6 10961 ERP29 endoplasmic reticulum protein 29 -3,28 0,0243
ENSG00000142227.10 2014 EMP3 epithelial membrane protein 3 -3,28 0,0342
ENSG00000119535.17 1441 CSF3R colony stimulating factor 3 receptor -3,25 0,0040
ENSG00000169567.11 3094 HINT1 histidine triad nucleotide binding protein 1 -3,24 0,030

ENSG00000135317.12 57231 SNX14 sorting nexin 14 -3,23 0,0150
ENSG00000114978.17 55233 MOB1A MOB kinase activator 1A -3,22 0,0150
ENSG00000137154.12 6194 RPS6 ribosomal protein S6 -3,21 0,0153
ENSG00000115091.11 10096 ACTR3 actin related protein 3 -3,21 0,0488
ENSG00000113441.15 4012 LNPEP leucyl and cystinyl aminopeptidase -3,20 0,0057
ENSG00000138594.13 29766 TMOD3 tropomodulin 3 -3,20 0,0467
ENSG00000198837.9 9909 DENND4B DENN domain containing 4B -3,18 0,003

ENSG00000090905.18 27327 TNRC6A trinucleotide repeat containing adaptor 6A -3,18 0,0014
ENSG00000007168.12 5048 PAFAH1B1 platelet activating factor acetylhydrolase 1b regulatory subunit 1 -3,17 0,0438
ENSG00000153250.19 5937 RBMS1 RNA binding motif single stranded interacting protein 1 -3,16 0,0103
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ENSG00000078747.14 83737 ITCH itchy E3 ubiquitin protein ligase -3,15 0,0089
ENSG00000283041.1 729998 LOC729998 eukaryotic translation elongation factor 1 gamma pseudogene -3,15 0,015
ENSG00000122705.16 1211 CLTA clathrin light chain A -3,15 0,0135
ENSG00000168675.18 753 LDLRAD4 low density lipoprotein receptor class A domain containing 4 -3,11 0,012
ENSG00000174839.12 201627 DENNDG6A DENN domain containing 6A -3,10 0,003
ENSG00000186566.12 23131 GPATCHS8 G-patch domain containing 8 -3,10 0,010
ENSG00000235552.4 645387 RPL6P27 ribosomal protein L6 pseudogene 27 -3,10 0,029
ENSG00000108669.16 9267 CYTH1 cytohesin 1 -3,09 0,0151
ENSG00000028137.18 7133 TNFRSF1B TNF receptor superfamily member 1B -3,08 0,0108
ENSG00000147168.12 3561 IL2RG interleukin 2 receptor subunit gamma -3,07 0,0086
ENSG00000135090.13 51347 TAOK3 TAO kinase 3 -3,06 0,0018
ENSG00000155097.11 528 ATP6V1C1 ATPase H+ transporting V1 subunit C1 -3,02 0,0152
ENSG00000204397.7 114769 CARD16 caspase recruitment domain family member 16 -3,02 0,016
ENSG00000136490.8 80774 LIMD2 LIM domain containing 2 -3,02 0,0064
ENSG00000051523.10 1535 CYBA cytochrome b-245 alpha chain -3,02 0,0111
ENSG00000133112.16 7178 TPT1 tumor protein, translationally -controlled 1 -3,01 0,0473
ENSG00000188404.8 6402 SELL selectin L -3,00 0,011
ENSG00000114861.18 27086 FOXP1 forkhead box P1 -3,00 0,0153
ENSG00000174718.11 55196 RESF1 retroelement silencing factor 1 -3,00 0,007
ENSG00000164031.16 79982 DNAJB14 DnaJ heat shock protein family (Hsp40) member B14 -2,99 0,0120
ENSG00000233927.4 6234 RPS28 ribosomal protein S28 -2,98 0,019
ENSG00000152518.7 678 ZFP36L2 ZFP36 ring finger protein like 2 -2,97 0,0307
ENSG00000158604.14 222068 TMED4 transmembrane p24 trafficking protein 4 -2,96 0,0068
ENSG00000136280.15 83605 CCM2 CCM2 scaffold protein -2,93 0,0130
ENSG00000142634.12 79180 EFHD2 EF-hand domain family member D2 -2,93 0,0242
ENSG00000011454.16 23637 RABGAP1 RAB GTPase activating protein 1 -2,93 0,0026
ENSG00000104824.16 3191 HNRNPL heterogeneous nuclear ribonucleoprotein L -2,93 0,0341
ENSG00000186908.14 23390 ZDHHC17 zinc finger DHHC -type palmitoyltransferase 17 -2,91 0,012
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ENSG00000134242.15 26191 PTPN22 protein tyrosine phosphatase non-receptor type 22 -2,90 0,0019
ENSG00000126107.14 79654 HECTD3 HECT domain E3 ubiquitin protein ligase 3 -2,90 0,0319
ENSG00000115523.16 10578 GNLY granulysin -2,89 0,0112
ENSG00000198818.9 113402 SFT2D1 SFT2 domain containing 1 -2,89 0,013

ENSG00000076641.4 55824 PAG1 phosphoprotein membrane anchor with glycosphingolipid microdomains 1 -2,88 0,0067
ENSG00000119866.20 53335 BCL11A BCL11 transcription factor A -2,87 0,0334
ENSG00000159322.17 83440 ADPGK ADP dependent glucokinase -2,87 0,0044
ENSG00000013441.15 1195 CLK1 CDC like kinase 1 -2,87 0,0055
ENSG00000093144.18 55862 ECHDC1 ethylmalonyl -CoA decarboxylase 1 -2,86 0,0157
ENSG00000172349.17 3603 IL16 interleukin 16 -2,85 0,005

ENSG00000118308.15 4033 IRAG2 inositol 1,4,5-triphosphate receptor associated 2 -2,85 0,0154
ENSG00000281103.1 100506776 TRG-AS1 T cell receptor gamma locus antisense RNA 1 -2,85 0,023

ENSG00000133226.16 10250 SRRM1 serine and arginine repetitive matrix 1 -2,84 0,0244
ENSG00000104714.13 157697 ERICH1 glutamate rich 1 -2,83 0,0272
ENSG00000112343.10 10475 TRIM38 tripartite motif containing 38 -2,83 0,0164
ENSG00000168071.21 283234 CCDC88B coiled-coil domain containing 88B -2,83 0,018

ENSG00000188994.12 23036 ZNF292 zinc finger protein 292 -2,83 0,022

ENSG00000065534.18 4638 MYLK myosin light chain kinase -2,81 0,0378
ENSGO00000057608.16 2665 GDI2 GDP dissociation inhibitor 2 -2,81 0,0477
ENSG00000119900.7 79627 OGFRL1 opioid growth factor receptor like 1 -2,79 0,0070
ENSG00000140386.12 49855 SCAPER S-phase cyclin A associated protein in the ER -2,78 0,0165
ENSG00000185432.11 25840 METTL7A thiol methyltransferase 1A -2,77 0,023

ENSG00000140988.15 6187 RPS2 ribosomal protein S2 -2,77 0,0482
ENSG00000109475.16 6164 RPL34 ribosomal protein L34 -2,76 0,0209
ENSG00000168918.13 3635 INPP5D inositol polyphosphate -5-phosphatase D -2,76 0,035

ENSGO00000101596.14 23347 SMCHD1 structural maintenance of chromosomes flexible hinge domain containing 1 -2,75 0,0117
ENSG00000064607.16 10147 SUGP2 SURP and Gpatch domain containing 2 -2,75 0,0083
ENSG00000158869.10 2207 FCER1G Fc epsilon receptor Ig -2,75 0,0407
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ENSG00000253729.7 5591 PRKDC protein kinase, DNA -activated, catalytic subunit -2,73 0,006

ENSG00000167483.17 199786 NIBAN3 niban apoptosis regulator 3 -2,71 0,022

ENSG00000264538.6 440423 SUz12P1 SUZ12 pseudogene 1 -2,70 0,021

ENSG00000132334.16 5791 PTPRE protein tyrosine phosphatase receptor type E -2,70 0,0110
ENSG00000032219.18 5926 ARID4A AT -rich interaction domain 4A -2,70 0,0350
ENSG00000104907.12 55621 TRMT1 tRNA methyltransferase 1 -2,70 0,0294
ENSG00000170275.14 10491 CRTAP cartilage associated protein -2,68 0,042

ENSG00000167895.14 147138 TMCS8 transmembrane channel like 8 -2,68 0,012

ENSG00000140750.16 55114 ARHGAP17 Rho GTPase activating protein 17 -2,65 0,0274
ENSG00000177189.12 6197 RPS6KA3 ribosomal protein S6 kinase A3 -2,65 0,014

ENSG00000162402.13 23358 UspP24 ubiquitin specific peptidase 24 -2,64 0,0419
ENSG00000164713.9 25798 BRI3 brain protein 13 -2,63 0,0112
ENSG00000173209.22 130872 AHSA2P activator of HSP90 ATPase homolog 2, pseudogene -2,62 0,024

ENSG00000065526.10 23013 SPEN spen family transcriptional repressor -2,62 0,0290
ENSG00000105202.8 2091 FBL fibrillarin -2,61 0,0175
ENSG00000116679.15 10625 IVNS1ABP influenza virus NS1A binding protein -2,61 0,0034
ENSG00000242299.1 100131863 RPS18P5 Ribosomal Protein S18 Pseudogene 5 -2,61 0,014

ENSG00000036549.12 26009 27273 zinc finger ZZ -type containing 3 -2,60 0,0012
ENSG00000124782.19 6239 RREB1 Ras responsive element binding protein 1 -2,56 0,0058
ENSG00000129128.12 60559 SPCS3 signal peptidase complex subunit 3 -2,55 0,0077
ENSG00000103740.9 23205 ACSBG1 acyl-CoA synthetase bubblegum family member 1 -2,562 0,0078
ENSG00000141480.17 409 ARRB2 arrestin beta 2 -2,52 0,0298
ENSG00000153064.11 55024 BANK1 B cell scaffold protein with ankyrin repeats 1 -2,50 0,0302
ENSG00000105339.10 22898 DENND3 DENN domain containing 3 -2,49 0,0109
ENSG00000000938.12 2268 FGR FGR proto-oncogene, Src family tyrosine kinase -2,49 0,0077
ENSG00000139641.12 23344 ESYT1 extended synaptotagmin 1 -2,48 0,0118
ENSG00000067066.16 6672 SP100 SP100 nuclear antygen -2,47 0,0260
ENSG00000139278.9 11010 GLIPR1 GLI pathogenesis related 1 -2,47 0,0005
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ENSG00000140853.15 84166 NLRC5 NLR family CARD domain containing 5 -2,46 0,0353
ENSG00000197442.9 4217 MAP3K5 mitogen -activated protein kinase kinase kinase 5 -2,46 0,014

ENSG00000178695.5 115207 KCTD12 potassium channel tetramerization domain containing 12 -2,45 0,011

ENSG00000187147.17 55182 RNF220 ring finger protein 220 -2,44 0,009

ENSG00000105372.6 6223 RPS19 ribosomal protein S19 -2,44 0,0276
ENSG00000010610.9 920 CD4 CD4 molecule -2,42 0,0208
ENSG00000073849.14 6480 ST6GAL1 ST6 betagalactoside alpha-2,6-sialyltransferase 1 -2,42 0,0083
ENSG00000111275.12 217 ALDH2 aldehyde dehydrogenase 2 family member -2,41 0,0241
ENSG00000115232.13 3676 ITGA4 integrin subunit alpha 4 -2,39 0,0081
ENSG00000137776.16 79811 SLTM SAFB like transcription modulator -2,39 0,0297
ENSG00000142347.16 4542 MYO1F myosin IF -2,39 0,0213
ENSG00000153006.15 285672 SREK1IP1 SREK1interacting protein 1 -2,39 0,0140
ENSG00000126756.11 8409 UXT ubiquitously expressed prefoldin like chaperone -2,38 0,0134
ENSG00000009954.10 9031 BAZ1B bromodomain adjacent to zinc finger domain 1B -2,37 0,0013
ENSG00000138246.15 23317 DNAJC13 DnaJ heat shock protein family (Hsp40) member C13 -2,37 0,0440
ENSG00000176953.12 84901 NFATC2IP nuclear factor of activated T cells 2 interacting protein -2,37 0,006

ENSG00000126070.19 192669 AGO3 argonaute RISC catalytic component 3 -2,36 0,0159
ENSG00000184007.18 8073 PTP4A2 protein tyrosine phosphatase 4A2 -2,35 0,029

ENSG00000154310.16 23043 TNIK TRAF2 and NCK interacting kinase -2,35 0,0078
ENSG00000140368.12 9051 PSTPIP1 proline -serine-threonine phosphatase interacting protein 1 -2,35 0,0190
ENSG00000082153.17 9689 BzZw1 basic leucine zipper and W2 domains 1 -2,35 0,0387
ENSG00000157500.10 26060 APPL1 adaptor protein, phosphotyrosine interacting with PH domain and leucine zipper 1 -2,34 0,0375
ENSG00000132388.12 7326 UBE2G1 ubiquitin conjugating enzyme E2 G1 -2,34 0,0056
ENSG00000198502.5 3127 HLA-DRB5 major histocompatibility complex, class Il, DR beta 5 -2,33 0,007

ENSG00000174238.14 5306 PITPNA phosphatidylinositol transfer protein alpha -2,33 0,029

ENSG00000118503.14 7128 TNFAIP3 TNF alpha induced protein 3 -2,33 0,0435
ENSG00000141646.13 4089 SMAD4 SMAD family member 4 -2,33 0,0049
ENSG00000170571.11 133418 EMB embigin -2,33 0,014
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ENSG00000140105.17 7453 WARS tryptophanyl -tRNA synthetase 1 -2,33 0,0384
ENSG00000089063.14 29058 TMEM230 transmembrane protein 230 -2,32 0,0157
ENSG00000215021.8 11331 PHB2 prohibitin 2 -2,32 0,008

ENSG00000167323.11 6786 STIM1 stromal interaction molecule 1 -2,32 0,0308
ENSG00000187239.16 23048 FNBP1 formin binding protein 1 -2,31 0,035

ENSG00000188986.6 25920 NELFB negative elongation factor complex member B -2,31 0,021

ENSG00000124588.19 4835 NQO2 N -ribosyldihydronicotinamide:quinone reductase 2 -2,31 0,0316
ENSG00000131165.14 5119 CHMP1A charged multivesicular body protein 1A -2,31 0,0139
ENSG00000107099.15 81704 DOCKS8 dedicator of cytokinesis 8 -2,30 0,0103
ENSG00000163635.17 6314 ATXN7 ataxin 7 -2,29 0,0168
ENSG00000101265.15 9770 RASSF2 Ras association domain family member 2 -2,29 0,0088
ENSG00000166912.16 54893 MTMR10 myotubularin related protein 10 -2,28 0,0298
ENSG00000170345.9 2353 FOS Fos proto-oncogene, AP-1 transcription factor subunit -2,27 0,014

ENSG00000145715.14 5921 RASA1 RAS p21 protein activator 1 -2,27 0,0466
ENSG00000163219.11 9938 ARHGAP25 Rho GTPase activating protein 25 -2,26 0,0109
ENSG00000143157.11 57645 POGK pogo transposable elementderived with KRAB domain -2,26 0,0200
ENSG00000155744.9 285172 HYCC2 hyccin PI4KA lipid kinase complex subunit 2 -2,25 0,0003
ENSG00000196295.11 401320 GARSIDT GARS1 Divergent Transcript -2,25 0,012

ENSG00000123329.17 64333 ARHGAP9 Rho GTPaseactivating protein 9 -2,24 0,0167
ENSG00000256537.4 100129361 SMIM10L1 small integral membrane protein 10 like 1 -2,24 0,016

ENSG00000135677.10 2799 GNS glucosamine (N-acetyl)-6-sulfatase -2,24 0,0215
ENSG00000172890.11 55191 NADSYN1 NAD synthetase 1 -2,23 0,013

ENSG00000084693.15 60509 AGBL5 AGBL carboxypeptidase 5 -2,23 0,0374
ENSG00000122224.17 4063 LY9 lymphocyte antigen 9 -2,22 0,0189
ENSG00000065135.10 2773 GNAI3 G protein subunit alpha i3 -2,22 0,0381
ENSG00000134516.15 1794 DOCK2 dedicator of cytokinesis 2 -2,22 0,0194
ENSG00000150995.18 3708 ITPR1 inositol 1,4,5-trisphosphate receptor type 1 -2,22 0,0477
ENSG00000126882.12 286336 FAM78A family with sequence similarity 78 member A -2,22 0,0168
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ENSG00000116691.10 60672 MIIP migration and invasion inhibitory protein -2,21 0,0261
ENSG00000197471.11 6693 SPN sialophorin -2,20 0,006

ENSG00000023734.10 11171 STRAP serine/threonine kinase receptor associated protein -2,20 0,0377
ENSG00000197535.14 4644 MYO5A myosin VA -2,20 0,008

ENSG00000138814.16 5530 PPP3CA protein phosphatase 3 catalytic subunit alpha -2,19 0,0145
ENSG00000167613.15 3903 LAIR1 leukocyte associated immunoglobulin like receptor 1 -2,19 0,011

ENSG00000099204.18 3983 ABLIM1 actin binding LIM protein 1 -2,18 0,0220
ENSGO00000115355.15 55704 CCDCS88A coiled-coil domain containing 88A -2,18 0,0255
ENSG00000068745.14 51447 IP6K2 inositol hexakisphosphate kinase 2 -2,18 0,0102
ENSG00000071537.13 6400 SEL1L SEL1L adaptor subunit of ERAD E3 ubiquitin ligase -2,16 0,0230
ENSG00000110852.4 9976 CLEC2B C-type lectin domain family 2 member B -2,15 0,0140
ENSG00000085265.10 2219 FCN1 ficolin 1 -2,15 0,0321
ENSG00000054654.16 23224 SYNE2 spectrin repeat containing nuclear envelope protein 2 -2,14 0,0266
ENSG00000148019.12 84131 CEP78 centrosomal protein 78 -2,14 0,0147
ENSG00000131196.17 4772 NFATC1 nuclear factor of activated T cells 1 -2,13 0,0121
ENSG00000052841.14 55761 TTC17 tetratricopeptide repeat domain 17 -2,13 0,0434
ENSG00000197226.12 23061 TBC1D9B TBC1 domain family member 9B -2,13 0,028

ENSG00000063978.15 6047 RNF4 ring finger protein 4 -2,13 0,0158
ENSG00000102699.5 143 PARP4 poly(ADP -ribose) polymerase family member 4 -2,12 0,0486
ENSG00000197530.12 142678 MIB2 MIB E3 ubiquitin protein ligase 2 -2,11 0,013

ENSGO00000257621.7 379025 PSMA3-AS1 PSMAS3 antisense RNA 1 -2,09 0,042

ENSG00000015475.18 637 BID BH3 interacting domain death agonist -2,08 0,0471
ENSG00000241553.12 10093 ARPC4 actin related protein 2/3 complex subunit 4 -2,08 0,021

ENSG00000145675.14 5295 PIK3R1 phosphoinositide -3-kinase regulatory subunit 1 -2,07 0,0272
ENSG00000227081.5 654365 RPS27P3 ribosomal protein S27 pseudogene 3 -2,07 0,015

ENSGO00000072818.11 9744 ACAP1 ArfGAP with coiled -coil, ankyrin repeat and PH domains 1 -2,06 0,0049
ENSG00000165178.9 654817 NCF1C neutrophil cytosolic factor 1C pseudogene -2,06 0,0276
ENSG00000116489.12 829 CAPZA1 capping actin protein of muscle Z -line subunit alpha 1 -2,06 0,0237
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ENSG00000196912.12 57730 ANKRD36B ankyrin repeat domain 36B -2,06 0,015

ENSG00000028528.14 6642 SNX1 sorting nexin 1 -2,06 0,0068
ENSG00000269858.5 112398 EGLN2 egl-9 family hypoxia inducible factor 2 -2,06 0,009

ENSG00000147853.16 50808 AK3 adenylate kinase 3 -2,05 0,0177
ENSG00000177663.13 23765 ILL7RA interleukin 17 receptor A -2,05 0,008

ENSG00000130592.15 4046 LSP1 lymphocyte specific protein 1 -2,05 0,0101
ENSG00000137502.9 27314 RAB30 RAB30, member RAS oncogene family -2,05 0,0147
ENSG00000018280.16 6556 SLC11A1 solute carrier family 11 member 1 -2,04 0,0170
ENSG00000017260.19 27032 ATP2C1 ATPase secretory pathway Ca2+ transporting 1 -2,03 0,0264
ENSG00000137947.11 2959 GTF2B general transcription factor 11B -2,03 0,0218
ENSG00000009413.15 5980 REV3L REV3 like, DNA directed polymerase zeta catalytic subunit -2,01 0,0109
ENSG00000141376.22 54828 BCAS3 BCAS3 microtubule associated cell migration factor -2,01 0,0182
ENSG00000147872.9 123 PLIN2 perilipin 2 -2,01 0,0178
ENSG00000072958.8 8907 AP1M1 adaptor related protein complex 1 subunit mu 1 -2,00 0,0167
ENSG00000082212.12 4200 ME2 malic enzyme 2 -1,99 0,0239
ENSG00000130309.10 79709 COLGALT1 collagen beta(1-O)galactosyltransferase 1 -1,99 0,0259
ENSG00000119138.4 687 KLF9 KLF transcription factor 9 -1,93 0,0319
ENSG00000067560.10 387 RHOA Ras homolog family member A -1,93 0,0298
ENSG00000198286.9 84433 CARD11 caspase recruitment domain family member 11 -1,92 0,008

ENSG00000170027.6 7532 YWHAG tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein gamma -1,92 0,035

ENSG00000120925.15 81790 RNF170 ring finger protein 170 -1,91 0,0089
ENSG00000004534.14 10180 RBM6 RNA binding motif protein 6 -1,91 0,0462
ENSG00000070814.17 6949 TCOF1 treacle ribosome biogenesis factor 1 -1,91 0,0143
ENSG00000080345.17 55183 RIF1 replication timing regulatory factor 1 -1,90 0,0125
ENSG00000089820.15 393 ARHGAP4 Rho GTPase activating protein 4 -1,89 0,0017
ENSGO00000110906.12 83892 KCTD10 potassium channel tetramerization domain containing 10 -1,89 0,0076
ENSG00000144468.16 84236 RHBDD1 rhomboid domain containing 1 -1,88 0,0131
ENSG00000104047.14 56986 DTWD1 DTW domain containing 1 -1,88 0,0205
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ENSG00000164091.11 80335 WDR82 WD repeat domain 82 -1,87 0,0059
ENSG00000067208.14 7813 EVI5 ecotropic viral integration site 5 -1,87 0,0200
ENSG00000163513.17 7048 TGFBR2 transforming growth factor beta receptor 2 -1,86 0,0310
ENSG00000163466.15 10109 ARPC2 actin related protein 2/3 complex subunit 2 -1,85 0,0157
ENSG00000135686.12 79786 KLHL36 kelch like family member 36 -1,85 0,0140
ENSG00000183298.5 730029 RPSAP19 ribosomal protein SA pseudogene 19 -1,84 0,004

ENSG00000268043.7 149013 NBPF12 NBPF member 12 -1,83 0,026

ENSG00000198001.13 51135 IRAK4 interleukin 1 receptor associated kinase 4 -1,83 0,008

ENSG00000106070.17 2887 GRB10 growth factor receptor bound protein 10 -1,81 0,0140
ENSG00000120802.13 7112 TMPO thymopoietin -1,80 0,0345
ENSG00000059728.10 4084 MXD1 MAX dimerization protein 1 -1,80 0,0195
ENSG00000174891.12 51319 RSRC1 arginine and serine rich coiled-coil 1 -1,79 0,015

ENSG00000110075.14 55291 PPP6R3 protein phosphatase 6 regulatory subunit 3 -1,78 0,0074
ENSG00000114796.15 54800 KLHL24 kelch like family member 24 -1,78 0,0476
ENSGO00000059377.16 6916 TBXAS1 thromboxane A synthase 1 -1,77 0,0218
ENSG00000125505.16 79143 MBOAT7 membrane bound O-acyltransferase domain containing 7 -1,76 0,0205
ENSG00000160712.12 3570 IL6R interleukin 6 receptor -1,76 0,0374
ENSG00000215030.5 388344 RPL13P12 ribosomal protein L13 pseudogene 12 -1,76 0,025

ENSG00000145782.12 9140 ATG12 autophagy related 12 -1,76 0,0280
ENSG00000122692.8 55234 SMU1 SMU1 DNA replication regulator and spliceosomal factor -1,75 0,0331
ENSG00000122008.15 51426 POLK DNA polymerase kappa -1,74 0,0126
ENSG00000223803.1 440992 RPS20P14 ribosomal protein S20 pseudogene 14 -1,74 0,004

ENSG00000197563.10 23556 PIGN phosphatidylinositol glycan anchor biosynthesis class N -1,74 0,028

ENSGO00000170876.7 79188 TMEMA43 transmembrane protein 43 -1,74 0,023

ENSG00000033030.13 55596 ZCCHCS8 zinc finger CCHC -type containing 8 -1,74 0,0094
ENSGO00000107551.20 83937 RASSF4 Ras association domain family member 4 -1,72 0,0259
ENSGO00000122566.20 3181 HNRNPA2B1 heterogeneous nuclear ribonucleoprotein A2/B1 -1,71 0,0270
ENSG00000104886.11 55111 PLEKHJ1 pleckstrin homology domain containing J1 -1,71 0,0203
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ENSG00000163563.7 4332 MNDA myeloid cell nuclear differentiation antygen -1,70 0,0197
ENSG00000135678.11 1368 CPM carboxypeptidase M -1,69 0,0294
ENSG00000124813.20 860 RUNX2 RUNX family transcription factor 2 -1,69 0,0286
ENSG00000103326.11 6650 CAPN15 calpain 15 -1,69 0,0482
ENSG00000144909.7 114885 OSBPL11 oxysterol binding protein like 11 -1,68 0,0145
ENSG00000203875.10 387066 SNHG5 small nucleolar RNA host gene 5 -1,67 0,026

ENSG00000140931.19 123920 CMTM3 CKLF like MARVEL transmembrane domain containing 3 -1,64 0,0428
ENSG00000182389.19 785 CACNB4 calcium voltage-gated channel auxiliary subunit beta 4 -1,63 0,027

ENSG00000100580.7 283578 TMEDS8 transmembrane p24 trafficking protein family member 8 -1,61 0,0217
ENSGO00000129925.10 58986 PGAP6 post-GPI attachment to proteins 6 -1,60 0,0166
ENSG00000168899.4 10791 VAMP5 vesicle associated membrane protein 5 -1,60 0,020

ENSG00000111300.9 80018 NAA25 N-alpha-acetyltransferase 25, NatB auxiliary subunit -1,59 0,0237
ENSG00000096401.7 988 CDC5L cell division cycle 5 like -1,58 0,0201
ENSG00000160145.15 8997 KALRN kalirin RhoGEF kinase -1,56 0,0406
ENSG00000082397.17 23136 EPB41L3 erythrocyte membrane protein band 4.1 like 3 -1,56 0,0174
ENSG00000266094.7 83593 RASSF5 Ras association domain family member 5 -1,56 0,044

ENSG00000131069.19 55902 ACSS2 acyl-CoA synthetase short chain family member 2 -1,55 0,0315
ENSG00000095059.15 1725 DHPS deoxyhypusine synthase -1,55 0,0276
ENSG00000171051.8 2357 FPR1 formyl peptide receptor 1 -1,52 0,021

ENSG00000198223.16 1438 CSF2RA colony stimulating factor 2 receptor subunit alpha -1,52 0,035

ENSG00000136271.10 54606 DDX56 DEAD -box helicase 56 -1,51 0,0248
ENSG00000198898.13 830 CAPZA2 capping actin protein of muscle Z -line subunit alpha 2 -1,51 0,042

ENSG00000039319.16 9765 ZFYVE16 zinc finger FYVE-type containing 16 -1,51 0,0162
ENSG00000081665.13 440515 ZNF506 zinc finger protein 506 -1,50 0,0257
ENSGO00000100365.14 4689 NCF4 neutrophil cytosolic factor 4 -1,50 0,0255
ENSG00000198642.6 55958 KLHL9 kelch like family member 9 -1,49 0,022

ENSG00000163946.13 23272 TASOR transcription activation suppressor -1,48 0,0297
ENSG00000001631.15 889 KRIT1 KRIT1 ankyrin repeat containing -1,48 0,0430
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ENSG00000154874.15 284047 CCDC144B coiled-coil domain containing 144B, pseudogene -1,46 0,0354
ENSG00000152620.12 133686 NADK2 NAD kinase 2 -1,45 0,0311
ENSG00000163947.11 50650 ARHGEF3 Rho guanine nucleotide exchange factor 3 -1,45 0,0192
ENSG00000151883.17 79668 PARP8 poly(ADP -ribose) polymerase family member 8 -1,45 0,0203
ENSG00000075884.13 55843 ARHGAP15 Rho GTPase activating protein 15 -1,45 0,0378
ENSG00000198055.10 2870 GRK6 G protein-coupled receptor kinase 6 -1,45 0,009

ENSG00000213492.2 90859 NT5C3AP1 NT5C3A pseudogene 1 -1,44 0,032

ENSG00000009790.14 80342 TRAF3IP3 TRAF3 interacting protein 3 -1,43 0,0232
ENSG00000104870.12 2217 FCGRT Fc gamma receptor and transporter -1,43 0,0480
ENSG00000116497.17 64766 S100PBP S100P binding protein -1,42 0,0106
ENSG00000213064.9 375035 SFT2D2 SFT2 domain containing 2 -1,41 0,035

ENSGO00000007392.16 55692 LUC7L LUCY like -1,40 0,0418
ENSG00000112773.15 55603 TENT5A terminal nucleotidyltransferase 5A -1,40 0,0341
ENSG00000177674.15 57085 AGTRAP angiotensin Il receptor associated protein -1,40 0,045

ENSG00000132965.9 241 ALOX5AP arachidonate 5-lipoxygenase activating protein -1,40 0,0305
ENSG00000113916.17 604 BCL6 BCL6 transcription repressor -1,40 0,0405
ENSG00000110931.18 10645 CAMKK2 calcium/calmodulin dependent protein kinase kinase 2 -1,40 0,0329
ENSG00000223960.6 101927027 CHROMR cholesterol induced regulator of metabolism RNA -1,39 0,013

ENSG00000230202.1 387101 RPL29P4 ribosomal protein L29 pseudogene 4 -1,38 0,031

ENSG00000116062.14 2956 MSH6 mutS homolog 6 -1,37 0,0186
ENSG00000148842.17 54805 CNNM2 cyclin and CBS domain divalent metal cation transport mediator 2 -1,37 0,0086
ENSG00000182487.12 654816 NCF1B neutrophil cytosolic factor 1B pseudogene -1,36 0,037

ENSG00000119979.16 404636 DENND10 DENN domain containing 10 -1,35 0,0229
ENSG00000093167.17 9209 LRRFIP2 LRR binding FLII interacting protein 2 -1,34 0,0157
ENSGO00000110324.10 3587 IL1ORA interleukin 10 receptor subunit alpha -1,34 0,0341
ENSG00000086300.15 29887 SNX10 sorting nexin 10 -1,33 0,0212
ENSG00000040933.15 3631 INPP4A inositol polyphosphate -4-phosphatase type | A -1,33 0,0211
ENSG00000196911.10 3841 KPNA5 karyopherin subunit alpha 5 -1,33 0,046
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ENSG00000204577.11 11025 LILRB3 leukocyte immunoglobulin like receptor B3 -1,32 0,019

ENSG00000065923.9 84679 SLC9A7 solute carrier family 9 member A7 -1,31 0,0353
ENSG00000166275.15 119032 BORCS7 BLOC-1 related complex subunit 7 -1,31 0,0243
ENSG00000185278.15 84614 ZBTB37 zinc finger and BTB domain containing 37 -1,29 0,021

ENSG00000086102.18 4799 NFX1 nuclear transcription factor, X -box binding 1 -1,29 0,0153
ENSG00000177853.14 9849 ZNF518A zinc finger protein 518A -1,29 0,018

ENSG00000118482.11 23469 PHF3 PHD finger protein 3 -1,28 0,0393
ENSG00000115419.12 2744 GLS glutaminase -1,28 0,0332
ENSG00000135541.20 54806 AHI1 Abelson helper integration site 1 -1,28 0,0197
ENSG00000100991.11 26133 TRPC4AP transient receptor potential cation channel subfamily C member 4 associated protein -1,27 0,0404
ENSG00000131378.13 23180 RFTN1 raftlin, lipid raft linker 1 -1,27 0,0220
ENSG00000116254.17 26038 CHD5 chromodomain helicase DNA binding protein 5 -1,27 0,0192
ENSG00000168961.16 3965 LGALS9 galectin 9 -1,27 0,024

ENSG00000124198.8 10564 ARFGEF2 ADP ribosylation factor guanine nucleotide exchange factor 2 -1,27 0,0290
ENSG00000099219.13 79956 ERMP1 endoplasmic reticulum metallopeptidase 1 -1,26 0,0240
ENSG00000144040.12 94097 SFXN5 sideroflexin 5 -1,26 0,0286
ENSG00000115271.10 25801 GCA grancalcin -1,26 0,0061
ENSG00000023892.10 50619 DEF6 DEF6 guanine nucleotide exchange factor -1,21 0,0217
ENSGO00000092964.17 1808 DPYSL2 dihydropyrimidinase like 2 -1,21 0,0263
ENSG00000128563.13 79706 PRKRIP1 PRKR interacting protein 1 -1,20 0,0154
ENSG00000181852.17 10193 RNF41 ring finger protein 41 -1,20 0,026

ENSG00000061676.14 10787 NCKAP1 NCK associated protein 1 -1,19 0,0308
ENSGO00000077984.5 8530 CST7 cystatin F -1,19 0,0266
ENSG00000163754.17 2992 GYG1 glycogenin 1 -1,19 0,0224
ENSG00000168234.12 125488 TTC39C tetratricopeptide repeat domain 39C -1,19 0,015

ENSG00000059378.12 64761 PARP12 poly(ADP -ribose) polymerase family member 12 -1,19 0,0327
ENSG00000169403.11 5724 PTAFR platelet activating factor receptor -1,18 0,022

ENSG00000196369.10 647135 SRGAP2B SLIT-ROBO Rho GTPase activating protein 2B -1,17 0,020
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ENSG00000196873.15 220869 ZNGI1E Zn regulated GTPase metalloprotein activator 1E -1,17 0,003
ENSG00000112079.8 11329 STK38 serine/threonine kinase 38 -1,17 0,0490
ENSG00000065882.15 23216 TBC1D1 TBC1 domain family member 1 -1,16 0,0343
ENSG00000145860.11 153830 RNF145 ring finger protein 145 -1,16 0,0302
ENSG00000243199.1 642828 RPL6P10 ribosomal protein L6 pseudogene 10 -1,16 0,035
ENSG00000043462.11 3937 LCP2 lymphocyte cytosolic protein 2 -1,16 0,0280
ENSG00000188827.10 84464 SLX4 SLX4 structure-specific endonuclease subunit -1,15 0,021
ENSG00000166035.10 3990 LIPC lipase C, hepatic type -1,14 0,0227
ENSG00000134954.14 2113 ETS1 ETS proto-oncogene 1, transcription factor -1,14 0,0254
ENSG00000123384.13 4035 LRP1 LDL receptor related protein 1 -1,13 0,0182
ENSG00000164307.12 51752 ERAP1 endoplasmic reticulum aminopeptidase 1 -1,12 0,0468
ENSG00000158517.13 653361 NCF1 neutrophil cytosolic factor 1 -1,12 0,0327
ENSG00000141556.20 6904 TBCD tubulin folding cofactor D -1,12 0,0499
ENSGO00000171490.12 26156 RSL1D1 ribosomal L1 domain containing 1 -1,12 0,031
ENSG00000244716.3 100132742 RPL17P7 ribosomal protein L17 pseudogene 7 -1,11 0,022
ENSG00000163719.19 64419 MTMR14 myotubularin related protein 14 -1,10 0,0276
ENSG00000188549.12 388115 CCDC9B coiled-coil domain containing 9B -1,10 0,043
ENSG00000174720.15 51574 LARP7 La ribonucleoprotein 7, transcriptional regulator -1,09 0,029
ENSG00000170142.11 7324 UBE2E1 ubiquitin conjugating enzyme E2 E1 -1,09 0,034
ENSG00000031003.10 51306 FAM13B family with sequence similarity 13 member B -1,09 0,0226
ENSG00000136813.14 23392 ECPAS Ecm29 proteasome adaptor and scaffold -1,09 0,0282
ENSG00000160294.10 8888 MCMB3AP minichromosome maintenance complex component 3 associated protein -1,08 0,0409
ENSG00000215252.11 440270 GOLGA8B golgin A8 family member B -1,08 0,026
ENSG00000136193.16 9805 SCRN1 secernin 1 -1,07 0,0336
ENSG00000164305.18 836 CASP3 caspase 3 -1,06 0,0286
ENSG00000186469.8 54331 GNG2 G protein subunit gamma 2 -1,06 0,023
ENSGO00000197852.9 55924 INKA2 inka box actin regulator 2 -1,06 0,020
ENSG00000147036.11 347404 LANCL3 LanC like family member 3 -1,04 0,0193

106



*OPOPE4& Ol whWEDOOOT PEA O w@dEEEAR OBO DBIE W6 HE ED DO GkAE@§HanycE Edhaychnd rdka pi@dt O O O

ENSG00000175115.11 55690 PACS1 phosphofurin acidic cluster sorting protein 1 -1,04 0,038

ENSG00000225205.5 124900513 PDK1-AS1 PDK1 And ITGA6 Antisense RNA 1 -1,03 0,041

ENSG00000127533.3 9002 F2RL3 F2R like thrombin or trypsin receptor 3 -1,02 0,0200
ENSG00000135905.18 55619 DOCK10 dedicator of cytokinesis 10 -1,02 0,0219
ENSG00000140992.18 5170 PDPK1 3-phosphoinositide dependent protein kinase 1 -1,02 0,0187
ENSG00000111911.6 135114 HINT3 histidine triad nucleotide binding protein 3 -1,02 0,0291
ENSG00000134982.16 324 APC APC regulator of WNT signaling pathway -1,01 0,0320
ENSG00000139370.11 121260 SLC15A4 solute carrier family 15 member 4 -1,01 0,0410
ENSG00000155256.17 118813 ZFYVE27 zinc finger FYVE-type containing 27 -1,01 0,0495
ENSGO00000120733.13 51780 KDM3B lysine demethylase 3B 1,94 0,0224
ENSG00000273749.4 23191 CYFIP1 cytoplasmic FMR1 interacting protein 1 3,09 0,0280
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TabelaU2.+ DPUUEwx UOET UGb w

AEI EOOPEDOAET whwU" 3" UB

Proces OEEOI ENOPEDI wil da FE FDR
GO0:0045730~respiratory burst CD52, CYBA, CYBB, NCF1B, NCF1C, NCF2, NCF4, RAC2, SLC11A1 2412 8,31E07
GO0:0043020~NADPH oxidase complex ~ CYBA, CYBB, NCF1B, NCF1C, NCF2, NCF4, RAC2 1825 4,39E05
R-HSA-1236973~Crosspresentation of
particulate exogenous antigens CYBA, CYBB, NCF2, NCF4 17,42 1,62E02
(phagosomes)
G0:0002503~peptide antigen assembly \\ \ 1A 11 A DMB, HLA-DPAL, HLA-DRA, HLA-DRB1, HLA-DRB5 16,08 502E03
with MHC class Il protein complex
G0:0005885~Arp2/3 protein complex ACTR2, ACTR3, ARPC2, ARPC4 15,64 1,79E02
G0:0046598~positive regulation of viral - ) o) 1y ADRB1. LGALS9, TRIM38 1519 2,99E02
entry into host cell
G0:0015935~small ribosomal subunit FAU, RPS18, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS9 1508 3,52E06
R-HSA-202427~Phosphorylation of CD3 )\ 5 1| ADPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, PAGL, PTPN22, PTPRC 1425 236E06
and TCR zeta chains
_ _ FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPLS,

G0:0002181~cytoplasmic translation RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPsg  ~ 02 434E20
i%ﬁgggm&pos't've regulation of Tcell o) ' ~oRO1A, DOCKS, ITGA4, SPN, TNFRSF14 13,67 1,02E02
G0:0002504~antigen processing and
presentation of peptide or HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 13,67 1,02E02
polysaccharide antigen via MHC class Il

o FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPLS,
60:0022626~cytosolic ribosome RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS3, RPS8, RPS9 13,62 7,34E20
Su%fr:)it22627~cytoso"c smallribosomal -\, 26511 RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 12,98 1,00E08
GO0:0071556~integral component of
lumenal side of endoplasmic reticulum CANX, CD74, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, HM13, TAPBP 12,94 5,29E05
membrane
G0:0098553~lumenal side of CANX, CD74, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, HM13, TAPBP 12,94 529E05

endoplasmic reticulum membrane
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G0:0042613~MHC class Il protein

complon CD74, HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 12,63 3,15E04
G0:0023026~MHC class Il protein CD4, CD74, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 12,34 423604
complex binding
R-HSA-9735869~SAR0V-1 modulates ) pbs11 Rps14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPSO 1224  6.88E09
host translation machinery
GO0:0001891~phagacytic cup AIF1, ANXAL, ARHGAP25, BIN2, CORO1A, LCP1, RAB11FIP2 11,73 4,73E04
R-HSA-5668599-RHO GTPases Activate -y p) ~vpg, NCF2, NCF4, PRKCB, RAC2, S100A8, S100A9 11,61 7,64E05
NADPH Oxidases
GO:0007159~leukocyte celicell adhesion  ITGA4, ITGAL, ITGB2, PECAML, PTPRC, ROCK1, SELL, SYK 11,39 1,29E03
G0:0019886~antigen processing and
presentation of exogenous peptide CD74, CTSS, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 11,39 1,29E03
antigen via MHC class Il
G0:0022625~cytosolic large ribosomal  RPL10, RPLL0A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPL6, RPL7,

: 11,35 2,08E09
subunit RPL9
R-HSA-202430~Translocation of ZARTO o)\ A hpAT HLA-DRA, HLA-DRBL, HLA-DRBS, PTPN22 11,00 2,84E03
to Immunological synapse
60:0042554~superoxide anion CYBA, CYBB, NCF1B, NCF1C, NCF2, NCF4 10,93  2,36E02
generation
R-HSA-2730905~Role of
LAT2/NTAL/LAB on calcium FYN, LYN, PDPK1, PIK3R1, SYK 10,89 1,30E02
mobilization

_ _ ~ FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPL6,
R-HSA-156902~Peptide chain elongation o, 24 o) 9 RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPsg 1084 14018
. . FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPLS,
R-HSA-192823~ViralmRNA Translation o, 2/ 'op) 9 RPS11, RPSIRPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPsg 1084 140E18
R-HSA-156842~Eukaryotic Translation  EEF182, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37,RPL ..
Elongation RPL6, RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, ' ’
:3;%?;?}870"‘)05'“% regulation of Tcell - cggm, CD4, HLADMA, HLA -DMB, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 1072 1,66E03
R-HSA-975956~Nonsense Mediated
EIF4G1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLE

Decay (NMD) independent of the Exon G1, FAU, 0, OA, 3, ' 8A, ! 3, 32, 34, 35, 37, 10,52 8,65E19

Junction Complex (EJC)

RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPSS,
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FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPL6,

R-HSA-2408557~Selenocysteine synthesis o, 75 rplo, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 1058 2.70E18
R-HSA-72764~Eukaryotic Translation FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPL6, | oo , oo
Termination RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 ' ’
R-HSA-72695~Formation of the ternary
complex, and subsequently, the 43S EIF2S3, EIF3E, FAU, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPSS, | 10,05  3,85E09
complex
R-HSA-9633012-Response of EIF2AK4  EIF2S3, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPLS7, RPLE o~ _
(GCN2) to amino acid deficiency RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, ' ’
R-HSA-72689~Formation of a pool of free  EIFSE, FAU, RPLL0, RPL10A, RPL13, RPL14, RPLL8A, RPL22, RPL23, RPL32, RPL34, RPL35, RPLS7, RPLS, o _
405 subunits RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, ' ’
R-HSA-156827~L13amediated EIF2S3, EIF3E, EIF4GL, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL:
translational silencing of Ceruloplasmin ~ RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 9,64  8,15E19
expression RPS8, RPS9
RHSA-72706-GTP hydrolysis and EIF2S3, EIF3E, EIF4GL, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL:
T _ ) RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 956  8,15E19
joining of the 60S ribosomal subunit

RPS8, RPS9
E;(':Sg_'gl%?’lﬂeg“'at'on ofsignaling  -p) EyN, LYN, PIK3R1, RPS27A, SYK 950  5,06E03
R-HSA-72702-Ribosomal scanning and  EIF2S3, EIFSE, EIF4GL, FAU, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPSE . .o
start codon recognition RPS9 ' '
R-HSA-72649~Translation initiation EIF2S3, EIF3E, EIF4GL, FAU, RPS11, RPS14, RPS18, RPS19, RRB220, RPS25, RPS27A, RPS29, RPS3, RPS (. .
complex formation RPS9 ' '
R-HSA-72662~Activation of the mRNA
upon binding of the cap -binding EIF2S3, EIF3E, EIF4G1, FAU, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS?

929  2,72E09

complex and elFs, and subsequent RPS9
binding to 43S
Srgi?]i:t?f?am'gen processing and CD74, CTSH, CTSS, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 911  1,29E03
R-HSA-389948~PD1 signaling CD4, CSK, HLADPAL, HLA-DRA, HLA-DRBL, HLA-DRB5 9,09  6,22E03
HSA627802-NonsensdMediated EIF4G1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLE

RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, 9,01  6,36E18

Decay (NMD)

SMG1
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R-HSA-975957~Nonsense Mediated

EIF4G1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLEt

Decay (NMD) enhanced by the Exon RPL6, RPL7A, RPL9, RPS11, RPSTRPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RP 9,01  6,36E18
Junction Complex (EJC) SMG1
EIF2S3, EIF3E, EIFAG1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL:
R-HSA-72737~Capdependent
felal=te RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 9,00  2,40E18
Translation Initiation
RPS8, RPS9
A HSA72615-Eukarvotic Transiation EIF2S3, EIF3E, EIFAGL, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL:
o y RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 9,00  2,40E18
Initiation
RPS8, RPS9
S&ﬂj&]ﬁ;iiifiﬁf&?exﬁ”tto FAU, RPL10, RPLIOA, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLS,RPLS, oo ., -
o P geting RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9, ' ‘
R-HSA-9754678~SARE0V-2 modulates .\, pos11 RpsS14. RPS18, RPSEPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPSO 8,88  3,91E07
host translation machinery
GO0:0042788~polysomal ribosome RPL10A, RPL18A, RPL32, RPL6, RPL7A, RPS29 880  6,30E03
G0:0050778~positive regulation of HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS5, SYK 8,62  1,90E02
Immune response
G0:0004715~noAmembrane spanning 15 o k1 GsK, FGR, FYN, JAKL, LYN, PTK2B, SYK 845  1,19E03
protein tyrosine kinase activity
R-HSA-2408522~Selenoamino acid FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPLEL23, RPL32, RPL34, RPL35, RPL37, RPLS, RPL6, o | .o
metabolism RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 = ’
R-HSA-9013422~RHOBTB1 GTPase cycle ROCK1, SPEN, SRRM1, TRA2B, VIM 757  461E02
G0:0031295~T cell costimulation CARD11, CSK, FYN, LYN, PDPK1, SPN, TNFRSF14 742  3.66E02
R-HSA-9607240~FLT3 Signaling CBL, CSK, FYN, GRB10, PIK3R1, RPS27A, SH2B3, SYK 733 1,63E03
__ . CYBA, CYBB, FOS, HLADMA, HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRB1, HLA-DRBS, IRAK4, [TGA4,
hsa05140:Leishmaniasis ITGB2, JAKL, NCF2, NCF4, PRKCB 7,30 2,29E07
_ CANX, FAU, RPL10, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL37, RPL5, RPL6, RPLO, RPS11, RP:
G0:0005840~ribosome RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RAER93, RPS6KA3, RPS8, RPS9, SF1 7,28 6,36E13
R-HSA-168273~Influenza Viral RNA FAU, RPL10, RPL10A, RPL13, RPL14, RPLIBA, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLS, RPL6, _ .
Transcription and Replication RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 ’
GO0:0006909~phagocytosis ANXAL, CORO1A, ITGAL, ITGB2, LRP1, NCF2, NCF4, PECAM1, RAB11FIP2, SLC11A1, SLTM 716  1,03E03
G0:0031623~receptor internalization DNM3, GRK2, GRK3, ITCH, ITGB2, LRP1ISNX1, SYK 7,15 1,68E02
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R-HSA-9692914~SARSC0V-1-host

FAU, ITCH, KPNB1, MAVS, PDPK1, RCAN3, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A

interactions RPS29, RPS3, RPS8, RPS9, SMAD4 6.90 5,48£09
CANX, CLTA, FAU, KPNB1, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35
R-HSA-168255~Influenza Infection RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 6,88  3,87E15
RPS8, RPS9
hsa05310:Asthma HLA-DMA, HLA-DMB, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 6,80 1,44E02
R-HSA-1222556~ROS and RNS ATP6VIC1, CYBA, CYBB, NCF2, NCF4, RAC2, SLC11A1 6,77  7,41E03
production in phagocytes
P HSA-0711007-Cellular resoonse o ATP6VACL, EIF2S3, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35,
) P RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 6,66  3,82E14
Starvation
RPS8, RPS9
R-HSA-3928662~EPHBmediated ACTR2, ACTR3,ARPC2, ARPC4, FYN, KALRN, LYN, ROCK1 6,64  2.96E03
forward signaling
G0:0030658~transport vesicle membrane CD74, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, SORL1 6,55 1,94E02
R-HSA-512988~Interleukin'3, CBL, CSF2RA, EYN, IL2RG, JAK1, LYN, PIK3R1, RPS27A, SYK 6,53  1,12E03
Interleukin -5 and GM-CSF signaling
GO0:0003735~structural constituent of FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLS, RPL6, .o o
ribosome RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RAGZI29, RPS3, RPS8, RPS9 ’ ’
hsa0416:viral myocardits E:é;;l' EIF4G3, FYN, HLADMA, HLA -DMB, HLA-DPAL, HLA-DRA, HLA-DRBL, HLADRBS, ITGAL, ITGB2, (.0 ¢ .00
GO0:0005771~multivesicular body CD63, CD74, CHMP1A, CST7, SORL1, TPT1 6,26  2,33E02
EIFAG1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLE
G0:0006412~translation RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, 6,24  9,53E12
WARS1
G0:0001772~immunological synapse CARD11, CD37, CD53, COROIA, HLADRA, HLA-DRB1 612  2,52E02
Srgl:i?eor‘;f;?l}pos'"ve regulation of Tcell -\ \c1 ANXAL, CARDI1, CCDC88B, CORO1A, HLADMB, HLA-DPAL, PTPRC, SPN 603  1,68E02
R-HSA-114604~GPVimediated FYN, LYN, PDPK1, PIK3R1, RAC2, SYK 597  3,80E02
activation cascade
. FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPLS,
hsa03010:Ribosome RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPsg 100 LA4E1Ll
R-HSA-9010553~Regulation of EIF4GL, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPLS7, RPLE . _ .

expression of SLITs and ROBOs

RPL6, RPL7A, RPL9, RPS11, RPSIRPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RP
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GO0:0070821~tertiary granule membrane  CD53, CYBA, CYBB, ITGB2, KCNAB2, LAIR1, RAP2B, SLC11A1, VAMPS8 5,79 2,59E03

G0:0031234~extrinsic component of CYTH1, ESYT1, FGR, FYN, JAK1, KCNAB2, LYN, PTK2B, SYK 571  2,66E03

cytoplasmic side of plasma membrane

G0:0030666~endacytic vesicle membrane CD74, CSF3R, HLADPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, LRP1, LYN, RPS27A 571  2,66E03

GO0:0035579~specific granule membrane  AP1M1, CD53,CYBA, CYBB, ITGAL, ITGB2, KCNAB2, LAIR1, RAP2B, TNFRSF1B, VAMPS 567  4,73E04

e a05 171 Coronavirs disease COVID.  CYEB: FAU, FOS, IL6R, IRAK4, JAKL, MAVS, PIK3R1, PRKCB, RPL10, RPL10A, RPL13, RPL14, RPL18A, RP!

i : RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, Rl 5,60  5,50E15
RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9, SYK

G0:0085577~azurophil granule BRI3, CD63, DNAJC13, FPR1, GLIPR1, IRAG2, VAMPS 557  1,56E02

membrane

Eg’;ﬁﬁff“"'cos“m“'at'on by the CD4, CSK, FYN, HLADPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, LYN, PDPK1, PIK3R1, TNFRSF14 555  5,02E04

hsa05330:Allograft rejection HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 555  2,79E02

;’gﬁ'}iﬁf1927~'mer'e“k'”2 family CSF2RA, IL2RG, JAK1, LGALS9, PIK3R1, PTK2B, SYK 554  2,00E02

R-HSA-6791226-Major pathway of rRNA AU, FBL, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RARBU35, RPL37, RPLS, RPLS, . ...

processing in the nucleolus and cytosol ~ RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 ’

R-HSA-9664422~FCGR3/mediated ACTR2, ACTR3, ARPC2, ARPC4, FGR, FYN, LYN, MYOS5A, SYK 531  4,03E03

phagocytosis

R-HSA-9664407~Parasite infection ACTR2, ACTR3, ARPC2, ARPC4, FGR, FYN, LYN, MYO5A, SYK 531  4,03E03

R-HSA-9664417~Leishmania ACTR2, ACTR3, ARPC2, ARPC4, FGR, FYN, LYN, MYOS5A, SYK 531  4,03E03

phagocytosis

R-HSA-8868773~TRNA processing in the  FAU, FBL, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPLS, R _ o, oo .

nucleus and cytosol RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPS9 ’

_ CANX, FAU, ITCH, KPNB1, MAVS, PDPK1, RCAN3, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25,
R-HSA-9678108-SARE0V-1infection o0t o bG8, RPSS, SMADA. STEGALL 515  9,92E08
ig:f;?]?o"phagocyt'c vesicle ATG12, CORO1A, CYBA, CYBB, RAB8A, RAC2, SLC11A1, TAPBP, VAMPS 515  4,65E03
hsa05332:Graftversus-host disease HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 502  3,91E02
hsa04672:Intestinal immune network for 1314 11 A DMB, HLA-DPAL, HLA-DRA, HLA-DRBL, HLA-DRBS, ITGA4 502  1,92E02
IgA production
GO0:0032040~smakksubunit processome  FBL, PRKDC, RPS11, RPS14, RPS19, RPS27A, RPS8, RPS9 501 1,12E02
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hsa04612:Antigen processing and

resentation CANX, CD4, CD74, CTSS, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, TAPBP 496  1,37E03
L CAP1, EIF4G1, FAU, PFN1, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35
R-HSA-376176~Signaling by ROBO RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, 493  3.34E11
receptors
RPS8, RPS9
. FAU, FBL, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPL34, RPL35, RPL37, RPL5, R
R-HSA-72312-rRNA processing RPL7A, RPL9, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29, RPS3, RPS8, RPsg  +0°  1,94E10
hsa04940:Type | diabetes mellitus HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5 490  4,21E02
_ . CD4, FOS, HLADMA, HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, IL2RG, IL6R, JAKL,
hsa04659:Th17 cell differentiation NFATCL, PPP3CA, SMAD4TGFBR2 4,88 9,08e05
GO0:0034774~secretory granule lumen  ARHGAP9, BIN2, COTL1, CTSH, FCN1, FGR, GMFG, GYG1, ROCK1, S100A8, S100A9, SERPINB1 485  7,22E04
G0:0005884~actin filament AIF1, ANXAL, CORO1A, COTL1, FYN, LCP1, MYOS5A, PSTPIP1, RAC2, RCSD1 474  3,77E03
G0:0030669~clathrincoated endocytic ) 174 1) ADPAL, HLA-DRA, HLA-DRBL, HLA-DRBS, VAMPS 469  3,04E02
vesicle membrane
GO0:0035578~azurophil granule lumen ~ ACTR2, CAP1, CTSC, GCA, GNS, GRN, LYZ, MNDA, PLAC8 464  7,65E03
2046581 and Th2 cel differentiation, 0% FOS: HUADMA, HLA -DMB, HLA-DPAL, HLA-DRA, HLA-DRBL, HLADRBS, IL2RG, JAKL, NFATCL, s 125803
PPP3CA
GO:0045335~phagocytic vesicle COROI1A, CTSS, CYBB, MPEG1, RABSA, SRGAP2B, VIM 456  3,29E02
ngé?g;ise%ﬂra”@o'g' network APIM1, CD74, CLTA, HLADPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, MARCHF1, RABSA, VPS53 439  581E03
R-HSA-9013404~RAC2 GTPase cycle  ARHGAP17, CYBA, CYBB, DOCK2, ESYT1, NCF2, NCF4, PIK3R1, RAC2, TAOK3, TMPO 435  3,47E03
ACTR2, ACTR3, ANXAL, APBB1IP, ARPC2, CAP1, CBL, CYBA, HNRNPK, HSP90BL, IL16, ITGA4, ITGB2, JAK
G0:0005925~focal adhesion LCP1, LRP1, PDPK1, PEN1, PTK2B, PTPRA, PTPRC, RAC2, RPL10A, RPL22, RPL23, RPL5, RPL6, RPL7A, R 4,32  3,08E12
RPS11, RPS14, RPS18, RPS19, RPS2, RPS29, RPS3, RPS8, RASH2 SVIM
hsa05321:Inflammatory bowel disease ~ HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS, IL2RG, NFATC1 432  1,87E02
EZ?;?ZHO:LEUKOCWS transendothelial CYBA, CYBB, GNAI3, ITGA4TGAL, ITGB2, NCF2, NCF4, PECAM1, PIK3R1, PRKCB, PTK2B, RAC2, ROCK1 4,28  6,06E04
D37, CD4, CSF2RA, CSF3R, HIOMA, HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRB1, HLA-DRBS. IL6R
hsa04640:Hematopoietic cell lineage CD37, CD4, CS » CSF3R, ' ' ' ’ ' 5, IL6R, 4,26 1,90E03
ITGA4
2;3?\3:52:8 celfeceptor signaling BANK1, CARD11, FOS, LYN, NFATC1, PIK3R1, PPP3CA, PRKCB, RAC2, SYK 418  7,46E03
60:0004713~protein tyrosine kinase BAZ1B, CLK1, CSK, FGR, FYN, HIPK1, JAK1, LYN, PTK2B, SLTM, SYK 417  2,87E02

activity
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GO0:1904813~ficolinl-rich granule lumen  ACTR2, BIN2, COTLL, CTSH, CTSS, FCN1, GMFG, GNS, GYG1, KPNB1, MNDA 413  4,65E03
G0:0071013~catalytic step 2 spliceosome CDC5L, HNRNPH1, HNRNPK, PNN, SF3B1, SNRNP200, SRRM1, ZCCHC8 4,08 2,91E02
EEF1B2, EIF2S3, EIF3E, EIFAG1, FAU, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23, RPL32, RPI
R-HSA-72766~Translation RPL35, RPL37, RPL5, RPL6, RPL7A, RPLO, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, 4,06  4,47E10
RPS3, RPS8, RPSY, SPCS3, WARS1
R-HSA-2029480~Fcgamma receptor ACTR2, ACTR3, ARPC2, ARPC4, FGR, FYN, LYN, MYO5A, PIK3R1, SYK 405  1,11E02
(FCGR) dependent phagocytosis
GO0:0043123~positive regulation of F AKAP13, ATP2C1, CARD11CARD16, CD4, CD74, FYN, HLADRB1, IRAK4, LGALSY, LITAF, MAVS, MIB2, 400 103803
kappaB kinase/NF-kappaB signaling PRKCB, TMED4, TRIM22, TRIM38, ZDHHC17 ' ’
R-HSA-2132295~MHC class Il antigen  AP1ML, CANX, CAPZAL, CD74, CLTA, CTSC, CTSH, CTSS, DNM3, HL/OMB, HLA -DPAL, HLA-DRA, HLA-
) 397  9,74E04
presentation DRB1, HLA-DRB5
R-HSA-6785807~Interleukin-4 and ANXA1, FOS, HSP90B1, IL2RG, IL6R, ITGB2, JAK1, MCL1, PIK3R1, TNFRSF1B, VIM, ZEB1 3,87  4,03E03
Interleukin -13 signaling
GO0:0005681~spliceosomal complex CDC5L, HNRNPK, IVNS1ABP, PNN,PRKRIP1, SF1, SF3B1, SNRNP200, SREK1, SRRM1, TRA2B 3,80 7,35E03
hsa05323:Rheumatoid arthritis ATP6V1C1, FOS, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, ITGAL, ITGB2 3,78  1,25E02
- ARD11, CD4, CSK, HLADPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, PAG1, PDPK1, PIK3R1, PTPN22, PTPRC,
R-HSA-202403~TCR signaling c ¢ €S 5 G 3 c 3,77 2,91E03
RPS27A
R-HSA-9013423~RAC3 GTPase cycle  ARHGAP15, ARHGAP17, CYBA, CYBB, ESYTL, NCF2, NCF4, PIK3R1, TAOK3, TMPO 371  1,98E02
CD63, HLA-DMA, HLA-DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRB5, MARCHF1, OSBPL11, SLC11A1
G0:0031902~late endosome membrane ' ’ ’ ' ' ' ’ ' ' 3,70 5,36E03
SNX14, VAMPS
hsa05150:Staphylococcus aureus
it FPR1, HLADMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS5, ITGAL, ITGB2, SELPLG 3,66  1,44E02
22;‘35100:8""“”'&' invasion of epithelial -0, ACTR3, ARPC2, ARPC4, CBL, CLTA, DNM3, PIK3R1 3,65  3,80E02
R-HSA-1236975~Antigen processing CTSS, CYBA, CYBB, LNPEP, NCF2, NCF4, RPS27A, S100A8, S100A9, TAPBP, VAMPS 3,65 1,20E02
Cross presentatlon
hsa04666:Fc gamma Rnediated ACTR2, ACTR3, ARPC2, ARPC4, LYN, PIK3R1, PRKCB, PTPRC, RAC2, SYK 362  1,44E02
phagocytosis
_ ANXAL, CD63. DNAJC13, FCGRT, HLADMA. HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRB1, HLA-DRBS,
G0:0010008~endosome membrane IRAK4, LEPROT, NCF4, RPS27A, SLC9A7, SNX1, SORL1, TMOSF2, VPS13A, VPS29, VPS53 361 529805
hsa05135:Yersinia infection ACTR2, ACTR3, ARPC2, ARPC4, CD4, FOS, IRAK4, ITGA4, NFATC1, PIK3R1, PTK2B, RAC2, ROCK1, RPS6F 3,59  2,18E03
00045121 membrane raf CARD11, CBL, CD4, CSK, EFHD2, FYN, GNAI3, LDHB, LYN, PAG1, PECAML, PTK2B, PTPRC, RAP2B, 258 161504

S100A10, SLC25A5, TGFBR2, TNFRSF1B, TPP1
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CD4, HLA-DMA, HLA -DMB, HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS, ITGA4, ITGAL, ITGB2, PECAM1,

hsa04514:Cell adhesion molecules PTPRC, SELL, SELPLG, SPN, VCAN 3,56 1,03E03
E::Vg;"'ZOOQFVEGFAVEGFRZ CYBA, CYBB, FYN, NCF2, NCF4, PDPK1, PIK3R1, PRKCB, PTK2B, ROCK1 352  2,74E02
_ _ ACTR2, BCL11A, DNM3, EIF3E, FYN, INPP4A, KALRN, LYN, PDPK1, PHB2, PTK2B, RAB8A, RPL14, RPLS6,
G0:0014069~postsynaptic density RPS14, RPS18. RPS19. RPS25, RPS3, SRGAP2B 3,49 1,31E04
. ATP6VIC1, CANX, COROIA, CTSS, CYBA, CYBB, HLAMA, HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRBL,
hsa04145:Phagosome HLA-DRB5, [TGB2NCF2, NCF4 3,47 1,90E03
hsa04142:Lysosome AP1M1, CD63, CLTA, CTSC, CTSH, CTSS, DMXL2, GNPTAB, GNS, LAPTMS5, LITAF, SLC11A1, TPP1 346  5,16E03
. _ CDC5L, FUS, IVNS1ABP, LUC7L3, PNN, PRKRIP1, RBM25 RSRC1, SF3B1, SMU1, SGREK1, SREK1IPL,
G0:0008380~RNA splicing SRRML, SRSF11. SUGP2 3,45 1,11E02
ACTR2, APIM1, ARHGAP9, BIN2, BRI3, CAP1, CD53, CD63, COTLL, CTSC, CTSH, CTSS, CYBA, CYBB,
R-HSA-6798695~Neutrophil DNAJC13, DOCK2, FCN1, FGR, FPR1, GCA, GLIPR1, GMFG, GNS, GRN, GYRAG2, ITGAL, ITGB2, a4l 156E11
degranulation KCNAB2, KPNB1, LAIR1, LYZ, MNDA, PECAM1, PLAC8, PTPRC, RAP2B, ROCK1, S100A8, S100A9, SELL, ' ’
SERPINB1, SLC11A1, TMT1A, TNFRSF1B, TYROBP, VAMP8
L ABLIM1, ACTR2, ACTR3, AIF1, APBBLIP, ARPC2, CCDC88A, COROIA, PSTPIP1, PTK2B, RAC2, ROCKL,
G0:0030027~lamellipodium SNX1. SROAPZE 3,39  3,84E03
_ ACAP1, ACTR2, ACTR3, ARFGEF2, ARPC2, ARPC4, CAPZAL, CBL, CHMP1A, CLTA, CYTH1, DNM3, GRK2,
hsa04144:Endocytosis GRK3, GRK6, IL2RG, ITCH, RAB11FIP2, RAB8A, RNF41, SNX1, TGFBR2, VPS29, ZFYVE16 337 3,40R05
GO0:0055037~recycling endosome ARFGEF2, DENND6A, MYO5A, SLC9A7, SORL1, TMEM230, TNIK, TPP1, VAMPS, VPS53 333  2,77E02
hsa05166:Human Fcell leukemia virus 1 ATM, CANX, CD4, FOS, HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS5, IL2RG, s32  151E04
infection ITGAL, ITGB2, JAK1, NFATC1, PIK3R1, PPP3CA, SLC25A5, SMAD4, TGEBR2, TSPO ’ ’
2;;?3523;\'“”&' killer cell mediated FYN, HCST, ITGAL, ITGB2, NFATC1, PIK3R1, PPP3CA, PRKCB, PTK2B, RAC2, SYK, TYROBP 332  1,09E02
G0:0005770~late endosome CD74, CST7, CTSS, GRN, HTT, MYO5A, RNF149, SLC11A1, SNX14, TMEM230, VPS29 331  1,82E02
G0:0016363~nuclear matrix ARID2, ATXN7, BCL11A, CHMP1A, PHB2, S100A10, SMC1A, SRRM1, VIM 327  4,75E02
AP1M1, ATP6VICL, CD63, CD74, CHMP1A, CSF3R, DNAJC13, GNAI3, GNB1, GNB4, GRN, HDMA, HLA -
GO0:0005765~lysosomal membrane DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS, LAPTMS, LITAF, LNPEP, LRP1, LYN, MARCHF1, 324  7,24E06
SLC11A1, SNX14, TRAF3IP3, VAMPS, VPS13A
R-HSA-194138~Signaling by VEGF CYBA, CYBB, FYN, NCF2, NCF4, PDPK1, PIK3R1, PRKCB, PTK2B, ROCK1 323  4,61E02
ARHGAP15 ARHGAP17, ARHGAP25. ARHGAP30, ARHGAP4, ARHGAP9, CYBA, CYBB, DOCK2, DOCKS,
R-HSA-9013149-RAC1 GTPase ¢ycle  Loum1 ALRN. NGF2. NCFA. PIK3RL. TAOK3, TMPO 320 1,55E03
R-HSA-9658195~Leishmania infection ~ ACTR2, ACTR3, ARPC2, ARPC4, CYBA, FGR, FYN, GNAI3, GNB1, GNB4, LYN, MYOS5A, PSTPIP1, SYK, TXN 3,19  4,03E03
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R-HSA-9824443~Parasitic Infection

pathways ACTR2, ACTR3, ARPC2ARPC4, CYBA, FGR, FYN, GNAI3, GNB1, GNB4, LYN, MYO5A, PSTPIP1, SYK, TXNIF 3,19  4,03E03
hsa05145: Toxoplasmosis GNAI3, HLA-DMA, HLA -DMB, HLA -DPA1, HLA-DRA, HLA-DRB1, HLA-DRBS, IRAK4, JAK1, PDPK1 317 27902
hsa04380:Osteoclast differentiation CYBA, FOS, FYN, JAK1, NCF2, NCF4, NFATC1, PIK3R1, PPP3CA, SYK, TGFBR2, TYROBP 312  1,44E02
hsa04611:Platelet activation APBB1IP, FYN, GNAI3, LYN, PIK3R1, PLCB2, ROCK1, STIM1, SYK, TBXAS1, VAMPS 312  2,02E02
:;Z'Sg;?’if&&c'ath””med'ated ACTR2, ACTR3, ARPC2, ARPC4, CBL, CD4, CLTA, DNM3, FNBP1, GRK2, GRK3, RPS27A, VAMP8 310  1,37E02
ABLIM1, ACTR2, ACTR3, ARPC2, ARPC4, CAP1, CLTA, DNM3, EIF4G1, FAU, FYN, GRB10, KALRN, LYN,
. PEN1, PIK3R1, PITPNA, PTPRA, PTPRC, ROCK1, RPL10, RPL10A, RPL13, RPL14, RPL18A, RPL22, RPL23,
R-HSA-422475~Axon guidance RPL32, RPL34, RPL35, RPL37, RPL5, RPL6, RPL7A, RPLO, RPS11, RPS148RRE519, RPS2, RPS20, RPS25, 00 L4710
RPS27A, RPS29, RPS3, RPS6KA3, RPS8, RPS9, TYROBP
ATM, CSF2RA, CSK, FGR, FYN, GMFG, GRK2, GRK3, GRK6, HCST, HIPKL, JAKL, KALRN, LYN, MAP3K2,
GO0:0006468~protein phosphorylation MAP3KS5, PDPK1, PIK3R1, PRKCB, PRKDC, PTK2B, PTPRA, ROCK1, RSRC1, SMG1, STK17B, SYK, TAOK3, 3,08  9,16E05
TGEBR2, TNIK
i P ABLIM1, ACTR2, ACTR3, AIF1, ARPC2, ARPC4, CAPZAL, CORO1A, COTLL, LCP1, LIMD2, MYOLF, MYOS5A,
G0:0051015~actin filament binding PSTPIPL, RCSDL, SYNE2 2,97 2,87E02
ABLIM1, ACTR2, ACTR3, ARPC2, ARPC4, CAP1, CLTA, DNM3, EIF4G1, FAU, FYN, GRB10, KALRN, LYN,
R-HSA-9675108~Nervous system PFNL, PIK3RL, PITPNA, PTPRA, PTPRC, ROCKL, RPL10, RPL10A, RPL13, RPL14, RPLIBA, RPL22, RPL23, o oo o
development RPL32, RPL34, RPL35, RPL37, RPL5, RPL6, RPL7A, RPL9, RPS11, RPS14,8RR8519, RPS2, RPS20, RPS25, ° ’
RPS27A, RPS29, RPS3, RPS6KA3, RPS8, RPS9, TYROBP
_ _ CD74, CORO1A, CTSS, HLADMA, HLA -DMB, HLA -DPAL, HLA-DRA, HLA-DRB1, HLA-DRB5, IRAK4, ITGB2,
hsa05152:Tuberculosis JAKL, LSP1, PPP3CA, SYK 2,93 7,46E03
R-HSA-9705683~SARSC0V-2-host FAU, ILL7RA, JAKL, MAVS, PDPK1, RPS11, RPS14, RPS18, RPS19, RPS2, RPS20, RPS25, RPS27A, RPS29,
. . 202  403E03
interactions RPS8, RPS9
. ACSBG1, APIM1, ARFGEF2, ARHGAP30, ATMATP6VIC1, CCDC88A, CLTA, COMMD7, CST7, DENNDS3,
60:0031410~cytoplasmic vesicle DENNDA4B, FNBPL, ITCH, LAPTMS, MPEG1, PDPK1, RAC2, SNX1, TMEM123 2,89 1,38E03
R-HSA-3858494~Betaatenin AGO3, CLTA, GNB1, GNB4, NFATC1, PFN1, PLCB2, PPP3CA, PRKCB, RAC2, RPS27A, TNRC6A 286  3,94E02
independent WNT signaling
hsa05170:Human immunodeficiency APIML, ATM, CD4, FOS, GNAI3, GNBL, GNB4, IRAK4, NFATCL, PIK3R1, PPP3CA, PRKCB, PTK2B, RAC2, o (oo
virus 1 infection SAMHD1, TAPBP, TNFRSF1B ' ’
GO0:0042995~cell projection ACTR2, ARPC2, ARPCABIN2, GRK3, HNRNPK, KCTD12, OGT, PDPK1, RAB11FIP2, RAC2, ZDHHC17 282  3.04E02
GO0:0031901~early endosome membrane ANXAL, DNAJC13, HLA-DRA, INPP4A, ITCH, LDLRAD4, MARCHF1, RCC2, SNX1, SORLL, VAMPS, ZFYVE16 2,79  3,21E02
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