YCZNy
<0 ¥ P

R\ iy
S

& 1

& 5

7 b

2 5

2 )
7, S
%, RS

7 1950

Lo g\

Uniwersytet Medyczny w Bialymstoku

DZIEDZINA NAUK MEDYCZNYCH | NAUK O ZDROWIU

DYSCYPLINA NAUKI MEDYCZNE

ROZPRAWA DOKTORSKA

Ocena stezenia i przydatnosci diagnostycznej wybranych
chemokin z rodziny CXC oraz ich receptorow w osoczu chorych
na raka piersi o podtypie luminalnym A lub luminalnym B

Joanna Motyka

Promotor: prof. dr hab. Stawomir Lawicki
Promotor pomocniczy: dr n. med. Ewa Gacuta

Zaklad Medycyny Populacyjnej i Prewencji Chorob Cywilizacyjnych
Kierownik jednostki: prof. dr hab. Karol Adam Kaminski

Rozprawa doktorska zostata zrealizowana w ramach ksztatcenia
w Szkole Doktorskiej UMB

Biatystok, 2023



Pragne ztozy¢ podziekowania Panu prof. dr hab. Stawomirowi Lawickiemu za przekazang wiedze,
cierpliwos¢ oraz wszechstronng pomoc podczas kazdego z etapow
powstawania niniejszej rozprawy doktorskiej.

Serdeczne podzigkowania kieruje takze do Pani mgr Aleksandry Kicman oraz Pani mgr Moniki
Kuleszy za nieoceniong pomoc w badaniach oraz za wspolnie spedzony czas
podczas naukowej podrozy.

Chce rowniez podzigkowacé catemu Zaktadowi Medycyny Populacyjnej
i Prewencji Chorob Cywilizacyjnych oraz zespotowi projektu Biatystok PLUS
za 4 lata wspoipracy oraz wspdlnie spedzonego czasu.

Wreszcie dziekuje wszystkim Osobom, ktore w nawet najmniejszym stopniu przyczynity sie
do powstania niniejszej rozprawy doktorskiej stuzgc dobrq radg oraz wsparciem.







Spis tresci

Rozdzial 1. Wykaz publikacji bedacych podstawa rozprawy doktorskiej oraz zestawienie publikacji

[0 (0] (0] 22101 v ST TSP P PP PP PTPTPPSTRPRUIN 6
Ro0zdzial 2. WPTOWAAZENIE ... .vviiviiiiiiie ittt sttt sttt et s st e e sbbe e snbe e e nbbe s snbeeenane s 7
2.1. INOWOTWOIY PIEISE ...ttt sttt ettt b ettt b bt b e 7
2.1.1. Epidemiologia i diagnostyka raka PIEISI ..........cccviiririierieiereeeese e 7
2.1.2.  Podzial raka piersi ze wzglgdu na stopien ZaawanSOWania............oeveeverereerueseeneeseesneesees 8
2.1.3.  Podzial molekularny raka PIerSi........ccoiirieiiririeiisieeiie sttt bbb e 9
2.14. Podtypy luminalny A oraz luminalny B raka piersi..........ccccoereiiininiininncneseeeee 9
2.2. ChemokKiny i 1CN FECEPLOIY .....cviii ettt sre e 10
2.2.1. Funkcje biologiczne ChemoKin.............ccoiiiiiiiii e 11
2.2.2. Rola chemokin W NOWOTWOTACK ............oiiiiiiiiiic s 11
2.2.3.  Charakterystyka wybranych chemokin i ich receptoréw w nowotworach piersi............... 11
2.2.3. 1. CXCLL ettt 11
2.2.3.2. CXCLB ...ttt 13
2.2.3.3. CXCLI12 i reCeptor CXCRA ..ottt et 15
ROZAZIAT 3. Cl PLaACY ..euviviiiieitiiiie ettt r e bt e n e nr e nresreenne s 19
Rozdzial 4. Realizacja celow naukoWyCh ..o 21

4.1. Omowienie publikacji 1. Motyka J., Kicman A., Kulesza M., Lawicki S. CXC ELR-
Positive Chemokines as Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers,
2023, 15(12), BLL8. ..eceeeeeieeieiieie ettt ettt bRt n et r et e et et re e ere e 21

4.2, Omowienie publikacji 2. Motyka J., Gacuta E., Kicman A., Kulesza M., Lawicki P.,
Lawicki S. Plasma Levels of CXC Motif Chemokine 1 (CXCL1) and Chemokine 8 (CXCLS8) as
Diagnostic Biomarkers in Luminal A and B Breast Cancer. Journal of Clinical Medicine, 2022,
L1(22), 8694 ......eieeeiecee ettt e h et b e b et she et e e beaReeeresbe et e sreete e renreenre e 23

4.3. Omowienie publikacji 3. Motyka J., Gacuta E., Kicman A., Kulesza M., Malinowski P.,
Lawicki S. CXCL12 and CXCR4 as Potential Early Biomarkers for Luminal A and Luminal B

Subtypes of Breast Cancer. Cancer Management and Research, 2023, 15, 573-589.......c...ccccceeennne 24
044 A Y s T AT 1Y (0 3 < OSSPSR 27
Rozdzial 6. BIDIOGIATIA .......ccveiiteiiiieieies bbbt 28
ROZAZial 7. SIrESZCZENIE ....vviivieeieiee ittt ettt et e e st e s e et eestee e snbe e e snteesnteeeasaeesteeennneeans 34

7.1. Streszezenie W JEZYKU POISKIM ....cc.viiviiiiiiiiiiie e 34

7.2. Streszczenie W jezyku angielSKim.........ccovviiiiiiiiici e 36
Rozdziat 8. Publikacja 1. CXC ELR-Positive Chemokines as Diagnostic and Prognostic Markers for
Breast CanCer PAIENTS ........cviiiiiiieiiies ettt 38
Rozdziat 9. Publikacja 2. Plasma Levels of CXC Motif Chemokine 1 (CXCL1) and Chemokine 8
(CXCLS8) as Diagnostic Biomarkers in Luminal A and B Breast CancCer...........ccccoovvveveneneneieeinsnnnn. 54
Rozdziat 10. Publikacja 3. CXCL12 and CXCR4 as Potential Early Biomarkers for Luminal A and
Luminal B Subtypes Of Breast CaNCEN .........cciiiiiiiiiiieieieiesie ettt ene s 75




Rozdzial 11. Zgoda Komisji BIOGLYCZNE] ...vvvivuiiiiiiiieiie i ittt s 93

Rozdziat 12. O$wiadczenia autora rozprawy dOKLOTSKIC] ...vvvveiviiirieiiiiceeie e 96
Rozdziat 13. Oswiadczenia wspotautora rozprawy doKtOTSKI€].......ccvevireieeiinieiiiiiie e 99
Rozdzial 14. DOrobeK NAUKOWY .......coiuiiiiiiiiiiiiieie ettt s 106
14.1. Wykaz publikacji stanowigcych Rozprawe doktorska..........ccoocvviiiiiiiieniiiniincnccn 106
14.2. Wykaz innych publikacji NAUKOWYCH ..........ccccoviiiiiiiccce e 106
14.2.1. W czasopismach posiadajacych nadany IF: ...........ccccoiiiiinii e 106
14.2.2. W czasopismach i wydawnictwach nieposiadajacych nadanego IF: ...........ccccovviiiinnnne 107
14.3. Wykaz rozdzialdw W mOnOGrafii:.......ccooiiiiiiiiiiee e 107
14 4. Wykaz doniesien zjazdoWyCh: ........ccooiiiiiiiiiiii e 108
14.5. Wykaz innych aktywno$§ci naukowych: ..o 111




Rozdzial 1.
Wykaz publikacji bedacych podstawa rozprawy doktorskiej oraz
zestawienie publikacji doktoranta

Niniejsza praca doktorska jest sktadowa trzech prac, tj. jednej pracy pogladowe;j
oraz dwoch prac oryginalnych. Artykuly zostaly opublikowane na tamach zagranicznych
czasopism naukowych, posiadajacych wysokie wskazniki IF oraz punktacjec MNiSW,
CO przedstawiono ponize;.

Publikacja 1. Motyka J, Kicman A, Kulesza M, Lawicki S. CXC ELR-Positive Chemokines as

Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel). 2023;15(12):3118.
doi:10.3390/cancers15123118 (praca przegladowa)

IF: 5.200; MNiSW: 200 punktow

Publikacja 2. Motyka, J., Gacuta, E., Kicman, A., Kulesza, M., Lawicki, P., Lawicki, S. Plasma
Levels of CXC Motif Chemokine 1 (CXCL1) and Chemokine 8 (CXCL8) as Diagnostic Biomarkers in
Luminal A and B Breast Cancer. Journal of Clinical Medicine, 2022, 11(22), 6694.
https://doi.org/10.3390/jcm11226694 (praca oryginalna)

IF: 3.900; MNiSW: 140 punktow

Publikacja 3. Motyka, J., Gacuta, E., Kicman, A., Kulesza, M., Malinowski, P., Lawicki, S. CXCL12
and CXCR4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast Cancer.
Cancer Management and Research, 2023, 15, 573-589. https://doi.org/10.2147/CMAR.S416382
(praca oryginalna)

IF: 3.300; MNiSW: 140 punktéw

Zestawienie publikacji doktoranta

, I , Punktacja
Rodzaj publikacji Liczba Impact Factor MNiSW
Prace wiaczone do 3 12.400 480.000

rozprawy doktorskiej
Prace, ktore nie
zostaly wiaczone do 6 20.928 700.000
rozprawy doktorskiej
Streszczenia

. 29 - -
zjazdowe
Razem 38 33.328 1180.000




Rozdzial 2.
Wprowadzenie

Nowotwor piersi jest chorobg wysoce heterogenng, gdyz charakteryzuje si¢ duza
roznorodnoscig histopatologiczng i molekularng, a takze réznego stopnia zréznicowaniem
komorek. Najczesciej objawia si¢ jako wyczuwalna zmiana w piersi. Do innych, rzadziej
wystepujacych objawdw nalezg $ciggnigcie lub pociaggniecie skéry nad zmiang, wciagnigcie
lub wyciek z brodawki sutkowej, a rzadziej zmiana wielko$ci piersi lub koloru skory
oraz powiekszenie pachowych weziéw chlonnych (w tym takze zajecie weztow chtonnych
przy jednoczesnym braku objawow ze strony piersi). Tego typu objawy nie s3
charakterystyczne dla zmiany zlosliwej i moga rowniez wystepowaé w przypadku zmian
tagodnych, stad do pelnej identyfikacji toczacego sie procesu nowotworowego konieczne jest
przeprowadzenie badan zaréwno obrazowych, jak i histologicznych opartych o biopsje
tkankowa [1].

2.1. Nowotwory piersi

Nowotwory ztosliwe piersi mozna podzieli¢ na dwie gldéwne grupy - raki i migsaki.
Szacuje si¢, ze raki sg najczestszymi nowotworami piersi i wywodza si¢ z komorek
nablonkowych zrazikowych lub przewodowych piersi [2]. W grupie rakow, w zaleznos$ci od
stopnia inwazji okolicznych tkanek przez komorki nowotworowe, wyrdznia si¢ trzy
dodatkowe podgrupy: zmiany in situ (zmiany nieinwazyjne lub przedinwazyjne), zmiany
inwazyjne (naciekajace otaczajacg tkanke zrebu piersi) oraz zmiany przerzutowe. Inwazyjne
raki piersi stanowig okolo 90-95% wszystkich diagnozowanych przypadkéw, przy czym
inwazyjny rak przewodowy jest najczgstszym typem histologicznym raka piersi (50-80%

wszystkich zdiagnozowanych nowotwordéw) [2,3].

2.1.1. Epidemiologia i diagnostyka raka piersi

Rak piersi pozostaje najbardziej rozpowszechnionym nowotworem na $wiecie. Wedlug
danych WHO z bazy danych GLOBOCAN, globalna zachorowalno$¢ w 2020 roku osiggneta
ponad 2,2 miliona nowych przypadkéw, przy wskazniku $miertelno$¢ utrzymujacym si¢
wokot 685 tysiecy zgondw w ciggu roku [4]. W zaleznosci od stadium zaawansowania
choroby w momencie diagnozy, $miertelno$¢ z powodu raka piersi znaczgco si¢ rozni.

Szacowany okres 5-letniego przezycia pacjentow w przypadku przerzutujacego do odlegtych




loci raka piersi wynosi ponizej 30%, podczas gdy w przypadku zmiany zlokalizowanej,
wspolczynnik ten wzrasta az do ponad 99% [5,6]. Powyzsze statystyki wyraznie pokazuja
istot¢ wczesnej diagnostyki chorob nowotworowych, aby mozliwie szybko zapobiec
rozprzestrzenianiu si¢ komorek nowotworowych poza pierwotng lokalizacj¢ guza. Dlatego tez
wiele badan koncentruje si¢ na poszukiwaniu nowych potencjalnych markerow
nowotworowych, ktére pozwolityby na usprawnienie procesu diagnostycznego Wwczesnego
rozpoznania raka piersi.

Wstepna diagnostyka raka piersi opiera si¢ na samobadaniu przez pacjentki gruczotow
piersiowych oraz okresowych badaniach przesiewowych w grupie kobiet o podwyzszonym
ryzyku zachorowania. Wdrozenie mammografii przesiewowej przez wiele krajow na catym
$wiecie w grupach kobiet o podwyzszonym ryzyku zachorowania na raka piersi (w Polsce jest
to grupa kobiet w wieku powyzej 50-ciu lat) byto przelomem w usprawnieniu procesu
diagnostycznego, pozwalajacego na wylapanie z populacji wczesnych podejrzanych zmian,
ktoére w dalszym badaniu okazywaty si¢ by¢ zmianami zto§liwymi [7,8].

Oprécz badania mammograficznego, obecne metody diagnostyczne opieraja si¢ gtownie
na metodach obrazowania, takich jak ultrasonografia, tomografia komputerowa, rezonans
magnetyczny czy pozytonowa tomografia emisyjna. Metody obrazowania majg jednak swoje
ograniczenia. Gtéwnym z nich jest diagnostyka matych rozmiaréw zmian w piersi, gdzie
trudnym jest jednoznaczne okreslenie jej charakteru. Dodatkowo tez u kobiet z zachowang
cykliczng czynnosciag hormonalng wystgpuja dodatkowe trudnosci rozpoznania ze wzglgdu na
okresowe zmiany gestosci piersi. Dlatego tez kazde badanie obrazowe wymaga poparcia

badaniem klinicznym pacjentki oraz musi ostatecznie opiera¢ si¢ na ocenie histopatologicznej

[1].
2.1.2. Podzial raka piersi ze wzgledu na stopien zaawansowania

Obecnie obowigzujaca 8 edycja wytycznych American Joint Committee on Cancer zawiera
dwa systemy oceny zaawansowania obejmujgce ocen¢ anatomiczng — klasyfikacje TNM
(ocena wielkosci guza pierwotnego, stanu wezldw i przerzutow odleglych) oraz ocene
prognostyczng (stopieh zaawansowania guza, ekspresja receptorow hormonalnych
1 onkogendéw, wyniki panelu wielogenowego) [9,10]. W przypadku zmian w piersi stopien
zaawansowania TNM ma zastosowanie do rakow inwazyjnych i rakéw przewodowych in situ.
Zar6wno anatomiczna, jak 1 prognostyczna ocena stopnia zaawansowania jest preferowana

W postepowaniu z pacjentami, jednak sama anatomiczna ocena stopnia zaawansowania moze




by¢ zaréwno stosowana w regionach $wiata, w ktorych testy biomarkeréw nie sa dostepne
[9].

Klasyfikacja anatomiczna TNM ocenia stopien zaawansowania choroby biorgc pod uwage
wielkos¢ guza pierwotnego (Tis do T4), stan regionalnych we¢ztow chtonnych (NO do N3)
oraz obecno$¢ przerzutow odlegtych (MO lub M), aby okresli¢ kliniczny stopien
zaawansowania raka piersi cechowany od 0 do IV, przy czym stopien 0 charakteryzuje si¢
najkorzystniejszym, natomiast stopien IV najmniej korzystnym rokowaniem [1].

Niezaleznie od klasyfikacji anatomicznej, stopien zroznicowania histologicznego komorek
jest waznym czynnikiem prognostycznym, a jego ocena powinna by¢ zawsze uwzgledniana
przy okreslaniu stopnia zaawansowania raka piersi. Najczesciej wykorzystywany jest system
Klasyfikacji histologicznej Nottingham, ktory opiera si¢ na ocenie trzech cech
morfologicznych: stopnia tworzenia kanalikow lub gruczotéw, pleomorfizmu jadrowego
i liczby mitotycznej. Podzial wedlug stopnia zréznicowania komoérek obejmuje trzy stopnie —
od stopnia 1., w ktorym komorki sg wysoko zréznicowane, przez stopien 2. z posrednim
zréznicowaniem komorek, do stopnia 3. — niskozréznicowanych komoérek nowotworowych,

przy czym im wyzszy stopien, tym prognozowane jest gorsze rokowanie dla chorych [1,11].

2.1.3. Podzial molekularny raka piersi

Integracja oceny prognostycznej w diagnostyce raka piersi ma szczegdlne znaczenie,
0 czym swiadczg ostatnie postgpy w strategiach leczenia opartych na indywidualnym statusie
receptora hormonalnego 1 wynikach paneli wielogenowych. W zwiagzku z tym standardem
staje si¢ obecnie badanie wzorcow molekularnych zmian piersi, ktore sa klasyfikowane
w czterech gtownych podtypach: Luminalny A, Luminalny B, HER2-dodatni i potrdjnie
uyjemny rak piersi (TNBC) [12]. Segregacja do kazdego podtypu opiera si¢ na podstawie
oceny poziomu ekspresji receptora estrogenowego (ER), receptora progesteronowego (PR),
receptora ludzkiego naskorkowego czynnika wzrostu 2 (HER2) i1 czynnika proliferacji
komorkowej (Ki-67) i jest okreslana za pomocg panelu immunohistochemicznego wycinka
tkankowego z dodatkowym wykorzystaniem techniki fluorescencyjnej hybrydyzacji in situ
[13]. Ostatnio jednak coraz cz¢sciej do oceny podtypu molekularnego wykorzystuje sie¢ testy

wielogenowe, takie jak Prosigna, Oncotype DX i Mammaprint [3,14].

2.1.4. Podtypy luminalny A oraz luminalny B raka piersi

Podtyp luminalny A jest najczestszym podtypem molekularnym 1 wigze si¢

z najkorzystniejszym rokowaniem, przewaznie bezbolesnym przebiegiem klinicznym
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1 ogblnie mniejszym zajeciem weztdw chtonnych [15]. Guzy luminalne A charakteryzujg si¢
obecno$cig ER i/lub PR przy rownoczesnym braku ekspresji HER2 i niskiej ekspresji markera
proliferacji komorkowej Ki-67 (mniej niz 14% lub 20% - w zaleznosci od zrodta) [16-18].
Ze wzgledu na dodatni status receptora hormonalnego, pacjentki z rakiem piersi o podtypie
luminalnym A s3 podatne na terapi¢ endokrynologiczng selektywnymi modulatorami
receptora estrogenowego lub inhibitorem aromatazy [19,20].

Podtyp luminalny B stanowi okoto 20-30% przypadkow inwazyjnego raka piersi [2].
Podtyp ten jest klasyfikowany jako HER2-ujemny lub HER2-dodatni, w zaleznosci od
poziomu ekspresji HER2. Wigkszo$¢ rakow piersi z mutacjami genu BRCA2 rowniez nalezy
do tej grupy [21,22]. Podtyp luminalny B jest uwazany za najbardziej agresywna postac
hormonozaleznego raka piersi i oprocz hormonoterapii wymaga wprowadzenia dodatkowych

cykli leczenia, takich jak chemioterapia lub terapia celowana anty-HER2 [20,23].

2.2. Chemokiny i ich receptory

Chemokiny CXC naleza do rodziny cytokin chemotaktycznych obejmujacej okoto 50
bialek. Sktadajg si¢ z czterech reszt cysteinowych, ktore tworzg dwa mostki dwusiarczkowe,
przy czym pierwsze dwie reszty cysteinowe oddzielone sa pojedynczym aminokwasem.
Ponadto chemokiny z grupy CXC sa jednymi z kluczowych elementéw regulujacych procesy
zapalne 1 angiogenne. W zaleznosci od obecnos$ci 3-aminokwasowego motywu glutaminowo-
leucyno-argininowego (ELR) na N-koncu tancucha, chemokiny z grupy CXC dzieli si¢ na
dwie podgrupy, tj. ELR+ promujace angiogeneze¢ oraz ELR- o wlasciwosciach
angiostatycznych. Wyjatkiem od zalezno$ci obecnosci motywu ELR od wlasciwosci
angiogennych jest chemokina CXCL12, ktéry nalezy do podgrupy ELR-, ale zamiast tego jest
zaangazowana W promowanie angiogenezy poprzez interakcje ze swoimi receptorami [24,25].

Chemokiny wyrazaja swoje dzialanie gltownie poprzez interakcje z klasycznymi
receptorami chemokin (GPCR). GCPR s3a transblonowymi receptorami zwigzanymi
z bialkiem G, ktore po aktywacji przez ligand wywotuja wewnatrzkomérkowy szlak
sygnatowy. Wigzanie ligand-receptor odbywa si¢ z zachowaniem stosunku 1:1, przy czym
wickszos$¢ receptorow jest wieloligandowa w obrebie chemokin z danej grupy, a aktywacja
danego receptora przez rozne ligandy prowadzi¢ moze w efekcie do wywotania osobnych

funkcji komorkowych [24,25].
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2.2.1. Funkcje biologiczne chemokin

Chemokiny s3 zaangazowane w kontrole wielu procesow, zaréwno fizjologicznych,
jak 1 patologicznych, odgrywajgc istotng role w migracji komoérek i indukcji ich ruchu.
Najwazniejsza funkcjg chemokin jest regulacja migracji leukocytéw, ktoéra jest niezbgdna
do osiggnigcia roOwnowagi immunologicznej w organizmie i wywotania odpowiedzi
immunologicznej na infiltracj¢ patogenéw. Wraz ze swoimi receptorami, chemokiny oraz
czasteczki adhezyjne tworza skomplikowang sie¢ okreslajaca migdzy innymi Kierunek
migracji leukocytow oraz miejsce docelowe migracji. Oprocz roli regulatoréw migracji
komorek odpornosciowych chemokiny biorg udziat rowniez w takich procesach jak migracja
neurondw, angiogeneza, organogeneza czy wzrost embrionalny. W ostatnich latach badacze
poswiecaja coraz wiecej uwagi roli chemokin w patogenezie wielu choréb o podtozu
zapalnym 1 autoimmunologicznym, takich jak tuszczyca, reumatoidalne zapalenie stawow

czy choroby alergiczne, jak réwniez w schorzeniach rozrostowych, w tym w nowotworach

piersi [24-26].

2.2.2. Rola chemokin w nowotworach

Chemokiny mogg by¢ zaangazowane w proces nowotworzenia poprzez trzy mechanizmy:

— kontrolg angiogenezy, umozliwiajaca wzrost guza i tworzenie przerzutow,

— regulacje naptywu leukocytow do mikrosrodowiska guza,

— bezposredni wptyw na funkcjonowanie komoérek nowotworowych.

Mechanizmy te moga dziata¢ zarowno w sposOb promujacy rozrost guza, np. poprzez
stymulacje  angiogenezy, tworzenie immunosupresyjnego  mikrosrodowiska guza
lub tez zmiang profilu biologicznego samej komorki nowotworowej (zwigkszona proliferacja,
unikanie apoptozy 1 zmniejszona adhezja do podtoza), jak 1 w sposéb hamujacy — dziatajac
W sposOb antyangiogenny, czy stymulujac naptyw leukocytow odpowiedzialnych
za nieswoista odpornos¢ przeciwnowotworowa. Deregulacja ekspresji  chemokin
w mikrosrodowisku guza moze réwniez kierowa¢ komodrki nowotworowe do innych

lokalizacji, sprzyjajac ich rozprzestrzenianiu si¢ w organizmie [24-27].

2.2.3. Charakterystyka wybranych chemokin i ich receptoréw w nowotworach piersi
2.2.3.1. CXCL1

Sugeruje si¢, ze gen chemokiny CXCLI1 jest waznym czynnikiem bioragcym udziat

w procesach nowotworowych piersi wsrod mlodych dorostych [28]. Badanie ekspresji
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tkankowej CXCL1 za pomocg barwienia immunohistochemicznego wykazato zwigkszong
ekspresj¢ tej chemokiny w stosunku do prawidlowej tkanki piersi [29]. Jednakze dane
pochodzace od okoto 3000 pacjentdéw z bazy danych The Cancer Genome Atlas (TCGA)
wykazaty nadekspresj¢ mRNA CXCLL1 tylko u 4-7% pacjentéw z rakiem piersi. Pozostale
przypadki miaty znacznie nizszg ekspresj¢ niz zdrowa tkanka, przy czym nadekspresja
ta wystepowata czesciej w TNBC [29,30], chociaz niektére prace réwniez donosza o braku
istotnych statystycznie réznic w ekspresji tej chemokiny pomiedzy tkankg zdrowsg
a patologiczng [31]. Wyniki te potwierdzajg badania nad ekspresjg CXCL1 w poszczegdlnych
liniach komorkowych raka piersi, gdzie otrzymano analogiczne wyniki, z wyjatkiem linii

komorkowej BT-20 begdacej typem potrdjnie negatywnym [30].

CXCLI moze by¢ zaangazowana w proces nowotworzenia w raku piersi w zaleznoS$ci
od tego, czy dana linia komérkowa wykazuje ekspresj¢ receptora dla CXCL1, tj. CXCR2
[30]. CXCL1 stymulowa¢ moze proliferacjc komoérek raka piersi, co wykazano
w eksperymentach na potrdjnie ujemnych i HER2-dodatnich liniach raka piersi [32]. Sugeruje
si¢, ze zwigkszona ekspresja CXCL1 w rakach potrojnie ujemnych w sposob autokrynny
bedzie przyczynia¢ si¢ do zwigkszonej ich proliferacji [32]. Dodatkowo CXCL1 moze takze
wywieraé dziatanie proprzezyciowe i antyapoptotyczne na komoérki raka piersi podczas terapii
przeciwnowotworowej. Zaobserwowano, ze zwigkszenie ekspresji CXCL1 w odpowiedzi na
radio- i/lub chemioterapi¢, moze wpltywa¢ na ekspresj¢ biatek z rodziny Bcl-2,
co W nastgpstwie hamuje apoptoze komoérek indukowang terapig przeciwnowotworowg
oraz zwigksza¢ bedzie rekrutacje do niszy nowotworowej mieloidalnych komorek
supresorowych (MDSC), hamujacych przeciwnowotworowa odpowiedZz immunologiczng.
Uwaza sig, ze jest to jedna z przyczyn powstawania chemioopornosci i radioopornosci
komorek raka piersi [30]. CXCL1 jest rowniez wazna w funkcjonowaniu komorek
macierzystych raka (CSC) w raku piersi, ktore gtownie posiadaja ekspresje CXCR2 [33,34].
Z tego powodu CXCR2 mozna uzna¢ za jeden z markeréw CSC raka piersi [34]. Jednoczesna
ekspresja CXCL1 1 CXCR?2 skutkuje zwigkszonym potencjatem proliferacyjnym i zdolno$cia
samoodnowy CSC [30,34].

CXCL1 powoduje réwniez migracje i przejscie nablonkowo-mezenchymalne (EMT)
komorek raka piersi, przy czym efekty te zostaly wykazane dla poszczegdlnych linii
komoérkowych. Wplyw CXCL1 na migracje zaobserwowano dla linii komdérkowych

MDA-MB-231, MCF-7, ZR-75-1, HCC-1937 i SKBRS3, lecz nie dla linii T47D, mimo
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ze komorki te wykazuja ekspresje CXCR2. Indukcja EMT obserwowana byla natomiast
dla linii komérkowych MDA-MB-231, HCC-1937, SKBR3 i MCF-7 [30].

Migracja indukowana przez CXCL1 moze dotyczy¢é rowniez komoérek niszy
nowotworowej. Do mikrosrodowiska rekrutowane sg neutrofile, komoérki supresorowe
pochodzenia granulocytarno-mieloidalnego, mezenchymalne komorki macierzyste (MSC)
oraz naiwne limfocyty T CD4+, ktore pod wptywem mikrosrodowiska guza przeksztatcaja sie
w limfocyty T regulatorowe [30]. Dodatkowo CXCLI1 nalezy do chemokin ELR+,
stymulujacych procesy angiogenezy [24]. Ponadto moze takze rekrutowa¢ hematopoetyczne
komorki macierzyste/progenitorowe, ktére nastgpnie réznicujg si¢ w MDSC. CXCLI1 moze
by¢ rowniez wazna w tworzeniu przerzutéw raka piersi w innych narzadach, w tym do ptuc,
kosci, mézgu 1 weztdéw chlonnych [30], a jej krazacy we krwi poziom jest dodatnio
skorelowany z liczbg krazacych komorek raka piersi [35].

Badania nad ekspresja CXCL1 w raku piersi sugerowa¢ moga, ze gldwnym zrodtem
tej chemokiny w mikrosrodowisku guza nie sg stricte komorki nowotworowe, lecz pozostale
komorki sktadajace si¢ na nisz¢ guza. Za gtéwne zrodto CXCL1 uznaje si¢ przede wszystkim
fibroblasty zmienione nowotworowo (CAFs), ale takze makrofagi zwigzane z nowotworem
(TAMs) oraz komorki MSC pochodzace z tkanki thuszczowej [30]. Fakt ten moze stanowic
podstawe w otrzymywanych rozbiezno$ciach wynikow badan przeprowadzanych
na izolowanych liniach komoérkowych oraz doniesien uzyskiwanych z badan bezposrednio
na tkankach raka piersi pochodzacych od pacjentéw, w tym badan nad poziomami ekspresji

tej chemokiny.

Mato jest dostgpnych wynikéw badan odnoszacych si¢ do krazacego poziomu CXCLI1
u chorych na raka piersi. Ma i wsp. [36] odnotowali wyzsze stezenie CXCL1 w surowicy
u pacjentek z rakiem piersi niz u zdrowych kobiet. Wysokie poziomy CXCL1 w osoczu
wraz z TGF-f u pacjentow z przerzutowym rakiem piersi byly rowniez zwigzane
ze zwigkszonym wykrywaniem krazacych komoérek nowotworowych 1 krotszym catkowitym

przezyciem [35].

2.2.3.2. CXCLS8

CXCLS8 jest chemoking, ktora wykazuje dzialanie pronowotworowe w raku piersi.
W zaleznosci od zroédta, mRNA CXCLS8 w raku piersi ulega nadekspresji, obnizonej ekspresji

lub nie wykazuje réznic w ekspresji wzgledem zdrowej tkanki. Zwigkszona ekspresja jest
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najczgéciej wykazywana przez ER-ujemne podtypy raka, zaréwno HER2-dodatnie jak
1 potrdjnie ujemne [29,37]. Dodatkowo poziom ekspresji CXCLS jest zalezny od stadium raka
piersi 1 jest wyzszy w tkankach przerzutowych i komoérkach nowotworowych o stopniu

zroznicowania histologicznego 3 niz w komoérkach nowotworowych o stopniu zréznicowania

1i2[29].

Chociaz szlaki 0si CXCL8-CXCR1/2 zostaty szeroko zbadane w przypadku proliferacji
i apoptozy guza, dostepnych jest bardzo niewiele badan dotyczacych jej funkcji w rozwoju
1 przerzutowaniu raka piersi. Gléwna rola CXCL8 w rozwoju raka piersi wydaje si¢ by¢
jednak modyfikacja mikrosrodowiska guza, co przeklada si¢ na jego progresj¢. Najnowsze
dowody wskazuja takze, ze chemokina ta moze by¢ kluczowym regulatorem aktywnosci CSC

w raku piersi [22,37].

Komplementarna sygnalizacja w mikrosrodowisku guza pomigdzy CXCL8 wydzielang
przez komorki nowotworowe a CXCR1/2 ulegajacych ekspresji na otaczajacych komoérkach
stromalnych jest kluczowa dla progresji nowotworu i powstawania przerzutow oraz kontroli
proliferacji CSC i ich samoodnawiania [37,38]. CXCL8 zwicksza takze produkcje
1 wydzielanie réznych czynnikéw przez komoérki nowotworowe, w tym metaloproteinaz
macierzy MMP-2 i MMP-9, ktére bezposrednio odpowiadaja za przebudowe macierzy
mi¢dzykomorkowej, modulujac w ten sposob tempo rozwoju oraz inwazyjnosc¢ guza [22,38].
Stymulacja czynnikiem FGF ludzkich komorek raka piersi powodowala posrednio
zwigkszenie produkcji ligandow CXCR2, gléwnie CXCLS8 oraz CXCLI, co niezbgdne bylo
do wykazania indukowanej makrofagami migracji komorek rakowych. CXCL8 wydzielana
przez komorki nowotworowe moze nasila¢ progresje guza poprzez indukowanie EMT
sasiadujagcych nowotworowych komorek o fenotypie epitelialnym. Wydaje sig, ze CXCLS jest
jednym z czynnikéw zaangazowanych w zmian¢ fenotypu komorkowego, co bezposrednio
warunkuje ich ruchliwos¢ i inwazyjno$¢ oraz wydaje si¢ mie¢ zasadnicza role w pozniejszym
utrzymywaniu cech mezenchymalnych przez komorki nowotworowe [39]. Pomiedzy CXCLS
a EMT istnieje autokrynna petla sprzgzenia zwrotnego. CXCLS8 stymuluje proces EMT
i inicjuje kaskade cytokin i/lub czynnikéw wzrostu, w tym samego CXCLS [40].

Ponadto sygnalizacja osi CXCL8-CXCR1/2 odgrywa kluczowa rolg w regulacji
1 ukierunkowaniu odpowiedzi immunologicznej, stanowigc jeden z elementow ucieczki
komorek nowotworowych przez uktadem immunologicznym. Opublikowane doniesienia
zbiorczo sugeruja, ze CXCL8 moze rekrutowa¢ makrofagi zwigzane z guzem (TAMs),

MDSC i neutrofile do mikrosrodowiska guza, co skutkuje thumieniem przeciwnowotworowe;j
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odpowiedzi immunologicznej cytotoksycznych komorek odpornosciowych. Moze to rowniez

ostabia¢ przeciwnowotworowg aktywnos$¢ komorek dendrytycznych i komoérek NK [37,38].

CXCLS8 wspotdziatajac z VEGF jest jednym z gldéwnych czynnikow stymulujgcych proces
generowania neowaskularyzacji w guzie piersi [37]. CXCL8 stymuluje zar6wno proliferacje
srodbtonka, jak i tworzenie kapilar in vitro w sposob zalezny od stezenia. O§ CXCL8-CXCR2
dodatkowo nasila ten efekt poprzez stymulacje ekspresji VEGF. Wsrdd rakow piersi zarowno
ER-pozytywnych, jak i ER-negatywnych poziom ekspresji CXCL8 pozytywnie koreluje

z potencjatem przerzutowym komorek nowotworowych [37,38].

CXCRI1 ulega szczegdlnej nadekspresji w subpopulacji CSC w poréwnaniu z bardziej
zroznicowanymi komoérkami nowotworowymi, a ostatnie badania wskazuja, ze sygnalizacja
poprzez zarowno receptor CXCRI1, jak 1 CXCR2, stanowi wazny mechanizm obronny
w regulacji aktywno$ci CSC piersi, a sama 0§ CXCL8-CXCR1/2 moze odgrywaé kluczowa
role w progresji guza i przerzutach, poprzez kontrolowanie i1 napedzanie proliferacji
I samoodnowy CSC oraz tworzenie nowych mammosfer w miejscach przerzutowych [37,41].
Zauwazono takze, ze obecno$¢ fizjologicznych MSC pochodzenia szpikowego w poblizu
CSC raka piersi w obrebie niszy tworzacego si¢ guza, wydaje si¢ sprzyja¢ toczacemu si¢
pierwszemu etapowi nowotworzenia za posrednictwem cytokinowej sieci sygnalizacyjnej,
mig¢dzy innymi poprzez IL-6, CXCLS oraz pozostate ligandy CXCR1 i CXCR2 [42].

W kilku pracach naukowych odnotowano zwigkszone stg¢zenie CXCL8 w surowicy
lub w osoczu u pacjentek w kazdym stadium zaawansowania raka piersi w poréwnaniu
ze zdrowymi kobietami. Ponadto wykazano wyzsze ste¢zenia CXCL8 w podgrupach
ER-dodatnich, PR-dodatnich i potrojnie ujemnych rakach piersi w stosunku do zdrowych
osob. Kobiety z fagodnymi zmianami piersi rowniez wykazywaty wyzsze poziomy CXCLS
niz zdrowe osoby, ale tylko jedna praca wykazata istotne rdéznice mig¢dzy zmianami
ztodliwymi 1 tagodnymi [29]. Na podstawie wynikow binarnej analizy regresji logistycznej
stwierdzono, ze stezenie CXCL8 w surowicy byto predyktorem réznicowania miedzy grupa
zmian tagodnych, grupa raka piersi i grupa kontrolng zdrowych kobiet [43]. Zgodnie z tymi

wynikami, CXCL8 moze stanowi¢ uzyteczny marker diagnostyczny raka piersi.

2.2.3.3. CXCL12 i receptor CXCR4

Szlak sygnatowy CXCL12/CXCR4 pojawit si¢ w ostatnich latach jako kluczowy czynnik
w procesie nowotworzenia raka piersi. Kaskada CXCL12/CXCR4 jest zaangazowana

w prawie kazdy aspekt nowotworzenia raka piersi, w tym proliferacje, ruchliwo$¢ komoérek
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I odleglte przerzuty [44]. Jedynym ligandem receptora CXCR4 jest CXCLI12,
w przeciwienstwie do wigkszos$ci receptorow dla chemokin zapalnych. Ponadto, CXCR4 jest
jedynym receptorem chemokinowym, ktérego pozbawienie ekspresji skutkuje $miercig
w okresie okotoporodowym myszy [24,45]. CXCLI12 oprocz receptora CXCR4 taczy sie
takze z atypowym receptorem ACKR3, a pozbawienie myszy jego ekspresji skutkuje
nieprawidlowosciami w procesie kardiogenezy [46]. O$ ta wydaje si¢ wiec posiada¢ ogromne
znaczenie podczas rozwoju organizmu, a zaburzenia jej funkcjonowania moga pojawiaé sie
w przebiegu wielu chorob. Analiza ekspresji mRNA wykazata, ze w pordéwnaniu
ze zdrowymi tkankami, poziom mRNA CXCL12 byl istotnie nizszy, podczas gdy mRNA
CXCR4 byt istotnie wyzszy w tkankach BC [47-51]. Dalsza analiza poszczegdlnych
podtypow molekularnych wykazata, Zze poziomy mRNA CXCLI2 byly istotnie nizsze
w podtypach TNBC i HER2-dodatnim raku piersi niz w podtypach luminalnych.
Nie zaobserwowano jednak statystycznie istotnych réznic miedzy podtypami TNBC
I HER2-dodatnim [47,49,51]. R6znice w ekspresji mRNA zaobserwowano takze dla CXCR4
w r6znych podtypach raka piersi. TNBC wykazywatl wyzsza ekspresje CXCR4 w poréwnaniu
z podtypami luminalnymi i HER2-dodatnimi, podczas gdy nie bylo réznic w poziomach
ekspresji miedzy rakami piersi o podtypach HER2-dodatnim i luminalnym [47,50]. Ekspresja
mRNA CXCLI2 i CXCR4 nie korelowata ze sobg wsrdd pacjentek z rakiem piersi, ani jej
poziom nie roznit si¢ w poszczegélnych stadiach zaawansowania [47,48], chociaz w kilku
doniesieniach naukowych odnotowano zwigzek miedzy nizsza ekspresja CXCLI12 a stabo
zroznicowanymi komoérkami nowotworowymi [51].

Mechanizmy molekularne, za pomocg ktorych CXCR4 ulatwia wzrost pierwotnych guzéw

raka piersi, sg szeroko badane i mozna je podsumowaé w nastepujacy sposob:

— angiogeneza - fibroblasty obecne w pierwotnych rakach piersi sg waznym zrodtem
CXCL12. CXCL12 wytwarzany w mikrosrodowisku guza rekrutuje krazace komorki
progenitorowe $rodbtonka do miejsc pierwotnych guzow piersi i sprzyja powstawaniu
mikronaczyn, zwigkszajac w ten sposob ich gestos¢ w tkance rakowej;

— typowe szlaki sygnatlowe zwigzane z proliferacja komorek - zidentyfikowano szereg
dalszych efektorow CXCR4 (PI3K/AKT, Src/ERK1-2, NF-xB i STAT3), ktoére sa
dobrze znane ze swojej zdolnoSci do stymulowania wzrostu, przyczyniajac si¢
do wzrostu pierwotnych guzow piersi. Wzajemne oddzialywanie migdzy CXCR4
a innymi szlakami zwigzanymi z komoérkami macierzystymi, takimi jak Notch, Wnt

1 SHH, moze by¢ rowniez zaangazowane w proliferacje komorek raka piersi;
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— rekrutacja komoérek odpornosciowych - oprocz progenitorow srédbtonka, rekrutowane
sg rowniez komorki dendrytyczne. Komorki dendrytyczne hamuja odpornosé
przeciwnowotworowga poprzez inaktywacje cytotoksycznych limfocytéw T, promujac
wzrost guza. Sekrecja CXCL12 zwigksza rowniez ilo§¢ immunosupresyjnych Treg
FOXP3+ i zmniejsza naptyw komorek T CD8+ [26,44,52].

Przerzuty komorek nowotworowych do odleglych lokalizacji wymagaja kilku kolejnych
etapow. Pierwszym etapem jest intrawaskularyzacja komorek nowotworowych z pierwotnych
miejsc guza do naczyn krwiono$nych, a nastgpnie ich przezycie w krazeniu, migracja
do narzadow wtornych, z nastepujaca adhezja i proliferacja komoérek nowotworowych
w docelowych narzadach i tkankach. O§ CXCL12-CXCR4 jest jednym z najszerzej badanych
szlakow sygnatowych chemokin CXC w przerzutach do miejsc odlegtych. CXCR4 promuje
przerzuty raka piersi do narzadow (kosci, watroby i ptuc), w ktorych jego ligand CXCL12 jest
wytwarzany w duzych ilosciach [52,53]. Do mikro$rodowiska guza pierwotnego,
za po$rednictwem CXCL12 uwalnianego z komorek nowotworowych, rekrutowane sa miedzy
innymi monocyty, ktore przeksztatcaja si¢ w TAMs, a nastepnie w wysepkowe makrofagi
okotonaczyniowe. Transformacja ta jest jednokierunkowa i kontrolowana przez o$
CXCLI12/CXCR4. W konsekwencji TAMs tacza si¢ z naczyniami krwiono$nymi,
zmniejszajac integralno$¢ bariery $rodbtonkowej, zwigkszajac przepuszczalno$¢ naczyn,
co sprzyja powstawaniu przerzutow odleglych raka piersi [26,44]. Ruchliwo$¢ 1 migracja
komorek nalezag do niezbednych zachowan komoérek i1 przyczyniaja si¢ do powstawania
przerzutow. W komoérkach MDA-MB-231 raka piersi sygnalizacja CXCL12/CXCR4
wywoluje dwa efekty zwigzane z migracja komorek, ktore sg zalezne od stezenia CXCL12
w komorkach TNBC. Niskie stgzenia CXCL12 indukuja posrednio polimeryzacj¢ aktyny
1 lokomocj¢ komorek, natomiast wyzsze stgzenia CXCL12 promujg adhezje komoérek [26,54].
Ostatnie badania wskazuja na istotng role CXCL12 w indukcji EMT, zarowno w komorkach
raka piersi TNBC, jak i w innych niz TNBC, a tym samym sprzyjajac przerzutom [44,53].

W raku piersi odnotowano rézne mechanizmy lezace u podstaw opornosci na terapi¢
indukowanej przez CXCL12/CXCR4. Sygnalizacja tej osi w raku piersi aktywuje szlaki
sygnatowe PI3K i ERK, promujac proliferacje, chronigc przed cytotoksyczno$cig indukowang
chemioterapiag i1 uszkodzeniami DNA. Co wigcej, 0§ CXCL12/CXCR4 wspiera wioknienie
mikrosrodowiska guza, zapobiegajac tym osiggnigcie efektow terapeutycznych podczas
stosowania blokeréw immunologicznych punktéw kontrolnych [44].

Mimo nizszej niz w zdrowych tkankach ekspresji mRNA CXCLI12, nieliczne prace

skupiajace si¢ na krazacym poziome CXCLI12 u pacjentek z rakiem piersi wykazywaly
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wyzsze stezenia tej chemokiny w porownaniu do zdrowych kobiet, jak i u kobiet ze zmiang
tagodng piersi [55-57]. Zadna z tych prac jednak nie réznicowata pacjentek ze wzgledu na
podtyp molekularny raka, co moze by¢ gldéwng przyczyng rozbieznosci wynikow, szczegolnie
biorac pod uwage fakt, ze w jednej z tych prac przy rownoczesnej ocenie poziomu CXCR4
kierunek zmian krgzacego receptora i poziomu jego ekspresji tkankowej byt zgodny [55].
Nie mniej jednak 0§ CXCL12/CXCR4 ze wzgledu na swoj szeroki udzial w procesie
nowotworzenia wydaje si¢ by¢ cickawym kandydatem na markera diagnostyczno-

-prognostycznego.
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Rozdzial 3.
Cel pracy

Rak piersi jest najczestszym nowotworem zto§liwym wystepujacym u kobiet, dlatego
tez stanowi gldwne wyzwanie wspoélczesnej onkologii. Obecnie diagnoza raka opiera si¢
glownie na badaniach obrazowych, ktére nastepnie wymagajg weryfikacji poprzez badanie
materiatu biopsyjnego. W praktyce klinicznej brak jest natomiast szybkich, matoinwazyjnych
i tatwo dostgpnych narzedzi diagnostycznych, ktore moglyby postuzy¢ jako markery
rozpoznawcze i prognostyczne u chorych na raka piersi. Markerow takich poszukuje si¢
przede wszystkim w biatkach lub peptydach zaangazowanych w proces nowotworzenia
w sposob bezposredni badz posredni. Duzym zainteresowaniem naukowym cieszy si¢
mikrosrodowisko zmiany nowotworowej z jego komponentami jako czynnikami
diagnostycznymi i prognostycznymi oraz potencjalnymi celami terapeutycznymi.

Jednym z potencjalnych kandydatow na markery nowotworowe jest grupa chemokin, ktore
sg $cisle zwigzane z kazdym etapem nowotworzenia. Zrab guza piersi obfituje w fibroblasty,
ktére s3 jednym z gléwnych zréodet chemokin. Inne zrodla tych czasteczek obejmuja
leukocyty, komorki nabtonkowe, §rodbtonkowe 1 mezenchymalne, w tym komorki zmienione
nowotworowo. Dlatego naturalnym wydaje si¢ skupienie uwagi na tej grupie czasteczek
w poszukiwaniu nowych markerdow pomocnych w procesie diagnostycznym raka piersi,
podobnie do wielu innych naukowcow, ktorzy rowniez probuja ustali¢ ich uzytecznos$é
kliniczna.

Celem niniejszej rozprawy doktorskiej jest wigc ocena stezenia Wybranych chemokin
(CXCL1, CXCL8, CXCL12) oraz wybranego receptora (CXCR4) jako potencjalnych
wczesnych markerow nowotworowych w diagnostyce najczesciej wystepujacych podtypow
molekularnych raka piersi — typu luminalnego A oraz luminalnego B.

Cele szczegdtowe rozprawy doktorskiej przedstawiono ponize;.

1. Oznaczenie osoczowych stezen wybranych chemokin (CXCLI1, CXCL8, CXCLI12) i
receptora (CXCR4) oraz markera poréwnawczego CA 15-3 u kobiet chorujgcych na raka
piersi o podtypie luminalnym A lub luminalnym B oraz w grupie poréwnawczej kobiet
ze zmianami fagodnymi piersi i w grupie kontrolnej zdrowych kobiet.

2. Ocena korelacji osoczowych stezen badanych parametrow i CA 15-3 w calej grupie
badanej, podgrupach raka, tj. luminalnym A lub luminalnym B, oraz w grupie

porownawczej (tj. ze zmianami tagodnymi) i kontrolnej.
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3. Ocena przydatnosci badanych parametrow w oparciu 0 czulo$¢ i swoisto$¢ diagnostyczna,
dodatnia i ujemng warto§¢ predykcyjng oraz moc diagnostyczng badan
w oparciu o ocen¢ powierzchni pola pod krzywg ROC dla kazdego parametru 0S0bno oraz
w faczonych kombinacjach z CA 15-3.

4. Okreslenie przydatno$ci badanych parametrow jako kandydatow na nowe markery

nowotworowe raka piersi w podtypach luminalnym A lub luminalnym B.
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Rozdzial 4.
Realizacja celow naukowych

Prace nad publikacjami oraz oznaczenia do badan do rozprawy doktorskiej wykonane
zostaly w Zakladzie Medycyny Populacyjnej i1 Prewencji Chorob Cywilizacyjnych
przy wspélpracy z Biatostockim Centrum Onkologii im. Marii Sktodowskiej-Curie.

Srodki finansowania pochodzity z subwencji naukowych, realizowanych na terenie
Uniwersytetu Medycznego w Biatymstoku o numerach: SUB/1/DN/21/006/1201,
SUB/1/DN/22/006/1021, B.SUB.23.150.

Badania zostaly przeprowadzone zgodnie z zasadami okreslonymi w Deklaracji
Helsinskiej. Protok6l badan zostal zatwierdzony przez lokalng Komisje Bioetyczng
Uniwersytetu Medycznego w Bialymstoku — numer R-1-002/51/2015 oraz APK.002.104.2021
(kopie zalagczone w rozdziale 11).

Zastosowana metodyka badan, opis grup badanych, otrzymane wyniki i najwazniejsze
wnioski przedstawione zostang za pomocg omodwienia poszczegdlnych prac wchodzacych

w cykl publikacyjny rozprawy doktorskiej.

4.1. Omowienie publikacji 1. Motyka J., Kicman A., Kulesza M., Lawicki S. CXC
ELR-Positive Chemokines as Diagnostic and Prognostic Markers for Breast
Cancer Patients. Cancers, 2023, 15(12), 3118.

Celem pracy byla analiza przegladowa dostgpne;j literatury pod katem przydatnosci grupy
chemokin CXC ELR-dodatnich w diagnostyce raka piersi oraz podsumowanie zebranych
wynikow.

Na wstepie zostata krotko omowiona epidemiologia raka piersi oraz obecnie obowiazujace
wytyczne procesu diagnostycznego z uwzglednieniem roli krazacych markeréw. Opisano
réwniez mozliwe ograniczenia uzywanych metod diagnostycznych, wskazujac jednoczesnie
na trendy w badaniach naukowych majgce na celu poprawe i udoskonalenie diagnostyki,
z uwzglednieniem chemokin jako grupy zwiazkéw o duzym potencjale diagnostyczno-
prognostycznym.

W kolejnym rozdziale dokonano krotkiego przegladu na temat raka piersi. Zostala tutaj
podkre§lona ztozonos¢ tej choroby pod wzgledem histologicznym oraz molekularnym.
Zawarta zostala takze rycina podsumowujaca dotychczasowa wiedz¢ na temat czynnikdéw

protekcyjnych, czynnikow ryzyka oraz czynnikbw o nieznanym wplywie na proces
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nowotworzenia w obrebie piersi oraz akapit opisujacy klasyczne krazace markery raka piersi,
tj. CA 15-3, CEA i CA 27.29.

Kolejna czg$¢ pracy przedstawia podstawowa wiedze na temat chemokin z podgrupy CXC
— ich ogolnej budowy oraz podzialu ze wzgledu na obecno$¢ motywu ELR w tancuchu
biatkowym oraz fizjologicznych funkcji. Krétko opisano rowniez role tej grupy chemokin
W procesach nowotworzenia.

Nastepnie dokonano przegladu dostepnej literatury na temat poziomu ekspresji, poziomu
krazacych we krwi ELR-dodatnich chemokin oraz ich korelacji z wskaznikami kliniczno-
-patologicznymi w raku piersi. Zebrane doniesienia zostaly podzielone na podrozdziaty
przypisane poszczeg6lnym chemokinom (4.1. CXCLI1, 4.2. CXCL2 i CXCL3, 4.3. CXCL5,
44. CXCL6 1 CXCL7, 4.5 CXCL8). Omawiany w gldwnej czgSci pracy potencjat
diagnostyczno-prognostyczny zestawiono nastepnie w tabeli zbiorczej z uwzglgdnieniem
zrédta pochodzenia kazdej czasteczki, ktora znalazia si¢ na koncu artykutu.

Podsumowujac, obecnie diagnostyka raka piersi nie dysponuje tatwo dostepnymi
narzedziami diagnostycznymi i prognostycznymi, zwtaszcza we wczesnych stadiach choroby.
W tym artykule podsumowano istniejaca wiedz¢ na temat roli chemokin CXCL
ELR-dodatnich CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7 i CXCL8 jako
markerow oznaczonych we krwi obwodowej i w tkankach ,w diagnostyce i rokowaniu kobiet
chorych na raka piersi. Ustalenie jednoznacznego znaczenia chemokin CXCL
ELR-pozytywnych w raku piersi wymaga jednak dalszych badan. Uwaza si¢ jednak, ze kilka
zwiazkow z tej grupy zasluguje na szczegdlng uwage. Na podstawie analizy zgromadzonych
danych stwierdzono, iz CXCL8 wstepnie wykazuje wysoki potencjal jako nowy marker
diagnostyczny i prognostyczny, podczas gdy CXCL2 i CXCL6 mozna w przysztosci uznaé
za markery prognostyczne. W przypadku CXCL1 i CXCL5 nie mozna byto jednak okresli¢
jednoznacznie ich przydatnosci ze wzgledu na niewystarczajaca ilo$¢ doniesien.

Powyzsza analiza doniesien naukowych stanowita podstawe do rozpoczecia badan
obejmujgcych zagadnienia obecnej rozprawy doktorskiej. Zagadnienia dotyczace roli w
nowotworzeniu, poziomu tkankowej ekspresji oraz przydatnosci diagnostycznej osi
chemokinowej CXCL12/CXCR4 w raku piersi stanowigce podstawe merytoryczng do
wykonania oznaczen tych czgsteczek w rozprawie doktorskiej zostaly opisane w pracy
oryginalnej znajdujacej si¢ w podrozdziale 4.3 (omdwienie pracy) oraz rozdziale 10. (praca

oryginalna) jako czg$¢ sktadowa wstepu, wynikow oraz dyskusji pracy.
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4.2. Omowienie publikacji 2. Motyka J., Gacuta E., Kicman A., Kulesza M., Lawicki
P., Lawicki S. Plasma Levels of CXC Motif Chemokine 1 (CXCL1) and
Chemokine 8 (CXCLS8) as Diagnostic Biomarkers in Luminal A and B Breast
Cancer. Journal of Clinical Medicine, 2022, 11(22), 6694.

W niniejszej publikacji zbadano stezenia CXCL1 i CXCL8 w osoczu pacjentek z rakiem
piersi w roli potencjalnych marker6w nowotworowych jako parametrow indywidualnych
lub w potaczeniu z rutynowo stosowanym markerem CA 15-3. Ponadto oceniono takze
stezenia tych chemokin wérdd pacjentek z fagodnymi zmianami piersi, jak rowniez zmiany
stezen badanych parametrow w osoczu przed 1 po leczeniu chirurgicznym.

Do badania wiaczono grupe 100 pacjentek z rakiem przewodowym piersi o podtypie
luminalnym A lub luminalnym B, poddanych diagnostyce i leczeniu chirurgicznemu
w Bialostockim Centrum Onkologii. Znaczna wickszo$¢ pacjentek (96% grupy badanej)
znajdowata si¢ we wczesnym stopniu (I-11a) zaawansowania raka piersi. Grupa kontrolna
sktadata si¢ z 50 pacjentek z tagodng zmiang piersi (gruczolakowtdkniak) 1 50 zdrowych
kobiet. Material do badan stanowita krew zylna pobrana od pacjentek na antykoagulant,
tj. heparyn¢ litowa. Oznaczenia stgzen CXCL1 1 CXCL8 wykonano metods
immunoenzymatyczng (ELISA). Stezenia CA 15-3 oznaczono przy pomocy metody
chemiluminescencyjnej z uzyciem mikroczasteczek (CMIA). Analiza wynikow oparta zostata
0 testy nieparametryczne oraz krzywa ROC.

Wykazano znamiennie wyzsze st¢zenie CXCL8 oraz CA 15-3 u pacjentek z rakiem piersi
w porownaniu ze zdrowa kontrolg oraz kobietami ze zmiang tagodng. W zaleznosci
od podtypu luminalnego, CA 15-3 wykazywat istotnie wyzsze stezenia zarowno dla podtypu
luminalnego A, jak i luminalnego B w poréwnaniu ze zdrowymi kobietami, natomiast
CXCL8 — wytacznie dla podtypu luminalnego B. Zar6wno CXCLS8 jak i CA 15-3 wykazaly
wyzsze stezenia wylacznie w podtypie B w poroOwnaniu z grupa kobiet ze zmiang tagodng
piersi. Istotne dodatnie Korelacje wykazywano jedynie migdzy CXCL1 i CXCL8 w calej
grupie badanej, jak rowniez dla obu podtypdéw luminalnych oraz w grupie kobiet ze zmiang
fagodng piersi. Pooperacyjne stezenia CXCL1 1 CXCLS8 w calej grupie badanej nie zmienity
si¢ istotnie po leczeniu chirurgicznym. Wzrost ich st¢zen w podgrupie kobiet z rakiem
luminalnym A by} najprawdopodobniej odpowiedzig na proces gojenia si¢ rany chirurgiczne;j.

Aby oceni¢ uzyteczno$¢ kliniczng badanych parametrow jako potencjalnych markerow,
dla kazdego parametru obliczona zostala czulo$§¢ 1 swoisto§¢ diagnostyczna, dodatnia
i ujemna warto$¢ predykcyjna oraz moc diagnostyczna testu wyznaczona przy pomocy pola

pod krzywa ROC (AUC). W calej grupie badanej, jak rowniez w poszczegodlnych podgrupach
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luminalnych raka piersi, najwyzsza wartoScig czutoéci, dodatniej i ujemnej wartosci
predykcyjnej oraz moca diagnostyczng wykazat si¢ CXCLS8, przewyzszajac tym Samym
wyniki markera poréwnawczego CA 15-3. Jednakze w podgrupie pacjentek z podtypem
luminalnym A, zaden z badanych parametréw, jak rowniez i CA 15-3, nie osiggnat
statystycznie wyzszej mocy diagnostycznej testu wzgledem wartos$ci granicznej AUC=0.5.
Dopiero wprowadzenie dwuparametrycznego testu Iaczonego CXCLI+CA15-3 oraz
trojparametrycznego (CXCL1-CXCL8+CA15-3) pozwalalo na Osiggniecie istotnych
statystycznie wyzszych wartosci AUC wzgledem AUC=0.5. Warto takze zauwazyc,
ze kombinacje te znaczaco podwyzszaty przydatno$¢ diagnostyczna testu, poprzez wzrost
AUC.

W s$wietle uzyskanych wynikow CXCLS8 wydaje si¢ by¢ testem o najwickszej przydatnosci
wsrod ocenianych parametrow W procesie diagnostycznym raka piersi jako pojedynczy
marker, natomiast CXCL1 wydaje si¢ mie¢ znaczenie diagnostyczne w potaczeniu z CA 15-3
w tescie dwuparametrycznym, jak i trojparametrycznym z CXCL8. Wstepne informacje
sugeruja takze, iz status menopauzalny pacjentek nie mial wigkszego wptywu na uzyskane

wyniki.

4.3. Omowienie publikacji 3. Motyka J., Gacuta E., Kicman A., Kulesza M.,
Malinowski P., Lawicki S. CXCL12 and CXCR4 as Potential Early Biomarkers for
Luminal A and Luminal B Subtypes of Breast Cancer. Cancer Management and
Research, 2023, 15, 573-5809.

Os sygnatowa CXCL12/CXCR4 jest najczesciej badanym CXC-chemokinowym szlakiem
sygnatowym w patogenezie raka piersi. Jedynym ligandem receptora CXCR4 jest CXCL12,
dlatego tez jednoczesna ocena obu tych czasteczek wydaje si¢ logicznym nastepstwem
wynikajacym ze specyfiki ich interakcji. Dlatego tez celem niniejszej publikacji byto
okreslenie przydatnosci diagnostycznej CXCL12 i receptora CXCR4 jako nowych markerow
nowotworowych u pacjentek z podtypem luminalnym A lub luminalnym B raka piersi we
wczesnym stadium zaawansowania, a takze poroOwnanie wynikOw z rutynowo stosowanym
markerem CA 15-3.

Do badania wtaczono 100 pacjentek z wezesnym rakiem piersi podtypu luminalnego A lub
luminalnego B, 50 kobiet z fagodnymi zmianami w piersi oraz 50 zdrowych kobiet. Materiat
do badan stanowita krew zylna pobrana od pacjentek na antykoagulant — heparyng litowa.
Stezenia CXCL12 i CXCR4 oznaczono metoda immunoenzymatyczng (ELISA), marker

poréwnawczy CA 15-3 - metodg elektrochemiluminescencji (ECLIA). Analiza wynikow
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oparta zostata o testy nieparametryczne oraz krzywa ROC. Dodatkowo wykorzystano analize
ekspresji mRNA CXCL12 oraz CXCR4 w oparciu o bazg genomowa The Cancer Genome
Atlas (TCGA) z uzyciem narzedzia ULUCAN.

Badanie wstepne na podstawie danych pochodzacych z TCGA na temat ekspresji mRNA
wykazalo, ze w pordwnaniu ze zdrowymi tkankami, poziom mRNA CXCLI2 byl istotnie
nizszy, podczas gdy mRNA CXCR4 byl istotnie wyzszy w tkankach raka piersi. Dalsza
analiza poszczegélnych podtypoéw molekularnych wykazata, ze poziomy mRNA CXCLI12
byly istotnie nizsze w podtypach TNBC i HER2 niz w podtypach luminalnych. Nie
zaobserwowano jednak statystycznie istotnych réznic miedzy podtypami TNBC i HER2.
Zauwazono rowniez wyzszg ekspresjc mRNA CXCR4 w TNBC w porownaniu z podtypami
luminalnymi i HER2, przy jednoczesnym braku roéznic w poziomach ekspresji miedzy
podtypami HER2 i luminalnymi. Ekspresja mRNA CXCL12 1 CXCR4 nie korelowala migdzy
soba u pacjentek z rakiem piersi, ani jej poziom nie roéznit si¢ w poszczegdlnych stadiach
choroby. Na podstawie ww. wynikow z bazy genomowej TCGA podjeto decyzje
o oznaczeniu krazacych stezen CXCL12 1 CXCR4 w osoczu pacjentek chorujacych na raka
piersi.

Badajac stezenie CXCL12 wykazano, iz W calej grupie badanej chorych na raka piersi byto
0no znamiennie nizsze w poréwnaniu z grupa zdrowych kobiet, natomiast stezenia CXCR4
I markera porownawczego CA 15-3 wykazaly znaczaco wyzsze poziomy. Wylacznie stezenia
CXCR4 wsrod pacjentek z rakiem piersi byly znaczaco wyzsze w poroéwnaniu do grupy
kobiet z tagodnymi zmianami, natomiast stezenia CXCL12 byly znaczaco nizsze w grupie
kobiet ze zmianami tagodnymi w poréwnaniu z grupa kontrolng zdrowych kobiet. Patrzac
na poszczegolne podgrupy luminalne, w pordwnaniu z grupa zdrowych kobiet CXCR4
I CA 15-3 wykazywaty istotnie wyzsze stezenia w podgrupie chorych z rakiem luminalnym A
i luminalnym B, podczas gdy CXCL12 — istotnie nizsze st¢zenia. Wyniki te moga wskazywaé
na role¢ CXCL12 i CXCR4 jako odpowiednio ujemnego i dodatniego markera raka piersi.
W podgrupie pacjentow z podtypem luminalnym B otrzymano znaczaco nizsze stezenia
CXCLI12 w odniesieniu do grupy kobiet z tagodnymi zmianami piersi. Badajac korelacje
pomiedzy osoczowym poziomem CXCL12, CXCR4 i CA 15-3, zaobserwowano znamienng
dodatnig korelacje jedynie pomigdzy CXCL12 1 CXCR4 w grupie kobiet z lagodnymi
zmianami w piersi oraz stabg ujemng korelacje¢ pomiedzy CXCL12 i CXCR4 w grupie
kontrolnej zdrowych kobiet.

Najwigksza przydatnos¢ diagnostyczng (czuto$¢ i1 swoistos¢ diagnostyczna, dodatnia

I ujemna wartos$¢ predykcyjna, trafnos¢ diagnostyczna) oraz moc diagnostyczng testu zarowno
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w calej grupie badanej, jak i w poszczegdlnych podtypach molekularnych, wykazywat
CXCLI12, tym samym znacznie przewyzszajac wartosci wykazane dla markera
porownawczego CA 15-3. CXCR4 osiggal natomiast porownywalne wartosci wyzej
wymienionych wskaznikow wzgledem CA 15-3. W przypadku analizy wieloparametrowej
(CXCL12+CA 15-3, CXCR4+CA 15-3, CXCL12+CXCR4+CA 15-3) zaobserwowano wzrost
czutosci, ujemnej wartosci predykcyjnej i mocy diagnostycznej testu, osiggajac najwyzsze
wskazniki dla testu trojparametrycznego zarowno w calej grupie badanej, jak i w obu
podtypach luminalnych raka piersi.

Na podstawie prezentowanych wynikow wykazano przydatnos¢ diagnostyczng CXCL12
I CXCR4 zwlaszcza w potaczeniu z rutynowym markerem CA 15-3 jako test
trojparametryczny, ktory moze by¢ w przysziosci rozwazany jako marker diagnostyczny

wczesnego raka piersi, szczegdlnie dla podtypow luminalnego A i luminalnego B.
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Rozdzial 5.
Whnioski

. Wykazano istotnie wyzsze osoczowe stgzenia CXCL8 i CXCR4 (markery dodatnie)
oraz istotnie nizsze stezenie CXCL12 (marker ujemny) w grupie kobiet we wczesnym
stadium raka piersi, zarowno w podtypach luminalnym A i luminalnym B, w poréwnaniu
z grupg zdrowych kobiet, co moze $wiadczy¢ o ich znaczeniu w patogenezie tego
nowotworu.

Wykazano znamiennie wyzsze stezenia CXCL8 i CXCR4 w calej grupie pacjentek
we wczesnym stadium raka piersi oraz w podtypie luminalnym B w odniesieniu do grupy
poréwnawcze] kobiet ze zmianami tagodnymi piersi, co moze by¢ przydatne
w diagnostyce roznicowe;j.

. Najwyzsza przydatnos$cia diagnostyczng badan, oceniang za pomocg czutosci 1 swoistosci
diagnostycznej, dodatniej i ujemnej warto$ci predykcyjnej oraz mocy diagnostycznej
badan, cechowaty si¢ 0znaczenia chemokiny CXCL12.

. Laczna analiza badanych parametréw zwigkszata czuto$¢ diagnostyczna, ujemng wartos$¢
predykcyjng oraz moc diagnostyczng testu, a najwyzsze wartosci uzyskano w przypadku
testu trojparametrycznego CXCL12+CXCR4+CA15-3.

. Na podstawie uzyskanych wynikow sugeruje si¢ uzyteczno$¢ diagnostyczng chemokin
CXCL8, CXCL12 oraz receptora CXCR4 jako potencjalnych biomarkerow
nowotworowych wczesnego raka piersi o podtypach luminalnym A lub luminalnym B,
a zwlaszcza w acznej analizie trjparametrycznej CXCL12+CXCR4+CA15-3, jako nowy
panel diagnostyczny.
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Rozdzial 7.
Streszczenie

7.1. Streszczenie w jezyku polskim

Rak piersi jest jednym z najczestszych nowotworow ztosliwych w populacji kobiet
i jednoczesnie charakteryzuje si¢ duza heterogennos$cia, co przektada si¢ na zwigkszone
trudnosci w diagnostyce tej choroby. W praktyce Kklinicznej brakuje szybkich
I nieinwazyjnych metod, ktére moglyby przyspieszy¢ proces diagnostyczny i umozliwié
wykrycie nieprzerzutujacego pierwotnego raka piersi, co nastepnie bezposrednio bedzie
przektadalo si¢ na wczesniejsze rozpoczecie leczenia i poprawe przezywalnosci pacjentek.
Oznaczanie markeréw nowotworowych z krwi obwodowej jest postulowane jako szybka
I minimalnie inwazyjna metoda diagnostyki raka piersi, majgca znaczenie zaréwno
prognostyczne, jak i diagnostyczne. Jako potencjalne markery rozpatruje si¢ obecnie wiele

bioaktywnych zwigzkow, do ktorych mozna zaliczy¢ chemokiny.

Celem niniejszej rozprawy doktorskiej bylo okreslenie przydatnosci diagnostycznej
wybranych chemokin (CXCL1, CXCL8, CXCL12) oraz receptora (CXCR4) jako
potencjalnych wczesnych markerow nowotworowych w najczes$ciej wystepujacych typach

molekularnych raka piersi — typie luminalnym A oraz luminalnym B.

Do badan zakwalifikowano 100 pacjentek z rakiem piersi we wczesnym stadium
zaawansowania o podtypie luminalnym A lub luminalnym B, 50 kobiet ze zmianami
fagodnymi oraz 50 zdrowych kobiet. Material do badan stanowito osocze ubogoplytkowe.
Stezenia CXCL1, CXCLS8, CXCL12 oraz CXCR4 oznaczono metodg immunoenzymatyczng
(ELISA), marker porownawczy CA 15-3 — metodg chemiluminescencji z uzyciem
mikroczasteczek (CMIA) Iub metoda elektrochemiluminescencji (ECLIA). Przydatnosé
diagnostyczna badanych parametrow zostata okreslona przy pomocy czutosci i swoistosci
diagnostycznej, dodatniej i ujemnej wartosci predykcyjnej, natomiast okreslenie mocy

diagnostycznej testu wykonano przy pomocy funkcji ROC-AUC.

W  badaniach wykazano istotnie wyzsze osoczowe stezenie CXCL8, CXCR4
I CA 15-3 oraz istotnie nizsze osoczowe stezenie CXCL12 (ujemny marker) w grupie kobiet z
wczesnym rakiem piersi, zarowno w podtypie luminalnym A
i luminalnym B, w poréwnaniu ze zdrowymi kobietami, co moze §wiadczy¢ o ich znaczeniu

W procesie nowotworzenia piersi. Znamiennie wyzsze stezenia CXCL8 i CXCR4 w calej
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grupie pacjentek z wczesnym rakiem piersi oraz w podtypie luminalnym B raka piersi w
odniesieniu do grupy poréwnawczej kobiet ze zmianami tagodnymi piersi moga stanowié

podstawe do stworzenia narzedzia do diagnostyki roznicowej raka piersi.

Najwyzsza przydatnoscig diagnostyczng badan, oceniang za pomocg czutosci 1 swoistosci
diagnostycznej, dodatniej i ujemnej wartosci predykcyjnej oraz mocy diagnostycznej badan,
cechowaly si¢ oznaczenia chemokiny CXCL12 przewyzszajac tym samym warto$ci uzyskane
dla markera porownawczego CA 15-3. Laczna analiza badanych parametréw zwickszata
czuto$¢ diagnostyczng, ujemng wartos¢ predykcyjng oraz moc diagnostyczng testu, a

najwyzsze wartosci uzyskano w przypadku kombinacji CXCL12+CXCR4+CA15-3.

Na podstawie uzyskanych wynikéw sugeruje si¢ uzyteczno$¢ diagnostyczng chemokin
CXCLS8, CXCL12 oraz receptora CXCR4 jako potencjalnych biomarkeréw nowotworowych
wczesnego raka piersi o podtypach luminalnym A lub luminalnym B, a zwlaszcza w tacznej

analizie trojparametrycznej CXCL12+CXCR4+CA15-3, jako nowy panel diagnostyczny.
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7.2. Streszczenie w jezyku angielskim

Breast cancer is one of the most common malignancies in the female population while
being characterized by high heterogeneity, which translates into increased difficulty in the
diagnosis of this disease. Clinical practice, however, lacks fast and non-invasive methods that
can speed the diagnostic process and allow the detection of non-metastatic primary breast
cancer, which will then translate directly into earlier treatment initiation and improvement
of patient survival. Determination of tumor markers from peripheral blood is postulated
as a quick and minimally invasive method for the diagnosis of cancer, with both prognostic
and diagnostic significance. As potential markers, a number of bioactive compounds are
currently being considered among which chemokines can be included.

The objective of this doctoral dissertation was to determine selected chemokines (CXCL1,
CXCL8, CXCL12) and receptor (CXCR4) as potential early tumor markers in the most
common molecular subtypes of breast cancer - luminal A and luminal B breast cancer.

A total of 100 patients with early-stage luminal subtype A and luminal subtype B breast
cancer, 50 women with benign lesions and 50 healthy women were classified for the studies.
Materials for the study include platelet-poor plasma. The concentrations of CXCL1, CXCLS,
CXCL12 and CXCR4 were determined by immunoenzymatic assay (ELISA),
the comparative marker CA 15-3 - by chemiluminescent microparticle immunoassay (CMIA)
or electrochemiluminescence method (ECLIA). The diagnostic reliability of the studied
parameters was determined by diagnostic sensitivity, diagnostic specificity, positive
predictive value, negative predictive value, while diagnostic power of the test by ROC-AUC
function.

The studies showed significantly higher plasma concentrations of CXCL8, CXCR4
and CA 15-3 and significantly lower plasma CXCL12 concentration (negative marker) in a
group of women with early breast cancer, in both luminal A and luminal B subtypes,
compared to healthy women, which may indicate their importance in the process of breast
tumorigenesis.

Significantly higher concentrations of CXCL8 and CXCR4 in the entire group of patients
with early breast cancer and in luminal subtype B breast cancer in relation to the comparison
group of women with benign breast lesions may be the basis for creating a diagnostic tool for
differential evaluation of breast cancer.

The highest diagnostic utility of the tests, estimated by diagnostic sensitivity and

specificity, positive and negative predictive value, and diagnostic power of the tests, was
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characterized by CXCL12, thus surpassing the values obtained for the comparative marker
CA 15-3. The combined analysis of the tested parameters increased the sensitivity, negative
predictive value and diagnostic power of the test, and the highest values were obtained for the
CXCL12+CXCR4+CA15-3 combination.

Based on the results, the diagnostic utility of chemokines CXCL8, CXCL12 and the
CXCR4 receptor as potential tumor biomarkers of early breast cancer with luminal A
or luminal B subtypes is suggested, especially in the combined three-parametric analysis
of CXCL12+CXCR4+CA15-3 as a new diagnostic panel.

37



Rozdzial 8.
Publikacja 1. CXC ELR-Positive Chemokines as Diagnostic and
Prognostic Markers for Breast Cancer Patients

Autorzy: Motyka Joanna, Kicman Aleksandra, Kulesza Monika, Lawicki Stawomir

Czasopismo: Cancers (Basel), 2023, 15(12), s. 3118.

Numer DOI:10.3390/cancers15123118

IF: 5.200; MNiSW: 200 punktow

Dyscypliny naukowe czasopisma: inzynieria biomedyczna, biologia medyczna, nauki
farmaceutyczne, nauki medyczne, nauki o zdrowiu, biotechnologia, nauki biologiczne, nauki
chemiczne, weterynaria

38



cancers

Review
CXC ELR-Positive Chemokines as Diagnostic and Prognostic
Markers for Breast Cancer Patients

Joanna Motyka '@, Aleksandra Kicman 2, Monika Kulesza ! and Stawomir Eawicki *

Department of Population Medicine and Lifestyle Diseases Prevention, Medical University of Bialystok,
15-269 Bialystok, Poland; joanna.motyka@sd.umb.edu.pl (J.M.)

2 Department of Aesthetic Medicine, Medical University of Bialystok, 15-267 Bialystok, Poland

*  Correspondence: slawicki@umb.edu.pl

Simple Summary: Currently, breast cancer diagnostics do not have readily available diagnostic and
prognostic tools, especially in the early stages of the disease. Therefore, there is a constant need to
search for tumor markers that can improve current diagnostics. One such molecule that may be a
potential marker could be among a group of chemokines. In this work, we summarize reports that
evaluate the expression and peripheral blood concentration of ELR-positive CXC chemokines as
potential markers and prognostic factors for breast cancer.

Abstract: As the most common type of malignant lesison, breast cancer is a leading challenge
for clinicians. Currently, diagnosis is based on self-examination and imaging studies that require
confirmation by tissue biopsy. However, there are no easily accessible diagnostic tools that can serve
as diagnostic and prognostic markers for breast cancer patients. One of the possible candidates for
such markers is a group of chemokines that are closely implicated in each stage of tumorigenesis.
Many researchers have noted the potential of this molecule group to become tumor markers and have
tried to establish their clinical utility. In this work, we summarize the results obtained by scientists on
the usefulness of the ELR-positive CXC group of chemokines in ancillary diagnosis of breast cancer.

check for

updates Keywords: breast cancer; prognosis; diagnosis; ELR-positive; CXC chemokines; expression; concen-

o ) tration; plasma; serum
Citation: Motyka, ].; Kieman, A.;

Kulesza, M.; Lawicki, 5. CXC

ELR-Positive Chemokines as

Diagnostic and Prognostic Markers
for Breast Cancer Patients. Cancers 1. Introduction
2023, 15, 3118. https://doi.org/

10.3390/ cancers15123118

Breast cancer remains the most prevalent cancer in the world. According to WHO data
from the GLOBOCAN database, the global incidence in 2020 reached more than 2.2 million
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new cases, with mortality estimated at around 685,000 [1]. Breast cancer mortality, estimated
by the 5-year survival period of patients varies depending on the disease stage at the time
of diagnosis. For stage IV breast cancer, survival rates are below 30%, whereas for stage 1
cases, they are over 99% [2]. These numbers illustrate the importance of early diagnosis in
treating breast cancer.
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Current diagnostic methods are primarily based on imaging methods such as ul-
trasound, X-ray, and magnetic resonance imaging (MRI). Implementing mammography
screening in many countries for groups of women with an increased risk of breast cancer,
that is, around the age of 50, was a breakthrough in streamlining the diagnostic process.
Many studies have shown a significant decrease in the risk of breast cancer mortality after
introducing mammography into medical practice [3,4]. However, imaging methods also
have limitations. A major one is the sheer size of the lesion found in the breast. In the
case of microscopic tumors, it is difficult to determine the potential nature of the lesion.
Consequently, imaging results must be correlated with a patient’s clinical examination and
Attribution (CC BY) license (https://  relied on for the histopathologic evaluation of the lesion obtained by tissue biopsy [5]. In
creativecommons.org /licenses /by / current medicine, biopsy evaluation is the only method of confirming a cancerous lesion,
40/). which is unfortunately invasive.
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Circulating cancer biomarkers have received significant attention in recent years. Ve-
nous blood is an easily accessible material, and the collection method has been a routine
procedure widely used in disease diagnoses. The most frequently determined blood com-
pounds in diagnosing breast cancer are carcinoma antigen 15-3 (CA 15-3), carcinoembryonic
antigen (CEA), or carcinoma antigen 27.29 (CA 27.29). However, it should be noted that
these molecules have limited sensitivity and specificity, which results in their unsuitability
for screening [6]. Due to the limited utility of current markers in the ancillary diagnosis of
breast cancer, there is a search for new compounds whose assays could be an adjunctive tool
in the diagnosis of this condition. Such compounds could be chemokines [7]. Chemokines
in the body form and maintain the immune response, engage in the process of angiogenesis,
and determine the chemoattraction and migration of cells that possess chemokine receptors.
As aresult, these compounds may be involved in each phase of the tumorigenesis process,
from the tumor’s initiation and proliferation by local dissemination up to its spread in
distant locations. There have also been reports of chemokines’ role in driving resistance
to applied treatments [7,8]. For these reasons, chemokines may be helpful in the diag-
nostic process and act as potential candidates for tumor markers. Apart from circulating
molecules’ blood concentrations, many researchers also note that their elevated or reduced
tissue expression may have prognostic significance for the course of treatment. They may
also correlate with lymph node involvement, the occurrence of distant metastasis, or at
least be associated with a specific molecular subtype of breast cancer. This yet-to-be-studied
area brings great, but still rather dim, hopes for advancing the diagnostic and prognostic
evaluation of breast cancer. In this paper, we introduce and describe the potential use of
the ELR-positive CXC group of chemokines in ancillary diagnosis of breast cancer.

2. Breast Cancer: A Brief Overview

Breast cancer is a heterogeneous disease. It has high histopathological and molecular
diversity, as well as various degrees of cell differentiation. Breast cancer often manifests
itself as a palpable lesion in the breast. Other less common symptoms include tightening or
pulling of the skin over the lesion, retraction or leakage of the nipple, or, less commonly,
a change in breast size, skin color, or enlargement of the axillary lymph nodes (including
lymph node engagement with the simultaneous absence of symptoms originating from
the breast itself). Such symptoms can simultaneously occur with benign breast lesions;
therefore, imaging and histological examinations based on fine- or core-needle biopsy are
necessary for identification [9].

Based on the histological type, breast lesions are divided into benign tumors, lesions
of an indeterminate, borderline, or uncertain nature, carcinoma in situ, or G3 intraepithe-
lial neoplasia, and malignant tumors with distant metastatic foci [10,11] (Supplementary
Table S1). Malignant breast cancers are classified into two major groups: carcinomas and
sarcomas. Carcinomas are the most common breast tumors and originate from the epithelial
cells of the breasts’ lobules or ducts [11]. Breast cancer can be classified molecularly or by
staging systems. Particularly relevant is the molecular classification that divides breast
cancer into four major subtypes: Luminal A, Luminal B, HER2-enriched (HER2+), and
triple-negative breast cancer (TNBC) [12,13]. Segregation into each subtype is based on
the expressions of estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), and cell proliferation factor (Ki-67) [14].

The pathogenesis of breast cancer is a complex process that remains incompletely
studied. Although much is known about risk factors and protective factors, some aspects
are still controversial. A diagram containing various factors is shown in Figure 1.

The biochemical diagnosis of breast cancer has mostly supportive applications and
generally uses cancer antigen 15-3 (CA 15-3), cancer-embryonic antigen (CEA), and cancer
antigen 27.29 (CA 27.29) [15-18]. However, the previously mentioned low sensitivity and
specificity of these compounds preclude their use in screening [19,20]. In addition, these
markers have low concentrations at the early stages of breast cancer, which decreases
their screening utility. Importantly, serum concentrations of CA 15-3, CEA, and CA 27.29
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are affected by several pathological phenomena that coexist with cancerous lesions in the
breast. These include, among others, liver, lung, and endocrine diseases [21-24]. However,
the aforementioned compounds have been found to have clinical utility in monitoring
the effectiveness of therapy and detecting early recurrence or the presence of metastases,

especially in cases where radiological diagnoses cannot be used [6].

A RISK FACTORS

* female sex
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Figure 1. Breast cancer risk and protective factors [9,11,25-27].

3. An Outline of the CXC Chemokine Group

CXC chemokines belong to a family of chemotactic cytokines comprising around
50 proteins. They consist of four cysteine residues forming two disulfide bridges. The
first two cysteine residues are separated by a single amino acid. As previously mentioned,
chemokines are involved in controlling many processes, both physiological and pathologi-
cal. One of their most important functions is regulating immune balance and directing the
immune response [28,29]. In addition, CXC group chemokines are among the key elements
regulating inflammatory and angiogenic processes. Depending on whether a 3-amino-acid
glutamine-leucine-arginine motif (ELR motif) is present at the N-terminus of the chain, the
CXC group of chemokines is divided into two subgroups: ELR+ promoting angiogenesis
and ELR- with angiostatic properties. It is important to note that CXCL12, which belongs
to the ELR- subgroup, is an exception to ELR motif dependence for angiostatic properties,
and is instead involved in promoting angiogenesis through its interaction with receptors.

Three mechanisms may involve chemokines in tumorigenesis:

1. Control of angiogenesis—Allows tumor growth and metastasis by providing easy
access to oxygen and nutrients.

2. Immune regulation—Controls the influx of leukocytes into the tumor microenvironment.

3. Modification of the functioning of cancer cells—Interacts with chemokine receptors
and triggers intracellular signaling pathways.

These mechanisms can act in a procarcinogenic manner, e.g., by stimulating angio-
genesis, the influx of lesion-promoting leukocytes, or altering the biological profile of
the cell (increased proliferation, avoidance of apoptosis, and decreased adhesion to the
microenvironment). However, they can also act in an anticarcinogenic manner by inhibiting
angiogenesis and stimulating non-specific anti-tumor immunity through an influx of leuko-
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cytes [8,28-31]. Dysregulation of chemokine expression in the tumor microenvironment
can also direct tumor cells to other locations and promaote their spread in the body.

The tumor microenvironment and its components, including growth factors [32-34],
chemokines [33,35-37], or matrix metalloproteinases [38-40], are of scientific interest for
their potential diagnostic and prognostic factors and as potential therapeutic targets. The
breast tumor stroma, however, is abundant in fibroblasts, which are one of the main sources
of chemokines. Other sources of these molecules include leukocytes, epithelial, endothelial,
and mesenchymal cells, including tumor-altered cells [7,28,41,42]. Therefore, focusing on
this group of molecules in the breast cancer diagnostic process seems natural.

4, CXC ELR-Positive Chemokines as Biomarkers of Breast Cancer

The issues discussed in the current chapter are summarized in Table 1 at the end of
the article.

4.1. CXCL1

Examination of CXCL1 tissue expression by immunohistochemical (IHC) stain-
ing showed an increased expression of this chemokine relative to normal breast tis-
sue [43,44]. On the contrary, data from about 3000 patients from The Cancer Genome
Atlas (TCGA) database showed overexpression of CXCL1 mRNA in only 4-7% of breast
cancer (BC) patients. The other cases had significantly lower expression than healthy
tissue, with this overexpression appearing more frequently in TNBC [45-50]. Further-
more, Bild et al. and Narita et al. noted that higher CXCL1 expression was found in
TNBC tissues (p = 0.0005 [51], p < 0.05 [52]). Pawitan et al. showed that an increase
in CXCL1 expression was significantly associated with the presence of mutations in
the BRCA1 gene (p = 0.0035), which is commonly associated with TNBC subtypes [53].
Additionally, higher CXCL1 mRNA expression was noted in ER-negative breast can-
cer types relative to ER-positive samples (p < 0.0001) in data from the Oncomine and
TCGA databases [54-56]. Yang et al. also showed significantly higher CXCL1 expres-
sion in ER-negative breast cancer lines BT-549 and MDA-MB-468 than in ER-positive
lines (MCF-7, T47D, ZR-75-1) [56]. High-tissue CXCL1 expression correlated positively
with tumor size (p = 0.04 [36]), TNM staging (p < 0.001 [45]; p = 0.002 [57]), positive
lymph nodes (p = 0.001) [45], degree of lymph node infiltration (p = 0.016) [45], the oc-
currence of distant metastases (p = 0.015 [36], p < 0.05 [57]), shorter overall survival
(p < 0.001 [45]; p = 0.0186 [55]), and shorter relapse-free survival (p = 0.0442 [55];
p=0.017 [57]; p = 0.01 [47]). However, Zou et al.’s study showed different results.
They studied the correlation between CXCL1 expression and prognostic factors and
found no correlation between ER, PR, HER?2, or Ki 67 receptor status, tumor size, and
lymph node involvement. However, they noted a correlation between high CXCL1
expression and higher tumor grade, metastases, and shorter relapse-free survival [43].
Hozhabri et al. also confirmed increased CXCL1 mRNA expression with tumor grade
growth, with grade 3 reaching the highest level and grade 1 (p < 0.0001 [50]) for the
lowest level. Interestingly, in Li et al.’s study, CXCL1 expression was not associated with
overall survival for the entire study group [47-50]. By contrast, its higher expression
correlated with longer relapse-free survival (p < 0.001) in the luminal-only breast cancer
group [48].

Part of the findings were also related to data obtained from blood tests. Ma et al. [36]
noted higher CXCLI serum levels among breast cancer patients than healthy women
(p=0.011). In our own study, we did not compare the CXCL1 plasma concentrations
between luminal breast cancer patients and healthy women [35]. Moreover, in women
with benign breast lesions, plasma CXCL1 concentrations also remained at similar levels to
cancer patients and healthy women [35]. High plasma levels of CXCL1 along with TGF-f3
in patients with metastatic breast cancer were also associated with increased detection of
circulating tumor cells (TGF-B p < 0.0001; CXCL1 p = 0.02) and shorter overall survival
(CXCL1 p = 0.05; CXCL1+ TGE-B p = 0.001) [33].
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4.2. CXCL2 and CXCL3

CXCL2, similar to CXCL1, showed increased mRNA expression in only about
7% of primary tumors, whereas, in secondary tumors, the expression reached almost
20% [44,57]. However, the TCGA and Oncomine dataset showed that CXCL2 expression,
alongside CXCR3 expression, is significantly lower in healthy tissues than in breast
cancer (p < 0.001 [47-49,58]; p < 0.0001 [50]). CXCL2 and CXCL3 expression follow a
similar pattern to CXCL1, and their overexpression in TNBC compared to ER-positive
lines can be observed [47,48,52,57,58]. An et al. also examined the expression’s effect on
prognostic factors based on available databases. According to two databases, GSE3494-
GPL96 and GSE1456-GPL96, high CXCL2 expression was associated with longer relapse-
free survival (p = 0.002; p = 0.003, respectively). According to the GSE3143 dataset,
CXCL2 expression was inversely correlated with length of time to overall survival
(p = 0.017) [58]. The survival analysis results based on the Kaplan-Meier plotter database,
however, opposed those obtained by the GSE3143 dataset, where, ultimately, higher
CXCL2 expression correlated with longer overall survival (p < 0.001 [58]; p = 0.021 [48,49])
and longer relapse-free survival (p = 0.00034 [50]; p < 0.001 [47]). Additionally, higher
CXCL2 expression correlated inversely with metastasis (p = 0.002), resulting in a better
prognosis [47].

Despite the similarities between CXCL2 and CXCL3 expression patterns, higher
CXCL3 expression appears to be an unfavorable prognostic factor. Increased CXCL3
expression was found in aggressive and metastatic cancer cells [57,59] and was associated
with higher tumor grades (p < 0.001) [50], shorter overall survival (p = 0.042) [48,49], and
shorter relapse-free survival (p = 0.038) [57]. However, studies by Chen et al. and Hozhabri
et al. showed an inverse relationship for CXCL3, where its higher expression was associated
with longer relapse-free survival (p = 0.015 [47]; p = 0.016 [50]) and did not affect overall
survival [47,50].

4.3. CXCL5

Studies using data from the Oncomine database showed significantly lower CXCL5
mRNA expression in breast cancer tissue than in healthy breast tissue (p < 0.05) [47-49].
However, based on data from the TCGA and Genotype-Tissue Expression databases,
expression levels were not significantly different [48,49]. Overexpression of CXCL5 in
TNBC compared to ER+ subtypes was also noted in molecular subtype analyses of breast
cancer [48-50,55,57]. Higher expression was also shown in metastatic cells and grade 3
tumor cells than in grade 1 primal tumor cells (p < 0.05 [57]; p < 0.0001 [50]). CXCL5
expression showed no correlation with overall survival [47-50]. Depending on the sources,
higher CXCL5 expression did not correlate [48,49,57] or positively correlate (p = 0.008 [47];
p = 0.04 [50]) with longer relapse-free survival. Li et al. [60] had contradictory findings
based on the Gene Expression Omnibus database (GSE12276, GSE2603, GSE2034, and
GSE5327) and determined that low CXCL5 expression was associated with better outcomes
for metastasis-free survival (p = 0.021). Additionally, by examining the protein’s tissue
expression by IHC staining, CXCL5 protein expression was significantly higher in breast
cancer tissues than in tissues of healthy controls (p < 0.05) [60].

Li et al. [60] obtained similar results when serum concentrations were determined.
Higher concentrations were obtained in breast cancer patients than in the serum of healthy
controls (p < 0.001) [60]. Li et al. also determined the potential of serum CXCL5 concen-
trations as a diagnostic marker by obtaining a diagnostic sensitivity of 65.3%, a diagnostic
specificity of 60%, and a diagnostic test power of AUC = 0.6970 [60]. Wang et al. also
studied the serum concentration of CXCL5 and found that it did not differ between breast
cancer patients and patients with benign and proliferative breast lesions. However, the con-
centration differed by tumor size (p < 0.001) and positively correlated with Ki-67 expression
levels (p = 0.027) [37].
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4.4. CXCL6 and CXCL7

Bieche et al.’s study of CXCL6 mRNA expression in breast cancer, as well as data anal-
yses from the TCGA, Oncomine, and Genotype-Tissue Expression databases, showed no
differences between tumor and physiological breast tissues [48,49,57]. However, expression
was higher in the TNBC molecular subtype than in ER+ subtypes (p < 0.05) [48]. However,
Chen et al. and Hozhabri et al. showed significantly lower CXCL6 expression in breast
cancer than in normal tissues (p < 0.05) [47,50]. They noted that the CXCL6 expression
level was significantly higher in metastatic cancer cells and grade 3 tumor cells than in low
graded cells but showed no correlation with overall survival (p < 0.05 [57]; p < 0.001 [50]).
Chen et al. and Hozhabri et al. also noticed this lack of correlation but managed to show a
positive correlation between CXCL6 expression and relapse-free survival (p < 0.001 [47];
p =0.00012 [50]). On the other hand, other studies revealed that CXCL6 overexpression
was associated with longer overall survival (p = 0.036) [48,49].

CXCL7 mRNA expression levels, depending on the database, showed lower lev-
els in cancerous tissue than in physiological breast tissue (p < 0.05) (Oncomine and
UALCAN databases) or no difference between levels in these tissues (TCGA and GTEx
databases) [47-50]. However, CXCL7 expression was unaffected by receptor status [47 48].
CXCL7 expression correlated with longer relapse-free survival (p = 0.014 [47]; p = 0.018 [50])
but not with overall survival [47-50]. Wang et al. obtained inverse correlations, where
stage Il had higher expression than stage I (p < 0.05) or stage II (p < 0.001) breast cancer
tissue and correlated with worse overall survival (p = 0.0017) [61].

Wang et al. [37] found that CXCL7 serum levels were negatively correlated with Ki
67 expression levels (p = 0.042). However, serum levels did not differ between malignant,
benign, and proliferative breast lesions [37]. Kosir and Ju [62] also examined CXCL7 serum
levels and noted that they were significantly higher in breast cancer patients than in healthy
individuals (p < 0.05). Based on 23 pairs of serous specimens, they also assessed that,
relative to preoperative levels, postoperative CXCL7 levels decreased significantly (p < 0.05)
and reached levels comparable to healthy controls [62].

4.5. CXCL8

Depending on the source, CXCL8 mRNA in breast cancer is overexpressed (p < 0.05) [47,52],
underexpressed (p < 0.001 [50]), or not differentially expressed [48,49] in healthy tissue. Higher
expression has been found in ER-negative types (p = 0.019 [52]; p < 0.002 [55]; p < 0.05 [63]), TNBC
(p < 0.0001 [47]; p < 0.01 [48,49]) and HER2+ (p = 0.0009 [47]; p < 0.05 [48,49]; p < 0.0001 [50])
than in ER+ types of breast cancer. CXCL8 expression has varied by breast cancer stage
(p =0.00561) [48,49] and is higher in metastatic tissues and grade 3 tumor cells than in grade 1
and 2 tumor cells (p < 0.05 [57]; p < 0.0001 [50]).

Higher CXCL8 expression correlated with shorter overall survival (p = 0.022 [63];
p = 0.0003 [47]; p < 0.0001 [48-50]), shorter relapse-free survival (p < 0.0001 [47-50];
p = 0.009 [57]), and metastatic recurrence (p < 0.0001 [57]). The worst prognosis was
shown for ER-type breast cancer with high CXCL8 expression and significantly shorter
overall survival (p < 0.001 [63]) and relapse-free survival (p = 0.036 [48,49]). Low CXCLS8
mRNA expression indicated a higher chance of 10-year survival with sensitivity, specificity,
and test power equal to 63.16%, 65.12%, and AUC = 0.6328, respectively. The tissue expres-
sion of CXCLS protein was higher in breast cancer than in healthy tissues (p < 0.05 [48,49]).
It was also higher in ER- status tissues than in ER+ tissues (p = 0.006 [64]). Higher CXCL8
protein expression directly correlated with shorter relapse-free survival (p < 0.001 [64]) and
negatively correlated with ER expression (p = 0.02 [64]). Kamalakar et al. did not determine
a correlation between ER status and CXCLS tissue expression [65], but this may be due
to their small sample size. However, no correlation was shown between CXCLS tissue
expression and age, menopausal status, tumor size, or tumor grade [64].

Several scientific papers have also reported increased serum CXCLS (p = 0.047 [66];
p <0.001 [67]; p < 0.001 [68]) or plasma levels (p < 0.001 [52]; p = 0.005 [35]) in patients
with early (p = 0.002) and advanced stages (p = 0.001) of breast cancer [69] compared with
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healthy women. Additionally, higher concentrations relative to healthy controls were
shown for the ER+ (p = 0.021), PR+ (p = 0.039), and TNBC (p = 0.046) subgroups of breast
cancer [68]. Women with benign breast lesions also showed higher levels of CXCL8 than
healthy women (p < 0.001 [52]; p = 0.033 [35]; p < 0.001 [68]), but only one paper showed
significant differences between malignant and benign lesions (p < 0.001 [68]). Wang et al
also noted significant differences between benign lesions and in situ versus invasive cancer
(p = 0.006), but no post hoc evaluation was performed to define the differences between the
groups [37]. However, they did evaluate the differences between the in situ group and the
invasive type, obtaining higher concentrations for the in situ type (p = 0.002). Based on the
results of binary logistic regression analysis, they found that serum CXCL8 concentration
was a predictor of differentiation between the benign lesion group (p = 0.024), breast cancer
group (p = 0.011), and healthy controls [37]. According to these results, CXCL8 may be a
useful diagnostic marker for breast cancer, which we also investigated in a different paper
CXCLS concentration showed higher sensitivity (70%), positive predictive value (77.78%),
negative predictive value (50%), diagnostic test power (AUC = 0.6410), and similar speci-
ficity (60%) than CA 15-3 (55%; 75.34%; 41.56%; AUC = 0.6300; 64%, respectively) [35]. A
panel of CXCL8 and CA 15-3 combined increased the sensitivity of the test to 88%, the
negative predictive value to 61.29%, and the diagnostic power of the test to AUC = 0.6582
with a high positive predictive value (73.95%) and a decrease in specificity (38%) [35]
Khalaf et al. also evaluated the diagnostic potential of CXCL8 levels. CXCL8 concentration
differentiated a group of breast cancer patients from healthy controls with 95.6% sensitivity,
95% specificity, and a diagnostic test power equal to AUC = 0.998. In a test to differentiate
benign lesions from healthy individuals, CXCL8 achieved sensitivity, specificity, and diag:
nostic test power equal to 82.1%, 75%, and AUC = 0.804 [68], respectively. A combination of
three chemokines, CXCL8, CXCL9, and CCL22, was evaluated by Narita et al. as a discrim-
inating tool for healthy individuals and those with breast cancer, obtaining a high value of
AUC =0.7771 [52]. These papers vary notably in their suggested diagnostic utility. How-
ever, the size of the groups and their specification should be considered. In our work [35],
we focused exclusively on luminal subtypes of breast cancer, where the final count of breast
cancer patients was 100 and 50 in the group of women with benign lesions and controls,
respectively. By contrast, Khalaf et al. studied [68] 45 women with breast cancer, 25 women
with benign lesions, and 20 healthy controls. The 45 women with breast cancer included all
possible molecular subtypes of breast cancer, which, given the differences in concentration
levels based on receptor expression, may have been a key impact on the results.

Reports on CXCL8 concentrations’ behavior in relation to receptor status and clinical
features are often contradictory. A few works showed that higher CXCL§ concentra-
tions were present in patients with ER- breast cancer than ER+ types (p < 0.0001 [67],
p = 0.012 [52]), HER2+ breast cancer type compared to HER2- (p < 0.001 [67]), and the
TNBC subtype compared to non-TNBC (p = 0.001 [68]), but showed no difference in con-
centration for the PR receptor [67]. Studies by Tiainen et al., Wang, and Benoy showed
no correlation between hormone receptor status and CXCL8 concentrations [35,66,68,70]
However, Koning et al. showed that CXCLS8 levels were higher for PR- than PR+ breast can-
cer (p=0.033 [71]; p = 0.019 [52]) among patients with no circulating tumor cells (p = 0.017)
or grade 3 breast cancer (p = 0.03) [71]. Higher CXCLS levels were associated with higher
stages (p < 0.0001 [67]; p < 0.001 [66]), lymph node status (p < 0.0068 [66]), and presence of
metastasis (p < 0.05 [65,67]; p = 0.002 [66]). CXCLS8 levels did not correlate with age [66],
menopause status [66,70], number of metastatic lesions [66,70], presence of visceral dis-
ease [66,70], grade [37], or occurrence of recurrence [37,66]. Among patients with current
metastases, higher CXCLS8 levels were associated with increased tumor load (p < 0.0001)
and more rapid growth (p = 0.0114) [66]. Additionally, the correlation between CXCL8 and
NTx levels indicated a marker of bone resorption (p < 0.05), confirming this chemokine’s
involvement in bone metastasis [65]. Serum CXCLS8 concentrations were also an indepen-
dent prognostic marker, indicating shorter overall survival for patients with higher CXCL8
concentrations (p = 0.0045 [66]; p = 0.023 [70]). Low CXCLS8 concentrations in patients after
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a course of chemotherapy were also associated with longer overall survival (p < 0.001) [70].
CXCL8 increased (p < 0.05) for patients whose duration of chemotherapy was prolonged,
suggesting its involvement in cytostatic drug resistance [72].

5. Conclusions

Breast cancer is the most common malignancy affecting women. This disease is
molecularly diverse but has a good prognosis if detected early enough. It is estimated that
the 5-year survival rate of patients with stage I breast cancer is as high as 99%. A breast
cancer diagnosis is primarily based on imaging examinations such as ultrasound, X-ray, or
MRI, which have numerous limitations. Furthermore, the obtained results are confirmed
invasively via biopsy. These methods translate into a longer diagnosis time, thus worsening
the prognosis for women. There is considerable hope in new ancillary breast cancer
diagnosis methods, which include the non-invasive determination of tumor markers from
peripheral blood. Potential markers for breast cancer diagnosis include chemokines. This
article summarizes existing knowledge about the roles of CXCL ELR-positive chemokines
CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL?7, and CXCLS as peripheral blood and
tissue markers in the diagnosis and prognosis of women with breast cancer.

Chemokines have been shown to mediate the pathogenesis of breast cancer. However,
data on their potential use in diagnosing the disease are conflicting or contradictory. Al-
though all CXCL ELR-positive chemokines are expressed in cancerous breast tissue, their
expression may be elevated or downregulated compared to normal tissue. In addition,
the mRNA levels of these chemokines are not always associated with the clinical features
of breast cancer, or the data obtained by different research teams are mutually exclusive.
We reached similar conclusions after analyzing data on CXCL ELR-positive chemokines’
potential as markers in peripheral blood. Nevertheless, several compounds in this group
show considerable potential as tissue or peripheral blood markers.

Establishing the unequivocal importance of CXCL ELR-positive chemokines in breast
cancer requires more research. However, we believe that several compounds in this group
show high potential. Based on our analysis of accumulated data, CXCLS has preliminary
high potential as a new diagnostic and prognostic marker, while CXCL2 and CXCL6 can be
considered as prognostic markers. In the case of CXCL1 and CXCL5, however, we cannot
determine their usefulness due to insufficient information.

Regarding TNBC, characterized by a particularly unfavorable prognosis, CXCL1, CXCL2,
CXCL3, and CXCLS are found to be strongly overexpressed relative to luminal types of breast
cancer, suggesting that these chemokines can be used to differentiate cancer subtypes or as
potential indirect therapeutic targets. The first studies of targeted therapies against individual
chemokines did not show the expected efficacy [73,74] due to the multiligand character of
their receptors. However, targeting the receiving point in the ligand-receptor signaling axis
or using modified immune cells in therapy may result in the expected therapeutic effect,
which may, unfortunately, result in severe side effects on the organism’s healthy cells and
tissue [75,76]. Nevertheless, new strategies such as modified cell therapy are worth the interest
and may signify a breakthrough in treating breast cancer, especially the TNBC subtype.

Table 1. Summary table of ELR-positive CXC chemokines prognostic and diagnostic potential with
dissected molecule source (circulating protein/tissue protein/tissue mRNA level).

CXCL1
Source mRNA Tissue protein Blood circulating protein
Expression/
Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards HC
Refs. [45] *, [48] * [51] [45-50] [43,44] [49] [36] [35] **
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Table 1. Cont.

Expression/

Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards BLC

Ref. [35] **

Differences of
level between Yes No Yes No Yes No
BC subtypes

Refs. [45,48,50-

52,54-56] [47] [43]

RFS when
upregulated

Ref.

Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter

b7, s,

[48] ** (50] [43,45,55,57]

OS when Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
upregulated

Refs. [47-50] [45,55] [33]
CXCL2

Source mRNA Tissue protein Blood circulating protein

Expression/
Expression/
Concentration
towards HC

Refs.

Up No diff. Down Up Nodiff. ~ Down Up No diff. Down

[39,47,48,50,

4 1,

Expression/

Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards BLC

Ref.

Differences of

level between Yes No Yes No Yes No
BC subtypes

[47,48,50,52,

Refs. 57,58]

RES when
upregulated

Ref.

Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter

[47], [48] ™,

[50,58] [48] ** [58]

O when Longer UA Shorter Longer UA Shorter  Longer UA Shorter
upregulated

Refs. [4849,58]  [47,50]

CXCL3

Source mRNA Tissue protein Blood circulating protein

Expression/

Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards HC

Refs. [39,47-50,58] [49],

Expression/

Concentration Up No diff. Down Up No diff. Down Up No diff. Down
towards BLC

Refs.
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Table 1. Cont.

Differences of

level between Yes No Yes No Yes No
BC subtypes
[48,50,52,57,
Refs. 5] [47]
E}Ei;ﬂ:?e d Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
[47]1 [58] ** / Bz |~
Refs. (50] [48] [57]
Sl)sr‘e;}ll.lelr;te d Longer UA Shorter Longer UA Shorter  Longer UA Shorter
Refs. [47,50] [48,49]
CXCL5
Source mRNA Tissue protein Blood circulating protein
Expression/
Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards HC
Refs. [50], [47-49] [60] [49] [60]
Expression/
Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards BLC
Ref. (371
Differences of
level between Yes No Yes No Yes No
BC subtypes
[48,50,55,
Refs. 571 [47]
llj}f):fe;};l?:e d Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
Refs. [47,50] [48,57]
OS when
upregulated Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
Refs. [47-50]
CXCL6
Source mRNA Tissue protein Blood circulating protein
Expression/
Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards HC
Refs. [48,49,57]  [47,50,58] [49]
Expression/
Concentration Up No diff. Down Up Nodiff. ~ Down Up No diff. Down
towards BLC
Ref.
Differences of
level between Yes No Yes No Yes No
BC subtypes
Refs. [48,50] [47]
E}l:fe;vlizrtle d Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
Refs. [47,50] [48]
0OS when
upregulated Longer UA Shorter Longer UA Shorter ~ Longer UA Shorter
Refs. [48,49] [47,50]
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Table 1. Cont.

CXCL7

Source

mRNA Tissue protein Blood circulating protein

Expression/
Concentration
towards HC
Refs.

Up

No diff. Down Up No diff. ~ Down Up No diff. Down

[48,49] [47-50] [49] [62]

Expression/
Concentration
towards BLC
Ref.

Up

No diff. Down Up No diff. ~ Down Up No diff. Down

Differences of
level between
BC subtypes

Yes

No Yes No Yes No

Refs.

[47,48]

RFS when
upregulated
Refs.

Longer
[47,50]

UA Shorter Longer UA Shorter  Longer UA Shorter
(48]

OS when
upregulated
Refs.

Longer

UA Shorter Longer UA Shorter ~ Longer UA Shorter
[47-50] [61]

CXCL8

Source

mRNA Tissue protein Blood circulating protein

Expression/
Concentration
towards HC

Refs.

Up

[47,51]

No diff. Down Up No diff. Down Up No diff. Down

[35] **,
[47-51] [50] [49] [52,66—
69]

Expression/
Concentration
towards BLC

Refs.

Up

No diff. Down Up No diff. ~ Down Up No diff. Down

(351,

[37,68] s

Differences of
level between
BC subtypes

Refs.

Yes

[47,48,50—
52,55,63]

No Yes No Yes No

(3517,

[64] [65] [52,67], [66,68,70]

RFS when
upregulated

Refs.

Longer

UA Shorter Longer UA Shorter  Longer UA Shorter

(471, [48] =,

(48] ™ [50]

[64] [37,66]

OS when
upregulated
Ref.

Longer

UA Shorter Longer UA Shorter ~ Longer UA Shorter
[47-50,63] [66,70]

BLC—benign lesion condition, HC—healthy condition, ND—no data, No diff—no differences, OS—overall
survival, Ref.—references, RFS—relapse free survival, red color *—for TNBC only, blue color **—for luminal BC
only, green color **—for ER-negative BC only, UA—unaffected.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ cancers15123118 /s1, Table S1: Histological classification of breast
tumors. References [9,10] are cited in the Supplementary Materials.
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Abstract: Chemokines are involved in the regulation of immune balance and in triggering an immune
response. CXCL1 and CXCL8 belong to the ELR-motif-containing group of CXC chemokines, which,
in breast cancer (BC), stimulate angiogenesis and increase migration and invasiveness of tumor cells.
The aim of this study was to evaluate CXCL1, CXCL8 and comparative marker CA 15-3 plasma
concentrations in BC patients with luminal subtypes A and B. The study group consisted of 100 pa-
tients with BC, and the control group of 50 subjects with benign breast lesions and 50 healthy women.
Chemokines concentrations were determined by ELISA method; CA15-3-by CMIA. Concentrations
of CXCL8 and CA15-3 were significantly higher in BC total group and luminal B (for CA15-3 also
in luminal A) subtype of BC than in healthy controls and subjects with benign lesions. In the total
BC group, the highest SE, PPV and NPV were observed for CXCL8 (70%, 77.78%, 50%, resp.). A
combined analysis of tested chemokines with CA 15-3 increased SE and NPV values (96%, 69.23%,
resp.). The diagnostic power of the test (measured by area under ROC curve (AUC)) showed the
highest value for CXCLS8 in the total BC group (0.6410), luminal A (0.6120) and B subgroup of BC
(0.6700). For the combined parameter, the AUC was increasing and reached the highest value for
CXCL1 + CXCL8 + CA15-3 combination (0.7024). In light of these results, we suggest that CXCL8
could be used as an additional diagnostic marker that would positively influence the diagnostic
utility of CA 15-3, especially in luminal B subtype of BC.

Keywords: breast cancer; adenocarcinoma ductale; luminal A; luminal B; chemokines; CXCL1; CXCLS;
CA 15-3; plasma concentration; fibroadenoma

1. Introduction

Breast cancer is the most frequent malignancy affecting women, with more than
2 million new cases per year worldwide and more than 620,000 deaths. BC belongs to a
highly heterogeneous group of cancers, which results in a great diversity in its development,
course and response to treatment [1]. The key moment for every patient is the earliest
possible diagnosis of a cancerous lesion and monitoring tits development. Current breast
cancer diagnosis is mainly based on imaging, genetic and biochemical examinations. The
implementation of screening mammography, improvements in systemic adjuvant therapy,
and the introduction of targeted therapy led to a reduction in breast cancer mortality in
developed countries against an ever-increasing number of newly diagnosed cases [2,3].
However, early detection of this cancer still remains a major challenge for health services.
The diagnostic process is also aided by the determination of tumor markers in peripheral
blood. The routine markers used for breast cancer are CA 15-3 and, less commonly, CA 27.29
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or CEA, but because of their insufficient diagnostic sensitivity and specificity, especially in
early stages of breast cancer, they are not sufficient to establish diagnosis. Nevertheless, CA
15-3 has found its use as a marker in predicting the course of the disease and the incidence
of metastasis, and in monitoring the effectiveness of treatment [4]. Therefore, further
research is being conducted to find markers whose concentrations could better correlate
with the presence or stage of the disease. Such biomarkers are currently being sought
among enzymes, hormones, chemokines and circulating RNA or DNA fragments [5-7].

The incidence of breast cancer is influenced by many interrelated factors, such as ge-
netic and environmental factors, hormonal management, and lifestyle [7]. Other factors that
have been found to predispose to cancer include chronic inflammation [8]. Disturbances
in the expression of chemokines, as molecules involved in the regulation of inflamma-
tion, may contribute to an increased risk of breast cancer. They are also molecules that
influence the process of carcinogenesis through interactions with chemokine receptors,
directing cells towards proliferation, differentiation, invasion or metastasis. The over-
expression of chemokines and their receptors has been demonstrated in various types
of malignancies, including breast cancer [9,10]. CXCL1 and CXCLS belong to the CXC
chemokine family [10]. An abnormal expression of CXCL1 and CXCLS8 has been found
in many types of malignancies, including breast cancer. These chemokines are associated
with the endothelial-neoplastic-matrix signaling network, regulation of inflammatory
mediators, and interference in breast cancer development by controlling cell adhesion,
angiogenesis, proliferation, migration and metastasis. Additionally, CXCL8 also enhances
cancers by controlling stem cell mass, and CXCL1 is associated with the occurrence of drug
resistance [11-22]. CXCL1 shows increased expression in the BC tumor stroma and its
plasma levels have been linked to the number of circulating tumor cells [23,24]. Higher
CXCL8 mRNA levels in breast cancer tissues were associated with significantly shorter over-
all survival [25]. CXCLS8 is also overexpressed in breast cancer and positively correlates with
inflammatory cell activity, which may account for the aggressiveness of these tumors [26].

In the present study, we investigated the plasma concentrations of CXCL1 and CXCLS§
in female breast cancer patients as potential tumor markers in the diagnostic process, as an
individual or combined parameter with the routinely used marker CA 15-3. In addition,
we evaluated the concentrations of these chemokines among patients with benign breast
lesions, as well as changes in plasma concentrations of the studied parameters before and
after surgical treatment for BC patients.

2. Materials and Methods

We included a group of 100 patients with ductal adenocarcinoma breast cancer, adeno-
carcinoma ductale (BC-total), of luminal subtypes A and B, who underwent diagnosis and
subsequent surgical treatment at the Bialystok Oncology Center in Poland. Histopatho-
logical evaluation and receptor status subtyping of breast lesions were performed at the
hospital diagnostic stage on the basis of preoperative breast tumor biopsy or intraopera-
tively taken biopsy specimens. Patients for the study were divided into groups according to
the receptor subtype into the subgroup of breast cancers with luminal subtype A (BC—Lum
A) and the sub-group of breast cancers with luminal subtype B (BC—Lum B).

The control group consisted of 50 subjects with benign breast lesions, fibroadenoma,
and 50 healthy women age-matched to the study. Detailed characteristics of studied groups
are presented in Table 1.

The selection of the study and control groups, the preoperative and postoperative
therapeutic management were carried out by the hospital unit in accordance with current
clinical practice guidelines for the treatment of breast cancer. Patients with malignant
lesions who received adjuvant preoperative treatment were excluded from the study.
Patients with breast cancer underwent breast-conserving treatment with sentinel node
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features (evaluation of estrogen receptor (ER) and progesterone receptor (PR) expression,
HER-2 receptor status and evaluation of Ki-67 proliferation index).

Table 1. Characteristics of examined groups: breast cancer (BC-total) group of patients with selected
subgroups for analysis, comparison group of subjects with benign breast lesions and control group of
healthy women.

Menopausal Status Treatment

Studied Group Age (Median) TNM Status (Number of
Group Size Premeno- Postmeno- (v May) (Number of Incidents) .
Pausal Pausal Incidents)
Preoperative group of patients
TINOMO (51)  T2NOMO (24)
Breast cancer 60 T1cNOMO (3) T2NxMO (4) ot J]t’:é%ﬁ? ©
total erotD: 100 11 89 (21-85) TINOMXx (2) T2N1MO (4) Amputation +
otal group: TINXMO(9)  T3NOMO (1) AEND (;7)
TINIMO (1) T4NOMO (1)
58 2111?\%}\4/&((227)) T2NOMO (10)  BCT + ALND (37)
Luminal A 50 8 42 (21-81) T1NOMO (2) T2NxM0 (1) Amputation +
TINXMO (7) T3NOMO (1) ALND (13)
TINOMO (24)  T2NOMO (14)  BCT + ALND (32)
. 62.5 TIGNOMO (1)  T2NxMO (3) BCT
finats %0 3 v (38-79) TINXMO(2) ~ T2NIMO(4)  (4)Amputation +
TINIMO(1)  T4NOMO (1) ALND (14)
Postoperative group of patients (matched pairs)
TINOMO (25)  T2NOMO (8)
Breast cancer B 3 10 61 T1eNOMO (1) T2NxM0 (2) BCATH: ﬁ:; I;T(zl(ig)
total group: (35-81) TINOMXx (1) T2N1MO (1) AIE)ND (10)
TINXMO (4) T4NOMO (1)
6 TINOMO (13) TINXMO BCT + ALND (19)
Luminal A 22 1 21 (35-81) TINOMx (1) (3)T2NOMO Amputation +
T1cNOMO (1) 4) ALND (3)
60 TINOMO (12) T2NxMO0 (2) BCT + ALND (14)
Luminal B 21 2 19 (38-79) TINXMO (1) T2N1IMO (1) Amputation +
T2NOMO (4)  T4NOMO (1) ALND (7)
Control groups
Benign breast 50 . )
lesion group 50 12 38 (22-83) Fibroadenoma N/A
Healthy 49.5
women group %0 10 0 (25-69) N/A N/A

ALND—axillary lymph node dissection; BCT—breast-conserving treatment; N/A—not applicable.

Postoperative evaluation of the concentrations of studied parameters was performed
in the material obtained from BC patients 6-8 weeks after the performed surgical treatment,
at the control moment before the introduction of further treatment with radiotherapy
and/or chemotherapy.

We qualified patients with breast cancer or a benign lesion on the basis of gynecological
examinations, followed by confirmatory examinations by the oncologist on the basis of
imaging studies (mammography /USG/magnetic resonance imaging) and laboratory tests.

The healthy women included in the control group were volunteers who were qualified
to participate in the study by a family doctor, and then a gynecologist of the University
Clinical Hospital in Bialystok, Poland and participants of the Bialystok PLUS cohort study,
in whom a detailed imaging diagnosis (abdominal ultrasound /magnetic resonance) and
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evaluation of laboratory results were performed, on the basis of which the gynecologist
subsequently determined the possibility of inclusion in the study.

The study material was plasma obtained from venous blood collected for the anticoag-
ulant lithium heparin. Venous blood was collected from the participants and centrifuged at
1810 g for 10 min. The centrifuged plasma was then pooled and stored at —85 °C until
the day of the assay.

We measured plasma CXCL1 and CXCLS8 concentrations with the use of immuno-
enzymatic ELISA method (Quantikine ELISA Human CXCL1/GROwx and Quantikine
ELISA IL-8/CXCL8, R&D Systems Inc., Minneapolis, MN, USA). The assays were per-
formed according to the manufacturer’s instructions provided with the kits, using double-
sample determinations for the standard curve and tested samples. Intra-assay and inter-
assay precision were determined by the manufacturer (CXCL1 2.4%, 4.7%; CXCL8 5.4%,
9.7%, respectively). For the measurement of CA 15-3 levels, we used a chemilumines-
cent microparticle immunoassay (CMIA) (Abbott, Chicago, IL, USA) according to the
manufacturer’s protocols.

Statistical Analysis

The analysis of obtained parameters was performed using PQStat ver.1.8.2 PQStat
Software, (Poznan, Poland) and GraphPad Prism 9.3.1. for Windows, GraphPad Software,
(San Diego, CA, USA).

After the evaluation of the normality of the distribution for the tested parameters with
the Shapiro-Wilk test, which revealed significant deviations from the normal distribution,
we performed statistical analysis using nonparametric tests. To assess statistical differences
between two independent groups, we used the Mann-Whitney U test, whereas, when
comparing between multiple groups, we used the Kruskal-Wallis’s test with the Conover-
Iman post-hoc test. Comparisons between concentrations of studied parameters for paired
measurements (preoperative period and 6-8 weeks since the procedure) were made with
the Wilcoxon test for dependent pairs. Due to the insufficient number of premenopausal
women in the study groups, we refrained from assessing the influence of this parameter on
the obtained results.

For the evaluation of the diagnostic features of the tested parameters: diagnostic sensi-
tivity (SE), diagnostic specificity (SP), positive predictive value (PPV), negative predictive
value (NPV), and diagnostic power, our analysis was performed on the basis of the area
under the ROC curve (AUC) and the optimal cut-off points determined by the closest
distance to corner method, which were, respectively: 34.44 pg/mL for CXCL1, 3.71 pg/mL
for CXCL8 and 17.8 IU/mL for CA 15-3.

3. Results
3.1. Evaluation of Menopausal Status Influence on Constructed Groups

In order to assess the effect of the patients” menopausal status on the analysis of the
results in each group, we performed a comparison with the Mann-Whitney U test. Due to
the low number of premenopausal patients, we decided to compare the individual groups
selected throughout the study (BC-total group, luminal A and luminal B subgroups of BC,
benign breast lesion group, healthy women group) with the same alternative groups, from
which only patients with premenopausal status were excluded. This analysis did not reveal
any significant differences between the analyzed groups (data not shown). However, we
decided to perform an additional individual evaluation of the diagnostic features for only
postmenopausal subjects of our research.

3.2. Preoperative Concentrations

Plasma levels of tested parameters among all groups are presented in Figures 1-3.
Statistical analysis showed that BC-total patients had significantly higher concentrations
of CXCL-8 (median 5.36 pg/mL) compared to healthy women (2.88 pg/mL, p = 0.005)
and subjects with benign lesion (3.50 pg/mL, p = 0.033). Analyzing concentrations of
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comparative marker CA 15-3, we also noticed a higher concentration among all patients
with BC (median 18.65 IU/mL) than among healthy women (15.05 IU/mL, p = 0.007), as
well as among patients with benign lesion (15.2 IU/mL, p = 0.019).

CXCLS8
60 p=0.005
p=0.033
p=0.001
p=0.008
E 40+ T
o
2
[
Xe] -1
©
1=
]
(6] —_—
&
O 20+
Benign
BC BC Healthy
Lum A Lum B BC-total breast Women

lesions

Figure 1. Plasma concentrations of CXCLS of patients with BC (total group and subgroups), subjects
with benign breast lesion and healthy women with highlighted statistically significant differences.

In the group of BC patients with luminal subtype A, we found significantly higher
concentrations for CA 15-3 (18.55 IU/mL) compared to the group of healthy women
(p = 0.027). In the group of BC patients with luminal subtype B, concentrations of all
parameters maintained the same relation as the BC-total group. CXCL8 concentrations were
significantly higher in luminal B subtype of BC (5.95 pg/mL) than among healthy women
(p = 0.001) and subjects with benign lesion (p = 0.008). CA 15-3 concentrations in patients
with luminal B subtype of BC (19.2 IU/mL) were also significantly higher than in the group
of healthy women (p = 0.013) and subjects with benign lesion (p = 0.03). CXCL1 did not show
any significant statistical differences in concentrations in all study groups. In the BC group
of patients with luminal subtype B, the median concentrations of CXCLS8 (5.95 pg/mL),
CXCL1 (33.55 pg/mL), and CA 15-3 (19.2 IU/mL) were higher than in the group of patients
with luminal subtype A (4.57 pg/mL; 27.83 pg/mL; 18.55 IU/mL, respectively); however,
the used test did not show these correlations as statistically significant.

Using r Spearman’s non-parametric test, we examined the correlations between the
studied parameters, but we did not find any significant correlations between CXCL1, nor
between CXCL8 and the comparative marker CA 15-3, in any of the study groups. Correla-
tions between tested chemokines and CA 15-3 are reflected by scatterplots on Figure 4.
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Figure 2. Plasma concentrations of CXCL1 of patients with BC (total group and subgroups), subjects
with benign breast lesion and healthy women.
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Figure 3. Plasma concentrations of CA 15-3 of patients with BC (total group and subgroups), subjects
with benign breast lesion and healthy women, with statistically significant differences highlighted.
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Figure 4. Correlation between preoperative level of tested chemokines and CA15-3, presented in the

form of scatterplots in BC- total group (A), BC—Lum A subgroup (B), BC—Lum B subgroup (C),

subjects with benign lesion (D) and healthy women (E).

However, we found significant correlations between CXCL1 and CXCLS in the BC—

total group (r =

0.5103 p < 0.001), both BC luminal subgroups—luminal A (r = 0.5701

p <0.001) and luminal B (r = 0.4489, p = 0.001) and in the group of subjects with benign
lesion (r = 0.5311, p < 0.001) (Figure 5).
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Figure 5. Correlation between CXCL1 and CXCLS, presented in the form of scatterplots in BC—total
group (A), BC—Lum A subgroup (B), BC—Lum B subgroup (C), subjects with benign lesion (D) and

healthy women (E).
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3.3. Postoperative Concentrations

Our team was able to evaluate pre- and post-operation levels of the studied param-
eters among 43 of our patients (Table 2). At 4-6 weeks after the surgical treatment, a
statistically significant decrease was observed, only for CA 15-3 (preoperative 18.2 IU/mL,
postoperative 17.8 TU/mL, p = 0.029), when analyzing the whole pre-to-post-operative
group. Statistical analysis performed on luminal A and luminal B subgroups no longer
showed a significant reduction in CA 15-3 concentrations. Among patients of luminal A
subtype of BC, statistical analysis also showed a significant increase in the concentrations of
both chemokines tested in the postoperative period compared to the preoperative phase—
CXCL1 increased from 30.832 pg/mL to 41.414 pg/mL (p = 0.048), while CXCLS increased
from 5.326 pg/mL to 7.229 pg/mL (p = 0.023). However, we did not show this relationship
for either the subgroup of patients with luminal B BC or the entire study group.

Table 2. Plasma levels of tested parameters prior to and post to surgical treatment of breast cancer patients.

CXCL1 [pg/mL] CXCLS [pg/mL] CA 15-3 [IU/mL]
Median Median Median
(Q1-Q3) (Q1-Q3) (Q1-Q3)
BC—total group (n = 43)
Before surecr 32.606 7.261 18.2
gery (25.963-54.763) (3.807-11.115) (13.95-26.9)
40.254 7313 17.8
After surgery (4-6 weeks) (31.305-55.098) (3.853-12.556) (12.9-20.0)
p 0.059 0.443 0.029
BC—Luminal A subgroup (1 = 22)
5.326 18.25
Before surgery 30.832(20.236-46.467) (1.77-8.846) (13.675-28.125)
41414 7.229 18.100
After surgery (4-6 weeks) (32.966-52.634) (4.729-11.593) (13.975-19.3)
p 0.048 0.023 0.153
BC—Luminal B subgroup (n = 21)
Before surecr 33.868 10.043 18.2
gery (27.363-57.562) (5.153-12.286) (14.6-25.9)
37.061 7.508 15.6
After surgery (4-6 weeks) (29.965-81.177) (2.73-12.579) (12.4-20.1)
p 0.532 0.509 0.063

In addition, we conducted a comparison between concentrations of studied parameters
in patients after surgery against subjects with benign lesion and healthy women. In the
total group of BC patients, CXCLS8 remained at a higher level than for healthy women
(p < 0.001) and subjects with benign lesion (p = 0.003). Additionally, for the luminal A and
luminal B cancer patient subgroups, we showed significantly higher levels than for healthy
women (luminal A p = 0.001; luminal B p = 0.011) and subjects with benign lesion (luminal
A p =0.006; luminal B p = 0.044). For CXCL1, we noticed significantly higher postoperative
concentrations in the total BC group of patients only, compared to subjects with benign
lesion (p = 0.005). Analyzing luminal A and B subgroups for CXCL1, we noticed adequately
higher postoperative concentrations only, compared to subjects with benign lesion (luminal
A p=0.012; luminal B p = 0.042). By contrast, we did not observe significant differences in
postoperative CA15-3 concentrations relative to the group of healthy women or subjects
with benign lesion.

3.4. Diagnostic Criteria of CXCL1 and CXCL8-Pre- and Post-Menopausal Subjects
Table 3 contains the diagnostic criteria—SE, SP, PPV and NPV in BC patients.
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Table 3. Diagnostic criteria of tested parameters in patients with BC: total group and luminal A and

B subgroups.
Diagnostic Breast Cancer
Tested Parameter Criterium
(%) Lum A Subgroup Lum B Subgroup Total Group
SE 60 54 57
sp 54 54 54
CXCL PPV 56.6 54 71.25
NPV 57.45 54 38.59
SE 64 76 70
sp 60 60 60
CXCL8 PPV 61.54 65.52 77.78
NPV 62.50 7143 50
SE 54 56 55
Sp 64 64 64
CAL53 PPV 60 60.87 75.34
NPV 58.18 59.26 4156
SE 84 76 80
sp 34 34 34
CXCL1+CA 153 PPV 56 53.52 708
NPV 68 58.62 45.95
SE 80 94 88
sp 38 38 38
CXCL8 +CA 153 PPV 56.34 60.26 73.95
NPV 65.52 86.36 61.29
SE 98 94 9%
sp 18 18 18
CXCL1 + CXCL8 + CA 153 PPV 5445 5341 007
NPV 90 75 69.23

SE—diagnostic sensitivity; SP—diagnostic specificity; PPV—positive predictive value; NPV—negative
predictive value

The highest SE for the BC total patient group was achieved by CXCLS8 (70%). The
other parameters, CXCL1 and CA 15-3, had SE at similar levels (57%, 55%, respectively).
All parameters reached fairly close SP values, with the highest value being reached for
the comparative marker (CA 15-3—64%, CXCL8-60%, CXCL1—54%). An analysis of
combined parameters increased SE of the tests for CXCL1 + CA 15-3 by up to 80%, and for
CXCLS8 + CA 15-3 by up to 88%, reaching the highest value for the combination of all tested
factors—CXCL1 + CXCL8 + CA 15-3 up to 96%. When performing an analysis of combined
parameters, we observed a decrease in SP.

Analyzing the individual subgroups, we noticed the similarity between the obtained
SE results and the total group of patients. In both the Luminal A and Luminal B BC
patient subgroups, the highest SE value for a single parameter was shown by CXCL8
(64%, 76%, respectively). In the Luminal A BC patient subgroup, the lowest SE value
was recorded for CA 15-3 (54%), while, for the Luminal B BC patient subgroup, this was
observed for CXCL1 (54%). When analyzing the combined parameters, the SE increased in
both subgroups. In the Luminal A BC patient subgroup, the highest SE was shown by the
combined of the three parameters CXCL1 + CXCL8 + CA 15-3 (98%), while in the Luminal B
BC patient subgroup—for two combinations with equal values of 94%—CXCL8 + CA 15-3
and CXCL1 + CXCLS8 + CA 15-3.

When examined as a total group of patients, CXCL8 was the only one of the tested
chemokines to show a higher PPV (77.78%) and NPV (50%) than the comparative marker
CA 15-3 (75.34%, 41.56%, respectively). Both features were the lowest for CXCL1 (71.25%,
38.59%, respectively). Analyzing the parameter combinations, we noticed an increase
in NPV, with a relatively small decrease in PPV, reaching the following values for each
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combination: CXCL1 + CA 15-3—NPV 45.95%, PPV 70.8%, CXCL8 + CA 15-3—NPV
61.29%, PPV 73.95%, CXCL1 + CXCL8 + CA 15-3—NPV 69.23%, PPV 70.07%. The highest
PPV, as a combined parameter, was achieved by the CXCL8 + CA 15-3 set (73.95%), while
the highest NPV was achieved by CXCL1 + CXCL8 + CA 15-3 set (69.23%).

Looking at the subgroup of Luminal A BC patients, we recorded the highest PPV
for CXCL8 (61.54%) as an individual parameter and the combination of two parameters
CXCLS8 + CA 15-3 (56.34%). Additionally, as a single parameter, CXCL8 had the highest
NPV (62.5%). For the combined markers, the highest NPV was shown by the combination
of all three compounds, CXCL1 + CXCL8 + CA 15-3 (90%), at the same time, with the
lowest PPV of the combined sets (54.45%). In the Luminal B BC patient subgroup, CXCL3
also showed the highest PPV (65.52%) and NPV values (71.43%) for single markers. In the
combined parameter analysis, the CXCL8 + CA 15-3 set demonstrated the highest NPV,
with values of 86.36%.

The ROC is a curve illustrating the dependence of SE on SP for the studied parameters,
while the potential clinical utility as a tumor-marker will be demonstrated by the AUC,
while also determining its diagnostic power. An AUC value of (.5 is a borderline of the
diagnostic usefulness of the test. The detailed parameters of the ROC curve analysis are
shown in Table 4. In the total BC group, the AUC values for CXCL8 and CA 15-3 were
significantly higher compared with AUC = 0.5 (p = 0.005, p = 0.010, respectively). The AUC
for CXCL8 (0.6410) in the total BC group was higher than for CXCL1 (0.5496) and CA 15-3
(0.6300). Using a combination of CXCL1 or CXCL8 with CA 15-3 resulted in an increased
AUC (0.6724, p = 0.001; 0.6582, p = 0.002, respectively). When using a combination of all
tested compounds, we achieved the highest AUC of 0.7024 (p < 0.001) (Figure 6.).

Table 4. Characteristics of ROC curve for tested parameters in patients with BC: total group and
luminal A and B subgroups.

SE o p Comparison to
Tested Parameter AUC (AUC) 95% C.L (AUC = 05) CA 153 ()
Breast cancer—total group
CXCL1 0.54% 0.055 0.443-0.657 0.322 0.258
CXCL8 0.6410 0.052 0.539-0.742 0.005 0.874
CA 153 0.6300 0.045 0.541-0.719 0.010 -
CXCL1 +CA 153 0.6724 0.045 0.584-0.760 0.001 0.008
CXCL8 + CA15-3 0.6582 0.046 0.568-0.749 0.002 0.066
CXCL1 + CXCL8 + CA 15-3 0.7024 0.046 0.612-0.793 <0.001 0.002
Breast cancer—Luminal A subgroup
CXCL1 0.5568 0.059 0.412-0.672 0.334 0.516
CXCL8 0.6120 0.058 0.499-0.725 0.052 0.994
CA 153 0.6114 0.058 0.498-0.725 0.054 -
CXCL1+CA15-3 0.6648 0.054 0.559-0.771 0.005 0.028
CXCL8+CA15-3 0.6108 0.057 0.500-0.722 0.051 0.317
CXCL1 + CXCL8 + CA 15-3 0.6708 0.054 0.565-0.776 0.002 0.041
Breast cancer—Luminal B subgroup
CXCL1 0.5424 0.060 0.425-0.660 0.478 0.185
CXCL8 0.6700 0.060 0.560-0.780 0.002 0.796
CA 153 0.6486 0.055 0.540-0.757 0.007 -
CXCL1+CA15-3 0.6800 0.053 0.576-0.784 <0.001 0.025
CXCL8 + CA 153 0.7056 0.052 0.604-0.807 <0.001 0.036
CXCL1+CXCL8 + CA 15-3 0.7340 0.050 0.637-0.831 <0.001 0.006
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Figure 6. ROC curve for tested parameters in BC total group.

There was no single tested parameter that showed statistically significant diagnostic
power (p > 0.05) in the BC luminal A subgroup of patients. However, the highest AUC val-
ues were observed for CXCL8 and CA 15-3 (0.6120, p = 0.052; 0.6114, p = 0.054, respectively).
Among the combined parameters, the combination of both chemokines with comparative
marker achieved the highest AUC value (0.6708, p = 0.002) (Figure 7).

In the subgroup of luminal B BC patients, we observed the highest AUC once again
for a combination of all tested parameters (0.7340, p < 0.001). Regarding the single analysis
of the studied parameters, CXCL8 again showed the highest AUC (0.6700, p = 0.002),
which exceeded the AUC values obtained for CA 15-3 and CXCL1 (0.6486, p = 0.007;
0.5424, p = 0478, respectively). For CXCL1, the AUC values were not significantly higher
compared to AUC = 0.5 (Figure 8).

A comparison of parameter combinations against the comparative marker CA 15-3
revealed that, in the total study group and the luminal A subgroup of BC, combining CA
15-3 with CXCL1 (p = 0.008) and CA15-3 with CXCL1 and CXCLS8 (p = 0.002) significantly
improved the quality of the test. In the luminal B subgroup, all combinations significantly
improved the quality of the test (see Table 4).
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3.5. Diagnostic Criteria of CXCL1 and CXCL8—Postmenopausal Subjects

Table 5 shows the diagnostic criteria of tested parameters, comparative marker and an-
alyzed combinations of parameters calculated for the postmenopausal subjects of our study.

Table 5. Diagnostic criteria of tested parameters in postmenopausal patients with BC: total group
and luminal A and B subgroups.

Diagnostic Breast Cancer
Tested Paramet Criteri
ested Tarameter " ((:/Sum Lum A Subgroup Lum B Subgroup Total Group
SE 44.19 4255 18333
5P 4250 4250 4250
CXCL1 PPV 4524 51.16 62.90
NPV 4146 38.64 25.00
SE 65.12 7447 68.89
sp 65.00 65.00 65.00
CXCL8 PPV 66.67 7143 81.58
NPV 6341 68.42 18.15
SE 51.16 5745 54.44
5P 65.00 65.00 65.00
CA15-3 PPV 6111 65.85 77.78
NPV 55.32 56.52 3881
SE 69.77 78.72 74.44
SP 2750 27.50 27.50
CXCLL +CAT5-3 PPV 50.85 56.06 69.79
NPV 4583 5238 3235
SE 76.74 93.62 85.56
5P 3750 37.50 37.50
CXCL8+CA 153 PPV 56.90 63.77 75.49
NPV 60.00 8235 53.57
SE 76.74 100.00 88.89
sp 17,50 17,50 17.50
CXCL1 + CXCLS + CA 153 PPy 5000 5575 7080
NPV 4118 100.00 4118

SE—diagnostic sensitivity; SP—diagnostic specificity; PPV—positive predictive value; NPV—negative
predictive value

In a single-parameter analysis, CXCL8 showed the highest values for SE (68.89%), SP
(65%), PPV (81.58%) and NPV (48.15%). The comparative marker CA 15-3 achieved identical
sensitivity to CXCLS8, while achieving lower values for the other diagnostic features—SE
(54.44%), PPV (77.78%), NPV (38.81%). The lowest values of diagnostic features were
demonstrated by CXCLI.

Combined parameter analysis increased the sensitivity of the test in each case, reaching
the highest value for the combination of CXCL1 + CXCL8 + CA 15-3 (88.89%). However,
combining parameters into panels resulted in a corresponding decrease in the SP value of
the assay. Of the combined panels, the CXCLS8 + CA 15-3 combination achieved the highest
SP (37.5%), PPV (75.49%) and NPV (53.57%). The NPV for this combination also increased
above the values achieved for all individual parameters.

Analyzing the results in the subgroups of luminal A and B BC patients, CXCL8 again
reached the highest values for all diagnostic features—in luminal A subgroup—SE 65.12%;
PPV 66.67%, NPV 63.41%; in luminal B subgroup SE 74.47%, PPV 71.43%, NPV 68.42%.
Worse diagnostic features than CXCLS8 in both luminal subgroups were demonstrated
by CA 15-3 (luminal A SE 51.16%, PPV 61.11%, NPV 55.32%; luminal B SE 57.45%, PPV
65.85%, NPV 56.52%). Analogous to the results obtained for the whole group, CXCL1 in
both luminal subgroups showed the worst values of the calculated criteria.
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In luminal A cancer subgroup, the combined parameter analysis showed the high-
est SE (76.74%), SV (37.50%), PPV (56.9%) and NPV (60%) for the CXCL8 + CA 15-3
combination, reaching the highest SE and NPV values shown in the entire study. The three-
parameter combination of CXCL1 + CXCL8 + CA 15-3 had an equally high SE value as the
CXCL8 + CA 15-4 combination, while lower values were obtained for the other features.

In the subgroup of patients with luminal B BC, the combined analysis increased the
SE and NPV of the tests, reaching the highest value of 100% for both features for the
combination of CXCL1 + CXCL8 + CA 15-3. At the same time, this combination reached the
lowest sensitivity recorded in the whole study (17.5%). Among the combined parameters,
the CXCL8 + CA 15-3 combination showed the highest PPV (63.77%), but this value was
lower than that obtained for the single parameters of both CXCL8 and CA 15-3.

The detailed parameters of the ROC curve analysis for only postmenopausal subjects
of study are shown in Table 6.

Table 6. Characteristics of ROC curve for tested parameters in postmenopausal patients with BC—
total group and luminal A and B subgroups.

Tested Parameter

AUC SE (AUC) 95% C.L p (AUC = 0.5) Comparison to

CA15-3 (p)
Breast cancer—total group

CXCL1 0.5633 0.060 0.446-0.680 0.250 0.288
CXCL8 0.6961 0.054 0.591-0.801 <0.001 0.515

CA 153 0.6461 0.049 0.550-0.742 0.008 -
CXCL1+CA15-3 0.6872 0.048 0.592-0.782 <0.001 0.011
CXCL8 + CA 15-3 0.7114 0.048 0.618-0.805 <0.001 0.007
CXCL1 + CXCL8 + CA 15-3 0.7464 0.048 0.652-0.841 <0.001 <0.001

Breast cancer—Luminal A subgroup

CXCL1 0.5512 0.064 0.424-0.678 0.423 0.4631
CXCL8 0.6797 0.060 0.562-0.797 0.005 0.4813

CA 153 0.6195 0.062 0.497-0.742 0.061 -
CXCL1+CA15-3 0.6628 0.059 0.546-0.779 0.011 0.050
CXCL8 + CA 15-3 0.6471 0.060 0.529-0.766 0.021 0.079
CXCL1 + CXCL8 + CA 15-3 0.6901 0.058 0.576-0.804 0.003 0.027

Breast cancer—Luminal B subgroup

CXCL1 0.5745 0.065 0.448-0.701 0.233 0.267
CXCL8 0.7112 0.058 0.581-0.825 <0.001 0.651

CA 153 0.6705 0.058 0.557-0.784 0.006 -
CXCL1+CA 153 0.7059 0.055 0.598-0.814 <0.001 0.029
CXCL8 + CA 15-3 0.7601 0.052 0.659-0.861 <0.001 0.003
CXCL1 + CXCL8 + CA 15-3 0.7883 0.049 0.692-0.885 <0.001 0.001

In the total BC group, the AUC values for CXCL8 (0.6961) and CA 15-3 (0.6461)
were significantly higher compared with AUC = 0.5 (p < 0.001, p = 0.008, respectively).
The AUC for CXCL8 was the highest in the total BC group. Combining parameters into
panels increased the AUC values for all parameters, reaching a peak for three-parametric
combination CXCL1 + CXCL8 + CA 15-3 (0.7464, p < 0.001). The addition of a combination of
parameters into panels led to a significant enhancement in the quality of the test compared
to the single CA 15-3 marker (see Table 6).

When analyzing individual subgroups of BC, CXCL8 showed the highest values
of AUC of all single parameters. In the luminal A subgroup of patients, only CXCL8
showed statistically higher AUC (0.6797, p = 0.005) compared to the AUC borderline value.
Only a combination of all three parameters CXCL1 + CXCL8 + CA 15-3 (0.6901) exceeded
the AUC value demonstrated for CXCLS. In the luminal A subgroup of BC patients,
looking at acquired results of single parameters, the addition of CXCL1 to combined panels
significantly enhanced the quality of the test.
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In the luminal B subgroup of patients CXCL8 (0.7112), as well as CA 15-3 (0.6705),
statistical importance was demonstrated compared to AUC = 0.5 (p < 0.001, p = 0.006,
respectively). An analysis of combined parameters increased AUC values, which reached
their peak value for a tree-parametric combination of CXCL1, CXCL8 and CA 15-3 (0.7883,
p < 0.001). In the luminal B subgroup of patients, combined panels led to a significant
enhancement in the quality of the test when compared to the individual CA 15-3 parameters.

4. Discussion

Breast cancer is one of the most common malignancies among women [1]. Many inter-
related factors contribute to the incidence of BC, including genetic or environmental factors
and hormonal imbalances [7,8]. According to the literature reports, the presence of chronic
inflammation may also predispose to BC [8]. One of the mediators of the inflammatory
process are chemokines. Additionally, chemokines are also involved in numerous adverse
processes associated with cancer progression and invasion [9,10]. CXCL1 and CXCL8 have
multidirectional effects, which can be associated with several adverse processes related
to carcinogenesis, such as cell adhesion, angiogenesis, proliferation, migration, metasta-
sis and the induction of resistance to pharmacological anticancer treatment [11-22]. The
aforementioned properties of these chemokines translate into an unfavorable prognosis for
cancer patients overexpressing these proteins [27,28].

Currently, medicine places great emphasis on early cancer diagnosis, which would
enable faster treatment, resulting in improved patient prognosis. In many cancer groups,
introduced screening programs, such as mammography, colonoscopy or smear tests, have
improved the early detection of these diseases. However, additional methods for the early
detection of cancer, especially at the asymptomatic stage, are constantly being sought [29,30].
Among the proposed diagnostic methods is the determination of circulating biomarkers [29].
In this study, we focused on evaluating the diagnostic utility of two chemokines, CXCL1
and CXCLS, as novel biomarkers in Luminal A and B breast cancer, as well as in control
groups, i.e., patients with benign lesions (fibroadenoma) and healthy volunteers, alone and
in correlation with the routinely measured breast cancer marker—CA 15-3.

CXCL1 is expressed in breast cancer cells and the stroma surrounding the cancerous
lesion [18,24,31], and the expression levels of this chemokine depended on the size and
stage of the tumor and the abundance of metastases [18]. In addition, the overexpression
of CXCL1 in the stroma was associated with faster disease recurrence and worse patient
prognosis [24]. Invitro, CXCL1 stimulated the proliferation, invasion, and migration
of breast cancer cells while inhibiting apoptosis, which seems to partially explain the
unfavorable prognosis of patients with overexpression of this chemokine [18,32]. At
present, there are no studies determining plasma CXCL1 levels in patients with breast
cancer. However, according to the literature data, elevated CXCL1 levels were found in
patients with ovarian cancer, among others [33]. Conflicting results apply to lung cancer
patients, where no differences were found between patients with an advanced stage of
disease and healthy subjects. On the other hand, patients with early-stage cancer have
lower levels of CXCL1 compared to advanced forms of the disease and healthy volunteers.
However, it should be noted that the study was conducted on a small number of patients
(1 = 30, for each group) [34]. According to our results, there are no differences in plasma
CXCL1 levels between patients with BC, benign lesions, and healthy women. However, it
should be noted that breast cancer cells produce CXCL1 [31], but it is not known whether
CXCL1 concentrations are high enough to exceed the detection threshold when determined
by a given analytical method from peripheral blood samples. The results we obtained for
CXCL1 are puzzling, as the concentrations by themselves showed no differences between
the study groups; however, when analyzing diagnostic features, the inclusion of CXCL1 in
the combined analysis decreased the level of specificity and both predictive values, while
increasing the sensitivity of the test and significantly improving the quality of the test,
especially in the luminal A subgroup of BC, whereas, in ROC analysis, CXCL8 showed
no such effect. This relationship between the CXCL1 appeared both in the analysis of the
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entire study group and in the evaluation of postmenopausal patients only. Thus, it there
seems to be some relationship between this parameter and breast cancer, but, to accurately
determine the impact of this chemokine in diagnosis, it is necessary to determine the CXCL1
concentrations in patients with breast pathologies and healthy women on a larger and more
diverse group of patients.

Similar to CXCL1, CXCL8 expression was demonstrated in BC tumor samples where
mRNA levels were independent of tumor size and stage, metastatic abundance, and
chemotherapy efficacy. In estrogen receptor-negative patients, high CXCL8 expression was
associated with a worse prognosis for patients [25]. Consistent with our results, BC patients
(of total BC group and luminal B subtype of BC group) had statistically higher serum
CXCLS8 levels than patients with benign lesions and healthy women. This agrees with the
results obtained by Narita et al. [35]. Higher levels of CXCL8 in BC patients were also
found by Benoy et al. [36], Celik et al. [37] and Ma et al. [32], but it should be noted that the
analyses were performed in serum, not in plasma, as in our study. Additionally, according
to Benoy et al. [36] and Ma et al. [32], CXCLS8 concentrations correlated with cancer stage
and the presence of metastatic foci. In our study, we did not perform an analysis of
the relationship between CXCLS concentrations and cancer stage and the presence of
metastases. Unfortunately, in the present study, we did not analyze the dependence of
CXCLS levels on the stage of cancer and the presence of metastases; however, in future
studies, we plan to perform an equal analysis in the plasma obtained from BC patients.

CA 15-3 is a marker that is routinely performed for the diagnosis of BC [4,38-40].
According to our results, CA 15-3 levels were higher in BC patients compared to the control
and comparison groups. This agrees with previous studies conducted by our group [38,40].
It is notable that the pattern in statistical differences in CXCLS8 concentrations in the study
groups was identical to that shown by the comparative marker CA 15-3.

In our study, postoperative CXCL1 and CXCL8 concentrations in BC patients did
not change significantly 4-6 weeks after surgical treatment. The rise in the luminal A
subgroup of BC was most probably a response to the healing process of the surgical wound,
especially since baseline concentrations in this receptor subtype were slightly lower than
among patients with luminal subtype B of BC. To our knowledge, there are no studies
on postoperative plasma CXCL8 concentrations in BC patients and CXCL1 in oncology
patients. Wang et al. [41] evaluated the serum levels of CXCL8 before and after surgical
treatment of patients with triple-negative BC and noted no change in its levels. However,
we are unable to relate these results to those obtained by our team, since the paper does not
take into account the postoperative cytokine-storm phase, which excludes CXCLS testing
immediately after surgical treatment [41]. However, according to Kumara et al. [42], in
patients with colon cancer, high levels of CXCLS8 persisted for 4 weeks, which partially
agrees with the results we obtained. Within 4-6 weeks after surgery, we observed a decrease
in CA 15-3 concentration, which agrees with the experience of Bedkowska et al. [39].

In our study, we performed SE, SP, PPV and NPV assays to determine the diagnostic
utility of the tested markers. The SE values for CXCL8 were higher than the SE deter-
mined for the routine marker CA 15-3. To the best of our knowledge, we are the first
group to determine the diagnostic utility of CXCL1 and CXCLS in BC and are, therefore,
unable to relate our results to the work of other authors. However, it is worth noting that
Pawluczuk et al. [43], in patients with gastric cancer, also obtained a higher SE value for
CXCL8 compared to routinely determined marker CEA, although this was comparable to
the SE for CA 19-9. In our study, we obtained a higher SP value for the routine marker
CA 15-3 than for CXCL1 and CXCLS; still, all values were relatively close to each other.
Interestingly, analyses performed in gastric cancer patients showed that CXCL8 has higher
SP values than the routine marker (CA 19-9) [43].

The PPV and NPV values we obtained for CXCL8 were higher than those obtained
for CA 15-3. When performing a combined analysis of tested parameters, NPV values
increased, obtaining better numbers than for individual compounds. Pawluczuk et al. [43]
had the same outcome in patients with gastric cancer, where the PPV and NPV determined
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for CXCL8 was higher than for the routine marker CA 19-9. Additionally, similarly to our
data, performing a combined analysis increased NPV. It is unfortunate that no data exist on
the diagnostic criteria of serum/plasma level of CXCLI in oncology patients with breast
cancer or other types of cancer [43].

The highest values of diagnostic power were observed for CXCLS8, both in the total
study group and in luminal subtype B of breast cancer. Additionally, values increased
when analyzed together with CA 15-3. It should be noted that these results are novel and
have not yet been evaluated by other authors worldwide regarding breast cancer. Team
Pawluczuk et al. also evaluated the diagnostic significance of CXCL8 as a marker of gastric
cancer. In analogy to our results, the AUC values of CXCL8 were superior to those obtained
for classical tumor markers (for BC—CA 15-3, for gastric cancer—CEA and CA 19.9). In
addition, we also noted the same pattern of improvement in AUC values by analyzing
combined parameter panel (CXCL8 and CRP) [43].

Investigating circulating chemokines in the bloodstream is a new branch of our re-
search cycle on diagnostic markers for breast cancer [38-40,44,45]. In light of our results,
CXCLS8 appears to provide the most improvements in the diagnostic process of breast cancer
as a single parameter, as well as when combined with CA 15-3, but our study needs to be
expanded. The group of patients we studied did not include patients with HER2-positive
or triple-negative breast cancer, which are important subgroups because of its malignancy
and difficulty in treating. Despite the fact that, in our study, the menopausal status of the
patients did not have a major effect on the obtained results, this effect may also be influ-
enced by the size of the study groups. Therefore, we do not exclude the possibility that, in a
study of larger groups of patients, menopausal status may prove to be an important factor
influencing the results. When performing our analysis, we based the statistics on tests that
take into account the lack of normal distribution of the data. We observed a clear skewness
towards higher concentrations. We also did not correct for outliers so as not to artificially
modify the obtained results, especially since our groups consisted of only 100 patients and
not, for example, 1000. Therefore, we know that there may be a possibility that our results
will change if a greater number of patients and more types of breast cancer are analyzed.
Nevertheless, we are the first group, to our knowledge, to analyze the diagnostic utility of
CXCL1 and CXCLS8 in breast cancer, in combination with CA 15-3, and we hope that our
research will inspire other researchers and prove to be useful in the diagnostic process in
the future.
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Purpose: Breast cancer is the most common type of malignancy in women. Factors that increase the risk of occurrence include
chronic inflammation, with chemokines as its mediators. Therefore, the purpose of the present study was to determine the diagnostic
utility of CXCL12 and CXCR4 as modern tumor markers in patients with early-stage luminal A and luminal B subtype of breast
cancer and also to compare the results with the routinely used marker — CA 15-3.

Patients and Methods: The study included 100 patients with early breast cancer of luminal A and B subtypes, 50 women with
benign breast lesion and 50 healthy women. The levels of CXCL12 and CXCR4 concentrations were determined by enzyme-linked
immunosorbent assay (ELISA), comparative marker CA 15-3 — by electrochemiluminescence method (ECLIA).

Results: Concentrations of CXCL12 were significantly lower, while CXCR4 and CA 15-3 — significantly higher among patients with
early-stage breast cancer than healthy women. CXCL12 also showed lower concentrations among fibroadenoma patients in compar-
ison to healthy women, while CXCR4 — lower concentrations among fibroadenoma patients than cancer group. CXCL12 showed
significantly higher values of sensitivity (79%), specificity (82%), positive predictive value (89.72%), negative predictive value (80%),
diagnostic accuracy (80%) and diagnostic power (AUC = 0.8196) in the whole breast cancer group compared to the CA 15-3 marker
(58%; 72%; 80.56%; 46.15%, 62.67%, 0.6434, resp.). Analysis of combined parameters resulted in increased sensitivity, negative
predictive value and power of the test with a slight decrease in positive predictive value and a more significant decrease in specificity,
reaching the best values for the three-parameter test CXCL12+CXCR4+CA15-3 (96%; 85.71%; AUC = 0.8812; 78.69%; 48%, resp.).
Conclusion: The results indicate the preliminary usefulness of CXCL12 and CXCR4 as carly biomarkers in the diagnosis of breast
cancer, especially in the combined panel with CA 15-3.

Keywords: breast cancer, luminal, CXCL12, CXCR4, biomarkers, early diagnosis

Introduction

Cancer is a global, social, health and economic problem and is the second most important cause of death in the world
population. The incidence of various types of cancer is steadily increasing and their occurrence is influenced by a number
of interrelated factors such as genetic or environmental conditions. The COVID-19 virus pandemic in 2020 has resulted
in impeded access to health care, which has translated into delays in cancer diagnosis and, as a result, increased mortality
among patients admitted to oncology departments.’* In the female population, a particularly significant health problem is
breast cancer (BC) which is the most common type of malignancy in women. Despite the general availability of
preventive and screening examinations such as mammography or ultrasound examinations and the constant raising of
public awareness of the disease, the incidence of BC is increasing.* In 2020 alone, BC was diagnosed in more than

2 million patients and, according to estimates, this number will steadily increase.'** Due to the high heterogeneity of the
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disease, response to treatment is variable and BC accounts for more than 685,000 deaths worldwide.* BC detected at an
early stage has a good prognosis; however, due to social, economic or geographic circumstances, women are often
diagnosed at higher and thus more advanced stages of cancer.> Therefore, it is expedient to search for new, accessible
and minimally invasive methods to diagnose BC. Currently, high hopes are placed on the determination of tumor markers
in peripheral blood. Among the commonly used markers used in the diagnosis of BC is primarily CA 15-3 and it has
limited sensitivity and specificity. In addition, determination of CA 15-3 levels from peripheral blood is not sufficient to
make a definite diagnosis of BC and is mainly used to monitor patients in advanced stages of the disease.® New
candidates being considered as potential BC markers include matrix metalloproteinases,” cytokines® and also
chemokines.”

The pathogenesis of BC is a complex process, related to the patient’s age, genetic, hormonal and environmental factors.**!°
Among the most recent factors associated with an increased risk of BC is chronic inflammation — associated with both cancer
formation and progression. ' This thesis is supported in part by the fact that high levels of C-reactive protein, a classic marker of
inflammation, in patients with BC have been associated with a poor prognosis.]2 A number of inflammatory mediators are
involved in both the induction and maintenance of inflammation, which include chemokines — small-molecule proteins belonging
to the cytokine family. These molecules are responsible for a number of cellular phenomena such as migration, proliferation or
chemotaxis.'*!* One of the more thoroughly studied chemokine is C-X-C motif chemokine ligand 12 (CXCL12) which binds to
a specific receptor - C-X-C chemokine receptor type 4 (CXCR4). The CXCL12/CXCR4 axis plays an important role in
carcinogenesis where it mediates cancer cell proliferation, angiogenesis and metastatic foci formation.'® In vitro, in a BC model,
activation of the CXCL12/CXCR4 axis was associated with increased migration, proliferation, invasion of cancer cells and also
with induction of chemotherapy resistance and angiogenesis.'>'®

Currently, the preliminary diagnostic utility of CXCL12/CXCR4 axis components as blood markers has been
determined in various types of cancer such as pancreatic'” and esophageal cancer.'® In addition, there are also the first
reports on the possibility of using CXL12 and CXCR4 as new tumor markers in BC."

The purpose of our study was to determine the diagnostic utility of CXCL12 and CXCR4 as modern tumor markers in
patients in first stages of luminal subtypes A or luminal subtypes B BC, and to compare the obtained results to the routinely
used marker — CA 15-3. The determination of the studied parameters was also performed in a comparison group (patients with
fibroadenoma) and a control group (healthy women). The present work is a continuation of the research conducted by our
research team on new markers in the diagnosis of breast cancer and gynecological cancers.

Materials and Methods

Participants of the Study

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of
Medical University of Bialystok (R-1-002/239/2014, May 29th 2014; R-1-002/51/2015, February 26th 2015,
AKP.002.104.2021 February 25th 2021). Detailed characteristics of each group can be found in Table 1. We included
100 patients with early-stage luminal type A breast cancer (50 patients) and luminal type B breast cancer (50 patients)
treated at the Bialystok Oncology Center between 2017 and 2022. Control groups consisted of 50 women diagnosed with
benign breast lesions (fibroadenoma) who also underwent treatment at the Bialystok Oncology Center and 50 healthy
women. Clinical information — age, menopausal status, tumor diagnosis (histological type, receptor status, stage,
location) and applied surgical treatment were obtained from the medical history taken in the diagnostic process by
general practitioners and oncologists. For each patient, concomitant diseases, cancer in another location, as well as an
active inflammatory process, was further excluded. The patients did not receive any additional preoperative therapy prior
to inclusion in the study group. The healthy women participating in the study were either volunteers whose eligibility was
determined on the basis of a detailed history and examination by a gynecologist at the University Clinical Hospital in
Bialystok, or women participating in the BialystokPLUS cohort study on the basis of extensive examinations (including
imaging) performed in the aforementioned project, which had been previously evaluated by a general practitioner or

gynecologist. All participants in the study gave written informed consent prior to participation.
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Table | Descriptive Analysis of Study Participants

Group of Patients Breast Luminal A Breast Luminal B Breast Fibroadenoma Healthy
Cancer Cancer Subgroup Cancer Subgroup Group Women
Group Group
Median age (years) 59,5 60 59 48 52,5
No. of cases No. of cases No. of cases No. of cases No. of cases

Age intervals

<50 years 28 14 14 24 18

50-70 years 53 28 25 24 29

270 years 19 8 I 2 3
Menopause

Premenopause - - - -

Postmenopause 100 50 50 50 50

Histological type

Fibroadenoma - — 50 NA
Ductal carcinoma in situ 5 3 2 - NA
Invasive Carcinoma of no special type 78 38 40 - NA
Lobular carcinoma 12 5 7 - NA
Mucinous adenocarcinoma 5 4 | - NA
Receptor status
ER, PR+; HER2-; 50 50 - NA NA
ki67<14%
ER, PR+; HER2-; 44 - 44 NA NA
ki67=14%
ER, PR+; HER2+; 6 - 6 NA NA
ki67 — any value
Tumor stage
Stage la-lb 68 36 32 NA NA
Stage lla 32 14 18 NA NA

Abbreviations: ER, estrogen receptor; NA, not applicable; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

Materials and Assays of the Studied Parameters

Venous blood collected for anticoagulant — sodium heparin — was the material for the study. The blood was centrifuged
within 1 hour after the collection at a speed of 1810xG for 10 minutes and then separated and stored at —80°C until
the day of the determinations.

The determination of CXCL12 and CXCR4 concentrations was performed by enzyme-linked immunoassay (ELISA)
using kits from R&D Systems (Human CXCL12/SDF-1 alpha Quantikine ELISA Kit, Cat. No. DSA00) and FineTest
(Human CXCR4 ELISA Kit, Cat. No. EH2136). The assay procedure was carried out according to the manufacturers’
instructions included with the kits. Standards and samples were assayed in duplicates. The precision of the assays was
specified by the manufacturer for both kits: 3.4% (intra-assay) and 9.4% (inter-assay) for CXCL12, and <8% (intra-
assay) and <10% (inter-assay) for CXCR4. The plates were read at 450 nm with the correction set to 540 nm.

Determinations of the plasma level of comparative marker CA 15-3 were performed by the electrochemiluminescence
(ECLIA) method using reagents from ROCHE Diagnostics (Elecsys CA 15-3 II) on a Cobas e411 apparatus according to
the instructions provided with the reagent kits.

UALCAN Analysis
The University of ALabama at Birmingham CANcer data analysis Portal (UALCAN) (http://ualcan.path.uab.edu/) is
a tool that allows analysis of OMICS data available in The Cancer Genome Atlas (TCGA) or MET500 databases under
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open access policy.”*?! Investigation of CXCL12 and CXCR4 mRNA expression in invasive breast carcinoma compared
to normal breast tissue was conducted using the built-in “TCGA Gene” explorer module.

Statistical Analysis

Statistical analysis of the results was performed using the statistical program PQStat Software (v.1.8.4.162, Poznan,
Poland), while graphical processing by GraphPad Prism Software (v. 9.1.1 (225), San Diego, California, United States).
Analysis of normality of distribution was assessed by the Shapiro—Wilk test. Subsequently, the analysis was based on
non-parametric tests — Kruskal-Wallis test with Conover-Iman post hoc test when comparing groups, and Spearman rank
correlation test when examining correlations between parameters. The analysis of diagnostic reliability and diagnostic
power of the tests was based on the ROC curve with the determined optimal cut-off point of 2.733 ng/mL for CXCL12,
1337.62 pg/mL for CXCR4 and 19.7 IU/mL for CA 15-3. The comparison of ROC curves was based on the evaluation of
AUC values determined by DeLong’s nonparametric method.

Results
mRNA Expression of CXCLI2 and CXCR4 in Breast Cancer

Analysis of mRNA expression showed that compared to healthy tissues, CXCL12 mRNA level was significantly lower
(p < 0.0001) (Figure 1A), while CXCR4 mRNA was significantly higher in BC tissues (p < 0.0001) (Figure 2A). These

ST : . . 22-29
results have also been confirmed by other teams of scientists involved in genomic database analysis.
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Figure | Analysis of CXCLI2 mRNA expression levels in BC tissues. (A) Comparison of CXCLI2 mRNA expression between BC and healthy tissue. (B) Comparison of
CXCLI12 mRNA expression between different BC subtypes. (C) Comparison of CXCLI2 mRNA expression between different stages of BC.
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Figure 2 Analysis of CXCR4 mRNA expression levels in BC tissues. (A) Comparison of CXCR4 mRNA expression between BC and healthy tissue. (B) Comparison of
CXCR4 mRNA expression between different BC subtypes. (€) Comparison of CXCR4 mRNA expression between different stages of BC.

Further analysis of individual molecular subtypes showed that CXCL12 mRNA levels were significantly lower in
TNBC (p < 0.0001) and HER2 (p < 0.0001) subtypes of BC than in luminal subtypes. However, no statistically significant
differences were observed between TNBC and HER2 subtype (Figure 1B). The same results were obtained by the teams of
Chen et al,”> Li et al,** Mehraj et al*®> and Wu et al.®> However, the relationship between BC subtypes and CXCL12
expression was not shown by the teams of Hozhabri et al*” and Liu et al.*®

We also noted a difference in CXCR4 mRNA expression in different BC subtypes (Figure 2B). TNBC showed higher
expression compared to luminal (p = 0.0013) and HER2 subtypes (p = 0.0282), while there were no differences in
expression levels between HER2 and luminal subtypes. These results are in agreement with those obtained by Wu et al,*>°
Guo et al*® and Chuan et al.*’

The mRNA expression of CXCL12 and CXCR4 did not correlate among breast cancer patients, nor its level differ in

24,26

individual stages (Figures 1C and 2C), which is supported by reports from other researchers, although, several scientific

reports have noted an association between lower CXCL12 expression and poorly differentiated tumor cells.”**

Plasma Concentration of CXCLI2, CXCR4 and CA 15-3 in Breast Cancer Patients

Data concerning plasma level of CXCL12, CXCR4 and comparative marker CA 15-3 are presented in Table 2 and
Figures 3—5. Analyzing the results in the entire study group of women with early-stage BC, we noted that CXCL12
(2.433 ng/mL) showed significantly lower plasma concentrations compared to the group of healthy women (2.920 ng/mL,

p <0.001) (Figure 3). We also noticed significant differences between the group of BC patients and healthy women in the
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Table 2 Concentrations of CXCLI2, CXCR4 and CA 15-3 in Individual Study

Groups (Median Concentrations and Interquartile Ranges (IQR))

CXCLI2 [ng/mL] | CXCR4 [pg/mL] | CAI5-3 [IU/mL]
BC group
MEDIAN 2433 1525.32 20.95
IQR 2.157-2.690 432.63-3059.10 14.08-26.93
Luminal A BC subgroup
MEDIAN 2.479 1676.04 21.86
IQR 2.307-2.710 732.17-2948.01 13.60-27.70
Luminal B BC subgroup
MEDIAN 2.323 1343.65 20.27
IQR 1.963-2.676 768.25-3859.4| 14.43-26.50
Fibroadenoma group
MEDIAN 2.503 1017.64 17.55
IQR 1.463-3.171 432.63-2386.01 10.97-24.72
Healthy women group
MEDIAN 2.920 1149.23 16.65
IQR 2.804-3.171 931.45-1310.34 10.54-21.48

concentrations of CXCR4 and the comparative marker CA 15-3. CXCR4 (1525.32 pg/mL) (Figure 4) and CA 15-3 (20.95
IU/mL) (Figure 5) showed significantly higher levels in the BC group than in the control group of healthy women (CXCR4
1149.23 pg/mL, p = 0.041; CA 15-3 16.65 TU/mL, p = 0.004). Solely for CXCR4, the concentrations among patients
with BC were significantly higher relative to women with benign lesions - fibroadenoma (1017.64 pg/mL, p = 0.043).

CXCL12 [ng/ml]

8
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Figure 3 CXCLI2 concentrations in the study groups (including luminal A and B subgroups of BC) and control groups (fibroadenoma and healthy women). On the graphs were
plotted the values of the median, interquartile range and the minimum and maximum values. Clusters indicate statistically significant differences between particular groups.
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Figure 4 CXCR4 concentrations in the study groups (including luminal A and B subgroups of BC) and control groups (fibroadenoma and healthy women). On the graphs
were plotted the values of the median, interquartile range and the minimum and maximum values. Clusters indicate statistically significant differences between particular

groups.
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Figure 5 CA 15-3 concentrations in the study groups (including luminal A and B subgroups of BC) and control groups (fibroadenoma and healthy women). On the graphs
were plotted the values of the median, interquartile range and the minimum and maximum values. Clusters indicate statistically significant differences between particular

groups.

Additionally, we noted that the group of women with fibroadenoma showed significantly lower levels of CXCL12 (2.503
ng/mL) compared to the control group of healthy women (CXCL12, p <0.001), which we did not observe for the CXCR4,

nor the comparative marker CA 15-3 (Figures 3-5).
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Looking at the individual luminal subgroups of BC, we noted that, compared with the group of healthy women,
CXCR4 (1676.04 pg/mL, p = 0.042) and CA 15-3 (21.86 TU/mL, p = 0.012) showed significantly higher concentrations
for the luminal A subgroup, while CXCL12 significantly lower concentrations in the luminal A subgroup (2.479 ng/mL,
p < 0.001). Analogous results to the luminal A subgroup were obtained for CXCL12 and the comparative marker in
luminal B BC subgroup — higher CA 15-3 level (20.27 [U/mL, p = 0.014) and lower CXCL12 level (2.323 ng/mL, p <
0.001) when compared to the control group of healthy women (Figures 3-5). In addition, in the luminal B BC subgroup,
we observed significantly lower concentrations of CXCL12 alone (2.323 ng/mL) with respect to the group of women
with benign breast lesions (2.503 ng/mL, p = 0.040) (Figure 3). CXCR4 was found to display no statistically significant
differences between the luminal B subgroup of BC patients and the control groups.

Correlation Analysis on Plasma Parameters Under Study

When examining the correlations between plasma level of CXCL12, CXCR4 and CA 15-3, we observed a positive
correlation only between CXCL12 and CXCR4 in the group of women with benign breast lesions (r = 0.4089, p = 0.003)
and a weak negative correlation between CXCL12 and CXCR4 in the control group of healthy women (r = —0.2980, p =
0.036). In contrast, we did not observe any correlations between the parameters studied in the group of women with BC.
The result of the analysis is presented as heatmaps of correlation matrix (Figure 6).

Analysis of Diagnostic Reliability and Diagnostic Power of Tests
The diagnostic reliability of a test is determined by the values of diagnostic sensitivity, diagnostic specificity, positive
predictive value, negative predictive value and accuracy. Table 3 reports the values for the reliability parameters for the
analyzed tests — univariate and multivariate parameters formed out of combinations of the determined compounds and
a comparative marker.

Investigating the entire group of BC patients, the highest values of diagnostic reliability were shown by CXCL12
reaching 79% for sensitivity, 82% for specificity, 89.72% for positive predictive value, 66.13% for negative predictive
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Figure 6 Heatmaps of correlation matrix for tested groups: (A) — BC total group of patients, (B) — luminal A subgroup (LumA) of patients, (C) - luminal B subgroup (LumB)
of patients, (D) — women with fibroadenoma (FA), (E) — healthy women (HW).
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Table 3 Diagnostic Reliability of Univariate and Multivariate Parameters in the Respective Study Groups

Parameter Diagnostic Reliability
Sensitivity Specificity Positive Predictive Negative Predictive Accuracy
[%] %] Value [%] Value [%] [%]

Breast cancer group

CXCLI2 79.00 82.00 89.77 66.13 80.00
CXCR4 55.00 80.00 85.32 47.06 63.33
CA 15-3 58.00 72.00 80.56 46.15 62.67
CXCLI2 + CA 15-3 92.00 58.00 81.42 78.38 80.67
CXCR4 + CA 15-3 81.00 58.00 79.41 60.42 73.33
CXCLI2+ CXCR4 + CA I5-3 96.00 48.00 78.69 85.71 80.00

Luminal A breast cancer subgroup

CXCLI2 78.00 82.00 81.25 78.85 80.00
CXCR4 58.00 80.00 74.36 65.57 69.00
CA 15-3 60.00 72.00 68.18 64.29 66.00
CXCLI2 + CA 15-3 92.00 58.00 68.66 87.88 75.00
CXCR4 + CA 15-3 82.00 58.00 66.13 76.32 70.00
CXCLI2 + CXCR4 + CA I5-3 98.00 48.00 65.33 96.00 73.00

Luminal B breast cancer subgroup

CXCLI2 80.00 82.00 81.63 80.39 81.00
CXCR4 52.00 80.00 7222 62.50 66.00
CA 15-3 65.00 72.00 66.67 62.07 64.00
CXCLI2 + CA 15-3 92.00 58.00 68.66 87.88 75.00
CXCR4 + CA 15-3 80.00 58.00 65.57 7436 69.00
CXCLI2+ CXCR4 + CA I5-3 94.00 48.00 64.38 88.89 71.00

value and 80% accuracy, thus significantly surpassing the values shown for the comparative marker CA 15-3 (58%, 72%,
82.56%, 46.15% and 62.67% respectively). Similarly high value of diagnostic specificity as CXCL12 was achieved by
CXCR4 (80%), with a simultaneously similar positive predictive value (85.32%) and much lower sensitivity (55%),
negative predictive value (47.06%) and accuracy (63.33%). Despite this, all the diagnostic indicators for CXCR4, with
the exception of diagnostic sensitivity, further exceeded the corresponding values obtained for the comparative marker
CA 15-3. The analysis of combined parameters increased the values of sensitivity, negative predictive value and accuracy
of the test at the expense of a slight decrease in positive predictive value and a more pronounced decrease in diagnostic
specificity. In the case of combined panels, the highest values of sensitivity (96%) and negative predictive value (85.71%)
were obtained for the three-parametric test CXCL12 + CXCR4 + CA 15-3 with a high value of accuracy of 80% and at
the same time the lowest recorded specificity of the test (48%). Among the analyzed multivariate panels, the highest
specificity (58%), positive predictive value (81.42%) and accuracy (80.67%) were achieved by the two-parametric test
CXCL12 + CA 15-3 with simultaneous high rates of sensitivity (92%) and negative predictive value (78.38%).
Analyzing the individual luminal subgroups of BC, CXCL12 showed the highest values of all diagnostic reliability
indices in both the subgroup of patients with luminal A and luminal B BC, matching the results obtained for the total
study group (Table 3), in the same time outperforming the comparative marker CA 15-3 in all aspects. In the subgroup of
patients with luminal A BC, CXCR4 showed higher values of positive predictive value (74.29%), negative prognostic
value (65.57%) and accuracy (67%) than the comparative marker CA 15-3 (68.18%; 64.29%; 66%, respectively).
However, CA 15-3 had slightly higher sensitivity value (60%) than CXCR4 (58%). Analyzing the subgroup of patients
with luminal B BC, again we obtained corresponding, and only the sensitivity value of CXCR4 (52%) was lower than
that of the comparative marker CA 15-3 (65%), while the rest of the CXCR4 indicators were superior to those
determined for CA 15-3 (Table 3). Analysis of the combined panels of parameters in both luminal subgroups showed
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identical trends of change to their diagnostic reliability indicators as for the entire group of BC patients. In both the
luminal A and luminal B subgroups of patients, the highest values of sensitivity (98% for luminal A and 94% for luminal
B subgroup) and negative predictive value (96% for luminal A and 88.89% for luminal B subgroup) were achieved by
the three-parameter test CXCL12 + CXCR4 + CA 15-3. In contrast, the highest positive predictive value (68.66% for
both luminal subgroups) and accuracy (75% for both luminal subgroups) were characterized by the two-parametric test of
CXCL12 + CA 15-3. 1t is also worth noting, that for the two-parametric test CXCL12 + CA 15-3, the values of
sensitivity (92% for both luminal subgroups) and positive predictive value (87.88% for both luminal subgroups) were
quite similar to those obtained for the three-parametric test.

The diagnostic power of a test is assessed by plotting sensitivity against the percentage of false positives (1 —
specificity), called the receiver operating curve (ROC). The area under the ROC curve (AUC) is thus a measure of a test’s
ability to accurately distinguish between normal and abnormal results, and the greater the AUC, the more powerful is the
test. The AUC = 0.5 is considered to be the limit of the diagnostic usefulness of the test, to which the tested assays are
compared and the p-value is determined. The results of the analysis of the ROC curves for the tested parameters
(CXCL12, CXCR4, the reference marker CA 15-3) and their combinations are presented in Table 4. In addition, the ROC
curves for the multivariate panels were compared to the ROC curve for the reference marker CA 15-3 in order to assess
the possible improvement in the predictive ability (p-value against AUCcp 15.3).

ROC curve graphs for the total study group of BC patients are shown in Figure 7. In the total group of patients,
significance against AUC = 0.5 was demonstrated for all tested parameters including multivariate parameters. The
highest diagnostic power of the test was demonstrated by CXCL12 (AUC = 0.8196) with significantly better predictive
ability than the comparative marker CA 15-3 (AUC = 0.6434, pca 5.3 = 0.003). The diagnostic power and quality of the
test demonstrated for CXCR4 was at a comparable level to the comparative marker CA 15-3 (Table 4). Analysis of

Table 4 ROC Curves Characteristics for Univariate and Multivariate Parameters in the Respective Study Groups
with the Assessment of the Quality of the Test Against the Comparative Marker CA 15-3

Parameter | AUC ‘ SE (AUC) 95% C.I. p (AUC=0.5) | pca 15.3 (AUCca 15.3)

Breast cancer group

CXCLI2 0.8196 0.0367 0.7476-0.8916 <0.001 0.003
CXCR4 0.6054 0.0456 0.5161-0.6947 0.036 0.838
CA 15-3 0.6434 0.0460 0.5533-0.7335 0.004 -

CXCLI2 + CA 15-3 0.8292 0.0343 0.7620-0.8964 <0.001 <0.001
CXCR4 + CA 15-3 0.7184 0.0405 0.6390-0.7978 <0.001 0.025
CXCLI2 + CXCR4 + CA 15-3 | 08812 0.0274 0.8275-0.9349 <0.001 <0.001

Luminal A breast cancer subgroup

CXCLI2 0.7952 0.0482 0.7008-0.88%6 <0.001 0.039
CXCR4 0.6184 0.0641 0.4928-0.7440 0.041 0.972
CA 15-3 0.6422 0.0564 0.5316-0.7528 0.014 -

CXCLI2 + CA 15-3 08184 0.0438 0.7326-0.9042 <0.001 <0.001
CXCR4 + CA 15-3 0.7196 0.0538 0.6141-0.8251 <0.001 0.119
CXCLI2 + CXCR4 + CA 15-3 | 08736 0.0357 0.8037-0.9435 <0.001 <0.001

Luminal B breast cancer subgroup

CXCLI2 0.8440 0.0412 0.7633-0.9247 <0.001 0.005
CXCR4 0.5924 0.0623 0.4697-0.7151 0.111 0.781
CA 15-3 0.6446 0.0551 0.5366-0.7526 0.013 -

CXCLI2 + CA 15-3 0.8400 0.0406 0.7604-0.9196 <0.001 <0.001
CXCR4 + CA 15-3 0.7136 0.0527 0.6104-0.8168 <0.001 0.107
CXCLI2 + CXCR4 + CA 15-3 | 0.9048 0.0301 0.8459-0.9637 <0.001 <0.001

Note: Values of p<0.05 are indicated in red.
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Figure 7 ROC curves of univariate and multivariate parameters in a group of BC patients.

combined parameters increased the value of diagnostic power reaching the maximum value for the three-component
parameter CXCL12 + CXCR4 + CA 15-3 (AUC = 0.8812), significantly increasing the quality of the test of
a comparative marker CA 15-3 (pca 153 < 0.001). Similar AUC value to the three-parametric test was also shown by
the two-parametric combination of CXCL12 + CA 15-3 reaching AUC = 0.8292.

ROC curve plots for the subgroup of patients with luminal A BC are shown in Figure 8. All tested parameters, together
with multivariate parameters, showed significant diagnostic power relative to AUC = 0.5. Similarly to the entire study group,
CXCL12 (AUC =0.7952, pca 15.3 = 0.039) showed the highest diagnostic power superior to the comparative marker CA 15-3
(AUC = 0.6422). CXCR4 again achieved comparable, albeit lower values of diagnostic power of the assay (AUC = 0.6184)
relative to CA 15-3. Combining parameters into multivariate test increased the diagnostic power of the assay, which reached
the highest value again for the three-parametric combination CXCL12 + CXCR4 + CA 15-3 (AUC = 0.8736) showing
a significant improvement in the quality of the assay in relation to the comparative marker CA 15-3 (pca 153 < 0.001).

ROC curve graphs for the subgroup of patients with luminal B BC are shown in Figure 9. Again, the studied
parameters, excluding CXCR4, along with their multivariate parameters, showed significant diagnostic power relative to
AUC = 0.5. CXCLI12 achieved the highest diagnostic power (AUC = 0.8440), thus significantly outperforming the
comparative marker CA 15-3 (AUC = 0.6446, pca 15.3 = 0.005). CXCR4 was once again characterized by a lower
diagnostic power (AUC = 0.5924) relative to the comparative marker. In terms of combined panels, the highest value of
diagnostic power was demonstrated by the three-parametric test CXCL12 + CXCR4 + CA15-3 (AUC = 0.9048), which
was the only one combination that exceed the value of diagnostic power demonstrated by the both comparative marker
and the best single parameter — CXCL12.
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Figure 8 ROC curves of univariate and multivariate parameters in a group of in a luminal A BC subgroup of patients.

Discussion

BC is the most common malignancy among women, and many interrelated factors such as genetic or environmental
conditions contribute to the onset of this discase.** Despite the high heterogencity of the disease, BC detected at an
early stage has a good prognosis; however, most women are diagnosed at a more advanced stage — despite the existence
of effective screening and preventive tests.” This translates into the need to search for and introduce into health care
systems, new methods of diagnosing BC. High hopes are placed on the determination of tumor markers from peripheral
blood, which is a fast and minimally invasive method.” However, the markers currently used in the diagnosis of BC are
not very specific, which raises the need for the introduction into widespread use of new molecules that could be used as
markers.® These may include chemokines such as CXCL12 and its receptor, CXCR4.

The aim of the present study was to determine CXCL12 and CXCR4 concentrations in plasma and to determine the
diagnostic utility of these molecules as new BC markers. In addition, the results were related to two control groups
(benign breast lesions and healthy subjects) as well as compared with CA 15-3, which is a routinely used marker for BC
diagnosis.

In the pathogenesis of BC, an important role is played by the CXCL12/CXCR4 axis, especially at the tumor
progression. The action of this axis was primarily associated with negative cellular phenomena such as increased
proliferation, migration and invasion what related to tumor weight gain in vivo.?'** The CXCLI12/CXCR4 axis is
also responsible for the increased metastatic potential of cells resulting in a higher likelihood of metastatic foci in female
paticf:n‘[s.3 13536 Ap especially unfavorable property of this axis arose from the induction of angiogenesis which has been

linked to both an increase in tumor weight and an elevated risk of metastasis.’ >’
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“igure 9 ROC curves of univariate and multivariate parameters in a group of in a luminal B BC subgroup of patients.

Expression of both CXCL12 and CXCR4 has been demonstrated in various tumor types such as kidney cancer,”®
ssophageal cancer®® or ovarian cancer.*” In the case of BC patients, the presence of CXCL12 was found in the nucleus
ind cytoplasm, while CXCR4 was found in the membrane and cytoplasm of tumor cells.” In addition, according to
1 study by Mirisola et al*! expression of both axis components is also found in the stroma of the cancerous lesion.
‘mmunchistochemical CXCL12 expression positively correlated with BC stage according to the TNM classification,
vhile CXCR4 expression was associated with the presence of lymph node metastasis and TNM stage. IS However, data
malyzing CXCL12 and CXCR4 mRNA expression clearly contradicts the existing correlation between mRNA levels
ind BC stage.**?® Additionally, slightly disparate information can be found on the level of CXCL12 expression and the
1ssociation with overall survival and relapse-free survival in estrogen receptor-positive and -negative BC 225293041 1y
he majority of reports, nevertheless, higher CXCL12 mRNA expression is associated with a longer relapse-free survival
seriod as well as longer overall survival time 22 242¢

We are now the first research team to determine the diagnostic utility of CXCL12 and CXCR4 in BC patients with
uminal A and luminal B subtypes determined as a tumor marker from plasma. Our study is a continuation of the study
;onducted by Dabrowska et al'? whose team determined the diagnostic utility of CXCL12 and CXCR4 as markers in BC
vithout an isolated histological subtype; therefore, our results will be partially referred to the results obtained by said
-esearch team. We used plasma as the study material, which was selected on the basis of previous experiments conducted
»y our research team. >

In our study, the obtained concentrations of CXCL12 and CXCR4 were compared with those obtained in healthy
vomen and patients with benign lesions - fibroadenoma, and related to the routinely used marker CA 15-3. The selection
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of patients with fibroadenoma as a comparison group and the routine marker CA 15-3 is dictated by previous experience
and indicates the correct methodology of our study.>”'?

In our study, the levels of CXCL12/CXCR4 axis components were dysregulated — CXCL12 concentrations were
lower, while CXCR4 concentrations — higher, in patients with BC compared to healthy women and patients with benign
lesions (fibroadenoma). This partly disagrees with the results obtained by Dabrowska et al'® who finds higher concen-
trations of CXCL12 in BC women compared to healthy women and fibroadenoma patients. However, the results of the
CXCR4 concentrations are in line with the results obtained by the team of Dabrowska et al'® and Frayych et al,*> where
higher concentrations of CXCR4 are also found among women with BC compared to healthy volunteers.'”** The
differences between the results may be due to several variables. First, our study included patients with BC of luminal
subtype A or B, in contrast to the work of Dabrowska et al'® who did not distinguish the molecular subtype of BC in their
papers. Secondly, the patients in our study group were only in stage I or II, in contrast to the works of Dgbrowska et al'®
whose studies included patients in all stages of cancer, resulting in a significantly smaller study group with early BC
patients. The heterogeneity of the study groups selected by the previous research team may have resulted in such large
differences between the acquired results.

Our findings revealed no difference in the concentrations of both CXCL12 and CXCR4, as well as comparative
marker CA 15-3, between BC patients of luminal A and luminal B. Unfortunately, we do not have the opportunity to
relate our findings to the results obtained by other teams, since we are the first research team to make this kind of finding.
It should be noted, however, that in our previous studies of luminal subtypes of BC, we also did not observe
dependencies of CXCL1, CXCLS8 nor CA 15-3 concentration between luminal A and luminal B subgroups.’

According to our study, CA 15-3 concentrations were higher in women with BC than in healthy volunteers. This
agrees with the results obtained in previous experiments and indicates that the determination of the comparative marker
was performed correctly. ™"

Using sensitivity and specificity, positive and negative predictive value, we determined the diagnostic reliability of the
studied parameters. We revealed that in the BC group, CXCL12 (sensitivity 79%; specificity 82%; positive predictive value
89.77%; negative predictive value 66.13%) and CXCR4 (55%; 80%; 84.42%; 47.06%, resp.) showed higher or comparable
values for all diagnostic parameters compared to the routine marker CA 15-3 (58%; 72%; 80.56%; 46.15%, resp.). This
differs from the study of Dabrowska et al'” who found higher values for CXCL12 only for sensitivity (74.23%) and negative
predictive value (64.29%) compared to CA 15-3 (59%; 58.06%, respectively) for total group of patients. Similar results to
Dabrowska et al team was provided by team Lukaszewicz-Zajac et al'® who, in patients with esophageal cancer, also found
higher only sensitivity and negative predictive value values for CXCL12 than for the cancer biomarker, CEA.

Viewing the different subgroups selected in the Dabrowska et al study,'® the team observed higher sensitivity values
(58.82%) and comparable negative predictive value values (76.12%) for CXCL12 relative to CA 15-3 (50%; 76.06%,
respectively) for the stage I BC patients group, while specificity (71.43%) and positive predictive value (52.63%) values
were lower for CXCL12 than for the comparative marker CA 15-3 (85.71%; 65.38%, resp.).'? In the stage II BC patients
group, CXCL12 showed higher both sensitivity (78.05%) and negative predictive value (83.33%) and lower positive
predictive value (64%) than CA 15-3 (53.66%; 73.97%; 70.97%, resp.). The results obtained for CXCL12 in the group of

patients with stage 1 cancer in the study by Dabrowska et al'®

reached similar values or — for stage I cancer patients —
lower values of diagnostic parameters compared to those obtained in our study for the whole group of patients with early-
stage BC, which, despite the differences in the direction of changes in CXCL12 concentrations, seems to confirm the
assumed clinical utility of CXCL12 as a marker of BC.

On the other hand, the diagnostic reliability for CXCR4 obtained by Dabrowska et al'® for all-stages BC patients
(sensitivity 59.80%; specificity 65.08%; positive predictive value 72.50%; negative predictive value 51.25%) was lower
than for CA 15-3 (59.79%; 85.75%; 86.57%; 58.06%, resp.). Interestingly, when analyzing the results only for stage I and
11 BC patients in Dgbrowska et al study,'” CXCR4 showed a higher sensitivity (stage I: 64.71%; stage IT: 60.98%), comparable
negative predictive value (stage 1: 77.36%; stage 1I: 71.93%) and lower positive predictive value (stage I: 50%; stage II:
53.19%) than CA 15-3 (stage I: 50%, 76.06%, 65.38%; stage 1I: 53.66%, 73.97%, 70.97%, resp.). Similar dependencies were
also noted by the Eukaszewicz-Zajac et al team,'® obtaining higher sensitivity (80%) and negative predictive value (63%) for
CXCR4 than for the comparison marker CEA (22%; 42%, resp.). Those results are partially consistent with the results
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obtained for CXCR4 in our study, where we noted higher specificity (82%), positive predictive value (85.49%) and negative
predictive value (47.67%) for CXCR4 than for routinely used marker CA 15-3 (72%; 80.56%; 46.15%, resp.).

For the multiparameter analysis, we observed an increase in sensitivity and negative predictive value, which was also
observed by the Dabrowska et al team.'® Combining CXCL12 and CA 15-3 into a two-parameter test resulted in an
increase in sensitivity values of up to 73.53% and negative predictive value values of up to 80.85% for the subgroup of
patients with stage I BC and 85.37% and 86.36% for patients with stage 1l BC in the Dabrowska et al study.'” In our
study, there was a stronger increase in sensitivity values up to 92%, and a comparable increase in negative predictive
value values to 78.36%. It is noteworthy that combining parameters in the CXCL12 + CA 15-3 pairing slightly reduced
the positive predictive value in both works, and more markedly the specificity value. Nevertheless, the specificity level in
both works for CXCL12 + CA 15-3 remained around 60%. When performing combined analysis of the three parameters,
we noted the highest values of sensitivity (96%) and negative predictive value (85.71%). This agrees with the results of
Dabrowska et al'> who also found an increase in sensitivity (stage I: 88.24%; stage II: 92.68%) and negative predictive
value (stage 1: 84.62%; stage I1: 88%) when the three-parameter test was performed. Simultaneously, it is worth noting
that the three-parametric analysis in our work significantly exceeded the sensitivity (96%) and positive predictive value
(78.69%), as well as by a smaller margin — the specificity (48%) and negative predictive value (85.71%) than then three-
parametric combination of CXCL12, CXCR4 and CA 15-3 in the work of Dabrowska et al'® for both early BC subgroups
(stage I: 88.24%, 42.25%, 34.92%, 84.62%; stage II: 92.68%, 48.1%, 34.92%, 88%, resp.).“" The study by FLukaszewicz-
Zajac et al'® did not analyze the combination of the three parameters; however, an evaluation of the combination of
CXCL12 + CXCR4 was performed, where high values of sensitivity (84%), positive predictive value (71%) and negative
predictive value (79%) were also achieved, along with a comparable low value of specificity (37%) as to both the results
obtained in our study and the study by Dabrowska et al for the CXCL12 + CXCR4 + CA 15-3 test.

With the help of the AUC, we assessed the power of the test. The highest power of the test in all study groups was
revealed for CXCLI2 (0.8196), which agrees with the results of Dabrowska et al'® who also found the highest AUC,
albeit lower than in our study, for CXCL12 (0.7502) in the BC total group. In our study, the AUC obtained for CXCR4 in
all study groups (BC total group 0.6054; luminal A subgroup 0.6184; luminal B subgroup 0.5924) was lower to the AUC
for CA 15-3 (sequentially: 0.6434; 0.6422; 0.6446) which is in agreement with the results of previous teams. Dabrowska
et al team showed that in the BC total group, as well as in stage I and stage II of BC, CXCR4 had similar AUC values
(sequentially: 0.6239; 0.6629; 0.66210), which were also lower than for CA 15-3 (sequentially: 0.7354; 0.6452;
0.7163)."" Interestingly, comparable AUC values for CXCR4 and the comparative marker were also obtained by
Eukaszewicz-Zajac et al'® studying patients with esophageal cancer. In our study, when performing two- or three-
parametric analyses, the AUC values increased, which is in line with the experience of Dabrowska et al'® who also finds
a similar relationship in all studied BC groups.

The puzzling results noted in our study, which we are unfortunate not able to confirm by the lack of other work,
concerns CXCL12 and CXCR4 plasma concentrations with regard to its mutual correlation. The lack of correlation in
all BC studied groups, positive correlation between CXCL12 and CXCR4 concentrations in the group of women with
benign lesions and the negative correlation between the same parameters in the group of healthy women that we observed
seem to be a logical consequence of the changes taking place in the breast. The reversal of the balance between CXCL12
and CXCR4 in the development of a benign lesion in relation to the physiological situation, and complete imbalance in
a malignant lesion seems to be a potential new target for further expanded research. However, this thesis requires
verification on larger groups of subjects and with studies conducted by other research teams.

Conclusion

According to our results, CXCL12 and CXCR4 performed simultaneously with the determination of the routine marker CA
15-3, especially combined as three-parametric test, may be considered in the future as a diagnostic marker for early BC,
particularly for luminal subtypes A and B. However, it is unfortunate that our study has some limitations. First, we only
included patients with luminal subtype A and B BC in the study, making us unable to determine the diagnostic utility of
CXCL12 and CXCR4 in other subtypes of the disease. Secondly, in our study, we did not determine the concentrations and
utility of CXCR7 (ACKR3), the atypical receptor for CXCL12, thereby not fully evaluating the overall ligand-receptor axis
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for CXCL12. Nevertheless, our study was a prelude to performing future determinations of other chemokines and their
receptors. Thirdly, a restriction of our study was due to the relatively small size of the study groups. In order to completely
confirm the results obtained by our team, it is necessary to carry out determinations in a larger number of samples and to
introduce additional control groups such as women with breast cysts which are histologically different from fibroadenoma
lesions, as well as to carry out the same tests among women of premenopausal status. The final limitation of our work is the
lack of post-operative evaluation of the tested parameters’ concentrations, which is a direct result of the too sparse amount of
post-operative material obtained (also as a result of the COVID-19 pandemic) to reliably assess the occurring changes. Despite
significant limitations, we believe that our findings bring important information about the dynamics of CXCL12 and CXCR4
in early-stage BC of the most common receptor subtype.
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Zgoda Komisji Bioetycznej
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KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego |
15-089 Bialystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Bialystok, 25.02.2021 r.
Uchwatla nr: APK.002.104.2021

Na podstaw1e art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (t.j. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Bialymstoku, po zapoznaniu si¢
2z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice /- wyraza zgod ¢ naprowadzenie tematu badawczego: ,,Wybrane
cytokiny. chemokiny i ich receptory, metaloproteinazy (MMPs) oraz ich
inhibitory (TIMPs) jako markery nowotworéw narzadu rodnego oraz raka
piersi” przez prof. dr hab. Stawomira Lawickiego wraz z zespotem badawczym
z UMB we wspolpracy z zespolem badawczym z Bialostockiego Centrum
Onkologii.

Planowany okres realizaci')/od 25.02.2021 r. do 29.02.2024 r.

/1
Przewodniczgca K0m1/,§"|l B;{(oet)/czrm( j przy UMB

//
prof. dr hab. Otvlla Ko yé 9l/egka

/ /
Pouczenie: / /
1. Odwolanie od uchwaty K()"I/b[l bioerycznef wyrazajqcej opinie moze wnies¢:
1) wnioskodawca:
2) kierownik podmi. 7‘14 w ktérym ekspervment medyczny ma byé przeprowadzony;
3) komisja bioetvezna wiasciwa dla osrodka, ktory ma uczestniczyé w wielooSrodkowym eksperymencie medycznym.
2. Odwolanie, o ktérym mowa w ust. 1, wnosi si¢ za posSrednictwem komisji bioetycznej, kiéra podjeta uchwale, do Odwolawcezej Komisji
Bivetyezne) w terminie 14 dni od dnia doreczenia uchwaly wyrazajycef opinie.



Bialystok, 26-02-2015
Uchwata nr: R-1-002/51/2015

Komisja Bioetyczna Uniwersytetu Medycznego w Biatymstoku, po
zapoznaniu sie z projektem badania zgodnie z zasadami GCP/ Guidelines
for Good Clinical Practice /- wyraza zgod ¢ naprowadzenie tematu
badawczego: ,,Wybrane chemokiny, cytokiny, metaloproteinazy i ich
inhibitory oraz molekularne biomarkery karcynogenezy jako markery
wczesnego raka piersi” przez dr hab. Stawomira fawickiego wraz z
zespotem badawczym z UMB.

PrzeWzgca Komisji Bﬂioetycznej UMB
VAN
Prof. df hab\."é'lz/&étaél sn%(lLPoznaﬁska
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Oswiadczenia autora rozprawy doktorskiej
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Bialystok, 75 O 4n3¢
mgr Joanna Motyka

Imiona i nazwisko autora

Zaklad Medycyny Populacyjnej

i Prewencji Choréb Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie autora

Oswiadczam, iz moj udziat w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Lawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI) and Chemokine 8 (CXCLS8) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jcm11226694

wchodzacej w sktad mojej rozprawy doktorskiej polegal na wspottworzeniu koncepcji pracy,
zebraniu i analizie treSci merytorycznych, przeprowadzeniu oznaczen stgzen badanych
zwigzkéw metodg ELISA oraz CMIA, pozyskiwaniu funduszy na przeprowadzenie badan,
walidacji wynikéw, przeprowadzeniu analizy statystycznej, utworzenia manuskryptu pracy,
wizualizacji tresci i wynikow badan oraz korekt¢ manuskryptu, co okreslam jako 70% udziatu
W przygotowaniu wyzej wymienionej publikacji.

2. Motyka J, Gacuta E, Kicman A, Kulesza M, Malinowski P, Lawicki S. CXCL12 and
CXCRA4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast
Cancer. Cancer Manag Res. 2023;15:573-589. doi:10.2147/CMAR.S416382

wchodzacej w sktad mojej rozprawy doktorskiej polegal na wspottworzeniu koncepcji pracy,
zebraniu i analizie treSci merytorycznych, przeprowadzeniu oznaczen stezen badanych
zwigzkow metodg ELISA oraz CMIA, pozyskiwaniu funduszy na przeprowadzenie badan,
walidacji wynikow, przeprowadzeniu analizy statystycznej, utworzenia manuskryptu pracy,
wizualizacji tresci i wynikow badan oraz korekte manuskryptu, co okreslam jako 70% udziatu
W przygotowaniu wyzej wymienionej publikacji.

3. Motyka J, Kicman A, Kulesza M, Lawicki S. CXC ELR-Positive Chemokines as
Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel).
2023;15(12):3118. Published 2023 Jun 8. doi:10.3390/cancers15123118

wchodzacej w sktad mojej rozprawy doktorskiej polegal na wspéttworzeniu koncepcji pracy,
zebraniu i analizie tresci merytorycznych, utworzenia manuskryptu pracy, wizualizacji tresci



oraz korekte manuskryptu, co okreslam jako 85% udzialu w przygotowaniu wyzej
wymienionej publikacji.

mgr Joanna Motyka
diagnosta laboratoryjny

Podpis promotora (czytelny)

- -~ G
e g ,4:3&54

...... gsPeqdiswpggAWQQ Ol REREREE

Podpis promotora pq‘?mocﬁﬁ“ zego(czytelny)

*W przypadku kazdej z wigczonych do cyklu prac zaleca sig ztozenie oSwiadczenia przez autora wskazujgce na
Jjego merytoryczny oraz procentowy wkilad w powstanie pracy [np. tworca hipotezy badawczej, pomystodawea
badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doSwiadczet, opracowanie i zebranie
danych, wykonanie zestawien statystycznych itp.), wykonanie analizy wynikow, przygotowanie manuskryptu

artykutu, i inne]. Okreslenie wkiadu autora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladng oceng jego
udziatu i roli w powstaniu kazdej z prac.
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20 D 7 2 D
prof. dr hab. Slawomir Lawicki ' Bialystok, /¥ OX. (:’L‘z_’, 5

imig i nazwisko wspélautora miejscowos¢, data

Zaklad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspolautora
Oswiadczam, iz méj udzial w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Lawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI1) and Chemokine 8 (CXCL8) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jcm11226694

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na udziale w
wspoltworzeniu koncepcji pracy, recenzji i korekcie manuskryptu, pozyskiwaniu $rodkow
finansowych oraz nadzorze nad powstawaniem pracy.

2. Motyka J, Gacuta E, Kicman A, Kulesza M, Malinowski P, LEawicki S. CXCL12 and
CXCR4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast
Cancer. Cancer Manag Res. 2023,;15:573-589. doi:10.2147/CMAR.S416382

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Motyka polegat na udziale w
wspottworzeniu koncepcji pracy, nadzorze nad projektem oraz danymi, pozyskiwaniu
srodkéw, korekcie manuskryptu oraz walidacjg wynikow.

3. Motyka J, Kicman A, Kulesza M, Lawicki S. CXC ELR-Positive Chemokines as

Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel).
2023;15(12):3118. Published 2023 Jun 8. doi:10.3390/cancers15123118

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na udziale w
wspoltworzeniu koncepcji pracy, nadzorze nad projektem, recenzji i korekcie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Panig mgr Joanne Motyka publikacji w
postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

Podpis czytelny

‘QJ"* (/Zw Mw v



mgr Aleksandra Kicman Bialystok, 2% 08.2023r,

imie i nazwisko wspétautora miejscowos¢, data

Zaklad Medycyny Estetycznej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspolautora

O$wiadczam, iz méj udzial w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Lawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI1) and Chemokine 8 (CXCLS) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jcm11226694

wechodzacej w sklad rozprawy doktorskiej wehodzacy w sktad rozprawy doktorskiej Pani mgr
Joanny Motyka polegal na udziale w wyszukiwaniu tresci merytorycznych, pozyskiwaniu
$rodkéw, recenzji i korekcie manuskryptu.

2. Motyka J, Gacuta E, Kicman A, Kulesza M, Malinowski P, Lawicki S. CXCL12 and
CXCRA4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast
Cancer. Cancer Manag Res. 2023;15:573-589. doi:10.2147/CMAR.§416382

wehodzacej w sktad rozprawy doktorskiej wehodzacy w sktad rozprawy doktorskiej Pani mgr
Joanny Motyka polegat na udziale w wyszukiwaniu tresci merytorycznych, pozyskiwaniu
$rodkow, recenzji i korekcie manuskryptu.

3. Motyka J, Kicman A, Kulesza M, Lawicki S. CXC ELR-Positive Chemokines as
Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel).
2023;15(12):3118. Published 2023 Jun 8. doi:10.3390/cancers15123118

wchodzacej w sktad rozprawy doktorskiej wchodzacy w sktad rozprawy doktorskiej Pani mgr
Joanny Motyka polegal na udziale w wspéttworzeniu manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Panig mgr Joanng Motyka publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

A KICHAN
Podpis czytelny
g mgr Aleksandra Kicman
9 diagnosta laboratoryjny



mgr Monika Kulesza Bialystok, VZH o 08"25 Y.

imig i nazwisko wspolautora miejscowos¢, data

Zaklad Medycyny Populacyjnej

i Prewencji Choréb Cywilizacyjnych

Uniwersytet Medyczny w Bialymstoku
Migjsce pracy/afiliacja

Oswiadczenie wspolautora

O$wiadczam, iz méj udziat w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Eawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI) and Chemokine 8 (CXCLS8) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jcm11226694

wehodzacej w sktad rozprawy doktorskiej Pani mgr Joanny Motyka polegat na udziale w
wyszukiwaniu treci merytorycznych, pozyskiwaniu srodkéw oraz korekcie manuskryptu.

2. Motyka J, Gacuta E, Kicman A, Kulesza M, Malinowski P, Lawicki S. CXCL12 and
CXCRA4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast
Cancer. Cancer Manag Res. 2023;15:573-589. doi:10.2147/CMAR.5416382

wechodzacej w sktad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na udziale w
wyszukiwaniu tresci merytorycznych, pozyskiwaniu srodkéw oraz korekcie manuskryptu.

3. Motyka J, Kicman A, Kulesza M, Lawicki S. CXC ELR-Positive Chemokines as
Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel).
2023;15(12):3118. Published 2023 Jun 8. doi:10.3390/cancers15123118

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na udziale w
recenzji oraz korekcie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie przez Panig mgr Joanng Motyka publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

-

Podpis czytelny

o mgr Monika Kulesza
® diagnosta laboratoryjny



dr Ewa Gacuta Bialystok,

imig i nazwisko wspélautora miejscowosé¢, data

. ; 3
Klinika Perinatologii i Poloznictwa ze Szkolg Rodzenia Q/M 0 P l .
Uniwersytecki Szpital Kliniczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspélautora

Os$wiadczam, iz méj udzial w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Malinowski P, Lawicki S. CXCL12 and
CXCRA4 as Potential Early Biomarkers for Luminal A and Luminal B Subtypes of Breast
Cancer. Cancer Manag Res. 2023;15:573-589. doi:10.2147/CMAR.S416382

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na zarzadzaniu
danymi, nadzorze nad oznaczeniami i powstawaniem pracy, walidacji wynikéw, recenzji i
korekcie manuskryptu.

2. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Lawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI) and Chemokine 8 (CXCLS8) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jcm11226694

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Motyka polegal na zarzadzaniu
danymi, nadzorze nad oznaczeniami i powstawaniem pracy, walidacji wynikéw, recenzji i
korekcie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie przez Panig mgr Joanng Motyka publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Pawel Lawicki Bialystok, 2°. 0§. 2023

imig i nazwisko wspolautora miejscowos¢, data

Zaklad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspoélautora

O$wiadczam, iz m6j udzial w przygotowaniu publikacji:

1. Motyka J, Gacuta E, Kicman A, Kulesza M, Lawicki P, Eawicki S. Plasma Levels of
CXC Motif Chemokine 1 (CXCLI) and Chemokine 8 (CXCL8) as Diagnostic
Biomarkers in Luminal A and B Breast Cancer. J Clin Med. 2022;11(22):6694.
doi:10.3390/jem11226694

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Motyka polegat na udziale w
wizualizacji oraz korekcie manuskryptu.
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Rozdzial 14.
Dorobek naukowy

14.1. Wykaz publikacji stanowiacych Rozprawe doktorska

1.

Motyka, J.; Kicman, A.; Kulesza, M.; Lawicki, S. CXC ELR-Positive Chemokines
as Diagnostic and Prognostic Markers for Breast Cancer Patients. Cancers (Basel).
2023, 15, 3118, doi:10.3390/cancers15123118. IF=5.200, MEIN=200 pkt.

Motyka, J.; Gacuta, E.; Kicman, A.; Kulesza, M.; Lawicki, P.; Lawicki, S. Plasma
Levels of CXC Motif Chemokine 1 (CXCL1) and Chemokine 8 (CXCLS8) as
Diagnostic Biomarkers in Luminal A and B Breast Cancer. J. Clin. Med. 2022, 11,
d0i:10.3390/jcm11226694. IF=3.900, MEiN=140 pkt.

Motyka, J.; Gacuta, E.; Kicman, A.; Kulesza, M.; Malinowski, P.; Lawicki, S.
CXCL12 and CXCR4 as Potential Early Biomarkers for Luminal A and Luminal B
Subtypes of Breast Cancer. Cancer Manag. Res. 2023, Volume 15, 573-589,
doi:10.2147/CMAR.S416382. IF=3.300, MEiN=140 pkt.

14.2. Wykaz innych publikacji naukowych

14.2.1. W czasopismach posiadajacych nadany IF:

1.

Lawicki, P.; Malinowski, P.; Motyka, J.; Lawicki, M.; Kicman, A.; Kulesza, M.;
Gacuta, E.; Guszczyn, T.; Januszkiewicz, M.; Zbucka-Krgtowska, M.; et al. Plasma
Levels of Metalloproteinase 3 (MMP-3) and Metalloproteinase 7 (MMP-7) as New
Candidates for Tumor Biomarkers in Diagnostic of Breast Cancer Patients. J. Clin.
Med. 2023, 12, 20 pp., d0i:10.3390/jcm12072618. IF=3.900, MEiN=140 pkt.
Charkiewicz, A.; Garley, M.; Ratajczak-Wrona, W.; Jabtonska, E.; Miltyk, W.;
Motyka, J.; Omeljaniuk, W. The Diagnostic Potential of Novel Biomarkers of
Hypertension in  Men. Arch. Med. Sci. 2022, 18, s. 1666-1671,
doi:10.5114/aoms/153500. 1F=3.800, MEiN=100 pkt.

Kicman, A.; Niczyporuk, M.; Kulesza, M.; Motyka, J.; Lawicki, S. Utility of
Matrix Metalloproteinases in the Diagnosis, Monitoring and Prognosis of Ovarian
Cancer Patients. Cancer Manag. Res. 2022, Volume 14, 3359-3382,
doi:10.2147/CMAR.S385658. IF=3.300, MEiN=140 pkt.

Sawicka-Smiarowska, E.; Bondarczuk, K.; Bauer, W.; Niemira, M.; Szatkowska,
A.; Raczkowska, J.; Kwasniewski, M.; Tarasiuk, E.; Dubatéwka, M.; Lapinska, M.;
et al. Gut Microbiome in Chronic Coronary Syndrome Patients. J. Clin. Med. 2021,
10, 21 pp., doi:10.3390/jcm10215074. IF=4.964, MEiN=140 pkt.

Bedkowska, E.G.; Gacuta, E.; Zbucka-Krgtowska, M.; Lawicki, P.; Szmitkowski,
M.; Lemancewicz, A.; Motyka, J.; Kobus, A.; Chorazy, M.; Paniczko, M.; et al.
Plasma Levels and Diagnostic Utility of VEGF in a Three-Year Follow-up of
Patients with Breast Cancer. J. Clin. Med. 2021, 10, 17 pp,
d0i:10.3390/jcm10225452. 1F=4.964, MEiN=140 pkt.
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14.2.2. W czasopismach i wydawnictwach nieposiadajacych nadanego IF:

1. Kicman, A.; Kotos, J.; Motyka, J.; Kulesza, M.; Niczyporuk, M.; Szmitkowski, M.;
Lawicki, S. The Utility of Metalloprotienase 9 (MMP-9) in Diagnostics of Ovarian
Cancer. Diagnostyka Lab. 2021, 57, s. 179-187, doi:10.5604/01.3001.0015.8844. IF= —,
MEiIN=40 pkt.

14.3. Wykaz rozdzialéow w monografii:

1. Motyka, J.; Gacuta, E.; Kicman, A.; Kulesza, M.; Malinowski, P.; Lawicki, S. CXCL8
Jako Marker Diagnostyczno-Prognostyczny Raka Piersi. In Wspofczesne problemy
medyczne - zagadnienia diagnostyczne i terapeutyczne. Red. tukasz B. Pilarz. Lublin,
Wydawnictwo Naukowe TYGIEL, 2023.; Wydawnictwo Naukowe Tygiel: Lublin, 2023; p.
S. 34-45. IF= —, MEIN=20 pkt.

2. Kicman, A.; Klank-Sokotowska, E.; Niczyporuk, M.; Lawicki, P.; Lawicki, M.; Motyka,
J.; Kulesza, M.; Lawicki, S. Przydatno$¢ Matrylizyn w Diagnostyce Raka Jajnika. In
Wspotczesne problemy medyczne - zagadnienia diagnostyczne i terapeutyczne. Red.
tukasz B. Pilarz. Lublin, Wydawnictwo Naukowe TYGIEL, 2023.; Wydawnictwo
Naukowe Tygiel: Lublin, 2023; p. s. 88-98. IF= —, MEIN=20 pkt.

3. Kulesza, M.; Guszczyn, T.; Lawicki, M.; Kicman, A.; Motyka, J.; Lawicki, P.; Lawicki,
S. Rola Enzyméw z Grupy Metaloproteinaz w Ukladzie Szkieletowym. In Wspolczesne
problemy medyczne - zagadnienia diagnostyczne i terapeutyczne. Red. Lukasz B. Pilarz.
Lublin, Wydawnictwo Naukowe TYGIEL, 2023.; Wydawnictwo Naukowe Tygiel: Lublin,
2023; p. s. 140-148. IF= —, MEiIN=20 pkt.

4. tawicki, P.; Chlabicz, M. (stud. .; Motyka, J.; Sowa, P.; Chlabicz, M.; Lawicki, S. Ocena
Mocy Diagnostycznej Cytokiny VEGF Oraz Metaloproteinazy MMP-9 w Diagnostyce
Raka Piersi. In Wybrane choroby nowotworowe - diagnostyka i leczenie. Red. Kalbarczyk
Kinga, Macigg Monika.; Wydawnictwo naukowe TYGIEL sp. z 0.0.: Lublin, 2021; p. s.
16-25. IF=—, MEIN=20 pkt.

5. Chlabicz, M. (stud. .; Lawicki, P.; Motyka, J.; Sowa, P.; Chlabicz, M.; Lawicki, S. Ocena
Przydatnosci MMP-9 Oraz VEGF w Diagnostyce Raka Piersi. In Wybrane choroby
nowotworowe - diagnostyka i leczenie. Red. Kalbarczyk Kinga, Macigg Monika.,
Wydawnictwo naukowe TYGIEL sp. z 0.0.: Lublin, 2021; p. s. 7-15. IF= —, MEIN=20
pkt.

6. Motyka, J.; Sibicka, S.; Kicman, A.; Lawicki, P.; Lawicki, S. Znaczenie Chemokiny
CXCL12 w Raku Piersi. In Wybrane choroby nowotworowe - diagnostyka i leczenie. Red.
Kalbarczyk Kinga, Macigg Monika.; Wydawnictwo naukowe TYGIEL sp. z 0.0.: Lublin,
2021; p. s. 43-63. IF= —, MEiIN=20 pkt.

7. Motyka, J.; Hodun, K.; Lawicki, S. Przydatnos¢ MMP-9 Oraz TIMP-1 i TIMP-2 w
Diagnostyce Raka Piersi. In Wybrane zagadnienia z zakresu onkologii i zdrowia
cztowieka. Red. Monika Maciqg, Izabela Motdoch-Mendon.; \Wydawnictwo naukowe
TYGIEL sp. z 0.0.: Lublin, 2020; p. s. 99-109. IF= —, MEiN=20 pkt.
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14.4. Wykaz doniesien zjazdowych:

1.

Lawicki, M.; Lawicki, P.; Kulesza, M.; Motyka, J.; Kicman, A.; Gacuta, E.; Sowa, P.
Evaluation of Cytokines M-CSF and VEGF as Tumor Markers in Luminal B HER
Negative Subtype of Breast Cancer Patients. Clin. Chem. Lab. Med. 2023, 61, s. S2149.
25th International Congress of Clinical Chemistry and Laboratory Medicine (WorldLab)
and 25th European Congress of Clinical Chemistry and Laboratory Medicine
(EuroMedLab), 55th Congress of the Italian Society of Clinical Biochemistry and Clinical
Molecular Biology, Roma, Italy, May 21st to 25th, 2023.

. Kicman, A.; Niczyporuk, M.; Kulesza, M.; Lawicki, M.; Lawicki, P.; Motyka, J.; Gacuta,

E.; Klank-Sokotowska, E.; Lawicki, S. MMP-3 Potential Utility as a Marker for
Differentiating Serous Ovarian Cancer from Ovarian Cysts. Clin. Chem. Lab. Med. 2023,
61, s. S2163. 25th International Congress of Clinical Chemistry and Laboratory Medicine
(WorldLab) and 25th European Congress of Clinical Chemistry and Laboratory Medicine
(EuroMedLab), 55th Congress of the Italian Society of Clinical Biochemistry and Clinical
Molecular Biology, Roma, Italy, May 21st to 25th, 2023.

Lawicki, P.; Lawicki, M.; Kulesza, M.; Motyka, J.; Kicman, A.; Gacuta, E.; Sowa, P. The
Plasma Levels and Diagnostic Utility of Cytokines M-CSF and VEGF as a New
Biomarkers in Diagnostic of Luminal A Subtype of Breast Cancer Patients. Clin. Chem.
Lab. Med. 2023, 61, s. S2148. 25th International Congress of Clinical Chemistry and
Laboratory Medicine (WorldLab) and 25th European Congress of Clinical Chemistry and
Laboratory Medicine (EuroMedLab), 55th Congress of the Italian Society of Clinical
Biochemistry and Clinical Molecular Biology, Roma, Italy, May 21st to 25th, 2023.
Kulesza, M.; Guszczyn, T.; Motyka, J.; Lawicki, M.; Lawicki, P.; Kicman, A.; Gacuta, E.;
Lawicki, S. The Plasma Levels of Chemokine CCL5 as Tumor Marker of Breast Cancer.
Clin. Chem. Lab. Med. 2023, 61, s. S2162. 25th International Congress of Clinical
Chemistry and Laboratory Medicine (WorldLab) and 25th European Congress of Clinical
Chemistry and Laboratory Medicine (EuroMedLab), 55th Congress of the Italian Society
of Clinical Biochemistry and Clinical Molecular Biology, Roma, Italy, May 21st to 25th,
2023.

Lawicki, S.; Gacuta, E.; Motyka, J.; Lawicki, M.; Lawicki, P.; Kr¢towska, M.; Kicman,
A.; Kulesza, M.; Bedkowska, E.; Szmitkowski, M. The Utility of Chemokine CCL2 in
Diagnostic of Luminal a Subtype of Breast Cancer Patients. Clin. Chem. Lab. Med. 2023,
61, s. S2210. 25th International Congress of Clinical Chemistry and Laboratory Medicine
(WorldLab) and 25th European Congress of Clinical Chemistry and Laboratory Medicine
(EuroMedLab), 55th Congress of the Italian Society of Clinical Biochemistry and Clinical
Molecular Biology, Roma, Italy, May 21st to 25th, 2023.

Bedkowska, E.G.; Gacuta, E.; Lawicki, S.; Motyka, J.; Kicman, A.; Kulesza, M.;
Pankowska, K.; Lawicki, P.; Chlabicz, M. (stud. .; Dgbrowska, M. CCL2 and CCLS5 as
New Markers of Early-Stage Endometrial Cancer. Clin. Chim. Acta 2022, 530, s. S70-
S71. 24th International Congress of Clinical Chemistry and Laboratory Medicine - IFCC
WorldLab SEOUL 2022. 16th Asia-Pacific Federation of Clinical Biochemistry - 16th
APFCB. Seoul, Korea, 26-30 June 2022.

Motyka, J.; Kulesza, M.; Kicman, A.; Bedkowska, E.G.; Lawicki, S.; Lawicki, P.
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10.

11.

12.

13.

14.

15.

Evaluation of Chemokine CXCL1, CXCL12 and Metalloproteinase MMP-9 as Diagnostic
Markers of Breast Cancer. Clin. Chim. Acta 2022, 530, s. S69. 24th International
Congress of Clinical Chemistry and Laboratory Medicine - IFCC WorldLab SEOUL
2022. 16th Asia-Pacific Federation of Clinical Biochemistry - 16th APFCB. Seoul, Korea,
26-30 June 2022.

Lawicki, P.; Bedkowska, E.G.; Gacuta, E.; Motyka, J.; Kulesza, M.; Kicman, A.;
Chlabicz, M. (stud. .; Sowa, P. Evaluation of Cytokines M-CSF, VEGF and
Metalloproteinase MMP-9 as Diagnostic Markers of Ovarian Cancer. Clin. Chim. Acta
2022, 530, s. S70. 24th International Congress of Clinical Chemistry and Laboratory
Medicine - IFCC WorldLab SEOUL 2022. 16th Asia-Pacific Federation of Clinical
Biochemistry - 16th APFCB. Seoul, Korea, 26-30 June 2022.

Kulesza, M.; Motyka, J.; Kicman, A.; Bedkowska, E.G.; Lawicki, S.; Guszczyn, T.;
Lawicki, P. Evaluation of the Concentration and Diagnostic Utility of Matrylysins (MMP-
7 and MMP-26) in the Diagnosis of Endometrial Cancer. Clin. Chim. Acta 2022, 530, s.
S69-S70. 24th International Congress of Clinical Chemistry and Laboratory Medicine -
IFCC WorldLab SEOUL 2022. 16th Asia-Pacific Federation of Clinical Biochemistry -
16th APFCB. Seoul, Korea, 26-30 June 2022.

Chlabicz, M.; Jamiotkowski, J.; Szum-Jakubowska, A.; Sowa, P.; Dubatéwka, M.;
Lapinska, M.; Kondraciuk, M.; Motyka, J.; Chlabicz, M. (stud. .; Szpakowicz, A.; et al.
Has the SARS-COV-2 Pandemic Affected Cardiovascular Risk Parameters in the General
Population? Clin. Chim. Acta 2022, 530, s. S96, doi:10.1016/j.cca.2022.04.569. 24th
International Congress of Clinical Chemistry and Laboratory Medicine - IFCC WorldLab
SEQUL 2022. 16th Asia-Pacific Federation of Clinical Biochemistry - 16th APFCB.
Seoul, Korea, 26-30 June 2022.

Lawicki, S.; Gacuta, E.; Glazewska, K.; Motyka, J.; Lawicki, P.; Bedkowska, E.G. The
Plasma Levels and Diagnostic Utility of Vascular Endothelial Growth Factor (VEGF) and
Metalloproteinase 9 (MMP-9) before and after Surgery of Breast Cancer Patients. Clin.
Chim. Acta 2022, 530, s. S59-S60. 24th International Congress of Clinical Chemistry and
Laboratory Medicine - IFCC WorldLab SEOUL 2022. 16th Asia-Pacific Federation of
Clinical Biochemistry - 16th APFCB. Seoul, Korea, 26-30 June 2022.

Chlabicz, M. (stud. .; Lawicki, P.; Chlabicz, M.; Lawicki, S.; Gacuta, E.; Motyka, J.;
Bedkowska, E.; Sowa, P. Diagnostic Utility of MMP-2 and MMP-9 before and after
Surgery of Breast Cancer Patients. Clin. Chem. Lab. Med. 2021, 59, s. 206. 24th IFCC-
EFLM European Congress of Clinical Chemistry and Laboratory Medicine, Munich, Nov
28-Dec 02, 2021

Motyka, J.; Kicman, A.; Lawicki, S.; Bedkowska, E.; Lawicki, P. Plasma Level and
Diagnostic Utility of Chemokine CXCLS8 in Breast Cancer Patients. Clin. Chem. Lab.
Med. 2021, 59, s. 216. 24th IFCC-EFLM European Congress of Clinical Chemistry and
Laboratory Medicine, Munich, Nov 28-Dec 02, 2021

Kicman, A.; Motyka, J.; Lawicki, S.; Niczyporuk, M.; Bedkowska, E.; Lawicki, P. Plasma
Levels and Diagnostic Utility of Galectin-3 in Patients with Endometrial Cancer. Clin.
Chem. Lab. Med. 2021, 59, s. 213. 24th IFCC-EFLM European Congress of Clinical
Chemistry and Laboratory Medicine, Munich, Nov 28-Dec 02, 2021

Lawicki, P.; Chlabicz, M. (stud. .; Chlabicz, M.; Gacuta, E.; Lawicki, S.; Motyka, J.;
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bedkowska, E.; Sowa, P. Plasma Levels and Diagnostic Utility of VEGF in Breast Cancer
Patients. Clin. Chem. Lab. Med. 2021, 59, s. 223. 24th IFCC-EFLM European Congress
of Clinical Chemistry and Laboratory Medicine, Munich, Nov 28-Dec 02, 2021
Bedkowska, E.; Lawicki, S.; Pankowska, K.; Gacuta, E.; Lawicki, P.; Szmitkowski, M.;
Motyka, J.; Dabrowska, M. The Diagnostic Utility of Selected Chemokines CCL2 and
CCL5 in Ovarian Cancer Patients. Clin. Chem. Lab. Med. 2021, 59, s. 224. 24th IFCC-
EFLM European Congress of Clinical Chemistry and Laboratory Medicine, Munich, Nov
28-Dec 02, 2021

Motyka, J.; Malinowski, P. [Onkol. .; Kicman, A.; Lawicki, M.; Lawicki, P.; Kulesza, M.;
Gacuta, E.; Lawicki, S. Preeliminary Study of CXCR1 and CA 15-3 Plasma Levels as
Diagnostic Markers of Early-Stages Luminal Subtypes of Breast Cancer. Clin. Chem. Lab.
Med. 2023, 61, s. S2164. 25th International Congress of Clinical Chemistry and
Laboratory Medicine (WorldLab) and 25th European Congress of Clinical Chemistry and
Laboratory Medicine (EuroMedLab), 55th Congress of the Italian Society of Clinical
Biochemistry and Clinical Molecular Biology, Roma, Italy, May 21st to 25th, 2023.
Motyka, J.; Kicman, A.; Kulesza, M.; Ltawicki, S. Ocena Chemokiny CXCLS8 Jako
Osoczowego Markera Roéznicujacego Estrogenozaleznego Raka Piersi w I Stadium
Zaawansowania Od Zmian Ftagodnych Fibroadenoma. XV Interdyscyplinarna
Konferencja Naukowa TYGIEL 2023Interdyscyplinarnos¢ kluczem do rozwoju;Lublin,
Polska, 23-26 marca 2023 r.

Lawicki, S.; Gacuta, E.; Kicman, A.; Kulesza, M.; Motyka, J.; Szmitkowski, M. Ocena
Stezenia i Przydatno$ci Diagnostycznej Metaloproteinazy 7. (MMP-7) w Osoczu Chorych
z Podtypem Luminalnym B Raka Piersi. Diagnostyka Lab. 2022, 58, s. 96. Polskie
Towarzystwo Diagnostyki Laboratoryjnej : Kielce, 2022.10.19-22.

Motyka, J.; Hodun, K.; Lawicki, S. Rola Chemokiny CXCL8 w Raku Piersi. In XIlII
Interdyscyplinarna Konferencja Naukowa Tygiel 2021. Interdyscyplinarnosé¢ kluczem do
rozwoju.; Lublin, Polska, 25-28 marca 2021.

Motyka, J.; Hodun, K.; Lawicki, S. Ocena Stezen i Przydatnosci Diagnostycznej MMP-2,
MMP-9, TIMP-1 i TIMP-2 w Raku Piersi. In XlI Interdyscyplinarna Konferencja
Naukowa TYGIEL 2020. Interdyscyplinarnos¢ kluczem do rozwoju; Lublin, Polska, 24-27
wrzesnia 2020.

Kulesza, M.; Lawicki, M.; Motyka, J.; Kicman, A.; Guszczyn, T.; Lawicki, S. Ocena
Skutecznosci Terapii Preparatem PRP u Chlopcéw Za Pomocg Skali Lysholm w Chorobie
Osgood-Schlattera. In IX Ogélnopolskie Sympozjum Biomedyczne ESKULAP, Lublin,
Polska, 3 grudnia 2022.

Lawicki, M.; Lawicki, P.; Kicman, A.; Kulesza, M.; Motyka, J.; Lawicki, S.; Sowa, P.
Ocena Stezenia 1 Przydatnosci Diagnostycznej VEGF w Osoczu Chorych z Podtypem
Luminalnym B Raka Piersi. In IX Ogolnopolskie Sympozjum Biomedyczne ESKULAP,
Lublin, Polska, 3 grudnia 2022.

Motyka, J.; Lawicki, M.; Malinowski, P. (in); Kicman, A.; Kulesza, M.; Lawicki, S.
Wstepne Badania Stezenia i Przydatnosci Diagnostycznej Receptora Chemokin CXCR2
Jako Wczesnego Markera Nowotworowego Raka Piersi. In IX Ogélnopolskie Sympozjum
Biomedyczne ESKULAP, Lublin, Polska, 3 grudnia 2022.

Kicman, A.; Motyka, J.; Lawicki, M.; Kulesza, M.; Klank-Sokotowska, E.; Knapp, P.;
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26.

27.

28.

29.

Niczyporuk, M.; Lawicki, S. Znaczenie Diagnostyczne MMP-26 u Chorych Na Raka
Jajnika. In IX Ogolnopolskie Sympozjum Biomedyczne ESKULAP, Lublin, Polska, 3
grudnia 2022.

Kulesza, M.; Motyka, J.; Sowa, P. Przydatno$¢ Diagnostyczna Wybranych
Metaloproteinaz (MMP-2 Oraz MMP-9) w Raku Piersi. In VII Ogdlnopolska Konferencja
Studentow Medycyny Laboratoryjnej i Mtodych Diagnostow Wschodzgca Diagnostyka,
Biatystok, Polska, 5 czerwca 2021.

Hodun, K.; Motyka, J.; Baranowski, M. Hipoksja Hamuje Wzrost St¢zenia Sfingozyno-1-
Fosforanu w Osoczu Indukowany Wysitkiem. In XIII Interdyscyplinarna Konferencja
Naukowa Tygiel 2021. Interdyscyplinarnosé¢ kluczem do rozwoju.; Lublin, Polska, 25-28
marca 2021.

Lawicki, P.; Chlabicz, M. (stud. .; Motyka, J.; Chlabicz, M.; Sowa, P. Ocena Przydatnosci
Diagnostycznej Cytokiny M-CSF Jako Nowego Markera Raka Jajnika. In  XIlII
Interdyscyplinarna Konferencjia Naukowa Tygiel 2021. Interdyscyplinarnos¢ kluczem do
rozwoju.; Lublin, Polska, 25-28 marca 2021.

Chlabicz, M. (stud. .; Lawicki, P.; Motyka, J.; Chlabicz, M.; Sowa, P. Przydatno$§¢ VEGF
w Diagnostyce Chorych Na Raka Jajnika. In XIIl Interdyscyplinarna Konferencja
Naukowa Tygiel 2021. Interdyscyplinarnos¢ kluczem do rozwoju.; Lublin, Polska, 25-28
marca 2021.

14.5. Wykaz innych aktywnos$ci naukowych:

1.

Uczestnik projektu nr POWR.07.01.00-00-0002/22 realizowanego w ramach Programu
Operacyjnego Wiedza Edukacja Rozwoj 2014-2020 O$ Priorytetowa VIIWsparcie
REACT- EU w latach 2022-2023 pn. “Kursy podnoszace wkalifikacje kadry medycznej
udzielajacej swiadczen zdrowotnych, w tym w zwigzku z chorobg zakazng,
w szczegdlnosci COVID-19”
Uczestnik projektu nr POWR.03.03.00-00-PN13/18. realizowanego w ramach ,,Programu
PROM — Migdzynarodowa wymiana stypendialna doktorantow i kadry akademickiej”
zawarte] z Narodowa Agencjag Wymiany Akademickiej wspotinansowanego ze srodkow
Europejskiego Funduszu Spotecznego w ramach Programu Operacyjnego Wiedza
Edukacja Rozwo;.
Uczestnik kursow doszkalajagcych przeprowadzanych przez Centrum Medyczne
Ksztalcenia Podplomowego:
,»Metody immunochemiczne w praktyce laboratoryjnej”, nr kursu 01-708/0-00-038-
2020
- ,,Wybrane zagadnienia z molekularnych podstaw onkogenezy”, nr kursu 01-708/0-
00-028-2020
- ,,Przeptyw informacji genetycznej od genu do biatka”, nr kursu 01-708/0-00-035-
2020
- ,,Badanie krwinek czerwonych z zastosowaniem cytometrii przeptywowej”, nr kursu
01-708/0-00-052-2020
- Starzenie si¢ krwinek czerwonych  prawidlowych, przechowywanych
oraz w patologiach”, nr kursu 01-708/0-00-058-2020
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,,Rola mikroRNA w procesie nowotworzenia”, nr kursu 01-708/0-00-005-2021
,Podstawy techniki immunoenzymatycznej ELISA — kurs praktyczny”, nr kursu
01-708/0-00-026-2021

»Wybrane zagadnienia z diagnostyki laboratoryjnej przewleklych schorzen jelit”,
nr kursu 01-708/0-00-022-2022

,.Infekcje przewodu pokarmowego”, nr kursu 01-708/0-00-029-2022

,Wplyw hormonéw tarczycy na otylosc i zaburzenia metaboliczne — aspekty
kliniczne i molekularne”, nr kursu 01-741/0-00-020-2022

,,Badania laboratoryjne a profilaktyka chorob cywilizacyjnych”, nr kursu 01-708/0-
00-032-2022

,,Rak nerki: wybrane zagadnienia kliniczne i molekularne”, nr kursu 01-754/0-00-
015-2022

,2Hormony twarczycy:wybrane zagadnienia kliniczne i molekularne”, nr kursu
01-741/0-00-019-2022

,,Rola mikrobiomu w patogenezie i rozwoju wybranych choréb cztowieka”, nr kursu
01-708/0-00-041-2022
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