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1.Wprowadzenie

Niniejsza rozprawa doktorska pt.: ,,Badania nad przydatno$cia oznaczania

rozsianych komorek nowotworowych (DTC) w szpiku kostnym 1 niektérych

parametréw uktadu odpornosciowego u chorych na raka jelita grubego zlokalizowanego

w lewej potowie okr¢znicy i w odbytnicy” powstata w oparciu o monotematyczny cykl

trzech artykuldow opublikowanych w mig¢dzynarodowych czasopismach naukowych

indeksowanych w bazie PubMed oraz znajdujacych si¢ na liscie MNiSW.

Wykaz publikacji stanowigcych rozprawe doktorska :

Tytut publikacji Punkty | Impact
MNiSW | factor

The impact of bone marrow disseminated tumor cells on | 100 2,882

survival and disease progression in left-sided colorectal cancer

patients. Pach, R.; Dylag-Trojanowska, K.; Baran, J.; Czupryna

A.; Siedlar, M.; Zybaczynska, J.; Brandt PH.,; Szczepanik AM.

Pol Arch Intern Med. 2020 Feb 20. [Epub ahead of print]

DOI: 10.20452/pamw.15200

The prognostic significance of HLLAA2 expression on somatic | 20

cells in patients with left-sided colon and rectal cancers

Dylag-Trojanowska, K.; Pach, R.; Siedlar, M.; Baran, J;

Zybaczynska, J.; Szczepanik AM. Nowotwory J Oncol 2020; 70:

47-53.

T Regulatory CD4'CD25FoxP3" Lymphocytes in the | 40 1,467

Peripheral Blood of Left-Sided Colorectal Cancer Patients.

Dylag-Trojanowska, K.; Rogala, J.; Pach, R.; Siedlar, M.; Baran,

J.; Sierzega, M.; Zybaczynska, J.; Lenart, M.; Rutkowska-Zapala,

M.; Szczepanik, A.M. Medicina (Lithuania) 2019, 55, 307.

DOI:10.3390/medicina55060307

Podsumowanie punktow 160 4,349




Rodzaj publikacji Liczba | Punkty Impact
MNiSW | factor

Prace wiaczone do rozprawy doktorskiej 3 160 4,349

Prace, ktore nie zostaty wlaczone do rozprawy 5 130 2,177

doktorskiej

Streszczenia zjazdowe 6

Razem 14 290 6,526




2.Wykaz skrotow

CEA — (carcinoembrionic antygen) - antygen rakowo-ptodowy

CI — (confidence interval) — przedziat ufnosci

CIN — (chromosomal instability — niestabilno$¢ chromosomalna

CK — cytokeratin - cytokeratyna

CRC — (colorectal cancer ) — rak jelita grubego

CTLA4 — (cytotoxic T-lymphocyte antygen 4) antygen limfocytow cytotoksycznych
typu 4

CRM — (circumferential resection margin) okr¢zny (radialny) margines operacyjny
DTC — (disseminated tumor cells) - rozsiane komorki nowotworowe

dMMR /MSI- H — mismatch repair deficient/ micosatellite instability high - defekt w
genach mutatorowych (geny naprawy blednie sparowanych zasad) /wysoka
niestabilno$¢ mikrosatelitarna

HLA (human leukocyte antigens) - ludzkie antygeny leukocytarne

HLAAZ2 (human leukocyte antigen A2) - ludzki antygen leukocytarny A2

HR — (Hazard ratio) — wspotczynnik ryzyka

IL—-10 — (interleukin 10) — interleukina 10

IL—12 — (interleukin 12) — interleukina 12

MSI — (microsatellite instability) — niestabilno$¢ mikrosatelitarna

MSS — (microsatellite stable) — stabilno$¢ mikrosatelitarna

PD -1 — (programmed death 1 receptor ) receptor indukujacy apoptoze

PD-L1- (programmed death 1 receptor ligand) - ligand dla receptora indukujacego
apoptoze

PN/PNI — ( perineural invasion) inwazja okolonerwowa

SD — standard deviation — odchylenie standardowe

TAA — (tumor associated antigen) — antygeny obecne na komorkach guza ale tez

na komorkach somatycznych

TGFDb — (transforming growth factor beta) — transformujacy czynnik wzrostu beta

TD — (tumor deposits) — depozyty nowotworowe

TIL — (Tumor - Iinfiltrating lymphocyte) — limfocyty naciekajace
mikrosrodowisko guza

UICC — (Union for International Cancer Control) — Miedzynarodowa Unia Kontroli

Raka



3. Wstep

Rak jelita grubego (CRC) jest najczestszym nowotworem przewodu
pokarmowego, a wedlug statystyki opublikowanej w 2018 roku przez UICC trzecim
nowotworem jesli chodzi o zachorowalno$¢ oraz druga przyczyna zgonu z powodu
choréb nowotworowych na §wiecie.

Standardowe leczenie chorych z rakiem jelita grubego obejmuje zabieg chirurgiczny —
odcinkowg resekcje jelita grubego wraz z guzem oraz regionalnym uktadem chionnym
odpowiedniej czesci okreznicy oraz chemioterapi¢ w stopniu zaawansowania III oraz u
pacjentéw z czynnikami ryzyka nawrotu choroby w II stopniu zaawansowania.

W przypadku raka odbytnicy w I 1 II stopniu zaleca si¢ resekcje przednig lub brzuszno-
kroczowa odbytnicy z catkowitym wycieciem mezorektum, w III stopniu radioterapi¢
przedoperacyjna, nastepnie zabieg operacyjny i pooperacyjng chemioterapig.

W IV stopniu zaawansowania klinicznego post¢gpowanie i jego kolejnos¢ sa uzaleznione
od zaawansowania nowotworu i stanu ogolnego chorego.

Mimo radykalnego zabiegu chirurgicznego 1 leczenia uzupelniajgcego u 25-50 %
pacjentow w stopniu II 1 III dochodzi do nawrotu choroby w wyniku niewykrytego
rozsiewu komoérek nowotworowych [1].

W  przypadkach zaawansowanych Ilub nawrotach choroby stosuje si¢ leczenie
biologiczne, celowane, przeciwko czynnikom wzrostu lub ich receptorom. W raku jelita
grubego od wielu lat podejmowane sg préby immunoterapii lub immunochemioterapii.
W latach 90 XX wieku chemioterapia uzupelniona o niespecyficzng immunoterapi¢
stanowita jedng z czgsto stosowanych alternatyw dla samej chemioterapii. Jednak
postep w dziedzinie chemioterapii 1 wdrozenie nowych lekéw pozwolito na uzyskanie
lepszych wynikéw odlegltych i te terapie zostaty zarzucone. Kontynuowano badania w
oparciu o szczepionki przeciwnowotworowe (komoérkowe 1 peptydowe), terapig
adoptywna, stymulacj¢ receptorow ,,toll-like”, przeciwciata monklonalne, cytokiny, a w
ostatnich latach o tzw. ,,checkpoints inhibitors” odhamowujace odpowiedz limfocytow
T-cytotoksycznych. Z terapig oparta o odhamowywanie punktow kontroli (checkpoints)
wiaze si¢ aktualnie najwigksze nadzieje.

Punkty kontroli odpowiedzi immunologicznej (checkpoints) utrudniaja indukcje i
propagacj¢ antygenowo swoistych limfocytow T w obrebie weztow chtonnych (CTLA-
4) oraz uniemozliwiajg efektywng eliminacj¢ komorek nowotworowych w

mikrosrodowisku guza (interakcja PD1-PD-L1).



Przeciwciala monoklonalne, ktére blokuja czasteczki CTLA-4 na powierzchni
limfocytoéw T umozliwiaja reaktywacj¢ swoistej odpowiedzi immunologiczne;.

Kolejne badania migdzy innymi doprowadzity do rejestracji pierwszego
humanizowanego przeciwciata monoklonalnego ukierunkowanego na czasteczke
CTLA4 - ipilimumabu. Blokada CTLA-4 w wyniku zastosowania ipilimumabu
wzmacnia aktywno$¢ i proliferacje limfocytow T, prowadzac w konsekwencji do
zwigkszonego nacieku tych komoérek w mikrosrodowisku guza.

Zastosowanie przeciwciat anty-PD-L1 lub anty-PD-1 prowadzi natomiast do
zahamowania indukowanej przez komodrki nowotworowe apoptozy swoistych,
aktywnych limfocytow T cytotoksycznych w obrebie mikrosrodowiska nowotworu.
Wyniki badania klinicznego CheckMate 142 (NCT02060188) dowiodtly , Ze terapia
ludzkim monoklonalnym p/c anty PD -1 (niwolumabem) pozwala na uzyskanie
trwatych odpowiedzi i kontrole choroby u pacjentdw z przerzutowym rakiem jelita
grubego, ze stwierdzonym zaburzeniem mechanizméw naprawczych DNA (dMMR
/MSI-H), ktérzy mieli progresj¢ w czasie lub po chemioterapii opartej na
fluoropirymidynie, oksaliplatynie czy irynotekanie [2].

Kolejne badania wykazaly ze zastosowanie politerapii nivolumab + ipilimumab w
stosunku do monoterapii p/c anty PD-1 charakteryzuje si¢ wyzszym odsetkiem
odpowiedzi oraz ma korzystniejszy profil zysk-ryzyko u pacjentow z rakiem jelita
grubego [3]. Jednak doswiadczenia zebrane w wigkszosci prowadzonych badan
klinicznych dotycza IV stopnia zaawansowania raka.

Wydaje si¢ ze polaczenie immunoterapii z klasycznym leczeniem cytotoksycznym
(poddane ocenie w badaniu IIl fazy COMMIT) takze jest obiecujaca strategia, a
udowodniono juz jej skuteczno$¢ ( potaczenie atezolizumabu z carboplatyng i
paklitakselem) w terapii zaawansowanego niedrobnokomorkowego raka ptuca ( badanie
IMpower150 ) [4].

Trwaja tez badania kliniczne nad lekami celujacymi w inne immunologiczne punkty
kontrolne takie jak LAG-3, TIM-3, IDO itp. szczeg6élnie u pacjentdow z guzami
opornymi na dziatanie przeciwciat anty —PD-1 lub anty PD- L1 (NCT03343613)

Ze wzgledu na ewoluujace schematy terapii raka jelita grubego trudno odnosi¢ dane
sprzed ponad 20 lat do obecnych wynikow leczenia chorych z tym nowotworem.
Wykazane w badaniach korzysci z immunoterapii dotyczg najbardziej zaawansowanych
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nowotworu. Mozna wigc sadzi¢, ze pewne elementy immunoterapii moglyby by¢
wprowadzone u chorych bez rozsiewu nowotworu.

Powyzsze dane stanowig potwierdzenie tezy, ze immunoterapia jest nie do konca
wykorzystanym elementem leczenia raka jelita grubego.

Poglebienie badan majacych na celu ocen¢ mechanizméw  odpornosci
przeciwnowotworowej u chorych po potencjalnie radykalnym leczeniu operacyjnym
moze pozwoli¢ na okreslenie miejsca immunoterapii takze w tych przypadkach.

Wedtug literatury czynnikami prognostycznymi kliniczno - patologicznymi w
raku jelita grubego sa gleboko$¢ naciekania guza, przerzuty w wezlach chtonnych, niski
stopien zroznicowania, obecno$¢ depozytow nowotworowych (tumor deposits — TD),
stan marginesu okreznego (CRM), perforacja guza, naciekanie wzdtuz przestrzeni
okotonerwowych (PN), naciek naczyn krwiono$nych/chtonnych, niestabilnos¢
mikrosatelitarna ~ (MSI), stopieh  zroznicowania nowotworu po  leczeniu
neoadiuwantowym, mutacja genu KRAS i BRAF, utrata heterozygotycznosci w locus
18q oraz wyjsciowe stezenie antygenu rakowo — pltodowego (CEA). Nowym i
obiecujgcym czynnikiem rokowniczym jest profil molekularny nowotworu. Parametry
te nie sa jednak wystarczajace aby przewidzie¢ przebieg choroby u indywidualnego
pacjenta.

Trwaja badania nad znaczeniem krazacych komoérek nowotworowych (CTC),
rozsianych komorek nowotworowych w szpiku (DTC), krazacego nowotworowego
DNA, exosoméw na przebieg wielu nowotworéw. DTC to pojedyncze komorki
nowotworowe, ktore rozsiaty si¢ do innych organdw takich jak np. szpik kostny (BM).
Z wigkszosci opublikowanych prac wynika, ze obecnos¢ CTC we krwi obwodowej jest
niezaleznym czynnikiem pogarszajacym catkowite przezycie. Jednak nie mozna
spodziewac si¢, ze w stadium rozsiewu nowotworu obecno$¢ CTC lub DTC bedzie
wplywata na przebieg choroby.

Niniejsza praca przynosi analiz¢ badan nad znaczeniem obecnos$ci tych komoérek w
przypadkach mniej zaawansowanych, poddanych leczeniu radykalnemu.

Kontakt komoérek immunokompetentnych z komérkami nowotworowymi moze
mie¢ rézne konsekwencje w zaleznosci od kontekstu ,,Srodowiska immunologicznego ”
w ktoérym do niego dochodzi. Obserwowane w mikrosrodowisku guza nacieki komorek
immunokompetentnych, w tym makrofagéow 1 limfocytow nie zawsze przyczyniajg si¢

do supresji wzrostu nowotworu, a cz¢$¢ z nich moze wrecz przyspieszac jego wzrost.



Wsréd makrofagéw obecnych w sasiedztwie guza 1 w samym guzie wystepuje
dwukierunkowe réznicowanie zwane polaryzacja - powstaja dwa typy tych komorek:
aktywowane klasycznie M1 1 aktywowane drogg alternatywng M2. Makrofagi M1
lokalizujg si¢ gléwnie na obrzezach guza nowotworowego i wydzielajg antyangiogenng
IL-12, natomiast makrofagi M2 wnikaja w tkank¢ nowotworu, czgsto do ognisk
martwicy i niedotlenienia i pozbawione sg zdolno$ci wydzielania IL-12 czy wolnych
rodnikéw tlenowych, za to potgeguja odczyn zapalny wspomagajac progresje guzow.
Podobnie obecno$¢ w guzie 1 wokdt limfocytow T- regulatorowych moze powodowac
tolerancj¢ komorek nowotworowych.

Inng sytuacja jest wystepowanie DTC w r6znych przedziatach organizmu, gdzie
nie istnieje typowe Srodowisko guza, a komodrki nowotworowe kontaktujg si¢ z
szeregiem komorek ukladu immunologicznego bez wpltywu tego $rodowiska.
Niewatpliwie najbardziej modelowym jest w tej sytuacji srodowisko szpiku kostnego.
W tym przedziale wystapi¢ moze prezentacja antygenéw nowotworowych niezaktocona
wptywem $rodowiska guza.

Zachodzi zatem pytanie, czy ta hipotetyczna reakcja immunologiczna moze miec
wplyw na przebieg choroby. Mogloby to mie¢ znaczenie u chorych po operacji
radykalnej, kiedy nawet staba reakcja przeciwnowotworowa moze wplynaé na dalszy
przebieg choroby.

Dlatego celowa jest ocena wptywu obecnosci DTC w szpiku kostnym na przezycia
odleglte w tej grupie chorych.

Wigkszo$¢ badan nad znaczeniem DTC w BM nie bierze pod uwage lokalizacji
nowotworu. Nowotwory jelita grubego zlokalizowane w jego prawej i lewej potowie
maja rézng biologie wiec zjawiska immunologiczne tam zachodzace tez moga by¢
rozne.

U chorych na raka jelita grubego stwierdzano naturalne wystgpowanie
specyficznych  limfocytow T  cytotoksycznych dla  epitopéw  antygendw
nowotworowych. Jest to jednym z dowoddéw na reakcj¢ immunologiczng organizmu
wobec nowotworu. Te epitopy (determinanty antygenu) mogg by¢ rozpoznawane przez
limfocyty w konteks$cie antygenéw HLA klasy 1. Jednym z czgstszych antygendow z tej
grupy u rasy kaukaskiej jest antygen HLA-A2 (wystgpuje u okoto 50% populacji tej
rasy). Rownocze$nie znana jest liczna grupa antygendw nowotworowych
rozpoznawanych w kontek$cie HLAA2. Sg to miedzy innymi antygeny CSNKI1AI1,
GAS7, HAUS3, SRPX, WDR46, ERBB2, AKAP13, MUCI. Wystepuja one na
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komorkach raka jelita grubego. Dlatego tez, duza cze$¢ badan nad szczepionkami
nowotworowymi ograniczata si¢ do populacji HLA-A2 dodatniej. Zatem w konteks$cie
naturalnej reakcji przeciwnowotworowej status HLA chorego moze determinowac jej
rozw0j. Do chwili obecnej dane dotyczace mozliwego wptywu ekspresji antygenu
HLA-A2 na przezycie chorych na raka jelita grubego byty skape a czasami sprzeczne.
W przypadku innych nowotworéw takich jak nowotwory glowy 1 szyji, rak piersi,
jajnika , prostaty, krtani, niedrobnokomoérkowy rak ptuca czy czerniak na przestrzeni lat
wyniki badan takze nie byly jednoznaczne [5,6,7,8,9,10,11,12]. Wigkszos$¢ z tych badan
oceniala wplyw zmniejszonej ekspresji lub catkowitej utraty antygenéw HLA 1 klasy na
komorkach nowotworu na rokowanie czyli zajmowala si¢ jednym z mechanizmow
ucieczki nowotworéw spod kontroli uktadu odpornosciowego. Z uwagi na istnienie tego
zjawiska komorki nowotworu mogg rézni¢ si¢ pod tym wzgledem od komorek
somatycznych. Z drugiej strony komoérki nowotworu nie wykazuja nowych odmiennych
od komorek gospodarza antygenéw HLA klasy I. Dlatego odpowiedZ na pytanie, czy
ekspresja antygenéw HLA-A2 na komorkach somatycznych lub nowotworowych ma
wpltyw na przezycia odlegle moze da¢ posrednig odpowiedz na temat znaczenia reakcji
immunologicznej w raku jelita grubego.

Na przebieg i nasilenie swoistej reakcji immunologicznej wpltywa szereg
mechanizméw hamujacych - sg to indukcja limfocytow regulatorowych (Tregs),
obecnos¢ molekul immunosupresyjnych takich jak PD-1 (programmed death 1 receptor
, receptor indukujacy apoptoze) czy CTLA-4 (CTLA4, cytotoxic T-lymphocyte antygen
4, antygen limfocytow cytotoksycznych typu 4) oraz zmniejszenie ekspresji antygenow
HLA klasy I .

Limfocyty T-regulatorowe biorg udzial w zjawisku immunotolerancji wobec
auto - 1 alloantygenow. Zjawisko to jest jednym z mechanizmoéw ucieczki nowotworu
spod kontroli uktadu odpornosciowego. Limfocyty T-regulatorowe bedace subpopulacja
limfocytow CD4 hamuja aktywno$¢ komoérek efektorowych, ale takze prezentacje
antygenoéw przez komorki dendrytyczne 1 komorki natural killer (przez wydzielanie
immunosupresyjnych cytokin takich jak IL-10 i TGFb, metabolitow takich jak
adenozyna oraz interakcje miedzykomorkowe). Aktualnie limfocyty te charakteryzuje
si¢ jako CD4+CD25+Foxp3+. W pismiennictwie przewazaja prace, w ktoérych obecnosé
limfocytow T-regulatorowych oceniano w komorkach nacieku limfocytarnego guzéw.
Zwigkszona obecno$¢ limfocytow T-regulatorowych w $rodowisku guza wedhug

wigkszos$ci autorow wplywala negatywnie na przebieg choroby — tak jak opisano to w
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przypadku raka jajnika [13]] , raka piersi [14], zoladka [15] , czy trzustki [16] . W
zalezno$ci od typu i lokalizacji nowotworu opisywano zarowno wzrost (u chorych z
nowotworami trzustki i1 piersi) jak i spadek (u pacjentéw z rakiem zotadka) poziomu
limfocytow T regulatorowych we krwi obwodowej w stosunku do ich liczby u
zdrowych 0s6b z grup kontrolnych [17,18]. Niektére dane wskazuja, ze w przebiegu
nowotworow przewodu pokarmowego ich liczba we krwi obwodowej spada w
poréwnaniu do osoOb zdrowych. Nie analizowano dotad ewentualnego znaczenia
rokowniczego tego zjawiska. Poniewaz sklad nacieku okologuzowego mozna ocenic¢
dopiero po wycieciu chirurgicznym , poziom limfocytow Treg we krwi obwodowe;j
moglby by¢ potencjalnym markerem dla powtarzalnego monitowania nowotworu.

Przedstawione powyzej zjawiska wigza si¢ z zagadnieniem reakcji
odpornosciowej na obecno$¢ nowotworu, a poszerzenie wiedzy na ich temat moze
przyczyni¢ si¢ do rozwoju bardziej efektywnych form immunoterapii.

Rak jelita grubego nie jest jednorodng chorobg jesli wezmiemy pod uwage jego
pierwotng lokalizacje 1 s3 dowody, ze nowotwory zlokalizowane w prawej 1 lewej
potowie okreznicy roznig si¢ biologig i1 rokowaniem [19, 20, 21]. Dotychczas
nowotwory zlokalizowane w lewej polowie okreznicy i odbytnicy uwazane byly za
mniej immunogenne. [22]. Charakteryzuja si¢ one zwykle ograniczong liczba mutacji
DNA, stabilno$cig mikrosatelitarng (MSS) 1 niestabilno$cig chromosomalng (CIN). Za
wysoce immunogenne uwaza si¢ natomiast nowotwory dominujace w prawej potowie
okreznicy (z wieloma mutacjami DNA, stabilnymi chromosomami (CS), niestabilno$cig
mikrosatelitarng (MSI) i obecnos$cig wielu limfocytow naciekajacych guza (TIL) [22].
Opublikowany w 2015 r przez CRCSC (Colorectal Subtyping Consortium) konsensus
wyréznia 4 podtypy molekularne raka jelita grubego: CMS1 (immunogenny, MSI-H),
CMS2 (kanoniczny), CMS3 (metaboliczny), CMS4 (mezenchymalny). W odniesieniu
do lokalizacji anatomicznej CMS1 dominuje w prawej czesci okreznicy, CMS2 w
lewej, a guzy CMS3 i CMS 4 nie maja okreslonej lokalizacji [23]. Klasyfikacja ta jest
uwazana za najsolidniejsza dostepng obecnie dla raka jelita grubego 1 stanowi podstawe
przysztego spersonalizowanego leczenia chorych w zaleznosci od podtypu
wystepujacego nowotworu.

Nowotwory zlokalizowane w prawej czesci jelita grubego czeg$ciej wystepuja u
kobiet, sa znacznie zaawansowane miejscowo (T3, T4) ale bez zajecia weziow
chtonnych 1 przerzutow odlegtych, guzy sg stabo zroznicowane ( G2, G3), Sluzowe,

czesto towarzyszg im nacieki limfocytow T cytotoksycznych. Czgsto wystepuja jako
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guzy synchronicznie i metachroniczne. Rokowanie jest korzystne po radykalnym
leczeniu chirurgicznym, natomiast nowotwory nawrotowe rokuja Zle.

Rak jelita grubego zlokalizowany w lewej czesci jelita grubego z reguly jest
wysokozroznicowany, czesciej daje przerzuty do weztow chionnych 1 narzadow
odlegtych, guzy rzadko sa S$luzowe, brak jest naciekéw limfocytarnych w ich
srodowisku, ale lepiej rokuja w przypadku nawrotow choroby.

Ograniczenie badania do chorych, u ktérych guzy nowotworowe zlokalizowane
byly w lewej potowie okreznicy 1 odbytnicy spowodowato, ze populacja badana stata

si¢ bardziej jednorodna.

4. Cele pracy

W niniejszej pracy starano si¢ poglebi¢ wiedz¢ na temat wybranych aspektow
reakcji uktadu immunologicznego na nowotwoér u chorych na raka lewej potowy jelita
grubego.

W szczegolnoscei udato si¢ uzyska¢ odpowiedzi na pytania:

1.Czy u chorych na raka lewej potowy jelita grubego poddanych radykalnemu leczeniu
chirurgicznemu obecno$¢ rozsianych komorek nowotworowych w szpiku kostnym
miata znaczenie rokownicze?

2.Czy w analogicznej grupie chorych ekspresja antygenu HLAA2 w komorkach
gospodarza wptywata na rokowanie?

3.Czy liczba limfocytow T-regulatorowych we krwi obwodowej u chorych z rakiem

lewej potowy jelita grubego byta zwigzana z zaawansowaniem choroby 1 rokowaniem?

5. Material i metody

Badanie ma charakter analizy retrospektywnej opartej o prospektywnie
gromadzong baz¢ danych. Do badan wykorzystano baz¢ danych stworzong dla grantu ,,
Badania nad znaczeniem klinicznym ekspresji genow HER 1/2, MAGE1/2 i MUC1 w
komorkach guza i izolowanych komoérkach nowotworowych w szpiku kostnym 1 krwi
oraz zachowaniem si¢ niektorych parametrow ukltadu odpornosciowego u chorych z

rakiem jelita grubego”, nr grantu N N403 089735, nr zgody Komisji Bioetycznej] KBET
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86/B/2007, kierownik prof. dr hab. n. med. Antoni Czupryna, oraz ,,Charakterystyka
fenotypowa 1 funkcjonalna mieloidalnych komorek regulatorowych w krwi obwodowej
pacjentow z rakiem jelita grubego — implikacje dla immunoterapii nowotwordow, nr
zgody Komisji Bioetycznej] KBET nr 122.6120.128.2015 z dnia 25 czerwca 2015 roku,
kierownik prof. UJ, dr hab. n. med Jarostaw Baran. Dane gromadzono w latach 2007-
2012. Uzyskano zgode¢ gtoéwnych badaczy na wykorzystanie danych.

Wymieniona wyzej baza danych wykorzystanych w rozprawie doktorskiej stanowi
unikalny materiat naukowy, gdyz oprocz danych klinicznych, oznaczen laboratoryjnych
1 danych patomorfologicznych zawiera zweryfikowane przezycia pigcioletnie i dtuzsze

chorych co w badaniach nad nowotworami ma znaczenie kluczowe.

Do badania wtgczono 109 chorych operowanych z powodu raka jelita grubego w
okresie od 07.2007 do 06.2012 roku w I Klinice Chirurgii Ogdlnej, Onkologicznej i
Gastroenterologicznej Collegium Medicum Uniwersytetu Jagiellonskiego. Pacjentom,
po uzyskaniu ich pisemnej zgody na udziat w badaniu klinicznym, przed planowym
zabiegiem operacyjnym pobierano do analizy szpik kostny 1 krew obwodowa.

Analizie poddano historie choroby z pobytu w szpitalu oraz kontrolnych wizyt
ambulatoryjnych oraz wyniki badan histopatologicznych. Dane na temat przezy¢
odlegtych uzyskano zrejestru MSWiA.

Ze wzgledu na zmiany w systemach oceny zaawansowania TNM w okresie badania
wszystkie badania histopatologiczne zostaly ponownie ocenione zgodnie z 7. edycja
TNM.

W celu uzyskania jednorodnosci grup do badania wigczono pacjentoéw z lewostronng
lokalizacja guza jelita grubego poniewaz ona przewazata wsrod badanych chorych.
Przeprowadzono weryfikacje przezy¢ odleglych.

Status DTC szpiku kostnego przeanalizowano u 91 pacjentow, HLAA2 okre§lono u 58
pacjentéw, poziom regulacyjnych limfocytow T u 94 pacjentéw i 21 zdrowych

ochotnikéw z grupy kontrolne;j
Wszystkie dane zostaly opracowane przy uzyciu programu Statistica 13 w

polskiej wersji. Szczegdtowy opis metod statystycznych przedstawiono w artykutach

stanowigcych poszczegdlne czesci dysertacji.
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6. Podsumowanie wynikow i wnioski

Artykul nr 1: ,,The impact of bone marrow disseminated tumor cells on survival

and disease progression in left-sided colorectal cancer patients”.

Praca pt ,,Wptyw rozsianych komoérek nowotworowych w szpiku kostnym na przezycie
1 progresje choroby u chorych na raka jelita grubego zlokalizowanego w lewej potowie
okreznicy 1 w odbytnicy” przyniosta analiz¢ potencjalnych czynnikdéw prognostycznych
mogacych mie¢ wptyw na ustalenia spersonalizowanego leczenia uzupehiajacego u
chorych z rakiem jelita grubego w jego lewostronnej lokalizacji — uwazanej za
korzystniejsza.

Rozproszone komorki nowotworowe (DTC) to podzbidr krazacych komorek
nowotworowych, ktore migrowaly do szpiku kostnego. Rak jelita grubego jest
heterogenng chorobg w zaleznos$ci od lokalizacji guza pierwotnego.

Celem pierwszego badania byla analiza zwigzku miedzy obecnosciag DTC w
szpiku kostnym a charakterystyka guza nowotworowego oraz dlugoterminowymi
wynikami leczenia chorych na raka jelita grubego zlokalizowanego w lewej polowie
okreznicy 1 odbytnicy

Przeprowadzono analiz¢ danych dotyczacych 91 pacjentow z rakiem jelita
grubego zlokalizowanym w lewej potowie okreznicy i1 odbytnicy (37 z rakiem
okreznicy 1 54 z rakiem odbytnicy). Catkowite przezycie i nawroty raka poréwnano u
pacjentow z ré6znymi stadiami nowotworu 1 réznym statusem DCT. W badaniu DTC w
szpiku kostnym zdiagnozowano u 42 pacjentow (46,1%). Wystepowanie DTC w szpiku
kostnym nie byto zwigzane z glebokoscig naciekania guza, zajeciem wezidw chtonnych,
odlegtymi przerzutami, stopniem ztosliwosci histopatologicznej ani lokalizacja
pierwotnego guza. Catkowite 5-letnie przezycie w grupie z obecnymi DTC wyniosto
59,5%, a u pacjentow bez DTC 53% (p = 0,190). Widoczny byl trend sprzyjajacy
dtuzszemu przezyciu u pacjentow z DTC w szpiku kostnym, zarowno gdy analizowano
pacjentdw z choroba w stadium II i III razem jak i osobno dla stadium II i III. Odlegte
przerzuty metachroniczne byly statystycznie znamiennie rzadsze u pacjentdéw z
obecnoscig DCT w szpiku.

Na podstawie uzyskanych wynikow wyciagnigto nastepujace wnioski: obecnos¢

DTC w szpiku kostnym nie jest zwigzana z cechami charakteryzujacymi guza
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pierwotnego 1 wydaje si¢ zmniejsza¢ tendencj¢ do tworzenie przerzutow w
lewostronnym raku jelita grubego. U chorych poddanych leczeniu radykalnemu
zaznacza si¢ zaskakujaca tendencja do dtuzszego przezycia catkowitego chorych z
obecnoscig rozsianych komorek nowotworowych w szpiku w poréwnaniu z chorymi
bez tych komorek.

Ponadto okazato si¢ ze DTC nie s3 ani negatywnymi czynnikami prognostycznymi ani
negatywnymi czynnikami predykcyjnymi przerzutoéw odlegltych w badanej grupie.
Wyniki te wykraczajg poza utarte schematy 1 wymagaja dalszego potwierdzenia, ale
wspieraja tezg, ze istnieja znaczne rdznice miedzy biologia nowotwordow jelita w

réznych lokalizacjach.

Artykul nr 2: ,, The prognostic significance of HLA-A2 expression on somatic cells

in patients with left-sided colon and rectal cancers”.

W pracy pt. ,, Ocena znaczenia ekspresji HLA-A2 na komoérkach somatycznych
u chorych na raka jelita grubego zlokalizowanego w lewej polowie okreznicy i w
odbytnicy” uzyskano odpowiedz na pytanie czy ekspresja HLA-A2 badz jej brak na
komorkach somatycznych jest czynnikiem prognostycznym.

Obecna wiedza na temat raka jelita grubego (CRC) identyfikuje immunogenno$¢
guza jako jedng z wazniejszych kwestii. W przypadku nowotworu warunkiem aktywacji
uktadu odporno$ciowego jest prezentacja epitopéw antygenu zwigzanego z
nowotworem (TAA) komorkom immunokompetentnym. HLA-A2 jest jednym z
antygenow, w kontekscie ktorych prezentowane sg TAA, ale dane na temat mozliwego
wptywu ekspresji antygenu HLA-A2 na przezycie pacjentow z rakiem jelita grubego sg
rzadkie, a czasem sprzeczne.

Celem tego badania byla analiza zwigzku migdzy ekspresja HLA-A2 u
pacjentow z lewostronnym rakiem jelita grubego w roznych stadiach choroby i
dtugotrwatym przezyciem oraz odpowiedz na pytanie, czy brak ekspresji HLA-A2 jest
rzeczywiscie negatywnym czynnikiem prognostycznym.

Do analizy wlaczono 58 pacjentow z lewostronnym rakiem jelita grubego.
Ekspresje HLA-A2 okreslono na podstawie barwienia limfocytow z krwi pacjentéw i
analizowano za pomocg cytometrii przeptywowej. Antygen HLA-A2 byl obecny u 56%

pacjentdw z lewostronng lokalizacjg raka okreznicy i odbytnicy.
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W grupie badanej pacjenci z ekspresja HLA-A2 zyli statystycznie znamiennie
dhuzej niz pacjenci bez HLA-A2 (p = 0,027). Nie byto istotnej réznicy w ogdlnym
przezyciu miedzy grupami HLA-A2(+) i HLA-A2(-) z lewostronnym CRC w stopniu II
1 III. Jednak proporcjonalny model ryzyka Coxa wykazal, ze brak ekspresji HLA-A2
byt negatywnym czynnikiem prognostycznym w grupie pacjentdéw operowanych
radykalnie bez odlegtych przerzutow.

Grupy pacjentéw z obecnoscig lub brakiem ekspresji HLA-A2 mialy podobng strukture
pod wzgledem wieku, pici, stopnia zroznicowania (G) i TNM.

Réznice zaobserwowano tylko jesli chodzi o ceche T i lokalizacje (lewa czgsé
okreznicy, odbytnica). W grupie pacjentow z guzami T3 dominowali chorzy z
obecnymi antygenami HLA-A2 natomiast w grupie pacjentéw z guzami T4 wigkszos¢
byla pozbawiona obecnosci tych antygendow limfocytarnych.

Wsréd pacjentow z guzami odbytnicy dominowat fenotyp HLA-A2 negatywny,
podczas gdy wsrod pacjentow z lewostronnymi guzami okreznicy znacznie wigcej
pacjentow miato ekspresje HLA-A2.

W badaniu stwierdzono. ze status HLA-A2 moze wplywac na przebieg kliniczny
pacjentéw z rakiem okr¢znicy i odbytnicy po lewej stronie, chociaz guzy lewostronne sa
mniej immunogenne niz guzy prawostronne.

Nie mozna wykluczy¢, ze istniejg antygeny prezentowane w kontekscie HLA-A2,
skutecznie indukujgce przeciwnowotworowa odpowiedz immunologiczng i w tym
mechanizmie poprawiajace przezycie pacjentéw HLA-A2 pozytywnych.

Aby lepiej zrozumie¢ interakcje miedzy CRC a uktadem odporno$ciowym nalezy

przeprowadzi¢ jeszcze wigcej badan.

Artykul nr 3: ,, T Regulatory CD4'CD25 FoxP3" Lymphocytes in the Peripheral
Blood of Left-Sided Colorectal Cancer Patients”

W pracy pt ,, Limfocyty T- regulatorowe CD4+CD25+FoxP3+ we krwi
obwodowej u chorych na raka jelita grubego zlokalizowanego w lewe] potowie
okreznicy 1 w odbytnicy” starano si¢ wyjasni¢, czy ilo$¢ limfocytéw T - regulatorowych
we krwi obwodowej przed leczeniem moze wplywac na przebieg choroby.

Limfocyty T regulatorowe (Treg) sa jedna z podgrup limfocytow T
zaangazowanych w interakcj¢ migdzy nowotworem a uktadem odpornosciowym

gospodarza i mogg ostabia¢ przeciwnowotworowg reakcje immunologiczng. Wykazano,
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ze poziom limfocytow Treg zwigksza si¢ we krwi obwodowej pacjentdw z réznymi
nowotworami. Prognostyczne znaczenie limfocytow Treg w nowotworze jelita grubego
pozostaje kontrowersyjne a rak jelita grubego jest choroba heterogenng, z wieloma
odmianami wynikajgcymi z pierwotnej lokalizacji guza.

Celem tego badania byla analiza zwigzku miedzy iloscia Treg we krwi
obwodowej pacjentow z lewostronng lokalizacja raka jelita grubego w r6znych stadiach
choroby a przezyciem odlegtym.

Analizie poddano 94 pacjentéw z lewostronnym rakiem jelita grubego oraz
grupe 21 zdrowych ochotnikéw. Poziomy limfocytow Treg we krwi obwodowej
analizowano za pomocg cytometrii przeplywowe;.

Badanie wykazalo istotng statystycznie rdznice miedzy iloscig limfocytow Treg
w [ 1 II stopniu TNM (p = 0,047). Bezwzgledna liczba limfocytéw Treg we krwi
obwodowej pacjentow z lewostronnym rakiem jelita grubego byla znacznie
zmniejszona w poréwnaniu do zdrowych ochotnikéw z grupy kontrolnej ( p=0.008),
szczegblnie widoczne bylo to u pacjentow z chorobg w stadium II + III w stosunku do
grupy kontrolnej (odpowiednio p = 0,003 i p = 0,018).

Grupa pacjentéw z guzami pT3 + pT4 réwniez miata znacznie nizsza liczbe Treg we
krwi obwodowej niz grupa kontrolna (p = 0,005).

U pacjentow w 1 stopniu zaawansowania nowotworu liczba limfocytow Treg byta
zblizona do liczby limfocytow Treg w grupie kontrolnej (nie stwierdzono statystycznie
istotnej rdznicy)

W calej grupie badanej poziom limfocytéw Treg we krwi obwodowej nie miat
wpltywu na przezycie. Analiza podgrup pacjentow z réznymi stadiami nowotworu
wedlug TNM réwniez nie wykazala rdznicy w przezyciu miedzy pacjentami z ,,niskg” 1
,»Wysoka” liczbg limfocytow Treg.

Stwierdzono ze bezwzgledna liczba limfocytow Treg we krwi obwodowe;j
pacjentéw z lewostronnym rakiem jelita grubego byla znacznie zmniejszona w
poréwnaniu do zdrowych 0sob z grupy kontrolnej, szczegdlnie u pacjentow z chorobg w
stadium II + III. Obecnos¢ limfocytow Treg we krwi obwodowej nie miala jednak

wplywu na przezycie.
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7. Streszczenie pracy doktorskiej w jezyku polskim

Wprowadzenie

Rak jelita grubego (CRC) jest najczestszym nowotworem przewodu
pokarmowego, zajmuje trzecie miejsce pod wzgledem zachorowalno$ci oraz jest druga
przyczyng zgonu z powodu choréb nowotworowych na §wiecie.

Mimo radykalnego zabiegu chirurgicznego 1 leczenia uzupelniajgcego u 25-50 %
pacjentow w stopniu II 1 III dochodzi do nawrotu choroby w wyniku niewykrytego
rozsiewu komoérek nowotworowych.

Obecna wiedza na temat raka jelita grubego (CRC) identyfikuje immunogenno$¢
guza jako jedng z wazniejszych kwestii.

W przypadku nowotworu warunkiem aktywacji uktadu odporno$ciowego jest
prezentacja epitopow antygenu zwigzanego z nowotworem (TAA) komorkom
immunokompetentnym. HLA-A2 jest jednym z antygenow, w kontekscie ktorych
prezentowane sg TAA, ale dane na temat mozliwego wptywu ekspresji antygenu HLA-
A2 na przezycie pacjentow z rakiem jelita grubego sa rzadkie, a czasem sprzeczne.

Limfocyty T regulatorowe (Treg) sa jedna z podgrup limfocytow T
zaangazowanych w interakcj¢ migdzy nowotworem a uktadem odpornosciowym
gospodarza 1 mogg ostabia¢ przeciwnowotworowg reakcje immunologiczng. Wykazano,
ze poziom Treg zwigksza si¢ we krwi obwodowej pacjentow z réznymi nowotworami.
Prognostyczne znaczenie limfocytow Treg w nowotworze jelita grubego pozostaje
kontrowersyjne.

Rozproszone komorki nowotworowe (DTC) to podzbior krazacych komoérek
nowotworowych, ktére migrowaty do szpiku kostnego.

Weczesniejsze badania nie uwzgledniaty réznic wynikajacych z heterogenno$ci
raka jelita grubego zwigzanej z jego lokalizacja.

Immunoterapia jest nie do konca wykorzystanym elementem leczenia rak jelita
grubego zwlaszcza w jego lewostronnej lokalizacji. Poglebienie badan majacych na celu
ocen¢ mechanizmé6w odpornosci przeciwnowotworowej u chorych po potencjalnie
radykalnym leczeniu operacyjnym moze pozwoli¢ na okreslenie miejsca immunoterapii

takze w tych przypadkach.
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Cel

Celem pracy opartej na 3 oryginalnych publikacjach byto poglt¢bienie wiedzy na
temat wybranych aspektow reakcji uktadu immunologicznego na nowotwor u chorych
na raka lewej potowy jelita grubego i1 odbytnicy oraz ocena ich wptywu na przebieg
kliniczny choroby u tych pacjentéw. Analizowano zwigzek migdzy obecnosciag DTC w
szpiku kostnym a charakterystyka guza nowotworowego oraz dlugoterminowymi
wynikami leczenia chorych, zbadano wplyw ekspresji HLA-A2 na komorkach
somatycznych 1 ilosci limfocytow T regulatorowych w krwi obwodowej u pacjentow z
lewostronng lokalizacja raka jelita grubego w roznych stadiach choroby na przezycie

odlegte.

Metodyka

Badanie mialo charakter analizy retrospektywnej opartej o prospektywnie
gromadzong baz¢ danych. Do badania wtaczono 109 chorych operowanych z powodu
raka jelita grubego w okresie od 07.2007 do 06.2012 roku w I Klinice Chirurgii
Ogolnej, Onkologicznej 1 Gastroenterologicznej Collegium Medicum Uniwersytetu
Jagiellonskiego. Pacjentom, po uzyskaniu ich pisemnej zgody na udzial w badaniu
klinicznym, przed planowym zabiegiem operacyjnym pobierano do analizy szpik
kostny i krew obwodow3.
Status DTC szpiku kostnego analizowano u 91 pacjentow, HLAA2 okreslono u 58
pacjentéw, poziom regulacyjnych limfocytow T u 94 pacjentéw i 21 zdrowych

ochotnikow z grupy kontrolne;.

Wyniki

DTC w szpiku kostnym zdiagnozowano u 42 pacjentow (46,1%). Wystepowanie
DTC w szpiku kostnym nie bylo zwigzane z glebokoscig naciekania guza, zajeciem
weztéw chtonnych, odlegtymi przerzutami, stopniem ztosliwosci histopatologicznej ani
lokalizacjg pierwotnego guza. Catkowite 5-letnie przezycie w grupie z obecnymi DTC
wyniosto 59,5%, a u pacjentéw bez DTC 53% (p = 0,190). Widoczny byt trend
sprzyjajacy dhluzszemu przezyciu u pacjentow z DTC w szpiku kostnym, zaréwno gdy
analizowano pacjentéw z choroba w stadium II i III razem jak i osobno dla stadium II i
III. Odlegte przerzuty metachroniczne byly znacznie rzadsze u pacjentdéw z obecnoscia

DTC w szpiku kostnym (p=0,0375).
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Obecno$¢ antygenu HLA-A2 stwierdzono u 56% pacjentéw z lewostronng
lokalizacja raka okr¢znicy i odbytnicy. W grupie badanej pacjenci z ekspresja HLA-A2
zyli statystycznie dtuzej niz pacjenci bez HLA-A2 (p = 0,027). Roznica w pigcioletnim
przezyciu miedzy grupami HLA-A2(+) 1 HLA-A2(-) w grupie z II 1 III stopniem
zaawansowania choroby chorych z lewostronnym CRC nie byla istotna statystycznie.
Jednak proporcjonalny model ryzyka Coxa wykazal, ze brak ekspresji HLA-A2 byt
negatywnym czynnikiem prognostycznym w grupie pacjentow operowanych radykalnie
bez odlegtych przerzutow.

Roéznica miedzy iloscia limfocytow Treg w I i II stopniu TNM byla istotna
statystycznie (p = 0,047). Liczba limfocytow Treg w catej grupie badanej byla znacznie
nizsza niz w grupie kontrolnej (p = 0,008) 1 pomiedzy pacjentami w stadiach II 1 III a
grupg kontrolng (p = 0,003 i p = 0,018). Grupa pacjentow pT3 + pT4 rowniez miata
znacznie nizszg liczbe limfocytéw Treg we krwi obwodowej niz grupa kontrolna (p =
0,005). U pacjentéw w I stopniu zaawansowania nowotworu liczba limfocytow Treg
byla zblizona do liczby limfocytow Treg w grupie kontrolnej (nie stwierdzono
statystycznie istotnej roznicy).

W calej grupie badanej poziom limfocytoéw Treg we krwi obwodowej nie miat wptywu
na przezycie. Analiza w podgrupach réznych stadiow TNM réwniez nie wykazata

réznicy w przezyciu mi¢dzy pacjentami z ,,niska” i ,,wysokg” liczbg limfocytéw Treg.

Whioski

Obecnos¢ DTC w szpiku kostnym nie jest zwigzana z cechami
charakteryzujacymi guza pierwotnego 1 wydaje si¢ zmniejsza¢ tendencj¢ do tworzenie
przerzutéw w lewostronnym raku jelita grubego. Istnieje rowniez tendencja do poprawy
ogolnego przezycia pacjentow z obecnymi DCT w szpiku kostnym. Wyniki te
wymagaja jednak dalszego potwierdzenia na wigkszych grupach chorych.

Status HLA-A2 moze wptywaé na przebieg kliniczny pacjentéw z rakiem
okreznicy 1 odbytnicy po lewej stronie, chociaz guzy te uwazane s3 za mniej
immunogenne niz guzy z prawostronng lokalizacjg. HLA-A2-dodatni pacjenci z
lewostronnym rakiem jelita grubego zyli statystycznie dtuzej niz ci, ktorzy nie mieli
HLA-A2 (p = 0,027). Brak ekspresji HLA-A2 byl negatywnym czynnikiem
prognostycznym w grupie radykalnie zoperowanych pacjentow.

Bezwzgledna liczba limfocytow Treg we krwi obwodowe] pacjentow z

lewostronnym rakiem jelita grubego byla znacznie zmniejszona w poréwnaniu do
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zdrowych o0soéb z grupy kontrolnej, szczegdlnie u pacjentéw z chorobg w stadium II +

II1. Obecnos¢ limfocytéw Treg we krwi obwodowej nie miata wptywu na przezycie.

8. Streszczenie pracy doktorskiej w jezyku angielskim

Introduction

Colorectal cancer (CRC) is the most common cancer of the gastrointestinal
tract, the third cancer in incidence and second in cancer —related mortality in the world.
Despite radical surgery and adjuvant treatment, 25-50% of patients with stage Il and III
disease relapse as a result of undetected tumor cell spread.

The current knowledge on colorectal cancer (CRC) identifies tumor
immunogenicity as one of the more important issues.

In cancers, the prerequisite for immune system activation is the
presentation of tumor associated antigen (TAA) epitopes to immunocompetent
cells. HLA-AZ2 is one of the antigens in the context of which TAAs are presented,
but data on the possible impact of HLA-A2 antigen expression on the survival of
patients with colorectal cancer are scarce and sometimes contradictory.

T regulatory lymphocytes (Treg) are one of the subsets of T-lymphocytes
involved in the interaction of neoplastic tumors and the host immune system, and they
may impair the immune reaction against cancer. It has been shown that Treg are
increased in the peripheral blood of patients with various cancers. In colorectal cancer,
the prognostic role of Treg remains controversial.

Disseminated tumor cells (DTC) are the subset of circulating tumor cells that
migrated to the bone marrow.

Earlier studies did not consider differences resulting from the heterogeneity of
colorectal cancer related to its location.

Immunotherapy is not fully used in the treatment of colorectal cancer,
especially in its left-sided location. In-depth research to assess the mechanisms of
antitumor immunity in patients after potentially radical surgery may also determine the

site of immunotherapy in these cases.
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Aim

The aim of the study based on 3 original publications was to deepen
knowledge on selected aspects of the immune system response to cancer in patients with
left-sided colorectalal cancer and to assess their impact on the clinical course of the
disease .
The relationship between the presence of DTC in the bone marrow and the
characteristics of the tumor and the long-term results of the treatment of patients was
investigated.
The connection between HLA-A2 expression on somatic cells, level of Treg in
peripheral blood in patients with left-sided colorectal cancer in various stages of

disease and long-term survival was analysed.

Patients and methods

The study was a retrospective analysis based on a prospectively collected
database. The study included 109 consecutive patients treated for colorectal cancer from
07.2007 to 06.2012 at the First Department of General, Oncological and
Gastroenterological Surgery Collegium Medicum of the Jagiellonian University.

Patients bone marrow and peripheral blood was taken for analysis prior to
elective surgery. Bone marrow DTC status was analyzed in 91 patients, HLAA2 was
determined in 58 patients, level of regulatory T cells in 94 patients and 21 healthy

volunteers from the control group.

Results

The DTC in bone marrow were diagnosed in 42 patients (46.1%). The
prevalence of DTC in the bone marrow was not related to tumor infiltration depth, nodal
involvement, distant metastasis, tumor grading nor the location of the primary tumor.
The 5-year overall survival in the DTC positive group was 59.5% while for DTC
negative patients 53% (p=0.190). There was a visible trend favoring survival in patients
with DTC in the bone marrow when patients with stage II and III disease were analyzed
together and separately for stage II and III. There were significantly less metachronous
distant metastases in DTC positive patients (0.0375).

In the study group 56% of patients were found to be HLA-A2 positive.
Patients with HLA-A2 expression lived statistically longer than HLA-A2 negative

patients (p=0.027). There was no significant difference in overall survival
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between the HLA-A+ and HLA-A2- groups with stage II and III left-sided CRC.
However, the Cox proportional hazard model showed that the lack of HLA-A2
expression was a negative prognostic factor in the group of radically operated

patients without distant metastases.

There was a statistically significant difference between count of Treg in the Ist
and IInd TNM stages (p = 0.047). The number of Treg in the entire study group was
significantly lower than in the control group (p = 0.008) and between patients in stages
II and III and the control group (p = 0.003 and p = 0.018). The group of pT3 + pT4
patients also had significantly lower Treg counts in their peripheral blood than the
control group (p = 0.005). In the entire study group, the level of Treg cells in the
peripheral blood had no influence on survival. The analysis of the TNM stage
subgroups also showed no difference in survival between patients with "low" and "high"

Treg counts

Conclusions

The presence of DTC in the bone marrow is not associated with primary tumor
characteristics and seems to diminish metastasis formation in left-sided colorectal
cancer. There is also a trend for improved overall survival for DCT positive patients..
These results, however, require further confirmation in larger groups of patients.

HLA-A2 status may affect the clinical course of patients with left-sided
colon and rectal cancer, although left-sided tumors are less immunogenic than
right-sided ones. HLA-A2 positive patients with left-sided colorectal cancer lived
statistically longer than those who were HLA-A2 negative (p=0.027). Lack of
HLA-A2 expression was a negative prognostic factor in the group of radically

operated patients.

The absolute number of Treg in the peripheral blood of patients with left-sided
colorectal cancer was significantly decreased in comparison to healthy controls,
especially for patients with stage II + III disease. Treg presence in the peripheral blood

had no impact on survival.
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ABSTRACT

INTRODUCTION  Disseminated tumor cells (DTCs) are a subset of circulating tumor calls that migrate to
tha bona marrow. Coloractal cancer ic a heterogensous diseass dapending on the site of the primary tumor.
OBJECTIVES  We aimad to assess the acsociation betwesan the presance of DTCx in the bone marrow and
tumor characteristics as well 35 long-termn treatment cutcomes in patients with left-sided colorectal cancer.
PATIENTS AND METHODE  This prospective study included 91 patiants with laft-sided colorectal cancar
[37 with colon cancer and 54 with rectal cancer) treated between 2007 and 2012 in a cingls tertiary
centar. Fiftasn patients had stage | cancar; 26, stage II; 26, stage lll; and 24, stags IV. Overall survival
and cancar relapse rates were compared betwean patients with differant cancer stages and DTC status.
BESULTE  Bone marrow DTC: wers identified in 42 patients |(46.1%). The prevalence of OTCs was not
ralated to tumor infiltration dapth, nodal involvement, distant metastasis, tumor stage, or primary tumar
site. Tha B-year ovarall survival rates ware 59.5% and 53% in tha DTC-positive and DTC-nagative groups,
raspactivaly [P = 0.19). There was a notabla trend favoring survival in patisnts with DTCs with stage
H and Il disease |both separately and when combined). The number of metachronous distant metastases
was significantly bower in DTC-positive patiants.

COMCLUSIONS
taristics and zeams to reduca metastasis formation in left-sided coloractal cancer. Thera is alzo a trend
for improved owerall swrvival in DTC-pesitive patients. Thess results are intriguing and warrant furthar
confirmation.

The presence of OTCs in the bone marrow is not associated with primary tumor charac-

INTRODUCTION  The significance of disseminat-
ed tumeor cells (DTCs) in the bone marrow of pa-
tientz with colorectal cancer is unclear. The pres-
ence of DTCs in the bone marrow is identified in
17% to 64% of this population (median, 20%)."
Thessa cells are a subset of circulating tumor cells
that migrate to the bone marrow and can form
micrometastases. This phenomenon is mostdy de-
scribad in patiants with breast cancer. Although
DTCs in the bone marrow are present in 2 sub-
stantial parcentage of cancer patients without dis-
tant or nodal metastases, most of them will not
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develop distant metastases. Additionally, cancar
cells in the bone marrow may be dormant for
several years bafore re-entering the circulation;
however, such situations are vary uncommon in
codorectal cancar. Two meta-analyses of studies on
the prognosic significance of circulating cancar
cells in colorectal cancer indicated that the pres-
ence of DTCs in the peripheral blood is 2 nega-
five prognostc factor.®?

At present, thare is insufficient avidence to
confirm that the presance of DTCs in the bona
marrow of patients with colorectal cancer affects
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WHAT'S NEW?

Owr study showed a significantly lower numbsar of metachronows distant metas-
tases in patiants with left-sided coloractal carcinoma and disseminated turmar
calls {DTCs) in the bone marmow than in those without DTCs. The prassnce
of DTCs in tha bone mamow was not a negative predictive factor of distant
metastases of a negative prognostic factor in our study growp. This suppaorts
tha concapt that thers are substantial differances between the characteristics
of coloractal cancer depanding on affected sites. This issua should be ad-
dressad in futwrs studies in order to develop a tailorad approach for patients
with thiz malignancy.

the prognosis. " Such studies, expacially those on
nondisseminated colorectal cancer, raguire a large
number of patients and a long follow-up, because
the median survival in patients with colorectal
cancer undergoing radical surgery islonger than
5 years. In addition, colorectal cancer is 2 hetar-
ogenous disaase depending on the site affected
by the primary tumor. What follows, right- and
lefi-sided cancers may differ in terms of biolog-
ical characteristics and prognosis.”"" Therefore,
in this study, wa focused on malignancies arising
from the left colon and rectum, with an emphasis
on bocally advanced cancer. In parcioular, we aimed
to assess the relationship betwean the prasence
of DTCs in the bone marrow and tumor charac-
tETIStics, Cancer progression, and survival in pa-
tients with left-sided colorectal cancer.

FATIENTS AND METHODS The study included 91
patients with colorectal cancer treated at a sin-
gla institution betwean 2007 and 2012, Only pa-
tients with tumors located in the recoum or left
colon were included. The term “left colon”™ was
defined as 2 saction of the colon distal to the left
one-third of the transverse colon. The inclusion
criteria ware age over 18, histologically confirmed
cancer, and alactive surgical procedure. Patients
with synchronous righe-sided colon cancer or
those with a history of other neoplastc diseases
wera excluded. Mone of the patients with colon
cancar received preoperative chemotherapy, while
5 patients with rectal cancer recaived preopera-
tive radiotherapy and 2—preoperative chamora-
diptherapy. The group included 42 women and 49
men (mean [S0] age, 64.7 [10.2] years). The dis-
tribution of cancer stage according to the THM
classification was as follows: T1, 2 patients; T2, 16;
T3, 60; T4, 13; NO, 42; N1, 20; N2, 25 Nx, 4; MO,
67; and M1, 24. The clinical and pathalogical char-
acteristics of patients are summarized in TABLE 1.

A bone marrow biopsy of the posterior supe-
rior iliac spine was performed on the day of sur-
gery after the induction of general anesthesia.
A 5-ml sample of the bone marrow was collected
into plastic EDTA mubes.

Pelleted calls from bone marrow samples were
inrubated with an excessive amount of Iysing so-
lhetion (BD Biosciences, San Jose, California, Unit-
ed States) for 10 minutes, repeated 3 to 4 times
o remove erythrocytes. The remaining cells were

washed in phosphate-buffered saline (PES) and
adjusted to the concantration of 1 = 107 callsml* in
PBS. Subsequently, the cells were stained with
monoconal mouse antihuman CD45 (phycoary-
thrin-labeled) antibodies (DAKD, Glostrup, Den-
mark) and sorted into CD45* and CD45- popu-
lations using flow cymmetry (FACS Vantage 5E,
BD Biosciences, Bedford, Massachusetts, Unit-
ed States) equipped with the TurboSort option
(B[ Biosciences) and Aerosol Protection Sys-
tem (Flexoduct International ApS, Greve, Den-
mark). The Innova Enterprise I1 ion laser (Co-
herent, Santa Clara, California, United States)
operating at 488 nm was used as a light source.
Sorting was performed using 2 70-mm nozzle Gp
with a drop drive frequency of 65kHz, 1.5-drop
envalopes and a “normal” sorting mode. Soreed
CDd5- cells were collected into polyscyrens Fal-
con 2057 tbes (BD Biosciences) precoated with
fetal calf serum and maintained in 2 refrigerat-
ed bath recirculator (Meslab Instruments, Ports-
miarth, Mew Hampshire, United States). About
1 10 of CD45- cells (1 = 10° cells ml-*) were usad
o prepare slides. The slides ware dried, fixed with
a mixture of ethanol and acetone (1-1 vv"), and
then stained for 30 minutes with A45-B/E3 mo-
nidonal antbodies (5 pgml ™) (Micromet GmbH,
Munich, Germany), which recognize common epi-
topes of cytokerating (CHs) including CHE, CE1E,
and CK189. Subsaquently, the slides wers washad
and swained for 30 minutes with goat anfi-mowsa
IgG-FITC-labeled antibodies (DAKO). After wash-
ing with PES, the slides were assayed within 2
days. The CK* cells were identified by 2 indepen-
dent investigators under 2 BX60 Auorescant mi-
croscope (Olympus, Tokyo, Japan) and domment-
ed with a DP10 camera ((Mympus). At least 300
cells ware axaminad per slide. The samples wara
regarded as positive when at beast 3 CK- cells wera
found per slide. Accordingly, patients were clas-
sified into CE* and CK- groups. All CK* cells wara
cytologically malipnant cells s sean under the mi-
croscope. We could not distinguish betwean differ-
ent CHz. However, the antibody (A45-B/B3) was
commanly used in research on DTCs in the bone
marrow, 50 the comparison with other studies is
possible. The cyrokerating CK8, CH18, and CK19
are the epitopes of normal colonic mucosa, co-
lomic adenoma, and adenocarcinoma. Therefors,
the staining of the tumor for these epitopes is
not routinely used and was not performed in our
patients.

The surgical procedures were carried out ac-
cording to oncology guidelines. Due to the chang-
s in the THM staging system during the smdy
period, all the specimens ware re-staged according
o the saventh edition. The dinical and patholog-
ical daca were recorded. Patients received postop-
erative chemotherapy if indicated, regardless of
their OTC status. All patients were followed for
at least & years or until death, and the dates of
death were verified with the census registry offica.

All patients provided written informed con-
sent (o parficipate in the study. The study was
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TABLE 1

Cainical and pathologicsd chamctaristics of shusy patients

Tismar kocation

Laft calon 37 141
Ractum 54 (50)
Frimany tumor

T 243

T2 16 (18
T3 E0 (66)
T4 13018
Lymph nodas

N 47 [£B)
M1 il
M2 25 [21.5)
Nz 445}
IMstaztasas

10 E7 (TA.El
M1 24 (26.4)
UICC/ AJCE stage

I 15 (164}
] 26 (28.6)
m 26 (28.6)
i 24 126.4)
Grads

1 26 [2B.55)
2 45 [£0.45)
3 13 (18.3)
Mot assassad T
Resection margins

RO E3 (60.2)
R1 G {55}
R2 33263

Abbraviztions: AJCE, American Jolnt Commities on Cancer; UIGE, Unlon for

Internathonal Cancar Controd

approved by the Jagiellonian University Echi-
cal Committes (KBET no. B6/B/2007 and KBET
ni. 122.6120.128 2015) and was registerad at Clini-
calTrials.gov (registration numbar, HCTO3840572).

Statistical analysis  The statistical analysis was
conducted using the Statistica 13 software (Dall,
Inc., Tulsa, Oklahoma, United States). The dis-
rribution of variables was checked using the Kol-
mogorov—Smirnov test. Categorical variables
were compared with the ¥ test with Yates cor-
racrion. Survival analysis was performed accord-
ing to the Kaplan-Meier method and log-rank
test. A P value of less than 0.05 was considered
significant.

RESULTS  In our study, CK* calls were identifiad
in the bone marrow of 42 patients (46.1%): 16
patients with left-colon cancer (43.27%) and 26
with recmal cancer (48.1%), without a significant
difference (Tagie z). The prevalence of DTCs was
not related to the dapth of infileration (T faatura)
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and was similar in patients with T1-2 and T4 can-
car. Thare was no significant difference between
the prevalence of DTCs in patients with and with-
out distant metastasis. Thesa patients also showad
similar rates of DTC detection in the bone mar-
row. The prevalence of DTCs in the bone marrow
of patients with THM stages 1-IV was similar,
with a slightly lower prevalence in patients with
stage IV cancer. The presence of DTCs in the bone
muarrow was not related to either the tumor grada
or radicality of resection.

Thie number of patients who received preopar-
ative freatment was low. Monetheless, 5 patients
with rectal cancer received preoperative radiother-
apy, and 3 of them had DTCs in the bone marrow.
Muoreover, 2 patients with rectal cancer received
precperative chemoradiotherapy, and 5 weeks
after reatment completion, both of them were
found to harbor DTCs in their bone marrow.

All patients were followed for at least 5 years.
The 5-yaar survival rate for DTC-positive patients
was 50.5%, while for DTC-negative ones, it was
53%. The difference batween groups was not sig-
nificant (FouRe 1) As DTC could theoretically lead
to distant metastasis and canceT progression,
a further analysis of patients with stage I and
I disease was parformed. Stage IV patients wera
excluded, becanse they already had disseminat-
ed disease, while stage [ patients were exchded
due to a very low probability of tumor progres-
sion. In the group of patients with stages I1 and
111, the 5-year survival rates were 59.2% and T6%
for DTC-negative and DTC-positive patients, re-
spectively (Fioose za). Even though the differance
was almaost 17% in favror of DTC-positive patients,
itwas not significant. The number of patients in
stages Il and III in the DTC-negative group was
14 and 13, respectively, and in the DTC-positive
group, 12 and 13, respectivaly. The mean age of
DTC-negative patients was 63 years, while in
the DT C-positive group, it was 65.3 years. A trend
towards bettar survival in DTC-positive patients
was also obsarved when we analyzed patients
with stages I and I cancer separataly; howev-
er, the number of patients was too small to ob-
w@in significant resules (FovRe 38 and 2c).

Disease recurrence was assessed in scages 11
and I11. Metascatic disease was diagnosed in 13
patients {25%). The sites of metastasis differad,
with the prevalence of liver metastasis (7 of the 13
patients). In the DTC-negative group, 10 cases
of metastasis were observed, while in the DTC-
-pasit e group, only 3 cases (P = 0.038).

MSCUSS10N  This soudy was started in 2007 and
wa decided to use methodology already escab-
lished for gastric cancer in patients with colorac-
tal cancer.” The preliminary results were not
published earlier, as such a study requires long-
-tarm follow-up. As of now, all participants have
been followed for at least 5 years. Our popula-
rion was more homogenous than those in oth-
er studies, because we recruited only patiencs
with left-sided colon and rectal cancer. Most
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studies included patients with both left- and
right-sided colorectal cancer or only those with
rectal cancer. Right-sided colon cancer has dif-
farent clinical and molecular characteristics than
lefr-sided colon and rectal cancar; therafore, it
should be analyzed separately in dinical and =ci-
enfific studies.™

In our study, DTCs in the bone marrow were
diagnosad in 46.1% of patients. Other sudies re-
ported an incidence batween 10% and 63.6% of
casas,"" although the majority of studies report-
ed a range between 25% and 40%. With the high
number of epitopes of the tumor calls used and
differant methods of detection (immunocyto-
chemistry, immunomagnetic 2553y, OF FEVarsa-
~transcription polymerase chain reaction), there
15 no standard method for identifying DTCS in
the bone marrow. ' The rate of detection differs
depending on the technique usad, even with-
in 2 single study. """ The method that we usad
in this study is based on flucrescance-activatad
cell sorting and the detection of cells expressing
the common epitope of CKB, CK1E, and CH19
within the sorved population. Therefora, this ap-
proach may be more sensitive than other simpler
methods, because the cell population is enriched
with the initial sorting.

In our study, the incidance of DTCs in the bone
marrow was not ralated to the depth of tumor in-
filtration, nodal involvement, or distant metasta-
518, A similar finding was described in 2 German
study of patients with colon cancer.™ However,
in that study, over 40% of patiants had tumors in
the right-sided colon. Our results were corrobo-
rated also by othar studies in divarse groups of pa-
tients with colorectal cancer,* " while some othar

Thme, ma

investigations provided contradictory results. '
Therea is also 2 common opinion that the tumor
grade does not influence the rate of DTCS in the
bone marrow. "

We obsarved no difference in the prevalance
of DTCs batween patients with left colon and
those with rectal cancer. This is in line with oth-
er studies.*** For patients with colon cancer,
netadjuvant therapy is the exception and not
the standard treatment, but patients with rec-
tal cancar may receive preoperative radiotherapy
or chemoradiotherapy according to indications.
In our study, only T patients with recral cancer
underwent preoperative treatment. While this
number is low, this method was not used rou-
tinaly in the initial study period. It was not ex-
pected that the short-course radictherapy would
affect DTCs; however, 5 weeks of chemoradio-
therapy could potentially eradicate such cells.
The study on DTCs in rectal cancer showed that
they are identified less frequently in patients
who responded to preoperative chemoradio-
therapy.®' Moreover, in a study on gastric can-
cer, chemotherapy was reported o significant-
Iy reduce the prevalence of DTCs in the bone
marrow " We observed only 2 patients who re-
ceived preoparative chemoradiotherapy. Aftar
this therapy, both of them were DTC positive.
Although this chservation has no statistical pow-
er, it shows that the precperative treatment did
not bias the results in patients with rectal cancer.

The overall survival at 5 years was similar
betwean the DTC-positive and DTC-negative
groups. Both groups also had comparable can-
cer stages according o the THM classification.
This finding alona is not sUrprising, as previous
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studies demonstrated that the presencaof DTCs
in the bonea marrow may not be 2 negative prog-
nostic factor in patients with colorectal cancer.
This is also in line with concdusions from a meta-
-analysis published in 2010 However, the au-
thors emphasized that the methods of DTC detec-
tion were inhomoganous. Therefore, new studies
with new populations of patients diagnosad us-
ing a specific method are still needad. For further
analysis in our study, we excluded patients with
the most advanced disease stage, namaly, staga
IV The prognostic significance of bone marrow
DTCs was described in stage IV colorectal cancer,
but only in patients after 2 curative resaction of
liver metastasis ** On the other hand, other in-
wastigators demonstrated that this phenomeanon
may be related to the method of detection.” We
were unable wm identify a study that would show
the prognostic significance of DTCs in patients
with stage IV colorectal cancer who did not under-
go a radical resaction of metastasis. In our smdy,
only 1 patient with stage I'V cancer had a simulea-
naous liver resection for metastasis. Also, stage |
patients ware excluded due w a very low proba-
bility of cancer progression with definitive traat-
ment. (Hhar studies, especially those with small
sample sizes, included stage [ patiants,® but larg-
er studies investigated mainly those with sagall
and M1 diseaze." When patients with stages [I and
I ware analyzed together, the 5-year survival rata
in our study was similar betwesan patients with
and without DTCs. These results are in contrast
o 2 recent publication from Switzerland, whers
‘bone marrow cells were identified with the same
type of pan-CK antibody, with a detection rate
similar to that in our soudy, in patients with stag-
s [-1II. The authors found that the presanca of
DTCs in the bone marrow was a negative prog-
nostic factor for survival ** However, in contrast
o our study, they excluded patients with rectal
cancer and only about 40% of patients had laft-
-sided cancer. Moreover, their findings were not
corroborated by some other soudies. ™

I our study, the survival plots showed a trend
favoring patients with DTCs in the bone mareow,
but the results were not significant. Therafore,
we attemptad to assess the incidence of distant
metastasis during the S-year follow-up. Theo-
ratically, tumor cells located in the bone marrow
could be the source of distant metascasis. What
follows is that there should be a correlation be-
twean DTCs and metachronous metastasis. Such
associations have been observed in breast,™ pros-
rata,® and asophageal cancer ** Surprisingly, in
our study, there was a significantly lower number
of metachronous distant metastases in patients
with DTCs than in thosa without. The reason for
thiz finding may be the low number of patients;
howewvear, this number is not significantly lower
than in the majority of similar soedies of patents
with the same THM ztages. This ohsarvation may
indicate that the pressnce of DTCs might have
prevantad the progression and metastasis forma-
tion. There are hypotheses axplaining why DTCs

FOLIEH ARCHIVES OF INTERNAL MEDICINE 2020 130(5)

donot influence cancar progression,™ but they do
not focus on the baneficial effect of this phenoma-
non. Bone marrow is a specific site with 2 number
of hematopoisti and immunocompetent calls and
ks stem cells. OFTCs are presant during the gen-
eration and maniration of various immunooom-
petent calls, It was demonstrated that the gener-
atiom of monocyies from hematopoiatic CD3E4*
stem cells from the bone marrow of patiants wich
colon cancer is possible, and these cells act as
antigan-prasanting calls. They may prasant tumor-
-specific antigens to cytotoxic T lymphocyoes.™
Muoreowver, it was shown that after in vivo expo-
sura to blood-darived call- and tumor-associzted
antigans, bone marrow dendritic cells were capa-
ble of inducing systemic protective T cell-medi-
atad antitumor immunity wpon adoptive trans-
fer.®" In contrast to the bone marmow, respons-
es of lymph nodes to blood-cdrculating antigen
were only waak. There is evidence that bone mar-
rovw—derived dendritic cells differ from peripher-
al blood-derived dendritic calls, but the signifi-
cance of this difference is unclaar™

Bone marrow also seems to be 2 prefaren-
tial site for migration and/ or selective retain-
ment of memory T cells and becomes enriched
with antigen-specific memory T lymphocytes
in response to viral infection or tumor devalop-
ment. ™ This mechanism may undarlia the find-
ing obsarved in our study. Surrounded by im-
mune cells, DTCs may be the source of tumor-
-ralated antigans and generate an immunsa reac-
fion against these antigens. Therafors, DTCs may
art 25 2 kind of cancer vaccination.

Previous studies have shown that blood cirou-
lating breast cancar cells may settle in the bone
marrow and spleen. At thase sites, antigen-
-presenting calls may pick up, process, and cross-
-prasent tumor-associated antigens to prime na-
ive T lymphocytes. This may lead {0 generation
and maturation of specific effactor and also mam-
ory T cells. Particular clones of so activated oy-
totoxic T lymphocytes, upon contace with tu-
maor cells, may axhibit cytotoxic activity or even
control dormant cancer focl.™ It was also pro-
posad that small amounts of persisting tumor-
-associated antigens produced by dormant tu-
mor calls from the bone marrow may contribue
o the maintenance of tumor-specific and long-
-tarm memory mediated by appropriate subsats
of memory T lymphocytes.

The presence of DTCs in the bone marrow is
not associated with primary tumor charactaristics
and ssems 0 reduce metastasis formation in baft-
-sided colorectal cancer. Thare is a trend for im-
proved overall survival in DTC-positive patients.

ARTICLE INFORMATION

ACKMOWLEDGMENTS  This wofi wees swis@oiticd by T Snane Commil.
e ol Esentife Rebatrch (grast ro, N NAD3 D30735; no AC) and & aim-
ey wol 8l Jegelanien Univarsity (prepect fo, ILZDEDOTEES, 12 JBL

CORTRIBUTION STATEMENT AR K0T asd AMS wesis T sasiscripl
‘and pragared The by and figerss. FE, KI-T, AMS, ME, JE, and AC cdfonl-
by rviird e niial versios o tha maneorpt and peicipeed in pase.
ing the Tl vasien. JB. M3, and AC sspervised the whale siady and borm

34



e laberetony workap. B KI-T JZ, PHE, end AMS wam resperabie
ler data sequisiton asd atsties| analyses. PHE wes nsporsibh b len-
Gy corteLin i & nelien speaiar. A erd 5 e fesgornibe et sb
uesrvied Fraanzsel sigpoon. AN siavrs riseveed i metiscris and apsrsvid
b Firaal vorss s

COMFLICT OF INTEREST  Mata ducianal.

At patats undeipaing surgicel ndecdon of pimary colenemel caseal
Thas Lk MRD) sty Casl Ovicaal (D] 2016; 59: G3754d 0

IN s 5 Rixher C, Tapil J, @ el Dynokorstin X0 poraitve sicilating e
colls ane g Mot Kl regoics abe secedjuvert chemerediation B ot
o progeos i patiests with rectel cases BMC Cascad. 2015, 15: 053, &
11 Eclsddiaeryi B Phech-Noworsshe &, Debidk G, @ el The aflecs o

OPEM ACCESE This is on Open Access eriche

uummmmnmuumuu,ML

oon, and L 2t iel purpsmes enly. For
wlﬂm_anmm:m
HOW TOCITE  Pech A, Dyleg Tryjerdsvala I, Basss J, ot al. g et of ds-
suminated Limer culls in the bors memos en sorevel ond dssess pregres-
bk i patanns vih - colsnectel caieo Pol Arch lsems Ml 2001,
130 332380, o1 D DM5 Dipares. 15200

REFEREMCES

o bvsietued Tmer colis in e bisod and boss
marsw ol pesric concer potients. By J Cance. 2007, §7- 520502 [
21 Rehbwri MM, Agear M, Thrkerd £, of ol Mete-snshyiis s thel &s-
Ancfon ol Srculating temer cols indicetes, poot 5 N palams with
ekt essca. Besestanagy. 2010 138 1TE1728. 0
14 Hine E, Beckhwrss J, A C, ot ol Disaminted tsmod cills in
o bine maneve segetively inleercw sorvesl efie nesection o celrecsl
v ritmitedns. Ans Surg Oscal 2012; 19: 25307546, [
I5 Vel CT VWabdar B, Guller U, o ol Prasance of boss mimosy misss-
sl i 1age 11 colod cahor AN & essodated Wil vesre
it S v overall swireivel. Cancar Mad. 01T, & @027, [
6 Misrsden CO Wright WU, Camiar L o ol Dbsseminglied biassr sasce
el pegpire & bighy Mmeligner efed sgorasie Melesalc SerolyT furing
® v . PLLaS D 2002 7: 7567

1 Mg Y Wismgese T, Adach Y, Shiroury £ Prgeeatic sinifcanca of s
lanad vamei ol in patiens with cdsreciel canea in nesen | Doyesn sisd-
i Mol Clis Oncsl, 20%; 1: 582592 [

I Yang C, Zou K, Thersg L, Mong Bt Fregrensic and chinicspedulegionl sig-
rillisieos o Shalating e calls daected by AT-P0R i ren-maenatic
colerecnsl concer. & mis-aselyiis and systenalic review. BMC Cance
o LR A

3 Gros Kewbamy B, Rehbad NN, Edcbiar MW, o ol Creilsting tamsr
u-mmmmﬂu‘wn“
o eslaerial casca & Mats-anahyis Ans Sung On
ol 1%, 2 21562165 [

& Fewnark K, Basgen E Masknd JW, a1 6l Dasamissied e ol
B 8 progecats bomenker in csheeets| sanca. Br J Cascss. 3010, DO
1434145, [

5 OCosser 0u, Cabvll RA, Krean W, Redmend HP Tha impeet of bens

ITeiow Furanwlsilaie on relealatc & seete S wre val is patients

with colsectsl carcnema. Cabrecsl Da. 2005, 7: &05-400 7

B Epch M, Kask P Gsaired O, o ol Pragnadtic impest of hematoge

et uved £l dsasratien in pelETE with siege I eslvrecsl canest I

J Casear 200 118 3072-3077. [

T Suinen B, Hemsehick M, VGath M, o 8l inlisancs of ssbeliniosl tsmer

aprusding o s vel shar creds segary Ter oxlorectsl cense. Arch Eurg.

e, 14T 121

B L DA, Kuk JE, Kis T, Shin EJ Compasison ol aseshagical nnsase of

right-medad aben oot warne bik-akdied £ obes ConCE afti CTElhe M-

s Which sk 1 beamar cusmcoorea’? Masdiin 2017, 96: &2, (5%

9 Beradix F, Kubvi B, Mays E ol Compaidsen of 17,691 patiems with

right- end ft-sided calen cascer diferences n pudiagre-

T o, Bistedegy, and survivsl Dis Celon Rectam. 2000 53 5784

10 Derwirg K, Guitevison B. Varetios i dumagreply asd pognses.

by coden cancar ecation. Antcancer Rea 20 1, 31 2347.2350.

11 Ehas H, Yy | Heseg 0, a0 sl OfBerent rasiveant S1staghs: s -

hecslar tagtsne batarean i and left-aided colon canows. Warld

J Cospeenterel. 2015; 21: B4I0-6478. [

12 Finuch-Nowomisia A, Oreiih G, Sretesed B, of ol wusophanatpe of

ighind Torvad Sl in O Lsed, bose maneve and hysigh sedi ol patans.

with pesrie conesr. Pel J Pathel. 2007, 53: 86397,

13 ¥arg 5 Che ME, Km NG Dfsnanos batwn right-sded end b

-aided colorecsl cencen. on 1 medeciler ssbiypa. Expen

e Armiconcar Ther. 309E; 18: 351.358 [

14 Wanher K Nomeik M, Brosiar N, Mabas H) Cytolaretis-poaitve

il 8 preagereti parigharel bhod and bose Mo esginatin &l pallents

with colercisl concer. Seand J Cin Lab breme 2000 B2 40057, 00

15 Fernipsms H, Nods H, Ksnishi F, Bldyess T Molscsier b for

e dhmetion of ratenats cobyectsl cancar ol Werll J Cespesstai

T4 20 SE38-SE3E

TE Hinr 5. Hemdricls A, Winig A, ot ol Detestion f croslating tamor

el it CE) AT-PCR G i i S i v Srogrecrilie o in £0-

Il ctnEN AL - & prEEpactive Shudy. EMC Cancee. 2017, 1752,

1:' mFJ._'lE,“MIH.MIme
o5 chi o i ol i bowa reiTow 2l palints

undmgeing sergical section o coiorecsl v Ml B [PEpICTVE

Teliew iy sty EMIC Casca. 2000 10: 152

18 Gl F, Ksch W, Baschibach F, ot ol Decressad detecton e of -

v rime ol o iectal conn ot ents SR preopeelve S

dhation & e atep Isvenrds & Mmolecdlier swsTogals nafe kil

rstre 0 cobsectnl cancar. Arn Serg. T003; 238 IR0-130. [

18 Wogal | Sowh E, Rl

-tavacted Limed ool in

coloiecial SRFENTE B 85 isdepeardenl pRgRoat: lsoisi Ans Oncal 2000,

11 jppl 4 43

0 Vogelesr FJ, wan Fell GW, wan Lisrsss AM, o ol Are Sasemisel-

el v a8 i et eied TR - arome reth clinkeally eppBoabie

I7 Teichan RE, Peiel LR, Bedunis R, o el GASE necapoor stens |5 #s-
o] with demmascy and bof FWlset ¢ umer fomatisn. PLEG. Dre.
F01E; & aE1ETR 0

I8 Chni EB, Su X0, Ma GW, @ &l Pregrete wal of bavi masee 5
‘EnoTelEsLESE i padEnls wiTh spersbis wope puel e call carcine-
ma; & kng-1nem follew-p stady. J Therse Dneol. 2004; 8: 12079213,
1 FomalK, Al Ferabdie . Soma raree o d fselvor Fs dessssnel-
e . B apecel seurce b Bk bisgay I8 conca patient. Basakay
Rap. 2014; 3: 564, &

B e W, Biaren J, Sreasik A o al Propanies o monotyli ganeested
e hevvastegoiati: CO38] -+ ) stmm calls from bose marmow of cobes cases
ety Cancer Immunol Immenodher, 2012, €2 706713, [

31 Feowar M, Becklova B Garbi N, of el Bons mansw o5 & prin-
g dite for T-coll mesporden 1o blosd-bamia aatigas. Rat Mad. 200G &
11580152 &

B2 s Liivens- Earbbol! B, Lamobearyg K, Wasnaes TR i ol Humen boss
e dafvid svaled dende: cells shov B IMTELN TeIdeigtis-
il st hisctissal prolle d 12 thr peripharel bosd

el sapasut e Slen + fon-cessicsl menotyie. From immussl 2098,
L AL Ny

31 Feuerer M, Beche M. Ba L o ol Ervichmest of merary T oslls and
st profind irivurdbogion chame e e o fian et
[reesi concer pafanes. In J Conese 2001 B2 §6-105. [

34 Feuerer W, Becldwra P Bai L ot ol Tharepry of hasmen numers (n KOO
ECID e it e e v ne-gciwatid ey T colls from Lo mi-
e Mot Wind. 2001 7. 452858, [

35 Schinmedher V, Passr M, Feormia P ot sl T-coll prissing in b mai-
ew, Hhe petantial fer longlasting Brobuctvin ani-tumer immunity. Trnds

Mol Med 2003, §: 526-534.

k1 mmu WWTHMMW
il [Aivsiis]. It J Dsesl 2045

4T Z005-2mE.

DRIGINAL ARTICLE  Prognestic value of bone marmow DTG in lef-Sioed colonsctal Cancer B9

35



The prognostic significance of HLAA2 expression on somatic cells in patients with
left-sided colon and rectal cancers

Dylag-Trojanowska, K.; Pach, R.; Siedlar, M.; Baran, J.; Zybaczynska, J.; Szczepanik
AM. Nowotwory J Oncol 2020; 70: 47-53.
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7 przyjemnoscig informuje, ze Panstwa artykut The prognostic
significance of HLA-AZ expression on somatic cells in patients with
left-sided colon and rectal cancers zostat przyjety do druku w
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Introduction
The appropriate immune response to tumor cells is depen-
dent on their ability to be recognized by immunocompetent

Biuletyn Polskiego
Towarzystwa Onkologicznego
NOWOTWORY

2020, tom 5, nr 3, 64-69

@ Polskie Towarzystwo Onkologiczne
ISSN 2543-5248

VIA MEDICA Artyku* Oryglnal ny www.nowatwory.edu.pl

The prognostic significance of HLA-A2 expression
on somatic cells in patients with left-sided colon and
rectal cancers
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Introduction. Current knowledge about colorectal cancer (CRC) identifies tumor immunogenicity as one of the more
important issues. In cancers, a prerequisite forimmune systemn activation is the presentation of tumor associated antigen
(TAA) epitopes to immunocompetent cells. HLA-A2 is one of the antigens in the context of which TAAs are present, but
data on the possible impact of HLA-A2 antigen expression on the survival of patients with colorectal cancer are scarce and
sometimes contradictory. The aim of this study was to analyse the relationship between HLA-A2 expression in patients
with left-sided colorectal cancer in various stages of disease and their long-term survival, and to answer the question of
whether a lack of HLA-A2 expression is actually a negative prognostic factor.

Material and methods. A prospective analysis of 58 patients with left-sided colorectal cancer was carried out. Expression
of HLA-A2 was determined by patient blood lymphocyte staining, and analysed using flow cytometry.

Results. In the study group, patients with HLA-A2 expression lived statistically longer than HLA-A2 negative patients
(p = 0.027). There was no significant difference in overall survival between the HLA-A2+ and HLA-A2- groups with stage I
and Il left-sided CRC. However, the Cox proportional hazard model showed that a lack of HLA-A2 expression was a negative
prognostic factor in the group of radically operated patients without distant metastases.

Conclusion. HLA-A2 status may affect the clinical course of patients with left-sided colon and rectal cancer, although
left-sided tumors are less immunogenic than right-sided ones. HLA-A2 positive patients with left-sided colorectal cancer
lived statistically longer than those who were HLA-A2 negative (p = 0,027). Lack of HLA-A2 expression was a negative
prognostic factor in the group of radically operated patients.

Biuletyn PTO NOWOTWORY 2020; 5, 3: 64-69
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cells. Tumor associated antigens (TAA), or their epitopes, are
presented by antigen presenting cells (APCs) in the context of
human leukocyte antigen (HLA) exprassion. Some TAA-derived
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epitopes require a specific HLA, or other antigens, for presen-
tation. HLA class | antigens are integral membrane glycopro-
teins that are inherited and expressed at varying levels on the
surface of virtually all somatic cells [1]. It is known that HLA-AZ2
(MHC class ) is common among Caucasians (approximately
4506 of the Caucasian population) [2] and that some antigens
characteristic for colorectal cancer (CRC) are presented in its
context. These include CSNK1AT, GAS7, HAUS3, SRPX, WDR46,
ERBB2, AKAP13, and MUCT antigens.

A large proportion of cancer vaccine research has been
limited to the HLA-A2 positive population, and HLA-A2 neg-
ative patients have been used as a control group in targeted
immunotherapy studies [3]. However, some findings show
that HLA status itself can influence the clinical course of the
disease, as the natural immune response may differ between
patients with or without this antigen expression.

Many studies have described HLA expression in patients with
cancers of the head and neck [4], breast [5], ovary [6, 7, 8], prostate
[8], primary laryngeal squamous cell cancers [9], non-small cell
lung cancer [10], melanoma [1], as well as on tumor cells.

Data onthe possible impact of HLA-A2 antigen expression
on the survival of patients with colorectal cancer are limited
and sometimes contradictory. Most data covers a mixed pop-
ulation of right and left-sided colon and rectal cancer patients.
Since we know that MHC class | expression is often absent
in micro-satellite instability (MSI) tumors [11, 121, which are
clinically characterized as having a favorable prognosis and
are more frequently observed in right-sided colon turmors [13,
14], the results obtained from a mixed population of all colon
and rectal cancer patients might not be representative [15].

According to UICC cancer statistics published in 2018,
colorectal cancer is the third cancer in terms of incidence
and second in cancer-related mortality in the world. Despite
progress in prevention and therapy, there is still space for new
therapies and translational research in colorectal cancer. In
recent years, several trials on immunotherapy using checkpoint
inhibitors in colorectal cancer have produced promising results
[16]. However, more than 50-80% of cancer patients fail to
respond to checkpoint inhibitor therapy [17]. Therefore, the
investigation of predictive and prognostic factors in various
subgroups of colorectal cancer patients is justified.

Colorectal cancer is not a homogenous disease in terms of
primary tumor location, and there is evidence that right-sid-
ed and left-sided cancers may have different biologies and
prognoses [18-21]. CRC immunogenicity, understood as the
ability to induce an immune response, also differs between the
right and left sides of the colon. There are two different types
of colorectal cancer — those which are highly immunogenic
(with multiple DNA mutations, chromosomal stability (CS),
microsatellite instability (MSI) phenotype and the presence of
multiple tumor-infiltrating lymphocytes (TILs), prevalentin the
right colon) and those with low immunogenicity (with a limited
number of DNA mutations, a microsatellite stable (MSS) and

chromosomally instable (CIN) phenotype located in the left
side of the colon and rectum) [22]. This heterogeneity should
be used to stratify patients in order to provide them with the
most optimal, current, and novel immune-based therapeutic
strategies available in clinical practice [21].

In this study, we concentrated on tumors located in the left
colon and rectum - a more homogenous sub-group of CRC.
Locally advanced malignancies were the main area of interest.

The aim of this study was to answer the question of wheth-
er HLA-A2 expression is an important prognostic factor in
left-sided CRC, which may present with decreased immuno-
genicity compared to right-sided CRC.

Material and methods

The study group consisted of 58 colorectal cancer patients
treated in a single institution between 2007 and 2012. Only
patients with tumors located in the rectum or left colon were
included. The term left colon was defined as the large intestine,
from the left 1/3 of the transverse colon distally. All patients had
histologically confirmed disease, were over 18 years-old, and had
had an electively performed surgical procedure. Patients with
simultaneous right-sided colon cancer or patients with a history
of other neoplastic diseases were excluded. Preoperative radio-
therapy was used in 3 of the rectal cancer patients. All patients
had no history of autoimmune diseases or recent infections. The
group was composed of 25 women and 33 men, with a mean
age of 66 (SD 11), in varying stages of disease (Tab. I).

The surgical procedures were carried out according to
oncological guidelines. Due to the changes of the TNM staging
systems during the study period, all the specimens were re-
-staged according to the 7" edition of the TNM. The clinical
and pathological data were recorded. Patients received posto-
perative chemotherapy if indicated. All patients were followed
up for at least 5 years, or until death, and dates of death were
verified by the census registry office.

All patients provided their informed, written consent. The
study was approved by the Jagiellonian University Ethical Com-
mittee KBET no. 86/B/2007 and KBET no. 122.6120.128.2015.
The study was registered at ClinicalTrials.gov, registration num-
ber NCT03640572.

Blood samples were collected prior to any interventional pro-
cedure in sterile EDTA vacutainers. Cell preparation was started 1-2
hours after a blood draw. Expression of HLA-AZ was determined by
patient blood lymphocyte staining, using PE-conjugated mouse
anti-human HLA-A2 mAb or PE-conjugated isotype-matched
mouse immunoglobulins (both BD Pharmingen) as a negative
control, followed by lysis of erythrocytes (FACS Lysing Solution, BD
Biosciences) and flow cytometry analysis (FACS Canto).

Statistics
The statistical analysis was conducted using the software Stati-

stica 13 (StatSoft Inc.). The Kaplan-Meier method was used for
the calculation of survival probabilities and the Wilcoxon-Ge-
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Table I. Clinicopathological characteristics of the patients

Tumor location Number of patients

Left colon 27
Rectum 3
ak 0
12 9
13 39
T4 10
NO 25
N1 it
N2 14
Nx 4
Mo 46
M1 e
Stage | 7
Stagell 18
Stage Ill 21
Stage [V 12
Grade 1 17
Grade 2 25
Grade 3 9
Grade not assessed 7
RO A4
R1 7
R2 e

han test for the comparison of survival curves between groups.
The Cox proportional hazard model was used for multivariate
analysis. The Chi-square test and the Fisher exact test were used
to compare the clinical and pathological features between the
HLA-A2 positive and negative groups. Mean patient age was
compared using Mann Whitney's U test. A p-value of <0.05
was established as statistically significant.

Results

Fifty-eight colorectal cancer patients were evaluated; 33 were
found to be HLA-A2 positive (56% of whole study group). The
distribution of clinicopathological characteristics of patients
in HLA-A2+ and HLA-A2- groups are listed in table II.
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Table Il. Clinicopathological characteristics of patients in HLAA2+ and
HLAA2- groups

Age 6585 65.95 0863
(32-82) (52-89)

Gender M/F 21/12 12113 0.234
T 0 0 >0.05*
T2 5 4 0930
T3 27 12 0007
T4 1 9 0.001

N- 15 10 0678
N+ 18 15 0678
MO 28 18 0232
M1 5 7 0.232
Stage | 4 3 0989
Stage I 11 7 0.664
Stage Il 13 8 0562
Stage IV 5 7 0232
Left colon 20 7 0.014
Rectum 13 18 0014
Gl 10 7 0.847
G2+4G3 23 18 0847

The groups of patients with the presence or absence of
HLA-A2 had similar structures in terms of age, gender, grade
of differentiation (G), and TNM, and differed significantly only
in terms of their T3 and T4 characteristics and location (left
colon/rectum).

The analysis of clinicopathological features showed that
in the group of patients with T3 tumors, patients with HLA-A2
expression predominated, while in the group of patients with
T4 tumors most patients were HLA-AZ negative.

Among the patients with rectal tumors, the HLA-A2
negative phenotype dominated, while among patients with
left-sided colon tumors, significantly more patients had HLA-A2
expression.

All the patients were followed-up for at least five years.

The 5-year survival rate for HLA-A2 positive patients in all
stages was 72.79, while for HLA-A2 negative patients it was
40% (Fig. 1).

The Kaplan Meier plot (Fig. 1) showed that in the en-
tire study group HLA-A2 positive patients lived longer then
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Figure 1. Cumulative proportion of survival for left-sided colorectal
cancer patients in all tumor stages in HLAAZ+ and HLAAZ2- groups

HLA-A2 negative ones. This difference was statistically signifi-
cant (p = 0.027) according to the Wilcoxon-Gehan test.

Therefore, in our patient cohort, we found that the expres-
sion of HLA-A2 was associated with prolonged survival. In
agroup consisting of stage Il and Il CRC analyzed together, the
S-year survival rates were 75% and 36% for HLA-AZ2 positive and
HLA-A2 negative patients respectively. The difference between
the groups however was not statistically significant (Fig. 2).

An analysis of the prognostic factors in locally advanced
cancer was performed.

Variables with confirmed prognostic value, such as tumor
stages -ll, radicality of resection, as well as HLA-A2 status were
included in the Cox proportional hazard model.
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Figure 2. Cumulative proportions of survival for HLA-A2+ and HLA-A2-
groups of left-sided colorectal cancer patients — tumor stages I+l

HLA-A2 status was an independent prognostic factor in
this group of patients (p = 0.012; HR = 2.65; with 85% Cl for
HR:1.23-5.72). This finding showed that the lack of expression
of HLA-A2 was an independent negative prognostic factor.

Discussion

The results from this study show that the presence of HLA-A2
in patients with left-sided colon and rectal cancers is an im-
portant prognostic for their outcomes. HLA-A2 is among the
8 most frequent HLA alleles (HLA A*01, A*02, A*03, A*24, B*07,
B*08, B*44, C*07) in the Caucasian population [23]. In our study,
the expression of HLA-A2 was observed in 56% patients with
CRC.This percentage is slightly higher than the prevalence of
HLA-A2 antigens in the Caucasian population in Central and
Western Europe, which is around 45% (42.6-51.3%), and also
higher than in the results of the study by Kiewe et al. who found
afrequency of exactly 50% of HLA-A2 expression. [2] However,
these findings are not statistically significant.

The groups of patients with the presence or absence of HLA-
-A2 expression had similar structures in terms of age, gender,
grade of differentiation (G) and TNM, and differed significantly
only in terms of T3 and T4 characteristics and location (left colon,
rectumn). These patients were not preselected, and the researchers
were not aware of their HLA status during patient recruitment.

The location of tumors does not influence survival, be-
cause, as previously mentioned, rectal and left-sided colon
cancer patients have very similar prognosis. Moreover, only
3 rectal cancer patients received pre-operative radiotherapy
(two HLA-AZ negative and one HLA-A2 positive). The depth
of the invasion itself, the T feature, is not a potent prognostic
factor until the tumor cannot be radically resected. In order
to overcome the imbalance in the above mentioned features,
a multivariate proportional hazard model was constructed.

In our analysis, there was a significantly higher survival
rate for HLA-A2 positive patients, with 72.7% 5-year survival
forthe HLA-A2 positive patients and 40% for HLA-AZ negative
patients. The difference between these groups was found to
be statistically significant (p = 0.027).

Our results conflict with the study by Kiewe et al. who
found no statistically significant difference in 5-year survival
and overall survival between HLA-A2 positive and HLA-A2
negative groups of patients with colorectal cancer [2]. One
possible explanation for these differences might be differences
in the patient cohort.

In the group of patients with locally advanced cancer
after radical surgery, the lack of expression of HLA-A2 was an
independent prognostic factor which negatively affected sur-
vival (p=0.012; HR = 2.65; with 95% Cl for HR: 1.23-5.72). This
phenomenon is not observed in all cancers. In breast cancer,
HLA positive status is a favorable prognostic factor, however,
in ovarian cancer it is a negative prognostic factor [71.

The 2015 Consensus of Molecular Subtypes (CMS) is consi-
dered the most robust classification system currently available
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for CRC — with clear biological interpretability — and a basis
for future clinical stratification and subtype-based targeted
interventions. This study identified 4 consensus molecular
subtypes: CMS1 (MSHmmune), CMS2 (canonical), CMS3 (meta-
bolic), CMS4 (mesenchymal) [24]. In relation to the anatomical
location of CRC, CMS1 dominates in the right colon, CMS2
in the left colon, and CMS3 and CMS4 tumors do not have
a specific anatomic location.

The group of patients in our investigation was more homo-
genous than in other studies, as only left-sided colon and rectal
cancer patients were included. Earlier studies analyzed a mixed
population of colorectal [2, 25, 26], colon [27], or only rectal can-
cer patients [15, 281. The authors of previously published papers
did not take into account the fact that colorectal cancer may
differ in biology, and thus the prognosis and response to treat-
ment may vary, depending on the location of the tumor [18-211.

HLA-A2 expression is investigated in patients in several
ways. One of the approaches uses the identification of HLA-A2
on the surface of cancer cells, other approaches identify its
expression on somatic cells.

In publications, HLA status is mostly characterized in terms
of the tumor environment, and its involvement in the evasion
of the immune response, by analysis of its expression by the
immunohistochemistry in turmor-infiltrating immune cells or
in tumor cells. On the other hand, HLA status is detected in
host peripheral blood cells, reflecting its role in the recogni-
tion of tumor antigens, by identifying the HLA protein using
technigues such as immunoassays, flow cytometry etc., or the
gene alleles, mainly by polymerase chain reaction (PCR) [10].

The interpretation and comparison of studies examining
HLA class | antigen expression are generally very difficult, be-
cause the methods used for the analysis of HLA class | antigen
expression vary substantially [29]. According to a recently pub-
lished study, exposure to an inflammatory environment might
be responsible for upregulating HLA class | gene expression in
tumor cells, but the presence of HLA class | molecules at the
cell surface is precluded by defects in other components of
the antigen processing machinery. Besides, RNA expression
analysis can detect HLA class | not only in tumaors but also in
immune and other stromal cells expressing this HLA. Therefore,
HLA class | phenotypes should be supported by genetic data
confirming mechanistic defects, while RNA expression level
appears insufficient to determine HLA class | turmor status [30].

Although there are some studies assessing HLA-A on CRC
tumor surface inthe available literature [15, 25-28, 30], HLA-A2
expression on somatic cells in patients with CRC has not been
extensively studied in the past [2].

In this study we decided to determine HLA-A2 expression on
somatic cells from the peripheral blocd, and therefore, it is very
difficult to compare our findings with those of other studies. It
would be interesting to assess HLA-A2 expression on somatic
and cancer cells simultaneously, but unfortunately this was not
possible due to organizational and financial constraints.
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Tumor cells do not present distinctly different HLA class |
antigens than the host cell, however, it should be noted that
one mechanism of cancer escape from the control of the
immune system is the loss, or reduction, of the expression of
HLA class | antigens on cancer cell surfaces. Therefore, tumor
cells may differ from somatic cells in this respect. The loss
of HLA class | is rather rare (16-20%) among MMR-p (M5SS)
tumoars which dominate in the left half of the colon, which
was confirmed on a larger cohort by ljsselsteijn et al. [30]. The
conclusion from their study, that HLA class | is an important
determinant of metastatic homing in CRCs, is in-line with our
observation of better prognosis for patients with left-sided
colorectal cancer and HLA-A2 expression.

Recently, Loffler et al. [23] provided comprehensive data
on the HLA presented antigenic repertoire of CRC cells. They
identified a set of 758 HLA-class | and 310 HLA class Il present-
ed peptides (ligandome), exclusively expressed on colorectal
carcinoma tissue, and proposed 12 naturally presented HLA
class | ligands out of 38 preselected peptides (five peptides
each were selected for the seven most frequent HLA allotypes
in the Caucasian population and three additional peptides
were selected for HLA-C*07), as putative candidates for future
anti-CRC vaccination. Although among them only one HLA-A2
was presented, one cannot exclude the possibility that other
non-selected peptides, including those related to HLA-AZ2, may
be effective in the induction of an adaptive anti-tumor immune
response, thus increasing the survival of HLA-A2 positive pa-
tients. Still more translational studies should be performed in
order to understand CRC and immune system interactions.

Conclusions

In summary, the results of our study show that:

1. Patients with left-sided colorectal cancer and HLA-A2 ex-
pression lived statistically longer than HLA-A2 negative
patients.

2. Lackof HLA-A2 expression was a negative prognostic factor
in the group of patients with radical resections without
metastases.

3. HLA-A2 status may affect the clinical course of patients
with left-sided colon and rectal cancer, even though these
tumors are considered less immunogenic than right-sided
cancers.

The question remains whether we should consider the
status of HLA-A2 exprassion when qualifying patients for adju-
vant treatment and choosing between more or less aggressive
therapies to improve their treatment results.
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Abstract: Background and objectives: T regulatory lymphocytes (Treg) are one of the subsets of
T-lymphocytes involved in the interaction of neoplastic tumors and the host immune system, and they
may impair the immune reaction against cancer. It has been shown that Treg are increased in the
peripheral blood of patients with various cancers. In colorectal cancer, the prognostic role of Treg
remains controversial. Colorectal cancer is a heterogenous disease, with many variations stemming
from its primary tumor location. The aim of this study is to analyse the relationship between the
amount of Treg in the peripheral blood of patients with left-sided colorectal cancer in various stages
of disease and long-term survival. Materials and Methods: A prospective analysis of 94 patients with
left-sided colorectal cancer and a group of 21 healthy volunteers was carried out. Treg levels in
peripheral blood were analysed using flow cytometry. Results: There was a statistically significant
difference between the amount of Treg in the Ist and IInd TNM stages (p = 0.047). The number of
Treg in the entire study group was significantly lower than in the control group (p = 0.008) and
between patients in stages I and III and the control group (p = 0.003 and p = 0.018). The group of
pT3+pT4 patients also had significantly lower Treg counts in their peripheral blood than the control
group (p = 0.005). In the entire study group, the level of Treg cells in the peripheral blood had no
influence on survival. The analysis of the TNM stage subgroups also showed no difference in survival
between patients with “low” and “high” Treg counts. Conclusion: The absolute number of Treg
in the peripheral blood of patients with left-sided colorectal cancer was significantly decreased in
comparison to healthy controls, especially for patients with stage [I+11I disease. Treg presence in the
peripheral blood had no impact on survival.

Keywords: left-sided colon cancer; T-regulatory cells (Treg); peripheral blood; CD4*CD25*Fox3*
cells; prognosis; overall survival; prognostic biomarker
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1. Introduction

T-regulatory lymphocytes (Treg) are one of the subsets of T-lymphocytes involved in the interaction
of neoplastic tumors and the host immune system. These cells effectively suppress the immune response
against self-antigens, preventing autoimmune-reactions. In-spite of that, multiple preclinical and
clinical studies have suggested that Treg cells may impair immune surveillance against cancer during
oncogenesis, prevent the development of effective antitumor immunity in patients with established
tumors, and possibly promote tumor progression.

However, their role in various cancers differs. In some studies, the presence of Tregs in peritumoral
infiltrate was found to be a negative prognostic factor, such as in ovarian [1], breast [2], gastric [3],
and pancreatic cancers [4]. On the other hand, the presence of the same cells within the tumor infiltrate
was connected with better prognosis in oropharyngeal [5] and esophageal cancers [6]. In colorectal
cancer, the prognostic role of Treg remains controversial [7]; some studies have reported a positive
prognostic role of Treg, while others, a negative influence. T regulatory lymphocytes have also been
investigated in the peripheral blood of cancer patients. Increases of Treg amounts were observed in
some tumor types and sites, alongside decreases in comparison to healthy controls [8,9].

Since the composition of peritumoral infiltrate may be assessed only after surgical excision, the level
of Treg cells in the peripheral blood is an attractive potential marker for repeated and long-term
cancer monitoring. Examples of Treg cells serving as markers include the results of a pancreatic
cancer study where peripheral blood Treg level predicted the tumor response to chemotherapy [10],
and another study, where Treg levels changed markedly in rectal cancer patients after preoperative
radiotherapy [11].

Colorectal cancer is one of the most frequent malignancies worldwide. According to the
UICC data published in 2018, it is the third cancer in incidence and second in cancer-related
mortality. Despite progress in prevention and therapy, there is still space for new therapies and
translational research in colorectal cancer. In recent years, several trials on immunotherapy using
checkpoint inhibitors in colorectal cancer have produced promising results [12]. Treg are involved
in the mechanisms of immunosuppression and immunotolerance, which are the targets of such
immunotherapy [13]. Therefore, the investigation of these cells in various subgroups of colorectal
cancer patients is justified. Colorectal cancer is not a homogenous disease in terms of primary tumor
location, and there is evidence that right-sided and left-sided cancers may have different biologies and
prognoses [14-17]. In this study, we concentrated on tumors located in the left colon and rectum.

The aim of this study was to investigate the absolute count of T regulatory lymphocytes
in the peripheral blood of patients with left-sided colorectal cancer in various stages, and its
prognostic significance.

2. Materials and Methods

The study group consisted of 94 colorectal cancer patients treated in a single institution between
2007 and 2012. Only patients with tumors located in the rectum or left colon were included. The term
left colon was defined as the large intestine, from the left 1/3 of the transverse colon distally. All patients
had histologically confirmed disease, were over 18 years old, and had an electively performed surgical
procedure. Patients with synchronous right-sided colon cancer or patients with a history of other
neoplastic diseases were excluded. Preoperative radiotherapy was used in four of the rectal cancer
patients, and two rectal cancer patients received preoperative chemoradiotherapy. All patients had
no history of autoimmune diseases or recent infections. The group was composed of 39 women and
55 men, with a mean age of 65.6 (SD 9.8), in varying stages of disease (Table 1).

The surgical procedures were carried out according to oncological guidelines. Due to the changes
of the TNM staging systems during the study period, all the specimens were re-staged according
to the 7th edition of the TNM. The clinical and pathological data were recorded. Patients received
postoperative chemotherapy if indicated. All patients were followed up for at least 5 years, or until
death, and dates of death were verified by the census registry office.

46



Medicina 2019, 55, 307 30f9

Table 1. Clinicopathological characteristics of the patients.

Tumor Location Number of Patients
Left colon 43
Rectum Gy
T 3
T2 15
T3 58
T4 18
NO 42
N1 28
N2 20
Nx 4
MO 73
M1 01
Stage T 15
Stage 11 28
Stage III 30
Stage IV 21
Grade 1 27
Grade 2 51
Grade 3 10
Grade not assessed 6
RO 69
R1 3
R2 22

The control group consisted of 21 healthy adult volunteers—9 women and 12 men—with the
mean age of 44 (range from 25-55 years).

All patients provided their informed, written consent. The study was approved by the Jagiellonian
University Ethical Committee KBET no 86/B/2007 and KBET no 122.6120.128.2015. The study was
registered at ClinicalTrials.gov, registration number NCT03640572.

Blood samples were collected prior to any interventional procedure in sterile EDTA vacutainers.

Cells preparation was started 1-2 h after a blood draw. Peripheral blood samples (100 uL) obtained
from cancer patients were incubated in TruCount tubes (BD Biosciences, San Jose, CA, USA) with a
monoclonal antibody cocktail: FITC-conjugated anti-CD3 (clone SK7) and PE-conjugated anti-CD4
(clone SK3) (5 uL; BD Biosciences) for 30 min at 4 °C. The samples were treated with 400 uL FACS
Lysing Solution (BD Biosciences), and after erythrocyte lysis, 10,000 CD3*CD4* cells along with beads
were acquired on a FACSCanto flow cytometer and analyzed with FACSDiva Software (BD Biosciences)
(Figure 1).

The absolute amounts of CD3*CD4* lymphocytes in the samples were calculated on a basis of
bead and lymphocyte counts. Treg cells (CD4*CD25" Foxp3™) were stained in 200 uL EDTA peripheral
blood samples using the Human Regulatory T Cell Staining Kit (eBiosciences, UK), according to
manufacturer’s instructions, and acquired on the flow cytometer (clones RPA-T4 and BC96, and for
Foxp3 clone PCH101). The absolute counts of Treg were calculated based on the CD4*CD25*Foxp3*
cell percentages of CD3*CD4* cells, and the absolute numbers of CD3*CD4* cells per microliter.

The statistical analysis was conducted with Statistica 13 software (StatSoft, Poland, Krakow),
and the distribution of variables was checked using the Kolmogorow-Smirnoff test. Variables with
normal distribution were compared by means of the t-Student test. Categorical variables and variables
without normal distribution were compared by means of the U Mann-Whitney test. The cut-off value
of Treg count was established by the ROC method. Survival analysis was performed according to the
Kaplan Meier method, and log-rank p < 0.05 was established as statistically significant.
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Figure 1. Gating strategy and analysis of Treg lymhocytes. Absolute numbers of CD37CD4"

lymphocytes were calculated on a basis of bead numbers (A). During Treg cells analysis,
CD4* lymphocytes (B) were divided into CD25* and CD25 cells (C), and then Treg cells were

determined as CD257FoxP3™ lymphocytes (D).

3. Results

3.1. The Count of T Regulatory Lymphocytes in the Peripheral Blood of the Study Group

The absolute number of Treg in the peripheral blood did not differ significantly between colon
cancer patients (median = 6, [QR = 6) and rectal cancer patients (median = 6, IQR = 9); therefore,
these locations were not analysed separately. The number of Treg in the entire study group ranged

from 1 to 123 per microliter, with a median value of 6.0 and an IQR of 7. The absolute number of Treg

in different subgroups, according to tumor characteristics, was analysed (Table 2).

Table 2. Characteristics of Treg in the peripheral blood of the study group.

Group Mean Median Min Max IOQR

Study group 10.35 6.0 1 123 7
Stage I 14.46 9 1 52 8

Stage II 6.82 5 1 123 7.5
Stage IIT 8.9 6.5 1 37 6
Stage IV 9.4 6 1 43 b
pNO 9.5 5.5 1 52 8
pN1 9.96 6 1 37 9
pN2 7.75 5.5 1 43 5.5
pT1 11.33 2 9 13 4
pT2 12.7 7 1 52 8
pT3 7.8 6 1 37 6
pT4 10.6 6.5 2 123 14
Gl 8.5 5 1 45 8
G2 10.2 7 1 123 8
G3 7T 5 1 21 7
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There was a statistically significant difference between Treg amounts in the Ist and IInd TNM
stages (p = 0.047), but the differences between stage I and Il or IV, or between stage [ and pooled stages
1I-IV, were found not to be statistically significant (p = 0.52). The pooled stages [ and II had similar
Treg amounts to stages [T and IV.

There was also no statistically significant difference between the number of Treg in pN- and pN+
patients, as well as between pNO, pN1, and pN2 patients.

The absolute number of Treg cells was higher in pT1 and pT2 tumors than in pT3 or pT4,
but without statistical significance. Tumor grading (G) did not influence the number of Treg in the
peripheral blood of patients.

3.2. The Count of T Regulatory Lymphocytes in the Peripheral Blood of Cancer Patients vs. Control Group

The control group consisted of 21 healthy adult volunteers. The mean absolute number of Treg
cells in the control group was 14.9, the median value was 12.5, and IQR was 13.

When compared to the entire study group, the Treg amounts in the control group were found to
be higher, with statistical significance (p = 0.008) (Figure 2).
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Figure 2. The absolute number of Treg lymphocytes (CD4*CD25*FoxP3*) in the peripheral blood of
patients with left-sided colorectal cancer and the control group.

There was no statistically significant difference between Treg cell counts in the control group vs.
stage I cancer patients. However, again the amount of Treg cells in controls was significantly higher
than in patients with stages I and III cancer (p = 0.003 and p = 0.018).

There was no difference between controls and pT1+pT2 patients, but the pT3+pT4 patients had
significantly lower Treg counts in their peripheral blood than the control group (p = 0.005).

3.3. The Impact of T Regulatory Lymphocytes Count in the Peripheral Blood on Survival

To assess the impact of Treg cells in the blood of the study group on survival, an ROC analysis
was performed. The cut-off level was set at 13 cells/uL. The subgroup of patients with up to 12 Treg
cells were coded as “Treg-low” and those with 13 or more cells as “Treg-high”.

The Kaplan—-Meier plot (Figure 3) showed that in the entire study group, the level of Treg cells in
the peripheral blood had no influence on survival.

The analysis in TNM stage subgroups also showed no difference in survival between patients
with “low” and “high” Treg counts.
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Figure 3. Probability of survival in “Treg-low” and “Treg-high” groups of left-sided colorectal
cancer patients.

4, Discussion

T-regulatory lymphocytes are investigated in cancer patients in several ways. The most common
approaches use the identification of Treg cells within peritumoral infiltrate. This provides direct
information about the interaction of different cells within the tumor’s microenvironment, and enables
their correlation with clinical observations. Another approach investigates the levels of circulating Treg
cells in the peripheral blood. Even though the cells in the tumor’s microenvironment are probably more
important, circulating Treg cells are most likely involved in the regulation of the immune response to
the tumor. As tumor cells spread to other organs through the blood to form metastases, it is possible
that Treg cells, which are also circulating in the blood, react with them. While the composition of the
peritumoral infiltrate can be analysed only once, the population of Treg cells in the peripheral blood
may be examined many times, possibly allowing for cancer monitoring. It would be interesting to
assess Treg in both compartments (blood and tumor), but due to limited resources we focused on the
blood only.

Our patient population was limited to patients whose tumors were located in the left colon.
This is not a weakness of the study, but may be a strength, as our patient population is therefore
more homogenous. On the other hand, we cannot simply compare our results with others. Since the
method of Treg identification has changed, it is impossible to compare our results with other formerly
cited studies. The studies before 2007, and even before 2010, usually addressed T-cells with different
characteristics [18,19]. Only the studies that identified Treg as CD3*CD4*CD25*FoxP3* used the same
method of cell identification as our study.

We have found that the absolute number of Treg in the peripheral blood of patients with left-sided
colorectal cancer was significantly higher in stage I patients than in stage II patients (p = 0.047).
The difference between stage I and other stages did not reach statistical significance, but there was a
tendency for lower Treg counts in stages Il and [V than in stage I (Figure S1 supplementary materials).
This was not investigated in our previous study [9] due to the small number of colorectal cancer
patients. Our finding is potentially contrary to results of Sellitto et al. [20], where a linear relationship
between the proportion of Treg within CD4* population and the tumor stage was observed. However,
our study investigated the absolute count of Treg, which does not always correspond to the mentioned
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above proportion. The group of patients in the Italian study was only half the size of our patient
group. Another study that investigated the quantity of Treg in the peripheral blood of colorectal cancer
patients showed that the amount of Treg cells in less advanced stages (I+1I) was lower than in more
advanced stages (IIT+IV) [21], but those authors investigated CD4*CD25% cells, making their data
difficult to compare with the data from our study.

We compared the absolute count of Treg cells in cancer patients and the control group. Our control
group was smaller and younger than the studied group. This could influence the results. On the other
hand, when we assessed Treg count in patients over 60 years vs. younger, we found no difference
(data not shown). The count was significantly lower in cancer patients than in healthy controls.
This observation is supported by our study in gastric and colorectal cancer patients [9], where the same
trend was observed. However, when only colorectal cancer patients were analyzed, no statistically
significant difference was detected. This was most probably due to the small number of colorectal
cancer patients involved in that study.

In the present study, when compared to the control group, the count of Treg cells in the peripheral
blood was similar to stage 1. This finding shows that the early stage of colorectal cancer, at least
located on the left side, has no impact on the quantity of T regulatory lymphocytes in the peripheral
blood. On the other hand, the accumulation of Treg cells has been described in colonic adenomas,
the precancerous lesions [22], and interpreted as the involvement of Treg cells at the very early stage of
colonic carcinogenesis. This observation describes the population of Treg within the tissue, not in the
peripheral blood, and therefore is not fully contrary to our results. Further analysis showed that there
is a statistically significant difference between more advanced, but localized, stages and the control
group. When the subgroup of patients who received preoperative radio or radiochemotherapy was
excluded, the differences remained statistically significant (data not shown). There was no significant
difference between controls and stage [V patients. This could be a surprising observation, but a similar
phenomenon was described in the study concerning Treg cells in tumor infiltrating lymphocytes in
colorectal cancer patients [23]. In that study, Treg cells were increased in stages Il and III, but not in
stage IV. Authors speculated that the reason may be the Treg migration from tissue into circulation.
Such a hypothesis may also clarify our results. The opposite findings were published in a study of 63
colorectal cancer patients, where the Treg cells were investigated in the blood and tumor tissue [24].
Authors found that there was an increase in the quantity of Treg in the blood and tissue of cancer
patients in comparison to healthy controls. However, there were only 2 stage IV patients involved in
the study, and their analysis was performed in the pooled I+II and III+IV stages. Their conclusion
that there is a correlation of Treg quantity in both compartments with tumor stage may not be fully
justified. Additionally, the study of Betts et al. suggested that in colorectal cancer patients in stages Il
and I1I the number of Treg in the peripheral blood is higher than in healthy controls [25]. However,
they used 35 patients only for the blood testing and 7 healthy volunteers. Moreover, the definition of
Treg cells was different as they included CD4*CD25 Foxp3* cells.

In the final part of the present study, a survival analysis was performed. The ROC analysis
method was adopted [26] for establishing the cut-off level. In our patient cohort, we did not find any
difference in survival between Treg-high and Treg-low subgroups. We did not find any research directly
addressing the issue of circulating Treg cells and survival. There are contradictory data concerning the
prognostic value of the density of Treg cells within tumor tissue. A meta-analysis published in 2015,
which included eight studies on colorectal cancer patients [27], concluded that the presence of Treg
within TIL is a positive prognostic factor.

All mentioned above controversies indicate that there is a need for further, well designed studies
with sufficient numbers of patients in subgroups, analyzing Treg importance in various compartments.
This may help in improving recently accepted immunotherapy strategies.
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5. Conclusions

In summary, the results from the current study show that the absolute number of T-regulatory
lymphocytes in the peripheral blood of patients with left-sided colorectal cancer was significantly
decreased in comparison to healthy controls. When the study group was split into subgroups,
the decrease was only found to be significant between the control group and stage II and III patients.
In stage I, when the disease is highly localized, the peripheral levels of Treg do not differ much from
those in healthy controls. In stages ITand III, as the disease progresses, the Treg levels drop significantly
in the periphery. In stage IV, the disease becomes systemic, and Treg cell redistribution between
compartments occurs. The presence of CD4*CD25"FoxP3* lymphocytes in the peripheral blood had
no impact on survival.

Supplementary Materials: The following are available online at http://www.mdpi.com/1010-660X/55/6/307/s1,
Figure S1. (Exemplary plots of patients from the control group (A), stage I (B), stage II (C), Stage I1I (D), and stage
IV (E)).
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11.0swiadczenia wspolautorow

Krakdéw, dnia 24.02.2020

Lek. Katarzyna Dylag-Trojanowska

(tytul zawodowy, tmie § nazwisko)
OSWIADCZENIE

Os$wiadczam, iz mdj udzial w przygotowaniu publikacji ,,The impact of bone
marrow disseminated tumor cells on survival and disease progression in left-sided
colorectal cancer patients”, autorow Radostaw Pach, Katarzyna Dylag-Trojanowska .
Jarostaw Baran , Antoni Czupryna, Maciej Siedlar , Justyna Zybaczynska, Philip H. Brandt ,
Antoni M. Szczepanik wchodzacej w sklad rozprawy doktorskiej lek. Katarzyny Dylag-
Trojanowskiej w formie spojnego tematycznie zbioru artykuléw opublikowanych w
czasopismach naukowych polegal na opracowywaniu koncepcji. wykonywaniu czeéci

eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow, dnia 24.02.2020

Dr n med. Radoslaw Pach

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,, The impact of bone marrow disseminated tumor cells on
survival and disease progression in left-sided colorectal cancer patients”, oswiadczam, iz
moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji to: pisanie i poprawienie wersji pierwotnej
manuskryptu, przygotowanie wersji finalnej publikacji oraz pozyskanie i analiza statystyczna
danych.

Jednocze$nie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Katarzyne Dylag-Trojanowskg jako czes¢é rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielnz_a i mozliwa do wyodrgbnienia cz¢$¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylgg-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czedci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspdtautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Jarostaw Baran, prof. U]

(tytul zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,The impact of bone marrow disseminated tumor cells on
survival and disease progression in left-sided colorectal cancer patients”, oswiadczam. iz
méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji to: poprawienie wersji pierwotnej i
przygotowanie wersji finalnej publikacji oraz nadzorowanie calego projektu i procedur
przeprowadzanych dla uzyskanie statusu szpiku kostnego oraz pozyskanie finansowania
projektu.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Katarzyn¢ Dylag-Trojanowska jako czgs¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

............

(podpis wspolautora)
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Krakow, dnia 24.02.2020

Prof. dr hab. n med. Maciej Siedlar

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of bone marrow disseminated tumor cells on
survival and disease progression in left-sided colorectal cancer patients”, oswiadczam, iz
m¢j whasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji to: poprawienie wersji pierwotne;j i
przygotowanie wersji finalnej publikacji oraz nadzorowanie calego projektu i procedur
przeprowadzanych dla uzyskanie statusu szpiku kostnego.

Jednoczesnie  wyrazam  zgod¢ na  przedlozenie w/w  pracy  przez
lek. Katarzyng Dylag-Trojanowska jako czg$¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykulow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodr¢bnienia cze$¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

...................................................

(podpis wspolautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Antoni M. Szczepanik prof. U]

(tytut zawodowy. imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of bone marrow disseminated tumor cells on
survival and disease progression in left-sided colorectal cancer patients”, o§wiadczam, iz
mdj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji to: pisanie i poprawienie wersji pierwotnej
manuskryptu, przygotowanie wersji finalnej publikacji oraz pozyskanie i analiza statystyczna
danych.

Jednoczesnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Katarzyn¢ Dylag-Trojanowska jako czes¢ rozprawy doktorskiej w formie spéjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspélautora)
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Krakéw, dnia 24.02.2020

Lek. Katarzyna Dylag-Trojanowska

(tytul zawodowy, imie i nazwisko)
OSWIADCZENIE

Oswiadczam, iz méj udziat w przygotowaniu publikacji ,,The prognostic
significance of HLLA-A2 expression on somatic cells in patients with left-sided colon
and rectal cancers” autorow: Katarzyna Dylag-Trojanowska , Radostaw Pach , Maciej
Siedlar, Jarostaw Baran , Justyna Zybaczynska, Antoni M. Szczepanik wchodzacej w
sktad rozprawy doktorskiej lek. Katarzyny Dylag-Trojanowskiej w formie spojnego
tematycznie zbioru artykutdw opublikowanych w czasopismach naukowych polegal na
opracowywaniu koncepcji, wykonywaniu czedci eksperymentalnej, opracowaniu i

interpretacji wynikow tej pracy.

o Yy Moo
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Krakow, dnia 24.02.2020

Dr n med. Radostaw Pach

(tytul zawodowy. imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,The prognostic significance of HLA-A2 expression on somatic
cells in patients with left-sided colon and rectal cancers”, o§wiadczam, iz méj wlasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: pisanie i poprawienie wersji pierwotnej
manuskryptu. przygotowanie wersji finalnej publikacji oraz analiza statystyczna danych.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Katarzyne Dylag-Trojanowska jako cze¢$¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$¢ ww. pracy
wykazuje indywidualny wkiad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.

(podpis wspotautora)
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Krakow, dnia 24.02.2020

Prof. dr hab. n med. Maciej Siedlar

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,,The prognostic significance of HLLA-A2 expression on somatic
cells in patients with left-sided colon and rectal cancers”, oswiadezam, iz méj wlasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: poprawienie wersji pierwotnej i przygotowanie
wersji finalnej publikacji oraz nadzorowanie catego projektu i procedur przeprowadzanych
dla uzyskanie statusu HLAA2.

Jednoczesniec  wyrazam  zgode na  przediozenic  wiw pracy  przez
lek. Katarzyng Dylag-Trojanowsks jako czesé rozprawy doktorskicj w formie spéjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji. wykonywaniu czgéci eksperymentalnej, opracowaniu i interpretacji wynikdw tej

pracy.

(podpis wspodtautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Jarostaw Baran, prof. U]

(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The prognostic significance of HLA-A2 expression on somatic
cells in patients with left-sided colon and rectal cancers”, oswiadczam, iz méj wlasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badai oraz
przedstawienie pracy w formie publikacji to: poprawienie wersji pierwotnej i przygotowanie
wersji finalnej publikacji oraz nadzorowanie calego projektu i procedur przeprowadzanych
dla uzyskanie statusu HLAA?2 oraz pozyskanie finansowania projektu.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Katarzyne Dylag-Trojanowska jako czg$¢ rozprawy doktorskiej w formie spéjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspotautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Antoni M. Szczepanik prof. UJ

(tytut zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt. ,,The prognostic significance of HLA-A2 expression on somatic
cells in patients with left-sided colon and rectal cancers”, oswiadczam, iz méj wlasny
wklad merytoryczny w przygotowanie. przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: pisanie i poprawienie wersji pierwotnej
manuskryptu, przygotowanie wersji finalnej publikacji oraz pozyskanie i analiza statystyczna
danych.

Jednocze$nie  wyrazam  zgode na  preedlozenie  w/w  pracy przez
lek. Katarzyng Dylag-Trojanowska jako cze$é¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnicnia czesé ww. pracy
wykazuje indywidualny wkiad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czgsei eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.

(podpis wspdtautora)
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Krakow, dnia 24.02.2020

Lek. Katarzyna Dylag-Trojanowska

(tytul zawodowy, imie i nazwisko)

OSWIADCZENIE

Oswiadczam, iz moj udzial w przygotowaniu publikacji ,, T regulatory
CD4+CD25+FoxP3+ lymphocytes in the peripheral blood of left sided colorectal cancer
patients”, autorow: Katarzyna Dylag-Trojanowska, Joanna Rogala, Radostaw Pach, Maciej
Siedlar, Jarostaw Baran, Marek Sierzega, Justyna Zybaczynska, Marzena Lenart,

Magdalena Rutkowska-Zapata i Antoni M. Szczepanik wchodzacej w sktad rozprawy
doktorskiej lek. Katarzyny Dylag-Trojanowskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych polegat na opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

64



Krakéw, dnia 24.02.2020

Lek Joanna Rogala

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. , T regulatory CD4+CD25+FoxP3+ lymphocytes in the
peripheral blood of left sided colorectal cancer patients”, oswiadczam, iz m6j wlasny
wkiad merytoryczny w przygotowanie, przeprowadzenic i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: opracowanie metodologii, oprogramowania
walidacja, analiza i interpretacja donych, pisanie, administracja projektem i pozyskanie jego
finansowania.

Jednoczesnie  wyrazam  zgode¢ na  przedlozenie w/w  pracy przez
lek. Katarzyng Dylag-Trojanowska jako czesé rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykulow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czesé ww. pracy
wykazuje indywidualny wkiad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepceji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspdtautora)
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Krakow. dnia 24.02.2020

Dr n. med. Radostaw Pach

(tytut zawodowy. imi¢ i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt. ,,T regulatory CD4+CD25+FoxP3+ lymphocytes in the
peripheral blood of left sided colorectal cancer patients”, o$wiadczam, iz méj whasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: opracowanie koncepcji, oprogramowania, .
walidacja, analiza i interpretacja danych, pisanie, recenzja i edycja , administracja projektem i
pozyskanie jego finansowania.

Jednoczesnie  wyrazam  zgode na  przediozenie  w/w  pracy przez
lek. Katarzyng Dylag-Trojanowska jako czes¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czedé ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesei eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspotautora)
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Krakow, dnia 24.02.2020

Prof. dr hab. n med. Maciej Siedlar

(tytul zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,, T regulatory CD4+CD25+FoxP3+ lymphocytes in the
peripheral blood of left sided colorectal cancer patients”, oswiadczam, iz moj wlasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: opracowanie koncepcji, metodologii, pisanie,
recenzja i edycja , administracja projektem i pozyskanie jego finansowania.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Katarzyne Dylag-Trojanowska jako czgs¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.

(podpis wspotautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Jarostaw Baran, prof. U]

(tytul zawodowy, imie¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,, T regulatory CD4+CD25+FoxP3+ lymphocytes in the
peripheral blood of left sided colorectal cancer patients”. o$wiadczam, iz méj wlasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji to: opracowanie koncepcji, metodologii,
zapewnienie zasobow, pisanie, recenzja i edycja , administracja projektem i pozyskanie jego
finansowania.

Jednoczesnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Katarzyng¢ Dylag-Trojanowsky jako czg$¢ rozprawy doktorskiej w formie spdinego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy
wykazuje indywidualny wktad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepeji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.

............................

/a podpis wspotautora)
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Krakow, dnia 24.02.2020

Dr hab. n med. Antoni M. Szczepanik prof. UJ

(tytul zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,, T regulatory CD4+CD25+FoxP3+ lymphocytes in the
peripheral blood of left sided colorectal cancer patients”, oswiadczam, iz méj whasny
wkiad merytoryezny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawicnie pracy w formie publikacji to: opracowanie koncepcji, metodologii,
zapewnienie zasobow, walidacja, analiza formalna, pisanie, recenzja i edycja , nadzor i
administracja projektem.

Jednoczesnie  wyrazam  zgode na  przedlozenie  wiw pracy  przez
lek. Katarzyne Dylag-Trojanowska jako czesé rozprawy doktorskiej w formie spéjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ WWw. pracy
wykazuje indywidualny wklad lek. Katarzyny Dylag-Trojanowskiej przy opracowywaniu
koncepcji, wykonywaniu czesei eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspolautora)
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