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2. Seznam pouzitych zkratek

Zkratka anglicky cesky

5-FU 5-fluorouracil 5-fluorouracil

ADCC antibody dependent celular na protilatkach zavisla bunécna

cytotoxity cytotoxicita

AIDS acquired imunodeficiency syndrome | ziskany syndrom imunodeficience

APC antigen presenting cells antigen prezentujici bunky

ASCO American Society of Clinical

Oncology

BAX B cell lymphoma asociated X protein | X protein asociovany
s B lymfomem

BCL 10 onkogen B cell lymphoma 10 onkogen BCL 10

BCR B-cell receptor receptor B lymfocyti

BRAF B-raf murine sarcoma viral oncogene | B raf virovy onkogen sarkomu
hlodavcii

CA carbohydrate antigen karbohydratovy antigen

CAM cell adhession molecule bunécna adhezivni molekula

CCL (C-C motiv ligand) ligand C-C motivu

CCR chemokine receptor receptor chemokinu

CD cluster of differentiation diferencia¢ni antigen

CDX2 homeobox transcription factor homeoboxovy transkripéni faktor

CEA carcinoembryonic antigen karcinoembriondlni antigen

c-erb erb-b2 receptor tyrosine kinase 2 erb-b2 receptor tyrosinazoveé
kinazy

CHT chemotherapy chemoterapie

CIMP CpG island methylator phenotype fenotyp methylatoru CpG ostravkl

CIN chromozomal instability chromozomalni nestabilita

CO; carbon dioxide oxid uhli¢ity

CRP C-reactive protein C reaktivni protein

CRTH2 prostaglandin D receptor receptor prostaglandinu D2

CT computed tomography vypocetni tomografie




CTL cytotoxic T lymphocyte cytotoxické T lymfocyt
CTLA-4 cytotoxic T lymphocyte antigen 4 antigen 4 cytotoxického T
lymfocytu
DC dendritic cells dendritické bunky
DCC deleted in colorectal cancer Onkogen drahy kancerogeneze
KRCa
DCC/SMAD4 | deleted in colorectal cancer / small onkogeny drahy kancerogeneze
mother against decapentaplegic 4 KRCa
DFI disease free interval bezptiznakové preziti
DNA deoxyribonucleic acid deoxyribonukleova kyselina
EGF epidermal growth factor epidermalni rustovy faktor
EGFR epidermal growth factor receptor receptor epidermalniho ristového
faktoru
EORTC European Organisation for Research
and Treatment of Cancer
ERCCI1 excision repair cross - Gen DNA opravného proteinu
complementation Group 1
EUS endoscopic ultrasonography endoskopicka ultrasonografie
Fas cell surface death receptor receptor bunééné smrti
Fas-L Fas ligand Fas ligand
FGF fibroblast growth factor fibroblastovy rastovy faktor
Foxp3 forkhead box P3 marker T regulacnich lymfocytl
G-CSF granulocyte colony stimulating factor | granulocytarni kolonie stimulujici
faktor
GIT gastrointestinal tract gastrointestinalni trakt
GM-CSF granulocyte macrophage colony- granulocytarni a makrofagovy
stimulating factor kolonie stimulujici faktor
GTP guanosinetriphosphate guanozintrifosfat
Gy Gray Gray (jednotka absorbované davky
zéteni)
HIPEC hypertermic intraperitoneal hypertermické intraperitonealni

chemotheraphy

chemoterapie




HLA human leukocyte antigen lidsky leukocytarni antigen
(t¢z MHC)
HPF high power microscopical fields zorné pole pod nejveétsim (400x)
zvétSenim
hMLH1 human mutatet L homolog 1 lidsky mutovany L homolog 1
HNPCC hereditary nonpolyposis coli hereditarni nepolypdzni karcinom
carcinoma kolon
HR hazard ratio relativni riziko
IDO indoleamine 2,3-dioxygenase indoleamin 2,3-dioxygenaza
IFN interferon interferon
Ig immunoglobulin imunoglobulin
IGF2R insulin like growth factor 2 receptor | receptor 2 inzulinu podobného
rustového faktoru
IL interleukin interleukin
M invasive margin invazivni okraj
KIR killer cell immunoglobin - like imunoglobulinu podobny receptor
receptor prirozenych zabijeci
K-RAS Kirsten rat sarcoma viral oncogene Kirstentiv onkogen krysiho
homolog sarkomu
KRCa colorectal carcinoma kolorektalni karcinom
LARS low anterior resection syndrom syndrom nizké resekce rekta
LFA 1 integrin integrin
LI lymphatic invasion lymfatick4 invaze
LINE long interspresed nuclear elements dlouhé¢ prokladané nuklearni
elementy
MAIT mucosa associated invariant T cells invariantni s mukdzou asociované
T lymfocyty
MAP mitogen activated protein kinase mitogenem aktivovana
proteinkindza
MCP-1 chemoattractant protein (CCL2) chemoatrahujici protein (CCL2)




MHC major histocompatibility complex hlavni histokompatibilni komplex
(téz HLA)

MICA MHC class I chain - related A Antigen rozpoznavany
molecules vOT lymfocyty

MIPI1-B macrophage inflammatory protein 1 | makrofagovy zanétlivy protein

MMR mis-match repair DNA opravné proteiny

moAb monoclonal antibody monoklonélni protilatka

MPR manose-6-phosphate receptor rerceptor manoza-6-fosfatu

MR magnetic resonance magnetickd rezonance

MSH2, MSH6 | MutS protein homolog

MSI microsatellite instability mikrosatelitni nestabilita

MUCI1 mucin 1 mucin 1

Myc myelocytomatosis oncogene onkogen myelocytomatdzy

NADPH nicotinamide adenine dinucleotide nikotinamid adenin dinukleotid
phosphate fosfat

NaNO, dusitan sodny

Neu5Gce N-Glycolylneuraminic acid N-glykolylneuraminové kyselina

NF-xB nuclear factor-xkB nuklearni faktor -xkB

NK cells natural killer cells piirozeny zabijec

NKT naturall killer T cells piirozeny zabije¢ T lymfocyty

NO oxid dusnaty

NRAS neuroblastoma RAS viral (v-ras) neuroblastomovy onkogen krysiho
oncogene homolog sarkomu

NSABP National Surgical Adjuvant Breast
and Bowel Project

oS overall survival celkové preziti

PD-1 (L) programmed death 1 (ligand) gen bunééné fizené smrti (ligand)

PET positron emmision tomography pozitronova emisni tomografie

PET/CT positron emmision tomography / pozitronova emisni tomografie /
computed tomography vypocetni tomografie

PFS progression free survival obdobi bez progrese onemocnéni

PGE2 prostaglandin E2 prostaglandin E2




PI perineural invasion perineuralni invaze
PI3K phosphatidylinositol-4,5- fosfatidilinositol-4,5-bisfosfat-3-
bisphosphate 3-kinase kinaza
PIDD P53 induced death domain proteinl | doména 1 buné¢né smrti
indukovana proteinem P53
PMS2 mismatch repair endonuclease endonukledza syst¢ému DNA
opravnych proteina
PTEN phosphatase and tensin homolog homolog fosfatdzy a tensinu
RECIST response evaluation criteria in solid | kritéria hodnoceni 1é¢ebné
tumors odpovédi u solidnich nadori
RFA radiofrequency ablation radiofrekvencni ablace
RORYy retinoic acid receptor related orphan | marker Th17 lymfocyti
receptor y
RTG X ray rentgen
SPENI, spen family transcriptional repressors | rodina gent transkripcnich
SPEN2, supresorovych faktora
SPEN31
SAR survival after recidivy preziti od recidivy
T reg regulatory T cells regulacni T lymfocyty
TAA tumor associated antigens s tumorem asociované antigeny
TBX21 T-bet X21 transcriptional factor T-bet transkripéni faktor
TC tumor center centrum tumoru
TCF4 T cell factor 4 faktor 4 T lymfocytt
TCR T-cell receptor imunoglubulinovy receptor
T lymfocytt
TEM transanal endoscopic microsurgery transanalni endoskopicka
mikrochirurgie
TGF transforming growth factor transformujici rastovy faktor
TGFBRII transforming growth factor f3 receptor II transformujiciho
receptor II rastového faktoru
Th T helper lymfocyt T pomocny lymfocyt
TIL tumor infiltrating lymphocytes tumor infiltrujici lymfocyty




TIM -3 T-cell immunoglobulin domain and | receptor T lymfocytt pro hepatitidu
mucin domain 3 A
TK tymidinkinase tymidinkinaza
TLR toll like receptor receptor rozeznavajici cizi antigeny
TME total mesorectal excision totalni mezorektalni excize
TNF tumor necrosis factor tumor nekrotizujici faktor
TPA tissue polypeptide antigen tkanovy polypeptidovy antigen
TPS tissue polypeptide specific antigen specificky tkanovy polypeptidovy
antigen
TRAIL tumor necrosis factor-alpha- TNFa piibuzny ligand indukujici
related apoptosis-inducing ligand apoptézu
UICC Union Internationale Contre le
Cancer
USG ultrasonography ultrasonografie
VCAM vascullar cell adhesion molecule vaskularni adhezivni molekula
VEGF-A vascular endotelial growth factor—A | vaskularni endotelidlni ristovy
faktor-A
VEGFR vascular endothelial growth factor receptor pro VEGF
receptor
VELIPI vascular, lymfatic and perineural endovaskularni, lymfaticka
KRCa infiltration a perineuralni invaze
mikrometastazami KRCa
VE vascular infiltration endovaskularni infiltrace KRCa
WHO World Health Organization
XCL lymphotactin lymfotaktin
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3. Uvod

Kolorektalni karcinom (KRCa) je jednou z nejéastéjsich malignit v CR
a predstavuje medicinsky a spolecensky problém i pro vysokou mortalitu onemocnéni.
Populace CR se také pravidelné umist'uje na pfednich mistech v incidenci KRCa ve svété
[1].

ZlepSeni prognozy tak zdvazného onemocnéni, jako je KRC, umoziuje
prohlubovani znalosti o podstat¢ onemocnéni a jeho interakcei s organismem pacienta. Tyto
znalosti se promitaji do vSech linii 1é¢by, od prevence a ¢asné diagnostiky ptes chirurgicky
vykon az po onkologickou terapii a dispenzarizaci. Lécba pacientt se fidi stadiem
onemocnéni dle Union Internationale Contre le Cancer (UICC) [2], kterd vychazi z TNM
stagingu a z dal$ich rizikovych faktori, jako jsou neznamé resekéni okraje, obstrukce,
perforace stfeva, Spatna diferenciace nadoru, mucinézni slozka, nedostateCny pocet
vysetfenych lymfatickych uzlin, lymfatickd a/nebo vaskularni a/nebo perineuronalni invaze
[3].

V klinické praxi se setkavame s pacienty, ktefti i pfes pfiznivou progndzu v ramci
soucasnych klinickych a histopatologickych parametrt recidivuji po radikalni chirurgické
operaci a lze u nich o¢ekavat prospéch z indikace adjuvantni onkologické 1é¢by. Zminéné
klinické a histopatologické parametry, na jejichz zéklad¢ je rozhodovano o poopera¢nim
pfistupu k 1é¢bé ve smyslu indikace adjuvantni chemoterapie a provedeni zobrazovacich
metod k odhaleni recidivy KRCa, dosud nezohlediuji imunitni interakci mezi tumorem
a organismem pacienta. Tuto interakci odrazi tumor infiltrujici lymfocyty (TIL) a jejich
prosta ptitomnost, pozice vic¢i invazivnimu okraji nadoru [4], ale 1 jejich typ
diferencovatelny podle imunohistochemickych markerti [5, 6]. Publikované prace
prokazaly ptitomnost TIL jako prognosticky faktor KRCa [7], dosud vSak neni
prostudovano, zdali tumor infiltrujici lymfocyty ovliviiuji metastazovani KRCa do
regiondlnich lymfatickych uzlin. Nabizi se proto otdzka, jaky je imunohistochemicky a
morfologicky profil TIL u pacienti s KRCa, ktefi se 1i§i v metastatickém postiZeni
lymfatickych uzlin.

Zahrnuti TIL do algoritmu rozhodovani o pfistupu k pacientovi po radikalnim

chirurgickém vykonu by také napliiovalo snahu o individualizaci 1é€by KRCa.
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4. Kolorektalni karcinom

4.1 Epidemiologie kolorektalniho karcinomu v Ceské republice

KRCa je jednou z nejéastéjsich diagnostikovanych malignit v Ceské republice.

V mezinarodnim méfitku se Cesko umistilo v incidenci KRCa na $estém misté. Podle
vysledkii databaze GLOBOCAN z roku 2012 se ¢eska populace muzii umistila

v evropském piehledu na tfetim misté za Slovenskem a Mad’arskem, u Zen obsazuje ¢eska
populace desatou nejvyssi pozici v Evropé [1].

Celkem bylo za rok 2011 hlaSeno 8176 novych piipadit KRCa, coz je mirné snizeni
poctu oproti minulym letim. Jednd se o 4755 ptipadi u muzii (92,3 pacient na 100 000
obyvatel) a 3421 u Zen (64 pacientek na 100 000 obyvatel). KRCa zaujimé druhé misto
v &etnosti nové diagnostikovanych malignit v Ceské republice, u muzd je na druhém mistd
za rakovinou prostaty a u Zen na témze misté za rakovinou prsu.

80 % novée diagnostikovanych pacienti je star$i nez 60 let, primérny vék v dobé
diagndzy je vyssi u zen nez u muzi. Nejvice novych ptipadil se vyskytuje mezi
65-69letymi muzi a mezi 80-84letymi zenami [8]. J. Gregor uvadi: ,,Populacni zatez je
skutecné vysokd, rocné je v Ceské republice nové diagnostikovano kolem 8000 pacientii s
timto karcinomem a zhruba 4000 pacientu na néj zemrie [9]. Budeme-li sledovat
dlouhodoby trend, pak mortalita kolorektalniho karcinomu v Ceské republice za rok 2011
mirné klesla oproti pfedchozim roklim.

V roce 2011 doséahla prevalence KRCa v Ceské republice hodnoty 51 833 osob, coz
znamena narust ve srovnani s rokem 2001 (32 486 osob). Uvedena data vychazeji
z ro¢enky Narodniho onkologického registru pro rok 2011 [9]. Aktuélni epidemiologicka
data jsou k dispozici z roku 2013 na www.svod.cz. V uvedeném roce bylo hlaSeno celkem
7929 novych piipadit KRCa pro populaci Ceské republiky (4753 karcinomu kolon, 957
karcinomu rektosigmoidealniho spojeni a 2239 karcinomil rekta). Celkova mortalita Cinila
3658 pacientll. Soucasny trend onemocnéni je takovy, Ze incidence stoupa a mortalita
stagnuje (tab. 1), coZ piirozené vede ke zvy$ovani prevalence v populaci Ceské republiky.
Zastoupeni klinickych stadii v Ceské republice v dobé diagnozy je 25,6 % pro UICC I,
25,1 % pro UICC 11, 27,6 % pro UICC III a 19,4 % pro UICC IV. Relativné vysoké pocty
stadia III a IV pfedstavuji vyzvu pro screeningovy program uréeny k casnému zachytu

onemocnéni.
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Tab. 1. Vyvoj standardizované incidence a imrtnosti na KRCa u muza a zen (na 100 000

muzil/zen, evropsky standard) za rok 2011

Maximum pacienttl je u karcinomu rekta i kolon diagnostikovano v Ceské republice
ve veéku 70 az 74 let. Zdroj: on-line aplikace www.svod.cz. Pétileté preziti je dle stadia

choroby u symptomatickych jedincti s KRCa uvedeno nize (tab 2) [10].

Klinické stadium Pétileté preziti
UICC 1 93,2%

UICC II 77,0%

UICC III 47,7%

UICC IV 6,6%
Vsechna stadia 50,7%

Tab. 2. Pétileté preziti britskych pacientti v letech 2002-2006

Z vyse uvedeného vyplyva, ze KRCa je onemocnéni, které predstavuje zavazny

medicinsky a socialni problém.

13



4.2 Etiologie kolorektalniho karcinomu

4.2.1 Endogenni faktory

Endogenni faktory se uplatituji hlavne u familiarni formy. Familiarni formy
s vyjadfenou dédi¢nosti vSak tvoii pouze 5 % vSech ptipadi kolorektalniho karcinomu
[11]. Jedna se o pacienty s Lynchovym syndromem (hereditarnim nepolyp6znim
kolorektalnim karcinomem), familiarni adenomat6zni polyp6zou, Gardnerovym a
Turcotovym syndromem. Dale do této skupiny dédicnych polypoz patii Peutztiv-Jughersiiv
syndrom a juvenilni polypoza [12 s. 150].

K endokrinnim faktoriim navySujicim riziko vzniku KRCa patii diabetes mellitus,
coz se da vysvétlit tim, Ze inzulin je rastovym faktorem pro stfevni sliznici.

Z hormonalnich vlivi se uplatiiuje i dlouhodobé androgenni deprivace. Rizikovym
Cinitelem je té€Z obezita [13 s.16].

Dizertacni prace se dale bude zabyvat vyhradné sporadickou formou KRCa.
Predispozici ke vzniku KRCa jsou non-familiarni mnohocetna adenomatodza,
hyperplasticka polyp6za a inflamatorni polypo6za. Inflamatorni typ polypdzy je spjat
s chronickym zanétlivym procesem stfev napf. u ulcer6zni kolitidy, Crohnovy choroby

a vzacné s amebidzou a schistosomoézou [14 s. 48-52].

4.2.2 Exogenni faktory

U sporadické formy jsou jako rizikové faktory vzniku uvadény vysoky piijem
zivocisnych tukt a bilkovin a nedostate¢ny ptisun fermentabilni vlakniny. Nedostatek
vapniku je rizikovym faktorem z diivodu snizené schopnosti detoxikace zlu¢ovych kyselin.
Nedostatek selenu a vitamint A, C, E se podili na sniZzené ochrané¢ pfed volnymi
kyslikovymi radikaly, ¢cimz ptispiva ke zvySené pravdépodobnosti vzniku KRCa [14 s. 19].
Déle se jedné o nevhodnou tepelnou upravu stravy, kam patii napt. uzeni masa, které
obsahuje karcinogenni nitrosaminy. Tyto latky mohou vznikat 1 pti vyrob¢ sladu, jejich
hladiny jsou proto stanovovany. Dle webového informacéniho centra ministerstva
zemeédelstvi pro bezpecnost potravin stanovuje ceska vyhlaska 305/2004 o kontaminantech
limit pro celkovy obsah nitrosamint v pivu 1,5 pg/kg. Vyhlaska 304/2004 o aditivech
reguluje vznik nitrosamini omezenim ptidavku dusitani do masnych a dalSich vyrobki a

stanovenim jejich zbytkového mnozstvi (50 az 250 mg/kg jako NaNQO,) [15]. Alkohol patii
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téz mezi exogenni faktory kolorektalniho karcinomu obecné. Pivo vSak vychazi z
provedenych studii jako nejrizikovéjsi alkoholicky népoj [16]. Vyznam konzumace
¢erveného masa v karcinogenezi KRCa je dosud kontroverzni [17]. Zvazovanych
mechanism je vice. Zelezo v hemu, ktery je obsazeny v mase, mize indukovat oxidaci
lipidd s tvorbou volnych radikalt. Ty vedou k cytotoxicité a kompenzatorni proliferaci
enterocytti. Uvedené zjisténi bylo prokazano v experimentu na krysach [18]. Hem muze
také katalyzovat tvorbu nitrosamint [ 19]. Dal§im komponentem ¢erveného masa, ktery
muze hrat roli v chronickém zanétu stfeva a karcinogenezi, je N-glycolylneuraminova
kyselina (Neu5Gc), kterd je inkorporovana do stény enterocytu a miize vyvolat autoimunni
reakci. Jiz byly nalezeny cirkulujici protilatky anti-Neu5Gc [20]. K vyznamnym
prokazanym rizikovym faktorim pro KRCa patii téz kouteni cigaret [21 s. 171]. Jako
projektivni faktor byla studovana probiotika, byl prokézan protektivni vliv lactobacilu ve
stitevni mikroflotfe na rist karcinomu kolon na mysim experimentalnim modelu.
Pravdépodobny mechanismus t¢inku je zména poméru produkce imunoglubulinu ve
prospech k IgA oproti IgG, nebot’ I[gA nema schopnost aktivovat komplement a

nestimuluje chronicky zanét, ktery ptispiva ke kancerogenezi [22].

4.3 Karcinogeneze

Geny, které maji kli¢ové ulohy v karcinogenezi, se nazyvaji protoonkogeny
a tumorsupresorové geny. Pii karcinogenezi KRCa se jedna o akumulaci genetickych
a epigenetickych zmén. Za fyziologickych okolnosti tumorsupresorové geny inhibuji
bunécné déleni. Tato inhibice je porusena po ztrat¢ funkce obou alel v disledku mutace ¢i
epigenetickych zmén. Jedna se o hypotézu tzv. dvojitého zasahu [23]. Na druhou stranu
proonkogeny zajist'uji bunécnou proliferaci. Karcinogeneze je spojena s mutaci, kterd vede
ke zvySené expresi téchto genti. U KRCa byly dosud nalezeny tfi sekvence genetickych
zmén vedouci ke karcinomu. Jedna se o chromozomalni nestabilitu (chromozomal
instability CIN), mikrosatelitni nestabilitu (microsatellite instability MSI) a fenotyp
methylatoru CpG ostrivka (CpG island methylator phenotype CIMP) [24].
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4.3.1 Chromozomalni nestabilita

U pfiblizné poloviny populace se béhem Zivota vyvine KRCa, pfi¢emz u 3 % se
z adenomu vyvine karcinom [25]. Z tohoto zjisténi vychazi obecné pfijimana sekvence
adenom - karcinom [26], ktera je téZ oznaCovana jako drdha chromozomalni nestability,
nebot’ ji charakterizuji alelické ztraty na chromozomech 5 gen adematous polyposis coli
(APC) 7 gen p53 a 18 gen Deleted in colorectal cancer/ small mother against
decapentaplegic (DCC/SMAD4). Ve fazi tvorby polypt dochazi k mutaci genu APC,
béhem adenomatdzy se pripojuje mutace genti rat sarcoma oncogene (Ras), pfi malignizaci
polypt se objevuje mutace genti pro protein p53 a delece chromozomul8q [27].

APC mutace je ptitomna v 60 % u karcinomu kolon a u 82 % karcinomu rekta [28].
Gen APC stimuluje destrukci B-cateninu v proteazomech. V ptipad€ ztraty funkce APC se
B-catenin akumuluje a aktivuje transkripci genti podporujici proliferaci gend jako Myc a
cyclin D [29].

Dal$im znamym krokem v karcinogenezi typu chromozomalni nestability je mutace
tumorsupresorového genu pro protein p53. Jednd se o transkripéni faktor indukujici
transkripci inhibitoru cyklin dependentni kinazy, proapoptotickych genti a genii pro
signalni drahy bunééné smrti (CD95/Fas, tumor necrosis factor a, TRAIL —

Tumor Necrosis Factor-Alpha-Related Apoptosis-Inducing Ligand, PIDD — P53 induced
death domain proteinl). Uvedena sekvence je také ozna¢ovana jako chromozomalni
nestabilita [30 s. 272-280].

Vyznamnym krokem v karcinogenezi je mutace protoonkogenti z rodiny RAS. Pro
KRCa je vyznamny gen K-RAS (Kirsten - RAS) a N-RAS (Neuroblastoma - RAS) [31].
K-RAS koéduje 21 - kDa GTP-binding protein. Tato GTP4aza umozZiuje prevod
extracelularniho signalu k proliferaci. Mutovany gen K-RAS vede ke stimulaci proliferace
a utlumu apoptdzy bez ohledu na extracelularni signaly, jako je napt. pritomnost riistovych
gentl (EGF — epidermal growth factor). Mutace K-RAS je pfitomna ve stejném zastoupeni
v adenomech i karcinomech, ovSem s vyssi frekvenci u velkych adenomti, coz naznacuje,
ze se jedna o pozdni udalost v sekvenci adenom - karcinom [32]. Pfitomnost mutace K-
RAS a N-RAS ma zasadni vliv 1 na predikci biologické terapie zaméfené proti EGFR
receptortim, pii mutaci RAS gend je tato 1é€ba neucinna [33].

Mutace genu DCC je ptitomna v 60 az 70 % ptipadi KRCa. Dle dostupné literatury

neni zcela zndmo, jakym zplsobem je funkéné spojen s kancerogenezi. Wild typ DCC
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aktivuje pochody vedouci k apoptdéze. Exprese DCC téz indukuje zastaveni bunécného

cyklu ve G2/M fazi bunécného cyklu v nékterych bunéénych liniich [11].

4.3.2 Mikrosatelitni nestabilita

Jako mikrosatelity jsou oznacovany kratké sekvence repetitivni DNA. Tyto
sekvence jsou velmi zranitelné pfi replikaci a jejich proménna délka znaci ztratu funkce
mismatch repair genit (MMR, opravnych gentl). Vrozena dédi¢na porucha MMR gent se
vyskytuje u Lynchova syndromu. U sporadické formy, ktera reprezentuje cca 15 % KRCa,
dochazi k vytazeni funkce MMR. Obvykle se jedna o methylaci promotorového useku
genu hMLH1 [30 s. 71]. Biomarkerem pro tuto epigenetickou zménu je pravé vysoka
mikrosatelitni nestabilita (MSI High). Selhani MMR genti vede k mutacim v dalSich
genech (TGFBRII — transforming growth factor 3 recptor II, BAX — B cell lymphoma
asociated X protein, IGF2R — insulin like growth factor 2 receptor, kaspaza 5, TCF4 T cell
factor 4, axin, CDX2 homeobox transcription factor a BCL 10 — B cell lymphoma 10).
Popsany sled mutaci epigenetickych zmén je typicky pro serrated adenom. Tumory tohoto
typu se Casteji vyskytuji v proximalnim tlustém stfeveé a s vyssi incidenci u Zen, maji vyssi
grade s mucin6znim fenotypem, dobfe ohraniceny invazivni okraj a vykazuji zvySenou
imunitni reakci ve smyslu pfitomnosti TIL [34].

Geny, které se uzivaji v diagnostice Lynchova syndromu téZ oznacovaného jako
HNPCC (hereditary nonpolyposis coli carcinoma) a MSI-High sporadické formy jsou
MLH1 - MutL homolog 1, MSH2 - MutS protein homolog, MSH6 a PMS2 Mismatch
repair endonuclease) Odhaleni Lynchova syndromu ma vyznam pro dispenzarizaci
ptibuznych pacienta. Uvedena vySetieni maji vliv na indikaci chemoterapie, nebot’ pacienti
klinického stadia UICC II s defektem MMR (dMMR, tedy MSI-high) nemaji prospéch

z adjuvantni chemoterapie na bazi 5 - fluorouracil [3].
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4.3.3 Fenotyp methylatoru CpG ostrivki

U této sekvence karcinogeneze nachazime silnou DNA methylaci CpG ostravku
v promotorovych oblastech genti, které blokuji transkripci tumorsupresorovych genti.
Jedna se o tzv. CpG island methylator phenotye (CIMP) [35]. Jako markery pro CIMP je
ve vetsing studii uzivan panel genit h(MLHI, p16, SPEN1, SPEN2 a SPEN31 [24]. CIMP
se muze vyskytovat u tumori s mikrosatelitni nestabilitou i stabilitou. Je prokazana
pozitivni korelace s lokalizaci na pravé stran¢€ kolon, mucindéznim fenotypem a BRAF
mutaci nezavisle na statutu mikrosatelitni stability.

Tumory s CIMP ¢asto vykazuji mutaci genu BRAF [36]. Protein BRAF je ¢lenem
rodiny RAF kinéz, které funguji jako signdlni proteinkindzy regulujici napt. drahu
mitogenem aktivovany protein kinazy (MAP) se zdsadnim vyznamem pro proliferaci
buiky. Tumory s BRAF mutaci produkuji vice mucinu (zalude¢ni MUCSAC a intestinalni

MUC2)[27].

4.4 Morfologie a histologie

4.4.1 Histologie adenomii kolorekta

Adenomy kolorekta se dle morfologie a potencialu malignizace déli na
hyperplastické polypy s nejniz§im rizikem kancerogeneze, "serrated" polypy a adenomy.
Adenomy se dale déli na vilozni, tubularni a tubulovildzni.

Serrated adenomy pojmenované po ,,zoubkovaném” uspotadani epitelu krypt lze
rozdélit na tfi podtypy — tradi¢ni serrated adenom, sessilni serrated adenom a smiseny typ
[37]. Pro morfologické typy adenomtl lze pfifadit specifickou sérii genetickych mutaci,
které vedou ke vzniku karcinomu. Pro vildzni a serrated adenomy je pfiznacna
karcinogeneze, v niz hraje vyznam DNA methylace. Pro serrated adenomy je téz typicka
ptitomnost mikrosatelitni nestability. Pfedstavené zmény ve fenotypu a genotypu tumorti
tlustého stieva jsou pouze zjednodusené a ukazuji korelaci mezi morfologickymi nalezy a

genetickymi a epigenetickymi zménami. Pro pfehlednost je uvedeno schéma (obr. 1).
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Obr. 1. Vztahy mezi morfologickymi nalezy a genetickymi a epigenetickymi zménami [11]

4.4.2 Histologie KRCa

Maligni nadory tlustého stieva a rekta Ize rozliSovat podle histogeneze
a biologického chovéni na adenokarcinom, neuroendokrinni karcinom, maligni lymfomy
a sarkom. K hrani¢né malignim neoplaziim patfi neuroendokrinni neopléazie
a gastrointestinalni stromélni tumor [38]. Dizertacni prace se bude dale zabyvat pouze
adenokarcinomem.

KRCa se makroskopicky d¢€li na exofytické (polypdzni), vyhloubené
(exulcerované) a ploché (infiltrujici). Mikroskopicky nélez urcuje grade tumoru. Od dobte
diferencovanych s gradem 1 az po zcela dediferencované grade 4. WHO klasifikace
rozliSuje tyto typy karcinomu: tubulérni, medularni, mucin6zni, z prstencitych bunék,
skvamoézni, adenoskvamozni, dediferencovany, malobunéény a ostatni (napt. papilarni)
[14s.33].

Tubularni karcinom je tvoten glandularnimi strukturami tubulérnich
a tubuloviloznich tvard. Mucindzni karcinom je vice nez z poloviny tvofen hlenem, ktery je
secernovan do lumina zlaz. Disekce vrstev stievni stény mucinem vede k rychlému Sifeni
tumoru. V histologickém preparatu je mozné spatfit volné trsy nadorovych bunck

v hlenovych jezirkach. Karcinom z prstencitych bunék je tvoten vice nez z poloviny
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bunkami tvaru pecetniho prstenu. Zminény tvar je tvofen vakuolou mucinu.
Adenoskvamézni karcinom ma zastoupenou i dlazdicovou slozku. Castgji se vyskytuje

v rektu. Medularni karcinom je tvoren solidnimi lozisky vétSich bunék s vyraznymi jadry

a prominujicimi jadérky. Ve stromatu je pfitomny lymfoidni infiltrat. I pfes znacnou
dediferenciaci ma medularni karcinom relativné dobrou prognoézu. Prognosticky neptiznivé
jsou karcinomy z prstencitych bunék, dediferencované a mucin6zni karcinomy

[39, 12s. 164].

4.5 Progrese KRCa

4.5.1 Metastazovani

Metastatické postizeni mtizeme rozd¢lit podle ¢asové konsekvence vzhledem
k diagnoze kolorektalniho karcinomu na synchronni a metachronni. V dob¢ diagnozy
kolorektalniho karcinomu se vzdéalené metastazy podati prokdzat u 20 % [40] pacientd u
25-30 % postizenych se metastazy objevi jako metachronni [41]. KRCa ma vysoky
metastaticky potencial a zaklada dcefina loziska v pfilehlych lymfatickych uzlinach a ve
vzdalenych organech. Nejcasteji KRCa metastazuje do jater a do plic. Do prvnich dvou let
po radikalni operaci jsou nej€asteéjSim mistem metastaz jatra, po péti letech prevlada
postiZeni plic. Ostatni organy byvaji postiZzeny vyjimecné, vétSinou se jedna o metastazy na
mozku [14 s. 25]. K metastazovani dochazi hematogenné, lymfogenné a rozsevem po
dutinach (v lumen tlustého stfeva, ve volné duting bfi$ni ¢1 hrudni). Metastazujici bunika
musi produkovat cytokiny a ristové faktory, které ji umozni vybudovat stroma a zajisti
angiogenezi [14 s. 25].

V prvni fazi metastazovani probiha invaze do okoli, kdy dojde k proriistani
nadorovych bunék pies bazalni membranu sliznice. Zasadni roli zde hraji matrix
metaloproteindzy, které plisobi proteolyticky na bazalni membranu a okolni mezibunécné
pojivo, ¢imz se usnadiiuje i angiogeneze [42]. V dalsi fazi dochazi k transportu nddorovych
bun¢k lymfatickou a krevni cestou. K tvorbé metastdz v§ak vede az nidace nadorovych
bungk a jejich prunik do tkan¢ vzdalenych organti. Nez dojde k nidaci, je ovSem drtiva
vétSina nddorovych buné€k zni¢ena imunitnim systémem nebo zanikne mechanickym
postizenim a na zéklad¢ tzv. kyslikového efektu v arterialni krvi. K nidaci jsou nutné

adhezivni molekuly (CAM — cells adhession molecules), kdy dojde k adhezi trombu
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obsahujicich nadorové bunky. Po ptesunu bun¢k z cévniho fecisté¢ do tkané se proliferacni
aktivita odviji od pfitomnosti mnoha faktor. Miize se jednat o autokrinni stimulaci faktory
jako fibroblast growth factor (FGF), TGFa, epidermal growth factor (EGF). Stézejni
onkogeny v této fazi jsou c-myc, c-erb [43]. Pfedpokladem pro rlst metastazy i priméarniho

tumoru je neoangiogeneze a tvorba stromatu [14 s. 25].

4.5.2 Dalsi zpiisoby metastazovani KRCa

V piipadé Sifeni po peritonedlni dutiné se uplatiiuje adheze a implantace
v bezprostiednim okoli tumoru. Pokud se ale v peritonealni dutin€ nachézi tekutina,
dochazi k ustalenému vzorci distribuce implanta¢nich metastaz do tzv. peritonealnich
kompartementil, kde se karcinomové buniky niduji v recesech mezi staciondrnimi povrchy
nebo v kolekcich tekutiny vytvorenych vlivem gravitace. Tento zptisob Sifeni je typicky
pro mucinézni karcinom, jehoz implantacni metastazy se proto objevuji nejcastéji
v pravém subfreniu, parakolicky vlevo kaudéaln€ a v Douglasové prostoru. Dal§imi misty
progrese peritonealni metastdzy jsou lymfoidni struktury (milky spots) na velkém a malém
omentu, peritoneu na adnexech a déloze a na mezenterialni stran¢ tenkého streva.
Implantac¢ni metastdzy maji tendenci nidovat na traumatizovaném peritoneu. Nadorové

buiiky se mohou S§ifit téZ intraluminalng spolu se sttevnim obsahem a implantovat se do

mista anastom6zy nebo do staplerové linie v pribéhu operace [44 s. 374].

4.6 Diagnostika KRCa

4.6.1 Klinické projevy a fyzikalni vySetfeni

Klinické projevy onemocnéni zavisi v nejvetsi mife na lokalizaci naddoru a jeho
pokrocilosti. Ptiblizn€ 50 % vSech nadorti se nachazi v rektu, 25 % v sigmatu a zbylych
25 % v ostatnich ¢astech kolon [45 s. 307]. Spole¢nymi piiznaky je anemizace, vahovy
ubytek a inava. Chronické anemizace se muze projevit dusnosti a kolapsovymi stavy.
Nadory v pravé poloving tracniku mohou dosahnout zna¢né velikosti, nez se projevi
poruchami pasaze vzhledem k relativné vétSimu priimeéru stieva a fidsi konzistenci stolice.
K ptiznakim tumoru v pravé poloviné tra¢niku miiZe patfit bolest bficha v pravém

hypogastriu a mezogastriu s hmatnou rezistenci. U karcinomu kolon descendens, sigmatu

21



vvvvv

s rozvojem mechanického ileu ¢i paradoxni prijmy. K tomuto projevu ptispiva i fakt, ze se
v téchto lokalizacich Castéji objevuje cirkularni rst po obvodu stény, ktery vede casné ke
stenoze [12 s. 168]. Karcinom rekta se také mtize projevit ténezmy a stuzkovitou stolici
[45 s. 365].

Anamnéza a peclivé fyzikalni vySetfeni jsou podminkou pro efektivni smétovani
dalSiho vySetfovaciho postupu, ktery vede k rychlému stanoveni spravné diagnozy.
Vzhledem k tomu, Ze ptiblizné 50 % tumort rekta je hmatnych pii indagaci, je

neopominutelné vySetieni per rectum [46 s. 303].

4.6.2 Endoskopické vysetiovaci metody

Kolonoskopie

Zasadni vyznam pro diagnostiku kolorektalniho karcinomu ma kolonoskopie, jedna
se o vySetfeni konec¢niku a tlustého stieva flexibilnim endoskopem. Ve vétSin€ ptipadi je
mozno provést tzv. totalni kolonoskopii, kdy je mozno ptehlédnout i ¢ast terminalniho ilea.
Vytéznost vySetteni je limitovana dobrou pfipravou stfeva a pruchodnosti stieva pro
endoskop, at’ uz z diivodu stendzy ¢i ohybii tlustého stieva napf. pii sriistech. Endoskop
neslouzi jen jako pomicka pro vizualizaci lumen tlustého stieva, ale i jako nastroj pro
odebirani bioptickych vzorkl a k provadéni polypektomii. Endoskopicky 1ze provadét
1 onkochirurgicky radikalni vykon rozsahu submukozni excize. Uvedenou terapii je vSak
mozno pouzit pouze do stadia T1, kontrola okraji excidované tkané patologem z diivoda
nadorové infiltrace je samoziejmosti. Kolonoskopie je téZ vyuZivana k oznaceni 1éze tusi.
Oznaceni se provadi u malych 1ézi, které nelze peroperacné palpovat, ¢i pro usnadnéni
laparoskopické operace. Oznaceni tusi je nutné 1 v piipadé, kdy je endoskopicky provedena
polypektomie, ktera se po histologickém vySetfeni ukdze jako neradikalni, a je proto nutné
doplnit resek¢ni chirurgicky vykon. Technickym zlepSenim, které vSak pfispiva spiSe ke
snazsimu odhaleni malych polyptli neZ k diagndze kolorektalniho karcinomu, je
chromodiagnostika s pouZzitim zvétSovacich endoskopii. K barveni se pouziva obvykle
methylenova modr a indigokarmin. Nejedna se vSak o rutinni metodu. Pokud neni
z technickych ditvodti mozno dokon¢it totalni kolonoskopii, je mozno indikovat CT

kolografii. Diivodem pro nedokonceni vySetfeni miize byt nepropustna stendza, ostry
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zahyb stfeva ¢i nespoluprace pacienta pii bolestivosti vySetieni a nedostatecna piiprava

traCniku [47].

Anoskopie a rektoskopie

Jedna se o vysetfeni rigidnim rektoskopem do vzdalenosti cca 14 cm, vzacné az do
25 cm od linea dentata. VysSetieni provadime po pfipravé mikroklysmatem. Pti zavadéni
tubusu je mozno insuflovat vzduch. Vykon miize byt diagnosticky i terapeuticky, jako
napft. polypektomie ¢i koagulace tumoru. V piipadé nalezu tumoru je tfeba doplnit totalni

kolonoskopii k vylouc¢eni nddorové duplicity na tlustém stieve.

4.6.3 Konven¢ni radiodiagnostika

RTG vySetieni

Nativni snimek bficha vestoje patii k zdkladnim vySetfovacim metodam uzitym pfti
vySetfovani poruch pasaze. RTG snimek plic je souéasti predoperacnich vysetieni

k vylouceni plicnich metastaz.

Irigoskopie

Jedna se o vySetfeni metodou dvojiho kontrastu (po aplikaci kontrastni latky do
konecniku se insufluje vzduch dvojcestnou rourkou). Pacienta vySetiujeme a polohujeme
tak, Ze nejvyse poloZzena Cast stfeva ukaze tenky film kontrastni latky s plynem a miize
zobrazit 1 velmi drobné 1éze. Snimky vleze na levém a pravém boku na konci vySetfeni
zobrazi 1 drobné polypy. Uvedena metoda je dnes vSak vytlacena ostatnimi zobrazovacimi

vySetienimi a endoskopii [14 s. 79-83].
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4.6.4 Ultrasonografické vySetfeni

Ultrasonografické (USG) vySetfeni ma vyznam hlavné pro diagnostiku
metastatického postizeni jater. Diagnostika kolorektalniho karcinomu je omezena pro plyn
ve stieveé. Nelze také odlisit nador od zanétlivého infiltratu. USG jater ma pro svoji
dostupnost a absenci radiacni zatéze pro pacienta své nezastupitelné misto v dispenzarizaci
pacientl po operaci kolorektalniho karcinomu. U nejasnych nalezii 1ze doplnit kontrastni

USG vysetteni jater [48].

4.6.5 Vypocetni tomografie

Vypocletni tomografie (CT) je vysoce piinosna pii diagnostice nadort v bfisni
duting, pfindsi neocenitelnou informaci o rozsahu a infiltraci okoli tumoru. CT ma
schopnost zachytit hlavné rast nadoru mimo sténu stfeva a infiltraci piilehlé tukové tkan¢.
StéZejni role CT proto spociva v posouzeni postiZzeni uzlin, infiltraci okolnich organii
a pfitomnosti vzdalenych metastdz. CT miZe odhalit infiltraci do mo€ového méchyie,
vnitiniho genitalu a do svall panevniho dna a pfispiva tak ke zhodnoceni operability
nadoru.

Vysettovaci protokol CT se 1i$i dle indikace. V ptipad¢ vySetfovani nahlé ptihody
btisni, kdy u kolorektalniho karcinomu ptipada nejcastéji v tivahu ileus, je provedeno
vySetfeni bez pfipravy nemocného s aplikaci intravendzni kontrastni latky. U pldnovaného
vySetieni za uelem zjisténi stagingu se provadi vyseteni s podanim kontrastni latky
intraven6zné a vzduchu nebo CO, per rectum. Tumor se na CT vySetfeni obvykle projevi
jako kratsi sten6za se zesilenou sténou stieva a okraje mohou byt navalité. Pfed zaZenim se
Casto vyskytuje prestenoticka dilatace stfeva. Lymfatické uzliny infiltrované metastatickym
procesem jsou obvykle zvétSené, maji obvykle kulovity tvar a hypodenzni okrsky nekrézy.
Karcin6zu peritonea lze ptedpokladat pfi infiltraci velkého omenta, nodularnim zesilenim
peritonea a ascitu. Implantacni metastazy jsou patrné zejména na povrchu
parenchymatdznich organtli, metastdzy mensi nez 5 mm se nemusi prokazat, zalezi ovSem

na technické trovni zafizeni [49].
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4.6.6 Virtualni endoskopie

V ptipad¢ pacientii, u kterych nelze provést validni kolonoskopii, je mozné pouzit
tzv. CT kolonografii neboli virtualni endoskopii. Tato metoda zobrazuje vnitini povrch
kterékoli ¢asti travici trubice. Vysetfeni musi byt provadéno u pacienta s vyprazdnénym
sttevem a pied vykonem se insufluje kone¢nikem plyn (vétSinou 2 1 vzduchu ¢i COy).
Vyhodou virtualni kolonoskopie je moznost opakované tvorby rekonstrukci s pohledem na
1éze z vice stran. N&které drobné 1éze mohou byt skryty napiiklad za haustrem nebo
v ostrych ohybech stfeva, proto musi byt proveden tzv. prilet obéma sméry. Senzitivita
a specificita u polypt nad 5 mm je uvadéna kolem 85 %, pro polypy nad 1 cm je senzitivita
93 % a specificita 97 % a u stenozujiciho karcinomu je senzitivita a specificita témé&f
stoprocentni [49]. Mezi hlavni limity patii nemoZnost odebrani histologickych vzorki a

neschopnost zachytit barvu sliznice [50].

4.6.7 Pozitronova emisni tomografie / vypocetni tomografie

Vysetieni pozitronovou emisni tomografii (PET) v kombinaci s CT je indikovano
v dispenzarizaci pacientl po 1éCb¢ a nendlezi k zdkladnim vySetfenim KRCa. Pii vysetfeni
dochézi ke slouceni metabolické aktivity s morfologickym zobrazenim. Nejcastéji
pouzivanym radionuklidem je '*F vazany ve fluorodeoxyglukéze. Pro vysetieni je
pfiznacna vysoka senzitivita, ale nizka specificita. MlZe byt proto obtizné€ rozlisit napf.
zanétlivé zmeény od lokélni recidivy malignity. PET/CT vySetteni maze odlisit reaktivni
lymfadenopatii od metastaz a mtize téz odhalit peritonealni diseminaci karcinomu ¢i

vzdalené metastazy [51].

4.6.8 Endosonografie

Tato metoda spad4 mezi standardni vySetfovaci metody pro diagnostiku a urceni
pokrocilosti karcinomu rekta. K vyhodam vySetfeni patii absence radiacni zatéze
a senzitivita 95 % pfi specificité¢ 89 %. Endosonografie je téz schopna zobrazit uzliny
v periproktalni oblasti do velikosti 3 mm. V posouzeni metastatického postiZzeni uzlin je
vSak shoda s nalezem patologa nizka, cca 70 %. Doplerometricky mod vySetteni ukaze

vaskularizaci tumoru. Podminkou validity vySetfeni je zkuSenost vySetiujiciho a dobré
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vyprazdnéni stieva nemocného. Zdravé stievo v oblasti rekta ma rozliSitelné dvé
hypoechogenni linie (tuncia mucosa a lamina muscularis propria) a tii hyperechogenni
vrstvy s patrnym homogennim zevnim svéracem a puborektalni klickou. Orientacnimi
strukturami jsou prostata u muzt a déloha u Zen.

V ramci rozliSeni jednotlivych stadii je endosonografie citlivéjsi nez MR v rozliseni
mezi stadii T1 a T2, coz ma dopad na indikaci transandlni mikrochirurgické excize (TME).
Problematické muze byt rozliSeni mezi stadiem TO a T1, v obou piipadech se jedna
o hypoechogenni, hladce ohrani¢ené 1éze [52]. U hrani¢nich nalezii USG vySetieni spiSe

nadhodnocuje stadium. T4 stadium vsak lze s urcitosti vyloucit ndlezem vrstvy tuku mezi

tumorem a piiléhajicimi strukturami [14 s. 99].

4.6.9 Magneticka rezonance

Spolu s endosonografickym vysetfenim je magneticka rezonance (MR) panve
uzivana pro stanoveni rozsahu primarniho tumoru rekta. Toto dfive dopliitkové vySetieni se
v dnes$ni dobé¢ stalo dostupnéjSim a patii mezi standardni vySetieni pted planovanou
operaci pro karcinom rekta.

Pted vySetfenim rekta je pacient pfipraven vyprazdnénim kone¢niku a podanim
spasmopanu k potlaceni motility stfeva. Polohou k vySetfeni na pracovisti naSi nemocnice
je poloha na bfiSe, kdy se plyn nahromadi v ampule rekta. Nejprve se vySetiuje nativné
v T1 vaZeném obraze a poté v T2 vazeném obraze. Déle vySetfeni pokracuje
s gadoliniovym paramagnetickym kontrastem podanym intravendzné. Sekvence
s potlacenim tuku se uziva k lepSimu zobrazeni lymfatickych uzlin. K vyhodadm MR patfi
absence ionizujiciho zafeni a piinos v poopera¢ni dispenzarizaci k rozliSeni jizvy od
lokalni recidivy, ackoli i zde mize dojit k nejasnostem pii zanétlivé reakci. FaleSné
negativni ndlez mtize vzniknout na podklad¢é desmoplastického ristu tumoru. V téchto
ptipadech mize pomoci sledovani dynamiky nadorovych markerti. Omezenim této metody
je pfitomnost feromagnetickych materialli v téle pacienta, délka vySetteni (u rekta cca
jedna hod) a klaustrofobie u vysetiovaného [49].

MR ma vybornou senzitivitu k detekci infiltrace mezorektalni fascie. Je-li tato
vzdalenost mens$i nez 1 mm, je zvySené riziko inkompletni chirurgické resekce (po
neoadjuvanci je mozné, ze se vzdalenost zvétsi) [48, 53]. MR i endosonografie poskytuje

informaci o vztahu tumoru ke svéra¢lim, coz ovliviiuje rozhodnuti o indikaci vykonu
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zachovavajicim svérace. S vyhodou lze pouzit MR po amputaci rekta, kdy je pouziti
endosonografie vylou¢eno. MR se uplatituje nejen pro zobrazeni panve, ale je vyuzivana
jako MR jater v dispenzarizaci k odhaleni vzdalenych metastaz v piipadé, ze je CT
vysetieni kontraindikovano naptiklad pro alergii na jodovou kontrastni latku. MR vySetieni
muze také pomoci v diferencialni diagnostice loZiskového procesu jiz nalezeného na CT

vySetieni, kdy md MR pfinos v rozliSeni benignich 1ézi [49].

4.6.10 Nadorové markery

Analyza nadorovych markerti neni uzivana k diagnostice KRCa, ale ke sledovani
odpovédi na 1é¢bu a k ¢asnému zachytu recidivy. Onkomarkery jsou obecné feceno latky
tvorené bunikami nadoru nebo organismem jako odpoveéd’ na tumor. Jedna se proto
o doplnkovou diagnostickou metodu, vyhodnoceni vysledk je tieba provadét ve
spolupréci laboratote s klinikem. SpiSe nez absolutni hodnoty je pro interpretaci dulezita
dynamika hladiny nddorového markeru.

U KRCa je hlavnim stanovovanym onkomarkerem karcinoembryonalni antigen
(CEA) v kombinaci s CA 19-9 [54, 55]. V souvislosti s kolorektalnim karcinomem byly
studovany CA 72-4, CA 242 a prolifera¢ni markery TPA a TPS [14 s. 66-70].

4.7 Screening

Diagnoza KRCa na zékladé klinickych ptiznakt byva Casto jiz ve vyssich stadiich
onemocnéni. Z t&chto diivodt a vzhledem k vysoké incidenci onemocnéni byl v CR ziizen
v roce 2000 screeningovy program pro ¢asnou diagnostiku KRCa. Aktualizace z roku 2013
zahrnuje systém adresné¢ho zvani a moznost primarni screeningoveé kolonoskopie [56].
Screeningovy program se 1isi u pacientii bez predispozic ke vzniku KRCa a u pacientt se

zvySenym rizikem.
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4.7.1 Screening obyvatel bez predispozice ke KRCa

Pacienti mezi 50 a 54 lety podstoupi test na okultni krvaceni v rezii praktického
1ékare ¢i gynekologa. Screeningové testy se tykaji pouze asymptomatickych pacientt.
Testy na okultni krvéaceni vychdzeji z faktu, Ze adenomy a kolorektalni karcinomy krvaceji,
coz je detekovatelné chemickymi metodami [14 s. 57]. Vzhledem k nizké specificité
guajakovych testli na okultni krvaceni se piechéazi na testy na imunochemickém principu.
Pfi negativnim vysledku se test na okultni krvaceni opakuje po roce, pii pozitivnim
vysledku je provedena kolonoskopie. Pokud je kolonoskopie negativni, opakuje se test na
okultni krvaceni za 10 let. U pacienti 55letych a starSich lze zacit screeningovou
kolonoskopii ¢i testem na okultni krvaceni. Pii negativnim nalezu na okultnim krvéceni se
vySetfeni opakuje za dva roky. Pfi negativnim kolonoskopickém nalezu se opakuje test na

okultni krvaceni za 10 let [14 s. 57].

4.7.2 Screening vysokorizikovych skupin obyvatel

U pacientl se strevni polypozou (Familiarni adenomatozni polypoza, Gardenerav
syndrom, Turcotliv syndrom) je indikovéan geneticky screening a kolonoskopie ve véku
10 az 12 let s flexibilni sigmoideoskopii jednou za 2 az 3 roky.

Pacienti s Lynchovym syndromem by méli podstoupit od 20 let totalni kolonoskopii
kazdé 2 az 3 roky, doplnénou o kazdoro€ni test na okultni krvaceni.

Pacienti s pozitivni rodinnou anamnézou s incidenci KRCa u ptibuznych 1. stupné
jsou indikovani ke screeningu od 35 let. U vyskytu karcinomu u piibuzného pred
55. rokem Zivota nebo pii vyskytu u dvou piibuznych je doporucena kolonoskopie kazdych
3 az 5 let. Kazdoro¢né je indikovan test na okultni krvaceni. Pfi vyskytu dvou KRCa
v rodin€ je doporucen u ptibuznych 1. stupné test na okultni krvaceni kazdy rok
s kolonoskopii jednou za dva roky.

Pacienti s adenomy jsou indikovani k profylaktické polypektomii, u ptibuznych
téchto pacientil je doporucen screening od 35 let véku.

Do casti populace s vysokym rizikem patii pacienti s nespecifickymi strevnimi
zanety. U téchto pacientli se doporucuje zah4jit totalni kolonoskopie 8 let od pocatku
pankolitidy a u kolitidy levé ¢asti tracniku. Pfi nalezu neurcitych dysplastickych zmén je

indikovana totalni kolonoskopie kazdy rok. V ptipad¢ dysplazii nizkého stupné se provadi
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kazdych Sest mésicti, pii makroskopickych zménéch a dyspléazii vysokého stupné je
indikovan chirurgicky vykon.

Kolonoskopie v ramci dispenzarizace je provadéna po dobu 56 let po kurativni
operaci. Pokud nebyla pted operaci provedena totalni kolonoskopie, je nutné ji doplnit do
pul roku k vylou€eni synchronni duplicity.

Pacienti po operaci karcinomu prsu, delohy, ovarii a po ureteroileostomii
podstupuji test na okultni krvaceni kazdy rok od opera¢niho vykonu. Test u zminénych
malignit je indikovan k vylouceni duplicity, u ureteroileostomie je vyssi riziko vzniku

KRCa [14s. 58].

4.8 Lécba KRCa

Lécbu KRCa miizeme rozdélit dle kurability onemocnéni na radikélni a paliativni.
Sanci na kurativni 1é¢bu poskytuje pouze radikalni chirurgicky vykon doplnény

v indikovanych ptipadech o neoadjuvantni ¢i adjuvantni onkologickou 1écbu [58 s. 541].

4.8.1 Onkologicky radikalni chirurgicka lécba

Obecné principy chirurgické lécby

Rozsah a typ chirurgického vykonu je dany lokalizaci a pokrocilosti tumoru spolu
s jeho lymfatickou drenazi. Pro dosazeni RO resekce, kterd predstavuje podminku pro
radikalitu vykonu, je nutné zajistit resekéni linie bez makroskopické i mikroskopické
nadorové infiltrace. U resekatu se sleduje distalni a proximalni okraj, do které¢ho
zahrnujeme 1 cévni stopku resekatu [59 s. 212], v ptipad¢ karcinomu rekta je téz nezbytné
sledovat postizeni cirkumferencialniho okraje resekatu, coz je nezavisly faktor lokalni
rekurence [60]. RO resekce je podminéna vzdalenosti nddorové infiltrace do 1 mm od
cirkumferen¢niho okraje. Cirkumferencni radialni okraj je u RO resekce definovan
vzdalenosti vétsi nez 1 mm. Dal§im podstatnym parametrem je kompletnost mezorekta,
ktera je hodnocena tzv. Quirkeho protokolem [61].

Cile kurativniho chirurgického zakroku jsou zajiSténi prichodnosti traviciho traktu
a kompletni odstranéni naddoru spolu s lymfatickymi uzlinami mezokola ¢i mezorekta.

Resekce mezokola az k odstupu vyzivujicich arterii téz zvysi Sanci na nalezeni
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dostatecného mnozstvi lymfatickych uzlin. Podle UICC je tieba vysettit alesponi 12
lymfatickych uzlin, aby nedoslo k podstdzovani tumoru. Pfi ndlezu suspektni uzliny mimo
resekat bychom ji méli odebrat k histologickému vysetieni, pokud to ovsem dovoluji
anatomické poméry [59 s. 212].

Onkochirurgie kolon a rekta se fidi nasledujicimi zasadami pro opera¢ni techniku.
Vzdy se snazime o resekci "en block", tedy v celku. Dal§im pravidlem je "no touch"
technika, pii které operatér manipuluje s nadorem az po podvazu cév. S nadorem
manipulujeme co nejméné a netraumatizujeme jej, ¢imz omezujeme moznost perforace
tumoru, rozsevu nadorovych bunék po peritoneu a jeho intralumindlni §ifeni pomoci
implantace uvolnénych nadorovych bunéck [62]. Jakakoliv anastomo6za musi byt
konstruovana s ohledem na zachovani perfiize resek¢nich okrajii. Tuto podminku miizeme
splnit, pouze pokud neni anastoméza pod tahem pii dostatecné mobilizaci stfeva. Pro
zachovani dostate¢ného prokrveni anastomozy je téz nutné zachovani cévniho zasobeni.
Pro techniku konstrukce anastomozy je nutné invertovat okraje k zajisténi kontaktu serozy
podél celého obvodu anstomozy. U kolon nebyly prokézany rozdily v mnoZstvi insufienci
u rucné konstruovanych a staplerovych anastomoéz [59 s. 213]. Doporucuje se zhotovit
anastomozu end to end, nebot’ side to side anastomdza miize vést ke stagnaci stolice ve
vzniklych slepych vacich a k nasledné insuficienci anastomdzy. Tésnost anastomdzy
provadime vzduchovou zkouskou insuflaci vzduchu rektalnim drenem do tlustého stfeva
pod hladinou vody. Pfi prokézané netésnosti pfistupujeme k resutufe anastomozy.

Otazka indikace k zaloZeni pojistné ileostomie neni dosud jednozna¢né vyieSena.
U elektivni nekomplikované operace kolon s dobrou pfipravou stfeva, pacienta bez
rizikovych faktort insuficience anastomoézy je doporucena jednodoba operace bez
zalozeni pojistné ileostomie [63]. U karcinomu rekta je otazka zaloZeni protektivni
ileostomie u elektivnich vykont jesté komplikovangjsi. Na naSem pracovisti protektivni
ileostomii u elektivni pfedni nizké resekce rekta zakladdme vzacné v individualnich
pripadech. M. Schaffzin zaklad4 ileostomii u v§ech pacientll po neadjuvantni radioterapii a
u koloanalni anastomozy [59 s. 221]. Dle retrospektivni studie autorii z Fakultni nemocnice
v Ostravé nema pojistna ileostomie u planované laparoskopické ptedni nizké resekce rekta
celkovy benefit ve smyslu snizeni mnozstvi pooperacnich komplikaci. Snizeni poc¢tu
symptomatickych insuficienci anastomodzy u pacient s ileostomii bylo pfevazeno
mnozstvim komplikaci ileostomie vyzadujici chirurgickou intervenci [64]. Naproti tomu

holandské a rakouska studie prokazaly signifikantn€ niZsi pocet reoperaci po pldnované
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predni nizké resekci rekta se zavedenou ileostomii [65, 66]. Uvedena rakouska
multicentrickd prospektivni studie doporucuje u nizké predni resekce rekta provést
protektivni ileostomii u vSech pacientl s anastomo6zou nize nez 6 cm od anu, zvIasté u
muzu [66]. Z dosavadnich publikaci vyplyva, Ze indikace provedeni pojistné ileostomie se
tidi u nekomplikovanych planovanych resekci rekta zvyklostmi na jednotlivych

pracovistich.

Chirurgicka lééba karcinomu kolon

Pti lokalizaci tumoru v céku ¢i vzestupného tra¢niku je indikovéana pravostranna
hemikolektomie s ligaci a. ileocolica a colica dextra pii odstupu od kmene a. mesenterica
superior s naslednou ileotransversoanastomozou. Pfi pravostranné hemikolektomii je
resekovano termindlni ileum, cékum, vzestupny tracnik a hepatalni flexura a ¢ast pticného
tracniku se zachovanim kmene a. colica media [45 s. 314-316, 46 s. 289-291].

Pti tumoru hepatalni flexury volime rozsifenou pravostrannou hemikolektomii,
ktera spociva v resekci terminalni ilea, céka, vzestupného traéniku, hepatalni flexury
a pricného tracniku s ligaci a pferusenim kmene a. colica media. Kontinuitu obnovujeme
pomoci ileotransversoanastomozy [45 s. 314-316, 46 s. 289-291].

Pti tumoru pricného tracniku resekujeme terminélni ileum, cékum, vzestupny
tracnik, hepatalni flexuru a cely pfi¢ny tracnik s liendlni flexurou. Ligujeme u kmene
vSechny vétve pro kolon vychazejici z a. mezenterica superior. Kontinuitu obnovujeme
pomoci ileodescendentoanastomozy. Pti sutuie anastomdzy mezi ileem a kolon se musime
vyrovnat s nepomérem obvodl tenkého a tlustého stteva. Uvedeny nepomér feSime
Sikmym fezem ilea, ktery ustupuje ordlné k resekénimu okraji na antimezenterialni strané.
Opacné vedeny fez by vedl k ischemii resekéniho okraje ilea
[45s.314-316, 46 s. 289-291].

U nadort lienalni flexury a sestupného tracniku volime levostrannou
hemikolektomii. Jedna se o resekci tlustého stieva zasobeného krvi a. colica sinistra
a levou vétvi a. colica media (¢ast piicného tra¢niku a sestupny tracnik). Anastomézu
konstruujeme mezi pfi€nym traénikem a sigmatem. Alternativu pfedstavuje resekce stfeva
a sigmatu s anastomé6zou mezi pticnym tra¢nikem a hornim rektem s podvazem a.

mezenterica inferior u aorty [59 s. 214].
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V ptipad¢€ postizeni sigmatu resekujeme sigma s podvazem a. sigmoidea Ci arteria
mezenterica inferior u odstupu od aorty a $ijeme descendentorektoanastomoézu.

U vsech vyse uvedenych vykonii provadime totalni excizi mezokolon ve spadové
oblasti lymfatické drendze bez porusSeni visceralni fascie [45 s. 314-316, 46 s. 289-291].

KRCa miize vést ke staviim, které nuti k akutni operaci, jako je ileus ¢i peritonitida.
I tak je mozné pokusit se o radikalni vykon. K témto operacim patii totalni ¢i subtotalni
kolektomie pfi ileu celého kolonu ¢i Hartmannova resekce sigmatu se zaloZzenim

terminalni kolostomie [67].

Chirurgicka lécba karcinomu rekta

U karcinomu rekta je stéZejni jeho vztah ke svéra¢lim. Pfi postizeni svéract je
nutné provést amputaci rekta s terminalni kolostomii, v opa¢ném piipad¢ je mozné provést
nizkou pfedni resekci rekta. Distalni resek¢ni linie by méla byt 2 cm od tumoru, coz mize
byt problém u nizko ulozenych, objemnych a cirkularné rostoucich nddort. Miniméalni
akceptovatelna vzdalenost je 1 cm u ultranizké intersfinkterické resekce [44 s. 308].
Vzhledem k tomu, Ze bylo prokézano Sifeni tumoru v lymfatickych uzlindch mezorekta az
na vzdalenost 4 cm distalné u cca 25 %, je doporuceny distalni okraj u resekce piti tumoru
horniho rekta 5 cm [68]. Distalni okraj u resekce 1 amputace je spise otdzkou lymfatickych
a krevnich cév, samotna délka oralni ¢asti resekatu nebyva problematicka. V tomto piipadé
pretrvava kontroverze ohledné vySky ligace arterie, zda provést ligaci uZ od odstupu arteria
mesenterica inferior od aorty s paraaortalni lymfadenektomii, nebo provést podvaz ve vysi
arteria rectalis superior [69]. Dle prof. Hocha. ,, Nebylo prokazano, Ze se s rozsirenim
rozsahu excize mezorekta do vyse odstupu dolni mezenterické tepny zvysi radikalita, ale pri
resekci tento pristup umozni lépe mobilizovat levou polovinu tracniku a zalozZit kolorektalni
anastomozu‘““ [58 s. 554]. V ¢lanku Chin-Chiena je vysoka ligatura doporuc¢ena u stadii T3
aT4[70].

Radikalita operace je zajiSténa totalni mezorektalni excizi (TME) bez nddorové
infiltrace mezorektalni fascie (fascia propria), kterd by méla zlistat intaktni. Podminky
takto provedené operace jsou piesny staging, ktery vede k indikaci dostatecné radikalniho
vykonu, a ptfesnd preparace chirurgem. Pistup k oSetfeni lateralniho Sifeni karcinomu rekta
se 181 dle kontinentl. Asijska (japonskd) chirurgicka skola, na rozdil od evropské

a americké, preferuje lymfadenektomii v lateralnich panevnich kompartmentech. Zapadni
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pfistup je konzervativni vzhledem k minimalnimu vlivu na lokélni recidivu a k vysokému
riziku komplikaci v€etn¢ funk¢nich poruch [44 s. 313].

Funk¢nimi poruchami po operaci rekta rozumime poruchy kontinence, sexualnich
funkci a mikce. Soubor symptomu specifickych pro funéni poruchy po nizké predni resekci
rekta je oznacovan v anglofonni literatuie LARS (Low anterior resection syndrom).

K hodnoceni tize tohoto syndromu se uziva tzv. LARS skore (0—42 bodit) hodnotici
nasledujici ptiznaky: inkontinenci pro plyny, inkontinenci pro tekutou stolici, frekvenci
stolice, fragmentaci stolice a urgenci. Za obtize typu LARS Ize oznacit skore 21 a vyssi.
Do 29 bodt je syndrom oznacovan jako minor LARS, vys$§i hodnoty jsou oznacovany jako
major LARS [71]. Etiologie syndromu je multifaktorialni. Jedna se o vysoky
endoluminalni tlak v diisledku snizené kapacity a distenzibility neorekta, snizeni klidového
tonu svéra¢ového komplexu s vymizenim rektoanalniho inhibi¢niho reflexu, porucha
senzorické funkce, narovnani anorektalniho uhlu. Tyto pfi¢iny se umocnuji pii
komplikovaném hojeni anastomoézy ¢i neoadjuvantni a adjuvanti onkologickou

1écbou [72]. Dle provedenych studii postihuje LARS 25-80 % pacientli po nizké piedni
resekci rekta [71, 73]. U muZza se k sexudlnim dysfunkcim, které se objevuji po nizké
predni resekci, fadi poruchy erekce a ejakulace, u zen se jedna o dyspareunii a neschopnost
lubrikace. Ob¢ pohlavi mtze postihnout porucha libida a prozivani orgasmu.

Z urologickych obtizi se nejCastéji projevuje paradoxni a stresova inkontinence [74].

Dalsi metodou urcenou pro low grade tumory T1 a T2 je transandlni endoskopicka
mikrochirurgie (TEM). TEM je upotiebitelnd u 1ézi, které neptesahuji 2/3 obvodu a nejsou
dale nez 18 cm od anu [75]. Praktické zkuSenosti na nasem pracovisti vSak tuto hranici

sniZzuji na 15 cm a maximalni postiZeni poloviny obvodu rekta.

Radikalni chirurgicka lé¢ba pokrocilych stadii karcinomu rekta

U karcinomu rekta, kde neni mozna resekce ¢i amputace rekta ani po neoadjuvantni
1é¢bé, ptichazi v tvahu jesté extenzivngjsi chirurgické vykony. U pokrocilych tumort
v dolni tfetin€ ptipada v Givahu cylindricka extralevatorova exstirpace rekta, pii které se
oproti abdominoperinealni amputaci rekta resekuje jesté kostr¢ a m. levator ani. Ventralné
je hranici amputace Groven m. transversus abdominis. Defekt na perineu je kryt kozné

svalovym lalokem z m. rectus abdominis nebo lalokem z m. gluteus maximus ¢i
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m. gracilis. Alternativou ke svalovym laloktim je synteticky material a decelularizovana
fascie [44 s. 351].

U T4 karcinom rekta s infiltraci okolnich organti je jedinym radikalnim
a kurativnim fesenim pelvické exenterace s odstranénim postizenych organti. Lze tak
rozlisit exenteraci totalni a kompozitni, u zen jesté rozliSujeme exenteraci predni a zadni.
Totéalni exenterace panve je en block resekce rekta a mo¢ového méchyte, u muzi
s prostatektomii a u Zen s hysterektomii, adnexektomii a piipadné i s kolpektomii.
V indikovanych piipadech je provadéna i resekce panevniho dna. Pfi zadni exenteraci se
neprovadi cystektomie a u prednich resekci je soucasti hysterektomie, adnexektomie
s cystektomii. Kompozitni exenterace jsou spojeny s resekcemi ¢asti panevniho skeletu.
Vzhledem k mutilujicimu charakteru téchto extenzivnich operaci a jejich relativné vysoké
pooperacni morbidité je nezbytnd uvazena indikace. Ke kontraindikacim patii lokalni
neresekabilta ve smyslu invaze do lateralnich panevnich kosti, angioinvaze do ilickych cév
a infiltrace nervovych kotenii. Dalsi kontraindikaci jsou neresekabilni vzdalené metastazy

a extrapelvicky neresekabilni rozsev karcinomu [58 s. 557-558 ].

Chirurgicka lécba jaternich metastaz

Terapeuticky plan metastatické nemoci KRCa je proveden v ramci
multidisciplinarniho seminafe a odviji se od resekability tumoru. Kurabilitu miiZeme
oc¢ekavat pouze u RO resekce vSech metastatickych loZisek. U synchronnich metastaz, at’
uz plicnich €1 jaternich, je moZzné troji nacasovani chirurgického zakroku. Nejprve
odoperovat origo a metastazy odstranit az v druhé dobé€. Dale je mozné nejprve operovat
jatra, jedna se o pfistup tzv. liver first surgery. Vykony v jedné dobé jsou pro vysoké riziko
komplikaci vzacné. Usp&Sny radikalni vykon zajisti pétileté preZiti v rozsahu 25-45 %.
Radikalni odstranéni metastdz je moZzné pouze u cca 20 % postizenych s metastatickym
KRCa [78, 79]. K navySeni poctu pacientd, kteti jsou schopni podstoupit radikalni
odstranéni metastaz, napomaha napf. embolizace portalni zily v rdmci viceetapového
vykonu, parenchym Setfici vykony, jako je radiofrekvenc¢ni ablace, zvySeni citlivosti
diagnostickych metod a zatazeni novych neoadjuvantnich rezimi [79]. Mezi zakladni
resekéni vykony na jatrech patii pravostranna a levostranna hemihepatektomie,

segmentektomie a metastazektomie [79].
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Chirurgicka lécba plicnich metastaz

U plic je nejCastéjsim vykonem metastazektomie v rozsahu atypické nebo klinovité
resekce s lemem zdravé plicni tkdn€. Rozséahlejsi vykony jako lobektomie
a pneumonektomie jsou velmi vzacné a provadéji se jen za predpokladu, Ze velikost nadoru
a jeho umisténi vzhledem k bronchovaskuldrnim strukturam nedovoluji mensi vykon. Na
nekterych pracovistich se provadi i lymfadenektomie. Pfed operaci je nutné spirometrické
vysetieni. Je mozné téZ provést laserovou metastazektomii. K lokalizaci metastaz slouzi
ptedoperacni CT a samotné vyhledani je nejcitlivéj$i pomoci hmatu béhem operace.
Ptistup k operaci je mozny z thorakotomie, sternotomie ¢i videothorakoskopicky.
Miniinvazivni pfistup usnadiiuje dalsi metastazektomie s odstupem, pokud se objevi nova

loziska [80, 44 s. 387-389].

Chirurgicka lécba peritonedlni karcinozy

Kombinaci chirurgické a onkologické 1€cby je peritonektomie s hypertermickou
intraperitonealni chemoterapii (HIPEC). Provadéna 1écba spociva v radikalnim
chirurgickém vykonu napf. resekci rekta ¢i pravostranné hemikolektomii s naslednou
omentektomii a peritonektomii. Vykon je zavr§en uzavienou ¢i otevienou HIPEC. Po
cytoreduktivnim vykonu je uzaviena peritonealni dutina proplachovana po dobu jedné
hodiny zahtatym chemoterapeutikem. Po dimisi pacienti podstupuji systémovou
chemoterapii. Pfinosem 1é€by je prodlouZené preZiti, u kolorektalniho karcinomu je
pétileté preziti po kompletnim cytoreduktivnim vykonu a HIPEC 3040 %, coZ 1 ptes
relativné vySsi pooperacni morbiditu (34 %) piedstavuje pfinos pro progndzu pacienti,
kteti by jinak mohli podstoupit pouze paliativni systémovou 1é¢bu [81, 82]. DosaZené
vysledky jsou podminény resekabilnim nalezem, dobrym celkovym stavem pacienta
(Karnovsky Index vyssi nez 75 %), z&dnym nebo minimélnim postizenim tenkého stfeva
a absenci mimobfiSnich metastaz. Peritonektomii a HIPEC je také mozZné indikovat jako
uziti u gynekologickych malignit a pacienti s KRCa podstoupivsi HIPEC tvofi menSinu

[83].
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4.8.2 Paliativni 1é¢ebné vykony

Paliativni vykony pro KRCa provadime z diivodu poruch pasaze, z davodi
krvéaceni ¢i perforace stieva, kdy z lokalnich ¢i celkovych divodi neni mozna
onkochirurgicky radikalni operace. Muze se jednat o operace elektivni i akutni. Paliativni
operace lze rozd¢lit na paliativni (malé) resekce, provedeni stievniho bypassu a na zalozeni
derivacni stomie. Dalsi moznost, jak zachovat prichodnost GIT pii tumoru rekta, je
zavedeni stentil.

Stomie: Dle lokalizace se déli na ileostomie, transversostomie a sigmoideostomie.
Zakladaji se oralné od tumoru jako odleh¢ovaci. Stomie mizeme déle rozdélit dle
provedeni na terminalni a axidlni. V paliaci se nejcastéji uzivaji axidlni stomie, kdy
nedochdzi ke vzniku uzavieného prostoru ve stfeveé a odvodné raménko funguje jako
mukozni pistél. U ileostomie je dale nutno zajistit, aby jeji okraj prominoval nad kiizi, jen
tak je mozné zabranit poleptani klize obsahem ilea. Dal$i moznosti, byt’ dnes jiz
neuzivanou, je cékostomie [45 s. 317, 46 s. 292].

Strevni bypassy: Jedna se o obejiti tumoru vytvofenim side to side anastomdzy. Pii
neodstranitelném obturujicim tumoru na pravém tracniku provadime
ileotranversoanastomozu, v pripadé lokalizace v levém tracniku provadime
transversosigmoideoanastomaézu [46].

Zavedeni stentu do rekta a rektosigmatu je indikovano jako paliativni vykon pfi
neresekabilnim tumoru rekta a rektosigmatu u pacientd, u kterych by bylo zalozeni stomie
v celkové anestezii vysoce rizikové. Stent 1ze s vyhodou pouzit i u pacientti s poruchou
pasaze a téch, kteti by profitovali z neoadjuvantni onkologické 1écby. Dal§i moznosti
indikace k zalozeni stentu je odmitnuti stomie pacientem nebo technické piekdzky k jejimu
vyvedeni a nasledné péci o ni. Stent 1ze zavést nejvySe do rektosigmatu a nejniZe nad linea
dentata. Pti vysoké poloze by doslo k dislokaci stentu a moznému poranéni stieva, pii
nizké poloze pod linea dentata by pacient trpél bolestmi a inkontinenci. K publikovanym
komplikacim patii perforace rekta, dislokace a obstrukce stentu. Alternativou ke stentdzi je
metoda laserové fotokoagulace, koagulace argonovou plasmou a bipolarni koagulace.

Nevyhodou téchto metod je jejich kratkodoby ucinek [84, 85].
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4.8.3 Onkologicka lécba

Onkologickou 1écbu kolorektalniho karcinomu mtzeme rozdélit dle nacasovani
a terapeutického cile na neoadjuvantni, adjuvantni a paliativni.

Neoadjuvantni terapie mé za ukol umoznit radikélni chirurgicky vykon po
restagingu nebo umoznit v ptipad¢ karcinomu rekta sfinkter Setfici vykon (NSABP R03
studie, [86]). U karcinomu rekta byl u neoadjuvantni radioterapie prokazan piinos pro
prodlouzeni doby do lokélni recidivy onemocnéni (Swedish Rectal Cancer Trial, EORTC),
vliv na prodlouZeni celkového pteziti nebyl prokazan ve shodé napfi¢ provedenymi
studiemi [87].

Adjuvantni terapie je onkologicka Ié€ba po radikdlnim chirurgickém zakroku za
ucelem snizeni rizika recidivy. Pfedpokladanym efektem 1é¢by je eliminace
mikrometastaz.

Paliativni terapie se podava jiz bez ocekavani kurabilniho u€inku, jejim Gcelem je
zlepseni kvality Zivota a prodlouZeni celkové doby pieziti.

Dle modality terapie lze rozliSit onkologickou 1é¢bu na radioterapii, chemoterapii a

biologickou lé¢bu.

Chemoterapeutika

Nejcasteji pouzivana chemoterapeutika v 1é¢bé KRCa jsou 5-fluorouracil a jeho
peroraln€ podavany prekurzor Capecitabin, dale Irinotekan a Oxaliplatina. Tato
chemoterapeutika jsou poddvana v monoterapii ¢i v kombinaci a v riiznych reZimech, a to
v bolusu ¢i kontinudlné.

S-fluorouracil je nejdéle pouZivané chemoterapeutikum, jedna se o analog citidinu.
Metabolizuje se v jatrech. Vzhledem ke kratkému biologickému polocasu (10-25 min) ma
vy&§i uéinnost kontinualni podani. Uinnost 1é¢by lze zvysit podanim leukovorinu
(kyseliny listové). K nezadoucim uc¢inkiim 5-fluorouracilu patii zvraceni, trombopenie,
kardiotoxicita, stomatitida a prijmy [88 s. 550-551].

Capecitabin (Xeloda) je peroralni forma fungujici jako prekurzor 5-fluorouracilu.
Capecitabin je metabolizovan v jatrech. Vyhodou je kromé peroralni aplikace 1 nizsi

hematologicka toxicita [88 s. 550-551].
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Irinotecan (Campto) Gcinkuje inhibici topoizomerazy I. Je synergicky
s S-fluorouracilem a cisplatinou. Tento piipravek nepodléha mnohocetné rezistenci. Mezi
nezadouci Uc¢inky patii prijmy a myelotoxicita [88 s. 554].

Oxalilplatina (Eloxatin) je interkala¢ni chemoterapeutikum plisobici synergicky
s S5-fluorouracilem. Nezadouci Gi¢inky jsou priijem a neuropatie [88 s. 554].

Raltitrexed (Tomudex) je inhibitorem thymidilatsyntazy. K nezadoucim u¢inkiim

patii febrilni neutropenie. Tento p¥ipravek je v CR registrovan pro 1é¢bu v monoterapii [3].

Biologicka lécba

K relativné nové modalité 1é¢by malignit patii tzv. biologicka 1écba. Jedna se
vétSinou o monoklondlni protilatky proti molekulam, které jsou specifické pro nadorové
bunky. Biologicka 1écba se pro 1é¢bu KRCa uziva v paliaci [3, 88 s. 554]. Kromé
regorafenibu v monoterapii jsou monoklonalni protilatky aplikovany s chemoterapeutiky.
DalSimi zastupci biologické 1é€by jsou Bevacizumab, Cetuximab, Panitumumab,
Ramucirumab a Aflibercept.

Cetuximab (Erbitux) je Iékem druhé volby pro 1écbu kolorektalniho karcinomu,
jedna se o monoklonalni protilatku, ktera se kompetitivné vaze na receptor epidermalniho
rustoveého faktoru. Lécba je netiinna u pacientli s ptitomnosti mutovaného K-RAS.

K negativnim prediktivnim faktoriim patii i mutace PI3K (pfitomna v 10-30 % KRCa).
K neZzadoucim t¢inklim patii koZni reakce a alergicka reakce [13 s. 169].

Bevacizumab (Avastin) je monoklonalni protilatka, u¢inkuje na zéklad¢ inhibice
neoangiogeneze blokovanim endotelidlniho riistového faktoru. K nezddoucim ucinkiim
patii nejCastéji tromboembolie, hypertenze, proteinurie a krvaceni [13 s. 169].

Ramucirumab (Cyramza) je rekombinantni protilatka proti
vascular endotelial growth factor receptor 2 (VEGFR-2), G€¢innost byla prokazana ve studii
RAISE II1, kde byly srovnavany kohorty pacientil s metastatickym KRCa. U vSech
pacientli bylo podavano FOLFIRI, u experimentalni kohorty t¢Z Ramucirumab [89]. Mezi
nezadoucimi u¢inky jsou neutropenie, hypertenze a trombocytopenie [13 s. 171].

Aflibercept (Zaltrap) je flizni protein receptoru proti epidermal growth factor
receptor (EGFR) a Fc fragment IgG1. Jeho ucinnost se prokazala ve III. fazi studie
VELOUR [90], kde v aplikaci v druhé linii spolu s FOLFIRI signifikantné prodlouzila
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celkové preziti u experimentalni kohorty. Nezadouci u¢inky jsou podobné jako u
Bevacizumabu [13 s. 170].

Ve stadiu klinickych studii je protilatka proti PD-1 Pembrolizumab s prokdzanym
ucinkem u pacientti s MSI-H KRCa [13 s. 172].

Radioterapie

Terapie ioniza¢nim zafenim je soucasti komplexni 1écby rekta a rektosigmatu. Vyssi
etaze nejsou indikovany k ozateni vzhledem k mobilité a riziku ozateni tenkého streva.
Dalsim diivodem pro ozéieni rekta a rektosigmatu je snizeni rizika vyskytu lokalni
recidivy. V neoadjuvantnim reZimu ma radioterapie za cil umoznit resekabilitu ¢i zajistit
podminky pro svérac¢ zachovévajici vykon. K nevyhodam ptedoperacniho ozareni patii
zpozdéni chirurgického kurativniho zakroku. Z nevyhod je uvadéno pomalejsi hojeni
operacni rany. Z tohoto divodu je operace nacasovana 4—6 tydnd po ukonceni radioterapie.
U pooperacni radioterapie je nevyhodou vyssi toxicita, svoji roli hraje 1 vySsi riziko ozareni
tenkého stfeva, jehoz klicky se 1 pfes peritonealizaci rany mohou dostat do malé panve.

U neoadjuvantniho ozéfeni po dobu 4,5-5 tydnt do davky 45 Gy. V akcelerovaném rezimu
je aplikovéana davka 25 Gy v 5 dnech s opera¢nim vykonem do 72 hodin. U pooperac¢ni
terapie se aplikuje pouze standardni frakcionace v celkové davce 46—50 Gy v pribehu péti

tydnii [91].

4.8.4 Terapeuticka schémata

Indikac¢ni kritéria pro onkologickou 1é¢bu jsou uvedena pro klinicka stadia dle
UICC. Tato stadia vychazeji z TNM klasifikace. V roce 2016 je platné 7. vydani TNM
klasifikace pro KRC z roku 2009 [2]. Tato klasifikace také mtze poskytnout udaje o
progndze, napomaha sledovat a srovnavat vysledky lécby mezi 1écebnymi centry. Pro

KRCa je TNM klasifikace uvedena v tab. 3.
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T - primarni nador

TX - primarni nador nelze hodnotit

TO - bez zn. primarniho tumoru

Tis - karcinom in situ

T1 - nador postihuje submukozu

T2 - nador postihuje tunica muscularis propria

T3 - nador postihuje subserdzu nebo neperitonealizované perikolické ¢i perirektalni

tkané

T4 - nador prorista peritoneum nebo postihuje jiné organy

T4a - nador prorista na visceralni peritoneum

T4b - nador ptimo postihuje jiné struktury

Poznamka: U vicecetnych nadort se k jakémukoliv T dopliiuje oznaceni (m)

N - regionalni mizni uzliny

NX - regionalni mizni uzliny nelze hodnotit

NO - regionalni mizni uzliny bez metastaz

N1 - metastazy v 1-3 regionalnich miznich uzlinach

Nla - postizeni 1 uzliny

N1b - postizeni 2-3 uzlin

Nlc - pritomnost loziska tzv. satelitu v subserdzni nebo neperitonealizované

perikolické ¢i perirektalni tkani bez metastazy regionalnich uzlin

N2 - metastazy ve vice nez 3 regionalnich miznich uzlinach

N2a - metastazy ve 4-6 regionalnich miznich uzlinach

N2b - metastazy v 7 a vice regionalnich miznich uzlinach

M - vzdalené metastazy

MX - vzdalené metastazy nelze hodnotit

MO - bez vzdalenych metastaz

M1 - vzdalené metastazy

MIla - metastazy omezené na jeden organ

MI1b - metastazy ve vice neZ jednom organu

Tab. 3. TNM klasifikace KRCa [3]
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Indikace chemoterapie a radioterapie u karcinomu kolon a rekta se fidi klinickym

stadiem a tinosnosti onkologické 1écby pro pacienta.

Stadium UICC 0 (Tis, NO, M0) pouze lokalni excize nebo polypektomie do zdravé
tkan¢ bez adjuvantni chemoterapie.

Stadium UICC I (T1-2, NO, MO0) radikélni chirurgicky vykon bez adjuvantni
chemoterapie.

Stadium UICC Ila (T3, NO, M0) U karcinomu kolon bez dalSich negativnich
prognostickych faktorti pouze radikalni operace bez adjuvantni chemoterapie. U karcinomu
rekta je na zakladé endorektalni ultrasonografie nebo magnetické rezonance panve
indikovadna neoadjuvantni chemoterapie s bolusovym nebo kontinudlnim podanim
5-fluorouracilu nebo Capecitabinem s konkomitantnim ozafenim panve s cilem zvySeni
Sance na sfinkter Setfici vykon.

Stadium UICC IIb (T3, NO, MO s negativnimi prognostickymi faktory a T4, NO,
MO) po radikalnim chirurgickém vykonu nasleduje adjuvantni chemoterapie a radioterapie.
Pokud je zvazovéana adjuvantni chemoterapie FUFA (5-FU+leukovorin) v UICC II stadiu,
je vhodné molekuldrni vySetfeni mikrosatelitni nestability, resp. MMR v nadorové tkéni.
Indikace neoadjuvance u karcinomu rekta se fidi stejnymi pravidly jako u stadia UICC Ila.

Mezi negativni prognostické faktory definujici skupinu high risk pacientl k indikaci
adjuvantni chemoterapie patii neznamé resekéni okraje, obstrukce, perforace stieva
nadorem, Spatnd diferenciace nadoru, mucin6zni slozka, nedostatecny pocet vysetfenych
lymfatickych uzlin (podminkou pro pfesny patologicky staging je vySetfeni neyméné 12
lymfatickych uzlin). Lymfatick4 nebo vaskularni nebo perineurdlni invaze [3].

Stadium UICC III (T1-4, N1-2, M0) Po radikélnim chirurgickém vykonu
nasleduje adjuvantni chemoterapie, u rekta doplnéna radioterapii. U karcinomu rekta je na
zéklad¢ endorektalni ultrasonografie nebo magnetické rezonance panve indikovana
neoadjuvantni chemoterapie s bolusovym nebo kontinudlnim podanim 5-fluorouracilu
nebo Capecitabinem s konkomitantnim ozafenim panve s cilem zvySeni Sance na sfinkter

Setfici vykon. Schéma pooperacniho sledovani je zobrazeno v tab. 4.
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ADJUVANTNI SYSTEMOVA LECBA KARCINOMU TLUSTEHO STREVA
[mimo rektum)

FAMOLOECKE STAOILM AL NTNI LECEA S HTAN
= Pyzikalni wysateni
Tis ) o - prvni dva roky: interval 3 mésice
T1, NID, MO - adjuvantni k& cha — dal5i i roky: interval B mésica
T2, MO, MO neni indikovina + Madorové markery CEA a CA1S-3
[pouze tumory T2,T3)
- prvni dva roky: interval 3 mésice
- dalsi i roky: intarval B mésicy
e . L . = Zobraovaci metody
[bez pritomnost] rzikovych ucast v klinicks studii ~ el Klinicky indikovang
faktorld Easného relapsu)* + Kolonoskapis
- ¥z nize
Sfluorouracil Aeukovorin » Fyzikalni wyEateni, KO + biochemia
nebo - prwni dva roky: interval 3 mésice
T4, ND, MO kapacitabin™" - dal&i £ roky: intereal B mésica
- nebo + Médorows markery CEA = CA1S-D
T3, MO, MO — FOLFOX. nebo FLOK ™ | —prvnidva roky: interval 3 mésice
[s rizikowymi Taktory it - dal&i & roky: interval B mésicd
casného relapsu) * tast v kiinicks studii = Zobrazovaci metody: CT plic,
nebo bificha a panve
ohsarvece pacenta, b Biby™" - prumi tFi roky: interval = roéné,
| & nebo je-li klinicky indikovéno
- dal&i 2 roky: jei kiin. indikovino
= Kolonoskopie
- - prvni kolonoskopie
e “““f’hf'"“““"'”"" do jednoha roku od resskes,
nenn. nebo do B mésiol, pokud nebyia
T4-4, N1-2, MO — kepecitabin®"’ || plodoperatns po
nebo ; .
- druhé kolonoskopie
1. kolonoskopie negativni,
w Dpatnam pripeda 1x rocné
- tfeti a dal&i kolonoskopie
¥ 5. roce od resekoe, pokud byla
2. kolonoskopie negativni, a dale
kazdjch & let, v opacmjch
pripadech 1= roéné

Tab. 4. Tabulka shrnujici adjuvantni systémovou lécbu karcinomu kolon [3]

UICC 1V (jakékoliv TN a M1) Strategie 1écby pacientl se synchronnimi
metastazemi kolorektalniho karcinomu se odviji od resekability vzdalenych metastaz a
primarniho tumoru.

U primarné operabilniho nalezu je mozné v jedné dob¢ operovat origo i metastazy.
Nebo nejdiive odoperovat primarni tumor a v druhé dob& metastazy. Je mozny téz piistup
tzv. liver first [92]. Pokud je zvolen dvoudoby vykon, je v mezidobi pod4avana systémova
chemoterapie, pfi¢emz po operaci metastaz nasleduji dalsi série onkologické 1écby [48].

U neresakabilniho nalezu ve stadiu UICC IV je indikovana systémova paliativni
chemoterapie, po které nasleduje restaging ke zhodnoceni resekability. Paliativni 1écbu,
ktera vede k resekabilité tumoru, oznacujeme jako konverzni [93].

V paliativni chemoterapii se uziva monoterapie ¢i kombinace chemoterapeutik.

Odpoved na 1écbu se hodnoti po 2—3 mésicich na zéklad€ (response evaluation criteria in
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solid tumors) RECIST kritérii. RECIST kritéria hodnoti soucet pramért 1ézi na CT (max.

5 1ézi na organ, celkoveé max. 10 1ézi). O kompletni remisi hovotime, pokud dojde k zaniku
1ézi v pribéhu onemocnéni. Za parcialni regresi je oznacovano zmenseni sledovanych 1ézi
0 30 % s potvrzenim stavu po mésici. Progrese nemoci je definovana nartstem o 20 %
nebo vznikem novych metastaz. Stav stabilni nemoci se pohybuje mezi parcidlni regresi

a progresi [94]. Pokud onemocnéni neprogreduje, je mozné pokracovat v prvni linii 1é¢by.

4.8.4 Dispenzarizace

Pooperacni dlouhodobé sledovani mé za cil asné odhalit recidivu po radikélni
operaci, protoze az 80 % recidiv je diagnostikovano v prvnich dvou letech po ukonceni
1écby [58 s. 561-562]. Prvni dva roky po operaci je po tftech mésicich provadéno klinické
vySetfeni a stanoveni nadorovych markerit CEA, C 19-9, v dalsich tfech letech se interval
prodluzuje na Sest mésicti. CT vySetfeni hrudniku, bficha a panve je provadéno jednou
ro¢n¢ prvni tfi roky. Kolonoskopie je provedena jeden rok po operaci a pak v intervalu tfi

az pét let [58 s. 561-562].
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5. Imunitni interakce KRCa

5.1 Imunobiologie KRCa

Prvni, kdo popsal vztah mezi nddorem a zanétlivou odpovédi, byl v r. 1863
Virchow, ktery zaznamenal lymforetikuldrni infiltraty v nddorech a vyslovil hypotézu, ze
chronicky zanét muaze ptispivat k rozvoji nadoru [44 s. 59]. Roli imunity v obran¢ proti
nadorovému onemocnéni zmifiuje i Ehrlich [95]. Ulohu zanétu v karcinogenezi prokazuji
studie, které nalezly korelaci mezi uzivanim nesteroidnich antiflogistik a niz$i incidenci
malignit [96, 97]. Tu ¢ast imunitni odpovédi, kterd vede k potlaceni vzniku malignity,
popsal Burnet v teorii, v niz tvrdil: ,, Fyziologickou funkci imunitniho systému je schopnost
rozpoznat a ndsledné zlikvidovat pro organismus nebezpecné bunky, mezi takové patri
samozrejmé burnky podilejici se na vzniku malignit“ [98]. Uvedenou teorii potvrzuji
experimenty na imunodeficientnich mysich [99] a napt. vznik Kaposiho sarkomu u
pacientli s AIDS a transplantovanych pacientl s imunosupresivni 1é€bou [100]. Z
uvedeného vyplyva, Ze role imunitni odpovédi na malignitu a jeji vznik neni jednoznacna.
Imunitni odpovéd’ mize zcela znicit transformovanou buiiku a mtze také pozastavit rtst
tumoru. V nékterych pripadech ale imunitni reakce také podporuje progresi malignity.

Z téchto dlivodl byla Burnetova hypotéza doplnéna a preformulovana jako imunoeditacni
teorie.

Progresi nddorového onemocnéni z hlediska intervence imunitniho systému lze
shrnout do tfi krokii. Jedna se o eliminaci, rovnovahu a unik (Elemination, Equilibrium,
Escape) [101]. Ve fazi eliminace, ktera ptiblizn¢ odpovida ptivodni Burnetoveé hypotéze, je
pln€ funkéni imunitni dohled (imunosurveillance) nad nddorovymi bunikami. Faze
rovnovahy je obdobim, kdy se nador vyrovnava s imunitni odpovédi a kdy dochazi ke
zmén¢ imunofenotypu nadorovych bunek a imunomodulaci ve smyslu potlaceni
cytotoxické reakce zprostiedované Thl lymfocyty. Uvedené zmény vedou k posledni fazi,

k uniku. V tomto stupni dochazi k progresi onemocnéni [102 s. 3].
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Eliminace

Béhem ranych fazi maligni transformace dochazi k neregulované proliferaci, ktera
vede k uvolnovani prozanétlivych citokint (interleukin IL-2, IL-12, IL-15, interferon
gamma - [FNYy), coz vede k aktivaci bun¢k vrozené imunity. IFNy a IL-12 aktivuji Thl
(T pomocné ,, helpers* lymfocyty) imunitni odpovéd’. Odpoveéd’ nespecifické imunity
zajist'uji prirozeni zabijeci (NK — natural killers) a makrofagy. Nadorové buiky jsou
zabijeny NK buiikami a fagocytovany makrofagy. Reakce imunity navazuje fagocytézou
mrtvych nadorovych bun¢k dendritickymi buiikami (Dendritic cells — DC), které po
maturaci migruji do lymfatickych uzlin. V lymfatickych uzlindch DC prezentuji nadorové
antigeny na major histocompatibility complex (MHC) molekulach I. tfidy cytotoxickym
lymfocytim a navozuji tak specifickou imunitni odpovéd’.

Aby mohl imunitni systém reagovat na nador, musi ho nejprve rozpoznat na
zakladé¢ fenotypu bunky, ktery se méni béhem tzv. bunééné transformace. Béhem
transformace dochéazi ke zménam genové exprese a metabolickych drah [103]. Mezi
dialezité zmény fenotypu patii snizend tvorba MHC I molekul [104] ¢i tvorba aberantnich
sacharidli nebo tumor specifickych antigent (tumor specific antigens — TSA) a antigent
spojenych s tumorem (tumor asociated antigens — TAA). Imunitni odpoveéd’ miize také

vyvolat exprese stresovych proteint (napt. CEA, MHC E ¢i MUCI) [44 s. 58].

Rovnovaha

Tzv. eqilibrium se tyka jiz vytvofeného nadoru, kdy nedochazi k progresi a invazi.
Jedna se napiiklad o stavy po radikélni operaci, kdy pfedpokladame existenci minimalni
reziduélni nemoci s nadorovymi buiikami v tzv. dormantnim stavu. V této fazi jsou klicové
IFNy sensitivni buiiky [105]. Rovnovazny stav také nastava v ptipad¢€, Zze imunogenicita
tumoru a imunitni odpovéd’ je vyrovnavana s proliferacni aktivitou nddorovych bunck
[106, s. 34]. Ptiblizné 30 % pacientii s KRCa UICC I a II (bez postizeni lymfatickych
uzlin) recidivuje a zlstava otdzkou, co je pfic¢inou a jak tyto pacienty identifikovat [107].
Faktorem, ktery mtze hrat roli v recidivé, je imunitni odpovéd’. Galon prokazal, Ze typ,
denzita a lokalizace imunitnich bun¢k vzhledem k tumoru ma signifikantni vliv na

progndzu pacientil s KRCa [7].
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Unik

K ¢asnym histologickym znamkam tniku nadorovych bun€k z imunitniho dozoru
patii mikroembolizace nadorovymi bunikami (venous emboli — VE), invaze v lymfatickych
cévach (lymphatic invasion — LI a perineuralni infitrace — PI). Uvedené histopatologické
parametry koreluji s kratSim bezptiznakovym ptezitim (DFI — desease free survival) a
dobou celkového pieziti (OS — overall survival) [102 s. 4]. Na zéklad¢ provedenych studii
1ze postulovat, Ze koordinovana imunitni reakce zahrnujici naptiklad cytotoxické
lymfocyty zabranuje uniku metastatickych bun¢k krevnimi a lymfatickymi cévami
[102 s. 4].

Expanze nadoru vyvolava tlak na okolni tkan a G¢inkuje parakrinn€ pomoci
cytokinti a ristovych faktorii na lokdlni homeostazu [44 s. 58]. V tomto mikroprostiedi se
vyskytuji i imunokompetentni bunky, jejichz modulovana ¢innost miize paradoxné
podpofit progresi nadoru [44 s. 59]. Prosttedi chronického zanétu miize kromé podpory
proliferace nadorovych bun¢k téz inhibovat funkci efektorovych cytotoxickych
T lymfocytli. V tomto konkrétnim ptikladu je to zprostfedkovano parakrinnim ptisobenim
IL-23 [108]. Rustové faktory a cytokiny aktivované v solidnich tumorech mohou pisobit
jako negativni prognostické faktory. Jedna se o TNFa (tumor necrosis factor alpha), IL-6 a
TGFP (transformimh growth factor ), IL-17, IL-23, FGF (fibroblast growth factor)

[102 s. 25].

StéZejni trio parakrinnich ptisobki pro udrZeni mikroprostfedi chronického zanétu
s imunitni reakei typu Th2 je TNFa, IL-6 a TGFp [102 s. 25]. Popsany proces, pii kterém
dojde ke snizené imunogenicité tumoru a podpofe nadorového ristu imunitni odpovédi, se

nazyva imunoediting [7].

46



5.2 Nespecificka imunita

Nespecificka neboli neadaptivni imunita piedstavuje soubor mechanismii bunécné
a humoralni imunitni odpovédi, ktera je zalozend na rozpoznani spolecnych,
nespecifickych, chemickych struktur cizorodych mikroorganismu. Jedna se o evolu¢né
starsi typ imunity, ktery vynika vysokou rychlosti odpovédi. Odpovéd’ neni ovlivnéna
predchozim setkanim s patogenem. Nespecifickd imunita ma slozku humoralni
a bunécnou. Neékteré buiiky nespecifického imunitniho systému maji schopnost
fagocytovat a prezentovat antigeny lymfocytiim. Tvoii tak podminku funkce adaptivni
imunity [109 s 24-25].

Do humorélni slozky patii komplementovy systém, interferony lektiny a jiné sérové
proteiny. Detailni rozbor humoralni sloZky nespecifické imunity neni soucasti dizertacni
prace. Do celularni slozky patii bunky s pivodem v myeloidni fadé hematopoetickych
bun¢k kostni dfen€, jedna se o0 monocyty a granulocyty. Monocyty piechézeji z cirkulace
do tkani, kde se z nich stavaji makrofagy nebo DC. Granulocyty se déli do tfi linii:
neutrofily, eozinofily a bazofily. Formou bazofilnich granulocytii v tkanich jsou mastocyty.
Bunky z lymfoidni fady zahrnuté do nespecifické imunity jsou pfirozeni

zabijec¢i-NK bunky [109 s. 47, 110].

5.2.1 Prirozeni zabijeci

Ptirozeni zabijeci maji nezastupitelnou tilohu ve vrozené, ale i ve specifické
imunité€ [111]. Vynikaji schopnosti rozlisit a zni€it infikovanou buiiku ¢i buitku maligné
transformovanou. NK buniky nepotiebuji k 1yze postizenych bunék piedchozi stimulaci
[112]. Jejich dalsi ulohou je podpora diferenciace B a T lymfocyti a maturace DC [111].
V lymfatickych uzlinach predstavuji 1-5 % mononukleart a ve sleziné tvoii 7-50 %
mononukleart. Fenotyp NK bunék (CD56dim, CD16") ve slezing a v krvi je totozny, coz
ukazuje na jejich cirkulaci ¢ervenou pulpou sleziny. V krvi piedstavuji NK buiiky do 2 %
ze vSech lymfocytt [113].

NK buniky vznikaji pod vlivem DC a stromalnich buné€k v sekunddrnich
lymfatickych tkanich. Prekurzory NK bunék pochazeji z kostni diené [114]. Populaci
hematopoetickych bunék, kterd dava vznik NK, je CD34" CD45RA" skupina bunék v

sekundérni lymfatické tkani [115, 116]. Diferenciaci v kostni dieni se nepodatilo prokazat
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[112]. Nejprve vznikaji tzv. pro-NK buiiky, které jsou definovany jako CD34" CD45RA"
CDI117 CD9%4 CD122" [117]. Tyto bunky jsou inertni k IL-15. Dal§im stadiem vyvoje NK
bunék je forma s CD 122" (IL2/15RB) a CD117 (c-Kit) oznadovana jako pre-NK buiiky,
které jiz reaguji na IL-15. Tento interelukin je pro funkci NK klicovy. Naslednou stimulaci
IL-2 a IL-15 dojde k diferenciaci v tzv. nezralé NK [118]. Zrald NK burnka je
charakterizovana expresi receptoru CD94 (NKG2A) a pfitomnosti CD56 a CD16 a absenci
TCR [119]. Dalsim markerem, ktery se vyskytuje na povrchu NK bun¢k, je CD57.
Molekuly CD56 a CD57 jsou soucasti metodiky této prace, a proto bude uvedena
v nasledujicim textu jejich charakteristika.

Schéma vyvoje NK bunégk je predstaveno v obr. 2. Ackoli zralé NK buiiky jsou
v sekundarnich lymfocytech ze vSech svych vyvojovych stadii zastoupeny v 90 %,
v cirkulaci pfevladaji nezrala stadia a maturované NK jsou ve vyrazné mensiné (cca 10 %).
Predpoklada se, ze tyto zralé NK buiiky jsou hlavnim producentem IFNy. Zral¢ buiiky jsou

schopné usmrtit butiku pomoci perforinti a granzymu B [109 s. 156].
Molekula CD56

CD56 neboli NCAM (Neural cells adhesion molecules) je membranovy
glykoprotein, ktery plni funkci adhezivni molekuly. Existuje mnoho izoform v zévislosti na
alternativnim splicingu a posttransla¢nich modifikacich. CD56 je exprimovan kromé
zralych NK bunék hlavné na neuronech, astrocytech a oligodendrocytech [120]. Dale je
exprimovan v ¢etnych tkdnich béhem embryonalniho vyvoje a na bunikdch karcinomu rekta
[121]. Zralé NK buiiky jsou sice pozitivni na CD56, avSak na zdklad¢ pratokoveé
cytometrie se podle miry pozitivity daji semikvantitativné rozdélit na subpopulace (bright,
mid, dim, negative). V imunologii je na zéklad¢ imunohistochemického znaceni CD56 a
CD16 (FcyRIIIA — receptor pro Fc fragment imunoglobulinu) rozliSeno v periferni krvi 5
skupin NK bungk: CD56™¢" CD167, CD56™¢" CD16%™, CD56"™ CD167, CD56%™
CD16™¢" CD56"™ CD16™", CD 56" CD16™€" Mira CD16 pozitivity odraZi schopnost
protilatkami zprostfedkované imunitni odpovédi. U NK bunék nachazime na zakladé
semikvantitativniho hodnoceni CD56 pozitivity dvé hlavni skupiny — CD 56"€" a CD 56
mid Vztah mezi témito dvéma skupinami NK bunék neni pfesné znam. Predpoklada se, ze

CD56 """ by mohl byt prekurzorem CD56™ [122].
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Ob¢ skupiny exprimuji jiné spektrum adhezivnich molekul a receptort na
chemokiny, coz ovliviiuje jejich migraéni preference. CD56™"" NK buiiky cestuji do
sekundérnich lymfatickych organti, zatimco CD5 6Y™ NK buiiky migruji do mista akutni
zan&tlivé odpovédi [123]. CD56™ " NK buiiky produkuji oproti CD56%™ v&tsi mnozstvi
cytokind. Tyka se to hlavng IFNy, u n&ho? je tento rozdil 20-30krat v&tsi [124]. CD56%™
NK buiiky maji vétsi cytotoxickou aktivitu, coz potvrzuje vyssi obsah cytolytickych
granuli, gramzymu a perforini [125]. CD56“™ NK buiiky na rozdil od CD56""¢" exprimuji
CD57 [123]. Schéma vyvoje NK bungk je zpracovano na obr. 2. CD56 je exprimovan na
povrchu bunék karcinomu rekta, je také asociovan s vyssim vyskytem lokalni rekurence a

perineuralni invazi [121].
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Obr 2. Vznik a maturace NK bun¢k [112]
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Molekula CD57

Jedna se o galaktozylgalaktozylxylozylprotein 3 beta glukuronozyltransferazu 1
nazyvany téz Human natural killer 1 (HNK1) nebo LEU7. Bylo prokdzéano, ze CD57 je
exprimovan u maturovanych NK. Na CD 8" lymfocytech a na buiikich pochéazejicich
z neuralni ryhy. Na neuronech mé funkci adhezivni molekuly. U T lymfocytt se objevuje
po dlouhodobé antigenni stimulaci pfechod z fenotypu CD28" CD57 na CD28 CD57".
Jedna se o lymfocyty s nizkym proliferacnim potencialem a vysokou cytotoxickou
aktivitou. Tyto lymfocyty exprimuji inhibi¢ni receptory typické pro NK. Pfitomnost CD57
u CDS8" T lymfocyti je znakem vysoce diferencované oligoklonalni subpopulace v rAmci
chronické antigenni stimulace [126]. V ptipadé NK buné¢k se jednd o marker maturace.
Jedna se o NK buniky s vysokym cytotoxickym potencidlem, avSak se snizenou citlivosti k
cytokintiim a redukovanou moznosti proliferace. CD57" NK vznikaji irreverzibilné z
CD56%™ CD57 bungk. Tato maturace je spojena s fenotypickymi zmé&nami. Maji nizs
prolifera¢ni odpovéd’ na stimulaci IL-2 a IL-15 a produkuji také méné IFNy [127]. Exprese
CD57 predstavuje u NK buiiky krok k vyssi cytotoxické aktivité, vétsi citlivost ke spusténi
protilatkami zprostiedkované, ale i nespecifické cytotoxické reakci [128]. Souhrné 1ze fict,
ze CD57 pozitivita u bun¢k imunitniho systému je markerem vysokého cytotoxického

potencialu.

Aktivace NK buiiky a jeji funkce v protinadorové imunité

Aktivace NK bungk je zajisténa nekolika mechanismy. Miizeme je rozd¢lit na
protilatkach zavislou (antibody dependent celular cytotoxity — ADCC) a na nespecifickou,
na protilatkach nezavislou cytotoxicitu [109 s. 155-156]. Do nespecifické (vrozené) Casti
imunitni reakce patii aktivace na zéklad¢ sniZzeni exprese MHC I na povrchu
transformovanych bunék. Schopnost rozeznani bunék se sniZzenou expresi MHC I je déna
inhibi¢nimi receptory NK bunék, jejichz ligandem je MHC 1. Do této skupiny patii killer
cell immunoglobulin-like receptors (KIRs) a CD94/NKG2A [111, 129]. Dalsi moznosti
aktivace NK bun¢k bez potieby protilatek je detekce znamek bunécného stresu, coz je
zajisténo receptorem NKG2D. Do stejné skupiny patii receptor NKp30, ktery reaguje na

zvySenou expresi ligandu B7-H6. Tato molekula je ve zvySené mife exprimovana pii
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poskozeni DNA [129]. NK buiiky jsou také schopny bez oznaceni imunoglubulinem
rozeznat a napadnout virem infikované buiky [130].

NK bunka dokaze ucinkovat cytotoxicky i na zaklad¢ protilatkami zprostiedkované
imunitni reakce. ADCC je zajisténa aktivaci NK buniky pomoci FcyRIIIA (CD16)
receptoru pii opsonizaci cilové buiiky protildtkami IgG typu. Ligandem pro FcyRIIIA je Fc
fragment imunoglobulinu [131, 132]. Soubor aktivacnich receptori NK buné€k u lidi i mysi
je oznacen na obr. 3.

NK bunky produkuji mnoho prozanétlivych i protizanétlivych cytokinti, jako IFNYy,
TNFa, IL-3, IL-10, a rastovych faktort, jako granulocyte macrophage colony-stimulating
factor (GM-CSF) a granulocyte colony stimulating factor (G-CSF). NK bunky také
produkuji mnoho chemokint véetné¢ CCL2, CCL3, CCL4, CCLS5, XCL1 (lymfotaktin) a
CXCLS8 (IL-8) [133]. Uvedené chemokiny pfitahuji DC do mista probihajiciho zanétu. NK
bunky ptfimo stimuluji naivni T lymfocyty v lymfatickych uzlinadch produkci IFNy a
nepiimo pres dendritické antigen prezentujici bunky [131].

Smrt cilové buniky je zajisténa dvéma cestami. Jedna se o smrt zprostiedkovanou
aktivaci receptorti bunééné smrti a zabiti granzymy a perforiny v granulich NK buriky.
Receptory, které¢ donuti bunku k apoptdze, jsou Fas a TRAIL receptory [134]. Pouziti
lytickych enzymu v granulich je typické pro niceni bun¢k infikovanych nebo maligné
transformovanych [135]. Publikované studie navrhuji roli NK bunék v rozeznavani a
usmrceni nddorovych kmenovych bunék, konkrétné u glioblastomu [136] a melanomu
[137]. Nadorové kmenové buiiky predstavuji malou populaci bunék v nddorové mase. Tyto

buiiky jsou zodpovédné za recidivu tumoru po cytoreduktivni terapii [138].
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Obr. 3. Ptehled aktiva¢nich a inhibi¢nich receptort spolu s receptory pro cytokiny
a chemotaktickymi adhezivnimi receptory na NK buiice [131]

Mechanismy rezistence tumoru k NK buiitkam

Nédorové buiiky mohou vyvinout riizné tinikové mechanismy, jak se vyhnout zabiti
NK buitkami. Dulezitou roli mé ligandem indukovana down regulace. Ligand mtize byt
vypustén z povrchu nadorové buriky ¢i pfedan trogocytézou [139, 140]. K témto
inhibi¢nim molekuldm patii HLA-G na povrchu nddorové buniky. Za fyziologickych
podminek je ptitomna HLA-G na bunikach imunoprivilegovanych tkéani jako je placenta
[141]. Metastazy KRCa, jejichz origo mé vysokou denzitu HLA-G, jsou paradoxné bez
exprese HLA-G [142].

Dal8im mechanismem sniZeni aktivity NK bunék je chronicka aktivace receptori
NKG2, ktera vede k jeho down regulaci. TGFp a prostaglandin E2 (PGE2) tvofené
v nadorovém stromatu snizuji expresi NKp30, NKp44 a NKG2D u NK buné¢k, coz vede
ke sniZeni cytotoxicity a produkce cytokinit NK bunikou [136, 143]. U melanomu byla
prokdzana zvySena exprese genu pro indolamin 2,3 dioxygenazu, kterd pfispiva k navozeni

52



imunotolerance NK buitkami [ 144]. Dal$im faktorem snizujicim G¢innost funkce NK
bunék je hypoxie v tumoru, ktera signifikantné oslabuje jejich nespecifickou cytotoxicitu.
Zachovava vsak jejich schopnost usmrtit imunoglobuliny oznacenou buiniku v ramci
protilatkami zprostiedkované cytotoxicity, hypoxie totiz neovlivituje expresi FcgRIII NK
bunck [138]. Na ucinnost NK buné¢k miize ukazat i jejich pozice vic¢i tumoru. NK buniky,
které se nachazeji ve stromatu a nejsou v kontaktu s nadorovymi buitkami, jsou anergni

[145, 146].

Vztah NK bunék ke KRCa

Pozitivni vliv na prognozu pacientli s KRCa byl u NK poprvé prokézan ve
$panélské studii Cocou [147], kdy mnozstvi CD57" bun&k v nadorové tkani pozitivné
korelovalo s celkovym pfezitim u pacientii po radikalni operaci pro karcinom kolon bez
adjuvantni terapie. Ve studii Menona byl prokazan pozitivni vliv na bezptiznakové preziti u
KRCa s pFitomnosti CD56" a CD57" NK bunék [5]. Italska studie z roku 2015 neprokazala
vliv NK (CD57", CD56") na prognézu pacienti s KRCa [148]. Odhalila viak jako
pozitivni prognosticky faktor spole¢nou infiltraci T lymfocyti CD8" a NK bunék. Tato
kombinace méla signifikantné nejvetsi vliv na celkové preziti oproti tumortim, které byly
infiltrovany bud’ samotnymi CD8" lymfocyty, nebo NK buiikami bez CD8" lymfocyti.
Marechal studoval poéty CD56" bunék v KRCa pacientii ve stadiu IV UICC s postizenim
lymfatickych uzlin. Tito pacienti podstoupili chemoterapii s cetuximabem nebo bez
cetuximabu. NK bunky se ukézaly jako pozitivni prognosticky faktor celkového preziti.

Ze skupiny lécené cetuximabem pozitivné koreloval pocet NK bunék v KRCa s ¢asem do
progrese onemocnéni [149]. V praci Golubové bylo prokdzano, ze NK bunky se vyskytuji
v menSich poctech v parenchymu jater postizenych metastdzemi oproti jatrim bez metastaz
[150]. Fenotypova analyza aktivacnich receptorti u NK bunék z periferni krve u pacienta

s KRCa ukazala, Ze exprese téchto receptorti byla snizena oproti zdravym kontroldm.
DalS8im zjisténim bylo, Ze snizeny podil NK bunék s pfitomnym NKG2D a s perforinem je
asociovan s vysokym gradem tumoru [151]. Gharogozloo prokazal, ze pacienti

s generalizovanym KRCa maji v periferni krvi signifikantné niz§i mnozstvi NKG2D" NK
bunék, stejné tak byla sniZzena 1 exprese NKG2D mRNA v jadernych bunikéach periferni
krve [152]. Ve studiich Sandela a Halami, do kterych bylo zahrnuto 88 a 122 pacienti, se
infiltrace tumoru NK buiikami neukazala jako prognosticky faktor KRCa [145, 153].
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Existuje vSak fada studii s opaénynm vyznénim. Liska publikoval praci, kde byla infiltrace
CD57" nezavislym pozitivnim prognostickym faktorem pro DFI i OS po radikélni
chirurgické 16¢bé KRCa [154]. Obdobné i Chaput prokazal, Ze infiltrace KRCa CD57"
buinikami je pozitivni prognosticky faktor pro celkové pieziti po radikalni operaci KRCa u
pacientt ve stadiu UICC II a III [155]. Uvedené vysledky neukazuji jednoznac¢nou roli NK
bun¢k u KRCa. Zcela urcité neni jejich vliv determinovan pouze jejich ptitomnosti

v tumoru, ale 1 jejich funkénim stavem, pozici viici nadorové tkani a schopnosti kooperovat

s ostatnimi slozkami imunity.

5.2.2 Makrofagy

Charakteristika makrofagi

Makrofagy jsou tkanovou formou monocyti. Monocyty obihaji v krvi a do
infikovanych ¢i poskozenych tkani se dostavaji poté, co se zachyti na povrchu
endotelidlnich bunék a projdou diapedézou ptes endotel do mezibunécného prostoru.

V tkani se aktivné pohybuji proti koncentra¢nimu gradientu chemokinii k mistu zanétu.
Adheze monocytt na endotel je zprostfedkovana interakci dvou molekul. Na cévni sténé se
jedna o vascullar cell adhesion molecule (VCAM) a na monocytech jsou to 1 integriny.
Chemokiny atrahujici monocyty jsou macrophage infalmatory protein 1 a 2 (MIP-1a,
MIP-1pB), CCL2 a CCLS, fragmenty C3a a C5a komplementu, leukotrien B4 (LTB4),
platelet activated factor a nékteré chemotaktické peptidy pochazejici z bakterialnich
proteinti. Pohyb v mezibunééném prostoru je zajistén sekreci hydrolytickych enzymd.

K rozeznani patogenu slouZi lektinové receptory, které se vazou na bakterialni
K dal$im receptorim, které se vazou na evolucné konzervativni struktury patogent, patii
TLR (toll like receptor). Makrofagy jsou schopné rozeznat apoptotickou buiiku pomoci
scavengerovych receptori, které rozeznavaji anionické fosfolipidy. Makrofagy také reaguji
na ¢astice opsonizované imunoglobuliny za pomoci Fc receptort. K opsoniniim patii
kromé imunoglobulint také lektiny vazajici fibronektin, fibrinogen a proteiny ze skupiny
tzv. pentraxinu — C-reaktivni protein a sérovy amyloid P. Pohlcené Castice jsou umisténé ve
fagozomech uvnitt makrofagu. Fagozomy splynou s lysozomy obsahujicimi defenziny

a hydrolytické enzymy, které spolu s nizkym pH destruuji obsah fagozomti. Aktivace
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NADPH - oxidazy vede k tvorbé kyslikovych radikalt, které maji destruktivni ucinek na
biopolymery. Dalsi baktericidni latkou produkovanou makrofagy je oxid dusnaty (NO).
Baktericidni latky produkované makrofagy a ostatnimi fagocyty (neutrofilni a eozinofilni
granulocyty, monocyty) se nemuseji selektivné uplatnit pouze na infikovanou bunku ¢i cizi
patogen. V takovém piipad¢ dojde k poskozeni okolni tkdn€. Imunosupresivni u¢inek
kyslikovych radikal ¢asteéné vysvétluje, proc je chronicky zanét véetné Crohnovy
choroby ¢i ulcerdzni kolitidy prekancer6zou. Makrofagy ptisobi také jako antigen

prezentujici bunky, coz urcuje jejich vztah ke specifické imunitni odpoveédi [109 s. 39-43].

Vztah makrofagii ke KRCa

Studie publikovana roku 2000 postulovala hypotézu, ze produkce zanétlivych
cytokini makrofagy v invazivnim okraji KRCa zpiisobuje vyssi produkci angiogeninu
nadorovymi buiikami. Angiogenin stimuluje neoangiogenezi a umoziuje progresi nadoru.
Pozitivni korelace mezi pocty makrofagi a expresi angiogeninu nadorovymi bunikami tuto
hypotézu podpoftila. Exprese angiogeninu pozitivné korelovala s vyvojem kapilar,

s uzlinovymi a jaternimi metastdzemi a s pokrocilosti nadoru [156]. Prace z roku 2002 tyto
zaveéry nepotvrdila, nebot’ mnozstvi makrofagl ve stromatu tumoru ¢i v invazivnim okraji
nekorelovalo s hustotou kapilar [157]. Prace z roku 2005 prokézala korelaci mezi
makrofagy a mastocyty infiltrujicimi tumor a del§im celkovym pieZitim u pacientii s KRCa
[158]. Pozitivni vliv makrofagl v invazivnim okraji na bezptiznakové preZiti po radikéalni
operaci pro KRCa prokazal Imano, zde byl téZ prokdzan negativni vliv osteponinu v centru
tumoru na vyskyt metachronnich jaternich metastaz [159]. Ve studii zaméfené na pacienty
s KRCa po radikalni operaci s metastatickym postizenim regionalnich lymfatickych uzlin
se prokazal pozitivni efekt makrofagl na prognozu [160]. Rozdé€leni makrofagh

v invazivnim okraji dle fenotypu na M1 a M2 neukazalo rozdil v jejich vlivu na prognézu
KRCa. M1 jsou znacené na syntazu oxidu dusnatého a M2 makrofagy jsou znacené na
scavenger receptor CD163. Oba dva typy mély pozitivni vliv na prognoézu po radikalni
1écbé KRCa. Jednalo se o dosti robustni studii se 452 pacienty s definovanym MSI a CIMP
statutem. MnoZzstvi tumor asociovanych makrofagli nekorelovalo s genetickym podkladem
onemocnéni [161]. V rozporu s uvedenymi vysledky byl prokazan negativni vliv M2
makrofagl na prognézu KRCa ve studii Herrery [162]. PouZiti poméru tumor

asociovanych makrofagt dle barveni na CD68 a na CLEVER-1/Stabilin-1 ukézalo, Ze ve
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stadiu KRCa UICC IV vys$s§i mnozstvi regulacnich M2 makrofagii peritumoralné a
intratumoralné pozitivné korelovalo s delsim OS. Vysoky pomér CD68/CLEVER 1
pozitivné koreloval s delSim bezptiznakovym piezitim po radikalni chirurgické 1écbé.
CD68 je povazovany za univerzalni marker makrofagi, CLEVER-1/Stabilin-1 je
markerem regula¢nich makrofagt [163]. Jako pozitivni prognosticky faktor KRCa se
CD68" tumor asociované makrofagy potvrdily i v dalich publikacich

[155, 164, 165, 166, 167]. V roce 2013 bylo publikovano zjisténi, ze ptitomnost CD169
(sialoadhesin) pozitivnich makrofagl v regiondlnich uzlinach po resekci stfeva pro KRCa
pozitivné koreluje s prognézou KRCa. Byl téz prokazan kontakt makrofag s CDS8
lymfocyty v lymfatickych uzlinach [168].

5.2.3 Granulocyty

Typy granulocytii a jejich charakteristika

Granulocyty se svym ptivodem a funkci fadi k fagocytiim a dale se rozliSuji na
neutrofily, eozinofily, bazofily a mastocyty. Neutrofily se li§i od makrofagi a DC tim, Ze
neexprimuji MHC II, a nemohou proto fungovat jako antigen prezentujici buiky
[109 s. 33-47]. Za fyziologickych podminek se vétSina granulocytl zdrZuje v cirkulaci a
kostni dieni a az v prib¢hu zanétu tyto imunocyty vycestovavaji k mistu probihajici
inflamace. V periferni krvi pfedstavuji neutrofily 60—70 %.

Funkce eozinofilii spociva v obrané proti mnohobunécnym parazitim. Eozinofily
tvoti 1-3 % jadernych bunck v periferni krvi.

Bazofily jsou nejméné pocetné zastoupenou skupinou, ktera tvoii méné nez 2 %
z imunocytd v periferni krvi. Jsou povazovany za cirkulujici formu mastocytii — zirnych
bunék. Zistava vSak otazkou, jestli jsou jejich prekurzorem. Bazofilni granula obsahuji
histamin a serotonin a podileji se na protiparazitarni obrané.

Mastocyty patii morfologicky mezi granulocyty. Podileji se produkci biogennich
amint (serotonin, histamin) na vypuzeni parazit. V pifipad¢ systémového ucinku
mastocyty vyplavenych latek se jedna o anafylaxi v ramci alergické reakce. Recentni studie
ukazaly, ze mastocyty mohou fungovat i jako antigen prezentujici bunky a hraji

nezastupitelnou roli ve fyziologii sliznic a pojiva [109 s. 45].
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Vztah granulocytii ke KRCa

Neutrofily se objevily ve studii navrhujici skorovaci prognosticky systém
u inoperabilniho KRCa, kde figurovaly mezi dal§imi faktory doby OS. Vysoka hodnota
zlomku neutrofily/lymfocyty v periferni krvi byla prokazéana jako negativni prognosticky
faktor [169, 170, 171].

Eozinofyly peritumoralné a intratumoralné byly prokazany jako pozitivni
prognosticky faktor DFI a OS u KRCa [172]. Pocet neutrofilt infiltrujici tumor znacené na
myeloperoxidazu se téz ukazaly asociované s nizkymi klinickymi stadii (UICC T a Il) a
také jako pozitivni prognosticky faktor DFT a OS u KRCa [173]. Mastocyty byly na mySim
experimentalnim modelu odhaleny jako buniky podporujici progresi karcinomu kolon

[174].

5.2.4 Dendritické buiky

Dendritické buiiky jsou nejvykonnéjsi antigen prezentujici buiiky a ptedstavuji
most mezi nespecifickou a specifickou imunitou. Recentni imunologické prace zaobirajici

se DC rozlisuji dvé subpopulace; jedna se o myelodni a plazocytoidni DC.

Mpyeloidni DC

V cirkulaci a tkanich nach4dzime zralé a nezralé DC, uvedeny stav ma podstatny
vliv na funkci buiiky. DC se vyvijeji z monocytt, které prechazi z cirkulace do tkani.
Nezralé bunky se v téle typicky nachédzeji na rozhrani organismu a vnéjSiho prostredi.
V kliZi, respira¢nim epitelu a mukéze GIT tvoii 1-2 % celkového poctu bungk. Jak uz
napovida nadzev bun¢k, DC maji vybézky. Ve sliznici je téz aktivn€ nastavuji do lumen
skrze mezibunécné prostory a vychytdvaji antigeny z potravy. Cestovani nezralych DC do
sekundarnich lymfatickych organi je fizeno chemokiny (CCL-19, CCL-21). Zralé DC jsou
vybaveny chemokinovym receptorem CCR7. Nematurované DC fagocytuji fragmenty
odumfelych bunck a molekuly rozpusténé v extracelularni tekutin€ cestou do lymfatickych
uzlin. Csti tohoto materialu vystavuji na MHC na svém povrchu, ¢imZ napliiuji svoji
funkci antigen prezentujicich bun€k. Pokud se DC nesetka se signaly prozrazujicimi

patogen ¢i nekrozu okolnich bungk, pfetrvava v nematurovaném stavu. V ptipadé¢ setkani
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nezralé DC s antigenné specifickym naivnim T lymfocytem se T lymfocyt inaktivuje ¢i
diferencuje v regulacni T lymfocyt. Maturované DC exprimuji zvySené mnozstvi MHC

a kostimulac¢nich molekul CD80 a CD86. Tyto zralé buiiky také produkuji kombinaci
interleukint a faktort, které stimuluji k proliferaci a k diferenciaci efektorové T lymfocyty
(jedna se o IL-1, IL-6, IL-12 a TNFa). Bez maturovanych DC nelze aktivovat naivni

T lymfocyty. Zivot maturované DC trva cca 2 az 3 dny, dalsi piisun DC do mista zanétu je

zajistén z prekurzorii z kostni diené [109 s. 43-44].

Plazmocytoidni DC

Plazmocytoidni DC jsou diferencovatelné na zakladé experese receptoru pro IL-3
(CD123). Plazmocytoidni DC exprimuji TLR 7 a 9, které reaguji na pfitomnost virovych
RNA a DNA. Tyto buniky po stimulaci ptes TLR produkuji IFNy, aktivuji kromé T
lymfocytti i NK a NKT (Naturall killer T cells) lymfocyty [109 s. 43-44].

Vztah DC ke KRCa

V KRCa jsou maturované DC distribuovany kromé okolni tkan¢ také v invazivnim
okraji spole¢né s T lymfocyty. Bylo prokdzano, ze absence bun¢k pozitivnich na barveni
MHC II je asociovana s krat§im celkovym pieZitim. Je ovSem otdzkou, zda se jednalo
o zralé DC [175]. Kito potvrdil, Ze mnozstvi CD83" metastizu infiltrujicich bunék
negativné koreluje s délkou tzv. doubling time u jaternich metastdz KRCa (doubling time —
Cas, za ktery se dvakrat zvetsi velikost metastazy) [176]. Liskova prace z roku 2012
nepotvrdila vyznam tumor infiltrujicich DC jako prognostického faktoru po radikélni
operaci KRCa [154]. Kocidn prokazal, ze mutace kodonu 13 v genu K-RAS je asociovana
s infiltraci tumoru nezralymi DC (CD1a") a skupinou pacienti, ktefi po dobu sledovani
neprodélali recidivu [177]. Prace Golubové ukazala dendritické buniky jako pozitivni

prognosticky faktor KRCa [178], stejn¢ jako studie Vayrynenova [179].
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5.2.5 Serinové proteazy cytolytickych granul a inhibitory proteaz

Granzym B a jeho funkce

Granzym je ¢len serinovych protedz, které jsou uskladnény v cytotoxickych
granulich. U ¢loveéka zndme pét typl granzymu, A, B, H, K a M. Nejprostudovangj$im je
granzym B, ktery byl objeven v poloviné osmdesatych let dvacateho stoleti. Jedna se
o serinovou proteazu velikosti 32kDa, ktera se podoba enzymu chemotripsinu. Granzym
lyzuje protein v misté¢ aminokyselinového fetézce ptipojeného k aspartatu [180].

Piivodné se ptredpokladalo, Zze granzym B je produkovan pouze NK buitkami a
T lymfocyty. Za urcitych podminek provazejicich zdnét miize byt granzym B exprimovan u
CD4" lymfocytli, mastocytli, makrofagii, neutronii, bazofili, DC a regulaénich lymfocyti.
Z neimunitnich bun¢k mohou produkovat granzym B buiiky hladkého svalstva,
chondrocyty, keratinocyty, pneumocyty II. typu, Sertoliho bunky, primarni spermatocyty,
buiiky granul6zy a syncitidlni buniky trofoblastu [181]. Exprese granzymu je regulovdna na
transkrip¢ni 1 transla¢ni irovni mnoha faktory, z nichZ mnohé¢ jsou zaroven aktivaénimi
faktory bun€k produkujicich granzym B. U NKT bunék a T lymfocytt se jedna o prostredi
bohaté na uréité cytokiny spolu s piitomnosti CD4 " helperi a regulaénich lymfocytt [182].
Ke zvyseni produkce granzymu B dochdzi 1 u aktivovanych DC [183]. Posttranskripéni
regulace granzymu B se sklada z n¢kolika mechanisml. Mezi takové patii syntéza
granzymu B v Golgiho aparatu jako pro-enzymu, ktery je aktivovan dalsi proteolyzou.
Tento produkt je oznacem receptorem mandza 6 fostat (MPR) a je transportovan do granul.
Jiz uskladnény enzym v granulich je aktivovan proteolyzou s odStépenim N termindlniho
dipeptidu cathepsinem C. Aktivovany granzym B je umistén na serglicinu, coZ je
chondroitin sulfatovy proteoglykan. Vazba na serglicinu a nizké pH v granulich zajist'uje
nizkou aktivitu granzymu [182]. Aktivované granzymy jsou dopravené k cilové butice
pomoci imunologické synapse po rychlé depolarizaci lytickych granuli. Synapse slouzi
jako vyvod pro transport lytickych granul do cytoplazmy cilové buniky [184]. Pohyb granul
je dany cytoskeletonem z mikrotubul a probihd smérem k cilové buiice. K proniknuti
granzymu pies cytoplazmatickou membranu cilové buiky slouzi perforin [185].

Perforin je enzym strukturou podobny komplementu C9. Recentni modely funkce
tohoto proteinu ukazuji, Ze zajiSt'uje ve vazb&€ na MPR indukci endocytézy komplexu

perforin — MPR - granzym [186]. Perforin také zajiSt'uje uvolnéni granzymu z endosomu
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cilové bunky do cytoplasmy, kde proteolyticka aktivita granzymu vede ke fragmentaci
DNA a k apoptéze. Specifickym inhibitorem granzymu B je serpin B9 [180].

Inhibitor granzymu B serpin B9

Serpin B9 je jediny zndmy humanni endogenni inhibitor granzymu B. Jeho
fyziologicka funkce je ochrana proti vyliti obsahu lytickych granuli. Dosud je prokazana
jeho produkce u endotelidlnich bun€k, bunék hladké svaloviny cév a u hepatocytti. Dale
byla zaznamenéana zvysena produkce v imunoprivilegovanych bunkéach, jako v trofoblastu,
Sertoliho bunkach, v buiikach granulozy a v ocni ¢occe. Zde je jeho predpokladana funkce

obrana proti cytotoxické imunité [ 134].

5.3 Specificka imunitni reakce

Hlavni funkei specifické neboli adaptivni imunity je rozpoznani nejriiznéjsich
antigennich struktur. Tuto schopnost umoziiuji antigenné specifické TCR (T-cell receptor)
a BCR (B-cell receptor) na lymfocytech. T lymfocyty zajist'uji cytotoxickou odpovéd’ a
B lymfocyty humoralni ¢ast imunity neboli tvorbu protilatek. Obrovské mnozstvi variant
(tadové 10'") zmin&nych receptori je dano rekombinaci genovych segmentii V, D, J pro
variabilni ¢4st fetézce imunoglobulinu. Dal§im mechanismem diverzity je nepiesné spojeni
preskupenych gentl za G¢asti termindlni transferazy. Roz§ifenou variabilitu imunoglobulint
IgM a IgD o IgG, IgA a IgE zajistuje izotypovy presmyk v konstantni ¢asti tezkych fetézct
imunoglobulinu. K diverzité pfispiva téZ indukce somatickych mutaci pro téZké i1 lehké
fetézce [109 s. 65]. Adaptivni imunitni odpovéd’ je schopna reagovat na novy cizorody
antigen a zapamatovat si ho, pficemz budouci imunitni odpovéd’ je obvykle mnohem

siln&jsi [187].
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5.4 Bunécné elementy adaptivni imunity

5.4.1 T lymfocyty — jejich klasifikace a vyvoj

T lymfocyty Ize rozdélit dle n€kolika kritérii. Podle typu TCR, ktery je slozeny
z fetézcl aff nebo 9, a podle exprese CD4 a CD8. Nejpocetnéjsim typem jsou T lymfocyty
s TCR slozenym z fetézct af. Tyto lymfocyty lze dale rozd€lit na hlavni skupiny podle
exprese koreceptori CD4 a CDS8. CD4 molekula je koreceptorem MHC II, CDS je
koreceptorem MHC I. Vétsina CDS" lymfocytl jsou prekurzory cytotoxickych lymfocytl
nebo pamétovych bunék. U CD4 " buné&k se vétsinou jedna o prekurzory pomocnych
T lymfocyti (helpers T cells). Pomocné lymfocyty 1ze rozdélit dle spektra produkovanych
cytokinti na dv¢ hlavni skupiny: ThI a Th2. Thl produkuji hlavné IFNy a IL-2 a tim
podporuji cytotoxickou reakci. Th2 prudukuji hlavné IL-4, IL-5, IL-6 a IL-10, ¢imz
stimuluji B lymfocyty. Dal§imi skupinami pomocnych lymfocytt jsou ThO, Th3 a Th17.
Toto déleni je vSak dosti zjednoduSené a vychazi hlavné ze studia mysi adaptivni imunity
[109 s. 139-152]. K CD4" lymfocytiim patii tvz. pfirozené regulacni nebo také supresorové
T lymfocyty (T reg), které exprimuji téz CD25 a Forkhead box P3 (FoxP3). Za
fyziologickych podminek potlacuji autoimunitni reakci. Kromé T reg se vyskytuji
v perifernich tkanich i tzv. indukované supresorové T lymfocyty. ZvlaStnim typem jsou
intraepitelidlni lymfocyty (Mucosa associated invariant T cell), které obsahuji yo TCR.

T lymfocyty ve svém nazvu evokuji, Ze pochazeji z thymu. Jejich prekurzory zvané
pro-thymocyty se do thymu dostavaji z kostni dfen€. U dal$iho vyvojového stupné,
tzv. Casnych thymocytl, se objevuje preTCR sloZeny z 3 fetézce a CD3 komplexu. Buiky
v brzliku, které¢ maji na svém povrchu definitivni TCR slozeny z CD3 a fetézcti a a 3, jsou
oznacovany jako thymocyty. Tyto buniky jsou téZ vybaveny CD4 a CD8 koreceptory. V této
fazi je eliminovana skupina bunék s reaktivitou k télu vlastnim antigenim (negativni
selekce). Dochazi téZ k vytazeni nefunkénich thymocyti, které nedokézou rozeznat MHC
(pozitivni selekce). Zralé lymfocyty putuji do sekundarnich lymfatickych organt. Nékteré
autoreaktivni thymocyty nepodléhaji negativni selekci a jsou smétovany k vyvoji

v tzv. ptirozené regulacni T lymfocyty (nTreg) [109 s. 148-150].
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5.4.2 Efektorové a pamé&tové CDS'T lymfocyty

Cytotoxické (efektorové) CD8" T lymfocyty rozeznavaji a ni¢i butiky infikované
virem nebo stresem poskozené buiiky. Jsou schopny rozeznat a usmrtit i nadorové bunky:.
Aktivace cytotoxického ucinku je zavisla na fyzickém mezibunééném kontaktu TCR
lymfocytu se specifickym antigenem na MHC I antigen prezentujicich buiikach.
Podminkou je dalsi pfitomnost adhezivnich a kostimula¢nich molekul (CD80, CD86,
CD28L). Jako antigen prezentujici buniky vystupuji hlavné DC a makrofagy. Pokud by
doslo pouze k vazbé mezi CD8 a MHC se specifickym antigenem bez kostimulace,

T lymfocyt by to utlumilo. V opa¢ném piipad¢ dochézi ke stimulaci proliferace a vzniku
klonu zralych efektorovych cytotoxickych T lymfocytl. K této aktivaci vétSinou dochézi

v lymfatickych uzlinach [109 s. 136]. Uvedeny proces je podporovan Thl lymfocyty, které
stimuluji prolyferaci klonu CD8" lymfocytii pomoci IL-2. Funkce Thl lymfocyti je
ziejmé klicova, protoze se podileji i na aktivaci DC na plné funkéni antigen prezentujici
buiiku, coz je kromé produkce cytokini zajisténo 1 kontaktem CD40L na Th lymfocytu s
CD40 na povrchu DC. Po aktivaci CD40 dochazi u DC k expresi kostimula¢nich molekul
CD80 a CD86 a k sekreci IL-1 a IL-12. Uvedené cytokiny stimuluji CD8" cytotoxické
buriky. Zralé CD8" buiiky jsou unaseny z lymfatickych uzlin do tkani, kde mohou pisobit
thned po kontaktu se specifickym anatigenem bez nutnosti dalSiho kostimula¢niho signalu

[109 s. 136].

Cytotoxicke efektorové T lymfocyty vyuzivaji k ni¢eni bun€k tfi mechanismy (obr. 4):
1. Cytotoxicka granula obsahujici granzymy a perforiny.

2. Stimulace CD95 (Fas receptor) pomoci Fas ligandu na efektorovych T lymfocytech.
Vazba Fas/Fas ligand vede k apoptoze. Tato interakce ovSem probihd 1 opacné, nebot’
T lymfocyty exprimuji Fas a buniky tkani Fas ligand. Tento "sebevrazedny" proces je

soucasti regulace zanétlivé cytotoxické opovédi.

3. Produkce lymfotoxinu TNF, ktery piisobi bez nutnosti pfimého bunééného kontaktu

a indukuje apoptdzu prostfednictvim receptori bunécné smrti. Pisobeni lymfotoxinu neni
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ovSem tak cilené a pfi masivni aktivaci efektorovych T lymfocytid mtize dojit ke Skodam na

zdravych buiikéach okolni tkdné [109 s. 150-153].
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Obr. 4. Mechanismy cytotoxického ucinku efektorového T lymfocytu [109 s. 152]

Pametove T lymfocyty jsou ¢asti populace diferencované po setkani s antigenem.
Jejich uloha spociva v sekundéarni (anamnestické odpovédi), kterd je mnohem rychlejsi
a efektivnéj$i nez primarni imunitni odpoveéd’. Tato imunitni pamét’ mize trvat i mnoho let
[109 s. 28]. V n¢kolika studiich byl opakované prokézan jejich vliv na prodlouzené
bezpiiznakové pieziti, coz podporuje hypotézu o jejich funkcei v potlaceni rekurence KRCa
po radikalnim vykonu. Marker pouzity pro pamét'ové T lymfocyty je CD45RO
[7, 107, 188].

Mechanismy rezistence ndadorii viiéi cytotoxickym T lymfocytiim

Mechanismy rezistence tumort viuci cytotoxické imunité se daji rozd¢lit na tfi typy:
redukce imunogenicity nadorovych bunék,

exprese inhibi¢nich molekul,

imunosuprese zprostfedkovand mikroprostfedim nadoru [189].

Redukce imunogenicity se odehrava na podkladé snizeni exprese MHC 1. K tomuto

jevu dochazi po mutaci genu B2M, ktery kdduje jednu podjednotku v heterodimeru
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molekuly MHC I [190]. Ztrata MHC ovsem vede k aktivaci NK bun¢k. Ne¢které studie
tykajici se jinych typti malignit nez KRCa (karcinom prsu a melanom) ukazaly, ze tumor
infiltrujici NK buiiky maji snizenou cytotoxicitu oproti NK buitkam ve zdravé tkani v okoli
tumoru [144, 191].

K molekuldm produkovanym tumorem s inhibi¢nim u¢inkem na cytotoxické
lymfocyty patii Programmed Death 1 (PD-1 ligand), ktery je produkovan nadorovymi
bunikami. PD-1 je inhibi¢ni receptor produkovany vice typy imunocytt véetné T lymfocyt
[192]. K dalSim solubilnim ptisobkiim s imunosupresivnim u¢inkem, které jsou
proukovany nadorovymi bunikami, patii TGFp, IL-10, Galectin-1, PGE2 a vascular
endotelial growth factor — A (VEGF-A) [189]. Dal$imi inhibi¢nimi molekulami jsou Fas
ligand, ktery se vaze na Fas receptor lymfocyti. Vazba Fas ligandu na receptor vede
k apoptoze T lymfocytu. Tento zplsob vyZaduje ptimy mezibunéény kontakt [193].
Uvedeny mechanismus byl prokazan i u KRCa, kde vyssi exprese mRNA Fas ligandu
v nddoru korelovala s niz§imi pocty TIL [194]. KRCa je téz schopen produkovat
metionin - enkefalin, u kterého byla prokdzéna imunosupresni funkce na T lymfocytech
[195]. K imunosupresorovym latkdm patii také B7H3, jedna se o protein produkovany
bunikami KRCa [196].

Do imunosuprese zprostiedkované mikroprostiedim nadoru Ize zahrnout vliv
hypoxie, interakci T lymfocytt s dal§imi imunocyty, s fibroblasty a s extracelularni matrix.

Imunocyty, které ovliviuji reaktivitu cytotoxickych lymfocytt, jsou v prvni fadé
DC a makrofagy jako antigen prezentujici buniky a nékteré subpopulace B lymfocytt
[189]. Kontakt s nedospélou DC a T lymfocytem vede k vytvofeni imunotolerance
k nddorovym bunkam.

Hypoxie je obecné spjata s imunosupresi, pfimo inhibuje odpovéd’ T lymfocyti.
Bylo prokazano, Ze hypoxie inhibuje produkci IL-2 a IFNy po aktivaci TCR T lymfocytu.
Na mySim modelu bylo ukézéano, jak exprese VEGF — A indukovand hypoxii zvySuje
expresi molekul dulezitych pro inhibici T lymfocytd (PD-L1, TIM-3, CTLA-4) [197].

K indukci apoptoézy TIL béhem hypoxie je zpisobena molekulou
Endothelial monocyte activating polypeptide I, jak bylo prokazano na in vitro modelu
bunééné kultury KRCa s lymfocyty [198].

Fibroblasty ovliviiuji imunitni odpovéd’ T lymfocyt produkei extracelularni
matrix, kterd zabraniuje presunu T lymfocytl z peritumoralni oblasti a do centra tumoru

[199]. V experimentu s transgennimi mySmi bylo prokazano, Ze fibroblasty inhibuji TNFa
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a [FNy zprosttedkovanou imunitni odpoveéd’ [200]. Fibroblasty se podileji i na inhibici
maturace DC a produkuji inhibi¢ni ligand PD-L1 [201].

Vztah T lymfocytit ke KRCa

Tumor infiltrujici lymfocyty jsou rozeznatelné jako malé kulovité buniky pomoci
barveni Hematoxilinem-Eosinem a patolog je schopen je odlisit od ostatnich imunocyta
jako neutrofily, eozinofily makrofagy ¢i mastocyty. Jass prokazal, Ze infiltrace podél
invazivniho okraje nadoru je nezavisly prognosticky faktor KRCa [202]. Ukazalo se, ze
kromé poctu TIL je podstatna i jejich lokalizace. Ropponen tento koncept potvrdil
zjisténim, ze semikvantitativni uréeni po¢tu TIL podél invazivniho okraje negativné
koreluje s klinickym stadiem KRCa a je pozitivni prognosticky faktor pro OS a DFI [203].
Tyto vysledky byly doplnény o tzv. Crohn-like reakci, coz je ptitomnost lymfoidnich
agregati naproti invazivnimu okraji. Crohn-like reakce se ukazala jako pozitivni nezavisly
prognosticky faktor [204]. Na zakladé pozorovani CD8" T lymfocytd u karcinomu Zaludku
asociovanym s Ebstein-Barrové virem byla provedena imunohistochemické analyza TIL u
KRCa [205]. Rozbory lokalizace a mnozstvi CD4" a CD8" ukézaly, ze TIL v invazivnim
okraji jsou vétsinou CD4 a CDS8 lymfocyty. Intraepitelidlni lymfocyty jsou vSak hlavné
CDS8" a predstavuji nejsilngjsi pozitivni prognosticky faktor celkového pieziti. Naproti
tomu CD8" lymfocyty ve stromatu neprokézaly svoji prognostickou vahu [4, 5, 206, 207].
Me¢fteni provedené pomoci priitokové cytometrie, které nezohlednovalo lokalizaci TIL,
prokézalo jako pozitivni prognosticky faktor vysokou hodnotu poméru CD8/CD4 u TIL
[208].

V préaci Galona a Pagese z roku 2006 byly u 415 pacientil po radikalni operaci
KRCa imunohistochemicky zna€eny cytotoxické T lymfocyty na CD3, CDS spolu
s barvenim na granzym B. U tumort téze skupiny pacientil prob&éhlo oznaceni
T pamétovych lymfocytti (CD45 RO). V potaz byly vzaty dvé lokalizace tumor
infiltrujicich lymfocyti: invazivni okraj a centrum nadoru [7].

Galon prokazal, ze v ramci jednoho klinického stadia KRCa je signifikantnim
pozitivnim prognostickym parametrem pro OS a DFI pfitomnost tumor infiltrujicich
T cytotoxickych a pamétovych T lymfocyti. V kohorté 415 pacientii ve stadiu UICC 1, 11
a III byly prokézany jako nezavislé nejsilng€jsi prognostické faktory s nejvyssim rizikem

recidivy T (invazivita nddoru), N (postizeni lymfatickych uzlin metastazemi KRCa)
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a semikvantitativng ur&ené poéty bungk CD3" v tumoru — TC"/IM™ vs TC'*/IM"

(TC — tumor center, IM — invasive margin). Studie byla dopInéna kvantifikaci mRNA

v 75 tumorech KRCa, v nichz bylo prokazano, ze zvysSena exprese gent Th1 imunitni
odpovédi (geny kodujici T-box transkripéni faktor 21, interferon regulacni faktor 1, IFNy,
CD3, CDS, granulysin a granzym B) pozitivné koreluje s lepsi prognézou KRCa. V této
studii bylo také prokézano, ze endovaskularni (VE) lymfaticka (LI) a perineuralni (PI)
invaze mikrometastazemi (tzv. VELIPI) KRCa je negativnim prognostickym faktorem.
Bylo téz prokazano, ze poéet CD8" zralych TIL negativné koreluje s VELIPI. Tyto
vysledky vedli k zatazeni tzv. immunoscore do klasifikacnich chémat KRCa[7, 13 s. 174].

Kochova studie sledovala status aktivace TIL na zaklad¢ jejich tii parametrui:
CD8/CD4 pomér u TIL, znamky cytotoxické aktivity a proliferaéni aktivitu CD8" TIL.
Imunohistochemické barveni odhalilo vys$si poéty CD4" Th lymfocytl v tumoru oproti
zdravé sliznici a snizeni poméru CD8/CD4 v tumoru oproti zdravé sliznici. Ve stejné studii
bylo pouzito barveni na CD107a jako marker degranulace lymfocytu a bylo prokazano, ze
v nddorové tkéni je pozitivita na barveni na tento marker signifikantné Castéj$i. Dale byla
meéfena proliferacni aktivita T lymfocyti pomoci CD69. Navic se ukazalo, Ze pacienti,

u kterych byly detekovany v periferni krvi a v kostni dfeni T lymfocyty reagujici zvySenou
expresi IFNy na aktivaci tumor specifickymi antigeny (napt. MUC1), maji signifikantné
zvysen¢ alepsonl dva ze tii sledovanych parametrti TIL (CD8/CD4, CD107a, CD69). Status
aktivace TIL negativné koreloval s UICC stadiem KRCa [209].

Hojo prokézal, Ze zvySend exprese chemokinu CXCL 16, ktery atrahuje TIL, je
asociovana s lepsi prognozou KRCa [210]. V préci obsahujici 587 pacientl bylo zjiSténo,
7e absence CD8" lymfocytt, zvy$ena exprese uPA (ureaplasma plasminogen activator) a
jeho receptoru v tumoru jsou nezavislymi negativnimi prognostickymi znaky KRCa [211].
Byl také prokéazan pozitivni vliv pfitomnosti TIL na odpovéd’ k chemoterapii zaloZené na
5-FU [212]. Laghi prokazal na vzorcich KRCA 286 pacientti ve stadiu UICC Il a IV, ze
piitomnost CD3" lymfocytil v invazivnim okraji je spojena s mensim rizikem recidivy
v podobé metachronnich metastaz [213]. Ogino prokazal na obsahlé studii, do niz bylo
zatazeno 843 pacientd ve vSech stadiich KRCa, Ze TIL (semikvantitativné hodnoceno) je
pozitivni prognosticky faktor celkového pteziti bez ohledu na nésledujici faktory:
mikrosatelitni stabilita, CIMP, LINE-1 hypermethylace, BRAF mutace a mutace P53.

Ve studii byla hodnocena lokalizace TIL a pro statistickou analyzu byl vzat v potaz soucet

semikvantitativnich hodnoceni jednotlivych lokalizaci [214].
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Podobné¢ vysledky publikovala Dahlin, v jejiz studii mnozstvi TIL pozitivné
korelovalo s OS bez ohledu na status mikrosateliti a CIMP. Zajimavé je, Ze se neprokézal
rozdil v TIL mezi pacienty s karcinomem rekta s neoadjuvantni radioterapii a bez ni [215].
Suzuki prokazal jako pozitivni prognosticky faktor pro DFI 1 OS u KRCa pomér
intratumoralnich CD8/FoxP3 lymfocytt [216]. Belgicka studie prokazala jako pozitvni
prognosticky faktor intraepitelialni infiltraci CD3" a CD8 * lymfocyty a stromalni CD3"
lymfocyty pro celkové pieziti u pacientii s karcinomem kolon. VétSina pacientt byla v
klinickém stadiu UICC II a III. Imunohistochemické znaceni granzymu B se nepotvrdilo
jako prognosticky faktor OS nebo DFI [217].

Pfi studiu s tumorem asociovanych lymfoidnich noduld u karcinomu rekta bylo
prokéazano, Ze infiltrace téchto foliklit CD3" lymfocyty je spojena s delsim celkovym
ptezitim bez ohledu na klinické stadium karcinomu [218]. Simpson prokézal na studii
zahrnujici 462 pacientd, Ze intratumoralni infiltrace T lymfocyty a exprese MHC I a
STAT1 tumorem je pozitivni prognosticky faktor KRCa [219]. Lee v jihokorejské studii
provedl vyzkum u pacientl ve stadiu UICC II a prokézal, Ze mnozZstvi intraepitelidlnich
TIL znacenych na CD3", CD45RO", CD25" a FOXP3" pozitivné korelovalo s DFI.
Signifikantnim prognostickym faktorem pro OS i DFI byly vysoké hodnoty CD45RO+ ve
stromatu [188]. Yasuda prokézal, ze CD8" TIL jsou pozitivnim prediktivnim faktorem pro
chemoradioterapii karcinomu rekta [220]. Correale prokazal, ze u pacientti s UICC IV je
infiltrace primarniho nddoru CD8" T lymfocyty s vysokou expresi chemokinového
receptoru CCR7 pozitivnim prognostickym faktorem celkového preziti [221].

Metaanalyza, kterou v roce 2014 provedl Mei, zahrnovala tficet studii zaobirajicich
se TIL a KRCa. Sest z nich se zabyvalo CD8" a shodné prokézalo pozitivni vliv na OS,
pokud jsou tyto lymfocyty pfitomny ve stromatu KRCa [5, 206, 207, 216, 217, 222]. Tato
metaanalyza také ukézala, Ze sedm praci zabyvajicich se CD3" se shodné vyjadiilo
k pozitivnimu prognostickému vlivu CD3" v invazivnim okraji na OS a DFI [6].

V roce 2015 byla publikovana prace, v niZ autofi skenovali imunofluorescenéné
bezprostfedné po resekcei celé sety povrchovych antigent. Jednalo se o skupiny
povrchovych markeriit KRCa (CD13, CD24, CD26, CD49d, CD138, CD166, CA125,
CA19-9, EGFR, Galektin-4 a HLA-DR) a antigenti na povrchu T lymfocytii (CD10,
CDl1b, CDll¢c, CD25, CD31, CD95, CD151, CD181, Galektin-4, CA19-9 a
trombospodin-1). Pokud se objevilo pozitivni barveni v rizikovych kombinacich markert,

bylo mozno se 79,2% pravdépodobnosti ocekavat relaps onemocnéni po radikalni
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chirurgické 1é¢b¢ [223]. Studie z roku 2016 neprokazala korelaci mezi vysokym body mass

indexem a mnozstvim TIL u KRCa [224].

5.4.3 Th Lymfocyty

Jedna se o CD4" lymfocyty. Dosavadni studie v humanni mediciné zabyvajici se
imunitni protinadorovou odpovédi identifikovaly Th1, Th2 a Th17 pomocné lymfocyty
[225]. Za subpopulaci T pomocnych lymfocyti 1ze povazovat i T regulacni lymfocyty, ty
vSak jsou zpracovany zvlast. O tom, zda se bude imunitni reakce ubirat smérem
k cytotoxické reakci (Thl zprostiedkovana reakce) nebo k pomoci B lymfocytim (Th2
zprostiedkovana reakce), rozhoduji koncentrace urcitych interleukinii v okoli naivnich
prekurzorovych CD4" T lymfocytt. IL-12 produkovany makrofagy podporuje
cytotoxickou rakci a IL-4 produkovany mastocyty, basofily a infikovanymi DC stimuluje
proliferaci naivnich T lymfocytt a jejich diferenciaci v Th2 lymfocyty. Na stimulaci Th2
podporované reakce ve stfevé se mize podilet thymic stromal lymphopoetin produkovany
v mukoéze, ktery sméfuje DC k stimulaci Th2 reakce [109 s. 140-147]. Pfiklon k reakci
orientované na Th2 lymfocyty byla napt. pozorovana v transformaci z intraepitelialni

neoplazie v invazivni karcinom délozniho ¢ipku [226].

Molekula CD4

Molekula CD4 je koreceptor TCR (CD3), ktery umoziiuje vazbu TCR na antigen
prezentovany na MHC II. CD4 pfimo interaguje s molekulou MHC 1I.

CD4 je strukturné glykoprotein a nachdzi se nejvice na Th lymfocytech, dale na
pfirozenych (natural) regulac¢nich T lymfocytech nT reg, monocytech, makrofazich a DC.
Intracelularni doména CD4 amplifikuje signal vyslany TCR [227].
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Thl lymfocyty

Pomocné Thl lymfocyty udrzuji v chodu imunitni cytotoxickou reakci, ktera je
kromé protinadorové reakce zamétrena hlavné na intracelularni parazity. Proto je zakladni
uloha Thl lymfocytd interakce s makrofagy a jejich aktivace. Pro aktivaci makrofagl jsou
nezbytné cytokiny produkované Thl lymfocyty. Navic zde pisobi pozitivni zpétna vazba,
nebot’ naivni T lymfocyt potfebuje parakrinni stimulaci aktivovanymi makrofagy.
Makrofag vystavuje na MHC II hydrolyzované fragmenty pohlcené nadorové buiiky nebo
intracelularniho parazita. Makrofag takto funguje jako APC. Thl lymfocyt se specificky
navaze na MHC II svoji TCR spolu s dal§imi adhezivnimi molekulami. Napiiklad
molekula ICAM na makrofdgu se vaZe na integrin LFA-1, CD86 na makrofagu se vaze na
CD28 T lymfocytu (CD28 je téz markerem zralosti T lymfocytu). Th1 lymfocyt je také
stimulovan parakrinné IL-12. Th1 lymfocyt, ktery rozezna makrofag prezentujici
specificky antigen, tak pfijme soubor signall k proliferaci a diferenciaci v efektorové Thl
lymfocyty. Timto zptisobem dojde k vytvofeni bunééného klonu Thl lymfocyta, které
reaguji na stejny antigen. Aktivované Thl lymfocyty produkuji IFNy, ktery zpétné
stimuluje makrofagy k ptfechodu na aktivovanou formu. Efektorové Thl lymfocyty také
produkuji IL-2, ktery ptsobi jako autokrinni ristovy faktor. Obecné Ize fici, Zze Thl
lymfocyty udrzuji lokalni zanét po antigenné specifické aktivaci, a to hlavné produkci
IFNy. Jak je zminéno v kapitole o cytotoxickych T lymfocytech, Th1 lymfocyty stimuluji i
DC a CDS8" cytotoxické lymfocyty [109 s. 141-145]. K identifikaci Th1 lymfocyti se
pouziva detekce exprese chemokinovych receptorit CXCR3 a CCRS, které se nevyskytuji
na Th2 a Th17 lymfocytech. DalS§im hojn€ pouZivanym markerem je transkripcni faktor
TBX21, ten se vSak mlze vyskytovat i u Th17. Funkéni charakteristikou, ktera ovSem pro

Th1 lymfocyty neni zcela specificka, je exprese IFNy [228, 229, 230].

Th2 lymfocyty

Zakladni ulohou Th2 bunék je antigenné specifickd stimulace B lymfocyti
v produkci protilatek. Th2 lymfocyt stimuluje B lymfocyt pomoci produkce IL-4, IL-5,
IL-6 a bunécnym kontaktem za ucasti adhezivnich a stimula¢nich povrchovych molekul
Th2 lymfocytu (LFA-1, CD40L). Aby se Th2 lymfocyt stal efektorovou buiikou, je tteba,

aby jeji prekurzor byl aktivovan kontaktem s antigen prezentujici buiikou, kterd vystavuje
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na MHC II specificky antigen za ucasti dalSich kostimula¢nich signalt pomoci molekul
CD80 a CD86 na povrchu antigen prezentujici buiiky (tou byva DC). Takto aktivované
prekurzory se klonaln€ déli a diferencuji v efektrové bunky. Imunitni reakce podporovana
interleukiny produkovanymi Th2 sméiuje hlavné proti extracelularnim parazitim a
nepiedpoklada se, ze by byla u¢innd v protinadorové imunité. Zména reakce z cytotoxické
na podporu B lymfocytid miiZze byt soucasti ztraty schopnosti G€inné eliminovat naddorové
bunky [109 s. 144-147].

Th2 lymfocyty mohou byt v periferni krvi identifikovany na zaklad¢ produkce I1L-4,
IL-5 a IL-13 po stimulaci. Jako marker povrchovych receptort je také pouzivan CRTH2,
CCR3 nebo CCR4. Populace definované expresi interleukinti a povrchovych receptorti

vSak nejsou totozné [228, 229, 230].

Thi7 lymfocyty

Subpopulace Th17 je zndma ve spojitosti s autoimunitnimi chorobami a ma funkci
v ochrané proti mykotickym infekcim. K identifikaci Th17 slouzi CCR6 a CCR4. DalSim
markerem je transkripéni faktor RORYT a transla¢ni produkt RORYy (related orphan
receptor yT). K identifikaci Th17 lymfocytl Ize pouzit i znaceni na TCR, IL-17 a CD8
negativitu [228, 229, 230].

Vztah Th lymfocytii ke KRCa

Tosoliny prokazal, ze Th1 lymfocyt jako TIL jsou pozitivnim prognostickym
faktorem, Th17 negativnim prognostickym faktorem a Th2 nemaji jednoznac¢nou roli
v progndze KRCa [231]. V japonské studii bylo u 199 pacientii zkoumano absolutni
mnozstvi a typ Th (Th1, Th2 a Th 17) a Treg lymfocytl bez ohledu na lokalizaci v KRCa.
Do studie byli zatazeni pacienti ve stadiich II a III dle Japanese Classification of Colorectal
Carcinoma. (Rozdil oproti UICC je v podskupinéch III. stadia, viz tab. 5.) Dale byl
zkouman pomér jednotlivych typti Th lymfocytd k celkovému poctu TIL. Jedinym
prognosticky signifikantnim parametrem byl vysoky pomér RORy / TCR, ktery byl
asociovan s krat§im celkovym pfezitim a metastatickym postizenim lymfatickych uzlin

[225].
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Li prokazal, ze ¢im vyssi je klinické stadium KRCa, tim jsou vyssi pocty Th17
lymfocytl intratumoralné i peritumoralné. Vyssi stadia KRCa téz korelovala s vys$§imi
hladinami IL-6 v krvi [232]. U Th 17 lymfocytl se navic ukazalo, ze jsou atrahovany
pusobky produkovanymi KRCa a fibroblasty nadorového stromatu. Onim ptisobkem byl
chemokin (C-C motif) ligand 5 monocyte chemoatractant protein-1 [233]. Th lymfocyty
byly téz zahrnuty v mnoha studiich, kde figuruji jako subpopulace CD4" T lymfocyti, tyto
studie jsou zminény v kapitole cytotoxické T lymfocyty a KRCa [208, 209].

a b
N1 N2 N3 MNla Nlb MN2a MN2b
T1 T
: -
T2 T2 114
T3 a | lib T3 ne ;
PRT—
Tda Tda
e |||+
Tab Tab
N1: Metastasisin 1 to 3 pericolic/perirectal or Mla: Metastasls in 1 reglonal lymph node
intermediate lymph nodes Wib: Metastasis in 2-3 regional lymph nodes
NZ: Metastasis in 4 to more pericolic/perirectal or MNZa: Metastasis in 4-6 regional lymph nodes
intermediate lymph nodes M2b: Metastasis im 7 or more regional lymph nodes

N3: Metastasis in main or lateral lymph nodes

Tab. 5. Rozdily mezi UICC a Japanese classification of Coloretal Carcinoma tykajici se I11.

stadia [234]

5.4.4 Regulac¢ni T lymfocyty

Jedna se o skupinu lymfocyt s imunosupresivnim ucinkem. V periferni krvi
nejpocetnéji zastoupenymi a nejprostudovanéjSimi jsou tzv. ptirozené T regulatorove ¢i
supresorové lymfocyty (nTreg).

Uvedené nT reg piedstavuji 5-10 % CD4" T lymfocyth v periferni krvi. Za
fyziologickych okolnosti udrzuji imunotoleranci viici télu vlastnim buiikam. Také se
podileji na inhibici imunitni odpovédi proti komenzalnim organismim. Jak jiZ bylo
uvedeno vyse, existuji dva typy Treg rozlisitelné dle svého piivodu. Déle existuji

indukované Treg (induced iTreg), které maji ptivod v Th lymfocytech. Ke zméné fenotypu
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téchto naivnich Th lymfocytl je nezbytny TGFp. K této indukei miize dojit i po kontaktu
s nezralymi DC [102 s. 115]. Definice nTreg na zakladé antigenni vybavy T lymfocytd se
postupem ¢asu ménila. Nejprve byl nTreg popisovan jako CD4" CD25" lymfocyt. Tato
populace v$ak obsahovala také aktivované T lymfocyty [235]. Ukézalo se ale, ze TCR”,
CD4", Foxp3", CD127"° (IL-7 receptor), CD25™ lymfocyty plni téz tilohu Treg lymfocytt
[236]. Miyara prokazal, ze CD4" T lymfocyty se supresorovou funkci maji dva hlavni
fenotypy: CD45RA" Fox3p ° klidové (rasting) rTreg a aktivované (activated) aTreg
CD45RA™ Foxp3 high lymfocyty. rTreg rychle proliferuji a méni se v aTreg, které maji
velmi kratkou Zivotnost [237]. Aktualni definice Treg v krvi je TCR ' CD4" F0xp3+CD12710
[238]. Mezi dalsi supresorové CD4 lymfocyty, které byly v minulosti objeveny, patii Th3 a
Trl T lymfocyty. Th3 lymfocyty maji svoji Glohu ve stfevni sliznici, kde tlumi imunitni
reakci proti cizim antigenlim ze stravy. Th3 lymfocyty produkuji IL-10 a a TGFp. Vznik
lidskych Tr1 lymfocytl byl prokazén in vitro, kdy z naivnich CD4 T lymfocytt
v ptitomnosti CD45 a IL-27vznikly buniky s imunosupresorovou funkci, jiné protokoly
pracuji s IL 10. Tr1 buiiky neexprimuji FoxP3 a dosud pro n€ nebyl nalezen spolecny
obecné ptijaty marker [238]. Dalsi populace T lymfocytli s imunosupresorovou funkci
nebyla odhalena v periferni krvi, ale v mikroprostiedi malignity. Jedna se o CD8" regulaéni
TIL. V préci Filaciho byla imunofluorescencné prokazana infiltrace riiznych typt solidnich
tumort véetné KRCa bunikami se schopnosti imunosuprese, které byly definovany jako
CDS8" CD28 [239, 240]. Frisulo prokézal pfitomnost CD8" CD25" FoxP3" lymfocyti
v periferni lidské krvi [241]. Chaput prokazal pfitomnost imunosupresivnich
CDS8" FoxP3" TIL u KRCa [242].

Inhibi¢ni u¢inek Treg byl prokazan in vivo i in vitro na diferencované CD4"
a CD 8'T lymfocyty, NK buiiky, NKT lymfocyty, makrofagy, DC a osteoklasty [243].
Imunosuprese je navozena ttemi havnimi mechanismy: cytokiny a jinymi solubilnimi
puisobky, primym mezibunécnym kontaktem a cytolyzou [244].

Mezi imunosupresivni cytokiny a faktory produkované T reg patii TGFp, IL-10
a IL-35 (¢len rodiny IL-12) [245]. Treg lymfocyty produkuji také adenosin a cyklicky
adenosin monofosfat. Adenosin je produkovan pii degradaci extracelularniho nukleotidu
dvéma enzymy na povrchu Treg. Jedna se o CD39 a CD73, kter¢ jsou na povrchu 80 %
Foxp3" Treg bunék [246]. K imunosupresi pfimym bunéénym kontaktem Treg vyuzivaji
povrchové molekuly jako CTLA-4, lymfocyte activation gen 3 (LAG-3) a Nrp—1. Napt.
LAG-3 je CD4 homolog, ktery po vazb¢ na MHC II na DC vede k potlaceni jeji maturace a
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omezeni jeji imunostimulaéni kapacity. DalSim ptikladem je interakce mezi jiz zminénou
CTLA-4, CD80 a CD86 na povrchu DC, coz vede u DC k produkci indoleamin
2,3-dioxygenazy (IDO). IDO reguluje metabolismus tryptofanu na tvorbu
proapoptotickych metabolitt, které¢ vedou k supresi T efektorovych lymfocyti [247].

V experimentu bylo také prokazano, ze Treg lymfocyty snizuji expresi kostimulac¢nich
molekul CD80 a CD 86 u DC. Dosud neni zndmo, zda tyto mechanismy hraji roli i pfi
navozeni imunosuprese pi1 nadorovém ristu. Tteti cesta imunomodula¢niho ucinku je
cytolyza, tato cesta je studovana hlavné ma mysich [102 s. 68]. U ¢lovéka bylo prokéazano,
ze nTreg exprimuji granzym A. Bunécna smrt cilové buiiky je zprostiedkovana granyzmem

A, perforinem a adhezi CD18 [246].
Molekula CD 25

CD25 je a fetézec receptoru pro IL-2, tento receptor je transmembranovy protein,
ktery se vyskytuje na aktivovanych T lymfocytech, na Treg, aktivovanych B lymfocytech
a na nékterych thymocytech a myelodoidnich prekurzorech. Na oligodendrocytech se
vyskytuje v heterodimeru jako vysokoafinni receptor pro IL-2. Podstatna ¢ast pamét'ovych

T lymfocyti také exprimuje CD2S5 [5, 248].
Molekula Forkhead box P3 (Foxp3)

FoxP3 neboli scurfin je ¢len FOX proteini. Jedna se o transkrip¢ni faktor, ktery
se vyskytuje na ptfirozenych a indukovanych Treg. Lidsky FOXP3 gen je lokalizovan na
X chromozomu. Jeho mutace se u lidi projevuje jako X vdzana autoimunitni deregulace,
polyendokrinopatie a enteropatie. Spontanni mutace tohoto genu u mysi, ktera vede ke
koznim zménam a u samci k ¢asnému umrti, umoznila odhaleni funkce tohoto genu.
Protein Foxp3 je nezbytny pro funkci a fenotyp Treg. Foxp3 se pouziva jako marker Treg
nebot’ je 90% shoda mezi piitomnosti CD4", CD25", CD127" a expresi FoxP3 [249]. Na
Trl se FoxP3 nevyskytuje a je piitomny pouze na nékterych Th3. U CD8" 28 Treg existuji
ob¢ moznosti s 1 bez Foxp3 [250].
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Vztah Treg k progresi KRCa

Ptredpoklada se, ze zvySené mnozstvi Treg (mysleno FoxP3 pozitivnich bun¢k)
znemoznuje efektivni odpoveéd’ proti nadorovym bunkam [251]. Samotné nadorové bunky
KRCa produkuji CCLS (chemokinin s C-C motivem 5), kterym pfitahuji Treg pomoci
vazby CCL5/CCRS (CCRS — receptor chemokininu) [252]. Ukazalo se, Ze suprese T
lymfocyty je zalozena na specifické aktivaci Treg nadorovymi antigeny. Ling prokazal, ze
u pacientii s KRCa je v periferni krvi a v nadorové tkani signifikantn¢ vyssi pocet FoxP3 T
lymfocytl oproti zdravym kontrolam (krev zdravého cloveka a zdrava autologni sliznice
kolon). Mnozstvi FoxP3 lymfocytti bylo vyssi v krvi i v tumoru u pacientd s vys$Sim
stadiem KRCa dle UICC [253]. Terme prokdzal, Ze zvySené pocty peritumoralnich FoxP3
pozitivnich bun€k byly spojeny s vy$§im klinickym stadiem KRCa a krat§im celkovym
prezitim [254]. Dale bylo zjisténo, ze u pacientli s KRCa je v periferni krvi vyssi mnozstvi
FoxP3 lymfocytt oproti zdravym kontroldm. Poc¢ty nTreg se po operaci normalizuji. Ve
stejné studii byla zjiStovana reaktivita CD4 lymfocytl na nador specifické antigeny pred
operaci CEA a BT4. SniZena reaktivita CC4 lymfocytl signifikantné pozitivné korelovala
s recidivou do 12 mésicti [255]. Vysledky nékterych studii jsou vSak v rozporu a infiltrace
nadoru FoxP3 lymfocyty u KRCA je u nich pozitivnim prognostickym markerem. V roce
2012 byla provedena metaanalyza zahrnujici deset praci, z nichZ Sest neprokazalo vliv na
progndzu, zatimco u zbyvajicich ¢tyf praci byl prokazan pozitivni prognosticky vliv [256].
Nové&;jsi prace z roku 2016, v niz studoval pomér FopP3 pozitivnich bunék k CD3"
pozitivnim TIL, neprokazala vliv na prognozu KRCa a pocty FoxP3 pozitivnich TIL
nekorelovaly s jinym klinickym ¢i histopatologickym faktorem kromé vyssiho vyskytu
tumoru v kolon oproti rektu [225]. Podobné stanoveni trovné imunitni odpovédi bylo
zvoleno 1 ve studi Linga, kde byl prokdzan pozitivni vliv na prognézu KRCA u pacientli s

vysokym pomérem intratumoralnich CD8 /FoxP3" [257].
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5.4.5 T lymfocyty s yo Fetézci

Tyto lymfocyty rozeznavaji jednoduché organické molekuly, napt. aminy.
T lymfocyty s v0 fetézci maji nékteré spole¢né prvky s NK buiikami, jejich vyznam je
nejspise v imunitni reakci proti mykobakteriim [109 s. 139]. Subpopulaci téchto lymfocytt
jsou intraepitelidlni lymfocyty MAIT, které disponuji omezenym repertoarem TCR
zaméifenych na evolu¢né konzervativni, Siroce rozsifené antigeny. Dosud byla jejich
pritomnost popsana v tumorech ledvin, mozku a kolorekta. Ve studii Corvaisera bylo
ukéazéano, ze T lymfocyty s yd fetézci TCR (T cell receptor) maji in vitro silnou

cytotoxickou aktivitu proti buitkam KRCa [258, 259].

5.4.6 Natural Killer T burky

Natural Killer T lymfocyty (NKT) jsou jedine¢nou populaci bunék, ktera sdili
fenotypové rysy a nekteré funkce s NK buiikami a T lymfocyty. Pfedstavuji spojeni mezi
nespecifickou a specifickou imunitou [260]. NKT buiiky tvoii jen 0,01-2 % ze vSech
mononuklearl z periferni krve. Nejvice se jich nachazi v thymu, jatrech a sleziné.
Minimum jich je vSak obsazeno v lymfatickych uzlinach [261]. Na rozdil od ostatnich T
lymfocytt, které rozeznavaji antigen prezentovany na MHC, jsou NKT bunky napf.
schopny rozeznat glykolipidové, fosfolipidové a nelipidové antigeny prezentované na
CD1d (neklasickd MHC-like molekula u antigen prezentujicich bun¢k) [262]. NKT buiky
po aktivaci ¢asné produkuji mnoho cytokind, jako napt. IFNy, IL-4, IL-12, IL-13 a IL-17
[263]. NKT buiky také stimuluji produkci cytokint jinymi bunikami, napt. produkei IL-12
u DC. V tomto smyslu NKT buniky usmériiuji imunitni odpovéd’ cytotoxické reakce. NKT
bunky jsou fenotypové i funkéné heterogenni skupina. Nékteré maji koreceptor CD4, jiné
CD8, dalsi nemaji ani jeden z nich [109 s. 154]. Miizeme je vSak dle funkce rozd¢lit na

NKT lymfocyty 1. a II. typu [264 s. 15]).

NKT I buiiky

NKT I buniky exprimuji semivariantni TCR a fetezec -V a 24Ja18. NKT I buiiky
maji obvykle povrchové markery jako CD44, CD69 a CD161 (NK1.1). Vzhledem k tomu,
ze se tyto markery nevyskytuji na vS§ech NKT I buiikach, slouzi k jejich identifikaci
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kombinace povrchovych markeri CD8aa a CD8af. K identifikaci je také pouzivano
znaceni na CD1d tetramer ve vazb¢ na a-galactosylceramid [265], nebot’

a - galactosylceramid je typicky antigen rozpoznavany NKT I buikami. Typ antigenu hraje
urcujici roli také v profilu cytokinové odpoveédi NKT I bunky [266] a ma vliv i na
mechanismus imunitni odpovédi (obr. 5). Naptiklad - mannosylceramid

a palmitoyl - aleoyl-sn-glycero-3-fosfoetanolamin ma potencial indukovat protinddorovou
cytotoxickou reakcei [262]. Lyzované fosfolipidy a neglykosidované lipidy jako
threitolceramid mohou aktivovat u NKT I bunék produkci cytokinti vedouci k maturaci
DC, T a B lymfocytii [267]. Maturace DC je také zajisténa pfimym kontaktem pies
interakci receptor ligand CD40/CD40L [268]. V imunitni odpovédi na mikrobialni infekci
hraje roli aktivace NKT I bungk lipidy z Borrelie, Ehrlichie a ze Sfingomonad [269].
Funkce NKT I bunék spo¢iva ve stimulaci cytotoxické odpovédi zprostfedkované CD8"
lymfocyty, NK bunikami a makrofagy pomoci produkce IFNy a IL-12. Aktiva¢nim
signalem je vazba mezi TCR o -V a 24Jal8 NKT I buniky a CD1d s glykosidovanym
lipidem na antigen prezentujici butice (obr. 5) [264 s. 71]. Po aktivaci produkuji NKT
bunky kromé& cytokinil 1 efektorové molekuly jako perforin, FASL a TRAIL [270].

a tumor b tumor
Tumor Lysis Tumer Lysis
parforin ‘ -~
, FasL granzyme o ) i FasL
il nitric oxide perforin 2
i
IFN-y IFMN= o
macrophage ~sess NK g | CD8* macrophage -~ NE
IF M=y

w-GalCer

maturation
>

Obr. 5. Fukce NKT I bun¢k v protinadorové cytotoxické reakci. Rozd€leno na reakci

indukovanou a) a-galactosylceramidem a b) B mannosylceramidem [264 s. 58].
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NKT II buriky

Funkce NKT II bun¢k je imunosupresorova. Na rozdil od NKT I neexprimuji
semivariantni TCR a nevadzou se na a-galactosylceramid. Typickym antigenem, ktery NKT
II buniky rozeznavaji, je sulfatid. NKT II buniky jsou méné prostudované nez NKT I buriky,
ale je znamo, ze produkuji cytokiny smétujci k Th2 orientované imunitni reakci [271].
Jejich role u solidnich tumort je v humanni medicin€ objasnéna pouze u maligniho
melanomu [272]. Funkce NKT II bun¢k byla prostudovana na mysich, u nichz aktivace
NKT II buné¢k vedla k progresi plicnich metastaz karcinomu kolon [273]. Interakce mezi
NKT I a II buikami neni dosud zcela jasnd. Na mySim modelu konkavalinem indukované
hepatitidy doslo k supresi NKT I bunék navozenim jejich anergie k IL-12 a k MIP2.
O'Konek prokézala na mySim modelu, ze NKT II buiiky sniZuji antigenné podminénou
prolyferaci CD4" T lymfocyti. [262]. NK II buiiky také produkuji IL-13, ktery stimuluje
MDSC (myeloid derived supressor cells) k produkci protizanétlivého TGFf [274].

Vztah NKT lymfocytit k progresi KRCa

Okada publikoval zji§téni, ze mezi tumor infiltrujicimi lymfocty v KRCa jsou
T lymfocyty s pozitivitou na CD57 a CD56 [275]. Tyto bunky mély TCR s aff nebo s vd
fetézci. O'Keeffe prokazal, ze CD161" T lymfocyty jsou nejéastéjsi buiiky s pozitivitou na
NK receptor ve stieve a ze jejich mnozstvi se signifikantné nelisi od okolni zdravé tkané
[276]. Tachibana prokazal, Ze zvySené mnoZstvi NKT infiltrujicich KRCa je spojeno s lepsi
progndzou [261]. V této studii byla prokézéana infiltrace kolorektalniho karcinomu NKT
bunkami jako nezavisly pozitivni prognosticky faktor. Do studie bylo zatfazeno 103
pacientt ve vSech stadiich dle UICC. Zabijak publikoval zjisténi, Ze infiltrace nadoru
invariantnimi T lymfocyty (TCR'CD26 Va7.2") je spojena se §patnou prognézou KRCa
[277].
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5.5 Humoralni specificka imunita

Prezentovana prace se humoralni imunitni reakci a B lymfocyty jako TIL nezaobira.
Z provedenych studii vyplyva, ze humoralni imunitni odpovéd’ podporuje progresi KRCa.
Bylo prokazanano, Ze pacienti s KRCa maji oproti zdravé populaci mensi poéty CD19" B
lymfocytli v periferni krvi a vétsi mnozstvi CD21" B lymfocytii, z nichz n&které nesly
antigeny, které se vyskytuji také na nadorovych buikach [278].

5.6 TIL a genetické a morfologické typy KRCa

Lze ptedpokladat, ze genetické pozadi kancerogeneze bude mit vliv na
imunogenicitu tumoru. Tento pfepoklad se potvrdil v n€kolika studiich. U MSI-H KRCa je
typicka pritomnost tumor infiltrujicich lymfocytt [279]. Vysvétleni spociva v chybné
funkci missmatch repair proteint a zvySené frekvenci mutaci, ktera vede i ke zvysSené
expresi novych proteint. Tyto produky mutovanych geni jsou na MHC molekulach
imunogenni [280]. U MSI-H KRCa byla prokazéana vyssi infiltrace
FoxP3" CDS8 lymfocyty v porovnani s KRCa s mikrosatelitni stabilitou. MSI-H KRCa ma
téz lepsi prognodzu oproti ostatnim typim KRCa [281]. V kontrastu s MSI-H skupinou
pacientil vykazuje KRCa vzniknuvsi cestou CIN nizkou imunogenitu s nizs§im stupném
infiltrace TIL [106 s. 105]. CIMP KRCA jsou téz asociovany s MSI-H, a maji proto vétsi
mnozstvi TIL. Vzhledem k tomu, Ze skupiny pacient s MS—H a CIMP se zcela neshoduji,
vychézi i mnozstvi TIL a progndza CIMP v jednotlivych studiich rozporuplné. V celkovém
pohledu vSak maji pacienti se subtypem KRCa CIMP lepsi prognozu oproti CIN KRCa
[282]. U mucinézniho KRCa byla prokazana nizsi pfitomnost peritumoralni lymfatické

infiltrace oproti ostatnim KRCa [283].
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6. Cile

Dizertacni prace je zaméfena na analyzu vztahu soucasné uzivanych klinickych
a histopatologickych faktorti a pfitomnosti tumor infiltrujicich lymfocytti, NK bunék,
granzymu B a serpinu B9. Dal$im cilem bylo studium vztahu uvedenych faktort k Sifeni
KRCa do regionalnich lymfatickych uzlin, a to na zakladé porovnani vysledki mezi
skupinami pacientii v klinickych stadiich UICC II a UICC III. Dale se prace zabyva
detekci pacientt s rizikem recidivy KRCa po radikalni chirurgické 1é€b¢ ve vztahu k tumor

infiltrujicim lymfocytim.
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7. Metodika

Predmétem vyzkumu vlivu klinickych, histologickych a imunohistochemickych
faktort bylo stanoveni téch, které maji statisticky prokazatelny vliv na recidivu
onemocnéni po radikalni chirurgické 1é¢bé KRCa. Zkoumané parametry byly hodnoceny

v ramci retrospektivni studie.

7.1 Inkluzivni a exkluzivni Kritéria

Do dizertacni prace bylo zahrnuto 152 pacienti, ktefi byli elektivné radikalné
operovani pro sporadicky KRCa na Chirurgické klinice FN Plzen od zaii 2007 do ¢ervna
2012. Jednalo se o pacienty v klinickych stadiich UICC II a UICC III. K exkluzivnim
kritériim pattila Crohnova choroba, ulcer6zni kolitida, familiarni polyp6za a nadorova
duplicita. Ze studie byli téz vyclenéni pacienti, ktefi podstoupili chirurgickou 1écbu akutné,
napft. pii krvaceni z tumoru, obstrukénim ileu, perforaci GIT s peritonitidou nebo pfi
iatrogenni perforaci po kolonoskopickém vysetfeni. K divodim vyfazeni ze studie patfil i
nizky pocet vysetfovanych lymfatickych uzlin z resekatu a riziko podstazovani nadorového

onemocneénti.
7.2 Pooperacni sledovani, sbér tkanovych vzorki a klinickych dat

Pacienti zatazeni do studie byli sledovani v ramci standardni dispenzarizace.
Stanovované klinické parametry byly: lokalizace tumoru (kolon/rektum), nejvyssi
leukocytoza a sérova hladina C-reaktivniho proteinu (CRP) v prvnim tydnu po operaci,
diabetes mellitus, poopera¢ni komplikace dle Clavien-Dindo klasifikace [284], typ recidivy

(vzdalena, lokalni, implanta¢ni), podani onkologické 1écby a jeji reZim a modalita.

7.3 Histologické vysetieni vzorku

Histologické a imunohistochemické analyzy byly provadény v Plzni na Siklové
ustavu patologie Fakultni nemocnice Lékatské fakulty Univerzity Karlovy v Praze.

Z kazdého tumoru byly analyzovany fezy ze tii riznych mist. Tkane byly fixovany
ve 4 % formaldehydu a zality do parafinovych bloc¢kl. Tkéanové bloky byly nafezdny na

Sum silné fezy a obarveny hematoxylinem-eosinem. Stadium primarniho tumoru, grade
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a metastazy lymfatickych uzlin byly stanoveny dle pokyntt WHO z roku 2000 [2]. Stadium
nadorového onemocnéni bylo stanoveno v souladu s pokyny UICC 2009 [2].

Z histopatologickych parametri byla hodnocena pfitomnost a nepiitomnost
nadorov¢ infiltrace endovaskularni (VE), endolymfatické (LI) a perineuralni (PI).
Hodnoceni bylo provedeno dichotomicky na pfitomnost infiltrace (1 — ano) a jeji absenci
(0 — zadnd). Lymfocytarni infiltrace byla hodnocena kvalitativné dle lokalizace
a semikvantitativné. Kvalitativni hodnoceni rozliSovalo infiltraci intratumoralni (ITL),
intrastromalni (ISL), peritumoralni (PTL) a Crohn-like reakce (Crohn-like).
Semikvantitativni hodnoceni bylo rozdéleno do Ctyf stupnii na zadnou (0), mirnou (1),
stiedni (2) a z&vaznou (3) infiltraci. Déle byla stanovena infiltrace KRCa u vSech

lymfatickych uzlin nalezenych v resekatu.

7.4 Imunohistochemické vySetieni vzorki

Byla provedena negativni i pozitivni kontrola (tonzila palatina). Hustota infiltrace
lymfocytt byla odectena v péti zornych polich v high power microscopical fields (HPF).
Vysledky byly vyjadieny jako poc€et imunopozitivnich bun¢k na HPF a semikvantitativné
do ctyt stupiii na Zadnou (0), mirnou (1), stfedni (2) a zavaznou (3) infiltraci. Dale bylo
pouzito precisténi pomoci mikrovinného generatoru. Primarni protilatky byly znaceny
pomoci supersenzitivniho streptavidin-biotin peroxiddzového komplexu (Biogenex, San
Ramon, CA, USA).

Imunofenotyp tumor infiltrujicich lymfocytl byl stanoven barvenim CD4 (klon
SP35, dale nefedéno, Ventana, Rocklin, CA, USA) a CD8 (klon C8/144B, 1:50, Dako,
Glostrup, Dansko).

K analyze ptitomnosti T reg bun¢€k bylo pouzito imunohistochemické barveni
FoxP3 (klon mAbcam 450, 1:20, Abcam, United Kingdom, Cambridge) a CD25 (klon
4C9, dale nefedéno, Ventana, Rocklin, CA, USA). Odecitany byly obarvené lymfocyty. Na
NK buiiky bylo zaméteno imunohistochemické barveni CD57 (klon NK-1, dale nefedéno,
Ventana, Rocklin, CA, USA). U CD57 byly odecitany pozitivni nenddorové bunky. Na
aktivitu cytotoxické reakce proti nddorovym buitkdm byly odecitany nenddorové bunky
s pozitivnim barvenim granul na Granzym B (klon 11F1, 1:30, Leica Biosystems, USA,
Buffalo Grove). Molekula CD 56 asociovana s vy$$im vyskytem lokalni rekurence
a perineuralni invazi karcinomu rekta [121] byla imunohistochemicky znacena a odecitana

u nadorovych bun¢k (klon 11B6, 1:400, Leica Biosystems, USA, Buffalo Grove). Vyskyt
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inhibitoru protedz u nadorovych bun¢k byl analyzovan na zaklad¢ barveni SerpinB9 (klon

PI9-17, 1:100, Abcam, United Kingdom, Cambridge).

7.5 Statisticka analyza

Analyza diferenci sledovanych parametriit mezi skupinami UICC II a II1, kolon
a rektum, vykon na pravém a levém tracniku a analyza vlivu IHC parametr na VE, LI, PI
byly provedeny pomoci Mannova-Whitneyho U testu. Vysledky tohoto testu byly
zobrazeny pomoci krabicovych grafi. Zavislost mezi typem recidivy a
imunohistochemickymi parametry byla analyzovana Kruskalovou-Wallisovou ANOVOU.

Pozorované funkce pieziti DFI a OS byly vyjadieny Kaplanovou-Meierovou
metodou. Pro dvouvybérové srovnani DFI a OS byl pouzit Gehantiv-Wilcoxoniv test, vliv
ordinalnich a spojitych prognostickych faktorti byl analyzovan pomoci jednorozmérného
Coxova modelu proporciondlnich rizik. U ITL, kde hodnoty ordinalniho
semikvantitativniho hodnoceni nabyvaly pouze hodnot 1 a 0, byl vyuzit
Gehantiv-Wilcoxontv test. Prognostické faktory, u nichz byla prokazana statisticky
vyznamna asociace s DFI a OS, byly (po eventudlnim naprahovani pozorovanym
medidnem v souboru) pouzity spolu se zakladnimi klinickymi parametry ve
vicerozmérném Coxoveé modelu proporciondlnich rizik s ndslednym srovnanim sil
jednotlivych faktord.

Statisticka analyza byla provedena v programu STATISTICA (verze 12 Cz;

StatSoft, Inc. 2013, www.statsoft.com).
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8 Vysledky

8.1 Deskripce souboru a doby preziti

Statistickd analyza souboru pacientll prokazala pfimétenou distribuci zakladnich
statistickych popisi parametri. V celém souboru 152 pacientt se nachazelo 94 muza
a 58 zen. Ve skupiné UICC II bylo 42 muzi a 21 zen (63 pacientit), ve skupiné UICC III
pak 52 muzt a 37 zen (89 pacientl). Primérny vék muzt ve skupiné UICC II byl 69,00
roku (median 70,20, min. 65,00, max. 86,56) a u Zen 71,54 roku (median 72,53,
min. 49,59, max. 84,79). Primérny vék byl ve skupiné¢ UICC III u muzt 65,77 rokt
(median 65,12, min. 47,48, max. 87,70) au Zen 67,8 let (median 68,40, min. 39,09,
max. 84,45). Primérny vék vSech muzi v obou skupinach byl 67,27 roku (medidn 66,26,
min. 41,59, max. 87,70) a u Zen 69,20 roku (median 68,79, min. 39,09, max. 84,79).
Ve skupiné UICC 1II bylo 27 pacientt s karcinomem rekta a 36 pacientii s karcinomem
kolon. Ve skupin¢ UICC III bylo 40 pacientil s karcinomem rekta a 49 pacientt
s karcinomem kolon. Pacienti s postizenim kolon byli star§i nez pacienti s karcinomem

rekta (obr. 6).
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Obr. 6. Pacienti s karcinomem kolon byli star$i nez pacienti s karcinomem rekta

(p value = 0,000369)
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Ttileté DFI byl pro UICC 1I 82,14 % a pro UICC III 71,41 % (obr. 7). Pozorované
tiileté OS bylo 90,51 % pro UICC II a 86,60 % pro UICC III. Pozorované pétileté OS bylo
80,85 % pro UICC II a 78,45 % pro UICC III (obr. 8). Pro validni zhodnoceni pétiletého
bezptiznakového pieziti soubor obsahoval pfili§ mnoho cenzorti po ctvrtém roce

dispenzarizace. Mezi skupinami nebyl nalezen statisticky vyznamny rozdil v DFI a OS.
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Obr. 7. DFI ve skupinach UICC II a III
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Obr. 8. OS ve skupinach UICC II a I1I
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V ptipadé¢ rozdéleni pacientl dle lokalizace karcinomu na kolon a rektum nebyl
prokdzan signifikantni rozdil v DFI a OS mezi skupinami UICC II a III.
Analyza rozdilt DFI v kohortach UICC II a UICC III u pacientt s postizenim kolon

neukézala statisticky signifikantni rozdil (obr. 9).
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Obr. 9. DFI pacientl s karcinomem kolon u stadii UICC II a III
Obdobn¢ ani rozbor rozdili DFI v kohortach UICC 1I a UICC III u pacientt

s postizenim rekta neukdzala statisticky signifikantni rozdil (obr. 10).
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Obr. 10. DFI pacientd s karcinomem rekta u stadii UICC II a III
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Analyza rozdili OS ve skupinach UICC II a UICC III u pacientl s postizenim

kolon neukazala statisticky signifikantni rozdil (obr. 11).
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Obr. 11. OS pacienti s karcinomem kolon u stadii UICC II a III
Obdobné¢ ani rozbor rozdili OS v kohortach UICC II a UICC III u pacientii

s postizenim rekta neukdazala statisticky vyznamny rozdil (obr. 12).
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Obr. 12. OS pacientt s karcinomem rekta u stadii UICC II a III



8.2 Porovnani mezi skupinami UICC II a UICC 111

Rozdily mezi skupinami pacientti byly analyzovany pomoci Mann-Whitney U
testu. Mezi skupinami UICC II a UICC III byl prokéazan signifikantni rozdil ve véku.
Ve skupiné UICC 1II byl vyrazné vyssi vék pacientl (p value = 0,016345, obr. 13).
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Obr. 13. Vék pacientt v kohortach UICC I a III (p value = 0,016345)

Ve skupiné UICC II byl prokazan signifikantné vyssi pocet CD8" TIL
v histologickych fezech, kvantitativné hodnoceno. Lymfocyty byly v tomto ptipadé¢

odecitany bez ohledu na jejich lokalizaci viici tumoru (p value < 0,000001, obr. 14).
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Obr. 14. Denzity CD8" TIL u skupin UICC II a III (p value < 0,000001)
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Ve skupiné UICC I byl signifikantné prokazan vyssi poet CD4" TIL
v histologickych fezech, pocty TIL byly kvantitativné hodnoceny. Lymfocyty byly v tomto
piipadé odecitany bez ohledu na jejich lokalizaci vic¢i tumoru

(p value < 0,000001, obr. 15).
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Obr. 15. Hustota CD4 " TIL v skupinach UICC II a III, kvantitativné (p value < 0,000001)
Prokazan byl téZ signifikantni rozdil mezi skupinami UICC II a III
v semikvantitativnim hodnoceni TIL dle jejich lokalizace. Konkrétné¢ se jednalo o vyssi

zastoupeni hustoty CD4" ITL u skupiny UICC I (p value = 0,000016, obr. 16).

ITLCD4 (0-3)

0 Median
1.0 [ 25%-75%
T Min-Max

08

06

04

ITLCD4 (0-3)

0.2

0.0 —_—

0.2
uicc uicc

Obr. 16. Semikvantitativni hustota CD4" ITL v skupinach UICC II a III
(p value < 0,000001)
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Ve skupiné UICC II byla potvrzena signifikantn€ vyssi semikvantitativné

hodnocena hustota CD4" ISL (p value < 0,000001, obr. 17).
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Obr. 17. Semikvantitativng vyjadiena hustota CD4" ISL v skupinach UICC 1I a ITI
(p value < 0,000001)

Ve skupiné UICC II byla potvrzena signifikantné vyssi semikvantitativné

hodnocena hustota CD4" PTL oproti skuping UICC III (p value = 0,003518, obr. 18).
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Obr. 18. Semikvantitativni hustota CD4" PTL ve skupinach UICC II a III
(p value = 0,003518)



Ve skupiné UICC II byla potvrzena signifikantn€ vyssi semikvantitativné

hodnocena hustota CD4" Crohn-like (p value < 0,000001, obr. 19).
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Obr. 19. Semikvantitativni hustota CD™ Crohn-like v skupinach UICC II a III
(p value < 0,000001)

Ve skupiné UICC II se také podatilo prokazat signifikantn¢ vyssi hustotu lymfocyti
pozitivnich na imunohistochemické znaceni proti granzymu B, kvantitativné hodnoceno

(p value =0,047917, obr. 20).
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Obr. 20. Hustota lymfocyta pozitivnich na zna¢eni granzymu B, kvantitativné hodnoceno
(p value = 0,047917)
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Ve skupiné UICC II byly odecteny signifikantné vyssi hustoty Fox P3 lymfocyti,
hodnoceno kvantitativné (p value = 0,005763, obr. 21).

Fox P3 (WHPF)

w
o

O Median
[]25%-75% -1
T Min-Max

w
o

Fox P3 (x/HPF)
- [+ ]
w o o

=
o

w

o

1 —T—

o

-5

uicCi uiccim
Obr. 21. Hustota FoxP3 v skupinach UICC II a III, kvantitativné hodnoceno
(p value = 0,005763)

V piipad€ imunohistochemického barveni proti CD57 byly prokazany signifikantné
zvySené hustoty CD57 pozitivnich bun¢k ve skupin¢ UICC II

(p value < 0,000001, obr. 22).
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Obr. 22. Hustota CD57 v skupinach UICC II a III, kvantitativné hodnoceno
(p value < 0,000001)
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Ve skupiné UICC III byly signifikantn¢ vyssi semikvantitativné hodnocené hustoty
CD8" ISL (p value = 0,006073, obr. 23).
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Obr. 23. Semikvantitativni hustota CD8" ISL v skupinach UICC II a III
(p value = 0,006073)

Ve skupiné UICC III byly prokazany signifikantn¢ vyssi semikvantitativné
hodnocené hustoty CD8” PTL (p value = 0,023275, obr. 24).
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Obr. 24. Semikvantitativni hustota CD8" PTL v skupinach UICC II a III
(p value = 0,023275)
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Ve skupiné UICC III byly prokazatelné vyssi kvantitativné odectené hodnoty
serpin B9 pozitivnich nadorovych bun¢k (p value = 0,028638, obr. 25).
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Obr. 25. Hustota nadorovych bun¢k pozitivnich na serpin B9, hodnoceno kvantitativné
(p value = 0,028638)

U skupiny UICC III byl prokazan castéjsi vyskyt CD25 pozitivnich lymfocyti
oproti skupin¢ UICC II (p value = 0,017952, obr. 26).
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Obr. 26. Hustota CD25 TIL v skupinach UICC II a III, kvantitativné hodnoceno
(p value 0,017952)

V ostatnich evaluovanych parametrech nebyl prokdzéan rozdil mezi skupinami
UICC 11 a UICC 1II. Jednalo se o leukocytézu, sérovou hladinu CRP, CD56 a CD4" ITL
a CD8"ITL.
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Dale byl proveden rozbor za uc¢elem nalezeni rozdili v imunohistochemickych
parametrech mezi skupinami pacientii s postizenim pravého nebo levého kolon. Nebyl
prokazan signifikantni rozdil v zadném ze studovanych parametrii. Pii srovnani
imunohistochemickych parametra karcinomt z celého kolon s tumory rekta byly
prokazany vyssi denzity ITL CDS8 semikvantitativné u kolon

(ITL 0-3 vs 4, p value = 0,01706).

8.3 Analyza vlivu onkologické 1écby

Testovani vlivu adjuvantni chemoterapie na DFI a OS v celém souboru pacientii

(obr. 27) ¢i v kohortach UICC II a III neprokazalo signifikantni rozdily.
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Obr. 27. DFI u vSech pacientl rozdélenych podle podéani adjuvantni chemoterapie
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Analyza rozdilt DFI uvnitt skupiny pacientt s klinickym stadiem UICC 11

neprokézala statisticky signifikantni vliv adjuvantni chemoterapie (obr. 28).
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Obr. 28. DFI v skupiné UICC II s adjuvantni chemoterapii a bez ni

Stejné tak nebyl prokazan statisticky vyznamny rozdil v DFI uvnitt skupiny
pacientt s klinickym stadiem UICC III rozdélenych do kohort podle podani adjuvantni
chemoterapie (obr. 29).
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Obr. 29. DFI v skupiné UICC III s adjuvantni chemoterapii a bez ni



Ve vztahu k OS nebyl prokézéan vliv adjuvantni chemoterapie na OS u vSech
pacientil ve studii (obr. 30).
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Obr. 30. OS u vsech pacientli s adjuvantni chemoterapii a bez ni

Analyza rozdild OS uvnitf skupiny pacientt s klinickym stadiem UICC 11

neprokazala statisticky signifikantni vliv adjuvantni chemoterapie (obr. 31).
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Obr. 31. OS ve skupiné UICC II s adjuvantni chemoterapii a bez ni



Nebyl také prokazan statisticky vyznamny rozdil v OS uvnitf skupiny pacientt
s klinickym stadiem UICC III rozdélenych do kohort podle podani adjuvantni
chemoterapie (obr. 32).
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Obr. 32. OS v skupiné UICC III s adjuvantni chemoterapii a bez ni

Dale byl testovan vliv adjuvantni radioterapie na DFI a OS u pacient
s karcinomem rekta. Tato analyza byla provedena u celého souboru pacientii (obr. 33) i
zvlast’ po skupinach dle UICC. Nebyl prokazan signifikantni vliv adjuvantni radioterapie
na progndzu ani u jedné ze skupin Neoadjuvantni radioterapii jsme nehodnotili, protoZe ji

podstoupil pouze jediny pacient.
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Obr. 33. Vliv adjuvantni radioterapie na DFI u v§ech pacientl s karcinomem rekta
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Analyza rozdilt DFI uvnitt skupiny pacientt s karcinomem rekta s klinickym

stadiem UICC II neprokézala statisticky signifikantni vliv adjuvantni radioterapie (obr. 34).
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Obr. 34. Vliv adjuvantni radioterapie na DFI ve skupiné UICC II s karcinomem rekta

Nebyl prokazan statisticky vyznamny rozdil v DFI uvnitf skupiny pacientt
s karcinomem rekta v klinickém stadiu UICC III rozd€lenych do kohort podle podani

adjuvantni radioterapie (obr. 35).
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Obr. 35. Vliv adjuvantni radioterapie na DFI ve skupiné UICC III s karcinomem rekta
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Analyza rozdilt OS u vSech pacientl s karcinomem rekta neprokazala statisticky

signifikantni vliv adjuvantni radioterapie (obr. 36).
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Obr. 36. Vliv adjuvantni radioterapie na OS u vSech pacientil s karcinomem rekta

Analyza rozdili OS uvnitf skupiny pacientii s karcinomem rekta s klinickym
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stadiem UICC II neprokazala statisticky signifikantni vliv adjuvantni radioterapie (obr. 37).
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Obr. 37. Vliv adjuvantni radioterapie na OS ve skupin¢ UICC II s karcinomem rekta
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Nebyl také prokazan statisticky vyznamny rozdil v OS ve skupiné pacienti
s karcinomem rekta v klinickém stadiu UICC III rozdélenych do kohort podle podani

adjuvantni radioterapie (obr. 38).
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Obr. 38. Vliv adjuvantni radioterapie na OS ve skupiné¢ UICC III s karcinomem rekta

Stejné tak jsme neprokdzali vliv paliativni chemoterapie ¢i radioterapie (hodnoceno

dohromady) na OS. Obr. 39 znazornuje OS od doby operace, obr. 40 ukazuje OS od doby

recidivy.
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Obr. 39. Vliv paliativni onkologické 1é¢by na OS od doby operace u vSech pacientt
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Obr. 40. Vliv paliativni onkologické 1é¢by na OS od recidivy u vSech pacientli

8.4 Prognostické faktory

V ramci analyzy vlivu studovanych parametrti byly prokazany jako statisticky
vyznamné nasledujici nezavislé prognostické faktory na OS u souboru vSech pacientl bez

ohledu na UICC a lokalizaci KRCa:

Pozitivni prognostické faktory OS sefazené sestupné podle sily:

CD57 semikvantitativné (p value = 0,000400). Pti zvySeni o jednu jednotku klesa riziko
umrti 0 30,62 % (95% interval spolehlivosti 9,31-46,93 %).

Granzym B semikvantivné (p value = 0,012300). Pfi zvySeni o jednu jednotku klesa riziko
umrti 0 36,20 % (95% interval spolehlivosti 5,75-61,51 %).

CDS8" TIL kvantitativné (p value = 0,004900). Pfi zvyseni o jednu jednotku klesa riziko
umrti o 1,97 % (95% interval spolehlivosti 0,34-3,57 %).
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Negativni prognostické faktory OS seFazené sestupné podle sily:

Leukocytdza (p value = 0,029600) Pti zvySeni o jednu jednotku vzroste riziko imrti

0 7,95 % (95% interval spolehlivosti 1,71-14,57 %).

CRP kvantitativné (p value = 0,000900). Pti zvySeni o 10 jednotek vzroste riziko umrti
0 6,91 % (95% interval spolehlivosti 3,26—10,70 %).

V ramci analyzy vlivu studovanych parametrt byly prokazany jako statisticky vyznamné
nasledujici prognostické faktory na DFI u celého souboru vSech pacientli bez ohledu na

UICC stadium:

Pozitivni prognostické faktory DFI serazené sestupné podle sily:

CD57 semikvantitativné (p value = 0,021000). Pfi zvySeni o jednu jednotku klesa riziko
recidivy o 13,12 % (95% interval spolehlivosti 0,25-24,71 %).

CD4" ITL semikvantitativné (p value = 0,025000, priibéh popsan Kaplan Meierovou
funkei (obr. 41). Pti absenci ITL CD4 je riziko recidivy 2,16x vyssi (95% interval
spolehlivosti 0,1942696—-1,097584 %).

U ostatnich parametrii nebyl prokazan jejich vliv na OS ¢i DFI. Jednalo se o:
staging, status metastatického postizeni lymfatickych uzlin, grade, stranu vykonu,
lokalizaci tumoru v kolon, lokalizaci tumoru v rektu, diabetes mellitus, adjuvantni
chemoterapii, adjuvantni radioterapii, CD8" ITL, CD8"ISL, CD8  PTL, CD8" Crohn-like,
CD4 kvantitativng bez ohledu na lokalizaci, CD4" ISL, CD4" PTL, CD4 " Crohn-like,
serpin B9, CD25, Fox P3, CD56, VE, LI a PL.
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Obr. 41. CD4" ITL byl prokazan jako pozitivni prognosticky faktor DFI

(p value = 0,025000)

Analyza vlivu imunohistochemickych parametrii na vyskyt VE, LI, PI prokéazala

piiznivy vliv zvysené infiltrace tumoru CD8" lymfocyty. Vyssi hustoty CD8"™ TIL byly

asociovany s niz§im vyskytem VE (obr. 42). U ostatnich imunohistochemickych parametrti

nebyl neprokézéan vliv na vyskyt VE, LI ani PI.
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Obr. 42. Vyssi hustota CD8" TIL je asociovana s absenci VE u KRCa
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9. Diskuze

Dosavadni vysledky publikovanych praci zabyvajici se vlivem imunitni reakce na
prabéh KRCa nejsou ve vysledcich konzistentni a souc¢asné pouzivané histopatologickeé
parametry neumoznuji urcit dostatecné piesné prognozu u jednotlivych pacienti po
radikalni chirurgické 1é¢bé. V prezentované studii byly analyzovany dvé kohorty pacientti
po radikalni operaci pro KRCa, kter¢ se liSily v nadorové infiltraci lymfatickych uzlin.
Motivaci k provedené studii byla snaha o selekci pacienti, ktefi by za souasnych
indikac¢nich kritérii nebyli indikovani k adjuvantni onkologické 1écbé, ale kteii by z ni
profitovali. Také nés zajimal kvalitativni a kvantitativni rozdil v tumor infiltrujicich
lymfocytech mezi pacienty, kteii se li§i v metastatickém postizeni regionélnich

lymfatickych uzlin, nebot’ se jednd o znamku pokrocilosti malignity.

9.1 Diskuze k charakteristice kohort a k vysledkiim pooperacniho sledovani

Ve studii se nepodaftilo signifikantn& prokazat postiZzeni lymfatickych uzlin jako
prognosticky faktor, av§ak rozdil v délce DFI ve prospéch kohorty UICC II je patrny
(UICC II — bez postizeni lymfatickych uzlin). Vysledné zjisténi, ze se neprokazal
vyrazng vyssim vékem pacientil v kohort¢ UICC II s niz§im klinickym stadiem KRCa.
Ptedpokladané delsi OS u kohorty UICC II mohlo byt timto zptisobem zkraceno. Vysledky
OS v absolutnich c¢islech pétiletého pieZiti u obou skupin jsou srovnatelné s vysledky
evropskych zemi, jako je Némecko ¢i Velka Britanie. Pozorované pétileté OS bylo 80,85 %
pro UICC 1l a 78,45 % pro UICC III ve srovnani s analyzou z Velké Britanie, kde
dosahovalo pétileté OS pfti stadiu UICC 111 47,7 % a 77,0 % pro stadium UICC II [10]. V
némecké robustni studii (4346 pacientl) bylo pétileté preZiti u pacientli s KRCa bez
vzdalenych metastaz 60,9 % [285].

Vyssi vek pacientl s karcinomem kolon oproti pacientliim s postiZenim rekta je
pravdépodobné dan distribuci pacientli do jednotlivych chirurgickych pracovist
Plzenského kraje, nebot’ v aplikaci www.svod.cz je maximum incidence u karcinomu

kolon a rekta ve stejném véku (70-74 let).
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9.2 Diskuze k vysledkiim porovnani TIL mezi skupinami UICC II a UICC III

U pacientll bez metastatického postizeni uzlin byly odecteny signifikantné vyssi
hustoty tumor infiltrujicich CD4" i CD8" lymfocyti, coZ je ve shodé s dosud
publikovanymi vysledky, ve kterych vyssi pocty tumor infiltrujicich lymfocytt
ptfedstavovaly pozitivni prognosticky faktor DFI a OS [6]. Zastava diskutabilni, zda je
pritomnost TIL protektivnim faktorem proti metastazovani do regionalnich lymfatickych
uzlin, nebo jestli jsou TIL privodnim jevem méné invazivniho kolorektalniho karcinomu.
U skupiny UICC II byly pfi srovnani hustot zavislosti na lokalizaci tumor infiltrujicich
lymfocytli nalezeny vétsi semikvantitativné hodnocené poéty CD4" intratumoralng,
intrastromalné, peritumoralné a i v Crohn-like agregatech, tedy ve vSech rozliSovanych
lokalitach. Toto rozlozeni odpovida celkové zvysenému poctu CD4 " lymfocytl ve skupiné
UICC 1II. Analyza semikvantitativné uréenych CD8" lymfocytil v zavislosti na jejich
lokalizaci piisobi ponékud rozporng, nebot’ byly uréeny vyssi poéty CDS" lymfocyti v
intrastromalni a peritumoralni pozici u skupiny UICC III, aékoliv celkové pocty CD8"
lymfocytl byly v absolutnich ¢islech vyssi u skupiny UICC II. Tento rozpor mize byt dan
limity semikvantitativniho hodnoceni.

Ve skupiné UICC II se také podatilo prokazat signifikantn¢ vyssi hustotu lymfocyti
pozitivnich na imunohistochemické znaceni proti granzymu B, coz lze interpretovat jako
zvySenou cytotoxickou aktivitu TIL u pacientli bez metastatického postiZzeni lymfatickych
uzlin. Tento vysledek neni v rozporu se zjisténim, Ze zvySend exprese granzymu B u TIL je
pozitivnim prognostickym faktorem KRCa [7]. Analyza zamétfena na zastoupeni Treg ve
skupinach UICC II a UICC III, kterd byla provedena imunohistochemickym barvenim na
CD25 a FoxP3, nepfinesla jednoznaéné vysledky. Ve skupin€ UICC II bylo prokazano
signifikantné vy$§i mnozstvi Foxp3" TIL, naproti tomu ve skupiné UICC III bylo
prokéazano vyssi mnozstvi TIL CD25". Diivodem miize byt fakt, Ze ne viechny Treg, které
jsou recentn€ imunofenotypicky definovany CD4°'CD25'CD127"°, maji na svém povrchu
Foxp3 [249].

Rozbor diferenci v imunohistochemickych parametrech pravého a levého kolon
neprokazal signifikantni rozdil, coz je ponékud piekvapivé u CD4" a CDS" TIL, u nichz je
v literatufe popisovan vyssi vyskyt v pravém kolon oproti zbyvajicim ¢astem tlustého

stieva [286, 287]. K uvedenému rozdilu mohlo dojit odlisnou metodikou. V nasi analyze
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nebyly zahrnuty karcinomy rekta. Tuto domnénku podporuje zjistény signifikantné

zvySeny vyskyt ITL CD8 u karcinomu kolon oproti rektu.

9.3 Diskuze k prognostickym faktorim

V ramci celé studie se podafilo prokazat jako nejsiln€jsi pozitivni prognosticky
faktor vysokou hustotu CD57" bunék. Do skupiny CD57" spadaji hlavné maturované
NK bunky a vysoce diferencované oligoklonalni subpopulace CD8 T lymfocytt [126].
CD57" pozitivni buiiky se ve studii vyskytovaly s vys§i denzitou u pacientii bez
metastatického postizeni lymfatickych uzlin. Také se prokézalo, Ze jsou pozitivnim
nezavislym prognostickym faktorem DFI a OS. Prezentované vysledky podporuji
predchozi zjisténi autorti [147, 154, 155], v jejichz rAmci byla prokazana infiltrace CD57"
bunkami jako nezavisly prognosticky faktor po radikalni operaci pro KRCa. Nizka denzita
CD57" tumor infiltrujicich bun&k se jevi jako slibny prognosticky faktor pro zvazeni
indikace adjuvantni chemoterapie u pacientli po radikélnim chirurgickém vykonu pro
KRCa.

K dal$im prokdzanym pozitivnim prognostickym faktortim celkového pteziti patii
zvysené denzity nenddorovych buné€k pozitivnich pfi imunohistochemickém barveni na
granzym B. Tato serinova proteaza je vyuzivana NK 1 T lymfocyty v cytotoxické reakci
a prokazany pozitivni vliv na prognozu je ve shodé€ s predchozimi publikovanymi pracemi
[7] ais dalsimi vysledky v dizerta&ni praci, nebot’ CD57" pozitivni buiiky i CD8" TIL byly
prokazany jako pozitivni prognosticky faktor. U CD8" TIL byl prokazan pozitivni vliv na
OS ve shodé€ s ptredchozimi pracemi [205, 208, 288]. V Ohtaniho publikaci se prokdzala
jako nejsilnéjsi faktor intraepitelialni lokalizace TIL, ktera je analogem k intratumoralni
pozici TIL v dizerta¢ni praci. Tato zavislost mezi intratumoralnimi TIL a OS nebyla nyni
potvrzena. Protektivni vliv CD8 TIL se téz projevil ve vlivu na endovaskularni infiltraci
KRCa v histologickém vySetieni. Toto zji$téni neni v rozporu s dosud publikovanymi
vysledky, v nichZ po¢et CD8" zralych TIL negativné koreloval s VELIPI [7]. Ve vztahu k
VELIPI byla pozornost zamétena také na imunohistochemické barveni naddorovych bunék
na CD56, zde vSak nebyl prokazan vliv ani u pacientl s nadorem rekta, ani u pacientii s
nadorem kolon. CD56 antigen byl vybran na zéklad€ publikace, v niZ byla prokazana

asociace s vysSim vyskytem lokalni rekurence a perineuralni invazi karcinomu rekta [121].
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Statistickou analyzu mohl ovlivnit i fakt, Ze k obarveni nadorovych bunék doslo pouze
sporadicky a to u Sesti pacienti.

Ke kontroverznim vysledkiim patii prukaz ITL CD4 jako pozitivniho
prognostického faktoru DFI, coz je v rozporu s predchozim vysledkem prace provedené na
Chirurgické klinice Fakultni nemocnice Plzen [288]. Rozdil mize byt dan tim, ze vysledky
nasi studie vychézely ze semikvantitativniho hodnoceni, kde byly porovnavany skupiny s
patrnou infiltraci CD4 " a bez ni, zatimco v Novéakové préci se jednalo o kvantitativni
hodnoceni s cut off denzitou 4 CD4" lymfocyty na zorné pole [288]. Nutno dodat, Ze do
souboril obou praci nebyl zafazen zadny spole¢ny pacient. Moznym zdrojem variability
vlivu CD4" TIL je i jejich funké&ni heterogenita, nebot tato skupina lymfocytt miize
obsahovat naptiklad navzijem antagonistické Th1l lymfocyty i Treg lymfocyty
[109s. 139].

Analyza vlivu adjuvantni chemoterapie neprokazala signifikantni rozdily v DFI
ani OS. Mozné divody pro tyto vysledky se lisi podle srovnavanych kohort. V analyze
celého souboru pacientil byla vétSina pacientl s adjuvantni chemoterapii ve skupiné
UICC III. Ve skuping UICC III podstoupilo adjuvantni chemoterapii 44 pacientd, zatimco
ve skupiné UICC II pouze 16 pacientil. Jiz uvedena data ukazala, ze mezi skupinami
UICC II a UICC III nebyl rozdil v DFI a OS signifikantni, ackoliv byl patrny. Dalsi
porovnani vlivu adjuvantni chemoterapie probéhlo v rdmci skupiny UICC II, kde vSak
soubor pacientt, u kterych chemoterapie nebyla indikovana, byl nepocetny, coZ mohlo
ovlivnit reprezentativnost kohorty bez chemoterapie. Ve skupiné UICC III téZ nebyl
prokézan vliv adjuvantni chemoterapie, ovSem v tomto stadiu je diivodem nepodéni jinak
indikované adjuvantni chemoterapie ve velké vEétSin€ Spatny celkovy stav pacienta, coz
muze mit vliv na prognézu této skupiny nemocnych.

Pti srovnani pacientli s karcinomem rekta, ktefi podstoupili radioterapii
(40 pacienti) a téch, u nichz neprobéhla (27 pacientt), se neprojevil vliv adjuvantni
aktinoterapie na OS a DFI. Efekt adjuvantni radioterapie se neprojevil ani pii analyze
v ramci jednotlivych skupin. Dosazené vysledky je dosti obtizné porovnat s publikovanymi
studiemi, protoZe ty srovnavaji neoadjuvatni radioterapii s adjuvantnim rezimem
a neoadjuvantni aktinoterapie byla provedena ve studovaném souboru pacientli pouze
u jediného pacienta [289].

K prognostickym faktorim celkového preZiti se zafadily parametry systémové

zanétlivé odpovédi, pooperacni sérova hladina CRP a leukocytoza. Elevace sérové hladiny
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CRP a zvysena leukocytdza byla prokdzana jako negativni prognosticky faktor celkového
preziti. Interpretace tohoto vysledku je nejednoznacnd, nebot’ nebyla prokézana souvislost
s recidivou onemocnéni a ani s mirou zaznamenanych pooperacnich komplikaci. Je mozné,
ze systémova zanétliva odpovéd souvisi s celkovym stavem pacienta, ktery ma na délku

OS jisté vliv.

9.4 Diskuze k vysledkim imunohistochemického barveni na serpin B9

Zajimavym vysledkem, ktery vyplynul z rozboru rozdili v imunohistochemickych
parametrech, byla signifikantné vyssi kvantitativné hodnocend denzita nadorovych bun¢k
pozitivnich na serpin B9 u skupiny pacientli s metastatickym postizenim regiondlnich
lymfatickych uzlin. Dle provedené reSerSe nebyl dosud publikovan ¢lanek tykajici se
serpinu B9 a metastazovani kolorektalniho karcinomu do lymfatickych uzlin. Exprese
serpinu B9 ve vzorcich kolorektalniho karcinomu byla prokazana ve studii zabyvajici se
vice typy solidnich lidskych tumorii. Exprese byla prokédzdna u melanomu, karcinomu prsu
a délozniho ¢ipku [290]. V téZe studii byla prokdzana exprese serpinu B9 u dvou ze tii
karcinomti kolon. Byt se jedna o minimalni pocet vzorkt, vysledek uvedené studie
poukazuje na heterogenitu v expresi serpinu B9 u tohoto karcinomu. Recentni publikované
studie, které se tykaji exprese serpinu B9 u malobunécéného karcinomu, referuji o asociaci
vyssi exprese s vyS$im gradem karcinomu [291]. Serpinem B9 se také zaobiraji dalsi prace
ve vztahu k serpin B9 rezistentnimu mutovanému granzymu B [292]. Vysledky
prezentované v dizertacni praci podporuji hypotézu, ze serpin B9 produkovany
nadorovymi butkami KRCa podporuje metastaticke Sifeni do lymfatickych uzlin pomoci
inhibice cytotoxické imunitni odpovédi zprostiedkované granzymem B. Bylo by do
budoucna vhodné podpoftit vysledky imunohistochemického vySetieni expresni studii genu

pro serpin B9 u KRCa na obdobném souboru pacienti.
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10. Zavér

Z vysledkl provedené analyzy vyplyva, Ze se podaftilo prokazat roli lokalni
imunitni odpovédi v kontrole progrese KRCa. Ackoliv se TIL jiz pouzivaji v klinické
praxi, existuji rezervy v moznostech imunohistochemického barveni. Jako nejpfinosnéjsi
se na zéklad¢ provedené studie jevi imunohistochemické barveni na CD57. Do skupiny
CD57" bunék spadaji hlavné maturované NK buiiky a vysoce diferencované oligoklonalni
subpopulace CD8" T lymfocytil. Vzhledem k tomu, Ze se vysoké denzity CD57 v
histologickych vzorcich KRCa prokézaly jako nezavisly pozitivni prognosticky faktor pro
DFI a OS, bylo by stanovovani tohoto parametru ptinosem pro indentifikaci pacientt, kteti
by profitovali z adjuvantni onkologické 1écby a z intenzivni dispenzarizace. Prikaz
pozitivniho vlivu granzymu B na celkovou progndzu u pacientd po radikalni operaci KRCa
téz dokazuje tcinek cytotoxické imunitni odpovédi na progresi malignity.

Porovnani imunohistochemickych parametrt u skupin pacienti s rozdilnym
postizenim regiondlnich lymfatickych uzlin metastdzami prokdzalo asociaci vySSich hustot
nadorovych bunék znacenych na serpin B9 s pfitomnosti metastdz v lymfatickych uzlinach.
Jedna se o dosud nepublikovanou souvislost, ktera miize ukézat na mechanismus obrany

bun¢k nadoru proti cytotoxické imunitni reakci.
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12. Souhrn

V dizertacni praci Molekularnée biologické mechanismy progrese kolorektdlniho
karcinomu ve vztahu k individualizované onkochirurgické léche tesi autor néasledujici
problematiku:

1. V literarnim prehledu charakterizuje: epidemiologii, etiologii, karcinogenezi,
diagnostiku a 1écbu kolorektalniho karcinomu (KRCa). Souc¢asné uvadi obecné principy
protinadorové imunity a charakterizuje imunitni interakci s KRCa se zaméfenim na
celularni cytotoxickou reakci, kterd je zprostfedkovana tumor infiltrujicimi lymfocyty
(TIL).

2.V metodice jsou prezentovany:

Soubor 152 pacientt, 63 pacientll ve skupiné klasifikované do stadia II dle Union
Internationale Contre le Cancer (UICC) a 89 pacientti ve skupiné¢ UICC III, ktefi byli
elektivné radikéaln€ operovani pro KRCa.

Metody stanoveni lokalizace TIL na peritumoralni (PTL), intratumoralni (ITL),
intrastromalni (ISL) a Crohn-like.

Metody imunohistologického stanoveni TIL a jejich parametrii (CD4, CDS§, CD25,
FoxP3), CD57" bunék a granzymu B.

Metody imunohistochemického stanoveni nadorovych bunék (CD56 a serpin B9)

Metody stanoveni nadorové infiltrace endovaskularni (VE), lymfatickou (LI)

a perineuralni (PI).

3. Ve vysledkové ¢asti autor prokazal nasledujici:

Signifikantné vyssi jsou kvantitativné hodnocené denzity CD8" a CD4" TIL ve
skupin¢ UICC II. Byly prokazany vyznamné vyssi semikvantitativné hodnocené denzity ve
skupiné UICC I u CD4" TIL v lokalizaci ITL, ISL, PTL a Crohn-like. V téZe skupiné jsou
vyssi kvantitativné hodnocené denzity CD57" bunék a Fox P3" a granzym B" TIL.

V kohort¢ UICC III byly pozorovany vyssi denzity v semikvantitativnim hodnoceni
u CDS8" v lokalizaci ISL a PTL. Déle byly ve stejné skupiné prokazany kvantitativng
stanovované vys§i denzity CD25" TIL a denzity nadorovych bunék pozitivnich na serpin
BO.

Pti srovnani imunohistochemickych parametrti nadort z celého koln s tumory rekta
byly prokézany vyssi denzity ITL CD8 semikvantitativné v kolon. CDS jsou téz
asociovany s niz§im vyskytem VE.

CD57, granzym B a CD8 jsou nezavislé pozitivni prognostické faktory celkového
pieziti (OS). Pozitivni prognostické faktory bezptiznakového pieziti (DFI) byly CD57
a CD4" ITL. Negativnim prognostickym faktorem OS je pooperaéni elevace zanétlivych
parametrt (C reaktivni protein a leukocytoza).

4. Zavér: TIL jsou slibnym prognostickym faktorem KRCa. Jako nejpiinosnéjsi
molekula k detekci pacienttl, ktefi by profitovali z adjuvantni onkologické 1écby, se jevi
CD57, jejiz absence signifikantné zvySuje riziko recidivy a kratké doby pieZiti. Asociace
serpinu B9 v KRCa s pfitomnosti metastaz v lymfatickych uzlindch miize ukézat na novy
mechanismus rezistence KRCa k cytotoxické imunitni reakci v rdmcei kontroly nadorové
progrese.

5. Soucasti prace je literarni seznam obsahujici 292 citaci a piehled publikovanych
praci autora. Prace vztazené k tématu dizertace jsou dolozené v kopiich.

Klicova slova: Kolorektalni karcinom, metastdzy lymfatickych uzlin, recidiva,

tumor infiltrujici lymfocyty, natural killers, CD4, CD8, CD57, CD56, serpin B9, FoxP3,
CD25.
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13. Summary

In this thesis Molecular biologic principles of progression of colorectal carcinoma
and their impact on individualized oncosurgical treatment deals the author with following
issues:

1. In the literature overview: The author charactherizes epidemiology, etiology,
carcinogenesis, treatment and diagnostics of colorectal carcinoma (CRCa). Contemporary
the author introduces to problematics of principles of anticancer immunity and
charactherises immune interaction with CRCa. The author focuses on cellular cytotoxic
reaction represented by tumour infiltrating lymphocytes (TIL).

2. The methodology section characterizes following:

Group of 152 patients, 63 patients in cohort classified in stage II according Union
Internationale Contre le Cancer (UICC) and 89 patients in cohort UICC III (with lymph
node metastasis). All of them were electively radicaly operated due to CRCa.

Methods of evaluating of TIL pattern defined as peritumoral (PTL), intratumoral
(ITL), intrastromal (ISL) and Crohn-like.

Methods of immunohistological staining of TIL and evaluating of their parameters
(CD4, CD8, CD25, FoxP3), CD57" cells and granzyme B.

Methods of immunohistological staining of cancer cells (CD56 and serpine B9)

Methods of evaluating cancer endovascular (VE), lymphatic (LI) and perineural
infiltration (PI).

3. In the final section the author demonstrates following:

There is significantly higher density of CD8" and CD4" TIL in UICC II group,
counted quantitatively. There were significantly higher density of CD4" TIL found in
pattern ITL, ISL, PTL and Crohn-like in UICC II group. In the same cohort there were
higher amount of CD57" cells and lymphocytes stained for Fox P3 and granzyme B.

In cohort UICC IIT author demonstrates higher density of ISL and PTL CD8" TIL,
counted semiquantitatively. In the same cohort were found higher numbers of CD25" TIL
and cancer cells stained for serpine B9.

There were higher density of ITL CDS in colon in comparison with rectum. ITL
CD8 were also proved as protective factor of VE.

CD57, granzyme B and CD8 were prooved as positive independent prognostic
factors of overall survival (OS). There were prooved as positive independent prognostic
factors of desease free interval (DFI) CD57 and CD4" ITL. Negative independent
prognostic factor of OS were higher postoperative leukocytosis and serum level of
C reactive protein.

4. Conclusion: TIL are promising prognostic factors of CRCa. CD57 seems to be
the most helpful marker to detect patients benefiting from adjuvant treatment and intensive
dispensarisation. Because of lack of CD57" cells increases risk of early reccurence of
CRCa.

Association of serpine B9 with lymph node metastasis reveals unknown possible
principle of tumour resistence to cytotoxic immune reaction.

5. The thesis includes the overview of relevant literature with 292 sources and list
of authors own publications. The publications with realtion to thesis are attached in copies.

Key words: Colorectal carcinoma, lymph nodes metastasis, recurrency, tumour

infiltrating lymphocytes, natural killers, CD4, CD8, CD57, CD56, serpine B9, FoxP3,
CD25.
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Abstract

Purpose This study investigated the prognostic importance
of protein expression of ATP-binding cassette (ABC) trans-
porters ABCC10 and ABCC11 in colorectal cancer.
Methods Protein content of ABCC10 and ABCCI11 was
assessed in tumor tissue blocks of 140 colorectal cancer
patients and associated with survival of patients with regard
to S-fluorouracil-based therapy.

Results Low ABCC10 protein content in tumors increased
hazard ratio of patient’s death more than three times in com-
parison with high ABCC10-ex pressing tumors (P = 0.004),
In contrast, the low ABCC11 content increased the hazard
ratio of cancer recurrence in patients almost four times
(P = 0.016). Analysis of patients treated with regimens
based on 5-fluorouracil revealed that patients with low
ABCCI11 content in their tumors had shorter disease-free
interval than those with higher content (P = 0.024).
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Conclusions The present study shows for the first time that
the protein expression of ABCCI0 significantly associates
with overall survival and the expression of ABCCI1 with
disease-free interval of colorectal cancer patients and pro-
vides strong impulse for further validation of their prognos-
tic value in colorectal cancer.
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Introduction

Colorectal cancer (C18-21, OMIM: 114500} is the third
most often diagnosed malignancy and the fourth leading
cause of death in the adult population globally, with one of
the highest incidence recorded in Central Europe [1].

There are many obstacles to the treatment of this serious
disease. One of the most important causes is the resistance
of tumor cells to chemotherapy modulated, among other
reasons, also by overexpression of ATP-binding cassette
(ABC) transporters [2].

The family of human ABC transporters comprises 48
proteins divided into seven subfamilies (ABCA to G) and
transports a variety of physiological substrates and xeno-
biotics including anticancer drugs [3]. ABCB1/p-glyco-
protein (OMIM: 171050) [4], ABCCl/multidrug resist-
ance protein 1 (OMIM: 158343) [5], and ABCG2 (OMIM:
603756) [6] are the most studied mediators of resistance to
anticancer drugs from this family. These transporters per-
form efflux of anticancer drugs from cancer cells across
the membrane into the extracellular space, and thus they
reduce the cytotoxic effect and confer drug resistance [3].

Current knowledge suggests that other ABC transport-
ers are important for cancer biology (colorectal cancer [7];
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pancreatic cancer [8]; breast cancer [9]). Except drug trans-
port, physiological roles, e.g., transport of cholesterol, fatty
acids, and hormones, contribute to the mechanism of action
of these transporters in cancer development and progres-
sion. Currently, the role of such transporters in tumorigen-
esis and tumor cell response to anticancer treatment needs
precise elucidation with potential implication for the design
of effective targeted therapies.

In the previous small-scale pilot study, we have found
that intratumoral transcript levels of ABCCI1 (OMIM:
607040) significantly associated with the response of colo-
rectal cancer patients to palliative chemotherapy and with a
disease-free interval (DFI) of patients treated by adjuvant
chemotherapy [7]. Moreover, ABCC10 (OMIM: 612509)
expression also associated with the grade of colorectal
tumaors.

The main goal of the present study was to validate on
the protein level the previously suggested putative prog-
nostic role of both ABC transporters for colorectal cancer
patients. Thus, we determined the protein content of these
markers in a larger cohort of colorectal cancer patients
and compared it with the patient’s DFI and overall sur-
vival (OS). The observed associations suggest the need for
further functional studies on revealing the mechanism of
action of these new targets.

Materials and methods
Patients

In total, archival formalin-fixed, paraffin-embedded sam-
ples from 140 patients with histologically confirmed diag-
nosis of colorectal carcinoma were retros pectively included
in the study and clinical follow-up. All patients underwent
surgery and oncological treatment at the Department of
Surgery and Oncology, Faculty Hospital in Pilsen, between
the years 2008 and 2011.

The following data on patients were retrieved from med-
ical records: age, sex, date of diagnosis, date of surgery,
tumor size, lymph node metastasis, clinical stage, histologi-
cal type and grade, treatment regimen, and survival. Clini-
cal characteristics of patients are described in Table 1. In
patients treated with adjuvant therapy after radical surgi-
cal resection RO, the DFI served as a measure of the treat-
ment outcome. Therefore, for the DFI analysis, just patients
without distant metastases, i.e., those with complete tumor
removal during surgery entered the analysis. The DFI was
defined as the time elapsed between radical surgical RO
resection and disease recurrence or death. The OS was
defined as the time elapsed hetween radical surgical RO
resection or start of palliative therapy and death from any
cause.

@ Springer

Table 1 Chnical data of CRC patients included nthis sudy

Characteristics N=140
Age (median & SD) 67+ 10
Gender

Female 42

Male a8
UICC stage

Stage 2 82

Stage 3 32

Stage 4 26
Tumar size

pT2 6

pT3 116

pT4 18
Lymph node metastasis

piN 86

pi 1 33

pN2 19

Notavailable 2
Distant metastasis

cMD 114

cMI 26
Grade

Gl 21

G2 101

G3 16

Notavailable 2
Localization

Colon 74

Rectosigmoideum 25

Rectum 41
Chemotherapy based on 5-fluor curacil

Yes T6

MNo 64

The study protocol was approved by the Ethical Com-
mission of the Faculty of Medicine and Faculty Hospital in
Pilsen, Czech Republic.

Immunochemical staining

Tissue for light microscopy was fixed in 4 9% formalde-
hyde and embedded in paraffin using routine procedures.
Five-micrometer-thick sections were cut from the tis-
sue blocks and stained with hematoxylin and eosin. The
immunohistochemical study was performed using Ventana
Benchmark XT automated staining system ({ Ventana Medi-
cal System, Inc., Tucson, AZ) with the following primary
antibodies: ABCC10 (M7I-3, 1:10, Abcam, Cambridge,
UK) and ABCCI11 (MSBI-74, 1:10, Abcam, Cambridge,
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UK). Heat-induced epitope retrieval was performed, and
buffer Dako Target Retrieval Solution pH 9.0 (Dako Den-
mark A/S, Glostrup, Denmark) was used. Appropriate posi-
tive and negative control slides were employed. Quantita-
tive estimates were done using stereological methods and
the Ellipse software (ViDiTo, Kogice, Slovakia) as previ-
ously established and described [ 10]. The detailed descrip-
tion of sampling of histological sections and microscopic
image fields for the estimation of quantitative param-
eters (ABCCI0 and ABCCI1) of each tumor specimen
(n = 140) in comparison with matched adjacent non-tumor
tissues in subset of patients (n = 30) is presented in Sup-
plementary Table S1.

Data analysis

All statistical analyses were performed using SPSS ver-
sion 106.0 software (SPSS Inc., Chicago, IL). Differences
in protein content between groups of patients stratified by
clinical data were assessed by the ANOWVA and the Pear-
son tests. Receiver operator curve (ROC) analysis was
performed for evaluation of the power of ABCCI10 and

Fig. 1 Quantitative histopathology—immunohistochemistry  of  the
ABCC transporters. The area fraction A, of the ABCC10 and ABCC11
(separately) detected components was estimated by the method based
on counting ntersections of ABCC10 and ABCCI1. Positive struc-
ures with stereclogical grids randomly superposed on the microg raphs,
counting points hitting the highli ghted profiles are demonstrated as vel-
Iw crosses (non-hitting points green crosses). Foints hitting the men-
tioned positive profiles (velfow) were counted. Their sum was then

ABCCI11 to discriminate the patients with different clini-
cal features. For DFI analysis, protein content was divided
by median and by the cutoff calculated using ROC analy-
sis by the help of Cutoff Finder version 2.1 [11]. DFI was
evaluated by the Kaplan—Meier method with the log-rank
test used for comparison of subgroups of patients. Stage-
and chemotherapy-adjusted analysis was performed by the
Cox regression. All P values were calculated from two-
sided tests. P values lower than 0.05 were considered sta-
tistically significant.

Resulis

Protein content (resp. area per area, dimensionless ratio) of
ABCCI0 and ABCC11 was assessed in formalin-fixed par-
affin-embedded sections of 140 colorectal cancer patients
(clinical data in Table 1). The representative resulis of the
protein content assessment of both proteins in the analyzed
samples are on Fig. 1.

The percentage of protein content in tumor components
was 35.5 £+ 106 % for ABCCIO and 367 £ 114 % for

multiplied by the area corresponding o each point. The reference area
{otal area sampled in each specimen) was determined in the same way.
The relation between the area of ABCC positive struchwres and refer-
ence area was calculated. The figure demonstrates counting ntersection
of ABCC10 positive structures with stereological grid within the intes-
inal wall in colorectal cancer and its stroma (a) and in adjacent non-
mmor tissues (b) and the same for ABCCI 1 (e—colorectal cancer and
its stroma and d—adjacent non-tumor tissues). Scale bar 50 pm
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ABCCI] (mean + SD., see Supplementary Figure S1 for
value distribution). The percentage of protein content in a sub-
set of matched adjacent non-tumor tissues was 6.4 £+ 2.6 for
ABCCI0 and 6.2 £+ 2.9 for ABCC11 (n = 30). Associations
between clinical data and ABCCI0 and ABCCI11 content
have been evaluated: no significant associations of ABCC10
or ABCC11 protein content with gender and age of the
patients, tumor size (pT), presence of local (pN) and distant
(cM) metastasis, tumor grade, and stage have been observed
(P = 0.05). Suggestive association between the ABCC11 con-
tent and localization of the tumor (P = 0.042, higher content

in colon or sigma compared with rectum) was found. Such
association was not ohserved for ABCC10 (P = 0.229),

For each clinical feature ROC curve analysis was also
performed. The area under the curve (AUC) for prediction
of poor prognosis factors (pT4, pN1, cM1, grade 3 or rectal
tumor localization) together with ROC curves are in Sup-
plementary Figure S2.

We then divided the patients into two groups accord-
ing tothe median of ABCCI10 and ABCC11 content in sec-
tions for the survival analysis. Six patients lost to follow-up
were excluded from the OS analysis. The analysis of the
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Fig. 2 Associations between ABCC10 and ABCC11 protein content
and the survival of colorectal cancer patients. Kap lan-Meier survival
curves were plotted for the OS (n = 134) or the DFI (n = 108) of
patients divided into two gronps by the median of the intratumoral
protein content of ABCC10 or ABCC11. Dashed line represents the
group with lower protein content, sefid line the group with higher
protein content than the median, a Shows the results of analysis of
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ABCC10 versus the OS and plot b that for ABCC11. ¢ Shows the
results of analysis of ABCCI0 versus the DFI and plot d that for
ABCC11. Differences between groups were compared using the
log-rank test. HR hazard ratio and 95 % 7 95 % confidence inter-
vils were calculated using the Cox regression adjusted for stage and
chemaotherapy
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whole set (n = 134) has shown a significant association of
the ABCC10 content with the OS5 of the patients (P = 0.004,
Fig. 2a). On the other hand, the ABCC1!1 content did not
associate with the OS (P = 0.251, Fig. Zb). Stage- and chem-
otherapy-adjusted analysis has confirmed these results (haz-
ard ratios, 95 % confidence intervals, and P values are pre-
sented in the respective figures). Patients with lower than the
median protein content of ABCC10 in their tumors had more
than three times increased hazand ratio of death compared
with high ABCC10-expressing ones (P = 0.020). The asso-
ciation of ABCCI | with the OS was suggestive, but nonsig-
nificant (P = 0.075). The ABCC10 content did not associate
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Fig. 3 ROC curves plotted for survival of patients using imrmunohis-

tochemical protein expression of ABCC10 and ABCC11. ROC aurves
are plotted for the 08, according to ABCCIO (a) or ABCCIL (b)

with the DFI (n = 108, P = 0.075, Fig. 2c). In contrast, the
ABCCI | content significantly associated with the DFI of the
patients (P = 0016, Fig. 2d). The stage- and chemotherapy-
adjusted DFI analysis confimed this tend (P = 0.065 for
ABCC10 and P = 0.023 for ABCCI 1). Patients with lower
than the median protein content of ABCCI | in their tumors
had almost four times increased hazard ratio of recurrence
compared with high ABCC1 l-expressing ones.

Additionally to the median cutoff method, we applied
ROC curve analysis to set optimal cutoff values consid-
ering the best sensitivity and specificity of both markers
to discriminate prognosis of the patients based on their
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survival (Fig. 3). The analysis of the whole set has shown
a significant association of the ABCC10 content with the
OS of the patients (ABCCI10, P = 0.003, Fig. 4a), but a
lack of significance for ABCCI11 (P = 0.072, Fig. 4b). In
DFI analyses (n = 108), both the ABCC10 and ABCC1]
content significantly associated with the DFI (P = 0.012,
Fig. 4c for ABCCl0 and P = 0.005, Fig. 4d for ABCCI11).
The stage- and chemotherapy-adjusted survival analy-
sis confimmed these trends except association of ABCC1]
expression with the OS (P = 0.022, Fig. 4b).

Stratified analyses of patients treated with regimens
based on 5-fluorouracil have not revealed significant

associations of ABCCIL0 or ABCCI] content with the
OS (n =78, P = 0,106 and P = 0.059, respectively) and
ABCCI10 with the DFI (n = 50, P = 0.143). However, the
association of ABCC1 1 content with the DFI was significant
(P = 0.024). Patients with low ABCC1 | content had poorer
DFI than those with higher content. The ROC analysis (Sup-
plementary Figure 53) suggested, that ABCC10 (P = 0.021,
Fig. 5a), but not ABCC11 expression significantly associate
with the OS (P = 0.059, Fig. 5b). On the other hand, both
ABCCI10 and ABCC11 content significantly assoclated with
the DFI of 5-fluorouracil-treated patients (P = 0.010 and
P = 0.005, respectively, Fig. 5c, d).
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Fig.4 Associations between ABCC 10 and ABCC11 protein content
and the survival of colorectal cancer patients based on ROC analysis.
Kaplan-Meier survival arves were plotted for patients divided mto
two groups by the cutott showed in Fig. 3. Dashed fine represents
the group with lower protein content, solid line the group with higher
protein content than the cutoff. OS analysis is presented for ABCC10
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(@) and ABCCI11 (b). DFI analysis is presented for ABCC10 (¢) and
ABCCI1 (d). Differences between groups were compared using the
log-rank test. HR hazard ratio and 95 % C7 95 % confidence inter-
vals were calculated using the Cox regression adjusied for stage and
chemotherapy
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Fig. 5 Associations between ABCCI0 and ABCC11 protein con-
tent and the sarvival of 5-fluorouracil-treated subgroups of colorec-
tal cancer patients based on ROC analysis. Kaplan-Meler survival
curves were plotted for the OS (n = 76) or DFI in = 50) of patients
divided into two groups divided inio two groups by the cutoff (ROC
mnalysis in Supplementary Figure S3). Dashed lime represents the

Discussion

Based on the previously observed associations of transcript
levels of two less often studied ABC transporters with clini-
cal factors of colorectal cancer [7], we analyzed the prog-
nostic significance of their protein content in a larger study.
Our data clearly show that protein expression of ABCCI10
and ABCC]1] associates with survival of colorectal cancer
patients.

The association of low ABCCI0 protein content with
shorter OS of colorectal cancer patients ohserved in the
present study suggests that the low ABCCI0 expression

Disease-free interval

group with lower protein content, solfid line the group with higher
protein content than the aitoft. O8 analysis is presented for ABCC10
{a) and ABCCI1 (b). DFI analysis is presented for ABCC10 (e) and
ABCCII id). Differences between groups were compared using the
log-rank fest Adjusted analysis was not performed doe © the low
nmumbers of patents in the compared groups

presents a poor prognosis factor. ABCCI0 discovered
15 years ago [12] is upregulated in pancreatic adenocarci-
noma and its transeript level is significantly lower in tumors
with angioinvasion (i.e., with worse prognosis) compared to
those without it [8]. Prognostic power of ABCC 10 transcript
expression (together with that of ABCB6 and ABCC3) for
prostatic cancer progression was recently demonstrated
[13]. ABCCI0 protein modulates tumor resistance to taxa-
nes, e.g., docetaxel [14], and nucleoside analogs such as
gemcitabine [15]. The present study brings discrepant
data about the role of 5-fluorouracil-based treatment in the
prognostic meaning of ABCC10. ABCCI0 protein level

@ Springer

153



602

Cancer Chemother Pharmacol (2016) 78:595-603

significantly associated with both OS and DFI when evalu-
ated using the cutoff set by ROC analysis, but remained
insignificant in analyses by the median expression levels.
This controversy could be due to the sample size effect.

ABCCI1I1 expression did not associate with the OS, but
with the DFI in analysis based on both ROC cutoff and
median levels. ABCCI11 (first reported by Bera et al. [16])
is able to efflux nucleoside analogs [17] and confers resist-
ance to S-luomuracil in vitro [18]. Immunohistochemi-
cally detected protein overexpression of ABCCI11 demon-
strated in the most aggressive HER2+4 and triple-negative
tumor subtypes of breast cancer was significantly associ-
ated with worse disease-free survival of patients [19]. A
novel functional ABCCIT allele (c.1637C = T; T546M),
previously associated with 5-fluorouracil toxicity [20] was
recently identified in silico and confirmed in vitro. This
alteration is frequent among European and American popu-
lations with major allele frequency exceeding 10 % [21].
The present association between ABCCI1 1 protein expres-
sion and the DFI of colorectal cancer patients thus brings
another interesting evidence for the putative prognostic role
of this transparter.

Despite both transporters are known to perform outward
transport of nucleoside analogs used for the treatment of
colorectal cancer, their associations with survival observed
in the present study were not affected by the adjustment to
stage and chemotherapy. The DFI of 5-fAuorouracil-treated
patients was significantly modified by the ABCC11 (and by
ABCCI0 only in ROC analysis) protein expression. How-
ever, the direction of the association had opposite trend,
ie., low expression and presumably lower efflux was found
in patients with poor DFI suggesting that this interaction is
likely not functional in terms of 5-fluorouracil treatment.
The present study is the first one addressing this point in
colorectal cancer patients. Although protein expression
of both transporters was not predictive for 5-fluorouracil-
based treatment here, follow-up studies in larger patient
cohorts shall decisively answer this question.

We are aware of some limitations of our study. First, the
sample size may be seen as one of the study limitations.
Second, we cannot offer precise mechanistic explanation
for the observed complex prognostic role of both transport-
ers in colorectal cancer tissue. Third, our guantification
used two-dimensional sections only. It is necessary to con-
duct next studies to confirm present results.

Taken together, our resulis present the first indication
about the prognostic role of ABCCI10 and ABCCI1 trans-
porters in colorectal cancer that needs further walidation
and functional analysis.
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The focus on sample quality:

Influence of colon tissue collection
on reliability of qPCR data

Lucie Langerova?, Jens Bjorkman®, Ondrej Vycital®®, Vaclav Liska®®, Miroslav Levy’,
Karel Veskrna’, Pavel Vodicka®®8, Ludmila Vodickova®®¢, Mikael Kubista®* & Paolo Verderio®

Successful molecular analyses of human solid tissues require intact biological material with well-
preserved nucleic acids, proteins, and other cell structures. Pre-analytical handling, comprising of the
collection of material at the operating theatre, is among the first eritical steps that influence sample

i quality. The aim of this study was to compare the experimental outcomes obtained from samples
i collected and stored by the conventional means of snap freezing and by PAXgene Tissue System

(Qiagen). These approaches were evaluated by measuring rRNA and mRNA integrity of the samples
(RMA Quality Indicator and Differential Amplification Method) and by gene expression profiling. The

collection procedures of the biological material were implemented in two hospitals during colon cancer
¢ surgery in orderto identify the impact of the collection method on the experdmental outcome. Our

study shows that the pre-analytical sample handling has a significant effect on the quality of RNA and

on the variability of qPCR data. PAXgene collection mode proved to be more easily implemented in the
: operating room and moreover the quality of RNA obtained from human colon tissues by this method is
. superior to the one obtained by snap freezing.

Significant effort and funding' are used for the discovery of novel biomarkers and biomarker profiles that play
important roles in detecting or predicting specific diseases as well as increasing our understanding of disease
mechanisms. Validated biomarkers can reveal a disease from its earliest manifestation and reflect its propaga-

tion to the terminal stage in individual patients. This could be most valuable for personalized therapy® . Recent

advances in genomics, transcriptomics, proteomics, and other -omics allowed us to generate many more candidate

© biomarkers than everbefore. However, it was shown that published biomarker cand idates often show poor repro-

ducibility if tested by different laboratories on patient samples from different clinics®® or if they are tested in large

scales by pharmacological companies. This has triggered efforts for the proper standardization and control of the

entire experimental process to minimize the effects of variables that introduce bias and confounding variation”.
Experimental measurements based on quantitative analyses, such as gene expression analyses, inevitably

i require accurate preservation of analysed samples to be able to obtain high quality data. A technical variability in

the gene expression measurements can be introduced during different phases of the experimental process. The
phases are classified as pre-analytical,analytical, and post -analytical®. The pre-analytical phase is defined as “steps
starting in chronological order, from the clinician’s request including the exam ination requisition, a preparation
of the patient, a collection of the primary sample, the transportation to and within the laboratory, which ends
when the analytical examination procedure begins”, according to 150 15189:2012. The analytical phase comprises
steps of workflow starting in the laboratory and producing measured results. Post-analytical phase is the analysis
of obtained results. In recent years, quality assurance tools for improvement of the mainly analytical phase of
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Figure 1. Scatter plot of RQIvalues measured for each patient, each type of sample and each type of
wllection method. T-PAX: tumour tissue collected in the PAXgene Tissue System, H-PAX: healthy adjacent
tissue collected in the PAXgene Tissue Systemn, T — &0 tumour tissue that was frozen, H —80: healthy adjacent
tissue that was frozen.

qPCR experiments have been developed and are described very well in detail in the MIQE guidelines’. Because of
this, the quality and transparency of the laboratory results have been improved considerably’.

Muost of the errors are introduced during the pre-analytical phase!'®!!. Despite the long-known influence of the
pre-analytical phase on the quality of results, it is rarely stringently controlled. One reason is that it occurs outside
of the laboratory, usually beyond the control of laboratory personnel. The quality of the sample is already influ-
enced at the operating theatre during the warm and cold ischemia. The warm ischemia is the time between sur-
gical indision and tumour specimen removal?, which can trigger the cellular stress response! !4, Time between
tissue removal and its storage, called cold ischemia, should also be minimized because tumour specimen manip-
ulation and storage can both affect the quality of RNA'® and cn distort the gene expression pattern that is asso-
ciated with a disease condition within minutes'". For this reason, it is recommended to keep the cold ischemic
time short, about 30 minutes maximally'®. Apart from warm and cold ischemia, there are other sources of possible
variability outside the operation theatre, which have been described previously. Among them: the transportof the
samples to the laboratory'™, long-term storage™*' or thawing and refreezing of the samples™,

Here, we focus on the first part of pre-analyti cal phase: tissue colledtion and fixation. A common way to pro-
tect the sample is by snap-freezing in liquid nitrogen. Snap-frozen tissue specimens are considered high quality
material for molecular analyses and are also preferred for conserving tissue morphology. However, snap-freezing
during surgery is complicated since it requires access to liquid nitmgen at the operational theatre. This mightnot
be allowed in some places. An alternative is using a fixative that can be used at room temperature. One option is
the PAXgene Tissue System, which is based on usage of the solution that rapidly penetrates and fixes tissue. This
technology is compatible with molecular studiesin a single sample together with histopathological analyses®®. The
quality of ENA in such preserved tissues is comparable with fresh-frozen tissue and the histology is similar to the
one obtained by formalin-fixed paraffin-embedded fixation®.

Here, we evaluated the experimental outcomes obtained from samples collected by the conventional
snap-freezing and by the new PAXgene Tissue System in two different hospitals.

Results

Influence of tissue collection on RNA quality.  Evaluation of RNA integrity by RNA Quality Indicator
(RQi).  The quality of the extracted RNA from all patient samples (see description of sam ples in the Methods)
was determined by RNA Quality Indicator (RQI), which is the method providing integrity measurements of
rRNA (285 and 188 region) scaled from 1 to 10% (Supplementary Figures 1-11). It has been described that sam-
ples with RNA integrity score higher than 4 reach the quality required for RT-PCR analysis, while those with
RNA integrity score lower than 4 can be applied for amplification of short regions only™. Based on this, RQI of 4
was artificially set as a quality borderline value.

Figure 1shows a scatter plot of RQI values for each patient, each type of sample {tumour or adjacent healthy
tissue) and each type of collection (PAXgene Tissue System fixation or freezing). Seven patients had all 4 sam-
ples (tumour PAXgene, tumour freezing, healthy tissue PAXgene, healthy tissue freezing) with a RQI value > 4:
4 from hospital A and 3 from hospital B. All samples (tumour and normal tissue) received from all 14 patients
(100%) from hospital A and fixed with PAXgene Tissue System had RQI> 4, while only 4 patients out of 14 {29%)
had both paired samples with RQI> 4 when snap-frozen. In hospital B, 12 out of 16 patients (75%) reached
RQI >4 for both tissues when fixed with PAXgene systermn, and only for 3 patients out of 16 (19%) the quality of
frozen paired samples was above the borderline value.

Descriptive statistics of RQI values according to the hospital, the tissue type and the type of collection are
listed in Table 1. Box plots (Fig 2) represent visualizations of distribution among different collection methods
for each tissue type in two hospitals. The highest RQI values (means and medians) were obtained from hospital
A using PAXgene Tissue System. According to the non-parametric Wilcoxon Signed Rank Test, no significant
difference in RQI values was observed between colon cancer tissues and matched adjacent healthy tissues, no
matter what preservation mode was used: PAXgene Tissue Systemin hospital A p-value = 0.47 (n= 14 pairs),
PAXgene Tissue Systern in hospital B p-value = 0.33 (n = 16 pairs), snap-freezing in hospital A p-value = 0.12
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PAXpmeTissue | healthy 14 8.0 06 8.7 8.2 69 0.6
" System tumour 14 7.8 09 2.9 79 53 0.7
healt by 14 4.8 20 &l 35 27 34
Snap-freezing
tumour 14 6.1 24 9.3 7.3 22 4.4
PAXgene Tissue | healthy 16 6.3 17 8.6 5.9 36 33
A System tumour 1 6.0 18 8.3 6.4 29 il
healthy 1& a9 15 76 3 22 L&
Freezing
o e 16 54 23 8.2 6.8 6 4.3

Tablel. Descriptive statistics for RQI values according to the hospital, the tissue type and the mean of
collection, STD: standard deviation, IQR: interquartile range.
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Figure 2. Box plots for the distribution of RQI values divided according to the hospital, the tissue typeand
the collection method. Box plots represent median and interquartile range. Bars represent the highest and the
lowest value exclud ing outliers, depicted by the dots,

(n= 14 pairs}, immediate freezing in hospital B p-value = 0.11 {n= 16 pairs). However,in both hospitals the
median and mean of RQI values are higher in tumour samples compared to healthy tissue if samples were frozen
(Table 1, Fig, 2).

Within each hospital, RQI values of samples which were frozen versus RQI values of samples collected in
PAX gene Tissue System were compared by considering both tumor and adjacent healthy tissues (Fig. 2).
According to the non-parametric Wilcoxon Signed Rank Test, a statistical significant p-value in both hospitals
was obtained (hospital A p-value: < 0.0001 and hospital B p-value: 0.0007), indicating difference in RQI val-
ues between collection methods. In hospital A, the median values increased from RQI = 5.85 of frozen samples
(IQR = 4.45, n = 28) to RQI= 8,05 of samples fixed in PAXgene Tissue System (IQR = 0.7, n= 28). In haspital
B, the median values increased from RQI= 3.6 of frozen samples (IQR= 4.15, n = 32) to RQI= 6.25 of samples
fixed in PAX gene Tissue System (IQR = 3.15, n= 32). The yield, purity and quality of each sample using each
stabilization method are given in Supplementary Table 1.

Evaluation of mRNA integrity using Differential Amplicon Assays.  Integrity of mRNA was measured by
Differential Amplicon Assay (AAMP) approach, which is an independent measure of mRNA quality®®. The
method is based on using paired PCR assays that produce amplicons of different length (long and short) from
the same target. If mRNA isintact, both Cq values should be very similar, if mENA is degraded then A AMP =0,
Acceptable quality of our samples were set to be AAMP< 1.0,

Nineteen patients had all 4 samples (tumour PAXgene, tumour freezing, healthy tissue PAXgene, healthy
tissue freezing) with AAMP< 1.0: 11 from hospital A and 8 from hospital B, irrespectively on tissue type and
collection method. All patients (14/14) from hospital A had both paired samples (tumour and adjacent healthy
tissue) collected in PAXgene Tissue System with a AAMP < 1.0, while 10 patientsout of 14 (71%) had both paired
samples that were snap-frozen witha AAMP< 1.0 (Fig. 3a). Eighty one percent of patients (13/16) from hospital
B had both paired samples collected in PAXgene Tissue System with a AAMP< 1.0 while 10 patients out of 16
(63%) had both paired samples that were im mediately frozen with a A AMP < 1.0 (Fig. 3b). Interestingly, several
samnples with low RQTvalues (<4) that would be doomed for any regular downstream analysis had AAMP < 1.0
(10/28 = 36% collected by snap-freezing, hospital A); 9samples out of 32 (28%) that were immediately frozen
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Figure 3. The quality of mRNA determined by A AMP assays. Acceptable quality is below ACq= L.
{a) Samples collected in hospital A. (b) Samples collected in hospital B.

from hospital B and 3 samples out of 32 (9% collected in PAXgene Tissue System in hospital B. On the contrary,
a few samples that would pass quality control with RQI >4 had A AMP = 1.0: 2 samples out of 28 (7%) collected
by snap-freezing in hospital A, 2 samplesout of 32 (6%) that were immediately frozen in hospital B and 5 samples
out of 32 (16%) collected in PAXgene System in hospital B The scatter plots showing the integrity of RNA of the
tissue samples determined by both quality indexes are plotted in Fig. 3a,b. Spearman correlation coefficient
between the two quality indexes (RQT and A AMP) was low, —0.46 (95% CI: —064; —0.22) in Hospital A and
—0.43 (95% CI: —0.61; 0.20) in Hospital B. However, using the arbitrary dassification according the cut-off values
(=4 for RQLand < 1 for A AMP), all samples collected in hospital A using PAXgene Tissue System passeda good
quality criteria with both ind exes.

Inagreement with RQI evaluation, no significant difference in mRNA integrity measured by A AMP values
was observed between colon cancer tissues and matched adjacent healthy tissues, no matter what preservation
mode was used according to the non-parametric Wilcoxon Signed Rank Test: PAXgene Tissue System in hospital
A p-value= 0.39 (n= 14 pairs}, PAXgene Tissue System in hospital B p-value=0.25 (n= 16 pairs), snap-freezing
in hospital A p-value = 0.80 (n = 14 pairs), immediate freezing in B p-value = 0.32 (n = 16 pairs). The influ-
ence of the collection method on RNA quality was significant in both hospitals by considering both tumor and
normal samples (Wilcoxon Signed Rank Test p-value = 0.03 in hospital A and p-value = 0.005 in hospital B). The
median AAMP indicated animprovement in mRNA quality in samples collectad in PAXgene Tissue system (median
AAMP = —0.13 in hospital A and —0.15 in hospital B) with respect to the samples that were frozen (median
AAMP= 0.14 hospital A and 0.41 in hospital B).

Influence of tissue collection on stability of gene expression patterns.  Evaluation of gene expres-
sion by single gene analysis,  All tested samples of tumours and ad jacent healthy tissue from 30 patients (16 from
hospital B and 14 from hospital A) were subjected to gene expression profiling using the high-throughput qPCR
instrument BioMark (Fluidigm) with 13 already pre-selected assays measuring levels of DNA repair gene expres-
sion in the tissue of interest that were normalized with 2 reference genes TOPI and 185 to obtain ACq values. The
selected transcriptsare able to form expression profiles that can distinguish tumour tissue from healthy tissue®.

To evaluate impact of tissue collection method on expression profile of 13 individual normalized genes to
distinguish tumour tissue from healthy tissue, the computation of the percentile bootstrap simultaneous confi-
dence interval (SCI) for the AACq value of each gene (ACq tumour — ACq healthy tissue) was performed®. 1f
the intervals contain zero the expression of the specific geneis not different between tumour and normal tissue
sample. The results are depicted in Fig, 4a-d.

We observed that in hospital A, there were 2 genes (NEILI and XPA) with differential expressions (tumour
versus healthy adjacent tissue) collected in PAXgene Tissue System. In the same hospital, significantly different
expressions between matched tumour and healthy adjacent tissues were observed for 6 genes (APEX], DDEI,
ERCCI, NEIL1, PARP1, RPA2) after snap freezing collection. In hospital B, gene expression profile differed
slightly from expression profiles from hospital A because of the different set of patients, Seven genes outof 13
(CCNH, ERCC2, ERCCA, NEIL1, OGG 1, RPAL, XPA) had a significantly different expression in tumour ver sus
normal tissue stored in PAXgene Tissue System. Whereas in the mat ched samples that were immediately frozen,
no significantly different expression was measured, probably because of not optimal treatment of the specimens.
Inaddition, by considering the width of the 95% SCI reported in Fig, 4a—d, a higher variability of gene expression
for frozen samples (median width of the 95% SCI for hospital A = 0.88 and for hospital B = 1.36) emerges with
respect to those collected in PAXgene Tissue System (median width of the 95% SCI for hospital A= 0.49 and for
hospital B= 0.37) especially for hospital B. The gene expression pattern is similar for both collection methods in
either hospital, respectively (Fig 5).

Evaluation of gene expression using multigene expression patterns.  All normalized gene expression data (ACq)
were subjected to discriminant analysis to find out if the gene expression profiles from different hospitals with
samples collected under different conditions are able to discriminate tumour tissue from healthy tissue. The
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Figure 4. The Simultaneous Confidence Interval (SCI) of the differential expression { AA Cq) of each gene
in tumour tissue with respect to healthy tissue. (a) PAXgene Tissue System, hospital A, (b). Snap-freezing,
hospital A, (c). PAXgene Tissue System, hospital B, id). Immediate freezing, hospital B,

Figure 5. Mean gene expression (A ACq) of differential profiles obtained from both hospitals and both
collection methods, respedively, with all tissue samples. Dark red: collection to PAXgene Tissue System in
hospital A, light red: snap-freezdng in hospital A, dark blue: collection to PAXgene Tissue System in hospital B,
light blue: immediate freezing in hospital B.

analysis showed clear and significant discrimination for samples collected into PAXgene Tissue System in both
hospitals A and B (p-value=0.0021, n =28 and p-value = 0.0017, n= 32} and for snap-freezing method in hos-
pital A (p-value =0.0016,n = 28). The immediate freezing in hospital Bwas not appropriate method to maintain
stable gene expression profile that would discriminate tumour tissue from healthy tissue (p-value =0.19, n=32)
(Fig. Ga—d).

1gTht_' Squared Mahalanobis Distance (SMD]* was used to assess if removing the samples of lower quality
(AAMP = 1.0 or RQI < 4) will influence the discrimination ability of tumour tissue samples versus healthy tissue
samples . The higher is the value of the SMD, more higher is the discriminatory capability. As worse quality sam-
ples were observed mainly with snap-frozen method and with this method specimens were correctly collected
only in hospital A, we selected for this evaluation only snap-frozen sam ples from hospital A. As expected, after
removal of AAMP = 1.0 or RQI < 4 data, the SMD increased. More spedfically, SMD between tumor and healthy
tissues withall samples was 189 (n= 28), after removing samples withof AAMP > 10 it increased 10 24.2 (n=24)
and when only samples with RQI< 4 were removed the SMD increased to 49.5 (n= 15). It means that the best
discrimination was observed when the worse quality samples were exduded according to RQL On the other hand,
if A AMP method was performed to identify worse quality samples, less sampleshad been removed out of multi-
variate gene expression analysis in order to improve overall discrimination between tumour and heathy tissues.
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Figure 6. Discriminant analysis of the tumour {black) and the adjacent healthy tissue samples (white).
(a) Samples collected in hospital A in the PAXgene Tissue System. (b) Samples collected in hospital B in

the PAXgene Tissue System. (¢) Samples collected by snap-freezing in hospital A. (d) Samples collected by
immediate freezing in hospital B. Canl: the first canonical variable - the linear combination of all genes that
providesthe greatest difference between dass means.

Discussion

In this study we evaluated the effect of tissue preservation methods using PAXgene Tissue System and
snap-freezing in clinical settings. Our aim was to compare the quality of RNA and gene expression patterns
obtained from paired tumour tissue and adjacent healthy colon human tissue from one hospital A and compare
our findings with the data from the second hospital Bwhere conditions of collection were not optimal {collection
protocols were not exactly followed).

First, the quality of obtained specimens was determined by measurements of RNA integrity using two meth-
ods: RNA Quality Index (RQI)** and Differential Amplification (A AMPPS, RQI or equivalent indexes as RIN
(RNA Integrity Number)® reflect the integrity of the dominant ribosomal RNA, which makes up about 85% of
the total RNA amount. rRNAs are chemically and structurally different from mBNA and thus differently respond
to different degrading agents and consequently to different treatments™ . Moreover, degraded samples show larger
variation and substantial uncertainty below integrity number 5%,

In order to complete the whole picture, the integrity of mRNA using AAMP was measured?®®. The principle
of & AMY is based on the evaluation of the ratio of paired amplicons of different length amplified from the same
target. If mRNA is intact, Cqs of both assays are the same, while for degraded RNA, Cq of the longer amplicon
is higher due to the lower yield*. This method should reflect dhanges caused by mRNA degradation more sen-
sitively than RQI evaluation. All samples collected by hospital staffinto PAXgene Tissue System in the hospital
A, exactly according to the protocol, displayed a good integrity of RNA, it means AAMP< 1.0, RQI> 4, and the
highest RQI values: median RQI = 8.2 in healthy tissue samples and median RQI = 7.9 in tumour tissue sam-
ples. In the hospital B, where the PAXgene collection protocol was partially modified, about a quarter of paired
samples did not pass quality criteria and the mean RQI values were lower than in hospital A: median RQI= 59
in healthy tissue samples and mean RQI= 6.4 in tumour tissue samples. The RQI of our samples collected in
PAXgene Tissue System are comparable to the values published in literature for a snap-frozen tissue. For exam-
ple, mean RQI for snap-frozen human colon tissues was about 7.7 or mean RIN (RNA integrity number ) about
7.2% In another example, the mean RIN value of 7.5 was recorded in human colon samples that were snap
frozen within 10 minutes after extraction, 30 minutes after extraction mean RIN was 6.7, and 90 minutes after
extraction mean RIN dropped to 4.2'% If we compared our PAX gene results with published integrity numbers
for snap-frozen tissues, then we would comply with the conclusions of the comparative study of Viertler at al.**,
who determined that PAXgene-fixed rat liver and kidney tissues provided RNA quantity and quality similar to
that from snap-frozen tissue in the laboratory conditions. However, the quality of our RNA isolated from the
human colon tissues that were immediately frozen after extraction, was significantly worse than the quality of
our matched samples collected in PAXgene Tissue System. Tissue samples collected by snap-freezing in hospital
A, exactly according to the protocol, had median RQ 1= 3.6 in healthy tissue samples and median RQ1=7.3 in
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tumour tissue samples. Quality criteria were not fulfilled for almost 3/4 of paired samples (at least one sample
from the pair was under the quality criteria). The RNA with the worst quality wasisolated from the frozen sam-
ples from hospital B. The deviation of protocol was the most substantial. Samples were not snap-frozen, instead
they were immediately inserted in —80 °C freezer. This kind of immediate freezing is actually a slow freezing
process. During this process, the core of the larger sample freeze later compared to outer surfaces, which may lead
to variation in RNA quality in different parts of the sample!®**, Healthy tissue samples, collected by this mean in
the hospital B, had mean RQI= 3.3 and tumour tissue samples exhibited mean RQI = 6.8, More than 3/4 quarters
of paired samplesdid not pass ROQL or AAMP quality criteria.

We further observed that there was no significant difference between integrity (RQI and AAMP) of RNA iso-
lated from tumour tissues and adjacent healthy tissues using either collection method. Specifically, when samples
were snap -frozen or immediately frozen, RNA integrity of adjacent healthy tissues was lower than in tumour
tissues, which is in partial agreementwith previous finding of Bao™, who described these differences assignificant
because of the different composition of tumour and healthy tissue. If PAXgene Tissue System was applied, the
median integrity values for both tissues were almost identical. This indicates the rapid and efficient biomolecule
preservation with the PAXgene fixative solution. The similar observation was made previously using another type
of fixative RNA Later RNA Stabilization Reagent during collection of resected colorectal tissues: no significant
differences in mean RIN scores between the normal and tumour samples were observed V.

The link between the lower quality of the samples and their higher gene expression variability has already
been established 4, It has also been evidenced that RNA quality has a noticeable influence on the significance
of differential expression of individual marker genes between two divergent risk groups of cancer patients™,
whidh could be summed in the well-known sentence: Rubbish in, rubbish out. Our results comply with these
condlusions. We have observed that even though mean differential gene expression patterns obtained for matched
samples by 2 different collection means within the same hospital are similar, significance of differential expres-
sion of individual genes differs aswell as quality of RNA. Only NEILI gene was able to significantly distinguish
tumour tisaie from healthy tissue by both collection methods. Significance of differential expression ofindividual
marker genes as well as variability could be influenced by the collection mode, quality of RNA, different sets of
patients in two hospitals and relatively small number of patients. Thus, univariate analysis of expression changes
between tumour tissue and healthy tissue with small number of patients and small fold changes of differential
gene expression (less than 2) will not provide us with definitive outcomes and it should be combined with results
of multivariate analysis. Nevertheless, what we can observe from our univariate analysis is the width of simul-
taneous confidence intervals obtained for each collection method that can be linked tovarious quality of RNA.

The widest SCIs were obtained for tissue samples collected byimmediate freezing in the hospital B where there
was no difference in expression of any analyzed gene between normal and tumour tissue observed. A higher var-
iability inindividual gene expression values could cause wiping out any significant differences between tumour
and healthy tissues. The lowest median RNA integrity values were measured in these specimens, 63% of all sam-
ples did not pass quality criteria RQIor AAMP Also, multivariate discriminatory analysisusing 13 gene dassifier,
was not able to discriminate tumour tissue samples from adjacent healthy samples. On the basis of our results
and previous publications"™*?, we do not recommend this kind of freezing for samples that are aimed for gene
expression analysis.

On the other hand, tissue specimens that wene collected by conventional snap-freezing into the liquid nitrogen
and then replaced to —80°C freezer, were suitable to discriminate the tumour and healthy samples with multivar-
iate discriminate analysis in spite of the lower quality of RNA (54% of all samples did not pass the quality criteria
RQT or AAMP). The widths of the SCI of individual genes were comparable to SCI of spedmens collected into
PAXgene Tissue System in the same hospital A. The snap-frozen samples were also used to asses whether the
exclusion of samples with worse RN A quality improved the discriminatory ability of the multipanel gene expres-
sion, SMD showed that discrimination of healthy tissue samples from tumour tissue samples by gene expression
profiling improved after exdusion of 14% samples (AAMP > 1.0). Improvement was higher if 46% of samples
were removed according to RQI< 4. Even though exclusion of the precious patient samples from analysis isa
painful step for researcher todo, it is known that the quality of biological samples ultimately determines the qual-
ity of any analysis performed with these samples' **. The exdusion of lower quality RNA samplesis necessary for
accurate diagnosis, prediction of outcome, for selection of appropriate therapy or the molecular characterization
of human diseases.

All presented evidence proves that PAXgene-fixed colon tissues provided RNA quality signifi cantly better than
that obtained from snap-frozen tissues collected in dinical setting in both hospitals. Using multigene classifier, it
was possible to significantly discriminate tumour tissue from adjacent healthy tissue when fixed with PAXgene
Tissue System. Low variability of gene expression was observed, thus this approach enables us to reliably detect
smaller fold changes of gene expression. PAXgene collection mode proves to be a good option for the operating
theatres where use of liquid nitrogen is restricted.

Methods

Human tissue samples. Two hospitalsin the Czech Republic participated in the study, collecting tissue
specimens from patients having surgery of colon carcinoma. Two samples were collected from each patients;
tumour tissue and adjacent healthy colon tissue (5-10cm distant from the tumour). Collection of human sam-
ples was approved by ethical committees of participated hospitals and the methods were carried out in accord-
ance with the approved guidelines (Ethics committee at the Institute of Clinical and Experimental medicine and
Thomayer Hospital, approved on April 13th 2011, and Ethics committee at the Teaching Hospital and Medical
Schoolin Pilsen, approved on July 11th 2012) and all study participants have signed informed consent. In total
120 patient samples were collected and induded in the study. Pared tumour and adjacent healthy tissues were col-
lected by different means from 14 and 16 patients from hospital Aand B, respectively. The same tissue specimen
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(tumour or adjacent healthy tissue) was divided in two pieces, one was collected in PAXgene Tissue System
(Qiagen ), and the second piece was fresh-frozen and further stored at —80°C. The protocol using PAXgene Tissue
System was as follows: tissue was placed into the PAXgene Tissue Container and preserved in the PAXgene Tissue
FIX solution for up to 24 hours at room temperature, which was then replaced by the PAXgene Tissue Stabilizer
Concentrate and stored at —80 °C. All specimens were kept at —80 °C until isolation. Warm ischemic time during
surgery varied between 5-20minutes, while the cold ischemic time took no longer than Sminutes in all cases. The
maximal size of the tissue was recommended to be < 2cm’.

Despite the fact that the detailed protocolwas distributed to the hospitals, some deviations in collection and
processing of the tissue samples between the two hospitals were discovered after collection: 1. rinsing of the
specimen to get rid of stool with warm tap water in hospital B only. 2. in hospital B, liquid nitrogen was not
available at the place of surgery, instead, the sample was inserted in a cryo tube and within 5 minutes stored in
a—B0°C freezer present in the same room. In hospital A, the sample was inserted in a cryo tube and snap-frozen
in liquid nitrogen within 5minutes. 3. in hospital B, the specimen was inserted into the PAXgene Tissue FIX con-
tainer according to the manufacturer’s protocal. Within 5 minutes, the sample was stored at —80°C in the fixative
instead of removing the PAXgene Tissue FIX after 24 hours and replacing it by PAXgene Tissue Stabilizer. Despite
the protocol deviation, we decided to investigate the quality of these specimens because PAXgene Tissue FIX
solution is designed to quickly fix the tissue and stabilize the RNA, thus gene expression profile could be retained.

Isolation of RMA.  Tissue samples were homogenized in the MagNA Lyser (Hoffmann-La Roche). AllPrep
DNA/RNA mini kit (Qiagen) was used to isolate nucleic acids from the samples. RNA from tissues collected in
PAXgene containers was extracted using the PAXgene Tissue RNA Kit (PreAnalytiX) according to the manufac-
turers instructions.

Quantity and quality control of RNA. RNA quantity and purity was measured with Nanodrop s pec-
trophotometer ND-1000 {Thermo Sdentific) and RNA integrity was measured with Experion Automated
Electrophoresis System (Bio-Rad) with Experion RNA StdSence Analysis Kit (Bio-Rad). Information on the sam-
ples isinduded in Supplementary Table S1.

gPCR assay design and validation. Primer/probe assays with PerfectProbe were purchased from Primer
Design, Specificity and efficiency of all assays were tested. Information on all primers and their validation is
included in Supplementary Table 52. The transcripts are functionally divided: transcripts from base excision
repair pathway: OGGIH, APEX], NEILI, PARPI, transcripts from nucleotide excision pathway: XPA, RPAI RPAZ,
ERCC3 (XPR), ERCC2 (XPD), ERCCI, ERCCs (CSB), DDBEI, CCNH. For normalization, 2 reference genes were
used (TOPI, 1848}, which had been tested previously using the same type of tissue material*” and evaluated with
Normfinder (GenEx, MultiD Analyses).

Reverse transcription. cDNA was synthesized from 50ng of RNA in 10 pl reaction usinga Revert AidTM
First strand cDNA synthesis kit (MBI Fermentas) using random hexamers and following manufacturer’s instruc-
tions. ¢ DNA samples were stored at —20°C and diluted just before use 1:1 with RNase-free water.

Testing integrity of mMRNA by Differential Amplicons (AAMP)Method. Possible degradation of
mRNA was evaluated by applying a new method for evaluation of integrity. The AAMP method?® uses three
assay sets (Assay set 1-3) for integrity analysis of RNA. Each set has 3 assay variants with various amplicon size
(74-342bp) named short (§), medium (M) and long (L) assays. Assays in each set have one primer in common
within the set (Ibrward or reverse). The length of AAMP assays was selected to be of similar length as assays used
for expression profiling. Long (L) and Short (5) assays of assay set 3 were selected for calculating A AMP value for
each sample: A AMP= Cqp — Cqgg. The quality cut off value was set to + 1.0, The 10pl gPCR reaction contained
Spl of TATAA SYBR GrandMaster Mix (TATAA Biocenter), 2pl of cDNA, 0.2pl of mixed reverse and forward
primers with a final concentration of 200 nM and 2.8 pl of water. Temper ature profile was 95°C for 30s for poly-
merase activation and 40 cycles of 95°C for 10s, 58°C for 10s and 72°C for 355, Melting curve analysis followed.
The qPCR reactions were run in CFX384 qPCR cycler (Bio-Rad).

High-throughput qPCR.  Each sample was pre-amplified 18 cycles with a mix of 15 primer pairs (without
18 5). The reaction contained 10 pl of iQ Supermix (Bio-Rad), 4 pl of cDNA, 2 pl of pooled primers with a final
concentration of each primer of 25nM and 4l of water. Temperature profile was 95°C for 15s and 60°C for
4min. As a control, NTC was induded in the pre-amplification reaction, one extra sample was included as [PC.
The pre-amplified cDNA wasimmediately used or placed in freezer at —20°C. The pre- amplified cDNA was
diluted 10x with water prior to the use. qPCR was performed using the high-throughput platform BioMark™ HD
System (Fluidigm) and two 4848 GE Dynamic Arrays. Five pL of sample pre-mix contained 1pL of 10 diluted
pre-amplified cDNA, 2.5 pl. of Tagman universal mastermix Il without UNG { Applied Biosystems), 0.25 pL of
20 GE sample loading reagent (Fluidigm) and 1.25pL of water. Five pL of assay pre-mix contained 1.25pL of
12pM primer/probe assays with Perfect Probe TM (Primer Design) with final concentration of 300nM in reaction,
2.5 uL of 2 assay loading reagent (Fluidigm). Thermal conditions for g PCR were: 95°C for 10 min, 35 cycles of
95 °C for 155 and 60°C for 60s.

Data pre-processing.  Gene expression data were collected from two GEDynamic Arrays 48 < 48, IPC was used
ta recalculate the background fluorescence from two arrays at the same level. Cq cut off was set up to 25 and values
higher than 25 were replaced by the value of 25 (Cq = 25 in BioMark correspond approximately to Cq = 35 ina con-
ventional gPCR cycler)*. Data were normalized to reference genes (18 Sand TOPI Jto obtain ACq values: ACq =(Cqg
gene — mean Cq of the two reference genes). All data were pre-processed in GenEx Enterprise (MultiD Analyses).
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Statistical analysis. Statistical analyses were performed using SAS software v. 9.2. (SAS Institute Inc.),
GeneEx Enterprise (MultiD Analyses) and SigmaPlot 13.0.

Comparison of sample integrity in PAXgene Tissue System versus freezing  Difference between RQI or AAMP val-
ues obtained in colon cancer tissue and matched normal tissue within each hospital were evaluated by resorting
to non-parametric approach (Wilcoxon Signed Rank Test). The same approach was used to assess the difference
between RQI or AAMP values obtained in tissues collected in PAXgene Tissue System versus those colle cted
by snap-freezing. The correlation between the two integrity indexes was assessed by the Spearman Correlation
Coefficient and its 95% confidence interval (CI) obtained using the Fisher’s transformation.

Effect of tissue collection method on stability of gene expressionpatterns.  Simultaneous Confidence Interval (SCI):
For each considered gene the relevance of the expression changes between tumour tissue and adjacent healthy
tissue were evaluated by computing the 95% SC1Ifor the AACqg value of each gene (A Cq tumour — A Cq healthy
tissue) within each collection method and hospital. If the intervals contain zero the expression of the spedific gene
isnot significantly different between tumour and normal tissue sample. This approach ™ takes into consideration
the simultaneous determination of all the markers on the same set of subjects.

Linear Discriminant Analysis (LDA): In order to jointly consider the expression change of all the gene
between tumour and normal tissue within each collection method and hospital, LDA was resorted. This tech-
nique provides a linear combination (i.e. canonical correlation) of the gene expression that maximize the sepa-
ration between normaland tumour tissue™ by assuming a multivariate normal distribution within each group,
with a common covariance matrix. Inference was made by testing the null hy pothesis that the first canonical
correlation is equal to zero.

The Squared Mahalanobis Distance (SMD)**was used in order to describe how removing of samples with
quality indexes AAMP > 1.0 or RQI< 4 influences the discrimination of tumour tissue samples from healthy
adjacent tissue samples. The SMD was computed by using a pooled covariance matrix.
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Abstract

Background: This study addresses involvement of major S-fluorouradil (5-FU) pathway genes in the prognosis of
colorectal carcinoma patients.

Methods: Testing set and two validation sets comprising paired tumor and adjacent mucosa tissue samples from
151 patients were used for transcript profiling of 15 5-FU pathway genes by quantitative real-time PCR and DNA
methylation profiling by high resolution melting analysis. Intratumoral molecular profiles were correlated with
clinical data of patients. Protein levels of two most relevant candidate markers were assessed by immunoblotting.

Results: Downregulation of DPYD and upregulation of PPAT, UMPS, RRMZ, and SLC29A1 transcripts were found
in tumors compared to adjacent mucosa in testing and validation sets of patients. Low RRM2 transcript level
significantly associated with poor response to the first-line palliative 5-FU-based chemotherapy in the testing

set and with poor disease-free interval of patients in the validation set irrespective of 5-FU treatment. UPP2 was
strongly methylated while its transcript absent in both tumors and adjacent mucosa, OPYS methylation level

was significantly higher in tumor tissues compared to adjacent mucosa samples. Low intratumoral level of UPBT
methylation was prognostic for poor disease-free interval of the patients (P=0.0002). The rest of the studied 5-FU
genes were nat methylated in tumaors or adjacent mucosa.

Conclusions: The observed overexpression of several 5-FU activating genes and DFYD downregulation deduce
that chemotherapy naive colorectal tumors share favorable gene expression profile for 5-FU therapy. Low RRMZ2
transcript and UPBT methylation levels present separate poor prognosis factors for colorectal carcinoma patients

BMC Cancer

and should be further investigated.

Keywords: Colorectal carcinoma, 5-fluorouracil, Methylation, Expression, Prognosis

Background
Colorectal carcinoma (OMIM: 114500) is the third most
common malignancy and the fourth cause of cancer-
related deaths in the adult population worldwide, with
the highest incidence recorded in Central Europe [1, 2].
Colorectal cancer treatment consists of surgical re-
moval of the tumor and, based on disease characteristics,
of chemo- and or radiotherapy. 5-Fluorouracil (5-FU) is
widely used drug in the first-line therapy of colorectal
cancer [3]. Over 80 % of administered 5-FU dose is
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rapidly degraded [4] and only 1-3 % is converted into its
active metabolite fluorodeoxyuridine monophosphate
(FAUMP [5],). FAUMP then inhibits thymidylate syn-
thase (TYMS, OMIM: 188350) and blocks deoxythymi-
dine triphosphate (dTTP) synthesis. Subsequent dTTP
depletion triggers “thymineless” death [6]. TYMS is con-
sidered as a potential prognostic marker for colorectal
cancer. Recent studies have shown that overexpression
of TYMS transcript predicts poor outcome in colorectal
cancer patients [7, 8]. However, another contemporary
study has not confirmed these observations as intratu-
moral TYMS transcript level was not predictive in
patients with colorectal cancer of stage II and III [9].
Several studies have indicated potential prognostic or
predictive role of 5-FU metabolizing enzymes expression
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for resistance to the treatment of colorectal cancer.
Colorectal cancer patients with low protein expression
of 5-FU inactivating enzyme dihydropyrimidine de-
hydrogenase (DPYD, OMIM: 612778) exhibited a longer
survival after 5-FU-treatment than those with high levels
[10]. Likewise, high DPYD transcript level was associated
with poor outcome of stage IV colorectal cancer patients
[11]. High thymidine phosphorylase (TYMP, OMIM:
131222, 5-FU activating enzyme) transcript level was as-
sociated with significantly better disease-free survival
(DFS) following oral administration of 5-FU in stage 111
colorectal cancer patients [12].

The resistance of the tumor cells towards 5-FU is
substantially modulated by the transport mechanisms.
Especially solute carrier transporter 29A1 (SLC29A1,
OMIM: 602193) plays a crucial role in cellular uptake
of nucleoside drugs such as cytarabine, gemcitabine, or
5-FU [13]. Results of a recent small scale functional
study suggested that high SLC29A1 mRNA levels in
colorectal cancer tumor tissue correlate with poor clinical
response to 5-FU [14].

In this study we aimed to address importance of gene
expression and methylation profile of 15 5-FU genes in
tumor and adjacent bowel mucosa tissues of colorectal
cancer patients for the patients prognosis and the
response to 5-FU. Genes were selected from literature and
PharmGKB database based on functional evidence from 5-
FU pharmacokinetics data (https://www.pharmgkb.org/).
Protein expression of two most relevant candidate markers
was assessed as another chain underlying 5-FU mode
of action.

Methods

Studied patients and collection of biological specimen
Tumor tissue and adjacent non-neoplastic mucosa sam-
ples were obtained from total of 151 patients with spor-
adic colorectal cancer (C18-21 according to 1CD-10)
diagnosed at the Department of Surgery and Oncology,
Teaching Hospital and Medical School in Pilsen, and
General Teaching Hospital in Prague between January
2008 and November 2011. From 151 patients, 146 paired
tissue samples (tumor and control mucosa), four tumors,
and one mucosa sample were taken for analyses (for
study flow chart, see Fig. 1). Native tissue samples were
collected as described elsewhere [15, 16].

Patients represented three groups — testing set (stage
II-1V, #=52) for gene and protein expression and
methylation analysis, validation set 1 (stage IL # = 67) for
gene expression analysis, and validation set II (stage I
and III, #=32) for gene expression and methylation
analysis. The lack of tissue aliquots for simultaneous
isolation of RNA and DNA necessitated the use of
two different validation sets. All patients in the test-
ing set underwent adjuvant (n=26) or palliative (1= 26)

Page 2 of 12

chemotherapy regimens based on 5-FU (with added
leucovorin and/or oxaliplatin). In the validation sets I and
II, 24 and 17 patients were treated by such chemotherapy
regimens, respectively (Table 1 and Fig. 1).

Response to the palliative treatment was evaluated by
RECIST criteria [17] based on routine imaging tech-
niques for assessment of tumor mass (computerized
tomography with or without positron emission, magnetic
resonance or ultrasonography). Increase in tumor mass
or the appearance of new lesions in patients with pallia-
tive treatment indicated progression and thus poor re-
sponse to the treatment (PD). Good response to the
treatment was defined as a decrease of the number or
volume of metastases, i.e., complete or partial response
({CR or PR) or stabilization of the disease or (SD). In
patients treated by adjuvant therapy after radical surgical
resection RO disease-free interval (DFI) served as a
measure of the treatment outcome. DFI was defined as
the time elapsed between radical surgical RO resection
and disease recurrence.

Methylation analyses were conducted on 22 tissue
pairs from the testing set and on the whole independent
validation set II from the General Teaching Hospital,
Prague.

Isolation of total RNA and cDNA synthesis

Total RNA was isolated from frozen tissues using Trizol*
reagent (Life Technologies, Carslbad, CA), stored, and
characterized for the quantity and quality [18]. Comple-
mentary DNA (cDNA) was synthesized using 0.5 pg of
total RNA and random hexamer primers with help of
RevertAid™ First Strand c¢DNA Synthesis Kit (MBI
Fermentas, Vilnius, Lithuania). Quality of cDNA in
terms of DNA contamination was confirmed by PCR
amplification of ubiguitin C [19].

Gene expression profiling

Quantitative real-time PCR (qPCR) was performed using
ViiA7 Real-Time PCR System, TagMan® Gene Expres-
sion Assays and TagMan® Gene Expression Master Mix
iLife Technologies). Reference genes - POLRZA (DNA-
directed RNA polymerase II subunit A, OMIM: 180660),
MRPLI9 (mitochondrial ribosomal protein L19, OMIM:
611832), EIF2B] (eukaryotic translation initiation factor
2B, subunit 1, OMIM: 606686), and PSMC4 (proteasome
265 subunit, ATPase, 4, OMIM: 602707) - were selected
by us earlier [15]. Gene Expression Assays with their
characteristics are listed in Additional file 1: Table 51.
While samples from the testing set were preamplified
using TagMan PreAmp Master Mix (Life Technologies),
cDNA from the validation sets was used for quantifica-
tion directly without preamplification procedure [20].
For calculating the qPCR efficiency of each assay, a
calibration curve from one non-neoplastic sample was
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Fig. 1 Flow chart of the study. Samples flow and experimental data are displaved by dashed lines and statistical analyses by solid lines. Numbers
of 5-FU treated patients in red rectangles and untreated patients in blue rectangles

v,

prepared (six points, 5-times dilution). The non-template
control contained water instead of cDNA.

The qPCR study design adhered to the MIQE Guide-
lines (Minimum Information for Publication of Quant-
tative Real-Time PCR Experiments [21]).

Gene expression and clinical data of all samples were
submitted to Gene Expression Omnibus (GEO) reposi-
tory under accession number GSE67111.

Promoter CpG methylation profiling

To convert unmethylated cytosines to uracils whole gen-
omic DNA was treated with sodium bisulfite using the
Epitect Bisulfite Kit (Qiagen, Hilden, Germany) following
the manufacturer’s protocol. Promoter region of every
gene of interest was determined using Genomatix
MatInspector and Genes & Genomes software [(Geno-
matix Software GmbH, Munich, Germany). CpG islands
or simple CpG sites were identified by Methyl Primer
Express Software v1.0 (Applied Biosystems, Foster City,
CA). The same software was used for design of primers
specific for sodium  bisulfite converted DNA bases,
Number of CpGs in the PCR amplicon and equal primer
melting temperature (Tm) were taken into consideration
in the primer design. Real-time PCR followed by high
resolution melting (HRM) was carried out in high-
performance Eco Real-Time PCR system (Illumina, San
Diego, CA), essentially as described in [16]. PCR was ini-
tiated by incubation at 95 °C for 5 min, followed by
50 cycles at 95 *C for 10 s, annealing temperature of
specific primers (Ta) for 20 s, and 72 *C for 10 s. Primer
sequences, Tm, Ta, length, and numbers of CpGs for
each amplicon are listed in Additional file 1: Table S2.
HRM thermal profile was set up according to the

manufacturer's recommendations (Qiagen). Fluorescence
data were converted into melting peaks by the Eco Soft-
ware ([lumina, Ver. 3.0.16.0). For each assay, a standard
dilution series of EpiTect Control DNAs (Qiagen) was
run to assess the quantitative properties and sensitivity
of the assay. Fluorescence of each sample was normalized
against 100 % methylated DNA control. Methylation data
of individual samples were subtracted from calibration
curve with positive controls of 100, 75, 50, 25, and 0 %
methylated DNA.

Immunoblotting in human colorectal cancer tissues

Tissue sample pairs from 15 patients and unpaired tumors
from two patients were selected based on tissue availabil-
ity from the testing set and used for immunoblotting,
Samples, stored at —-80 “C prior to the protein isolation,
were grinded by a mortar and pestle, subsequently protein
and total RNA were isolated using 50 mM Tris—HC,
150 mM NaCl, 10 % Triton X-100 buffer. Protein concen-
tration was determined by bicinchoninic acid assay
(Thermo Scientific Pierce Protein Research Products,
Rockiord, IL). Immunoblotting was performed as de-
scribed in [20, 22]. Briefly, 10 ug of protein was used for
separation by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (10 %) and transferred onto 0.2 pm
Protran nitrocellulose membrane (Whatman, Kent, UK).
Primary antibodies against dihydropyrimidinase (DPYS,
OMIM: 613326) (dilution 1:4000), beta-ureidopropionase
(UPB1 OMIM: 606673) (dilution 1:500) {both from Aviva
System Biology, San Diego, CA), B-actin (dilution 1:2000;
Sigma-Aldrich, St. Louis, MO) and the corresponding
horseradish-peroxidase-conjugated secondary antibodies
(dilution 1:10000; Sigma-Aldrich) were employed. Protein
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Table 1 Clinicakpathological characteristics of studied groups

of patients
Characteristics Testing set Validation set | Validation set |l
(n=52) (n=67) (n=32)
Gender 3516 45/22 1813
(male/female)
Age at diagnosis® 639192 years 702+95 years 708+11.2 years
Tumor size (pT)
pr2 3 - 4
K] 40 &2 24
T4 9 5 4
Presence of lymph node metastasis (pN)
pHO 15 &7 18
pN1-2 37 - 14
Prasence of distant metastasis (pM)
phO 25 &7 32
phi1 26 - -
Stage
wmaon 8 a7 18
wmcCm 18 - 14
moC 25 - -
Histological grade (&)
Gl G 9 1
Gll 39 47 19
Gl 7 8 3
i - 3 4
Primary localization
Colon 28 A4 28
Rectosigmoideum 12 9 1
Rectum 14 14 3
Chemotherapy
5-FU-based 52 24 17
MNone - 33" 15
Footnotes:

“Median + standard deviation

Bgl well differentiated, GIf moderately differentiated, GI poorly differentiated,
Gx cannot be assessed

“Numbers may not add up to 67 of available subjects because of missing
data {n=10)

bands were visualized with an enhanced chemilumin-
escence detection system (Pierce Biotechnology) by
Fc Odyssey (Licor Biotechnology, Lincoln, NE) and
quantified by densitometry (Image Studio software,
Licor Biotechnology).

Statistical analyses

Expression levels of genes were analyzed by ViiA7
System Software (Life Technologies) and statistical
analysis was performed using SP5S5 v16.0 Software
(SPSS Inc., Chicago, IL). Fold changes were calculated
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usig raw cycle threshold (Ct) data by the REST2009
program (Qiagen), which is routinely used for the deter-
mination of differences between different types of sample
and control groups and considers both normalization to
numerous reference genes and reaction efficiencies [23].
Then ratios of Ct values of genes of interest and mean
value of reference genes were calculated and used for
further statistical analyses. Differences in gene expression
or methylation levels between tumor and control tissues
were assessed by the nonparametric Mann-Whitney
U-test. To evaluate associations of transeript levels
with clinical data and other variables (Table 1), nonpara-
metric tests (the Kruskal-Wallis, the Mann-Whitney, and
the Spearman’s tests) were used.

DFI was evaluated by the Kaplan-Meier method and
the Log Rank test was used for evaluation of the com-
pared subgroups and combined groups of patients.
Stage-adjusted analysis was performed by the Cox re-
gression. All P-values were calculated from two-sided
tests. P-values lower than 0.05 were considered statisti-
cally significant. The correction for multiple testing was
applied according to Bonferroni.

Results

Patients’ characteristics

Summary of patient’s characteristics and clinical data
from testing and validation sets are presented in Table 1
and the study flow diagram in Fig. 1. Testing set com-
prised colorectal cancer patients with stages UICC I1-IV
treated by first-line adjuvant (n =26, UICC I and III)
and palliative chemotherapy based on 5-FU (n=26,
UICC IV). Testing set served as a hypothesis generating
screen and for assessment of protein levels, Validation
set | used for validation of gene expression study in-
cluded patients with ULCC II stage (1 = 67). Part of them
was treated by 5-FU-based chemotherapy (n = 24). Valid-
ation set Il used for methylation study consisted of
patients with UICC II and Il stage (#=32) with 17
patients treated by 5-FU-based chemotherapy. The valid-
ation set I served for validation of correlations between
DPYS and UPB1 methylation and expression levels and
clinical data, mainly DFL. Median DFI of the validation
set 1 was 46 +6 months and that of the validation set II
was 39 + 3 months.

Transcript levels in tumors and non-neoplastic control
tissues

Phesphoribosylpyrophosphate  amidotransferase (PPAT,
OMIM: 172450), uridine monophosphate synthetase
(UMPS OMIM: 613891), ribonucleotide reductase M2
(RRM2, OMIM: 180390), and SLC29A1 transcripts were
consistently overexpressed in tumors compared to adja-
cent mucosa in both testing and validation [ sets (except
UMPS, all passed the correction for multiple testing,
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Table 2a, Additional file 1: Table 51). On the contrary,
DPYD was downregulated in tumors compared to adja-
cent mucosa (P < (0,001, both sets).

Associations of transcript levels with clinical data of
patients

We first tested associations between gene expression
levels and therapy response of stage [V patients. Patients
from the testing set with poor response to the first-line
palliative treatment with 5-FU-based regimens had
significantly lower expression of UMPS, ribonucleotide re-
ductase M1 (RRM1, OMIM: 180410), and RRM2 in adja-
cent mucosa (1 =26; P=0,024, P=0014, and P= 0,038,
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respectively; none passed the correction for multiple
testing) than good responders (Table 3). Stage IV patients
were excluded from subsequent survival analyses due to
the metastatic character of their disease, which strongly
modifies their prognosis,

For DFI analyses, transcript levels were first divided
by their median separately in testing and validation
set [ and for the combined analysis these data were
put together to eliminate raw data differences be-
tween sets. Significance of RRM2 gene expression for
prognosis of colorectal cancer patients was further
corroborated in the wvalidation set [, where patients
with intratumoral RRM2 transcript level higher than

Table 2 Differences in transcript (&) and methylation (B) levels between tumor and adjacent mucosa tissues of colorectal cancer patients

A. Transcript levels

Gene Testing set (n=52) Validation set 1 (n=67)
Fold change®  P-value® Fold change®  P-value®
Tumor vs mucosa Tumor vs mucosa

DPYD 0.45° <0.001 0.47° <0.001
DPYS 0.21 0.014 ND ND
PPAT 2.21° <0.001 1.95¢ <0.001
RRMI1 1.10 0.378 1.04 0.769
RRM2 1.68° <0.001 1.98° <0.001
SLC29A1 2.50° <0.001 2.51° <0.001
TK1 1.64 0.008 1.27 0.051
TYMP 1.36 0.211 1.57¢ 0.002
TYMS 1.20 0.579 1.29 0.390
UCK1 0.86 0.126 0.75°¢ <0.001
UCK2 1.17 0.355 1.01 0.680
UMPS 1.26 0.024 1.18 0.010
UPBI 0.71 0.074 0.65 0.012
UPP1 0.86 0.107 0.71¢ <0.001
UPP2 ND ND ND ND
B. Methylation levels
Gene Testing set (n=22) ¢ P-value  Validation set IT (n=32)¢  P-value

Tumor Mucosa Tumor Mucosa
DPYS 0.19+0.14 0.08=0.04 <0.001° 028+0.16 020+0.13 0.010°
UPBI 0.55+0.14 0.65=0.15 0.022 0.79+0.13 081010 0436
UPP2 0.62+£027 056=025 0437 ND ND ND

Footnotes:

“analyzed by the Mann-Whitney test
“Fald changes calculated by the REST2009 pragram
“Results, which passed comection for multiple testing

Mean = standard deviation of percentage of sample methylation normalized to positive control (Methods)

WD not dete rmined

Results from the testing set that have been confirmed in the validation set of patients are depicted in grey
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Table 3 Differences in transcrpt levels in colorectal mucosa
between poor and good responders to 5-FlU-based chemotherapy.
Transcript levels of 5-FU pathway genes were compared in
mucosas of patients in the testing set divided into groups
of poor responders (n=13) and good responders (n=13) to
the first line chemotherapy regimens based on 5-FU

Gene

Expression level in poor responders vs. good responders

Fold difference™ Standard error™ Pvalue®

OPYD 076 0.31-1569 0259
DPYS 091 0.10-889 0434
PPAT 088 0.20-363 0.085
REM2 031 0.11-1 46 0.038
REM1 059 0.22-1.18 0.014
SLC29A1 076 0.17-273 03689
K1 087 0.18-356 0157
TYMP 056 0.12-246 0130
TYMS 082 0.15-377 0
K1 085 0.23-195 0369
CK2 074 0.17-242 0581
UMPS 0.68 0.23-1.21 0.024
UPB1 0 0.25-285 0479
PP 051 0.16-210 0.106
Footnotes:

“tinalyzed by the Mann-Whitney test
“Fald changes and standard emor calculated by the REST2009 program
Significant results in bold

median had significantly longer DFI compared to patients
with levels below the median (# =66, P=0.009, did not
pass the correction for multiple testing, Fig. 2a, the rest of
results in Additional file 1: Figure 52). A non-significant
association in the same direction, was observed in the
testing set (i = 26, Additional file 1: Figure 53). Analysis of
the combined testing and validation I sets supported
the findings of the validation set I for RRM2 (n =92,
P =0.006, did not pass the correction for multiple testing,
Fig. 2b, the rest of results provided in Additional file 1:
Figure 54). This association was significant alse in stage-
adjusted analysis by the Cox regression of the combined
set (n=92, P=0.013, HR=4.17, 95 % CI = 1.35-12.50, for
all results see Additional file 1: Table S3).

Then the combined set was analyzed in respect to
chemotherapy by 5-FU containing regimens (n = 50).
However, in the combined analysis of 5-FU-treated
patients from the testing and validation I sets, neither
REM2 transcript level (P=0.301) nor levels of the
rest of genes did significantly associate with DFI
(Additional file 1: Figure 55). Stage-adjusted analysis
has shown significant association between UPBl and
DFI (P=0.047, HR =025, 95 % CI = 0.06-0.98, for all
results see Additional file 1: Table S3), which was
not significant in the univariate analysis (P=0.098,
Additional file 1: Figure 55).
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In DFI analyses of untreated patients (s =32, all stage II
from the validation set 1), low level of UPBE1 (P=0.026,
did not pass the correction for multiple testing) and
TYMP (P = (L047, did not pass the correction for multiple
testing) significantly associated with worse DFI of patients
iAdditional file 1: Figure S6).

Methylation levels in tumors and non-malignant adjacent
mucosa, associations with gene expression, and clinical
characteristics
Methylation of CpG ilands in the regulatory regions of
all studied genes was initially studied in 22 pairs of
tumor and adjacent mucosa (testing set) and compared
with that from the independent validation set 1I. In the
both testing and validation II sets, methylation exceeding
the limit of quantitation was detected in DPYS, UPBI,
and uridine phosphorylase (LPP2, GenelD: 151531)
genes in both tumor and adjacent mucosa samples
(Table 2b, DPYS passed the correction for multiple test-
ing). Significantly elevated methylation level of DPYS was
recorded in tumor tissues compared to adjacent mucosa
in both sets (Table 2b). Methylation level of LIPBI was
lower in tumors than in adjacent mucosa in the testing
set, but not in the validation set II. No difference in pro-
moter methylation was observed for LPP2 in the testing
set by comparing tumors with non-malignant mucosa,
Methylation levels in promoter regions of DPYS or
LUPEI did not correlate with their corresponding tran-
script levels either in tumors or in adjacent mucosa sam-
ples analyzed in both sets. UPP2 transcript expression
was below the limit of quantification in both testing and
validation II sets suggesting that this gene is completely
silenced in colorectal tumors and corresponding adja-
cent mucosa tissues regardless clinical characteristics.
DPYS methylation level was associated with the tumor
stage in the testing set (P=0.010, data not shown}, but
not in the validation set 1I. Therefore, this association is
not further discussed. On the other hand, patients with
LIPEI methylation level below the median had signifi-
cantly worse DFI than those with the methylation level
above the median in both sets evaluated separately
iAdditional file 1: Figure 57) and combined (n= 46,
P=0.0002, passed the correction for multiple testing,
Fig. 3). This association was significant also in the
stage-adjusted analysis by Cox regression of the combined
set (i =46, P= 0,004, HR = 9.22, 95 % Cl = 2.04-41.57).
Combined analysis of L/PBI methylation in 5-FU treated
patients from testing and validation II sets failed to find
significant association with DFI (n =32, P=0.653, data
not shown). For DFI analyses, patients were divided into
two groups according to the median of methylation levels
in tumors. Methylation levels of DPYS and LIPP2 have not
associated with the DFI of patients (P > 0.05).
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Protein levels in tumors and adjacent non-malignant
mucosa

DPYS and UPB1 protein levels were analyzed in a subset
of the testing set used for the methylation study, enab-
ling an evaluation of the cascade of methylation, gene,
and protein expression levels in colorectal cancer sam-
ples (Fig. 4). However, DPYS and UPBl protein levels

did not significantly correlate either with their tran-
scripts or methylation levels (P > 0.05).

Discussion

The questions connected with prognostic importance of
molecular profile of 5-FU pathway in colorectal cancer re-
main attractive topics throughout last 15 years. Existing
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studies offered a plethora of mostly conflicting results. The

molecular markers involving genetic, epigenetic, and
absence of complex understanding, focused on mecha-

phenotypic factors. The present study brings completely

nisms of action underlying the most promising biomarkers
precludes their translation into clinical setting. Apparently,
the final prognostic scheme will integrate clinical factors,
eg, stage and grade of the tumor with a cascade of

new insight into this area by comprehensive molecular
profiling of major 5-FU pathway genes,

The present study shows for the first time that only
three (DPYS, LIPEI, and LIPP2) out of 15 evaluated 5-
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Fig. 4 Protein expression of DPYS and UPB1 in tumars of colarectal cancer patients. Protein expression of DPYS (a) and UPBY (b) was assessed
by immunoblotting with normalization to actin in the representative set of tumors with highest and lowest methylation levels as described in
Materials and Methods

L.
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FU genes, are subject to notable methylation in tumor
and adjacent mucosa tissues.

Association of LPBI promoter methylation with worse
prognosis of colorectal cancer patients, reported here on
two independent groups of patients and in the combined
set irrespective of 5-FU treatment, poses a completely
novel direction in pharmacogenomics of colorectal cancer.
UPB1 is an 5-FU inactivating enzyme [24], responsible for
degradation of pyrimidine bases (uracil and thymine) and
its genetic defect causes severe forms of propionic acide-
mia [25]. We hypothesized that a high UPB1 expression in
tumor cells caused by promoter demethylation could exert
a negative impact on the colorectal cancer patients re-
sponse to 5-FU. However, we did not prove such associ-
ation in the combined set of 5-FU treated patients and
moreover, LUPBI methylation level did not correlate with
either the transcript or the protein levels suggesting that its
prognostic role is most probably a complex phenomenon
involving some other factors. The lack of such correlation
may be explained by a number of effects, e.g., variation in
DNA folding in the studied region, regulation of target
gene by enhancers/silencers or by other than the followed
CpGs or control of gene expression by histone modifica-
tions. A more refined screening of CpG methylation in the
LIPE1 surrounding area could provide more information
about potentially linked epigenetic changes. Moreover, the
function of the above mentioned gene may also be modu-
lated by microRNA interference (e.g., hsa-miR-216a, pre-
dicted by TargetScan).

From the genetic point of view it is intriguing that re-
cent study reported a strong association between the
12070474 polymorphism and gastrointestinal toxicity in
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5-FU treated cancer patients [26]. It is of interest that
this polymorphism lies inside a large CpG island consist-
ing of 98 CpG sites [27] and near to the transcription
factor-binding motifs corresponding to a critical regula-
tor of the intestine, the CDX2 (caudal-type homeobox
transcription factor 2, OMIM: 600297 [28];). A potential
linkage of genetic with epigenetic changes thus should
also be considered.

On the basis of our gene expression data we may
generalize, that colorectal tumors irrespective of the stage
and localization share common downregulation of DPYD
and upregulation of PPAT, UMPS, RRM2, and SLC29A1
transcripts. RRM2 and UMPS upregulations and DPYD
downregulation in colorectal tumors comply with the previ-
ous study [29].

Interestingly, SLC29A1 was recently suggested as po-
tential co-determinant of clinical response to 5-FU [14]
and its upregulation demonstrated by the present study
further underpins the potential for targeted therapy of
colorectal cancer. On the basis of gene expression profile
we may deduce that chemotherapy-naive colorectal can-
cer patients have in general favorable expression profile
shifted towards 5-FU actvation (Fig. 5). A potential
change of this profile by chemotherapy or during meta-
static process presents another interesting question that
needs to be addressed.

Moreover, promoter of the 5-FU inactivating enzyme
DPYS was found hypermethylated in colorectal tumors
by this study. We thus confirmed the previously pub-
lished DPYS hypermethylation in colon carcinomas (and
breast and prostate carcinomas) compared with paired
normal tissues from the same patients [30]. Recently, it

TYMP ~
PPAT
UMPS
FUDR 4

Q h
5-FU umm\ﬁﬂomhl i:' Qp ﬂﬁlxﬂ/\TJ\aH
H

Fig. 5 5-FU pathway genes evaluated by this study (adopted from [24])

Footnotes:
5-FU activating enzymes in boxes
5-FU inactivating enzymes in ovals
Crverexpression in tumors
Downregulation in tumors

Hypermethylation in tumors
5 = Prognostic significance
TYMS = main target of 53-FU
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was reported that differential methylation of DPYS
fand heat shock 27 kDa protein 1, HSPBI1, OMIM:
602195 and cyclin D2, CCND2, OMIM: 123833) provides
independent prognostic information for prostate carcin-
oma [31]. Based on the present and earlier studies, colo-
rectal cancer-specific complex prognostic model based on
gene expression and methylation profile seems to deserve
further exploration.

Prognostic significance of low RRM2 transcript level
for poor colorectal cancer patients outcome observed by
the present study contradicts the previously published
data. High RRM2 level was poor survival predictor in
colorectal cancer patients [32] reflecting the established
in vitro ability of RRM2 to enhance cellular invasiveness
and genetic instability [33]. We cannot rule out that the
qPCR assay for RRM2 employed in the present study
also covered the RRM2ZB (OMIM: 604712) subunit
whose protein structure = 80 % identical to RRM2
RRM2E intriguingly exerts opposite activity to RRM2
and its expression associates with a better survival of
colorectal cancer patients [34]. On the other hand,
RRM2 is 5-FU activating enzyme [24] and thus the re-
sult observed by us seems logical from this point of view
despite the fact that we have not observed a direct link
between prognostic role of RRM2 and 5-FU therapy
(perhaps due to the low number of the followed pa-
tients). Bearing in mind the issue of study size and pub-
licly awvailable gene expression data, we analyzed the
prognostic power of RRM2 expression by SurvExpress
[35] tool using data from GSE12945 set (n=947). A
borderline significant association towards higher risk
of shorter disease-free survival of the patients with
lower expression of RRM2 was apparent (p =0.050,
Additional file 1: Figure S8).

The present study in line with other authors [9], has
not confirmed that overexpression of TYMS protein or
transcript predicts poor outcome in colorectal cancer
patients [7, 8]. Similarly, the results of studies indicating
potential prognostic role of DPYD [10, 11] or TYMP
[12] expression for survival of colorectal cancer patients
after 5-FU-treatment were not replicated.

The small sample size and small patients groups used
for DFI analyses, especially of patients treated with 5-FU
pose the major limitations of this study. Nevertheless, we
compared the methylation profiles with the publicly avail-
able database MethHC (Methylation and gene expression
in Human Cancer, http://methhc. mbc.nctwedu.tw) inte-
grating gene expression, methylation, and microRNA ex-
pression data from The Cancer Genome Atlas (TCGA)
[36]. Our data complies with the results reported by this
database, i.e., the highest levels in UPP2, UPBE1, and DPYS
(the rest of the genes below 25 %) and significantly higher
methylation of DPYS in tumor compared with mucosa
tissues (Additional file 1: Figure 59).
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The variability among the patient cohorts could also
explain the lack of replication of some results. On the
other hand, the use of validation sets helped to achieve
more convincing interpretation of the replicated results
and where possible the analysis of combined sets in-
creased the study power. The lack of tissue aliquots for
simultaneous isolation of RNA and DNA necessitated
the use of two different validation sets. This fact pre-
cluded us to perform the otherwise preferable combined
analyses of both validation sets. Consequently, missing
data for comparison of methylation levels with DFI may
be seen as a study limitation.

Conclusions

In this study, we addressed importance of genes involved
in the 5-FU pathway for the prognoesis of colorectal
cancer patients. In conclusion, chemotherapy-naive
colorectal tumors seem to have favorable 5-FU pathway
gene expression profile. Additionally, low RRM2 gene
expression and UPBI  methylation level represent
treatment-independent poor prognostic factors for colo-
rectal carcinoma patients and should be further investi-
gated in relation to other epigenetic regulation pathways
(such as microRNAs) and in a complexity with other
relevant systems, such as DNA repair.

Additional file

Additional file 1: Table 51. Lists Taghan Gene Expression Assays used
in the study. Table 52 shows sequence of primers and PCR cnditions
used for promater CpG methylation profiling. Table $3 shows results of
stage-adjusted Cox regression of assodations between transcript levels
and DFl of clorectal cancer patients from the combined testing and
walidation | sets. Figure $1 depicts S-Fluorcurad| pathway gene expression
lesvels in the studied sets of colarectal cancer patients. Figure S2 shows
results of anahsis of assodations between transcnipt levels and dise ase-free
sunvival of colorectal cancer patients from the validation set | Figure 53
shows results of analysis of associations between transaipt kevels and dis-
ease-free survival of colorectal cancer patients from the testing set.
Figure 54 shows results of analysis of assoclations between transcript
levels and disease-free survival of coarectal cancer patients from the
cambined testing and wvalidation | set. Figure 55 shows results of
analysis of assoclations betwean transcript levels and disease-free
survival of SflucrouracikFtreated colorectal cancer patients from the
combined testing and wvalidation | set. Figure $6 shows results of
analysis of associations betwean transcript levels and disease-free
survival of untreated colorectal cancer patients from the validation |
set Flgure S§7 shows results of analysis of associations between UPB?
methylation level and disease-free survival of cloreda cancer patients.
Figure 58 shows analysis of association of RRM2 expression with
disease-free surdival of colorectal cancer patients based on publicly
available GEO database Figure $9 shows analysis of methylation
profiles of 5-FU pathway genes in human colorectal tumor (red boxes)
and mucosa fgreen baxes) tissues from publicly avallable MethHC database.
(DOC 1916 kb)
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Colorectal cancer (CRC) is one of the main causes of death of
neoplasia. Demand for predll.lne and prognostic markers to
reverse this trend is inereasing, Long non-coding RNA HOTAIR
(Homeobox Transcript Antisense Intergenic RNA) overexpres-
sion in tumors was previously associated with poor prognosis and
higher I1Illrld|l in different carcinomas. We analyzed HOTAIR
n levels in tumor and blood of incident sporadic CRC
n relation to their overall survival with the aim to evalu-
ate surrogate prognostic marker for CRC, Tissue donor group
ed of 73 CRC patients sam pled for tumor and normal
sue. Blood donor group was represented by 84 CRC patients com-
pared with 40 healthy controls. Patients were characterized for
tumor-node-metastasis stage, tumor grade, microsatellite instabil-
ity ‘md tumor penelmllun by stromal cells. HOTAIR lewels were
e quantitative PCR. CRC patients had higher
nin blood than healthy controls (P = 0.0001),
whereas there was no difference in HOTAIR levels between tumor
and adjacent mucosa of CRC patients. HOTAIR levels positively
correlated between blood and tumor (R = 043, P = 0.03). High
HOTAIR levels in tumors were associated with higher morts
of patients | Cox's proportional hazard, hazard ratio = 4.4, 9
confidence interval LO0-19.2, P = 0.046]. The hazard ratio was
even higher when blood HOTAIR levels were taken into account
(hazard ratio = 5.9, 95% confidence interval: 1.3-26.1, F = (.019).
Upregulated HOTAIR rela nary tumaors and
in blood of CRC patients & associated with unfavorable prog-
nosis. Our data suggest that HOTAIR blood levels may serve as
potential surrogate prognostic marker in sporadic CRC,

Abbreviations: cDNA, complementary  DNA; CRC, colorectal cancer;
HOTAIR, Homeobox Transcript Antisense Intergenic RNAL IncRNA, long
non-coding RNA; ncRNA, non-coding RNA; PEMC, peripheral blood mono-

nuclear cells: gPCR, quantit@tive PCR: ROC, receive rope rating charac e ristic:

THNM. tumor-node-metastas s.
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Introduction

Most of human genome is transcribed to RNA, but only ~2% of RNA
encodes functional proteins (1,2). RNAs that lack protein-coding abil-
ity and do not contain open-reading frames longer than 100 nucleo-
tides are refered to as non-coding RNAs (ncRNAs), NcRNAs are
arbitrarily subdivided into groups of small neRNAs and long ncRNAs
(IncRNAs), the latter being longer than 200 nucleotides. IncRNAs are
transcribed from at least 10000 genomic sites located throughout all
chromosomes (3). Biological roles of most IncRNAs are unknown
or poorly understood. However, IncRNAs are recently mm.i-,n]g])'
emerging as molecules that take its part in human carcinogen
Although their exact mechanism contributing (o carcinogenesis

is
almost unknown at present, altered expression of several mcRNAs has

recently been attributed to pathogenesis
including colorectal cancer (CRC) (4).

AnIncRNA HOTAIR (Homeobox Transcript Antisense Intergenic
RNA) takes part in epigenetic regulation of gene ranscription.
HOTAIR interacts onits 5 end with Pol ycomb repressive complex 2 1o
remodel chromatin and ensure silencing of HOX genes during embry-
oric development, whereas on 3" end HOTAIR interacts with histone
demethylase (5). It is thus an important epigenetic factor involved in
the embryonic differentiation of tissues. In human association studies,
HOTAIR has been recognized to be related with metastatic activity
of primary cancer and with the patients” prognosis. HOTAIR levels
were significantly elevated in gastrointestinal stromal tumors (6)
and =>1000-fold in metastatic breast cancer (7). Link between poor
patients prognosis and higher expression of HOTAIR was reported
for pancreatic (%) and hepatocellular cancers (9). One of the possible
mechanisms underlying these observations was brought up by invitro
study (7). The authors found that HOTAIR-induced overexpression in
epithelial cancer cells caused genome-wide retargeting of Polycomb
repressive complex 2, resulting in altered histone methylation, gene
expression and finally, cancer invasiveness. Moreover, a repression of
several important tumor suppressor genes and an induction of cenain
prometastatic genes were identified to explain prometastatic effect of
high HOTAIR expression (7).

In the presentstudy, we analy zed HOTAIR IncRNA levels in tumors
and in blood of sporadic CRC patients and in association with their
overall survival. There is only one study currently available focused
on HOTAIR in relation to sporadic CRC, which showed that HOTAIR
overexpression is associated with higher risk of metastasis and poor
prognosis of patients (10). Levels of HOTAIR have not yet been stud-
ied in peripheral blood of CRC patients. Therefore, our aim was to
explore whether tumor levels of HOTAIR may predict sporadic CRC
patient’s survival and if so, whether blood levels of HOTAIR might
represent a surrogate prognostic marker, Furthermore, since higher
tumor stage [tumor-node-metastasis (TNM) 3 and 4], its particular
localization (left colon), histology (high content of stromal cells in
tumor) and microsatellite instability are hallmarks of worse progno-
sis of CRC patients, HOTAIR relative expression in tumor tissue and
blood have been analyzed with respect toall tf clinicopathological
parameters in our study. Sporadic CRC is still a leading malignancy
in Westem countries, regarding both incidence and montality, partially
due to a late diagnosis and a lack of cor ective predictive and
prognostic markers (11). Reliable predictive and prognostic marker,
analyzed innon-invasivel y obtained surogate samples, may have vast
clinical poential.

of some malignant neoplasia,

Materiak and methods

Study subjects
Incident CRC cases were recruited at the time of the diagnosis among patients
treated at surgical departments of Thomayer Hospital in Prague, General
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University Hospitalin Pragoe, University Hospitalin Brono and Medical School
and Teaching Hospital in Flsen, all located in the Czech Republic, between
2008 and 2012, Only histologically confirmed new CRC cases that had not
been previously diagnosed for cancer or inflammatory bowel disease were
included into the study. Collected clinical data contained information about
twmor localization, TNM stage according to American Joint Committes on
Cancer (12}, tumor grade and microsatellite instability status anal vred accord-
ing the reference (13). To evaluate overall survival (from diagnosis unti] death
or censoring event), patients were followed-up over a period of 35 months on
average (with range 12-54 months).

Study imvolved two different groups of sporadic CRC patients. The first
group (tissue donors) consisted of 73 patients who underwent surgical resece
tion or probatory biopsy of the tumor, and in 52 of them adjacent healthy tis-
aie was available as well Patients did not undergo any adjuvamt therapy prior
o sampling. Regarding 14 patients with rectal cancer who unde rve nt preap-
erative necadjuvant chemoradiotherapy, the tissue specimens were collected
as a part of probatory biopsy o determine precise pretreatment TNM smge.
The second group (blood donors) involved 84 patients who were sampled for
peripheral blood, taken at the tme of diagnosis, Le. before surgery and any
therapy. In a subgroup of 26 patients paired wmor and healthy tissues and
periphe ral blood were available, To investigate whether HOTAIR IncRNA can
be detected in plasma, 12 patients and & controls were studied.

Blood-measured HOTAIR levels in CRC patients were compared with 40
healthy controls, recruited from healthy volunteers residing retirement homes,
blood bank donors and older healthy relatives of our collaborators and labora-
tory staff. Only subjects with no previous diagnosis of CRC or any malignant
disease and without manifestation of any acute disease or injury at the tme of
blood collection were enrolled, Controls had not been exposed o any poten-
tially harmtful chemicals except for those common o everyday environmental
sources and were sam pled without any particular requirement for fasting prior
to blood sampling, Structred questi onnaire was received from all blood donor
CRC patients and healthy controls, They reported their smoking habits, alco-
hol consumption, body mass index (calculated from weight and height) and
presence of diabetes. All participants were of Caucasian origin, Participating
sibjects were properly informed about the aims of the research; they & gned
a written consent and approval for molecular gene tic analysis, in accord with
the Helsinki declaration. The Ethics Committees of all collaborating hos pitals
approved the design of the study.

Histological examinarion of tumor and mucosa samples

Tumor samples were taken from macroscopically distinguishable wmor cen-
tral area far from the visible tumor edge and necrotic sies Mucosa samples
were taken 5-10cm distant from the tmor, Samples were immersed in RNA-
preserving solution ENALater according to the manufaciurer’s recommenda-
tions (Life Technologies, Carlsbad, CA) immediately after tissue removal,
Tismeswere evaluated for cardnoma'stromal cells ratio by objective morpho-
metry using the NikonElipse EGO0 microscope and by NIS-Elements version
A0 software (Nikon Instruments, Amsterdam, Netherlands), Ten microscopic
fields per sample were randomly selected and measured for content of stromal
cells. The average of 10 measurements per sample was determined. Samples
were categorized to a “high” stroma group when =50% of tumor conte nt was
formed by stromal cells, the red was attributed to *low” stroma category,

Isolation af peripheral blood mononuclear cells

Peripheral venous blood was drawn from each subject into EDTA-KZ tubes
(Gireine r Bio-one, Frickenhause n, Ge rmany), gently shaken and kept at 4°C untl
the processing, no longer than 1 h since the sampling. Two ml of blood were lay-
ered over Ficcol-Paque™ Plus ( Sigma-Aldrich, St Louis, MO) and sepamed
according © the manufacturer's recommendations. Isolated perpheral blood
mononue lear cells (FBMC) were immediaiely mixed with 1 ml of Trizol reagent
and stored at =807 C for subsequent RNA isolation, To cbtain plasma, the whole
blood was centrifuged at 160 at room em pe rature, Plasma was stored at =50°C,

RNA isolarion and cDNA syarhesis

Towal RNA from tumors, healthy mucosa and blood plasma was isolaed
by a MirVana isolation kit (Life Technologies). Total RNA from PEMC
was isolated using TRIzol according to the manufacmrer’s procedure
(Life Technologies) and kept at =80°C, RNA concentration and purity
was measured on a Nanodrop spectrophotometer (Thermo Scientific,
Waltham, MA). The ODy a0y, ratios for all samples were between 1.8
and 2,00 RNA integrity was determined vnsing Agilent 2100 Bioanalyzer,
with RNA G000 Nano Assay Chip (Agilent Technologies, Santa Clara,
CA) The EMA integrity of all samples ranged between 6.0 and 10.0.
Complementary DNA (cDMNA) was synthesized from 500 ng of total RNA
by using a RevertAid™ Reverse Transariptase (MBI Fermentas, Vilnius,
Lithuania) with random hexamer primers in a final volume of 40 pl, fol-
lowing the manu facturer’s instructions, The cDNA was stored at =20°C.

HOTAIR long non-coding RNA

Reverse rransc riprase gPCR

Reverse ranscriptase quantitative PCR (qPCR) was performed on a real-time
TS0 PCR system (Life Technologies) using Precision™ 2x qPCR Masiermix
and custom-designed realtime PCR assays with PerfectProbe™  (Primer
Design Lid, Southam pion, UK). TagMan-based fluoresc ence detection (fluoro-
genic S-nuclease) assay for routine realtime PCR analyses was used. The
most suitable reference housekeeping gene from a panel of commonly known
references ACTE, GAPDH, HPET, 185 rRNA, PPIA and GUS was selected
using both Genorm and Mormfinder algorithms implemented in Genex soft
ware. For the normali zation of dssue-obtained data, GUS (glicuroni dase) was
used as the best reference gene, whereas PPLA (cyclophilin A) was selecied
for normalization of blood-obtained data. The sequence of HOTATR primer
set is as follows: sense: S-ACATTCTGCCC TGATTTCCG-, antisense:
SOCTTACCCC CACGOAGCAG-3 detecting  transcript sequence  under
Accession Number MR_O03T16.

The PCR reactions were performed in a volume of 30 pl, containing 30ng
of cDNA for each sample., The cycling program was set for initial holdat 95%C
for 10min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing
and extension at S0°C for 32 & and 72°C for 15 s, Each run contained posi-
tive (interplate calibrator, 30ng of human cDNA) and negative (no emplate)
control. Results were analvzed using inegrated Sysem SDS 7500 Software
version 1.3.1 (Life Technologies). The detection limit was established by
calibration curve experiments. The calibration curve was linear undl Cp 35,
HOTAIR levels exceeding cutoff value of Cp 35 were considered negative,
Sensitivity and specificity of HOTAIR detection were calculated by means of
receiver operating characteristic (ROC) curve method using MedCale soft-
ware, Data are expressed asrelative to median quantities using AAC method
Megligible role of relative expression evaluation method on the precision of
reverse transcriptase qPCR data was confirmed by comparison of ROC curves
from three different evaluation methods. The difference between evaluation
methods was represented by the use of three different reference values: (i)
sample with the lowest expression, (i) percentage of toal expression and (iii)
median expression of control group. Method used for data evaluation had no
effect on the area under the ROC curves (Supplementary Material 81, available
at Carcinogenesis Online ),

Staristical analysis

HOTAIR relative expression dat did not e xhibit normal distribution accord-
ing to the Shapiro-Wilk test (SH-W = 0.597, P = 00000 and were therefore
processed by non-parametric tests (Mann—Whimey [-est Kruskal-Wallis
and Spearman correlation test), Survival rates were calculated by Kaplan—
Meier survival analysiz and log-rank st Hazard mtios were evaluaed by
means of Cox proportional hazards model univariate and multivariate analy-
ses, Statigtical analyses were performed using Statistica 9 (StatSoft, Tulsa,
DK}, Medeale (MedCale, Ostend, Belgium), GraphPad Prism © (CraphPad
Software, La Jolla, CA) and IBM SPSS Statistics 185 (IBM, NY ) softwares,

Results

Characteristics of study population

Clinicopathological characteristics of CRC patients who provided
lissue samples (tissue donors) or blood samples (blood donors) are
depicted in Table L Median age of tissue donors was 67 years (range
38-85) and they consisted of 46 males and 27 females. Median age
of blood donors was 67 years (range 32-83), and this group involved
58 males and 26 females. Healthy controls were of sirmlar age distn-
bution as CRC patients, with median of 66 years (range 32-85; F =
0.301) and consisted of 16 males and 24 females. The effect of pos-
sible confounding factors (age, sex, smoking, alcohol intake, body
mass index and diabetes) was assessed by logistic regression. None
of the confounders influenced HOTAIR expression neither in blood
donors nor healthy controls ( Supplementary Material 52, available at
Carcinogenesis Online).

HOTAIR relaiive expression in twnor versus healthy mucosa

There was no difference in HOTAIR relative expression between
tumor and adjacent cancer cells-free mucosa (118 versus 1LO0O, P =
081; Figure 1A), and expression levels comelated between both tis-
sues (R =032, P =0.022). HOTAIR relative expressions in tumors
were nol significantly associated with any investigated climcopatho-
logical features (Table ). The ratio of stromal cells content in the
tumor had no nlluence on HOTAIR relative expression (1,11 versus
121, P=044).
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Table L Clinicopathological characteristics of ti ssue donor and blood donor CRC patients and their respective HOTAIR relative expression levels measured in
tumor and blood samples

Tissue donors, (%) HOTAIR in tumor P, Blood donors, (%) HOTAIR in blood P,

Apge® =07 39 (53) 1.31 0.96 41 (49 4.66 031
<67 3447 1.15 43 (51) 6,16

Sex Men 46 (63) 115 087 58 (69) 571 031
Women 27 (3T 1.25 26 (31 4.71

THNM staging® 1111 51 (69 116 043 51 (6 4.78 0.20
IV 22(31) 1.29 33 (400) 5.28

Girade? 1-2 a1 (84) 103 08 57 (69) 0,16 0003
3 12016) 336 26 (31) 174

Tumor localizati on Caolon 36049 1.15 0.76 43 (51) 4.78 (.55
Recum AT (51) 1.25 41 (49 573
Right colon 17123) 115 .52 13(15) 2.75 0.03
Leftcolon 56(TT) 1.20 T1 (85) 573

Adjuvant therapy Yes 5T(T8) 1.31 013 45 (54 517 0.32
No 16022) (.68 39 460 529

MSI Stable AT (92 1.23 NA® 55(8T) 4.14 NA®
Unstable 30H) .62 B (13) 354

MSI, microsatelite instability: NA, not available.

"Bann—Whitmey two-sided L-test

"Groups were split by mean age of the study group.

“TNM stage system according to Ameri can Joint Cormmittee on Cancer classification.
YGrade | stands for well-differentiated wmor, grade 3 stands for poorly differentiated twmor,
“P values not presented due to low number of patients with MS1 unstable CRC,

a HOTAIR relative expression in blood of CRC patienls versus
healthy controls
20+ F=0.81 Significantly higher HOTAIR median relative expression  was
* observed in PBMC of patients as compared with controls (5.22 ver-
g sus 100, P = 0.0001; Figure 1B). In accordance with this significant
n 154 . difference, ROC analysis exhibited area under curve 0.87%, P <
g 00001 at 67% sensitivity and 92.5% specificity of wmor detection,
=1 . . respectively (Supplementary Material 83, available at Carcinogenesis
?a 104 . . Online). Patients with tumors localized in right colon had lower blood
o levels of HOTAIR as compared with patients with left colon tumors
< o - (P = 0.03). Patients with the poorly differentiated wmors (grade
i 5. : . 3 showed lower median levels of HOTAIR than those with differ-
o . Fo entiated tumors (grade | and 2, P = 0.03; Table I). TNM staging did
T 2 not show any association with HOTAIR expression (Table 1), Since
TP AT M tissue and blood samples rom patients were collected from difTer-
0 T ¥ enl hospitals, we have also tested possible effect of the sampling
Tumor Mucosa center on the observed HOTAIR levels. No significant differences
b in HOTAIR expression between recruiting hospitals were observed
(Supplementary Material 54, available at Carcinogenesiy Unline). In
40 4 P =0.0001 the plasma samples of CRC patients HOTAIR IncRNA levels never
o ’ reached the limit of detection of Cp = 35, Only in three out of eight
- healthy controls, HOTAIR was present within the limit of detection.
% 304 o Therefore, HOTAIR expression n plasma was not further analyzed.
w
@ H Correlation of HOTAIR relative expression between fumor tissue,
=% Og healthy tissue and blood
5 :
@ 20+ ;gs In a subgroup of 26 patients sampled for all three biological speci-
o ° mens, significant comelation was observed between HOTAIR relative
< 0669 ° expression in wmors and paired healthy mucosa (R =068, P<0.001),
'6 104 °°;Puo¢°° mucosaand PBMC (R = 0.70, P < 0.001) and also between mmor and
So5000 PBMC (R =041, P = 0.03%6)
I o 4 s Alk s
=T T2y DOCI e
o0 'O‘I!.: o o
0 Ooq"o@’:oadgdﬂ% eo" ‘ﬂ% Relationship of HOTAIR relative expressionwith patients ' prognosis
o 4 " N s " 4
Univariate and multivariate Cox proportional hazards analysis was
CRC blood-donors Controls performed using main clinicopathological variables mcluding THNM
Fig. 1. Comparison of HOTAIR IncRNA levels between tumors (n = 73) stage, tu:s[u]n:g:c gmdc_ _H'”d H[?TA_‘IR ::J.m'c.*s.*smnl. ('F”" analysis was
and healthy mucosa (r = 52) (a) and difference between HOTAIR cu]n.:u]u[lcd using 3.1]] c11::c[l:s building, Brcs]tm ]]lk;:hlmud_ We have
expression in blood of CRC blood donors (# = 84) and healthy controls arbitrarily subdivided patients acearding to their HOTAIR tumor/
(1 =40)( b). blood expression into two groups using best fit cutoll values based on
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ROC anal ysis. Expression levels of HOTAIR above 0.7 for tumors and
4.4 Tor blood, respectively, were considered as “high® HOTAIR rela-
ive expression groups. Univanate Cox proportional hazards anal ysis
showed that patients with high HOTAIR expressions in tumors and
patients with metastases had significandy higher risk of death. High
HOTAIR tumnor level together with the presence ol metlastases was
negative prognostic Factor according © multivariate Cox proponional
hazards analysis (Table II). High HOTAIR levels detected in mucosa
did not have any signilicant impact on death hazard. High HOTAIR
level in blood was also associated with higher hazard ratio of death
m umvariate analysis, ogether with THNM IV stage. Multivariate
analysis using main clinicopathological features such as TNM and
histologie grade showed major elfects of HOTAIR overeapression
and TNM stage I'V on the patients” prognosis (Table I, Cumulative
proportion survival (Kaplan-Meier) showed significantly shorer sur-
vival in patients with high HOTAIR melative expression detected in
wmor lissue (log-rank test P = 0.030; Figure 2A) as well as in blood
{log-rank test P = 0.008; Figure 2B).

Discussion

HOTAIR IncRNA conributes to complex regulation of homeobox
oenes, important in the determination of spatiolemporal evolution

HOTAIR long non-coding RNA

ol developing embryo. HOTAIR is therefore expressed at defined
stages and sites of embryonal development (14 On the other hand,
HOTAIR relative expression in adults have been documented in skin
fibroblasts andits expression level s copy aneroposterior developmen-
tal axis, the highest expression being present in skin fibroblasts of the
lower part of human body (14). HOTAIR is aberrantly overexpressed
in several twmors, including breast, CRC and gastointestinal sto-
mal tumors (67,100, Although all these mmors exhibiting HOTAIR
overexpression generally contain various amounts of fibroblast-like
and inflammatory stromal components, a litle is known, whether the
HOTAIR overexpression is confined stricly to carcinoma cells or how
exlensively itcould be associated with fibroblast-like or inflammatory
stromal component of CRC wmors. Very recent contribution reports
a semiguantitative determination of HOTAIR in formaldehyde-fixed
paraffin-embedded tssues in breast cancer ( 15). Our present results
show a lack of significant difference in HOTAIR overexpression
between wmors containing mosdy carcinoma cells and tumors con-
taining predominantly stromal components. This finding suggests that
high HOTAIR melative expression level is not specilically associated
with either epithelial or fibroblast-like component of CRC carci-
nomas. This fact may have an important implication {or the role of
HOTAIR in wmor pathogenesis: HOTAIR relative expression levels
do not seem to be directly associated with mutated carcinoma cell

Table 11, Cox proportional hazard analysis: influence of HOTAIR wmor levels and different clinicopathological parameters on overall survival in tissue donor

CRC pati ents

Univariate analysis Cate gory Hazard ratio Confidence interval r
HOTAIR in mmor® Low (n = 37) High (n = 36) 443 1.02 19.19 0.044
Age <67 (n = 36) =67 (1= 37) 196 0.77 497 0.157
Sex Fin=27) M i = 4ia) 1.25 (.40 35 0.703
TNM s1a ging” I=IIl (= 51} IV (n=22) a6l 1447 9.017 0.006
Grade 1-2 (n =61} Jin=12) 342 046 25.67 0232
Tumor localization Colon (n = 36) Rectum (n = 37) 143 (.54 .41 0470
R.cfin=17) L.ctfin=56) 150 .59 352 (01.396
Stromal content =50% (n = 33) =50% (n = 400 0,70 0,20 250 0.582
Multivariate analysis Cate gory Hazard ratio Confidence interval r
HOTAIR in twumor?® Low (v = 37) High (n = 36) 446 1.02 19.79 (.0M8
T M staging” 11 {n =22) IV (n=22) 387 1.49 10.07 0.006
Crade 1-2 (n=61) =12 0.60 0.20 177 0332

First salue in the *Category” column serves as a reference value for hazard ratio calculation,
“Low and high HOTAIR groups were split by the cotoff value 0.7.

PTNM stage system according o American Joint Committee on Cancer classification.

R e =right colon, L. ¢ = left colon.

Table 1. Cox proporti onal hazard analys s influence of HOTAIR blood levels and different clinicopathological parameters on survivalin blood donor CRC

patients
Univariate analysis Category Hazard ratio Confidence interval r
HOTAIR in blood® Low (n = 36) High (n = 48) 5.90 1.34 26.1 0.019
Age <67 (n=43) =67 (m=41) 119 0.45 ENE] 0.722
Sex Fin=26) M in = 58) 174 0.56 543 0334
THNM staging® 101 (= 51 IV (= 33) T.18 202 2548 0.002
Grade 1-2in = 57) 3in=26) 081 0.28 235 0687
Turmor locali zation Colon (s =43) Eectum (#=41) 1.42 (.49 4,09 0.514
R.oc.%in=13) L.e.fin=T71) NAd NAd NAH NAd

Muliivariaie analys s Category Hazard ratio Confidence interval r
HOTAIR in blood? Low (n = 36) High (n = 48) 496 1.10 2237 0037
TNM saging® -1l (= 51) IV (n=33) H38 222 31.56 0.002
Grade 1-2in = 57) 3(n=20) 223 0.722 690 0.163
MNA, not available, First value in the “Category’ column serves as a reference value for hazard ratio calculation,
“Low and high HOTAIR groups split by the cutoft value 4.4,
MTIM s1age system according o American Joint Committee on Cancer classification.
R, . =right colon, L. . = left colon,
Data are not available due o low number of patients with right colon wmor.
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Fig. 2. Kaplan—Meier overall survival of 73 CRC tissue donors (a) and
84 CRC blood donors (h) statified for low and high HOTAIR relative
X Pressions,

clone from which carcinoma may originate, or with its clonal expan-
sion. Most likely aberrant HOTAIR relative expression is rather a con-
sequence of yet not fully identified (epigenetic) changes that force
both epithelial and stromal (fibroblast-like eventually inflammatory)
cells o upregulate HOTAIR within the tumor microenvironment
Mutual exosome transfer between breast carcinoma cells and s romal
cells was documented (16). This may be one of many events that par-
ticipate on the mutual communication between carcinoma cells and
stroma and that can influence expression of promeas @tic genes,

Interestingly, we did not observe any difference in median level of
HOTAIR expression between wmors and adjacent healthy mucosas.
Taking this observation with caution, we have controlled for poten-
tial role of relative expression evaluation method on the precision of
reverse transcriptase gPCR data, Three difTerent evaluation methods
(i use of reference sample with the lowest expression, percentage
of wtal expression and median expression of control group) were
applied to compare ROC curves, The data suggest that the evaluation
method had no effect on the final observation.

We have observed that high HOTAIR levels in tumor tissue were
associated with overall patients’ prognosis, being related o higher risk
of death and shorter survival. By multivariate Cox proportional hazard

1514

anal ysis we have further recorded that HOTAIR relative expression in
tumor may serve as prognostic marker independent on major clinico-
pathological characteristics, except formetastasis status. Kogo edal. (10)
reported that HOTATR relative expression in tumors was anindependent
prognostic indicator of overall survival, with relative risk of death being
5.6times higher in CRC patents with higher HOTATR levels. This value
is comparable with our observation ol hazard ratio 4.4 in CRC patients
with higher HOTAIR. relative expression in turmors, Moreover, high
HOTAIR levels were found to be related to poor prognosis in several
other cancers such @& pancreatic (8), nasopharyngeal (17), gastrointes-
tinal stromal tumors (6), hepatocellular (9) and bresst carcinoma (7).

Comparing HOTAIR levels measured in blood of CRC patients and
healthy controls, patients had 4-fold higher levels of HOTAIR IncRNA.
Moreover, these levels positively correlated with those in wmors and
healthy mucosa. We assume therefore that HOTAIR expression in
blood may be used as asurrogate o cancer target tissue and, addition-
ally, levels of HOTAIR in blood might serve as a surmmogale marker
associated with CRC progression. High HOTAIR levels in PEMC
wene again associaled with patients’ overall survival, by increasing
rsks of death while decreasing survival period. However, HOTAIR
relative expression in blood appeared o be prognostic factor n uni-
variate Cox proportional hazard analysis only, whereas in mulivari-
ate analysis high HOTAIR relative expression was dependent on the
presence of metastases, a phenomenon Irequently observed in other
cancers (78,1 7). Since HOTAIR blood levels were not yet reported for
CRC patients and their survival, our novel contribution is related wo the
use of HOTAIR relative expression from non-invasively obtained sur-
rogate tissue for an early estimation of the prognosis of CRC.

On the contary to HOTAIR relative expression in primary
tumors, its expression n PBMC was related to tumor localization.
PBMCs from patients with ascendant (right) and transversal colon
carcinomas exhibited lower HOTAIR relative expression compared
with those with the tumors in descending (left) and sigmoideal pans
of the bowel and rectum. Assuming that low HOTAIR is associated
with better prognosis and viee versa, our data are in consent with
the fact that colorectal tumors with chromosomal instability and
ancuploidy, often localized in the left part of the bowel, exhibit an
overall worse prognosis than those in the rnght colon (18). Thus,
our study underdines the prognostic potental of HOTAIR expres-
sion level in tumor tissues of CRC patients, and for the first time
also the prognostic value of HOTAIR expression in PBMCs. The
study was conducted on ethnic ally homogeneous Central European
population, which was well charactenzed for clinicopathologi-
cal parameters and inspected for possible confounders. Momreover,
all patients wene incident, sampled Tor blood or tissue prior to any
radio- or chemotherapy, to prevent possible inteference with exam-
ined parameters. However, due to a relatvely limited extent ol the
study population, the study should be considered as an exploratory.
These facts underine the need to further validate above promising
data on the replication set of CRC patients

In summary, our results show that HOTAIR. overexpression both in
blood and primary tumors is associated with unfavorable prognosis and
itmay identily patients that would require more intensive care concem-
ing personally tailored preventive medical examinations and reatment.
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Supplementary Materials S1-54 can be found at hup:/ficarcin oxford-
journals.org/
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Aim. The goal of this study was to semiquantitatively detect presence of cancer stem cells markers CD44 and CDI33 in
immunohistochemically stained paired samples of colorectal cancer (CRC) and colorectal liver metastases (CLM). Level of staining
intensity was compared to clinical and pathological characteristics of tumors with the aim to identify impact of CD44 or CD133
expression on tumor behavior. Patients and Methods. Formalin fixed paraffin embedded samples from 94 patients with colorectal
tumor and liver metastases were collected at Sikl's Department of Pathology. Samples were stained by antibodies against CD44 and
CD133. Presence and intensity of staining was assessed semiquantitatively by three trained researchers. Results. Patients with higher
level of CD133 staining in CRC had longer disease free interval (Cox- Mantel P = 0.0244), whereas we found no relation between
CD44 expression and overall survival or disease free interval. CD133 expression in CRC and CLM differed based on CRC grading;
in case of CD44 we found differences in staining intensity in individual stages of tumor lymph node invasion. Condusion. Effect of
cancer stem cell markers on prognosis of colorectal cancer can vary depending on pathological dassification of tumor, and we have
shown that CDD133, generally considered to be a negative marker, can bear also clinically positive prognostic information in group
of patients with colorectal liver metastases.

1. Introduction

For a long time, tumors were considered to be unhierarchical
cell mass, sometimes with several clonal populations, where
all cells had almost the same potential for development,
growth, or secondary tumor formation. The last two decades
brought new findings and tumors have gradually become
regarded as hierarchical tissues, similarly to normal tis-
sues, with different cell populations, each having a distinct
function and characteristic within the tumor. One minor

population is of particular importance—small percentage of
tumor cells called cancer stem cells (CSCs).

Hierarchical organization of tumors was for the first time
identified in acute myeloid leukemia in 1997 [1], where cells
with CD34""CD38” phenotype were described as primitive
leukemic stem cells with the potential to differentiate into the
leukemic blasts. Similar subpopulation with low level dif-
ferentiation was later described also in many different solid
tumors, including breast [2], prostate [3], colon [4, 5], or
pancreatic cancer [6]. Today, there are two main models
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describing involvement of CSCs in tumor development:
deterministic, according to which all tumor cells arise from
C5Cs, which are dividing asymmetrically and stochastic,
which supposes the tumor cells to be randomly acquiring
mutations and undergoing clonal evolution that can result in
the formation of a done with stem-cell properties. The latter
model assumes that the cells are dividing symmetrically [7].

Cancer stem cells share many similarities with physio-
logically normal adult stem cells. Both of these cell types
are undifferentiated with the capacity to differentiate into
hierarchical sequence of other tumor or normal cells; they
are capable of self-renewal and asymmetric division and they
have relatively long cycling times and long-term survival [8].
Inaddition to this, C5Cs were described to be highly resistant
to chemotherapy and radiotherapy which makes them very
difficult to target and eliminates them by commeon therapy
regimens. This characteristic makes them a possible source
of later recurrence of the disease or therapy-driven selection
of resistant clones [9]. Several treatment regimens specifically
targeting CSCs are now emerging to overcome this problem.
One of these approaches is forced differentiation of C5Cs
combined with targeted therapy [10].

During the initial attempts to identify CSCs, tumor cells
were usually separated according to the expression of a par-
ticular marker into two groups (positive and negative). The
capacity of the cells to form new tumors was then assessed
and compared between the two groups. Using this approach
in colorectal cancer, it was described that cells expressing
CD133 are more tumorigenic than CD133 negative ones [4, 5].
Later on, additional markers were described, for example,
CD44 and CDI66 [11], CD29, CD24, and Lgr5 [12], and
ALDHI [13]. Many of these markers are also expressed in
normal colonic stem cells (e.g., Lgr5, ALDHI, or CD29),
which complicates the distinction between CSCs and normal
stem cells. There are also other discrepancies regarding these
markers. It was described, for example, that cells with stem
cell capacity also exist within the CD133 negative cell popula-
tion and that CD133 negative cells can form tumors with the
same frequency as CD133 positive cells [14]. Further studies
are necessary to identify the characteristics of cancer stem
cells more precisely, because theirunbiased identification and
understanding of their biology can open new options for
cancer treatment.

In the presented study, we selected two putative cancer
stem cell markers, CD44 and CD133, to compare their expres-
sion in matched primary colorectal tumor and colorectal
liver metastases within clinically well-specified set of patients.
We evaluated the relationship between markers expression in
primary and secondary tumor and tested the impact of CD44
and CD133 positivity on dinical behavior of tumor, mainly on
overall survival and disease free interval.

2. Methods

Assessment of positivity or negativity for CD44 and CD133
was performed semiquantitatively from immunohistochem-
ically stained sections of matched primary and secondary
tumor samples from patients with colorectal carcinoma

BioMed Research International

TasLE 1: Description of set of patients used for the study.

Total number 94
Gender (males/females) 57/37
Age at primary surgery (years)

Median 6L9

Interquartile range 12.4
Age at liver surgery (years)

Median 63.2

Interquartile range 1.9
Tumor size (T)

T1 3

T2

T3 73

T4 9

Unknown 6
Lymph nodes involvernent ()

MO 27

N1 37

N2 16

Unknown 14
M dassification

MO 45

M1 49
Grade

Gl 19

G2 53

G3 13

Unknown 9

and either synchronous or metachronous liver metastasis.
Immunohistochemical staining was selected as a method of
choice, because it is a commonly used technique in many
pathology departments and new markers can be easilyimple-
mented to current protocols

2.1 Selection of Samples. Samples used for this study were
collected from the depository of formalin fixed paraffin
embedded samples of Sikl's Department of Pathology, Medi-
cal Schoal and Teaching Hospital in Pilsen. We have selected
patients who underwent surgery for primary colorectal can-
cer between years 1996 and 2010 and who were afterwards
subjected to the surgery for colorectal cancerliver metastases
at Department of Surgery, Medical School and Teaching
Hospital in Pilsen.

The data required to determine overall survival and dis-
ease free interval, as well as grading and staging (TWNM dassi-
fication) scores, were available from the clinical information
system of Teaching Hospitalin Pilsen. The patients’ data were
anonymized by authorized medical personnel before being
processed. Description of the patient sample is summarized
in Table 1.
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(d)

Figure 1: Expression of CD133. (a, b) Samples negative for CD133 in the lumen of tumor glands, (¢, d} samples with positive CD133 staining
on the apical portions of tumor cells. Magnification 200x (a, ¢) and 400x (b, d) of the same samples.

2.2, Immunohistochemical Staining. Tissue samples for light
microscopy were fixed in 4% formaldehyde and embedded
in paraffin using routine procedures. Five-micrometer thick
sections were cut from the tissue blocks and stained with
hemnatoxylin-eosin,

For immunohistochemical staining the following pri-
mary antibodies were used: CD133/1 (AC133,1:100, Miltenyi
Biotec, Bergisch Gladbach, Germany) and CD44 (DF1485,
1:100, Dako, Glostrup, Denmark). No special pretreatment
was used. The primary antibodies were visualized using the
supersensitive stre ptavidin-biotin-peroxidase complex (Bio-
genex, San Ramon, CA). Appropriate positive and negative
control slides were employed.

2.3, Semiquantitative Analysis of Slides. A method based on
previous study was used for analysis of slides [15]. All slides
stained for CD44 and CD133 wereanalyzed independently by
three trained researchers (Pavel Pitule, Miroslava Cedikova,
and Jan Vojtisek). Tumors were localized using 10x objective
and level of positivity on scale from 0 (negative) to 3 (highly
positive) was assessed for CD44 staining, For CDI133 we
evaluated five microscopical fields using 40x objective and
the percentage of CDI33 positive tumor glands compared
to all tumor glands in the view field were assessed. Positive
staining of bile duct walls that should occur after every
successful CD133 staining was used as an internal control

of the staining process in case of liver metastasis samples.
CLM slides with unstained bile ducts were exduded from the
analysis. Examples of markers expression are summarized in
Figures land 2.

2.4. Statistical Analysis. CD44 and CDI33 positivity assess-
ments provided by the three researchers were averaged for
every slide and in case of high variability of the scores the
slide was reviewed by all of the three researchers. Resulting
scores were on the scale from 0 to 3 for CD44 as described
above and from 0 to 1 for CD133 expressing an average ratio
of CD133 positive glands to all present glands.

Two overall survival (OS) times were defined for every
patient, one from the time of the CRC surgery and the other
from the time of the CLM surgery. Disease free interval ( DFI)
was calculated from the time of the CLM surgery to the
time of metastases recurrence. The analyses of OS and DFI
were performed using two-sample Kaplan-Meier method
with Cox-Mantel test. The two samples (patient groups to
be compared) were formed independently for each variable
based on its median. Positive results ( P < 0.05) were validated
by Cox proportional hazards model with subsequent Chi-
square test. Possible relations between tumor grading/staging
and CD44/CDI133 positivity were investigated using Mann-
Whitney U test. Correlations between CD44/CDI133 in
CRC/CLM (all combinations) were explored using Spearman
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Fiaure 2: Example of samples with differentlevels of CD44 staining intensity. On our semiquantitative scale, samples were marked as intensity
0 {a), intensity 1 (b), intensity 2 (c), and intensity 3 (d). Magnification 400x.
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Figure 3: Kaplan-Meier curves comparing the levels of CD44 (a) or CD133 (b) staining intensity in primary colorectal cancer sample to the
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rank-order method. Statistical analysis was performed using
the statistical software Statistica 10.0( StatSoft, Inc. 2011, Tulsa,

OK, USA).
3. Results

We have included 94 patients with primary and secondary
CRC in our study. Samples with low quality staining were

excluded from analyses. OS5 after CLM surgery at 1, 3,and 5
years was B8%, 65%, and 35% respectively, and DFI at 1, 3, and
5 years was 38%, 16%, and 8%, respectively.

We did not find any statistically significant effect of CD44
expression in CRCor CLM on either OS or DFI Figure ( 3(a)).
CDI133 positivity over median in primary tumor was found
to be a positive prognostic factor of DFI (Cox-Mantel P =
0.0244) (Figure 3(b)). This finding was confirmed by Cox
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Ficure 4: Comparison of the clinical data with the levels of markers abundance. (a) Difference of CD133 positivity in CRC based on tumor
grade, (b) difference of CDI133 positivity in CLM based on primary tumor grade, (¢} comparison of CD44 intensity in CRC between NO and
N1 + N2 groups, and (d) comparison of CD44 intensity in CRC between NO and N2 groups only.

proportional hazards model using the CD133 CRC score as a
single independent variable (Chi-square P = 0.0137). CD133
positivity in CLM was not connected to any effect on OS or
DFI (Cox-Mantel P = 0.3855). We identified differences in
markers quantity based on grading, where CD133 in CRC
was present in lower amount in G1 compared to G2 (Mann-
Whitney U Test P = 0.0248) and CDI133 in CLM had lower
expression in G1 compared to combined G2 and G3 stage
(Mann-Whitney U Test P = 0.0470) (Figures 4(a) and 4(b)).
Comparison of studied markers with TNM classification
revealed differences in CD44 in CRC depending on lymph
node invasion—higher expression of CD44 was detected in

N0 stage compared to combined NI and N2 groups (Mann-
Whitney U Test P = 0.0287) as well as N0 compared to N2
(Mann-Whitney U7 Test P = 0.0212) (Figures 4{c) and 4(d)).

Spearman correlation revealed a relationship between ex-
pression of CD133 in primary CRC and CLM (Spearman R =
0.5466, F = 0.00068).

4, Discussion

The concept of contribution of colorectal cancer stem cells
to tumor development is widely accepted, but the relation of
individual CSC markers expression to disease prognosis is
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still not completely dear [16]. In case of CD44, various splice
variants differ in function and reports for CD44 in general
usually fail to find any correlation with DFI or OS [17-19].
This was the case also for our set of patients, suggesting that
use of CD44 as a single prognostic marker of CRC behavior
is impossible. However, we observeda difference in CD44 ex-
pression when we stratified the patients according to tumor
lymph node invasion with the data showing a decrease of
CD44 expression in CRC in sequence from N0 to N2. Higher
invasiveness of tumors with lower expression of CD44 into
the lymph nodes can be related to weaker CD44 mediated
binding to extracellular matrix [17].

C D133 was used as a first marker for identification of cal-
orectal CSC [4, 5]. Immunohistochemical analysis of CD133
expression and its relevance to dinical and pathological
features of CRC depends on sample type and size. Another
problem is the posttranslation modification of CD133, which
can mask ACI133 epitope, which is the target for most an-
tibodies against CD133 [20]. Some studies have shown that
not the presence or absence of CD133 is important for CSCs
identification, but that the abundance of CD133 protein can
distinguish cells with different growth capacity [21]. Pre-
sented study did not assess the role of CDI133 in cancer stem
cell biology, but we wanted to find out whether it can be used
as a marker providing new information to patients’ progno-
sis. Large meta-analysis of CDI33 expression in colorectal
cancer confirmed that overexpression can be associated with
several clinicopathological factors and can be used as an
independent negative prognostic factor [22]. Surprisingly, the
level of CD133 positivity had the opposite effect in our very
confined group of patients as the statistical analysis revealed
that higher levels of CDI133 were associated to longer DFL
D133 was described to be expressed in well and moderately
differentiated tumors compared to undifferentiated tumor
buds, which tend to be CD133 negative [23]. In metastatic
CRC, CD133 expressing cells were described to be more often
in G1/GO phase of cell cycle than in § and G2/M phases [24].
Based on this information, CD133 cells can be considered
to be those with low cycling rate and also those typical
for tumors with better clinical outcome. These facts could
be connected to positive prognostic effect of higher CD133
expression on DFI described in presented study.

Based on the described association between longer DFI
and CD133 positivity in CRC but notin CLM, it is possible to
speculate that the primary tumor has more important role in
disease recurrence than liver metastasis.

5. Conclusion

Our study shows thatin the field of cancer stem cells markers
and their role on tumor behavior there is still a large space
for further research. It seems that even commonly used C5Cs
marker CI133 can bear both negative and positive prognostic
information depending on the clinical specification of studied
patients and therefore there is a need for new studies aiming
at describing the effect and role of CSCs markers in well-
defined sets of samples. Also testing of combination of
several markers can be of particular importance. It would

BioMed Research International

be of great importance to fully understand the biology of
individual proteins used as markers, because it can provide
a new point of view on the seemingly contradictory results
from individual studies. Generally, if applied with underlying
understanding mentioned above, cancer stem cell markers
can bring valuable information to patients’ prognosisand can
help to modify diagnostic and treatment strategy.
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Abstract. Aim: Colorectal cancer (CRC) is one of the
most common malignant diseases. The aim of our study was
to describe the expression status of 12 selected candidate
genes, by comparing paired samples of healthy colon
mucosa and tumour tissues and to correlate obtained data
with clinical and pathological features, with the goal of
revealing associations for individual gene expressions and
tumour behaviour. Materials and Methods: Samples from
53 patients with CRC were analyzed. Patients were divided
into two groups based on the presence or absence of distant
metastases at the time of primary tumour surgery.
Expression levels were assessed by quantitative real-time
polymerase chain reaction. Results: We found changes in
the expression of 10 out of 12 analyzed genes. Four genes
were significantly up-regulated in tumour tissues: leucine-
rich repeat-containing G protein-coupled receptor 5
(LGRS ; p<0.001), collagen triple helix repeat containing 1
(CTHRCI; p<0.001), visinin-like 1 (VSNLI; p<0.001) and
versican (VCAN; p=0.001). Six genes were down-regulated.:
destrin (DSTN; p=0.004), mesoderm induction early
response 1, family member 3 (MIER3; p<0.001), acyl-CoA
synthetase long-chain family member 5 (ACSL5; p=0.002),
mitogen-activated protein  kinase 1/ERK (MAPKI;
p<0.001), claudin 23 (CLDN23; p<0.001) and solute
carrier family 26 (sulfate transporter), member 2
(SLC26A2; p<0.001). We recorded longer overall survival
(OS) in the group of patients with higher expression of
VSNLI (p=0.032). Patients with more pronounced down-
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regulation of CLDN23 had shorter OS (p=0.045). In the
group of patients without distant metastases, longer OS and
disease-free interval (DFI) were found for patients with
higher SLC26A2 expression in tumour tissues (p=0.036 and
p=0.011, respectively). In the same group, lower expression
of VENLI in healthy tissue corresponded to a longer DFI
(p=0.020), smaller decrease of SLC26A2 and ACSLS meant
longer DFI (p=0.041 and p=0.040, respectively), as did
greater increase of LGRS expression (p=0.026).
Conclusion: We identified differences in the expression of
10 genes in colorectal cancer tissue compared to healthy
colon mucosa, and found prognostic significance for these
changes which could be used for the development of a
disease risk scoring system.

The incidence of colorectal cancer (CRC) is increasing and
globally, this malignant disease has the third highest
incidence (after breast and lung cancer) and the fourth
highest mortality rate (after lung, liver and stomach cancer)
(1). In the first stages of its development, CRC can be treated
by surgical intervention. In later stages, it has a high capacity
to form secondary tumours, mainly in the liver and lungs (2).
Therefore it is neccessary to combine surgery and
chemotherapy to achieve higher efficacy of treatment.

The selection for optimal treatment is also complicated by
the high heterogeneity of CRC, which can be divided into
three main subtypes: type with chromosomal instability, type
with microsatellite instability and type with CpG island
methylator phenotype (3). Individual subtypes differ in
disease prognosis and prediction, and their identification is
often crucial for the effective eradication of residual disease
by oncological treatment.

Currently, there are several chemotherapeutic regimens
and the possibility of biological treatment also exists. The
most commonly used chemotherapeutics are 5-fluorouracil,

4855
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Table L. Summary of genes selected for the study.

GenelD Symbaol Full name mRNA RefSeq
T447 VENLI Visinin-like 1 NM_003385.4
11034 DSTN Destrin (actin-depoly merizing factor) NM_006870.3
154075 SAMD3 Sterile alpha motif domain containing 3 NM_0010173732
8549 LGRS Leucine-rich repeat-containing G-protein-coupled receptor 5 NM_003667.2
1462 VCAN Versican NM_004385.4
5594 MAPKI Mitogen-activated protein kinase 1/ERK NM_002745.4
1836 SLC26A2 Solute carrier family 26 (sulfate transporter), member 2 NM_000112.3
137075 CLDN2Z Claudin 23 NM_194284.2
166968 MIER3 Mesoderm induction early response 1, family member 3 NM_152622.3
11132 CAPNIO Calpain 10 NM_023083.3
51703 ACSLS Acyl-CoA synthetase long-chain family member 5 NM_016234.3
115908 CTHRC! Collagen triple helix repeat containing 1 NM_138455.2

oxaliplatin and irinotecan, usually in various combinations
(4). Biological treatment is targeted against the epidermal
growth factor receptor (EGFR) or vascular endothelial
growth factor receptor (VEGFR). Two categories of agents
acting against EGFR exist: small tyrosine kinase inhibitors
(gefitinib,  erlotinib)  and  monoclonal  antibodies
(panitumumab and cetuximab) (5). The most complicated
step in the treatment is the selection for the appropriate agent
for each patient individually.

At present, only a few predictive and prognostic markers
are used in CRC therapy and several others are in the
phase of experimental validation. Two of these predictive
markers are related to the use of biological treatment, the
expression status of the EGFR and the mutational status of
the EGFR proximal effector, the small G-protein Kirsten
rat sarcoma viral oncogene homolog (KRAS) (6, 7). Only
patients who have tumours positive for EGFR expression
and have a wild-type allele for the KRAS gene can be
treated by anti-EGFR treatment, but there is still a
substantial proportion of patients who meet the elegibility
criteria but lack treatment benefit (8). Other markers are
being studied, namely the mutational status of other RAS
family genes, v-raf murine sarcoma viral oncogene
homolog B (BRAF) and phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) or the expression of
phosphatase and tensin homolog (PTEN) protein (negative
regulator of the PI3K pathway) (9, 10). Markers predicting
the efficacy of classical chemotherapy are also studied, for
example the excision repair cross-complementing rodent
repair deficiency, complementation group 1 (ERCCI)
polymorphisms in the oxaliplatin treatment (11) or DNA
topoisomerase 1 (TOP1) expression level in irinotecan
treatment (12). Markers with prognostic function are of
particular interest because on their potential to inform
about disease agressiveness and for their possible
contribution to follow-up optimization.

4856

Despite the number of studied genes, there is still a need
to identify for novel markers whose mutation or expression
status would provide additional information that would be
useful for more precise patient selection, with the final goal
of individualized medicine. Therefore, here, we have selected
potentially interesting candidate genes according to their
known or possible function in diverse aspects of tumour
progression, i.e. angiogenesis, metabolism or cell adhesion,
and tried to relate their altered expression with clinical
behaviour of primary CRC.

Materials and Methods

Selection of studied genes. The selection of studied genes was based
on a search through the dataset from the high-throughput studies
focused on colorectal cancer (13, 14). Our aim was to find genes
whose expression change was already identified in the large-scale
analysis, but was never confirmed by different approaches. Our
search finally narrowed down 12 candidate genes whose names and
identificators are summarised in Table 1.

Two of the genes - leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5) and mitogen-activated protein kinase
I/ERK (MAPKT) - were selected as control genes with known and
verified expression change in CRC. Selection of reference genes
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH) and
polymerase (RNA) IT (DNA directed) polypeptide A (POLR2A) was
based on the data from our collaborators (15) and our own
laboratory practice.

Primer design. Quantitative real-time polymerase chain reaction
(PCR) primers for the selected genes were designed using Primer-3
software (16) with focus on having similar annealing temperatures
and lengths of the PCR product. Primer sequences are listed in Table
I1. Primers were synthetised by Sigma Aldrich Company (5t. Louis,
MO USA) using their custom oligo synthesis service,

Collection of tissue samples. Samples for the analysis were collected

during surgery for the colorectal tumour. Within 20 min after the
removal of the tumour tissue from the patient, small samples of
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Table 1L List of primer sequences, annealing temperatures and amplicon lengths. tm, Melting temperature; a.l., amplicon length.

Name Sequence 5°-3° tm al. Name Sequence 5°-3° tm al.
F_hVSNLI agaactgiigagtittatcattticg 59 90 F_hMAPKI ccglgacctcaageetic 59 72
R_hVSNLI caggggecaglitgetatt 60 R_hMAPKI gocaggecasagleacag 60
F_hDSTN celggeatctigg aaatcat 59 99 F_hSLC26A2 gellggeageactglaacet 60 64
R_hDSTN aaageagatlacaalglageectaa 59 R_hSLC26A2 cacllganagaageccalcg 60
F_hSAMD3 CAlgeaaacagaagcagele 59 96 F_hCLDN23 ILgcatc aatataattattg ggtite 59 66
R_hSAMD3 Ittcagelggalagaaagalgg 59 R_hCLDN23 aglitgeatggeaaggaglt 59
F_hLGRS aateecetgeceagtele 60 74 F_hCAPNIO lgecagagggagealgly 60 73
R_hLGRS cecllgggaatgtatgleaga 59 R_hCAPNIO geleglaggaccealggac 60
F_hVCAN geacclglglgecaggata 60 70 F_hACSLS ttectgletetigeataaagg it 59 95
R_hVCAN cagggatlagaglgacattcatca 60 R_hACSLS ccaatteggagatgatceac 60
F_hMIER3 Itgaggaaggaaataatgatiggt 60 113 F_hCTHRC! ccaagpg paageanaagg 60 74
R_hMIER3 caccanaglaactggteticgtt 59 R_hCTHRC! ceeliglaageacattecatta 59

tumour and healthy mucosa (anatomically the most distant tissue
which was macroscopically healthy, usually in the range of 15-20 cm
from the tumour location) were collected. Samples were immediatelly
frozen in cryotubes (Thermo Fisher Scientific, Waltham, MA, USA)
and stored at —80°C.

Isolation of RNA and qualiry validarion. RNA was isolated from
frozen samples using the standard protocol for the RT Trisol
Reagent (Molecular Research Center, Cincinnati, OH, USA). The
tissue was removed from the cryotube and placed in liquid nitrogen
in a mortar, The tissue was pulverized and transferred into an
Eppendorf tube with Iml of chilled Trisol RT and total RNA was
isolated according to the manufacturer’s protocol. Total isolated
RNA was dissolved in nuclease-free water (Ambion, Carslbad, CA,
USA). RNA concentration was assessed by absorbance
measurement using the Infinite M200 (Tecan, Minnedorf,
Switzerland) in the NanoQuant setting. Only samples with a 230
nm/260 nm ratio >1.7 and samples with proper bands without
degradation on agarose gel electrophoresis were used for further
analysis. Selected samples were additionally analysed by
measurement of RNA integrity number (RIN) using a 2100
Biocanalyzer (Agilent, Santa Clara, CA, USA).

Reverse rranscription (DNase, PCR control). cDNA was synthetised
using 500 ng of total RNA in 20 pl reaction by RevertAid First
Strand ¢DNA Synthesis Kit (Fermentas, Waltham, MA, USA)
according to the manufacturer's protocol. Before reverse
transcription, isolated RNA was treated for 5 min at room
temperature with DNasel (Top-Bio, Vestec, Czech Republic) to
remove potential traces of genomic DNA. For priming of reverse
trancription, we used a combination of oligo(dT),g and random
hexamer primers each at 2.5 pM final concentration. The quality of
cDNA and possible contamination by genomic DNA was assessed
by control PCR reaction (GAPDH amplification, 40 cycles) and
agarose gel electrophoresis.

Quantitative real-time PCR. For the quantitative PCR we used
Power SYBR Green PCR master mix (Life Technologies, Carslbad,
CA, USA). cDNA was diluted to final concentration of 0.5 ng/pl
and 4 pl of cDNA were used in each reaction. Optimal cycling
parameters and annealing temperatures were assessed by the

measurement of sensitivity, specificity and efficiency of individual
quantitative PCR reactions. After this initial analysis, genes were
divided into two groups based on their ideal annealing temperature
(58°C for CLDN23, SLC26A2, VSNLI, CAPNI10, VCAN and
MAPKI:; 60°C for LGRS, DSTN, MIER3, ACSLS, CTHRC! and
SAMD3). The instrument used for the analysis was 7500 Fast (Life
Technologies). Cycling parameters were: initial hold at 50°C for 20
s and initial denaturation at 95°C for 10 min followed by 42 cycles
consisting of denaturation at 95°C for 15 s and annealing and
polymeration at 58°C (60°C) for one minute. Results were analysed
by the 7500 instrument software and basic statistical analysis was
carried out using the REST2009 software (Qiagen, Hildesheim,
Germany).

Collection of clinical informarion, Clinical data were retrieved from
the patient’s records. We focused on the pathological examination
of the samples (pTNM classification, grading and histological type
of tumour) and on the patient’s data (gender, age, date of diagnosis
and surgical intervention and date of the last follow-up examination,
recurrence, death). All data were anonymised.

Staristical analysis. Since the normality of the measured expression
levels is not certain, nor can it be reliably tested given the limited
sample size, non-parametric statistical methods, which do not
require any assumption regarding the distribution shape, were
preferred during the analysis.

First the differences in the candidate genes expressions between
tumorous and healthy tissue were tested for significance using the
Wilcoxon signed-rank test.

Then a series of two-sample survival analyses was performed in
order to investigate possible relations between the expression data
(healthy tissue expression level, tumorous tissue expression level
and tumorous/healthy tissue expression ratio for each candidate
gene) and patient survival (calculated from the day of surgery). The
two patient groups to be compared were formed independently for
each variable based on its median value. In cases where patients
were later removed from the analysis due to missing data or when
only a subset of patients was analyzed, the median value used to
divide patients into two groups was kept at its original value. The
relation between the expression variables and overall survival (OS)
time was analyzed for all the patients and also in the subsets of
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Table 1. Clinical and pathological description of the analysed group.

Group A (palliative) Group B (adjuvant) p-Value Test
n=25 n=28

Gender (males/females) 17/8 19/9 1 Fisher's exact
Age at diagnosis (years) 0.485 Mann-Whitney U
Median 63 63.5
Interguartile range 7 12
Tumour size 0.989 Pearson Chi-square
T2 1 1
T3 19 21
T4 ] [
Lymph node involvment 0.681 Pearson Chi-square
NO 11
N1 11 10
N2 7 7
M Classification <(0.001 Fisher's exact
MO 0 28
M1 25 0
Grade 0.101 Pearson Chi-square
Gl 4 3
G2 20 18
G3 1 7
Primary tumour localization 0.025 Fisher's exact
Colon 9 19
Rectosigmoideum or rectum 16 8

adjuvantly and palliatively treated patients separately. In the group
of patients treated adjuvantly, the correspondence between the
expression data and the disease-free interval (DFI) after surgery was
also investigated. The date of disease recurrence was determined as
the average of the date of the last negative and the first positive
examination if the interval between the examinations was 180 days
or less. In cases of a longer examination interval, the recurrence date
was set 90 days before the first positive examination based on
previous methodology (17). During each analysis, Kaplan-Meier
curves were plotted for the two patient groups based upon the
variable of interest and the significance of the survival (or DFI)
difference was tested by Gehan-Wilcoxon, Cox-Mantel and “log-
rank” test.

To examine the possible relation between tumour localisation and
candidate gene expression, the patients were first divided into two
groups according to tumour localization (first group with the CRC of
the colon, second group with CRC of the rectum and rectosigmoid).
The candidate gene expression levels (in both tumour and healthy
tissue) and expression ratios were then tested for significant
differences between the groups using Mann-Whitney [U-test.

Correlations of expression variables were investigated using
Spearman’s correlation coefficient with appropriate significance test.

All the analyses were performed in STATISTICA (StatSoft,
Tulsa, OK, USA).

Results

In the present study, we analysed the expression of 12 genes
in a sample set of 53 patients. Patients were divided into two
groups, palliative and adjuvant (25 and 28 patients,
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respectivelly), depending on the presence or absence of
distant macrometastases at the time of surgery. Clinical and
pathological description of both groups is summarised in
Table III. Both groups differed clinically in overall survival,
with patients of the adjuvant group having longer survival
than those in the palliative group.

Different RNA expression between tumour tissue and healthy
mucosa. In the set of 12 selected genes, 10 exhibited a
difference in expression level between tumour and normal
tissue in the group of all patients. Four (LGRS, CTHRCI,
VSNLI and VCAN) were up-regulated in tumour, six (DSTN,
MIER3, ACSL5, MAPKI, CLDN23 and SLC26A2) were
down-regulated (Figure 1). Expression differences in both
subgroups were similar to those obtained for the whole set
of patients, except for DSTN, the expression of which was
not different in the palliative group, but was down-regulated
in the adjuvant group.

Correlation between candidate gene expressions and
clinical data. Dependence of clinical characteristics on
relative expression levels of candidate genes was statistically
analyzed by the tests described above. We did not find any
significant result at a p-value of 0.05 for correlation with
age, individual parameters of TNM classification and
tumour grading.
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Figure 1. Expression of candidate genes in tumour fissue relative to healthy tissue. Genes in dark grey were up-regulated in tumour tissue, genes in
light grey did not change in expression and genes in white were down-regulated in tumour tissue.

When investigating the dependence of overall survival and
disease-free survival on relative gene expression, in the
overall group of patients, we found correlation of VSNLI
expression with OS (significantly longer OS was observed
among patients with VSNLI expression level in tumour
tissues above the median value: Cox-Mantel p=0.033 and log
rank p=0.032) (Figure 2A).

In the adjuvant group, patients with SLC26A2 expression
above the tumour tissue median had a longer OS than those
with an expression level below the median (Cox-Mantel
p=0.036) (Figure 2B). In the case of DFI, patients with VSNLI
expression in the healthy tissue below the median had a longer
DFI than patients with higher expression (Cox-Mantel
p=0.022, log-rank p=0.020) (Figure 2C). The opposite trend
was observed for SLC26A2 (Cox-Mantel p=0.012, Wilcoxon
p=0.014 and log-rank p=0.011) (Figure 2D).

Then we analyzed the OS and DFI of the patients with
respect to the difference in candidate gene expression
between healthy and tumour tissues. In the overall group of
patients, we found that the greater the down-regulation of
CLDN23 expression in tumour, the worst the outcome for the
patient in terms of shorter OS (Wilcoxon p=0.045) (Figure
2E). In the adjuvant group, a smaller decrease of SLC26A2
and ACSL5 expression in tumour led to a longer DFI
(Wilcoxon p=0046, Cox-Mantel p=0.045 and log-rank
p=0.041 for SLC26A2, and Wilcoxon p=0.040 for ACSLS)
(Figure 2F and 2G) as did a greater increase of LGRS
expression (Wilcoxon p=0.046, Cox-Mantel p=0.028 and
log-rank p=0.026) (Figure 2ZH).

Impact of twmour location on candidate gene expression.
Patients were divided into two groups according to the
location of the primary CRC and gene expression was
analysed using the Mann-Whitney U-test. The groups did not
exhibit any significant difference in candidate gene
expression in tumour tissue, but we found differential
expression of MAPKI (p=0032), LGRS (p=0.003), MIER3
(p=0.026) and CTHRC1 (p=0.042) in healthy mucosa. All of
these genes were expressed more highly in the group of
patients with tumours localised in the colon. Regarding the
difference in expression, we found a significant difference in
VCAN expression change between patients with colon
localisation (smaller increase) and those with rectosigmoid/
rectum-localised tumours (greater increase) (p=0.031).

Discussion

The relationship between the change of gene expression and
potential functional effects is not usually straightforward. In
the following paragraphs, we briefly summarise present
knowledge about the individual genes analyzed here and
discuss our results with respect to current literature, focusing
on possible explanations of the role of these expression
changes on the clinical behaviour of colorectal tumours.
Because of the heterogeneity of the selected genes, we
discuss individual genes separately.

VSNLI. This gene encodes neuronal calcium sensor protein

which can modulate the activity of adenylate cyclase (18) and
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has been described to be a prognostic marker in Alzheimer’s
disease (19, 20). VSNLI is also considered to be a potentiator
of invasiveness and inhibitor of proliferation of
neuroblastoma cells (21), a mmour suppressor in non-small
cell lung carcinomas (22), and an inhibitor of epithelial-to-
mesenchymal transition in squamous carcinoma cells (23).
In colon cancer, VSNLI was found to be down-regulated
after selenomethionine-induced growth arrest of the colon
cancer cell line HCT116 (24) and it was described to be a
putative marker for identification of circulating tumour cells
in peripheral blood (25). We did not observe the correlation of
VSNLI overexpression with lymph node metastasis that was
described earlier (26), but we confirmed overexpression of
VSNLI in tumour tissue compared to healthy mucosa, and,
more importantly, we found a relation between higher
expression of VSNLI in mmour tissue and longer survival of
patients, hence our results should support the possible function
of VSNLI as tumour suppressor as reported for other types of
tumour (22, 27). The opposite effect of VSNLI expression in
healthy tissue on DFI is the subject of further investigation.

VCAN. Versican protein, encoded by the VCAN gene, is one
of the major components of the extracellular matrix (ECM)
with various functions in the regulation of cell migration
(28), proliferation (29) and cell adhesion (30). VCAN was
shown to play a role in many types of cancer, including
gastric (28), pancreatic (31) and colorectal (32).

We found an up-regulation of VCAN mRNA in tumour,
which is in agreement with previously described changes of
expression on the protein level, which was accompanied by
altered post-translation modifications (32, 33). The level of
up-regulation found here was different depending on the
tumour location (colon versus rectosigmoid/rectum).

LGRS, Leucine-rich repeat-containing G-protein-coupled

Figure 2. Kaplan-Meier curves of statistically significant associations
between gene expression and disease-free survival (DFI)overall
survival (08). Relation of the gene expression in the rumour (TT) and
healthy (HT) tissue to the DFI and OS (A-D). Relation of gene
expression change to the DFI and OS (E-H). Patients were divided by
the median of the expression change. In the case of ACSLS, one group
consisted of patients with substantial decrease of ACSLS expression and
the second group consisted of patients with slight decrease or increase
of ACSLS expression. Similarly, for LGRS, we grouped patienis with
small increase or decrease of expression and compared them with
patients with a substantial increase in LGRS mRNA. A: Visinin-like |
(VSNLI); B: Solute carrier family 26 (sulfate transporter), member 2
(SLC26A2); C: Msinin-like | (VENLI); D: Soluie carrier family 26
(sulfate ransporter), member 2 (SLC26A2); E: Claudin 23 (CLDN23);
F: Solute carrier family 26 (sulfate transporter), member 2 (SLC26A2);
GG Acyl-CoA synihetase long-chain family member 5 (ACSLS): H:
Leucine-rich repeat-containing G-protein-coupled receptor 5 (LGRS).

receptor 5 protein is a wingless-type MMTYV integration site
family (WNT) signaling target and a marker of intestinal
(34) and liver stem cells (35). Expression of LGRS is
increased in intestinal tumours, and can be found in cancer
cells with stem cell properties (36, 37).

In our study, we observed an up-regulation of LGRS
expression in tumour tissue, and a greater increase of
expression in tumour tissue compared to healthy tissue
correlated significantly with a longer DFI in adjuvantly
treated patients, which is contradictory to previously
published data, where overexpression in malignant tissue was
shown to have adverse effects on disease outcome in CRC
and other types of tumours (38, 39, 40). This finding needs
to be further evaluated.

CTHRCI. CTHRC! exhibited the highest up-regulation in
mmour tissue among the genes we analyzed. CTHRCI gene
encodes a protein involved in vascular remodeling (41) and
an expression change has been described in many types of
solid wmours (42), including CRC (43). Recently, the
expression status of CTHRCI was identified as being a
predictor of poor prognosis in CRC patients (44). We
confirmed the expression change, but we were not able to
significantly prove the prognostic role of CTHRC! expression
at a p-value below 0.05. Nevertheless, we identified a trend
for shorter survival of patients with higher CTHRCI
expression levels in tumour tissues.

SLC26A2. In mammals, there are 11 genes of the SLC26
family, which function as anion exchangers or channels. The
main role of SLC26A2 is to transport $0,°" anions and its
altered function was related to several types of
chondrodysplasias (45).

Lower expresion of SLC26A2 was related to enhanced
proliferation of colon cancer cells in vitro (46). A decrease
of expression was also observed in bioptic samples (47), and
we detected a severe down-regulation of SLC26A2 in tumour
tissue. Based on these data, we can conclude that SLC26A2
down-regulation is also important for tumour propagation in
vivo. The expression level of SLC26A2 was associated with
the decrease of OS and DFI in the adjuvantly treated group
of patients. A probable effect of down-regulation of
SLC26A2 is disorganisation of the ECM by improper
sulfation of ECM proteins, therefore helping mmour cells o
migrate through the tissue.

CLDN23. This gene belongs to the claudin family of 24
genes encoding proteins with four transmembrane domains
involved in formation of tight junctions among adjacent
cells (48). CLDN23 itself was described to be down-
regulated in intestinal-type gastric cancer (49), but there are
no studies focused on this gene in a larger set of patients
with colon cancer.
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In our set of patients, CLDN23 was down-regulated in
tumour tissue and we found that the level of down-regulation
correlates with the OS: a smaller difference of CLDN23
expression between tumour and normal tissue was associated
with a better prognosis. This effect can be explained by the
fact that for the migration of tumour cells, it is neccessary to
break the bonds between adjacent cells and strong down-
regulation of tight junction proteins, including CLDN23, is
one such crucial step in this proscess. Therefore, patients
with very low CLDN23 expression would be more prone to
progression of CRC.

ACSLS5. This gene encodes an enzyme implicated in lipid
biosynthesis and fatty acid degradation. ACSLS down-
regulation was associated with small intestine carcinoma
(50), but ACSLS was found to be up-regulated in CRC by
microarray analysis (51). In gliomas, it can be considered as
a cancer survival factor (52). The function of ACSLS is
probably dependent on the particular splice variant, since the
full-length ACSLS is pro-apoptotic (53). Our analysis found
ACSL5 to be down-regulated in tumour tissue, and we also
identified that the greater the decrease, the shorter the DFI
observed in the adjuvantly-treated group of patients,
assuming a protective function for ACSLS5.

DSTN, MIER3 and MAPKI. These three genes were found
to be down-regulated in tumour tissues, but in our set of
samples, we did not identify any correlation with clinical
characteristics.

The product of the DSTN gene is the actin-binding
protein destrin, also known as actin-depolymerizing
factor, which has an important function in regulation of
actin dynamics (54). Regarding the role of DSTN in
cancer development and progression, there are several
pieces of information about its role in membrane
androgen receptor-induced apoptosis of prostate cancer
cells (55), and its positive regulation of the migration of
neuroblastoma cells (56); the down-regulation of DSTN
also blocks migration and invasive capacity of gastric
cancer (57). We found a slight down-regulation in tumour
tissue, but this change did not correlate with any clinical
parameter.

MIER3 is a practically unresearched gene, butin 2012, it was
shown that it probably plays a role in tumourigenesis because it
was described as a candidate breast cancer susceptibility gene
(58) and also a highly mutated gene in hypermutated colorectal
tumours (59). Our data suggest down-regulation in CRC, but
without strong correlations to clinical data.

Mitogen-activated protein kinase | is the final kinase in the
MAPK pathway, which has a pleiotropic role like regulation
of proliferation, differentiation and gene transcription (60). In
CRC, down-regulation of MAPK1 was shown in a previous
study (61), as well as in our set of samples.
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CAPNI0O and SAMD3. The function of sterile alpha motif
domain-containing 3 is unknown: this gene was selected
because of its possible up-regulation during CRC
development (13). This gene is interesting regarding its
observed interaction with Fanconi anemia, complementation
group G (FANCG) (62), which plays a role in the
maintanence of genomic integrity (63), but we did not
observe any change of its expression. This was also the case
with CAPN10, a member of the calcium activated cystein
proteases (64). Particular single nucleotide polymorphisms
in the CAPN10 gene were shown to be associated with type
2 diabetes mellitus (63), and another was also associated
with CRC susceptibility (66).

Conclusion

We have described significant expression changes of 10
studied genes in the CRC tissue compared to healthy
mucosa. We also identified associations between different
gene expressions and overall and disease-free survival,
which could provide with useful information for disease
prognosis and patient follow-up. We identified several
putative positive prognostic factors, such as ACSL5 and
CLDN23, in tumour tissues. Our results will serve for the
development of a disease risk scoring system based on the
expression of these selected genes. This system will be
validated and evaluated on a new group of patients with
CRC. The most promising genes (mainly up-regulation of
SLC26A2 and down-regulation of CLDN23 and ACSL5)
will be further studied individualy on a larger set of
patients.
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Worldwide, colorectal cancer (CRC) is the third most
common cancer, with the highest mortality rates occurring
in Central Europe. The use of chemotherapy to treat CRC
is limited by the inter-individual variability in drug
response and the development of cancer cell resistance.
ATP-binding cassette (ABC) transporters play a crucial
role in the development of resistance by the efflux of
anticancer agents outside of cancer cells. The aim of this
study was to explore transcript levels of all human ABCs in
tumours and non-neoplastic control tissues from CRC
patients collected before the first line of treatment by 5-
fluorouracil (5-FUj-containing regimen. The prognostic
potential of ABCs was evaluated by the correlation of
transeript levels with clinical factors. Relations between
transeript levels of ABCs in tumours and chemotherapy
efficacy were also addressed. The transcript profile of all
known human ABCs was assessed using real-time poly-
merase chain reaction with a relative standard curve. The
majority of the studied ABCs were down-regulated or
unchanged between tumours and control tissues, ABCA12,
ABCALY, ABCE6, ABCCL, ABCC2 and ABCEL were up-
regulated in tumours versus control tissues, Transcript
levels of ABCAL12, ABCCT7 and ABCCS increased in
direction from colon to rectum. Additionally, transcript
levels of ABCBY, ABCB11, ABCGS and ABCGS followed
the reverse significant trend, Le. a decrease in direction
from colon to rectum. The transcript level of ABCCI10 in
tumours correlated with the grade (P = 0.01). Transcript
levels of ABCC6, ABCCI1, ABCF1 and ABCFZ were
significantly lower in non-responders to palliative chemo-
therapy in comparison with responders. The disease-free
interval of patients treated by adjuvant chemotherapy was
significantly shorter in patients with low transcript levels
of ABCAT, ABCA13, ABCB4, ABCCI1 and ABCD4. In
conclusion, ABCCI1 may be a promising candidate
marker for a validation study on 5-FU therapy outcome.

Introduction

Worldwide, colorectal cancer (CRC) is the third most common
cancer, with an estimated 1 233 700 newly diagnosed cases
and 608 700 deaths/year in 2008. For this type, Central Europe
has repeatedly recorded the highest mortality rates (1).

Although inherited susceptibility underlies roughly 35% of

variance in CRC risk (2), germ line mutations in genes with
high penetrance account for <<6% of cases (3). There is
growing evidence that lifestyle and environmental factors
contribute to the CRC development (4).

Systemic chemotherapy is an important component of the
complex treatment of CRC, with regimens based on 5-
fluorouracil (5-FU), irinotecan and/or oxaliplatin used as
standard. These drugs are often used in combination with
biological therapy in patients with advanced disease. Gener-
ally, the use of chemotherapy to treat cancers is limited by the
inter-individual variability in drug response and the develop-
ment of cancer cell resistance. Xenobiotics, including antican-
cer drugs, are extensively metabolised in the body by Phase 1
(activation enzymes, e.g. cytochromes P450) and Phase 11
(conjugation enzymes as glutathione S-transferases, GSTs, or
glucuronide transferases, UGTs) enzymes. Phase III of bio-
transformation represented by ATP-binding cassette (ABC)
transporters presents another important component of xenobi-
otic metabolism (5). ABC transporters play a crucial role in the
development of resistance by the efflux of anticancer agents
outside of cancer cells (6). In fact, the expression of ABCs may
significantly vary among individuals and thus affects the
efficacy of drug treatment (7).

The human ABC transporters are encoded by a large
transporter gene superfamily, which is composed of 49 members
grouped into seven subfamilies (A—G) according to the sequence
homology. ABC proteins facilitate translocation of heteroge-
neous substrates including metabolic products, lipids and sterols,
peptides and proteins, saccharides, amino acids, inorganic and
organic ions, metals and drugs across the cell membrane. To
transport these substrates across extracellular and intracellular
membranes against a concentration gradient, ABCs use energy
acquired by the hydrolysis of ATP (8). Genetic variation in these
genes causes a variety of genetic diseases and disorders (9). The
structure of ABC transporters consists of two types of domains:
ATP-binding domains, also known as nucleotide-binding folds
(NBFs) and transmembrane domains (TMDs). The NBFs
contain typical motifs: Walker A and Walker B and so-called
ABC-signature sequence. The TMDs are formed by 6—11 alpha
helices and provide the substrate specificity (10). Although all
share a similar NBF, their domains are organised in different
ways, with different numbers and localisations of TMDs (11).
Some of the ABCs behave as full transporters with two TMDs,
each with six transmembrane segments, and two NBFs. Others
are half transporters with only one TMD and become functional
after dimerisation or oligomerisaton (12).

@ The Author 2012, Published by Oxford University Press on behalf of the UK Environmental Mutagen Society.

All rights reserved. For permissions, please e-mail: journals permissionsi@oup.com

187

L1107 07 Arenmep uo ysand Lq /S1o-spenmo fprorxo-aSeynm -dyy mog papeopmmogg

208



I. Hlavata ef al.

The ABCA subfamily contains |2 members acting as full
transporters (13; supplementary Table IS, available at Muta-
genesis Online). ABCAS mRNA was detected in poorly
differentiated colon adenocarcinoma cell lines G-112 but not in
normal colon. In contrast, ABCA2 mRNA was detected in
well-differentiated colon adenocarcinoma cell lines CX-I.
Thus, induction of ABCAS may correlate with the differenti-
ation status of human colon tumours and contribute to the
tumour development (14).

The ABCB subfamily consists of 11 members (supplemen-
tary Table 115, available at Muragenesis Online). Four of them
are full transporters (ABCB1, ABCB4, ABCBS5 and ABCBI1)
and the rest is composed of half transporters. P-glycoprotein,
a product of ABCBI gene, is localised in epithelial cells of the
small and large intestine as a part of the barrier that protects
cells against xenobiotics from diet, bacterial toxins, drugs and
other biologically active compounds (15). ABCBI confers
MDR phenotype to cancer cells (16). ABCBI1 substrates are
generally amphipathic lipid-soluble compounds including
anticancer drugs as wnca alkaloids, anthracyclines, taxanes,
epipodophyllotoxins, camptothecins or anthracenes (17).
Single-nucleotide polymorphisms (SNPs) in ABCB/I have been
shown to influence its phenotype (expression, protein function
and drug response) In context with numerous diseases
[(11,18,19); supplementary Table VS, available at Mutagenesis
Online]. ABCBI is highly expressed in the apical membrane of
enterocytes, where it pumps xenobiotics back into the intestinal
lumen. No relationship was seen between ABCBI protein
expression, genotype and long-term prognosis of patients
treated by 5-FU and leucovorin (20). Hypoxia is generally
associated with chemoresistance. Ding er al. (21) suggested
that hypoxia induced the expression of hypoxia-inducible
factor, alpha subunit and ABCBI in colon carcinoma.
Complementary DNA (cDNA) microarray analysis of cell
sublines derived from K562 leukaemia, MCF7 breast cancer
and S1-colon cancer with acquired resistance against dauno-
rubicin, doxombicin, vincristine, etoposide and mitoxantrone
has shown that ABCBI, ABCB4 and ABCG2 were up-
regulated in several resistant sublines (22). ABCB2 and
ABCB3 expressions were significantly associated with major
histocompatibility complex class I antigen (MHCI) expression
in 336 sporadic CRC tumours examined by immunohisto-
chemistry. Thus, the expression of key components of the
antigen-processing machinery represented by ABCB2 and
ABCB3 is linked with the density of tumour-infiltrating
lymphocytes (TILs), which are positive prognostic factors in
CRC in vive (23).

The ABCC family contains 13 members; nine of them are
the multidrug resistance-associated proteins (MRPs; ABCCI,
ABCC2, ABCC3, ABCC4, ABCCS, ABCCH, ABCCIO,
ABCCI1 and ABCCI12, supplementary Table IIIS, available
at Mutagenesis Online). In virre ABCC transporters can
collectively confer resistance to anticancer drugs and their
conjugated metabolites, platinum compounds, folate antimeta-
bolites, nucleoside and nucleotide analogues (24). ABCCI
and ABCC2 have been shown to act synergistically with
several Phase II enzymes including GSTs and UGTs and
this synergy conferred resistance to several drugs (25,26).
ABCCI exports drug conjugates with glutathione and un-
conjugated drugs together with free glutathione (17). By
contrast, ABCC2 transports a wide range of unconjugated
organic anions, including e.g. methotrexate, irinotecan or
ampicillin (27). ABCC2 haplotype predicted variability in
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pharmacokinetics of irinotecan in Japanese metastatic CRC
patients treated by FOLFIRI (regimen containing 5-FU and
irinotecan) (28). mRNA expression of ABCC2 was signifi-
cantly associated with resistance to cisplatin but not 5-FU (29).
5-FU significantly suppressed ATP7B and the organic cation
transporter SLC22A2 and increased ABCC2Z mRNA expres-
sion (5.8-fold) in human cells from colon adenocarcinoma
(LSI80). Overexpression of ABCC2, ABCC3 and ABCG2
was demonstrated to be beneficial for the efficacy of oxaliplatin
in Madin-Darby canine kidney II cells (MDCKII). Thus, the
authors predicted that the modulation of expression of trans-
porters of both drugs could favour the synergic action of the
FOLFOX (5-FUfleucovorinfoxaliplatin) combination (30).
ABCCS protein confers resistance to 5-FU by the efflux of
monophosphate metabolites. The overexpression of ABCCS in
CRC may contribute to the resistance to 5-FU (31). In cell lines,
celecoxib induced ABCC4 and ABCCS expression at both
mRNA and protein levels, but no induction of ABCCI and
ABCC2 was found. This observation suggested that the low
response rate observed in clinical trials using combinations of
celecoxib with 5-FU or innotecan may reflex celecoxib-mediated
induction of efflux of drugs from cancer cells through the up-
regulation of ABCs (32). Interestingly, patients treated with
oxaliplatin- and 5-FU-based regimen for metastatic CRC (n =
40) had a significantly shorter progression-free survival in the
case where their circulating tumour cells (CTCs) expressed
alcohol dehydrogenase (ALDH) I, survivin and ABCCS. Thus,
detection of survivin+/ABCC5+ CTCs from peripheral blood
may help in identifying metastatic CRC patients resistant to
standard oxaliplatin- andfor 5-FU-based regimen (33). ABCCI |
shares the highest structural similarity with ABCC4 and ABCCS5.
ABCCII was also shown to confer resistance to 5-FU and
certain fluoropyrimidines (supplementary Table I11S, available at
Mutagenesis Online). The rs17822931 SNP in ABCCII affects
enzyme function that determines earwax type (34).

The ABCD subfamily consists of four half transporters
localised In peroxisomes, providing thus peroxisomal transport
of long-chain fatty acids (supplementary Table IVS, available at
Murtagenesis Online). ABCE and ABCF subfamilies contain
genes that are clearly derived from ABC transporters and have
ATP-binding domains but not TMDs (35, supplementary Table
IVS, available at Muragenesis Online). There are cumently no data
available on the role of ABCD and ABCF subfamilies in CRC.

The six known members of ABCG subfamily are half
transporters that have a reversed structure. N-terminus contains
NBF and TMD is at the C-terminus (supplementary Table IVS,
available at Mwragenesis Online). ABCG2 is a multidrug
resistance enzyme that can export both unmodified drugs and
drug conjugates, including mitoxantrone, bisantrene, epipodo-
phyllotoxins (e.g. etoposide), camptothecins (topotecan and
irinotecan) or flavopiridol (17). Patients harbouring the
—19572 to 19569delCTCA mutation in ABCG2 had a signif-
icantly lower relative extent of conversion of irinotecan to its
SN-38 metabolite than patients carrying the ancestral genotype
without this deletion (P = 0.01% 36). Dietrich er al. (37)
examined 29 colon adenomas from 21 patients and 8 adenomas
from C57BL/6 Apc™™" mice. ABCG2 protein was signifi-
cantly down-regulated in both human and mice colon
adenomas. ABCG2 confers resistance to a narrower range
of anticancer agents than ABCBI and ABCCI or ABCCZ, e.g.
anthracyclines, mitoxantrone and irinotecan. ABCG2 trans-
ports the glucuronide conjugate of SN-38, the active metabolite
of irinotecan, but with ~7-fold lower atiinity than unconjugated
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SN-38 (38). Dye-efflux effective side population (SP) of SW480
colon cancer cells has shown a higher resistance to 5-FU and
irinotecan, higher ABCBI and ABCG2 expressions and
activation of the Wnt signalling pathway when compared to
non-SP containing cells. Silencing the Wnt signalling pathway
may thus present a promising strategy for targeting chemother-
apy-resistant CRC cells (39). The ABCGS5 and ABCGSE form
heterodimers and overexpression of putative stem cell marker
EpCAM with ABCGS within the buds of colorectal tumours is
frequentdy observed and associated with poor prognosis (40).

The current state of knowledge shows that ABCs are
functionally important for anticancer drug disposition and
efficacy. However, aparnt from functional data obtained using
cell and animal models, there is a limited amount of
information on the impontance of ABCs for the prognosis of
individual patients and the prediction of the chemotherapy
outcome. Some of the published studies in patients suggested
that ABCs may influence not only cancer initiation but also its
progression, invasion and metastasis. The aim of our study is
to: (1) explore transcript levels of ABCs in tumour and control
tissues from CRC patients treated by substrates of ABCs, (ii)
evaluate prognostic potential of ABCs by the correlation of
transcript levels with clinical factors such as tumour size,
lymphatic node involvement and grading and (iii) elucidate
relations between transcript levels of ABCs in tumours and
chemotherapy efficacy. In our pilot study presented here, we
have addressed these points in a complex way by an
assessment of the transcript profile of all known human ABCs.
This is because some of the drugs under study are transported
by numerous and in some cases unknown transporters. The
selection and validation of candidate genetic markers identified
in the pilot study are the final goal of our current research.

Materials and methods

Materials

Phenol, chloroform, agarose and chemicals for preparation of buffers werne
purchased from Sigma—Aldrich (Prague, Czech Republic). Deoxvnucleotides
(dATP, dCTP, dGTF and dTTF) for polvmemse chain reaction (PCR),
molecular weight standard for electrophoresis ©X 174DNA-Haelll digest and
Lambda DNA EcoRI -+ HindIl Marker were products of New England Biolabs
Inc (Ipswich, MA, USA) and Fermentas Inc (Vilnius, Lithuania), respectively.
Tag-Purple DNA polvmerase and Combi PPP Master Mix for PCR wemr
supplied by Top-Bio s.r.o. (Prague, Czech Republic).

Subyjecis
Tissue samples of primary tumour of human colorectal carcinoma and paired
distant unaffected mucosa were collected from CRC patients diagnosed and
treated at the Departments of Surgery and Oncology, at the Teaching Hospital
and Medical School in Pilsen and Charles University in Prague, both in the
Czech Republic during the period 2008-10. Native tissue samples were taken
during surgery, macrodissected, snap frozen in liquid nitrogen and stored at
BOPC until total RNA isolation. The control mucosa samples were taken from
the macmscopically unaffected mesection marging of colon tissues, The
resection marging were microscopically evaluated and only samples free of
malignant cells were further analysed. Corresponding tumour tissue samples
were verified by the expenienced pathologist. Only histologically wverified
patients and their samples were included in this study, The following data on
patients were retrieved from medical records: age, gender, date of diagnosis,
pTNM siage according to Union for International Cancer Control (41,
histological type and grade of the wmour, tvpe of chemotherapy and tre atment
response,

The following eligibility criteria were applied to the recruitment of patients
into the study: (i) patients who were subject (o surgery for CRC, (ii) no prior
chemotherapy before surgery (in order to eliminate its influence on transcript
levels), (i) patients who received only first-line chemotherapy in either
palliative (Group A) or adjuvant (Group B) setting and (iv) patients who
received regimens based on 5-FU, leucovorin and/or oxaliplatin, e.g. FOLFOX,

Role of ABC transporters in CRC therapy

Response o the treatment was evaluated by Response Evaluation Critena In
Solid Tumors (RECIST) criteria (42) based on routinely used imaging
techniques for assessment of twmour mass (by computer tomography, with or
without positron emission tomography, magnetic resonance or ultrasonography 1,

Increase in tumour mass or the appearance of new lesions in patients with
palliative treatment (Group A) indicated progression and thus no response o
the treatment. Response to the treatment was defined as a decrease of the
number or volume of metasiases or stabilisation of the disease.

In patients treated by adjuvant thempy after mdical surgical msection RO
(Group B), disease-free interval (DFI) served as the treatment ouicome for
analyses. DFI was defined as the time elapsed between radical surgical RO
msection and disease recurrence. CRC patients treated by 5-FU  and/for
oxaliplatin were monitored for adverse symptoms of treatment and toxicity was
scored acconding to the MNational Cancer Institute Common Toxicity Criteria,
Wersion 2, during the whole period of treatment. Grade 3 or 4 toxicity was
followed as an important factor of toxicity of the administered regimens,

All patients were informed about the smdy aims, methods and potential risks
and signed consensually an informed consent form in agreement with the
requirements of the Ethical Commission of the Medical Faculty and Teaching
Hospital in Filsen, Czech Republic,

Isolation of total RNA and cDNA preparation
Methods were published (19.43) and are presented in the supplementary
Material, available at Misage nesis Online,

Cuanifaiive real-time PCR

The diluted amplified cDNA was used for quantitative real-time polvimerase
chain reaction (qQRTPCR) by the relative standard curve method performed in
T500 and VilAT Real-Time PCR Svsiem using TagMan Gene Expression
Assavs (Life Technologies). The following criteria were applied 1o the selection
of Taghan Gene Expression Assays: (i) exon—exon boundaries span where
possible, in order to minimise signals from traces of contaminating DNA, (i) as
short as possible amplicons and (iii) location near to 3 -end of the transcript to
reduce possible influence of RNA quality on gRTPCR. The list of reference
genes, genes of interest and respective assays is given in supplementary Table
WIS, available ot Muragenesis Online. Cycling pammeters of gRTPCR were
initial hold at 50°C for 2 min and initial denaturation at 95°C for 10 min,
followed by 50 cyvcles consisting of denatumtion at 95°C for 15 sec and
annealing at 60°C for 60 sec (except ABCCY, ABCG4 and ABCGS where 90
sec and ABCB 1 where 58°C for 90 sec were used). Each reaction contained 2.5
pl of 20 times diluted preamplified cDNA, 5 pl of TagMan Gene Expression
Master Mix and 0.5 pl of TagMan Gene Expression Assay in a final reaction
volume of 10 pl. Fluorescence was acquired after each exiension siep, Each
sample was assessed in duplicate and the mean value was used for further
analvses, Samples with = 15% vanation between duplicates were reanalysed.
The non-template control contained water instead of cDNA. Negative cDNA
synthesis controls (RNA transcribed without reverse transcriplase) were also
emploved to reveal possible carry-over contamination. One sample of normal
colon mucosa was used as calibrator for preparation of standard curves for each
gene 1o assess reaction efficiency. For the real-time PCR reactions, preamplified
cDNA of the calibrator dilued 1:4 was wsed as the highest template
concentrtion point for construction of the standam curve, The rest of the
standard curve points were prepared by five subsequent serial five times
dilutions. The resulting standard curve was used for calculation of PCR
efficiency (E) according to the following formula: £ = 10777 - |
(supplementary Table VIS, available at Muragenesis Online). Reference penes
were selected on the basis of our pilot study, where the TagMan Array Plates
(Life Technologies) were used to compare the stability of 24 different potential
eference genes chosen from the literatire in a set of 10 pais of human CRC
tumours and distant unaffected mucosa samples, Stability of meference genes
wis analysed by geNorm version 3.5 of March 2007 (£4) and NormFinder
version 19 of June 2004 (43) software programs, According to both programs,
EIFZEI, MRPLIY, PSMC4, POLR2ZA, PPIA and HPRTI were selected as the
most stable genes for nomalisation of tanscript levels of target genes. The
gRTPCR study design adhered to the MIQE Guidelines (Minimum Information
for Publication of Quantitative Real-Time PCR Experiments; 46).

Sravistical analyses

Transcript levels were analyvsed by 7500 and ViiAT Sysiem Software, Acquired
average Cp values were further processed by relative expression software ool
(REST) 2008 Software (47; Qiagen, Hildesheim, Germany). REST is routinely
used for the detemmination of differences between different tvpes of sample and
control groups and considers both normalisation to numerous reference genes
and reaction efficiency, For statistical analvses of comelation of transcript levels
of all established genes with clinical data, the non-pammetric tesis as Mann—
Whitney, Krskall-Wallis and Spearman rank tests were used according (o the
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distribution of data. The mean, median, SD, variance, minimum, maximum,
quantiles, frequencies and other basic statistical measurements were computed
in the given groups and subgroups, The relations between the parameters were
computed by Spearinan correlation coefficient. The DHF analvses were
performed by Kaplan-Meier Survival estimates and Cox regression hazard
maddel. In the first step, each of the investipated covariates were divided ino
four groups using quartiles of the investigated variable. For these groups, the
Kaplan—-Meier survival functions were computed. All possible cut-offs were
tested and the ‘optimal cut-off” was defined as the highest statistical
significance in Kaplan-Meier (log-rank test). For these cut-offs, the hazard
ratios (HRs ) were then computed. In order to reduce the chance of Type Land 11
erors, only the cut-offs, where the DFI divided by quartiles had a similar
direction to the DFI, were used. P-values are always departures from two-sided
tests, A Povalue of <005 was considered statistically significant. Statistical
analyses of clinical data were performmed using SPSS v15.0 soft ware (SPSS Inc,
Chicago, IL, USA).

Results

Fifty-one patients meeting the eligibility criteria were recruited
into the study (26 patients in the palliative Group A and 25
patients in the adjuvant Group B). The clinical and pathological
characteristics of the patients are listed in Table 1. Patients in
both groups did not significantly differ in terms of gender, age
at diagnosis, tumour size, lymph node involvement and
grading. On the other hand, patients significantly differed in
metastatic spread of the disease (all patients in the palliative
group were MI versus MO in all adjuvant patients) and
subsequent treatment (the palliative group was treated pre-
dominantly by more aggressive FOLFOX regimen). Tumour
localisation also significantly differed between both groups
(rectum prevailed in the palliative group versus adjuvant group,

P = 0.008). The median of follow-up was 20 months. Neither
the median overall survival nor the median DFI was reached.
Therefore, the importance of transcript levels of ABCs for
overall survival was not evaluated. DFI was evaluated as
a measure of short-term survival; 72% of censors occurred in
the course of follow-up.

Differences in transcript levels of ABCs between tumour and
control tissues

A large number of ABC transcripts were down-regulated in
tumour versus control mucosa tissues (REST 2009 software,
Table 1I). Among these, ABCAI, ABCA4, ABCAS, ABCAG,
ABCASR, ABCAY9, ABCAI10, ABCBI, ABCB4, ABCBS,
ABCBI1, ABCC3, ABCCS5, ABCC6h, ABCC7, ABCCS,
ABCCI13, ABCD2, ABCD3, ABCD4, ABCGI and ABCG2

transcripts were down-regulated at a wvery high level of

significance (P < 0.001). Contrastingly, ABCAI12, ABCAIL3,
ABCB6, ABCCI, ABCC2 and ABCEI were up-regulated in
tumours versus control tissues to a high extent (Table II). The
remaining ABCs did not show significant deregulation in
compared tissues. Transcript level of ABCCI2 was below the
limit of detection in all samples.

Correlations between transeript levels of ABCs in fissues and
clinical data

Relative transcript levels of ABCs were first normalised to six
reference genes. Average Cy value of EIF2BI, MRPLIY,
PSMC4, POLR2A, PPIA and HPRTI transcript levels was
calculated for each sample and designated as ENDO wvalue.

Table L Clinical characteristics of studied groups

Group A (pallistive), i = 26 Group B (adjuvant), a = 25 Pt
Gender (males/Temales) 1977 168 0,555 (Fisher’s exact test)
Age at diagnosis (vears), median 4 5D 645 4497 63.0 & 8.5 0,676 (ANOVA)
Tumour size (T) 0.798
T2 2 2
T3 19 20
T4 5 4
Lymphnodes involvement (N} 0856
NO 7 7
Nl 11 11
N2 8 7
M classification <0001
MO 0 25
MI 26 1]
Grade 0.361
Gl 4 2
G2 21 18
G3 1 5
Primary tumour localisation 0.008
Colon B 17
Rectosigmoideum 6 6
Recium 12 2
Chemotherapy 0,006 (Fisher’s exact test)
5-FU = leucovorin” 6 12
FOLFOX 20r 13
Grade 3 or 4 toxicity 1 3
Post-operative mdiotherapy 3 4 0477
Chemotherapy outcome MNA
Responders fnon-responders 1313 NA
Relapserentission NA it
Foolnotes:

*Analysed by Pearson chi-square test. The use of Fisher's exact test or analysis of variance (ANOVA) is specified in brackets; NA—not applicable.
"Ten patients received deGrammonte regimen, six patients received Xeloda (capecitabin) and four patients received 5-FU and leucovorin (FUFA) combination.
“Twelve patients also received Avastin in combination. Significant differences between groups in bold.

160

211

L 10T “of Arenmep wo ysans Lq /Sro-spenmolproyre-aSeynmy, dyy mog papeomog



Table 11. Differences in transcript levels of ABCs between wmour and
control tissues

Gene All patients, 1 Tumour versus contml
= 51*
ABCAT 0.001 Down-regulation
ABCA2 NS No change
ABCAI 0.017 Daown-regulation
ABCA4 0.001 Down-regulation
ABCAS =<0.001 Daown-regulation
ABCAG <0.001 Down-regulation
ABCA7 NS MNo change
ABCAR <0.001 Down-regulation
ABCAY <0.001 Down-regulation
ABCATD =<0.001 Daown-regulation
ABCALZ <0,001 Up-regulation
ABCATLS 0.002 Up-regulation
ABCEI <0.001 Down-regulation
ABCEZ NS MNo change
ABCHA NS No change
ABCB4 <0.001 Down-regulation
ABCHS <0.001 Down-regulation
ABCHG 0.004 Up-regulation
ABCHEY NS No change
ABCBES NS No change
ABCHY NS No change
ABCBID 0.003 Down-regulation
ABCEI! <0.001 Down-regulation
ABRCCT <0.001 Up-regulation
ABCC2 0.001 Up-regulation
ABRCCH <0.001 Down-regulation
ABCCH 0,008 Down-regulation
ABCCS <0.001 Down-regulation
ABCCH =<0.001 Daown-regulation
ABCCT 0.001 Down-regulation
ABCCHE <0.001 Down-regulation
ABCCY NS No change
ABCCIO NS No change
ABCCIH NS No change
ARCCI3 <0.001 Down-regulation
ABCDH NS No change
ARCD2 <0.001 Down-regulation
ABCDI =<0.001 Daown-regulation
ABCIM =0.001 Down-regulation
ABCEL =<0.001 Up-regulation
ABCFI NS No change
ABCF2 NS No change
ABCF3 NS MNo change
ABCGH <0.001 Down-regulation
ABCG2 =<0.001 Daown-regulation
ABCGH NS No change
ABCGS NS MNo change
ABRCGE NS No change

“Significantly deregulated genes by REST software (P-value displayed),
MNS—non significant.

Then, the ratio of Cy values for ABC gene/ENDO was
calculated and used for non-pammetric tests as described in
Materials and methods. Thus, the higher ABC/ENDO ratios
signify lower relative ABC transcript levels. Clinical character-
istics presented in Table [ were correlated with transcript levels
of ABC genes in tumour tissues. A significant inverse
correlation between ABCCI0 and tumour grade was found;
the higher the grade, i.e. the more aggressive the tumour, the
lower the ABCC10 transcript level (Table I11). Transcript levels
of ABCAIZ, ABCC7T and ABCCS in tumour tissues had the
tollowing significant trend in tumour localisation: colon <
rectosigmoideum < rectum. Interestingly, all three of the
above listed transcrpts followed exactly the same trend in
control tissues as in tumours (Table I1I). However, ABCB9,

Role of ABC transporiers in CRC therapy

ABCBII, ABCG5S and ABCGS followed the opposite
significant trend, 1.e. a decrease in transcrpt levels in the
direction from colon to rectum (Table I11).

Relations between transcript levels of ABCs in numours and
chemotherapy outcome

In the group of patients with metastatic CRC, the response to
the palliative chemotherapy significantly correlated with the
transcript levels of ABCC6, ABCCII, ABCFl and ABCF2
(Table III). In the group of patients with radically R0 removed
tumours, the DFI after adjuvant chemotherapy was influenced
by transcript levels of several ABCs. Patients with a low
transcript level of ABCAT (cut-off = 1.25) had a significantly
shorter DFI (P = 0.033, log-rank test) and a higher HR of
progression than patients with a high transcript level (HR =
5.09, 95% HR confidence limits = 097-6.7; Figure [A).
Similarly, patients with low transcript levels of ABCA13 {cut-
off = 1.58), ABCB4 (cut-off = [48), ABCCII (cut-off =
1.68) and ABCD4 (cut-off = 1.19) had a shorter DFI and
a higher HR of progression (P = 0011, HR = 5.75, 95% HR
confidence limits = 1.25-26.37; P = 0.003, HR = 15.83, 95%
HR confidence limits = 1.72-145.92; F = (0.016, HR = 8.81,
95% HR confidence limits = [.05-74.16; P = 0023, HR =
5.51, 95% HR confidence limits = [.07-28.48, respectively,
Figure IB-E) than patients with high transcnpt levels.
ABCCI 1 was thus a significant predictor of chemotherapy
outcome In both groups of patients.

Discussion

The etflux ot endogenous substrates and also xenobiotics
including anticancer drugs out of the cells presents the
principal activity of ABCs. Thus, ABCs could be important
tor both CRC onset and CRC treatment outcome. A number of
monogenic disorders have been associated with ABCs, e.g.
mutations in ABCC7 gene with the onset of cystic fibrosis and
thus, the analysis of mutations in ABCs is routinely used for
genetic testing (9). Although some of the studies observed
significant associations between polymorphisms in ABCs and
the cancer risk, including CRC, there has been no validated
marker among all known 49 human ABCs for CRC prognosis
and therapy outcome prediction until now. Based on the results
of our pilot study, we propose ABCI0 and ABCCI1 as such
markers and targets for validation studies focused on their
confirmation or rejection.

Despite numerous published studies in animals and cell
models showing the functional impact of ABCs on multidrug
resistance, no convincing evidence ot a clinical utility of ABCs
as markers for the prediction of chemotherapy outcome in
cancer patients has been published to date. The majority of
published studies deal with associations of SNPs with therapy
outcome or toxicity. However, there is limited knowledge
about the association between genotype and phenotype. The
reason may be the complexity of ABCs, which are pro-
miscuous and overlap in spectra of transported substrates. The
lack of information about gene and protein expressions and
activity of ABCs in homogenous groups of patients treated by
the same spectra of drugs further complicates the evaluation of
their importance. CRC seems to be a suitable disease for the
pharmacogenomic profiling of ABCs because it is routinely
treated by prototypical substrate of certain ABCs, 5-FU.
Therefore, we have conducted a pilot study aimed at the
evaluation of transcript profiles of all human ABCs in two
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Table HL Significant correlations of transcript levels of ABCs with elinical data

Grade Gl (1 = 6)* G2 (n = 381" G3n =17 PP
ABCCI0 114 + 0,04 117 + 004 1.23 + 0.05 0.010
Primary localisation—tumour lissue Colon Rectosigmoideum Rectum P®
(n =24 (n =120 (n= 14"
ABCAIZ 165 £ 022 150 + 0.10 Ld6 £ 0.17 0.020
ABCCT 114 + 0.18 107 + 0.10 L02 + 0.4 0.017
ABCCH L7868 £ 0.15 L77 £ 014 L67 £ 0.15 0.042
Primary localisation—control tissue
ABCAIZ 1L.76 £ 0.14 164 + 010 159 £ 0.10 0.001
ABCCT Lid 4+ 0.08 LO1 + 004 098 4+ 0.04 0.005
ABCCH 1.52 £ 0.08 150 + 0.05 144 £ 0.04 0.002
ABCBEY 1.25 + 0,03 1.27 + 004 1.29 + 0.03 0.005
ABCELI 1.29 + 0.11 1.32 + 0.05 137 + 0.05 (.00
ABCGS 1.52 + 0.10 1.62 + 0.07 1.65 + 0.09 <0001
ABCGH 147 £ 0011 1.58 + 0.07 160 + 0.10 <0.,001
Response in pallistive group Responders Non-responders P
(= 13)" (= 13
ABCCH 1.23 + 0,05 1.28 + 0.06 0,033
ABCCIL1 1.57 £ 0.06 1.69 + 0.06 <0.001
ABCFI 106 + 0.03 108 + 0.03 0044
ABCF2 L9 + 0,03 1.12 + 0,03 0.015
*Mean + SD.

“Significa.m differences analysed by independent Kruskal-Wallis test.

groups of CRC patients strongly differing in prognosis.
Patients who underwent the radical surgical resection of the
tumour have better prognosis than patients with the metastatic
disease. Both groups were treated by chemotherapy regimens
based on 5-FU and the short-term evaluation of response to this
treatment was available. We hypothesised that a strong effect
of potential marker{s) should be clearly visible in both groups.
As far as we are aware, this is the first complex study of the
role of ABC transporters in the tumour development and
treatment conducted on CRC patients.

The majority of the studied ABCs were down-regulated or
unchanged between tumours and non-neoplastic control tissues
in this study. ABCA12, ABCAI3, ABCB6, ABCCI, ABCC2
and ABCEl were up-regulated in tumours versus control
tissues. There are several sudies on the assessment of
transcApt or protein levels of the selected ABCs (usually
ABCBI1, ABCG2 and members of ABCC subfamily) in the
literature of CRC. Our data comply with the previous reports
with megard to the down-regulation of ABCBI (20) and
ABCC3 as well as the up-regulation of ABCC2 in colorectal
tumours (29). In addition, we found the up-regulation of
ABCCI that had not been previously detected (29). Moreover,
our results confirmed the previously observed down-regulation
of ABCG2. ABCG2 mRNA showed a 6-fold decrease in
colorectal tumours in comparison with control tissues (48). A
ubiquitous expression of ABCEI mRNA in normal and tumour
colon tissues was found. Among 21 peptides with the HLA-
A2-binding motifs, two ABCE|-derived peptides were recog-
nised by the colon cancer-reactive cytotoxic T lymphocytes in
a dose-dependent manner. The authors suggested that ABCEI
and its peptides could be target molecules in specific
immunotherapy for HLA-AZ2-positive CRC patients (49).
Qur observation of significant up-regulation of ABCEI in
tumour tissue of CRC patients, if confirmed by independent
study, may be relevant for targeted therapy of CR.C. There are
no literature data on transcript or protein levels of other ABCs
in tumour and non-neoplastic tissues from a series of CRC
patients.
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The analysis of the tumour localisation has identified highly
interesting trends. Transcript levels of certain ABCs increased
or declined in direction from colon to rectum in a significant
trend. Firstly, we noticed this effect in the tumour tissues. To
discern this effect from possible deregulation of mRNA
expression by the tumour pathophysiology, we analysed the
tissue distnbution of transcripts of ABCs also in non-neoplastic
control tissues. The same ABCs as in tumours, namely
ABCAI2Z, ABCC7 and ABCCS, were found differentially
distributed in control tissues maintaining the same frend
towards localisation (increase from colon to rectum). Addi-
tonally, ABCBY, ABCBI1 1, ABCGS and ABCGS followed the
opposite significant trend, i.e. a decrease in transcript levels in
direction from colon to rectum. Significant changes in gene and
protein expression along the anterior—posterior intestinal axis
were observed for solute carmer transporters in mice (50).
Moreover, mRNA expression levels of murine Abch2, Abch3,
Abch9, Abcc3, Aboch, Abcdl, Abcg5 and Abcgh displayed
significantly ditferential gene expression along the duodenum,
jejunum, ileum and colon (51). In human samples, the
expression of mRNA for ABCBI and ABCC2 was highest in
jejunum and decreased towards more distal regions, whereas
ABCCI was equally distributed in all intestinal regions (52).
We did not confirm the results of Gutmann er al. (53) who
found that mRNA expression of ABCG2 was maximal in the
duodenum and decreased continuously down to the rectum,
perhaps due to the fact that we had no access to samples from
duodenum. Moreover, human ABCs identified by us to be
differentially distributed in colorectal tissues have not been
studied in this regard yet. A possible relevance of the observed
gradient in expression of ABCs for efficacy of CRC
chemotherapy shall be further studied.

The majority of clinically associated ABCs were either
down-regulated or unchanged in tumours wversus control
tissues. In terms of chemothempy outcome, the induction of
mRNA levels of ABCs and subsequent enhancement of their
effect cannot be ruled out. In fact, the ABCG2 mRNA content
in hepatic metastases was found to be higher after an
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Fig. L Kaplan—Meier survival plots presenting the relation between DFLand transcript levels of ABCs. Survival curves are shown for two groups of patients divided
by cut-off (for evaluation of cut-off, see Materials and methods). Individual figures illusirate Kaplan—Meier survival plots of patients with respect o transcript levels
of ABCAT (A, cut-off 1.25), ABCAILZ (B, 1.58), ABCB4 (C, 1.48), ABCCII (I}, 1.68) and ABCDd (E, 1.19). Dashed lines represent the group with higher

normalised values than cut-off (meaning low transcript levels of ABCs) and solid lines represent the proup with lower or equal values than cut-off (high transcript

levels of ABCs).
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Fig. 2. Poposed involvement of ABCs in CRC development, progression and treatment outcome.

irinotecan-based chemotherapy than in irinotecan-naive metas-
tases (54). However, the access to post-operative liver
metastases in the studied group of patients was limited and
such analysis will be the subject of the validation study. In this
context, 1t seems quite Interesting that, according to recent
study, synchronous or metachronous liver metastases could be
treated differently on the basis of different gene expression
signatures (55).

The transcript level of ABCCI0 in tumours correlated with
the grade in our study. There are no data on ABCCI0 role in
CRC in the literature. The lower ABCB1 expression was found
in poorly differentiated CRC tumours (P << 0.05; 20) in line
with the study on cell lines, where ABCBI had a higher
expression in well-differentiated colon cancer cells, when
compared with the poorly differentiated ones (14). An
increasing expression of another member of ABCC subfamily,
ABCC3 with higher grade, i.e. the opposite trend to our
observation with ABCCI10, was found In pancreatic fumours
(56). No further data on the association of other ABCs with
grading in CRC are currently available. Zhang er al. (57)
indicated that ABCBI1 expression significantly correlated with
tumour localisation (P = 0.039) and gender (P = 0.043). The
intensity of immunohistochemical ABCG2 protein staining
was higher in tumours of CRC patients with lymph node
posifive than in negative disease (30 versus 6.7%, respectively;
P << 0.025). Thus, it seemed that ABCG2 expression may be
important for progression and metastasis of CRC (58). Our
pilot study, however, did not confirm any of the above
published associations.

In the group of patients treated by palliative chemotherapy,
the response was analysed using RECIST criteria. Patients
were divided into two groups (responders versus non-
responders). Transcript levels of ABCC6, ABCC11, ABCFI
and ABCF2 were significantly higher in responders in
comparison with non-responders. In the group of patients
treated by the adjuvant chemotherapy after the radical surgical
resection of tumour, the relation between transcript levels of
ABCs and DFI was evaluated. DFI was significantly shorter
and HR of progression higher in patients with low transcript
levels of ABCAT, ABCAI3, ABCB4, ABCCI11 and ABCD4,
suggesting that these genes play a role in the therapy outcome

194

of patients treated by the adjuvant chemotherapy. Thus,
ABCCI 1 was up-regulated in the chemotherapy-naive tumours
from pafients who subsequently achieved a good response to
the chemotherapy in both palliative and adjuvant groups.
ABCCI1 was shown to be a resistance factor for fluoropyr-
imidines (34). Oguri er al. (59) discovered that expression of
the ABCC11 is induced by 5-FU and that ABCCI1 is directly
involved in 5-FU resistance by the efflux transport of the active
metabolite FAUMP in human small-cell lung cancer cell lines.
We hypothesise that the high ABCCI11 expression in tumours
before chemotherapy observed in both groups of CRC patients
studied by us may limit further induction of ABCC11 by 5-FU
treatment. However, to confirm or reject our idea, we need to
analyse post-chemotherapy samples from the same patients or
run a larger validation study.

It is also interesting that the most studied ABCs in the area
of chemoresistance, ABCBI, ABCCI-5 and ABCG2 did not
predict 5-FU therapy outcome in our CRC patients. We cannot
add more evidence to the results of the recent study reporting
that ABCCI in CRC tssues could predict the reduced folate
level after leucovorin administration and determine the efficacy
of treatment by leucovorin (60). Schmidt er al. (61) observed
up-regulation of ABCC6 in 5-FU-resistant colon tumour cell
lines. Quite recently, ABCC3, ABCC4 and ABCCS were
found up-regulated in 5-FU-resistant pancreatic carcinoma
cells (62). Nevertheless, results obtained using rather uniform
cell line models cultured in the presence of a drug for a long
time may not reflect the real situation in such a heterogeneous
entity as colorectal tumour or a series of such tumours. As
regards, observation in cancer patients, a significant de-
regulation of gene expression in a number of ABCs was found
in breast cancer patients (n = 19) receiving preoperative
(necadjuvant) chemotherapy regimens including 5-FU.
ABCAI, ABCAI2, ABCB6, ABCC5, ABCCII and ABCCI13
were down-regulated in patients with complete pathological
response, in comparison with patients with residual disease. In
contrast, ABCB2, ABCC7 and ABCF2 were up-regulated in
patients with complete pathological response (63). In breast
cancer patients treated with endocrine therapy, ABCF2 protein
immunopositive tumours had a longer disease-free survival
when the tumours were oestrogen receptor negative or
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progesterone receptor negative (P = 0002 and 0005,
respectively; 64). Thus, the up-regulation of ABCF2 observed
by us in CRC patients corresponds to available data on breast
and cervical cancers. It seems obvious that ABCs have tumour-
specific expression profiles (65) and thus also different roles in
the mechanism of chemoresistance of the cancer cell
(summarised in Figure 2). Thus, further studies are needed to
evaluate the importance of the results obtained by this study.

The study of transcript levels rather than protein expression
may be seen as the major limitation of our study. The power of
protein analysis 1s obvious. However, the use of immunchis-
tochemical analysis is semi-quantitative and reflects only
protein level and not its activity. In addition, the issue of
availability, specificity and selectivity of the antibodies further
limits protein analysis. The correlations between transcript and
protein levels of human ABCs are mostly unknown and thus,
we shall consider transcript levels as independent markers. For
the assessment of transcript levels, we have used highly
sensitive methods based on real-time PCR, which 1s superior to
relative or semi-quantitative approaches. The small sample size
and absence of comection for multiple testing could be seen as
another limitation of our pilot study. Thus, all results should be
interpreted with caution and need to be confirmed by both
retrospective and prospective validation studies on a larger and
independent series of CRC patients.

In conclusion, our pilot study brings to light new and
interesting data. Transcript levels of all known human ABC
transporter genes were assessed in a series of tumour and
control tissue samples from wellcharacterised CRC patients.
Several genes were found deregulated in tumours compared
with control tissues and a gradient of transcript levels along the
superior—inferior axis of the large intestine was observed for
the first time. The comparison of outcomes of patients treated
by the 5-FU-based regimens suggested that ABCCIl may
present a promising candidate marker. The wvalidation of
candidate genetic markers identified in the pilot study will be
the next goal of our current research.
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1. Introduction

Sixty percent of patients with colorectal cancer (CRC) are afflicted with distant metastases
(liver or lung metastatic process) or a loeal relapse of malignancy (Bird et al., 2006). The
possibilities of surgical and oncological treatment of this disease offer us a large spectrum of
treatments including the combination of surgical procedures and consecutive oncological
treatments. In the case of radical surgical therapy we can consider the curative access. The
main medical problem of CRC is the high rate of recurrences after radically performed
surgical therapy. The operability of recurrence is only about 30% in the case of local relapse
and 20% in the case of distant metastases (Coleman et al., 2008; Kobayashi et al., 2007). The
second dominant problem is the early recurrence of CRC after radical surgical treatment,
when the patients undergo a difficult and exhausting procedure with a high risk of
perioperative complications without any significant differences in overall survival against
modern palliative therapy (Van den Eynde & Hendlisz, 2009).

Contemporary clinical and histopathological prognostic factors (staging, grading, etc.) used
for the detection of patients with a high risk of relapse and a short overall survival rate and
for the indication of adjuvant oncological treatment after radical surgery are not sufficient.
Tumor infiltrating lymphocytes (TIL) were described as a good prognostic factor for patients
with a high risk of relapse. They are critical indicators of efficient antitumor immunologieal
response. Their number, type and morphology of TIL cells determine resulting tumor
prognosis (Atreya & Neurath, 2008; Galon et al,, 2006). They could be connected also with
the suppression of micrometastatical disease after radical surgery (Gajewski et al,, 2006;
Pages et al., 2005). We can recognize either the type of immune cells or distinguish their
morphological aspects (infiltration of any part of tumor or surrounding of tumor or
tributary lymph nodes) (Talmadge et al., 2007).
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We detail only short overview of their types and function. We recommend the readers with
deeper interest in these problems to find comprehensive reviews in the cited papers
(Tochems et al,, 2011; Ohtani 2007). From this view we find CD8+ and CD4+ T lymphocytes
(Fig. 1a & Fig. 1b), natural killer cells (Fig. 1c), dendritic cells (Fig. 1d), macrophages, etc.
The exact function of these cells is under current discussion. We only know that they play
main role in controlling tumor development and growth. CD8+ T lymphocytes within
cancer cell nests of colorectal cancer have significant impact on the survival of patients. They
contain the cytolytic enzyme granzyme-B. In case of increased proliferating activity of CD8+
T lymphocytes we observe their activated and eytotoxic phenotype that is significantly
associated with the absence of early metastatic events (vascular emboli, lymphatic invasion
or perineural invasion of tumor cells) and with a decreased rate of cancer recurrence (Atreya
& Neurath, 2008, Pages et al., 2010). A high density of memory T lymphocytes within
colorectal cancer tissue was more frequently observed in patients without early detectable
signs of metastatic events and was associated with both improved disease free interval (DFI)
and prolonged overall survival (OS) (Galon et al., 2006; Pages et al., 2005).

Natural killer cells (NK cells) mediate an effective lysis of cancer cells but the mechanism of
detection of cancer cells is different from CD8+ T lymphocytes (Cooper et al., 2009). NK cells
are mainly involved in the innate immune response and do not recognize specific tumor
associated antigen on the surface of cancer cells as CD8+ T lymphocytes. NK cells lyse the
cancer cells that are opsonized by surface antibody. NK cells also respond to other signals as
cytokines produced by antigen presenting cells, which allow them to mediate early host
responses against pathogen (Moretta et al., 2006). Decreased preoperative number of NK
cells was associated with increased frequency of postoperative recurrence of colorectal
cancer (Atreya & Neurath, 2008; Cooper et al, 2001). Their crucial role in the elimination of
haematological malignancies, primary and secondary tumors has been recognized (Lucas et
al,, 2007; Ljunggren & Malmberg, 2007, Stojanovic & Cerwenka, 2011). In the last year there
are some signs that NK-cells have the capacity for memory-like responses, a property that
was previously thought to be limited to adaptive immunity, but in this view the discussion
still continues (Cooper et al., 2009).

Dendritic cells are considered to be most potent antigen presenting cells. They play key role
in activation, stimulation and recruitment of T lymphocytes. They can also induce antigen-
specific unresponsiveness or immune tolerance. Immature dendritic cells enter tumor tissue,
uptake and process its antigens. Then after they migrate to lymph nodes, undergo
maturation and interact with T-lymphocytes that are able to recognize presented antigen
and so T-lymphocytes play effector role of this tumor-specific immunity (Atreya & Neurath,
2008; Pages et al,, 2005; Sandel et al., 2005; Steinman et al., 2003).

Macrophages are important producers of different factors that have function during tumor
progression and also during tumor progression control. Their function is not fully
understand, but it was described that the number of tumor infiltrating macrophages
correlates with overall survival of colorectal cancer patients (Atreya & Neurath, 2008;
Pollard, 2004; Forssell et al., 2007). It seems that several types of tumor infiltrating
macrophages influence the balance between pro- and anti-tumor properties of immune
system (Forssell et al., 2007).

From the morphologic view we can observe TIL in the specific portions of tumor and so we
detect lymphocytic infiltration intratumoral (ITL - intratumoral lymphocytes) (Fig.
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2a),intrastromal (ISL - intrastromal lymphocytes) (Fig. 2b), peritumoral (PTL - peritumoral
lymphocytes) (Fig. 2c) and Crohn-like reaction (Crohn-like PTL)(Fig. 2d). We can also
describe reactive histological changes in tributary lymph nodes (LN reactions). It means
follicular hyperplasia (LN-FH) (Fig. 3a.), sinus histiocytosis (LN-SH) (Fig. 3b.) and the
presence of granulomas (LN-GR) (Fig. 3c) (Ogino et al, 2009; Pages et al., 2005).

The aim of this study was to analyze the relationship of contemporary clinical and
histopathological factors and TIL to determine patients with a high risk of poor overall
survival and tendency to early recurrence of malignancy with shortened disease free
interval (DFI) after radical surgery for CRC.

Fig. 1. Examples of tumor infiltration by immune cells: a) CD8+ T lymphocytes; b) CD4+ T
lymphocytes; ) Natural killer cell (CD 57 staining) and d) Dendritic cells (S 100 staining).
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Fig. 2. Different localisation of TIL within the tumor tissue: a) intratumoral lymphocytes;
b} intrastromal lymphocytes; c) peritumeral lymphocytes and d) Crohn-like peritumoral
lymphocytes. All sections stained with hematoxylin-eosin.

Fig. 3. Reactive histological changes in tributary lymph nodes: a) follicular hyperplasia; b) sinus
histiocytosis and c) presence of granulomas. All sections stained with hematoxylin-eosin.
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2. Methods

We analyzed 130 patients who underwent radical surgical procedure for CRC between the
years 2004-2007 at the Department of Surgery, Medical School and Teaching Hospital in
Pilsen, Charles University in Prague. We selected only patients who were operated on
electively - our aim was to decrease the risk of inflammation that is often connected with the
acute operation of CRC and does not depend on the immune reaction against a tumor but
could be evoked by the distension of the bowel. We also excluded patients who had risk of
understaging (for example low number of analysed lymph nodes) and patients with a
synchronmous metastatic process. The inclusion standard was also the entire follow-up of
patients during the whole postoperative period to increase the number of patients with a
diagnosed eatly recurrence of CRC.

The following climical parameters were statistically analysed in relation to the disease free
interval (DFI) and the overall survival (OS): staging, grading, preoperative leukocytosis,
type of surgical procedure (radical vs. palliative), postoperative complications and
postoperative oncological treatment.

2.1 Histology

We examined three different sections of each tumor and also sections of all found lymph
nodes, Tissue for light microscopy was fixed in 4% formaldehyde and embedded in paraffin
using routine procedures. Five micrometer-thick sections were cut from the tissue blocks
and stained with hematoxylin-eosin.

The type and grade of all tumors were determined according to WHO 2000 guidelines. The
stage of tumors was established according to UICC 2002 guidelines. We evaluated
endovascular (VI), endolymphatic (LI) and perineural infiltration (PI) by cancer cells (0 -
none, 1 - yes). Lymphocytic infiltration was detected as intratumoral (ITL - intratumoral
lymphocytes), intrastromal (ISL - intrastromal lymphocytes), peritumoral (PTL -
peritumoral lymphocytes) and Crohn-like reaction (Crohn-like PTL), and scaled as none (0),
mild (1), moderate (2) and severe (3). Reactive histological changes in lymph nodes (LN
reactions) were detected as follicular hyperplasia (LN-FH), sinus histiocytosis (LN-SH) and
the presence of granulomas (LN-GR), and all these parameters were quantified in the same
manner as lymphocytic infiltration.

2.2 Immunohistochemistry

For immunchistochemical investigations the following primary antibodies were used: CD4
(clone 4B13, 1:50, Vector Laboratories, Burlingame, CA, USA) and CD8 (clone C8/144B, 1:50,
Dako, Glostrup, Denmark). Microwave pretreatment was used in both cases. The primary
antibodies were visualized using the supersensitive streptavidin-biotin-peroxidase complex
(Biogenex, San Ramon, CA). Appropriate positive and negative control slides were employed.
The density of intratumoral infiltration by lymphocytes was evaluated in five High power
microscopical fields (HPF) and expressed as the number of immunopositive cells per HPF.

2.3 Statistical evaluation

Statistical analysis was processed by the statistical software Statistica 9.0, The mean, median,
standard deviation (SD), minimum, maximum, quartiles, frequencies and other basic
statistical measurements were computed in given groups and subgroups of patients
corresponding to studied clinical and histopathological parameters.
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The relationships between the variables were described by Spearman rank correlation
coefficients.

The analyses of Overall survival (OS) and Disease free interval (DFI) were performed by
Kaplan-Meier's survival functions. The influence of given covariates (clinical and
histopathological factors) was tested by the Log-Rank test and Wilcoxon test. The Cox
regression hazard model, hazard ratio (HR) and 95% confidence interval (CI) for HR were
computed for the evaluation of given dlinical and histopathological factors to OS or DFL
Multivariate analysis was performed by the use of classification and regression trees
(CART). The Cox regression hazard model (stepwise regression) was applied to find the
predictors in CART.

3. Resulis

The statistical analysis of the studied cohort of patients after surgical treatment for colorectal
cancer demonstrated an acceptable distribution of basic statistical description parameters
(gender ratio 93:57 (male vs. female)). 1, 3 and 5 years overall survival was 92.2%, 76.5% and
70.2% and 1, 3 and 5 year DFI was 85.3%, 64.3% and 49.4%.

The Spearman rank correlation coefficient did not prove any stronger correlation than a
moderate correlation at endolymphatic invasion (LI) and lymph node infiltration by
metastatic process (Spearman rank correlation coefficient 0.56, p<0,05). All the other studied
factors were independent factors or factors with a low correlation.

Statistical analysis proved lymph node infiltration by metastatic process as statistically
significant for the prognosis of overall survival (p<0.05) and N2 status of lymph nodes
increased the risk of shorter overall survival 9.3x (Fig. 4.).
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Fig. 4. Statistical analysis proved the lymph node infiltration by a metastatic process as
statistically significant for the prognosis of overall survival (p<0.05), and the N2 status of
lymph nodes increased the risk of a shorter overall survival 9.3x.
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Endovascular infiltration (VI) was proved as a negative prognostic factor of shorter averall
survival (Fig.5.). Patients with positive histopathological findings of VI have 3.1x increased
risk for shorter overall survival. The presence of peritumoral lymphocytes (PTL) (Fig.6.) and
of Crohn-like PTL (Fig.7.) was proved as a positive prognostic factor of OS. Patients with a
positive histopathological finding of PTL and Crohn-like PTL have a decreased risk for
shorter overall survival (2.3x and 2.3x respectively). Lymph node follicular hyperplasia (LN-
FH) was verified as a positive prognostic factor for longer overall survival (Fig.8). The
statistical significance of LN-FH increased also with the raised density of infiliration. LN-
FH positivity decreased the risk of shorter overall survival 3.3times.

The severity of CD8+ lymphocytic infiltration was proved by the Cox regression hazard
model as a positive prognostic factor enlarging overall survival (cut off 30 cells/HPF). The
severity of CD4+ lymphocytic infiltration was proved as a significant factor for the
prognosis of overall survival (cut off 4cells/HPF) with 2.5x increased hazard ratio in
patients over the cut off (Fig9.). Statistical analysis did not confirm the statistical
significance of CD8/CD4 ratio.
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Fig. 5. Endovascular infiltration by cancer cells (VI) was proved as a statistically significant
factor for the prognosis of overall survival (p<0.05). The patients with a positive
histopathological finding of VI have 3.1x higher risk ratio for shorter overall survival.
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Fig. 6. Presence of peritumoral lymphocytes (PTL) was proved as a statistically significant
positive factor for the prognosis of overall survival (p<0.05). The patients with a positive
histopathological finding of PTL have 2.3x lower risk ratio for a shorter overall survival.
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Fig. 7. Presence of Crohn-like PTL was proved as a statistically significant positive factor for
the prognosis of overall survival (p<0.05). The patients with a positive histopathological
finding of PTL have 2.3x lower risk ratio for a shorter overall survival.
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Fig. 6. Presence of peritumoral lymphocytes (PTL) was proved as a statistically significant
positive factor for the prognosis of overall survival {p<0.05). The patients with a positive
histopathological finding of PTL have 2.3x lower risk ratio for a shorter overall survival.
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Fig. 7. Presence of Crohn-like PTL was proved as a statistically significant positive factor for
the prognosis of overall survival (p<0.05). The patients with a positive histopathological
finding of PTL have 2.3x lower risk ratio for a shorter overall survival.
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Fig. 8. Lymph node follicular hyperplasia (LIN-FH) was verified as a positive prognostic
factor for a lenger overall survival (p<(0.05). The statistical significance of LN-FH increased
also with the raised density of infiltration. LN-FH positivity decreased the risk of a shorter
overall survival 3.3x.
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Fig. 9. Severity of CD4+ lymphocytic intratumoral infiltration was proved as a significant
factor for the prognosis of overall survival (cut off dcells/ HPF) with a 2.5x increased hazard
ratio in patients over the cut off (p<0.05).

www.intechopen.com

228



422 Colorectal Gancer Biology — From Genes to Tumor

The Multivariate Cox Regression Hazard Model proved the combination of the severity of
lymph node infiltration by metastatic process and LN-FH as the best prognostic factors for
the prediction of the risk of shorter overall survival. This situation is demonstrated in the
Classification and Regression Tree (CART)(p<0.05) (Fig.10.). All other studied parameters
were not proved as statistically significant for the prognosis of overall survival.

Classification and Regression Tree

Overall Survival

[ lymph node status

GROUP NO N1 N2
N total / events 441 2372 45111
1-years Overall Survival 1.0000 1.0000 0.8877
Z-ypears Overall Survival 09545 09231 05837
Z-years Overall Survival 09545 0923 04178
Ayears Overall Survival 09545 [ =] b 07E

lymph node reaction —

folicular hyperplasia
GROUP 0 1+2
N total / evenis 6/ 397
1-years Overall Survival 0.6250 0.9341
2-years Owverall Survival 0467 0,736
3-years Owerall Surival 0.0000 06585
4years Cverall Survival 0.0000 0 6585

Fig. 10. Multivariate Cox Regression Hazard Model proved the combination of the severity
of lymph node infiltration by a metastatic process and LN-FH as the best prognostic factors
for the prediction of risk of a shorter overall survival (p<0.05). This situation is
demonstrated in the Classification and Regression Tree (CART).

Perineural infiltration (PI) was proved as a negative prognostic factor of an earlier
recurrence (Fig.11.). Patients with a positive histopathological finding of P1 have 38x
increased risk for shorter DFL

The severity of CD8+ lymphocytic infiltration was proved by the Cox regression hazard
model as a positive prognostic factor enlarging DFI (cut off 30cells/HPF) (Fig.12.). Patients
over the cut off have 2.2x increased risk of an early recurrence. The severity of CD4+
lymphocytic infiltration was not proved as a significant factor for the prognosis of DFI.
Statistical analysis did not confirm the statistical significance of the CD8/CD4 ratio.
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Fig. 11. Perineural infiltration (PI) was proved as a negative prognostic factor of an earlier
recurrence (p<0.05). Patients with a positive histopathological finding of PI have a 3.8x
increased risk for shorter DFI.

Statistical analysis proved lymph node infiliration by a metastatic process as statistically
significant for the prognosis of DFI and N2 status of lymph nodes increased the risk of
shorter DFI 5x (Fig. 13.).
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Fig. 12. Severity of CD8+ lymphocytic intratumoral infiltration was proved as a positive
prognostic factor enlarging DFI (cut off 30 cells/HPF) by the Cox regression hazard model
(p<0.05). Patients over the cut off have a 2.2x increased risk of an early recurrence,
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Disease Free Interval
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Fig. 13. Statistical analysis proved lymph node infiltration by a metastatic process as
statistically significant for the prognosis of DFI, and a N2 status of lymph nodes 5x
increased the risk of a shorter DFI (p<0.05).

The Multivariate Cox Regression Hazard Model proved the combination of the severity of
the lymph node infiltration by a metastatic process and the severity of CD8 positivity of
infiltrating lymphocytes as the best prognostic factors for the prediction of risk of early
recurrence (p<(.05). This situation is demonstrated in the Classification and Regression Tree
(CART) (Fig. 14). All other studied parameters were not proved as statistically significant for
the prognosis of DFIL.

4, Discussion

The role of the adaptive immunological response in controlling the growth and relapse of
CRC remains controversial and contemporary studies have not answered all the questions
about the prognosis of patients after radical surgical treatment of CRC (Galon et al., 2006;
Ohtani, 2007; Van den Eynde & Hendlisz, 2009). We analysed our large cohort of patients of
CRC with consideration to detect the negative and also positive prognostic factors of early
recurrence of the disease and the poor overall survival after radical surgery. It was
stimulated by the unsatisfactory situation and some dilemmas in the indication of surgical
and oncological treatment, when early recurrence depreciates our effort to radical surgery
with a high risk of complications and the long time of the decreased quality of life of our
patients.

In the presented clinico-pathological study we demonstrated that lymph node infiltration by
a metastatic process, N2 status of lymph nodes, VI, and extent of CD4+ lymphocytic
intratumoral infiltration as negative prognostic factors of OS. In contrary PTL, Crohn-like
PTL, LN-FH, and severity of CD8+ lymphocytic intratumoral infiltration were proved as
positive prognostic factors of the overall survival.
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Classification and Regression Tree
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Fig. 14. Multivariate Cox Regression Hazard Model proved the combination of the severity
of lymph node infiltration by a metastatic process and the severity of CDB positivity as the
best prognostic factors for the prediction of risk of an early recurrence (p<0.05). This
situation is demonstrated in the Classification and Regression Tree (CART).

The combination of the severity of the lymph node infiltration by a metastatic process and
LN-FH were proved as the best prognostic factors for the prediction of risk of a shorter
overall survival by the Multivariate Cox Regression Hazard Model.

We also demonstrated PI, lymph node metastatic infiltration and the N2 status of lymph
nodes as negative prognostic factors of an earlier recurrence, and the severity of CD8+
lymphocytic intratumoral infiltration as a positive prognostic factor enlarging DFIL. The
combination of the severity of the lymph node infiltration by a metastatic process and the
severity of CD8+ lymphocytic intratumoral infiltration were proved as the best prognostic
factors for the prediction of the risk of an early recurrence by the Multivariate Cox
Regression Hazard Model.

Our results support the hypothesis that the adaptive immunological response in tumor
tissue and its reaction in regional lymph nodes can influence the behavior of CRC and so
affect the prognosis of patients (Atreya & Neurath, 2008; Galon et al., 2006). CD4 and CD8
positivity of ITL was demonstrated as a key histopathological sign of tumor-specific
immune response that could reflect the contemporary clinical situation and a tendency to
relapse (CD4+) or the larger overall survival (CD8+) (Chiba et al. 2004; Koch et al., 2006,
Pages etal., 2010).
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We assessed several types of tumor infiltrating lymphocytes and clearly identified their
relationships to relapse and the overall survival as positive or negative prognostic factors in
contrary to previous publications that evaluated only the infiltration of the tumor but not
the quality and type of infiltration (Ogino et al., 2009).

Tumor infiltration by lymphocytes seems to be a promising prognostic factor reflecting the
risk of patients to early recurrence or poor overall survival. Future work has to be focused
on the molecular-biological background of tumor infiltration by lymphocytes to understand
their pathophysiological functions (Pages et al., 2005, Zbar, 2004).

5. Conclusion

Tumor infiltrating lymphocytes seem to be promising prognostic factors that could find
their use in colorectal surgery and consecutive oncological treatment as an indicator of the
type or combinations of therapies reflecting the risk of patients to early recurrence or poor
overall survival. The TIL status corresponds to immune control of cancer progression.
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Infiltration of Colorectal Carcinoma by S100+ Dendritic
Cells and CD57+ Lymphocytes as Independent
Prognostic Factors after Radical Surgical Treatment

VACLAV LISKA!, ONDREJ VYCITAL!, ONDREJ DAUMZ, PETR NOVAK!,
VLADISLAY TRESKA!, JAN BRUHA!. PAVEL PITULE' and LUBOS HOLUBEC?

I Department of Surgery, 2Sitd Depariment of Pathology and IDepartment of Oneolagy,
Medical School and Teaching Hospital Pilsen, Charles University in Prague, Czech Republic

Abstract. Background: SI00 dendritic cells and CD37"
Iymphocytes are factors reflecting the immune system’s ability
tor suppress the progress of wmor growth, D37 cells include
natural killer cells and late stages of T-effector ymphocytes.
We evaluated the relationship between the known clinical and
histological factors and mmor markers as well as the presence
of SI00" and CDS57* cells in the tissue of colorectal carcinoma
with the aim of detecting parienis at high risk of short overall
survival (O8) or short disease-free interval (DFI) after radical
surgical rreatment and we further analyzed whether S100% and
CD37* positivity could bring on new information regarding the
wreatment regimen. Materials and Methods: Data of 150
patients (97 males and 53 females) that underwent an elective
radical surgical procedure for colorectal cancer were studied.
The influence on DFI and on OS of the following parameters
was evaluated: grading, staging and posirivity for S100 and
CD57 by immunohisiochemical staining, We also analyzed the
relation of preoperative serum levels of the tumor markers
Carcinoembryonic Antigen (CEA), Cancer Antigen [9-9
(CA19-9), Cancer Antigen 72-4 (CA72-4), Thymidine kinase
(TK), Tissue-Specific Polypeptide Antigen (TP5) and Tissue
Polypeptide Antigen (TPA) in relation to 5100 and CD57
positivity negativity for the same patienis. Results: OS at I, 3
and 5 vears was 92.2%, 76.3% and 70.2%; the DFI a1 1, 3and
5 years was 85.3%, 64.3% and 49.4%. CD37 positivity in the
fumor MAss was proven as a positive prognostic factor for OS.
Risk of short O8 was 2 5-fald higher in patients with low tumor
infiltration by CDSTT lymphocytes. The combination of N2
stage for lymph nodes and the absence of CD57" cells was
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proven to be the sirongest negative prognostic factor for OS.
No significant influence of CD37 positivity on DFY appeared.
There was no significant influence of S100 positivity on OS or
DFI; nor was there any statistical dependence of CD57 and
SI00 positivity or negativity on preoperarive serum levels of
CEA, CAI9-9, CAT2-4, TK, TPS or TPA. Both studied factors
were shown to be statistically independent fuctors, Conclusion:
The present study showed infiltration of colovectal cancer
tissue by CDSTT cells as being an important independent
positive prognostic factor for OS.

S100* dendritic cells (DC) and CD5T* lymphocytes are factors
reflecting the immune system’s ability 1o suppress the progress
of wmer growth, Atreya and Neurath demonstrated their role
in supression of the progress of colorectal carcinoma (1). CDS7
is a glycoprotein with cell adhesion function also called human
natural killer-1 or LEU7 (2). CDS7* cells include natural killer
(NEK) and late stages of T-effector lymphocytes, NK cells as a
part of the cellular innate immunity are able to destroy
malignant cells (2). NK cells mediate lysis of malignant cells
but the mechanism of detection of cancer cells is different from
that of the CD8* T-lymphocytes (3); NK cells do not recognize
specific tumor-associated antigens of cancer cells as CD8%
T-lymphocytes do. NK cells lyse cancer cells that are
opsonized by surface antibodies or after stimulation by other
signals such as cytokines, produced by antigen-presenting cells
). A lower preoperative mumber of NK cells was associated
with increased postoperative recurrence of colorectal cancer
(5). The S100 antigen protein is present in many types of cells:
cells of neural crest, chondrocytes, adipocytes, myoepithilial
cells, macrophages, Langerhans cells and dendritic cells. In
particular dendritic cells (DC) (antigen-presenting cells) play a
key role in activating naive T-lymphocytes and NK cells. DC
gather antigens in their surounding tissues, process them and
migrate lo the secondary lymphoid organs to present antigens
on major histocompatibility complexes class [ or class 11 to
CDS* cytotoxic lymphocytes or CD4* helper T-lymphocytes
(2, 6], In the majority of the available studies, increased
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Figure |. CIST positivity as a stavistieally sigalficant progrossic factor for 08 (cut-off 1 celi, p-value=0.0350).

numbers of immune cells infiltrating the wmors correlate with
an improved prognosis for cancer patients (7), but the role of
certain lvmphocytes remains unclear (8). Here we evalnated the
relationship between the known clinical, histological factors
and tumor markers that are vsed in standard clinical Follow-up
of patients and the presence of S100% and CD57* cells in the
tissue of colorectal carcinoma (CRC) with the aim of detecting
patients with a high risk of short overall survival (O8) or short
disease-free interval (DF1}, after radical surgical treatment and
to analyze whether S100% and CD57* positivity could bring
new information on the treatment regimen, independently of
standard clinical examinations,

Materials and Methods

Data from 150 patiens (97 males and 53 females) in a patient cohort
that underwent an elective radical surgical procedure at the Department
of Surgery of the Teaching Hospital and Medical School in Pilsen
between 2004-2007. The influence on DFI and on OF of fallowing
parameters was evaluated: grading, staging and positivity of S100 and
CDS57 by immunohistochemical staining.

Hisiodogical and immunohistochemical analyeiz. Tissue for light
microseopy was fized in 4% formaldehyde and was embedded in
paraflin. Five micrometer-thick sections were cut from the tissue
blocks and stained with hematoxylin-eosin, Three different sections of
cach tmor were examined.

For the immunchistochemical investigations the follvwing primary
antibodies were used: CDST (clone MK, readv-to-use; Ventana,
Rocklin, CA, USA), and $100 {polyclonal, 1:1000; Dako, Glostrup,
Lyenmark). Microwave prefreaiment was used in both cases. The
primary antibodies were visualized using the supersensitive
streptavidin-biotin-peroxidase complex (Biogenex, San Ramon, CA,
USA). The appropriate positive and negative control slides were
employed. The number of DCUs and NK cells was evaluated in fve
high power microscopical fields and was expressed as the number of
imumunopositive cells per high power microscopical field.

Chicornarfers. All the blood samples for assessment of mmor markers
were obtained under standard conditions from the cubital vein during
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Figure 2. Classification and regresston free dicgram presenting the
stromgest negative prognostic factor combinasion for (8.

the morming hours, The serum for the assessment of routine tumer
markers was acquired through centrifugation and was stored at -20°C
until laboratory analysis. Tumor markers were assessed at the
Department of MNuclear Medicine, Faculty Hospital Pilsen with
commercial laboratory kits, in accordance with the manufacturers’
recommendations. The following tumor markers were assessed: CEA
ing/ml, Immunotech, Czech Republic), carbohydrate antigen 19-9
{CAT9-9, 10/, Shering-CIS Biolnternational, France), cytokeratins:
tissue-specific polypeptide antizen (TPS, KIUA, IDL, Sweden), tissue
polypeptide antipen (TPA, KIU/L, DiaSorin, laly), Thymidine kinase
{TE, IU/L) was measured by radioenzyme analysis (REA) using the
Immunotech (Prague, Czech Republic) assay kits.

Stetixiivedd wrealyxis. Statisival moalysis was provessed Dy die sitistical
saftwrare Statistica 90 (StatSoft, CA, USA). The relationships between
the variables were described by the Spearman rank correlation
coefficients. The analyses of 08 and DFI were performeed by Kaplan-
Meier survival functions. The influence of given covariates {clinical
and histopathological factors or wimor markers) was tested by the log-
rank test and the Wilcoxon test, The Cox regression the hazard model,
hazard ratio (HR) and the 95% confidence interval (CT) for HR were
computed for the evalustion of given clinical and histopathological
factors and wmor markers w0 03 or DFL Multvanate analysis was
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Figure 4, 510 positivity was not proven as being a statistically significant progrostic factor for OS {cu-off 2 cells, p-value=0.5877).

performed by the use of classification and regression trees (CART).
The Cox regression hazard model (siepwise regression) was applied
in order to find the predictors in CART.

Results

There were 93 males (mean age=65.27 years, median=65 94
years) and 57 females (mean=6% 07 years median=67.72 years)
in  studied patients cohort. No  statistically significant
differences were proven reganding the age between males and
females. OS5 at 1,3 and 5 years was 92.2%, 76.5% and 70.2%;
the resulting DFT at 1.3 and 5 years was 85.3%, 64.3% and
49.4%. CD37 positivity of cells in the mass of tumor was a
statistically significant positive prognostic factor (cot-off 1 cell,
p-value=0.0350, Figure 1} of OS. Risk of short OS was 2.5-
fold higher in patients with low tumor infiltration by CD57*
lymphocytes. CART showed that the combination of N2 stage
of Iymph node discase and the absence of CDS7 cells was the
strongest megative prognostic factor of OS (Figure 2). No

statistically significant influence of CD37 positivity on DFI
appeared (Figure 3).

There was no statistically significant influence of $100
positivity on 08 nor on DFI (Figures 4 and 5). There was no
statistical dependency or corrclation of CDS57 and S100
positivity or negativity on preoperative serum levels of CEA,
CA19-9, CATZ-4, TK, TPS or TPA. Both studied factors were
found to be statistically independent factors.

Discussion

The role of the immunological response in controlling the
growth and relapse of CRC remains controversial and
contemporary studies have not answered all the questions about
the prognosis of patients after radical surgical treatment of CRC
(9, 10, 11, 14). We analvzed a large cohort of patients with CRC
aiming at detecting the relation between these types of immune
cells and the prognosis of patients after radical CRC surgery.
This aim was stimulated by some dilemmas in the decision for
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Pivodni prace

Jaterni metastazy karcinomu kolon a rekta
z pohledu rozdila v klinickych parametrech

V. Liska'?, M. Emingr', M. Skala'?, R. Palek’, O. Troup’, P. Novak',
0. Vycital'?, T. Skalicky’, V. Treska’

'Chirurgicka klinika LF Univerzity Karlovy a FN Plzen,
piednosta: prof. MUDr. V. Tredka, DrSc.
‘Biomedicinské centrum LF Univerzity Karlovy v Plzni,
vedouci pracovisté: doc. MUDr. M. Stengl, Ph.D.

Souhrn

Uvod: 7 klinického hlediska je zjevné, Ze karcinom rekta a karcinom kolon jsou ve svém pribéhu a 1é¢bé odlitné nosologicke jednotky, Cilem bylo
analyzovat a objasnit rozdily mezi chovanim jaternich metastaz karcinomu kolon a karcinomu rekta. Studie téchto faktord je dilezita pro stanoveni
piesné prognozy a indikace jejich co nejefektivnéjii terapie a lécby karcinomu kolon a karcinomu rekta jako systémového onemacnéni,

Metoda: Do naseho souboru bylo zafazeno 223 pacient( s metastatickym postizenim jater kolorektalnim karcinomem, ktefl byli operovani na
Chirurgickeé klinice LF UK a FM Plzen od 1.1. 2006 do 31. 1. 2012. Z celkového poctu 223 jedincd bylo 145 (65 %) muzi a 78 (35 %) Zzen. Jednalo se
celkem o 275 vykoni. Resekéni vykon byl proveden u 177 pacient( a osetfeni pomod radiofrekvenéni ablace (RFA) v celkem 98 pfipadech. Soubor
byl rozdélen do kategoril podle lokalizace primarniho tumoru na C (kolon) &itajici 58 pacientd, S (c. sigmoldeum) gitajici 61 pacientd a R (rektum)
Eitajici celkem 101 pacientil. Analyza vyznamnosti jednotlivych studovanych parametr(h {vék, pohlavi, TNM klasifikace, grading, typ operagniho
vykonu) byla provedena pomoci ANOVA testu. Celkové preziti (O5), bezpfiznakové pieiti (DFI) nebo obdebi bez znadmek onemocnéni (NED) bylo
hodnoceno za pomoci Kaplan-Meierovych kfivek, které byly perovnaviny pomodi Log-Rank a Wilcoxon testd.

Vysledky: Z hlediska porovnavani primarniho origa jaternich metastaz kolorektalniho karcinomu bez ohledu na jejich oetfeni (resekce | RFA) z nadi
studie vyplyva, 2e metastdzy karcinomu rekta maji statisticky wyznamné casnéjsi recidivu (kratsi NED/DFI). V piipadé ostatnich faktord byl pro
prognozu casné recidivy statisticky vyznamny lokalné pokro€ily nalez u primarniho nadoru kolon a sigmoidea, dale podstoupena R2 resekce jater-
nich metastaz a pozitivita uzlinovych metastaz v pripadé primarniho nadoru kolon a signnoidea. Dale jsme prokazali, Ze u nemocnych s primarnim
postizenim rekta nema na DF| po resekci metastaz jater viiv pozitivita uzlinovych metastaz ani lokdlni pokrodilost primarniho nadoru. Daldi studo-
vané faktory (Casovy edstup diagnézy organovych metastaz od primérni operace, grading, pohlavi £i vék) nebyly pro progndzu OS5 i DF| {souhrnné
u kolorektalniho karcinomu) prokazany Jako statisticky vyznamné.

Zdvér: Z nadi studie je zfejmé, Ze u karcinomu rekta a karcinomu kolon lze ve vztahu k jejich jaternim metastazam predpokladat rizné chovani se
specifickymi prognostickymi faktory. Tyto rozdily nejsou dosud piné objasnény a vyzaduji daléi zkoumani a rozdéleni, a to nejen na zakladé histo-
patologickych, imunohistochemickych a klinickych faktord, ale i molekularné biologickych parametrd,

Kliovd slova: metastazy karcinomu kolon — metastazy karcinomu rekta — prognosticke faktory — celkoveé piediti - jaterni metastazy

Summary

Liver metastases from colon and rectal cancer in terms of differences

in their clinical parameters

V. Liska, M. Emingr, M. Skala, R. Palek, O. Troup, P. Novak, O. Vycital, T. Skalicky, V. Treska

Infroduction: From the clinical point of view, rectal cancer and colon cancer are clearly different nosological units in their progress and treatment.
The aim of this study was to analyse and clarify the differences between the behaviour of liver metastases from colon and rectal cancer. The study
of these factors is important for determining an accurate prognosis and indication of the maost effective surgical therapy and oncologic treatment
of colon and rectal cancer as a systemic disease,

Method: 223 patients with metastatic disease of colorectal carcinoma operated at the Department of Surgery, University Hospital in Pilsen between
January 1, 2006 and January 31, 2012 were included in our study. The group of patients comprised 145 men (65%) and 117 women (35%). 275 ope-
rations were performed, Resection was done in 177 patients and radiofrequency ablation (RFA) in the total of 98 cases, Our sample was divided into
3 categories according to the location of the primary tumor to C {colon), comprising 58 patients, S (c. sigmoideum) in 61 patients, and R (rectum),
comprising 107 patients. Significance analysis of the studied factors (age, gender, staging [TNM classification], grading, presence of mucinous car-
cinoma, type of operation) was performed using ANOVA test. Overall survival (OS), disease-free interval (DFI) or no evidence of disease (NED) were
estimated using Kaplan-Meier curves, which were compared with the log-rank and Wilcoxon tests.

Results: As regards the comparison of primary origin of colorectal metastases in liver regardless of their treatment (resection and RFA), our study
indicated that rectal liver metastases showed a significantly earlier recurrence than colon liver metastases (shorter NED/DFI). Among other factors,
a locally advanced finding, further B2 resection of liver metastases and positivity of lymph node metastases were statistically significant for the
prognosis of an early recurrence of the primary colon and sigmoid tumor. Furthermore, we proved that in patients with primary rectal carcinoma,
DFI {after the resection of liver metastases) was not influenced by the positivity of lymph node metastases of primary tumor or locally advanced
primary tumor. The other factors studied (time from diagnosis of organ metastases to primary operation, grading, sex or age) were not shown to be
statistically significant for the prognosis of 05 and DF| {colorectal cancer in total).

Conclusion: As proven by our study, rectal cancer and colon cancer are two different nosological units with specific prognostic factors with respect
to their liver metastases. These differences have not been fully understood yet and require further exploration and classification based not only on
histopathelogical, immunohistochemical and clinical factors, but also on molecular biolagical parameters,

Key wards: colon carcinoma metastases — rectal carcinoma metastases — prognostic factors — overall survival - liver metastases
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Ceskarepublika patfina prvni misto mezi rozvinutymi
staty v incidenci kolorektalniho karcinomu, u néhoz
vyskyt vzdalenych metastdz, a to jak synchronnich, tak
i metachronnich dosahuje az 60 %. Je tieba proto pfed-
pokladat, ze vyskyt jaternich metastaz kolorektalniho
kardnomu bude vysoky i pres radikalni lécbu primar-
niho karcinomu [1].

Z hlediska klinického prabéhu, moZznosti lé¢ebné
strategie a prognozy lze vypozorovat rozdily mezi kar-
cinomem kolon a rekta. To je dano morfologii a funkci
jednotlivych Eastitracniku a rekta, které od povidaji roz-
dilnému cévnimu zasobeni. Z tohoto divoedu lze sou-
dit, ze i metastazy kolorektalniho karcinomu budou mit
vzhledem ke svému origu odlisné chovani (agresivita,
preference ve sméru metastazovani, Zilni nebo lymfa-
tické Sireni, rychlost ristu a zplsob projevu).

Nasim cilem bylo analyzovat a objasnit rozdily mezi
chovanim metastaz kardnomu kolon a karcinomu
rekta v jaternim parenchymu. Studie téchto faktord je
dilezitd pro stanoveni piesné prognozy a indikace je-
jich co nejefektivn & terapie a lécby karcinomu kolon
a karcinomu rekta jako systémového onemocnéni. Vy-
sledky z vlastniho souboru jsme porovnali s publikova-
nymi vysledky d ostupnymi v odborné literatuie.V této
studii se zabyvame chovanim a klinickym projevem
jaternich metastaz karcinomu kolon a karcinomu rekta
ve vztahu kjejich 1é¢hé a lécebn é strategii.

METODA

Do naseho souboru bylo zafazeno 223 pacientd
s metastatickym postizenim jater kolorektalnim karci-
nomem, ktefi byli operovani na Chirurgickeé klinice LF
UK a FN Plzef od 1.1.2006 do 31.1.2012. Z celkové-
ho poctu 223 jedincl bylo 145 (65 %) muzi a 78 (35,0
%) zen. Pramérny vék pacientd byl 63,95 roku (median
véku 64,6 roku, rozsah: 33,32-80,85 roku). Jednalo se
celkem o 275 vykont. Resekcni vykon byl proveden
u 177 pacientll a o3etieni pomoci radiofrekvenéni ab-
lace (RFA) celkem v 98 piipadech u 56 pacient(. Posti-
Zeni jater metastatickym procesem bylo synchronni
u 79 pacient a metachronni u 144 pacientd. Primérny
casovy odstup od primarni operace byl u kolon a sig-
matu 1,46 roku a u rekta 1,18 roku. V piipadé opako-
vanych vykont tyto vykony prodélalo 31 pacientd (2
operace), 6 padentd (3 operace) au 3 padenta byl pro-
veden chirurgicky vykon ctyfikrat. V piipadé prvnich
wykon na jatrech, ke kterym jsme i nadale vztahovali
veskera sledovéni a vypocet celkového (0S) a bezpri-
znakového pieZiti (DFI) nebo obdobi bez znamek one-
mocnéni (NED), bylov pripadé resekce docileno RO+R1
nalezu ve 130 piipadech, R2 resekce v 29 piipadech.
U RFA jsme docilili kompletni ablace u 42 padentd.
Mon-ablace byla zaznamenana u 16 pacientld. Median
sledovani souboru byl 1,8 roku (0,1-7,7 roku). Jednalo
se o retrospektivni typ studie.

Soubor byl rozdélen do kategorii podle lokalizace
primarniho tumoru na C (kolon) ditajici 58 padentd,

S (c. sigmoideum) citajici 61 pacient( a R (rektum) ¢&i-
tajici celkem 101 pacientd. U 3 pacientd nebylo moZné
lokalizovat primami origo tumoru vzhledem k velkému
¢asovému odstupu od primarni operace a nedostup-
nosti dokumentace ze spadového chirurgického pra-
covisté.

Statisticka analyza souboru byla provedena pomo-
ci statistického softwaru SW SAS (SAS Institute Inc.,
Cary, USA) a SW Statistica (StatSoft, Inc, Tulsa, OK,
USA). U jednotlivych porovndvanych kohort pacientd
byly stanoveny standardni statistické deskripcni fak-
tory. Analyza vyznamnosti jednotlivych studovanych
parametrii (vék, pohlavi, TNM klasifikace, grading, typ
operaéniho vykonu) byla provedena pomoci ANOVA
testu. Celkové preziti (OS), bezpiiznakové preziti (DFI)
nebo obdobi bez zndamek onemocnéni (no evidence
of disease - NED) bylo hodnoceno za pomoci Kaplan-
-Meierovych kiivek, které byly porovnavany pomoci
Log-Ranka Wilcoxon testd.

VYSLEDKY

V uvedené studii jsme analyzovali zavislost prognézy
padentd s karcinomem kolon nebo rekta na klinickych
a patologickych faktorech tak, aby bylo zjevné, které
faktory jsou unikatni ve svém chovani pro jednu z uve-
denych malignita kde lze ocekavat jiny klinicky prabéh.
Tatoanalyza by méla byt podkladem pro dalsi studium
rozdilného prabéhu onemoaeénia upravu jejich léceb-
néstrategie.

Ve sledovaném souboru byl median OS 60 mésich. 1,
3 a Sleté OS bylo pak 94 45 %, 75,5 %, 56,9 % (viz Graf 1).
0Snemocnych poresekci bylo 94,08 %, 79,37 %, 55,43 %
(1,3 a 5 let, median 5 let). OS nemocnych po RFA bylo
paradoxné 97,83 % pojednom roce. 3letéavyssi OS ne-
|ze definovat z diivodu malého poctu probandid v tom-
to souboru a vysokého pottu cenzorovanych pacientd.
Pii porovnavani obou souborl nenalézame statistic-
kou vyznamnost. Ta je v3ak dana posledni definovanou
udalosti u RFA po 2,5 roku (viz Graf 2).

05 nemomych po operaci jaternich metastaz
s primarnim tumorem v oblasti kolon bez sigmoidea (C)
bylo 93,7 %, 79,45 %, 35,75 %, v oblasti sigmoidea (S)
bylo 94,53 %, 71,37 %, 64,88 % a rekta (R) bylo 95,88 %,
88,749, 59,21 9% (1, 3 a 5let). Pfi porovnavani téchto tfi
souborl také nenalézame statisticky vyznamny rozdil
(viz Graf 3).

Sledujeme-li OS nemocnych dle typu provedeného
vykonu, pak pacienti, ktefi podstoupili RFA s dokonalou
ablaci, méli 05 96,97 % a 66,07 % a pacienti, u kterych
byla po RFA prokazana non-ablace, méli OS 96,97 %
a 56,82 % (1 a 3 roky). OS pacientl, ktefi podstoupili
resekci RO+R1 (statisticky nebyl zjistén rozdil mezi pa-
cienty s RO nebo R1 resekci), bylo 94,98 %, 79,29 %,
55,82 % (median OS 4,81 roku) v porovnani s R2 resek-
ci, kde OS5 bylo 89,1 %, 75,94 %, 50,63 % (1, 3 a 5 let,
median OS 3,23 roku). Pfi porovnani zde nenachazime
statisticky rozdil (viz Graf 4).

V pfipadé lokalni pokrodilosti primamiho nado-
ru bylo OS u nemocnych s lokalizovanou malignitou
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(T1+T2) 93,33 %a 66,67 % (1 a3 roky) a lokdIné pokro-
cilou malignitou (T3+T4) 93,22 %, 66,63 % a 36,51 %
(1, 3a 5 let). Ani zde nenachazime statistickou vyznam-
nost (viz Graf 5).

U nemocnych s negativnimi uzlinovymi metastaza-
mi (NO) bylo OS bylo 93,32%, 81,69% a 66,56 % (me-
dian 5 let) a v pripadé nemocnych s pozitivnimi uzli-
novymi metastazami (N 1+N2) OS bylo 92,6 %, 60,69 %
229,94 % (1,3 a 5 let, median 3,23 roku). Obé skupiny
jsou bez statistického rozdilu (viz Graf 6).

U metachronnich metastaz bylo OS 97,3%, 73,08 %
a 54,81 % (median 4,6 roku) a u synchronnich metastaz
bylo OS 90,86 %, 63,25% a 33,99 % (1,3a 5 let, median
3,41 roku). Rovnéz nenachazime statistickou wvyznam-
nost mezi skupinami (viz Graf 7).

Z hlediska predpokladané radikality mizeme DFI
sledovat jen u resekci, kde lze piedpokladat RO resek-
d.V pfipadé RFA se jedna o vykon ponechavajici ne-
krotickou tkan, kde soucasnymi metodami nemuazeme
vyloucit zbytkovou proliferacni aktivitu malignich bu-
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pacientl bylo vyfazeno 6 pacient( pro ztratu dat a 14
pacientd, u kterych byla provedena non-ablace. Do
NED/DFI analyzy tedy vstoupilo celkem 209 pacientd.
Ve sledovaném souboru byl u véech vykont median
bezpriznakového pieziti 0,98 roku. Kombinované NED/
DFI bylo pak 49 %, 18 %, 10,9 % (1, 3 a 5 let) (viz Graf 8).
NED nemocnych po RFA bylo 33,2 % a 20,1 % (1 a 3
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nemocnych po resekci bylo 53,6 %, 16,6 %, 11,0 % (1, 3
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Graf 12: Srovnani NED RFA (kolon+
sigmoideum (C+S) vs. rektum (R))
Graph 12: Comparison of NED for RFA
(colon+ sigmoideum (C+5) vs rectum
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Graf 13: NED/DFI nemocnych dle
pokrotilosti lokalniho nalezu
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a udruhé skupiny (R) NED/DFl nemocnych je 44,2 %,
79%,5,3%(1,3a5 let, median 0,89 roku). Zde nachazime
statisticky vymamny rozdil ve smyslu kratsiho NED/DFI
u nemocnych s primarnim tumorem rekta (viz Graf 10).

U provedenych vykonii porovnavame mezi sebou
skupinu pacienttl, ktefi podstoupili resekénivykon v ra-
dikalité R0 a R1, kde NED/DFI nemoanych bylo 55,68 %
a 13,83 % (1 a 3 roky, median 1,1 roku), a skupinu pa-
cient(, ktefi podstoupili resekci R2, kde u jednoletého
NED nemocnych bylo 36,2 % (median 0,66 roku). Na-
chazime statistickou vyznamnost, kde R2 resekce ma
statisticky krat3i NED/DFI (viz Graf 11).

Porovnavame-li primamitumor kolon (C) a c. sigmo-
ideum (S) jako jeden celek proti primarnimu tumoru
rekta (R) v pripadé provedeni RFA, NED nemocnych
u prvni skupiny (C+S) je 52,8 % a 28,2 % (1 a 3 roky,
median 1,51 roku) a u druhé skupiny (R) je 7% (u 1 roku,
median 0,59 roku). Nachazime zde statistickou wy-
znamnost, kde pacienti s tumorem rekta, kterym byla
provedena RFA, maji kratsi NED (viz Graf 12).

V' piipadé lokalni pokrocilosti nadoru bylo NED/DFI
unemocnych s lokalizovanou malignitou (T1+T2) 80 %
(1 rok)a slokalné pokrocilou malignitou (T3+T4) 40,1 %
a 9% (1 a 3 roky). Statistickou vyznamnost se nam po-
dafilo prokazat v pripadé pacient( s pokrodlou lokalni
malignitou, u nichz je kratsi NED/DFI (viz Graf 13).V dal-
& analyze se vysledky rozchazeji v zavislosti na origu
tumoru. U pacientd, ktefi byli zafazeni do skupiny ko-
lon+sigmoideum, je tento rozdil vyznamny, v pripadé
padentd s postizenim rekta nema lokalni pokrodilost
na NED/DFI vliv.

U skupiny nemocnych s postizenim kolon a sigmoi-
dea a s negativnimi uzlinovymi metastdzami (NO) bylo
MNED/DFI 71,5 % a 31,2 %, naproti tomu s pozitivnimi
uzlinovymi metastazami (N1+N2) NED/DFI bylo 34,5 %
a 15,7 %, (1 a 3 roky). Prokazujeme statisticky vyznam-
ny roadil u nemoamych s postizenymi uzlinami, u nichz
je kratsi NED/DFI (viz Graf 14). Nicméné u skupiny ne-
mocnych s postizenim rekta nema vyskyt uzlinovych
metastaz na DFI vliv.

Kdyz jsme porovnali NED/DFI u skupiny pacientd se
synchronnimi metastazami a u skupiny pacientd s me-
tachronnimi metastazami, nenasli jsme mezi témito
skupinami statistickou vyznamnost.

DISKUZE

Vysled ky nasi studie jsme porovnali s dostupnou lite-
raturou s cilem zhodnotit jejich vyznam jako prognos-
tickych faktor( definujicich rozdily v klinickém chovani
jaternich metastaz karcinomu kolon nebo rekta.Vzhle-
dem k tomu, Zze neni studovano mnoho faktor(, které
by sevazaly vyslovené na porovnanijaternich metastaz
kardnomu rekta nebo kolon, uvadime v nasledujici dis-
kuzi i faktory, které se nevazou k jaterni rekurenci, ale
definuji obé malignity i z pohledu porovnani primarni-
ho karcinomu. | kdyz v pfipadé OS unemocnych nena-
chazime v zdvislosti na origu tumoru v nasi studii sig-
nifikantni rozdil, diivéjii studie dokazuji, ze karcinom
rekta ma nizsi, pétileté preziti [2]. V pripadé déleni dle

klinického stadia plati, ze ve stadiich UICC I-lll je kratsi
05 u nemocnych s karcinomem rekta nez kolon [3,4,5]
a ve stadiu UICC IV naopak del3i OS5 u nemocnych s kar-
cinomem rekta [4].

Z nasi studie vyplynula kratsi DFI u nemocnych s kar-
cinomem rekta. Tento nalez neni obecné piijiman.
Li popisuje stejné DFI u obou kardnomi pii nizich
stadiich bez uzlinovych metastaz v pfipadé primarni
malignity dle stagingu UICC (I-11) a naopak kratsi DFI
u karcinomu rekta stadia UICC lll [6]. Zde neni nazor
jednotny a uzlinové metastazy u karcinomu rekta ne-
jsou negativnim prognostickym faktorem v porovnani
s karcinomem kolon v pfipadé dvou studii [7 8]. Statis-
tickou analyzou naseho souboru nebyl prokazan vztah
lokalné pokrocilého nalezu a postizeni lymfatickych uz-
lin u primarniho karcinomu rekta ve vztahu k NED/DFI
po operaci metastaz jater.

Z davodu relativné malého souboru nasich nemoc-
nych se ddle zabyvame i faktory, které jsme nebyli
schopni statisticky validovat nebo v nasi studii nebyla
prokazana statisticka signifikance.

Extrahepaticka rekurence byla v pfipadé studie Mei-
makarise, ktery se zabyval vyluéné metastatickym pro-
cesem v plicich, prokazana jako vyssi u nemommych
s kardnomem rekta [9]. Z hlediska nasi studie nés spise
zajimala obecné veskera extrahepaticka rekurence, kde
Lee prokazuje vyssi cetnost v pripadé pacientd s kar-
cinomem rekta [10] v porovnani s Kleespiesem, ktery
tuto skutecnost popird [7]. Vlastni recidiva v jaternim
parenchymu se ukazab jako statisticky nevyznamna
pii srovnani obou skupin v piipadé studie Leeho [10].

MNemocni s primarnim karcinomem rekta trpéli vyssi
pooperaéni morbiditou [7,11], ale naopak v pfipadé
pooperacni mortality se autofi rozchazeji - Massoomi
a Nedrebe uvadéji, ze byla vy3si u nemocnych s karci-
nomem kolon [12,2], Kleespiesudava mortalitu stejnou
u obou onemomeéni [7]. Samostatné pak stoji studie
Verhoefova, kde vyisi mortalita je u karcinomu rekta
jen v pfipadé predchozi neoadjuvantni konkomitantni
chemoradioterapie [11].

Z hlediska budoucnosti budeme vice vyuzivat i fak-
tory ne obemé klinicko-patologické, ale spise mo-
lekularné-biologické. Zde mizeme poznamenat, Ze
proteiny asociované s nadory jako B catenin a p53 jsou
exprimovany vice u nemocnych s karcinomem rekta
[13]. K-RAS mlzZeme v pfipadé karcinomu rekta pova-
Zovat za méné prognosticky vyznamny nez v pripadé
kardnomu kolon [14]. Tentyz autor doklada, ze v pfi-
padé kardnomu rekta je nachazeno vice vyznamnych
mutaci s prokazanym vztahem ke kolorektalnimu kar-
cinomu [14]. Z nadorovych markerd, které jsou zlatym
standardem sledovani recidivy kolorektalniho karcino-
mu, je prokazatelné vyssi exprese CEA u karcinomu rek-
ta nezu karcinomu kolon [6].

V pfipadé mudnodzniho karcinomu vime, Ze pacienti
maji horsi OS, ale nebyly prokazany signifikantni rozdi-
ly mezi karcinomem kolon a rekta[15].

Pii srovnavani karcinomu kolon a rekta zlstava
problémem, na ktery poukdzal uz Roncucci, ze kazdy
z téchto karcinomi ma naprosto specifické progn os-
tické faktory, napriklad vék v dobé diagnozy, ktery je
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signifikantné vyznamny pro progndzu karcinomu ko-
lon, selhdva u karcinomu rekta. Opacné velmi silnym
prognostickym faktorem je charakter ristu tumoru.
Toto je vzhledem k anatomickym pomérim u tracniku
nemozné aplikovat na karcinom kolon [16].

Vyskyt uzlinovych metastaz mezi obéma kardnomy
nema dle provedenych studii signifikantni rozdily [7 8].
Mapovani sentinelovych uzlin v pripadé studie Sahy
dokazuje, ze karcinom kolon i karcinom rekta maji stej-
ny pocet vyskytu preskokovych (skip) metastaz [8].

Wei se zabyva ve své epidemiologické studii jednot-
livymi prediktivnimi faktory zvlast pro kardnom kolon
a karcinom rekta. Vék, pohlavi, rodinny vyskyt, BMI,
pohybova aktivita, pfijem folatu, zvysena konzumace
hovéziho, vepiového a jehnéciho masa nebo alkoholu
jsou signifikantné spokojovany s rizikem postizeni ko-
lon. Naproti tomu pro postizeni rekta jsou rizikoveé fak-
tory jen pohlavi a vék. Signifikantné rozdilné relativni
riziko mezi obéma kardnomy je u rodinného vyskytu
a pohybové aktivity [17].

ZAVER

Z nasi studie vyplyva z hlediska p orovnavani primar-
niho origa metastaz kolorektalniho karcinomu v jat-
rech bez ohledu na jejich osetieni (resekce i RFA), Ze
metastazy karcinomu rekta maiji statisticky vyznamné
¢asnéjsi recidivu (kratsi NED/DFI). Pfi samostatné sta-
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Klinické prognostické faktory kolorektilniho
karcinomu po jeho radikalni 1é¢bé

P. Novik, V. Ligka, V. TFedka, J. Kopalovi, 0. i‘yﬁi’la!, J. Britha

Chimurgickd klinika LFUK a FN Plzeii, Karlova univerzita v Praze,
piednosta: Prof. MUDr. Vladislav Tredka, DrSc.

Projekt byl podpofen grantem IGA MZ CR NR 12025,

Souhrn

Chvend: Stfewnf anastomézy jsou Eastym mistemn komplikaci operac kolorektilniho karcinomu. Dehiscence anastomdzy znadng ovliviiuje
pooperaind pribth a miife ovliviovat i celkové prefiti {(0S) a bezpfiznakové pregitl (DFT). Cilem stadie byla analfza Klinicko-patalogic-
kych faktorl, které mohou odbalit dehiscence & maji vztah k dali progndze nemocnjch.

Materidl a mesoda: Byla provedena statisticks analfza souboru nemocngich (340 pacientd, 207 muzi, 133 fen) s kolorekténim karcino-
metrt, feSerdch radikilni resekel s provedenim anastomazy na thstém stieve £ rekiu v letech 2003-2007. Mezi smdované faktory byly za-
fazeny: vk, pohlavi, staging, protektivnd stomie, neoadjuvantnd chemoterapie, necadjuvanmi radisterapie, adjuvanti chemoterapse, adjo-
vanini radioterapie, insuficience anastomozy, Komplikace byly hodnocené dle Claviena a Dinda,

Viisledicy: Provedend analfza prokdzala jako statisticky signifikantni pro progndza celkového plefit nemoenych tyto faktory. Nemocni
se staciem T4 meli 2 Skrdt vy$8 riziko gmnf nef nemocnd & niZimi stadid malignity a 1 9kt vy&5i rziko recidivy, Ffi vzlinovém postifenf
N2 méli nemocni 3,7kt vy S ko dmotf nef nemocnf s ND a N1 vzlinovim postizenim a 3 6kt vE5i riziko recidivy malignity, PEtom-
nost pocperalind komplikace L-V. smpné podle Clavienowvy klasifikace 2vySovala riziko dmrti 4krdt, Nemoeni s dehiscenci snastomdzy
méli 5 Skt vy T rigiko dmaf. Prelovapive i pitomnost protektivl stomie 2vyfovala nziko dmetl 5 Akedit. V piipadé sepodént adjvanimi
chemoterapie se riziko dmrif zvi%ilo 2keit. U pacient s komplkacemi IIA, T, TV a ¥ hodaocendch na zikladé stupnice dle Claviena
a Dinda byly statisticky viznamné tyto parsmetry: leak, proteltival stomie, adjuvantni chemoterapie, adjuvantni 1é£ba. U pacientd & kampli-
kacemi I 2 IT byla statistickd vfznamnost vyhednocena o rozsaha prisgmiho twmoru pozitivity lymfatickgch uelin, Multvarialnd analfzou
CART byly prokézdny silné vetahy u poztivity lymfatickych uzlin o Clavienova hodnoceni komplikaci.

Zidvér: Analiza klinicko-patologickeh faktord je dileZitd pro predikei progndzy pacientl s kolorekidlnim kercinomem, po jejich radikil-
nf léEbé, Sledovini a zohlediovini wehto prognostickdch faktordi v poopersénim obdobi miife ovlivnit strategii léghy o tim 1 cellkowé pledi-
vini nemocnych po radikdlni resekei kolorektdlnihe karcinomu, Nepodini adjuvantni chemoterapie viznamné snifuje celkove a bezpifzna-
kové pietitf,

Klitowd stova; kolorektilnl karcinom — pooperatni komplikace - Clavien-Dindo Klasifikace — celkowé a bezpiiznakové plefiti — progndza

Summary

Novik P, Ligka V, Tieika V, Kopalova J, Vyéital O, Britha J. Prognostic clinical factors in colorectal
cancer after radical therapy

Introduction: Colorectal anastomoses frequently become the site of of complications afier surgical proceduras for colorectal cancer.
Anastomotic dehiscence has o significant impact on the whole p postoperative disease cotrse, may influence the overal survival (08)
and disease fres interval (DFT). The nim of our study was to analyze clinical and histopathological factors, that could facilitate detecti-
on of dehiscences and are related to the prognosis of patients,

Material and methods: The authors performed statistical analysis of a cohort of patients (340 pacients, 207 males, 133 females) who
underwent radical resection followed by anastomosis on the large intestine during 2003-2007. The following factors were assessed:
age, pender, staging, prolective stoma, neeadjuvan chemotherapy, necadjuvant radiotherapy, adjuvant chemotherapy, aduvant radiot-
herapy and anastomotic insufficiency. Complications were evaluated according to Clavien and Dindo classification.

Rexuiy: The malysis confnmed e Gollowiug, fados w be sitistically significant for prognosis of 05 and DIL In stage T4 subjects, the
risk of death was 2.5 x higher and the risk of recurrence was 1.9 X higher tham in the lower discase stage subjects. The presence of N2 lymph
niode metastases increases the risk of death 3.7 % and the risk of recurmence 3.6 X, compared o N0 and N1 cases. The presence of postopenn-
tive complications classified asf .- V. grade according to Cluvien and Dindo clasificaton increases the risk of death 4x. The risk of death
was 5.5 X higher in patients with dehiscence of anasiomosis. The surprising finding was that cven protective stoma increases the risk of de-
ath 5.4 x. Patients who did not undergo adjuvant chemotherapy were at 2 X higher risk of death. In patients with [TA, B, IV, V complica-
tigms, the following factors proved to be statistically significant for progoosis of O8: leakage, protective stoma, adjuvant chemotherapy and
adjuvant oncological treatment. In patients with complications T and I, the following factors were proved (o be statzstically significant for
propnosis of O8: staging and lymph nodes metastases, Multivariate analysis CART confirmed significant comelation between the lvmph no-
des positivity and the Clavien and Dindo classification of complications.

Conelugion: Analysis of clinical and histopathological factors is important for prediction of prognosis in patients with colorectal
cancer after radical surgical treatment. Detection and application of these prognostic factors in postoperative period could influence the
strategy of treatment and thus the overal survival in patients with mdical resections for colorectal carcinoma. Non- administration of
adjutant chemotherapy results in a significant decrease in O8 and DFIL ;

Key words: colorsetal cancer — postoperative complication — Clavien-Dindo classification — overal survival — disease free interval —
Pl'ﬂ‘gllOElE.
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Kolorektilni karcinom (KRCa) lze povaZovat za celo-
spolegensky problém. Patif mezi nejlastéj¥ nddory bez
rozdilu pohlavi a véku, V uréitych vEkovych skupindch
je viibee nejastéjsl malignitou. KaZdj rok je v Ceské
republice nové diagnostikovino v primér 8000 novich
piipadii a 53000 pacientd na twto chorobu zemfe [1].

Prognostické faktory KRCa lze rozdélit do i skupin:
1. Faktory biologického chovini nddoru. 2. Faktory pa-
cientovy odpovédi na nidorové onemocnéni. 3. Faktory
ve vztahu k [6Cbe. Ve vysledku se prakticky jednd o kom-
binaci viech tfi aspektl. Nade price byla zaméfena na
faktory, které souviseji s 1é8hou. Rozhodujieim faktorem
z hlediska progndzy je radikdlni operace a RO odstrané-
nf nddoru. S tim samozfejmé iizce souviseji faktory bio-
logického chovdni nidoru. Jeho stadia, invazivity, pfi-
tomnosti vzddlen§ch metastdz. Tyto fakiory jsou nejlépe
hodnotitelné dle TNM klasifikace. Daliim diileZitjm
faktorem, kter§ md podil na viskytu hlavng lokdlnd reci-
divy, je komplikovan§ pooperacni pribéh ve smyslu in-
fekénich komplikaci pii prosakovini & dehiscenci ana-
stoméz. [2].

Tyto komplikace maji jednak bezprostiedni dopad ve
formé tézkych sepsi nékdy s ireverzibilnim priibéhem
a imrtim nemocného, a jednak dopad z hlediska dlouho-
dobé progndzy. Zjistilo se, Ze nemocni, kteff méli v po-
operacnim obdobi zanétlivou komplikaci ve smyslu pro-
sakovdni nebo dehiscence anastomézy, méli Castéjii vi-
skyt lokdlni recidivy a vyznamné sni¥ené celkové preZi-
t[3,4,5,6,7,8,8, 10]. V literatufe jsme nasli i price,
které tuto hypotézu nepotvrdily [11, 12, 13, 14].

Existuje nékolik teorii, které vysvétluji mechanismus
ditvodu vy3tiho viskytu lokdlnich recidiv a sniZenf cel-
kového prefiti nemocnych pfi prosakovini anastomdz.
Jedna z teorii je viskyt Zivotaschopngch nddorovych bu-
nék v misté anastomdzy [15, 16]. V piipadé prosakovini
se meohou tyto buiiky dostat do okoli a zplsebit recidivu
onemocnéni. Ddle se na tomto mechanismu podileji vol-
ne cirkulujici nddorové buiiky, které mohou byt pfiinou
vzddlenych metastdz, &imZ dochdzi i ke sniZeni doby
pieéiti [1, 17]. V pfipadé infekee, kterd je zpisobena pro-
sakovanim z anastomozy, miZe dojit k systémové zinét-
livé odpovidi organismu a vyplaveni zan&tlivich cyto-
kinil, které mohou zménit imunitu a podpofit rist zbyt-
kovyeh implantovanych nadorovich bunék (18, 19]. Ur-
&itl se na horsi prognéze u pacientd s prosakovanim ana-
stomézy podili i ten fakt, Ze se vyznamn# prodiouii
vlastni pooperaéni obdebi, ¢imZ dojde k pozdgj§imu za-
hijeni ndsledné onkologické 1é€by. V nékterfch pfipa-
dech z divodu diouhodobého pooperatniho stondni neni
onkologickd lé¢ba ani zahajovina.

Prosakovini sifevniho obsahu anastomdzou je poru-
chou zdsadniho vyznamu. Klinicky projev zdleii na
umistén{ anastomézy, na obsahu stfeva, pfedoperaéni
pripravé stieva, mnoZstvi uniklého obsahu a moZnostech

dutiny bfifni stran schopnosti ohrani&it tento infekéni
materidl. VEtsi anik stievniho obsahu miize vést k difiiz-
ni sterkordlni peritonitidé, ke vzniku abscesu nebo piste-
le. Rada praci prokdzala, 22 k drobnému tiniku mize do-
chizet aZ u 50 % anastomdz, ale klinicky se projevi jen
asi v 5 %. Vyskyt rentgenologicky prokdzanych dnikid
podstatng pievySuje jejich polet zjistény na zdklade kli-
nick{ch pfiznakd [20]. Hlavnim faktorem, ktery ovliv-
fiuje prosakovéni, popfipadé dehiscenci anastomdzy, je
vyika anastomdzy. Viechny anastomézy do 7 em od
andlniho okraje jsou vystaveny zv{ienému riziku prosa-
kovini a dehiscence. Dal%imi faktory, které zvysuji rizi-
ko septické komplikace, jsou predoperaéni chemoterapie
ncbo radioterapie, muZské pohlavi, vy85i vék, abusus
alkoholu a koufeni, obezita, imunosuprese, podvyZiva
a diabetes mellitus [21, 22, 23]. Typ operace (laparosko-
picky nebo oteviend) a zplsob #iti (ruéné nebo staple-
rem) nemaji #idny vitznam z hlediska rizikového fakio-
mu. Maopak na sniZeni rizika dehiscence anastomédzy ma-
Ji podle nékterych autor vliv mobilizace liendlni flexo-
ry, J-pouch anastomdza a zaklddini protektivnich stomii
1 nizkych resekei rekta [22, 23, 24].

Nejcastéji dochdzi k prosakovdni anastomadz v levé
polaving traéniku a rekta. Cim je anastomdza ulodena
distdlngji, tim se zvysuje riziko prosakovini a dehiscen-
cf anastorndz. Prosakovani je definovino jako defekt in-
tegrity stfevni stény, ktery vede ke komunikaci mezi in-
tra a extralumindlnim prostorem. Pénevni absces v bliz-
kosti anastomézy je taktéZ povaiovin za ohraniZenou
formu prosakovdni, Prosakovdni miZeme jako hlavnf
chirurgickou komplikaci z hlediska 1é¢by rozdzlit na i
stupné (Tab. 1),

Z diivodu srovndni visledki a kvality 1é8by v roce
1992 vytvofil Clavien klasifikaci pooperacnich kompli-
kaci, kterd méla 4 stupné. Prvni stuperi komplikaci byl
alternativou k idedlnimu pooperaénimu pribéhu. Druhy
stupen byly stavy Zivot chroZujici, ale bez trvaljch ni-
sledkil. Do druhého stupné patfily komplikace vyZaduji-
ci chirrgickou intervenci. Treti stupeii zahrmoval rozii-
feni chirurgické intervence nebo perzistujici #ivot ohro-
Zujici stavy. Posledni Etvrty stupefi byla smrt jako ndsle-
dek pooperaénich komplikaci [25]. Tuto klasifikaci ddle
v roce 2004 rozpracoval Dindo. V sougasné dobé se tato
klasifikace poniivd k obecnému popisu pooperaénich
komplikaci (Tab. 2) [26, 27].

Klinicky obraz prosakovéni nebo dehiscence je velmi
pestry. Mezi klinické piiznaky patii subfebrilie aZ febri-

Tab. 1: Rozdéleni chirurgickych komplikaci z hlediska 1é¢hy
Tab. 1: Distribution of surgical complications according to
their treatment

A | nevyZaduje aktivai terapeutickou intervenci
B | vyZaduje aktivnl 1&¢ebny zasah, ale lze zvlddnout bez
laparotomic

C | vyzaduje re-laparotomii
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Tab. 2: Clavien-Dindo klasifikace chirurgickfch komplikaci
Tab. 2: Clavien-Dindo classification of surgical complications

Stupné Definice
L Normélni pooperaéni prilbéh bez potieby farmakologicke nebo chimrgicke léchy, endoskopické nebo
radiologicks intervence.
Moinost 168by: léky jako antiemetika, antipyretika, analgetika, divretika, elekirolyty, fyzioterapie. Zahmuje
otevieni riny pro infekei na loiku,
i Stav vyZadujici farmakologickou Kébu, jiné léky nef jsou povolend u stupng L.
Zahrnuje krevni transfuze a totdlni parenterdlni vizivu,
111 a. WyEadujici chinirgickou, endoskopickou nebo radiologickon intervenci - bez nutnosti cellkove anestezie.
I b. VyZadujici chirurgickou, endoskopickou nebo radiologickou intervenc - v celkové anesteaii.
IV a. Zivol ohroZujici komplikace véetnd komplikaci CNS (krviicent, ischémie mozkn) vyZadujici péti na jednotkdch
intenzivol péte, ARO
+ Selhdni jednoho orgdnu, zahmuje i hemodialfzu,
IV b Zivot ohrofujici komplikace véetné komplikaci CNS (krvdcent, ischémie mozku) vyZadujicl pédi na jednotkich
intenzivod pée, ARO
+ Multiorgdnové selhini.
V. Umirti
Plipona .d* | (for disability) V pfipadé, ¢ ke komplikacim dojde uf po propuiténd, se pouije piipona k dandmu stupni
postifeni.

Tab. 3: Typické klinické charakteristiky pacienti s rizmymi stupni zdvainosti tiniku z anastomazy
Tab. 3: Typical clinical characteristics of patiens with various severity of anastomotic leakage

Stupefi A Stupeii B Stupefi C
Klinicky stav Dobry Stfedné zdvaZné poilie . Téika porucha
Klinické piiznaky ne bFigni/ pinevni bolesti peritonitida
febrilie septikémie/ sepse
hnisav{/sterkordlnf
vagindlnf vitok (piEEl)
zkalend! hnisavd sekrece
z koneEniku
Chbsah z dréni serdzni zakaleny/ hnisavy sterkoriln
zakaleny ncho (sterkordlnd)
[ wahndEny obsih
Laboratornd testy normélni leukocytiza, elevace CRP leukocytéza, elavace
CRP. v diisledku sepse
leukopenie
Radialogické hodnoceni maly inik prosakovini anastomaozy prosakovini anastomdzy
s pénevnim abscesem 5 generalizovanou
odpovédi, peritonitida
Specifickd 1&tba ne antibiotika re-laparotomie
intervencni drend?, s kontrolou septického
transandlnf laviE, lozisks
drend?

lie, tachykardie, tachypnoe, citlivost nebo bolestivost

biicha, peritonismus, elevace zinétlivich parametri, MATERIAL A METODA

zkalend, hnisavd, enterilni nebo sterkorilni sekrece

z drénii, odchod plyni a zdpach podél deénil, radiologic- Do retrospektivai studie byli zafazeni pacienti, kteff
k§ pritkaz kolekee & ndlezn plynu v okolf anastomdzy — byli 1é¢eni na Chirurgické klinice FN Flzeii v letech
[28]. V tabulce 3 jsou popséiny charakteristické pifznaky ~ 2003-2007. Podminkou zafazeni do této studie byla RO
ke stupiifim prosakovini [29]. resekee kolorektdlniho karcinomu s provedenim anasto-
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Tab. 4: Prehled operatnich vikoni
Tab. 4: Summary of surgical procedures

kladniho onemocnéni. Prokézany leak z anastomdzy mélo
12 pacientd (3,5 %). Celkové dmrti v této skuping bylo
58,3 %. Na pooperaéni komplikace zemfeli 4 nemocni

Pravostrannd hemikolekiomie

Nizkd piedni resekce rekia double stapling

Resekee sigmam

Resekee rektosigmatu

Levostrannd hemikolektomie

Ostatnd (resekce tranversa, liendlni flexury,
ileocékalni resekee, subtotdlni kolektomie,
kolektomie)

111 (333 %). Tfi pacienti (250 %) zemieli & odsmpem 14 let
75 na recidivu KRCa. Protektivaf stomii mélo zaloZeno 12
63 pacientl, U sedmi z nich byla stomie zaloZena v rimei re-
37 operace pro dehiscenci anastomdzy. Adjuvantni chemote-
18 rapil podstoupilo 29,8 % nemocnych z celého souboru 340

pacientll. Ve skupiné pacientd s leakem byla pouze v jed-
36 nom piipadé provedena adjuvantni onkologickd 1é¢ba — ra-

dioterapie. Analfza celkového piefitd (OS) a bezpiiznako-

vého peZiti (DFI) ve vztahu ke studovanym faktorim by-

mdzy. Tento soubor zahrnoval 340 pacientil, 207 muiid
a 133 Zen. Primémy vek byl 69 let (32-91 let). Piehled
vikoni uvad{ Tab. 4.

Celkové zemielo 64 nemocnych, to znamend 18,8 % pa-
cientl z naseho souboru. Bezprostfedné na nasledky po-
operacnich komplikaci zemfelo 5.8 % nemocnéch, 6.4 %
nemocnich zemielo s odstupem 1-5 let na gencralizaci #4-

J

la zpracovina pomoci Kaplan-Maierovych kifivek (Lo-
gRank test, Wilcoxon test). Byla provedena multivariatni
analyza CART zkouman¥ch faktord s cilem identifikovat
nejviznamnéjii prognostické faktory recidivy (bezpiifzna-
kového pieZiti) a celkového piefiti nemocnych, U spoji-
tfch proménnych bylo testovino nékolik vhodnych cut off
a za ,optimilni cut off* byla prohldfena takovd, u které

Overall Survival
Curulative Proportion Surdving (Kaplan-deier)
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Graf 1: VEk jako rizikov§ faktor dmrti, cut off 70 let
Graph 1: Age as a risk factor for death, cut off 70 years
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Graf 2; Lokdlni pokrotilost nddorn jako rizikovy Faktor kritkého celkového preZiti nemocngch
Graph 2: Localmalignancy stage as a risk factor for short overal survival

222

Rozhledy v chirurgii

254



Disease Free Interval
Cumulative Proportion Surviving (Kaplan-Meier)
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Graf 3: Lokilni pokrodilost nddoru jako rizikovy{ faktor kritkého bezpfiznakového prefiti nemocngch.
Graph 3: Local malignancy stage as a risk factor for short disease free interval
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Graf 4: Uzlinové postiZeni jako rizikov{ faktor kritkého celkového pregiti
Graph 4: Lymph nodes infiltration as a risk factor for short overal survival

Disease Free Interval
Cumulative Proportion Surviving {Kaplan-Meler)

10
0.9
0.8
0T
08
L]
L b e e S _
L

0.2
01
0.0

Cumulative Praportion Suriving

B T T e PTTIFIFNU SR S

0 1 2 3 4 5
Time (years)

Graf 5: Uzlinové postizeni jako rizikovy faktor kritkého bezpiiznakového pregiti
Graph 5: Lymph nodes infiltration as a risk factor for short disease free interval
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Overall Survival
Cumulative Proportion Surviving (Kaplan-Meier)
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Graf 6: Pooperatni kemplikace hodnocené dle Claviena a Dinda jako rizikovy faktor krathého cellkowého pirefiti
Graph 6: Postoperative eomplications evahiated according to Clavien and Dindo elassification as a risk factor for short overal
survival
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Graf 7: Leak z anastomézy jako rizikovy faktor kritkého celkového prediti
Graph 7: Leakage from anastomosis as a visk factor for short overal survival
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Graf 8: Viznam protektivod stomie pro celkové preéiti nemocnych
Graph 8: Importance of protective stoma for overal survival
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Overall Survival
Cumulative Proportion Surviving (Kaplan-meer)

Cumulathve Proportion Suriving

0o

1} 1 2 3 4 5 [ 7 S
Time (years)

Graf 9: Adjuvantni chemoterapie jako prognosticky faktor celkového pieZiti
Graph 9: Adjuvant chemotherapy as a prognostic factor for short overal survival
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Gral 10: Leak z anastomozy jako rizikovy faktor kritkého celkového pieZiti u skupiny pacientt s kemplikacemi ITIA, :

IIIB, IV, V hodnocenymi dle Claviena a Dinda
Graph 10: Leakage from anastomosis as a risk factor for short overal survival at the cohort of patiens with Grade ITIA,
I8, TV, V complications evaluated according to Clavien and Dindo
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Gral 11: Viznam protektivnd stomie pro celkové prefiti nemocnych s komplikacemi IITA, ITTB, IV a V hodnocenjmi dle
Claviena a Dinda

Graph 11: Importance of protective stoma for overal survival in patiens with Grade IIIA, IIIB, IV, V complications
evalnated aceording to Clavien and Dindo
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Graf 12: Adjuvantni chemoterapie jako prognosticky faktor celkového prefiti nemocngch s komplikacemi ITTA, TITE, IV
a ¥ hodnocenymi dle Claviena a Dinda
Graph 12: Adjuvant chemotherapy as a prognostic factor for overal survival in patients with Grade 1114, 1B, IV, ¥ com-
plications evaluated according to Clavien and Dindo
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Graf 13: Adjuvantni chemoterapie nebo radioterapie jako progunosticky faktor celkového piefiti nemocnych s komplika-
cemi IILA, ITIB, IV a ¥ hodnocenymi dle Claviena a Dinda
Graph 13: Adjuvant chemotherapy or radiotherapy as a prognostic factor for overal survival in patients with Grade ITLA,
MIB, IV, ¥V complications evaluated according to Clavien and Dindo
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Graf 14: Lokdlni pokrotilost primdrniho tumoru jako prognosticky faktor celkového plefiti ve skupiné pacienti s kompli-
kacemi I a II hodnocenymi dle Claviena a Dinda
Graph 14: Local primary tumor stage as a prognostic factor for overal survival in a cohort of patients with Grade T and IT
complications, assessed according to Clavien and Dindo
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Graf 15: Pozitivita lymfatickch uzlin jako prognosticky faktor celkového prefiti ve skupiné pacientii s komplikacemi

I a II hodnocenymi dle Claviena a Dinda

Graph 15: Positivity of lymph nodes as a prognostic factor for overal survival in a cohort of patients with Grade I and 11

complications according to Clavien and Dindo
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Graf 16: Multivariaini analfzou CART celého souboru nemoengch byly prokiziny silné vztahy k endpointu (nizsi celko-
vé preZitf) u kombinace pozitivity lymfatickych uzlin, Clavienova hodnoceni komplikaci a lokdiniho rozsahu tumorn
Graph 16: Multivariate analysis CART of the whole group of patients confirmed strong correlation between the end point
(short overal survival) and the combination of the following factors: positivity of lymf nodes, Clavien evaluation of com-

plications and local primary tumor stage

byla v Coxové regresnim modeln nalezena nejvy3i statis-
tickd signifikace. Rozdily v pfeZiti mezi zkoumanymi sku-
pinami byly testoviny pomoci Log-rank testu. U nemoc-
nych jsme sledovali vk, staging onemocnéni, uzlinové
postizeni, poddni adjuvatni chemoterapie, pooperadni
komplikace a vliv téchto faktord na celkové a bezpiizna-
kové preZit.

VYSLEDKY

Provedend statistickd analyza pfi hlading v§znam-
nosti p-value < 0,05 prokdzala vék nad 70 let, pokroci-
lost KRCa (ve smyslu pokrodilého stagingu onemoc-
néni), pooperaéni komplikace, protektivai stomii a ne-
poddni adjuvantni chemoterapie jako prognosticky vy-

znamné negativni faktory celkového plefiti. Pacienti
stari 70 let meli 1,7krdt v&t&{ riziko dmeti (Graf 1),
Nemocni se stadiem T4 méli 2,5krit vy3Ei riziko umr-
tf neZ nemocni s niZiimi stadii malignity (Graf 2)
a 1 9krit vy88i rizko recidivy (Graf 3). Pfi uzlinovém
postiZeni N2 méli nemocni 3,7krédt vySf riziko dmrtf
neZ nemocni s NO a N1 uzlinovym postizenim (Graf 4)
a 3,6kriit vy¥# riziko recidivy malignity (Graf 5). PFi-
tomnost pooperacni komplikace II1.-V. stupné podle
Clavienovy klasifikace zvyfovala riziko dmrti dkrat
(Graf 6). Nemocni s dehiscenci anastomdzy méli
5,5krit vyEEi riziko dmeti (Graf 7). Piekvapive i pii-
tomnost protektivni stomie zvyfovala riziko dmrti

5 Akrdt (Graf 8). V pfipad? nepodin{ adjuvantni che- .

moterapie se riziko dmrti zvygilo 2krdt (graf 9). U pa-
cientil s komplikacemi IIIA, IITB, 1V a V hodnocenych
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na zikladé stupnice dle Claviena a Dinda byly statis-
ticky viznamné pro celkové preZiti tyto parametry:
leak (Graf 10), protektivni stomie {Graf 11), adjuvant-
nf chemoterapie (Graf 12) a adjuvantni 1é¢ba (chemo-
terapie nebo-radioterapie)(Graf 13). U pacientii s kom-
plikacemi I a I byla statistickd vyznamnost prokdzdna
u rozsahu primirniho tumoru (Graf 14) a pozitivity
lymfatick§ch nzlin (Graf 15). Multivarialni analjzou
CART celého souboru nemoenych byly prokdziny sil-
né vziahy k endpointu (kratii celkové pieZitl a smrt)
u kombinace pozitivity lymfatickych uzlin a Clavieno-
va hodnoceni komplikaci (Graf 16).

DISKUZE

Visledky nadi studie potvrdily nékteré prognostické
faktory uvidéné v literatufe a dile 1 nova zjiténi, kte-
rd mohou pfinést dalif pohled na lé¢bu a pooperaéni
péti o nemocné po radikdlni operaci KRCa s primdrn@
provadénou anastomoézou. Prokdzali jsme, fe vy3si
vEk, pokro€ilé stadium KRCa a pooperaéni komplika-
ce maji prognosticky negativof vliv na délku celkové-
ho preZiti. Z hlediska dlonhodobého prefivini json na-
© ke visledky ve shodé s pfedchozimi literdrnimi zdroji,
Jjejichi autofi prokdzali sniZeni celkového prefiti u ne-
mocnych s komplikacemi v oblasti anastomdézy, at’ u
se jednd o leak nebo dehiscenci anastomdzy [3, 4, 5,6,
7,9,10]. Otizkou zistivd vysvétleni tohoto zjidténi,
Tento proces je nékdy vysvétlovdn jako nestandardni
imunitni odpovéd organismu na zdnétlivou pooperadni
komplikaci, ¢imZ miZe dochdzet k mikroskopickému
difeni bunék nidoru do okoli a vzdilenych orgdni.
Dalsi pricinou mize byt ve vEtding piipadd viskytu
anastomotického leaku ndslednd abscence adjuvantai
chemoterapie nebo jeji odloZend aplikace. Profit ne-
mocnych z adjuvantni onkologické 1é¢by je prokdza-
ny. Indikace a zahdjeni adjuvantn{ chemoterapie je in-
dividudlnf. Vétiina onkologickych pracoviit' se snai
o zahdjeni adjuvanini chemoterapie do 8 t¥dni od ope-
race. ¥ literatufe je i statisticky prokdzany profit ne-
mocnych, kief'f zaéali adjuvanini chemaoterapii i po 8 —
10 tydnech od operace [30]. Jiny piistup je u adjuvant-
ni radioterapie, kterd miZe byt zahdjena i nékolik mé-
sich po operaci. Tato korelace s poddnim nebo nepodd-
nim adjuvantni chemoterapie byla patrnd i v nasem
souboru. Nepodidni adjuvantni onkologické 168by zvy-
Sovalo rizike dmrti 2krit. Zajimavym visledkem byl
prognosticky negativaf vliv protektivnich stomif, které
zvySovaly riziko dmrtf 5 4krdt. Na zdkladé t&chto po-
znatkil se domnivdme, e piicinou negativniho charak-
teru prognostického faktoru protektivni stomie  je
fakt, fe vétiinou byly tyto stomie zakliddny z divodu
pooperacnich chirurgickych komplikaci a daliim di-
vodem je absence ndsledné adjuvantni chemoterapie,
kterd byla vyloutena z divodi daliich komorbidit, jak
vyplyvi z podrobné analyzy naseho souboru.

ZAVER

Analyza klinicko-patologickgch faktord je dileZitd pro
predikei progndzy pacienti s kolorektalnim karcinomem
po jejich radikdlni 1é¢bE. Pacienti hodnoceni na zdkladé
Zasnych pooperaénich klinickfch piiznakii mohou poukd-
zat na ne zeela manifestni dehiscenci stfevnich anastomaz.
Sledovini a zohlediiovani téchto prognostickych faktord
v pooperaénim obdobi miZe ovlivnit strategii 16¢by a tim
i celkowé pfefivini nemocnych po radikilni resekei kolo-
rektdlniho karcinomu. Nepodini adjuvantni chemoterapie
viznamné sniZuje celkové a bezpiznakové prelit.
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